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PREFACE TO THE SERIES

In the course of nearly every program of research in organic chemistry
the investigator finds it necessary to use several of the better-known
synthetic reactions. To discover the optimum conditions for the appli-
cation of even the most familiar one to a compound not previously
subjected to the reaction often requires an extensive search of the liter-
ature; even then a series of experiments may be necessary. When the
results of the investigation are published, the synthesis, which may
have required months of work, is usually described without comment.
The background of knowledge and experience gained in the literature
search and experimentation is thus lost to those who subsequently have
occasion to apply the general method. The student of preparative
organic chemistry faces similar difficulties. The textbooks and labora-
tory manuals furnish numerous examples of the application of various
syntheses, but only rarely do they convey an accurate conception of
the scope and usefulness of the processes.

For many years American organic chemists have discussed these
problems. The plan of compiling critical discussions of the more im-
portant reactions thus was evolved. The volumes of Organic Reactions
are collections of about ten chapters, each devoted to a single reac-
tion, or a definite phase of a reaction, of wide applicability. The authors
have had experience with the processes surveyed. The subjects are
presented from the preparative viewpoint, and particular attention is
given to limitations, interfering influcneces, effects of structure, and the
sclection of experimental techniques. Each chapter includes several
detailed procedures illustrating the significant modifications of the
method. Most of these procedures have been found satisfactory by
the author or one of the editors, but unlike those in Organic Syntheses
they have not been subjected to careful testing in two or more labora-
tories. When all known examples of the reaction are not mentioned in
the text, tables are given to list compounds which have been prepared
by or subjected to the reaction. Every effort has been made to include
in the tables all such compounds and references; however, because of
the very nature of the reactions discussed and their frequent use as one
of the several steps of synthescs in which not all of the intermediates
hnve been isolated, some instances may well have been missed. Never-
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theless, the investigator will be able to use the tables and their accom-
panymng bibliographies in place of most or all of the literature search so
often required.

Because of the systematic arrangement of the material i the chapters
and the entries in the tables, users of the books will be able to find in-
formation desired by reference to the table of contents of the appropriate
chapter. In the interest of economy the entries in the indices have been
kept to a minimum, and, in particular, the compounds listed in the
tables are not repeated in the indices.

The success of this publication, which will appear periodically in
volumes of about ten chapters, depends upon the cooperation of
organic chemists and their willingness to devote time and effort to the
preparation of the chapters. They have manifested their interest
already by the almost unanimous acceptance of invitations to con-
tribute to the work. The editors will welcome their continued interest
and their suggestions for improvements in Organic Reactions.



CONTENTS

CHAPTER

1

2
3

© e 2] -~ [=2)

10

TuE SYNTHESIS OF ACETYLENDS—T homas L Jacobs
CyANOETHYLATION—Herman Alexander Bruson

Tue Dicus-ALpErR REeAcTION: QUINONCS AND OTHER CYCLENONLDS—
Leuns W. Butz and Anton W. Rytina

PrrparatioNn or AromATIC Fruorine CoMpoUNDS FrROM DIAZONIUM
FruoBoraTeEs TuDR ScHIEMANN Rroaction—Arthur Roe .

Tue Fricorn aNp Crarrs RoacTion wite AvipEHATIC DiBasic Acip
ANmYDRIDDS—FErnst Berliner

Tue GarrcrMaNN-Kocr ReacTion—Nathan N Crounse

Tre LouckarT REAcTioN—Maurice L Moore

Stioxivm Dioxipe OxipaTioN—Norman Rabjohn

Trac Hooscu SyNracsis—Paul E Spoerrs and Adrien S DuBous

Tac Darzons Grycipic Dstor ConNpoNsaTioN—Melnn S Newman and
Barney J. Magerlewn

INpEX . .

vil

PAGE

79

136

193

229
290
301
331

387

413

441



SUBJLECTS OF PRIVIOUS VOLUMES

AceToacETIC ESTER CONDENSATION AND Rusisamian RmACTIONS

AcYLoINs .o

ALIPHATIC FLUORINE COMI‘OUNI)S . .

ALRYLATION OF ArRoMATIC COMPOUNDS BY "1 1‘ mmnfL—(‘RArTs METHoD
AminaTION OoF HETEROCYCLIC BASES BY ALALL AMIDES

ArNDT-Ii1sTERT REACTION . . . . e e e e e e

AROMATIC ARSONIC AND ARSINIC Acms e e e e e

AZLACTONES . . . v v v v v o v e e v e v e

BENzZOINS . . . . L oL e e e e

BiaryLs . .

BUCHERER RL‘ACTION e e e e e e e

Cannizzaro ReacTION . . . .
CHLOROMETHYLATION OF AROMATIC COMPOUNDS C.e .

CLAISEN REARRANGEMENT . & . . . & & « « « « +

CLEMMENSEN REDUCTION . . . ., . . . . . . . .

Curmius REaCTION . . o

Cycuic KeTones . . . . N

DrieLs-ALpER REACTION: ETHYLENIC AND ACETYLENIC DIENOPHILES
DierLs-ALpEr REACTION WiTH MALEIC ANHYDRIDE ., . . . . .

VOLUME
I

v

I

111

I

I

1T

111

v

I

I

jus

I

I

. III
. nx
I

v

v

DirEcT SULFONATION 0oF AROMATIC HYDROCARBONS AND THEIR HALOGE\I DE-

RIVATIVES . . . .« v v v e v v e e e e e e e e e e
ELBs REACTION
Fries REacTiOoN . . . . . . . . . ..
Hormann REACTION. . . . . .
JACOBSEN REACTION
MannNicH REACTION .
Periobic Acip OXIDATION . ..
PerxiN REACTION AND RELATED RDACTIONS ..
PREPARATION OF AMINES BY REDUCTIVE ALKYLATION
PREPARATION oF BENZOQUINONES BY OXIDATION
PrEPARATION OF KeTENES AND KETENE DIMERS -
REDUCTION WITH ALUMINUM ALKOXIDES . . . . .
RErForMATSKY REACTION . . . . . . . . ... .. .
RErPLACEMENT oF ArRoMATIC PrRIMARY AMINO GROUP BY HYDROGEN .
RESOLUTION OF ALCOHOLS & « v & 4 v v v o o vt v e e v
RosEnmunp ReEpucrionN |
ScamipT REACTiON
SUBSTITUTION AND ADDITION REACTIONS or TIllO(‘YANOGF.N
WiLLgERODT REACTION .
Worrr-KisuaNEr REDUCTION .

viii

111
II

II

II
v
jass
IIx
jans
v



CHAPTER 1

THE SYNTHESIS OF ACETYLENES
TrOMAS L. JACOBS

University of California

Los Angeles
CONTENTS

PAGE
INTRODUCTION . . . . & v v v v v vt bt e e e e e e e e e e e e e 2
TeE SYNTHESIS OF ACETYLENES BY DENYDROHALOGENATION . . . . . . . 3
Potassium Hydroxide . . . . . . . ¢ ¢ o v v v v v v v v e 3
Sodium Amide . . . . . . . ... oL Lo 6
Table 1. Dehydrohalogenation with Sodium Amide . . . . . . . . . . 7
Table II. Dehydrohalogenation with Sodium Amide . . . . . . . . . 8

Table I1I. The Action of Sodium Amide on Halogen Compounds in Liquid
Ammonia . . L L L L L L o e e e e e e e e e e e e e e 11
Other Alkaline Reagents . . . . . . . . . . .« o v v v v v 11
Side Reactions . . . . . . . . . ... ... e 13
Rearrangement of the Triple Bond . . . . . . . . . . . .. .. .. 13
Table IV. Rearrangement of Acetylenss by Sodium Amide . . . . . 15
Removal of Adjacent Halogen Atoms . . . . . . . « . . . . . . .. 17
Addition of Aleohols . . . . . . .. L. Lo 18
Limitations in the Synthesis of Acetylenic Acids . . . . . . . . . .. 19
Other Side Reactions . . . . . . . . .« o . oo 20

Preparation of the Halogen Compounds for Dehydrohalogenation to Acet-
ylenes. . . L L . o L o e e e e e e e e e e e 20
Phosphorus Pentachloride and Carbonyl Compounds . . . . . . . . . 20

Reaction of Grignard Reagents with Halogen-Substituted Allyl Ilalides 22
Table V. Yields in the Reaction of Phosphorus Pentachloride with Car-
bonyl Compounds and Conversion of the Products to Acetylenes . . 23

1-ALKYNEs FROM MBTALLIC DERIVATIVES OF ACETYLENE . . . « « « . . . 25
Table VI. 1-Alkynes from Sodium Acetylide and Alkyl Bromides . . . . . 26
Preparation of Sodium Acetylide and Other Metallic Acetylides . . . . . 26
Alkylation of Sodium Aecetylide . . . . . . . . o000 28
Side Reactions in the Alkylation of Sodium Acetylide . . . . . . . . .. 30

Olefins . . . . . . o . v v o e e e e e e e e 30
Amines . . . . L L L e e e e e e e e e e e e 30
Ethers and Alcohols . . . . . . L. o000 oo 30
Disubstituted Acetylencs . . . . . . . . . ..o 31



2 ORGANIC REACTIONS

PAGE

Acetylene . . . . . . . L . . L e e e e e e 31
Other Impurities . . . . . . . . . . . . .o 31
Acetylene Mono- and Di-magnesium Bromide . . . . . . . . . . . .. 31
Tae SYNTHESIS OF DISUBSTITUTED ACETYLENDS . . . . . « - . « « . . . 33
Alkylation in Organic Solvents . . . . . . . . . . . . . . . .. ... 33
Alkylations in Liquid Ammonia, . . . . . . . . . . . .. ... 36
Table VII. Disubstituted Acetylenes Prepared by Vanous Methods - ¥
Table VIIL. Disubstituted Acetylenes Prepared in Liquid Ammonia . . . 40
Tae SYNTHESIS OF DIARYLACETYLENES (TOLANS) . . . . . . . . « .« . . 40
OTtagR MEeTHODS OF PREPARING ACETYLENES . . . . . . . . . . . . . . 43

DETECTION, DETERMINATION, AND PURIFICATION OF DMONOSUBSTITUTED

ACETYLENES . .« + 4 v 4 v 4 v e o e o e e e v e e e e 45
Table IX. Solubility of Acetylenes in 50% Aqueous Silver Nitrate . . . . 46
EXPERIMENTAL PROCEDURES . . . . . . .+ . v v v v v v v v o v o v 48
1-Hexyne from Sodium Acetylide and n-Butyl Bromide in Liquid Ammonia 48
pTolylacetylene . . . . . . . . . ..o 0o 50
(a) Preparstion of 1-p-Tolyl-1-chloroethylene . . . . . . . . . . . . 50
(b) Conversion of 1-p-Tolyl-1-chloroethylene to p-Tolylacetylene . . . . 50
p-Bromophenylacetylene . . . . . . . .. .00 L 50
(a) Preparation of 1-(4-Bromophenyl)-1-chloroethylene and 1- (4—Bromo-
phenyl)-1,1-dichloroethane . . . . . . . . . . . ... ... L. 50
) Conversion of the Chloroethylene and Dichloroethane to the Acetylene 50
1-Phonyl-1-hexyne . . . . . . . . L. Lo e e 51
The Purification of 1-Hexyne . . . . . . . . . . . . .. ... .. b2
TABULAR SURVEY OF ACETYLENES SYNTHESIZED BY THE METHODS DESCRIBED
IN THIS CHAPTER . . ¢« ¢ ¢ v« v v a v o o o o o o o v v u s 52
INTRODUCTION

Many advances have been made in recent years in the methods for
the synthesis of acetylenes, and many of these compounds are now rather
readily available in the pure state.

Acetylene was first prepared by Davy! who treated potassium
acetylide with water; propyne, the first substituted acetylene, was ob-
tained in 1861 by the action of sodium ethoxide on bromopropene ? or
of ethanolic potassium hydroxide on propylene dibromide.®? At the
present time alkynes are usually synthesized by the alkylation of sodium
acetylide or substituted metallic acetylides, often in liquid ammonia,

1 Davy, Ann., 23, 144 (1837).

2 Sawitsch, Compt. rend., 52, 399 (1861); Ann., 119, 185 (1861).
3 Morkownikoff, Bull. soc. chim. France, 14, 90 (1861); Ann., 118, 332 (1861).
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and l-alkynes are also obtained in good yield by dehydrohalogenation
of suitable halides with sodium amide or in certain cases by ethanolic
alkali.

The present discussion will be limited to methods for the creation of a
carbon-carbon triple bond and to the alkylation of metallic acetylides.
No attempt will be made to deal with the multitude of processes in
which sodium or other metallic derivatives of acetylenes or acetylene-
magnesium bromide react with carbonyl compounds with the formation
of products containing triple bonds. Neither will the closely related
base-catalyzed condensations of acetylene or monosubstituted acetylenes
with ketones to produce carbinols, the formation of diacetylenes by
oxidation of metallic acetylides, or the replacement of the acetylenic
hydrogen by halogen by the action of hypohalite be discussed.

THE SYNTHESIS OF ACETYLENES BY DEHYDROHALOGENATION

Dehydrohalogenation produces acetylenic compounds from dichlo-
rides or dibromides of olefins, chloro- or bromo-olefing, and the mono- or
di-chloro compounds prepared from aldehydes or ketones. Potassium
hydroxide and sodium amide are employed most commonly to effect the
reaction, although sodium hydroxide, alkali metal alkoxides, alkaline-
earth carbonates or hydroxides, and amines have found occasional use.
Alcoholic potassium hydroxide is now seldom employed in the aliphatic
series because of the tendency of the triple bond to migrate away from
the end of the chain under its influence, but aromatic acetylenes are
still prepared conveniently by its use, often in higher yield than with
sodium amide. Sodium amide causes the rearrangement of the triple
bond to the 1-position because the insoluble sodium alkynide is formed;
excellent yields of 1-alkynes are realized using this reagent. Aliphatic
a,B-acetylenic acids can seldom be prepared by dehydrohalogenation
because alkoxy acids, ketones, or polymers are the principal products.
Mild conditions must be employed with arylpropiolic acids to avoeid
deecarboxylation.

Potassium Hydroxide

Alcoholic, usually ethanolic, potassium hydroxide has been the most
widely used reagent for the synthesis of acetylenes, but no critical study
of optimum conditions for the reaction has been made. Bromides react
more readily than chlorides, and the formation of a bromoethylene from
n dibromide occurs more easily than the preparation of an acetylene
from the bromoethylene, so that it is sometimes advantageous with
#onsitive dibromides to remove the first molecule of hydrogen bromide
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in the cold with dilute ethanolic alkali or other bases. With aliphatic
compounds it is sometimes necessary to use sealed tubes or autoclaves
and temperatures near 170°, but extended refluxing is usually sufficient
with aryl chloro- or bromo-ethylenes. The reaction is more rapid at
high concentrations of alkali, and excess alkali is usually employed.
Ethanolic potassium hydroxide saturated at room temperature is about
4 N (around 209,), but solutions of more than twice this strength can
be prepared by saturation at the boiling point. Some workers * specify
equal weights of ethanol and alkali, and recent directions® for tolan
call for 90 g. of potassium hydroxide in 150 ml. of ethanol, but in
most reports the concentration is not given. Powdered potassium
hydroxide moistened with ethanol is satisfactory for the prepara-
tion of tert-butylacetylene from the halides derived from pinacolone.®
With some compounds high concentrations give decreased yields, as
llustrated by the dehydrohalogenation of the acetal of 2,3-dibromo-
propanal 1o propargyl acetal’ Ordinary 959, ethanol is often
satisfactory although absolute ethanol is sometimes specified. Water
is always present since it is a product of the reaction and since com-
mercially available potassium hydroxide contains about 869, alkali
nlong with some potassium carbonate and considerable water. The
renrlion time varies widely. Thus, 1-bromo-1-furylethylene gives a
masimmm yield (259%) of furylacetylene on heating for three minutes
nl 100° with a slight excess of 189, ethanolic potassium hydroxide,® but
stilhene dibromide gives tolan in good yield and free from bromo com-
pand only after twenty-four hours’ refluxing with a 409, solution.®
Other solvents have been used. The yield of acetylenedicarboxylic
acid from a,g-dibromosuccinic acid is higher with methanolic than with
cthanolic polassium hydroxide.? A methanol solution saturated at room
temperature is about 6 N. It darkens less rapidly than an ethanol solu-
tion but has a lower boiling point. Butyl alcohol was used by Tapley
and Giesey 1 as the solvent in the dehydrohalogenation of propylene
dibromide, and many workers have adopted this procedure for propyne.
It has been used occasionally for other acetylenes.’¢ Drethylene glycol

2 Johnson and McEwen, J. Am. Chem. Soc., 48, 469 (1926).

5 Smith and Falkof, Org. Syntheses, 22, 50 (1942).

6 (a) Ivitsky, Bull. soc. chim. France, [4] 35, 357 (1924); (b) Gray and Marvel, J. Am.
Chem. Soc., 47, 2796 (1925).

7 Grard, Ann. chim., [10] 13, 336 (1930).

8 Moureu, Dufraisse, and Johnson, Ann. chim., [10] 7, 14 (1927).

9 Abbott, Arnold, and Thompson, Org. Syntheses, 18, 3 (1938); Coll. Vol. 2, 10
(1943).

1 (g) Tapley and Giesey, J. Am. Pharm. Assoc., 15, 115 (1926); (b) Heisig and Davis,
J. Am. Chem. Soc., 57, 339 (1935); (¢) Cleveland and Murray, J. Chem. Phys., 11, 450
(1943).
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has been employed in the synthesis of propyne,” but no record of the
preparation of other acetylenes in this solvent has been found. Ethylene
glycol has been used as the solvent in the synthesis of methyl propargyl
ether.? A 59, solution of potassium hydroxide in Cellosolve (the
monoethyl ether of ethylene glycol) is very effective for the dehydro-
chlorination of polyvinyl chloride,”® and such a solution is superior to
ethanolic alkali for converting 1-bromo-1-methylcyclobutane to methyl-
cyclobutene.* Potassium hydroxide in pyridine has been used to prepare
B-naphthylphenylacetylene from the corresponding chloroethylene,” for
neither methanolic nor molten alkali is effective. Aqueous alkali is
sometimes preferable to ethanolic for debydrohalogenation of halo-
genated acids,”® as in the preparation of phenylacetylenephosphonic
acid,®e 4,4’-dinitrotolan-2,2'-disulfonic acid,¢ 5-bromo-2-furylpropiolic
acid,®® and several substituted phenylpropiolic acids.1é%16e

Dehydrohalogenation by distillation at partially reduced pressure
from solid potasstum hydroxzide was first used by Krafft and Reuter 7
to prepare higher l-alkynes from dibromides or bromoethylenes. Rapid
distillation at low pressures gave mainly bromoélefins. It was claimed
that no rearrangement occurred, although no ecritical study was made.
The method has been applied successfully to the preparation of the
sensitive acetylenic ethers from alkoxy- or aryloxy-bromoethylenes.'s
However, 1,2,3-tribromopropane gives 2,3-dibromopropene but almost
no propargyl bromide ¥ by distillation from solid sodium hydroxide or
potassium hydroxide at atmospheric pressure.

Molten potassium hydroxide is a reagent which has found fairly wide
application.”” Phenylacetylene is most simply prepared by dropping
w-bromostyrene onto the molten alkali at 200-220°.® Pure potassium
hydroxide melts at 360°,% but the monohydrate melts at 143°,%2 and the

1 (g) Yost, Osborne, and Garner, J. Am. Chem. Soc., 63, 3492 (1941); (b) Skei, Ph.D,
Thesis, University of California at Los Angeles, 1942, p. 121.

12 Heilbron, Jones, and Lacey, J. Chem. Soc., 1946, 27.

18 Marvel, Sample, and Roy, J. Am. Chem. Soc., 61, 3241 (1939).

1 Shand, Schomaker, and Fischer, J. Am. Chem. Soc., €6, 636 (1944).

15 Ruggli and Reinert, Helv. Chim. Acta, 9, 67 (1926).

16 (g) Bergmaann and Bondi, Ber., 66, 278 (1933); (0) Linstead and Noble, .J. Chem. Soc.,
1937, 933; (¢) Ruggli and Peyer, Helv. Chim. Acta, 9, 929 (1926); (d) Gilman, Hewlett, and
Wright, J. Am. Chem. Soc., 53, 4192 (1931); (¢) Schofield and Simpson, J. Chem. Soc.,
1945, 512.

7 Krafft and Reuter, Ber., 25, 2243 (1892).

8 (g) Slimmer, Ber., 36, 289 (1903); (b) Jacobs, Cramer, and Weiss, J. Am. Chem. Soc.,
82, 1849 (1940); (¢) Jacobs, Cramer, and Hanson, 4bid., 64, 223 (1942).

M ].ospiean and Bourguel, Org. Syntheses, Coll. Vol. 1, 209, 2nd ed., 1941; Lespieau,
Jun. chim. phys., [7] 11, 232 (1897); Bull. soc. chim. France, [4] 29, 528 (1921).

® 1losslor, Org. Syntheses, Coll. Vol. 1, 438, 2nd ed., 1941,

A von Novesy, 7. phystk, Cham., 78, 667 (1910).
# Pickering, of. Chem. Soc., 68, 800 (1803).
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ordinary reagent grade usually contains enough water to melt at about
200°. For many reactions it is simpler to use a mixture of 2 parts of
potassium hydroxide and 1 part of sodium hydroxide, which melts below
200°.22 The eutectic of these alkalies lies close to 509, by weight and
melts at 187°2 but the presence of water lowers the melting tempera-
ture. Glass vessels are not attacked appreciably by solid potassium
hydroxide, but molten alkali is very corrosive and glass flasks (especially
Pyrex) can be used safely no more than three or four times. If a Wood’s
metal bath is used for heating, the run can be completed even if the flask
is eaten through below the bath level, but an oil bath is very rapidly
saponified and usually foams over when the flask breaks. It is said
that the use of steel or copper flasks reduces the yield slightly,? but a
709, yield of phenylacetylene is reported using a copper vessel and a
stream of dry air to remove the phenylacetylene vapors.®¢ Copper
flasks have been used successfully in other reactions.?

A mineral-oil suspension of powdered potassium hydroxide has been
used to give a high yleld of alkynes (partially rearranged.) * The
method has not been applied to the synthesis of arylacetylenes.

Sodium Amide

Meunier and Desparmet were the first to use sodium amide to produce
a triple bond; they dropped ethylene dibromide onto the powdered
reagent and obtained acetylene.?® Later, they studied the dehydro-
halogenation of higher homologs of ethylene dibromide. These results
were submitted to the French Chemical Society in a sealed commmunica-
tion. After Bourguel ¥ independently made the same discovery,
Meunier and Desparmet published the details of their work.” Bourguel
has supplied carefully tested directions for the synthesis by this pro-
cedure of a variety of 1-alkynes.?252

The following types of halogen compounds are suitable starting
materials: RCHXCH,X, RCH,CHX,;, RCX,CH;, RCX=CH,, and
RCH==CHX. The halide is added dropwise to an excess of finely
pulverized sodium amide in an inert solvent at 110-160°. Ammonis is
given off vigorously at first, and the reaction is complete when this

2 (@) Rupe and Rinderknecht, Ann., 442, 61 (1925); (b) Hurd and Cohen, J. Am. Chem.
Soe., 53, 1068 (1931).

% (g) Guest, J. Am. Chem. Soc., 50, 1744 (1928); (b) Bachman and Hill, ¢bid., 56, 2730
(1934); (¢) Hall and Bachman, Ind. Eng. Chem., 28, 57 (1936).

% Meunier and Desparmet, Bull. soc. chtm. France, [4] 1, 342 (1907).

2% Bourguel, Comgpt. rend., 176, 751 (1923).

% Meunier and Desparmet, Bull. soc. chim. France, [4] 35, 481 (1924).

% Bourguel, Ann. chim., [10] 3, 191, 325 (1925).
» Lespieau and Bourguol, Org. Syntheses, Coll. Vol. 1, 101, 2nd ed., 1041,
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evolution becomes very slow; the reaction requires about twenty hours
at 110°, three to four hours at 130°, and only fifteen minutes after all
the halide is added at 160°. A temperature of 150-165° is most satis-
factory, and a purified petroleum oil, none of which boils below 250°, is
the most readily available solvent. Different ligroin fractions, the light-
est boiling at 150-180° and the heaviest at 125-140°/14 mm., have been
used,® with no advantages recorded for any particular fraction. Xylene
and toluene have been employed, but the long refluxing is a disadvantage
especially with the latter. Usually the mixture is heated for two hours
after all the halide is added to ensure completion of the reaction. The
acetylene forms a solid complex with excess sodium amide, and volatile
impurities such as olefins may be removed under reduced pressure or by
distillation of part of the solvent when it is not too high boiling. The
acetylene is then liberated with dilute hydrochloric acid or acetic acid.?#
The yields are usually 60-859, as summarized in Table I. Bourguel did
not use a mechanical stirrer, though efficient stirring was employed
when the reaction was carried out in mineral-oil suspensions.

TABLE I
DEHYDROHALOGENATION WITH SODIUM AMIDE %
Acetylene Starting Material Y:;ld
(4]
1-Butyne * Bromobutene mixture 60
1-Pentyne C.HzsCH=CCICHj3 62
C3H,CCl,CHj 45
C3H,CBr—CH, 55
CH;CCl=CHCH3| .
CyH;CC1,CoH; } mixture 30
1-Hexyne CHCBr—=CH, 60
1—Heptyne CGHlschlg 60
C3H;CCl=CHCyH} 15 *
l—Octyne C5H110HBI‘CHBI‘CH3 25
CsH11CBr—CHCHj3 55
CﬁngCBr=CH2 75
Phenylacetylene CeH;CBr=CHy 75
CeH;CHBrCH,Br 40, 60
3-Phenyl-1-propyne CeH;CH,CBr—=CH, 75
3-Cyclohexyl-1-propyne | C¢Hy1CH,CBr=CH, 87

% The yield of disubstituted acetylene, mainly 3-heptyne, was 40%,.

" Leving and Ivanov, J. Gen. Chem. U.S.S.R., T, 1866 (1937) [C.A. 32, 507 (1938)].
M Loving and Kulikov, J. Gen. Chem. U.S.S.R., 10, 1189 (1940) [C.A., 35, 2881 (1941)]
% Baegnel, Bull, soe. chim. France, [4] 41, 1475 (1927).
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The lower yield of 3-cyclohexylpropyne obtained with mineral oil as
a mediumn 2 as compared with a petroleum fraction boiling at 180-220° 28
may be accounted for by the difficulty of removing the reaction product
from the former medium. Table II gives the yields reported with

mineral oil and certain other solvents.

TABLE 1I
DEHYDROHALOGENATION WITH SODIUM AMIDE
Acetylene Starting Material Y::ld Refer-
70 ence
1-Butyne 2,2-Dichlorobutane 40 * 33
3-Methyl-1-butyne 3-Methyl-2-butanone 6t 34
1- and 2-Bromo-3-methylbutene 25 1 34
1,2-Dibromo-3-methylbutane 28-34 35, 36
1-1leplyne 1-Chloroheptene 60-70; 1 | 4,37
54
Chloro compounds from heplalde-; 50-30 27
hyde
1,4 Dinmalliyl-1-pentyne | 2-Bromo-4,4-dimethyl-1-pentene 37 38
4 Bihyl-3-malhyl-1- 2-Chloro-3-ethyl-3-methyl-1- 45 39
Jranlyna pentene
I-Nonyna Chloro compounds from 2-nonanone { 50-80 27
[<Dneyna 2-Bromo-1-decene 68 4,29
I-Undoeyno Chloro compounds from 2-unde- 50-80 27
canone
1-Hexadecyno 1,2-Dibromohexadecane 65 40
Cyclopentylacetylene Cyclopentyl methyl ketone 9% 41
Cyclohexylacetylene Cyeclohexanol (5 steps) 6§ 41
3-Cyclohexyl-1-propyne | 2-Bromo-3-cyclohexyl-1-propene 66 29
4-Cyclohexyl-1-butyne | 4-Cyclohexyl-1,2-dibromobutane 65 || 30
3-Cyclopentyl-1-propyne | 3-Cyclopentyl-2-bromo-1-propene 65 41
3-(cis-B-Decalyl)~1- 3-(cis-B-Decalyl)-1,2-dibromo- 77| 31
propyne propane
3-(trans-p-Decalyl)-1- 3-(trans-g-Decalyl)-1,2-dibromo- 86 || 31
propyne propane
p-Tolylacetylene a-Chloro-p-methylstyrene 30 42
2,4-Dimethylphenyl a-Chloro-2,4-dimethylstyrene 75 43
acetylene
Mesitylacetylene a-Chloro-2,4,6-trimethylstyrene 71 43
4-Phenyl-1-butyne 2-Bromo-4-phenyl-1-butene 63 4, 29
1,2-Dibromo-4-phenylbutane 55 44, 444
Tolan a-Chlorostilbene 34 45

§ The medium was decalin,
|| The medium was kerosanc,

* Allowing for 259, recovery of chlorobutene.
+ The medium was not stated.
I Contained 30% of disubstituted acetylenes.
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REFERENCES TO TABLE II

3 Stoll and Rouvé, Helv. Chim. Acta, 21, 1542 (1938).

3 Grédy, Bull. soc. chim. France, [5] 2, 1951 (1935).

% Dedusenko, Trudy Akad. Nauk S.8.8.R., Azerbaidzhan Filial, 1940, No. 3, 87; Khim.
Referat. Zhur., 4, No. 1, 48 (1941) [C.A., 37, 1697 (1943)].

3 Dedusenko, Trudy Khim. Inst. Azerbaidzhan. Filiala Akad. Nauk, 4, No. 1, 15 (1940);
Khim. Referat. Zhur., 4, No. 9, 53 (1941) [C.4. 38, 1466 (1944)].

7 Guest, J. Am. Chem. Soc., 47, 860 (1925).

8 Ozanne and Marvel, J. Am. Chem. Soc., 52, 5267 (1930).

% Davis and Marvel, J. Am. Chem. Soc., 53, 3840 (1931).

© Mulliken, Wakeman, and Gerry, J. Am. Chem. Sec., 57, 1605 (1935).

1 Grédy, Ann. chim., [11] 4, 5 (1935)

2 Willemart, Bull. soc. chim. France, [4] 45, 644 (1929).

4 Vaughn and Nieuwland, J. Am. Chem. Soc., 56, 1207 (1934).

“ Levina and Panov, J. Gen. Chem. U.S.S.R., 11, 533 (1941) [C.A., 35, 6936 (1941)].

4 Pajllard and Wieland, Helv. Chim, Acta, 21, 1356 (1938).

It has been suggested 2 that the solid complex obtained in dehydro-
halogenations with sodium amide contains some product different from
the simple sodium acetylide, for it cannot be carbonated or methylated
in high yield and the aminonis liberated during its formation is less than
required by the following equation.

RCBr=CH,; |- 2NaNII, — RC=CNg - NaBr -}- 2NH;

However, 2-pentynoic acid was obtained in 469, yield by treating 1,2-
dibromobutane with sodium amide in kerosene at 145°, diluting the
reaction mixture with ether, and passing in carbon dioxide with cooling.*
When the starting material was the chlorinated mixture obtained from
2-pentanone and phosphorus pentachloride, the yield of acid dropped
to 2-39%.

Of special importance for the success of the synthesis is the gqualify
of the sodium amide. On exposure to the air, the reagent acquires a
protective coating of sodium hydroxide. The dehydrohalogenation is
then brought about by the sodium hydroxide and is accompanied by
rearrangement of the triple bond. Such coated sodium amide is in-
capable of converting a monosubstituted acetylene into its sodium
derivative even at 100°, whereas with a pure reagent this reaction occurs
rapidly in ether at 30° although the quantity of ammonia evolved
indicates no more than 85909, conversion. Bourguel 2 used sodium
amide of good commercial grade in his experiments and took great
care to grind and store it out of confact with moisture. Accurate
directions have appeared for the preparation of sodium amide from

4 Tavorgkil and Mokhnach, Bull. Far East. Branch Acad. Ser. U.S.S.R., 9, 3 (1934)
1¢.A., 29, 3081 (1935)]; /. Gen. Chem. U.S.S.R., 5, 1668 (1935) [C.A., 30, 3404 (1936)].
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molten sodium and anhydrous ammonia.” A rapid and convenient
method for obtalning the reagent in liquid amumonia has been de-
scribed ¢ (p. 48). By adding this solution to mineral oil at room
temperature and heating to drive off the ammonia, a reactive, finely
divided suspension is obtained. The sodium oxide which is present
appears to have no deleterious effect. A yellow color due to peroxide
formation often develops in old sodium amide which has been exposed
to air. This material is dangerously explosive and should be discarded
at once.¥

Sodium amide in mineral oil has been reported # to be superior to
ethanolic potassium hydroxide for the synthesis of mesityl- and 24-
dimethylphenyl-acetylene, but it reacts too vigorously with halogen-
substituted a-chlorostyrenes, and ethanolic alkali is better.%% For p-
tolylacetylene the yields reported using potassium hydroxide ¥5 are
better than those with sodium amide, and the same is true for tolan 5%
and even for isopropylacetylene.®

The sodium amide method has been recommended for the synthesis
of 3-aryl-1-propynes; ® the yields were said to approach 759. In view
of the ease of rearrangement of these compounds to l-aryl-1-propynes,
(see p. 17), great care is necessary in the final hydrolysis of the reaction
mixture.

Liquid ammonia offers a satisfactory medium for dehydrohalogena-
tions,®* although there is some indication that with dibromides olefin
formation is an important side reaction. The method is not often used
since ammonia is somewhat less convenient to handle than other solvents.
Table III gives some of the results.

4 Dennis and Browne, Inorganic Syntheses, I, 74 (1939); J. Am. Chem. Soc., 26, 587,
597 (1904) ; Borgstrom and Fernelius, Chem. Revs., 12, 52 (1933) ; Bergstrom, Org. Syntheses,
20, 86 (1940).

8 (a) Vaughn, Vogt, and Nicuwland, J. Am. Chem. Soc., 56, 2120 (1934); (b) Greenlee
and Henne, Inorganic Syntheses, 2, 128 (1946).

4 Dufraisse and Dequesnes, Bull. soc. chim. France, [4] 49, 1880 (1931).

% Smith and Hoehn, .J. Am. Chem. Soc., 63, 1175 (1941).

51 Robin, A#nn. chim., [10] 16, 421 (1931).
52 Bert, Dorier, and Lamy, Compt. rend., 181, 555 (1925).
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TABLE III *

11

AcTloN oF Sopiom AMipe oN Havogen Compounps IN LIiQuip AMMmonia

Yield
%o
Halogen Compound Product
Overall Accounted
for 1

1-Iodo-1-hexyne 1-Hexyne 31 34
1,2-Dibromo-1-heptene 1-Heptyne 55
2-Bromo-1-octyne 1-Octyne 73 90
1,2-Dibromodecane 1-Decyne 54 78
2-Bromo-1-pentadecene 1-Pentadecyne 5 10
a~Chlorostyrene Phenylacetylene 57
B-Bromostyrene Phenylacetylene 75 83
Styrene dibromide Phenylacetylene 54| 52, 64
p-Methyl-a-chlorostyrene p-Tolylacetylene 49 64
Stilbene dibromide Stilbene 86

* This table is taken from Vaughn, Vogt, and Nieuwland, ref. 48a, except as indicated.
1 The figures in this column are the yields after allowing for recovered starting material.

Other Alkaline Reagents

Other alkaline reagents are sometimes used for dehydrohalogenation,
but these have usually been less satisfactory for preparing acetylenes
although they often have advantages for preparing olefins. Sodium
hydrozide is relatively insoluble in ethanol, but aqueous or dilute etha-

nolic solutions have been used.% & & 8,5,57

Sodium ethoxide was used

in the original propyne synthesis; 2 it has been employed occasionally in
the synthesis of substituted tolans (p. 40) or other arylacetylenes 5.5
but rarely for alkynes.86L%2 An unusually interesting example of the

5 Ryden, Glavis, and Marvel, J. Am. Chem. Soc., 59, 1014 (1937).

5 Campbell and O’Connor, J. Am. Chem. Soc., 61, 2897 (1939).
5% Ruggli, Caspar, and Hegediis, Helv. Chem. Acta, 20, 250 (1937).
% Bashford, Emeléus, and Briscoe, J. Chem. Soc., 1938, 1358.

5 Hatch and Moore, J. Am. Chem. Soc., 66, 285 (1944); Hatch and Evans, Brit. pat.

582,764 [C.A., 42, 583 (1948)].

% Adams and Theobald, J. Am. Chem. Soc., 65, 2208, 2383 (1943).

% Adams and Ludington, J. Am. Chem. Soc., 67, 794 (1945).
8 Wisliconus and Hblz, Ann., 250, 230 (1889).

% [Loovenich, Loson, and Dierichs, Ber., 60, 950 (1927).
92 Baelunmau, J. Am. Chem, Soc.. BT, 1088 (1935).
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use of sodium ethoxide or hydroxide is the preparation of diacetylene
from 1,4-dichloro-2-butyne.%2

Ketene acetals have been prepared ® by dehydrohalogenation of
haloacetals with potassium tert-butoxide in tert-butyl alcohol, which does
not add to the reactive double bond, but no report of the use of this
reagent for acetylene synthesis has appeared.®* The use of sodium
anilide, potassium benzylale,”® and sodium ethylmercaptide % can be
mentioned, but only the first showed synthetic promise. The preparation
of 1-nitro-1-butyne and 1-nitro-1-pentyne by treatment of the correspond-
ing 1-bromo-1-nitrodlefing with methylamine and diethylamine respec-
tively has been reported.” Dibromosuccinic acid gives acetylene-
dicarboxylic acid when treated with aqueous solutions of pyridine or
quinoline,® but, in general, amines are not basic enough to remove
hydrogen halide from a haloethylene.®%® 1,2-Dibromo-3-cyclohexyl-
propane gives 3-cyclohexyl-1-propyne in 279, yield when treated with
ethanolic potassium hydroxide but gives cyclohexylallene in unspecified
yield when distilled with quinoline. Aqueous potassium carbonate has
been used occasionally  and alkaline-earth carbonaies or hydroxides
have been employed to prepare acetylenedicarboxylic or halogenated
phenylpropiolic acids.”? Bromomaleic and bromofumaric acids yield
propiolic acid merely by heating with waler at 140°.7¢ Tt has been
shown that sodium in Kquid ammonia removes halogen quantitatively

82a Synthetic Fiber Developments in Germany, Toxtile Research Institute, New York,
1946, p. 540.

% Beyerstedt and McElvain, J. Am. Chem. Soc., 88, 529 (1936).

8 () Potassium tferl-buloxide was less satisfactory than distillation from powdcred
potagsium hydroxide for 1the dehydrohalogenation of bromophenoxyethylene to phenoxy-
acetylene, although a low yield was obtained. Unpublished work, Jacobs and Whitcher.
(b) Addition of tert-butyl aleohol to a triple bond may be involved in the formation of
B-tert-butoxyecrotonic acid by the action of potassium tert-butoxide on a-bromocrotonic
acid. Owen, J. Chem. Soc., 1945, 385.

% Bodroux, Compt. rend., 208, 1022 (1939).

8 Risseghem, Bull. soc. chim. Belg., 47, 261 (1938).

7 Loevenich, Koch, and Pucknat, Ber., 63, 636 (1930).

% Dubreuil, Bull. soc. chim. France, [3] 31, 914 (1904); Compt. rend., 137, 1063 (1903).

% Levina and Trakhtenberg, J. Gen. Chem. U.S.S.R., 6, 764 (1936) [C.A., 30, 6338
(1936)].

" (@) Orekhoff and Tiffeneau, Bull. soc. chim. France, [4] 87, 1410 (1925); (b) Carlier
and Einhorn, Ber., 23, 2894 (1890), reported that treatment of 8-(2-quinolyl)acrylic acid
dibromide with aqueous alkaline carbonate gave 2-guinolylacetylene; (¢) Alberts and
Bachman, J. Am. Chem. Soc., 57, 1284 (1935), were unable to duplicate the result reported
in (b).

" (@) Jackson and Hill, Ber., 11, 1671 (1878); Hill, Am. Chem. J., 3, 98 (1881); (b) Wal-
lach, Ann., 208, 83 (1880); (¢) Lossen, Ann., 272, 127 (1893); (d) Lossen and Mendthal,
Ann., 348, 308 (1906).
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from many types of organic halides, but acetylenes are seldom the prin-
cipal products and some olefin is always present.6%7

Phenylacetylene has been prepared by vapor-phase dehydrohalogena-
tion over soda lime at high pressures,”® and 1,1-dichloro- and 1,2-
dibromo-heptane give low yields of 1-heptyne by this method.2® b7
The alkyne polymerizes rapidly at 300° and is cracked at 400°; below
300°, no rearrangement of the triple bond occurs.?*® The dichloride is
decomposed almost completely by passage over aluminum silicate at
470°." Dichloroacetylene is best prepared by passing trichloroethylene
over a mizture of polassium hydroxide and calcium oxide at 130°.757677

Side Reactions

The Rearrangement of the Triple Bond. From a synthetic standpoint
the greatlost disadvantage of ethanolic potassium hydroxide as a dehy-
drohalogenating agent is its tendency to promote the shift of the iriple
bond away from the end of a chain. This rearrangement was dis-
covered by Favorskii,” who found that ethyl- and n-propyl-acetylenecs
give disubstituted acetylenes, isopropylacetylene gives unsymmetrical
dimethylallene, and tert-butylacetylene gives no rearrangement even at
200° although much polymerization occurs. The experiments were
usually carried out in a sealed tube with excess concentrated ethanolic
alkali at 170°. The rate of the reaction increases with the concentration
of the reagent and with the temperature, and no rearrangement was
detected below 130-140° with 1-pentyne and l-bulyne. The tempera-
ture at which the rearrangement becomes negligible must vary with
different compounds, and, since only very concentrated solutions of
ethanolic potassium hydroxide have to be heated to 130-140° to effect
refluxing, the extent of rcarrangement in a practical synthesis is variable.
No critical study has been made, and the preparation of monosubstituted
acetylenes of reasonable but of unestablished purity by this method is

7 (@) Chablay, Ann. chim., [9] 1, 469 (1914); (b) Kirrmann, Compt. rend., 181, 671
(1925); (¢) Vaughn and Nieuwland, Ind. Eng. Chem., Anal. Ed., 3, 274 (1931); (d) Dean
and Berchet, J. Am. Chem, Soc., 52, 2823 (1930); Vaughn, 2bid., 56, 2064 (1934).

7 (a) Morgan, J. Chem. Soc., 29, 162 (1876); (b) Peraloner, Gazz. chim. ital., 22, II, 65
(1892).

74 Hill and Tyson, J. Am. Chem. Soc., 50, 172 (1928).

% Ott, Ottmeyer, and Packendorff, Ber., 63, 1941 (1930).

% Ott and Packendorff, Ber., 64, 1324 (1931).

77 Ott, Ber., 75, 1517 (1942).

% (a) Favorskil, J. Russ. Phys. Chem. Soc., 19, 414 (1887) (Chem. Zentr., 1887, 1539);
J. prakt. Chem., [2] 837, 382 (1888); (b) Favorskii, 7bid., [2] 37, 531 (1888); 44, 208 (1891).
Thig discovery was announced before the Russian Society in 1886. See Bull. soc. chim.
France, [2] 48, 247 (1886).
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reported occasionally; for example, 10-undecyne-1-al diethyl acetal ™
and 4-pentynoic acid.®® The synthesis of disubstituted acetylenes, the
purity of which was undetermined, has been reported many times, as
illustrated by 4-methyl-2-pentyne ¢ and 2-methyl-4-hexyne.”? Itha-
nolic sodium hydroxide and sodium ethoxide effect the shift, but solid
potassium hydroxide does not at the temperatures used. Allene or
methylacetylene gives mainly ethyl isopropenyl ether, and dipropargyl
is changed in low yield to dimethyldiacetylene. Favorskil believed that
the rearrangement goes to completion since his products gave no pre-
cipitate with ammoniacal silver or cuprous solutions; however, later
workers obtained indications, with the more sensitive ethanolic silver
nilrate, of incomplete conversion.'»% Higher 1-alkynes rearrange mainly
to 2-alkynes. %81 Tt is reported # that samples of 2-octyne prepared
by rearrangement of 1-octyne and by the methylation of sodium amyl-
acetylide have identical physical properties and Raman spectra.

At 380° 1-heptyne rearranges in the vapor state over soda lime to a
disubstituted acetylene to a considerable extent, but the change is slight
at 250°.%47  QOver pumice at 350° less rearrangement but much decom-
position occurs.

The reverse change of a disubstituted acetylene or allene into a mono-
substituted acetylene by heating in a sealed tube with sodium at 100°
has been effected.’? The product, the sodium alkynide, was an almost
dry powder which could be carbonated to the acetylenic acid or decom-
posed with water to the alkyne. Higher temperatures than 100° are
generally found necessary for this reaction ™% and some olefin is
produced by hydrogenation.®® Sodium amide brings about the same
change. % The conditions for the rearrangement are not greatly
different from those employed with sodium, but sodium amide is prefer-
able because the triple bond is not reduced. The reaction is usually
carried out with a suspension of the reagent in an inert solvent, and
temperatures as low as 110° have been used, although the best results
are obtained at 150-160°.

" (g) English and Velick, J. Am. Chem. Soc., 67, 1413 (1945); (b) Schjdnberg, Ber., T1,
569 (1938); (¢) Ipatieff, J. Russ. Phys. Chem. Soc., 27, 387 (1895); J. prakt. Chem., [2]
53, 145 (1896); (d) Petrov, Verentsova and Kolgleeva, J. Gen Chem. U.8.8.R., 11, 1096
(1941) [C.A., 37, 3732 (1943)].

% (@) Béhal, Bull. soc. chim. France, [2] 49, 581 (1888); (b) Wislicenus and Schmidt,
Ann., 313, 210 (1900).

8l Krafft, Ber., 29, 2232 (1896).

8 Favorskil, J. Russ. Phys. Chem. Soc., 19, 553 (1887) (Chem. Zenir., 1888 , 242);
prakt. Chem., [2] 87, 417 (1888); J. Russ. Phys. Chem. Soc., 50, 43 (1918) [C.A 18, 2498
(1924)].

8 Bghal, Bull. soc. chim. France, [2] 50, 629 (1888).
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When sodium amide is used for dehydrohalogenation a complete
rearrangement of disubstituted to monosubstituted acetylenes does not
always occur, but Bourguel ® effected a clean separation of these prod-
ucts by working in a ligroin fraction which boiled higher than the acet-
ylenes but low enough for partial removal by distillation. When the
dehydrohalogenation was over, as indicated by cessation of ammonia
evolution, the disubstituted acetylenes were removed with some of the
solvent under reduced pressure before the sodium derivative of the mono-
substituted acetylene was decomposed. Table IV indicates the yields

TABLE IV
REARRANGEMENT OF ACETYLENES BY SopIrom Amipm *
Yield %,
Mono-
: . Recovered substi-
Starting Amt,| NaNHj | Temp. { Time . tuted | Subtract-
Material g 2. °C. hr. Solvent Startu.lg Acety- ng No Allow-
Material
lene | Recovered} amce for
g. Starting | Recovery
Material
2-Octyne 12 6 150 1Y4 | Pseudocumene Very little 9.5 80
2-Nonyne 18 160 2 Petroleum (b.p. | 2.5g (14%) | 13.0 84 72
180-220°)
3-Heptyne 10 170 4 Pseudocumene | 4.0g. (40%) | 3to4 | 50to 65 | 30 to 40
3-Octyne 22 170 9 Petroleum 9.5¢.(43%) | 10.0 80 45
1-Phenyl-1- 9 110 2 Toluene 6.01 67
propyne
1-Cyclohexyl-2- | 215 80 160 31 | Petroleum (b.p.| 8.0g.(4%) | 165.0 80 77
butyne 220-250°)
5-Cyclohexyl-2- | 107 39 160 214 | Petroleum (b.p. | 15.0g. (14%)| 81.0 88 76
pentyne 125-140°/
15 mm.)
6-Cyclobexyl-2- 48 160 2v4 | Petroleum (b.p.| 9.0g (19%)| 34.0 87 71
hexyne 125-140°/
15 mm.)

* Heating was discontinued when the evolution of ammonia became very slow. This usually occurred
after 759% to 809, of the theoretioal amount had been evolved. A dlight excess of sodium amide was
used (1.2 moles per mole of disubstituted acetylene) suspended in 300-400 ml. of solvent.

T No careful attempt was made to separate mono- from di-substituted acetylenes, although all the
product was believed to be 1-alkyne.

I The first three-hour heating left 40 g. of disubstituted produect, which, after reheating with fresh
sodium amide, left only 8 g. of unchanged starting material,

and conditions In these experiments. It was observed that the rates of
rearrangement vary with different compounds, but 3-alkynes always
change more slowly than 2-alkynes. By essentially the same procedure,
the allenes 1,2-pentadiene, 1,2-heptadiene, and 5-methyl-1,2-hexadiene
give cxcellent yiclds of 1-pentyne, 1-heptyne, and 5-methyl-1-hexyne.
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respectively.® The reaction is practically complete within two hours at
bath temperatures of 140°.

A heptyne mixture containing 809, disubstituted compounds may be
rearranged #¢ by heating for twelve hours at 160° in a mineral-oil sus-
pension of sodium amide with vigorous stirring, and an acetylene frac-
tion (in ungpecified yield) containing 649, of l-heptyne is isolated.®
This result is not inconsistent with those of Bourguel.®? 6-Dodecyne
and 5-decyne have been similarly rearranged at 210°.% This is the only
recorded example of the shifting of a triple bond by five positions. In
general, temperatures above 170° are undesirable because the sodium
amide particles tend to clump together and the rearrangement is much
slower. Sodium amide melts at 210°.4

Because of this rearrangement it is possible to use compounds with
halogens three and four carbons from the end of the chain for the syn-
thesis of monosubstituted acetylenes, but the yields are generally less
satisfactory as Table I shows.

Successive methylation of a sodium acetylide by dimethyl sulfate and
rearrangement of the methylalkylacetylene to a new monosubstituted
acetylene is a satisfactory method of synthesizing relatively inaccessible
higher acetylenes. Using this method Bourguel was able to prepare
200 g. of 6-cyclohexyl-1-hexyne from 500 g. of 3-cyclohexyl-1-propyne
by three repelitions of the cycle.

Since 3-nonyne is not rearranged by standing for sixteen hours at
—34°in a liguid ammonia solution eontaining sodium amide,® it was
suggested that easily rearranged disubstituted acetylenes might be
synthesized by dehydrohalogenations in this medium, but no experi-
mental work has been reported. Because 3-alkynes are less readily
rearranged than 2-alkynes it would be interesting to observe the behavior
of 2-nonyne or a similar compound in such g solution.

The rearrangement of the triple bond has been compared with a
corresponding shift of the double bond.#¢ Olefins have been studied
mainly in the vapor phase or in acids,¥ and there is no evidence that
1-alkenes tend to rearrange to 2-alkenes in the presence of alkaline re-
agents under conditions comparable to those of the acetylene isomeriza-
tion. However, at 420°, 1-butene is converted to 2-butene to the

8 Bouis, Ann. chim., [10] 9, 402 (1928).

8 Analysis by the method of Hill and Tyson, ref. 74.

8 Vaughn, J. Am. Chem. Soc., 55, 3453 (1933).

87 The isomerization of olefins and acetylenes has been reviewed by Egloff, Hulla, and
Komarewsky, Isomerization of Pure Hydrocarbons, American Cheinical Society Mono-
graph, Reinhold Publishing Corp., New York, 1942, especially Chapters 2 and 3. A brief
account is given by Egloff, The Reactions of Aliphatic Hydrocarbons, Chapter I of Organic
Chemistry, Gilman, 2nd ed., John Wiley & Sons, New York, 1943.
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extent of 929 by passage over lime.® It is well known that alka-
line reagents cause a rearrangement of allyl benzenes to propenyl-
benzenes.® Similarly benzylacetylene cannot be prepared using solid
or ethanolic potassium hydroxide,®® and even the reaction of benzyl
chloride and sodium acetylide yields methylphenylacetylene.® The
rates of interconversion by ethanolic sodium ethoxide and the positions
of equilibrium in a series of substituted 1,3-diphenylpropenes have
been determined, and the mechanism of the reaction has been discussed.?
In the acetylene series, 1l-p-bromophenyl-3-phenyl-1- or 2-propynes
(BI'CGH4CECCH206H5, BI'CGH4CH2CJL—==CCGH5) were found to be iso-
lable compounds which were not isomerized by hot 159, potassium
hydroxide solution or by the Grignard reagent.®

The interconversion of &,8- and 8,y-olefinic acids has been studied,™ %
but the corresponding rearrangements of acetylenic acids have not been
reported.

The conversion of 1,4-dichloro-2-butyne to diacetylene ¢ has already
been mentioned (p. 12); this is presumably the result of 1,4-dehydro-
halogenation rather than rearrangement.

CICH,C=CCHy(Cl — CHy==C==C=CHCl — HC=C—C=CH

Removal of Adjacent Halogen Atoms. When the starting material
for acetylene synthesis is a 1,2-dihalogen compound the alkaline reagent
sometimes removes the halogen atoms to form an olefin. This reaction
is relatively common with the dihalides of stilbenes #¢™«% or g-aryl-
acrylic acids ¢ % and has been observed more often with tertiary amines
than with ethanolic potassium hydroxide, although a-iodo-g-chloro-
butyric acid gives crotonic acid with ethanolic potassium hydroxide
and a-iodocrotonic acid with pyridine.”” B-(2-Quinolyl)- and B-(4-

8 I.G. Farbenind. A.-G., U. 8. pat. 1,014,674 [C.A., 27, 4252 (1933)]; Ger. pat. 583,790
[C.A., 28, 1058 (1934)].

8 Tiffeneau, Compt. rend., 139, 481 (1904); Agejewa, J Russ. Phys. Chem. Soc., 37,
662 (1905) (Chem. Zenir., 1905, 11, 1017); Klages, Ber., 39, 2587 (1906); and many others.

% Lespieau, Bull. soc. chim. France, [4] 29, 528 (1921).

9 Zeberg, J. Gen. Chem. U.8.8.R., 5, 1016 (1935) [C.A., 30, 1023 (1936)].

% Ingold and Piggott, J. Chem. Soc., 121, 2381 (1922); Ingold and Shoppee, ibid., 1929,
447; Shoppee, 1bid., 1930, 968; 1931, 1225. A review of this work and of a number of
related investigations can be found in Baker, Tautomerism, George Routledge and Sons,
Ltd., London, 1934; D. Van Nostrand Co., New York, 1934, p. 80.

9 Johnson, Jacobs, and Schwartz, J. Am. Chem. Soc., 60, 1885 (1938).

% Linstead, J. Chem. Soc., 1930, 1603; Linstead and Noble, 1bid., 1934, 610, 614.

% (@) Zincke and Fries, Ann., 325, 44 (1902); (b) Zincke and Wagner, Ann., 338, 236
(1905); (c) Pfeiffer, Ber., 45, 1810 (1912); (d) Pfeiffer and Kramer, Ber., 46, 3655 (1913);
(e) Reinhardt, Ber., 46, 3598 (1913); () Harrison, J. Chem. Sec., 1926, 1232.

% (a) Pfoiffer and Langenberg, Ber., 43, 3039 (1910); (b) Perkin and Bellenot, J. Chem.
Soc., 49, 440 (1886).

7 Ingold nud Swilly, J. Chem, Soc., 1981, 2742,
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pyridyl)-acrylic acids are obtained from their dibromides not only by
the action of common bases but even by boiling with water or ethanol.”¢
Cyeclic compounds such as 1,2-dibromocyclohexane which cannot yield
an acetylene lose halogen to give cyclic olefins as one of several reactions
with quinoline.®

The removal of adjacent halogens to form olefins is an Important side
reaction when dibromides are treated with sodium amide.”® In Bour-
guel’s technique the olefin is readily separated from the 1-alkyne, but the
vields of the acetylene are often low and it is preferable to remove the
first molecule of hydrogen bromide with ethanolic potassium hy-
droxide. Bromoélefins are not converted to olefins by sodium amide.
Polymerization always accompanies the dehalogenation; 1,2-dibromo-
propane gives very little methylacetylene, some propylene, and mainly
polymer even though sodium amide free from sodium is used.

Addition of Alcohols. Acetylenes in which the triple bond is activated
by conjugation with such groups as phenyl or carboxyl add primary
aleohols readily in the presence of sodium alkoxides.® Addition is also
observed with propargyl acetal 1 and ethers of acetylenic glycols.’®!
With phenylacetylene this reaction gives alkyl styryl ethers in high
yield,®=¢ and the direction of addition is the reverse of that observed
with reagents in the presence of acid. Alcohols add 1,4 to vinylacetylene
in the presence of sodium alkoxides, and the products rearrange to
1-alkoxy-2-butynes.'? Secondary alecohols add slowly, and tertiary alco-
hols even more slowly. Rearrangement is the principal reaction observed
when 1-alkynes are treated with ethanolic alkali,’®%¢ although Moureu
isolated from 1-heptyne a little high-boiling material which may have
been formed by addition of ethanol. Allene or methylacetylene gives
mainly ethyl isopropenyl ether.78®

Small amounts of vinyl ethers have been reported occasionally in the
synthesis of arylacetylenes by the reaction of ethanolic potassium
hydroxide, and this reagent has been used instead of sodium ethoxide
to promote the addition of ethanol.®%¢ It appears that the presence
of some water decreases the ease of addition and that vinyl ether forma-
tion is not ordinarily an important side reaction during dehydrohalogena-
tion to produce arylacetylenes, although it might be expected to inter-
fere with the use of sodium ethoxide (p. 11).

9% Harries and Splawa~-Neyman, Ber., 42, 693 (1909); Harries, Ber., 45, 809 (1912);
Willstitter and Hatt, Ber., 45, 1464 (1912).

9 (a) Nef, Ann., 308, 264 (1899); (b) Moureu, Compt. rend., 137, 259 (1903); (¢) Moureu,
Buyll. soc. chim. France, [3] 81, 493, 526 (1904); (d) Moureu and Lazennec, Compt. rend.,
142, 338 (1906); Bull. soc. chim. France, [3] 35, 526, 531 (1906).

10 Clajsen, Ber., 36, 3664 (1903).

19 Gauthier, Ann. chim., [8] 16, 289 (1909).
12 Tacobson, Dykstra, wud Carothers, J. Am. Chem. Soc., 56, 1169 (1934),
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Limitations in the Synthesis of Acetylenic Acids. Although substi-
tuted cinnamic acid dibromides or their esters are readily converted to
phenylpropiolic acids,®® the reaction is usually accompanied by some
decarboxylation. To minimize this side reaction the temperature is
kept as low as possible, especially during acidification of the alkaline
reaction mixture. The decarboxylation occurs readily and has been used
for the synthesis of a number of substituted phenylacetylenes.'s*
a-Alkyleinnamic acid dibromides yield 1-phenyl-1-alkynes directly and
in good yield when freated with ethanolic potassium hydroxide.

Aliphatic acids with a triple bond adjacent to the carboxyl group
cannot be prepared from the dibromides of the corresponding olefinic
acids or from the a-haloblefinic acids. The action of alcoholic alkali on
e-bromocrotonic or «,S8-dibromobutyric acid gives «- and p-alkoxy-
crotonic acids in proportions depending upon the alcohol.#%1% The
attempted synthesis of 2-pentynoic acid from 2-pentenoic acid dibromide
failed,”® and propiolic acid has not been obtained from «,8-dihalo-
propionic or e-haloacrylic acid although e-ethoxyacrylic acid, pyruvic
acid, glyceric acid, and polymers have been reported.’” The conversion
of a-bromoacrylic acid to acetylene and carbon dioxide by dehydro-
halogenation and decarboxylation has been noted.107t 108

Certain S-halo-a,f-unsaturated acids will yield acetylenic acids, for
tetrolic acid is usually prepared from ethyl acetoacetate by the action
of phosphorus pentachloride followed by potassium hydroxide; 1 but
the yield is often low, and such by-products as acetone, ethoxycrotonic
acid, and polymers are produced. The literature contains conflicting
reports on the conversion of 3-bromo-2-pentenoic acid to 2-pentynoic
acid.®™>  Most «,B-acetylenic carboxylic acids are now prepared by
carbonation of metallic derivatives of 1-alkynes so that decarboxylation
of these acids has no synthetic value. However, the decarboxylation has
been reported to take place with excellent yields,

103 For phenylpropiolic acid see Abbott, Org. Syntheses, 12, 60 (1932); Coll. Vol. 2, 515
(1943); Reimer, J. Am. Chem. Soc., 64, 2510 (1942).

104 (g) Otto, J. Am. Chem. Soc., 56, 1393 (1934); (b) Fulton and Robinson, J. Chem. Soc.,
1933, 1463; (¢) Weltzien, Micheel, and Fless, Ann., 433, 247 (1923); (d) Wollring, Ber.,
47, 111 (1914); (¢) Gattermann, Ann., 347, 347 (1906); (f) Straus, Ann., 342, 190 (1905);
(&) Reychler, Bull. soc. chim. France, [3] 17, 513 (1897); (h) Miller, Ann., 212, 122 (1882);
Ber., 20, 1212 (1887); (¢) Baeyer, Ber., 13, 2254 (1880); (5) Glaser, Ann., 154, 137 (1870).

15 Bogert and Davidson, J. Am. Chem. Soc., 54, 334 (1932).

16 Pfister, Robinson, and Tishler, J. Am. Chem. Soc., 67, 2269 (1945).

1% (@) Otto, Ber., 28, 1108 (1890); Otto and Beckurts, Ber., 18, 239 (1885); (b) Lossenu
and Kowski, Ann., 342, 124 (1905); (c) Wagner and Tollens, Ann., 171, 340 (1874).

18 Mauiliner and Suida, Monatsh., 2, 98 (1881).

109 800 table, p. 23.

W Mowreu and Audrs, Ann. chim., [8] 1, 116 (notc) (1914).
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Acetylenedicarboxylic acid ° resembles phenylpropiolic acid in that it
is prepared from «,8-dibromosuccinic acid without difficulty and its acid
potassium salt is readily decarboxylated to propiolic acid.™

Other Side Reactions. Polymerization is encountered in the synthesis
of a number of acetylenic compounds, and autoxidation may occur,112 18
although wusually it is not important. The formation of polymeric
material under the influence of ethanolic potassium hydroxide, sodium
ethoxide, and similar reagents may perhaps be the result of polymeriza-
tion of vinyl ethers formed by addition of alcohol to the triple bond.

Preparation of the Halogen Compounds for Dehydrohalogenation to
Acetylenes

Four general methods have been employed for synthesis of halogen
compounds useful for preparing acetylenes: (1) olefins to olefin di-
bromides, (2) cinnamic acids to w-bromostyrenes, (3) ketones with
phosphorus pentachloride to dihalides, (4) 2-bromoallyl bromide or 3-
chloroallyl chloride with Grignard reagents to halogenated olefins. The
first method requires no comment. The second has been reviewed in
a previous chapter in Organic Reactions.* The third and fourth will
be discussed below.

Phosphorus Pentachloride and Carbonyl Compounds. The reaction
of phosphorus pentachloride with carbonyl compounds ** has been
widely used to prepare chlorides for acetylene synthesis. The products
of the reaction include monochloroethylenes as well as the expected di-
chlorides; hydrogen chloride is always produced. Iavorskil ' has re-

RCOCH,R' + PCls — RCCIgCI’IgR/ -+ POCl;
RCOCH;R' 4 PCls — RCCl=CHR/' + HC] + POCI;

viewed the work prior to 1913 and bas carefully studied the reaction with
aliphatic ketones. Maximum yields of chlorides suitable for acetylene
synthesis are obtained by adding the ketone dropwise to a slight excess

1 (g) Bandrowski, Ber., 13, 2340 (1880); (b) Baeyer, Ber., 18, 674, 2269 (1885); (¢)
Perkin and Simonsgen, J. Chem. Soc., 91, 816 (1907); (d) Ingold, J. Chem. Soc., 127, 1199
(1925); (e) for an alternative preparation see Straus and Voss, Ber., 59, 1681 (1926);
Straus, Heyn, and Schwemer, Ber., 63, 1086 (1930).

12 Young, Vogt, and Nieuwland, (a) J. Am. Chem. Soc., 56, 1822 (1934); (b) ibid., 58,
55 (1936); (¢) J. Chem. Soc., 1935, 115,

13 Campbell and Eby, J. Am. Chem. Soc., 63, 216 (1941).

14 The Perkin Reaction, Johnson, Org. Reactions, 1, 210265 (1942).

5 Friedel, Comgpt. rend., 67, 1192 (1868); Ann. chim., [4] 16, 310 (1869).

16 Rayvorskil, J. prakt. Chem., [2] 88, 641 (1913); J. Russ. Phys. Chem. Soc., 44, 1339
(1912) [C.A. 7, 984 (1913)].



SYNTHESIS OF ACETYLENES 21

of phosphorus pentachloride in an all-glass apparatus at 0° so that the
evolution of hydrogen chloride is not vigorous. The reaction occurs
only at higher temperatures with diisopropyl ketone or pentamethyl-
acetone, and under these conditions a-chloroketones are formed as the
result of a chlorination reaction. Pinacolone is converted to a mixture
of chlorodlefin and dichloride which is readily transformed into tert-
butylacetylene.t» The yield of chloro compounds has been reported
as essentially quantitative, and the yield of tert-butylacetylene as 65%,.
Other workers have not always obtained such good results,*%® although
over 909, yields of chloro compounds have been obtained.’’ By use of
finely powdered phosphorus pentachloride, maintenance of the tempera-
ture at 0-5°, and stirring, the yield of mono- and di-chlorides is 919,
from which an 809, yield of the acetylene is obtained.!”® The reaction of
pinacolone with phosphorus pentachloride has been extensively stud-
ied."7<  The only product isolated from ethyl teri-butyl ketone and
phosphorus pentachloride at 70° is 2-chloro-4,4-dimethyl-3-pentanone,
(CH;)3CCOCHCICH . "8

Phosphorus pentabromide produces from all types of ketones mainly
a-bromoketones and cannot be used to prepare bromides suitable for
acetylene synthesis.® This may be the result of the action of halogen
formed by dissociation of the phosphorus pentabromide. However, the
ketones are more readily brominated by phosphorus pentabromide than
by bromine, so that, if the free halogen is the reagent, a phosphorus halide
must be a catalyst for the reaction.

Even at 0° the products of the reaetion of phosphorus pentachloride
with aliphatic ketones include small amounts of dichloro compounds of
the type RCHCICHCIR’ and of acetylenes as well as the expected
dichloro compounds RCH,CClo:R’ and monochloroélefins.*® The
chloroethylenes from methyl ketones are largely 2-chloro-2-alkenes,
RCH==CCICH;."® However, butanone was said to give a mixture of
chlorobutenes containing an appreciable amount of 2-chloro-1-butene.'?

The action of phosphorus pentachloride on arylacetones, ArCH,COCHS,
gives a mixture of chlorodlefins, ArCH=CCICHj3 and ArCH,;CCl=CH,.
If either of these pure chloroélefins is allowed to stand, it slowly changes
to an equilibrium mixture of the two.'® An aromatic aliphatic ketone

W7 (g) de Graef, Bull. soc. chim. Belg., 34, 427 (1925); (b) Bartlett and Rosen, J. Am.
Chem. Soc., 64, 543 (1942); (¢) Delacre, Bull. soc. chim. France, [3] 35, 343 (1906); Acad.
roy. Belg., Classe sci., Mém., [2] 1, 1 (1904-1906); (d) Risseghem, Bull. soc. chim. Belg.,
31, 62 (1922).

18 Vagssliev, Bull. soc. chim. France, [4] 43, 563 (1928).

19 Bourguel, Bull. soc. chim. France, [4] 35, 1629 (1924).

120 Charpeulier, Bull. soc. chim. France, [5] 1, 1407 (1934).

121 Zalki and Iskandor, J. Chem. Soc., 1948, 68,
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such as acetophenone yields mainly chloroethylene and polymer, but a
little 1,1-dichloroethylbenzene can be isolated. Phosphorus {richloride
dibromide 22 gives a mixture of products including phenacyl bromide
and phenacyl dibromide. A 549 yield of chlorostyrene is obtained 12
using petroleum ether as a solvent and mixing the phosphorus penta-
chloride with coarsely broken glass. The autoxidizability of the product
is reported. Phosphorus oxychloride or a mixture of this with phos-
phorus trichloride has been used as a solvent in the reaction of aceto-
bromomesitylene or acetoisodurene with phosphorus pentachloride.® 5
w-Chloroketones and phosphoric esters are reported as by-products.

In general the reaction of aromatic methyl ketones with phosphorus
pentachloride is a satisfactory method of preparing intermediates for
acetylene syntiheses, since the starling materials are readily available
by the Friedel and Crafts or other reactions, and there is no possibility
of rearrangement of ihe triple bond in the final step. The reaction is
usually carried out at about 70°. Aliphatic acetylenes are obtainable
in this way in low yicld only, except for a few compounds like tert-
butylacetylene. Cyclohexylacetylene is readily obtainable by this
method, but the yicld of cyclopentylacetylene appears to be low. Table
V gives some of the more recent results obtained. The preparation of
p-tolylacetylene by this method is described in {the section on laboratory
procedures (p. 50).

Reaction of Grignard Reagents with Halogen-Substituted Allyl
Halides. The reaction of 2,3-dibromopropene with Grignard reagents
was first used by Lespieau ® to prepare halogen compounds for acetylenc
syntheses. The reaction has been carefully studied,® and detailed direc-
tions for the synthesis of 3-cyclohexyl-2-bromopropene have been

122 Taylor, J. Chem. Soc., 1937, 304.
128 Dufraisse and Viel, Bull. soc. chim. France, [4] 87, 874 (1925).
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TABLE V
YiLps 1N THE REACTION OF PHOSPHORUS PENTACHLORIDE WiTH CARBONYL
Compounps AND CONVERSION OF THE PRODUCTS TO ACETYLENES
: Yield of
%fﬁd of | Acetylenc | Overall Refer
Acetylene oro from Chloro | Yield cler=
¥ Compound G o ence
, ompound %
%o
Phenylacetylene Quantitative 3743 37-43 99a
yield of
crude product
p-Tolylacetylene 68 48 33 50
75 57 43 51
2,4-Dimethylphenylacetylene 82 75 * 61 43
Mesitylacelylene 78 71 * 55 43, 58
2,3,4,6-Tetramethylphenyl-
acetylene 73 1 65 47 58
p-Chlorophenylacetylene 60 36 22 43
p-Bromophenylacetylene 70 53 37 49
3-Bromo-2,4,6-trimethylphenyl-
acetylene 63 57 36 58
B-Naphthylacetylene 35 51
2,4-Dimethyl-3-chloro-6-meth-
oxyphenylacetylene 60 60 36 59
3-Ethynyl-2-methylnaphthalene 45 124
Tolan 80 34 27 45
Phenyl-g-naphthylacetylene 75-93 T 58 44-54 15
B-Pyridylacetylene 50 42 21 70¢
Cyclopentylacetylene 9 * 41
Cyclohexylacetylene 70-80 46 32-37 125
tert-Butylacetylene 45-100 59-80 27-73 117
3-Ethyl-3-methyl-1-pentyne 65 45 * 29 39
1-Heptyne 70 60 * 24 28, 74
4-Methyl-2-pentyne 26 79¢
5-Methyl-2-hexyne 61 79d
2,6-Dimethyl-3-heptyne 52 38 20 79d
Tetrolic acid 52 16 15.5 § 126
1-(p-Methoxyphenyl)-1-propyne 24 || 75 18 127

# The sodium amide method was used for dehydrohalogenation.

1 Crude product.

1 Hill and Tyson, ref. 74, prepared 1,1-dichloiolbeptane in 70% yicld but used it for vapor-phase

dehydrohalogenation,

Bourguel, ref. 28, obtamed 60%, yields of the acetylene using a rather pme

chloro compound, and an overall yield of 24%, in runs in which the chloro product was not punfied

carefully.

§ The overall yield was obtained in a larger run.
|| 2-Chloro-1-(p-anisyl)-1-propene from p-anisylacetone.
Lo 1-ohloro-1-(p-anisyl)-1-propene in 449, yield, but this chloride was not dehydrohalogenated.

14 Karrer, Eppreclit, and Konig, Helv. Chim. Acta, 23, 272 (1940).

1% Sweet and Marvel, J. Am. Chem. Soc., 54, 1184 (1932).

126 Toist, Ann., 345, 100 (1906).

% [Tobdny and 8hort, J. Chem. Soc., 1948, 609,

p-Methoxypropiophenone was converted
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described. 2128 If the Grignard solution is added to the dibromopropenc,

CeHuMgBI‘ —|— BI‘CHgCBFCI‘Ig — CeHuCHzCBFCHg —|— MgBrg

vields of 45659, are usually obtained, but addition of the bromo com-
pound to the organometallic derivative leads to the formation of complex
substances and greatly reduces the yield of the desired product. Allene
is one of the principal by-products. The presence also of a saturated
bromo compound is attributed to the addition of the Grignard reagent
to the double bond of RCH,CBr==CH,,* though some doubt about the
saturated character of the by-product has recently been raised.!#
Syntheses with 1,3-dihalopropencs are complicated by the possibility
of an allylic rearrangement which may lead to a mixture of produets.
The reaction of such allyl compounds with aliphatic Grignard reagents

BrCH,CH=CHBr = CHy==CHCHBr,

is very complicated,™ but necarly quantitative yields of 3-aryl-1-chloro-
1-propenes have been reported 5%t from arylmagnesium halides.
a-Naphthylmagnesium bromide and 1,3-dibromopropene in toluene at
100° Ble give a 509, yield of product. The addition of 1,3~ and 2,3-
dibromo- and 1,3-dichloro-propencs to aryl Grignard rcagenis at low
temperatures in ether resulls in lower yields than those reported above. !
The abnormal reaction of 1,2,3-lribromopropenc with phenylmagnesium
bromide will be discussed (p. 44). When the five-carbon homolog of
bromoallyl bromide (mainly Coll;CH=CBrCII:Br) is first converted
to 3-bromo-3-hexene and then to 3-hexyne some 1-alkyne, presum-
ably 3-methyl-1-pentyne, is obtained owing to an allylic rearrange-
ment.

CHjg
CH;MgBr
CoHyCH=—CBrCH,;Br = CsHzCHBrCBr—=CH, > CoHz;CHCBr=CH,
KOH
CH3
02H5£HCE-CH

128 Lespieau and Bourguel, Org. Syntheses, Coll. Vol. 1, 186, 2nd ed., 1941.

129 Private communication, Young and Linden, University of California, Los Angeles.

10 Kirrmann, Bull. soc. chim. France, [4] 47, 834 (1930); Kirrmann and Grard, Compt.
rend., 190, 876 (1930); Kirrmann, Pacaud, and Dosque, Bull. soc. chim. France, [5] 1, 360
(1934); Kirrmann and Renn, Compt. rend., 202, 1934 (1936).

131 () Bert, Bull. soc. chim. France, [4] 37, 879 (1925); (b) Compt. rend., 180, 1504 (1925);
(¢) Bert and Dorier, Bull. soc. chim. France, [4] 37, 1600 (1925); (d) tbid., [4] 39, 1610 (1926).

132 Braun and Kuhn, Ber., 58, 2168 (1925).

133 Lespieau and Wiemann, Bull. soc. chim. France, [4] 45, 627 (1929).
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The halogen-substituted allyl halides such as 1,3-dichloropropene are
readily prepared ¥ by well-known methods.

1-ALKYNES FROM METALLIC DERIVATIVES OF ACETYLENE

The alkylation of sodium acetylide in liquid ammonia by alkyl halides
was first reported by Lebeau and Picon.’#3% TIn this work alkyl iodides

RX 4 NaC=CH — RC=CH + NaX

were employed, but other alkyl halides have been used and the bromides
usually give the best yields. Alkyl sulfates ¥7-1% and esters of p-toluenc-
sulfonic acid ®¥® have also been tried; dimethyl and diethyl sulfates are
recommended for the synthesis of propyne and 1-butyne.X%4 The
reaction islimited to theintroduction of primary alkylgroups, RCH;CHo,-,
which are not branched on the second carbon. In the hands of an expe-
rienced operator yields of 70-909, are usually obtained. The method
has been extensively investigated and improved.4%1%:14 Some results
obtained by ils use are given in Table VI.

13 IIill and Fischer, J. Am. Chem. Soc., 44, 2582 (1922); Bert and Dorier, Bull. soc. chim.
France, [4] 39, 1573 (1926).

185 T,ebeau and Picon, Compt. rend., 166, 1077 (1913).

1 Picon, Compt. rerd., (a) 158, 1134, 1346 (1914); () 168, 894 (1919); (c) 169, 32 (1019).

W Meinert and ITurd, J. Am. Chem. Soc., 52, 4540 (1930).

18 Flurd and Meinert, J. Am. Chem. Soc., 53, 289 (1931).

1 Kranzfelder and Sowa, J. Am. Chem. Soc., 59, 1490 (1937).

10 Campbell and Fby, J. Am. Chem. Soc., 63, 2683 (1941).

M1 8ee Table VI, note f, p. 26.

2 Vaughn, Fennion, Vogl, and Nicuwland, J. Org. Chem., 3, 1 (1937).

) Nieuwland and Vogl, The Chemistry of Acetylene, Chapters II and III, Reinhold
Publishing Corp., New York, 1945.

4 (g) Greenlee, Dissertation, Ohio State University, 1942; (b)) Henne and Greenlee,
J. Am. Chem. Soc., 65, 2020 (1943); 67, 484 (1945).
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TABLLE VI

1-ALKYNES FROM Sop1UM ACETYLIDE AND ALKYL Bromipes 14

Yield + | Reaction | Moles 1} pp e
1-Alkyne 9, time of HO=CNa,
° hr. Bromide
1-Propyne 84 7 5 4.25 4
1-Butyne 89 1 3 I 1
1-Pentyne 85 5 17.1 20
1-Hexyne 89 61z 4.5 5
1-Heptyne 56 4 2 to 3 | Slight excess
73 6 210 3 |[Slight excess
83 13 2 to 3 | Slight cxcess
5-Methyl-1-hexyne 68 § 6 4.5
1-Octyne 72 22 14 20

* Based on alkyl bromido, which was the limiting factor except as noted.

T A slight excess of methyl biomide was usod. The yield based on sodium was 89%.

1 Diethyl sulfate was used instead of ethyl bromide. The reaction was vigorous so that addition
was slow. The yield given is of crude material. Some difliculties wele encountered in purification,
and some material was lost, The yicld of pnre produot was 65%, but it sliould be possible to improve
this.

§ Insufficient reaction time. The yield was 47% on isoamyl bromide taken, and the recovery of
bromide was 31%. The fieezing-point curve was poor, probably owing to isomers resulling fromn
impure isoamyl bromide.

The Preparation of Sodium Acetylide and Other Metallic Acetylides

Sodium acetylide is prepared commonly by passing acetylene into a
solution of sodium in liquid ammonia at the boiling point. The reaction
is slow because the mechanical difficulty of dissolving a gas in a boiling
solution is increased by the vigorous exothermic reaction and consequent
dilution of the acetylene by solvent vapors and ethylene.!# This diffi-
culty has been surmounted most successfully by using a metallic reflux
condenser of adequate capacity cooled with Dry Ice.®%14¢ The acety-
lene that does not react when first passed through the solution is dis-
solved and returned to the flask by the condensing ammonia. Excellent
directions for this method of preparation have been published. s If a
suitable condenser is not available, it is probably simplest to introduce a
large piece of sodium gradually into a saturated solution of acetylene
in liquid ammonia with vigorous stirring as described by Hennion."¢

45 Greenlec and Henne, Inorganic Syntheses, 2, 75 (1946). See also reference 143,

Chapter 2, for a discussion of the synthesis of sodium acetylide.
16 Hennion, Proc. Indiana Acad. Sct., 47, 116 (1938) [C.A., 32, 9039 (1938)].
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The addition of a solution of sodium in liquid ammonia to a saturated
solution of acetylene in liquid ammonia has been successful, %14 but it is
hazardous since the sodium solution cannot be handled in an ordinary
separatory funnel. Small amounts of sodium acetylide have been pre-
pared ¥ by passing acetylene into the sodium solution cooled in Dry
Ice. The preparation has also been carried out in an autoclave at room
temperature, but there is danger of violent explosions, especially if a
trace of air is present. 214 Any of these procedures for preparing sodium
acetylide from metallic sodium has two disadvantages: the upper walls
of the flask are quickly covered by metallic sodium which is difficult to
wash down, and one-third of the acetylene is wasted as ethylene.

3HC=CH + 2Ng — 2NaC==CH - H,C==CH,

A preferable method employing sodium amide in place of sodium was
discovered by Picon ¥ and developed by others.#8%144145 Tn practice the
method is less troublesome and somewhat more adaptable. The sodium
acetylide prepared in this way contains small amounts of iron and other
mpurities, but these do not appear to interfere with its use in synthesis.
In fact the impurities may be beneficial, since it is reported that the
acetylide obtained in this way is considerably more reactive than that
obtained using sodium.® The details of the procedure are given on
p. 48.

A reactive form of sodium acetylide has been prepared from acetylene
and a suspension of sodium naphthalene in dimethyl ether. The sodium
derivatives of other aromatic hydrocarbons can be substituted for
sodium naphthalene, and the dimethyl ether can be replaced by ethers
of ethylene glycol or of various polyhydroxyl compounds.

The acetylides of other alkali and alkaline-earth metals have been
prepared but offer no advantages for the synthesis of l-alkynes.
Patents have been issued for the synthesis of mono- and di-substituted
acetylenes from calcium carbide and organic halogen or hydroxyl com-
pounds, mostly at high temperatures.49 4 ¢

47 Picon, Compt. rend., 173, 155 (1921); Bull. soc. chim. France, [4] 29, 709 (1921).

18 Hejlbron, Jones, and Weedon, J. Chem. Soc., 1945, 81,

48 Soott, Hansley, and Walker, J. Am. Chem. Soc., 58, 2442 (1936); U. S. pats. 2,171,867
and 2,171,868 [C.A4., 34, 115, 116 (1940)].

49 A review of these is given in reference 143, pp. 40-48, 78-79. References dealing
especially with their use in alkyne synthesis include: (a¢) Vaughn and Danehy, Proc.
Indiana Acad. Sci., 44, 144 (1934) [C.A., 30, 429 (1936)]; (b)) Campbell and Campbell,
Proc. Indiana Acad. Sci., 50, 123 (1940) [C.A., 35, 5457 (1941)]; (¢) Soc. pour I'ind. chim.
A Bale, Brit. pat. 298,090 [C.4., 23, 2722 (1929)]; (d) Dutt, Fr. pat. 677,338 [C. 4., 24, 2956
(1930)]; (e) Corson, Brit. pat. 279,095 [C.A., 22, 2755 (1928)]; Fr. pat. 642,170 [C.A., 23,
1135 (1929)].
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The Alkylation of Sodium Acetylide

The alkylation of sodium acetylide by alkyl halides is limited to the
introduction of primary alkyl groups, RCH;CHs-. Secondary and ter-
tiary halides and primary halides with branching on the second carbon,
R,CHCH,-, give only traces of l-alkyne; the principal product is the
alkene formed by dehydrohalogenation.’®%® The reactivity of the alkyl
halides with sodium acetylide increases with the atomic weight of the
halogen and decreases with increasing size of the alkyl group. Methyl
chloride gives propyne in 549 yield in sixteen hours, all the halide being
used, but n-butyl chloride yields only 309, of 1-hexyne after twenty-five
hours.¢  Aryl halides cannot be employed; they either fail to react
(chlorobenzene) or undergo ammonolysis only (o-chloronitrobenzene).4?
Products other than 1-alkynes are obtained with vinyl chloride,
1-bromo-1-butyne,"** and chloromethyl ether.* Yields of 60-75%, of
ethers of 3-butyn-1-ol have been obtained from a number of ethers of
ethylene bromohydrin ROCH,;CI,Br.1%1 Hthylene bromohydrin gives
mainly acetaldehyde.!®

Allylhalidesreact with sodiumacetylide* %2 to give a mixture of uniden-
tified compounds containing eight and eleven carbon atoms. This anom-
alous result is atiributed to metalation of the methylene group of 1-penten-

CHy=CHCHBr+NaC=CH — CHy=CHCH,C=CH 4 NaBr
CHy=CHCHyC=CH +NaC=CH — CHy=CHCHNaC=CH-J}HC=CH
CHy—=CHCHNaC=CH +CHy—=CHCHBr — CHy=CHCHC=CH}NaBr
H,CH=CH:

4-yne. The eleven-carbon compound CHy=CHC(CH,CH==CH,),
l

=CH
would be formed from CHy,=CH—CHCH,CH=CH, by further reac-

l
C=CH

tion with sodium acetylide and allyl bromide. Analogous products were
obtained from methallyl chloride.l*

Alkyl bromides, especially if pure, give the best results, since they
are more reactive than chlorides yet produce smaller amounts of
amines than the iodides. The synthesis has been carried out in an
autoclave at higher pressures and temperatures,'86e 14214 hut, except with

180 Picon, Compt. rend., 168, 825 (1919).

151 M cCusker and Kroeger, J. Am. Chem. Soc., 59, 213 (1937).
12 Lespieau and Journaud, Bull. soc. chim. France, [4] 49, 423 (1931).
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chlorides, the best results are obtained at atmospheric pressure at the
boiling point of liquid ammonia.

The chlorides and even the bromides are not readily separated from
the alkynes, and efficient fractionating columns must be used in purify-
ing the products. A column of 25-plate efficiency gives 1-heptyne and
l-octyne of high purity. % No satisfactory chemical method of
removing the halogen compound has been discovered.'214 A large
excess of sodium acetylide is ineffective in reducing the amount of the
impurity, but with very efficient stirring less halide is found in the
product.

The yields are lowered by entrainment and vaporization of the alkyne
during the addition of water to the liquid ammonia solution at the end of
the reaction unless adequate precautions are taken, such as the use of
an efficient Dry Ice-cooled condenser 8% (p. 48). The removal of
the ammonia before hydrolysis is not advisable, for the hot concentrated
sodium hydroxide produced on addition of water may then rearrange
the 1-alkyne. Thus, in the reaction of butyl bromide and sodium
acetylide, removal of ammonia followed by addition of water gave a
product boiling at 71-72° containing only 799, of 1-hexyne.'®

Organic solvents do not improve the yield in the synthesis and are
often detrimental, although small amounts of ether may increase the
rate of reaction slightly. The yields are not altered by substitution of
cadmium, aluminum, or iron containers for the usual glass flask; stirrers
of Monel metal, nickel, Nichrome, brass, and glass have been used.

The application of the liquid ammonia method {0 dihalides has been
successful 14415 1 6-FHeptadiyne and 1,8-nonadiyne are obtained without
difficulty {from trimethylene and pentamethylene bromides in 40-439,
and 849, yields, respectively.’* The crude yield of the former is 70-7497,
but 139 of low-boiling material, possibly 2-penten-4-yne, is present, and
the product is difficult to purify on account of polymerization. 1-Bromo-
3-chloropropane gives a 579, yield of 5-chloro-1-pentyne.* Compounds
having halogens on adjacent carbon atoms usually undergo dehydro-
halogenation,“%414 gnd methylene chloride gives unidentified mate-
rial 4

Alkyl sulfates may be used in the alkylation instead of halides 137138
and are superior for the synthesis of propyne and 1-butyne % Tt
should be remembered that only one of the alkyl groups in an alkyl

18 The physical constants of the pure alkynes are given in references 140 and 144. They
nro also given in Selected Values of Properties of Hydrocarbons, American Petroleum
Institute Research Project 44, National Bureau of Standards, Washington, D. C.

8 300 {he privale communication fromm Hurd cited by Vaughn, Hennion, Vogt, and

Niouwlwd, J. Org. Chem., 2, 11 (1937).
1 ] .enpionu and Journaud, Compt. rend., 188, 1410 (1929).
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sulfate reacts. It is noteworthy that diisopropyl sulfate gives 20-509
yields of isopropylacetylene.’®®

The methyl, propyl, and butyl esters of p-toluenesulfonic acid will
alkylate sodium acetylide in liquid ammonia in 37-479% yields, but solid
esters such as the amyl cannot be used.®® No alkylation is obtained
with tributyl phosphate, amyl acetate, or butyl acetate.

Sodium acetylide, prepared from acetylene and sodium naphthalene in
a suitable ether solvent, furnishes propiolic acid in 699, yield on car-
bonation and is reported to undergo alkylation with alkyl halides.ss

Side Reactions in the Alkylation of Sodium Acetylide

The by-products in this alkylation reaction are as follows: olefins,
amines, ethers, alcohols, disubstituted acetylenes, and acetylene.

Olefins. As mentioned above, secondary and tertiary alkyl halides,
and primary alkyl halides branched on the second carbon, give mainly
dehydrohalogenation to olefins in the alkylation reaction. When care-
fully purified primary bromides, RCH,CHyBr, are uscd this olefin
formation is unimportant.’* The alkenes may arise in part as a result of
the action of the alkyl halides with sodium amide, sodium hydroxide,
or sodium alkoxides present in low concentration, but sodium acctylide
is a strong base and might be expected to cause some dehydrohalogena-
tion. Since the olefins have two fewer carbons than the desired acet-
ylenes the separation is not difficult.

Amines. The reaction of ethyl bromide or 10d1de with liquid ammonia
to produce a mixture of ethyl amines 1 has been found “>1# to repre-
sent a general reaction of alkyl halides and 1o occur in 1-alkyne syntheses.
Todides react most readily and chlorides least. The amines obtained
a8 by-produects in the acetylene preparation consist of about equal parts
of primary and secondary with variable amounts of tertiary. At atmos-
pheric pressure and 34° this side reaction is unimportant with bromides,
but at high preséures and temperatures it is significant. Alkyl sulfates
give higher yields of amines as by-products.

Ethers and Alcohols. The presence of moisture may result in the
formation of ethers and alcohols by the following reaction.

C.H RX NaCyH RX
> NaOH > ROH RONa — ROR

Na
H,0

The Williamson synthesis of ethers has been shown to proceed smoothly
in liquid ammonia.’¥ Alcohols may also be present as impurities in the

15 Picon, Bull. soc. chim. France, [4] 35, 979 (1924).
157 Vaughn, Vogt, and Nieuwland, J. 4dm. Chem. Soc., 5T, 510 (1935).



SYNTHESIS OF ACETYLENES 31

alkyl halides and lead to ether formation.* Ithers were isolated in
19 to 59, yields by fractionation of the residues from the distillation of
l-alkynes,>"3 and alcohols were ordinarily present in amounts less
than 19%. Pure bromides give no significant quantities of ethers although
commercial bromides sometimes give several per cent.

Disubstituted Acetylenes. A small amount of disubstituted acetylene
usually can be isolated from the reaction of sodium acetylide with an
alkyl halide in liquid ammonia. When butyl and amyl bromides are
used, 2-39% and occasionally up to 309, of dialkylacetylenes may be
formed. 1%  Much less of these by-products has been reported by
others,"** and it has been suggested they arise from the presence of sodium
carbide. The presence of sodium carbide in metallic acetylides prepared
in liquid ammonia is disputed.’®1® Certain results 414 guggest that
an equilibrium exists between sodium acetylide and sodium carbide.

2NaC=CH < NaC=CNa - HC==CH

Such an equilibrium is well established for the Grignard reagent from
acetylene (p. 32).

Acetylene. Some acetylene usually is produced in the final stages of
this synthesis,'® but it is readily removed if the product is properly
fractionated.

Other Impurities. The following have been listed 1> a5 possible
by-products: rearranged hydrocarbons resulting from the action of
strong bases such as sodium acetylide, dimethylethynylcarbinol from
incomplete removal of acetone from the acetylene, peroxides produced
by the action of air or sodium peroxide, and polymers. A small amount
of polymerization usually occurs when the higher-boiling alkynes are
distilled. These side reactions are ordinarily unimportant, although the
rapidity with which the physical constants of acetylenes are changed by
peroxide formation on exposure to air has been stressed.l1%115.153

Acetylene Mono- and Di-magnesium Bromide

Acetylenemagnesium bromide and acetylenedimagnesium bromide
have been used in the synthesis of many acetylenic compounds. A
mixture of these which behaves mainly as the dimagnesium derivative
was first prepared by Ilozitsch ' and is easily obtained at ordinary

18 Moissan, Compt. rend., 127, 911 (1898).

19 See reference 142, p. 17, and 143, pp. 41, 44.

180 Heisig and Hurd, J. Am. Chem. Soc., 55, 3485 (1933).

1 The extensivo work of Tozitsch is noteworthy: J. Russ. Phys. Chem. Soc., 34, 242
(1002) ; 85, 431, 1269 (1903); 38, 252, 656 (1906) ; Bull. soc. chim. France, [3] 30, 210 (1903);
(3] 82, 5562 (1004); [3] 84, 181 (1905); [4] 4, 981, 1203 (1908).
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pressures; 2 itg reactions with many carbonyl compounds have becn
studied. The proportion of monomagnesium derivative in the mixture
is influenced by the amount of acetylene, but even when excess acet-
ylene is present some glycol is produced in the reaction with an alde-
hyde.’-18 By using excess acetylene under pressure with efficient
stirring it is possible to obtain a solution which behaves mainly as the
monomagnesium derivative.'641% The preparation of such a reagent
using a shaking machine has been described.’®® The reaction between
acetylene and ethylmagnesium bromide is allowed to proceed at ordinary
pressure and temperature until ethane is no longer evolved (seven to eight
hours), and the reaction is completed by several hours’ stirring and reflux-
ing under acetylene pressure of half an atmosphere. On carbonation this
solution gives a 629, yield of propiolic acid and a 109, yield of acetylene-
dicarboxylic acid.’® The reaction has been improved so that an 879
yield of propiolic acid can be obtained.1

The composition of the Grignard solution prepared at atmospheric
pressure has been investigated. It is not safe to estimate the propor-
tions of mono- and di-magnesium derivatives present from the amounts
of mono- and di-substituted acetylenes obtained in alkylation or addition
reactions because the following reactions can also account for disub-
stituted compounds.

RX -+ HC=CMgBr — RC=CH + MgXBr
RC=CH - HO=CMgBr — RC=CMgBr + HC=CH
RC=CMgBr + RX — RC=CR + MgXBr

The alkylation of the Grignard reagent of acetylene has not been
studied extensively, although it appears to give rather satisfactory
yields of 1-alkynes under the special conditions already mentioned. 6416
Benzyl bromide gives a 709, yield of 3-phenylpropyne, 8%, of 1,4-di-

162 Wieland and Kloss, Ann., 470, 201 (1929), have described the preparation and use of
such a solution.

163 Oddo, Atr. accad. naz. Lincet, [5] 18, I, 187 (1904) (Chem. Zentr., 1904, II, 943);
Gazz. chim. ital., 34, 11, 429 (1904); 38, I, 625 (1908).

184 Grignaid, Lapayre, and Tchéoufaki, Compt. rend., 187, 517 (1928).

165 Tehéoufaki, Contribs. Inst. Chem. Natl. Acad. Peiping, 1, 127 (1934) [C.A., 29, 2513
(1935)].

166 Dane, Hogs, Bindseil, and Schmitt, Ann., 532, 39 (1937).

17 Zal'kind and Rosenfeld, Ber., 57, 1690 (1924); Kleinfeller and Lohmann, Ber., T1,
2608 (1938). The latter workers used a kinetic method and concluded that, contrary to
common belief, the monomagnesium derivative is formed first. The following reactions
account for their results.

Csz + CszMgBr = HCECMgBr + Csz
=

2HC=CMgBr BrMgC=CMgBr + C;H:
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phenyl-2-butyne, and 129 of acetylene, while butyl bromide produces
729, of 1-hexyne. The solution obtained when only 1 mole of acetylene
has been absorbed in 1 mole of ethyl- or phenyl-magnesium bromide
produces 399, of 1-hexyne and 309, of 5-decyne by reaction with butyl
bromide and only 209, of 3-hexyne with ethyl bromide. The reactions
with butyl bromide are carried out at 80-90°. When the acetylenic
Grignard reagent is prepared by the procedure of Iozitsch ! and allowed
to react with primary alkyl halides, the products include saturated
hydrocarbons and olefing as well as disubstituted acetylenes which are
produced in low yields only.*® Butyl bromide gives C,Ho, C4Hg, a
polymer of the latter, and a little 5-decyne. Isoamyl bromide behaves
similarly, but no 9-octadecyne is isolated when n-octyl bromide is used.
No 1l-alkynes were reported. Wieland and Kloss %2 obtained only di-
substituted acetylenes under comparable conditions from benzohydryl
chloride and triphenylmethyl chloride.

The reaction of allyl bromide with the monobromomagnesium reagent
was reported to give allylacetylene in 75%, yield,®* but this result could
not be duplicated.’®® The reaction of allyl bromide with alkylacetylenic
Grignard reagents occurs only in the presence of catalysts such as cuprous
or cupric salts (p. 34).7° These catalysts have not been tried with the
Grignard reagent from acetylene.

THE SYNTHESIS OF DISUBSTITUTED ACETYLENES

The synthesis of pure disubstituled acetylenes with two aliphatic
groups attached to the triple bond cannot be accomplished by the usual
dehydrohalogenating agents since these reagents cause a rearrangement
of the acetylenic linkage. Such compounds are best prepared from
metallic derivatives of acetylenes and alkyl halides in liquid ammonia
or alkyl sulfates in ether or other solvents.

Alkylation in Organic Solvents. Nef ™ reported the methylation of
phenylacetylene by heating it with methyl iodide and potassium hy-
droxide, and Morgan ?¢ obtained 1-phenyl-l1-butyne by ethylating
sodium phenylacetylide with ethyl iodide. Both reactions were carried
out in sealed tubes at about 140°, and low yields resulted. Except in
liquid ammonia, the sodium derivatives of acetylenes are remarkably
inert toward alkyl halides, and vigorous, deep-seated decomposition

18 Malinovskii and Fedoseev, Trudy Gor'kov Gosudarst. Pedagog. Inst., 1940, No. 5, 43:
Whim. Referat. Zhur., 4, No. 2, 40 (1941) [C.A., 37, 3046 (1943)].

10 Grignard and Lapayre, Compt. rend., 192, 250 (1931).

™ Dinehy, Killinn, and Nicuwlaud, J. Am. Chem. Soc., 58, 611 (1936).

1T Nef, Ann., 810, 333 (1900).
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occurs at temperatures sufficiently high to bring about a reaction.!?
Silver, cuprous, and mercuric acetylides are also inert toward alkyl
halides.

Acetylenic Grignard reagents are less reactive than alkyl- or aryl-
bromomagnesium compounds as measured by their tendency to add to
benzonitrile,’™ and the reaction of these reagents with saturated ali-
phatic halides is without synthetic value, although very low yields of
dialkylethynes from alkynylmagnesium bromides and tertiary alkyl
halides have been reported.’™ The yield of 3,3-dimethyl-4-nonyne from
hexynylmagnesium bromide and tert-amyl bromide was only 3%,. With
more reactive halides the synthetic results are better. Phenylethynyl-
magnesium bromide reacts with triphenylmethyl chloride,'®? benzohydryl
bromide,? and e-furfuryl chloride 15 to give satisfactory yields of the
expected disubstituted acetylenes. Its reaction with allyl bromide to
form 1-phenyl-4-penten-1-yne, CeH;C=CCH,CH=CHj;, in 709, yield
has been described 11 but could be duplicated ™ only in the presence
of catalysts such as cuprous or cupric halides or cuprous cyanide.
Alkynylmagnesium bromides falled to react with allyl bromide on
standing with frequent stirring for twenty-three days or by refluxing
for two to twelve hours in benzene or di-n-amyl ether without catalysts.
Cuprous chloride and bromide are the best catalysts, giving high yields
of the enyne RC=CCH,CH==CH, with n-amyl-, n-butyl-, phenyl-, and
vinyl-ethynylmagnesium bromides. 1-Octen-4-yne is readily formed
from allyl chloride and pentynylmagnesium bromide in the presence of
cuprous salts.** It has been suggested that the difference in the results
of the earlier and later investigators might have been due to impurities
in the magnesium in the initial experiments. These catalysts are not
effective in promoting a reaction between acetylenic Grignard reagents
and alkyl halides of normal reactivity.™® However, methylene iodide
and phenylethynylmagnesium bromide were reported to give an 89,
yield of 1,5-diphenyl-1,4-pentadiyne,'” CsHsC=CCH,C=CC;Hj;, but
methylene bromide failed to react.” Likewise, chloromethyl ethers
and chloromethyl esters were unreactive 7 either with acetylenic
Grignard reagents or with the sodium derivatives.

In the preparation of Grignard reagents from monosubstituted acet-
vlenes, ethylmagnesium bromide appears to be superior to methyl-
magnesium iodide; the use of 3 moles of ether for each mole of metallic

172 Johngon, Schwartz, and Jacobs, J. Am. Chem. Soc., 60, 1882 (1938).

73 Gilman, St. John, St. John, and Lichtenwalter, Rec. frav. chim., 55, 577 (1936).

14 Campbell and Eby, J. Am. Chem. Soc., 62, 1798 (1940).

1% Gilman, Van Ess, and Burtner, J. Am. Chem. Soc., 55, 3461 (1933).

6 Grignard and Lapayre, Bull. soc. chtm. France, [4] 43, 141 (1928).
177 Hennion and Bell, J. Am. Chem. Soc., 65, 1847 (1943).
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derivative has been recommended.”™ Phenylmagnesium bromide is also
satisfactory, but since no gas is evolved the course of the reaction is less
easily followed.

1,4-Diynes have been prepared by the reaction of substituted pro-
pargyl bromides and sodium alkynides at 140°."° Although the corre-

RC=CNa + BrCH,C=CR’ — RC=CCHC=CR’ 4+ NaX

sponding acetylenic Grignard reagents fail to react on boiling for six
hours in toluene, the use of catalysts ™ might make this reaction suc-
cessful. The yields are only 15-209, even though the bromo compounds
react to the extent of 80-909,. By-products include polymers and tri-
and tetra-acetylenes, for the central methylene group is sufficiently
acidic to form sodium derivatives (RC=CCHNaC=CR’) that may
react with part of the bromide. Attempts to prepare aryl-aliphatic or
diaryl-1,4-diacetylenes failed, and only polymers resulted.’® The satu-
rated Grignard reagents, on the other hand, were reported to give at
ordinary temperatures almost quantitative yields of disubstituted
acetylenes with propargyl bromides of the type RC=CCH,Br; the
synthesis of 4-decyne from 1-bromo-2-octyne and ethylmagnesium
bromide was cited as an example.””® The yield of benzylphenylacetylene
by this procedure was only 279%,.% The method has been used to prepare
4-octyne from ethylmagnesium bromide and 1,4-dibromo-2-butyne.'®= It
has also been applied to tertiary propargyl chlorides RC=CC(R'R")C],
which react with concentrated Grignard solutions at 60-80° to give the
disubstituted acetylenes in 60-749, yields.”* Although some care was
taken to establish the carbon skeletons of these acetylenes, similar
reactants have more recently been reported to give allenes in fair
yields.”®?® An allylic rearrangement of the halogen of the propargyl

(CH;)2:CCIC==CCH; + RMgX — (CHs;):C==C=CRCH;
halide may also complicate the synthesis at earlier stages.'8
R:CXC=CR = R.C=C==CRX

1,5-Diacetylenes may be prepared by coupling two molecules of sub-
stituted propargyl bromide using magnesium or sodium, magnesium
giving 50609, yields.’®! If excess sodium is used some reduction occurs

178 Tohao Yin Lai, Bull. soc. chem. France, [4] 63, 682 (1933).

17 Tohao Yin Lai, Bull. soc. chim. France, [4] 53, 1533, 1537 (1933).

1802 Johnson, J. Chem. Soc., 1946, 1009.

18b Zakhareva, J. Gen. Chem. U.S.S.R., 17, 1277 (1947) [C.A., 42, 3722 (1948)].

180¢ Johngon, The Chemistry of the Acetylenic Compounds, Vol. I, The Acetylenic Alcohols,
Edward Arnold and Co., 1946, p. 63.

181 Pohao Yin Lai, Bull. soc. chim. France, [4] 53, 1543 (1933).
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to a y-enyne. Sodium amide polymerizes these diynes, presumably by
first rearranging them to S-diynes.

The alkylation of alkyl or aryl acetylenes by alkyl sulfates or sul-
fonates in ether or high-boiling inert solvents is an excellent synthetic
method for preparing disubstituted acetylenes. Gilman and Beaber 182
appear to have been the first to apply this reaction when they prepared
4-chloro-1-phenyl-1-butyne, (CeHs;C=CCH,CH,Cl), by interaction of
phenylethynylmagnesium bromide and S-chloroethyl p-toluenesulfonate.
A number of monosubstituted acetylenes have been methylated in about
809, vyield by treating the sodium derivatives with excess dimethyl
sulfate.® These yields are based on the unrecovered alkyne. Various
esters of aromatic sulfonic acids react readily with sodium alkynides or
acetylenic Grignard reagents %1718 in ether, tetralin, or mineral oil. It
is often advantageous to substitute dibutyl ether or toluene for diethyl
ether as the solvent. The bromomagnesium alkynide has the disad-
vantage that {wo moles of the sulfonic ester are necessary. The

RC=CMgBr + 2p-CH;C:HSOsR’ —
RC=CR’ + R'Br -} (p-CH;C¢H,S03):Mg

reaction of phenylethynylsodium with benzyl or B-chloroethyl p-
toluenesulfonate fails to give benzylphenylacetylene or B-chloroethyl-
phenylacetylene, although these compounds are readily prepared using
phenylethynylmagnesium bromides. %1%

The very sensitive phenoxyethynylmagnesium bromide gives satis-
factory yields of 1-phenoxyhexyne with butyl p-toluenesulfonate, but
the yield of 1-phenoxybutyne with ethyl p-toluenesulfonate is low.18®
Disubstituted acetylenes have been prepared in good yield by the reac-
tion of acetylenic Grignard reagents with alkyl sulfates in ether.®
Table VII summarizes the synthetic data on disubstituted acetylenes
prepared by these methods.

Alkylations in Liquid Ammonia. The first alkylation of the sodium
derivative of a monosubstituted acetylene in liquid ammonia was carried
out by Heisig,0%% who treated propynylsodium with methyl iodide or
dimethyl sulfate. Alkyl sulfates, sulfonates, and bromides were used
for alkylation of vinylethynylsodium in liquid ammonia.’¥ The yields
were moderate except with heptyl bromide, Wwhich gave 809, of 1-heptyl-
2-vinylacetylene. Propyl-, butyl-, amyl-, and phenyl-ethynylsodium

182 Gilman and Beaber, J. Am. Chem. Soc., 45, 839 (1923). .

18 Truchet, Ann. chim., [10] 16, 309 (1931).

8¢ Thorn, Hennion, and Nieuwland, J. Am. Chem. Soc., 58, 796 (1936).

1853 Heisig, J. Am. Chem. Soc., 53, 3245 (1931).
18 Jacobson and Carothers, J. Am. Chem, Soc., 53, 1622 (1933).
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TABLE VII
DisuBst1ruTED AcETYLENES PrEPARED BY VARIOUS METHODS
Acetylene Solvent * Yl?,/ld t Method { | Reference
(4
4-Methyl-2-pentync Ether 28 1 36
2-Heptyne Ether S 1 184
2-Methyl-3-hexyne Ither 39 1 35, 36
4,4-Dimcthyl-2-pentyne Ether 55 2 117¢
2-Octyne Lther 81 2 28
3-Octyne Ether 70 1 184
Lther S 1 184
2-Nonyne { Ether 79 2 28
Tetralin 33 4 183
3-Nonyne Iher S 1 184
Tetralin 50 4 183
3-Decyne Vaseline oil 47 4 183
4-Decyne Tetralin 4 183
5-Undecyne Vascline oil 70 4 183
3-Dodecyne Dibutyl ether 63 4 172
6-Dodecyne Benzene 23 4 183
1-Chloro-4-tridccyne Dibutyl ether 65 4 172
1-Hexen-3-yne Ether S 1 184
5,8-Tridecadiyne Ether 13 1 177
1-Cyclohexyl-2-butyne Ether 83 2 28
5-Cyclohexyl-2-pentyne Ether 85 2 28
6-Cyclohexyl-2-hexyne Ether 80 2 28
1-Phenyl-1-propyne Tetralin 44 4 183
1-Phenyl-1-butyne Benzene 56 4 183
Dibutyl ether 77 4 172
1-Phenyl-4-chloro-1-butyne Ether 45-75 3 182, 172
1-Phenyl-1-pentyne Vaseline oil 65 4 183
1-Phenyl-5-chloro-1-pentyne Dibutyl cther 75 4 172
1-Phenyl-1-hexyne Vaseline oil 57 4 183
Toluene 65-70 4 172
1,3-Diphenylpropyne Ether 72 3 93
1-p-Bromophenyl-3-phenyl-1-
propyne Ether 26 3 93
3-p-Bromophenyl-1-phenyl-1-
propyne Ether 50 3 93
1-Phenoxy-1-butyne Ether 15 3 18b
1-Phenoxy-1-hexyne Ether 52 3 18p

* The sodium derivatives were usually prepared in elther and the higher-boiling solvent was added
for the last part of the reaction only. The acetylide can be prepared in toluene and probably in other
solvents if the temperature is maintained at 35-40° but at higher temperatures the derivative is

gelatinous and difficult to stir.

T 8 indicates that the yield was reported as satisfactory.
+ Methods: (1) Grignard reagent and sulfate; (2) sodium alkynide and sulfate; (3) Giignaid reagent
and sulfonate; (4) sodium alkynide and sulfonate.
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were alkylated with a variety of alkyl halides and sulfates s Bro-
mides were reported to be the most effective alkylating agents, followed
by iodides, sulfates, and chlorides in that order. The molecular weight
of the alkyl group did not appear to influence the yield in the narrow
range studied. The yields using bromides were between 429, and 589,
and the reaction could be carried out at atmospheric pressure or in an
autoclave.

The preparation of a l-alkyne from -an alkyl halide and sodium
acetylide, its conversion to an alkynylsodium with sodium amide, and
the reaction of this derivative with alkyl halide to give a disubstituted
acetylene can be conducted successively in one liquid ammonia
solution to yield dialkylethynes in excellent yields and with saving of
time.” The success of this method was attributed to the greater
solubility of sodium acetylide relative to sodium amide and to the greater
reactivity of l-alkynes towards sodium amide. For symmetrical acet-
vlenes it is sufficient to mix sodium acetylide, sodium amide, and alkyl
halide in the molar ratio 1:1:2 with vigorous stirring. The following
reactions take place.

HC=CNa + RX — RC=CH + NaX
RC=CH 4+ NaNH; — RC==CNa  NH;
RC=CNa + RX — RC==CR + NaX

Bromides are the most satisfactory alkylating agents at atmospheric
pressure, and chlorides give only low yields. Chlorides are more effective
in an autoclave, but without stirring the yields remain lower than from
bromides at ordinary pressures.

Unsymmetrical acetylenes can also be produced without the isolation
of the intermediate 1-alkynes by adding an alkyl bromide to sodium
acetylide in liquid ammonia, treating the solution after some time with
a liquid ammonia suspension of sodium amide, and finally adding the
second alkyl halide.

These methods are limited to alkyl halides of moderate molec-
ular weight.’® With n-octyl bromide the yield of 9-octadecyne,
CH3(CH,),C=C(CH,);CHj, is only 159, although 759, of 1-decyne,
CH;3(CH,),C==CH, is also produced. The yield of 9-octadecyne in-
creases to 27%, at 8 atmospheres and only 159 of 1-decyne is isolated.
Decyl bromide gives only decylamine and 1-dodecyne at atmospheric
or higher pressures.

The introduction of a heavier alkyl radical first has been sug-

18 Bried and Hennion, J. Am. Chem. Soc., 59, 1310 (1937).
18 Bried and Hennion, J. Am. Chem. Soc., 60, 1717 (1938).
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gested,’ 0 and several new disubstituted acetylenes have been prepared
in this way.

The use of two liquid ammonia condensers ' mounted one above the
other has been proposed.®™ A metal condenser cooled with Dry Ice #?
is more effective and enables one to avoid the troublesome transfer of
the sodium amide in liquid ammonia by passing into such a suspension
just half enough acetylene to convert it to sodium acetylide. The result-
ing mixture is probably disodium acetylide ammonolyzed to an unknown
extent. A simplified two-step process for preparing disubstituted

NaC=CNa + NH; & NaC=CH - NaNH,

acetylenes in which the intermediate 1-alkyne is dried but not purified
after hydrolysis, and is converted to the alkynide by addition to sodium
amide in liquid ammonia, has been devised.'*

Table VIII summarizes the more recent results on the synthesis of
disubstituted acetylenes by these methods.

Sodium amide is superior to metallic sodium for the formation of
sodium alkynides in liquid ammonia as it is for the formation of sodium
acetylide (p. 27). The reduction of higher acetylenes to olefins by the
metal ¥ has been observed. The report that the hydrogenation %14
18 less extensive than with acetylene has not been confirmed in other
laboratories. 1% Some reduction also occurs when sodium is used to
form acetylides in inert solvents such as ether,' but this side reaction
is less important here than in liquid ammonia. The use of sodium amide
in inert solvents has been recommended because the reaction is more
rapid and there is no danger of hydrogenation.® Furthermore, it is
difficult to accomplish a complete removal of the metallic sodium because
of the tendency of some of the derivatives to form a protective coating
on the metal. The quality of the sodium amide is an important con-
sideration (p. 9).

Sodium derivatives have been prepared in liquid ammonia, this solvent
being replaced with benzene, toluene, or ether before alkylating;
bhis procedure appears to offer no special advantages.

Acetylenic Grignard reagents can be alkylated in low yield in liquid
ammonia solution 192

18 Vaughn and Pozzi, J. Chem. Educ., 8, 2433 (1931).

10 Tebeau and Picon, Compt. rend., 157, 137, 223 (1913). It was reported that phenyl-
nectylone gave ethylbenzene.

1 (@) Lagermark and Eltekov, J. Russ. Phys. Chem. Soc., 11, 125 (1879); Ber., 12, 854
(1879); (b) Favorskii, J. Russ. Phys. Chem. Soc., 19, 553 (1887) [Chem. Zenir., 19, 242
(1888)]; (¢) Moureu and Delange, Bull. soc. chim. France, [3] 25, 302 (1901); (d) Fuson

nnd Meek, J. Org, Chem., 10, 551 (1945).
4 Tennion and Wolf, Proc. Indiana Acad. Set., 48, 98 (1939) [C.A., 33, 6794 (1939)].
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TABLE VIII

DIsUBSTITUTED AcETYLENES PrREPARED IN L1QUiD AMMON1A

Disubstituted| Yield * Reference Disubstituted Yield * | Refer-
Acetylenc % Acetylenc % ence
2-Butyne 36 10b, 185, 144 || 7-Methyl-3-octyne 35 54
2-Pentyne t 59 144 5-Decyne 69 140, 187
2-Hexyne — 140 8-Methyl-4-nonyne 35 54
3-Hexyne 75 144, 140, 187 || 5-Undecyne 60 54
2-Octyne § 58 144, 140 6-Dodecyne 30 187
3-Octyne || 64 144, 140, 187 || 7-Tetradecyne 38 188
4-Octyne 60-66 |54, 144, 140, 187 i 9-Octladecyne 1527 188
4-Octyne | 81 144, 54 1-Phenylpropyne 11 50 54
3-Nonyne ** 35 54 2,7-Nonadiyne 11 76 144

# Based on alkyl bromides. When two different halides were used the yield was based on the lieavier,
which was introduced first. The one-step process was used cxcept as noted.

T T'wo-step process using dimethyl sulfate first and transferring the propyne and ammonia as a gas
to the second flagk coniaining sodium amide in liquid ammonia.

I This is the only experimment employing the new technique of metering into a sodium amide suspen-
sion just half as many moles of acetylene. Bried and Ilennion, ref. 187, obtained only 479, by the
standard one-step method., Using dicthiyl sulfate the yield was 379 but the product was unusually
pure (ref. 144).

§ Two-step process. Yicld based on 1-heptyne and allowing twelve liours. Recovery of 1-heptiyne
was 20%. A longer reaction time was recommended. Using 1-propyne and amyl bromide the yield
was 56% and the 2-octyne was very difficult to separate from the bromide.

|| In the simplified {wo-step process a yield of 67%, was obtained and 16%, of 1-hexyne was isolated
(ref. 144).

9 Two-step process.

** The two-step process gave a 549, yield (vef, 142).

11 Based on phenylacetylene. Dimecthyl sulfate was used. A yield of 43% was reported using
methyl iodide (ref. 142),

11 Based on 1,6-heptadiyne; 3% was recovered and 5% of 1,6-ootadiyne was isolated.

THE SYNTHESIS OF DIARYLACETYLENES (TOLANS)

Tolan and substituted tolans appear to be very readily formed, and
various special methods have been found for their preparation. The
standard synthesis from stilbene dibromide and ethanolic potassium
hydroxide has been modified many times between the first report in
1868 9% gnd the modern version of 1942.5 Tolan has been synthesized in
75%, yield by a neat but expensive method which involves the oxidation
of benzil dihydrazone with yellow mercuric oxide.®® There appears to
be no possibility of the formation of stilbene in this preparation, which

13 Limpricht and Schwanert, Ann., 145, 330 (1868).

1% Curtius and Thun, J. prakt. Chem., [2] 44, 171 (1891) ; Schlenk, Bergmann, and Rodloff
Ann., 463, 76 (1928).



SYNTHESIS OF ACETYLENES 41

is an advantage when high purity is paramount since stilbene and tolan
form a solid solution not readily separable.®® Di-p-tolylacetylene 1%
and o-naphthylphenylacetylene ¥ were prepared by the same method
in very high yields.1

The preparation of diphenylacetylenes by the dehydrohalogenation
and rearrangement of unsymmetrical diarylhaloethylenes or ethanes
was first reported in 1894.2% The yield of tolan from diphenylchloro-

18

0-
AryC=CHCI + NaOC,H; g ArC==CAr + NaCl + C,H;0H

20

ethylene was only 99, the principal product being 2,2-diphenylvinyl
ethyl ether. The yields of di-p-tolylacetylene and of di-p-anisylacetylene
from the corresponding chlorides were 85%, and 559, respectively. A
disadvantage of the method is the necessity of using a sealed tube for
the reaction. The starting materials are prepared in good yields by
condensing dichloroacetal with benzene, toluene, or anisole and removing
hydrogen chloride from the resulting 1,1-diaryl-2,2-dichloroethane by
ethanolic potassium hydroxide. Potassium amyloxide was used to
prepare 3,4,3',4/-tetramethoxytolan from 1,1-bis-(3,4-dimethoxyphenyl)-
2-chloroethylene.1%

When potassium amide in liquid ammonia was substituted for the
ethanolic sodium ethoxide in this reaction,® the scope and usefulness
were greatly broadened. Yields of 85909, of the purified diphenyl-

(CeH)oC=CHX 4+ KNH, — C¢H;C=CCslls 4+ KX 4 NH;

acetylenes are obtained when the aryl groups are phenyl, o-, m~, or
p-tolyl, o-, m~, or p-methoxyphenyl, 3,4-dimethylphenyl, and xenyl; but
with p-ethyl, propyl, or butyl substituents on the ring an oily impurity
is formed and the yields are reduced to 50~709,. No significant variation
in yield is observed with bromo or chloro compounds as starting mate-
rials or with 1,1-diaryl-2,2-dihaloethanes, although the dichloroethanes
do appear to give slightly poorer results. The position of attachment
of the benzene ring is not changed during the migration, and the struc-
tures of several of the tolans were proved by synthesizing them from the
corresponding stilbene dibromides with ethanolic potassium hydroxide
and by reducing them to known dibenzyls. Sodium amide is as effective

1% Pascal and Normand, Bull. soc. chim. France, [4] 13, 151 (1913).

16 Curtius and Kastner, J. prakt. Chem., [2] 83, 225 (1911).

197 A synthesis by Jenny mentioned by Ruggli and Reinert, ref. 15.

18 (g) Fritsch, Ann., 279, 319 (1894); (b) Buttenberg, Ann., 279, 324 (1894); (c) Wiechell,
Ann., 279, 337 (1894).

1% Tritgch, Ann., 329, 37 (1903).

W Goleman and Maxwell, J. Am. Chem. Soc., 56, 132 (1934); Coleman, Holst, and
Munxwoll, 1bid., 58, 2310 (1936).
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as potassium amide in this synthesis 2° and, since it is more readily
prepared, would seem to be the reagent of choice. 1,1-Diphenyl-2,2-
dichloroethane gives tolan in 809 yield with sodium amide.? This
method is probably the best available for the synthesis of tolan deriva-
tives since diarylbromoethenes are easily prepared from the unsym-
metrical diarylethenes which are available from diarylmethylearbinols.

Tolan derivatives may be prepared in unspecified yield by treating
unsymmetrical diaryldichloro- or diarylbromochloro-ethenes with so-
dium in benzene.?! Under the same conditions diaryltrichloroethanes
give 959, yields of the substituted stilbenes and only 29, of tolans.
The action of ethanolic sodium ethoxide on unsymmetrical diphenyl- or
ditolyl-dichloroethene yields mainly diarylacetic acids, but, with
di-p-anisyl- or di-p-phenetyl-dichloroethenes, 809, yields of the tolans
are obtained and about 209 of unchanged dihaloethene is recovered.??

An unusual synthesis of 0,0’- or p,p’-dinitrotolan occurs when o- or
p-nitrobenzal chloride is treated with ethanolic sodium ethoxide.%:203
With the ortho compound 2 considerable heat is generated and the yields
are 36-399,. The reaction is believed to go through the corresponding
tolan dihalide, which has been isolated from p-nitrobenzal chloride.%e
m-Nitrobenzal chloride 2 gives only an acetal in this reaction. A similar
reaction for the formation of o- or p-stilbenes from nitrobenzyl halides
is well known and has been reported for benzyl chloride itself.2*
2-Dibromomethylanthraquinone gives a 979, yield of 2,2-dianthra-
quinonylacetylene dibromide merely by heating to 230-240°,2% and this
loses bromine to form the acetylene in 899, yield when refluxed with
diethylaniline. The same acetylene is obtained by refluxing 2-tribromo-
methylanthraquinone with copper bronze in nitrobenzene.?¢

The union of halogenated carbons to form a triple bond occurs readily
in the production of 1,1,4,4-tetraphenyl-2-butyne or similar substituted
compounds from 1,1-diaryl-2,2,2-trihaloethanes.®” The reaction, which
is seldom clean-cut, is accomplished electrolytically in hot ethanolic hy-

2Ar,CHCCl; — Ar,CHC=CCHAr,

drochloric acid at a lead cathode. Catalytic reduction and reduction by

20l Harris and Frankforter, J. Am. Chem. Soc., 48, 3144 (1926).

22 Fritsch and Feldmann, Ann., 306, 72 (1899).

28 Kliegl and Flaas, Ber., 44, 1209 (1911).

24 Tgchitschibabin, J. Russ. Phys. Chem. Soc., 34, 130 (1902) (Chem. Zenir., 1902, 1,
1301).

% Ullmann and Klingenberg, Ber., 46, 712 (1913).

26 Bckert, Monatsh., 35, 289 (1914).

27 Brand et al., (a) Z. Elekirochem., 16, 669 (1910); (b) Ber., 46, 2035, 2042 (1913);
(¢) Ber., 54, 1987, 2007, 2017 (1921); (d) Ber., 57, 846 (1924): (&) Ber., T2, 1029, 1036
(1939); (f) J. prakt. Chem., 115, 335, 351 (1927); (g) ibid., 127, 219, 240 (1930).
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metal combinations appear to give tetraaryl-2,2,3,3-tetrahalobutanes or
2,3-dihalo-2-butenes, and the latter usually are converted to the tetra-
aryl-2-butynes by reaction with zine and acetic acid. 1,1-Di-p-tolyl-

Al‘zCHCClg b Al‘zCHCClgCClgCHAl‘2 or Al‘zCHCCl=CClCHA1‘2

2,2,2-tribromoethane is converted into tetratolyl-2-butyne in one step
with zinc and acetic acid.

Somewhat similar reactions appear to occur when benzotrichloride or
a, substituted benzotrichloride is heated with copper powder in benzene.
The yields of 1,2-diaryltetrachloroethanes are low. o-Chlorobenzotri-
chloride gives both stereoisomeric dichloroethylenes.?®2*® Heating the
0,0’-dichlorotolan dichlorides with zine dust at 200° gives an 809 yield of
0,0'-dichlorotolan.  Di-(p-chlorophenyl)-tetrachloroethane gives the
corresponding tolan when refluxed with zinc dust in acetic acid.

OTHER METHODS OF PREPARING ACETYLENES

The removal of adjacent halogens from 1,2-dihaloethylenes by metals
has been used to prepare acetylenic compounds, but the method is not of
great synthetic value. Dibromofumaric acid loses bromine more readily
than dibromomaleic acid when treated with zinc in moist ether at 60-70°
to give acetylenedicarboxylic acid in good yield.*® A number of «,8-
dichlorostyrenes, prepared from w-chloroacetophenones by treatment
with phosphorus pentachloride, react with sodium in ether to form the
sodium derivatives of the corresponding acetylenes; with water these
give the acetylenes in yields reported to be “good.” 1t

CsHsCOCHgCl i CsHsCCl=CHCI o d CGH50£CNa

Sodium phenoxyacetylide ¥ and cycloSetyne #2 are obtained in the
same way from 1,2-dibromo-1-phenoxyethylene or tribromophenoxy-
ethylene and 1,2-dibromocyclodctene. Zinc dust in acetone effects the
removal of bromine from tolan dibromide and diphenyldiacetylene tetra-
bromide.# The yield of diphenyldiacetylene is 859,. It is clear that
whenever an acetylene dibromide is the starting material the method
cannot be of synthetic value unless some source for the dibromide other

2% Kenner and Witham, J, Chem. Soc., 97, 1960 (1910).

2 Fox, Ber., 26, 653 (1893).

0 Michael, J. prakt. Chem., [2] 46, 209 (1892); [2] 52, 344 (1895).

M (g) Kunckell and Gotsch, Ber., 33, 2654 (1900); (b)) Kunckell and Koritzky, Ber., 33,
3261 (1900); (¢) Kunckell and Eras, Ber., 33, 3264 (1900); 36, 915 (1903); (d) Kunckell,
I5ris, Mtiller, and Hildebrandt, Ber. deut. pharm. Ges., 23, 188 (1913) (Chem. Zentr., 1913,
1, 1768). The constants of mesitylacetylene have been corrected, ref. 43.

%13 Domnin, J. Gen. Chem. U.S.S.R., 8, 851 (1938) [C.A., 33, 1282 (1939)].
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than the acetylene can be found. Dibromoethylenes have been prepared
from RCH,CBr=CH, (obtained by a Grignard reagent and 2,3-di-
bromopropene) by adding bromine and removing hydrogen bromide
with ethanolic sodium ethoxide.® The product is treated with zinc
and ethanol to form the acetylene, but the yields are low. A similar
method gave only 89, of 3-hexyne.® The most serious difficulty lies
in the substitution which occurs during the addition of bromine to the
bromoethylene. It may be possible that some olefin is formed along
with the acetylene during the removal of the halogens, since s-dibromo-
bis(p-tolylmercapto)ethylene is converted to s-bis(p-tolylmercapto)eth-
ylene by zine and acetic acid.#?

p-CHgC GH4SCBI‘=CBI‘SC ﬁI‘I 4CH3—I) b p—CH 3C GI‘I4SC I‘I=C I‘ISC GH 4CI‘I =P

A novel method of preparing 3-phenyl-1-propyne by adding phenyl-
magnesium bromide to 1,2,3-tribromopropene has been described.* The
reaction 18 not the result of the action of unchanged magnesium but
requires excess Grignard reagent, and biphenyl is produced. By adding

4CsHsMgBr 4 BrCH.CBr=CHBr —
CeHsCI‘IgCECMgBI‘ —|— CGI‘IsceI‘Ia —|— CeHe —|— 3Mg]3r2

the tribromopropene to the Grignard reaction the yicld is increased
from 409 to 529.

Lithium phenylacetylide is produced almost quantitatively from
w-chloro- or w-bromo-styrene by phenyllithium or butyllithium.?t The
reaction does not appear to be a simple dehydrohalogenation.?4e

Acetylenes have been obtained by the pyrolysis of bis-quaternary
ammonium hydroxides.?® From butane-1,2-bis-trimethylammonium
hydroxide a 449, yield of ethylacetylene and a 569 yield of methylallene
result, while from the 2,3-compound 42479, of 1,3-butadiene and 58—
539, of a mixture of methylallene and dimethylacetylene are obtained.

The formation of benzoylmesitylacetylene by the reaction of phenyl-
magnesium bromide and 2,4,6-trimethyl-g-methoxycinnamonitrile 26
may also be mentioned.

2,4,6-(CH3)3C¢H,C(OCH3)=CHCN - CsH;MgBr —

2,4,6-(CIL3)sCeHoC==CCOCsH;

23 Fromm and Siebert, Ber., 58, 1014 (1922).

A4 (g) Wittig and Harborth, Ber., 77, 315 (1944); (b) Wittig and Witt, Ber., T4, 1474
(1941); (¢) Gilman, Langham, and Moore, J. Am. Chem. Soc., 62, 2327 (1940); (d) Gilman
and Haubein, 2bid., 67, 1420 (1945).

25 Hurd and Drake, J. Am. Chem. Soc., 61, 1943 (1939).

26 Fuson, Ullyot, and Hickson, J. Am. Chem. Soc., 61, 410 (1939).
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THE DETECTION, DETERMINATION, AND PURIFICATION OF
MONOSUBSTITUTED ACETYLENES

The detection of monosubstituted acetylenes and their separation
from mixtures with disubstituted acetylenes or other hydrocarbous is
customarily accomplished by means of metallic derivatives. Ammoni-
acal silver nitrate or cuprous chloride solutions are often used to form
silver or cuprous acetylides, although early investigators 27 showed that
mixtures containing small amounts of monosubstituted acetylenes give
no precipitate with these reagents. It requires 209, of 1-octyne with the
silver reagent and 109, of 1-heptyne with the cuprous solution to give a
positive acetylene test. A 59, solution of silver nitrate in 959 ethanol
gives an instantaneous precipitate of a white, crystalline compound
RC=CAg;NO;3 when treated with even traces of 1-alkynes,?” so that
they can be separated almost quantitatively from mixtures by its use.'”-8
From 3.5 g. of 1-hexadecyne in 10 ml. of ethanol and a solution of 5.35 g.
of silver nitrate in 5 ml. of water and 45 ml. of ethanol, 7.4 g. of a silver
derivative results, a yield of 94.3%,. The reagent has been adapted to
the quantitative determination of monosubstituted acetylenes in a gas
mixture.®® A simple volumetric procedure involving the titration of the
free nitric acid produced in the reaction is used.

RC==CH -} 2AgNO; — RC=CAg,NO; -+ HNO;

A procedure for determining 1-heptyne by this method has been
described,” but no data are given on the accuracy of the method.
Results 29, low for 1-heptyne and 2.89 low for 1-hexyne were obtained
using compounds carefully purified through their silver derivatives.?®
The procedure has been used by many workers and is the standard
industrial method for the analysis of monosubstituted acetylenes. A
gravimetric method is unsatisfactory because the silver complex adsorbs
silver ions and decomposes above 100°, making thorough drying diffi-
cult; ™ the results are 2-39, higher than by the volumetric procedure.
Acidie, basic, and sulfur impurities must be removed from the mixture
in the volumetric procedure. The ethanolic silver solution should not
be heated since this produces violently explosive silver fulminate.

Phenylacetylene has been determined 22 by precipitation of the cu-
prous derivative from ethanolic solution with ammoniacal cuprous
chloride.22t14/  After vigorous shaking the precipitate is filtered and

27 Bghal, Ann. chim., [6] 15, 408 (1888).

28 Chavastelon, Compt. rend., 125, 245 (1897).

29 Hurd and Christ, J. Org. Chem., 1, 141 (1936).

20 Hein and Meyer, Z. anal. Chem., T2, 30 (1927).
21 Noyvay Nogy Ilosva, Ber., 32, 2697 (1899).
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washed with water, ethanol, and ether, is dried, and is either weighed or
dissolved in ferric sulfate-sulfuric acid solution and titrated with per-
manganate. With known weights of pure phenylacetylene the results

2CsH5011 —I— Feg(SO4)3 —I— HzSO4 b 2FeSO4 ‘l‘ 2CUSO4 —I— 2CSH6

of the two procedures are in agreement and are 0.389, and 0.90%, high.
No determinations on hydrocarbon mixtures of known phenylacetylene
content were given. The precipitation of the cuprous derivative of
1-heptyne with aqueous ammoniacal cuprous chloride is slow, and with
concentrated ammonia solutions incomplete,

Silver acetylides are rather soluble in concentrated silver nitrate
solution because of the formation of a complex between the silver
acetylide and silver ion 2 (Table IX). Dilution of the solution caused a

TABLE IX
SOLUBILITY OF ACETYLENES IN 509, AQUEOUS SILVER NITRATE
Acetylene Volume

%o
1-Butyne 15
1-Pentyne 10
1-Heplyne 6
Phenylacetylene 8
Dialkylacctylencs 0

silver derivative to precipitate. Raman spectra studies indicate that
the triple bond is involved in the complex formation, and the suggestion
has been made that the complexes may be similar to those formed by
olefins.??® It is odd that dialkylacetylenes do not form such coordination
compounds. Very probably the somewhat erratic results observed in
the determination of acetylenes as their metallic derivatives arise from
the variable solubility of the complexes in the solution.

A method has been published for the determination of acetylenes based
on their reaction with methanol in the presence of mercuric oxide-boron
trifluoride catalyst, to produce ketals which are subsequently hydrolyzed
to ketones, 2

In neutral or acidic solution mercuric salts give addition products of

22 Taufen, Murray, and Cleveland, J. Am. Chem. Soc., 63, 3500 (1941).

28 Winstein and Lueas, J. Am. Chem. Soc., 60, 836 (1938); Keller, Chem. Revs., 28, 229

(1941).
232 Wagner, Goldstein, and Peters, Ind, Eng. Chem., Anal. Ed., 19, 103 (1947).
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varying composition with monosubstituted acetylenes, but in alkaline
solution mercuric derivatives analogous to cuprous or silver alkynides
are formed. These mercuric acetylides are prepared easily in yields of
85-959, ¢ by adding a solution of the acetylene in ethanol to excess
alkaline mercuric iodide ®¥¢ or cyanide.??* The derivatives are useful
for the identification of monosubstituted acetylenes because they are
easily purified and have characteristic melting points.

The purification of monosubstituted acetylenes through their cuprous,
silver, or mercuric derivatives has been widely used. It is common
practice to decompose the first two of these with dilute hydrochlorie
acid, although this reagent with the cuprous or silver derivative of 1-
heptyne leads to a product containing traces of halogen.?® Diacetylene
has been recovered from its copper derivative by treatment with potas-
sium cyanide,’™? and chloro- or bromo-acetylene is obtained similarly
from its mercurie derivative.?* Furylacetylene hasbeen purified through
its copper salt by refluxing with aqueous sodium cyanide with 909,
recovery; phenylacetylene was purified similarly with an 859, recovery.?
Pure 1-hexyne is obtained with only 279, loss by refluxing the recrys-
tallized silver nitrate complex with sodium cyanide solution.’2® When
ammonium thiocyanate is used to decompose the complex, the yield is
only 409, but the losses are said to be largely mechanical.®® The
formation of an acetylenic Grignard reagent is not sufficiently complete
to make this derivative of value for purification.??

The synthesis of 1-alkynes using sodium amide 2 assures freedom from
disubstituted acetylenes if conducted properly, and in some instances
an acetylenic mixture obtained by dehydrohalogenation with potassium
hydroxide has been converted to 1-alkyne by treatment with sodium
amide In a similar fashion.?#

In general the purification of monosubstituted acetylenes through their
metallic derivatives is a satisfactory process entailing moderate losses.
It appears to be the best method of separating these compounds from
disubstituted acetylenes. Since some of these metallic derivatives, nota~
bly those of acetylene and diacetylene, are very explosive when dry, even
moderate quantities should be kept moist with the solvent at all times.

Disubstituted acetylenes are occasionally purified by removal of
monosubstituted isomers as metallic derivatives. Thus 1-butyne was
removed from 2-butyne by passing the gaseous mixture through 509
aqueous ethanolamine containing cuprous chloride.!t«

2% Hofmann and Kirmreuther, Ber., 41, 314 (1908); 42, 4232 (1909).

2 Moureu, Ann. chim., [8] T, 541 (1906) note; see Straus and Kuhnel, Ber., 65, 154
(1932).

226 ITurd, Moinort, and Spence, J. Am. Chem. Soc., 52, 1138 (1930).
37 Levina and Potapova, J. Gen. Chem. U.S.S.R., T, 353 (1937) [C.A4., 31, 4652 (1937)].
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EXPERIMENTAL PROCEDURES

Carefully tested directions for the synthesis of the following acetylenic
compounds have appeared in Organic Syntheses.

Acetylenedicarboxylic acid from e,8-dibromosuccinic acid with
methanolic potassium hydroxide.®

3-Cyclohexylpropyne from 3-cyclohexyl-2-bromopropene with sodium
amide.?

Phenylacetylene from «-bromostyrene with molten potassium hy-
droxide.?0

Phenylpropargyl aldehyde from cinnamic aldehyde.?

Phenylpropiolic acid from ethyl cinnamate dibromide with ethanolic
potassium hydroxide.

Tolan from stilbene dibromide.?

Stearolic acid from methy! oleate dibromide with potassium hydroxide
in amyl alcohol.22%#

1-Hexyne from Sodium Acetylide and n-Butyl Bromide in Liquid
Ammonia 29

The apparatus consists of a 5-1. three-necked flask equipped with a
mercury-sealed stirrer and an efficient Dry Ice-cooled condenser. The
stirrer may be a well-balanced glass loop or a wire stirrer.2® The con-
denser %% consists of a several-turn vertical coil of 1:7 gradient made
of block tin tubing not less than 14 in. in internal diameter, fitting snugly
inside a double-walled jacket made of & tin can inserted inside a slightly
larger can and separated from it by a layer of asbestos. The top of the
annular space is sealed with plaster of Paris, and the coil is soldered in
at top and bottom. (To arrest corrosion the condenser is cleaned and
dried after each run.) Glass condensers, although considerably less
efficient, may be used in small runs. Two liquid-ammonia condensers 8
mounted one above the other have also been used.

About 2 1. of commercial anhydrous liquid ammonia is placed in the
5-1. flask, and 1.5 g. of powdered, hydrated ferric nitrate (0.3 g. for each

28 Allen and Edens, Org. Syntheses, 25, 92 (1945).

28a Adkins and Burks, Org. Syntheses, 27, 76 (1947).

29 These directions are a condensation of those found in the Ph.D. Thesis of Greenlee,
Ohio State University, 1942 (see ref. 144). The preparations of sodium amide and of
sodium acetylide given in Inorganic Syntheses, 2, 128, 75 (1946), specify more concentrated
solutions which probably work equally well in the final step.

%0 Hershberg, Ind. Eng. Chem., Anal. Ed., 8, 313 (1936); Org. Syntheses, 17, 31 (1937);
Coll. Vol. 2, 117 (1943).
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gram atom of sodium) is added. After vigorous stirring for several
minutes, 2 g. of sodium is added; a vigorous reaction occurs, and the
solution becomes black from the colloidal particles of iron. When the
reaction subsides the blue color of sodium is visible around the edges of
the mixture and hydrogen is slowly evolved. To improve visibility
the frost on the outside of the flask may be removed with ethanol. A
brisk stream of dry air is bubbled through the solution for fifteen to
twenty seconds. This converts some of the sodium to sodium peroxide
which activates the catalyst. The evolution of hydrogen is more rapid
for a short time but soon ceases, and 114 g. of sodium (a total of 116 g.
or 5 gram atoms plus 1 g.) is added in 15- to 23-g. quantities, enough
time being allowed between additions for complete conversion to sodium
amide (disappearance of the blue color). The stirrer is operated slowly
during this procedure, and at the end it is run at high speed for a few
minutes to wash down sodium spattered on the upper walls of the flask.
The sodium amide can be seen around the walls of the flask as tiny
colorless crystals like grains of sand; the liquid is still dark from the iron
catalyst. A rapid stream of tank acetylene which has been passed
through concentrated sulfuric acid and then through a tower of soda
lime and anhydrous caleium chloride is introduced at a point below the
stirrer, which is run at moderate speed. The reaction mixture imme-
diately becomes milky and clears up shortly before the theoretical
amount of acetylene has been added, when it turns dark again. No
gases are evolved during the addition of acetylene.

The acetylene addition tube is replaced by a dropping funnel, and 617
g. (4.5 moles) of n-butyl bromide is added rather rapidly. The solvent
refluxes somewhat more vigorously for about two hours, and the solution
is stirred rapidly for a total of six and one-half hours. Water is then
added at moderate rate from the dropping funnel until the flask is nearly
full; some acetylene is evolved during the process. Two layers are
formed, and the lower (aqueous ammonia) is siphoned off and discarded.
The upper layer is shaken with water, ice-cold 1:1 hydrochloric acid
(which removes finely divided iron), and dilute sodium carbonate solu-
tion, and is dried over calcium chloride. The crude product (350 g.,
959, yield) is fractionated through a column having about six theoretical
plates, and the fraction that boils at 70.5-71°/750 mm. (uncor.) is
collected; this weighs 320 g. (879, yield). Refractionation of fore-run
and residue gives an additional 10 g. of material with the same boiling
point and refractive index (total yield 899). Pure 1-hexyne has the
following constants: b.p. 71.4°/760 mm., m.p. —132.09°, d2° 0.7156,
n¥ 1.3990.
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p-Tolylacetylene 5

(a) Preparation of 1-p-Tolyl-1-chloroethylene. To 189 g. (0.9 mole)
of phosphorus pentachloride in & 250-ml. Claisen flask fitted with a
dropping funnel and drying tube and cooled in a bath of ice and salt,
110 g. (0.82 molc) of p-tolyl methyl ketone is added during one hour.
The reaction mixture is left in the cooling bath for an hour and at room
temperature for twelve hours. Phosphorus oxychloride is removed
under reduced pressure, and the residue is distilled through a small
column. The product is an oil, b.p. 81-83°/10 mm., yield 85 g. (68%).

At 70° a 759, yield is obtained. The use of pure phosphorus penta-
chloride and rapid distillation are important.®

(b) Conversion of 1-p-Tolyl-1-chloroethylene to p-Tolylacetylene. A
mixture of 85 g. (0.56 molc) of 1-p-tolyl-1-chloroethylene, prepared as
above, and 50 g. (0.78 mole) 2 of potassium hydroxide in 100 ml. of
absolute ethanol is refluxed for twenty-four hours. The mixture is
poured into a liter of ice water, the oil separated, and the aqueous layer
cxtracted with cther. The oil and ether are combined and dried over
potassium hydroxide; the ether is removed, and the residue is distilled
under reduced pressure; b.p. 79-82°/31-33 mm.; yield 31 g. (48%).

p-Bromophenylacetylene 4

(a) Preparation of 1-(4-Bromophenyl)-1-chloroethylene and 1-(4-
Bromophenyl)-1,1-dichloroethane. A mixture of 95 g. (0.48 mole) of
p-bromoacetophenone and 107 g. (0.51 mole) of phosphorus pentachlo-
ride in a 500-ml. round-bottomed flask provided with a reflux condenser
is heated to 70° in an oil bath. Rapid evolution of hydrogen chloride
begins when the p-bromoacetophenone melts, and the reaction is over
in about ten minutes. The clear yellow liquid is distilled under reduced
pressure. After the phosphorus oxychloride has been removed (b.p.
45-50°/18 mm.), 19 g. (189%) of the monochloroethylene derivative,
b.p. 118-122°/18 mm., and 62.5 g. (629,) of the dichloroethane, b.p.
126-127°/18 mmy., are obtained. These fractions need not be separated
for the next reaction.

(b) Conversion of the Chloroethylene and Dichloroethane to the
Acetylene. A mixture of 82 g. (0.34 mole) of chloro compounds obtained
above and 400 g. of ethanolic potassium hydroxide (259, by titration,
1.8 moles) in a 1-l. round-bottomed flask provided with a reflux con-
denser is refluxed for three hours in an oil bath and poured into a liter

21 The potassium hydroxide contains about 139, of water and other impurities.
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of ice water. The oil is separated, and the aqueous portion is extracted
with ether. The oil and ether are combined and dried over potassium
hydroxide or potassium carbonate. The ether is removed, and the
product is distilled under reduced pressure from a Claisen flask having a
wide side arm, b.p. 88-90°/16 mm. The p-bromophenylacetylene
crystallizes in the receiver and is recrystallized from ethanol. The yield
i8 32.5 g. (539%) of colorless crystals, m.p. 64-65°. There is no advantage
in dropwise addition of the chloro compound to the ethanolic potassium
hydroxide.

1-Phenyl-1-hexyne 172

To 11.5 g. (0.5 gram atom) of sodium wire in 200 ml. of toluene in a
1-1. three-necked round-bottomed flask, equipped with a reflux con-
denser, mercury-sealed stirrer, and dropping funnel, is added slowly with
stirring 51 g. (0.5 mole) of phenylacetylene.?® The flask is kept at 35-40°,
since above this temperature the sodium derivative forms a gelatinous
mass. To the suspension of the acetylide is added with stirring during
two hours 114 g. (0.5 mole) of n-butyl p-toluenesulfonate %2 while the
temperature is maintained at 70°. After three hours at 80° the reaction
mixture is cooled and treated with water; ether is added if an emulsion
forms, and the ether-toluene solution is washed and dried over solid
potassium hydroxide or polassium carbonate. The product is distilled
under reduced pressure, and, after a small fore-run of phenylacetylene,
51-55 g. (65-709,) of 1-phenyl-1-hexyne is obtained, b.p. 109-110°/12
mm. On redistillation the compound boils at 94-95°/4 mm.; d3° 0.9024
and 72 1.5347.

The sodium derivative of phenylacetylene may also be prepared with
sodium amide. The reagent is finely powdered under mineral oil and
transferred to the flask as a suspension. Anhydrous cther is then added,
and the oil is removed by several washings with ether. An alternative
method is to prepare the sodium amide in liquid ammonia and displace
this solvent with ether.” An excess of sodium amide and of butyl
p-toluenesulfonate results in a 579, yield of 1-phenyl-1-hexyne.'®

Dibutyl ether may be used instead of toluene in the preparation, or
the sodium derivative may be prepared in ether with sodium and the
cther replaced by a higher-boiling solvent. Mineral oil may be added
1 the last part of the reaction.

3 1Roos, Gilman, and Beaber, Org. Syntheses, Coll. Vol. 1, 145, 2nd ed., 1941.
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The Purification of 1-Hexyne 12

To a solution of 41 g. (0.5 mole) of 1-hexyne in 160 ml. of 959, ethanol
is added slowly and with stirring a solution of 170 g. (1 mole) of silver
nitrate in 250 ml. of water. The white precipitate of C,;HgC=CAgsNO3
is filtered, washed with water, and recrystallized from 1.8 1. of 959
ethanol. The crystals are washed thoroughly with water and refluxed
for three hours with a solution of 115 g. of sodium cyanide in 250 ml. of
water. The regenerated l-hexyne is dried over calcium chloride and
distilled; b.p. 70.5~70.7° cor./747 mam., yield 30 g. (73%,).

TABULAR SURVEY OF ACETYLENES SYNTHESIZED BY THE METHODS
DESCRIBED IN THIS CHAPTER -

Only those acetylenes are included that have been prepared by meth-
ods covered in this review and that have been reported in Chemical
Abstracts through 1947. If other methods are of synthetic value for
one of these compounds, they are included, but the references may not
be complete. An attempt has been made to include mainly references
dealing with synthesis, and with the more common acetylenes only
recent references or those of definite synthetic value are listed. Where
information is available, yields have been calculated allowing for re-
covered starting material. The methods of synthesis are indicated as
follows.

1. Dehydrohalogenation with ethanolic potassium hydroxide or other
alkaline reagents except alkali amides.

2. Dehydrohalogenation with sodium amide or potassium amide.

3. Alkylation of metallic derivatives of acetylenes in ether or other
inert solvents.

4. Alkylation in liquid ammonia.

5. Other methods discussed in this review.

6. Methods not discussed in this review.

A question mark (?) indicates some uncertainty in the structure or
synthesis. A star (*) indicates that the yield was of crude material.
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Formula Compound Method Y:;,ld References *
(4]
Gy
C2Bry Dibromoacetylene 1 15 233, 234
6 — 235
6 28 236
CoCly Dichloroacetylene 1 65 75, 76, 77, 237
6 — 235, 238
C.HBr Bromoacetylene 1 Good, 45 |224, 239, 240, 241,
99a, 242, 243,
244, 2, 56
CoHCl1 Chloroacetylene 1 Good | 224, 56, 245, 246,
247
G — 71b
C.HI Todoacetylene 6 — 248
Coly Diiodoacetylene 1 25 249
G 86—93 250, 251, 252, 253,
254, 255, 256,
257, 1115
6 54-63 258, 259
Cs
C4HBrOy Bromopropiolic acid 1 — 71a
' 6 74 235
G3lICI0, Chloropropiolic acid 1 — 71b
6 19 235
Cyl1IO, Todopropiolic acid 1 80 99a
6 — 260, 1115
3y Bre 1,3-Dibromo-1-propyne 1 — 261
(a1 1500 Propiolic acid 6 70-87  |111,262, 263, 264,
164, 165 148¢
Cyl [5Br 1-Bromo-1-propyne 1 25 61
6 — 10¢
CulT3Br 3-Bromo-1-propyne 6 65 265, 266, 267, 268
Cylly Propyne 1 67-85 10, 226, 160, 11%,
65, 269, 270
4 84 135, 137, 139, 142,
143, 144, 185,
271, 272, 273

N p. 82 for explanation of symbols and methods in this table.
* Ralaronoon 233-410 aro listod on pp. 72-78.



54 ORGANIC REACTIONS
Formula Compound Method Y(Zld References *
CsH40 2-Propyn-1-ol 1 6669 57, 266, 268, 274,
275, 368
6 — 276
6 10 277
CsH40 Methoxyacetylenc 1 — 278
Cstl;N 3-Amino-1-propyne 1 Poor 276
Cy
CH, 1,3-Butadiyne 1 8090 180a, 279
6 Poor 111y, 280, 281,
270
CiHoO4 Acctylenedicarboxylic 1 73-88 9,111q, b, 68, 71¢,
acid d, 210, 262, 282,
283, 284, 285,
286, 287
G Poor, 34 {161, 164, 2144
CHO2 2-Butynoic acid 1 16-87 126, 288, 289, 290,
291, 202, 293,
210, 294, 295,
296, 297, 298,
299
5 — 298, 299
6 — 161, 300
CH;BrO 1-Bromo-3-methoxy-1- 1 — 261, 301
propyne
C4HzNO, 1-Nitro-1-butyne 1 — 67
CyHg 1-Butyne 1 34 4
2 60 32, 33
4 65-78 144a, 142, 143,
136a, 302, 138,
139, 149a, ¢, d,
273
2-Butyne 1 65 80b, 78, 269, 60,
41, 11q
4 81* 271,303, 304, 10b,
185
CHO 3-Butyn-2-ol 1 — 305, 306
6 57 307, 308, 309

See p. 52 for explanation of symbols and methods in this table.
* References 233-519 are listed on pp. 72-78.
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Formula Compound Method Y:;ld Refercnces *
(4]
CHO 3-Butyn-1-o0l 1 — 305, 310
6 65 311, 277
3-Mcthoxy-1-propyne 1 80 12, 274, 312, 313
2 61 26, 28
Ethoxyacctylene 1 50-55 18¢, 278, 314
CHgO, 2-Butyne-1,4-diol 5 — 316, 399
6 — 305,161, 315, 317,
180a
Cs
CsH4O4 2-Pentyne-1,5-dioic acid 1 — 318
CsHg 1-Penten-3-yne 4 38 186
6 59-73 319
1-Penten-4-yne (?) 3 70-75 | 164,169, 170, 144,
152
CsHgOo 2-Pentynoic acid 6 4549 79b, 320, 288, 46,
78, 321, 322
3-Pentynoie acid 1 10-15 79
4-Pentynoic acid 1 40 790, 323, 111¢
CsH;Cl 5-Chloro-1-pentyne 4 57 144
CeHNO, 1-Nitro-1-pentyne (?) 1 — 67
CyzHg 1-Pentyne 1 55 24c, 78, 84, 90,
324
2 3062 28
4 90 144, 142, 143,
136a, 304, 86,
139
2-Pentyne 1 35 325, 78, 324, 326,
327
3 40 32, 41
4 59 144
3-Methyl-1-butyne 1 18-60 125, 327, 328, 78,
329, 330, 35, 36
2 25-34 34, 35, 36
4 29-50 139
11,0 1-Pentyn-3-0l 1 — 305
6 50 331, 309
4-Pentyn-1-ol 1 Poor 332
n-Propoxyacetylenc 1 75 314
3-Ii{hoxy-1-propyne 1 88 * 1333, 334, 335, 312

Hemy 1, B2 for oxplamntion of symbols and methods in this table.

* Rtalm ancos 233-510 aro llsied on pp. 72-78,
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Formula, Compound Method Yi;Id References *
(4]
CsH50 3-Ethoxy-1-propyne (7) 2 81 26, 28
1-Methoxy-2-bulyne 3 15 28
6 61 102, 336
4-Methoxy-1-buiyne 1 — 305, 337
: 4 60-75 151
CI1g0, Propynal dimcthylacctal 1 — 338
CslL;0BrN Ethynyltrimethylammo-
nium bromide 1 — 339, 340
Cse
CelIsBrO 5-Bromo-2-cthynylfuran 1 — 341
5 32 16d
CellsO 2-Furylacetylene 1 25 8, 342
CeHg 1,5-1lexadien-3-yne 6 — 343, 344
1,4-1Texadiyne 1 — 344
1,5-Ilexadiyne 1 — 344,274, 345, 346,
347, 348, 349,
350, 305, 78, 316
2,4-Fexadiyne 1 — 316, 78
6 42 271, 344
CeHsO4 Propargylmalonic acid 1 — 111e
Cgll;Br 1-(or 2-)-Bromo-1-hexen- 1 — 305, 344, 346
5-yne
CeHg 1-Hexen-3-yne 3 Satis- 184
factory
4 24-31 186
1-Hexen-5-yne 1 — 351
CelkIsO 1-Hexyn-5-one 1 Poor 323
CeH502 2-Methyl-4-pentynoie acid 1 — 323, 111¢
CellBrO 2-Bromoethyl 3-butynyl 4 — 151
cther
Cellyg 1-Hexyne 1 75 24¢, 352, 78
2 60 |28, 43q,
3 72 164, 165
4 90 144, 142, 143, 135,
219, 86, 149q,
54,139,140,112b
2-Hexyne 1 — 78, 352, 353
3 — |28, 41

See p. 52 for explanation of symbols and methods in this table.

* References 233-519 are listed on pp. 72-78.
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Formula Compound Method Yi;ld References *
(4]
2-Hexyne (Continued) 4 — 140
3-Hexyne 1 Poor 66, 133
3 20 165
4 75 144, 187, 140
5 8 66
4-Methyl-1-pentyne 1 50 354
5 — 90
4-Mecthyl-2-pentyne 1 — 79¢
3 36 34, 36
3,3-Dimethyl-1-butyne 1 27-73 117,6,116,78,10¢,
355, 356
CeH100 3-Hexyn-1-0l 1 71 357, 358
6 28 33, 357
n-Butoxyacetylene 1 34-56 18¢, 314
4-Itthoxy-1-butyne 4 60-75 151
5-Mecthoxy-1-pentyne 4 70 332
CH14O2 2-Butynal dimethyl acetal 1 70-80 359, 360
1,4-Dimethoxy-2-butyne 3 63 101, 305
Cr
(41I3BrO; 5-Bromo-2-{urylpropiolic 1 69 * | 16d
acid
CALN 3-Pyridylacclylene 1 42 70c¢
Crllg 1,6-Heptadicn-3-yne 3 Good 170
1,6-Heptadiyne 4 4043 144, 155
(511504 Methylpropargylmalonic 1 — 111¢
acid
Oyl 5-Methyl-3-hexen~-1-yue 1 33 361
Cyclopentylacetylene 2 9 41
Cycloheptyne (7) ] — 362, 363
Cyl T30 2-Ethoxy-1-penten-4-yne 1 — 364
M
Cyllyg 1-Heptyne 1 0-88* |24q, b, 37, 65, 74,
80a, 328, 329,
352, 365, 366,
191¢, 367, 369,
370
2 60 28, 4, 27, 37, 48a
4 83 144, 142, 143,
136¢, 219, 54,
1494, b, 139,
140
5 Good 110, 225

Bews 12, B Tor expluadian of symbols und mmelliods in this table.

* Relaranacs 501 51D nro listod on pp. 72- 78,
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Formula Compound Method Y;ld References *
(4]
C;Hye 2-Heplyne 1 — 217, 296, 371
3 Satis- | 184, 41
factory
4 38 142, 143
3-Heptyne 1 — 217, 372
2 40 28
5-Methyl-1-hexyne 1 42 373, 84
4 68-70 144, 136
5-Mecthyl-2-hexyne 1 — 79d
2-Mecthyl-3-hexyne 3 39 35, 36
4,4-Dimcthyl-1-peniyne 1 — 82
2 37 38
4,4-Dimethyl-2-pentyne 1 — 82, 374
3 55 117a
CrH;50. Propynal dicthyl acctal 1 35 7, 100, 338, 375
Cy
CgH,Cly 2,6~Dichlorophenylacety- 1 — 376
lene
CsH;:Br Bromoethynylbenzene 1 Satis- | 99a, 377
{actory
6 88 235, 378, 379, 380
4-Bromophenylacetylene 1 53 49, 43, 381
CgH;Cl Chlorocthynylbenzene 1 — 99q
6 67,70 |183, 382
2-Chlorophenylacctylene 5 66 16a
4-Chlorophenylacetylenc 1 75 43, 381
CgH;I Jodoethynylbenzene 5 — 383, 73b
6 92 384, 385, 183, 99aq,
377, 386, 251,
387
CgHsNO, 2-Nitrophenylacetylene 5 Good 104z, 388, 16e
3-Nitrophenylacetylene 1 — 389
5 — 390, 104d
4-Nitrophenylacetylene 5 Quant. {391, 1044, 392,
381
CgHjp Phenylacetylens 1 67 20, 23, 105, 45,
99a, 377, 393,
394

See p. 52 for explanation of symbols and methods in this tahle.

* References 233-519 are listed on vp. 72-78.
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Formula Compound Method Yll;ld References *
(G
Phenylacetylene (Con- 2 83 183, 28, 26, 65,
tinued) 48a, 54
5 82 214, 72
CsHeClOsP 2-Chlorophenylethynyl- 1 68* |16a
phosphonic acid
CsHeO Phenoxyacetylene 1 60-80 18
2-Hydroxyphenylacety- 6 55 39%4a
lenc
CsHAO3P Phenylethynylphosphonie 1 — 16a
acid
CgHgO2 1,6-Hepladiyne-4-car- 1 — 323, 395
boxylic acid
CgHyy 3-Ethynyl-1,5-hexadicne 3 — 164
Q)
3-Ethynyl-1,5-hexadicne 4 85-93 * | 144, 152
1,7-Octadiyne 1 — 396
1-Iithynyl-1-cyclohexene 2 — 397, 398
CgH;40 bes(3-Butynyl) cther 4 60-75 151
CgH 1602 2,6-Octadiyne-1,8-diol 5 — 316, 399, 400
CgH;004 Iithyl acetylencdicarboxy- 1 13 401, 283
late
5 Poor 210
6 Good | 402, 1115
CgH1;C1 Chlorocthynyleyclohex- 6 48 382
ane
CgHjo 1-Octlen-3-yne 4 — 186
1-Octen-4-yne 3 32 144 (170)
6-Methyl-3-hepten-1-yne 1 — 361
1-Cyclopentylpropyne 3 50 41
3-Cyclopentylpropyne 2 65 41
Cyclohexylacetylene 1 46 125, 403, 404, 227
2 61 |41
Cyclodetyno 5 32 212
ClgHyy 1-Octyne 1 — 80a, 296, 329, 405
2 75 28, 86, 48a
4 72 144, 142, 143, 406,
140
2-Octyne 1 e 83, 217, 296, 366
3 81 28, 41
4 84 144, 142, 143, 140

Sue p. 52 for explanation of symbols and methods in this table.

* References 233-519 are listed on pp. 72-78.
| "This is the overall yield from cyclohexanol and is not to be compared with the 469 yield of method
1 whilch is far the last step only.
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Formula Compound Method Y:;ld References *
(4]
CgHyy 3-Octyne 2 23 28
3 70 184
4 67 144, 187, 142,143,
192, 140
4-Octyne 4 60-81 |144, 187, 54, 142,
143, 406, 140
5 58 180qa
3-Ethyl-3-methyl-1- 2 45 39
pentyne
CsgH 1,0 Bulyl 3-butynyl cther 4 60-75 151
Isoamyl propargyl cther 1 — 333
1-Methoxy-2-heptyne 3 42 177
Cgl1409 3-Butynyl-2-cthoxyethyl 4 60-75 151
cther
1,4-Diethoxy-2-buiyne 3 45 101
2,5-Dimethoxy-3-hexync 3 21 101
2-Butynal dicthyl acetal 1 — 359, 360
CoHCloOs 2,6-Dichlorophenyl- 1 — 376
propiolic acid
CoHNoOg 2,4—Dinitrophenyl— 1 24 407
propiolic acid
CoHBrO, 4-Bromophenylpropiolic 1 80 408, 409
acid
CgH;ClO, 2-Chlorophenylpropiolic 1 68 16a
acid
CoHsN 2-Ethynylbenzonitrile 5 25 160
CyH;NO, 2-Nitrophinylpropiolic 1 79 407, 104h, 2, 410,
acid 16e
3-Nitrophenylpropiolic 1 — 390, 389, 1044
acid
4-Nitrophenylpropiolic 1 — 96b, 391, 1044
acid
6 411
CoHgN2O4 1-(2,4-Dinitrophenyl)-1- 1 — 121
propyne
CgHO Phenylpropynal 6 70-81 228,100, 338, 412,

413, 414, 415

See p. 52 for explanation of symbols and methods in this table.

* References 233-519 are listed on pp. 72-78.
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Formula, Compound Method Y:%ld References *
CoHeOo 3,4-Methylenedioxy- 1 60 377, 416
phenylacetylene
Phenylpropiolic acid 1 76-80 103, 417, 383, 418,
1044, 419, 420,
294, 421
6 Good 1045, 422, 99q,
423, 214c
CoH7BrO 2- (or 3-) Bromo-4-mcth- 5 — 424
oxyphenylacetylene
4-Bromophenyl propargyl 1 50 425
ether
CoH;Cl 1-Chloroethynyl-4- 1 — 211a
methylbenzene
6 52 382
CoHCIO 1-Chlorocthynyl-4-meth- 1 — 211¢
oxybenzene
6 52 382
CgH7NO, 1-(4-Nitrophenyl)-1- 1 — 121
propyne
CgH7NO3 2-Nitro-5-methoxyphenyl- 5 48 16e
acetylene
CoHy p-Tolylacetylene 1 48-57 50, 51, 4
2 64 48a, 42, 72¢
5 — 211a, d, 381, 104¢
1-Phenyl-1-propyne 1 70 * 1105, 426, 427, 428,
90, 429, 91
3 50-77 183, 41, 54, 16a,
171
5 35 214¢
3-Phenyl-1-propyne 2 75 28, 131d, 26
3 70 164, 165
5 52 |4, 90, 429
CyTIsO Phenyl propargyl ether 1 53 425, 430, 431
2-Methoxyphenyl- 2 Poor 431a
acetylene 5 67 16a
4-Methoxyphenyl- 5 62 16q, 104c, g, 211,
acetylene 377
CplTyN Phenylpropargylamine 1 45 432
2 — 433
CylTe 1,8-Nonadiyne 4 84 144, 155
2,7-Nonadiyne 4 76 144
1-Ethynyl-5-methyl- 2 — 397, 398
cyclohexene
,Hﬂll 1 52 for expbumlion of symbols and methods in this table,

* Laforenaos 233810 nia listed on pp. 72-78,
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Yield
Formula, Compound Method 9 References *
Collyn 1-Propynyl-1-cyclohexcne 3 — 397, 398
CoHy4 1-Nonen-4-yne 3 8 170
1-Cyclopentyl-2-butyne 3 65 41
1-Ethynyl-3-methyleyclo- 2 — 397, 398
hexane
1-Cyclohexyl-1-propyne 3 24 41
3-Cyclohexyl-1-propyne 1 66 434, 90, 69
2 66-87 29, 28, 41
Coll1402 Butylpropargyl acclate 3 16 177
CoH 15 1-Nonyne 1 — 435
2 84 28, 27, 183
4 46 86, 142, 143
2-Nonyne 3 80 28, 183, 41, 184
3-Nonyne 3 60 183, 184
4 54 | 142, 143, 48q, 54
4-Nonync 4 45 142, 143
7-Mcthyl-3-octyne 4 35 54
2,6-Dimethyl-3-heplyne 1 38 79d
Coll;c0) 1-Ethoxy-2-heplyne 3 27-35 177, 436
Cro
CioH;NOs 2-Nilx 0-4, 5-met hylenedi- ] 76 * | 16e
oxyphenylpropiolic acid
C1olI7NO; 3-Nitro-4-methoxyphenyl- 1 — 437
propiolic acid
2-Nitro-5-methoxyphenyl- 1 70-78 * | 16e
propiolic acid
C1oHgBrO x,2-Dibromo-2-methoxy-1- 1 — 438
(1-propynyl)benzene
CroHgO2 3,4-Methylenedioxy-1- 1 — 439
(1-propynylybenzenc
m-~Tolylpropiolic acid 1 — 1044
p-Tolylpiopiolic acid 1 — 104e
CiollgO3 2-Mcthoxyphenyl- 1 51 16a, 440, 440a
propiolic acid
3-Mcthoxyphenyl- 1 06 441
propiolic acid
4-Methoxyphenyl- 1 — 16a, 104g, 104c,
propiolie acid 442

See p. 52 for explunation of symbols and methods in this table.

* References 233- 519 are listed on pp. 72-78
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Formula Compound Mecthod Y:;Id References *
(4]
C1oHeBrO 2~-Bromo-2-methoxy-1- 1 — 438
(1-propynylybenzene
C1ol1sCl 1-Phenyl-4-chloro-1- 3 46 172
butyne
1-Chloroethynyl-4-etlyl- 1 — 2116
benzene
1-Chloroethynyl-2,5- ] — 211a
dimethylbenzene
C10HyCIO 1-Chloroethynyl-2-meth- 1 — 211d
oxy-5-methylbenzenc
C1oHgN3 1-Phenyl-4-triazo-1- 3 — 443
butyne
CroHyo 1-Phenyl-1-butyne 1 70 105
3 77 172, 183, 73, 44
4-Phenyl-1-bulyne 1 — 373
2 63 4, 29, 52, 44, 444
3-(2-Methylphenyl)-1- 2 75 52
propyne
3-(4-Methylphenyl)-1- 2 75 52
propyne
4-Ethylphenylacetylenc 5 — 211b, d
2,4-Dimethylphenyl- 2 75 43, 445, 86
acetylenc
CroH100 2-lithoxyphenylaccetylene 1 — 446
1-(4-Methoxyphenyl)-1- 1 75 127, 447
propyne
2-Methoxy-5-methyl- 5 — 211d
phenylacetylene
3-Methoxy-1-phenyl-1- 3 — 336
propyne
2-Hydroxy-4-phenyl-3- 1 — 89
butyne
6 70 448, 449, 415
CioH1602 3,4-Dimethoxyphenyl- 5 41 104h
acetylene
('1oHuN Methylphenylprop- 1 50 450, 265
argylamine
( ']().[TM 1 ,9-Decadiyne 4 44 451
1-Propynyl-5-methyl- 3 — 397, 398
cyclohexene

Hao p. 52 for explanation of aymbols and methods in this table.
* Raferonces 233-519 a1e histed on pp. 72-78.
| The p1oduet is unstnblo and loses niti1ogen.

Ii was isolated as o dibromide,
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Formula Compound Method lf;ld References *
(4
C1oH1402 1,8-Dimethoxy-2,6- 3 — 305, 316
octadiyne
CyoHys 1-Decen-4~yne 3 Good |170
1-Cyclohexyl-2-butyne 3 78 28, 41
4-Cyclohexyl-1-butyne 2 80 28, 30
1-(3-Methyleyelohexyl)-1- 3 — 397, 398
propyne
3-(3-Methylcyclohexyl)-1- 2 — 397, 398
propyne
CyoH16Cl0O2 | 1,6-Dichloro-2,5-dicth- 3 — 452
oxy-3-hexyne
C10H1602 Butylpropargyl propionate 3 21 177
Amylpropargyl acctalce 3 10 177
CIOHIS 1 -Decyne 1 — 435
2 68 4, 29, 86, 48
4 53 142,143,188, 136¢
3-Decyne 3 47 183
4-Decyne 3 Good 179, 183
4 42 142, 143
5-Decyne 3 30 164, 168
4 59 187, 142, 143, 54,
192, 140
8-Methyl-4-nonyne 4 35 54
2,2,5,5-Tetramethyl-3- 6 55 356
hexyne
C10H;50 Butylpropargyl propyl 3 34 177, 436
ether
C10H 1502 1,4-Di- n-propoxy-2-butyne: 3 16 101
2,5-Diethoxy-3-hexyne 3 14 101
Cu
CulI;N 2-Quinolylacetylenc (7) 1 — 70b, ¢
Ciilly 5-Phenyl-1-penten-4-yne 3 70 176, 170
C11H1003 2-Iithoxyphenylpropiolic 1 50 453, 446
acid
C11H1904 2,3-Dimethoxyphenyl- 1 — 454
propiolic acid
3,4-Dimcthoxyphenyl- 1 — 104b
propiolic acid

See p. 52 for explanation of symbols and methods in this table.

* References 233-519 are listed on pp. 72-78.
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Formula Compound Method Y};Id References *
(4]
Cy1H;4Br 3-Bromo-2,4,6-trimethyl- 1 57 58
phenylacetylene
CiH;;Cl 1-Chloroethynyl-2,4,6~tri- 1 — 211b
methylbenzene
1-Chloroethynyl-4-iso- 1 — 2116
propylbenzene
5-Chloro-1-phenyl-1- 3 75 172
pentyne
C11HyClO 3-Chloro-6-methoxy-2,4- 1 60 59
dimethylphenylacetylene
C11H1ClO3 3-Chloro-6-methoxy-2,4- 6 55 59
dimethylphenylpropiolic
acid
CpHae 2,4,6-Trimethylphenyl- 2 71 43, 86, 58, 191d
acetylene
2,4,6-Trimethylpbenyl- 5 — 211b, 43
acetylenc (?)
4-Isopropylphenyl- 5 — 211b
acetylene
3-(2,4-Dimethylphenyl)-1- 2 75 52
propyne
3-(2,5-Dimethylphenyly-1- 2 75 52
propyne
1-Phenyl-1-pentyne ] 70* 1105
3 G5 183
C1H;20 1-Phenyl-1-pentyn-3-ol 1 — 89
6 — 415
CnH;sN Eihylphenylpropargyl- 1 30 265
amine
Benzylmethylpropargyl- 1 — 450
amine
4-Kthynyl-4-vinyl-1,6- 4 Poor 152
heptadiene (?)
(11 H 1409 2,10-Undecadiyn-1-oie¢ G 24 451
acid
("1 Hyg 1,10-Undecadiyne 1 Good 455
( ;1 1_[‘113 1 -Undecen-3-yne 4 80 186
5-Cyclohexyl-1-pentyne 2 88 28
5-Cyclohexyl-2-pentyne 3 85 28
1-(3-Methyleyclohexyl)-1- 3 — 397, 398

butyne

Hao p. 52 for explanation of symbols and methods in this table.

W Rtalm aanoes 233-510 nio listed on pp. 72-78.
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Formula Compound Method Yiyeald References *
CuHyg 1-(3-Methylcyclohexyl)-2- 3 — 397, 398
buiyne
4-(3-Methylcyclohexyl)-1- 5 — 397, 398
butyne
C11H;180, 9-Undecynoic acid 1 Quant. | 456, 81, 457
10-Undecynoic acid 1 49-77 458, 81, 451
Cqy1Hy 1-Undecyne 1 Poor 328, 459, 460, 435
2 50-80 27
4 51 142, 143, 86
2-Undecyne 1 — 460, 461, 462
5-Undecyne 3 70 183
4 60 54
3,3-Dimethyl-4-nonyne 3 3 174
6 73 174
Ciz
C1oHeOy Benzene-1,3-dipropynoice 1 50-55 463
acid
C1oH7BrO4 Benzene-1-bromoacrylic-3 - 1 — 463
propiolic acid
Cells a-Naphthylacetylene 1 — 464
B-Naphthylacetylene 1 35 51, 465
Cy2H11BrO. 3-Bromo-2,4,6-trimethyl- 1 75 58
phenylpropiolic acid
CroHy2 4-Phenyl-1-hexen-5-yne 5 34 466
C1oHy3BrO 1-Phenyl-3-ethoxy-4- 3 60 466a
bromo-1-butyne
Cy2H;13C1 1-Chloroethynyl-5-iso- 1 — 2116
propyl-2-methylbenzenc
CroHyg 2,3,4,6-Tetramethyl- 1 65 58
phenylacetylenc
2-Methyl-5-isopropyl- 5 — 211b, d
phenylacetylene
3-(4-Isopropylphenyl)-1- 2 75 52
propyne
1-Phenyl-1-hexyne ] 70 105
3 65-70 172, 183
CrH1:0 Phenylpropargyl propyl 3 — 336

ether

See p. 52 for explanation of symbols and methods in this table.

* References 233- 519 are listed on pp. 72-78.
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Formula Compound Method Y:;ld Refercnces *
(4]
CrpH140 1-Phenyl-3-ethoxy-1- 3 50 466a
butyne
C1oH1404 2,10-Dodecadiyne-1,12- 6 18 451
dioic acid
C1oH 1804 2-Dodecyne-1,12-dioic acid 6 61 451
Cy2Hgo 6-Cyclohexyl-1-hexyne 2 87 28
6-Cyclohexyl-2-hexyne 3 80 28
CioHyo 1-Dodecyne 1 24 467, 17
2 34 86
4 57 188
2-Dodecyne 1 — 17, 468
3-Dodecyne 3 63 172
6-Dodecyne 3 23 183
4 58 142, 143, 187
2,9-Dimethyl-5-decyne 3 Poor 168
Ci12Ha202 1,4-Diisobutoxy-2-butyne 3 18 101
Cus
C13HsOo a-Naphthylpropiolic acid 1 85 469, 470
6 — 465
CsHyo 2-Fthynyl-3-methyl- 1 45 124
naphthalene
3-(1-Naphthyl)-1-propyne 2 50 131c
ClngoO 3—(2—Fury1—1 —phenyl) -1- 3 35 175
propyne
CisHie 3-(5-Isopropyl-2-methyl- 2 75 52
phenyl)-1-propyne
1-Phenyl-1-heptyne 1 70 105
Cy3H;602 Phenylpropynal diethyl 1 80-86 |228, 338, 412
acetal
6 68 414
Ci3Hgg 5,8-Tridecadiyne 3 13 177
3-(trans-2-Decalyl)- 2 86 31
propyne
3-(cts-2-Decalyl)propyne 2 77 31
CygHasCl 1-Chloro-4-tridecyne 3 65 172
Cu
CHsBrs 4,4'-Dibromodiphenyl- 1 74 483
acetylene

Ree p. 52 for explanation of symbols and methods in this table.

W Referonoes 233-519 atre listed on pp. 72-78,
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Formula Compound Method Y:;,ald References *
C1sHgCla 2,2’-Dichlorodiphenyl- 1 — 471
acetylene
5 80 209
4,4’-Dichlorodiphenyl- 5 — 208
acelylenc
C1sHgN2O4 2,4-Dinitrodiphenyl- 1 94 * | 95¢, d, 407
acclylene
2,2’-Dinitrodiphenyl- 1 78 472, 473
acctylene
5 36-39 203, 474, 475
3,4’-Dinitrodiphenyl- ] 70 05f
acelylene
4,4’-Dinitrodiphenyl- 1 90-95 95d, e, 476, 477
acetylene
5 — 95e
C14agNoO4Sy | bis(2-Nilrophenylthio)- 1 — 478
acelylene
C14HsN2O1S2 | 4,4’-Dinitrodiphimyl- 1 66 16¢
acetylence-2,2'-disulfonie
acid
C1sHgNO» 2-Nitrodiphenylacetlylene 1 G3-73 55, 407
CisHyo Diphenylacetylene 1 6669 5, 479, 480, 477,
481, 482
2 90-95 200, 54, 45
5 75 194
C14H;903 4-Methoxy-1-naphthyl- 1 — 484
propiolic acid
Crallyy (2-Cyclohexen-1-yl)- 3 — 398
phenylacelylene
C1H1sCLOs | 8,5,8/,5'-Telrachloro-4,4’- 1 — 95a, b
dihydroxydiphenyl-
acctylene
C14H1602 n-Buiylpropargyl benzoaic 3 10 177
C411,ClL 1-Chlorocihynyl-2,4,6- 1 — 211d
tricthylbenzene
CrHig 2,4,6-Tricthylphenyl- 5 — 211d
acetylene
CiaHg (2-Cyclohexeu-1-yl)eyclo- 3 — 398
hexylacetylene
C14H200 Di-(n-butylpropargyl) 3 21 177
ether
CHsgsCl 1-Chloro-1-tetradecyne 6 40 382

See p. 52 for explanation of symbols and methods in this table.

# References 233-519 are listed on pp. 72-78.
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Formula Compound Method Yi;ld References *
(4]
Ci4Hogs 1-Tetradecyne 1 — 17
2-Tetradecyne 1 — 17, 468
7-Tetradecyne 4 38 188
C 141'12602 1 ,4—Diisoamyloxy—2— 3 14 101
butyne
Cy
C1sHyBrO 4-Bromobenzoylphenyl- 1 40 485
acetylene
Cy5C10 2-Chlorophenylbenzoyl- 1 90 485
acetylene
CrsHi100 Benzoylphenylacetylene 1 30 485
6 78 23b, 994, 373, 393,
485a, b
Ci5H100, 4-Biphenylpropiolic acid 1 — 486, 487
CisH1Br 1-(4-Bromophenyl)-3- 3 26 93
phenyl-1-propyne
3-(4-Bromophenyl)-1- 3 50 93
phenyl-1-propyne
CisHie 1,3-Diphenylpropyne 3 70 03, 488
Cy15H120 4-Methoxydiphenyl- 1 — 489
acetylene
CisHao 1-(2-Cyclohexen-1-y1)-3- 3 Good 398
cyclohexylpropyne
CisHoy 6,9-Pentadecadiyne 3 15 179
CisHag Cyclopentadecyne 1 — 490
Cy5Hog 1-Pentadecyne 2 Poor 53
C15Has00 10-Undecyn-1-al dicthyl 1 24-25 79%
acetal
Gy
Gigllye 1,4-Diphenyl-1-butlen-3- 5 — 1041
yne
(1111202 p-Methoxyphenylbenzoyl- 1 30 485
acetylene
6 33 377, 490a

oo p. 52 for explanation of symbols and methods in this table.

# Roforenoes 233-519 are listed on pp. 72-78.
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ORGANIC REACTIONS

Formuls, Compound Method Y};ld References *
(4]
CisH1202 p-Methoxybenzoylphenyl- 1 50 485
acetylene
6 60 490q, b, ¢
CyHyy 1,4-Diphenyl-2-buiync 3 8 164
2,2’-Dimethyldiphenyl- 2 90-95 200
acetylene
3,3’-Dimethyldiphenyl- 2 89 200
acetylene
4,4’-Dimethyldiphenyl. 1 — 491
acctylene
2 86-95 200
5 Quant. |[196, 198
Cy6H1402 2,2’-Dimcthoxy diphenyl- 2 — 200
acetylene
3,3’-Dimethoxydiphenyl- 2 — 200
acetylene
4,4’-Dimethoxydiphenyl- 1 80 201, 198¢, 492
acetylene
2 90-95 200
Ci16H1482 brs(p~-Tolylmercapto)- 1 — 213
acetylene
bis(Benzylmercapto)- 1 — 478
acetylenc
CieHas 1,15-Hexadccadiyne 1 — 455
6,9-Hexadecadiyne 3 15 179
C16H250, 7-Hexadecynoic acid 1 — 493
CisHso 1-Hexadecyne 1 — 17, 81, 494
2 65 40
2-Hexadecyne 1 — 17, 468, 495
Cu
CrrHye 1,5-Diphenyl-1,4-penta~ 3 10 176
diyne
C17H 120, 2,5-Diphenyl-2-pentcn-4- 1 — 496
ynoic acid
Ci17H3409 3-(8-Nonynyl)veratrole 4 51 497
Cy7Hog 7,10-Heptadecadiyne 3 18 179
CyrHg Cycloheptadecyne 1 — 490
Cis
CisH1e B-Naphthylphenyl- 1 58 15

acetylenc

See p. 52 for explanation of symbols and methods in this table.

* References 233- 519 aie listed on pp. 72-78.
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F Yield
ormula Compound Method % References *
B-Naphthylphenyl- 5 — 197
acetylene (Continued)
CisHig 4,4’-Diethyldiphenyl- 2 73 200
acetylene
3,4,3",4'-Tetramethyl- 2 90-65 * | 200
diphenyldiacetylene
C1sH150, 4,4’—Diethoxydiphenyl— 1 — 198¢
N acetylene
C18H1504 3,4,3’,4'-Tetramethoxy- 1 45-50 199
diphenylacetylene
013H3202 5—Octadecynoic acid 1 —_ 498
6-Octadecynoic acid 1 — 498, 499, 500, 501,
502, 503, 504,
505
7-Octadecynoic acid 1 — 498
8-Octadecynoic acid 1 — 503
9-Octadecynoic acid 1 33-42 {506, 507, 508, 509,
228a
10-Octadecynoic acid 1 — 503
C1sH35903 12-Hydroxy-9-octade- 1 — 510, 511, 512, 513
cynoice acid
CisHsy 1-Octadecyne 1 — 17
4 — 136¢
2-Octadecync 1 — 17, 468
9-Octadecync 4 15 188
C1—Cao
CyoH3s 1-Nonadecyne 2 73 514
CooHao 4,4’-Di-n-propyldiphenyl- 2 55 200
acclylene
Dimesitylacetylene 1 — 515
CaoH 3602 11-Eicosynoic acid 1 — 493
CaHg 1,3,3-Triphenyl-1-propyne 3 80 162
CooHiy Di-1-naphthylacetylene 5 — 196
CooHog 4,4'-Di-n-butyldiphenyl- 2 55 200
acetylene
CpaH4oO2 13-Docosynoic acid 1 75-90 516, 517, 518, 508
COgsBlyg 5,5,5~Triphenyl-1-penten- 3 71 519
3-yne
CoyIT3600 3«(8-Pentadecynyl)vera- 4 85 497
trol

Kea 3. 52 for explanation of symbols and methods in this table.

# Refvrances 2330519 ara listed on pp, 72-78.
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Formula Compound Method Y;ld References *
(4]

CosHyy 10,13-Tricosadiyne 3 Poor 179

Cogld;g 4,4’-Diphenyldiphenyl- 2 91 * 200
acclylene

Caorllg 1,3,3,3-Tetraphonyl-1- 3 60-70 162
propyne

CogllgBry 1,1,4,4-T'etra-p-hromo- 5 Poor 207
phenyl-2-butyne

0231113014 1 ,1,4,4—T01 ]'a.-p-CthI‘O— 5 13 207
phenyl-2-buiyne

Coglls 1,1,4,4-Tetraphenyl-2- 3 40-50 162
butyne

5 — 207

CoH 1404 Di-2-anthraguinonyl- 1 89 205

acelylene
5 — 206

Cgoldag 1-Thenyl-3,3,3-tri-p- 3 80 162
tolyl-1-propyne

Ci2Hgo 1,1,4,4-Tctra-p-lolyl-2- 5 — 207
bulyne

CgoH 3004 1,1,4,4-Tuira~p-mecithoxy- 5 — 207
phenyl-2-buiyne

C36l13504 1,1,4,4-Tetra-p-cthoxy- b 3bH 207
phenyl-2-butyne

CyoHs 1,1,1,4,4,4-Ilexaphenyl-2- 3 20-25 162
bulyne

Sice p. 52 for explination of sybols and metheds in this tablo,
* References 233-519 a1e listed on pp. 72-78,
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NATURE OF THE REACTION

A variety of organic and inorganic compounds possessing labile
hydrogen atoms add readily 1o acrylonitrile with the formation of mole-
ciiles containing a cyanoethyl grouping (—CIH;CHCN). This reaction
is commonly known as ‘‘cyanocthylation” and resembles closely a
Michael type of addition.

RH + Cll==CHCN — RCH,CH,CN

Typical compounds containing reactive hydrogen atoms which have
been added to acrylonitrile are as follows:

I. Compounds having one or more —NH— groups such as ammonia,
primary and secondary amines, hydrazine, hydroxylamine, mides,
lactams, and amides.

II. Compounds having one or more —OH, —SH, or —AsH— groups
such as water, alcohols, phenols, oximes, hydrogen sulfide, mercaptans,
and arsines.
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III. Certain acidic compounds, other than carboxylic acids, such as
hydrogen cyanide, hydrogen chloride, hydrogen bromide, hypochlorous
acid, and sodium bisulfite.

IV. Compounds possessing the grouping HCX; in which X is chlorine
or bromine.

V. Sulfones having a —CH,— group between the —SO;— group
and an olefinic linkage or an aromatic ring.

VI. Nitro compounds having a —CH-—, —CH,—, or CH3;— group
contiguous to the —NO; group.

VII. Ketones or aldehydes having a —CH—, —CHy—, or CHz;—
group contiguous to the carbonyl group.

VIII. Compounds such as malonic esters, malonamide, cyanoacet-
amide, ete., in which a —CH— or —CIH,— group is situated between
—CO3R, —CN, or —CONH— groups.

IX. Compounds such as benzyl cyanide or allyl cyanide in which a
—CH;— group is situated between a cyano group and an aryl nucleus
or an ethylenic linkage.

X. Compounds in which a —CH— or —CHy— group is situated
between two ethylenic carbon atoms of a carbocyecle or of a heterocycle,
such as cyclopentadiene, indene, fluorene, and 2-phenylindole.

The cyanoethylation reaction, except with certain amines, usually
requires the presence of an alkaline catalyst. Typical catalysts which
are useful for the purpose are the oxides, hydroxides, alkoxides, hydrides,
cyanides, and amides of the alkali metals sodium and potassium, as well
as the alkali metals themselves. The strongly basic quaternary ammo-
nium hydroxides, in particular benzyltrimethylammonium hydroxide
(Triton B), are particularly effective because of their solubility in organic
media. Only small amounts of catalyst are required; usually from 1%,
to 59, of catalyst based on the weight of the acrylonitrile is sufficient.
The eyanoethylation of certain amines requires an acidic catalyst.

Many of the reactions are strongly exothermic and require cooling
Lo prevent excessive polymerization of the acrylonitrile. Inert solvents
siich as benzene, dioxane, pyridine, or acetonitrile are often useful to
dlissolve solid reactants or to moderate the reaction. teri-Butyl alcohol,
although reactive with acrylonitrile at temperatures above 60°, is rela-
Lively inert at or near room temperature and is often useful as a solvent
Hince it dissolves appreciable amounts of potassium hydroxide (up to
nbont 49, at 25°) to give an effective catalyst solution.

In order to prevent sudden reactions which may get out of control, it
in dlvisable to dissolve or disperse the catalyst in the hydrogen donor,
with or without the use of an auxiliary solvent, and to add the acrylo-
nibrile gradually with mechanical stirring while controlling the tempera-
bure ol the reaetion.
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SCOPE AND LIMITATIONS

It is most convenicnt to discuss the scope and limitations of the cyano-
ethylation reaction in terms of the different classes of compounds which
add to acrylonitrile. This is done in the subsections which follow.

Cyanoethylation of Ammonia and Amines (Tables I-IV)

Ammonia and most amines add to acrylonitrile without the aid of a
catalyst.l In general, amines add more readily than any other class of
compounds, but the ease of addition varies considerably. With those
amines which react slowly an acidic or basic catalyst is desirable, and
with some amines & catalyst is essential. Primary amines may react
with one or two moles of acrylonitrile. Low temperatures favor the
addition of one molecule of amine with formation of a secondary amine,
an alkyleyanoethylamine; higher temperatures result in the addition of
the initial secondary amine to a second molecule of acrylonitrile with
formation of a tertiary amine, an alkyldicyanoethylamine, especially if
excess of acrylonitrile is present. Since secondary amines can yield

RNH; -+ CHy=CHCN — RNHCH,CH,CN
RNHCH,;CH,CN + CHy=CHCN — RN(CH,CHyCN),

only a single product with acrylonitrile the temperature at which the
reaction takes place may be varied over a wide range.

Ammonia yields a mixture of mono-, di-, and tri-cyanoethylation
products, >3 though the last is formed much less readily than the other

two.
H.NCH,CH,CN

/!

NH; + CH==CHCN N HN(CH,CH,CN),
N(CH,CH;CN)3

The yield of the three cyanoethylamines depends upon the proportions
of the reactants and the temperature. When five moles of anhydrous
liquid ammonia is heated with four moles of acrylonitrile in an autoclave
at 90° for thirty minutes, f-aminopropionitrile is obtained in only
12.59, yield, whereas the disubstituted amine, bis(2-cyanoethyl)amine,
is obtained in about 759 yield.! If the molar ratio of liquid ammonia

1 Hoffmann and Jacobi, U. 8. pat. 1,992,615 [C.A., 29, 2548 (1935)].

? Whitmore, Mosher, Adams, Taylor, Chapin, Weisel, and Yanko, J. Am. Chem. Soc.,

66, 725 (1944).
3 Wiedemann and Montgomery, J. Am. Chem. Soc., 67, 1994 (1945).
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to acrylonitrile is 8:1, a 229, yield of B-aminopropionitrile and a 649,
yield of the secondary amine can be obtained 2 by reaction at 40°. If
one mole of acrylonitrile is gradually added to one mole of concentrated
aqueous ammonia at a temperature between 30° and 35°, and the mixture
is allowed to stand for three hours, brs(2-cyanoethyl)amine can be ob-
tained in 859 yield by distilling the product in vacuum. On the other
hand, rapid addition of acrylonitrile below the surface of an excess of
aqueous ammonia preheated to 110° followed by a short reaction period
and rapid cooling gives S-aminopropionitrile in more than 609, yield.*

An extensive study of the reaction of aqueous ammonia with acrylo-
nitrile ® has shown, as would be predicted on theoretical grounds, that
increasing the ratio of aqueous ammonia to acrylonitrile favors formation
of the primary amine. When the molar ratio of aqueous ammonia to
acrylonitrile is 20:1 and cooling is employed, a 399 yield of the primary
amine and a 399, yield of the secondary amine can be secured.®* By
operating without cooling and under pressure the exothermic reaction
carries the temperature to 71° and, under these conditions, a molar
ratio of 7.5 moles of aqueous ammonia to one mole of acrylonitrile yields
38.3% of the primary amine and 53.29, of the secondary amine.

At higher temperatures hydrolysis and disproportionation of the
various aminopropionitriles occur. At 150° aqueous ammonia and
acrylonitrile yield 359, of 8-aminopropionic acid after eight hours.t It
has also been pointed out by Kirk 7 that 8-aminopropionic acid is formed
npon heating bis(2-cyanoethyl)amine with aqueous ammonia at 200°
in an autoclave; and Kiing & has shown that S-aminopropionitrile is
lormed by pyrolysis of bis(2-cyanoethyl)amine or tris(2-cyanoethyl)-
amine.

Methylamine adds o acrylonitrile in the cold to give a 789 yield of
B-methylaminopropionitrile; ® even in the presence of methanol, which
itself adds to acrylonitrile when alkaline catalysts are used, the amine
tulds readily. Upon heating methylamine and acrylonitrile in a sealed
tube at 80° for six hours, the di-cyanoethylation product is formed.’

Iithylamine with an equimolar quantity of acrylonitrile below 30°
pives a 909, yield of B-ethylaminopropionitrile.? When heated with
oxcess acrylonitrile, a 609, yield of bis(2-cyanoethyl)ethylamine ? is
nhtained. Similarly, n-propylamine and isopropylamine give, respec-

¢ }ord, Bue, and Greiner, J. Am. Chem. Soc., 69, 845 (1947).

¥ Bue, Ford, and Wise, J. Am. Chem. Soc., 67, 92 (1945).

1 (!arlson and Hotchkiss, U. S. pat. 2,335,997 [C.A., 88, 2072 (1944)]; U. S. pat
Wol77,401 [C.A., 39, 4333 (1945)].

! rk, U. S. pat. 2,334,163 [C.A., 38, 2667 (1944)].

W IKtng, U. S. pal. 2,401,429 [C.A., 40, 5447 (1946)].

' Cook and Roed, J. Chem. Soc., 1945, 399.
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tively, 929, and 959, yields of n-propylaminopropionitrile* and iso-
propylaminopropionitrile; * n-butylamine, sec-butylamine, and tert-
butylamine give 989, 839, and 569, yields, respectively, of the mono-
cyanoethylated derivatives.”® In general, small amounts of the di-cyano-
ethylated compounds are obtained as by-products.

Piperidine is a very reactive secondary amine and adds to acrylonitrile
with evolution of heat.2? Morpholine is only slightly less reactive.?
Diethylamine, however, adds more slowly than morpholine, although
no difficulty is encountered in obtaining a nearly quantitative yield of
product merely by heating the reactants together.? Di-n-propylamine
gives a 909 yield of the cyanocthylation product, but diisopropylamine
gives only a 129, yield; di-n-butylamine gives a 969, yield, and diiso-
butylamine a 519, yield.

The rate of addition of dialkylamines decreases progressively with the
size of the alkyl groups.? For example, an equimolar mixture of acrylo-
nitrile and di-n-amylamine when warmed to 50° and allowed to stand
overnight gives a 609, yield of g-di-n-anmylaminopropionitrile,”® whereas
di-n-octylamine does not react with excess of acrylonitrile at 50° and
requires a temperature of 100° to give an 809, yield of g-di-n-octyl-
aminopropionitrile after one hundred hours.* A branched-chain octyl-
amine reacts more slowly than the straight-chain isomer; bis(2-ethyl-
hexyl)amine and excess of acrylonitrile under the conditions just speci-
fied give a 659, yield of 8-bis(2-ethylhexyl)aminopropionitrile,** and a
77% yield after three hundred and sixty hours at 100°2 These results
indicate that the rate of addition is primarily dependent upon the size
and complexity of the amine.? The basicity of the amine is probably
not an important factor since the ionization constants of diethylamine,
piperidine, and morpholine are, respectively, 1.2 X 1073, 1.6 X 1073,
and 2.4 X 1079, and all three react quite rapidly.”

The reversibility of cyanoethylation reactions, mentioned in the dis-
cussion of the reaction of ammonia and acrylonitrile, is again illustrated
by the gradual decomposition of the higher g-dialkylaminopropionitriles
to dialkylamine and acrylonitrile or its polymer when heated near their
boiling points. Cyanoethyldiethanolamine upon distillation yields di-
ethanolamine and a polymer of acrylonitrile.? Similarly, cyanoethyl-
cyclohexylamine gives 209, of cyclohexylamine.! It has also been
observed that when equimolar amounts of secondary amine and acrylo-

19 Tarbell, Shakespear, Claus, and Bunnett, J. Am. Chem. Soc., 68, 1217 (1946).

11 Pearson, Jones, and Cope, J. Am. Chem. Soc., 68, 1227 (1946).

12 Terentev and Terenteva, J. Gen. Chem. U.S.S.R., 12, 415 (1942) [C.A., 37, 3095
(1943)].

13 Holecomb and Hamilton, J. Am. Chem. Soc., 64, 1309 (1942).
1 Burckhalter, Jones, Holcomb, and Sweet, J. Am. Chem. Soc., 65, 2014 (1943).
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nitrile react some of the unreacted starting materials are always re-
covered; the yield is never so high as when an excess of one of the
reactants is used.?

The cyanoethylation reaction has been extended to many more com-
plex primary and especially secondary amines. Thus, benzylamine gives
CeHsCH,;NHCH,CH,CN; ¥ y-diethylaminopropylamine gives a 799
yield of (CoHj5)sNCHo,CH,CH,NHCH,CH,CN and a 99, yield of
(CoHj5) :NCH,CH,CH,N (CH,CH,CN),; S-morpholinoethylamine gives
OCHNCH,;CH,NHCH,CH,CN in 81.59, yield.? Hydrazine hydrate
and acrylonitrile in equimolar quantities react in the cold to form
NH,NHCH,CH,CN in 909 yield,! and hydroxylamine gives an almost
quantitative yield of HONHCH,;CH,CN.1 At 95° such mixed secondary
amines as methyl-n-propylamine, ethylisopropylamine, cyclopentyl-
ethylamine, sec-butyl-n-propylamine, n-butyl-sec-butylamine, and ben-
zylmethylamine ¥ add readily to acrylonitrile. The cyclic bases pyrroli-
dine, 2-methylpiperidine, 3-methylpiperidine, 4-methylpiperidine, and
2,6-dimethylpiperidine are other examples of amines which add readily.”
The cyclic imine, 2,2-dimethylethyleneimine, when refluxed for thirty
hours with acrylonitrile gives 1-(2-cyanoethyl)-2,2-dimethylethylene-
imine in 669, yield.’® Such alkanolamines as ethanolamine, diethanol-
amine, propanolamine, and N-methyl-N-ethanolamine * are preferen-
Ually cyanoethylated on the basic nifrogen atom rather than on the
hydroxyl group.®

Heterocyclic bases containing two imino groups, such as piperazine,
hydrogenated pyrimidines, and hydrogenated perimidines, react with
two molecules of acrylonitrile, 22

NH NCH,CH,CN
7\ AN
CH, CH, CH, CH,
| |+ 2CH;~=CHCN — | [
CH, CH. CH, CH,
AN AN

NH NCH,CH,CN

Certain amines, especially those in the aromatic and heterocyeclic series,
react only very slowly with acrylonitrile in the absence of a catalyst.
Mecthylaniline and 1,2,3,4-tetrahydroquinoline do not react appreciably

® King and McMillan, J. Am. Chem. Soc., 68, 1468 (1946).

W Corse, Bryant, and Shonle, J. Am. Chem. Soc., 68, 1906 (1946).

' Gorse, Bryant, and Shonle, J. Am. Chem. Soc., 68, 1912 (1946).

% Turbell and Fukushima, J. Am. Chem. Soc., 68, 2501 (1946),

" 1loffimann and Jacobi, U. 8. pat. 2,017,537 [C.A., 29, 8003 (1935)].

¥ 1.G. Parbenind. A.-G., Brit. pat. 457,621 [C.A., 31, 3068 (1937)].

¥ Bohr, Kirby, MacDonald, and ‘Todd, J. Am. Chem. Soc., 68, 1297 (1946).
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with acrylonitrile when heated in a sealed tube at 200°2 but in the
presence of glacial acetic acid (about 59, of the weight of the amine)
they react at 120-140° to give good yields of the cyanoethylated deriva-
tives. Cyanoethylation of n-butyleresidine, 2-methylindoline, 1,2,3,4,-
10,11-hexahydrocarbazole,? and p-anisidine ® is accelerated by acetic
acid as catalyst. Bases appear to be ineffective as catalysts with this
group of substances.?

Other acidic catalysts that have been proposed for the cyanoethylation
of otherwise unreactive amines are oxalic acid, formic acid, chloroacetic
acid, sulfuric acid, and salts of nickel, zine, cobalt, copper, or other
metals capable of forming ammoniates; the ammonia or amine salts of
strong mineral acids arc also successful catalysts.l%?2 Copper salts, in
particular eopper chloride, sulfate, oleate, borate, or acetate, appear to
inhibit the polymerization of acrylonitrile at clevated temperatures and
to result in an improvement of yields.?

Alkaline catalysts have been very widely employed. Heterocyclic
bases such as pyrrole, carbazole, indole, dihydroacridine, decahydro-
quinoline, perimidine, and thiodiphenylamine are cyanoethylated
smoothly in the presence of small amounts of sodium ethoxide.? The
same catalyst is effective in the cyanoethylation of benzimidazole at
room temperature in pyridine as a solvent.? «-Methylindole and o-
phenylindole react with acrylonitrile when heated in the presence of
sodium methoxide and copper borate to yield mono- and di-cyano-
ethylated products.?® The second cyanoethyl group is introduced as a
result of addition involving the active hydrogen in the 3-position.

(J\'—J @CHzCHzCN
N R N R

| |
CH,CH.CN CH.CH.CN

Aqueous potassium hydroxide is a catalyst for cyanoethylation of
8-(3~aminopropylamino)-6-methoxyquinoline at room temperature.2

CH,0 o~ CH.0 X
O '/
N
NH(CH,);NH, NH(CH,),NHCH,CH,CN

2 I.G. Farbenind. A.-G., Brit. pat. 466,316 [C.A., 31, 7887 (1937)].

2 Elderfield, Gensler, Bembry, Kremer, Brody, Hageman, and Head, J. Am. Chem. Soc.,
68, 1262 (1046).

2 Kissinger, Von, and Carmack, J. Am. Chem. Soc., 68, 1563 (1946).
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Triton B as a catalyst 2 permits cyanoethylation of carbazole even
at ice-bath temperature;? heterocyclic bases, such as isatin,® pyrrole,
2-phenylindole, 2-phenyl-3-indolecarboxaldehyde, 3-indolecarboxalde-
hyde, and 2-methyl-3-indolecarboxaldehyde, are readily cyanoethylated
on the nitrogen atom at moderate temperatures with this catalyst.?
Triton B has proved useful as a catalyst in cyanoethylation of 2,3-
dimethylpiperidine,” 2,4-dimethylpiperidine,”” methylisopropylamine,
n-butylmethylamine, sec-butylmethylamine, isobutylmethylamine,
methyl-2-pentylamine, methyl-3-pentylamine, cyclopentylmethylamine,
2,3-dimethylbutylamine, 2,4-dimethylpentylamine, 4-methylheptyla-
mine, ethylisobutylamine, isopropyl-n-propylamine, isobutyl-n-propyl-
amine, and cyclopentyl-n-butylamine 1

Cyanoethylation of Amides, Imides, and Lactams (Table V)

The cyanoethylation of amides, imides, and lactams has been described
by Wegler.2® The addition of compounds of these classes to acrylonitrile
takes place readily and can be considered very general. Amides may
react with one or two moles of acrylonitrile. N-Alkyl acid amides, with
an occasional exception, yield the expected products, as do imides and
lactams. Aromatic and aliphatic sulfonamides have not been extensively
studied, but some of them add to acrylonitrile in the same way as acid
amides. Alkaline catalysts are employed.

The addition of formamide to acrylonitrile occurs readily in the
presence of alkaline catalysts such as sodium or sodium hydroxide, At
moderale temperatures and with an excess of formamide the reaction
readily yields B-formylaminopropionitrile. At temperatures of 85° or
bigher, and particularly with an excess of acrylonitrile, di-cyanoethyla-
tion predominates to yield g-formyliminodipropionitrile.

HCONH; + Cllg=CHCN — HCONHCH;CH;CN — HCON(CH;CH.CN),

Formamide also can react with more than two moles of acrylonitrile; %
a substance with five to six moles of combined acrylonitrile has been
reported but the structure is not known. N-Methylformamide is not
cyanoethylated even in the presence of alkali catalysis although the
corresponding N-n-propyl-, N-n-butyl-, N-n-hexyl-, cyclohexyl-, and
N-phenylformamides add easily to acrylonitrile.® It has been suggested

% Bruson, J. Am. Chem. Soc., 64, 2457 (1942).

2% DiCarlo and Lindwall, J. Am. Chem. Soc., 67, 199 (1945).

2 Blume and Lindwall, J. Org. Chem., 10, 255 (1945).

# Wogler, Gor. pat. 734,725 [C.4., 38, 3671 (1944)].

20 Wogler, Ger. pat. 735,771 [C.A., 38, 3092 (1944)]
% Wogler, Roport to L.G. Farbenind. A.~G., April 21, 1941 (captw cd enemy documents).
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that methylformamide is sufficiently acidic to neutralize the alkaline
catalysts and render them ineffective.®® N-Butylformamide will react
with as many as four moles of acrylonitrile to give a product of unknown
structure.

Acetamide in excess gives good yields of S-acetaminopropionitrile.®
It shows less tendency than formamide to react with two moles of acrylo-
nitrile. In contrast to methylformamide, the cyanoethylation of N-
methylacetamide proceeds satisfactorily. Similarly, N-methylpropion-
amide in the presence of 0.59, by weight of sodium hydroxide is smoothly
cyanoethylated at 70-80° to yield CH3;CH,CON(CH;3)CH,CH,CN.%
Benzamide and acetanilide react with one mole of acrylonitrile at 90—
100° in a little dioxane and in the presence of 19 of sodium hydroxide
as a catalyst.® Under similar conditions, N,N’-bis-methyladipamide
yields the di-cyanoethylation product NCCH,CH,N(CH;)CO(CH,),-
CON(CH;)CH,CH,CN. Crotonamide # yields the di-cyanoethylation
product CH3zCH=CHCON(CH,CH,;CN),, instead of the product
CHy=CHC(CH,CH,CN),;CONH, previously reported.?

The cyanoethylation of most imides and lactams proceeds at 90-95°
in the presence of 129 of sodium hydroxide as a catalyst ¥ to yield
the corresponding N-(2-cyanoethyl) derivatives. Galat 3 obtained a
quantitative yield of N-(2-cyanoethyl)phthalimide by refluxing phthal-
imide and acrylonitrile for ten minutes in the presence of a small amount
of Triton B. Succinimide and phthalimide in & little dioxane at 95°
with 1-29, of sodium hydroxide as a catalyst react to form the corre-
sponding N-(2-cyanoethyl)imides.*® a-Pyrrolidone,® w-caprolactam,®
and 2-pyridone % may be cyanoethylated in the presence of alkaline
catalysts such as sodium hydroxide or potassium carbazole.

Certain sulfonamides can be cyanoethylated in the same way. Ben-
zenesulfonamide and acrylonitrile, regardless of the relative amounts of
reactants, form primarily the di-cyanoethylation product, C¢HzSOyN-
(CH;CH,CN)y.  p-Acetaminobenzenesulfon-N-methylamide is readily
cyanoethylated on the sulfonamide group. p-Acetaminobenzenesulfon-

CH;CONHCH,S0.NHCH; — CH3;CONHC¢HS0,N(CH;3)CH,CH,CN

N,N-dimethylamide, CH;CONHC;HS0,N(CHjy)s, could not be cyano-
ethylated on the NH— group, even though acetanilide can be cyano-
ethylated. The influence of the sulfonamide group on a p-amino group
is shown also by the failure of the amino group in p-aminobenzenesulfon-

3L I.G. Farbenind. A.-G., Fr. pat. 877,120 (1942).

32 Bruson, unpublished work.

33 Bruson and Riener, J. Am. Chem. Soc., 65, 18 (1943).

3% Galat, J. Am. Chem. Soc., 67, 1414 (1945).
% Adams nnd Jones, J. Am. Chem. Soc., 69, LS04 (1047),
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N,N-dimethylamide to cyanoethylate. Saccharin also resists cyano-
ethylation.

Some aliphatic sulfonamides have been studied; propanesulfon-N-
methylamide yields CH;CH,CHoS0,N (CH;) (CH,CH2CN) almost quan-
titatively, whereas propanesulfonamide is reported not to add to acrylo-
nitrile. Benzyl sulfonamide reacts with acrylonitrile in the presence of
Triton B to yield N,N-brs(2-cyanoethyl)benzylsulfonamide, CeHzCI,-
S0,N(CHy;CH,CN)s, and not a product with cyanoethyl groups on the
methylene carbon atom as was first suggested.” The cyanoethylation
of aliphatic sulfonamides has been patented by McQueen.®

Cyanoethylation of Water and Alcohols (Tables VI-VIII and XIII)

Water reacts with acrylonitrile 324 in the presence of alkaline
catalysts to give B,8’-dicyanoethyl ether, NCCH,CH,OCH,;CH,;CN.
Ethylene cyanohydrin is probably an intermediate in this reaction.

Practically all primary and secondary aleohols react with acrylonitrile
in the presence of alkaline catalysts to form cyanoethyl ethers. The

ROH +- CHy=CHCN --» ROCH,CH.CN

reactions take place at or below room temperature with the lower
aliphatic aleohols, particularly when the more active basic catalysts
such as sodium, sodium methoxide, sodium or potassium hydroxide, or
Triton B are used. Usually 0.5%, to 5%, of catalyst based on the weight
of aleohol is adequate. The presence of other functional groups such as
dialkylamino, halogen, olefinic, ether, or cyano does not interfere with
the reaction. Glycols and polyalcohols are readily poly-cyanoethylated.
Tertiary alcohols, on the other hand, react with difficulty or not at all.
It has been demonstrated, however, that ethynyl tertiary aleohols react
readily, the acetylene linkage apparently activating the addition reac-
tion. Only the esters of hydroxy acids have resisted cyanoethylation;
attempts to add ethyl glycolate, ethyl lactate, and ethyl ricinoleate to
acrylonitrile have failed.

Most of the simple aliphatic alcohols can be cyanoethylated at 35-60°
in the presence of 0.5-19, of sodium or sodium hydroxide. Examples
are methanol,? ethanol,®-4 2-propanol,? allyl alcohol,2 n-amyl aleohol, 4

% Bruson and Riener, J. Am. Chem, Soc., 70, 215 (1948).

¥ Bruson and Riener, J. Am. Chem. Soc., 65, 23 (1943).

¥ McQueen, U. 8. pat. 2,424,664 (1947).

% Bruson, U. S. pat. 2,382,036 [C.4., 40, 347 (1946)].

9 Blopff and Rapp, Ger. pat. 731,708 [C.A., 38, 555 (1944)].

i American Cyanamid Co., Brit. pat. 544,421 [C.A., 36, 6548 (1942)].
2 Koolsch, J. Am. Chem. Soc., 65, 437 (1943).
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2-ethylhexanol,? dodecanol, and octadecanol.? n-Butyl alecohol and
acrylonitrile react rapidly at 40° with 0.49, of sodium as a catalyst.®®
Triton B #%% hag been used effectively for cyanoethylation of these
simple alcohols as well as of more complex ones. Tertiary amines have
also been reported as satisfactory catalysts.#

Various methods for cyanoethylating aliphatic alcohols have been
evaluated by MacGregor and Pugh.® As a general procedure for all
aliphatic alcohols, including the long-chained alcohols, it is recommended
that acrylonitrile be added to a solution of 0.059, of sodium in the
alcohol at room temperature and that the reaction be completed at 80°.
For alcohols with not more than five carbon atoms, two other procedures
are reported as satisfactory: (1) equimolar quantities of acrylonitrile
and alcohol are shaken at room temperature with a 29, aqueous sodium
hydroxide solution as catalyst; (2) an equimolecular quantity of acrylo-
nitrile is gradually added with cooling and stirring to a solution of 0.59,
of potassium hydroxide in the alcohol. After the exothermic reaction is
over, the reaction mixture is heated at 80° on a steam bath until refluxing
ceases. Yields of 80-909, result.

The cyanoethylation of alcohols is an equilibrium reaction. The posi-
tion of the equilibrium is more favorable to the addition product with
primary than with secondary alcohols. Thus, 2-propanol gives a lower
vield (69%) of cyanoethylation product than methanol, ethanol, or
1-butanol, which give 899, 789, and 869, yields, respectively.
Caution must be observed in the isolation of the g-alkoxypropionitriles
by distillation, particularly those derived from secondary alcohols or
from primary alcohols with more than seven carbon atoms. The alkaline
catalyst must be destroyed by acidification or neutralization since the
products are readily dissociated by heat in the presence of alkalies into
the origmal aleohol and a polymer of acrylonitrile.*®

Tertiary alcohols have not been extensively studied. tert-Butyl
alcohol does not react with acrylonitrile at 30—40° and can, therefore,
be used as a solvent for many cyanoethylation reactions which take
place at low temperatures. At 80°, however, it reacts with acrylonitrile
in the presence of 29, by weight of sodium hydroxide to form g-(tert-
butoxy)propionitrile.# An acetylenic linkage attached to the tertiary
aleohol carbon activates the addition. Thus, ethynyl dimethyl carbinol
in the presence of sodium methoxide adds readily to acrylonitrile at 20°

 1.G. Farbenind. A.-G., Fr. pat. 796,001 [C.4., 30, 5590 (1936)].

#“ Utermohlen, J. Am. Chem. Soc., 67, 1505 (1945),

4 Bruson, U. S. pat. 2,280,791 [C.A., 36, 5589 (1942)].

% Bruson, U. S. pat. 2,280,792 [C.A., 36, 5589 (1942)].

4 Clifford and Lichty, Can. pat. 415,525 [C.A., 88, 979 (1944)].
48 MacGregor and Pugh, J, Chem. Soc., 1946, 535.
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to yield the expected ether.®® Acetylenic hydrogen atoms of acetylene,
CHs CH;
HCEC([JOH + CHs=CHCN — HCEC([JOCHchch
CH; ([3H3

alkylacetylenes, or phenylacetylene do not react with acrylonitrile under
the usual cyanoethylating conditions.

A wide variety of alcohols of the arylaliphatic,” alicyclic,4% and
heterocyclic series 4 are readily cyanoethylated. For illustration may
be mentioned benzyl alcohol,* cyclohexanol,®® 3,4-dimethylcyclohex-
anol,* and menthol.#

Primary and secondary, but not tertiary, hydroxyl groups in glycols
and polyhydric aleohols are cyanoethylated.®:4-%2 Glycol is di-cyano-
ethylated in more than 809, yield; trimethylene, pentamethylene, and
decamethylene glycols 35 also react readily. 1,4-Pentanediol gives an
839, yield of di-cyanoethylation product.®® Glycerol gives a tri-cyano-
ethyl derivative #% in 749, yield, and pentaerythritol, mannitol, and
sorbitol are reported to be completely cyanoethylated.®® A tertiary

([JHzOCHzCHzCN
(fHOCHzCHzCN
CH,OCH,CH,CN

aleohol group if present in a glycol resists cyanoethylation.® In iso-
butylene glycol and 2-methyl-2,4-pentanediol, only the primary or
secondary hydroxyl reacts. Polyvinyl aleohol %% yields products of
varying degrees of cyanoethylation.

OH | ([)H
(CH3);CCH,OCH,CH,CN  (CHjy)sCCH,CH(CH)OCH;CH,CN

Many alcohols with ether linkages present react easily. Diethylene
glycol,¥ triethylene glycol, tetraethylene glycol,® and the higher poly-
othylene glycols are readily cyanoethylated on one or both hydroxyl

4 Bruson, U. 8. pat. 2,280,790 [C.A., 36, 5588 (1942)].

% Bruson, U. S. pat. 2,401,607 [C.A., 40, 5450 (1946)].

81 Treppenhauer, Kénig, and Schroter, Ger. pat. 734,475 [C.A., 38, 2966 (1944)].
5 Carpenter, U. S. pat. 2,404,164 [C.A., 40, 7232 (1946)].

¥ Christian, Brown, and Hixon, J. Am. Chem. Soc., 69, 1961 (1947).

% 1.G. Farbenind. A.-G., Fr. pat. 830,863 [C.A., 33, 1838 (1939)].

% Houtz, U. 8. pat. 2,341,653 [C.A., 38, 4347 (1944)].
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groups.® The mono-methyl, -ethyl, -n-butyl, -allyl, -phenyl, and sub-
stituted phenyl ethers of ethylene glycol react normally; * furfuryl alco-
hol,% tetrahydrofurfuryl alecohol, and glyceryl a-ethers ® also add to
acrylonitrile. Thiodiethylene glycol and acrylonitrile give a good yield
of bis(2-cyanoethoxyethyl) sulfide.®»% Sugars,* starch,® and cellu-
Jose 55460 may be considered in this general class of compounds and
have been found to react to give products of various solubilities and other
physical properties. When cellulose is refluxed with an excess of acrylo-
nitrile in the presence of 297, aqueous sodium hydroxide, a clear solution
is obtained from which dilute ethanol precipitates a white flaky product
containing three cyanoethyl groups per glucose unit.®® The cyanoethyla-
tion of cellulose xanthate and of viscose leads to interesting fibers.s

Unsaturated alcohols which have been added to acrylonitrile are
numerous. Sodium, sodium hydroxide, and sodium methoxide have
normally been used as catalysts. The reaction products from allyl,® %
methallyl,® furfuryl,® oleyl, and cinnamyl alcohols,® geraniol,*
linalo6l,® citronellol,”® and unsaturated ether alcohols ® have been de-
scribed.

The hydroxyl group in cyanohydrins reacts normally with acrylo-
nitrile. Formaldehyde c¢yanohydrin and acrylonitrile when heated with
tributylamine as a catalyst give B-(eyanomethoxy)propionitrile,
NCCH,0CHy;CHCN; lactonitrile gives a corresponding derivative,
CH3;CH(CN)OCH,CH.CN.®2 Ethylene cyanohydrin with sodium,
sodium hydroxide,* 348661 or godium cyanide 2 as catalyst gives
bis-2-cyanoethyl ether, NCCH;CH;OCH,CH,CN. The same product
can be obtained by the reaction between two moles of acrylonitrile and
one mole of water.’ 4.5

The halogenated alcohols ethylene chlorohydrin % and 8-chloroethoxy-
ethanol # add to acrylonitrile in the presence of a small amount of con-
centrated aqueous sodium hydroxide to give CICH,CH,OCH,CH,CN
and CICH,CH,OCH,CH,OCH,;CH,CN, respectively. The «-fluoro-
alcohols, F(CH,),OH, have also been cyanoethylated with acrylo-
nitrile.%

% Schwoegler, U. S. pat. 2,403,686 [C.A., 40, 6409 (1946)].

5 Hurd and Gershbein, J. Am. Chem. Soc., 69, 2328 (1947).

% Bock and Houk, U. S. pat., 2,316,128 [C.4., 37, 5812 (1943)].

® Bock and Houk, U. S. pats. 2,332,048 and 2,332,049 [C.4., 38, 1640 (1044)]; U. S.
pat. 2,349,797 [C.A., 39, 1201 (1945)].

 Houtz, U. S. pat. 2,375,847 [C.A., 89, 4486 (1945)].

8 Hollihan and Moss, J. Ind. Eng. Chem., 39, 929 (1947).

62 Hansley, U. S. pat. 2,333,782 [C.4., 38, 2340 (1944)].

8 Treppenhauer, Kénig, and Bock, Ger. pat. 734,221 [C.A., 38, 1246 (1944)].

8¢ Konig, Bock, and Treppenhauer, Ger. pat. 738,399 [C.A., 38, 3090 (1944)].

% Hopff, Ger. pat. 743,224 [C.A., 39, 2766 (1945)].
8 Saunders, Nature, 160, 179 (1947).
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Tertiary amino alcohols react readily with acrylonitrile when sodium
methoxide, sodium hydroxide, or Triton B ¢ is used as catalyst. Di-
ethylaminoethanol 2 gives (CoH;)oNCH,CH;OCH,CH,CN in 799
yield; 1-diethylamino-4-pentanol * gives (C.H;);NCH,CH,CH,CH-
(CH;3;)OCH,CH,CN in 669, yield; and g-morpholinoethanol gives a
43%, yield of OCH{NCH,CH,0OCH,CH,CN. Three cyanoethyl radi-
cals are introduced into triethanolamine to give tris(2-cyanoethoxyethyl)-
amine, N(CHyCH,OCH,;CH,CN),.%

Cyanoethylation of Formaldehyde (Methylene Glycol) (Table X)

Formaldehyde or paraformaldehyde reacts in aqueous solution with
acrylonitrile in the presence of alkaline catalysts in the form of the
hydrate, HOCH,0I, and cyanoethylation of this intermediate is re-
ported to take place with the formation of the hemiformal of ethylene
cyanohydrin or the formal of ethylene cyanohydrin,® depending upon
the proportion of reagents.

HOCH,0H + CH==CHCN — HOCH,O0CH,CH,CN
HOCH,0H + 2CHy=CHCN — NCCH,CH,0CH,OCH,CH,CN

Only the latter compound has been isolated.

If the reaction between formaldehyde and acrylonitrile is carried out
in the presence of an alcohol, the mixed formal of the alcohol and
ethylene cyanohydrin results even though the alcohol used is a rela-
tively unreactive tertiary alcohol.®® The reactions go smoothly at

(CH3)sCOH + CH,0 - CH=CHCN — (CHj;);COCH,O0CH,CH,CN

35—45° in the presence of aqueous sodium hydroxide or Triton B as
catalyst. Similar mixed formals are obtained from formaldehyde and
acrylonitrile with such alcohols as methanol, allyl aleohol, benzyl alco-
hol, and 2-octanol.®

Cyanoethylation of Phenols (Table IX)

The reaction of acrylonitrile with the hydroxyl groups of phenols
takes place at temperatures in the range of about 120-140°, particularly
in the presence of alkaline catalysls such as the alkali metals and alk-
oxides or tertiary organic bases such as pyridine, quinoline, or dimethyl-
sniline.”® When acrylonitrile is gradually added at 130-140° to phenol

% Bruson, U. S. pat. 2,326,721 [C.A., 38, 606 (1044)].
® Walker, U. S. pat. 2,352,671 [C.4., 39, 223 (1945)].
" Bruson, U. 8. pat. 2,435,869 (1948).

M Ulor, Gor. pat. 670,357 [C.A., 33, 2007 (1939)].
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containing 19, by weight of sodium and heating is continued under a
reflux condenser for four to six hours at this temperature, a good yield
of g-phenoxypropionitrile is obtained.™

Ce¢HsOH + CHs~CHCN — CsH;OCH,CH,CN

In the same manner m-~chlorophenol, S-naphthol, various cresols,
xylenols, hydroxyanthraquinones, hydroxybiphenyls, hydroxyquino-
lines, and partially hydrogenated polynuclear phenols such as 5,6,7,8-
tetrahydro-1(or 2)-hydroxynaphthalene react with acrylonitrile to
vield the corresponding cyanoethyl ethers” However, the cyano-
ethylation of B-naphthol in the presence of an equimolecular amount of
sodium hydroxide suspended in benzene yields 2-hydroxy-1-(2-cyano-
ethyl)naphthalene in excellent yield.”

Polyhydric phenols such as pyrocatechol and hydroquinone can like~
wise be cyanoethylated in the presence of 19, by weight of sodium at
120~140° to yield the mono-cyanoethyl ether or the di-cyanoethyl ether,
depending upon the proportions of acrylonitrile used.”

Acrylonitrile is reported to condense with resorcinol in the presence
of hydrogen chloride and zine chloride to yield the lactone of 8-(2,4-
dihydroxyphenyl)propionic acid which furnishes 2,4-dihydroxyphenyl-
propionic acid on hydrolysis.™

0
HO, OH HO, \co 1{0@0}1
+ CHy=CHCN —» .
© ? \. CH; - CH;CHCO,H

CH,

The cyanoethylation of resorcinol in the presence of Triton B gives a
409, yield of 1,3-bis(8-cyanoethoxy)benzene.® Upon refluxing salicyl-
aldehyde with a large excess of acrylonitrile with Triton B as a catalyst,
a small yield of 2-(8-cyanoethoxy)benzaldehyde is obtained together
with 3-cyano-4-chromanol and 3-cyano-1,2-benzopyran.” In a similar

0 0
OCH,CH;CN 7 N\, 7 \cm,
CHO CHON CON

/ ANV

cHOH ch

manner, phenol and m-methoxyphenol give 67.59, and 769, yields

respectively of B-phenoxypropionitrile and m-methoxyphenoxypropio-

nitrile.”® IHalogenated phenols such as o- and p-chlorophenol add only
7 Hardman, U. S. pat. 2,421,837 [C.A., 41, 5901 (1947)].

72 Langley and Adams, J. Am. Chem. Soc., 44, 2326 (1922).
7 Bachman and Levine, J. Am. Chem. Soc., 70, 599 (1948),
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slowly to acrylonitrile, whereas p-nitrophenol and methyl salicylate
apparently do not add at all.”® The cyanoethylation of 6-bromo-2-
naphthol gives a 109, yield of the corresponding cyanoethyl ether,’
whereas 2-naphthol gives a 799, yield of p-(2-naphthoxy)propionitrile
when the reaction is carried out in the presence of Triton B.™

Cyanoethylation of Oximes (Table IX)

The hydroxyl group of aldoximes and ketoximes adds to acrylonitrile
in the presence of alkaline catalysts #™ to form oximino ethers in 60-
909, ylelds. The reactions take place at or near room temperature and
are exothermic so that cooling and the use of an inert solvent such as
dioxane are advisable.

A solution of acetone oxime, cyclohexanone oxime, or furfuraldehyde
oxime in dioxane containing a small amount of sodium methoxide reacts
smoothly at 25—-35° with acrylonitrile to yield the corresponding cyano-
ethyl ether. Liquid oximes, such as a-ethyl-8-propylacrolein oxime,

(CHs)sC=NOH + CH=CHCN — (CH3)sC=NOCH,CH,CN

methyl n-hexyl ketoxime, and a-ethylhexaldoxime, do not require a
solvent. Insoluble oximes such as dimethylglyoxime can be suspended
in water containing a small amount of sodium hydroxide and cyano-
ethylated by gradually adding acrylonitrile.

CH;C=NOH CH;C=NOCH,CH,CN
[ + 2CH,~CHCN —
CH;C=NOH CH;C=NOCH,CH,CN

Acetophenone oxime in benzene containing a small amount of Triton B
adds acrylonitrile at 40-50° to give the corresponding cyanoethyl ether.

Benzoin oxime can be cyanoethylated on both the oximino group and
the alcoholic hydroxyl group to yield the mixed ether.’”

CeHsC=NOCHCH,CN
CeH;CHOCHCH,CN

Cyanoethylation of Hydrogen Sulfide, Mercaptans, and Thiophenols
(Table IX)

Acrylonitrile reacts with hydrogen sulfide to yield bis-2-cyanoethyl
silfide ™ when heated in butanol at 80° in an autoclave. The reaction
 Bachman and Levine, J. Am. Chem. Soc., 69, 2343 (1047).

” Bruson and Riener, U. 8. pat. 2,352,516 [C.A., 38, 5506 (1944)].
™ Koysner, U. 8. pat. 2,163,176 [C.A., 33, 7319 (1939)].
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requires no catalyst but is accelerated by alkalies such as sodium hy-
droxide or Triton B. At atmospheric pressure and at 25° to 75° acrylo-

2CHs~—=CHCN + H,;S — NCCH,CH,SCH;CH,CN

nitrile does not react with hydrogen sulfide in the absence of an alkaline
catalyst, but a trace of sodium methoxide or Triton B brings about an
exothermic reaction and gives an 86-939, yield of bis-2-cyanoethyl
sulfide.” The same product is formed when an aqueous solution of
sodium sulfide or sodium hydrogen sulfide reacts with acrylonitrile at
room temperature.’?

Aliphatic mercaptans, dimercaptans, and thiophenols add readily to
acrylonitrile in the presence of alkaline catalysts. Methyl, ethyl,
propyl, isopropyl, butyl, tert-butyl, isobutyl, carbethoxymethyl, benzyl,
and dodecyl mercaptans, thiophenol, and o-, m~-, and p-thiocresol are
reported to react in the presence of strong bases.5® Piperidine has
been uscd as a catalyst for the rcactions involving ethyl mercaptan,
benzyl mercaptan, S-mercaptoethanol, and cthylene dithiol.® Sodium
methoxide is also effective and was employed in the addition of octyl,
nonyl, and lauryl mercaptans to acrylonitrile.®?

RSH + CH=~=CHCN — RSCH,CH,CN

Other, more complex mercaptans which have been studied are 2-
mercaptobenzothiazole,® 8 2-mercaptothiazoline, 2-mercapto-4-methyl-
thiazole, and 2-mercaptobenzoxazole.” Hurd and Gershbein ¥ have
shown that benzyl, hydroxyethyl, and phenyl mercaptans add to acrylo-
nitrile in the absence of alkalies to give excellent yields of cyanoethyla-
tion products. The sulthydryl group in hydroxyethyl mercaptan reacts
first. Alkali is required for cyanoethylation of the hydroxyl group.
According to one report thiourea and thiocarbanilide add in the mer-
captol form to acrylonitrile; ® according to another report, however,
thiourea and acrylonitrile do not react at 100° in the presence of
alkali.®

The sodium salts of dialkyldithiocarbamic acids, such as dimethyl-
and dibutyl-dithiocarbamic acid and piperidinodithiocarbamic acid, in
aqueous solution add to acrylonitrile to yield the corresponding cyanc-

7 Gershbein and Hurd, J. Am. Chem. Soc., 69, 242 (1947).

8 Bruson, unpublished work.

7 Hollihan and Moss, J. Ind. Eng. Chem., 39, 223 (1947).

8 Harman, U. 8. pat. 2,413,917 [C.A., 41, 2446 (1947)].

8 Gribbins, Miller, and O’Leary, U. 8. pat. 2,397,960 [C.A., 40, 3542 (1946)].
8 Rapoport, Smith, and Newman, J. Am. Chem. Soc., 69, 694 (1947).

8 Clifford and Lichty, U, S. pat. 2,407,138 [(\.A., 41, 488 (1947)].
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ethylated derivatives.® 2-Diethylaminoethanethiol adds readily to
S S

I |
R:NCSH -+ CHe==CHCN — R,NCSCH.CH.CN
acrylonitrile without the use of a catalyst.®

(CoHg)o NCH,CHSH — (CoHg)o NCHCH,SCH,CH,CN

Cyanoethylation of Arsines (Table XIII)

Mann and Cookson % have reported that phenylarsine reacts with
acrylonitrile to give phenyl-bis-(2-cyanoethyl)arsine.

CeHsAsH, + 2CHy—=CHCN — CgHAs(CH,CH,CN),

The reaction is very vigorous with alkaline catalysts such as traces of
potassium hydroxide or sodium methoxide.® Analogous reactions have
been described with p-aminophenylarsine and with diphenylarsine to
give HoNCgHAs(CH;CH,CN), and (CgHj)AsCH,CHLCN, respec-
tively .8

Cyanoethylation of Inorganic Acids and Hydrogen Cyanide (Table XIIT)

Hydrogen chloride, hydrogen bromide, hydrogen cyanide, hypochlo-
rous acid, and sulfurous acid as sodium bisulfite have been added to
acrylonitrile. Many of the carboxylic acids such as formie, acetic, and
benzoic have failed to add either in the presence or absence of alkaline
catalysts.

When hydrogen chloride or hydrogen bromide is passed into acrylo-
nitrile with cooling, the corresponding B-chloropropionitrile or S-bromo-
propionitrile is formed.5:8

Hydrogen cyanide, however, adds to acrylonitrile only when an alka-
line catalyst is present.® In the presence of a small amount of potassium
cyanide, acrylonitrile and hydrogen cyanide combine at atmospheric
pressure to yield succinonitrile.® If a large amount of water and sodium
cyanide react with acrylonitrile at 80°, the product is largely succin-

8 Clinton, Suter, Laskowski, Jackman, and Huber, J. Am. Chem. Soc., 67, 597 (1945).

8 Mann and Cookson, Nature, 167, 846 (1946).

8 Cookson and Mann, J. Chem. Soc., 1947, 618.

& Moureu and Brown, Bull. soc. chim. France, (4) 27, 903 (1920).

® Stewart and Clark, J. Am. Chem. Soc., 69, 713 (1947).

8 GQerman Synthetic Fiber Developments, p. 661, Textile Research Institute, New York,
1946.

% Kurtz, Ger. pai. 707,852 [C.A., 37, 2747 (1943)].
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imide.®* The addition of hydrogen cyanide in the presence of alkalics
to acrylonitrile has been patented by Carpenter.®

Hypochlorous acid does not undergo cyanoethylation. When acrylo-
nitrile is dissolved in water and treated at 0-30° with chlorine or hypo-
chlorous acid, a-chloro-g-hydroxypropionitrile is formed. An excess of
calcium carbonate may be added to neutralize any free hydrochloric
acid formed.%”

HOCI + CH=CHCN — HOCH,CHCICN

Alkali bisulfites in aqueous solution readily add to the «,8-double
bond of acrylonitrile to yield alkali metal salts of S-sulfopropionitrile.®

CHs=CHCN + NaHS803; — NCCH,;CH:50;Na

Cyanoethylation of Haloforms (Table XIIT)

Chloroform % and bromoform % add to acrylonitrile in the presence
of Triton B or potassium hydroxide to give y-trichlorobutyronitrile
(119, yield) and y-tribromobutyronitrile, respectively. Iodoform does

CHCl; + CHy=CHCN — CI3CCH,CHCN

not add to acrylonitrile under the same conditions.

Cyanoethylation of Sulfones (Table XIII)

Mixed aromatic aliphatic sulfones in which the aliphatic earbon atom
joined to the sulfur atom is attached to a multiple linkage add to acrylo-
nitrile in the presence of alkaline catalysts.’® Such sulfones are illus-
trated by CiHzSO,CH,CeH;, CeHsS0;CH;CH==CH,, and Cgl15S0,-
CH,CO3C3Hs. Two molecules of acrylonitrile react.”

([JHzCHzCN (fI‘IzCHzCN CH,CH.CN
|
CeHsSOzCCﬁI‘I5 CeI‘IsSOzCCI’I=CI‘Iz CeHsSOzCCOzCsz
CH,CH,CN CH,CH,CN CH,CH,CN

% Wolz, Ger. pat. 741,156 [C.4., 40, 1173 (1946)].

9 Carpenter, U. S. pat. 2,434,606 [C.A., 42, 2615 (1948)].

9% Tuerck and Lichtenstein, Brit. pat. 566,006 [C.A., 40, 5772 (1946)].

% Carpeuter, U. S. pat. 2,312,878 [C.A4., 37, 5199 (1943)].

% Bruson, Niederhauser, Riener, and Hester, J. .Am. Chem. Soc., 67, 601 (1945).
% Niederhauser and Bruson, U. 8. pat. 2,379,097 [C.A., 39, 4618 (1945)].

9 Bruson, U. S. pat. 2,435,552 (1948)].
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Cyanoethylation of Aliphatic Nitro Compounds (Table XI)

Acrylonitrile reacts with aliphatic nitro compounds having a methinyl,
methylene, or methyl group contiguous to the nitro group. The usual
alkaline catalysts, potassium hydroxide, sodium ethoxide, or Triton B,
are required, 9%, 99100

Nitromethane and acrylonitrile in equimolar quantities with sodium
hydroxide as a catalyst react to give primarily the mono-cyanoethylation
product, O;NCH,CH;CH,CN."  With excess acrylonitrile the crystal-
line tris(2-cyanoethyl)nitromethane, O,NC(CH,CH,CN)j, is the chief
product, and is accompanied by varying amounts of mono- and di-cyano-
ethylation derivatives.’ 1%

Nitroethane yields a mixture of mono- and di-cyanoethylation prod-
ucts, y-nitrovaleronitrile, CH;CH(NQ,)CH;CH;CN, and v-nitro-y-
methylpimelonitrile, CH;C(NO,) (CHo,CHoCN)o. 104102 Similarly, 1-
nitropropane reacts to give a mixture of ColzCH(NO;)CH;CH:CN
and CoH;C(NO,) (CH,CH,CN)s,.

2-Nitropropane,®= 192 nitrocyclohexane,®%® and 9-nitroanthrone,*®?
molecules in which only mono-cyanoethylation is possible, give the
expected products, y-methyl-y-nitrovaleronitrile, l-nitro-1-(8-cyano-
ethyl)eyclohexane, and 9-nitro-9-cyanoethylanthrone, respectively.

CH.
e \2 ~NO; E
CH, C
(CH;).C(NO,)CH;CH,CN H CHzCHzCN
N &

C
CHz ON” CH,CH,CN

Cyanoethylation of Ketones (Table X)

Acrylonitrile reacts with ketones possessing methinyl, methylene, and
methyl groups contiguous to the carbonyl group to introduce one, two,
three, or more cyanoethyl groups.’® The mode of operation and the
catalysts are the same as those described for the cyanoethylation of
alcohols or amines: the oxides, hydroxides, alkoxides, amides, or hy-
drides of the alkali metals, the alkali metals themselves, or especially

% .G Farbenind. A.-G., Fr. pat. 882,027 (1943).

% Wulff, Hopff, and Wiest, U. 8. pat. appln. Ser. No. 404,150 (1943).

10 Buckley and Lowe, Brit. pat. 584,086 [C.A., 41, 3478 (1947)].

19 Buckley and Lowe, Brit. pat. 586,099,

12 Bruson, U. S. pat. 2,361,259 [C.A., 39, 2079 (1945)].
163 Bruson and Riener, J. Am. Chem. Soc., 64, 2850 (1942).
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Triton B; advantageously in the presence of inert solvents or diluents
to control the reaction.

RCOCH3; — RCOC(CH,CHCN)s

Acetone and acrylonitrile in equimolecular proportions give a small
yield of mono-cyanoethylation product, CH3z;COCH,CH,CH,CN. %4
With three moles of acrylonitrile in the presence of sodium hydroxide
or Triton B as catalyst, the crystalline tri-cyanoethylation derivative,
CH;COC(CH,CH,CN)3, is obtained in 75-809, yield,"¥315 and upon
further cyanoethylation a crystalline tetra addition product can be
isolated, NCCH,CH,CH,COC(CH,CH,CN)s;.

The unsymmetrical aliphatic methyl ketones, such as methyl ethyl
ketone,’ methyl n-propyl ketone, methyl isobutyl ketone, methyl
n-amyl ketone, and methyl n-hexyl ketone, react with acrylonitrile in
the presence of alkaline catalysts to cyanoethylate the methylene in
preference to the methyl group.®*%7 The mono-cyanoethylation prod-
uct, CH;COCH (R)CH,CII,CN, is not readily obtained in good yield
since it is cyanoethylated further; with two moles of acrylonitrile the
chief product is CH3zCOC(R)(CH,CH,CN),. Iixcess of acrylonitrile
gives a trisubstitution product, NCCH,CII,CH,;COC(R) (CH,CH,CN),,
in which the methyl group has reacted; higher cyanoethylation deriva-
tives from further reaction of the methyl group have been deseribed.!s
Methyl isobutyl ketone reacts less readily than methyl n-amyl ketone.

Other aliphatic ketones have been studied. Diethyl ketone and excess
acrylonitrile give chiefly a tri-cyanoethylation product,® CH,C-
(CH3;CH,CN),COCH(CH.CH,CN)CIH;. Diisopropyl ketone reacts
sluggishly, probably owing to steric hindrance, but the mono- and
the di-substitution products, (CHj3)yC(CH,CH,CN)COCH(CII3); and
(CH;)C(CH,CH,CN)COC(CH,CH,CN) (CHj)s, have been isolated.?”
Diisobutyl ketone does not react appreciably with acrylonitrile. Di-
benzyl ketone and acrylonitrile combine to give a resinous mixture from
which the tribasic acid, C¢HsC(CH,CH,CO:H),;COCH(CH,CH,-
CO,H)CgH;, has been isolated after alkaline hydrolysis.'® Phenyl-
acetone yields the di-cyanoethylated product, ~v-acetyl-y-phenyl-
pimelonitrile, CsHzC(CH,;CH,CN),COCIHj, in 869, yield.1®

Alicyclic ketones react like their aliphatic analogs but more readily.
Cyclopentanone ¢ and cyclohexanone % and its 4-substituted deriva-
tives 1 react with four moles of acrylonitrile to give products with all

104 Shannon, U. 8. pat. 2,381,371 [C.A., 40, 350 (1946)].

1% Bruson, U. S. pat. 2,311,183 [C.4. 37, 4500 (1943)].

16 Wiest and Glaser, U. S. pat. 2,403,570 [C.A., 40, 6498 (1946)].

17 Bruson, U. S. pat. 2,386,736 [C.A,, 40, 7234 (1946)].
1® Bruson, U. S. pat. 2,287,510 [C.A., 37, 140 (1943)].
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the hydrogens on the two carbon atoms adjacent to the carbonyl group
replaced. The mono- and di-cyanoethylated products have been
isolated, but poly-cyanoethylation takes place very readily and even
with limited amounts of acrylonitrile the tetra addition product is
formed. 2-Methyleyclohexanone is tri-cyanoethylated while o-tetra-
lone ¥ and 2,2,5,5-tetramethyltetrahydrofuran-3-one are di-cyano-
ethylated.
CHg
CHy—CH, Cﬁz CH,

(NCCI‘IzCI’Iz)zé é(CI’IzCI’IgCN)z (NCCIIgCI‘Iz)zé\ /é(CHzCHgCN)z

CO cO
CH,

\CI—Ig

é(onoﬂzom2
NCH:CH,C N

4
"o OHe

0]
O———C(CHz),

C
©/ \gngﬂHzCN)z (CH3)2é}\ /é(CchHch)z
2
N cﬁz co

Aromatic aliphatic ketones react very readily. The methyl ketones,
exemplified by acetophenone and its homologs, p-methyl, p-methoxy-,
p-chloro-, p-bromo-, and p-phenyl-acetophenone, give crystalline tri-
cyanoethylation products, ArCOC(CHy;CH.CN);, in good yields."®
The addition products with one and two molecules of acrylonitrile are
not described. 2-Naphthyl methyl ketone reacts similarly.’® Even
acetomesitylene, which frequently enters into reaction in its enol form,
gives a 309, yield of the tri-cyanoethylation product.1%

Propiophenone and desoxybenzoin represent molecules with only
two hydrogens on the carbon attached to the carbonyl group and thus
di-cyanoethylation derivatives result, y-benzoyl-y-methylpimelonitrile,
CsH;COC(CH;3)(CH,CH,CN),, and CyHzCOC(CeHj) (CHo,CHoCN)s.

Heterocyclic alkyl ketones are equally reactive. 2-Thienyl methyl
ketone and 2-furyl methyl ketone yield crystalline tri-cyanoethylation
products,®% and 2-thienyl ethyl ketone and 2-furyl ethyl ketone yield
di-cyanoethylation products.®

[[ g jl COC(CH.CH,CN), [[ S ]l COC(CH,CH.CN),CH,
0)

)
0 Brugon, U. 8. pat. 2,394,962 [C.A4., 40, 2848 (1946)].
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The methylene group in B-keto esters and their derivatives reacts
with acrylonitrile in the presence of alkaline catalysts.10310%10%110  Thyg
methyl or ethyl acetoacetate and the anilide, o-chloroanilide, and 2,5~
dichloroanilide ¥ give di-cyanoethylation products, CH;COC(CHg-
CH,CN)3CO.R and CH;COC(CH;CH,CN),CONHAr.

Several 1,3-diketones which have been studied have failed to react
with acrylonitrile; among these are 1,3-cyclohexanedione and methylene-
bis-dihydroresorcinol.®* The explanation offered is that the high degree
of acidity effectively neutralizes the catalyst. It is essential that the
reaction mixture be alkaline to moist litmus for the reaction to occur.®
A similar explanation is given for the non-reactivity with acrylonitrile
of 1-phenyl-3-methylpyrazolone, which exists primarily in the enol
form.®

CH=COH
NCeI

On the other hand, certain 1,3-diketones in which one carbonyl group
is part of an alicyeclic ring react readily with acrylonitrile in the presence
of aqueous potassium hydroxide or Triton B to introduce a cyanoethyl
group between the two carbonyl groups.® 2-Acetyleyclopentanone,
2-acetylcyclohexanone, and 2-acetylcycloheptanone all react similarly.
Boese has described the cyanoethylation of certain 2,4-diketones, notably
acetylacetone, benzoylacetone, 3-benzylpentane-2,4-dione and 3-ethyl-
pentane-2,4-dione. 11,112

CH, ’ CH,
/. /.
cf, cH, cf, CH,
| | + CH~CHCN — | | CH,CH,CN
CH, CHCOCH, CH, c<
/S \. / “COCH;
co co

Mesityl oxide, an «,f-unsaturated ketone, reacts with two moles of
acrylonitrile in the presence of Triton B to give a 739, yield of a crystal-
line di- and a 109, yield of a liquid mono-cyanoethylation product. The
latter upon further treatment with acrylonitrile is converted to the
former. The structures of both products have been established,® the
mono- as a derivative of the «,8-unsaturated form and the di- as a
derivative of the 8,y-desmotrope. The mono-cyanoethylation product

10 Wiest and Glaser, U. S. pat. 2,396,626 [C.A4., 40, 3771 (1946)].

11 Boese, U. S. pat. 2,438,961 (1948).
12 Boese, U. S. pat. 2,438,804 (1948).
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may result from an initial reaction with the desmotropic form followed

(CH3),C=CHCOCH; &5 CHy==CCH,COCH3

CH;
CH,CH,CN
(CH3):C=CCOCH; CHy=C——-CCOCH;
CH,CH,CN (IJHg éHzCHzCN

by rearrangement to the «,8-unsaturated ketone.

The B,y-unsaturated ketone, 2-cyclohexenyleyclohexanone, adds to
acrylonitrile to yield a crystalline mono-cyanoethylation product in
which the hydrogen of the methinyl group has reacted. Further cyano-
ethylation then occurs on the methylene group adjacent to the carbonyl.®

CH, CH,
RN 7\
CH,; CH, CH, CH,
| | ,CH,CH,CN | | CH,CH,CN
CH, C< (NCCH,CH,)C C
/

WO TN
Co Co

Acrylonitrile reacts with polyketones to cyanoethylate the methylene
groups adjacent to the carbonyl groups. Polymeric ketones obtained
from carbon monoxide and olefins, the polymers of methyl vinyl ketone
and of methyl isopropenyl ketone, and copolymers of alkyl vinyl ketones
with olefins and diolefins have been used in this reaction.s

Cyanoethylation of Aldehydes (Table X)

Acrylonitrile reacts in the presence of alkaline catalysts with those
aldehydes in which the a-carbon atom has one or more hydrogen atoms.

Formaldehyde reacts as methylene glycol with acrylonitrile and yields
derivatives which were discussed under alcohols (p. 93).

Acetaldehyde aldolizes and resinifies readily in the presence of alkalies
and therefore yields a mixture of cyanoethylation products.™ With
concentrated aqueous sodium hydroxide or with sodium cyanide as
catalyst, a mixture of y-cyanobutyraldehyde and y-formylpimelonitrile

13 Mortenson, U. S. pat. 2,396,963 [C.A., 40, 3937 (1946)].
14 Bruson and Riener, U. 8. pat. 2,353,687 [C.A., 38, 6432 (1944)].
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is produced in combined yield of 40-509, with the first catalyst and

389, with the second catalyst.15 11
CI‘I2CH20N

CH;CHO + CH~CHCN — NCCH.CH,CH,CHO - (IJHCHO
CH,CH,CN

Propionaldehyde and acrylonitrile give a-methyl-y-cyanobutyralde-
hyde and y-methyl-y-formylpimelonitrile in 5% and 259, yields, re-
spectively .15 116

Dialkylacetaldehydes, such as isobutyraldehyde, diethylacetaldehyde,
and 2-ethylhexanal, are more stable to alkaline reagents and undergo
cyanoethylation readily. Isobutyraldehyde and acrylonitrile with
saturated aqueous sodium hydroxide as catalyst at 65-80° give a 35-409,
yield of a,a-dimethyl-y-cyano-n-butyraldehyde, (CH3),C(CH;CH,CN)-
CHO.M6 It is reported that the same product is obtained by use of 209,
aqueous potassium cyanide as catalyst at a temperature of 80-90°17
In the other dialkylacetaldehydes in which cach of the alkyl groups has
at least two carbons, the yields of cyanoethylation products with 509
aqueous potassium hydroxide as catalyst arc about 809.118

R;CHCHO — R,C(CH,CH,CN)CHO

a-Ethyl-g-propylacrolein and acrylonitrile in equimolar quantities in
the presence of concentrated aqueous or methanolic potassium hydroxide
react, even though an a-hydrogen is lacking in the aldehyde, to give a
509, yield of product. Apparently a hydrogen atom and the double
bond undergo a shift which permits the introduction of a cyanoethyl
group in the rearranged product.™

Csz Csz
CH30H20H20H=JJ—CI-IO + CHy=CHCN — CH3CHyCH=CHCCHO
HoCHoCN

The behavior of acrylonitrile with benzaldehyde in the presence of al-
kaline catalysts has not been explained. Two products are formed: one
a liquid, b.p. 225-230°/5 mm., consisting of one molecule of benzalde-
hyde and two of acrylonitrile; and the other a colorless solid, m.p. 73°,
b.p. 27G°/3 mom. 1M

15 &, I. du Pont de Nemours & Co., Brit. pat. 576,427 (1946).
118 Walker, U. S. pat. 2,409,086 [C.A., 41, 1235 (1947)].

7 1.G. Farbenind. A.-G., Fr. pat. 886,846 (1943).

18 Bruson and Riener, J. Am. Chem. Soc., 66, 56 (1944).
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Cyanoethylation of Derivatives of Malonic and Cyanoacetic Acids
(Table XI)

Acrylonitrile and the esters or amides of malonic acid react at 30-50°
in the presence of alkaline catalysts, in particular sodium, sodium ethox-
ide, potassium hydroxide, or Triton B, to form mono- or di-cyanoethyla-
tion products.” Monoalkylated malonic esters are mono-cyanoethylated
under the same conditions.?% 110

(’302R ?OzR CONH,
CHCH,CH,CN C(CH,CH,CN), C(CH,CH.CN),
CO:R COqR CONH,

From equimolar quantitics of acrylonitrile and ethyl malonate with
sodium ethoxide as a catalyst, a 40-459, yield of a mono-cyanoethyla-~
tion product results, NCCH,CHyCH(CO,CoHg)o.® This same prod-
uct 1s obtained in small amounts when sodium is used as catalyst, but
the di-cyanoethylated malonic ester, y,y-dicarbethoxypimelonitrile, is
formed chiefly.1® An 82.59, yield of this latter compound results from
the condensation of two moles of acrylonitrile and one mole of malonic
ester in the presence of Triton B; malonamide reacts equally well to
give an analogous product.®”

Of the monoalkylated diethyl malonates, ethyl, n-butyl, benzyl,? and
cyclopentyl 10 have been studied, and they react smoothly with one
mole of acrylonitrile, sodium alkoxide or Triton B being used as catalyst.
All the products have the formula RC(CH,CHCN) (CO2R)s.

Ethyl cyanoacetate and two moles of acrylonitrile give with Triton B
essentially a quantitative yield of y-carbethoxy-y-cyanopimelonitrile,
CoH50,CC(CN)(CHy;CH3CN)2.37  Sodium, sodium hydroxide, and
cyclohexylamine have also been used as catalysts in this reaction.'
Cyanoacetamide and acrylonitrile with Triton B give a 709, yield of
NCC(CONH;) (CHCH,CN),.57

Cyanoethylation of Arylacetonitriles (Table XII)

Benzyl cyanide and substituted benzyl cyanides, ArCH,CN, react
vigorously with acrylonitrile if traces of strong bases are present. It
is usually difficult to isolate the mono-cyanoethylation products in good
vield, but the di-cyanoethylation products are obtained in excellent yields.

19 Lochte, Thomas, and Truitt, J. Am. Chem. Soc., 66, 551 (1944).
120 Koelscly, J. Am. Chem. Soc., 65, 2458 (1943).
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The reaction resembles that which takes place with certain aryl sulfones
and related compounds described in the section on sulfones (p. 98).

Benzyl cyanide and acrylonitrile in equimolar proportions with sodium
cthoxide as a catalyst give a 20-33% yield of a-phenylglutaronitrile,
CeHsCH(CH,CH,CN)CN.2 A solution of benzyl cyanide in tert-butyl
alcohol with a little potassium hydroxide as a catalyst rapidly takes up
two moles of acrylonitrile to form y-cyano-y-phenylpimelonitrile in 949
yield.# 21 With sodium as a catalyst, a 78.59, yield is reported.®

p-Nitrobenzyl cyanide in dioxane solution with Triton B catalyst
gives a2 919, yield of y-cyano-y-(p-nitrobenzyl)pimelonitrile.¥ p-Chloro-
benzyl cyanide, p-isopropylbenzyl cyanide, and «-naphthylacetonitrile
have also been di-cyanoethylated in good yield.!??

Cyanoethylation of a,B-Unsaturated Nitriles (Table XII)

Crotononitrilereacts with acrylonitrilein the presence of basic catalysts,
in particular Triton B, to give two products, a-ethylidene glutaronitrile
and y-cyano-y-vinylpimelonitrile.?»1%# The same products are obtained
from allyl cyanide and acrylonitrile with Triton B. a-Ethylidene-
glutaronitrile is converted to y-cyano-y-vinylpimelonitrile by means of
acrylonitrile and catalyst. The exact mechanism for the formation of
these two products is not clear though the presumption is that allyl
cyanide, which is desmotropic with crotononitrile, is probably the form
which reacts with the acrylonitrile. The sequence of reactions may be
formulated in the following way.
CH,CH=—CHCN = CH,—=CHCH,CN 2N,

[ CHgCHgCNZI CH,CH.CN

CHy;=CHCN

| |
CH=CHCHCN > CHy=CHCCN

CH,CH,CN
CH,CH.CN

|
CH,CH=CCN

The «,8-unsaturated nitrile represents the stable form after mono-
cyanoethylation; the S8,y-unsaturated nitrile is the only possible form
for the di-cyanoethylated derivatives.®® The reaction resembles that
of mesityl oxide described in the ketone section (p. 102).

121 Hester and Bruson, U. S. pat. 2,305,529 [C.A., 37, 3206 (1943)].

122 Rubin and Wishinsky, J. Am. Chem. Soc., 68, 828 (1946),
12 Bruson, U. 8. pat. 2,352,515 [C.A., 38, 5622 (1044)].



CYANOETHYLATION 107

B-Methylerotononitrile, (CH;);C=CHCN, and methallyl cyanide,
CH,=C(CH;)CH,CN, react in a similar manner to yield (CH;),C=C-
(CH,CH,CN)CN and CHy=C(CH;3)C(CH,CH,CN),CN.3 Another
example of a similar rearrangement is that which takes place upon
reaction of cyclohexylideneacetonitrile and acrylonitrile to give a,a-di-
(2-cyanoethyl)cyclohexenylacetonitrile 1%

CH.CH, CH,CH, CH;CH,ON
7 VAN
CH, C=CHCN — CH, C—CON
N L N7 |
CH,CH, CH;CH  CH,CH,CN

Cyanoethylation of Cyclic Dienes (Table XIII)

Cyclopentadiene reacts with acrylonitrile in the absence of a catalyst
to form a 1,4-adduct of the Diels-Alder type.* In the presence of Triton

CH=CH CH—CH—CH,
[ SCH; + CH=~CHCN — [
CH=CH CH,

|
CH—CH—CHCON

B, however, the Diels-Alder addition is completely repressed and all six
hydrogen atoms in cyclopentadiene react to give a crystalline hexa-
cyanoethylation derivative, accompanied by a mixture of lower poly-
cyanoethylation products.’

NCH;CH,CC——CCH,CH,CN
NCH,CH,CC CCH,CH,CN
N/

C
RN
NCCH,CH, CH,CH,CN

The fulvenes behave in a similar manner.”?* No Diels-Alder reaction
occurs in the presence of Triton B when dimethylfulvene and acrylo-
nitrile react. Only cyanoethylation products are formed.

Acrylonitrile and w,w-dimethylbenzofulvene with Triton B yield a
crystalline mono-cyanoethylation product whose structure is uncertain.

‘ CH,CH.CN ‘
7w (]
CH,CH,CN

o C
YN s
CH, o, H.C” “CH,

124 Brugon, J. Am. Chem. Soc., 64, 2457 (1042).
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Indene with acrylonitrile and Triton B as catalyst yields primarily a
crystalline iris(2-cyanoethyl)indene even when equimolar quantities of
reactants are employed. A small amount of di-cyanocethylation product
may be isolated. With three mole equivalents of acrylonitrile the yield
of primary product is over 909,.2% Fluorene and anthrone with acrylo-

@E—j @jj ©:—JCH20H20N

NCCHzCHz CHzCHzCN NCCHzCHz CHzCHzCN

nitrile and Triton B give exclusively di-cyanoethylation products in
75-809, yields.2428 The reactions of indene, fluorene, and anthrone

L

~
NCCH,0H,  CH,CH,CN NCCH;CHz “CH,CH.ON

with acrylonitrile take place at room temperature with evolution of
heat. In order to prevent excessive polymerization of the acrylonitrile
and to allow cyanoethylation to go to completion, the use of inert
solvents such as Zert-butyl alcohol or dioxane, which dissolve the solid
methylene compounds and moderate the reaclion, is helpful.

EXTENSION OF THE REACTION TO HIGHER HOMOLOGS OF ACRYLO-
NITRILE

Substituted acrylonitriles such as e-methylacrylonitrile and crotono-
nitrile react less readily than acrylonitrile with the various classes of
compounds considered in the preceding scetion of this chapter. It has
not been possible to add aldehydes or ketones to a-methylacrylonitrile,
although strongly basic amines such as piperidine do add toit.32 Alcohols
add to a-methylacrylonitrile, but the yields of alkoxy nitriles resulting
are much lower than in the comparable reactions with acrylonitrile.??
Crotononitrile is much more reactive than a-methylacrylonitrile. Alco-
hols,’*® amines, and nitroparaffins 3 add readily to crotononitrile, and
fluorene can be added to it.**¥

B-Vinylacrylonitrile reacts readily with nitroparaffins, malonic ester,
and highly enolized ketones such as acetoacetic ester under conditions
similar to those used for cyanoethylation to yield addition products

1% Bruson, U. 8. pat. 2,280,058 [C.4., 36, 5188 (1942)].

126 Bruylants, Bull. soc. chim. Belg., 31, 225 (1922 [C.A., 17, 1427 (1923)].
7 Bruson, U. S. pat. 2,301,518 [C.A., 37, 2101 (1943)].
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containing the —CH;CH=CHCH,CN group in place of one or more of
the reactive hydrogen atoms.?8

EXPERIMENTAL CONDITIONS AND PROCEDURES

Acrylonitrile boils at 78° and is soluble in water to the extent of
about 7.83%, at 20°. Its vapor is toxic, and it should therefore be
handled with due caution, preferably in a well-ventilated room or in a
hood. Many cyanoethylation reactions are slow in starting and become
strongly exothermic rather suddenly. It is advisable therefore to pro-
vide a cooling bath of ice water and to add the acrylonitrile dropwise
with stirring to the other component advantageously in the presence
of an inert solvent. Most cyanoethylation products are soluble in
ethylene dichloride, and this solvent can be used to extract them from
the reaction mixture or from any polyacrylonitrile that may be formed.

Ethylamine and Acrylonitrile; Preparation of B-Ethylaminopropio-
nitrile and bis(2-Cyanoethyl)ethylamine.? One hundred and six grams
(2 moles) of acrylonitrile is added to 200 g. (3 moles) of a 709, aqueous
solution of ethylamine over a period of two hours while the temperature
is kept below 30°. The reaction mixture is stirred at room temperature
for five hours and finally heated on the steam bath for one hour. After
the reaction mixture has stood overnight, the water is removed by
adding 50 g. of anhydrous potassium carbonate and separating the
aqueous layer. Distillation at 92-95°/30 mm. gives 177 g. (909%) of
p-ethylaminopropionitrile.

When 130 g. (2 moles) of 709, ethylamine solution is added to 250 g.
(4.7 moles) of acrylonitrile and the warm mixture heated on the steam
bath for two hours and worked up as indicated above, 180.5 g. (609%)
of bis(2-cyanoethyl)ethylamine, b.p. 202-205°/30 mm., is obtained.

Carbazole and Acrylonitrile; Preparation of 9-(B-Cyanoethyl)carba-
zole.? An intimate mixture of 167 g. (1.0 mole) of carbazole and 250 ml.
(3.8 moles) of acrylonitrile is cooled in an ice bath, and 2 ml. of a 409
solution of benzyltrimethylammonium hydroxide (Triton B) is added
to the well-stirred mixture. Upon addition of the catalyst a vigorous
reaction ensues; the mixture warms up, and the pasty mass partially
solidifies. The mixture is heated on the steam bath for one hour, and
upon cooling a mass of crystals separates from the solution. These are
removed by filtration and combined with a second crop of crystals ob-
tained by concentrating the mother liquors. The yield is 188 g. (85.49,);
m.p. 155.5°,

128 Charlish, Davies, and Rose, J. Chem. Soc., 1948, 227, 232,
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p-Anisidine and Acrylonitrile; Preparation of B-(p-Anisidino)propio-
nitrile.? Equimolecular quantities of p-anisidine and acrylonitrile are
refluxed with acetic acid (25 ml. per mole) for twelve hours. The mixture
is dissolved in ether, washed successively with water and 5%, bicarbonate
solution, dried, and distilled. The yield of material boiling at 247°/0.7
mm. is 709,.

Butanol and Acrylonitrile; Preparation of B-n-Butoxypropionitrile.”
A mixture of 148 g. (2.0 moles) of n-butanol and 2 g. of 409, benzyltri-
methylammonium hydroxide (Triton B) is stirred under a reflux con-
denser while 106 g. (2 moles) of acrylonitrile is added at a rate such
that the temperature does not exceed 45°. The mixture is stirred an
hour after all the acrylonitrile has been added, made acidic with acetie
acid, and fractionated in vacuum through a jacketed Vigreux column.
The product boils at 98°/20 mm.; yield, 219 g. (869,).

Ethylene Cyanohydrin and Acrylonitrile; Preparation of bis-2~
Cyanoethyl Ether.% To a stirred mixture of 710 g. (10 moles) of ethylene
cyanohydrin and 25 g. of 209, aqueous potassium hydroxide, 530 g.
(10 moles) of acrylonitrile is added dropwise during the course of two
and three-quarters hours while the reaction temperature is maintained
at 40°. The mixture is stirred for eighteen hours at room temperature.
It is then neutralized with dilute hydrochloric acid and evaporated to
dryness in vacuum (30 mm.) on a steam bath. The residual oil, which
weighs 1197 g., is distilled in vacuum to give 1126 g. (919;) of the
product as a colorless liquid boiling at 155-165°/3 mm.

Formaldehyde, fert-Butyl Alcohol, and Acrylonitrile; Preparation of
fert-Butyl 2-Cyanoethyl Formal.®® To a rapidly stirred suspension of
30 g. (1.0 mole) of paraformaldehyde, 100 g. of tert-butyl aleohol, and
5 g. of 309, methanolic potassium hydroxide, 53 g. (1.0 mole) of acrylo-
nitrile is added dropwise during thirty minutes. The temperature rises
spontaneously from 25° to about 45°, and the paraformaldehyde goes
into solution. The mixture is stirred and heated for an hour and a half
at 35-40° to complete the reaction. It is then filtered to remove a small
amount of undissolved paraformaldehyde, and the filtrate is washed
several times with water until it is no longer alkaline to litmus. The
washed oil is then distilled in vacuum to yield 63 g. (409%) of the formal,
(CH;)3COCHo0OCHoCH,CN, which boils at 100-102°/10 mm.

B-Naphthol and Acrylonitrile; Preparation of 1-(2-Cyanoethyl)-2-
hydroxynaphthalene.”™ A mixture of 55 ml. of benzene, 29 g. (0.2 mole)
of B-naphthol, 9 g. of sodium hydroxide pellets, and 12 g. (0.22 mole) of
acrylonitrile is heated on a steam bath under a reflux condenser for two
hours. Then 100 ml. of cold water is added and the mixture stirred
until all the alkali has dissolved. The aqueous layer is separated and
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acidified with acetic acid to yield 37 g. (939,) of product which, after
recrystallization from ethanol, melts at 142°.

Sodium Sulfide and Acrylonitrile; Preparation of bis-2-Cyanoethyl
Sulfide.”® To a stirred solution of 480 g. (2.0 moles) of sodium sulfide
nonahydrate and 400 g. of water, 212 g. (4.0 moles) of acrylonitrile is
added dropwise while cooling to 12-20°. After the addition, which
requires about one and one-quarter hours, the mixture is stirred at room
temperature for four hours. The product usually crystallizes, especially
if seeded and cooled. If it does not crystallize, the oil is taken up in
benzene, washed with water, and dried in vacuum at 95°. The 247 g.
of residual oil upon distillation in vacuum yields 240 g. (86%) of product
boiling at 160-170°/0.5-1 mm. which crystallizes on cooling.

Hydrogen Cyanide and Acrylonitrile; Preparation of Succinonitrile.®
A mixture of 300 g. (5.7 moles) of acrylonitrile and 3 g. of potassium
cyanide is stirred under a good reflux condenser with 50 g. (1.9 moles)
of liquid hydrogen cyanide. After the mixture has been warmed to
35° for a short time the reaction becomes exothermic and is held at
55-60° by cooling. When the reaction slows down, 105 g. (3.9 moles)
of hydrogen cyanide is added dropwise. The reaction is completed by
warming for two hours at 60-70°. The product is distilled directly in
vacuum to give 424 g. (939) of succinonitrile, b.p. 158-160°/20 mm.

Benzyl Phenyl Sulfone and Acrylonmitrile; Preparation of 3-(3-
Phenyl-1,5-dicyano)amyl Phenyl Sulfone.% To a stirred solution of 5.8 g.
(0.025 mole) of benzyl phenyl sulfone, C¢HzCH,SO,C¢Hjs, 40 g. of
acetonitrile, and 0.5 g. of Triton B at 32-38°, there is added 2.7 g. (0.05
mole) of acrylonitrile. The mixture is then stirred for eighteen hours
at room temperature and neutralized with dilute hydrochloric acid.
The produet is washed with water and dried in vacuum at 95°. The 5 g.
of residual oil crystallizes when mixed with ethanol and, after two
recrystallizations from ethanol, forms colorless crystals, m.p. 180°
(yield 559%).

Acetone and Acrylonitrile; Preparation of 1,1,1-fris(2-Cyanoethyl)-
acetone.l® To a stirred solution of 29 g. (0.5 mole) of acetone, 30 g. of
tert-butyl aleohol, and 2.5 g. of 309 ethanolic potassium hydroxide solu-
tion cooled to 0-5° a solution of 80 g. (1.5 moles) of acrylonitrile and
37 g. of tert-butyl aleohol is added dropwise during the course of one
and a half hours while the reaction temperature is maintained at 0-5°.
The mixture is then stirred for two hours at 5°, and the crystalline prod-
uct is filtered with suction. The yield is 84 g. (79.59%,), and the product
melts at 154° after crystallization from hot water.

Methyl Acetoacetate and Acrylonitrile; Preparation of Methyl a,a-
Di(2-cyanoethyl)acetoacetate.!® To a solution of 58 g. (0.5 mole) of
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methyl acetoacetate, 100 g. of dioxane, and 7 g. of Triton B there is
gradually added 53 g. (1.0 mole) of acrylonitrile at 30-40°. After stirring
for one to three hours the crystalline product is filtered. The yield is
55 g. (509,), and the product melts at 154° after crystallization from
acetone.

2-Ethylbutyraldehyde and Acrylonitrile; Preparation of 2-(2-Cyano-
ethyl)-2-ethylbutyraldehyde.”* To g stirred solution of 700 g. (7 moles)
of freshly distilled 2-ethylbutyraldehyde and 20 g. of 509, aqueous
potassium hydroxide solution, 408 g. (7.7 moles) of acrylonitrile is added
dropwise during two hours at 55-58°. The mixture is stirred for ninety
minutes longer, until the exothermic reaction has ceased, and finally is
heated for one hour at 55° to complete the reaction. The product is
acidified to congo red with dilute hydrochloric acid, washed twice with
water, and dried under reduced pressure at 90°; the 1018 g. of residual
oil is distilled in vacuum in a current of nitrogen. The product distils
at 115-125°/4-6 mm. as a colorless oil. The yield is 821 g. (76.69).

Ethyl Malonate and Acrylonitrile; Preparation of vy,y-Dicarbethoxy-
pimelonitrile.¥” To a stirred solution of 80 g. (0.5 mole) of ethyl malo-
nate, 100 g. of dioxane, and 10 g. of Triton B, 53 g. (1 mole) of acrylo-
nitrile is added dropwise during forty minutes while the reaction mixture
is being cooled to 30-35°. The mixture is stirred for two hours at room
temperature; then it is neutralized with dilute hydrochloric acid and
poured into 1 1. of ice water. The product separates as an oil which
rapidly solidifies to a white crystalline mass. The yield is 110 g. (82.79%,),
and the melting point is 62° afier crystallization [rom ethanol.

Benzyl Cyanide and Acrylonitrile; Preparation of y-Cyano-y-phenyl-
pimelonitrile.¥” A solution of 10.6 g. (0.2 mole) of acrylonitrile in 10 g.
of tert-butyl alecohol is added dropwise to a stirred solution of 11.7 g.
(0.1 mole) of benzyl eyanide, 25 g. of tert-butyl aleohol, and 1 g. of 309,
of methanolic potassium hydroxide solution at 10-25°. The mixture is
stirred for two hours at 10-25°, then neutralized with dilute hydrochloric
acid and diluted with 25 ml. of ethanol to aid filtration of the crystalline
product. The yield is 21 g. (949,). The melting point is 70° after
crystallization from ethanol.

Fluorene and Acrylonitrile; Preparation of bis-9,9-(2-Cyanoethyl)-
fluorene.** During one hour, 111.3 g. (2.1 moles) of acrylonitrile is
added dropwise to a rapidly stirred solution of 166 g. (1.0 mole) of
fluorene, 500 g. of dioxane, and 5 g. of Triton B, while the reaction
temperature is maintained at 30-40° by ocecasional cooling with ice
water. The solution is then stirred for three to six hours at room temper-
ature to complete the reaction. At the end of this time, the dark brown
solution is neutralized with dilute hydrochloric acid, and, without
interruption of the stirring, 800 ml of water is added to precipitate the
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product in granular form. The filtered and air-dried product weighs
250 g. Upon recrystallization from 500 ml. of ethanol, the product
separates as faintly yellow crystals, m.p. 118-119°. The yield is 201 g.
(749,). One more recrystallization from ethanol, using Norit, gives
the pure compound as white needles, m.p. 121°,

TABLES OF CYANOETHYLATION REACTIONS

The following tables include the examples of cyanoethylation reactions
described in the literature covered by Chemical Abstracts through 1947.
A few articles that appeared in 1948 have been included. Attention is
called to the fact that patents sometimes contain reports of cyanoethyl-
ation reactions but do not give the properties of the products. Products
whose physical properties have not been reported are not included in
the tables.

TABL} I

CYANOETHYLATION 0¥ ANMMONIA

Ratio of Moles Yields of Products
of Aminonia Temp. Time Refer-
.l:(;llell(i:rﬁi ¢ . HoNCHCON | 1IN(CHCN)z | N(CHCNyy | T
% % %
20 * 30-33 24 39 39 — 5
15 * 30-33 24 36 40 — 5
10 * 30-33 24 35.6 53 — 5
7.5% 30-33 24 32.6 54.5 — 5
5* 30-33 24 23 58.6 —_ 5
2% 30-33 24 9 67.6 —_ 5
1%* 30-33 3 — 85 — 32
0.55 % 30-33 24 0 87.2 — 5
0.5 % 30-33 24 0 85 — 5
0.53 * 30 —_ 1.7 88.5 6.0 3
0.56 * 30 —_ 5.8 83.5 1.0 3
5.9 % 30 — 23.9 H58.0 3.3 3
7.5¢ 30-33 24 30 57 -- Bl
57 30-33 24 19 — —_ ]
7.5% 30-33 24 26 66 — H
1.25 § 90 0.5 12.5 75 — 1
83§ 40 — 22 64 — 2
7.5 — 24 38.3 53.2 — 5
5 — 24 34.4 58.5 — 5
4 — 24 35.5 57.8 — 5
3 — 24 33.2 61 — 5
2 — 24 24.6 68.6 — 5
3-10 * 110 2-5 min. 60-80 18 — 4

* 28-30%, aqueous NHj.
T 22% aqueous NIH3.
146% nqueous NI3.
§ Lignid NBLy in senled tubo.

|| 28 314 nquaons N1(g mmder pressure and ne cooling.



TABLE II

CYANOETHYLATION OF PRIMARY AMINES

Ratio of Moles

of Amine to | Temp. | Time Product Yield | Refer-
Moles of °C. Hr. % ence
Acrylonitrile
Hydrazine * 1 Cooling | — H,NNHCH,CH,CN 90 1
Hydroxylamine hydrochloride § 0.7 30 2 HONHCH.CHCN 100 1
Methylamine 1.2 Cooling | 24 CH3NHCH,CHyCN 78 9
Methylamine 1 1.1 80 | 6 |CHZN(CHCH:CN): — 9
Methylamine * 1.5 - <30 24 CH3NHCHCH,CN 71 10
Ethylamine § 1.5 Cooling | 5| | CoH;NHCH,CH,CN 90.4 2
Ethylamine § 0.42 Boiling | 2 CoH; N(CHCH2CN)2 60 2
Ethylamine * 1.5 <30 24 CyH;NHCH,CH.CN 84 10
n-Propylamine 1.5 <30 | 5] |n-CsH;NHCH,CH,CN 92 10
Isopropylamine 1.5 <30 {24 150-CsHyNHCH,CH,CN 95 11
n-Butylamine 1 10-30 1 n-C HyNHCH,CH,CN 100 1
n-Butylamine 1.5 <30 5[ [n-CiHoNHCH;CHCN 98 10
sec-Butylamine 1.5 <30 5] |sec-CsHNHCHCH.CN 83 10
teri-Butylamine 1.5 <30 5] |tert-C,HNHCHCHoCN 56 10
n-Amylamine 1 50 | — n-CgHy NHCH,CH.CN 88 14
Cyclohexylanﬁne 1 Reflux 1 CeHuNHCHzCHzCN 80 1
Cyeclohexylamine 1.5 <30 | 5] |CeHNHCH,CH,ON 92 10
Benzylamine 1 — | — CeH;CH:NHCH,CH,CN 73 15
p-Anisidine 1 Reflux | 12 CH;0CHNHCH,CH,CN 70 23

41!
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Ethanolamine — —
Ethanolamine 1 Cooling
v-Diethylaminopropylamine 1 50
v-Diethylaminopropylamine
Morpholincethylamine — —
Morpholinopropylamine — —
8-(3-Aminopropylamino)-6-methoxy- 1 25
quinoline
1-Naphthylamine 0.5 160

16

HOCH;CHN(CH2CHoCN),
HOCH,CH,NHCH.CH.CN
(CoH;5):NCH;CH,CH, NHCH2CHCN
(CoH;)sNCHyCH,CHoN(CH;CHCN)o
OCHgNCH,CH:NHCH;CHyCN
OCHsNCH,CH,CH,NHCH2CHCN
8-[3-(2’-Cyanoethylamino)-propylaminol-6-
methoxyquinoline
N-(8-Cyanoethyl)-1-naphthylamine

100
79.4

81.5
76

ﬁl\’)l\’)l\’)l\’)gl\’)

* In aqueous solution.

1 In methanol.

1 In sealed tube.

§ A 70% agueous solution.

|| With later heating on the steam bath.

9 In glacial acetic acid as catalyst.

#* Allowed to stand forty-eight hours at room temperature after heating.

NOILVIAHILHONVAD
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TABLE III

CYANOETHYLATION OF SECONDARY AMINES

Amine Tezgp. TIl{l; I.C Product, Y:;;d Reference
Diethyl- 50 24 ¥ (CoH;)eNCH,CHCN 97 2
Diethyl- Reflux 81 (CoHz5)eNCH,CH.CN 74 2
Diethyl— Reflux 0.51 (CoH;5)eNCH;CH,CN a3 2
Diethanol- 60 — (HOCHCH,)e NCH,CH,CN 100 19
Diethanol- 30 8 (HOCH2CH,)s N CH,CHCN 94 2
N-Ethyl-ethanol- 50 24 (CoH;)(HOCH,CH) NCH,CH.CN 72 14
Methyl-n-propyl- 95 24 (CHg)(n-C3Hy7) NCHoCH,CN 93 16
Methylisopropyl- § 95 24 (CHs)(is0-C3H7) NCHyCHoCN 76 16
Methylisobutyl- § 95 24 (CH3)(is0-C4Hg) NCH2CH,CN 78 16
Methyl-n-butyl- § 95 24 (CH3)(n~-C4Hg)NCHCH CN 83 16
Methyl-sec-butyl- § 95 21 (CH3)(sec-C4Hg) NCHCH,CN 87 16
Ethylisopropyl- 95 2% (CoHj5)(zs0-CsH7) NCHoCHCN 31 16
Isopropyl-n-propyl- § 95 24 (n-CsHy) (4s0-C3H7) NCH;CHCN 80 16
Di-n-propyl- 50 24 * (n-C3Hy)e NCH.CH2CN 88 2,14
Diisopropyl- 50 24 % (iso-C3Hy)e NCH2CH,CN 12 14
Methyl-2-pentyl- § 95 24 (CH3)(CsH,) NCH,CH;CN 89 16
Methyl-3-pentyl- § 95 24 (CH3)(Cs;H;pNCHCH,CN 81 16
Ethyl-isobutyl- § 95 24 (CoH5)(¢s0-CHg) NCH;CH.CN 56 16
Methyl-2-(3-methylbutyl)- § 95 24 (CH3)(C;H1)NCHCHCN 66 16
Methyl-4-(2-methylpentyl)-§ 95 24 (CH3)(CeH13) NCHoCH.CN 92 16
n-Butyl-n-propyl- § 95 24 (C4Hg)(C3H)NCH,CH,CN 61 16

w1
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sec-Butyl-n-propyl-
Isobutyl-n-propyl- §
4-Heptyl-methyl- §
Di-n-butyl-

Diisobutyl-
n-Butyl-sec-butyl-
Di-n-amyl-
Di-n-hexyl-
Di-n-octyl-
Di-2-ethylhexyl-
Di-2-ethylhexyl-
Di-(y-diethylaminopropyl)-
~y-Diethylaminopropyl-
Benzyl-methyl-
Cyclopentyl-methyl- §
Cyclohexyl-methyl- §
Cyclopentyl-ethyl-
Cyclopentyl-n-butyl- §
N-Methylaniline T
N-Methylaniline **

95
95
95
75
50
50
50
95
50
50
100
100
100 ||
50
95
95
95
95
180
Reflux

24
24
24

24 *
24 *
24 *
24
24
24 *
100 *
100 *

24 *
24 %

o
~

24
24
24

4
12

(sec-CyHg)(CsH7) NCHoCH,CN
(iso—C4H9) (C3H7) NCHgCHzCN
(C7H15)(CHg)NCHCH,CN
(n-C4Hg)eNCHCHCN
(n-C4Hg)sNCHyCH,CN
(n-C4Hg)oNCH,CH,CN
(Z'SO-C4H9)2X CHzCHzCN
(n-CiHg)(sec-C4H) NCHoCHoCN
(’IL-C5H11) 2N CHzCHzCN
(n—CGng)gNCchHch
(n-CgH;7)9eNCHCHoCN
(CsHi7)eNCHyCH,CN
(CsHy7)oNCH,CH,CN
[(CoH5)sNCHyCHCHolo NCHoCHoCN
(CoH3)eNCHCH,CH;NHCH,CHCN
CeH,CHN(CH3)CH,CH,CN
(CsHg)(CH3) NCHCH:CN
(CeH3)(CH) NCH,CH,CN
(CsHoH(CoHy)NCH,CHCN
(CsHog)(n-C1Hg) NCHoCHCN
06H5.LT(CH3) CHzCHzCN
CeH;N(CH3)CH;CH,CN

34
49
65
64
91
96

51

90
85
80
65
77
78

79.4

93
96
61
48
68
25
Good

16
16
16

14
16
2,13

14
14

15
16
16
16
16

22

* Allowed to stand forty-eight hours at room temperature afterlheating.

1 Distilled immediately after heating.

I Allowed to stand in refrigerator twenty-four hours after refluxing.

§ With benzyltrimethyl ammonium hydroxide catalyst (Triton B).

|| With trace of Cu bronze.
9 Hydrated copper sulfate catalyst.
*¥ In glacial acetic acid as catalyst.
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TABLE IV

CYANOETHYLATION OF SECONDARY HETEROCYCLIC AMINES

Amine Tigp. THH?. ¢ Product Yzld Reference
2,2-Dimethylethyleneimine Reflux 34 (CHjz)C NCH,CH,CN 66 18
CH,
Morpholine 50 24 * N-(8-Cyanoethyl)morpholine 95 2,13
Piperazine — 20 bis-N,N’~(8-Cyanoethyl)piperazine — 20, 21
Pyrrole Reflux 5 N-(p-Cyanoethyl)pyrrole 44 20
Pyrrole 40 § 1 N<(g-Cyanoethyl) pyrrole 80 || 27
Pyrrole — — N-(8-Cyanoethyl) pyrrole 86 17
Pyrrolidine — — N-(B-Cyanoethyl)pyrrolidine 81 17
Piperidine 8-20 16 N-(8-Cyanoethyl)piperidine 92 2, 20
2-Methylpiperidine — — N-(8-Cyanoethyl)-2-methylpiperidine 99 17
3-Methylpiperidine — — N-(8-Cyanocethyl)-3-methylpiperidine 97 17
4-Methylpiperidine — — N-(8-Cyanocethyl)-4-methylpiperidine 87 17
2,3-Dimethylpiperidine § — — N-(8-Cyanoethyl)-2,3-dimethylpiperidine 99 17
2,4-Dimethylpiperidine § — — N-(8-Cyanoethyl)-2,4-dimethylpiperidine 68 17
2,6-Dimethylpiperidine § — — N-(g-Cyanoethyl)-2,6-dimethylpiperidine 82 17
Morpholinoethylamine — — B-(Morpholinoethylamino)propionitrile 81.5 2
Morpholinopropylamine — — B-(Morpholinopropylamino)propionitrile 76 2
Perimidine t Reflux 1.5 N-(8-Cyanoethyl)perimidine — 20
Isatin § 30 48| N-(8-Cyanoethyl)isatin 50 26
Indole t 120-30 7 5 1-(8-Cyanoethyl)indole 77 20
2-Methylindole 130 T 12-13 | 1(B-Cyanoethyl)-2-methylindole 74 20

81T
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2,3-Dimethylindole 1
5-Methoxy-2,3-dimethylindole

2-Phenylindole
2-Phenylindole }
2-Methylindoline **
Benzimidazole 1
Indole-3-aldehyde
2-Methylindole-3-aldehyde 1
2-Phenylindole-3-aldehyde
Tetrahydroquinoline **
Decahydroquinoline t
Carbazole

Carbazole §
1,2,3,4,10,11-Hexahydrocarbazole **

108-125
200
75

0-100
130

24 § &k
1-2

15
21t

12

1-(8-Cyanoethyl)-2,3-dimethylindole
1-(8-Cyanoethyl)-2,3-dimethyl-
5-methoxyindole
1-(8-Cyanoethyl)-2-phenylindole
1-(-Cyanoethyl)-2-phenylindole
N-(8-Cyanoethyl)-2-methylindoline
1-(8-Cyanoethyl)benzimidazole
1<(p-Cyanoethyl)indole-3-aldehyde
1-(8-Cyanoethyl)-2-methylindole-3-aldehyde
1-(8-Cyanoethyl)-2-phenylindole-3-aldehyde
N-(8-Cyanoethyl}tetrahydroquinoline
N-(8-Cyanoethyl)decahydroquinoline
N-(8-Cyanoethyl)carbazole
N-(8-Cyanoethyl)carbazole
N-(8-Cyanoethyl)hexahydrocarbazole

82

100
100
93
70

90
75.5
60
75
85.4
Good

20
20

27
20
22

27
27
27
2, 92
20

22

* Allowed to stand forty-eight hours at room temperature after heating.

T With sodium ethoxide catalyst.

1 In dioxane.

§ With Triton B catalyst.

|| In ethanol.

9 In sealed tube,

*% 1n glacial acetic acid as catalyst.
7T In pyridine,
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CYANOETHYLATION OF AMIDES,

TABLE V

Ivmoes, LacTaMs, AND SULFONAMIDES

Compound Catalyst Product Y};nld lzfgé

Formamide Na HCONHCH,CH,CN — | 28,30

Formamide NaOQH HCON(CH,CH,CN)2 — 28, 29
Acetamide NaOH | CH;CONHCH,CH,CN — 30
Acetamide Triton B | CH;CON(CH,CH;CN)2 72 38
N-n-Propylformamide NaOQH HCON(C3H;) CHCH,CN — 30
N-n-Butylformamide NaOH | HCON(C4Ho)CHyCH,CN — 30
\T n—Hexylformanﬁde NaOH HCON(CgH,3)CH,CH;CN — 30
Cyclohexylformamide NaOH HCON(CgHy1) CH,CH;CN — 30
Phenylformamide NaOH | HCON(CgH;)CHyCH,CN — 30

N -Methylacetamide NaOH | CH;COXN(CH;)CH,CH.CN — 1 30,31

N-Methylpropionamide NaOH | CH;CHyCON(CH;5)CHoCHoCN — [ 30,31
Benzamide NaOH | CeH;CONHCH,CH,CN — 31
Acetanilide NaOH | CH;CON(CeH5)CH,CH,CN — 31

Crotonamide Triton B | CH;CH=CHCON(CHyCH.CN)2 — 32, 33
N,N’-Dimethyladipamide NaOH | NCCH,CHy(CHg5) NCO(CHy)4CON(CH3)CH,CH,CN — 31
Suceinimide NaOH N-(8-Cyanoethyl)succinimide — 30
Phthalimide Triton B | N-(8-Cyanoethyl)phthalimide 100 34
a-Pyrrolidone NaOH N-(8-Cyanoethyl)pyrrolidone — 31

w-Caprolactam NaOH N-(8-Cyanoethyl)caprolactam — 30, 31
2—Pyr1done NaOH | N-(8-Cyanoethyl)pyridone 95 35
Propanesulfomethylamide NaOH CH3;CH,CH,SO,N(CH3) CHyCH,CN 95 30
Butanesulfonamide Triton B | CH3CH,CH,CH,SONHCH,CH,CN 51 38
Butanesulfonamide Triton B | CH;CH,CH,CHoSO.N(CHoCHRCN), 55 38

Benzylsulfonamide Triton B | CeH;CHoSO,N(CHCH2CN)e 90 36, 37
Benzenesulfonamide NaOH CsHzSO,N(CH,CHyCN)o — 30
NaOH CI%CO\THCGH,;SOgN(CHg)CHgCHgCN — 30

p-Acetylaminobenzenesulfonyl-N-methylamide

C21
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TABLE VI

CYANOETHYLATION 0F MONOHYDRIC AND POLYHYDRIC ALCOHOLS

Aleohol Catalyst Tiagp. TIIIT © Product Y}%ld I?i?:
Methanol Triton B or CH;ONza — — CH30CH,CH,CXN 89 44
Aethanol CH3ONa 30-35 1.5 “ — 41
Methanol 29, NaOH solution — — ¢ 90 48
Ethanol 2%, NaOH solution — CoH;OCH,CH,CN 90 48
Ethanol NaOH 35-70 0.25 “ — 41
Ethanol NaOCH; or Triton B — “ 78 44
Ethanol NaOCH; 30-35 — ¢ 89 42
2-Propanol NaOH 60-80 1 280-CsHAOCH,CH,CN — 41
2-Propanol NaQOCHj or Triton B — — “ 69 44
2-Propanol KOH — — ¢ 85 48
1-Butanol KOH — — n-C4HeOCH,CHCN 88 48
1-Butanol Triton B 2545 2 “ 86 44
1-Butanol Na, 40 — “ — 43
1-Butanol Na 30-35 | 12 “ 82 41
tert-Butyl alcohol NaOQH 80 — tert-C4HgOCH,CH.CN — 41
1-Pentanol Na — — n-CsH1;OCHCH,CN 92 48
1-Pentanol Na 3540 16 “ 86 41
2-Fthyl-1-hexanol Na 30-35 — CsH;OCH,CH,CN — 41
2-Ethyl-1-hexanol Na — — “ 88 48
2-Ethyl-1-hexanol NaOQCH; 75 1 “ 77 44
1-Octanol Na — — n-CgH;7O0CH,CH.CN 80 48
1-Decanol Nag — — n-ClnglOCchHgCN 37 48
1-Dodecanol NaOCqoHjy 50 15 n-C12HosOCH2CH.CN — 41
1-Octadecanol NaQCH; 50-55 1 n-C1sH370CH,CH,CN — 41
Benzyl alcohol NaOCH; 75 — CeH;CH;OCHCH,CN 94 44
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TABLE VI—Coriinued

CYANOETHYLATION OF MONOHYDRIC AND POLYHYDRIC ALCOHOLS

Temp. | Time Yield | Refer-
Aleohol Catalyst oC. Hr. Product 7, ence
Cyclohexanol — — = CeH1;OCH,CH,.CN — 43
3,5-Dimethyleyclohexanol NaQCH; 75 — (CHg)eCeHeOCHoCH,CN 51 44
Ethylene glycol Na 40-50 | 3 NCCHCHyOCH,OCH2CH,CN — 41, 52
Ethylene glycol NaOCH; 2530 | 6 « 83 | 37,50
Propylene glycol NaOCH; 25-30 6 NCCH OCH,CH(CH3)OCH,CN 78 37, 50
Trimethylene glycol NaOCHj3 25-30 6.5 NCC:H4O(CHy)sOCH,CN 87 37, 50
2,3-Butylene glycol NaOCH; 20-25 6 NCCH,OCH(CH3)CH(CH3)OCH,CN 67 37, 50
1,3-Butylene glycol NaQCHj 25 7 NCCoH OCH,CH,CH(CHg)OCH,CN 68 37, 50
Pentamethylene glycol NaOQCH;3 25 6 NCCH4O(CHy)5s0C.H,CN 80 37, 50
Decamethylene glycol NaOCH; 25 6 NCCoH4O(CHg) 100C,HCN 80 37, 50
1,12-Dihydroxyoctadecane NaOCH; 4043 5.5 | CHy(CHy)sCH(CHy)10CH20C,H,CXN — 50
CoH,CN
(CH3):C(OH)CH,OH NaOCH; 25 5.5 | (CH3)yC(OH)CH;OCHCH,CN 71 50
(CH3),C(OH)CH,CHOHCH; NaOCH; 25 5.5 | (CH;):C(OH)CH:CH(CH3)OCH,CN 58 50
1,2-Cyclohexanediol NaOQCH; 25 7 CHy—CHOCHL.CN 60 50
Cﬁz CHOCH,CN
CH,—CH,
Glycerol NaOCH; 25 6 CHOCH,CN 7L 37, 50
HOCH,CN
Hy0CH,CN

Pentaerythritol Aqueous NaOH 40-50 | 7 C(CH;OCH,CH,CN), — 50
Mannitol Aqueous NaOH 40-50 5 Hexa-(B-cyanoethoxy)hexane — 50

2ol
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CYANOETHYLATION OF UNSATURATED ALCOHOLS AND ETHER ALCOHOLS

TABLE VII

Alcohol Catalyst Tiagp. THI? © Product Y:;ald Reference
Allyl — NaOH 45-60 3.5 | CHy=CHCHOCH;CH,;CN — 41
Allyl — NagO 15-25 7 “ — 49
Methallyl — NagO 15-25 7 CHy—=C(CH3)CHsOCHCH,CN 70 49
Vinyl dimethyl carbinol NaOCHj; 10-20 6 CHy=CHC(CH3):OCHCH:CN — 49
Ethynyl dimethyl carbinol NaOCH;3 17-25 7 HC=CC(CHj;):OCH.CH.CN 72 49
Geraniol NazO 25 7 Cy1oH170CH,CH,CN 60 49
Linalodl NagO 2528 7 C10H7OCHCHCN — 49
Citronellol NaOCH;3 25 7 C1oH;0CHCH,CN 77 49
Cinnamyl — NaOCHj 25 6.5 | CgHsCH=—CHCH;OCH;CH,CN 73 49
Oleyl — NayO 20-25 7 C13H3;0CH,CH,CN 45 49
Furfuryl — NaxO 20-30 8 B-(Furfuryloxy)propionitrile 67 49
CH- CH Na 25 0.5 ﬁH—ﬁH 40 56
&H @JCHgOCHgCHgOH CH CCHyOCH/ OCH,CH;CN
\O/ o
CH=—=CHCHOCH,CHOH NaOCH;3 18-20 2 CHy—=CHCHOCHOCH,CN 80 56
CH;=CHCH;OCH,;CHOHCH; | Na 15-25 1 CHy—CHCHOCH,CH(CH3)OC,H,CN 80 56
Tetrahydrofurfuryl — NaOCH; 75 — CH;—CH, 80 44
éHz (IJHCHgOCHgCHgCN
N
O
Tetrahydrofurfuryl — NagO 15-25 6 “ 4.5 46
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TABLE VII—Continued

CyYANOETHYLATION OF UNSATURATED ALcoHOLS AND ETHER ALCoOHOLS

Aleohol Catalyst T?g.p. Tge.a Product Y:;ald Reference
CH;OCH;CHOH NaOCoHjs 25 5 CH;0CH,;CH;OCH,CH;CN 74 46
CH3OCH 2CH;OH NaOCH; 75 — CH;OCH,CH;OCH,;CH,CN 87 44
CH;0CH,CH,0H NagsO 25 8 CoH;OCH,CH,OCH,CH,CN 75 46
n-C4HOCHCH,OH Triton B 30-45 1 n-CiHgOCH,CH;OCH,CH,CN 78 46
Ce¢H;OCH.CH,OH NaOCH; 25 18 CeH:OCH,CH,;OCH,CH,CN 75 46
C¢H;CH;OCH,CH,OH Triton B 25-30 4 CeH;CH,OCHCHOCH,CH,CN 76 46
p-tert-Amylphenoxyethanol Triton B 25 18 p-tert-CsH 13 CeHsOCoHOC,HL,CN 67 46
p-tert-Octylphenoxyethanol NaOCHj3 25-30 24 p-tert-CgH17CeH O CoH,OCHLCN 89 46
CH;0CH/OCH,CH,OH NaOCH; 25 7 CH3;0C,H,O0C.H,OCH,;CH,CN 63 46
n-CHyOCH OCH,CH,OH Nz2OCH, 25 8 n-CiHyOCHOC,HOCH,CH,CN 70 46
Glyceryl 1,3-dimethyl ether NaOCHj 25-35 6 (CH30CH)oCHOC,H,CN 80 46
Diethylene glycol 509 NaOH  |10-20 5 | NCCHLOCH0CHOCHCN 91 37, 50
HOCHCH,SCH,CH,OH NaOQC:Hj; 25 7 NCCoH,OCHSCHOCH,.CN 92 37, 50
Triethylene glycol NaOC,Hj 25 16 NCGC,H4(OCoHg)s0CH,CN 7 37, 50
Glyceryl a-methyl ether NaOCH; 25-30 6.5 | CH;OCH,CHOCH,CN 61 E0
H,0C.H,CN

Glyceryl a-butyl ether NaOCH;g 25-30 6.5 | CHOCH,CHOCH,CN 43 49
CH;0C,H,CN

Dipropylene glycol NaQOCH;3 25 17 bis(B-Cyanoethoxy)-2,2’-dipropyl ether 73 50

et
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TABLE VIII

CyaNoETHYLATION OF AvrcoHoLs ContamniNg Havocen, NirriLg, or OrrER FuncTional Groups

Aleohol Catalyst ngp. THIT © Product ¥ :;ald Reference
CICH,CH,OH 409, NaOH 40 10 CICH;CH;OCH;CH,CN — 65
FCH,CH,OH — — — FCH,CH,;OCH,CH,;CN — 66
CICH,CHyOCH,CH:0H NaQH 20-35 2 CICHCH,0C,H,OCHCH,CN 70 46
p-Chlorophenoxyethanol Triton B 2540 2 CIC¢HOCHL OCH,CH,CN 72 46
NCCH,CH;OH Na 40-45 3 NCCH;CHOCH:CH,CN — 41
NCCH;CHOH 209, KOH 25-40 18 NCCH;CH;OCH;CH,CN 01 37
NCCHCH;OH KCN 80 0.2 NCCH;CH,OCHCH,CN 75 62
NCCH0H (C4Hg)sN 80-90 0.75 | NCCH:OCH,CH:CN — 62
CH3;CHOHCN NaOH 90 0.5 CH3CH(CN)YOCHCH2CN — 62
(CoH5)eNCH,CH,0OH N20CH; 25 24 (CoH35)e NCH,CH,OCH,CH,CN 67 67
(CoH5)eNCH,CH,OH NaOCH3g 25 24 (Co5)eNCHoCHOCHCH,CN 80 2
(CoH;5)eNCHCH,CHOH NaOCHg 25 24 (CoH5)eNCH;CH,CHOCH,CN 75.4 2
(02H5)2NCHzCI’IzCHzCHOHCHg NaOCHg 25 24 (02H5)2L 7'(CHrz)?,CH:(CH::;\)OCzI‘L;CN' 66 2
N-(8-Hydroxyethyl)morpholine NaOCH; 25 18 CH,CH, 43 67

O/ \NCH2CH200H20H20N
CHgCég
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TABLE VIII—Continued

CyANOETHYLATION OF ALcoHoLs ConTaming HavogeEn, NiTrmz, or OTHER FuncTioNaL GroUPS

Temp. Time Yield
Aleohol Catalyst oC. Hr. Product 9 Reference
N-(8-Hydroxyethyl)di-2-ethyl-
hexylamine NaOCH; 55 1 (CsH 17)eNCHCHoOCH,CHoCN 47 67
CeH CeHs
>NCH20H20H NaOCH; 2% | 18 >NCH20H200H20H20N 66.5 67
CoHj CoHy
CH;,
NCH,;CHOHCH;OH NaOH aqueous 45 4 (CH3)eNCH,;CHOCH/CN 37 67
CH;, OCH,CH,CN
CH;z
NCHy;CHOHCHOH NaOCH;3 25 21 (CHz3)esNCH,CHOCH,CN 37 67
C 3 CH2002H4CN
Triethanolamine NaOCHj3 2040 16 N(CH;CHyOCHCH,CN)3 97 67
Triisopropanolamine KOC.H; 25 18 N[CH,CH(CH3)OCH;CH,CN13 — 67

931
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CyaNOETHYLATION oF PHENoOLS, OxmMES, HYDROGEN SULFIDE, MERCAPTANS, AND THIOPHENOLS

TABLE IX

Compound Catalyst T?cnj.P- THu?.e Product Y 197eold Ree;f(?:

Phenol N a 130—40 4—6 CGH5OCH20H20N —_— 70
Phenol Triton B Reflux 20 CsH;0CH,CH,CN 67.5 73
m-Chlorophenol Na 120-30 3 B-(3-Chlorophenoxy)propionitrile — 70
m-Methoxyphenol Triton B Reflux 20 B-(8-Methoxyphenoxy)propionitrile 76.5 73
Pyrocatechol Na 13040 3 B-(2-Hydroxyphenoxy)propionitrile — 70
Resorcinol Triton B Reflux 20 1,3-Di-(g-cyanoethoxy)benzene 40 73
Hydroquinone Na 120-30 5 1,4-Di-(8-cyanoethoxy)benzene — 70
Salicylaldehyde Triton B Reflux 30 2-(8-Cyanoethoxy)benzaldehyde 1.3 73
Salicylaldehyde Triton B Reflux 30 3-Cyano-1,2-benzopyran 1.3 73
Salicylaldehyde Triton B Reflux 30 3-Cyano-4-chromanol 2 73
B-Naphthol Na Reflux 3 B-(2-Naphthoxy)propionitrile — 70
B-Naphthol NaOH (excess) 90 2 2-Hydroxy-1-(2-cyanoethyl)naphthalene 94 71
B-Naphthol Triton B Reflux 18 B-(2-Naphthoxy)propionitrile 79.2 74
6-Bromo-2-naphthol Triton B Reflux 20 3-(6’-Bromo-2’-naphthoxy)propionitrile 10 73
Acetone oxime NaQOCHjg 25-50 12 (CHg)eC=NOCHCH,CN 61 37
Methyl ethyl ketoxime NaOCH; 25 18

C=NOCH;CH;CN 71 37

CoHp

Methyl n-hexyl ketoxime NaOCH; 25-30 20 CHN

C=NOCHCH.CN 82 75

CGH13/
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CyanoETHYLATION OF PEENOLS, OXiMes, HYyprROGEN SULFIDE, MERCAPTANS, AND THIOPHENOLS

TABLE IX—Continued

Temp. | Time Yield Refer-
Compound Catalyst °C Hr. Product % ence
Acetophenone oxime Triton B 40-50 2 CeH 5
—NOCH,;CH,CN
CHjy 92 37
CHg—CEz
Cyclohexanone oxime NaOCH;3 25 24 ng /C=NOCH20H20N — 75
CHy,—CH,
Dimethylglyoxime NaOH 25 24 CH3;C=NOCH;CH,CN 60 37
CHgé:XOCHgCHgCN
CoH;
a-Ethyl-g-propylacrolein oxime NaOCH; 25 18 CH;3;CH;CHo,CH=CCH=NOC,H,CN 80 75
CoHj
a-Ethylhexaldoxime Triton B 25 4 CI’Lg(CHz)géHCH=NOCzH40N — 75
T
Furfuraldoxime (syn) NaOCH; 25 2 CH  CCH=NOCH,CH,CN 45 37
N
O
Benzoin oxime Triton B 25 24 CeHsC=NOCH,CH,CN 96 37

CsH;CHOCH,CH,CN

K21
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Hydrogen sulfide
Hydrogen sulfide

Methyl mercaptan

Ethyl mercaptan

Ethyl mercaptan (Na salt)
Ethyl mercaptan

n-Propyl mercaptan (N salt)
Isopropylmercaptan
n-Butylmercaptan (Na salt)
n-Butylmercaptan
Isobutylmercaptan
tert-Butylmercaptan
Carbethoxymethylinercaptan
Benzylmercaptan
Benzylmercaptan
Octylmercaptan
Nonylmercaptan
Laurylmercaptan
Laurylmercaptan
Thiophenol

Thiophenol

Thiophenol

o-Thiocresol

m-Thiocresol

p-Thiocresol

p-Thiocresol

2-Naphthiol

Triton B or
NaOCHj
N&OCHg

Piperidine
N aOCHg

NaOCH;
NaOCH;
N aOCH:_:,
NaOCHj;
None
NaOCHj
NaOCHj3
N aOCI‘I:_:,
NaOCkH3
NaOH
NaOH
Triton B
None
NaOCHg
Triton B
Triton B
NaQH
Triton B

80
65-70

<35
<35
<35
<35
<35
<35
<55

<35
<35
<35
<35
<35
40-50
40-50
40-50
2542
31-43
<35
<35
<35
<35
<35
3042
65

10

-t
SN OO

[y

[I—-ll-ll-ll—ll—l[
(o o2 e e NN -t

16
16
16

16
16

NCCH,CHSCH2CHoCN
NCCHyCH,SCH.CHoCN

CHSCH.CH,CN
C.H;SCH,CH,CN
CoH;SCHyCH,CN
C.HsSCH,CH,CN

n- CgH7SCH20H20 N
180-CsH;SCH,CH,CN
n-C4HySCH,CHCN
n-C4HySCHyCH,CN
’iSO—C4HQSCH20H20 N
ieT‘i-C4HgSCH20H20N
CoH50,CCH,SCH,CH,CN
CsHs;CHSCH,CHoCN
CeH;CHoSCHyCHoCN
CsH7SCHCH,CN
CgH19SCH,CHoCN
C1oHosSCHoCHCN
CioHosSCH,CHCN
CsHs;SCHyCH,CN
CeH;SCHyCH,CN
CeH;SCH,CHy,CN
0-CH3CgH4SCHyCH.CN
m-CHgCefL;SCHzCHzCN
p—CHgCeH4SC HzCHzC N
p-CHgCﬁH4SCH20H20 N
C1oHSCH,CH,CN

Good
86-93

91

85

80

78

95
80-90
96

85

95
85-89
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CYANOETHYLATION oF PHENoLS, Oxives, HyprocEN Sunrms, MERCAPTANS, AND THIOPHENOLS

TABLE IX—Contirued

Temp. [ Time Yield | Refer-
Compound Catalyst | Product % | ence
B-Naphthiol NaOH 3143 16 C1oH7SCH,CHCN — 80
2-Mercaptoethanol None 25 16 HOCHCH,SCH,CH,CN 91 57
2-Mercaptoethanol Triton B 25 16 NCCHCHOCHsSCH,CH,CN 93.6 57
2-Mereaptoethanol NaOH in 25 16 NCCH;CH20CHSCH;CH,CN 98.3 57
Ethanol
Ethylene dithiol Piperidine — — NCCH,CH,SCoH:SCH,CH,CN — 81
Ethylene dithiol Piperidine — — HSCH,CH,SCH,CHCN 26 81
Diethylaminoethanethiol None — — (CoH;)sNCH2CHSCH,CH,CN 92 84
Sodiuin dimethyl dithiocarbamate | — <30 3 (CH3)sNCSSCH.CH.CN — 80
Sodiuin di-n-butyldithiocarbamatel — <30 — (CyHg)eNCSSCH.CHoCN 82.5 80
Sodiuin piperidinodithiocarbamate{ — <40 3 CsH1)NCSSCH,CHoCN 61 80
2-Mercaptobenzothiazole (Na salt) | — 25 2 2-(3-Cyanoethylmercapto)benzothiazole — 80
2-Mercaptobenzothiazole NaOH Reflux 0.5 | 2-(8-Cyanoethylmercapto)benzothiazole 63 83
2-Mercaptobenzothiazole Triton B <35 16 2-(8-Cyanoethylmercapto)benzothiazole 87 57
2-Mercaptothiazoline (Na salt) — <30 2 2-(8-Cyanoethylmercapto)thiazoline 70 80
2-Mercapto-4-methyl thiazole — <30 2 2-(8-Cyanoethylinercapto)-4~-methylthiazole — 80
(Na salt)
2-Mercaptobenzoxazole Triton B <35 16 2-(8-Cyanoethylinercapto)benzoxazole 88 57
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TABLE X

CYANOETHYLATION OF ALDEHYDES AND KETONES

Compound Catalyst ngp. ’I;ﬁl_e Product Y}%ld Reif:
Formaldehyde NaOH Reflux 8 NCCHCH,OCH;OCH,CH,CN 30 68
Acetaldehyde NaOH | Reflux 1 j/ggfﬁ;‘fggﬂgfﬁge 40-50 | 116

. CH;CH(CHO)CH,CH,CN 4.9 116
Propionaldehyde NaOH Reflux CH,C(CHO)(CH,CH,CN), 251 116
Isobutyraldehyde NaOH 65-80 2 (CHj3)eC(CHO)CH,CHCN 3540 116
Isobutyraldehyde NaCN 80-90 — (CH3)oC(CHO)CH;CHCN 50 114, 117
2-Ethylbutyraldehyde KOH 55-60 1 (CoH5)eC(CHO)CH,CH,CN 76.6 | 114, 118
2-Ethylhexzaldehyde KOH 55-60 1 (CoHz) (n-CHg) C(CHO)CH,CH,.CN 79 114, 118
a-Ethyl-g-propylacrolein KOH 45-55 1 CH;CH,CH=CHC(C:H;)(CHO)CH,CH,CN 49 118
Acetone KOH 0-5 2 CH;3;COC(CH;CHoCN)3 77 103, 105
Acetone NaOH Reflux 57 CH3;COCH,CHCH,CN 8.5 104
CH;COC(CH,CH:CN)3 Triton B 40 2 NCCH:CH:CH2COC(CHyCH2CN); — 103
Methyl ethyl ketone KOH 5-10 2 CH3;COC(CH3)(CH2CH2CN)s 89 103
Methyl ethyl ketone Na 3040 — CH3;COC(CH3)(CH,CH2CN)2 50 106
CH;;COC(CH3)(CHCHCN)2 Triton B 25-40 48 (NCCHCHz):CHCOC(CH3)(CH,CH,CN), — 103
Methyl n-propyl ketone Triton B 15 1 | CH,COC(CoHz)(CH,CHLCN), 43 103
Methyl n-propyl ketone Triton B 15 1 | NCCH,CH,CH2COC(Caty) (CHCHCN), — 103
Methyl isobutyl ketone KOH 5-10 2 CH3zCOC(CH,CH2CN)CH(CHjs)o 20 103
Methyl n-amyl ketone KOH 5-10 2 CH3;COC(CHoCHCN)oCsHy 50 103
Methyl n-hexyl ketone KOH 5-10 2 | CH;COC(CH,CHCN)CsHyy 50 103
Diethyl ketone Triton B 30 24 2,4,4-tris(8-Cyanoethyl)-3-pentanone — 103
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TABLE X—Continued

CYANOETHYLATION OF ALDEHYDES AND KETONES

Compound Catalyst Tﬁg_p ) THH?_ © Product Y}%}d lzifg
Diisopropyl ketone Triton B 25 2 (CH3)2CHCOC(CH3):CH,CH,CN 40 107
NCCHCH,(CH3)sCCOC(CHz3)oCH,CHCN — 107
Acetonylacetone Triton B 25 20 CH3;COC(CH,CH,CN)2 11 107
CH,COC(CHCH;CN)2
Mesityl oxide Triton B 5-10 2 (CH3)2C=C(CHCH,CN)COCHj; 10-15 33
CHy—C(CH3)C(CHCHCN)2COCHj3 73.5
Phorone Triton B 25 20 Mono-cyanoethyl derivative 24 107
Di-cyanoethyl derivative 10 —
Methyl benzyl ketone Triton B 20-25 1 CH3;COC(CgH;5)(CH2CH2CN)2 86 103
Desoxybenzoin Triton B 45 3 CsH;COC(CeH;5)(CHCH5CN)g 95 103
2-Acetyleyclopentanone Triton B 30 24 2-(8-Cyanoethyl)-2-acetyleyclopentanone 67 32
2-Propionylcyclopentanone Triton B 30 24 2-(8-Cyanoethyl)-2-propionyleyclopentanone 85 32
2-Butyryleyclopentanone Triton B 39 24 2-(8-Cyanoethyl)-2-butyrylecyclopentanone 83 32
2-Acetyleyclohexanone Triton B 30 24 2-(8-Cyanocethyl)-2-acetyleyclohexanone 67.4 32
2-Propionylcyclohexanone KOH 30 24 2-(8-Cyanoethyl)-2-propionylcyclohexanone 71 32
Acetophenone Triton B 25-40 2-4 | CgHsCOC(CH,CH2CN)3 57 103
Propiophenone Triton B 25-30 5 CsH;COC(CHCH,CN)CHj3 95 103
p-Methylacetophenone Triton B 25-30 24 | p-CH3CsH COC(CH.CH,CN)3 90 103
p-Chloroacetophenone Triton B 25-30 24 p-ClCH COC(CHCHCN)3 80 103
p-Bromoacetophenone Triton B 25-30 2-4 | p-BrGeH,COC(CH.CHoCN)3 85 103
p-Methoxyacetophenone Triton B 25-30 24 | p-CH30C:H,COC(CH,CH,CN); 80 103
Acetomesitylene Triton B 25-30 24 |2,4,6-(CHs)CsH,COC(CHCHCN)s 30 103
p-Acetylbiphenyl Triton B 25-30 24 | CH;CsH COC(CH,CHyCN)3 90 103
2-Acetylnaphthalene Triton B 25-30 2-4 | CyoH7COC(CH,CH2CN)s 90 103

z8l
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Cyclopentanone
Cyclohexanone
Cyclohexanone
Cyclohexanone
Cyclohexanone
4-Methylceyclohexanone

4-tert-Amyleyclohexanone
4-tert-Octyleyclohexanone
4-Cyclohexyleycloheganone

a-Tetralone

2-Methyleyclohexanone

2-Cyclohexenyleyclohexanone

2-(8-Cyanoethyl)-2-cyclohexenyl-
cyclohexanone

2,2,5,5-Tetramethyltetrahydro-
furan-3-one

2-Acetylfuran

2-Propionylfuran

2-Butyrylfuran

2-Acetylthiophene

2-Propionylthiophene

Methyl acetoacetate

Methyl acetoacetate

Ethyl acetoacetate

Acetoacetanilide
Acetoacet-o-chloroanilide
Acetoacet-2,4-dichloroanilide

Triton B
Na
Triton B
Triton B
KOH
KOH

KOH
KOH
KOH

Triton B
Triton B
Triton B
Triton B

Triton B

Triton B
Triton B
Triton B
Triton B
Triton B
N: aOCHg
Triton B
Na

Na
Na
Na

35-40

35—40
35—40
3540
3540

3540
3540
3540

30
30
30
30

30
30
30
30
30

3040
60

45-50
40-50
40-45

2,2,5,5-Tetra(8-cyanoethyl)cyclopentanone
2,2,6,6-Tetra(8-cyanoethyl)cyclohexanone
2-(8-Cyanoethyl)cyclohexanone
Di(8-cyanoethyl)cyclohexanone
2,2,6,6-Tetra(8-cyanoethyl)cyclohexanone
2,2,6,6-Tetra(-cyanoethyl)-4-methyleyclo-
hexanone
2,2,6,6-Tetra(s-cyanoethyl)-4-tert-amyleyclo-
hexanone
2,2,6,6-Tetra(s-cyanoethyl)-4-teri-octyleyclo-
hexanone
2,2,6,6-Tetra(8-cyanocethyl)-4-cyclohexyleyclo-
hexanone
2,2-Di(B-cyanoethyl)-1-tetralone
2,2,6-Tri(8-cyanoethyl)-6-methyleyclohexanone
2-(3-Cyanoethyl)-2-cyclohexenyleyclohexanone
2,6,6-Tri(8-cyanoethyl)-2-cyclohexenyleyclo-
hexanone
4,4-Di(B-cyanoethyl)-2,2,5 5-tetramethyltetra~
hydrofuran-3-one
Tri(8-cyanoethyl)-2-acetylfuran
v-Furoyl-y-methylpimelonitrile
vy-Furoyl-y-ethylpimelonitrile
1,1,1-Tri(8-cyanoethyl)methyl 2-thienyl ketone
v-Methyl-y-thenoylpimelonitrile
CH;3;COCH(CH,CHyCN)CO,CHjs
CH3COC(CH,CHoCN)9CO.CH
CH;3;COCH(CH,CHoCN)YCO.CoHs
CH3COC(CH2CHoCN)oCOCH;
CH;3COC(CHCHCN),CONHCsH ;5
CH;COC(CH,CH,CN),CONHCH,Cl
CH;3;COC(CH,CH2CN):CONHCsH;Cly

97
10

88
80

80
80
80

103
106
103
103
103
103

103
103
103

103
103
36
36

103

36
36
36
36
36
107
103
110
110
107
107
107
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TABLE XI

CYANOETEYLATION OF N1TRO CoMPOUNDS AND DERIVATIVES OF MALONIC AND CYANOACETIC AcCIDS

Compound Catalyst Tﬁgp. THH? © Product Yield Reference
. . %
Nitromethane KyCO3 40 2 O:NC(CHCH2CN)3 52 99
Nitromethane Triton B 30 18 O NC(CH;CHCN); 45 37, 102
Nitroethane KoCO3 40 1 O NC(CH)(CH2CH,CN), 67 99
Nitroethane Triton B 20-25 2 CH ;CH(NO2)CH.CHCN — 102
1-Nitropropane Triton B 40-45 2 CH;3;CH,CH(NO2)CH,CHoCN 20 102
2-Nitropropane Triton B 30 18 (CH3)sC(NO2)CHCH,CN 90 102
2-Nitropropane NaQH — — (CH3)9sC(NO2)CHCH,CN — 100
Nitroeyclohexane NaOH — — 1-Nitro-1-(8-cyanoethyl)cyclohexane — 100, 102
a~Methoxy-g-nitropropylbenzene NaQH — — CeH;CH—CH(NOy)CH,CHCN — 100
OCH3;CH;
9-Nitroanthrone Triton B 30 48 9-Nitro-9-(8-cyanoethyl)anthrone 77 102
Ethyl malonate Na 3040 12 (CoH50:C)eCHCH,CH,CN 42 110
Ethyl malonate Na 3040 12 (CoH;0:C)2C(CHCH,CN)o 10 110
Ethyl malonate Triton B 30 2 (CoH;50:C)2C(CH:CH,CX) 2 82.5 37
Ethyl malonate NaOC.H; 65 4 (CoH50:C)2CHCH,CH,CN 40-45 120
Ethyl cyanoacetate Na 40 2 CoH;0,CC(CN)(CH,CHCN), — 110
Ethyl cyanoacetate Triton B 30 1 CoH50.CC(CN)(CH,CH2CN)2 97 37
Cyanoacetamide Triton B 30 1 HoNOCC(CN)(CH2CHCN)2 74 37
Malonamide Triton B 35-40 1 (HoNOC):C(CH.CH2CN)2 13 37
Ethyl ethylmalonate Triton B 30 5 (CotHz0:C)C(CeH;5)CH,CHL,CN 79 37
Ethyl n-butylmalonate Triton B 30 6 (CoH50:C)eC(CaHg)CHoCHyCN 60 37
Ethyl cyclopentylmalonate NaOCoH; 50 2 (CaH350,C)C(CsHg) CH,CHo,CN 60 119
Ethyl benzylmalonate Triton B 30 3 (CeH;02C)2C(CHCgH5)CHoCHCN 78 37

el
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CYANOETHYLATION

TABLE XII

135

CYANOETHYLATION OF ARYLACETONITRILES AND UNSATURATED NITRILES

Yield | Refer-
Compound Catalyst Product o, ence
Benzyl cyanide NaOCyHj | CeH;CH(CN)CHCHCN 20-33 42
Benzyl cyanide KOH CeH;C(CN) (CH,CH,CN) 2 94 37, 121
Benzyl eyanide Na CsHsC(CN) (CH,CH2CN) o 78.5 110
p-Nit1obenzyl eyanide Triton B | OaNCsll4C(CN) (CHCH2CN) g 91 37
p-Chlorobenzyl cyanide KOH CICsH 4C(CN) (CHCH2CN) 2 80 122
p-Isopropylbenzyl cyanide KOH (CH ) oCHCH 4C(CN) (CHCH2CN) o — 122
«a-Naphthylacetonitrile KOH C10H7C(CN) (CH,CH,CN)2 55 122
Cholononitrile Triton B | a-Fthylidencglutaronitrile 15 33, 123
Crotononitiile Triton B | y-Cyano-y-vinylpirnelonitrile 20 33, 123
Allyl cyanide Triton B | a-Ethylideneglutaronitrile 11 33, 123
Allyl eyanide Triton B | v-Cyano-y-vinylpimelonitrile 33 33, 123
B-Methylerotononitiile Triton B | a-Isopropylideneglutaronitiile — 33, 123
B-Methylerotononitrile Triton B | y-Cyano-vy-isopropenylpimelonitrile — 33, 123
Cyolohexylideneacetonitrile Triton B | a,@-Di(2-oyanoethyl)oyclohexenyl- 38 33, 123
acetonitrile
TABLEE XIII
MiscELLANEOTUS CYANOETHYLATIONS
Compound Catalyst Product Yield | Refer-
% ence
Cyclopentadiene Triton B | 1,1,2,3,4,5-Hexa(8-cyanoethyl) cyco- 20-30 | 124, 125
pentadiene
Indene Triton B | Tri(8-cyanoethyl)indene 35 124, 125
Fluorene Triton B | 9,9-Di(8-cyanoethyl)fAuorenc 74 124, 125
Anthrone Triton B } 9,9-Di(8-cyanoethyl)anthrone 88 124, 125
2-Nitrofiuorene Triton B | 9,9-Di(8-cyanoethyl)-2-nitrofiuorene 70 124,
w,w-Dimethylbenzofulvene | Triton B | 8-Cyanoetliyl dimethylbenzofulvene 25 124
Chloroform Triton B | Cl;CCH2CHCN 11 95
Bromoform Triton B | BrsCCH,CH,CN — 95
Benzyl phenyl sulfone Triton B | CgHS02C(CeH 5) (CEL,CH,CN) o 60 36
p-Methylphenyl allyl
sulfone Triton B | CH3CsH480:CH(CH=CH2)CH:CH,CN — 97
p-Methylphenyl allyl
sulfone Triton B | CH3C6sH 4809C(CH=CHj) (CH;CH3CN) — o7
Ethyl p-methylphenyl-
sulfonylacetate KXOH CH3CsH4302C(C0O2CH ) (CH2CHCN) o — 97
‘Water NaOH NCCH;CH;OCH;CH,CN 45 39, 40
Hydrogen cyanide Ca(OH), | NCCH2CHCN 79 92
Phenylarsine KOH CsHAs(CH2CHCN), — 85
p-Aminophenylarsine KOH HyNCsH 4As (CH2CHCN)2 — 85
Diphenylarsine KOH (CH5)2AsCHCH:CN — 86
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INTRODUCTION

In addition to the dienophiles already discussed in Chapters 1 and 2
of Volume IV of Organic Reactions, quinones and other cyclenones react
by 1,4-addition with conjugated dienes. A typical example is the
reaction of butadiene with p-benzoquinone yielding the diketohexa-
hydronaphthalene I.%2

CH. (0] (“)
CH
+ - |
CcH
N | |
CI, 0] o)

By means of reactions of this type it is possible to prepare eycloblefinic
ketones containing two or more fused rings. The reactions are especially
useful for the preparation of fused-ring ketones containing cyclopentane
rings fused to cyclohexane rings; for example, 1,4-naphthoquinone and
1,1’-bicyclopentenyl yield the pentacyclic product I1.3

The diene synthesis with quinones and other cyclenones may be
extended to provide a route to the preparation of fused-ring aromatic

II

! Hopff and Rautenstrauch, U. S. pat. 2,262,002 [C.A4., 36, 1046 (1942)].
*1.G. Farbenind. A.-G., Swiss pat. 143,258 (Chem. Zentr., 1931, I, 2937).
4 Burnetd wnd Lawronce, J. Chem. Soc., 1935, 1104.
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systems. The primary adducts are usually hydroaromatic systems
which may be converted to aromatic compounds by dehydrogenation
accompanied by enolization. Aromatization may often be effected
directly by carrying out the reactions at higher temperatures in an
appropriate solvent such as nitrobenzene.

It is also possible to prepare fused-ring ketones containing angular
substituents. The di- adduct IIT from butadiene and 2,5-dimethyl-1,4-
benzoquinone contains two angular methyl groups.* The mono- adducts

CH,
O
iHa
I

from dienes and disubstituted p-benzoquinones with dissimilar sub-
stituents in the 2,5- or 2,6-positions present a special problem since they
may each give rise to the two angular substituted products shown in

the following general equations. It is impossible to predict the course

0
CH B

—

bt Q
SCH,

O

0

BQA

Sepyes
-y - oy

of additions of this typc as the directing influences are imperfectly
understood (see pp. 145-148).

Diene syntheses of the type described in this chapter may lead to
the synthesis of compounds of steroidal structure. The reaction between
6-methoxy-1-vinyl-3,4-dihydronaphthalene and 1-methyleyclopentene-

_CH,

4 Adler, Arkiv Kemi Mineral. Geol., 11B, 49 (1935) [C.A., 29, 4004 (1935)].
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4 5-dione furnishes a product which is believed to be IV or IVA.*¢ The

H;
O
g -
e e
CH;0 CH:O
v
or

CH,
VA

structure of the product is said to differ from that of the naturally occur-
ring steroids only in the steric arrangements at ring junctions C8-C9
and C13—-C14. However, the existence of a steroidal skecleton has not
been proved and no choice between IV or IVA has been given so that
this method offers promise rather than present utility.

The stereochemical configuration of Dicls-Alder addition products
has been discussed in Chapters 1 and 2 of Volume IV, This problem
becomes exceedingly complex with products of the type discussed in
this chapter, and it is virtually impossible to predict the stereochemical
configurations of the adducts with any certainty. Even in the simpler
situation described above in which several structural isomers may be
obtained, the directing influences are imperfectly understood.”

Mouch of the experimental work connected with cyclenone additions
is found only in the patent literature, and interested readers will find
it necessary to consult the original patents for details.

SCOPE AND LIMITATIONS

The cyclenones which have been successfully employed in the Diels-
Alder reaction include p-benzoquinone (Table I), mono-, di-, and tri-
substituted p-benzoquinones (Tables II and III), o-quinones (Table IV),
1,4-naphthoquinone (Table V), substituted 1,4-naphthoquinones includ-
ing 5,6,11,12-naphthacenediquinone (Table VI), mono- and di-keto de-
rivatives of cyclopentene and cyclohexene (Table VII), and coumarin

% Dane and Schmitt, Ann., 536, 196 (1938).

0 Dane and Schmitt, Ann., 537, 246 (1939).
7 Orchin and Butz, J. Org. Chem., 8, 509 (1943).
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(Table VII). The reactions of these cyclenones will be discussed in
the order in which the cyclenones have just been mentioned. Under
each cyclenone the various dienes will be considered in order of increasing
complexity.

Diels-Alder additions to cyclenones have been run in a variety of
solvents or in the absence of a solvent. Most of the reactions take place
at atmospheric pressure; a few are carried out in bomb tubes. With
many of the p-benzoquinones two moles of the diene can be added to
one mole of the quinone. Generally, the addition of a second mole of
diene requires higher temperatures and longer reaction times. When
oxidizing solvents, such as nitrobenzene, are employed the adducts are
frequently dehydrogenated

Diene Additions to p-Benzoquinone (Table I)

TFour types of dienes add to p-benzoquinone: simple open-chain dienes,
such as butadiene and 2,3-dimethylbutadiene; monocyclic dienes, such
as cyclopentadiene and l-vinylcyclohexene; dicyclic dienes, such as
1,1"-bicyclopentenyl; and fused-ring dienes, such as 4-vinyl-1,2-dihydro-
naphthalene and anthracene.

Butadiene reacts with p-benzoquinone in equimolar proportions to
vield 1,4-diketo-1,4,4a,5,8,8a-hexahydronaphthalene (I).1%%% Two
moles of butadiene add to one mole of p-benzoquinone to give the
diketodecahydroanthracene (V)8 2,3-Dimethylbutadiene and p-benzo-

CH; O
7 [

?
CH
-+ (80-100%)
CH

N I
CH, 0

CH
£ OO0
CH

CH, 0]

<

8 Alder and Stein, Ann., 501, 247 (1933).
% Alder and Stein, Angew. Chem., 50, 510 (1937).
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quinone react similarly to yield the mono- adduct (VI) nearly quanti-
tatively ! and the di- adduct (VII) in 609, yield.® When the formation
of the di- adduct is attempted in nitrobenzene at 150°, dehydrogenation
to the corresponding 9,10-anthraquinone takes place.! Two moles of

0
[

H;C | ch CH3

HC CH3
I
0

VI

1-phenylbutadiene and one mole of p-benzoquinone react to form a
mixture of the mono- (VIII) and di- adduects (IX); *? the structure of
the di- adduct is very probably that given. At high temperature in
nitrobenzene dehydrogenation takes place and X is formed in 399,
yield.®
O
CeI‘Is (,II5 CGHE

QQ m@@

VIII X

Equimolar quantities of cyclopentadiene and p-benzoquinone react
in various solvents to form the expected adduct XI.4%  Af the melting

©+@__>

point (157°) the adduct decomposes into the starting materials. In
boiling acetic anhydride a similar decomposition occurs, but several
other products are formed from the interaction of the starting materials,

0

X1

10 Morgan and Coulson, J. Chem. Soc., 1931, 2329.

1 1.G. Farbenind. A.~G., Fr. pat. (addition) 39,333 [C.4., 26, 2202 (1932)].
12 Weizmann, Bergmann, and Haskelberg, J. Chem. Soc., 1939, 391.

13 Bergmann, Haskelberg, and Bergmann, J. Org. Chem., T, 303 (1942),

1 Albrecht, Ann., 348, 31 (1906).

15 Wassermanu, J. Chem. Soc., 1935, 1511.
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the adduct (XI), and acetic anhydride.’® Two moles of cyclopentadiene
when added to one mole of p-benzoquinone yield XII quantitatively.s
From a reaction mixture containing three moles of 1,3-cyclohexadiene
for each mole of p-benzoquinone, the adduet XIII may be obtained.%16
This produect, unlike XI, yields the quinol diacetate (XIV) with acetic
anhydride.’® When a fivefold excess of 1,3-cyclohexadiene and a much
longer reaction time are employed, the di-adduct XV is the product.®

OCOCH,
OO G0 *O G5
OCOCH, 0
XI11 XIII Xy

X1y

The adduct XI, from cyclopentadiene and p-benzoquinone, reacts with
1,3-cyclohexadiene to yield XVI.8 When a 509, excess of 1-vinyleyclo-

0

XVI

hexene adds to p-benzoquinone the adduct XVII results; at higher tem-
perature, with a 1009, excess of the diene, a 109 yield of the 1,2,5,6-
dibenzhydroanthraquinone XVIII is obtained.”

S

XVIL XVIII

The reaction of 1,1’-bicyclopentenyl or 1,1’-bicyclohexenyl with
p-benzoquinone results in the formation of the tetracyclic products
XIX 3 and XX 183 from one mole of diene, and the heptacyclic products,
XXI 2 gnd XXII,%%2 from two moles of diene.

16 Diels, Alder, and Stein, Ber., 62, 2337 (1929).

17 Cook and Lawrence, J. Chem. Soc., 1938, 58,

18 Bergmann, Eschinazi, and Neeman, J. Org. Chem., 8, 183 (1943).

19 Weizmann, Bergmann, and Berlin, J. Am. Chem. Soc., 60, 1331 (1938).
20 Backer, Strating, and Huisman, Rec. trav. chim., 68, 761 (1939).
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X
XX
0 0
|
0]
XXI X1

Cyclodetatetraene may be added to p-benzoquinone to obtain either
the mono- (XXIII) or di-adduct (XXIV).2 4-Vinyl-1,2-dihydronaph-

XXIY

thalene adds to p-benzoquinone, yielding what is probably the
diketohydrochrysene XXV.2  7-Methoxy-4-vinyl-1,2-dihydronaph-
thalene and p-benzoquinone yield what is probably the methoxy analog
XXVI1.2 The corresponding 4-ethynyl compound yields only an impure
product.®?® The product from 4a-methyl-4-vinyl-1,2,4a,5,8 8a-hexahydro-
naphthalene and p-benzoquinone is a diketohydrochrysene (XXVII) in
which the positions of the carbon-carbon double bonds have not been

O

I
Sl

O

XXVIL

CH:O

2 Reppe, in Synthetic Fiber Developments in Germany, pp. 647, 650, 651, Textile Rescarch
lustitute, Inc., New York, 1946.

% Dano, Hoss, Bindseil, and Schmitt, Ann., 532, 42 (1937).

% Dane, Héss, Eder, Schmitt, and Schén, Ann., 536, 183 (1938).



144 ORGANIC REACTIONS

established.* Equimolar quantities of anthracene and p-benzoquinone
furnish XXVIII in 939 yield.®

secRisRNe e

XXVIII

Diene Additions to Methyl-p-benzoquinone and Substituted Methyl-
p-benzoquinones (Table II)

In carrying out Diels-Alder additions with methyl-p-benzogquinone or
with substituted methyl-p-benzoquinones, use is made of solvents of the
type employed with p-benzoquinone. Only simple dienes have becn
utilized, and, in general, greater excesses ol the various dienes are used.
In most reactions, temperatures below 100° are sufficient.

Excess butadiene and methyl-p-benzoquinone react to form the
diketotetrahydronaphthalene XXIX 2627 1 3-Pentadiene and the same
quinone furnish equal amounts of the structurally isomeric diketotetra~
hydronaphthalenes XXX and XXXI.2 At temperatures below 100°,

CH, 0 0
cé I I
CH; CH;
| + - C (84%)
CH
AN | : |
CH, 0 0
XXIX
o
CH (1? ClI, (“) “
CH CH; CH; CH,
I ad |
CH
N [ l l
CH, 0 CH; O
(22%) (22%)
XXX XXXI

% Gaddis and Butz, J. Am. Chem. Soc., 69, 1165 (1947).

% Clar, Ber., 64, 1676 (1931).

2 Fieser and Chang, J. Am. Chem. Soc., 64, 2048 (1942).

% Chuang and Han, Ber., 68, 876 (1935).

2 Tishler, Fieser, and Wendler, J. Am. Chem. Soc., 62, 2870 (1940).
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excess 2,3-dimethylbutadiene and methyl-p-benzoquinone form XXXIT,
but at 150-170° the partially aromatized product XXXIIT is obtained
by a hydrogen shift.?

(“) OH
H;C | CHj HC CH,
H:C H:C
I
0 OH
XXXII XXXIII

Butadiene,® 2,3-dimethylbutadiene,® and 1,3,5-hexatriene * add in a
1:1 ratio to 2,5-dimethyl-1,4-benzoquinone to give the expected prod-
ucts, which are distillable oils; the comparable product from 1,3-cyclo-
hexadiene is a solid.” 2-Methoxy-5-methyl-1,4-benzoquinone gives a
759, yield of the angular methyl derivative XXXIV with butadiene,”
while the same diene and 2-acetoxy-5-methyl-1,4-benzoquinone give
the angular acetoxy compound XXXV and the angular methyl product
XXXVI (isolated as XXXVII by hydrolysis).3% 2-Carbomethoxy- and

Hy OCOCH; H, CH;
O
OCI; CH, OCOCH, OH
O O O O

XXXIV XXXV XXXVL XXXVII

3-carbomethoxy-5-methyl-1,4-benzoquinone give only the angular
carbomethoxy products XXXVIIT and XXXIX and none of the angular
methyl isomers.®® The reaction between 1,3-cyclohexadiene and 2-
acetoxy-5-methyl-1,4-benzoquinone gives three products: an angular
acetate XL, a sterecisomeric angular acetate (69)), and a trace of what
is probably the angular methyl derivative XTL1.%

CO.CH; 0.CH, COCH, CH;,
CH,
CH; CH, o
O O O
XXXIX

(55%)
XL 1T

% Bergmann and Bergmann, J. Org. Chem., 3, 125 (1938).

¥ Fieser and Seligman, Ber., 68, 1747 (1935).

% 1., Butz, unpublished results.

3 Butz and Butz, J. Org. Chem., 8, 497 (1943).

3 Butz and Butz, J. Org. Chem., T, 199 (1942).

% Nudenberg, Gaddis, and Butz, J. Org. Chem., 8, 500 (1943).

XXXVIIT
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2-Hydroxy-3,5-dimethyl-1,4-benzoquinone and butadiene give the
angular methyl compound XLIT in 1009, yield.* This quinone and 7-
methoxy-4-vinyl-1,2-dihydronaphthalene yield a single product which
is probably one of the angular methyl derivatives XLIIT or XLIITA .5

H,

OH
CH,

CH.
0 o,

XTI XLIIX XLIIIA

Tetramethyl-p-benzoquinone and 1,3,5-hexatriene react at tempera-
tures above 150°. The reaction is not of the Diels-Alder type; instead
the quinone is reduced to the hydroquinone.

Diene Additions to Substituted p-Benzoquinones Other than Methyl-p-
benzoquinones (Table IIT)

Diene additions to these more complexly substituted p-benzoquinones
are generally carried out in aromatic solvents such as benzene and xylene.
The temperatures required are about the same as with the methyl-p-
benzoquinones.

Excess 2,3-dimethylbutadiene (5.5 moles) reacts with 1 mole of pheny}-
p-benzoquinone to yield a single product XLIV in 829, yield.?® 1,1’-Bi-
cyclohexenyl and phenyl-p-benzoquinone in the absence of a solvent
give what is considered to be the expected adduct XLV, while in nitro-
benzene the quinone XLVI is formed.* 2,5-Diphenyl-1,4-benzoquinone

H,C CoH; 11;Cs H,C,
H,C
LIV LY

XLVI

reacts with butadiene, 2,3-dimethylbutadiene, and 1-phenylbutadiene
to yield what are apparently the angular adducts XLVII, XLVIII,
and XLIX in 779, 79%, and 899, yields, respectively.’

3 1. Butz and Gaddis, unpublished results.
36 Allen, Bell, Clark, and Jones, J, Am. Chem. Soc., 66, 1617 (1944),
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sHﬁ sHs (;I{s
O
H;C
CeHj H;C CeH; CeH;
s R
XLVIL XLVIIT XLIX

w-Carboxypropyl- and w-carboxyamyl-p-benzoquinone react with
butadiene to form the expeciled products L and 1.1.¥ The most striking
feature of these reactions is the large diene:quinone ratio employed;
30:1 with the carboxypropyl- and 10:1 with the carboxyamyl-quinone.

CH, 0
4 l |

CH
+ - |
CH (CH,),CO.H (CH,)CO.H
|

H, 0
T n=23(8%)
LI n = 5(75%)
Chloro-p-benzoquinone reacts with 2,3-dimethylbutadiene *® and with
2-chlorobutadienc,® yielding the expected products LII and LIII.
2,3-Dichloro-1,4-benzoquinone reacts similarly with butadiene and with
2,3-dimethylbutadiene, yielding LIV and LV.% Diene additions to

i i i

H;C, Cl Cl ch

H;C [ | Cl | Cl | Cl [Cl
! | ;

LII LIIT LIV

tetrachloro-p-benzoquinone are accompanied by the loss of a molecule
of chlorine and lead to dichloro adducts. Tetrachloro-p-benzoquinone
and cyclopentadiene give a 1:1 adduct of unknown structure; 4% with
anthracene LVI is obtained.® 10-Methylene-9-anthrone and tetra-

0 O
Cl1 Cl Cl1
+ —
e - OO0k
0 0O

7 Tiesor, Gates, and Kilmer, J. Am. Chem. Soc., 62, 2966 (1940).
#®1.G. Farbenind. A.~G., Fr. pat. 677,296 [C.A., 24, 3118 (1930)].
¥ Wagsermann, 1°r. pat. 838,454 [C.4., 33, 7818 (1939)].



148 ORGANIC REACTIONS

chloro-p-benzoquinone in xylene give the dichloro compound LVII. In
nitrobenzene two moles of diene add, and the adduct LVIII or LVIIIA
is halogen free.® 5,8-Dihydro-1,4-naphthoquinone and 5,6,7,8-tetra-

hydro-1,4-naphthoquinone react with butadiene in the expected manncr,
yielding LIX and LX.3%4

CH, O O
7 | [
CIL
CIIL ~ ~
N | |
CH, O 0
R LIxX
CH, 0 O
v [[
CIH
CH -
AN [
CH, O 0
LX

Diene Additions to o-Quinones (Table IV)

Relatively few o-quinores have been utilized in Diels-Alder additions.
In all the reactions for which data are available, the ratio of diene to
quinone employed has been quite large (2.5:1 to 34:1). Most of these
reactions were carried outl in ethanol or in chloroform.

o-Benzoquinone and cyclopentadiene give a 1:1 adduct of unknown
constitution while tetramethyl-o-benzoquinone and cyclopentadiene
react to form the endomethylene adduct LXI in 639, yield.#? 2,3-Di-
methylbutadiene and 3,7-dimetlyl-1,2-naphthoquinone yield the angular
methyl derivative LXII.4 4

% Clar, Ber., 69, 1686 (1936),

4 1.G. Farbenind. A.-G., Brit. patl. 327,128 [C.4., 24, 5045 (1930)].

2 8mith and Hac, J. Am. Chem. Soc., 58, 229 (1936).

4 Fieser and Seligman, J. Am. Chem. Soc., 56, 2600 (1934).
4 Fieser and Dunn, J. Am. Chem. Soc., 59, 1021 (1937).
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CH;,
0O
0)
CH,
CH;
CH, CH.
LXI LXII

Several chloro- and bromo-1,2-naphthoquinones participate in Diels-
Alder additions. With the exception of LXIII, the product from 2,3-
dimethylbutadiene and 3,4-dichloro-1,2-naphthoquinone,® all the ad-
ducts are unstable. The adduct LXIV from 2,3-dimethylbutadiene and
3-chloro-1,2-naphthoquinone decomposes in a few hours when kept in a
vacuum. When warmed with ethanolic sodium acetate it yields 2,3-
dimethyl-9,10-phenanthraquinone (LXYV) quantitatively.® The adduct

O _ | ‘
HC H,C
0 ’ 0 ’ 0
‘1o 0
LXYVY

H:C
H,C

ClO

LXIIL LXIV

LXVI cannot be isolated from the reaction of 4-chloro-1,2-naphtho-
quinone and 2,3-dimethylbutadiene, but the reaction mixture yields
2,3-dimethyl-9,10-phenanthraquinone (LXV) on standing in air.®
6-Bromo-1,2-naphthoquinone and 2,3-dimethylbutadiene yield the
nearly pure adduct LXVII which undergoes dehydrogenation on recrys-
tallization to yield LXVIIL.%

LXVYIX LXVIIL

1,2-Phenanthraquinone with 2,3-dimethylbutadiene ylelds the tetra-
cyclic product LXIX, which is also obtained from the same diene and

% Fieger and Dunn, J. Am. Chem. Soc., 59, 1016 (1937).
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3-bromo-1,2-phenanthraquinone.®® 2-Bromo-3,4-phenanthraquinone
and 2,3-dimethylbutadiene yield an oil which on oxidation with chromic
acid gives the quinone LXX in 909 yield.®

CH;

LT 99
O Hac
H,C
0 : 0
0 0

LXIX IXX

Diene Additions to 1,4-Naphthoquinone (Table V)

A large variety of dienes add to 1,4-naphthoquinone. The addition
is limited to the double bond in the 2,3-position, and as a result only
1:1 adduects have been reported.

Butadiene adds to 1,4-naphthoquinone to yicld the diketohydro-
anthracene (LXXI).!%4.4 23 Dimethylbutadiene in ethanol or in the
absence of a solvent gives the expected product LXXII; in nitrobenzene
the 9,10-anthraquinonc is obtained.* 1-Chlorobutadiene does not
reacl with 1,4-naphthoquinone,® but 2-chlorobutadiene yields LXXIII
although considerable amounts of starting materials are recovered.’
2-Bromobutadiene and 1,4-naphthoquinone react in similar fashion.5

LXXI LXXI1I LXXIIT

The 3-chloro- derivatives of pentadiene, 1,3-hexadiene, 1,3-octadiene,
and 1,3-hendecadiene yield 9,10-anthraquinones after aeration of the
adducts.’? 2,3-Dimethoxybutadiene and 1,4-naphthoquinone react, and

16 Fieser and Dunn, J. Am. Chem. Soc., 59, 1024 (1937).

4 1.G. Farbenind. A.-G., Swiss pat. 143,259 (Chem. Zenir., 1931, I, 2937).

8 Diels and Alder, Ann., 460, 110 (1928).

49 Coffman and Carothers, J. Am. Chem. Soc., 58, 2043 (1933) ; Berchet and Carothers,
ibid., 65, 2004 (1933).

% Carothers, Williams, Collins, and Kirby, J. Am. Chem. Soc., 53, 4206 (1931).

% Carothers, Collins, and Kirby, J. Am. Chem. Soc., 55, 788 (1933),

52 Jacobson and Carothers, J. Am. Chem. Soc., 55, 1626 (1933).
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the adduct, which has not been isolated, yields 2,3-dimethoxy-9,10-
anthraquinone when treated with sodium hypochlorite.’
Cyclopentadiene and 1,3-cyclohexadiene add to 1,4-naphthoquimone
giving LXXIV % and LXXV.*¥ The endomethylene adduct LXXIV is
unstable and gives 1,4-naphthohydroquinone diacetate with acetic
anhydride. Air and ethanolic alkali dehydrogenate the endoethylene
adduct LXXYV to LXXVI, which decomposes to ethylene and anthra-
quinonc at 150°% «-Chlorovinyleyclohexene and 1,4-naphthoquinone

0
I ]
90¢ .
\
)
O
LXXIV LXXV LXXVI

yield LXXVII, which can be partially dehydrogenated to yield
LXXVIII*

0] 0]

LXXVII LXXVIII

1,1"-Bicyclopentenyl and 1,1'-bicyelohexenyl react with 1,4-naphtho-
quinone yielding the pentacyclic products IT 3 and LXXIX.® Cyclo-

LXXIX

octatetraene and 7,8-dichlorobicyclo-[0.4.2]-oc¢ta-2,4-dienc react with
1,4-naphthoquinone yielding the complex adducts LXXX and LXXXI.#
10-Methylene-9-anthrone and 1,4-naphthoquinone give LXXXITI 4%

5 Johnson, Jobling, and Bodamer, J. Am. Chem. Soc., 63, 131 (1941).
5 Carothers and Coffman, J. Am. Chem. Soc., 54, 4071 (1932).
% T,G. Farbenind. A.~G., Ger. pat. 591,496 [C.4., 28, 2366 (1934)].
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LXXX LXXXI LXXXII

Tetraphenylcyclopentadicnone (eyclone) and 3,4-(1,8-naphihylenc)-2,5-
diphenyleyclopentadienone do not react with 1,4-naphthoquinone.®

Diene Additions to Substituted 1,4-Naphthoquinones (Table VI)

Many substituted 1,4-naphthoquinones have been employed in Diels-
Alder additions. Temperatures necessary for reaction are usually above
100°, and in all reactions solvents are employed.

2,6-Dimethyl-1,4-naphthoquinone and 2,3-dimethylbuladicne give a
solid adduct LXXXIIT; the rcaction between 2,3-dimethyl-1,4-naphtho-
quinone and the same diene proceeds more slowly and yields an impure
liquid.®  2-Chloro-1,4-naphthoquinone and butadiene give a 9,10~
diketo-1,4-dihydroanthracene; with 2-methylbutadiene a 9,10-anthra-
quinone is the product.¥ 23-Dimethylbutadiene reacts with 2,3-di-
chloro-1,4-naphthoquinone and with 2,3-dichloro-5-nitro-1,4-naphtho-
quinone yielding LXXXIV and LXXXV %

H, NO, 1
Iijff@cn, 10113
H,CN CH, CH,
0 Cl
LXXXIIT LXXXIV LXXXYV

That 2-hydroxy-1,4-naphthoquinone reacts with 2,3-dimethylbuta-
diene is shown by the isolation of 2,3-dimethylanthraquinone after
suitable treatment of the recaction product.® 5,8-Dihydroxy-1,4-naph-
thoquinone reacts with butadicne and 2,3-dimethylbutadicne yiclding
LXXXVI and LXXXVIL% 58-Diacetoxy-, 5,6,8-trihydroxy-, and

OH O OH O
[[ |
' 'CHe.
CH;
[ [
OH O OH O
LXXXVI LXXXVII

5 Arbuzov, Abramov, and Devyatov, J. Gen. Chem. U.S.8.R., 9, 1559 (1939) [C.A., 34,
2839 (1040)].
57 1.G.. Farbenind. A.-G., Brit. pat. 320,375 [C.4., 24, 2757 (1930)].
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5,6,8-triacetoxy-1,4-naphthoquinone react with the simpler dienes giving
the expected products (Table VI, p. 186). 5,6,11,12-Naphthacenedi-
quinone reacts with butadiene and with 2,3-dimethylbutadiene to yield
the complex adducts LXXXVIII and LXXXIX 5%

0] 0]

L

0] 0]

LXXXVIIL

-

Diene Additions to Cyclenones Other than Quinones (Table VII)

Many conjugated cyelenones have been used in Diels-Alder additions
to yicld a variety of fused-ring ketones or diketones. Generally the
cyclenones require temperatures above 100° and longer periods of heating
than the quinones.

Cyclopenten-3-one and butadiene react slowly yielding the bicyelic
adduet XC in addition to some resinous material.® 1-Methyleyclo-

penten-5-one and 2,3-dimethylbutadicne give the angular methyl product
XCI in 529, yield.® This cyclenonc also reacts with 1-vinyleyclo-
hexene giving a 75%, yield ol an angular methyl derivative formulated
as XCII or XCIIA.® 40-Mcthyl-4-vinyl-1,2,4a,5,8,8¢a-hexahydronaph-

H,
HC
O 0
o CH,
XCI XCII

XCIIA

thalene and 1-methyleyclopenten-5-one give a product whose structure
has not been established but whose elementary composition corresponds
% Tieser and Dunn, J. Am. Chem. Soc., 58, 1054 (1936).

® Dane and lider, Ann., 539, 207 (1939).
0 Bockemibilloy, U. S. pnb. 2,179,809 [C. 4., 34, 1823 (1940)].



154 ORGANIC REACTIONS
to that of XCIII or XCIITA.8 1-Methylcyclopentene-4,5-dione and

H,
H H.C
0
CH,

XCIIT XOIIIA

butadiene yield the angular methyl product XCIV,% while this cyclenone
and 6-methoxy-1-vinyl-3,4-dihydronaphthalene give a 15,16~ or a 16,17-
diketosteroid which has been formulated as IV.%¢ The structure of this
product is uncertain (see p. 139). 4,4-Dibromocyclopentene-3,5-dione

CH,
O
Ha,
(L)
CH,0O
v

XCIv

and butadiene give XCV in unspecificd yield, while the same dione and
6-methoxy-1-vinyl-3,4-dihydronaphthalene give a 16,16-dibromo-15,17-
diketosteroid XCVI.%

Br
Br
0O
XCcvy

Butadiene and 2,3-dimethylbutadiene react with cyclohexen-3-one
giving the octalones XCVII and XCVIII in 11 and 209 yields.$8 Com-
bination of this cyclenone with 1-methyl-2-vinylcyclohexene followed

VI

8l Gaddis and Butz, J. Am. Chem. Soc., 69, 1203 (1947).

62 Dane, Schmitt, and Rautenstrauch, Ann., 532, 29 (1937); Dane, U. S. pat. 2,230,233
[C.A., 35, 3037 (1941)].

8 Bartlett and Woods, J. Am. Chem. Soc., 62, 2933 (1940).
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by treatment with 2,4-dinitrophenylhydrazine yields what may be the
2,4-dinitrophenylhydrazone of XCIX or XCIXA.* Cyclohexadiene

O
XQVII XCVIIL XCIX X0IXA

fails to react with cyclohexen-3-one.% Butadiene and 1,3,5-hexatriene
do not react with l-methylcyclohexen-3-one.®® However, butadiene
and 1-methylcyclohexen-6-one react to form C.%

CH,

[¢]

The 1:1 adducts obtained from p-benzoquinone and a variety of
dienes (discussed on pages 140-143) can add a second mole of diene. A
typical example is the diketotetrahydronaphthalene (from p-benzo-
quinone and butadiene) which reacts with butadiene,® 2,3-dimethyl-
butadiene,®®* cyclopentadiene,® and 1,3-cyclohexadiene 8 to yield the
expected adducts. The 1:1 adduct from p-benzoquinone and eyclo-

0 H,C 0]
| N |
CH
| + I |
CH
| V4
O H.C O
pentadiene (XI) reacts with cyclopentadiene and 1,3-cyclohexadiene
giving XII #® and XIV.2 The 1:1 adduct (XIX) from p-benzoquinone

0 0 0
0 0
X1 XII XV

64 Meggy and Robinson, Nature, 140, 282 (1937).

8 Whitmore and Pedlow, J. Am. Chem. Soc., 63, 758 (1941).
% Robinson and Walker, J. Chem. Soc., 1935, 1530.

% Nudenberg and Butz, J. Am. Chem. Soc., 65, 1436 (1943).
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and 1,1-bicyclopentenyl reacts with 1,1’-bicyclopentenyl and 1,1’-
bicyclohexenyl to give the heptacycic products XXI %2 gnd CI3

Similarly XX, from p-benzoguinone and 1,1-bicyclohexenyl, gives
XXII on reaction with this diene.®

0] O
0] 0]
X3 XXT0

Tetrachlorocyclopentadienone and 3,4-diphenylcyclopentadienonc
dimerize to products of unknown structure; 1,4-dimethyl-2,3-diphenyl-
cyclopentadienone dimerizes by a Diels-Alder addition to give CIL.®

CII,
Q C.H,
9 HngCHa — HCs CH;
H5Ca C(}I_Is I_:[gCﬁ CI‘Is
CH; O
CH,

CI1I

Coumarin and 2,3-dimethylbutadiene react to forma CIIL.®
CH,

W
C

AN PN
L, + @ —
o © Lu,

8 Allen and Spanagel, J. Am. Chem. Soc., 55, 3773 (1933).
69 Allen and Van Allan, J. Am. Chem. Soc., 64, 1260 (1942).
© Adams, McPhee, Carlin, and Wicks, J. Am. Chem. Soc., 65, 356 (1943).
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OTHER METHODS FOR THE SYNTHESIS OF FUSED-RING KETONES

In a review of the synthesis of alicyclic compounds,™ Linstead divided
the methods into seven groups: (1) reduction of an aromatic compound;
(2) cyclization of a diolefin (preformed, or potential as in cyclodehydra-
tion of an olefin aleohol); (3) cyclization of an aromatic olefin; (4) the
Diels-Alder synthesis; (5) cyclodehydration of a diketone or a keto
ester; (6) formation of a cyclic ketone from a monocarboxylic acid or
derivative thereof; and (7) formation of a cyclic ketone from a dicar-
boxylic acid. More recent reviews are concerned with the formation of
cyclic ketones by intramolecular acylation,” by ester condensation,™
and by the Mannich reaction.” All these methods can be used for the
synthesis of fused-ring ketones; some of them yield the ketones directly.

Valuable modifications, extensions, and applications of the methods
have been reported by Bachmann,” Linstead,” Robinson,” Johnson,”
and Wilds.” An intramolecular cyclization method, novel in its employ-
ment of 1,5-dien-3-ynes, has been discovered and developed by Marvel.®

Except for quinones, other methods are not available for the prepara-
tion of the diketones and polyketones which have been obtained by
cyclenone-diene addition. But only a few monoketones have been
prepared by ecyclenone-diene addition, and cyclane-1,3-diones have
usually been prepared by cyclization of esters® and reduction of
phenols.®

EXPERIMENTAL CONDITIONS AND PROCEDURES

The details of experimental conditions are recorded for many of the
reactions in Tables I-VII. Numerous variations of the conditions have
been employed, but few studies of the effect of changes in conditions
upon yield in particular reactions have been made. Standard condi-
tions, which will give good yields from many pairs of reactants, consist

71 Linstead, Ann. Repts. Chem. Soc. London, 33, 312 (1936).

72 Johnson, Org. Reactions, 2, 114 (1944).

73 Hauser and Hudson, Org. Reactions, 1, 266 (1942).

7 Blicke, Org. Reactions, 1, 303 (1942).

7 Bachmann and co-workers, J. Am. Chem. Soc., 66, 553 (1944), and earlier papers.

% Linstead and co-workers, J. Am. Chem. Soc., 64, 1985 (1942), and earlier papers.

7 Robinson and co-workers, J. Chem. Soc., 1944, 303, and earlier papers.

78 Johnson and co-workers, J. Am. Chem. Soc., 66, 218 (1944), and earlier papers.

79 Wilds and co-workers, J. Am. Chem. Soc., 66, 1688 (1944), and earlier papers.

8 Marvel and co-workers, J. Org. Chem., 7, 88 (1942), and earlier papers; Linstead and
Doering, J. Am. Chem. Soc., 64, 1996 (1942).

& Chuang, Ma, and Tien, Ber., 68, 1946 (1935) ; Chuang and Tien, Ber., 69, 25 (1936);
Linstoad and Millidge, J. Chem. Soc., 1936, 478,

8 Hoffmann-L.a Roche and Co., Ger. pats. 606,857 [C.A., 29, 3692 (1935)] and 614,195
[C.4., 29, 5095 (1935)]; Thicle and Jaeger, Ber., 34, 2841 (1901).
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of temperatures between 90° and 110°, a reaction time of twenty-four
hours, and, as the solvent, benzene, ethanol, or excess diene.

The addition of 5,6,8-triacetoxy-1,4-naphthoquinone to 2,3-dimethyl-
butadiene in ethanol precisely exemplifies the conditions taken as
standard. Naphthoquinones with fewer substituents in the benzenoid
ring react completely within much shorter periods.® The most reactive
of the series (Table VI), the 5-hydroxy derivative, gave 959, of adduct
in twenty minutes.

Some quinone additions require longer periods at 100°. 2,5-Dimethyl-
1,4-benzoquinone in ethanol gave a higher yield after seventy-two hours
than after twenty-seven. The yield was still higher at seventy-two
hours in benzene. Such a difference in favor of benzene as against
ethanol has not been observed in any other reaction.

The standard conditions are adequate for the addition of some qui-
nones with a methyl group at the reacting double bond. An example is
2-methyl-8-hydroxy-1,4-naphthoquinone. With the wvariation of di-
oxane as solvent, 2-hydroxy-3,5-dimethyl-1,4-benzoquinone reacts under
these conditions.

For the preparation of 2-cyclene-1,4-diones without substituents at
carbons 2 or 3, a lower temperature must be used and an excess of diene
avolded. A temperature of 35-40° in organic solvents or in aqueous
emulsion is suitable (Table I). At higher temperatures the cyclenedione
reacts with another mole of diene. Thus the diketodiethanohydro-
anthracene XV, p. 142, is obtained in theoretical yield by refluxing
p-benzoquinone and cyclohexadiene (80-85°) for twenty-four hours.

Monoketones definitely require a higher temperature. Methyleyclo-
penten-5-one and vinyleyclohexene at 170° for sixteen hours give only
529, of the adduct; at 205° for twenty-four hours the yield is 759,. An
excess of the ketone (Table VII) may be essential.

The conditions taken as standard are probably as vigorous as can be
tolerated in the preparation of 2-cyclene-1,4-diones which lack an angular
substituent at carbon 5 or the other angular carbon atom. Otherwise,
rearrangement to a 1,4-hydroquinone will take place.

A longer period (fifty hours) was used for additions to methylcyclopen-
tene-4,5-dione in dioxane (Table VII). The group —COCR=CHCO—,
where R is methyl, w-carboxypropyl, or w-carboxyamyl in cyclohex-
enediones which are not quinones, does not react with butadiene in
benzene at 70° within six hours. In the preparation of some diketo-
hexahydronaphthalenes containing this group (Tables IT and IIT) it is
standard practice to heat in the presence of an excess of diene. The
—COC(C¢Hj5)=CHCO— group in these cyclohexenediones does not
react in one hour at 100° when the compound is dissolved in 2,3-di-
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methylbutadiene, but this group in 2,5-diphenyl-1,4-benzoquinone does
react with 2,3-dimethylbutadiene in boiling ethanol (six days, 799).

The selection of solvent is important with certain unstable quinones.
It is sometimes necessary to keep all the quinone dissolved during the
reaction to prevent decomposition of suspended particles which initiates
decomposition throughout the mixture. For this reason ethanol may
be preferred to benzene. The addition of a few drops of acetic acid to
the ethanol has been found advisable.” However, additions of 3- and
4-halo-1,2-naphthoquinones cannot be carried out successfully in
ethanol.

There is evidence that p-benzoquinone and cyclopentadiene react more
rapidly in certain solvents than in others (fast in benzene or ethanol,
slow in carbon bisulfide, carbon tetrachloride, or n-hexane) (Table I).
This reaction proceeds five times as fast, for a given activation energy,
in nitrobenzene as it does in benzene.®® No application of such informa-
tion to preparative work seems yet to have been made.

No careful study of the relative reactivities of various dienes is avail-
able. Some of the data suggest that 1-substituted and 1,4-disubstituted
butadienes react more slowly than others. For the addition of tolu-
quinone to pentadiene forty hours was allowed, as compared with six
for the addition of butadiene (Table I1I).

Preparations from unstable dienes can be carried out to advantage in
aqueous dispersion. Effective withdrawal of heat of reaction is attained
in the presence of the water. Polymerization inhibitors, such as copper
and its salts, phenols, or amines, may also be added.

Occasionally the determination of ultraviolet absorption spectra may
be useful in distinguishing a hydroquinone from a cyclenedione. Curves
for typical hydroquinones # and cyclenedioncs ¥ are available for com-
parison. The spectra may be valuable in detecting products of side re-
action as well as rearrangement products. Although 1,6-addition of a
1,3-diene to a p-quinone to give a 1,4-hydroquinone monoether does not
appear to be an interfering reaction in most quinone-diene syntheses,
highly hindered quinones might react in this way.® Diisopropenyl-
acetylene reacts with 1 mole of tetrachloro-p-benzoquinone to give a
crystalline compound whose ultraviolet absorption is almost identical
with that of tetrachlorohydroquinone.®” The structure of the adduct
from cyclopentadiene and tetrachloro-p-benzoquinone has never been
demonstrated.®

8 Hinshelwood, J. Chem. Soc., 1938, 236,

8 Schjanberg, Svensk Kem. Tid., 52, 185 (1940) [C.A., 34, 7742 (1940)].
8 Bagtron, Davis, and Butz, J. Org. Chem., 8, 515 (1943).

8 Criocgeo, Ber., 69, 2758 (1936).

8 Buts, Gnddis, nnd Bulz, J. Am. Chem. Soc., 69, 924 (1947).
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Addition of a Diene to p-Benzoquinone; Preparation of 6-Chloro-1,4-
diketo-1,4,44,5,8,8a-hexahydronaphthalene.! To an emulsion of 112.5
parts of 2-chlorobutadiene in 500 parts of water containing 10 parts of
an emulsifier made from 40 moles of ethylene oxide and 1 mole of castor
oil is added 137.5 parts of p-benzoquinone. The mixture is stirred in
the dark at 40° for twelve hours, cooled to 4°, and filtered. The adduct,
which melts at 95° and is obtained in a 959 yield, is extraordinarily
sensitive to light.

Addition of a Diene to a Substituted p-Benzoquinone; Preparation of
5,7,8-Triketo-6,10-dimethyl-2-octalin (XLII, p. 146),%32 Half a gram of
2-hydroxy-3,5-dimethyl-1,4-benzoquinone, 4 ml. of butadiene, and 4
ml. of dioxane are heated at 110° for twenty hours in a sealed tube. The
original yellowish red color changes to a bright yellow. After evapora-
tion of the dioxane In vacuum, the residue crystallizes completely.
Recrystallization from ether-petroleum cther gives a theoretical yield
of colorless trione, m.p. 120°. Purification by high-vacuum sublima-
tion at 110° is also possible. Similarly prepared triones which are not
s0 easily purified can be oblained from the reaction mixturces by diluting
with ether, extracting with aqueous sodium hydroxide, precipitating
the trione from the water solutions of its sodium salt with dilute sulfuric
acid, extracting with ether, and evaporating the ether after washing and
drying.

Addition of a Diene to 1,4-Naphthoquinone; Preparation of 6,7-
Dimethyl-9,10-diketo-5,8,8a,9,10,10a-hexahydroanthracene and 2,3-Di-
methylanthraquinone. Ixcellent directions for the addition of 2,3-
dimethylbutadiene to 1,4-naphthoquinone and subsequent dehydro-
genation of the 1:1 adduct to 2,3-dimethylanthraquinone have been
published in Organic Syntheses.®

Addition of a Diene to a 1,2-Naphthoquinone; Preparation of 10a-
Chloro-2,3-dimethyl-9,10-diketo-1,4,4a,9,10,10a-hexahydro-9,10-phe-
nanthraquinone (LXIV, p. 149) and 2,3-Dimethyl-9,10-phenanthraqui-
none (LXV, p. 149).#* A mixture of 4 g. of 3-chloro-1,2-naphthoquinone,
8 ml. of 2,3-dimethylbutadiene, and 40 ml. of purified chloroform (shaken
with concentrated sulfuric acid, then washed with water, dried, and
distilled) is sealed in a tube and heated in a steam bath with exclusion
of light. The tube is shaken vigorously until all solid material has
dissolved, for it is generally found that solid particles of a quinone tend
to suffer decomposition and initiate the destruction of material in solu-
tion. The red color of the solution soon begins to fade and in fifty
minutes has changed to yellow. After one hour the solution is cooled
and shaken with Norit for ten minutes at room temperature, and the

8 Allen and Bell, Org. Syntheses, 22, 37 (1942).
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solvent is distilled from the filtered solution in vacuum, the temperature
being kept below 60°. The resulting viscous oil can be prescrved for
some time as such or in ethereal solution without decomposing. Crys-
talline material is obtained by cooling an ethereal solution in a bath of
solid carbon dioxide and adding petroleum ether, and with seed avail-
able the crystalline compound is obtained easily. Recrystallized from
ether-petroleum ether, the adduct forms glistening, lemon-yellow nee-
dles, m.p. 87-88°; yield, 4 g. (709%,).

The pure diketone adduct, suspended in ethanol or ether, when shaken
with air, soon changes to an orange powder, which is crystallized from
glacial acetic acid to give orange plates of 2,3-dimethyl-9,10-phenan-
thraquinone, m.p. 242-243° (cor.); yield, 879,. Warming the oily or
crystalline diketone adduct with ethanolic sodium acetate solution gives
2,3-dimethyl-9,10-phenanthraquinone; yield, 1009%.

To obtain satisfactory results in this diene addition, it is essential to
prepare the quinone in a high state of purity and to employ pure chloro-
form or tetrachloroethane. Iithanol has a deleterious effect; even the
small quantity present in commercial ehloroform brings about extensive
decomposition.

Addition of a Diene to a 1,2-Phenanthraquinone; Preparation of
6,7-Dimethyl-3,4-benzo-9,10-phenanthraquinone (LXIX, p. 150).#¢ One
gram of 3-bromo-1,2-phenanthraquinone and 6 ml. of 2,3-dimethyl-
butadiene are heated in 70 ml. of purified chloroform (see the preceding
preparation) in a steam bath for three hours. The oil remaining after
removal of the solvents is treated in 6 ml. of glacial acetic acid with 2 g.
of chromic anhydride in 20 ml. of 809, acetic acid with gentle warming.
By gradually adding water to the solution and scratching, 6,7-dimethyl-
3,4-benzo-9,10-phenanthraquinone is caused to separate in a micro-
crystalline condition; yield, 799,. Reecrystallization from ethanol yields
lustrous, fiery-red plates, m.p. 194-195°.

SURVEY OF DIELS-ALDER DIENE-CYCLENONE ADDITIONS

In the tables are listed examples of diene additions to cyclenoncs which
have been reported through 1946. The list may not be complete, as
the reaction is often used merely to show the presence of a conjugated
diene and such examples may have escaped notice.

Many of the adducts formed in these reactions are derivatives of
complex polyeyelic systems, and their structural formulas are so bulky
that their use would expand the tables unduly. Their names also are
cumbersome and have the additional disadvantage that most chemists
arc not familiar with them. We have therefore been forced to adopt the
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following expedient: Before each table is listed a group of structural
formulas with their corresponding symbols. For example, 1,4-diketo-
1,4,40,5,8,8a-hexahydronaphthalene has the symbol A.

0]
|
O
|
O
A

When this diketohexahydronaphthalene or its substitution produect is
formed and its structure established, the symbol A is used in the column
under “Products.”” Although A actually refers only to the 1:1 adduct
from butadiene and p-benzoquinone, the reader can easily work out
the positions of the substituents when other dienes or p-benzoquinones
are used and the reaction follows a normal course. Thus, the product

from 2,3-dimethylbutadiene and p-benzoquinone has the symbol A
which here denotes the 6,7-dimethy] derivative shown below.

Since the structures of typical adducts have been adequately demon-
strated, the products from analogous pairs of reactants are assumed to
have analogous structures and are so entered in the tables, even though
the structure of the particular compound was not proved. For reactions
where the structure of the product has not been established but where a
given structure is probable, the symbol is preceded by “probably.”
Where isomeric adducts are possible, the positions of the substituents
will be identified by means of footnotes if these positions have been
established.

The letter “t.” in the column under “Temperature, °C’’ means that
the reaction was carried out in a sealed tube.

In the column under ‘“Yield,” a dash (—) means that the yield was
not recorded but does not necessarily mean that it was low. A “nearly
quantitative” yield is enteved as 1009,. The yields usually refer {o
purified compounds, but there are some exceptions.
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DiENE ADDITIONS TO P-BENZOQUINONE

TABLE 1

Ratio of Yield
1,3-Diene Solvent Diene to | Temperature, °C. Hours Product * Reference 1
Quinone %
Butadiene Benzene 1.1 35 3 A 100 2
Butadiene Water 1 50 12 A 80 1
Butadiene — 1.8 65 — A — 89, 38
Butadiene Benzene >2 100 24 B — 8
Butadiene None 3 100t. 3 Ct — 90
Pentadiene CeHsNO, 2 130t. 7 A 16 91
2-Methylbutadiene — 1 50t. — A — 89, 38
2-Methylbutadiene Ethanol 3 100 12 B§ — 16
2,4-Hexadiene Ethanol 1 75t. 6 A — 91
2,4-Hexadiene Pyridine and 2 125t. 12 D 16 91
CeHsNO,
2,4-Hezxadiene CgH;NO, 1 140t. 6 A 35 91
2,4-Hezxadiene (n-C4Hy)eO 1 125-140t. 24 None 0 91
2-Methylpentadiene — — — — B — 92
2,3-Dimethylbutadiene Water 1 40 12 A 100 1
2,3-Dimethylbutadiene — 1 30t. — A — 89, 88
2,3-Dimethylbutadiene — 2.3 Reflux 1 B — 93
2,3-Dimethylbutadiene Ethanol 2 97t. 5 B 60 10
2,3-Dimethylbutadiene CeHNO, 2.3 150t. — C — 11
3,4-Dimethyl-2,4-hexadiene None — 145 ¢ 8 B #* 49 20
2-Chlorobutadiene Water 1 40 12 A 95 1

991
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1-Phenylbutadiene
1-Phenylbutadiene
4-Phenylpentadiene

4-(2' ,4-Dimethylphenyl)-

pentadiene

1,4-Diphenylbutadiens
1,4-Diphenylbutadiene
2,3-Diphenylbutadiene

1-Acetoxybutadiene
Cyclopentadiene
Cyclopentadiene
Cyclopentadiene
Cyclopentadiene
Cyclopentadiene
Cyclopentadiene
Cyclopentadiene
Cyclohexadiene
Cyclohexadiene
Cyclohexadiene
a-Terpinene (709,)
a-Terpinene (94%)

Xylene
CeHsNO2
None
Benzene

None
CeHsNO,

Benzene

Ethanol
CCly
Benzene
Ethanol
n-Hexane
CS,
CszOH or CGHG
None
Benzene
None
Ethanol
Acetone

[\

HomwwwHHHHHH[HNH

'y

[N

'S

Reflux
200
105
110

Reflux

<Room temperature
Reflux
Room temperature
Reflux
Reflux
Reflux

0.25
48
24

A and B tt
Cit
CogHogOs
CsoH 240,

eEoeQHEEHEEEEHE | P

Quinhydrone
m.p. 170°

100

12
13
94
94

12
13
95

14
15
15
15
15
15
14
97
16

98
98

* See pp. 164-165 for explanation of symbols in this column,

T References 89-133 are listed on p. 192,
3 From the adduct by aeration in alkaline solution.

§ Both isomers.

|| One isomer; structure unknown,
9 Previous reaction at 30-80°,

#* Mixture of isomers.

11 Considered to be the 1,5-diphenyl isomer because of the high melting point of the anthraquinone to which it was dehydrogenated.

11 The 1,5-diphenyl isomer.
§§ At slightly reduced pressure.

The reaction was violent; the temperature was not measured.
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TABLE I—Contsnued

DieNE ADDITIONS TO p-BENZOQUINONE

1,3-Diene

Solvent

a-Phellandrene
Cyclodetatetraene
1-Vinyleyclopentene
1-Vinyleyclohexene
1-Vinyleyclohexene
1-Vinyleyclohexene
1-Vinyleycloheptene
1-Vinyleyclobetene
4-Vinyl-1,2-dihydronaphthalene
7-Methoxy-4-ethynyl-1,2-

dihydronaphthalene
7-Methoxy-4-vinyl-1,2-dihy-

dronaphthalene
4g-Methyl-4-vinyl-1,2,44-5,8,8a~

hexahydronaphthalene
10-Methylene-9-anthrone
10-Methylene-9-anthrone
Styrene

B-(1-Cyclohexenyl)naphthalene
1,1’-Bicyclopentenyl

Ethanol
Xylene

Methanol
Tetralin

Cyclohexane
Cyclohexane

Cyclohexane
Benzene

CsHsNO,
Acetic acid
None |

Methanol

Ratio of Vield
Diene to | Temperature, °C Hours Product * (7“, Reference 1
Quinone 0
Reflux 1.5 G — 16
— 140 — Tand J — 21
— — — K — 99
1.5 Reflux 21 L — 17
2.2 Reflux 0.2 M 10 17
— — — L — 99
— — — N — 99
— — — O — 99
— 100 — P — 23
— Room temperature {>48 None 0 23
1 Room temperature 36 P — 23
— 50 24 Q — 24
0.52 Reflux — Ror 8 — 40
— Reflux —$ —1 — 55
4 — 0.75 Quinol and — 100
CopH 150, **
— — — CaaHis** — 101
1 Reflux 1 T — 3

891
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1,1"-Bicyclopentenyl

1,1'-Bicyclohexenyl

1,1’-Bicyclohexenyl

1,1’-Bicyclohexenyl

1,1’-Bicyclohexenyl

1,1’-Bicyclohexenyl

Biphenyl

3,4,3",4'-Tetrahydro-1,1’-bi-
naphthyl

1-Pimaric acid

Thebaine

Anthracene

2,3,6,7-Dibenzanthracene-9,10-
diyl

a-Methylfuran

2-Methylene-2,5-dihydrofuran

2-Methylene-2,5-dihydrofuran

Phencyclone [3,4-(2,2"-xenylene)-
2,5-diphenyleyclopenta~
dienone]

1,3-Diphenylisobenzofuran

1,3-Diphenylisobenzofuran

Isosafrole

Butanol
Ethanol
Butanol
None
None

None

Benzene
Benzene
Xylene
None

Benzene
None
CeHyNO,

Ether
Ethanol

—

ol wwl |l

Reflux
Reflux
To reflux
Reflux
140
100
200
150

Room temperature
Reflux
Reflux
Reflux

Room temperature
Room temperature
100

-10
Reflux

W W ot &t 0 [ ot Ot

[\

-

Wl <=gg<q

J

None
CrrH 140588
CrrH 140388

1:2 Adduet

1:1 Adduct
1:2 Adduct

54

58.5
41
86

80

(=]

102
18

103

104

25
25, 105

106
106
106

56

107
108
109

* See pp. 164- 165 for explanation of symbols in this column,

T References 89- 133 are listed on p. 192.

I Stood overnight previously at room temperature.
§ Heating continued one-half hour after precipitation of red material ceases.

|| Two products of undetermined structures.
9 One-half gram of trichloroacetic acid added.

** Btructure unknown.
11 Two isomers; structures unknown.

11 A stable red crystalline compound apparently formed by the addition of 2 moles of quinone to 1 mole of 2-methylene-2,3-dihydrofuran,

§8§ No addition when diene in excess or when dissolved in boiling benzene or xylene.
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DiENE ADpITIONS TO METHYL~P-BENZOQUINONES

TABLE 1I

Ratio of

N Temper- i
p-Benzoquinone 1,3-Diene Solvent Dltene ature | Hours | Product * Yield Refer-
to oCy % ence |
Quinone
Methyl- Butadiene Benzene 4 110 5 A 2.4g1 27
Methyl- Butadiene Benzene 1.9 70 6 A 84 26
Methyl- Pentadiene Dioxane 1.3 70 40 AS§ 44 28
Methyl- 2,3-Dimethylbutadiene Benzene 2.5 Reflux 4 Al — 29
Methyl- 2,3-Dimethylbutadiene None 2.5 110 1 Al — 29
Methyl- 2,3-Dimethylbutadiene None 2.5 170 — CC | 93 29
Methyl- 2,3-Diethoxybutadiene None 1.2 Reflux 36 DD 17 53
Methyl- 10-Methylene-9-anthrone | Acetic acid 5 Reflux — — — 55
2,3-Dimethyl- 2,3-Dimethoxybutadiene None 0.5 140 36 DD 82 110
2,3-Dimethyl- 2,3-Dimethylbutadiene Ethanol 3 Reflux 8 A 80 26
2,3-Dimethyl- Butadiene Ethanol 5 100 62 AT 75 30
2,5-Dimethyl- Butadiene Benzene — 110 5 None 0 27
2,5-Dimethyl- Butadiene Benzene 4 170 10 B 10 4
2,5-Dimethyl- 2,3-Dimethylbutadiene Ethanol 4 100 27 AT 66 30
2,5-Dimethyl- 2,3-Dimethylbutadiene Ethanol 4 100 72 AY 77 30
2,5-Dimethyl- 2,3-Dimethylbutadiene Benzene 4 100 72 AT 85 30
2,5-Dimethyl- 1,3,5-Hexatriene Ethanol 1.5 103 26 AY 57 35
2,5-Dimethyl- Cyclohexadiene Ethanol 1.5 80-104 72 G 1 7
2,5-Dimethyl- 2,3-Dimethylbutadiene CsHg + 4 100 87 A 82 30
C.HzOH

* Bee p. 170 for explanation of symbols used in this column,
T References 89-133 are listed on p. 192,
v I Erroneous; the theoretical yield is 1.75 g.

§ Both the 2,5~ and 2,8-dimethyl isomers.
|| The 2,6,7-trimethyl isomer.

9 A liquid.
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TABLE II—Continued

Diene AppiTIONS TO METHYL-p-BENZOQUINONES

Ratio of Temper-
p-Benzoquinone 1,3-Diene Solvent D}Lene ature | Hours { Product * Yield Refer-
o o3 % ence }
Quinone
2-Isopropyl-5-methyl- Pentadiene Ethanol — 100 112 Al 75.5 30
2-Isopropyl-5-methyl- 2,3-Dimethylbutadiene Ethanol 3 100 >24 At — 30, 43
2-Acetoxy-5-methyl- Butadiene Ethanol 2 75 68 Ag 25 32
2-Acetoxy-5-methyl- 2,3-Dimethylbutadiene Ethanol 1.3 95 14t. Al 42 33
2-Acetoxy-5-methyl- 1,3,5-Hexatriene Ethanol 3 74 39t. AT 45 33
2-Acetoxy-5-methyl- 1,3,5-Hexatriene Ethanol 3 73 39t. A ** 21 33
2-Acetoxy-5-methyl- 1,3,5-Hexatriene Ethanol 3 97 16t. At 6 33
2-Acetoxy-5-methyl- Cyclohexadiene Ethanol 2.3 65 65t. G it 55 33
2-Carbomethoxy-5-methyl- | Butadiene Benzene 4 100 16 A 8§ 77 34
2-Carbomethoxy-6-methyl- | Butadiene Benzene 2 100 66 A §8 78 34
2-Methoxy-5-methyl- Butadiene Ethanol 4.2 100 65 AN 75 7
2-Hydroxy-3,5-dimethyl- Butadiene Dioxzane 15 110 20t. AYY 100 5
2-Hydroxy-3,5-dimethyl- 7-Methoxy-4-vinyl-1,2~ Dioxane — 120 15t. (EE or FF **#; — 5
dihydronaphthalene
Tetramethyl- 1,3,5-Hexatriene Ethanol 2 100 43t. None 0 35
Tetramethyl- 1,3,5-Hexatriene Benzene 1.2 150 65 | Duroquinol | — 35
Tetramethyl- 1,3,5-Hexatriene Benzene 1.5 204 3 | Duroquinol | 42 35
* See p. 170 for explanation of symbols used in-this column. §% Three compounds obtained. Yields of crystalline substances: angular acetate,
T References 89-133 are listed on p. 192, 55%; stereoisomeric angular acetate, 6%; enol (2-hydroxy-5-methyl derivative),
I A liquid. 1%.
§ Isolated as the free enol from the angular methyl product. §§ The angular carboxylate.
|| The 5-acetoxy-2,7,8-trimethyl isomer. Illl The angular methyl isomer.
4 The angular acetate. 99 The 3-hydroxy-2,10-dimethyl isomer.
#% Possibly the 2-hydrfoxy-5-methyl-9-vinyl isomer. #+% The 8-hydroxy-2,14-dimethyl isomer.

11 An enol acetate.
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TABLE II1

DIENE ADDITIONS TO SUBSTITUTED P-BENZOQUINONEs OTHER THAN METHYL-p-BENZOQUINONES

Ratio of

p-Benzoquinone 1,3-Diene Solvent | Diene to Ttempeor a- Hours Produect, * Yield Refer:
. ure, °C % ence §
Quinone
Phenyl- 2,3-Dimethylbutadiene None 5.5 100 1 Al 82 29
Phenyl- Cyclopentadiene Benzene 1 Reflux 2 Al 18 29
Phenyl- 1,1’-Bicyclohexenyl None 0.9 120150 4 Vi — 19
Phenyl- 1,1’-Bicyclohexenyl CsHsNO, 0.9 Reflux 4 GG — 19
2,3-Diallyl- 2,3-Dimethylbutadiene — — — — DD § — 111
«-Carboxypropyl- Butadiene Benzene 30 70 8 Al 86 37
«-Carboxyamyl- Butadiene Benzene 10 70 6 Aff 73 37
Chloro- 2,3-Dimethylbutadiene — — 60 — AT — 38
Chloro- 2-Chlorobutadiene Water 1 40 12 A **® — 1
2,3-Dichloro~ Butadiene — — 100 — At — 38
2,3-Dichloro- 2,3-Dimethylbutadiene — — Room — At — 38
temperature
Tetrachloro- Cyclopentadiene Benzene 2 Room 336 Cr11HgO2Cly — 14
- temperature
Tetrachloro- Cyclopentadiene Benzene §§ — 29 24 CiHgO:Cly 72 39
Tetrachloro- Anthracene Xylene or 1 Reflux — HH — 25
acetic acid
Tetrachloro- Anthracene None 1 260 0.5 HH — 25
Tetrachloro- Pentacene-9,10-diyl Xylene 1 Reflux — — — | 25,105
Tetrachloro- 10-Methylene-9-anthrone | Xylene 0.9 Reflux — 1 — 40
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Tetrachloro-
Trichloro-

AA *
AA *
5,6,7,8-Tetrahydro-1,4-
naphthoquinone
5,8-Dihydro-1,4-
naphthoquinone
2,5-Diphenyl-
2,5-Diphenyl-
2,5-Diphenyl-
2,5-Diphenyl-
1-Keto-2,3-diphenylin-
dene-4,7-quinone

10-Methylene-9-anthrone
10-Methylene-9-anthrone

10-Methylene-9-anthrone
Anthracene
Butadiene

Butadiene

Butadiene
2,3-Dimethylbutadiene
1-Phenylbutadiene
1-Phenyl-1,3-pentadiene
Cyclopentadiens

CeHsNO2

Acetic acid

Xylene
Xylene
None

None

Ethanol
Ethanol
Ethanol

Benzene

ot

N oo

0 w

Reflux
Reflux

Reflux
Reflux
80t.

90
Reflux
Reflux

Reflux

96
144
24
Time to
distil to
10 ml.

RorS
Contains
chlorine

JJ
1:1 Adduct
KK

LL

A
A
ATY
Mixture
The 3a, 7a-
adduct

100
90

77
79
89

73

38, 41
38, 41

36
36
36
36
112

* See p. 173 for explanation of the symbols in this column.
T References 89133 are listed on p. 192,

} The 2-phenyl isomer.

§ The adduct was isomerized to & hydroquinone which was oxidized by chromic acid to 2,3-diallyl-6,7-dimethyl-1,4-naphthoquinone.
|| Probably the 2-carboxyalkyl isomer.
q Probably the 2-chloro-6,7-dimethyl isomer.

#% The 2,7-dichloro isomer.

11 Probably the 2,3-dichloro isomer.

1% The 2,3-dichloro-8,7-dimethyl isomer.
§§ Trace of trichloroacetic acid added.
Il Normal adduct plus by-product.

49 Formulated without evidence as the 2,5,9-triphenyl derivative.
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DiENE ADDITIONS To 0-QUINONES

TABLE IV

Ratio of

Temper-

Quinone 1,3-Diene Solvent |Diencto| ature | Hours| Product * | Yo | Refer-
. o % ence T
Quinone C
o0-Benzo- Cyclopentadiene — — — — — — 42
Tetramethyl-o-benzo- Cyclopentadiene 95% ethanol| 2.5 Reflux 4 MM 63 42
1,2-Naphtho- I-Pimaric acid (crude) — — — — — — 114
1,2-Naphtho- 10-Methylene-9-anthrone | Acetic acid — Reflux — — 1 — 55
1,2-Naphtho- ? — — — — —§ — 113
3,7-Dimethyl-1,2-naphtho- 2,3-Dimethylbutadiene Ethanol 5 100 >24 XN 93 44
3,7-Dimethyl-1,2-naphtho- 2,3-Dimethylbutadiene Ethanol — Heated 66 NN 83 30
4-Benzyl-1,2-naphtho- 2,3-Dimethylbutadiene Ethanol — 100 72 NN 0.5g. 115
crude
4-Dicarbethoxymethyl-1,2- 2,3-Dimethylbutadiene Ethanol — 100 120 NN — 115
naphtho-

3-Bromo-1,2-naphtho- 2,3-Dimethylbutadiene CHCl; 3.5 100 2 OO0 || 76 45

* See p. 176 for explanation of symbols in this column.
1 References 89-133 are listed on p. 192,

I Constitution unknown.
§ Addition occurs.

|| By dehydrogenation of the oily adduct with chromic acid in acetic acid.
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TABLE IV—Continued

DiENE ADDITIONS TO 0-QUINONES

Ratio of | Temper- '
Quinone 1,3-Diene Solvent  |Dieneto| ature | Hours | Product * Yield Refer.-
. o % ence 7
Quinone C
6-Bromo-1,2-naphtho- 2,3-Dimethylbutadiene — — — — NN 45 45
3-Chloro-1,2-naphtho- 2,3-Dimethylbutadiene CHCl; 3.5 100t. 1 NN i 70 45
4-Chloro-1,2-naphtho- 2,3-Dimethylbutadiene CHCl; 3.5 100 72 00§ 15 45
3,4-Dichloro-1,2-naphtho- 2,3-Dimethylbutadiene CHCl; 5 100 60 NN 24 45
2,3-Dimethyl-1,4-dihydro-9,10- | 2,3-Dimethylbutadiene CHCl; 4.5 100 || 2 11:1 Adduect 36 46
phenanthra-~ '
1,2-Phenanthra- 2,3-Dimethylbutadiene CHCIl3 34 — 48 PP 29 46
3-Bromo-1,2-phenanthra-~ 2,3-Dimethylbutadiene CHCl3 15 — 3 PP 79 46
2-Bromo-3,4-phenanthra~ 2,3-Dimethylbutadiene CHClg 10 100 2 QT 90 46
3-Bromo-1,2-phenanthra- Butadiene CHCls 13 — 5 PP 65 46

* Bee p. 176 for explanation of the symbols in this column,
T References 89- 133 are listed on p. 192.

I Is unstable; when warmed with ethanolic sodium acetate, gives a quantitative yield of 2,3-dimethyl-9,10-phenanthraquinone.
§ By oxidation of the crude adduct on standing in air,

|| With exposure to sunlight.

9 By dehydrogenation of the crude adduct with chromic acid in aqueous acetic acid.
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TABLE V

DieNE ApprrioNs To 1,4-NAPHTHOQUINONE

Ratio of .
1,3-Diene Solvent Diene to Temeeéra,ture Hours Product * Yield Refer.—
. R % ence |
Quinone

Butadiene Ethanol 1.2 100 3 RR — 16, 48
Butadiene Benzene 1.2 70 2.5 RR — 47
2-Methylbutadiene Ethanol 1.5 100 4 RR — 16
2-Methylbutadiene Ethanol 2.3 80 8 Ci 100 57
2,3-Dimethylbutadiene Ethanol — 70 — RR — 57
2,3-Dimethylbutadiene Ethanol — Reflux 5 RR 96 88
2,3-Dimethylbutadiene None 2.3 Reflux 1 RR — 88
2,3-Dimethylbutadiene CeHsNO9 — — — C — 11

2-Methylpentadiene Ethanol 4 Reflux 2 RR — 16, 47
2,4-Dimethylpentadiene None 5 Reflux 6 RR — 16
2,4-Dimethylpentadiene None — Reflux 8 RR 62 116
2-t-Butyl-4-methylpentadiene Dioxane — 110 24 RR 13 116
2,5-Dimethyl-2,4-hexadiene — — — — — 0 116
3,6-Diethyl-3,5-octadiene — — — — — — 116
Myrcene Dioxane Reflux 12 RR 64 116
1,3,5-Hexatriene Ethanol 1.5 50 6 RR § 100 118
2,5-Dimethyl-1,3,5-hexatriene — — — — No reaction — 117
2,6-Dimethyl-2,4,6-octatriene — — — — RR || — 119
1-Chlorobutadiene — — — — No reaction — 49
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2-Chlorobutadiene
2-Bromobutadiene

8-Chloropentadiene
8-Chloro-1,3-hexadiene
3-Chloro-1,3-octadiene
8-Chloro-1,3-hendecadiene
2,3-Dichlorobutadiene
2-Chloro-8-methylbutadiene
2-Chloro-3-methylpentadiene
1,3,4,6-Tetrachloro-2,4-hexadiene
2-Acetoxybutadiene
1-Acetoxybutadiene
2-Ethoxybutadiene
1-Hydroxybutadiene (crotonaldehyde)
2-Chloro-1-hydroxybutadiene
1-Hydroxy-2-inethylbutadiene
2,3-Dimethoxybutadiene

Benzene

Benzene

None
None

None

Benzene

Benzene - piperidine
Benzene -} piperidine
Benzene -} piperidine
Benzene

2.4

Reflux + room
temperature
Room temper-
ature -+ reflux

100
100
100
100
100
100
100
100
Reflux

Reflux

3416

48 41

o o

RR T
RR

C k¥
C *%
C **
C k33
No reaction
RR
RR
No reaction
Ct1

o
C
C
C

Ci

50
51

52
52

52
49
54
54
49
120

121
122
122
122

53

* See p. 179 for explanation of symbols in this column,

T References 89-133 are listed on p. 192.

1 By aeration of the crude adduct in boiling 5% potassium hydroxide.

§ A liquid.

|| Converted to 9,10-diketo-1,1-dimethyl-4-(e-methylpropenyl)~l,4-dibydroanthracene by aeration in potassium hydroxide solution,

9 Not entirely pure.

#*% Adduct aerated in alkaline solution without isolation.
11 The crude crystalline adduct was oxzidized in alkaline solution.
11 A solution of the adduct in ethanol was dehydrogenated with aqueous sodium hypochlorite.
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DiEne AppiTioNs To 1,4-NAPHTHOQUINONE

TABLE V—Conitnued

Ratio of .
1,3-Diene Solvent, Diene to Tempoera,ture Hours | Product * Yield Refer:
. C. % ence f
Quinone
2,3-Diethoxybutadiene Benzene — Reflux 6 Ci — 53
1-Phenylbutadiene None — — — C — 16
1-Phenylbutadiene CgHsNOg 1.2 180 5§ C 47 13
1,4-Diphenylbutadiene None — 160 10 C — 12
1,4-Diphenylbutadiene CeHsNO» 1.7 Reflux 2 C 70 13
2,3-Diphenylbutadiene Xylene 1 Reflux 2.5 RR 74 95
Cyclopentadiene Benzene — 5 — SS — 14
Cyclohexadiene None 3.3 Reflux 2 TT — 16
Cyclohexadiene None 3.75 Reflux — TT — 123
Cyclohexadiene Ethanol 1.5 50 6t. TT 70 118
a-Phellandrene Ethanol — Reflux 2 TT — 16
Cyclobctatetraene — — >100 — uu — 21
7,8-Dichlorobicyclof0.4.2]octa-2,4-diene | — — — — vV — 21
1-Vinyleyclopentene — — — — 1:1 Adduct — 99
1-Vinyleyclohexene — — — — 1:1 Adduect — 99
1-Vinyleycloheptene — — — — 1:1 Adduct — 99
1-Vinyleyclosetene — — — — 1:1 Adduct — 99
e~Chlorovinyleyclohexene None — 100 0.33 WW — 54
Isosafrole — — — — 0 109
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4g-Methyl-4-vinyl, 1,2 44,5,8 8a-
hexahydronaphthalens
1,1’-Bicyclopentenyl
1,1/-Bicyclohexenyl
1,1’-Bicyclohexenyl
1,1’-Bicyclohexenyl
3,4,3',4"-Tetrahydro-1,1’-binaphthyl
10-Methylene-9-anthrone
10-Methylene-9-anthrone
1-Chloro-10-methylene-9-anthrone

2,5-Diphenyl-3,4-(2,2’-xenylene)cyclo-
pentadienone (phencyclone)
Tetraphenyleyclopentadienone
(cyclone) **
Tetraphenylcyclopentadienone **
Tetraphenylcyclopentadienone **
1,3-Diphenylisobenzofuran
1,3-Diphenylisobenzofuran

1-Penten-3-yne

None

Ethanol
None

None

Ethanol
CeH5NO.
Acetic acid

CeH5NOg
Ethanol
Toluene
CeHsNO2
Xylene

None

None

-

>1

[H[pm[

110

Reflux
To reflux

150t.
100

130
Reflux
Reflux
Reflux

100
180t.

220t.
160-200
Reflux
Room temper-
ature
100t.

0.75

[ ] coroce | =

1:1 Adduct

XX
YY

— |

YY
1:1 Adduct

77

77
Chloro deriv-
ative of ZZ
1:1 Adduct §

None

None

None
1:1 Adduct
1:1 Adduet

None

79
90

67

19
18
18
55
55

56, 130
56
56

124
125

126

* See p. 179 for explanation of symbols in this column.

T References 89-133 are listed on p. 192,

I The crude adduct was aerated in sodium hydroxide solution.

§ Minutes.

|| 1,4-Naphthohydroquinone; a diketododecahydrodibenzanthracene and a diketodecahydrodibenzanthracene (probably 1,2,3,4-dibutano-9,10-anthraquinone) were

isolated,

9 Converted to 1,4-diphenyl-2,3-(2,2’-zenylene)-9,10-anthraquinone by air and ethanolic alkali, nitrobenzene, or chromic acid.

*% Acecyclone, 3,4-(1,8 naphthylene)-2,5-diphenylcyclopentadienone, gave similar results.
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TABLE VI

Digne AppiTioNs To SuBsTITUTED 1,4-NAPHTHOQUINONES

Ratio of | Tem-
1,4-Naphthoquinone 1,3-Diene Solvent D;ene P8 Hours Product * Yield Refer’—
0 ture % ence }
Quinone| °C.
2-Methyl- — Ethanol 6 100 >24 RR t — 43
2,3-Dimethyl- 2,3-Dimethylbutadiene | Ethanol 5 100 100 RR I — 43
2,6-Dimethyl- 2,3-Dimethylbutadiene | Ethanol 5 100 >24 RR 100 43
2,6-Dimethyl- Pentadiene Ethanol — 100 96 RR I 45 30
2-Chloro- Butadiene — — 125 — 9,10-Diketo- | — 57
1,4-dihydro-
anthracene
2-Chloro- 2-Methylbutadiene — — 120t. 5 C — 57
2-Chloro 2,3-Dimethylbutadiene | Ethanol — 105t. 5 C — 57
2-Chloro- 10-Methylene-9-anthrone | Sodium acetate-acetic | — Reflux — 77 — 55
acid (1:10)
2,3-Dichloro- 2,3-Dimethylbutadiene | — — — — RR § — 57
2,3-Dichloro- 10-Methylene-9-anthrone | Sodium acetate-acetic | — Reflux — 77 — 55
acid (1:10)

* Bee p. 184 for explanation of symbols in this column.

T References 89-133 are listed on p. 192,

I A liquid.

§ Converted to 2,3-dimethyl-9,10-anthraquinone by heating with ethanolic potassium hydroxide.
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TABLE VI—Continued

DiENE AppITIONS TO SUBSTITUTED 1,4-NAPHTHOQUINONES

Ratio of | Tem-
1,4-Naphthoquinone 1,3-Diene Solvent D};ne ;;eurraé— Hours Product * Y;zld Eﬁzr};
Quinone| °C.
2,3-Dichloro- 10-Methylene-9-anthrone | CeHsNOq — Reflux — /1 — 40
5-Amino- 2,3-Dimethylbutadiene | Ethanol — Reflux 2 RR — 57
2,3-Dichloro-3-nitro- | Butadiene — — 130 2 1-Amino- — 57
9,10-anthra-
quinone I
2,3-Dichloro-5-nitro- | 2,3-Dimethylbutadiene | — — — — RR — 57
5,6,11,12-Naphtha- Butadiene — — — — 1:1 Adduct 74.5 58
cenediquinone
5,6,11,12-Naphtha- | 2,3-Dimethylbutadiene | Acetic acid — 100 5 1:1 Adduct 87 58
cenediquinone

2-Hydroxy- 2,3-Dimethylbutadiene | Ethanol — 100 22 C§ 70 30
2-Methoxy- 2,3-Dimethylbutadiene { Ethanol — 100 66 C§ 80 30
5-Hydroxy- Butadiene Ethanol 10 100 0.5 RR 94 45
5-Hydroxy- 2,3-Dimethylbutadiene | Ethanol 6 100 0.33 RR 95 45
5-Acetoxy- 2,3-Dimethylbutadiene | Ethanol 6 100 0.5 RR 94 45
5,8-Dihydroxy- 2,3-Dimethylbutadiene | Ethanol 17.5 100 6 RR 83 45
5,8-Diacetoxy- 2,3-Dimethylbutadiene | Ethanol 40 100 3 RR 92 45

2,3-Dimethylbutadiene | Ethanol 15 100 60 RR | 33 45

2,5,8-Trihydroxy-
5,6,8-Trihydroxy-
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5,6,8-Triacetoxy-
2-Methyl-8-hydroxy-
5,8-Dihydroxy-
5,8-Dihydroxy-
5,8-Dihydroxy-
3,8-Dihydroxy-
5,8-Dihydroxy-
5,8-Dihydroxy-

5,8-Dihydroxy

5,8-Dihydroxy~-

5,8-Diacetoxy-

5,8-Diacetoxy-

5,8-Diacetoxy-

5,8-Dihydroxy-6-(1’-
methoxy-4’-methyl-
3’-pentenyl) [al-
kannin methyl
ether]

2,3-Dimethylbutadiene
2,3-Dimethylbutadiene
Butadiene
2,3-Dimethylbutadiene
2,3-Dimethylbutadiene
Pentadiene
2,4-Hexadiene
2,6-Dimethyl-1,3,5-
heptatriene
2,6-Dimethyl-1,3,5-
heptatriene
Phencyclone
Pentadiene
2-Methylbutadiene
1,1"-Bieyclohexenyl
2,3-Dimethylbutadiene

Ethanol
Ethanol
Benzene
Benzene

CeHsNO,
CeHsNO,
Ethanol 4 CO,

Benzene

Ethanol
Ethanol
Toluene
Ethanol

(1

[I—-ll-l'cbw

100
100
100
100
65
130t.
170t.
90t.

80

100

100
Reflux
Reflux

RR
RR
RR
RR T
RR

C

C

RR &%

1:1 Adduct
RR
RR
YY

1:1 Adduect T

45
45
57
57
127
128, 129
128, 129
128, 129

129
130
131
131

132

* See p. 184 for explanation of symbols in this column,

T References 89-133 are listed on p. 192.
1 By treatment with potassium hydroxide, sodium hydrosulfite, and air.
§ From the adduct after aeration in ethanolic potassium hydroxide.

|| The isomer to be expected from 5,6,8-trihydroxy-1,4-naphthoquinone.

9 Not purified.
% Probable structure,

7T Aeration in ethanolio potassium hydroxide gave the anthraquinone, CogHaoQ4, resulting from dehydrogenation and elimination of methanol,
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ComrrExX CycrENONES IN TapLe VII *

% ob ' ¥
K o 2

* Many of the 1:1 adducts from p-benzoquinone and a variety of dienes can add 2 second mole of diene. Because of the complexity of their names, the original
symbols by which they were identified in Table T are used for their designation in the column labeled "Cyclenones.”
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TABLE VII

DiEne ApprTIoNs To CYCLENONES OTHER THAN QUINONES

Ratio of Temper- )
Cyclenone 1,3-Diene Solvent, Dé;%? et_o ature Hours Product * Y}%ld Erif:r"(
none :
Cyclopenten-3-one Butadiene Dioxzane 3 120-160 40 AAA L — 59
Cyclopenten-3-one 6-Methoxy-1-vinyl-3,4-di- Dioxane 1.1 120 40t. BBB — 59
hydronaphthalene
1-Methylecyclopenten-5-one | 2,3-Dimethylbutadiene COq 0.9 200t. 15 AAA T — 60
1-Methyleyclopenten-5-one | Vinyleyclohexene No 0.2 170t. 16 CCC 1 52 60
1-Methyleyclopenten-5-one | Vinyleyclohexene No 0.3 205t. 24 CCC { 75 60
1-Methyleyclopenten-5-one 1-1\7iny1—3,4—dihydronaphtha— N2 0.18 160t. 22 BBB i} — 60
ene
1-Methyleyclopenten-5-one | 4a-Methyl-4-vinyl- None 10 200 48 Dimethyl- — 61
1,2,44,5,8,8a-hexahydro- steradienone
naphthalene
l-lfgthylcyclopentene- Butadiene Dioxane | 18 130 40 DDD — 62
 5-dione
1-Methyleyclopentene- Butadiene Dioxane 1.8 130 40 DDD — 62
4,5-dione
1-Methyleyclopentene- 6-Methoxy-1-vinyl-3,4- Dioxzane 2 115 50 EEE 56
4 5-dione dihydronaphthalene (crude)
4,4-Dibromocyclopentene- | Butadiene Dioxzane 5 115 24 FFF — 59
3,5-dione .
4,4-Dibromocyclopentene- | 6-Methoxy-1-vinyl-3,4- Dioxane 5 115 24 GGG 12 59
3,5-dione dihydronaphthalene
Cyeclohexen-3-one Butadiene None 2.3 190 72 An octalone 11 63
Cyclohexen-3-one 2,3-Dimethylbutadiene None 1.5 200 72 An octalone 20 63
Cyclohexen-3-one 1-Methyl-2-vinyleyclo- — — — — CisHaO § — 64
hexene
Cyclohexen-3-one Cyclohexadiene None 2.5 Reflux 22 None 0 65
1-Methyleyclohexen-3-one | Butadiene — — — — None 0 66
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1-Methyleyclohexen-3-one
1-Methyleyclohexen-6-one
1-Methyleyclohexen-6-one

2,3-Dimethylindone
Aq

A

A

- loPdalloluly

‘7

Tetrachlorocyclopenta-
dienone

3,4-Diphenyleyclopenta-
dienone

1,4-Dimethyl-2,3-diphenyl-
cyclopentadienone

Coumnarin

1,3,5-Hexatriene
Butadiene
Butadiene

1,1’-Bicyclohexenyl
Butadiene
2,3-Dimethylbutadiene
Cyclopentadiene
Cyclohexadiene
Cyclohexadiene
Cyclopentadiene
1-Vinyleyclopentene
1-Vinyleyclohexene
1-Vinyleycloheptene
1-Vinyleyeclooetene
1,1’-Bicyclopentenyl

1,1’-Bicyclopentenyl
1,1’-Bicyclohexenyl

1,1’-Bicyclohexenyl
Tetrachlorocyclopenta-
dienone
3,4-Diphenylcyclopenta-
dienone
1,4-Dimethyl-2,3-diphenyl-
cyclopentadienone
2,3-Dimethylbutadiene

None

Toluene
None
None
None
None
Benzene

Xylene

ol
'

el 1 el ]

- |
o

2.1

200
200
100
100
Reflux
Reflux
25

Reflux
Reflux
Reflux

260

23

30
seconds

30
seconds

None
An octalone
A 9-methyl-

octalone-1
HHH
B
B
111
JJJ

F

:1 Adduct
:1 Adduct
:1 Adduct
:1 Adduct
U

:1 Adduct

1:1 Adduct
Dimer

Dimer
LLL
MMM

i bt ol et

[y

22

68
69
70

* See p. 189 for explanation of symbals in this oolumn,
T References 83-133 are listed on p, 192,

1 A liquid.

§ Probably XCIX or XCIXA p. 155.
9 See p. 188 for explanation of symbols in this column.
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INTRODUCTION

An excellent method for the introduction of fluorine into the aromatic
nucleus, described by Balz and Schiemann ! in 1927, has been extensively
developed since that time by Schiemann. The method involves two
steps: first, the preparation and isolation of a dry diazonium fluoborate;
and second, the controlled decomposition of this salt by heat to yield
an aromatic fluoride, nitrogen, and boron trifluoride.

CeHsNH, + HNO, + BFy~ — CgHsN,BF, 4 H,0 4 OH— (1)
ColLN,BT, % CHsF -+ N, + BT @

The phenomenon which makes possible the Schiemann reaction is the
remarkable stability of the dry diazonium fluoborates (sometimes called
diazonium borofluorides). These salts, almost alone among the dia-
zonium salts, are quite stable and insensitive to shock, and many can
be handled safely in quantities of several kilograms. Most of them have
definite decomposition temperatures, and the rates of decomposition,
with few exceptions, are easily controlled. The over-all yields in general
are satisfactory. No special apparatus is required, and the inorganic
fluoborates necessary as intermediates may be purchased or easily
prepared.

The first diazonium fluoborates were prepared in 1913 by Bart,? who
made benzenediazonium fluoborate, as well as p-chloro-, p-nitro-, and
p-ethoxy-benzenediazonium fluoborate. He noted the great stability
of these compounds and claimed them to be useful as intermediates in
preparing therapeutic agenis and dyes; he did not prepare aromatic
fluorides from them, however. No further report appeared until 1924
when Wilke-Dorfurt ® isolated two diazonium fluoborates and noted
that they were less explosive than the diazonium perchlorates. In 1926

1 Balz and Schiemann, Ber., 60, 1186 (1927).

2 Barl, Ger. pat. 281,055 [C.4., 9, 1830 (1915)].
3 Wilke-Dorfurt, Z. angew. Chem., 37, 712 (1924).
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Funk and Binder # published a study of the salts of fluoboric acid; they
isolated benzenediazonium fluoborate and recorded some of its proper-
ties. Wilke-Dorfurt and Balz 5 in 1927 also isolated benzenediazonium
fluoborate and reported the decomposition point of the salt to be 100°.
Later the same year the paper of Balz and Schiemann ! appeared, show-
ing that aromatic fluorides could be prepared in excellent yield by the
decomposition of these dry diazonium fluoborates.

The Schiemann reaction may be carried out on a wide variety of
amines, and over-all yields as high as 709, are not uncommon. Poly-
nuclear aromatic compounds as well as benzene may be used; fluorine
has been introduced into naphthalene, phenanthrene, anthracene, bi-
phenyl, fluorene, and benzanthrone by this method. It has been shown
that fluoropyridines and fluoroquinolines may be prepared in this
manner.

The simultaneous introduction of two fluorine atoms by the use of a
bis-diazonium fluoborate has been successful in several instances, al-
though the yields are low unless the two diazonium groups are situated
on different benzene rings.

O
s Oy o

The effect on the Schiemann reaction of other groups present in the
ring is discussed in detail later in the sections “Preparation of Diazonium
Fluoborates” and “Decomposition of Diazonium Fluoborates.” At this
point it need only be noted that the chief effect which other groups may
have on the preparation of the intermediate diazonium fluoborate is to
render the molecule more soluble, thus lowering the yield. The rate of
decomposition of a diazonium fluoborate and the yield of fluoride
obtained from it are profoundly affected by the presence of certain
groups. Nitro groups generally cause unruly decomposition, and low
yields of nitrofluorides result; other groups, such as alkoxy and amino,
also lower the yield of fluoride obtained.

Diazonium fluoborates are occasionally used to introduce groups
other than fluorine into an aromatic ring. For example, the diazonium
fluoborate group may be replaced by the acetoxyl group,’ the nitro

4 Funk and Binder, Z. anorg. allgem. Chem., 159, 121 (1926).

5 Wilke-Dorfurt and Balz, Ber., 60, 115 (1927).

¢ Smith and Haller, J., Am. Chem. Soc., 61, 143 (1939).
7 Haller and Schwffar, J. Am. Chem. Soc., 66, 4954 (1033).
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group,® the nitrile group,?® and a hydrogen atom; %11 an apparently un-
successful effort has been made to replace it by a methoxyl group.!?
Diazonium fluoborates may also be used in the preparation of aromatic
derivatives of arsenic,”® mercury,*® and copper.'é 7

MECHANISM OF THE REACTION

The mechanism of the decomposition of the diazonium fluoborates is
not known with cerlainty, nor is the reason for the unusual stability of
these salts fully understood. Schiemann %8 proposed that the stability
of these salts was due to the linking of an unstable diazonium cation
with the complex fluoborate anion, the breaking down of the fluoborate
complex to boron trifluoride and fluoride ion requiring approximately
the same amount of energy as is given off by the decomposition of the
cation. The amount of energy required was calculated by De Boer and
Van Liempt » to be about 70 kilocalories on the basis of the following
equation.

BT (gas) + '~ (gas) — BTy~ (gas) + 70 keal.
There are three possible mechanisms for the decomposition of the
diazonium fluoborates; they are shown diagrammatically below. In

Heat
>

[Ar:N=N:]* [:F:BFs~

1. Carbonium jon: Art 4 No + [:f‘:BFs]‘ (A)
Art 4 [:F:BF;]- — Ar:F: + BF; B)
2. Free radical:  Ar- -+ Ny -+ BF; + -F: (A)
Are + .F: — ArF: ®)
3. Rearrangement: ["Ar — :N=N:
~N
T — Ar:F: 4+ N; 4 BF3
1
BF;

8 Starkey, Org. Syntheses, Coll. Vol. 2, 225 (1943).

? Ruggli and Caspar, Helv. Chim. Acta, 18, 1414 (1935).

10 Teslie and Turner, J. Chem. Soc., 1933, 1590.

11 Schmelkes and Rubin, J. Am. Chem. Soc., 66, 1631 (1944),

12 Sinith, Elisberg, and Sherrill, J. Am. Chem. Soc., 68, 1301 (1946).
13 Ruddy, Starkey, and Hartung, J. Am. Chem. Soc., 64, 828 (1942).
¥ Dunker and Starkey, J. Am. Chem. Soc., 61, 3005 (1939).

1% Dunker, Starkey, and Jenkins, J. Am. Chem. Soc., 58, 2308 (1936).
16 Bolth, Whaley, and Starkey, J. Am. Chem. Soc., 65, 1456 (1943).
17 Whaley and Starkey, J. Am. Chem. Soc., 68, 793 (1946).

18 Schiemann, Chem. Zig., 52, 754 (1928).

1% De Boer and Van Liempt, Rec. trav, chim., 46, 130 (1927).
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order to make the formulas less complex, only those electrons imme-
diately involved are represented; Ar represents any aromatic radical.

Hodgson, Birtwell, and Walker ¥ propose mechanism 2, while Bell 2
favors a mechanism like 1, although he calls it a “free radical” mecha-
nism. Such evidence as there is does not make it possible to distinguish
among these various possibilitics. Bell conducted an interesting experi-
ment to determine whether two “obstacle” amino groups in an optically
active biphenyl molecule could be replaced by other groups without
loss of optical activity. He reported that levo-2,2’-diamino-6,6/-di-
methylbiphenyl could be transformed into optically active 2,2'-diiodo-
6,6’-dimethylbiphenyl by a diazonium reaction. The replacement of
the amino groups by fluorine was also successful, but the optical activity
of the product was so slight that Bell stated “the result was not regarded
a8 unambiguous.”’

NI‘Iz NH, N,BI NzBF4
CH;; CHs CI’Ig CI'Ig CI‘I,?, CH;

This evidence indicates that the replacement of the diazonium group
by iodine and fluorine takes place by different mechanisms; this might
be anticipated, as the one replacement occurs in cold aqueous solution
and the other in the dry state at an elevated temperature. Racemiza-
tion during the Schiemann reaction might be expected to take place
with either mechanism 1 or 2, although it would be less likely with 3.
Much work has been done on the mechanism of the decomposition of
the diazonium salts in general,* but little has been done directly with the
fluoborates.

One related question upon which it is interesting to speculate is the
connection between the relatively high stability of the diazonium fluo-
borates containing the nitro group (as evidenced by their high decom-
position temperatures, which are as a group higher than those of any
other substituted diazonium fluoborates; see Tables I, II, and III) and
the uniformly low yields of nitrofluorides and high yields of tarry by-
products obtamed by the pyrolysis of these diazonium fluoborates.

Two possibilities suggest themselves. First, the known electron-
attracting power of the nitro group may lessen the electron density
around the diazonium group, thereby increasing its positive charge and

* Tor loading reforences soc Waters, J. Chem. Soc., 1942, 266, also reference 20,

20 Tlodgson, Birtwell, wud Walker, J. Chem. Soc., 1941, 770.
2 Boll, J. Chem. Soc., 1084, 835.
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increasing its electrostatic attraction for the fluoborate ion. This would
tend to raise the decomposition point; why such a situation should
lower the yield of the product on decomposition is not clear.

A second possibility (suggested in a private communication by Pro-
fessor O. K. Rice) is that a codrdinate bond could be formed between the
fluoborate ion and the nitro group existing in one of its resonance forms.
Such a situation would be expected to interfere with either mechanism

:0: :0: :0:
-+ N -+ NP -+ N
tN:::N:Ar:N::O: | 2 | :N::iN:ArN:O: | — (N:::N:Ar:N:O:—
:F:
.. . BF3
F:BFs— sF:BFg~

1 or 2, both of which require the presence of the BF, ™ ion close to the
carbonium ion or free radical. Longer life of either the ion or radical
postulated in mechanisms 1 and 2 would be expected from the above
equation and would lead to increased polymerization and tar formation.

PREPARATION OF DIAZONIUM FLUOBORATES
Effect of Structure on the Yield of Diazonium Fluoborate

In general, any aromatic amine which can be diazotized will form a
diazonium fluoborate, and yields above 909, are frequent. The yield re-
ported is often of unpurified material, however, and may be high owing
to coprecipitation of sodium flucborate; a large excess of sodium fluo-
borate is sometimes used to obtain maximum yields, and some reported
yields are over 1009, for this reason.

The most important effect other groups in the ring may have upon the
yield is that of increasing the solubility of the salt, thereby decreasing
the yield. In a series of isomers, regardless of the nature of the second
group, the ortho diazonium salt is usually the most soluble, hence is
isolated in the lowest yield. The para isomer is usually formed in the
highest amount, although the meta isomer is often formed m about
the same yield. .

Certain groups, such as carboxyl and hydroxyl, tend to increase the
solubility, and the transformation of these groups into esters and ethers
improves the yield of the diazonium fluoborate. This is illustrated by
the following facts. In an attempt to prepare the diazonium fluoborates
from the three aminophenols, only the meta isomer was isolated, and
this in less than 509 yield.2?2 Starting with the phenetidines, however,

22 Bennett, Brooks, and Glasstone, J. Chem. Soc., 1935, 1821.
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the diazonium fluoborates were isolated in the following yields: ortho,
699, ; meta, 7159, ; para, 879,22 The fluorophenetoles obtained may be
converted to fluorophenols in good yields. The three anisidines were
used with similar results. Again, the highest yield reported for the
preparation of the diazonium fluoborate from o-aminobenzoic acid was
469,,** whereas the yield from the corresponding ethyl ester was 809,.%2

No other generalizations concerning the effect of specific substituents
on the yield of diazonium fluoborates can be made; the yield is also
affected by the method of diazotization and the source of the fluoborate
ion, as discussed in the next sections.

An interesting side reaction that may occur during the diazotization
should be mentioned here. Willstaedt and Scheiber # attempted to
prepare 1-nitro-2-fluoronaphthalene and found that their product would
not undergo reduction to 1-amino-2-fluoronaphthalene; they attributed
this to a powerful “ortho effect’” exerted by the neighboring fluorine atom.

NO, NO, NO,
NHz X\N,BT, A N0
— —
P Pz

Schiemann and Ley % demonstrated that this was definitely not an ortho
effect and showed that the reason for the non-reducibility of Willstaedt’s
nitro group was that no nitro group was present in the molecule.
During the diazotization the nitro group was replaced by a chlorine
atom; the final product was, therefore, 1-chloro-2-fluoronaphthalene.
This replacement of a nitro group during diazotization has been observed
before.?

NO, Cl1 Cl
@NHz Coned. HOL OgNzBFx; @F
_ -
SN _z Naﬁ_g:zé‘:hen z =
Methods of Preparation

In preparing diazonium fluoborates the volume of solution is kept as
small as possible to reduce loss of product, since the salts are slightly
soluble even in cold water. The salts must be thoroughly dried, as
unruly decomposition and lowered yields result from the pyrolysis of a
moist product. Sometimes the fluoborates undergo spontaneous de-

% Bergmann, Fngel, and Sandor, Z. physik. Chem., 10B, 106 (1930).

# Willstaedt and Scheiber, Ber., 67, 466 (1934).

% Schiemaun and T.ey, Ber., 69, 960 (1936).
% Morgmwn, J. Chem. Soc., 81, 1376 (1902),
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composition if a tightly packed muoist salt is allowed to stand. Rapid
drying is advantageous; this can be achieved by spreading the salt
rather thinly on porous paper (supported on a screen or wire netting so
that air can circulate freely underneath) and placing near a hood.
Direct sunlight is reported to cause decomposition of fluoborates.?”
Oceasionally some diazonium fluoborates will decompose while drymg;
m-methoxybenzenediazonium fluoborate is quile unstable,?%:% and
o-methylbenzenediazonium fluoborate sometimes gives irouble in this
way. Diazonium fluoborates of certain heterocyclic compounds are
likewise unstable.®-32

There are two general methods of preparing these salts. The first
method involves the diazotization of the amine in the usual manner,
followed by addition of the fluoborate ion in the form of fluoboric acid
or some derivative. In the second method the amine is diazotized in
the presence of the fluoborate ion, and the diazonium fluoborate precipi-
tates continuously as the diazotization proceeds. Various modifications
of these procedures are described in detail below.

I. Diazotization Followed by Addition of Fluoborate Ion

DrAzoTIZING AGENT Source or FLuosorarE IoN
A. Nitrous acid Fluoboric acid
B. Nitrous acid Sodium fluoborate
C. Nilrous acid Ammonium fluohorate
D. Amyl nitrite Fluoboric acid
E. Nitrosylsulfurie acid Fluoborie acid
. Nitrous acid in presence of Boron {rifluoride

hydrofluorie acid

Methods IA, B, and C. The most common procedure in following the
first method consists in diazotizing as usual with sodium nitrite and
hydrochloric acid,* and adding a cold aqueous solution of fluoboric acid,
sodium fluoborate, or ammonium fluoborate to the clear diazonium solu-
tion (filtered if necessary). A precipitate forms immediately and is
allowed to stand at 0° or lower for at least half an hour to ensure com-
plete precipilation. The precipitate is then filtered, washed with cold
water (or cold sedium fluoborate solution or fluoboric acid), sucked as

* Bradlow and VanderWerf (private communication) report that considerable time
may be saved when diazotizing large quantities by adding solid sodium nitrite in small
portions to a vigorously stirred solution which is kept below 0° by the addition of Dry Ice.

7 Schiemann, J. prakt. Chem., [2] 140, 97 (1934).

2 Becker and Adams, J. Am. Chem. Soc., 54, 2973 (1932).

2 Schiemann, Z. phystk. Chem., A156, 397 (1931).

© Bradlow and VanderWerf, J. Am. Chem. Soc., 70, 654 (1948).

3 Roe and Hawkins, J. Am. Chem. Soc., 69, 2443 (1947).

32 Roe and Hawkins, New York Meeting A.C.8., 1947, Abstracts, p. 3GT.,
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dry as possible on the filter, then sometimes washed with cold alcohol,
dioxane, or ether. Many fluoborates are appreciably soluble in alcohol
or dioxane, however, so caution in washing is necessary. If a clear
diazonium solution is used and the precipitate dried rapidly as described
above, washing with organic solvents is unnecessary. Drying the salt
in a desiceator is usually not required. Many fluoborates are sufficiently
stable to be recrystallized from acetone, and some may be recrystallized
from water; in this way very pure salts can be prepared if needed.

It is advisable to filter the solution (or extract it with ether) before
addition of the fluoborate ion in order to remove by-products formed
during the diazotization; the presence of these by-products in the di-
azonium fluoborate is undesirable and lowers the yield of final product.
The formation of these by-products—chiefly phenols and coupling prod-
ucts—seems to be decreased when the diazotization is carried out in the
presence of the fluoborate ion, as in method II.

Meigs # states that the yields are lowered when fluoborate ion is
added to the diazonium chloride in strongly acid solution because of
the increased solubility of the diazonium fluoborate in such a solution;
it 1s recommended that the solution contain less than 1 mole of hydrogen
ion per liter at the time the fluoborate is added. Sodium fluoborate
rather than fluoboric acid is recommended as a source of the fluoborate
ion. Support for this recommendation was obtained by adding four
different precipitants to four identical solutions each containing 0.1
mole of benzenediazonium chloride. The results are shown below.

HyprogEN IoN N

PrECIPITANT MoLEs PER LITER YreLp
(1N 8OLUTION) A1 IEND %

1. 0.11 mole HBI4 1.96 67

2. 0.11 mole 509, HBF; 1.09 78.1
50% NaBFy

3. 0.11 mole 259, HBIy 0.67 80.1
75% NaBFy

4. 0.11 mole NaBF4 0.26 84.3

Dippy and Williams # reported similar findings in the preparation of
o-fluorobenzoic acid: o-carbethoxybenzenediazonium fluoborate was pre-
pared by the addition of fluoborie acid to the diazonium chloride; an
excess of acid lowered the yield appreciably.

Finger and Reed % carried out paralle] experiments using both sodium
and ammonium fluoborate as the source of fluoborate ion; they found

% Meigs, U. S. pat. 1,916,327 [C.A., 27, 4539 (1933)].

® Dippy and Williams, J. Chem. Soc., 1934, 1466.

3% Pingor and Roeed, Trans. Illinots State Acad. Sci., 88, No. 2, 108 (1940) [C.A., 85, 2480
(1941)).
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that in most experiments the two salts gave practically identical results.
Sodium fluoborate is more soluble than the ammonium salt, and a larger
volume of water is therefore necessary if the latter is used.

Method ID. von Braun and Rudolph 3¢ used amyl nitrite followed by
the addition of 2 moles of fluoboric acid in the preparation of 2-nitro-6-
methylbenzenediazonium fluoborate from the amine in 509 yield. This
method was also used by Willstaedt and Scheiber  in the preparation of
1-benzeneazo-2-naphthalenediazonium fluoborate in 319, yield from the
amine.

Method IE. Nitrosylsulfuric acid was used as the diazotizing agent
in the preparation of the diazonium sulfate of Bz-1-aminobenzanthrone
by Littringhaus and Neresheimer; # the slightly soluble diazonium
sulfate was dissolved in warm water and converted quantitatively to
the fluoborate by addition of fluoboric acid.

Method IF. The use of boron trifluoride in the preparation of the
diazonium fluoborates is described by Meigs.®® The diazotization is
carried out in the presence of hydrofluoric aecid, then gaseous boron
trifluoride is led into the solution until precipitation of the diazonium
fluoborate is complete.

An excellent method of analyzing diazonium fluoborates by decom-
posing them in sulfuric acid and measuring the nitrogen evolved has
been reported by Schiemann and Pillarsky.

EXPERIMENTAL PROCEDURES METHOD I Almost any
diazonium fluoborate may be prepared by any of the procedures in this
or the next section. The preparation of benzenediazonium fluoborate,?
p-carbethoxybenzenediazonium fluoborate,® and 4,4'-biphenyl-bis-dia-
zonium fluoborate # by method I is described in Organic Syntheses; the
preparation of p-nitrobenzenediazonium fluoborate by method II is also
described there.! All the experimental procedures in this chapter have
been checked by the author.

Preparation of Reagents. Tluoboric acid and sodium and ammonium
fluoborate are available commercially. The preparation of the first two
is briefly described.

Fluoboric acid may be prepared by dissolving 1 mole of boric acid
slowly with cooling in approximately 4 moles of 40-48%, hydrofluoric
acid. The mixing should be done in a wax-lined or rubber beaker, and
the temperature should be kept below 25° to prevent melting of the

3 von Braun and Rudolph, Ber., 64, 2465 (1931),

% Litttringhaus and Neresheimer, Ann., 473, 259 (1929).

8 Schiemann and Pillarsky, Ber., 62, 3035 (1929).

3 Flood, Org. Syntheses, Coll. Vol. 2, 295 (1943).

% Schiemann and Winkelmiiller, Org. Syntheses, Coll. Vol. 2, 299 (1943).
4 Schiemann and Winkelmiller, Org. Syntheses, Coll. Vol. 2, 188 (1943).
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wax by the heat of reaction. Stirring may be done with a lead or
rubber rod.

Sodium fluoborate 2 may be prepared by adding 333 g. of powdered
borie acid to 1338 ml. of concentrated hydrochloric acid. To this mix-
ture 900 g. of sodium fluoride is added slowly with shaking and cooling.
The mixture is allowed to stand for two hours and filtered. About 1465
ml. of solution is obtained, containing 5.38 moles of sodium fluoborate.

p-Bromobenzenediazonium Fluoborate. To a mixture of 62 ml. (0.75
mole) of concentrated hydrochloric acid and an equal amount of water
is added 43 g. (0.25 mole) of p-bromoaniline. The mixture is cooled
to 0°, and a cold solution of 17.3 g. (0.25 mole) of sodium nitrite is
added slowly, the temperature being kept near 0°; Dry Ice added in
small portions to the solution is helpful in controlling the temperature.
The diazotized solution is filtered if necessary through a cold sintered-
glags filter; a cold solution of 35 g. (0.34 mole) of ammonium fluoborate
in 120 ml. of water is added with vigorous stirring. The light-green
precipitate s stirred at 0° for at least half an hour, filtered, and washed
with 25 ml. of cold 59, ammonium fluoborate solution, 30 ml. of ice-cold
methanol, and several 50-ml. portions of ether, the precipitate being
sucked as dry as possible after each washing. The salt is dried by
spreading it thinly on porous paper supported on a screen or wire netting
allowing air circulation underneath. The yield is 48-55 g. (71-829).

m-Nitrobenzenediazonium Fluoborate. This compound may be pre-
pared by following the above directions, using 34.6 g. (0.25 mole) of
m-nitroaniline. A solution of 35 g. of either sodium fluoborate or am-
monium fluoborate in water may be used as a precipitant, or, if pre-
ferred, 48 ml. of cold 429, fluoboric acid (0.3 mole). The precipitate
1 treated as described above. The yield is 53-57 g. (90-979,).

B-Naphthalenediazonium Fluoborate. This salt may be prepared by
the method described for p-bromobenzenediazonium fluoborate, using
35.8 g. (0.25 mole) of B-naphthylamine. Dioxane may be substituted
for methanol for washing the precipitate. The yield is 55-60 g. (90—
979%,).

m~Toluenediazonium Fluoborate. The apparatus is placed in a good
hood. A wax-coated beaker is placed in an ice-salt bath; 41 ml. of con-
centrated hydrochloric acid and 12 g. of 489, hydrofluoric acid are
placed m the beaker, and 26.8 g. (0.25 mole) of freshly distilled m-tolu-
idine is added. The solution is diazotized with a cold solution of 17.3 g.
of sodium nitrite, the temperature being kept at about 0°; a wax-coated
or lead stirrer is used. When all the sodium nitrite has been added,
boron trifluoride from & cylinder is introduced until precipitation of the

@ Sutor, Lowson, and 8mith, J. Am. Chem. Soc., 61, 161 (1939).
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diazonium fluoborate is complete. Efficient stirring and cooling are
essential during the addition of the boron trifluoride; Dry Ice added to
the solution helps control the temperature. The precipitate is washed
with 50 ml. of ice water and 50 ml. of iced methanol, followed by several
washings with ether; it is then dried as described above. The yield is
39-43 g. (76-849,). Thisis the least convenient of any of the procedures
for the preparation of a diazonium fluoborate on a laboratory scale.

II. Diazotization in the Presence of Fluoborate Ion
Source of the fluoborate ion:

A. Fluoboric acid.

B. Sodium fluoborate.

C. Ammonium fluoborate.
D. Nitrosyl fluoborate.

Excellent yields are obtained by diazotizing in the presence of fluobo-
rate ion. Fluoboric acid may be the only acid present, acting both as
acid and source of fluoborate ion. Sodium and ammonium fluoborates
are used in conjunction with an acid (usually hydrochloric), as is nitrosyl
fluoborate, although the last serves as diazotizing agent as well as a
source of fluoborate ion.

The insoluble diazonium fluoborate separates from the solution as
it is formed; side reactions such as phenol formation and coupling are
held to the minimum. Temperature control is not so critical in this
procedure; the temperature may in some cases rise to 30° during the
diazotization with no ill effect.?® There are certain disadvantages, how-
ever; a continuously thickening precipitate is formed as the reaction
proceeds; efficient stirring overcomes this difficulty. The fumes of
fluoboric acid are corrosive and obnoxious, and fluoboric acid has been
known to eat its way out of the wax-lined bottles in which it is stored.
The yields of diazonium fluoborates produced by this method are usually
as good as and sometimes better than the yields by method I; it is
claimed ¥ that a cleaner and more easily purified salt results from
method II. ’

Method ITA. Starkey ® prepared p-nitrobenzenediazonium fluoborate
in 95-999, yield from p-nitroaniline with fluoboric acid as the only acid
present. Aniline, o-, m~, and p-chloroaniline, ethyl p-aminobenzoate,
p-aminoacetophenone, and other amines have been converted to the
diazonium fluoborates by this method in better yield than by other
methods.’® These are but a few examples of the preparation of di-
azonium fluoborates by diazotization in the presence of fluoboric acid.
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The tetrazotization of diamines is also carried out with good yields
this way; Ruggli and Caspar ® report the preparation of 1,4-benzene-
bis-diazonium fluoborate from p-phenylenediamine in 789, yield, vary-
ing the method slightly by adding a mixture of the amine and sodium
nitrite slowly to a cold solution of fluoboric acid. The corresponding
meta derivative is formed in an unspecified lower yield. They also pre-
pared 1,5-dimethyl-2,4-benzene-bis-diazonium fluoborate quantitatively
by this method.

Methods IIB and C. Parts* diazotized S-naphthylamine in the
presence of sodium fluoborate to prepare the diazonium fluoborate in
unspecified yield. Both sodium and ammonium fluoborates are now
available commercially, and there is no reason why they could not be
used in the preparation of diazonium fluoborates in this way.

Method IID. Voznesenkil and Kurskii 4 prepared benzenediazonium
fluoborate in 909, yield from aniline hydrochloride and nitrosyl fluobo-
rate. The latter reagent was prepared from fluoboric acid and nitrogen
dioxide in good yield.

EXPERIMENTAL PROCEDURES METHOD II. The prepara-
tion of p-nitrobenzenediazonium fluoborate is described in Organic Syn-
theses.® Any amine which can be diazotized, including diamines, may
be transformed into the diazonium fluoborate by this method.

p-Methoxybenzenediozonium Fluoborate. To 100 ml. of 429, fluoboric
acid (0.625 mole) diluted with 100 ml. of water is added 30.8 g. of
p-anisidine (0.25 mole); the solution is cooled M an ice bath. A solu-
tion of 17.3 g. of sodium nitrite (0.25 mole) in 35 ml. of water is added
slowly, the temperature being kept at about 10°. The gradually thick-
ening precipitate requires vigorous stirring toward the end of the reac-
tion. The mixture is cooled to 0° and filtered. The precipitate is washed
with 40 ml. of cold 597, fluoborie acid, 50 ml. of ice-cold methanol, and
several 50-ml. portions of ether, and dried overnight as described in
Method I. The yield is 52-54 g. (94-98%,).

Instead of fluoboric acid, 51 ml. of concentrated hydrochlorie acid,
100 ml. of water, and 35 g. of either sodium or ammonium fluoborate
may be used. The procedure is identical with the above, and the yield
is about the same.

4,4’-Biphenyl-bis-diazonium Fluoborate. This salt may be prepared
by the same procedure as described above, using 46 g. (0.25 muole)
of benzidine and 240 ml. of 429, fluoboric acid. If desired, 64.4 g.
(0.25 mole) of benzidine dihydrochloride may be added to 91 ml. (0.57

43 Parts, Z. phystk. Chem., 10B, 264 (1930).
* Voznesenkii and Kurskii, J. Gen. Chem. U.S.S.R., 8, 524 (1938) [C.A., 32, 8379
(1938)1.
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mole) of fluoboric acid and 250 ml. of water; this is then diazotized as
above. The yield is 80-86 g. (93-1009%,).

3-Pyridinediazonium Fluoborate®® Twelve and a half grams of 3-
aminopyridine is dissolved in a mixture of 50 ml. of 409 fluoboric acid
and 100 ml. of 959, ethanol. The solution is cooled to 0°, and a stream
of ethyl nitrite ¢ is passed in until precipitation of the diazonium
fluoborate is complete. Fifty milliliters of cold ether is added to com-
plete the precipitation, and the mixture is filtered while cold and washed
once with cold ether and then once with cold petroleum ether. The
precipitate must not be allowed to become dry at any time, for this
diazonium salt when dry will undergo violent spontaneous decomposi-
tion. The salt is dampened with petroleum ether and transferred to a
beaker containing 50 ml. of ice-cold high-boiling petroleum ether.

DECOMPOSITION OF DIAZONIUM FLUOBORATES

Effect of Structure on the Decomposition of Diazonium Fluoborates

CoHsNsBTs —=2% CoHsT + N + BFs

The decomposition of diazonium fluoborates usually proceeds
smoothly, and the average yield from all types of compounds is in the
neighborhood of 65%,. There is no great variation in the yield of ortho,
meta, and para isomers formed by the decomposition of substituted
diazonium fluoborates, although in general the ortho isomer is formed
in the smallest amount. Polynuclear aromatic compounds decompose
smoothly and produce the fluorine compounds in good yields. Of the few
heterocyclic diazonium fluoborates known, some decompose sponta~
neously, while others are quite stable and decompose evenly, producing
good yields of the fluoride. Decomposition of substances containing
two diazonium fluoborate groups occurs smoothly and in surprisingly
good yield if the groups are on different rings of a polynuclear molecule;
otherwise the yields are low.

Diazonium fluoborates of otherwise unsubstituted aromatic molecules
give the best yield of fluorides; however, the presence of halogen and
alkyl groups on the molecule does not seriously interfere with the yield.
Compounds with an ether linkage decompose smoothly but the yields
are somewhat lowered, most of them being between 409, and 609,. The
presence of ester, carboxyl, amino, nitro, and hydroxyl groups also lowers
the yleld, the effect increasing roughly in the order named. The above
statements are generalizations, and some individual exceptions may be
found.

\ % Semon and Damerell, Org. Syntheses, Coll. Vol. 2, 204 (1943).
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Highly substituted molecules do not necessarily give poor yields, as
evidenced by the 749, yield of 2-bromo-3-methoxy-4,6-dimethylfluoro-
benzene obtained by the decomposition of the corresponding diazonium
fluoborate.?®

NBF, F
Br, CH,; Heat} Br CH;
CH;O CH;0
CH; CH;

The compounds whose decomposition is most troublesome and diffi-
cult to control are those containing the nitro group. The decomposition
of these compounds is tempestuous and unruly, and special methods are
required for handling them, as outlined in a later section. The yields
of fluoronitro compounds are, with few exceptions, low; the preparation
of 2-fluoro-6-nitrotoluene in 639, yield from the corresponding diazonium
fluoborate % and the preparation of fluoronitromesitylene in an over-all
vield of 65-689, from the amine ¥ are the best yields of nitrofluoro
compounds yet reported. The following list serves to illustrate the
generalizations in the previous paragraphs by showing the yields ob-
tained by the decomposition of a few simple ortho- and para-substituted
benzenediazonium fluoborates; in every case the best reported yield is
given. (References are to be found in the larger tables at the end of the
chapter and are not repeated here.)

YIieLp YieLp
Ortho ¥LuorID® Para FruorIip:
SUBSTITUENT % SussTITUENT %
H— 100 H— 100
CHsz— 90 CHs— 97
CoHzOoC— 87 CoHz02C— 90
Cl— 85 Br— 75
Br— 81 CHs 00— 67
I— 70 I— 62
CH;O0— 67 OoN— 58
CH30,C— 53 CoHzO— 53
CoHzO— 36 (CoHp)oN— 20
F— 30 (CHg)esN— 17
HO.C— 19
OoN— 19

The statement has been made ¥ that the yield of fluoride is somewhat
dependent upon the decomposition temperature of the diazonium fluo-

% Tock, Ber., 69, 2253 (1936).
47 Tingor and co-workoers, Allantic City Moeting A.C.8., 1946, Absiracts, p. 13M.
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borate, lower temperatures producing betier yields. This statement is
qualitatively true for unsubstituted hydrocarbons and those alrcady
containing one or more fluorine atoms; for other types of diazonium
fluoborates the relationship does not hold very well. The two reactions
which follow illustrate this statement.

N:BT T
ch©1 N 1{3(3@1 s
T F ¢
CH, CH,
N,BT, T
Cl I 218 Cl I
- —_ F (85%,)
CH, CH;

The decomposition temperature of 2-iodo-3-fluoro-4,6-dimethylben-
zenediazonium fluoborate (235°) is the highest reported in the literature.

Side Reactions during Decomposition

The diazonium fluoborate must be thoroughly dry before being de-
composed. The presence of moisture sometimes makes the decomposi-
tion uncontrollable and always markedly lowers the yicld; phenols and
tars are formed instead of the desired product. However, perfectly dry

ITe

CeHsN,BI'; + H,0 at) CeH;OH - HF + N, - BT - tar

fluoborates sometimes form tar and resinous material on decomposition.
The ability of boron trifluoride to bring about condensations and
polymerizations is well known, and this action is probably responsible
in large measure for the formation of these products of high molecular
weight. The decomposition of molecules containing the nitro group
always results in the formation of a large amount of tarry material of
unknown nature.

The boron trifluoride evolved during the decomposition may cause
splitting of ester groups present on the molecule. Schiemann # and
Bergmann, Engel, and Sandor # report that some o-fluorobenzoic acid
is formed directly during the decomposition of o-carbethoxybenzene-
diazonium fluoborate.

7 NCO4Cols  Heat CO2CoHs CO.H
Nl +
~_N:BF, F i
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The substitution of hydrogen for the diazonium fluoborate radical
during pyrolysis was reported by Niemann, Benson, and Mead %
(also private comumunication from Dr. Niemann). They prepared
methyl 3,5-difluoro-4-methoxybenzoate from 2-methoxy-3-fluoro-5-car-
bomethoxybenzenediazonium fluoborate, obtaining at the same time
some methyl 3-fluoro-4-methoxybenzoate. Never more than one-fifth
as much monofluoro as difluoro compound was formed, and the yield
of the crude ester mixture was only about 359,. A somewhat similar

CO,CH; CO,CH; CO,CH3
Heat
>
F N.BF, ; p TR
OCH; OCH; OCH;

result was reported by Schmelkes and Rubin.! They prepared 2-fluoro-
4-nitrotoluene and found that, if all the methanol used in washing the
diazonium fluoborate was not carefully removed, partial deamination
with formation of 4-nitrotoluene occurred on pyrolysis of the salt. Of
interest in connection with the two results reported above is the work of
Leslie and Turner, who obtained a 789, yield of 2-nitro-3’-bromobi-
phenyl from 2-nitro-3’-bromo-4,4’-biphenyl-bis-diazonium fluoborate by
warming it with ethanolic sulfuric acid.

Apparatus for Decomposing Diazonium Fluoborates

Large amounts of boron trifluoride and nitrogen are evolved during
the reaction; wide tubing should be used for all conneections. The
apparatus should be arranged so that these gases may be led to a good
hood; often a trap to catch the boron trifluoride is included. The boron
trifluoride may be taken up in water, alkali, or a suspension of sodium
fluoride in water; the latter procedure is recommended as a satisfactory
method of preserving the gas for future use, as sodium fluoborate is
formed.®

The apparatus depends on the method of decomposition chosen and
upon the volatility of the product. The flagk in which the decomposition
1s carried out should never be more than half full of the salt. If the prod-
uet is relatively non-volatile, as are many of the biphenyl derivatives, a
short air condenser attached to the decomposition flask will suffice.®?
Another satisfactory method of decomposing compounds of this type is
to carry out the decomposition in a large distilling flask, the side arm

4 Niemann, Benson, and Mead, J. Am. Chem. Soc., 63, 2204 (1941).
9 Shaw and Turner, J. Chem. Soc., 1982, 509.
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of which leads to another distilling flask acting as a receiver; the receiver
may be cooled with running water if necessary. 2 More volatile products,
such as the fluorotoluenes, will distil during the decomposition, and an
efficient cooling system consisting of a condenser, cooled receiving flask,
and an ice trap must be provided. Some compounds, such as the fluoro-
benzotrifluorides, are still more volatile, and special brine or Dry Ice
traps are necessary.5%%

Methods of Decomposing Diazonium Fluoborates

The pyrolysis is carried out by heating the dry diazonium fluoborate
gently near its surface until decomposition commences. Often no more
heat is required, the decomposilion continuing spontaneously ; sometimes
heat must be applied intermittently. Occasionally the reaction becomes
too violent and the flask must be cooled with water or by rubbing it with
ice. After most of the salt has decomposed, the flask is heated strongly
to ensure complete decomposition of the salt.

Most decompositions go smoothly, and large quantitics of material
may be handled safely.® Compounds containing the nitro group are an
outstanding exception; they usually decompose suddenly and with
considerable violence. Usually they are mixed with three to five times
their weight of a diluenl, such as sand, barium sulfate, or sodium
fluoride,’® and decomposed in small quantities—5 g. to 25 g. at a time.
Carrying out the decomposition at a reduced pressure ofien helps control
the reaction.

The diazonium fluoborates may be decomposed in the following ways:

A. By heating the sall gently with a free flame in a flask fitted with
a suitable condensing system to collect the product.

B. Same as A, the decomposition being carried out under reduced
pressure.

C. By placing the salt in a flask and keeping il for some time at a
temperature 10-20° below its decomposition temperature.5 %

D. By adding the salt little by little to a flask whose temperature is
at or above the decomposition temperature of the salt.’ 5

E. By mixing a few grams of the salt with three or four times its
weight of a diluent such as sand, barium sulfate, or sodium fluoride, and
decomposing the mixture according to one of the above methods.% %52

5% Aelony, J. Am. Chem. Soc., 56, 2063 (1934).

5 Finger and Reed, J. Am. Chem. Soc., 66, 1972 (1944).

52 Roe and Fleishmann, J. Am. Chem. Soc., 69, 509 (1947).

53 Cannoni de Degiorgi and Zappi, Anales asoc. quim. argentina, 28, 72 (1940) [C.A., 34,

6593 (1940)].
¥ Kleiderer and Adams, J. Am. Chem. Soc., 55, 4219 (1933).
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F. By suspending the salt in an indifferent solvent such as petroleum
cther, toluene, biphenyl, or quinoline, and heating.?" 3. 58

Method A is the one most often employed, although Method F is used
occasionally. The other techniques are used chiefly for carrying out the
decomposition of diazonium fluoborates containing the nitro group.

Experimental Procedures

The amount of diazonium fluoborates used in the following examples
is the amount prepared in the previous experimental section. In every
preparation except that of m-nitrofluorobenzene, much larger quantities
may be used safely.

m-Fluorotoluene. Forty grams of dry m~toluenediazonium fluoborate
is placed in a 500-ml. round-bottomed flask connected by a wide tube
through a condenser to two 500-ml. Erlenmeyer flasks in series cooled
in ice-salt mixtures. The last flask is fitted with a tube leading to a good
hood or to an absorption flask containing ice and water, soda solution,
or a suspension of sodium fluoride to absorb the voluminous fumes of
boron trifluoride evolved; the outlet tube from the last flask should
lead to a hood. The salt is heated gently with a free flame at a point
near the surface until decomposition commences as evidenced by the
evolution of white fumes; the flame is then removed. Gentle heatimg is
continued only if necessary to keep the decomposition going; at the end
of the decomposition the flask is heated vigorously until no more fumes
are evolved. The fluorotoluene may be removed completely from the
decomposition flask by further heating and the application of slight
suction; another satisfactory procedure is to return all the fluorotoluene
to the reaction flask, add water to dissolve the boron trifluoride and
hydrogen fluoride, and steam-distil. In either procedure the fluoro-
toluene is dissolved in 150 ml. of ether, washed first with dilute sodium
hydroxide, then with water, and dried over calcium chloride. After
removal of the ether the product boils at 114-115°; yield, 19 g. (89%).

p-Fluoroanisole. A 500-ml. round-bottomed flask is connected by a
wide tube through a condenser to a cooled 250-ml. distilling flagk, the
side arm of which leads to a hood or trap as described above. The dry
p-methoxybenzenediazonium fluoborate (54 g.) is placed in the decom-
position flask, and the decomposition is carried out as described above.
The small amount of product in the receiving flask is returned to the
lccomposition flask and steam-distilled. The distillate is extracted
with 100 ml. of ether; the ether solution is washed with 50 ml. of 109

8 Gaoldlorg, Ordws, nind Carseh, J. Am. Chem. Soc., 69, 260 (1947).
¥ Zonitz und ITwreung, J. Org. Chem., 11, 444 (1946).
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sodium hydroxide solution, followed by water, and dried over calcium
chloride. After removal of the ether on the steam bath the product
boils at 156-157°; yield, about 16 g. (529%,).

p-Bromofluorobenzene. The dry p-bromobenzenediazonium fluobo-
rate (50 g.) is placed in the decomposition flask of an apparatus similar
to that described above for the preparation of p-fluoroanisole. The
decomposition of the salt and the working up of the product are carried
out as described for p-fluoroanisole. The product boils at 150-151°;
yield, 25 g. (77%).

B-Fluoronaphthalene. The apparatus consists of a 500-ml. distilling
flask whose side arm leads to another distilling flask of the same size
which is cooled with running water. The side arm of the receiving flask
leads to a good hood or a trap as described above. The dry g-naphtha-
lenediazonium fluoborate (55 g.) is placed in the decomposition flask
and heated gently until decomposition starts; further gentle heating
may be necessary from time to time. Some of the white powdery
product is collected in the receiving flask; at the conclusion of the
decomposition the product is stcam-distilled. The product melts at
60°, and the yield is about 27 g. (81%).

4,4’-Difluorobiphenyl. The apparatus is identical with that described
for B-fluoronaphthalene; 80 g. of dry 4,4’-biphenyl-bss-diazonium
fluoborate is placed in the decomposition flask, and the decomposition
is carried out as described for g-fluoronaphthalene. The product is
steam-distilled ; yield, 36 g. (829). A second steam distillation is some-
times necessary to obtain a pure product, m.p. 90°.

m-Fluoronitrobenzene. The apparatus consists of a 250-ml. flask
connected by a wide bent tube through a water-cooled condenser to a
second 250-ml. flask acting as a receiver. The side arm of the flask
leads to a good hood or a trap as previously described. An intimate
mixture of 13 g. of m-nitrobenzenediazonium fluoborate and 36 g. of
clean dry sand (or barium sulfate or sodium fluoride) is placed in the
reaction flask and heated cautiously until decomposition starts. Inter-
mittent heating is necessary to complete the reaction. . The products
of four such decompositions are combined in a 1-1. flask and steam-
distilled. The product is taken up in 100 ml. of ether, washed with 25
ml. of 59, sodium hydroxide then twice with 25 ml. of water, and dried
over anhydrous potassium carbonate. After removal of the ether on a
steam bath the product distils at 53-54°/1-2 mm.; the yield is 16 g.
(549%). It is possible to decompose as much as 25 g. of the salt at a
time, although the yields are sometimes smaller with larger quantities.
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3-Fluoropyridine. The 3-pyridinediazonium fluoborate,* covered with
at least 50 ml. of cold high-boiling petroleum ether, is allowed to warm
slowly until decomposition starts; the temperature is kept below 25°,
however, as the decomposition is uncontrollable above this temperature.
After decomposition is complete, 5 ml. of concentrated hydrochloric acid
is added to ensure salt formation, and the solvent is removed under
reduced pressure. The residue is made alkaline with sodium hydroxide
solution, the solution being kept cold during the process. The solution
is then distilled ; solid sodium hydroxide is added to the distillate, where-
upon an oil separates. The oil, after drying over sodium hydroxide,
distils at 105-107°/752 mm.; the yield is 6.4 g. (509, from the amine).
The use of ether to extract the product is impractical because of the
difficulty in separating the ether from the product.

OTHER METHODS OF PREPARING AROMATIC FLUORIDES

During World War IT a vast amount of research was done on the prep-
aration of organic fluorine compounds; few aromatic fluorocarbons were
prepared, however. Perfluoro alicyclic compounds (such as dodeca-
fluorocyclohexane) were prepared by direct fluorination of aromatic
hydrocarbons in the presence of a catalyst consisting of copper coated
with the fluorides of silver ¥ and by fluorination with cobalt trifluoride,®
silver difluoride,’® and other metallic fluorides.® All compounds pre-
pared by any of these methods are fully saturated. The preparation of
two aromatic Auorides—hexafluorobenzene and octafluorotoluene—has
been accomplished; ® the method is illustrated in the accompanying

CoCly 2 CeBraClFs 3 CeBrCLEF; — CoF

equation. No simple hydrogen-containing aromatic fluorine compounds
have been prepared by any of the above methods.

Much work had been done on direct fluorination before the war, and
it had been found that direct fluorination of aromatic compounds is
difficult because of the extreme activity of this halogen; instead of
undergoing fluorination many compounds are decomposed, polymerized,

* 3-Pyridinediazonium fluoborate undergoes violent spontaneous decomposition when
dry. Consequently the material, prepared as described on p. 206 and covered with petro-
leum ether, is used directly without drying and weighing.

% Cady, Grosse, Barber, Burger, and Sheldon, Ind. Eng. Chem., 39, 200 (1947).

% Fowler and co-workers, Ind. Eng. Chem., 39, 292 (1947).

% McBee and Bechtol, Ind. Eng. Chem., 39, 380 (1947).

% Towler and co-workers, Ind. Eng. Chem., 89, 343 (1947).

® McBeo, Lindgren, and Ligett, Ind. Eng. Chem., 39, 378 (1947).
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or transformed into saturated cyclic fluorides by the action of fluorine.52-99
Few well-defined products have been reported, though several patents
covering this field have been issued, a few of which are noted here.”-7

A method of preparing aromatic fluorine compounds that has had
considerable success is the decomposition of diazonium salts in hydrogen
fluoride, aqueous or anhydrous.’®” The first aromatic fluorine com-

CoHsN;Cl + HF (excess) ———— 3 CoHiT N, + HCI
CoHsNH, ok Gobvdrom - o oNoF — CoHiF

NaNOQ; (solid)

pound prepared, p-fluorobenzoic acid, was made this way by Schmitt
and von Gehren 88 in 1870. This method has the disadvantage of
requiring special apparatus capable of handling hydrofluoric acid.
Yields are often excellent, however, and a few compounds for which
the Schiemann reaction would not work have been made this way; one
of these is 2-iodo-3-fluorobenzoic acid.®

The method devised by Wallach 88 has had limited usefulness. It
consists of isolating a diazonium piperidide and decomposing it with
aqueous hydrogen fluoride. The intermediates, in contrast to the
diazonium fluoroborates, are unstable and difficult to purify, and they
can be handled safely only in small quantities; the yields are generally
low. This method has not been much used since the development of
the Schiemann reaction in 1927.

%2 Bancroft and Whearty, Proc. Natl. Acad. Set. U.S., 17, 183 (1931).

63 Bigelow and Pearson, J. Am. Chem. Soc., 86, 2773 (1934),

04 Bigelow, Pearson, Cook, and Miller, J. Am. Chem. Soc., 58, 4614 (1933).

% Bockemiiller, Ann., 506, 20 (1933).

% Fredenhagen and Cadenbach, Ber., 67, 928 (1934).

% Fukuhara and Bigelow, J. Am. Chem. Soc., 60, 427 (1938),

%8 Fukuhara and Bigelow, J. Am. Chem. Soc., 63, 2792 (1941).

% Whearty, J. Phys. Chem., 85, 3121 (1931).

7 Caleott, U. 8. pat. 2,227,628 [C.A., 35, 2738 (1941)].

7 Caleott and Benning, U. 8. pat. 2,013,030 [C.A., 29, 6900 (1935)].

72 Daudt and Parmelee, U. 8. pat. 2,013,035 [C.4., 29, 6000 (1935)].

7 E. I. du Pont de Nemours and Co., Fr. pat. 761,946 [C.A., 28, 4430 (1934)].

" E. I. du Pont de Nemours and Co., Ger. pat. 671,087 [C.A4., 33, 3396 (1939)].

% Fichter, J. Soc. Chem. Ind., 48, 354 (1929). ,

76 Holleman and Beckman, Rec. frav. chim., 23, 225 (1904),

7 Holleman and Slothouwer, Verhandel. Koninkl. Nederland. Akad. Wetenschap., 19,
497 (1911) [C.A., B, 1905 (1911)].

% Osswald and Scherer, Ger. pat. 600,706 [C.A., 28, 7260 (1934)].

7 Swarts, Bull. acad. roy. Belg., 1913, 241 [C.A., 8, 680 (1914)].

8 Schmitt and von Gehren, J. prakt., Chem., [2] 1, 394 (1870).

& Paterno, Glazz. chim. ital., 11, 90 (1881).

8 Stanley, McMahon, and Adams, J. Am. Chem. Soc., 55, 706 (1933).

8 Wallach, Ann., 235, 255 (1886).

# Wallach and Heusler, Ann., 243, 219 (1888).
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Lange and Miiller % report the preparation of 4,4'-difluorobiphenyl in
low yield by heating the aryl-bis-diazonium fluophosphate, and Wiley %
has prepared p-fluorobenzoic acid in low yield by the pyrolysis of p-
carbethoxybenzenediazonium fluosilicate.

A few miscellaneous fluorinating agents such as lead tetrafluoride,®
p-tolyl iodofluoride,®®® and others have been tried with but slight
success.

TABLES OF COMPOUNDS PREPARED BY THE SCHIEMANN REACTION

The compounds which have been prepared by means of the Schiemann
reaction are listed in five tables under the following headings:

1. Benzene Derivatives.
II. Naphthalene Derivatives.
I11. Biphenyl and Other Polynuclear Hydrocarbon Derivatives.
1V. Heterocyclic Derivatives.
V. Compounds with Two Fluorine Atoms Simultancously Introduced.

Within each table the compounds are listed according to the groups
they contam in the following sequence:

Fluorine only Acids

Other halogens Esters

Trifluoromethyl groups Amines, anilides, and azo compounds
Alkyl groups Ketones

Phenols Tetracovalent sullur compounds
Ethers Nitro groups

The “principle of latest position’ has been ulilized; a molecule con-
taining more than one of the above groups will be listed with the group
which is lowest on the list. For example, 2-fluoro-4-nitrotoluene will
be found among the nitro compounds, and 2-fluoro-4-bromoanisole is
listed with the ethers.

Included are formulas of several fluoro compounds that have not been
prepared by this method. They are present either because their prepara-
tion was unsuccessfully attempted or because the intermediate diazonium
fluoborate was prepared and used for some reaction other than the
Schiemann reaction.

8 Lange and Miiller, Ber., 63, 1058 (1930).

8 Wiley, U. S. pat. 2,423,359 [C.A., 41, 6284 (1947)].

8 Dimroth and Bockemiiller, Ber., 64, 516 (1931).

8 Bockemiiller, Ber., 64, 522 (1931).

0 Garvey, Madley, and Allen, J. Am. Chem. Soc., 59, 1827 (1937).
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There are two columns of references, one for the preparation of the
diazonium fluoborates and the other for the preparation of the fluorine
compounds from the diazonium fluoborates. This arrangement has
been adopted because, as explained above, a diazonium fluoborate has
sometimes been prepared but not used in {the Schiemann reaction, and
also because the best yield in the preparation of a certain diazonium
fluoborate is sometimes reported in one paper and the best yield of flu-
oride obtained by the decomposition of the same fluoborate is reported
in another paper.

The entire range of yields reported for each compound is given in the
tables. Thus 56-78%, means that 569 and 789 are the lowest and high-
est yields reported. No more than four references for any one compound
have been given; if there were more than four references, the four giving
the best yields are reported.

The literature has been covered through Chemical Abstracts for 1946,
although some 1947 articles are included.
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TABLE 1
BunzENE DERIVATIVES
Diszonium Fluoborate RN;BFs — RF
Compound 5 6 Decomposi-
tion Tern- Yield Yield
7 * *
@NzBl 4 perature % Reference % Reference
3 2 °C.
Compounds Conlaining Fluorine Only
Fluorobenzene 100, 121 58-97 15,33, 44,90 | 51-100 1, 33, 39, 44
o-Difluorobenzene 2—F 159 45 23, 38 30 23, 38
m-Difluorobenzene + T
p-Difiuorobenzene 41 154.5 64 38 62§ 38,91
1,2,4-Trifluorobenzene 2—F, 4—F 145 42 27 17 27
1,2,4-Trifluor obenzene 2—F, 5—F 150 29 27 55,58 1 27,91
1,2,4,5-Tetrafluorobenzene | 2—F, 4—F, 5—F — — 91 — 91
Compounds Containing Other Halogens

o-Bromofluorobenzene 2—Br 156 50 23 81,37§ 23, 92
w-Bromofluorobenzene 3—Br 141, 145 86-95 6,29 78,50 § 29, 92
p-Bromofluorobenzene 4—Br 133 64 92, 93 75,52 § 92, 93
3,5-Dibromofiuorobenzene | 3—Br, 5—Br 126 72 53 55 53
o-Chloroftuorobenzene 2—Cl1 171 90-98 13, 23, 90 85 23
m-Chlorofluorobenzene 3—Cl1 140, 157 91-97 7, 46, 90 68, 60 § 46, 94
p-Chlorofluorobenzene 4—Cl1 — 90 2,13, 95 — 95
2,4-Dichlorofluorobenzene | 2—Cl, 4—Cl —_ — 96 — 96
3,5-Dichlorofiuorobenzene | 3—Cl, 5—Cl 170-80 77 97 48 97
2,4,6-Trichlorofluoro- 2—Cl, 4—Cl, 6—C1 187 75 94 80 94

benzene
o-Todofluorobenzene 2—I 89, 109 75-80 23,27 44-70 23, 27
‘m-Todofluorobenzene 3—I 104, 134 81-98 8,27 68 27

Compounds Containing Trifiuoromethyl Groups

m-Fluorotrifluoromethyl- | 3—CF'3 140 79-87 50, 98 82-92 50, 98

benzene
2,5-Difluorotrifluoro- 2—CF; 4—F — 85 51 67 51

methylbenzene
3.5-Difluorotrifiuoro- 3—CF3, 5—F —_ 94 51 —_ 51

methylbenzene
2,3,5-Trifluorotrifiuoro- 2—F, 3—CF3, 5—F — — 99 — 99

methylbenzene
2-Fluoro-5-bromotrifiuoro- | 2—CF3, 4—Br — 79 100 86 100

methylbenzene

* References 90-142 are on p. 228,

+ 8ee Table V.

} 58% from p-nilroaniline.
§ Over-all yiold {rom aminoe.
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TABLE I—Continued
BENzZENE DERIVATIVES
Diazonium Fluoborate RNgBIYy — RP
Compound 5_6 Decomposi-
. tion Tem- Yield ok Yield -
4©N2B1< 4 perature 7 Reference 7, Reference
3 2 °C.
Compounds Containing Alkyl Groups
o-Fluorotoluenc 9—CH, 106 50-90 | 13,35 101, | 90 101, 102
102
m-Fluorotoluene 3—CHjg 108 79-90 13,101, 103 | 87,87§ 101, 103
p-Fluorotoluene 4—CHj 110 €7-90 1,13, 90 97,70 § 1,14
2,5-Difluorotoluene 2—CHg, 4—F 114 62 1M 80 101
2,6-Difluorotoluene 2—CHgs, 3—F — —_ 48 50 17 § 46
2,4-Dimethylfluorobenzene | 2—CHjg, 4—CHg 108 31-47 1, 103 66-100 1, 103
3,6-Dimethylfluorobenzene | 3—~CHg, 5—CHg 88 98 104 56 § 104
1,3-Difluoro-4,8-dimethyl- | fr [| o
benzene
2,4,6-Trimethylfiuoro- 2—CHj, 4—CHj, — — 105 — 105
benzene 6—CH;
Difluoromesitylene 2—CHj, 4—-CHg, — — 47 86 Y 47
8—CHjg, 3—F
Trifluoromesitylens 2—CHj3, 4~CHg, — — 47 26 ** 47
6—CHg, 3—F,
5—F
2,6-Dimethyl-4-ferf-butyl- | 2—~CHg, 4—C4Hy, — — 103 70§ 103
fluorobenzene 6—CHz
2,4-Dimethyl-6-bromo- 2—CH3, 4—CHs, 161 60 106 Quanti- 106
fluorobenzene 6—Br tative
2-Chloro-4-fluorotolucno 3—Cl, 4--CI; 125 — 107 714 107
2-Chloro-8-fluorotolucno 2—CHg, 3—C1 141 80-91 46, 108 58-81 46, 108
3-Todo-4-fluorotolueno 2—1I, 4—CHj3 110 70 109 70 109
1,3-Difluoro-2-iodo-4~ 2—1I, 3—F, 4—CHj, 218 65 54 85 54
chloro-6-methylbenzene 8—Cl
1,3-Difluoro-2-iodo-4,6- 2—1,3—¥, 4—CHg, 235 65 54 75 54
dimethylbenzene 8—CHg
Phenols and Lthers
o-Fluorophenol 2—0H — — 22 t 22
m-Fluorophenol 3—0H — — 22 50§ 22
p-Fluorophenol 4—0H — — 22 11 22
o-Fluoroanisole 2—0CHj3 125 52-91 22,48, 111 | 54-67,64 § 29, 48, 110
m-Fluoroanisole 3—0CH;3 68 76-82 1f | 28,29, 30 42-64 28, 29
p-Tluoroanisole 4—0CH; 139 85 22, 29 67,47 § 22,29
2.4-Difluoroznisole 3—F, 4—0CH; 98 60 110 81 110

* References 90-142 are on p. 228,

1 See, Table V.

§ Over-all yield from amine.

|| Preparation not attempted.

4 Over-all from fluoromesidine.

## Qver-all yield from mesitylene

1T Preparation attempted and failed.
%} This diazonium fluoborate, because of its low decomposition point, is likely to decompose

spontaneously.
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TABLE I—Coniinued
BeNzZENE DERIVATIVES
Diazonium Fluoborate RN3BF4 — RF
Componnd b 8 Decomposi-
4©N2BF4 t::rlarf\?:- Y;)I d Reference * Y‘l;él d Reference *
3 2 °C.

2,6-Difluoroanisole 2—O0CHjg, 3—F — 85 48 56 48
3,4-Dimethoxyfluore- 3—O0OCH;3,4—0CH; 123 76 112 II —

benzene
2-Fluoro-4-bromozanigole 2—0CHj3, 5—Br 156 92 113 54 113
2-Fluoro-4-methylanisole 2—O0CHjg, 5—CHg 120 82 29 48 29
2-Tluoro-6-methylanisole | 2—0OCH3, 3—CHg 88 68 114 62 114
2,6-Difluoro-4-methyl- t t

anisole
2-Bromo-3-fluoro-4,6- 2—Br, 3—0CH3, 105 70 28 52§ 28

dimethylaniscle 4—CHg, 6—CH;y
o-Fluorophenetole 2—0CyH;5 105, 135 65-69 29,110 35-36 29, 110
m-Fluorophenetole 3—0CyH5 70 75 t1 29 47 29
p-Fluorophenetole 4—QCyH;5 105 46-87 13, 29, 90 3653 29, 42
2,4-Difiuorophenetole 3—T, 4—OCHj; 82 17-37 110, 115 0-44 110, 115
4-Fluorodiphenyl ether 4—0CqH; 81-3 83 116 67 116
4,4’-Difluorodiphenyl ether | f + *
3-Fluoro-4-methoxy- 2—0OCHg, 145 Quanti- 114 Slight 114

diphenyl ether 5—0C¢H5 tative

Acids and Esters

o-Fluorobenzoic acid 2—COH 125 046 13,15,34,102| 19 34
m-Fluorobenzoic acid 3—CO0.H 155 31 34 16 34
p-Fluorobenzoic acid 4—COH —_ 76-84 13, 16 tH 34
3,4-Diftuorobenzoic acid | 2—F, 5—CO0,H 185 il 14 I —
2-Todo-3-fluorobenzoie acid | 2—I, 3—CO.H — — 82 + 82
2-Hydroxy-5-fluorobenzoic | 3—CO2H, 4—0H — 75-85 15 Il —_

acid
p-Fluorophenylacetio acid | 4—CHyCOoH — Poor 34 11 34
Methyl o-fluorobenzoate 2—C02CH3 102 66 117 53 117
Ethyl o-fluorobenzoate 2—C02CH 105, 118 56-90 23, 27 60-87 23, 27
Ethyl p-fluorobenzoate 4—CO0,CoH5 93 75-94 13, 40, 90 90 40
Methyl 3-fluoro-4-methoxy- | 2—OCH3, — 88 48 56 48

benzoate 5-—-C0O9CHg
Methyl 3,5-difluoro4- 2—0CH;3, 3—TF, — 89 48, 111 28-35 48, 111

methoxybenzoate 5—C05CH;g
Diethyl 4-fluorophthalate | 3—CO2CH, 125 98 118 50 118

4—CO0,CoH;

Ethyl p-filuorophenyl- 4—CHC0,CoH5 — Poor 34 tt 34

acetate

* References 90-142 are on p. 228,

1 See Table V.

§ Over-all yield from amine.
|| Preparation not attempted.
1 Preparation attempted and failed.

1i This dinzonium fluohorate, beoause of its low deocomposition

gpontaneo nsly.

point, ia likely to decompose
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TABLE I—Continued

BeENzENE DERIVATIVES

Diazonium Fluoborate RNyBFs — RF
Compound 56 Decomposi~
tion Tem- Yicld Yield
4 o3 * *
@NzBP 4 perature % Reference % Reference
3 2 °C.
Amines, Anilides, and Azo Compounds

p-Fluorodimethylaniline 4—N(CHg), 151 56-61 119, 120 17 119
p-Fluorodiethylaniline 4—N(C2Hp)y 113 83 119, 120 20 119
p-Pluoroacetanilide 4—NHCOCHg 135 84 7 —_ 30
p-Fluorophenyldiphenyl- | 4—N(CgHp)o 162 — 120 II —

amnine
4-Fluoroazohenzene 4—N=N—CgHj 145 92 90, 116 16§ 116

Ketones
m-Fluoroacetophenone 3—COCH; 83 — 121 — 121
p-Fluoroacetophenone 4—COCH;3 — 9 13 I —
o-Fluoropropiophenone 2—COCyHp 81-2 79 56 47§ 56
m-Fluoropropiophenone 3—COCqH5 97-8 88 56 68§ 56
4-Fluorobenzophenone 4—COC¢Hjy 115 %0 116 40§ 116
4,4'-Difluorobenzophenone | t b
Telr lent Sulfur Compound:

4-Fluorobenzenesulfonic 4—80sH — 99 15 Il —

acid
3-Fluoro-4-hydroxyben- 2—0H, 5—80;1 Soluble —_ 15 I —

zenesulfonie acid
4-Fluorobenzene- 4+—S0:NH, — — 17 Il —

sulfonamide
4,4’-Difluorodiphenyl- 1t 4ot

sulfone

Nitro Compounds
o-Nitrofluorobenzene 2—NOg 135 63-92 8, 13, 14, 22 10-19 1, 14, 22, 38
m-Nitrofluorobenzene 3—NO, 170, 178 79-99 13, 14, 22, 90 43-54 14, 22, 28, 38
p-Nitrofluorobenzene 4—NO, 156 80-100 1, 8, 14, 123 40-58 {22, 38,91, 122
50-60 §

3,4-Dinitrofluorobenzene 3—NOg, 4—NO; 161 69 53 24 53
3,5-Dinitrofiuorobenzene 3—NOg, 5—NO, 203 57 124, 125 15 124, 125

* References 90-142 are on p. 228.

T See Table V.

§ Over-all yield from amine.
|| Preparation not attempted.
11 Preparation attempted and failed.
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TABLE I—Continued
BenzeNE DERIVATIVES
Diazonium Fluoborate RNyBFs — RF
Compound 5 6 Decomposi-
4©N2BF4 t;;l:_;‘z:- Y:;old Reference * Y‘l;‘,)l d Reference *
3 2 C.
3-Nitro-4-bromoftuoro- 3—NOg, 4—Br 200 — 49 30§ 49
benzene
3-Nitro-5-chlorofluoro- 3—NO,, 5—C1 190-5 76 97 — 97
benzene
3-Trifluoromethyl-4-nitro- | 3—CF3, 4—~N0Oy — 94 51 41 51
fluorobenzene
3-Trifluoromethyl-5-nitro- | 3—CFg, 5—NO2 — 88 51 49 51
fluorobenzene
2-Methyl-3-nitrofiuoro- 2—CH3, 3—NO, 118 80 46 63 46
benzene
2-Methyl4-nitrofluoro- 2~CHj3, 4—NOy — — 11 60 § 11
benzene
2-Methyl-6-nitrofluoro- 2—CH3, 6—NOy 143 50 36 20-23 36
benzene
3-Nitro-2,4,6-trimethyl- 3—NOg, 2—CH;, —_ —_ 47 50-60 § 47
fluorobenzene 4—CHj;, 6—CH3
2,4-Dimethyl-5-nitrofiuoro- | 2—CH3, 4—CH3, 130 53 28 53 28
benzene 5—NOy
2-Methyl-4-chloro-5-nitro- | 2—CHj3, 4—Cl, 153 61 54 50 54
fluorobenzene 5—NOg
2-Bromo-3-nitro-4,6-di- 2—Br, 3—NOsy, 195 67 106 45 106
methylfiuorobenzene 4—CHsg, 6—CH;3
2-Fluoro-4-nitroanisole 2—OCH;, 5—NO, 173 70-85 126, 127 10-14 126, 127
3-Fluoro-5-nitroanisole 3—0CH;, 5—N0, 150 93 128, 129 36 128
2,6-Difluoro-4-nitropnisole | 2—0CHjg, 3—F, — 60 11 10+ 111
5—NO;,
2-Fluoro-4-nitrophenetole | 2—0CyHjz, 5—NO, 179 90 127 6 127
3-Fluoro-5-nitrophenetole | 3—O0C3H5, 5—NO, 110 64 125, 129 31 125, 129
4-Fluoro-4'-nitrodiphenyl | 4—~(p- 145 Quanti- 30 63 30
sulfone S0,CgH4NOg) tative

* References 90—142 are on p. 228,

T See Table V.

§ Over-all yield from amine,
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TABLE II

NAPHTHALENE DERIVATIVES

Diazonmum Fluoborate RNyBb4 — RF
8 1 .
Compound Decomposi-
e tion Tem- | Yield Yield
Reference * Reference *
[N pex;ature % %
54 C.
1-Fluoronaphthalene 1—N3BF4 113 62-91 | 1,35, 90, 60-98 1, 43, 130
130
2-Fluoronaphthalene 2-~NoBF4 108, 116 90-97 133,130, 131 69-Quan- | 33, 43, 130,
titative 131
1,4-Difluoronaphthalene 1—N3BFy, 4T 163 47 130 37 130
1,6-Difluoronaphthalene T T
1,8-Difluoronaphthalene i1 1
1-Bromo-2-fluoronaphthalene 1—Br, 2—N3BI'4 98 — 131 23 § 131
1-T'luoro-4-bromonaphthalene 1—N¢BF 4, 4—Br 152 97 130 66 130
1-Chloro-2-fluoronaphthalone 1—CL 2—N3BTy| 166 80 25, gee 24 90 25
1-Tluoro-8-chloronaphthalene 1—NyBFy, 8—Cl1 106 80 132 50 132
1-T'uoro-2-methylnaphthalene 1—N3BF4, 2—CH3 150 — 24 — 24
1-Benzeneazo-2-fluoronaphthalene | 1—NyCoHs, 158 31 24 Slight 24
2—N3BFy
1-Fluoro-4-naphthalenesulfonic 1—N;BFy — — 130 T 130
acd 4—S0gH
1-Nitro-2-fluoronaphthalene 1—NO3, 2—N,BF — — — 9 24, 25
1-Nitro-8-fluoronaphthalene 1—N2BFy, 8—NOg 124 — 24 1 24

* References 90-142 are on p. 228,

f See Table V.,

I Preparation not attempted.

§ Over-all y1eld from amime

|| From l-mtro-2-aminonaphthalene; see p. 199,
9 Preparation attempted and failed.
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TABLE III
BipuenyL aNp OTuER PoryNucLEAr HYDROCARBON DERIVATIVES
Dizzomum Fluoborate RN,;BF4 — RF
Compound 3 2 2 3 Decora-
posttiol | g4 | Refer- | Yield | Refer-
4 4 Temper- 7 ence * 7 «
ature o A ence
5 6 6 5 °oQ
2-Tluorobiphenyl 2—NyBFy 81 85 133 89 52,133
3-Fluorobiphenyl 3—N,yBFy 91 85 133 60 1 133, 134
4 Fluorobiphenyl 4—N3BT'y 116 | s8-94 | 15,90, | 82t | 52,133
133
2,2’-Difluorobiphenyl t b3
3 3’-Dufluorobiphenyl i i
4 4-Dafluorobphenyl b3 t
2,4,4-Trifluorobiphenyl § 2—NyBFy, 4—F, 4—F 88 | 9 |135136| 8 |15 136,
137 137
2 4,4 5-Tetrafluorobiphenyl || | 2—N3BFy, 4—T, #—F, 5—T 102 83 | 133,187 ol 133, 137
22’ 4,4’ 5-Pentafluorobiphenyl [ 1 9 t e
4-Fluoro-4’-bromohiphenyl 4—N2BFy, 4—Br <100 | Quant- 138 57 138
tative
2-Fluoro-4,4-dmethylbiphenyl| 2—N¢BFy, 4—CHg, 4'—CII3 <100 74 139 91 139
2,2-Difluoro4,4’-dimethyl- 2—N,BF,, 2—F, 4—CHj, 100 90 139 831 139
biphenyl '—CHg
2,2"-Difluoro-6,6’-dimethyl- 1 b4
hiphenyl
3,3-Dimethyl-4,4"-difluoro- b t
bipbenyl
3,3-Dimethyl-4,4/,6-trifluoro- | 2—NgBTy, 4—F, 417, 93 52 140 52 140
biphenyl 5—CHsg, 5—CH;
2-Nitro-2>-fluorobiphenyl 2—N3BFy, 2—NO, 87 95 52 13 52
4-Nitro-4’-fluorobiphenyl 4—NyBl'y, £4—NOg 130 — 133 15 F 138
2-Nitro-4,4’-difluorobiphenyl | i
2-Nitro-3’-bromo-4,4’-difluoro- | §+ ** 1
hiphenyl
2.2’-Dimitro-4,4’-difiluoro- t b3
hiphenyl
3,8"-Dimethyl-4,4’-difluoro-6- | 1 I3
nitrobiphenyl

* References 90-142 are on p. 228
1 Over-all yield from amne.

1 See Table V

§ Prepared and erroneously reported as 3,4,4’-trifluorobiphenyl 1n 1ef 136

|| Prepared and erroneously reported as 3,4,4’-5-tetrafluorobiphenyl 1n ref. 133.
9 Preparation attempted and failed.
#% Preparation not attempted.
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TABLE III—Continued

BirrenyL AND OTHER PoLYNUCLEAR HYDROCARBON DERIVATIVES

Diazonium Fluoborate RNsBF4 — RF
Compound De:é:n‘;
POSION | yield | Refer- | Yield | Refer-
Formula Temper- p w P M
ature 73 ence A ence
°C,
Miscellaneous Polynuclear Hydrocarbon Derivatives
CH,
NaBF4
2-Fluorofluorene 145 76 141 —_ 141
N2BFy
9-Fluorophenanthrene @ — — 56 30-42 55
o
I
¢
2Bl
2-Fluorofluorenone 160 — 141 50t 141
0
I
NoBF 4
2-Fluoroanthraquinone . — 68 116 8) 116
I
0]
[}
J
Bz-1-Fluerolenzanthrone O‘O 150 | Quant, 37 63 37
l _/N2BTy

* References 90- 142 a1e on p. 228.
T Over-all yicld from amhie,
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TABLE IV

HererocycLic FLuoriNE CoMPOUNDS
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Pyridine Derivatives

Diazonium Fluoborate

RN2BF4 — RF

4 Decom-~
Compound N osibion
5 pos Yield Refer- Yield Refer-
[ Temper- % ence * % ence ¥
6 N/ 2 ature ° o
°C.
2-Fluoropyridine 2—NyBF4 <0 — 31 34 31
3-Fluoropyridine 3—N2BFy 151 —_ 31 50 + 31
4-Fluoropyridine § 31 § 31
2,6-Difluoropyridine | § || § I
Quanoline Derivatives
Diazoniuin Fluoborate 1AN3BF4 — RF
5 -
Compound 2 4\ De:i:il:n
f 3 | P Yield Refer- | Yield | Refer-
i Temper- o ence * % *
4 N2 ature ° ° ence
8 °C.
2-Fluoroquinoline 2—NBF4 <0 — 32 28 ¢ 32
4-Fluoroquinoline § 10 — 32 § 32
5-Fluoroquinoline 5—N3BF4 95 94 32 59 + 32
6-Fluoroquinoline G—NyBF4 90-100 96 32 57 32
7-Fluoroquinoline 7—N3BF4 123 100 32 27 1 32
8-Fluoroquinoline 8—NyBF,4 133 74 32 24 32
5-Fluoro-6-methoxy- | 5—N2BF4, —_ 83 142 § 142
quinoline 6—OCH 3
Quinazolone Dertvative
6-Fluoro-4- 4—Quinazolone- — Almost 12 g 12
quinazolone 6—diazonium quantitative
fluoborate

* References 90-142 are on p. 228,
1 Over-all yield from the amine,

I This diazonium fluoborate decomposes spontaneously when dry.

§ Preparation attempted and failed.

|| See Table V.

% Proparation not attempted.
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TABLE V

ComroUNDS WITH Two FLUORINE ATOMS SIMULTANEOUSLY INTRODUCED

bis-Diazonium Fluoborate R(N2BFg)2— RF2
Compound Decom-
e position | Vield | Refer- | Yield | Refer-
bis-Diazonium Fluoborate Temper- % ence * P once *
ature,°C.
m-~Difluorobenzene NyBF4 206 88 9,38 31+ 38

©NzBF4
p-Difluorobenzene 186 | 78-82 9,38 2711 38
F4BNy NyBTFy

— — 46 Slight 46

CH,
F4BN7©N2BF4 t

2,6-Difluorotoluene

1,6-Difluoro-2,4-dimethyl- HyC CHjg — | Quanti- 9 § —
benzene tative
T4BNg oBFy
2,6-Difiuoro-4-methylanisole OCHjg — 48 110 SLght 110
F4BN©N2BF4
CH3

4,4’-Difluorodipbonyl ether ( ) — 63 116 10 116
F4BN2© (6]
2
4,4’-Difluorobenzophenone ( ) 82 98 116 20 116
F4BN2© C=0
2
4,4’-Difluorodiphenyl sulfonc ( ) — — 30 5 30
F4BN2© S04
2

2.8-Difluoro-4-nitroanisole NoBFy —_ 52 111 Slight 1 111
0N OCHg
N,BF,
1,5-Difluoronaphthalene NoBF4 184, 190 92 | 130, 131 54 130, 131
AN
Z
NyBF,
1,8-Difluoronaphthalene I'4BNy  NyBF4 — 67 9 § —
\
¥
2,2'-Difluorobiphenyl F{BN, NoBF, 133 84 140 70 140
* References 90- 142 are on p. 228, § Preparation not attempted.
1 Over-all yield from amine. 9 Preparation attempted and failed.

1 See Table L.
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TABLE V—Continued
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Comprounnps WiTH Two FLUORINE AToMS SIMULTANEOUSLY INTRODUCED

bis-Diagonium Fluoborate R(N2BFg2— RF;
y—
Compound Decom-
R . position | Vield Refer- Yield Refer-
bis-Diazonium Fluoborate Temper- | ence * % ence *
ature,°C.
3,3/-Difluorobiphenyl F4BN, N9BF4 106 98 140 50 140
4,4"-Difluorobiphenyl 135, 157 | 64-95 | 33,35, | Low- [33,41,49,
F4BNy N2BF4 41,136 | quanti- | 136
tative
801
2,244’ 5-Pentafluoro- Fs8BN, F — q 140 9 140
biphenyl
F T
NaBF,
2,2"-Difluoro-4,4'-dimethyl- F4BN, NyBF, — — 139 — 13¢
biphenyl **
HsC CHjy
2,2’-Difluoro-6,6-dimethyl- CHg CH3 <100 96 21 >17 21
F4BNs  NyBTy
3,3’-Dimethyl-4,4™-difluoro- HsC CH; 125 it 135 64 1 135
biphenyl
F4BNy N2BF,
2-Nitro-4,4-difluorobiphenyl NO, 128 95 | 135 137 10 135, 137
O
2-Nitro-3'-bromo-4,4’- NOy Br — >78 10 § —
difluorobiphenyl
F4BNy NyBFy
2,2’-Dinitro-4,4'-difluoro~ NO; NO» <200 — 49 19 % 49
biphenyl
F4BN2 N2BFy
3,3"-Dimethyl4, 4" dillgoree CHs CHs 98 98 135 10 135
6-nitrobiphenyl
F4BN NgBF4
NO,
2,6-Difluoropyridine =z ] — — 104 T 104
F¢BNy! N NoBF,

* Referenoes 90~142 are on p. 228,
T Over-all yleld from amine.

§ Proparutlon not atlempted.

4 Preparation attempted and failed.
Wi Soe Table ITL.
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INTRODUCTION

The Friedel and Crafts reaction between an aliphatic dibasic acid
anhydride and an aromatic compound results in the formation of an
aroyl fatty acid with the aroyl group situated at the last carbon atom of
the aliphatic chain. Since the lowest known dibasic anhydride is suceinic
anhydride, the number of methylene groups between the carboxyl group

Co
h N

@ + (CHm/ \o Al ©00(0H2>n0021{
4 \co/ /

and the carbonyl group cannot be less than two. B-Aroylpropionic acids
are thercfore the lowest members of the series that can be prepared by
the general reaction. Acids such as benzoylformic and benzoylacetic
acid are not acecessible by this procedure, and their synthesis is beyond
the scope of this discussion. When maleic anhydride (or a substituted
maleic anhydride) is used instead of the saturated anhydride, a g-
benzoylacrylie acid is obtained. Burcker introduced the reaction in

AN CH—CO i, COCH=CHCO.H
+ | )0 —
CH—CO

1882, when he condensed suceinic anhydride with benzene in the presence
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of aluminum chloride and obtained 8-benzoylpropionic acid in small
yield.l In the same year von Pechmann prepared S-benzoylacrylic acid
by using maleic anhydride instead of succinic anhydride? A more
detailed description of both reactions was given some years later by
Gabriel and Colman.? Since that time the general reaction has been
extended to include substituted succinic and maleic anhydrides, glutaric
anhydride, and the polymeric anhydrides of higher dibasic acids such
as adipic or sebacic acid. Of all anhydrides utilized in the reaction,
succinic anhydride has been employed the most extensively and its
reactions with aromatic hydrocarbons, their derivatives, and hetero-
cyclic compounds have been studied the most thoroughly.

The impetus for the elaboration and extensive use of the succinic
anhydride synthesis came from the discovery that the S-aroylpropionic
acids, obtained from the reaction, constitute very important interme-
diates in the synthesis of aromatic hydrocarbons. The keto acids can
easily be reduced by the Clemmensen reduction; 4 the reduced acids can
be converted into cyclic ketones,® which in turn can be converted into
polycyelic hydroaromatic and aromatic compounds by standard pro-
cedures. Through the use of substituted suceinic anhydrides the corre-

COCHCH.CO.H CH,CH,CH,CO.H
| — |

CH, CH,
7 e, QCH2
/|L Nl "
2 2
o CH,

sponding substituted hydrocarbons become available, and further modi-
fications are possible through a Grignard reaction on one or both of
the keto groups. The general scheme of synthesis is sometimes known
as the Hawcrth reaction because Haworth was the first to use it ex-
tensively,® although isolated examples of the reaction had been known
before.”® The gearch for properly substituted S-aroylpropionic acids

1 Burcker, Ann. chim., [5] 26, 435 (1882).

%2 von Pechmann, Ber., 15, 881 (1882),

3 Gabriel and Colman, Ber., 32, 395 (1899).

4 Martin, Organic Reactions, I, 155, Wiley, New York, 1942,

% Johnson, Organic Reactions, II, 114, Wiley, New York, 1044,

$ Haworth, J. Chem. Soc., 1932, 1125. See also references 9-11.

7 Krollpfeiffer and Schifer, Ber., 56, 620 (1923).

8 Farbwerke vorm. Meister Lucius and Bruning, Ger. pat. 376,635 (Chem. Zenir.,
1924, I, 966); 1.G. Farbenind. A.~G., Fr, pat. 636,065 [C.A., 22, 4537 (1928)]; Swiss pat.
131,059 (Chem. Zentr., 1980, I, 1530); Gruene, U. 8. pat. 1,759,111 [(.A., 34, 3654 (1930)].
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led to the preparation of many new acids, to an improved technique, and
to a greater knowledge of the reaction. In this way many new hydro-
carbons have been synthesized by Haworth, Fieser, and others, and the
structures of many natural products elucidated.** Since so much
more is known at the present time about the reaction with sucemic
anhydride than with all the other anhydrides, the following discussion
is primarily concerned with this reagent; the others will be included in
special sections.

MECHANISM

According to the work of Noller and Adams ! and the investigations
of Groggins and Nagel,”® the I'riedel and Crafts reaction with an an-
hydride proceeds with a maximum yield when two moles of aluminum
chloride are used per mole of anhydride. According to Groggins and
Nagel one mole of catalyst brings about the fission of the anhydride
with the formation of the aluminum chloride sall of one carboxyl group
and the formation of the acid chloride from the second carboxyl group.1¢
The second mole of aluminum chloride functions as the catalyst asin a
typical Friedel and Crafts acylation. In harmony with these views and
the present theories of aromatic substitution the reaction can therefore
be visualized as proceeding through the complex I, which attacks the

0
7
CH,CO CH;C—OAICl,
|7 >0 4 24101 — |
CH,CO CH.C+AICL~
\0

I

aromatic ring by virtue of the electrophilic center on the acyl ion. The
preferential fission of unsymmetrical anhydrides can be explained if
the assumption is made that the electron-seeking aluminum chloride
opens the anhydride toward the carboxyl group that has the higher
electron density. The cffect of substitution is not great with methyl-
succinie anhydride but is pronounced with the para-substituted phenyl-

9 Fieser, Chemistry of Natural Products Related to Phenanthrene, 2nd ed., pp. 71-75,
Reinhold Publishing Corp., New York, 1937.

1 Linstead, Ann. Repts. on Progress Chem. (Chem. Soc. London), 33, 336 (1936).

1 Springall, Ann. Repts. on Progress Chem. (Chem. Soc. London), 36, 301 (1939).

12 Noller and Adams, J. Am. Chem. Soc., 46, 1889 (1924).

13 Groggins and Nagel, Ind. Eng. Chem., 26, 1313 (1934); Groggins, Unit Processes in
Organic Synthesis, 3rd ed., p. 761-762, McGraw-Hill Book Co., New York, 1947.

4 Evidence for the formation of such 4 complex is presented by Saboor, J. Chem. Soc.,
1945, 922,
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succinic anhydrides listed on p. 245, which are cleaved in accordance
with the character of the substituents. The dual nature of the phenyl
group could account for the formation of both acids in equal amounts

0
Vi
R_/(l;?_é\loo © o RCHC™OAICL oy, RCHCOAICL
y ——> b
CIL—C5=0 CHCY AlCIT CH:COCHs
0

when phenylsuccinic anhydride is condensed with benzene.® Nitro-
benzene, when employed as a solvent, accentuates preferential cleavage
in one direction,'$ 7 which may be due to the solvent power of nitroben-
zene or to its greater ionizing power.’48 Other mechanisms for the re-
action of unsymmetrical anhydrides have been advanced.5 141618

SCOPE AND LIMITATIONS

The reaction between an anhydride and an aromatic compound m
the presence of anhydrous aluminum chloride is a Friedel and Crafts
reaction; it is therefore applicable to all those aromatic compounds on
which that type of reaction can be carried out, i.e., aromatic hydro-
carbons, their halogen derivatives, phenols and phenolic ethers, and
many heterocyclic compounds. Recently the successful condensation
of succinic anhydride and acetanilide has been reported.’® Compounds
having nitro, carboxyl, carbonyl, and similar deactivating groups which
impede the Friedel and Crafts reaction cannot be utilized. If the de-
activating group is removed from the aromatic ring by a few methylene
groups, the reaction becomes possible, as has been shown for ethyl
B-phenylpropionate or S-phenylpropionitrile.®

The yields in succmoylations are usually fair or good (between 509
and 1009%;), although some much lower yields have been reported, par-
ticularly with substituted succinic anhydrides or with halogenated ben-
zene derivatives, which of all compounds have been studied least. Only a
few reactions have failed completely or failed to yield the expected prod-
uct. Guaiacol and hydroquinone monomethyl ether are reported not

15 Ali, Desai, Hunter, and Muhammad, J. Chem. Soc., 1937, 1013.

16 Desai and Wali, Proc. Indian Acad. Sci., 64, 135 (1937) [C.A., 32, 508 (1938)].

17 Wali, Khalil, Bhatia, and Ahmad, Proc. Indian Acad. Sci., 14A, 139 (1941) [C.A., 36,
1598 (1942)].

18 Rothstein and Saboor, J. Chem. Soc., 1943, 425.

1 English, Clapp, Cole, and Krapcho, J. Am. Chem. Soc., 67, 2263 (1945).

2 Borgche and Sinn., Ann., 553, 260 (1942).

A Qoo also IMeser and Ileymann, J. Am. Chem. Soc., 63, 2333 (1941), for the reaction
between phithnlic anhydride and y-phenylbutyrie aeid.
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to react with succinic anhydride under a variety of different conditions
in nitrobenzene, tetrachloroethane, or carbon disulfide as the solvent.? *
At elevated temperatures demethylation of phenolic ethers often
occurs.?2%  Pyrogallol trimethyl ether yields g-(2-hydroxy-3,4-di-
methoxybenzoyl)propionic acid in all solvents that have been em-
ployed; %% % when, however, the organic layer is separated from the
aqueous acidic layer before steam distillation, a small amount of the
undemethylated acid is obtained.®* 9,10-Dihydroanthracene with
succinic anhydride and aluminum chloride in nitrobenzene solution
undergoes substitution in the aliphatic 9-position # instead of the 2-

COCH,CH.CO.H

CHzCO AICL AN
>0 — |
CHzCO F

position as expected by analogy with the behavior of tetralin. A small
amount of the same acid was also obtained from anthracene directly
when benzene was used as solvent.® With a large excess of catalyst
substitution occurred in the 2-position only.# p-Di-fert-butylbenzene
reacts with succinic anhydride in carbon disulfide with elimination of
one ftert-butyl group; B-(p-tert-butylbenzoyl)propionic acid is formed
together with a small amount of an unidentified acid.®

Types of Compounds Condensed with Succinic Anhydride

Hydrocarbons. A great number of methylated benzenes have been
successfully condensed with succinic anhydride. Toluene, the three
xylenes, mesitylene, the tetramethylbenzenes, and pentamethylbenzene
can be converted into the corresponding methylated B-aroylpropionic

* Guaiacol and sucecinie anhydride have been shown to react in a mixture of tetrachloro-
ethane and nitrobenzene to form g-(4-hydroxy-3-methoxybenzoyl)propionic acid in low
yield. Holmes and Trevoy, Can. J. Research, 22, 109 (1944).

2 Dalal and Nargund, J. Indian Chem. Soc., 14, 406 (1937).

2 Perkin and Robinson, J. Chem. Soc., 93, 489 (1908).

% Hill, Short, and Stromberg, J. Chem. Soc., 1937, 937.

% Rico, J. Am. Chem. Soc., 50, 229 (1928).

% Bargellini and Giua, Gazz. chim. ital., 42, 1, 197 (1912).

% Dalal, Bokil, and Nargund, J. Unzv, Bombay, 8, Pt. 3, 203 (1939) [C.4., 34, 2821
(1940)].

2 Mitter and De, J. Indian Chem. Soc., 16, 35 (1939).

%2 Manske and Holmes, J. Am. Chem. Soc., 67, 95 (1945).

2 Cook, Robinson, and Roe, J. Chem. Soc., 1939, 266.

3 Berliner, unpublished results.

31 Price, Shafer, Huber, and Bernstein, J. Org. Chem., T, 517 (1942).
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acids in good yields.”®3 Alkylated benzene derivatives having alkyl
groups larger than methyl that have been employed as starting materials
in the reaction include ethylbenzene,”3% cumene,% p-cymene,?
o-ethyltoluene,® tert-butylbenzene,® and tert-amylbenzene.®® Migration
or isomerization of larger groups, which often accompanies Friedel and
Crafts reactions,® has not been observed in succinoylations; but com-
pounds such as n-propyl- or n-butyl-benzene, with which such isomeriza-
tions might be expected to take place, have not been studied extensively.
n-Propylbenzene has been converted to 8-(4-n-propylbenzoyl)propionic
acid without isomerization of the n-propyl group.¥

Naphthalene and its alkyl derivatives have been the most thoroughly
studied of all the polynuclear hydrocarbons, and a great number of
phenanthrene derivatives have been synthesized through the appro-
priate B-naphthoylpropionic acid.?®3%4  Phenanthrene,*+2 anthra-
cene, 34,4 nyrene 4847 refene,®% and chrysene 5 condense fairly
readily with succinic anhydride, as do also some methyl derivatives of
phenanthrene.® 5% Partially hydrogenated aromatic compounds and

32 Muhr, Ber., 28, 3215 (1895).

$ Barnett and Sanders, J. Chem. Soc., 1933, 434.

% Levy, Ann. chim., [11] 9, 5 (1938).

% Fieser and Price, J. Am. Chem. Soc., 58, 1838 (1936).

3 (g) Fieser, Berliner, Bondhus, Chang, Dauben, Ettlinger, Fawaz, Fields, Heidelberger,
Heymann, Vaughan, Wilson, Wilson, Mao-i Wu, and (b) Leffler, Hamlin, Matson, Moore,
Moore, and Zaugg, J. Am. Chem. Sec., 70, 3174, 3197 (1948).

3 Thomas, Anhydrous Aluminum Chloride tn Organic Chemistry, p. 94, Reinhold Publish-
ing Corp., New York, 1941. Haworth, Letsky, and Mavin (ref. 112 below) condensed
sucelnic anhydride with the hydrocarbon obtained from naphthalene and n-propyl
bromide in the presence of aluminum chloride. The resulting keto acid was 1ot identical
with B-(6~jsopropyl-2-naphthoyl)propionic acid and was probably B-(6-n-propyl-2-
naphthoyl)propionic acid; i.e., the sucecinoylation proceeded without isomerization.

%2 Smith and Chien-Pen Lo, J. Am. Chem. Soc., 70, 2209 (1948).

3% Haworth et al., J. Chem. Soc., 1932, 1125, 1784, 2248, 2720,

3 Fieser and Peters, J. Am. Chem. Soc., 54, 4347 (1932).

4 Bachmann and Struve, J. Org. Chem., 4, 472 (1939).

4 Haworth and Mavin, J. Chem. Soc., 1933, 1012,

42 Bachmann and Bradbury, J. Org. Chem., 2, 175 (1937-1938)

4 Cook and Robinson, J. Chem. Soc., 1938, 505.

“4 Bergmann and Weizmann, J. Chem. Soc., 1938, 1243,

% Cook, Hewett, and Hieger, J. Chem. Soc., 1933, 395.

4 Fieser and Fieser, J. Am. Chem. Soc., 57, 782 (1935).

4 Winterstein, Vetter, and Schén, Ber., 68, 1079 (1935).

48 Adelson and Bogert, J. Am. Chem. Soc., 59, 1776 (1937); Cassaday and Bogert, ibid.
63, 703 (1941).

4 Fieser and Clapp, J. Am. Chem. Soc., 63, 319 (1941).

% Beyer, Ber., T1, 915 (1938).

8 Cook and Graham, J. Chem. Soc., 1944, 329

%2 Bachmann and Edgerton, J. Am. Chem. Soc., 62, 2550 (1940).

% Baclimann and Cortes, J. Am. Chem. Soc., 65, 1329 (1943).

5 Tiegor and Cason, J. Am. Chem. Soc., 62, 1203 (1940).
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compounds having aliphatic rings that have been employed in succin-
oylations include hydrindene,® % % fluorene,® acenaphthene,® tetralin,”5
as well as partially hydrogenated anthracene,®* phenanthrene,®
retene,® pyrene,® and acephenanthrene.!’ Reaction with these com-
pounds often proceeds with higher yields than with the fully aromatic
compounds and leads to a single product (compare p. 239). Among the
bicyclic compounds that have been employed are biphenyl,$¢ diphenyl-
methane, % and phenylcyclohexane®% All four halogenated ben-
zenes 398,67 gnd o-chlorotoluene * have been converted into the corre-
sponding p-halobenzoylpropionic acids, but no halogen derivatives of
polynuclear hydrocarbons or of compounds having more than one
halogen atom have been tried.®

Phenolic Ethers and Free Phenols. Phenolic ethers, which undergo
the succinoylation reaction particularly readily, have been extensively
studied. The compounds utilized include anisole,? %77 many ethers
of phenol with alkyl groups larger than methyl,>"7 all three cresol
methyl ethers,”™ and a number of derivatives of anisole with more and
larger alkyl groups,”™™ as well as o-chloroanisole and o-chlorophenetole.®
The a- and g-methoxynaphthalenes have been readily ¢onverted into the

% Tieser and Seligman, J. Am. Chem. Soc., 59, 883 (1937).

% Sengupta, J. Indian Chem. Soc., 16, 89 (1939).

% McQuillin and Robinson, J. Chem. Soc., 1941, 586.

% Koelsch, J. Am. Chem. Soc., 55, 3885 (1933).

% Newman and Zahn, J. Am. Chem. Soc., 65, 1097 (1943).

80 See p. 240.

61 Tieser and Peters, J. Am. Chem. Soc., 54, 4373 (1932).

52 Woizmann, Bergmann, and Bograchow, Chemistry & Industry, 59, 402 (1940).

6 Bley and Wilkinson, J. Chem. Soc., 1940, 1030.

%4 Buu-Hoi, Cagniant, and Metzner, Bull. soc. chim. France, 11, 127 (1944)

% Skraup and Schwamberger, Ann., 462, 135 (1928).

% Fieser and Seligman, J. Am. Chem. Soc., 60, 170 (1938).

8 Chovin, Ann. chim., [11] 9, 447 (1938).

% Haworth and Mavin, J. Chem. Soc., 1932, 2720, reported that the condensation of
4-bromo-l-methylnaphthalene with sucecinic anhydrido seemed unpromising.

% Poppenberg, Ber., 34, 3257 (1901).

7 HMahu, J. Am. Chem. Soc., 38, 1517 (1916).

N T'ieser and Hershberg, J. Am. Chem. Soc., 58, 2314 (1936).

7 Rice, J. Am. Chem. Soc., 46, 2319 (1924).

7 Trivedi and Nargund, J. Univ. Bombay, 11, Pt. 3, 127 (1942) [C.A., 37, 2005 (1943)].

" Roseninund and Schapiro, Arch. Pharm., 272, 313 (1934) [C.A., 28, 4046 (1934)].

% Desai and Wali, Proc. Indian Acad. Sci., 64, 144 (1937) [C.A., 32, 509 (1938)].

7 Fieser and Lothrop, J. Am. Chem. Soc., 58, 2050 (1936).

7 Harland and Robertson, J. Chem. Soc., 1939, 937.

% Cocker, J. Chem. Soc., 1946, 36.

? Soloveva and Preobrazhenskii, J. Gen. Chem. U.S.S.R., 15, 60 (1945) [C.A., 40, 1820
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8 Neuyen-Hoan and Buu-Hoi, Compt. rend., 224, 1228 (1947).
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succinoylated products in good yields,37:81-8 a5 have also the dimethyl
ethers of the three dihydric phenols,>2%2:237 the trimethyl ether of
pyrogallol,?2:2 and hydroxyhydroquinone.® 1,5- and 2,6-Dimethoxy-
naphthalene react smoothly with succinic anhydride with the formation
of the corresponding dimethoxy-g-naphthoylpropionic acids.?#8 Free
phenols, such as phenol itself,?%:% the cresols,®® resorcinol,” and or-
cinol,® are succinoylated only under more drastic conditions at elevated
temperatures, and mixtures are often obtained. The failure of guaiacol
and the monomethyl ether of hydroquinone to undergo reaction has
already been mentioned,* as has also the partial demethylation of methyl
ethers which are sometimes split by aluminum chloride. Diphenyl
ether 3691929 gnd diphenyl sulfide ¢ afford the corresponding acids in
almost quantitative yields.

Heterocyclic Compounds. Thiophene,* dimethylthiophene, ? benzo-%
and dibenzo-thiophene,” and thiochroman % are sulfur-containing
heterocyclic compounds that have been condensed with succinic an-
hydride. Diphenylene oxide %1911 yeacts with succinic anhydride as
expected, but carbazole and its N-methyl derivative react with two
moles of the anhydride; the mono acid has not been isolated.0%13
N-Acetylphenothiazine, however, yields a mono acid on succinoylation. !

8 Ruzicka and Waldmann, Helv. Chim. Acta, 15, 907 (1932).

& Bachmann and Holmes, J. Am. Chem. Soc., 62, 2752 (1940).

8 Bachmann and Morin, J. Am. Chem. Soc., 66, 553 (1944).

8 Hill, Short, and Iligginbottom, J. Chem. Soc., 1936, 317.

8 Bachinann and Horton, J. Am. Chem. Soc., 69, 58 (1947).

8 Shorl, Stromborg, and Wiles, J. Chem. Soc., 1936, 319,

8 Desai and Wali, J. Untv. Bombay, 5, Pt. 2, 73 (1936) [C A., 31, 3038 (1937)].

8 Fieser and Hlershberg, J. Am. Chem. Soc., 58, 2382 (1936).

8 Raval, Bokil, and Nargund, J. Univ. Bombay, 7, Pt. 3, 184 (1938) [C.A., 83, 3779
(1939)].

8 Fieser, Gates, and Kilmer, J. Am. Chem. Soc., 62, 2968 (1940).

% Desai and Shroff, J. Univ. Bombay, 10, Pt. 3, 97 (1941) [C.A., 36, 3795 (1942)].
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Orientation of Entering Groups

The position at which substitution occurs in the aromatic ring is
deterinined by the group already present and can be predicted from the
rules governing aromatic substitution. The course of the reaction,
however, appears to be subject to some steric hindrance, as is generally
true with Friedel and Crafts reactions. Succinic anhydride is relatively
large and avoids in most instances the ortho position; hence reaction
occurs at the para position if possible. Otherwise ortho substitution
oceurs without great difficulty. Thus only the para isomer is formed in
the succinoylation of toluene or ethylbenzene,”®*3 which in other
substitution reactions are invariably attacked in both the ortho and
para positions. On the other hand, p-xylene and mesitylene are neces-
sarily substituted ortho to a methyl group.®3 The halogenated benzenes
likewise are only attacked in the para positions.?% 6 The succinoyla-
tion of phenols is exceptional in that ortho substitution predominates.
Whereas anisole, phenetole,%%-7 and higher alkyl ethers of phenol are
substituted exclusively in the position para to the alkoxyl group, phenol
and succinic anhydride furnish a mixture of ortho and para isomers in
which the ortho predominates. 838

Two isomeric acids are also formed in the reaction of succinic anhy-
dride with o- and m-cresol, but p-cresol is attacked only in the position
ortho to the hydroxyl group.®® When the methyl ethers of the cresols
are employed as starting materials, the anhydride always attaches itself
to the position that corresponds to the stronger directing influences of
the methoxyl group.”? This is also true for higher alkylated derivatives
of anisole, such as compounds IT and III, which are always substituted
para to the methoxyl group.”” o-Chlorotoluene is succinoylated in

CH; CH,
CH;07 ' 4
XN CH,;0
Cally CH(CH),
II 1T

the para position to the chlorine atom.® Although few disubstituted
derivatives of the above type have been investigated, succinoylations
may always be expected to follow the course of the Friedel and Crafts
acylation, possibly with still more stress on unhindered positions. If
additional isomers of the above compounds are formed, the amounts
are so small that they have escaped detection.

Diphenyl ether and diphenyl sulfide are succinoylated in almost
quantitative yields in the para positions,3 %% gnd only the formation
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of one isomer is reported in the reactions with biphenyl 5% diphenyl-
methane,?* and phenylcyclohexane.?:% 4-Methoxybiphenyl, however,
furnishes both the 4’ and the 3 derivatives,1%

In the succinoylation of polynuclear hydrocarbons two isomeric acids
are often produced, but separation can usually be effected quite easily.
Naphthalene is substituted in both the 1- (369,) and 2- (479%,) positions,
and the isomers can readily be separated by virtue of the greater solu-
bility of the 1-acid.%® Anthracene also affords two isomeric acids, but
the l-acid is formed to a much smaller extent.# Phenanthrene forms
predominantly the 3-acid, with a small amount of the 2-acid.**% The
isolation of the predominant acid from both anthracene and phenan-
threne offers no difficulties. The reaction between pyrene and succinic
anhydride results in the formation of the 1-acid in almost quantitative
yield,®%4 and chrysene yields predominantly the 2-acid with a small
amount of an isomer.®® Partially hydrogenated aromatic compounds
are often employed as starting materials to avoid polysubstitution or to
effect substitution in a position different from the one attacked in the
parent hydrocarbon. In addition, the yields with these compounds are
generally higher than with the fully aromatic compounds. For instance,
tetralin is substituted exclusively in the 2-position,”% whereas naphtha-
lene yields a mixture of the 1- and 2-acids.>3%% Retene is substituted
in position 3 in 58.59, yield; dihydroretene affords the 2-acid in 809,
yield.##* Hydrogenated phenanthrene derivatives have been employed
quite extensively, and dehydrogenation to the fully aromatic acids
offers no difficulties. The formulas on page 240 illustrate the different
points of attack on the hydrogenated phenanthrene nucleus. 4106111
Pyrene and hexahydropyrene are likewise substituted in two different
positions.®® Hydrindene and fluorene yield only one substitution
product; %% but two acids are obtained from acenaphthene, predom-
inantly the 3-acid, which can easily be obtained in a very pure state.®

When the naphthalene ring is substituted by an alkyl or a methoxyl
group, only one acid is usually isolated. 1-Methyl- and 1-ethyl-naphtha-
lene are substituted exclusively in the 4-position,® while 2-methyl-

1% Fieser and Bradsher, J. Am. Chem. Soc., 58, 1738 (1936).

106 1 2 3 ,4-Tetrahydrophenanthrene: Bachmann and Struve, ref. 40, and Bachmann and
Struve, J. Org. Chem., 5, 416 (1940).

17 1,2.3,4,9,10,11,12-Octahydrophenanthrene: Cook and Haslewood, J. Chem. Soc.,
1936, 767.

181 2 3.4,5,6,7,8-Octahydrophenanthrene: van de Kamp, Burger, and Mosettig, J. Am.
Chem. Soc., 60, 1321 (1938).

19 9 10-Dihydrophenanthrene: Burger and Mosettig, J. Am. Chem. Soc., 59, 1302 (1937).

10 9 10-Dihydrophenanthrene: Tieser and Johnson, J. Am. Chem. Soc., 61, 168, 1647
(1939).

ul 9, 10-Dihydro-4,5-mothylonephenanthrene; IFioser and Cason, J. Am. Chem. Soc.,
62, 1203 (1940).
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naphthalene, and in general 2-alkylnaphthalenes, react predominantly,
but not exclusively, in position 6.3831213114  Only one acid is formed
in reactions with succinic anhydride and 2,3-dimethyl- 5 and 2,7-di-
methyl-naphthalene.®® When methoxyl groups are situated in positions
1 or 2 of the naphthalene ring, the anhydride attaches itself predomi-

R(OR)

C@ i @ijk(om

nantly to positions 4 or 6 (the latter in nitrobenzene solution) just as
it does in the methylnaphthalenes,® 788 gnd only one isomer is formed
from 1,5- and 2,6-dimethoxynaphthalene.?% The stronger directive
influence of the methoxyl group is borne out in the succinoylations of
1-methoxy-7-methyl-,® l-methyl-2-methoxy-,# and 2-methyl-6-methoxy-
naphthalene,™ which are all substituted in the positions corresponding
to the stronger influence of the methoxyl group. 3-Methylphenanthrene
yields only the 6-acid on treatment with succinic anhydride,® but the

OCH;

CH,
Ty e Gl
4 ]

T

4-methylphenanthrene affords a small amount of the 1-isomer in addi-
tion to the 6-acid.®? The few heterocyclic compounds that have been
succinoylated are substituted in the expected positions.

Often the solvent or the reaction temperature affects the position of
substitution or the ratio of isomers. When nitrobenzene is used as
solvent, positions that are ordinarily subject to steric inhibition are
usually avoided. This may be due to the formation of a bulky complex
of nitrobenzene, aluminum chloride, and the anhydride, which finds an
easier reaction path in a less blocked position.'”” Bromination, nitration,

12 Haworth. Letsky, and Mavin, J. Chem. Soc., 1932, 1784,

13 Bachmann, Cronyn, and Struve, J. Org. Chem., 12, 596 (1947).

14 The 6-acid is probably the easiest to isolate. Orcutt and Bogert, J. Am. Chem. Soc.,
63, 127 (1941), isolated 569, of the 6-acid and 389, of the more soluble 5-acid from the
reaction between 2-methylnaphthalene and sucecinic anhydride. A inixture from which
only the 6-acid was isolated in pure form is also obtained from 2-isopropylnaplhithalene
(ref. 112).

115 Haworth and Bolam, J. Chemn. Soc., 1932, 2248,

6 Royer, Ann. chim., [12], I, 395 (1946); Royer and Buu-Hoi, Compt. rend., 222, 746
(1946).

“7iFieser, Chemistry of Natural Products Related to Phenanthrene, 2nd ed., p. 74, Reinhold
Publishing Corp., Now York, 1937,
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and other reactions with naphthalene take place in the 1-position,
whereas succinoylation of naphthalene in nitrobenzene solution yields
appreciable amounts of the 2-isomer. Acetylation takes place in the 2-
position when nitrobenzene is employed as solvent, but predominantly
in the l-position in carbon disulfide,”® which does not form a complex
with aluminum chloride. The predominant formation of the 6-isomer in
succinoylations of 2-alkylnaphthalenes appears to occur for the same
reasons. 2-Methoxynaphthalene affords 9 parts of the 6-acid and 1
part of the l-acid when the reaction is conducted in nitrobenzene.
One group of workers has reported the formation of the 1-acid ® when
carbon disulfide is used as solvent, while another group has reported
the formation of the 8-acid.¥¢ Benzene as a solvent is similar to carbon
disulfide and unlike nitrobenzene. Two different acids are obtained in
the succinoylation of chrysenc, depending upon the solvent (nitro-
benzene or benzene).%® The use of higher temperatures increases the
amount of the isomer that is produced to the smaller extent at low
temperatures, as is always true in aromatic substitution reactions.
Acenaphthene yields 879 of the 3-acid and 59, of the 1-acid at —15°,
but at higher temperature more of the 1-acid is formed and the products
become more difficult to purify %1

Substituted Succinic Anhydrides

The reaction between an aromatic compound and a monosubstituted
succinic anhydride can proceed in two directions and result in the forma-
tion of two isomeric acids. Thus benzene and methylsuccinic anhydride
can furnish e-methyl-g-benzoylpropionic acid (IV) and B-methyl-$-
benzoylpropionic acid (V). Although many investigators isolated only

CH.CO o,
CeHs+ | >0 > Cell;COCH,CHCO,H + CoH;COCHCH;CO.H
CH-CO [ [
[ CH, CH;
CH;,
v . v

the a-methyl acid (IV),71%.12 hoth isomers are actually produced.’?
The B-methyl acid is more difficult to isolate because it is formed to a

118 Thomas, Anhydrous Aluminum Chloride in Organic Chemistry, pp. 271-272, Reinhold
Publishing Corp., New York, 1941.

19 Bieser, Org. Syntheses, 20, 1 (1940).

10 Klobb, Bull. soc. chim. France, [3] 23, 511 (1900).

121 Oppenheim, Ber., 34, 4227 (1901).

22 Mayer and Stamm, Ber., 56, 1424 (1923).
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much smaller extent and is more soluble. The reaction between methyl-
succinic anhydride and toluene also produces both possible isomers.1?

Naphthalene and methylsuccinic anhydride react to form two acids
in which the acid chains are attached to the 1- and 2-positions of the
naphthalene ring, respectively. Both acids correspond to type IV, with
the methyl group farthest removed from the carbonyl group.! The
formation of the two other isomers (type V) is not reported. The
preferential formation of the isomer in which the methyl group is directed
away from the aromatic ring appears to be the rule with polynuclear
hydrocarbons. Phenanthrene yields two acids of type IV with methyl-
succinic anhydride through substitution in positions 2 and 3.2 The 1-
and 2-methylnaphthalenes are substituted in positions 4 and 6, respec-
tively, 5% {o form two acids, which also belong to the a-methyl type
(IV). When pyrene is condensed with methylsuccinic anhydride, the
same type acid is obtained.#1% Tt is possible that a very small amount
of the other isomer (type V) is formed, but for all practical purposes
polynuclear hydrocarbons and methylsuccinic anhydride produce only
the corresponding a-methyl-g-aroylpropionic acids.

Substituted a-methyl-B-aroylpropionic acids (type IV) are also formed
predominantly in the reaction between methylsuccinic anhydride and
phenolic ethers or phenols. Anisole forms exclusively o-methyl-g-
anisoylpropionic acid,® and the three cresol methyl ethers are also
reported to yield only the a-methyl acids.® Veratrole, however, reacts
with methylsuccinic anhydride to form both the a-methyl and 8-methyl
acids.?$1%®  Small amounts of the isomeric S-methyl-g-aroylpropionic
acids are also formed in the methylsuccinoylation of resorcinol di-
methyl ether and pyrogallol trimethyl ether, but the main product in
both reactions is the a-acid.’®® Anisole has been condensed with mono-
substituted succinic anhydrides in which the alkyl substituents varied
from methyl to n-hexadecyl; only the «-alkyl-8-benzoylpropionic acid
(type IV) was isolated.’® Phenol is substituted in the 2-position, and
the methyl group is again situated away from the benzene ring.1%

23 Cook and Haslewood, J. Chem. Soc., 1934, 428,

12¢ Haworth, Mavin, and Sheldrick, J. Chem. Soc., 1934, 454,

1% Bachmann and Carmack, J. Am. Chem. Soc., 63, 2494 (1941). See also Fieser and
Hershberg, J. Am. Chem. Soc., 60, 1658 (1938), regarding the structure of this acid.

126 Mitter and De, J. Indian Chem. Soc., 16, 199 (1939).

127 Bhatt and Nargund, J. Unis. Bombay, 11, Pt. 3, 131 (1942) [C.A., 37, 2000 (1943)].

122 Borsche and Niemann, Ann., 502, 264 (1933).

120 Robertson and Water, J. Chem. Soc., 1933, 83.

180 Mohta, Bokil, aud Nargund, J. Univ. Bombay, 124, Pt. 3, 64 (1943) [C.A., 38, 2328
(19441,
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OCH; OCH;
CHCO 10
+ [ >O Al 13>
RCH-CO
COCH;CHCO:H
R

With phenylsuccinic anhydride or substituted phenylsuccinic an-
hydrides the ratio of isomeric e-phenyl and g-phenyl acids depends on
the solvent. In the reaction between phenylsuccinic anhydride and
benzene only S-phenyl-g-benzoylpropionic acid (VII) was isolated at
first,’® but it was later shown that both acids (VI and VII) are formed
in almost equal amounts when excess benzene is used as solvent.’® When
the reaction is carried out in nitrobenzene, 899 of the a-phenyl acid (VI)

CH,CO AICI,;

CeHs + | >0 > CeHzCOCH,CHCO:H + CsHsCOCHCHCO.H
CH-CO
Cell; Cells
Cslls
VI VII

is produced and only 119, of the isomer.” With toluene instead of
benzene as reactant and diluent the acid corresponding to VII is formed
to the extent of 779, but in nitrobenzene solution the amounts are
reversed and an 839, yield of a-phenyl-8-p-toluoylpropionic acid (type
VI) is obtained. The effect of nitrobenzene on the ratio of isomeric acids
formed when differently substituted phenylsuccinic anhydrides are con-
densed with benzcne or toluene has been studied extensively with the
results shown in Table 1Y Depending on the nature of the substituent
in the p-position of the phenyl group, nitrobenzene seems to favor
preferential formation of one isomer (see p. 233). The large amounts
of acids of type VII oblained in some reactions seem to exclude steric
hindrance as a factor delermining the direction in which fission of the
monosubstituted sucecinic anhydride occurs.

Mixtures of the two acids corresponding to VI and VII are also ob-
tained when o- or m-cresyl methyl ether is condensed with o-methoxy-
phenylsuccinic anhydride,®* whereas p-methoxyphenylsuccinic anhy-
dride forms only the a-isomer with the same two ethers.’® The latter
anhydride also forms only one isomer with the dimethyl ethers of the

181 Apschittz, Hahn, and Walter, Ann., 354, 150 (1907).

122 Mehta, Bokil, and Nargund, J. Unis. Bombay, 10, Pt. 5, 137 (1942) [C.A., 37, 622
(1943)].

13 Dalal, Bokil, and Nargund, J. Univ. Bombay, 8, Pt. 3, 190 (1939) [C.4., 34, 2819
(1940)].
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TABLE I

REACTION BETWEEN SUBSTITUTED PHENYLSUCCINIC ANHYDRIDES AND BENZENS
or TovLueNE ¥

A. Without a Solvent

Substituent Yield

in Succinie Aromatic a-Acid B-Acid

Anhydride Compound % %
Phenyl Benzene 48 52
p-Nitrophenyl Benzene 45 55
p-Methoxyphenyl Benzene Predominant
p-Chlorophenyl Benzene 46 54
Phenyl Toluene 23 77
p-Nitrophenyl Toluene 20 80
p-Methoxyphenyl Toluene 82 18

B. Nitrobenzene as Solvent

Phenyl Benzene 89 11
p-Nitrophenyl Benzene 5 95
p-Metboxyphenyl Benzene Predominant
p~Chlorophenyl Benzenc Predominant
Phenyl Toluene 83 17
p-Nitrovhenyl Toluene 33 67

p-Methoxyphenyl Toluene Predominant

three dihydric phenols.®®* Only the a-isomer is formed in the condensa-
tion of veratrole with phenylsuccinic anhydride,s but biphenyl reacts
with phenylsuccinic anhydride with the formation of the S-acid as the
principal reaction product.®

Unsymmetrically substituted succinic anhydrides having two sub-
stituents on the same carbon atom, such as a,a-dimethyl- or «,a-diethyl-
suceinic anhydride, invariably react so as to form the a,a-dialkyl-g-
aroylpropionic acid as the sole product. This has been demonstrated in

R

|
\@ N (IJHz——C(\)O AICI, \©COCH2([3002H
O =
% R——('J——CO / R

R

18 Savkar, Bokil, and Nargund, J. Univ. Bombay, 8, Pt. 3, 198 (1939) [C.A., 34, 2820
(1940)]. Guaiacol and hydroquinone monomethyl ether do not react with p~methoxy-
phenylsuccinic anhydride. For the failure of these compounds to react with succinic
wnhydride see ref. 22. p-Melhoxyphenylsuccinic anhydride was at first reported not to
renet very smoothly with verntrole. See Robinson and Walker, J. Chem, Sec., 1935, 1530.

1% Robinson and Young, »f. Chem. Soc.. 1988, 1414,

138 Prico and Tomdsok, J. Am. Chem. Joc., 68, 430 (1043).
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the reaction of a,e-dimethylsuccinic anhydride with benzene, 16 18137,138
toluene,® naphthalene, a-methylnaphthalene,® and hydrindene % and
also in the condensation of a,a-diethylsuccinic anhydride with benzene .
With naphthalene two acids are produced (1- and 2-position), but fission
of the anhydride always occurs in such a way that the gem-dialkyl group
is farthest away from the aromatic ring.®® The same generalization also
holds for the reaction between benzene or naphthalene and c-methyl-c-
ethylsuecinic anhydride.¥”1% Certain more complex anhydrides, such

CHgCHz CH2CH2 ' COCHzCCOzH
C——CO 4N

/7
C—CO  CH:

CH, CH,
/| 20\ /| >0 [
CH,CH, CH,—CO CH,CH,” CH,—CO CH,—CH,

VIII X X

as VIII and IX, which can be considered unsymmetrically substituted
succinic anhydrides, have been condensed with benzene, toluene, ethyl-
benzene, hydrindene, naphthalene, and methylnaphthalene.14 16 141,142,143
All the acids obtained are of type X, with the cyclic substituent away
from the aromatic ring.

The reactions between o,8-dimethylsuccinic anhydride and benzene,'®
and o,8-diethylsuccinic anhydride and anisole,'* give the correspond-
ing a,8-dialkylaroylpropionic acids in 869, and 919 yield, respectively.
The formation of stereoisomers has not been observed; cis- and trans-
dimethylsuccinic anhydride yield the same acid when condensed with
veratrole.® In the reaction between trimethylsuccinic anhydride and
benzene, a,a,f-trimethylbenzoylpropionic acid is obtained in good
yield,”® but tetramethylsucecinic anhydride cannot be used in the prepa-
ration of keto acids.’®* Carbon monoxide is evolved during the reaction,
and the product obtained is in all probability «,e,8,5-tetramethyl-3-
phenylpropionic acid (XI). Tetramethylsuccinic anhydride reacts

187 Clemo and Dickenson, J. Chem. Soc., 1937, 255.

1% Sengupta, J. prakt. Chem., [2] 151, 82 (1938).

139 Sengupta, J. prakt. Chem., [2] 162, 9 (1939).

10 Barker and Clemo, J. Chem. Soc., 1940, 1277.

W Sengupta, J. Indian Chem. Soc., 16, 349 (1939).

12 Sengupta, J. Indian Chem. Soc., 17, 101 (1940); Current Sci., 5, 295 (1936) [C.A.,
31, 2587 (1937)].

13 Sengupta, J. Indian Chem. Soc., 17, 183 (1940); Science and Culiure, 3, 56 (1937)
[C.A., 31, 7868 (1937)].

14t Baker, J, Am. Chem. Soc., 65, 1572 (1943).

145 Haworth and Mavin, J. Chem. Soc., 1932, 1485,
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similarly with toluene. Reactions with loss of carbon monoxide are
general with anhydrides of tertiary carboxylic acids."6147

CH; CH;

(CH):C—CO g,

]
S CGH5([3 ([300211

CeHs D
(CH,)2C~—CO
CH; CH;

X1

Glutaric Anhydride and Substituted Glutaric Anhydrides

Only a few reactions between glutaric anhydride and an aromatic
compound have been carried out. The products are y-aroylbutyric
acids, but the formation of a small amount of the corresponding diketone
(ArCOCH,CH;CH,COAr) has been observed in at least two reac-
tions. 1819 The formation of diketones may be found to be more general
if the reaction with glutaric anhydride is studied in more detail. From

CH.CO

\O / AN AICI; DCOCHzCHzCHzCOzH
-+ CH, 0O >
/ N/

CH.CO

the scanty data that are available the yield in the reaction between
glutaric anhydride and an aromatic compound appears to be lower than
in the corresponding reaction with succinic anhydride. The reaction
between glutaric anhydride and acenaphthene in nitrobenzene solution
is described as particularly poor, by contrast with the condensation with
succinic anhydride.®® Benzene,'™8 toluene,'® anisole,% 1151 phene-
tole, 1% 152 chlorobenzene,® veratrole,'® thiophene,!™ tetralin,® pyrogallol
trimethyl ether,”® and acenaphthene * have been converted into the
respective y-aroylbutyric acids. The point of attack on the aromatic
ring is the same as with the lower homolog.

Some g,8-dialkylglutaric anhydrides have been successfully condensed
with benzene, but 8-phenylglutaric anhydride did not react in the ex-

146 T aughlin and Whitmore, J. Am. Chem. Soc., 54, 4462 (1932).
147 Whitmore and Crooks, J. Am. Chem. Soc., 60, 2078 (1938).
1% Borsche and Sinn, Ann., 538, 283 (1939).

49 Carter, Simonsen, and Williams, J. Chem. Soc., 1940, 451,
150 Plant and Tomlinson, J. Chem. Soc., 1935, 856.

W1l yan der Zanden, Rec. trav. chim., 57, 242 (1938).

2 yvan der Zanden, Rec. trav. chim., 58, 181 (1939).

183 Haworth aud Atkinson, ./. Chem. Soc., 1988, 707.

B4 Cagiant and Deluznrche, Compt. rend., 282, 1301 (1946).

185 JTaworth, Moore, and Pauson, J. Chem. Soe., 1848, 1045,
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pected manner; instead it formed ketohydrindene-3-acetic acid by an
internal condensation.’®1% Camphoric anhydride, which can be con-
sidered to be a completely alkylated glutaric anhydride like tetramethyl-
succinic anhydride, loses carbon monoxide when treated with aluminum
chloride. - 15%1%  However, camphoric anhydride with toluene ¥ or
anisole ¥ yields the corresponding aroylecamphoric acid (XII or XIII).

CH;,

CH;
CO @ R CO.H
H3;CCCHs HyCCCH;g
COH CO @R
X111

XII
CH.CH: _OHCQ_ _CH.CH; _CHi0Q_
> o ¢ e >0
CH.CH, “CH,CO CH,CH, CH:CO
v v

The disubstituted glutaric anhydrides XIV and XV, on treatment with
benzene or toluenc in the presence of aluminum chloride, furnish the
expected acids.'®

Polymeric Anhydrides of Higher Dibasic Acids

The polymerie anhydrides of adipic and sebacic acid can be employed
in the I'riedel and Crafts synthesis of keto acids.®® With benzene as
reactant and solvent, w-benzoylvaleric and w-benzoylpelargonic acid
are obtained in 75 and 789 yields, respectively. The reaction does not
vield an aroylaliphatic acid exclusively but follows the course outlined
in the cquation to furnish dibasic acid and diketone as well. The yields

CoHg 4 [—CO(CH2)nCOs—1], —28,  CsH,CO(CH,CO:H +

z
4

156 Tnternal cyclization of phenylethylsuccinic anhydride could not be effected, Bergs,
Ber., 63, 1294 (1930), but benzylsuccinic anhydrides cyclize readily under the influence of
aluminum chloride with ihe formation of 1l-tetralone-3-carboxylic acids. Haworth,
Jones, and Way, J. Chem. Soc., 1943, 10.

7 Lees and Perkin, J. Chem. Soc., 79, 356 (1901).

158 Perkin and Yates, J. Chem. Soc., 79, 1373 (1901).

159 Burcker, Bull. soc. chim. France, [3] 4, 112 (1890); [3] 13, 901 (1895).

10 Bykman, Chem. Weekblad, 4, 727 (1907) (Chem. Zenir., 1907, 11, 2046).

161 Hill, J. Am. Chem. Soc., 54, 4105 (1932).

Ce¢HsCO(CH,),COCsH 5 + z HO,C(CH,),CO.H
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quoted are based on this equation. In the above reactions the yields of
diketones are 859, and 869, respectively. Although only afew examples
have been recorded, this reaction should be applicable to many other
aromatic compounds as well as to anhydrides of other dibasic acids.
Anisole and phenetole have been condensed with the polymeric an-
hydride of adipic acid.®? The reaction between thiophene and the
polymeric anhydrides of adipic, suberic, azelaic, and sebacic acid results
in the formation of the respective thenoyl fatty acids in 3.89, —9,,1
24.59,, and 8.39, yield.®¥* Yields of 09, 29.8%, 27%,, and 21.29, of the
diketones were secured.®® All the ylelds are based on the equation
above. These yields are fairly low, and, in spite of the fact that the
polymeric anhydrides are easily prepared, the Friedel and Crafts reac-
tion with the ester acid chlorides of the acids might often be preferable.
(See Table II, p. 253.)

Maleic Anhydride and Substituted Maleic Anhydrides

The interest in B-aroylacrylic acids, obtained from maleic anhydride
and an aromatic compound in the presence of aluminum chloride, has
not been so great as that in the g-aroylpropionic acids. Such interest
as there has been has centered chiefly around the stereochemistry of the
acids 1919 gnd the structure of the so-called ‘“Pechmann dyes,” colored
substances obtained when benzoylacrylic acids are heated with dehy-
drating agents.2%17 Benzoylacrylic acids have been utilized as starting
materials in a synthesis of anthraquinone derivatives.™ The reaction
between aromatic compounds and maleic anhydride has generally given
lower yields and less pure products than the comparable reaction with
succinic anhydride. Consequently many chemists have preferred to
prepare the acrylic acids by elimination of hydrogen bromide from the

162 Plant and Tomlinson, J. Chem. Soc., 1935, 1092,

163 The product resulting from the reaction of suberic anhydride was not obtained in a
solid state.

164 Billman and Travis, Proc. Indiana Acad. Sct., 54, 101 (1945) [C.A., 40, 1826 (1946)].

165 Benzoylacrylic acid, obtained by the genmeral Friedel and Crafts reaction, has the
trans configuration as a result of an isomerizailion brought about by the catalyst. By
analogy, the same configuration might be expected whenever maleic anhydride itself is
condensed with aromatic compounds. However, dibromomalei¢c anhydride forms the css
acid with benzene and mesitylene; and dimethylmaleic anhydride forms the ¢is acid with
benzene and biphenyl, but the frans acid with mesitylene. See Lutz and co-workers,
refs. 166-169.

16 Lutz, J. Am. Chem. Soc., 52, 3405 (1930).

187 Lutz and Taylor, J. Am. Chem. Soc., 55, 1168 (1933).

18 Yutz and Taylov, J. Am. Chem. Soc., 55, 1593 (1938).

10 Luiz and Coupor, J. Org. Chem., 6, 77 (1941).

1% Bogert and Rithor, Proc. Nath. Acad. Sei. (7.8, 10, 163 (1124),

1 Pioger nnd Fiosor, J. A, Chon, Sac., §7, L0710 (1005).
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corresponding bromopropionic acids, which can be readily obtained by
direct bromination of the propionic acids.?»*% More careful study of
the reaction between maleic anhydride and alkylated benzenes ™ and
certain phenolic ethers 7 has led to purer products in better yield. An
extension of these studies to reactions of maleic anhydride with other
aromatic compounds has resulted in comparable improvements.76

A reasonably large number of aromatic compounds have been con-
densed with maleic anhydride. Substitution occurs generally in the
expected position with the formation of only one isomer. From the
reaction between maleic anhydride and naphthalene two acids have been
isolated (substitution in the 1- and the 2-positions).’” Anthracene, in
contrast to its behavior on succinoylation, is reported to form the
9-acid,” but no proof of structure is given. The reaction between
maleic anhydride and polynuclear hydrocarbons in nitrobenzene solu-
tion has been reported to give particularly poor results, despite contrary
claims in the patent literature.® Acenaphthene forms the corresponding
acid in only 329, yield, whereas in succinoylation a yield of about 859
is easily secured. No product could be isolated when naphthalene was
used with nitrobenzene as solvent.

In the early investigations of the rcaction between the alkylbenzenes
and maleic anhydride, the alkylbenzenes were used both as reactant
and solvent and the yields of pure products werc very low.7% More
recent work has shown that alkylbenzenes can readily be condensed
with maleic anhydride in 60-709 yiclds in tetrachloroethane solution.'
Good yields are obtained in the reaction of maleic anhydride with the
cresol methyl ethers, veratrole, and hydroquinone dimethyl ether when
nitrobenzene is employed as the solvent. Reaction in carbon disulfide
gives lower yields. Diphenyl ether also reacts with maleic anhydride,®
as does anisole,'™ 1% phenetole,”*™ and phenol itsell.””” Resorcinol di-
methyl ether, however, forms the expected acid (XVI) only to a small
extent.’® The main product of the reaction is a substituted succinic
anhydride (XVII) formed by addition of resorcinol dimethyl ether to

172 Bougault, Ann. chim., [8] 15, 498 (1908).

173 Kohler and Engelbrecht, JJ. Am. Chem. Soc., 41, 764 (1919).

174 Rice, J. Am. Chem. Soc., 45, 222 (1923).

1% Rice, J. Am. Chem. Soc., 46, 214 (1924).

176 Dave and Nargund, J. Undv. Bombay, T, Pt. 3, 191 (1938) [C.A., 33, 3779 (1939)].

176a Papa, Schwenk, Villani, and Klingsberg, .JJ. Am. Chem. Soc., 70, 3356 (1948).

177 Bogert and Ritter, J. Am. Chem. Soc., 47, 526 (1925).

18 0ddy, J. Am. Chem. Soc., 45, 2156 (1923).

1" Kozniewski and Marchlewski, Bull. Acad. Sci. Cracow, 81 (1906) (Chem. Zenir., 1906,
11, 1189).

180 Ko;ak. Bull. Acad. Sci. Cracow, 407 (1906) (Chem. Zentr., 1907, 1, 1788).

B Rice, J. Am. Chem. Soc., 48, 269 (1926).
182 Rice, J. Am. Chem. Soc., 63, 3153 (1931).
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maleic anhydride. The anhydride (XVII) is partly hydrolyzed to the
substituted sucecinic acid (XVIII). A fourth product is the acid XIX,
formed by addition of the ether to the acrylic acid XVI. A similar

OCH,
CH—CQ CH3CO.H
J} y) (IJ 2 2 CHg
COCH—CHCOH H—c0 HCOH — COCH,OHCO.H

@00113 @00}13 @00H3 rom,
CH; CH, OCH;, CH;

XVI XVII XVIII XX

addition has been observed with maleic anhydride and benzene in the
presence of excess aluminum chloride.® The product, a-phenyl-g-

CHCO AlCI3 CeHs
CeHg + >O — CeHz;COCH=CHCO;H — CgH;COCH,;CHCOH
HCO <H;

XX

benzoylpropionic acid (XX), is also obtained when benzene is condensed
with S-benzoylacrylic acid in the presence of aluminum chloride. Tol-
uene behaves similarly.

The reaction with methylmaleic anhydride and benzene, like the
corresponding reaction with methylsuccinic anhydride, was first reported
to yleld only one isomer.>Y” Actually both a-methyl- and g-methyl-
benzoylacrylic acid are formed.?»® Two acids are also obtained from

CgHg 4+ CH—CO
>O > CeHzCOCH=CCOH + CsHzCOC=CHCOH

co Hy Hy

AlClg

b,

the reaction between bromomaleic anhydride and benzene.’®® Dimethyl-
maleic anhydride has been successfully condensed with benzene,!®
mesitylene,'® biphenyl,® and bromobenzene,’® while dibromomaleic
anhydride has been condensed with benzene and mesitylene.® Maleic
anhydride reacts with hydroquinone, hydroquinone methyl ethers, or
their substituted derivatives in a sodium chloride-aluminum chloride

18 Pummerer and Buchta, Ber., 69, 1005 (1936).

18 The stereochemical configuration of the acids from methylmaleic anhydride and
benzene is not known. However, with bromobenzene, instead of benzene, the resulting
B-mothyl-B-p-bromobenzoylacrylic acid has the cts configuration, whereas the a-methyl-8-
p-bromobenzoylacrylic noid is frans. See ref. 167.

18 Rioe, J. Am. Chem. Soc., 53, 2094 (1930).
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melt at temperatures above 200° with the formation of naphtha-
zarins. 88187  The reaction has been used extensively, but a detailed
description is beyond the scope of this chapter.

Other Synthetic Methods

In addition to the synthesis from an aromatic hydrocarbon, succinic
anhydride or a substituted succinic anhydride, and aluminum chloride,
B-aroylpropionic acids can be prepared by two other methods: the
Grignard reaction between succinic anhydride or a substituted succinic
anhydride and an arylmagnesium halide,'®® and the stepwise elaboration
of the side chain in an alkyl aryl ketonc.

The first method suffers from the disadvantage that the yields are
generally low, although satisfactory yields have been obtained with
dimethylsuccinic anhydride.® The advantage of this method is that

CcHsMgBT -|— CHgCO X
>O —_— CeI‘IsCOCI‘IzCHzCOzI‘I
CH,CO

the point of attachment of the side chain is determined by the location
of the halogen in the aryl halide; this permits the succinic acid side chain
to be attached to positions that may not be available through the direct
Friedel and Crafts synthesis.

The second method usually starts with a methyl aryl ketone, which
is brominated and then condensed with sodium malonic ester. Hydrol-
ysis and decarboxylation furnish the aroylpropionic acid. This method
is obviously more laborious than the Friedel and Crafts rcaction, but it

Dcocm j@cocmm
ji)0001%120}1(cozczm)2 . Dcocmcmcozﬂ

has been used frequently where acetylation and succinoylation do not
occur ab the same position in an aromatic nucleus or for the proof of
structure:of acids obtained by succinoylation. If an aryl ethyl ketone is

18 Zahn and Ochwat, Ann., 462, 72 (1928).

8 Thomas, Anhydrous Aluminum Chloride in Organic Chemistry, pp. 581-582, Reinhold
Publishing Corp., New Yorlk, 1941.

18 Weizmann, Blum-Bergmann, and Bergmann, J. Chem. Soc., 1935, 1370; Weizmann
and Pickles, Proc. Roy. Soc. London, 20, 201 (1904); Komppa and Rohrmann, Ann., 509,
259 (1934).

18 Fieser and Daudt, J. Am. Chem. Soc., 63, 782 (1941).
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used, B-methyl-B-aroylpropionic acids (which are less accessible by direct
succinoylation) can be obtained. If methylmalonic ester is used, a-
methyl-g-aroylpropionic acids can be prepared.

The reaction between an aromatic hydrocarbon and succinoyl di-
chloride or the ester acid chloride of suceinic acid has been used only in
single instances for the preparation of B-aroylpropionic acids.1%,1%
However, the ester acid chlorides of the higher homologs of succinie acid
seem superior to the corresponding polymeric anhydrides for the syn-
thesis of w-aroylaliphatic acids such as XXI, where n > 2.3«  The

COCl
7 2AICI, then
CeI‘Iﬁ —|— (CHz)n —_—— CsI‘IsCO(CI‘Iz)n002H
hydrolysis
COyC.IT5

XXI

ester acid chlorides are prepared easily, %192 gnd the final products are
obtained in much better yields and greater purity. The more direct
preparation of the polymeric anhydrides is offset by the fact that only
one-half of the available anhydride is converted into the keto acid, which

TABLE 11

CoMPARISON OF KSTER Acip CHLORIDES WITIL ACID ANHYDRIDES IN THE PREPARATION
OF w-AROYLALIPHATIC ACIDS

R Istler . .
P Chloride 0 0
Anisole Glutaric 93.5 191a | Glutaric 85 36
Thiophene Glutaric 75 154 Glutaric 39.4 154
Tetralin Glutaric 71 36 Glutaric 43 36
Benzene Adipic 55, 78 36, 191a | Polyadipic 75 161
Anisole Adipic 66, 95 36, 191a | Polyadipic 43 162
Thiophene Adipic |37.6, 70 * | 36, 191a | Polyadipic 3.81 164
Benzene Sebacic 80 36, 191¢ | Polysebacic | 78 161
Thiophene Sebacic 25, 66 * | 36, 191a | Polysebacic 8.3 % 164

* Stannic chloride was used as the condensing agent; with aluminum chloride the yields were be-
tween 309, and 40%,.
1 Stannic chloride was used as the condensing agent.

190 Claus, Ber., 20, 1374 (1887).

191 Fager, J. Am. Chem. Soc., 67, 2217 (1945).

e Papa, Schwenk, and Hankin, J. Am. Chem. Soc., 69, 3018 (1047).

02 Org. Syntheses, Coll. Vol. 2, 276 (1943); Org. Syntheses, 25, 19, 71 (1945).
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makes the procedurc less suitable for larger-scale preparations. For
small-scale preparations, and when one of the reactants, e.g., benzene,
can be used as solvent, the quicker preparation through the polymeric
anhydrides has its advantages. Table II supports the statement that
better yields are obtained with the ester acid chlorides than with the
polymeric anhydrides or with glutaric anhydride.

The same acids that are now accessible through the use of either the
polymeric anhydrides or the ester acid chlorides were previously ob-
tained only as by-products in the reaction of the aromatic compounds
with the acid dichlorides %% or through stepwise elaboration of the
side chain by standard procedures.

The alternative method for the preparation of g-benzoylacrylic acids
was mentioned earlier. This method starts with the S-benzoylpropionic
acids obtained from succinic anhydride and an aromatic compound.

COCHzCHzCOJH Brg
| —
DCOOHBrCHzCOzI’I —HpBr Dcom{:CﬂcozH

Bromination, followed by elimination of hydrobromic acid, usually
gives the unsaturated acid in good yicld, and many investigators have
prepared B-aroylacrylic acids by this method rather than by the Friedel
and Crafts reaction with maleic anhydride.3%172-175,

EXPERIMENTAL CONDITIONS

The usual precautions of a Friedel and Crafts reaction must be ob-
served, particularly with regard to the anhydrous conditions of catalyst
and reactants.’®® Solvents should be of good grade, and benzene should
be sulfur free. Finely divided aluminum chloride is preferable to coarsely
ground material (lumps), although very finely powdered material may
lead to too rapid a reaction, often undesirable with sensitive compounds.
When a solvent is used in which aluminum chloride is soluble (nitro-
benzene or tetrachloroethane), the particle size is not of too great
importance, but large lumps should always be avoided.

The permissible variations in carrying out the reaction include the
solvent, the temperature, the reaction time, and the order of addition

18 Etaix, Ann. chim., [7] 9, 391 (1896).

1% Borsche, Ber., 52, 2079 (1919).

19 Thomas, Anhydrous Aluminum Chloride in Organic Chemistry, pp. 867 ff., Reinhold
Publishing Corp., New York, 1941,
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of reagents. Of these the choice of the proper solvent is probably the
most important, because this often determines the yield and the purity
of the product and in some reactions also the point of substitution. The
usual solvents are carbon disulfide, benzene, nitrobenzene, and sym-
tetrachloroethane. If the compound to be substituted is readily avail-
able and cheap, such as benzene or toluene, it can be used in excess as
solvent. The use in excess of more highly substituted liquid alkyl-
benzenes or phenolic ethers is not recommended although it has been
reported. The early investigators appear to have employed carbon
disulfide or benzene in preference to other solvents, but these solvents
have been replaced most advantageously by nitrobenzene, tetrachloro-
ethane, or a mixture of the two.

Aluminum chloride has a definite destructive action on many poly-
nuclear aromatic hydrocarbons, their phenolic ethers, and some hetero-
cyclic compounds such as thiophene.!® Nitrobenzene and tetrachloro-
ethane both dissolve aluminum chloride and form complexes with it;
the catalytic activity and the destructiveness of the catalyst are de-
creased by complex formation with the solvent.®t1%s Carbon disulfide,
benzene, and ligroin do not dissolve aluminum chloride to any appre-
ciable extent, and the compound to be substituted is exposed to the
destructive influence of the catalyst throughout most of the reaction
(unless the compound itself, for example chlorobenzene, forms a complex
with aluminum chloride). It follows then that for sensitive compounds,
and all polynuclear hydrocarbons belong to this group, nitrobenzene or
tetrachloroethane should be employed as solvents.

Carbon disulfide may be used with compounds such as the halo-
benzenes that contain deactivating groups. Prolonged heating is then
necessary. But the yields are usually not high, and if the halobenzenes
are readily available it is probably preferable to use them in excess
without a diluent. When comparisons were made to determine the
effect of different solvents, carbon disulfide was usually found to result
in the lowest yield. Nitrobenzene does not appear to be a good solvent
for succinoylation of halogenated benzenes,-%:6 possibly because the
catalytic activity of aluminum chloride in solution is too low.

Although nitrobenzene is the most adequate solvent for polynuclear
hydrocarbons, alkylated benzenes are best succinoylated in sym-tetra-
chloroethane solution.®® This solvent proved to be more suitable than
carbon disulfide, benzene, ligroin, or nitrobenzene, but was unsuitable
for naphthalene. The yields usually range between 809, and 90%.

19 Fieser, Baperiments in Organic Chemistry, 2nd ed., p. 413, D. C. Heath and Co.,
Boston, 1941,

e Thomas, Anhydrous Alnmimnm Chlorile @n Ovganic Chemisiry, pp. 210-211, 873,
Reinhold Publishing Corp,, Now Yik, 1941,
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For phenolic ethers in both {he benzene and naphthalene series, nitro-
benzene and tetrachloroethane have been employed with good success.
Usually nitrobenzene gives the higher yields, but sometimes this is
reversed (see Table IIT). Benzene has also been used as solvent, but it
is not so generally applicable as the other solvents mentioned. With
carbon disulfide the yields are low throughout. Some of the results on
the succinoylation of the methyl ethers of dihydrie phenols are sum-
marized in Table III.

TABLE III 2

FErFECT OF THE SOLVENT ON THE Y1FLD OF 8-AROYLPROPIONIC ACIDS FROM THE
Dimmrrieyl Fruers o¥ rum DoryhROXYBENZUINFES

Yicld of 8-Aroylpropionic Acid in

sym-Tetra-
Carbon chloro- Nitro-
Disulfide cthane benzene
Aromatic Compound % % %
Resorcinol dimethyl ether 50 60 88
Calechol dimethyl ether 46 64 44
Ilydroquinone dimethyl ether 40 45 70

The best solvent for the succinoylation of aromatic ethers, however,
appears to be a mixture of teirachloroethane (809) and ritrobenzene
(2097).1 This mixiure can be employed in large runs, where nitroben-
zcne has been found to have seme undesirable oxidative action; # yields
of 80-909, and often more are usually sccured.'” A 959, yield of g-p-
anisoylpropionie acid was obtained by scveral investigators with as much
as three moles of anisole.3%1%1% The mixed solvent is particularly useful
for aromatic ethers containing a naphthyl group. The yields from the
reaction of 1,5-dimethoxynaphthalene and succinic anhydride are sum-
marized in Table IV. The mixed solvent has also proved useful in the
succinoylation of compounds other than ethers, for example, ethyl-
benzene,? hydrindene,® diphenylenc oxide,*! and phenyleyclohexane.

Benzcne, which can be used as solvent only for those compounds that
are more reactive than itself, is generally employed in all reactions where
it is one of the reaclants. In the reaction between dimethylmaleic

17 Pieser and Hershberg, ref. 71, report that the acid from veratrole and suceinic anhy-
dride is formed in a yield of 469, in carbon disulfide, 739 in nitrobenzene, and 67%, in
ihe mixture of nitrobenzene and tetrachloroethane, The product obtained with the solvent
mixiure is purest. Haworth and Mavin, ref. 145, obtained an 859, yield using nitro-
benzene. An 849, yield of the acid was later secured by Holmes and Mann, ref. 252,
who employed the solvent mixture, See also ref. 275.

198 Plimmer, Short, and Hill, J. Chem. Soc., 1938, 696.

19 Price and Kaplan, J. Am. Chem. Soc., 66, 447 (1944).

20 Baddar and Warren, J. Chem. Soc., 1939, 944,
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TABLE IV

SUCCINOYLATION OF 1,5-DIMBTHOXYNAPHTHALENE

Yield
Solvent % Reference
Carbon disulfide 21 24
Tetrachloroethane 80 * 24
Nitrobenzene 85 24
Mixture of nitrobenzene and
tetrachloroethane 93 t 87

! This reaction was run at 74°, and partial demethylation took place.
| When three equivalents of aluminum chloride were used the yield was 98%,.

anhydride and benzene, however, better results were obtained when
carbon disulfide was the diluent.’® Although inferior to nitrobenzene
and tetrachloroethane for reactions involving polynuclear hydrocarbons,
benzene has been found to be an excellent solvent for certain benzene
derivatives containing alicyclic rings, such as tetralin,® fluorene,*® and
also dipheny! ether and diphenyl sulfide,® % but not hydrindene or ace-
naphthene.® Benzene is also the most suitable solvent for the succin-
oylation of retene and is superior to nilrobenzene.®%

Table V, summarizing the results in the literature, suggests the sol-
vents which may be most advantageously employed for the succinoyla-
tion of several classes of compounds.

TABLE V
PREFERRED SOLVENTS FOR SUCCINOYLATION

Type of Compound to Be

Succinoylated Solvent
Benzene Benzene
Alkylbenzenes Tetrachloroethanc
Phenols Tetrachloroethanc
Aromatic etherg Nitrobenzene, tetrachloroethane, or,
best, a mixture of the two
Halogenated benzenes Carbon disulfide or excess reactant *
Benzene with alicyclic rings Benzene
Polynuclear hydrocarbons Nitrobenzene

* The use of excess reactant as solvent in the succinoylation of iodobenzene does not appear to be
suitable.

For anhydrides other than succinic anhydride or its derivatives, the
data are not sufficiently numerous to permit similar generalizations.
The solvent of choice will probably be similar to the solvent used for
suceinoylations, but the naturce of the anhydride and its reactivity will
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have to be taken into account. From the available information regard-
ing the condensation with maleic anhydride it would appear that tetra-
chloroethane is the most suitable solvent for the reaction with alkylated
benzene derivatives.!™ The claim in the patent literature that nitro-
benzene is a good solvent for the reaction between maleic anhydride and
polynuclear hydrocarbons could not be substantiated.®® The three
cresol methyl ethers, veratrole, and hydroquinone dimethyl ether have
been condensed with maleic anhydride in very good yield in nitrobenzene
solution. The yields in carbon disulfide were generally lower.17%

The reaction time and reaction temperature will usually depend on
the solvent employed and the compound to be substituted. Reactions
in carbon disulfide are slow. However, the conveniently low boiling
point of carbon disulfide makes it the solvent of choice where heating is
required. It is necessary to heat reactions with the halobenzenes for
twenty-four hours or more. Benzene is also used in conjunction with
heating; it acts more vigorously because of its higher boiling point.
Refluxing for one hour is usually sufficient with the alicyclic-aromatic
compounds and diphenyl ether.

Of the two solvents that dissolve aluminum chloride, tetrachloroethane
and nitrobenzene, the former gives the faster reaction. When employed
for the succinoylation of alkylbenzenes, a one- or two-hour standing
period at room temperature is usually sufficient. In reactions of poly-
nuclear hydrocarbons and their ethers a low reaction temperature has
to be maintained while the reagents are slowly mixed. Reactions in
nitrobenzene are generally slow, and this fact, combined with the low
temperature at which reaction has to be carried out, require prolonged
standing. The usual procedure is to add the reagents slowly at ice-bath
temperature or below and after a few hours at that temperature to let
the reaction mixture come to room temperature by allowing the ice to
melt. A total period of twenty-four hours’ standing after mixing the
reagents is usually sufficient, but in some reactions a period of several
days results in a higher yield. The reaction between 1-methyl-2-
methoxynaphthalene and succinic anhydride results in a 419 yield
after forty hours, a 639, yield after three days, and a 789 yield after
five days.# In the succinoylation of phenolic ethers using the tetra-
chloroethane-nitrobenzene mixture, three days’ standing in the ice
chest is recommended. With veratrole a 679, yield is secured when the
low temperature is maintained for three days, but only 439, when the
mixture is allowed to stand at room temperature for the same period
of time.”? Anisole need not be cooled during the long standing time.?
When benzene is used as reactant and diluent, a short heating time

21 Fieser and Desreux, J. Am. Chem. Soc., 60, 2255 (1938).
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is usually necessary to compensate for the relative inertness of
benzene.%?

The order of addition of the reagents is not too important if the reac-
tion is slow and the compound not sensitive to aluminum chloride. In
all other cases, probably the majority, it is essential not to add the
aluminum chloride alone to the compound to be substituted. It does
not seem very important, however, whether the compound is added to
the catalyst or vice versa. Haworth and collaborators conducted the
reactions by adding slowly a mixture of the anhydride and the aromatic
compoungd to the solution of aluminum chloride in nitrobenzene. Fieser
and collaborators added the aluminum chloride through an addition tube
to the solution of the other reagents. In some reactions the aluminum
chloride can be dissolved in nitrobenzene and then added to the other
reagents. Onc should also bear in mind that two moles of aluminum
chloride is required for one mole of anhydride.»1%1% In the older
literature, and also in some recent work, this ratio was not used. An
excess of aluminum chloride does not seem necessary; in a few reactions
higher yields are reported when more catalyst is used, in others the
vields are lower. The relative ratio of succinic anhydride-aluminum
chloride and the compound to be substituted depends on the compounds;
when the reactant is used as solvent it will obviously be present in excess.
Often reagents can be used in equivalent amounts. An excess of about
209, of succinic anhydride-aluminum chloride with regard to other
reactants generally results in a higher yield than an excess of the latter.®

Apparatus and Isolation of Products

When the reaction does not require stirring, as is often the case when
carbon disulfide or benzene is used as the solvent, an ordinary round-
bottomed fask equipped with reflux condenser, calcium chloride tube,
and gas-outlet tube is satisfactory. However, stirring is usually prefer-
able even in a single-phase reaction because it provides faster mixing
of the reagents and helps to eliminate the hydrogen chloride formed. A
three-necked flask, equipped with a mercury-sealed stirrer, addition
tube 8 (or dropping funnel), thermometer, and a gas-outlet tube, is the
most suitable apparatus. When the reaction is allowed to stand for a
longer period of time, stirring is usually discontinued a few hours after
mixing the reagents.

22 Too long standing may promote side reactions, and the continuous evolution of
hydrogen chloride is not always a sign that the reaction is still progressing in the desired
direction. See ref. 195,

28 Fieser, Baperiments tn Organic Chemastry, 2nd ed., p. 311, D. C. Heath and Co,
Boston, 1941,
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The reaction mixture can be decomposed by the addition of ice and
hydrochloric acid; but, as in all Friedel and Crafts reactions, it is better
to pour the reaction mixture on ice and dilute hydrochloric acid in order
to avoid local overhealing or accumulation of too much hydrochloric
acid.1%e Tf the decomposition is to be followed by steam distillation, it
is advisable to carry out the decomposition of the reaction complex in a
large round-botiomed flask which can be used dircetly for the steam
distillation.

Carbon disulfide and benzene possess the advaniage that they can
easily be removed [rom the rcaction mixture. The reaction complex
usually precipitates during the reaction when carbon disulfide is the
solvent, and the carbon disulfide layer, containing the unrcacted re-
agents, can be decanled before decomposition; the remaining solvent
is removed on the slcam bath after acidification. The usual procedure
with the other solvents is to remove them by steam distillation and to
dissolve the remaining product in sodium carbonate solution. This is
an imporlant step, because aluming is always left behind with the acid
and stays with the ncutral materials when the acid is extracted with
carbonate. Sodium hydroxide is obviously not suitable for this purpose
beeause i dissolves alumina.

Nitrobenzene is nol very volatile with sleam, and even with an effi-
clent steam-distillation apparatus a few hours are required to remove
it completely. ™ *  Small amounts of residual nitrobenzene tend to
contaminate the final product and often cause it to separate as an oil
after precipilation from the alkaline solution. It is good practice to
filter the acid afier the first steam distillation, or to decant the super-
natant liquid if the acid is oily, return the acid to the original flask, add a
solution of sodium carbonate, and continuc the steam distillation.!®
The second distillation, which must be begun carefully to avoid frothing,
removes the last iraces of solvenis while the acid goes into solution as
its sodium salt, leaving only the alumina and neutral products undis-
solved. The acid does not dissolve easily in carbonate solution because
it is occluded by alumina, and, if {he second steam distillation is omitted,
prolonged boiling is often necessary to dissolve all the acidic material 2%
The sodium carbonate solution is treated with charcoal while still warm
and filtered, preferably with the help of some filtering aid, without
which the alkaline solution filters very slowly owing to the suspended
alumina. The solution should be placed in a large beaker, to prevent

* Holmes and Trevoy, Can. J. Research, 22, 109 (1944), found that some demethylation
of 3,4-dimethoxybenzoylpropionic acid took place during steam distillation. Demethyla~
tion could be suppressed by separating the organic from the aqueous-acidic layer before

the steam distillation.
24 Somerville and Allen, Org. Syntheses, Coll. Vol. 2, 81 (1943).
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loss during acidification, and should be cooled before adding dilute acid.
Since almost all the acids are very slightly soluble in cold water, ice
can be added 1o the solution. If the first crop of material precipitates
as an oil it can be disregarded or worked up scparately, but usually the
acids solidify readily in the cold.

In place of the second steam distillation, the reaction mixture can be
dissolved in ether and the acid extracted with carbonate, or the filtered
alkaline solution can be extracted with ether to remove the remaining
solvent. But if much solvent is still present the separation of the
layers is often tedious. Some acids form difficultly soluble sodium
salts; 34~ 1LY whenever this occurs isolation and crystallization of
the sodium salt is the preferred method of purification.

EXPERIMENTAL PROCEDURES

Preparation of Anhydrides. Succinic anhydride is commercially avail-
able. It can be prepared from sucecinic acid by procedures described in
Organic Syntheses. 2

Glutaric anhydride can be prepared from glutaric acid by the methods
just mentioned for succinic anhydride. Because of the low melting
point of glutaric anhydride it is advisable to purify the product by
vacuum distillation rather than crystallization.?®

Methylsuceinic anhydride can be prepared by catalytic hydrogenation
of citraconic anhydride.?® The synthesis of citraconic anhydride from
citric acid is described in Organic Syntheses A more convenient
method for the preparation of methylsuceinic acid from ethyl crotonate
has been described.2®

dl-a,-Dimethylsuceinic anhydride can be prepared from ethyl
cyanoacetate and ethyl a-bromopropionate.1s? 20

Phenylsuceinic anhydride is prepared by dehydration of phenyl-
suceinic acid,5 20 which is obtained from a-cyano-g-phenylacrylic acid.?

as-Dimethylsucecinic anhydride, as-methylethylsuccinic anhydride,
and trimethylsuccinic anhydride can be synthesized by the method of
Higson and Thorpe.??

Maleic anhydride is available commercially.

2% Org. Syntheses, Coll. Vol. 2, 560 (1943).

206 Bergmann and Blum-Bergmann, J. Am. Chem. Soc., 59, 1573 (1937).
21 Org. Syntheses, Coll. Vol. 2, 368, 140 (1943).

28 Org. Syntheses, 26, 54 (1946).

29 Bone and Sprankhing, J. Chem. Soc., 75, 839 (1899).

0 Org. Syntheses, Coll. Vol. 1, 451 (1941).

2 Org. Syntheses, Coll. Vol. 1, 181 (1941).

22 TTigson and Thorpo, J. Chom. Soc., 89, 1455 (1006).
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Polymeric anhydrides of higher dibasic acids can be prepared accord-
ing to the directions on p. 263.

Preparation of p-Benzoylpropionic Acid. Detailed directions for this
preparation, which illustrates the use of excess hydrocarbon as solvent,
are given in Organic Syntheses.2

Preparation of B-(3-Acenaphthoyl)propionic Acid. Detailed directions
arc given in Organic Syntheses %23 “The procedure is a general one
and may be used for the condensation of succinic anhydride with
naphthalene and with the mono- and di-methylnaphthalenes, although
in no other case are the purification and separation of isomers so easily
accomplished.” 1 This gencral method can also be employed for the
suceinoylation of higher polynuclear hydrocarbons.

Preparation of B-(p-Methoxybenzoyl)propionic Acid.” A solution of
43 g. (0.4 mole) of anisole and 42 g. (0.42 mole) of succinic anhydride
in 400 ml. of tetrachlorocthane and 100 ml. of nitrobenzene is stirred
and cooled to 0-5° (thermometer in liquid), and 112 g. (0.84 mole) of
aluminum chloride is added gradually, the tempcerature being kept at
0-5°. At the end of the addition (one to two hours) a clear solution is
usually obtained. It is allowed to stand at 0-5° (packed in ice in the
cold room) for three days, during which time a complex sometimes
separates.? After ice and hydrochloric acid have been added and the
solvents removed with stcam, the product is either allowed to erystallize
directly or it is dissolved in soda solution, and the solution is clarified
with Norit and acidified. S-(p-Methoxybenzoyl)propionic acid is ob-
tained as colorless needles, m.p. 146-147; 71 g. (859;).2%5

This is a general procedure for the succinoylation of ethers of mono-
and di-hydric phenols and naphthols, and it illustrates the use of a
mixture of tetrachloroethane and nitrobenzene as a solvent.

Preparation of B-(p-Phenoxybenzoyl)propionic Acid.’¢® To a solu-
tion of 170 g. (1.0 mole) of diphenyl ether in 500 ml. of dry, thiophene-
{ree benzene, 100 g. (1.0 mole) of finely ground succinic anhydride is
added. Two moles of aluminum chloride (266.6 g.) is added all at once,
and, after the initial reaction has ceased, the mixture is refluxed on the
steam bath for one hour. The reaction mixture is decomposed with
ice and hydrochloric acid, and the solvent is removed with steam. The

23 Anhydrous hydrogen fluoride has also been employed as a condensing agent in the
succinoylation of acenaphthene. The yield is lower (499 of ecrude material), but the pro-
portion of the 1wo isomeric acids is approximately the same. Naphthalene does not react
when hydrogen fluoride is used as the catalyst. Ifieser and Hershberg, J. Am. Chem. Soc.,
61, 1272 (1939).

24 T4, is reported that the low temperature during the three days’ standing is not required
for the preparation of 8-(p-methoxybenzoyl)propionic acid. See ref. 201.

25 By the same procedure yields of 95% have been reported subsequently. Refs. 36.
198, 199.
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crude acid is dissolved in sodium carbonate solution, the solution is fil-
tered from aluminum oxide, and the filtrate is acidified. The yield of acid
melting at 118-119° is 262-270 g. (97-1009%,).

Preparation of B-(p-Chlorobenzoyl)propionic Acid.3® Fifty grams of
chlorobenzene (0.44 mole) is dissolved in 200 ml. of carbon disulfide.
Forty grams of succinic anhydride (0.4 mole) is added, followed by
110 g. of aluminum chloride (0.83 mole), and the mixture is refluxed
on a water bath for twenty-four hours. The almost colorless carbon
disulfide layer is then decanted, and the residue is treated with ice and
hydrochloric acid. Any remaining solvent is removed by heating the
mixture on the steam bath for a brief period. The crude acid is filtered,
dissolved in soda solution, and clarified with charcoal. The yield of
cream-colored acid, m.p. 132-133°, obtained on acidification is34-42.5 g.
(40-509) 2

The other halogenated S-benzoylpropionic acids can be prepared by
similar methods.

Condensation of Alkylbenzenes with Succinic Anhydride.® Sixty
grams of finely powdered aluminum chloride is slowly added to 20 g. of
succinic anhydride (0.2 mole), 0.22 mole of the hydrocarbon, and 75 ml.
of tetrachloroethane, Most reactions (p-xylene is an exception) are
complete in two or three hours. The products are worked up as usual
and, after being precipitated from soda solution, are sufficiently pure
for most purposes. The yields range from 809, to 909.

Preparation of y-(p-Methoxybenzoyl)butyric Acid.?¢ A mixture of
25 ml. (0.23 mole) of anisole, 50 ml. of nitrobenzene, and 25 ml. of tetra-
chloroethane is cooled in a three-necked flask equipped with stirrer,
dropping funnel, and gas-outlet tube. Aluminum chloride (57 g., 0.43
mole) is added, and the solution is cooled to 0-5°. A solution of 23 g.
(0.2 mole) of glutaric anhydride in 25 ml. of tetrachloroethane is added
through the dropping funnel over a period of forty-five minutes. After
twenty-four hours, during which time the mixture is allowed to come to
room temperature, the reaction is worked up in the usual way. The acid,
once crystallized from ethanol, melts at 139.5-140.5° and weighs 38 g.
(85%).

Preparation of w-Benzoylvaleric Acid." One hundred and forty-six
grams (1.0 mole) of adipic acid is refluxed with 400 ml. of acetic an-
hydride for six hours. The excess acetic anhydride and the acetic acid
formed are removed by distillation in vacuum up to 120° (bath tempera-
ture). The resulting polyanhydride is dissolved in 400 ml. of warm, dry
benzene, and this solution is added with stirring over a period of one

26 This acid ean nlso ba propared with excess ehlorobenzene as the solvent. Refs. 65,
6, 67.
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hour to 300 g. (2.25 moles) of aluminum chloride suspended in 1.5 1. of
dry benzene contained in a three-necked 3-l. flask fitted with a reflux
condenser and a mechanical stirrer.

The reaction mixture, after having been allowed to stand overnight,
is decomposed with ice, and 250 ml. of concentrated hydrochloric acid
is added. The benzene layer is separated and extracted with dilute
aqueous sodium hydroxide. The alkaline solution is acidified, and the
crystalline precipitate of w-benzoylvaleric acid is filtered. The crude
acid weighs 78 g. (759%). The product after crystallization from a
benzene-petroleum ether mixture melts at 70-71°.

The extracted benzene is concentrated to a small volume and chilled;
56.5 g. (85%) of 1,4-dibenzoylbutane is obtained. The diketone after a
single recrystallization from ethanol has a slightly pink color and melts
at 105-106°.

TABULAR SURVEY OF FRIEDEL-CRAFTS REACTIONS WITH ALIPHATIC
DIBASIC ACID ANHYDRIDES

In Tables VI-XV are summarized the reactions of the anhydrides of
aliphatic dibasic acids with aromatic compounds reported prior to
September 15, 1947, A few references available during 1948 have also
been included. Some of the yields, particularly those recorded in the
older literature, do not constitute the maximum yield but might be
improved by choosing the right solvent and the right amount of catalyst.
Whenever percentage yields are reported in the original paper they are
quoted directly; all other yields have been computed from the available
data and are based on the amount of anhydride. A dash indicates that
the yield was not reported. '
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TABLE VI
REACTIONS oF SUCCINIC ANHYDRIDE WITH AROMATIC HYDROCARBONS AND HALOGEN
Der1vATIVES
. Product Yield Refer-
Aromatic Compound g-Aroylpropionic Acid Solvent % ence *
Benzene Benzoyl Benzene 6-7 1
Benzene Benzoyl Benzene 36 3
Benzene Benzoyl Benzene — 2,7,217
Benzene Benzoyl Benzene 75 173
Benzene Benzoyl Benzene 39 218
Benzene Benzoyl Benzene 56 65
Benzene Benzoyl Benzene 77-82 204
Benzene Benzoyl Benzene 92-95 219
Benzene Benzoyl C8sy — 32
Fluorobenzene 4-Fluorobenzoyl Csy 27-33 36
Chlorobenzene 4-Chlorobenzoyl Chlorobenzene 47 65
Chlorobenzene 4-Chlorobenzoyl CBy 40-50 36
Bromobenzene 4-Bromobenzoyl Bromobenzene T 74 66, 279
Bromobenzene 4-Bromobenzoyl Bromobenzene 27.5 67
Bromobenzene 4-Bromobenzoyl CBy 30-40; 56 36
Todobenzene 4-Todobenzoyl C8y 1520 36
Todobenzene Mixture of benzoyl and | Iodobenzene 13 283
4-iodobenzoyl
Toluene 4-Toluyl Toluene — 7,81, 217,
220, 221,
279
Toluene 4-Toluyl Toluene 47; 71 222
Toluene 4-Toluyl Toluene 94.5 223
Toluene 4-Toluyl C8By — 32
Toluene 4-Toluyl CHCI2CHCl, 80-90 33
Toluene 4-Toluyl CeHNOy 90 279a
o0-Chlorotoluene 4-Chloro-3-methylbenzoyl | CSq 60 36
Ethylbenzene 4-Fthylbenzoyl C8y 68 36
Ethylbenzene 4-Tithylbenzoyl Benzene 57 7
Ethylbenzene 4-Ethylbenzoyl Benzene 80 34
Ethylbenzene 4-Ethylbenzoyl CHCI,.CHCl, 80 36
Ethylbenzene 4-Tithylbenzoyl CHCI;CHCl, 80 200
+
CeH3NO2
Ethylbenzene 4-Tithylbenzoyl Ethylbenzene 57 224
o-Xylene 3,4-Dimethylbenzoyl C82 — 32
o0-Xylene 3,4-Dimethylbenzoyl CHCl1,CHCl, 80-90 33
o0-Xylene 3,4-Dimethiylbenzoyl CHC1,CHCl, 88 225
o0-Xylene 3,4-Dimethylbenzoyl CHCI1:CH(Cl2 92.7 and 96.7 36
m-Xylene 2,4-Dimethylbenzoyl C8y — 32
m-Xylene 2,4-Dimethylbenzoyl Benzene — 7
m-Xylene 2,4-Dimethylbenzoyl CHCICIICly 80-90 33
m-Xylene 2,4-Dimethylbenzoyl CHC1,CHCly Almost 36
quantitative
m-Xylene 2,4-Dimethylbenzoyl CsHNOg 86-90 284
p-Xylene 2,5-Dimethylbenzoyl CSy — 32, 81
p-Xylene 2,5-Dimethylbenzoyl CHC(Cl1:CHCl, 80-90 33, 36
Mesitylene 2,4,6-Trimethylbenzoyl CSy — 32, 226

* References 217- 200 appoar on pp. 288-289.
1 Nitrobensene is not o sutisfivegory solvent in this renclion.
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TABLE VI—Continued

REACTIONS OF STUCCINIC ANHYDRIDE WITH AROMATIC HYDROCARBONS AND HAToGEN

DegrivaTIves
. Product Yield Refer-
Aromatic Compound g-Aroylpropionic Acid Solvent o ence *
Mesitylene (Continued) 2,4,6-Trimethylbenzoyl Mesitylene(?) — 227
Mesitylene 2,4,6-Trimethylbenzoyl CHCICHCl, 91 36
1,3,4-Trimethylbenzene 2,4,5-Trimet hylbenzoyl C8S, — 32
n-Propylbenzene 4-n-Propylbenzoyl CeH;NO2 63 37a
Isopropylbenzene 4-Tsopropylbenzoyl CSy — 32
Isopropylbenzene 4-Isopropylbenzoyl CHCI,CHCly 80-90 33
Isopropylbenzene 4-Isopropylbenzoyl CHC1,CHCly 58 36
+
CeH5NOg
Isopropylbenzene 4-Isopropylbenzoyl CeHsNO32 59 87a
»-Ithyltoluene 4-Methyl-3-ethylbenzoyl |CSg — 32
or 4-ethyl-3-methylben-
zoyl
Durene 2,3,5,6-Tetramethylben- | CSy — 32
zoyl
p-Cymene 2-Methyl-5-isopropylben- | CSy — 32
zoyl
p-Cymene 2-Methyl-5-isopropylben- | CSs, benzene, or Tow t 36
zoyl CHCI;CHCl,
p-Cymene 2-Methyl-5-isopropylben- | C¢H;NO2 70 285
zoyl
tert-Butylbenzene 4-tert-Butylbenzoyl CSg 55 35
tert-Butylbenzene 4-tert-Butylbenzoyl C8, — 36, 228
sec-Amylbenzene sec-Amylbenzoyl sec-Amylbenzene — 272
teri-Amylbenzene 4-tert-Amylbenzoyl CSy 50 36
Pentamethylbenzene Pentamethylbenzoyl C8, — 32
sec-Octyltaluene sec-Ootyltoluyl gec-Octyltoluene — 272
Di-tert-butylbenzene 4-tert-Butylbenzoyl and an | CSy — 31
unidentified acid
Hydrindene 5-IHydrindoyl CHCI,CHCl; + 97 55
CeH;NQO
Hydrindene 5-Ilydrindoyl CHCI1,CHCI, - 60 36
CgHNO2
Hydrindene 5-Hydrindoyl CeH;NO2 42 56, 229
Hydrindene 5-Hydrindoyl CeHNO2 37 57
Hydrindene 5-Hydrindoyl Benzene 69, 79 § 30
Tetralin 2-Tetroyl Benzene 52 7
Tetralin 2-Tetroyl Benzene 765 72.5 59, 36
Tetralin 2-Tetroyl Benzene Good yiedld 230
Tetralin 2-Tetroyl CeHsNO» 70 231
Naphthalene Mixture of 1- and 2- CSg v — 232
naphthoyl §

* References 217- 296 appear on pp. 288-289.

t The produet of all runs was of poor quality, possibly because of isomers present in commercial
p-cymene. The best product was obtained when the reaction was run in a mixture of tetrachloros
ethane and nitrobenzene,

I The yield refers to a crude product; benzene is not a suitable solvent for the succinoylation of
hydrindene.

§ Heat increased the proportion of the 2-isomer.
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TABLE VI—Continued

267

Rracrions or SuccINIC ANHYDRIDE W1TH ArRoMATIC HypROCARBONS AND HALOGEN

DerIvaTIVES
. Product Yield Refer-
Aromatic Compound g-Aroylpropionic Acid Solvent % once *
Naphthalene (Continued) Mixture of 1- and 2- Benzene — 7
naphthoyl
Naphthalene Mainly 2-naphthoyl C8Sa 6.8-7.8 233
Naphthalene Mixture of 1- and 2- CeH;NOy 91 40, 238
naphthoyl
Naphthalene Mixture of 1- and 2- CsHNO2 — 234, 238
naphthoyl
Naphthalene 1-Naphthoyl and CeHsNO2 35 6
2-naphthoyl 29
Naphthalene 1-Naphthoyl and CeH;NO2 36 39
2-naphthoyl 47
1-Methylnaphthalene 1-Methyl-4-naphthoyl CeHiNO3 80 68
2-Methylnaphthalene 2-Methyl-6-naphthoyl CeHsNO2 79 112
2-Methylnaphthalene 2-Methyl-6-naphthoyl CgH;NO, 60-75 39
2-Methylnaphthalene 6-Methyl-2-naphthoyl and | CeHsNOy 56 114
6-methyl-1-naphthoyl 38
1-Ethylnaphthalene 4-Ethyl-1-naphthoyl CegH;NOy 74 40
2-Lithylnaphthalene 6-Iithyl-2-naphthoyl CHCI,CHCI, 66 113
2,3-Dimethylnaphthalene 8,7-Dimethyl-2-naphthoyl | C4H ;NOy 70 115, 235
2,7-Dimethylnaphthalene 2,7-Dimethyl-1-naphthoyl { CsH;NO; 60-75 39
2-Tsopropylnaphthalene 6-Isopropyl-2-naphthoyl | C¢H;NOg 28 112
2-n-Propylnaphthalene 6-n-Propyl-2-naphthoyl(?) | CeH;NO, — 37, 112
2-tert-Butylnaphthalene G-tert-Butyl-2-naphthoyl CsHsNO2 37 35
1,2,3,4-Tetramethyl- 1,2,3,4-Tetramethyl-6- CeHNOy 90 236
naphthalene naphthoyl
Phenylcydlohexane 4-Cyclohexylbenzoyl CHCI1,CHCIl; + 85 36
CgHsNO
Phenylcyclohexane 4-Cyclohexylbenzoyl CeH;NO2 — 64
Biphenyl 4-Phenylbenzoyl CeHsNOy 90; 85 62, 36
Biphenyl 4-Phenylbenzoyl CsH;NO2 70 63
Acenaphthene 3-Acenaphthoyl and CeHsNOy 8% 39
1-aoenaphthoyl 15
Acenaphthene 3-Acenaphthoyl and CeH;NO3 81 119
1-acenaphthoyl 5
Acenaphthene Mixture of 1- and Benzene Poor 30
3-acenaphthoyl
Diphenylmethane 4-Benzylbenzoyl CgH;NO2 — 29
Diphenylmethane 4-Benzylbenzoyl CeH5NOy 53.4 36
Fluorene 2-Fluoroyl Benzene 75-86 58, 36
Fluorene 2-Fluoroyl CeHsNOg or 80 241
CHCI,CHCly
Cyclohexane-1-spiro- 5-(or 6-)Cyclohexane-1- CeH;NO, — 242
hydrindene spirohydrindoyl
9,10-Dihydroanthracene 9-(9,10-Dihydroanthroyl) | CeHsNOg2 38 29
9,10-Dihydroanthracene 2-Anthroyl CgH5NO2 11 21
Anthracene 2-Anthroyl CeHsNO2 22 39, 21
Anthracene 2-Anthroyl CgH;NO, 18 43

# Referenoes 217-296 appear on pp. 288289,
T Those aro the yiclds when the remotion is conduoted at 0°;at —15° the yields are 87% and 5%,

rospootively,
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TABLE VI—Continued

RCACTIONS OF SUCCINIC ANHYDRIDE WITH AROMATIC HYDROCARBONS AND HALOGDN

DERIVATIVDS
N Product Yield Refer-
Aromatic Compound g-Aroylpropionic Aaid Solvent % ence *
Antlnacene (Continued) 1-Anthroyl and 2-anthroyl | CsgH5NO2 — 44
Antlnacene 9-(9,10-Dihydro)antluoyl | Benzene — 30
9,10-Dihydrophenanthrene | 2-(9,10-Dihydiophen~ CeHNOy 98 109
anthroyl)
9,10-Dihydrophenanthiene | 2-(9,10-Dihiydrophen~ CelIsNOy 96 110, 237
anthroyl)
1,2,3,4-Tetraliydiophen- 9-(1,2,3,4-Tel rahydio- CeHsNOy 78 40, 106, 36
anthrene phenantlnoyl) and 5
7-(1,2,3,4-tetrahydro-
phenanthroyl)
1,2,3,4,5,6,7,8-Octahydro- 9-(1,2,3,4,5,6,7,8-Octa~ CSg 86 108
phenanthiene hydrophenanthroyl)
1,2,3,4,9,10,11,12-Ocl a- 6-(1,2,3,4,9,10,11,12-Octa- | CelIsNO2 31 107
Liydiophenanthrene hydrophenanthioyl)
Phenanthrene 3-Phenanthroyl (and an CollsNOy 60 41
isomer)
Phenanthrene 3-Phenanthroyl and CollzNOy 60(?) 42
2-phenanthiroyl 5
4,5-Methyleno-9,10-di- 4,5-Methylene-9,10-di- Coll5NO2 99 54
hydrophenanthrene hydio-2-phenanthioyl
4,5-Meiliylenephenantlinene | 4,5-Methylene-1-phenan- | CeIIzNO2 45.4 54
thioyl
4-Methyl-1,2,3,4-tetrahy- 4-Methyl-1,2,3,4-tetrahy- | CeHsNOg — 286
diophenanthrene d10-9-phionantln oyl |
9-Methyl-1,2,3,4-tetraliy- 9-Methyl-1,2,3,4-tct1iahy- | CellsNO2 62 113
drophenanthrene di1o-7-phenantlun oyl
3-Methylphenanthrene 6-(3-Methylphenant hioyl) | CgsNO, 36.5 53
4-Methylphenanthrene 3-(5-Methylphenanthroyl) | CeIIsNOgy 22 52
and some 1-(4-methyl-
phenanthioyl)
9,10-Dihydroretene 9,10-Dihydro-2-1etoyl CcHsNO2 80 49
Retene 3-Retoyl Benzene 58.5 48
Retene 3-Retoyl CelizNOy 21 49
1,2.3,4-Tetrahydi 0-8,9- 5-(1,2,3,4-Tet1aliyd10-8,0- | C¢HNO2 83 61
acephenantlirene acephenantlnoyl)
1,2,3,6,7,8-Hexahydro- 1,2,3,6,7,8-Hexahydro-4- | C¢H;NO2 67.5 45
pyiene py1enoyl
Pyrene 1-Py1enoyl CeH;NOy 62 45
Pyrene 1-Py1enoyl CcHNO, 90-94 46
Pyrene 1-Pyrenoyl CsHsNO.2 96 47
Pyrene 1-Pyrenoyl CellsNO2 90 239
Chrysene 2-Chrysenoyl Benzene 50-55 50, 240
Chrysene 4- or 5-Clnysenoyl CsH;NOg 37§ 50
Chrysene 4- or 5-Chiysenoyl and | CelI;NO2 5.5,9.1 | 51
some of the 2-1somer

4 References 217- 296 appear on pp. 288-289.
1 No analysis was reported for this product.

1 The author assumed this to be the l-acid, but see ref. 51.
§ Thus yeld refers to a crude produect.

|| This experiment was run at 30°, at 0° an inseparable mixtuie of acids was obtaned.
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TABLE VII
ReacTioNs oF SUCCINIC ANHYDRIDE WITH PHENoLIC ETHERS
Product Yaeld Refer-
Either B-Aroylpropiome Acid Solvent % ence *
Amsole 4-Amsoyl Amisole 48-55 69
Amisole 4-Anisoyl CS; — 26, 70
Amsole 4-Amisoyl C8, 65 175
Amisole 4-Amsoyl Benzene —_ 7
Anisole 4-Amsoyl CHCI;CHCly 80 5 28
Amsole 4-Anisoyl CHCI,CHCl, Almost 243
quantitative
Amsole 4-Amsoyl CeH5NO, Almost 244
quantitative
Anisole 4-Amsoyl CHCI1,CHCl; + 85 71
CeH5NO,
Anigole 4-Amsoyl CHC1,CHCl; + 90 201
CeHsNO,
Amgole 4-Amsoyl CHCI1,CHCl + 93.5 36
CeHsNO,
Amsole 4-Amsoyl CHCI,CHCI;, +- 95 198, 199
CgH5NO,
Anisole 4-Angoyl CgH5NO,, 1 75-856 287
Anizole 4-Amsoyl CsH5NO, 83 74,274
Anisole 4-Amisoyl and CeHzNO2 345 75
1,2-di(p-hydroxybenzoyl)ethane 96
Amgole 4-Amsoyl CH3;CH2CH,NO2 86-90 288
0-Chloroamsole 4-Methoxy-3-chlorobenzoyl ? — 80
Phenetole 4-Tiihoxybenzoyl Phenetole 45-63 3
Phenetole 4-Ethoxybenzoyl Phenetole 59 72
Phenetole 4-Fthoxybenzoyl CgHsNOy 80-90 73, 274
o-Chlorophenetole 4-Yithoxy-3-clilorobenzoyl ? — 80
n-Propyl phenyl ether § 4-n-Propoxybenzoyl CeHsNOg 80-90 73, 274
n-Butyl phenyl ether 4-n-Butoxybenzoyl CeHsNOy 80-90 73,274
Isobutyl phenyl ether 4-Isobutoxybenzoyl CeHsNOg 80-90 73
Isoamyl phenyl ether 4-Tsoamnyloxybenzoyl CoH5NO, 80-90 73
n-Hexyl phenyl ether 4-n-Hexoxybenzoyl CeHsNO, 80-90 73
B-Phenoxyethoxyethy] chloride (8-Chloroethoxyethoxy)benzoyl CSy — 267
0-Cregyl methyl ether 4-Methoxy-3-methylbenzoyl CeHsNOy 74 74
0-Cregyl methyl ether 4-Methoxy-3-methylbenzoyl CeHNOy — 75, 274
0-Cresyl ethyl ether 4-Bthoxy-3-methylbenzoyl CeHsNO, 82 273
o~Cresyl n-propyl ether 4-n-Propoxy-3-methylbenzoyl CgHsNO2 88 273
0-Cresyl 1s0propyl ether 4-Tsopropoxy-3-methylbenzoyl CeH5NO, 14 273
0-Cresyl n-butyl ether 4-n Butoxy-3-methylbenzoyl CegHsNOg 86 273
o0-Cresyl isobutyl ether 4-Tsobutoxy-3-methylbenzoyl CeHsNO, 80 273
0-Cresyl 1s0amyl ether 4-Tsoamyloxy-3-methylbenzoyl CgHsNOy 95 273
0-Cresyl n-hexyl ether 4-n-Hexoxy-3-methylbenzoyl CgHsNO, 65 273
0-Cresyl n-heptyl ether 4-n-Heptoxy-3-methylbenzoyl CgHNO, 55 273
m-Cresyl methyl ether 4-Methoxy-2-methylbenzoyl C8, — 245
m-Cregyl methyl ether 4-Methoxy-2-methylbenzoyl CeHNOy — 74, 75,
274

* References 217-296 are on pp. 288-289.
T In mtroethane the yield was slightly lower.
1 Isopropyl phenyl ether did not react with suocinio anhydride.
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TABLE VII—Continued

REACTIONS OF SUCCINIC ANHYDRIDE WITH PrENOLIC ETHERS

Product Yield Refer-
Ether B-Aroylpropionic Acid Solvent % ence *
m-Cresyl methyl ether (Continued) | Mixture of equal amounts of 4- | CgHsNOy — 191a
methoxy-2-methylbenzoyl and
4-hydroxy-2-methylbenzoyl
m-Cregyl athyl ether 4-Ethoxy-2-methylbenzoyl CgHNO, 65 273
m-Cresyl n-propyl ether 4-n-Propoxy-2-methylbenzoyl CgHsNOy 95 218
m-Cresyl n-butyl ether 4-n-Butoxy-2-methylbenzoyl CgH5NOy 50 273
m-Cresyl isobutyl ether 4-Tsobutoxy-2-methylbenzoyl CgHsNQo 40 273
m-Cresyl isoamyl ether 4-Tsoamyloxy-2-methylbenzoyl CeHsNO, 90 273
m~-Cresyl n-hexyl ether 4-n-Hexoxy-2-methylbenzoyl CgH5NO, 556 273
p-Cresyl methyl ether 2-Methoxy-5-methylbenzoyl CgHpNOQg — 74, 75,
274
p-Cresyl ethyl ether 2-Ethoxy-5-methylbenzoyl CgHNO, 75 278
p-Cresyl n-propyl ether 2-n-Propoxy-5-methylbenzoy! CgHsNO, 80 273
9-Cresyl n-butyl ether 2-n-Butoxy-§-methylbenzoyl CeHsNO, 75 273
9-Cresyl isobutyl ether 2-Tsobutoxy-5-methylbenzoyl CgH5NO, 60 273
p-Cresyl isoamyl ether 2-Tsoamyloxy-5-methylbenzoyl CgHsNOg 80 273
p-Cresyl n-hexyl ether 2-n-Hexoxy-5-methylbenzoyl CgHsNO, 60 273
2,3-Dimethylanisole 4-Mcthoxy-2,3-dimethylbenzoyl | Benzene 50 78
2,4-Dimethylanisole 2-Methoxy-3,5-dimethylbenzoyl | Benzene 24,5 246
2,5-Dimethylanisole 4-Methoxy-2,5-dimethylbenzoyl | Benzene 75 247
2,5-Dimethylanisole 4-Methoxy-2,5-dimethylbenzoyl | CHCl,CHCly 86 76
+
CgHsNO»
2,6-Dimethylanisole 4-Methoxy-3,5-dimethylbenzoyl | Benzene 35 78
2-Methyl-5-ethylanisole 4-Methoxy-3-methyl-6-ethyl- CeHsNO2 90 7
benzoyl
3-Methyl-6-ethylanisole 4-Mothoxy-2-methyl-6-ethyl- C¢HsNO2 Quantitative 77
benzoyl
3-Methyl-6-isopropylanisole 4-Methoxy-2-methyl-6-isopropyl- | CeHsNOg — 74
benzoyl
3-Methyl-8-isopropylanisale 4-Mothoxy-2-methyl-b-isopropyl- | CeHsNOy 81.3 79
benzoyl
4-tert-Butylanisole 2-Methoxy-5-tert-butylbenzoyl CgHsNO, Good 248
Veratrole 3,4-Dimethoxybenzoyl CgHsNO2 8b 145, 295
Veratrole 3,4-Dimethoxybenzoyl CeHsNO2 44 22,278
Veratrole 3,4-Dimethoxybenzoyl CgHsNO, 93 249
Veratrole 3,4-Dimethoxybenzoyl CeHsNO, 73 71
Veratrole 3,4-Dimethoxybenzoyl CeH5NOg — 250, 251
Veratrole 3,4-Dimethoxybenzoy] C8g — 26, 251
Veratrole 3,4-Dimethoxybenzoyl C8; 46 22,71
Veratrole 3 4-Dimethoxybenzoyl CHCI,CHCly Nearly 243
quantitative
Veratrole 3,4-Dimethoxybenzoyl CHCI1,CHCly 64 22
Veratrole 3,4-Dimethoxybenzoyl CHCI1,CHCI; + 67 71
CsH5NO,
Veratrole 3,4-Dimethoxybenzoyl CHCI,CHClg -} 84 252
CgHsNO,

* References 217-296 are on pp. 288-289,

T The isopropyl ether did not react with succinio anhydride.
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TABLE VII—Continued
REACTIONS OF SUCCINIC ANHYDRIDE WITH PrEnovLic ETHERS
Product Yield Refer-
Ether B-Aroylpropionic Acid Solvent % ence *
Veratrole (Continued) 3,4-Dimethoxybenzoyl and CHCI:CHCI; -+ 84.8;1 81 | 275, 296
3-methoxy-4-hydroxybenzoyl CgHsNO,
Resorcinal dimethyl ether 2,4-Dimethoxybenzoyl Resorcinal — 253
dimethyl ether
Resorcinol dimethyl ether 24-Dimethoxybenzoyl CSg — 23, 26
Resorcinol dimethyl ether 2,4-Dimethoxybenzoyl CS, 65-75 ¢ 25
Resorcinol dimethyl ether 24-Dimethoxybenzoyl CS, 50 22
Resorcinol dimethyl ether 24-Dimethoxybenzoyl CHCI1,CHCly, 60 22
Resorcinol dimethyl ether 2,4-Dimethoxybenzoyl, 2-hy- CHCI,CHCl,, 90§ 28
droxy-4-methoxybenzoyl
Resoreinol dimethyl ether 2-Hydroxy-4-methoxyhenzoyl CHCI1,CHCly — 271
Resorcinol dimethyl ether 2 4-Dimethoxybenzoyl CeHsNOs 88 22
Resoreinol dimethyl ether 2-Hydroxy-4-methoxybenzoyl Resorcinol — 23
dimethyl ether
Hydroquinone dimethyl ether 2,5-Dimethoxybenzoyl CSy 40; — 22; 26
Hydroquinone dimethyl ether 2,5-Dimethoxybenzoyl CHCI,CHCly 45 22
Hydroquinone dimethyl ether 2,5-Dimethoxybenzoyl CgHsNOs 70 22, 274,
278
Hydroguinone dimethyl ether 2,5-Dimethoxybenzoyl CHCI,CHCI, 51.9 89, 36
4+
CplisNOy
Hydroguinons disthy] ether 2,5-Diethoxybenzoyl CHCICHCl, 59, 62 36
+
CeH5N02
Hydroguinone diethyl sther 2,5-Diethoxybenzoyl CHsNO2 52.5 36
Orcinol dimethyl ether 2,4-Dimethoxy-6-methylbenzoyl | CSg 40 27
Orcinol dimethyl ether 2,4-Dimethoxy-6-methylbenzoyl | CHCI2CHCly 45 27
Oreinol dimethyl ether 2,4-Dimethoxy-6-methylbenzoyl | CeHsNQg 60 27
Hydroxyhydroguinone trimethyl 2,4,6-Trimethoxybenzoyl CS2 — 26
ether
Pyrogallol trimethyl ether 2-Hydroxy-3,4-dimethoxybenzoyl { CS2 — 26
Pyrogallol trimethyl ether 2-Hydroxy-3,4-dimethoxybenzoyl | CSg 20 27
Pyrogallol trimethyl ether 2-Hydroxy-3,4-dimethoxybenzoyl | CHCl,CHCl 67 28
Pyrogallol trimethyl ether 2-Hydroxy-3,4-dimethoxybenzoyl | CHCl:CHClg 60 27
Pyrogallol trimethyl ether 2-Hydroxy-3,4-dimethoxybenzoyl } CHCIoCHCly — 271
Pyrogallol trimethyl ether 2-Hydroxy-3,4-dimetboxybenzoyl | CHCI,CHCl, 31 284
Pyrogallol trimethyl ether 2-Hydroxy-3,4-dimethoxybenzoyl | CeHsNOy 45 27
Pyrogallol trimethyl ether 2-Hydroxy-3,4-dimethoxybenzoyl | CHCl;CHCly + — 8z
and 2,3,4-trimethoxybenzoyl || CeHsNO, 6.2
1-Methoxy-5,6,7,8-tetrahydro- 5,6,7,8-Tetrahydro-4-methoxy- CgHsNOz 82 254

naphthalene

1-naphthoyl

* References 217-296 are on pp. 288~289.
T The yield refers to the dimethoxy acid after methylation of the accompanying hydroxy acid. The
vield of demethylated acid was as much as 239, in one run, but demethylation ean be suppressed by
separating the organic layer from the aqueous-acidic layer before steam distillation.
3 Some demethylation took place,

§ The reaotion was carried out at 50-60°,

The yield refers to the total product.

|| The reaction mixture was steam-distilled after the organie layer had been separated from the

aoidio agueous layer.

Seo also ref. 275.
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TABLE VII—Continued

REAcTIONS OF SucCINIC ANHYDRIDE wiTH PHONOLIC ETHERS

Product Yield Refer-
Ether B-Aroylpropiome Aad Solvent % ence *
6-I'thoxy-1,2,3,4-tetrahydro- 1.2,3,4-Tetrahydro-6-ethoxy-7- CsHzNO, —_ 255
naphthalene naphthoyl and 1,2,3,4-
tetrabhydro-6-ethoxy-8-
naphthoyl
1-Methoxynaphthalene 4-Methoxy-1-naphthoyl CSy —_ 81
1-Methoxynaphthalene 4-Methoxy-1-naphthoyl C8, 30-40 256
1-Methoxynaphthalene 4-Methoxy-1-naphthoyl Petroleum ether 40 256
1-Methoxynaphthalene 4-Methoxy-1-naphthoyl CHCI1,CHCl, 98 71
1-Methoxynaphthalene 4.Methoxy-1-naphthoyl CHCI,CHCl, 92 256
1-Methoxynaphthalene 4-Methoxy-1-naphthoyl CeHsNOy 92 256
1-Methoxynaphthalene 4-Methoxy-1-naphthoyl CgH5NO, 83 82
1-Methoxynaphthalene 4-Methoxy-1-naphthoyl CegHsNO3 } — 86
2-Methoxynaphthalene 2-Methoxy-1-naphthoyl CSe —_ 85, 86
2-Methoxynaphthalene 2-Methoxy-8-naphthoyl CSy 33.5 crude 84a
2-Methoxynaphthalene 2-Methoxy-G-naphthoyl CeHsNOy 60-75 39
2-Methoxynaphthalene 2-Methoxy-6-naphthoyl CgHsNOy 33 % 83
2-Methoxynaphthalene 2-Methoxy-6-naphthoyl CgHsNO, — 86
2-Methoxynaphthalene 2-Methoxy-6-naphthoyl and CeHsNOy 9 parts 85
2-methoxy-1-naphthoyl 1 pars §
2-Methoxynaphthalene 2-Methoxy-1-naphthoyl [¢9] — 274
1-Cthoxynaphthalene 4-Bthoxy-1-naphthoyl CS, — A7
1-Methoxy-7-methynaphthalene 1-Methoxy-7-moethyl-4-naphthoyl | Benzene —_ 81
1-Methoxy-7-1sopropylnaphthalene | 1-Methoxy-7-1s0propyl4-naph- Benzene or, better, 90 258
thoyl CHCI,CHCly
1-Methyl-2-methoxynaphthalene 1-Methyl-2-methoxy-6-naplithoyl | CgHsNO2 781 84
2-Methoxy-6-methylnaphthalene 2-Methoxy-6-methyl-1-naphthoyl | C¢HzNOg 40 116
1,5-Dimethoxynaphthalene 4, 8-Dimethoxy-1-naphthoyl CHCl,CHCI, 939 87
4
CeHNO,
1,5-Dimethoxynaphthalene 4, 8-Dimethoxy-1-naphthoyl CSe 21 24
1,5-Dimethoxynaphthalene 4,8-Dimethoxy-1-naphthoyl CeHsNOQ2 85 24
1,6-Dimethoxynaphthalene 4-Hydroxy-8-methoxy-1-naph- CHCI1,CHClg 80 24
thoyl **
2,6-Dimethoxynaphthalene 2,6-Dimethoxy-1-naphthoyl CHCI;CHClp 82 87
4
CgHsNO2
Diphenyl ether 4-Phenoxybenzoyl CSy 93 91
Diphenyl ether 4-Phenoxybenzoyl C8e 58 92
Diphenyl ether 4-Phenoxybenzoyl Benzene Almost 36
quantitative
Diphenyl ether 4.Phenoxybenzoyl Benzene 93 93
Diphenyl ether 4-Phenoxybenzoyl CgH5NO2 — 274
Diphenyl sulfide 4-Mercaptophenylbenzoyl Benzene 94 93a
4-Methoxybiphenyl 4-Methoxy-4'-venoyl, 4-methoxy- | C¢HsNO2 24.5 105
3-xenoyl 60

* References 217-296 are on pp 288-289.
1 In carbon disulfide a small amount of 1-inethoxy-4-dithiocarboxylic acid was obtained.

1 A muxture was obtamed and some of the acid was 1solated as the ethyl ester.

§ The total yield of pure acids was 45%,

|| Thes yeld refers to a reaction time of five days, see p. 258,

9 With three equivalents of aluminum chlonde the yield was 98%,.
** This was the reaction product when the reaction was conducted between 40° and 74°.
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TABLE VII1
RrACTIONS OF SUCCINIC ANHYDRIDE WITH PHENOLS
Product Yield Refer-
Phenol g-Aroylpropionic Acd Solvent %% ence ¥
Phenol 2-Hydroxybenzoyl CHCI1,CHCly 62 28, 243
Phenol 2-Hydroxybenzoyl, CHCI1;,CHCly 30-35 88, 278
4-hydroxybenzoyl 2-3
Phenol 2-Hydroxybenzoyl, CHCI,CHCly 20 89
4-hydroxybenzoyl 3
0-Cresol 2-Hydioxy-3-toluy 1, CHCI1:CHCl, 35-40 88
4-hydroxy-3-toluyl 15-20
m~Cresol 2-Hydroxy-4-toluyl, CHC1.CHCle 60-65 88, 278
4-hydroxy-2-toluyl 1-2
p-Cresol 2-Hydroxy-5-toluyl CHCI1CHCly 40-45 88
Resorcinol 2,4-Dihydroxybenzoyl C¢HsNO2 40 90, 280
Resorcinol — 281
8,5~Dihydroxytoluene 2,6-Dihydroxy-4~methyl- CeH5NO2 8 90
benzoyl
_ C8a, CsHsNO2,
Hydroquinone CHCLCHC; 90
C82, CeH5NOg,
Guaacol — CHOLCHOL, 22
Guaiacol 3-Methoxy-4-hydroxybenzoyl CHCI,CHCIg - Low 275
Ce¢HsNO2
Resoremol monomethyl | 2-Hydi oxy-4-methoxybenzoyl C82 35 22, 280
ether
Resoremol monomethyl | 2-Hydroxy-4-methoxybenzoyl CHCI13CHCls 40 22
ether
Resorcmol monomethyl | 2-Hydroxy-4-methoxybenzoyl CsHsNOg 40 22
ether
Hydioqumone mono- —_ C82, CHC1;CHCle, 22
methyl ether CetiNO2
Orcinol monomethyl 2-Methoxy-4-hydroxy-6- CeHsNOy 25 27
ether methylbenzoyl
Phloroglucinol —_ CHCI1,CHCly, 90
CsHsNO2
1-Naphthol — CHCI,CHCly, 90
C¢HzNO2

* References 217296 are on pp. 283-289,
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TABLE IX
RracTions oF SUCCINIC ANHYDRIDC WITH HDTDROCYCLDS AND MISCDLLANEOUS
CoMPOUNDS
Product Yield Refe1-
Starting Compound g-Aroylpiopiome Acid Solvent % ence *
Thiophene 2-Thenoyl CeHsN Oy 54, 58 5| 94, 164
Thiophene 2-Thenoyl C8y 21 94
2,5-Dimethylthiophene 2,5-Dimethyl-3-thenoyl CeH;NO2 — 95
Benzothiophene 3-Thionaphthoyl CeH5NOy 43 96
(thionaphthene)
Thiochromane 6-Thiochi1 omanoyl CsH;NO, 90 98
Dibenzothiophene 2-Dibenzothenoyl CHCI,CHCly | 66 97
+
CeHsNO2
Dibenzothiophene 2-Dibenzothenoyl CeH5NOg 61.5 96
Diphenylene oxide 2-Dibenzofuroyl ? — 99
Diphenylene oxide 2-Dibenzofuroyl CgH5NO, 93 100, 259
Diphenylene oxide 2-Dibenzofuroyl CHCI,CHCl, | 83 101
+
CeH;NO,
Diphenylene oxide 2-Dibenzofuroyl Benzene 73, 90 | 36
Carbazole Carbazole-3,6-bis-y-ketobutyro acid | CeHsNOg 54 102
(3 6-brs-carbazoyl)
Carbazole Carbazole-3,6-bis—y-ketobutyric acid | CeHNOg 91-94 103
(3,6-brs-carbazoyl)
N-Methylearbazole N-Methylearbazole-3,6-bis-y-keto- CsHsNOg — 102
butyric acid
1-Nitro-3-phenylpropane | 4(?)-w-Nitiopropylbenzoyl C8Sa 26 5 20
Ethyl hydrocinnamate 4(?)-(-w-Carbethoxyethyl)benzoyl C8y 29 20
1-Cyano-2-phenylethane | 4-w-Cyanoethylbenzoyl CSy 74 20
Benzyl cyanmde No reaction CSg 20
Phenothiazine N-Phenothiazoyl CSg 50 104
N-Acetylphenothiazine 2-Phenotlnazoyl 1 C82 9 104
o-Phenyleneuren 3,4-Ureylenebenzoyl CHCI1,CHCl, 9 293
Acetanilide 4-Acetylaminobenzoyl C8, 50-60 19
o-Nit1oamsole 4-Methoxy-3-nitrobenzoyl CeHsNOy Low 19
1-Acetylamino-7-meth- 1-A cetylamno-7-methoxy-3-naph- CsH;NO, 84 289
oxynaphthalene thoyl

* References 217- 296 are on pp 288 289
] The 909, yield was obtamed after refluxing fo1 two hiowmis

f The primary product was probably the N-acetyl compound wluch was hiydiolyzed during ihe
1solation The same compound was obtained m 58% yield with the ester acid chloride of suceinic
acid mstead of the anhydiide.
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TABLE X
REACTIONS OF SUBSTITUTED SUCCINIC ANHYDRIDES
Product Yield Refer-
Aromatie Gompound B-Aroylpropionic Aad Solvent % ence *
A Methylsucarme Anhydride
Benzene a-Methyl-3-benzoyl Benzene 39 120
Benzene a-Methyl-8-benzoyl Benzene 60 121
Benzene a-Methyl-8-benzoyl Benzene 49 5 7
Benzene o-Methyl-8-benzoyl Benzene — 270
«-Methyl-8-benzoyl, B 75
Benzene B-methyl-8-benzoyl ene 12 122
a-Methyl-g-p-toluyl, 40 ¢
Toluene B-methyl--p toluyl Toluene 57 122
Toluene a-Methyl-8-p-toluyl CeHsNO2 86 284
p-Cymene a-Methyl-g-(2-methyl-5-1s0propyl)benzoyl CsHsNOg 60 285
Naphthalene a-Methyl-8-1-naphthoyl and CgHsNOy 28 6
a-methyl-p-2-naphthoyl 27
1-Methylnaphthalene a-Methyl-8-(4-methyl-1-naphthoyl) CeHsNO2 75 124
2-Methylnaphthalenc a-Methyl-8-(6-methyl-2-naphthoyl) CegHNO, 60 115
2-Isopropylnaphthalene a-Methyl-8-(61s0propyl-2-naphthoyl) CgHsNOy 21.5 276
a-Methyl-8-3-phenanthroyl, 30
Phenanthrene {a-me thyl-g-2-phenanthroyl CeHsNO, 3.3 123, 206
Pyrene a-Methyl-8-1-pyrenoyl CgHsNO, 90 47,125
Amnisole a-Methyl-8-p-amsoyl CsH5NO, 7 126
Amsole a-Methyl-8-p-anmsoyl CeHsNO, 50 130
0-Cresyl methyl ether a-Methyl-8-(4-methoxy-3-toluyl) CgHsNOg 40 127
m-Cresyl methyl ether a-Methyl-3-(4-methoxy-2-toluyl) CeHsNOg § 20 127
p-Cresyl methyl ether a-Methyl-8-(2-methoxy-5-toluyl) CeHsNO, § 33 127
Veratrole Mixture of a- and g-methyl-g-3 4-dimethoxy. | CeHsNO, Quantitative 129
benzoyl
Veratrole B8-Methyl-8-3 4-dimethoxybenzoyl CgHsNOy 258§ 128
Resorenol dunethyl ether | Mixture of - and g-methyl-8-2,4-dimethoxy- | CeHsNOg 50 126
benzoyl
a-Methyl-8-(2-hydroxy-3,4-dimethoxyben- 10.2 )}
Pyrogallol trimetbyl ether 20y]) and CeHsNO2 126
B-methyl-8-(2-hydroxy-3,4-dumethoxyben- 34
zoyl)
Phenol a-Methyl-8-2-hydroxybenzoyl CHCI,CHCIL, 33 125
Thiophene a-Methyl-8-2-thenoyl CgHsNOy 66 260
B sym-Dimethylsuccrme Ankydride
Benzene a f-Dimethyl-g-benzoyl Benzene 86 18
Veratrole a,8-Dimethyl-8-3,4-dimethoxybenzoyl CsHsNOy 39 145
Naphthalene a,-Dimethyl-8-(1-naphthoyl) Ce¢HsNOg 179 189

* References 217—296 are on pp 288-289.
1 The total yield of acids was 77%,.

I In carbon disulfide or tetrachloroethane the yields were much lower
§ The reaction furmshed a mixture of the a methyl and g-methyl acids from which only the latter

was 1solated

|| The y10ld of the nuxtme bofo1o soparation was 549%,.
9 Tho yold refors to 1 nnxtuio of 1omors,
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ORGANIC REACTIONS

TABLE X—Continued

. Product Yield Refer-
Aromatic Compound g-Aroylpropiome Acid Solvent % ence *

C. gs-Dimethylsuccinic Anhydride

Benzena a,a-Dimethyl-g-benzoyl Benzene — 137

Benzene a,ee-Dimethyl-g-benzoyl Benzene 93 16

Benzene a,ee-Dimethyl-g-benzoyl Benzene 62 138

Benzene aya-Dimethyl-8-benzoyl Benzene 80 18

Benzene a,a-Dimethyl-8-benzoyl CeHsNO, 90 14

Taluene a,a-Dimethyl-g-p-toluyl Toluene 77.6 138

Hydrindene a,a-Dimethyl-g-5-hydrindoyl CeHzNO» 21 56

a,-Dimethyl-g-1-naphthoyl, 26 1
Naphthalene {a.a-dimethyl—ﬂ-2-naphthoyl CsHsNO, 13 139
1-Methylnaphthalene a,a-Dimethyl-g-(1-methyl-4-raphthoyl) CgHNO, 72 139
D. Trimethylsuccinic Anhydride
Bengzenc a,0,3-Trimethyl-g-benzoyl Benzene 55, 85 18
E. as-Methylethylsuccinic Anhydride

Benzene a-Methyl-a-ethyl-g-benzoyl Benzene — 137

Naphthalenc a-Methyl-a-ethyl-6-(1-naphthoyl) CeHsNO, 49 140
F. sym-Diethylsuctinic Ankydride

Anisole a,8-Diethyl-g-p-anisoyl Benzene 91 144

Q. as-Diethylsuccinic Anhydride

Benzene a,a-Diethyl-8-benzoyl Benzene 63.3 138
H. Tetramehilsuccinic Anhydride

Benzene a,a,83,8-Tetramethyl-B-phenylpropionic acid (?) | Benzene 70 18

Toluene a,a,8,8-Tetramethyl-8-p-tolylpropionic acid (?) | Toluene — 18

* References 217- 296 are on pp. 288-289.
1 The yield of the mixture was 60%.
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TABLE X—Continued
REACTIONS OF SUBSTITUTED SUCCINIC ANHYDRIDES
. Substituent in Product Yield | Refer-
Aromatic Compound Anhydride B-Aroylpropionic Acid Solvent % ence *
I. Mono-n-alkylsuccinic Ankydrides
Anisole Ethyl a-Ethyl-B-p-anisoyl CeHsNO2 70 130
Anisole Propyl a-n-Propyl-g-p-anisoyl CeHsNO2 62 130
Anisole Amyl a-n-Amyl-g-p-anisoyl CeHsNO2 30 130
Anisole Hexyl a-n-Hexyl-B-p-anisoyl CeHsNOo 45 130
Anisole Tetradecyl a-n-Tetradecyl-8-p-anisoyl CgHsNO2 60 130
Aunisole Hexadecyl a-n-Hexadecyl-g-p-anisoyl C¢HsNO2 50 130
0-Cresyl methyl ether | Ethyl a-BEthyl-g-(4-methoxy-3- CgH;NO, 40 277
methylbenzoyl)
0-Cresyl methyl ether | Propyl a--Propyl-p-(4-methozy-3- CgHsNO; 45 277
methylbenzoyl)
o-Cresyl methyl ether | Amyl a-n-Amyl-g-(4-methoxy-3- CgHNOg 30 277
methylbenzoyl)
J. Aromaticolly Substituted Succinic Anhydrides
Benzene Phenyl B-Phenyl-8-benzoyl Benzene — 131
Benzene Phenyl Equel mixture of e- and 5- Benzene — 15
phenyl-g-benzoyl
Benzene Phenyl Mixture of - and g-phenyl-3- | Benzene 65 14
benzoyl
a~Phenyl-8-benzoyl, 48
Benzene Phenyl g-phenyl-g-benzoy] Benzene 59 17
a-Phenyl-8-benzoyl, 89
Benzene Phenyl 8-phenyl-5-benzoy] CeHsNO2 1 17
. a-p-Nitrophenyl-8-bengoyl, 45
Benzene p-Nitrophenyl 8-p-nitrophenylg-benzoyl Benzene 55 17
. a-p-Nitrophenyl-g-benzoyl, 5
Benzene p-Nitrophenyl §-p-nitrophenyl--benzoyl CeHsNO, 95 17
Benzene p-Methoxyphenyl | a-p-Methoxyphenyl-8-benzoyl | Benzene Nearly 17
. quanti-
tative
Benzene p-Methoxyphenyl | a-p-Methoxyphenyl-g-benzoyl | CeHsNO2 Nearly 17
quanti-
tative
a-p-Chlorophenyl-g-benzoyl, 46
Benzene p-Chlorophenyl { 6-p-chlorophenyk-g-benzoyl Benzene 54 17
Benzene p-Chlorophenyl B-p-Chlorophenyl-g-benzoyl CeHsNO, Quant, 17
a-Phenyl-g-p-toluyl, 20 1
Toluene Phenyl 8-phenyl-8-p-taluyl Toluene 33 16
«-Phenyl-8-p-toluyl, 23
Toluene Phenyl §-phenyl-B-p-toluyl Toluene e 17
a-Phenyl-g-p-toluyl, 46§
Toluene Phenyl -phenyl-B-p-toluyl CgHsNOy 7.9 16

* References 217-290 are on pp. 288-289.

F The yield of tho wixtaro win 69%.

1 The yidd of the mixlure was 719,
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REACTIONS oF SUBSTITUTED SUCCINIC ANHYDRIDES

TABLE X—Continued

Aromatio Compound Substituent m Product Solvent Yield | Refer-
Anhydnde B-Aroylpropiome Acid % ence *
Toluene (Confenwed) | Phenyl ;‘jﬁ‘:ﬁ;{‘;’_ﬁtj‘fyy} CeHsNO, e X
Toluene p-Nitrophenyl ;:E;:;:%ti‘;}ﬁﬂif tz‘ixlx‘;r}lll’ Toluene Zg 17
Toluene p-Nitrophenyl ggg:;‘;‘;}:i“y? ﬂ‘f;“;f)‘;‘ll“yyll’ CoHsNO, ‘2‘3 30,
Toluene p-Methoxyphenyl giﬁ:t?fg;?;ﬁg—ﬁtﬁﬁl’ Toluene ?Z 17
Toluene p-Methoxyphenyl | a-p-Methoxyphenyl-g-p-toluyl | CeHsNOg Pre- 17
pond-
erant
Biphenyl Phenyl B-Phenyl-g-p-phenylbenzoyl CSa —_ 136
Amsole o-Methoxyphenyl | a-0-Methoxyphenyl-g-p-amsoyl | CHCl,CHCl; ot — 261
CgH5NOy
Amsole p-Methoxyphenyl | a-p-Methoxyphenyl-g-p-amsoyl} CSg 35 133
Ansole p-Methoxyphenyl | a-p-Methoxyphenyl-g-p-amsoyl| CHCl,CHCly 951 133
Ansola p-Methoxyphenyl | a~p-Methoxyphenyl-g-p-amsoyl| C¢HzNOy T 133
a-0-Methoxyphenyl-8-(4-
0-Cresyl methyl ether | o-Methoxyphenyl 8 _onj;te}:;):yxfl;}ie;hﬂ}-’g?:%ﬂ)’ CgHNO, :3 132
methoxy-3-methylbenzoyl)
a~o0-Methoxyphenyl-3-(4-
0-Cresyl methyl ether | o-Methoxyphenyl ﬂ::\;teht;gj;i?;ingoyl) * | CHC1,CHCl, Z; 132
methoxy-3-methylbenzoyl)
0-Cresyl methyl ether | p-Methoxyphenyl | a-p-Methoxyphenyl-8-(4- C8y 65 133
methoxy-3-methylbenzoyl)
0-Cresyl methyl ether | p-Methoxyphenyl | a-p-Methoxyphenyl-g-(4- CHCI,CHCl, 95 133
methoxy-3-methylbenzoyl)
o0-Cresyl methyl ether | p-Methoxyphenyl | a-p-Methoxyphenyl-3-(4- CgHNOy 92 133
methoxy-3-methylbenzoyl)
a-p-Methoxyphenyl-8-(4-
-Cresyl methyl ether | o-Methoxyphenyl |{ mothow-2mothylbenzoyh, ) o g e, o | 112
m-bresy 4 ° ypheny B-o0-methoxyphenyl-8-(4- L 2
methoxy-2-methylbenzoyl)
a-0-Methoxyphenyl-G-(4-
m-Cresyl methyl ether | o-Methoxyphenyl ﬂm?;miyx;ﬁ;t;i gz?:foyl) * | CHCI;CHCl; gg 132
methoxy-2-methylbenzoyl)
m-Cresyl methyl ether | p-Methoxyphenyl | a-p-Methoxyphenyl-8-(4- C82 15 133
methoxy-2-methylbenzoyl)
m-Cresyl methyl ether | p-Methoxyphenyl | a-p-Methoxyphenyl-3-(4- CHCI,CHCly 90 133
methoxy-2-methylbenzoyl)
m-Cresyl methyl ether | p-Methoxyphenyl | a-p-Methoxyphenyl-8-(4- CeHsNO2 75 133
methoxy-2-methylbenzoyl)
p-Cresyl methyl ether | p-Methoxyphenyl | e-p-Methoxyphenyl-g-(2- CS, 10 133

methoxy-5-methylbenzoyl)

# References 217-296 are on pp. 288-289.
T Another 1somer was formed 1n small amount,
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TABLE X—Confwnued
REACTIONS OF SUBSTITUTED SUCCINIC ANHYDRIDES
Substituent 18 Product Yield | Refer-
Aromatic Gompound Anbydnde B-Aroylpropiome Aad Solvent % ence *
p-Cresyl methiyl ether | p-Methoxyphenyl | a-p-Methoxyphenyl-8-(2- CHCI1;CHCIy 90 133
(Continued) methoxy-5-methylbenzoyl
p-Cregyl methyl cther | p-Methoxyphenyl | a-p-Methoxyphenyl-5-(2- CeHsNO2 45 133
methoxy-5~methylbenzoyl)
Veratrole Phenyl a-Phenyl-3-(3,4-dimethoxy- CeHsNO2 84 135
benzoyl)
Veratrole o-Methoxyphenyl | a-0-Methoxyphenyl-8-(3,4- CHCI,CHCl; or — 261
dimethoxybenzoyl) CeH5NO,
Veratrole p-Methoxyphenyl | a-p-Methoxyphenyl-8-(3,4- CSy — 134
dimethoxybenzoyl)
Veratrole p-Methoxyphenyl | a-p-Methosyphenyl-g-(3 4- CHCI,CHCly 85 134
dimethoxybenzoyl)
Veratrole p-Methozyphenyl | a-p-Methozyphenyl-8-(3,4- CeH5NO, [i7 134
dimethoxybenzoyl)
Guanacol p-Methoxyphenyl | No reaction C8e, 134
CHCI,CHCls,
CgHsNO,
Resoremol dimethyl | o-Methoxyphenyl | a-o0-Methoxyphenyl-g-(2,4- CHCI12CHCI; or — 261
ether dimethoxybenzoyl) CgHsNO2
Resorainol dimethyl | p-Methoxyphenyl | a-p-Methoxyphenyl-6-(2 4- CS, 95 134
ether dimethoxybenzoyl)
Resorcmol dimethyl | p-Methoxyphenyl | a-p-Methoxyphenyl-5-(2 4- CHCI;CHCl, 43 134
ether dimethoxybenzoyl)
Resoramnol dimethyl | p-Methoxyphenyl |  a~p-Methoxyphenyl-8-(2 4- CgHsNOy 64 134
ether dimethoxybenzoyl)
-2, 4-Dimethoxyphenyl-5-(2,4-
Resorcinol dimethyl | 2,4-Dimethoxy- dimethoxybenzoyl), CS, 60 1 182
ethor phenyl £-2 4-dmethoxyphenyl-5-(2,4-
dimethoxybenzoyl) 40
Resorcinol mono- p-Methoxyphenyl | a-p-Methoxyphenyl-5-(2- C8y 21 134
methyl ether hydroxy-4-methoxyhenzoyl)
Resorcmol mono- p-Methoxyphenyl | a-p-Methoxyphenyl-8-(2- CHCI,CHCly 78 134
methyl ether hydroxy-4-methoxybenzoyl)
Resorcmol mono- p-Methoxyphenyl |  a-p-Methoxyphenyl-G-(2- CsHsNO, 69 134
methyl ether hydroxy-4-methoxybenzoyl)
Hydroqunone di- o-Methoxyphenyl | a-o-Methoxyphenyl 5-(2 5- CHCI,CHCI;, or — 261
methyl ether dunethoxybenzoyl) CgHgNO2
Hydroqunone di- p-Methoxypbenyl |  a-p-Methoxyphenyl--(2 5- CS, — 134
methyl ether dimethoxybenzoyl)
Hydroqunone di- p-Methoxyphenyl | a-p-Methoxyphenyl-8-(2 5- CHCI1,CHCl, 14 134
methyl ether dimethoxybenzoyl)
Hydroquinone di- p-Methoxyphenyl | a-p-Methoxyphenyl-8-(2,5- CeHsNO, 29 134
methyl ether dimethoxybenzoyl)
Hydroguinone mono- | p-Methoxyphenyl [ No reaction CSa, 134
methyl ether CHCI,CHCl,,
CgH5NOg

* Refercnces 217-296 are on pp 288-289,
1 In mtirobenzeno 45%, of an 1some1 was formed
1 Tho total yicld of puio mixod product was 65%.
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TABLE X—Confinued

RCACTIONS OF SUBSTITUTCD SUCCINIC ANHYDRIDLS

Aromatic Product Solvent Yield | Refer-
Cowmpound B-Aroylpropiomic Aad . % ence *
K Miuscellaneous Substituted Sucernsc Anhydrdes
Cyclopentane-1-carboxy-1-acetic Acid Anhydnde CHp—CHy
(1,1-8pirocyclopentane Sucame Anhydride) c co
Hy—CH, L 0
Ho—CO
Benzene a,a-Spirocyclopentane-g-benzoyl + Benzenc 60 262
Benzene a,a-Spirocyclopentane-g-benzoyl Benzene — 14
Toluene a e-Sprocyclopentane-g-p-toluyl Toluene 79 141
Ethylbonzene a,a-Spirovyclopentane-g-p-ethylbenzoyl CS, 74 141
Hydrindene a a-Spirocyclopentanc-8-5-hydrimdoyl CsHNO, — 143
Naphthalene a a-Sprrocyclopentanc-g-1-naphthoyl and CeHNOy 97 142
a a-spirocyclopentanc-g-2-naphthoyl 37
1-Mothylaphthalene | a,a-Spirocyclopentine-g-(4-methyl-1-naphthoyl) CeHzNO, 39 142
Cyclohexane-1-carboxy-1-pectic Aard Anhydnde CH,CH,
(1,1-Spirocyclohexane Succime Anhydride)
¢ {2 /C——-(‘O
CH,CH. J) (?0
Ho—C
Benzeno a a-Spirocyclohexane-g-benzoyl Benzeno 55 16
Benzenc a «-Spirocyclohexane-g-benzoyl Bensene — 282
Benzene a a-Spirocyclohexane-g-benzoyl CeHsNOg, Poor 16
Toluene a a-Spirocyclohexanc-g-p-toluyl Toluene 85 16
"Toluene a a-Sprrocyclohexane-g-p-toluyl Toluenc(?) — 282
Toluene a a-Spirocyclohexane-g-p-toluyl and CeHsNOs — 16
1,1-spirocyclohexene-1 2-di-p-toluylethane 20
Tithylbenzene a a-Sprrocyelohexane-8-p-thylbensoyl Lthylbenzene(?) —_ 282
3-Methglcyclope||t‘mc-1-mrboxy -l-peetic Acid Anhydnde H3CCH—CH,
(1,1-(Spiro-3-methyloyclopentanc)suceime Anhydude) ¢ —C0
H,—CH; L
H.CO
Benzene a a-Spiro-@-methyleyclopentanc)-g-benzoyl Benzcne 58 16
Benzens a o-Spiro-(3-methyleyelopentane)-g-benzoyl CeHNO, Poor 16
Toluene a,a-Spiro-(3~methyleyclopentane)-g-p-toluyl "Toluene 78 16
Al 2Cydopentene-1,2-dicarboxylic Aaid Anhydnde
Naphthalene A?! Cyclopentene-1-(1- and 2-naphthoyl)-2-carboxyhe | CeHsNOy — 143
acid

* References 217- 296 are on pp 288-289.
t This componnd was first considered to be the 8,8-1somer. Seerof. 14,
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TABLE X—Continued
ReACTIONS OF SUBS1ITUTED SUCCINIC ANHYDRIDES
Aromatic Product Solvent Yield Refer-
Compound A cnee *
ais-Hexahydrophthalic Anhydride
Bengzene 2-Benzoyluyclobexane-1-carboxylic aad Benrene 90 263
1
¢18-3,6-Cndomethylenc-hexahydrophthahe Anbydrnde
Benzene 3-Benzoylnore unphane-2 carboxyhic aad Bensene 87 264
Bromosuceme Anhydride
Benzene e-Bromo-B-benzoylproprone acid Benzene 30 185
Isodibromosuceime Anhydnde
Benzene Iso-et,3-dibromo-g-benzoylpropionie acid Benzeno 80-85 177
Benzene Tso-ct,B-dibromo-B-benzoylpropionic acid Benzcne — 265

* References 217-296 are on pp 288-289
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TABLE XI
REescTIONS 0F GLUTARIC ANHYDRIDE
Aromatic Produet Solvent Yield Refer-
Compound ~v-Aroylbutyric Acid % ence *
Benzene Benzoyl Benzene 72 15
Benzene Benzoyl Benzene 80-85 204
Benzene Benzoyl, Benzene 2 148
1,3-dibenzoylpropane 18.5
p-Toluyl, 69
Toluene 1,3-di-p-toluylpropane CHCI,CHCl, 15.2 149
Tetralin 2-Tetroyl Benzene 43 36
Aeenaphthene 3-Acenaphthoyl CeH;NO2 Poor 39
Anisole 4-Anisoyl C8Sa — 150
Anisole 4-Anisoyl Anisole 75 151
Anisole 4-Anisoyl CHCI,CHCI;g -+ CeHsNO,y 85 36
Anisole 4-Anisoyl CHCI,CHClg -+ C¢H;NOg | 82 294
Phenetole 4-Ethoxybenzoyl CSy — 150
Phenetole 4-Ethoxybenzoyl Phenetole 64 152
Diphenyl ether 4-Phenoxybenzoyl Benzene 84.5 93
Diphenyl ether 4-Phenoxybenzoyl C8a Poor 93
Veratrole 3,4-Dimethoxybenzoyl CeH;NO2 45 153
Pyrogallol trimethyl 2,3,4-Trimethoxybenzoyl | CeH;NO2 — 155
ether and a small amount of a

v-(hydroxydimethoxy-

benzoyl)butyrio acid
Chlorobenzene p-Chlorobenzoyl C8, Low 30
Thiophene 2-Thenoyl C¢HNOg 39.4 154
o-Phenyleneurea 3,4-Ureylenebenzoyl CHCICHCl, 5 293

& References 217296 are on pp. 288-289,
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TABLE XII
REACTIONS OF SUBSTITUTED GLUTARIC ANHYDRIDES
Aromatic Substituent in Product Solvent Yield Refer-
Compound Anhydride y=-Aroylbutyric Aeid % ence *
Benzene B,8-Dimethyl 8,8-Dimethyl-y-benzoyl Benzene | Quanti- 15
tative
Benzene B8-Methyl-g-ethyl B-Methyl-8-ethyl-y-benzoyl Benzene — 15
Benzene B-Phenyl Ketohydrindene-3-acetic acid T | Benzene — 15
Benzene B,8-Spirocyclopentyl { | 8,8-Spirocyclopentane-y- Benzene 61 15
benzoyl

Benzene B,8-Spirocydohexyl § | B,8-Spirocyclohexane-y-benzoyl | Benzene —_ 15
Benzene 8,8-Spiro-(3-methyl- B,8-8piro-(3-methyleyclo- Benzene — 15

cyclopentyl) pentane)-y-benzoyl

Camphoric Anhydride

Benzene 1,1,2-Trimethyl-2-phenyleyclopentane-5-carboxylic Benzene — 159

acid ||
Toluene 1,1,2-Trimethyl-2 (or 5)-toluyleyclopentane-5 (or 2)- Toluene — 160

carboxylic acid
Anisole 1,1,2-Trimethyl-2 (or 5)-anisoyleyclopentane-5 (or 2)- Anisole — 160

carboxylic acid

* References 217—296 are on pp. 288-289.

4 This acid is formed by cyclization of the anhydride.

1 Formula XIV on p. 248.
§ Formula XV on p. 248,
|| Phenyleamphoric acid. Carbon monoxide is lost in this reaction.

See ref. 156,
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TABLE XIII

REACTIONS OF PoLYMERIC ACID ANHYDRIDES *

Aromatic Product Solvent Yield Refer~
Compound %% ence |
A. Polyadipic Anhydride
w-Benzoylvalerie acid, 75; 62
Benzene {1,4-dibenzoylbutane Benzene 85 161, 36
n-Butylbenzene w-n-Butylbenzoylvalelic acid n-Butylbenzene — 272
sec-Butylnaphthalene | w-sec-Butylnaphthoylvaleric acid sec-Butyl- — 272
naphthalene
. w-p-Anisoylvaleric acid, 43
Anisale 1,4-d1-p-anisoylbutane Cs, 55 162
w-p-Anisoylvaleric acid, CHCI,CIICl, + 33
Amsdle 1,4-di-p-anisoylbutane CoHsNO, 47 284
w-p-Ethoxybenzoylvaleric acid, —
Phenetale 1,4-di-p-ethoxybenzoylbutane C8, — 162
Thiophene § w-2-Thenoylvaleric acd Benzene 3.8 164
B, Polysuberic Anhydrde
. w-2-Thenoylheptanoic acd, —
Thiophene {1,6-d.1—2-thennylhexane Benzene 29.8 163, 164
C. Polyazelaic Anhydride
Benzene w-Benzoyloctanoic acid Benzene 25 30
. w-2-Thenoyloctanoio acid, 24.5
Thiophene § {1,7-di-2-thenoylheptane Benzene 27 164
D. Polysebacie Anhydride
w-Benzoylnonanoic acid, 78
Benzene {1,8-d1benzoyloctane Benzene 86 181
sec-Amylbenzene w-sec-Amylbenzoylnonanoic acid sec-Amylbenzene | — 272
sec-Octyltoluene w-sec-Octyltoluylnonanoic acid sec-Octyltoluene — 272
Tetralin w-2-Tetroylnonanoio acid CeHsNO2 40§ 36
w-2-Thenoylnonanoie seid, 8.3
Thiophene 1 1,8-di-2-thenoylociane Benzene 21.2 164

4 The yields are calculated on the basis of the equation on p. 248.
f References 217-296 are on pp. 288-289,

i Stannio chloride was used as the catalyst.
§ This yield refers to a crude product.
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TABLE XIV
Reacrions oF MALEIC ANHYDRIDE
Product Yield Refer-
Aromatic Compound g-Aroylacryhe Aad Solvent % ence *
Benzene Benzoyl Benzene —_ 2, 174,
177, 183
Benzene Benzoyl Benzene 67 1 3
Benzene Benzoyl Benzene About 56 179
Benzene Benzoyl Benzene 95 178
Benzene Benzoyl Benzene 91 176a
Benzene a-Phenyl-8-benzoylpropionic aad Benzene 16 183
Chlorobenzcne 4-Chlorobenzoyl CeH;Cl 62 1762
Bromobenzene 4-Bromobenzoyl CeHyBr 90 176a
Bromobenzene 4-Bromobenzoyl CHBryCHBrg 72 200
Bromobenzene trans-B-(4-Bromobenzoyl) CHCI1,CHCl2 74 291
Todobenzene 4-Todobenzoyl CHCI1,CHCl, 10 176a
1,2-Dichlorobenzene 3,4-Dichlorobenzoyl CeH,Cly (1,2) 56 176a
1,3-Dichlorobenzene 2,4-Dichlorobenzoyl CHCI,CHCl2 17 1762
Toluene p-Toluyl Toluene — 2
Toluene p-Toluyl Toluene <50 179
Toluene p-Toluyl Toluene 7 178
Toluene p-Toluyl CHCI,CHCI, 70-75 17
Toluene p-Toluyl CHCI1,CHCly 65 176a
Toluene a-p-Tolyl-g-(p-toluyl)proprome aad t Toluene 18 183
o-Chlorotoluene 3-Methyl-4-chlorobenzoyl CHCI,CHCly 30 1762
p-Chlorotoluene 2-Chloro-5-methylbenzoyl CHC1,CHClg 39 176a
m-Xylene 2,4-Dimethylbenzoyl m-Xylene Approx. 25 179
m-Xylene 2,4-Dimethylbenzoyl CHCI,CHClz 41 171
m-Xylene 2,4-Dimethylbenzoyl CHCI1,CHCl2 91 176e
p-Xylene 2,5-Dimethylbenzoyl CHCI1,CHCly 70-75 171
p-Xylene 2,5-Dimethylbenzoyl CHCI1,CHCly 90 1760
Isopropylbenzene 4-Tsopropylbenzoyl CHCI1,CHCly 55 176a
Meatylene 2,4,6-Trimethylbenzoyl Mesmtylene — 179
Mesitylene trans-B-(2,4,6-Trimethylbenzoyl) CHCI1,CHCl2 62.5 202
1,3,4-Trnimethylbenzene 2,4,6-Trimethylbenzoyl 1,3,4-Trimethyl- — 179
benzene
o-tert-Butyltoluene 4-(or 3)Methyl-3(or 4)-tert-butylbenzoyl | o-fert-Butyl- — 180
toluene
p-fert-Butyltoluene 2-Methyl-5-tert-butylbenzoyl and 3- p-tert-Butyl- — 180
methyl-6-tert-butylbenzoyl toluene
sec-Amylbenzene sec-Amylbenzoyl sec-Amylbenzene — 272
sec-Octylxylene sec-Octylxyloyl sec-Octylxylene — 272
p-Di-tert-butylbenzene p-tert-Butylbenzoyl CSo — 31
p-Di-fert-butylbenzene 2,5-Di-p-tert-butylbenzoyl CHCl1,CHCly 48§ 176a
Phenyleyclobexane 4-Cyclohexylbenzoyl CHCI1,CHCl2 68 176a
Naphthalene A muxture contsining mainly 2-naphthoyl | Benzene || — 178
Naphthalene 1-Naphthoyl and Benzene 407 177
2-naphthoyl 60
Tetralin B-Tetralyl CHCI,CHCl2 50 176a
Biphenyl 4-Phenylbenzoyl Benzene 80 178
Acenaphthene 3-Acenaphthoyl CeHsNOg 32 39

* References 217- 296 are on pp. 288-289,
] The yield of pure acid was 50%.

1 This acid was obtamed only with an excess of aluminum chloride.
§ The p1oduct was 15clated a3 the methyl ester.

|| In nitrobenxonoe no nodaet could bo isolated; sco ref. 39,
4 °'ho totul yield of (e mixtme wis 70~80%.
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TABLE XIV—Continued

RracTrons or MALEIC ANHYDRIDL

Product Yield Refer-
Aromatic Compound B-Aroylaceyhe Acrd Solvent % ence *
Anthraccne 9 Anthroyl t Benzene 44 178
Amisole 4-Amsoyl [¢9) — 175
Amsole 4-Amsoyl CHCI;CHCly 27 171
Amsole 4-Amsoyl CS; 54 176
Amsole 4-Amsoyl CHCI,CHCly 70 176a
Phenetole 4 Tthoxybenzoyl Phenetole g-11 179
Phenetole 4-Tthoxybenzoyl CSy 61 266
Phenetole 4-Ethoxybenzoyl CS, 62 72
Phenetole 4-Ethoxybenzoyl CHCI1,CHClg 60 176a
B-Phenoxyethoxyethyl chloride |  (8-Chloroethoxyethoxy)benzoyl CS, — 267
0-Cresyl mothyl ether 3-Methyl4-methoxybenzoyl CeH5NO, 100 176
m~Cresyl methyl ether 2-Methyl 4-methoxybenzoyl CgHsNO, 92 176
m-Cresyl methyl ether 2 Methyl-4-methoxybenzoyl CSy — 245
p-Cresyl methyl ether 2-Methoxy-5-methylbenzoyl CSy 70 176
p-Cresyl methyl ether 2-Methoxy-5-methylbenzoyl CsHsNO, 82 176
2,4-Dimethylamsole 2-Methoxy-8 5-dimethylbenzoyl Lagrom 88 246
2,5-Dimethylamsole 4-Methoxy-2 5-dimethylbenzoyl Ligrom 38 247
Diphenyl ether 4-Phenoxybenzoyl C8, 25 5 181
1-Methoxynaphthalene 4-Mathoxy-1-naphthoyl CeHsNO, 88 268
2-Methoxynaplithalene 2-Methoxy-1-naphthoyl § CeHsNO, 80 268
Veratrole 3 4-Dimethoxybenzoyl CSe 46 176
Veratrole 3 4-Dimethoxybenzoyl CgHNO, 50 176
2 4-Dimethoxyphenylsucaime anhydnde, 40
2 4-dimethoxyphenylsuceime aad, 4
Resorcinol dimethyl ether 2 4-dmethoxybenzoylacrylc aad, CS, 48 182
(2 4-dimethoxyphenyl)-g-(2,4-di-
methoxybenzoyl)propionic aad
Hydroqunone dimethyl ether 2,5-Dimethoxybenzoyl CoHsNQy — 176
Hydroquinone dimethyl ether 2 5-Dimethoxybenzoyl CHCI,CHCl, 1 176a
Phenol a~(p-Hydroxyphenyl)-g-(p-hydroxy- Benzene 25 177
benzoyl)propronic aad §
Phenol 4.Hydroxybenzoyl CHCI1,CHCl, 4 1762
m-Cresol 2 Methyl-4-hydroxybenzoyl CHCl1,CHCly 25 1762
p-Cresol 2-Hydroxy-6 methylbenzoyl CHCI1,CHCl, 25 176e
3-Methyl-6 180propylphenol 2-Methyl-4-hydroxy-5-1sopropylbenzoyl | CHC13CHCl 13 176a
Thiophene 2-Thenoyl CHCI1,CHClg 34 176a
2-Chlorothiophene 5-Chloro-2-thenoyl CHCI1,CHCl, 53 176a
Acetamhde 4-Acetaminobenzoyl CSy 85 176a

* References 217-296 arc on pp 288-289
4 No p1oof fo1 the position of attachment of the side chamn was given
1 The acid was not obtained 1n analytically pure form

§ The structure of this acid was established by Papa, Schwenk, Villam, and Klingsherg, ref

176a
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TABLE XV
RroacTions oF SUBSTITUTED MALCIC ANHYDRIDLS
Aromatic Product Solvent Yield Refer-
Componnd B-Aroylacrylhic Aeid ven % ence *
A. Methylmalewe Anhydride
Benzene B-Methyl-S-benzoyl Benzene — 2
Benzene a-Methyl-8-benzoyl Benzene 20 177
a-Methyl--benzoyl, 0.71
Benzene g-methyl-g-benzoyl Benzene 0 48 122
. a-Methyl-g-p-toluyl, 14
Toluene g-methyl-f-p-toluy] Toluene - 122
Mesitylene trans-p-(2,4,6-Trimethylbenzoyl)-?-methyl- CSa 36 167
acrylic acid
c18-f-(4-Bromobenzoyl) crotomo acid, 47
Bromobenzene {tmns-a-methyl-ﬂ-(4-bromobenzoyl)acryhc acid C8: 2 167, 269
B. Dumethylmalewe Anhydride T
Benzene c18-at,8-Dimethylbenzoyl CSst 49 168
Mesitylene tans-a,8 Dimethyl-8-(2,4,6-trimethylbenzoyl) | CSg 61 5 168
Biphenyl crs-a,f~Dimethyl-g~4-phenylbenzoyl CSa 50 169
Biomobenzene § | cis-a,f-Dimethyl-g-4-bromobenzoyl C8By 40 169
C. Bromomalec Anhydrde
a-Bromo g-benzoyl, 31.5
Benzene {ﬂ-bromo g-benzoyl Benzene 85 185
D Dibromomaleic Anhydride
Benzene e15-a 8 Dibromo-g8 benzoyl C8y 63 166
Mesitylene cis-a,3-Dibromo-8-(2 4,6-tnimethylbenzoyl) CSy 79 166

* References 217-296 are on pp 288-289
1 Methylpropylmaleic anhydride 1s reported to give very poor results in the condensation with
See ref 179,

aromatic compounds

Diphenylmalere anhydrde 18 1epoited not to react at all

I This reaction proceeds better in carbon disulfide than in benzene
§ Aluminum bromide was used mstead of alummum chloide.
|| The total yield of the mixture was 51%,.
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INTRODUCTION

The introduction of an aldehyde group into certain aromatic nuclei
by means of carbon monoxide, hydrogen chloride, and an appropriate
catalyst is known as the Gattermann-Koch reaction. The catalyst
commonly used is aluminum chloride with cuprous chloride as a carrier.
The cartier is not necessary when high pressures are used. The reaction
was first reported in 1897 ! and was discussed in detail a few years

* Present address, Institute of Medical Researcl, The Christ Hospital, Cincinnati, Ohio,

1 Gattermann and Koch, Ber., 30, 1622 (1897).
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later.? It has received little attention as a subject of academic study,
but its application in the industrial field has been investigated.
Gattermann discovered the reaction while attempting to extend the
Friedel-Crafts reaction to the hypothetical formyl chloride. He pictured
carbon monoxide as reacting with hydrogen chloride to yield formyl
chloride which then condensed with benzene in the presence of aluminum
chloride in the same manner as other acid chlorides. The cuprous chlo-
ride presumably serves to catalyze the formation of the formyl chloride.

CuCl

CO + HCl > [HCOC]]

CeHs 4 [HCOCT 5 CH,CHO + HCI

Gattermann did not isolate any intermediate compounds, and little
evidence has since been offered to support Gattermann’s proposed
mechanisms. Hopff and eo-workers ¢ have described a complex com-
pound, HCOCI-AlCl;-CuCl, formed by the reaction of aluminum chlo-
ride, cuprous chloride, hydrogen chloride, and carbon monoxide at 100
atmospheres. This complex reacts with toluene to give an unreported
yield of p-tolualdehyde. However, the complex is not necessarily an
mntermediate in all Gattermann-Koch reactions, since formylation can
be effected at high pressures without cuprous chloride.

SCOPE AND LIMITATIONS

The chief use of the Gattermann-Koch reaction appears to be the
preparation in one step of benzaldehyde and the monoalkyl- and
polyalkyl-benzaldehydes. The alkyl group in monoalkylbenzenes directs
the aldehyde group almost exclusively to the para position.

Benzene furnishes benzaldehyde in yields up to 9094 Among the
monoalkylbenzenes, toluene, ethylbenzene,! teri-butylbenzene, tert-amyl-
benzene, cyclohexylbenzene, and (3-methyleyclohexyl)benzene have been
converted to the corresponding p-alkylbenzaldehydes.? The only yields
reported are 859, for p-tolualdehyde® and 159, for p-cyclohexyl-
benzaldehyde.” The formylation of isopropylbenzene is always accom-
panied by side reactions. Formylation at atmospheric pressure furnishes
an ungpecified yield of p-isopropylbenzaldehyde,? 2,4-diisopropylbenzal-

2 Gattermann Ann., 347, 347 (1906).

3 Hopff, Nemtzescu, Isacescu, and Cantuniari, Ber., 69, 2244 (1936).

4 Gelsenkirchener Bergwerks A.G., Ger. pat. 403,489 [Frdl., 14, 435 (1925-26)].

5 Meuly, Fr. pat. 820,545 [C.4 , 32, 2955 (1938)].

¢ Boehringer & Sohne, Ger, pat. 281,212 [C.A., 9, 1830 (1915)].
7von Braun, [imisch, and Nelles, Ber,, 66, 1471 (1933),
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dehyde,® a small amount of benzaldehyde, and a mixture of diisopropyl-
benzenes, chiefly meta and para.?> TFormylation at high pressures with
an excess of carbon monoxide furnishes a 609 yield of p-isopropylbenz-
aldehyde, iogether with benzaldehyde and 2,4-diisopropylbenzalde-
hyde.?

The alkylation and dealkylation just described in the formylation of
isopropylbenzene are again encountered when the Gatiermann-Koch
reaction is extended to the more highly alkylated benzenes. In addition
the migration of an alkyl group sometimes occurs. These side reactions
are unquestionably due to the aluminum chloride, for this reagent is
known to bring about just such reactions with the polyalkylbenzenes.
0-Xylene and m-xylene on formylation yield the expected products,
3,4-dimethylbenzaldehyde (58%) and 2,4-dimethylbenzaldehyde (45%),
respectively.? p-Xylene, however, undergoes a shift of a methyl group
to furnish 2,4-dimethylbenzaldehyde (459;).2 At one time the formation
of 2,5-dimethylbenzaldehyde from p-xylene was postulated, but this was
later disproved.’%1:2 p-Cymene furnishes a methylisopropylbentalde-
hyde of unknown orientation in unspecified yield.®

Mesitylene and pscudocumene yield 2,4,6-trimethylbenzaldehyde
(809%) and 2,4,5-trimethylbenzaldehyde (569), the normal products.?
Diisopropyltoluene furnishes a methyldiisopropylbenzaldehyde in which
the location of the aldehyde group is not known.® Triisopropylbenzene
is dealkylated to yield a diisopropylbenzaldchyde.® Diisopropylxylene
gives a dimethyldiisopropylbenzaldehyde of unknown orientation.® The
orientation of the diisopropyltoluene, triisopropylbenzene, and diiso-
propylxylene is not given in the patent covering this work.

Chlorobenzene * has been formylated at atmospheric pressure in
nitrobenzene as a solvent to give a 709 yield of p-chlorobenzaldehyde,
but there is no report of the extension of the reaction to bromobenzene,
to iodobenzene, or to a chlorotoluene. Chlorobenzenc has also been
formylated under pressure.%** Dimethylaniline is probably formylated *
to the expected p-dimethylaminobenzaldehyde, which, however, cannot
be isolated since subsequent reactions occur with more dimethylaniline
in the presence of the aluminum chloride to form the leuco base of crystal
violet. :

8 Knorr and Weissenborn, U. S. pat. 1,776,154 [C.A., 24, 5307 (1930)].

8+ Crounse, unpublished work.

9 Crounse, J. Am. Chem. Soc., T1, 1263 (1949).

1 Harding and Cohen, J. Am. Chem. Soc., 23, 594 (1901).

1 Francesconi and Mundici, Gazz, chim. ital., 32, II, 467 (1902) [J. Chem. Soc. Abs., 84
(I), 426 (1903)].

12 Mundici, Gazz. chim. ital., 34, I1, 114 (1904) [J. Chem. Soc. Abs., 86 (I), 897 (1904)].

13 Guthke, U. 8. pat. 1,939,005 [C.A., 28, 1356 (1934)].

U Liston and Dehn, Ind. Eng. Chem., 26, 1073 (1934).
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AlCI3
(CI‘Ig)zN@ 4 CO HCI> (CH3)2N©CI’IO
AlCI;
(CHg)zN@CHO + 2©N(0H3)2 —_— [(CH3)2N©_]CH
3

Phenol and phenol ethers could not be successfully formylated at
atmospheric pressure in benzene as a solvent. This failure to react
was attributed to the insolubility of the cuprous chloride in the reaction
mixture.’® It appears probable that formylation at high pressures
where cuprous chloride is unnecessary might be successful.

Since nitrobenzene may be used as a solvent for formylation reactions,*
it may be concluded that in general metfa-directing groups in the benzene
ring prevent substitution in the nucleus in which they are substituents.

Biphenyl is converted to p-phenylbenzaldehyde.>1® Hydrindene gives
a 259, yield of the 5-aldehyde,? and a diisopropyl-ar-tetrahydronaphtha-
lene furnishes a diisopropyl-ar-tetrahydronaphthaldehyde; ® these are
the only fused-ring compounds reported to undergo formylation. Naph-
thalene does not give naphthaldehyde.”

The synthesis of heterocyclic aldehydes by the Gattermann-Koch
procedure has received almost no study. It has been reported that
thiophene ® decomposes during the course of the reaction and that only
sufficient thiophene-2-aldehyde to be detected by odor is formed.

The reaction has been extended to the aliphatic and alicyclic series.”®
Cyclohexane yields 1-methyl-2-cyclohexanone under high-pressure for-
mylation. The aliphatic hydrocarbons give ketones, and such reactions
have proved to have practical application. Their discussion is beyond
the scope of this chapter.

EXPERIMENTAL CONDITIONS

The most important variables in the Gattermann-Koch reaction are
the condition and quantity of the catalyst, the carriers, the concentration
of the hydrocarbons in the solvent, the pressure, and the tcmperature.

Catalysts. Anhydrous aluminum chloride has been the calalyst most
commonly employed. Aluminum bromide,”® however, was more success-

15 Gattermann, Ber., 31, 1149 (1898).

16 Hey, J. Chem. Soc., 1931, 2476.

7 Dewar and Jones, J. Chem. Soc., 85, 212 (1904).

2 Barger and Easson, J. Chem. Sec., 1938, 2100.

1 Hopft, Ber., 64, 2739 (1931); Ber , 65, 482 (1932); Ger. pat. 512,718 [C.A., 25, 1258
1931)]; Gor. pat. 520,154 [C.A., 25, 3664 (1931)].

» Roformntuky, J. Russ. Phys. Chem. Soc., 33, 154 (1901) [J Chem. Soc. Abs., 80 (1),
327 (1901) |.
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ful in the formylation of benzene at atmospheric pressure than aluminum
chloride, although the latter is satisfactory at high pressures.? Some
reports in the literature indicate that pretreatment of the aluminum
chloride with moisture is advantageous when using high pressures.
There 1s an optimum amount of water which must be added for satis-
factory yields of benzaldehyde from benzene under specified condi-
tions. 22 Hxposure of aluminum chloride to moist air gives a very
active catalyst.?

The amount of catalyst is an important factor. Usually a mole of
aluminum chloride is used for each mole of hydrocarbon to be formylated.
The ratio of aluminum chloride to benzene was studied carefully in
the synthesis of benzaldehyde from benzene at different temperatures
using a pressure of 1000 lb. per sq. in. and a reaction period of two
hours® In Table I are shown the results obtained at 25°, 35°, and 50°
with changes in the molar ratio of aluminum chloride to benzene.

TABLE I
ErrecT or QUANTITY oF CATALYST ON YIELD OF BENZALDEHYDE
Yield of Benzaldehyde %,
Molar Raitio
AlC
C Hl3 Based on Based on
6tle Benzene Aluminum
Converted Chloride
At 25°
0.3 20.6 68.7
0.5 31.5 63.0
0.75 48.6 64.8
1.0 65.4 65.4
At 35°
0.3 20.5 68.3
0.5 33.8 67.6
0.75 39.9 53.2
At 50°
0.3 18.6 61.9
0.5 33.0 66.0
0.75 39.4 52.5

2 Holloway and Krase, Ind. Eng. Chem., 25, 497 (1933).
2 Qlson, U. 8. pat. 1,935,914 [C.A., 28, 778 (1934)].



THE GATTERMANN-KOCH REACTION 295

It was observed also that too much aluminum chloride in the reaction
between isopropylbenzene and carbon monoxide gave decreased yields
of p-isopropylbenzaldehyde though more hydrocarbon was consumed.?
Excess aluminum chloride not only may convert aldehyde to the hydro-
carbon and carbon monoxide but it also catalyzes the condensation of
carbon monoxide and the hydrocarbon to anthracene and triphenyl-
methane derivatives.®? It has been demonstrated by using tagged
aldehydes that the aryl group holding the aldehyde does not become
one of the aryl groups in the anthracene or triphenylmethane by-
product.

An industrial grade of aluminum chloride may be employed as cata-
lyst. Itschief impurity is ferric chloride. Aluminum chloride containing
titanium chloride as an impurity has been described as a valuable
catalyst.®® There are no statements in the literature which report any
advantage in using highly purified aluminum chloride. A small amount
of the preformed complex from aluminum chloride and the desired
aldehyde is suggested as a promoter # and has proved successful in the
synthesis of benzaldehyde.?

Carriers. When the Gattermann-Koch reaction is carried out at
atmospheric pressure, a carrier is necessary.»2 The function is probably
the acceleration of the reaction of carbon monoxide with hydrogen
chloride. Cuprous chloride was the first such carrier discovered. Carbon
monoxide is known to form a complex with cuprous chloride suitable for
gas analysis in acid solution.?® In anhydrous form this complex dissoci-
ates readily % but is more stable as the hydrate CuCl-CO-2H30. The
high rate of dissociation at atmospheric pressure may explain in part
the slow rate of formylation as compared with that at high pressures.

Titanium tetrachloride ¥ and nickelous chloride 2% have been re-
ported to be almost as effective as cuprous chloride. Less efficient are
cobaltous chloride, tungsten hexachloride, and ferric chloride.” Thus
from 30 g. of toluene, 45 g. of aluminum chloride, and 2 g. of nickelous
chloride a 549, yield of p-tolualdehyde resulted which is comparable to
that obtamed with cuprous chloride. 2,4,6-Trimethylbenzaldehyde was
made from mesitylene in a similar manner. With ferric chloride as a
carrier, only 149 yield of tolualdehyde was obtained from toluene; with
tungsten hexachloride, the yield was only 59, and with cobaltous
chloride it was still lower.

3 Hey, J. Chem. Soc., 1935, 72,

# Larson, U. S. pat. 1,989,700 [C.4., 29, 1834 (1935)].

% Snell and Biffen, Commercial Methods of Analysis, p. 609, McGraw-Hill, New York
1944,

2 Manechotl and Friend, 4nn., 859, 100 (1908).
27 Koregynski and Mrozinski, Bull. soc, chim. France, [4] 29, 459 (1921),
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Concentration of the Hydrocarbon. Ordinarily the aromatic com-
pound to be formylated is diluted with benzene, especially when the
compound is an alkylbenzene with a labile alkyl group. Usually a ratio
of benzene to aromatic compound of between 2 and 3 to 1 is satisfactory.
The benzene inhibits the formation of dialkylbenzenes and thus lowers
the amount of dialkylbenzaldehyde obtained as a by-product.

Pressure. Much of the work on the Gattermann-Koch reaction has
been carried out at atmospheric pressure. Under these conditions the
reaction mixture must be saturated with hydrogen chloride and kept so
at all times by continual addition of the gas. At high pressures in an
autoclave this is unnecessary. High pressures also increase the rate of
absorption of carbon monoxide and increase the yield of product. The
higher pressure apparently does not increase appreciably the rate of the
transalkylation reaction but increases that of the formylation reaction.
Carriers such as cuprous chloride are not necessary when working at
high pressure,*?! since benzene and isopropylbenzene have been success-
fully formylated without them. In the formylation of chlorobenzene
and benzene,” it is claimed that the addition of titanium chloride is
advantageous.

A pressure of 500 Ib. per sq. in. has been suggested as satisfactory for
formylation of isopropylbenzene.® In the {ormylation of benzene * a
pressure of 1000 Ib. per sq. in. was generally used although a pressure as
low as 300 lb. was not appreciably less effective. As the pressure is in-
creased from 700 lb. to 1000 lb., the yields gradually reach & constant
value agymptotically.

Usually twice the length of time is required for completion of a formyl-
ation at atmospheric pressure as compared with high pressure (six or
seven hours versus three or four).

Temperature. A temperaturc of 25-35° in formylations under pres-
sure is often adequate,? although 50-60° has been found useful in certain
reactions.®® Higher temperatures with & fixed ratio of aluminum chlo-
ride affected the yield of benzaldehyde from benzene unfavorably when
the reactions were run beyond an optimum time; # tarry residues con-
taining anthracene and triphenylmethane derivatives increased in
quantity.? At atmospheric pressure a temperature rarige of 35-40° has
been commonly employed.

Reagents and Apparatus. Since the Gattermann-Koch reaction in-
volves two solids, two gases, and a liquid, good agitation is necessary
whether operating at high or atmospheric pressure.

Carbon monoxide may be formed by the action of concentrated sul-
furic acid upon formic acid. For high-pressure work it is convenient to
use the gas obtaned in cylinders under 800 lb. pressure.
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In reactions at atmospheric pressure the hydrogen chloride, generated
as used or from a cylinder, and the carbon monoxide may be combined
and introduced into the reaction mixture through a common gas inlet.
A convenient apparatus for this purpose has been described by Coleman
and Craig.® More recently a procedure for simultaneous preparation
of carbon monoxide and hydrogen chloride has been discovered.?® This
consists in the reaction of chlorosulfonic acid with formic acid. It was

HCOOH + CISOsH — CO -+ HCI + H,80,

found advantageous to add a volume of 1009, sulfuric acid equal to
that of the chlorosulfonic acid in order to reduce the vigor of the reac~
tion. By employing an amount of chlorosulfonic acid adequate to
neutralize 159 of water, commercial 859, formic acid may be substi-
tuted for anhydrous formie acid.

When working under high pressure, the reaction mixture is saturated
with hydrogen chloride and placed in the autoclave before it is sealed.
The carbon monoxide is then introduced.

The addition of nickel carbonyl to & mixture of the aromatic compound,
aluminum chloride, and hydrogen chloride has served as a source of
carbon monoxide in the formylation of benzene, toluene, xylene, and
mesitylene.”” The yields, however, are lower than in the usual method,
and anthracene compounds appear to be formed in significant amounts.

If the reaction is carried out at atmospheric pressure, the reactor con-
sists of a glass vessel fitted with an agitator, a gas inlet extending as
near to the bottom of the flask or jar as possible, a thermometer, and
an exit tube fitted as a bubble counter.?

For high-pressure work the catalytic hydrogenation rocking autoclave
sold by the American Instrument Company has been satisfactory.?
The autoclave should be lead lined to prevent corrosion.** Copper has
been reported to be satisfactory as a liner.® The use of an iron auto-
clave has been reported,® but the possibility of corrosion is a known
risk. None of these metals has any known adverse effect on the reaction.

EXPERIMENTAL PROCEDURES

p-Tolualdehyde. (Atmospheric pressure, independent generation of
carbon monoxide and hydrogen chloride, cuprous chloride carrier.)
This preparation has been described in detail by Coleman and Craig in
Organic Syntheses.®

B Coleman and Craig, Org. Syntheses, Coll. Vol. 2, 583 (1943).

% Bert, Compt. rend., 221, 77 (1945).
% Topf, U S.pul, 1,976,682 [C.A., 28, 7263 (1934)].
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p-Phenylbenzaldehyde.’* (Atmospheric pressure, cuprous chloride
carrier.) A stream of dry carbon monoxide and hydrogen chloride is
passed for eight hours into a well-stirred solution of 60 g. of biphenyl
in 240 ml. of dry benzene containing 90 g. of anhydrous aluminum
chloride and 12 g. of cuprous chloride at 35-40°. After standing over-
night the dark-colored semi-solid product is poured on ice. A yellow
ol separates. The mixture is steam-distilled to remove benzene and
unchanged biphenyl. The residue is extracted with ether, the extract
1s washed with dilute hydrochloric acid and with water, and the ether
is evaporated. The semi-solid residue thus obtained is shaken with an
excess of a saturated solution of sodium bisulfite, and after twelve hours
the brown bisulfite compound is filtered, washed with ethanol and with
ether, and warmed with aqueous sodium carbonate. The aldehyde is
then collected, dried on a porous plate, and crystallized twice from
petroleum ether (b.p. 80-100°). The yield of pale yellow plates, m.p.
60°, is 52 g. (739%).

p-Isopropylbenzaldehyde.%* (High pressure, no carrier.) A mixture
of 210 g. (1.75 moles) of isopropylbenzene and 315 g. (4.05 moles) of
benzene is saturated with hydrogen chloride and placed in a lead-lined
rocking autoclave. Then 255 g. (1.92 moles) of aluminum chloride,
which has been ground to 20 mesh, placed in a 1-in. layer in a shallow
porcelain dish, and raked every fifteen minutes for two hours to induce
hydration, is added. After the air in the autoclave is displaced with
carbon monoxide, carbon monoxide is added until the pressure is 500 1b.
per sq. in. The pressure is allowed to drop to 300 Ib. per sq. in. The
carbon monoxide pressure is returned to 500 lb. per sq. in., and the
process is repeated until there is no pressure drop. The time of absorp-
tion is two and one-half hours, after which the reaction is allowed to
proceed for another hour. The temperaturc of the reaction is 25-30°.

The reaction mixture is hydrolyzed by pouring it onto 2.5 kg. of ice
acidified with 5 ml. of concentrated hydrochloric acid. The lower water
layer is removed, and the oily layer is washed with 500 ml. of water and
then with 500 ml. of 59, aqueous sodium carbonate solution. It is
filtered to break the emulsion. After the lower alkaline layer has sepa-
rated, the oily layer is washed twice with 500-ml. portions of water.

The oil is charged into a round-bottomed flask headed by a 36-in.
fractionating column packed with glass helices. Most of the benzene is
collected at atmospheric pressure. When the temperature of the liquid
in the distilling flask reaches 131°, the flask is cooled to room tempera-
ture and the distillation is continued under a vacuum of 135 mm. This
permits recovery of 40.5 g. of isopropylbenzene (b.p. 95°/135 mm.).

* The description of this procedure in ref. 9 is a condensed version.
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The system is cooled, and the vacuum is lowered to 35 mm. The next
fraction consists of 11 g. of benzaldehyde (b.p. 83-88°/35 mm.) con-
taminated with a small amount of isopropylbenzene. On further dis-
tillation at this pressure, 126 g. of p-isopropylbenzaldehyde (b.p. 131-
133°/35 mm.) is obtained, a yield of 609, based on the aluminum
chloride and the unrecovered isopropylbenzene. The yield of 2,4-diiso-
propylbenzaldehyde (b.p. 151-152°/35 mm.) obtained on further
distillation is 25 g. A residue of about 25 g. remains.

Generation of Carbon Monoxide and Hydrogen Chloride from Formic
Acid and Chlorosulfonic Acid. An Erlenmeyer flask of suitable capacity
is fitted with a two-holed rubber stopper. In one opening is placed a
tube to lead off the generated gases; in the other is inserted a dropping
funnel whose tip has been drawn to a capillary and whose over-all length
permits the tip to be near the bottom of the flask. The dry generator
is charged with the desired amount of technical 96-989, formic acid.
Chlorosulfonic acid is placed in the dry dropping funnel and allowed to
fill the capillary. The flow of chlorosulfonic acid into the formic acid
is regulated by the rate of escape of the resulting gases. The rate of
evolution of the gases can be increased or decreased by raising or lower-
ing the temperature of the generating flask. The gases produced are
anhydrous, and, therefore, no drying towers are needed.

When commercial 859, formic acid is used, the above apparatus is
changed by the addition of a pressure equalizer between the top of the
dropping funnel and the outlet tube, as shown for the hydrogen chloride
generator of Fieser.® The 859, formic acid is placed in the dropping
funnel and added through the capillary to a mixture of equal volumes of
1009, sulfuric acid and chlorosulfonic acid. No drying towers are
necessary.

In Table II are listed all the examples of the Gattermann-Koch reac-
tion that have been found in the literature through 1946.

31 Fieser, Experiments in Organic Chemistry, p. 394, D. C, Heath and Co., New York,
1941,



TABLE II

Compounps PrEPARED BY THE GATTERMANN-KocH RroacTion

Pressure
Starting Materal Product Y‘l;«ld Atmos- Refer-
] High pherte ence
Benzene Benzaldehyde 65 + 21
Benzaldehyde 85 + 6
Benzaldehyde 90 * + 4
Benzaldehyde — + 22,24, 35
Benzaldehyde — + 20
Benzaldehyde 25 | + 17
Toluene p-Tolualdehyde 85 + 6
p-Tolualdehyde 85 ¥ + 4
p-Tolualdehyde — + 1, 32
p-Tadualdehyde 55 + 2
p-Tolualdehyde 16 | + 17
p-Tolualdehyde 46 + 28
p-Tolualdehyde 54 % + 27
Lthylbenzene p Lthylbenzaldehyde — + 1
Clilorobenzene p-Chlorobenzaldehyde 70 * + 4
p-Chloiobenzaldehyde — | 6, 13
tert-Butylbenzene p-tert-Butylbenzaldehyde — + 5
Isopropylbenzene p-Isopropylbenzaldehyde (] 4 9
p-Isopropylbenzaldehyde — + 2
p-Isopropylbenzaldehyde — + 33
2,4-Dusopropylbenzaldehyde — I 9, 33
2,4-Dusop1 opylbenzaldehyde — - 8
tert-Amylbenzene p-tert-Amylbenzaldehyde — I 5
Cyclohexylbenzene p-Cyclaliexylbenzaldehyde — - 5
p-Cyclohexylbenzaldehyde 14- 16 - 7
(3-Methyleyclohexyl)- | p-(8-Methyleyclohexyl)benzaldehyde — | 5
benzene
m-Xylene 2,4-Dimethylbenzaldehyde 46 + 2
2,4-Dimethiylbenzaldeliyde 20 | - 17
2,4-Dimethylbenzaldehyde — 4 1, 32
0-Xylene 3,4-Dimethylbenzaldehyde — 4 1, 32
3.4-Dimethylbenzaldehyde 58 + 2
p-Xylene 2,4-Dimethylbenzaldehyde — 4 1
2,4-Dimethylbe nzaldehyde 45 Bl 2
Dnsopropylbenzene Dusopropylbenzaldehyde § — + 8
»-Cymene Dusopropylmethylbenzaldehyde § — + 8
Dusopropyltoluene Dusopiopyhnethylbenzaldehyde § — + 8
Dusopropyl-ar-tetra- | Dnsopropyl-ar-tetrahydronaphthalde- — + 8
hydronaphthalene byde §
Dusopropylxylene Dusopropyldimethylbenzaldehyde § — + 8
Pscudocumene 2,4,5-Trimethylbenzaldehyde 56 4 2
2,4,5-Trimethylbenzaldehyde — | 34
Mesitylene 2,4,6-Trimethylbenzaldehyde 80 + 2
2,4,6-Trimethylbenzaldehyde — + 1, 32
2,4,6-Trimethylbenzaldehyde | — + 17
2,4,6-Trimethylbenzaldehyde § — + 27
Biphenyl p-Phenylbenzaldehyde 30 + 2
p-Phenylbenzaldehyde 73 + 18
Ilydrindene 5-Hydrnndenaldehyde 25 + 2
Tlnophene 2-Thiophenaldeliyde Neghgaible + 18
Cyclohexane 1-Methyl-2-cyclohexanone — + 19
Dimethylamline Crystal violei leuco base — + 14
Trusopropylbenzene Dusopropylbenzaldehyde § + 8

* Nitrobenzene was used as solvent.

| Nickel caibonyl was used as the source of carbon monoxde.

T Nickelous chlonide was used as catalyst.
§ Onentation unknown.

% Farbenfabriken vorm. Friedr. Bayer, Ger. pat. 98,706 [Frdl., 5, 97 (1897-1900)].

3 Meuly, U. S. pats. 2,158,518-9 (Chem. Zenir , 1938, I, 3388).

34 John, Gunther, and Rathmann, Z. phystol. Chem., 268, 104 (1941),
3 Denman, Krebs, and Borchers, Tech. Mut. Krupp Tech., 6, 59 (1938) [C.A., 33, 6257

(1939 1.
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INTRODUCTION

The Leuckart reaction is a process for the reductive alkylation of
ammonia or primary or secondary amines by certain aldehydes and
ketones. It is distinguished by the fact that the reduction is accom-
plished by formic acid or a derivative of formic acid and should be
compared with the reductive alkylalion using hydrogen discussed in
Chapter 3 of Volume IV of Organic Reactions. The reaction is carried
out by heating a mixture of the carbonyl compound and the formic
acid salt or formyl derivative of ammonia or the amine. Primary and
secondary amines produced in the reaction often are obtained as the
formyl derivatives and must be recovered by hydrolysis; tertiary amines
are obtained as the formates. The reaction may be illustrated by the
following equations.

Rl Rl
SCO + 2HCOsNH; —  >CHNHCHO + 2H,0 + NH;z + COs
R R

Rl Rl
>CHNHCHO + H,0 — >CHNH, - HCO.H
R R

Leuckart ! discovered the reaction in an attempt to prepare benzyl-
idenediformamide, CiIH;CH(INHCHO),, by heating benzaldehyde with
formamide in an experiment patterned after the preparation by Roth 2
of the corresponding acetamide derivative. The reaction with formam-
ide was found to take a different course, leading to benzylamine and
its formyl derivative, dibenzylamine and its formyl derivative, and
tribenzylamine. Ammonium formate was found to react i the same

1 Leuckart and co-workers, Ber., 18, 2341 (1885); 19, 2128 (1886); 20, 104 (1887):

22, 1409, 1851 (1889).
2 Roth, Ann. Chem. Pharm., 154, 72 (1870).
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way as the amide, and benzophenone could be converted to benzo-
hydrylamine by the use of conditions somewhat more drastic than those
required with benzaldehyde. Leuckart’s experiments with aliphatic
aldehydes and ketones were not extensive,® but Wallach 4 and Kijner 8
applied the reaction to many such compounds. The method received
little attention from other investigators until Ingersoll and his associ-
ates ® reviewed the subject and applied the reaction to the synthesis of a
series of substituted o-phenethylamines; since the appearance of this
work the method has been employed extensively. Among the better-
known modifications of the process are the preparation of trimethyl-
amine 7 from ammonia, formaldehyde, and formic acid and the Lsch-
weiler-Clarke %9 procedure for the methylation of primary and second-
ary amines by the aid of formaldehyde and formic acid.

MECHANISM OF THE REACTION

A single mechanism capable of accounting for all the variations of the
Leuckart process can be postulated on the basis of the decomposition
of the ammonium salt or of the amide, by thermal or hydrolytic means,
respectively, to formic acid and ammonia or an amine. The base so
formed may then react with the carbonyl compound to give an addition

OH
product >C< which is reduced by formic acid to an amine
N

(>CH——N<); reaction of this amine with more formic acid leads to

the salt or the amide. These transformations appear to be the only ones
concerned in the formation of a tertiary amine from a carbonyl com-
pound and the formate or formyl derivative of a secondary amine, but
there are numerous other possible intermediates in the synthesis of
primary and secondary amines. For example, the addition product from
a, carbonyl compound and ammonia or a primary amine may undergo

3 Leuckart, J. prakt. Chem., [2] 41, 330 (1890).

4 Wallach and co-workers, (a) Ber., 24, 3992 (1891); (b) .4Ann., 269, 347 (1892); (c) 272,
100 (1893); (d) 276, 296 (1893); (e) 289, 338 (1896); (f) 300, 283 (1898); (g) 343, 54 (1905).

5 Kajner, J. Russ. Phys. Chem. Soc., 31, 877, 1033 (1899); 32, 381 (1900) [J. Chem. Soc.
(Abs.), T8 (z), 277, 333, 629 (1900)].

6 Ingersoll, Brown, Kim, Beauchamp, and Jennings, J. Am. Chem. Soc., 58, 1808 (1936).

7 Sommelet and Ferrand, Bull. soc. chim. France, [4] 85, 446 (1924).

8 Eschweiler, Ber., 38, 880 (1905).

# Clarke, Gillespie, and Weisshaus, J. Am. Chem. Soc., 55, 4571 (1933).
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loss of water, and the imine so formed may be the intermediate which is
reduced to the amine (equation 1). Furthermore, when formamide is

H,0 + \C$N~ 283, \CH——NHM
OH
N/ /
C @
7 N N0

CH—NH— + H,0

present in the reaction mixture (either added as such or produced by
dehydration of ammonium formate) it may give rise to an addition
product capable of reduction directly to the formyl derivative of the
primary amine or of dehydration and reduction to the same substance.

0
7
CHNHC  + H:0
N

S

OH 11
N/
C 0 ¢
SN 7
NHC
AN
H N /o N /o
T C=NC/ 28, CHNHC/ + H,0°
/ N
I H

If the reacting amide is derived from a primary amine the addition
product cannot undergo dehydration but must be reduced directly if it
participates in the reaction. The formyl derivative of a secondary

H O 0]

(0]
ANV ‘ 7 2(H) AN 7
C—N—C —> CH—NC 3)

SN A BN
R H R

amine (HCONR;) cannot give an addition product; evidently the first
step in its reaction must be hydrolysis.
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Imines, >C=N——, and addition products from carbonyl compounds
OH
/

and ammonia or amines, >C——N , were suggested in the preceding

paragraphs as intermediates in the Leuckart reaction, intermediates
which are reduced by formic acid. Benzalaniline, a representative
imine, is reduced almost quantitatively to benzylaniline by heating at
140-160° with triethylammonium formate.** No examples are available
of the action of formic acid on the addition product of a carbonyl com-
pound and ammonia or an amine; but p-dimethylaminophenylmethyl-
carbinol, a vinylog of the addition product from acetophenone and
dimethylamine, is reduced to p-dimethylaminoethylbenzene in poor
vield by heating at 130-135° with triethylammonium formate.% TFormic
acid could not be used in these reductions since it led to the formation
of resinous materials.

N(CHs)2
@éCHg (CHg)gN@CI{CHg — (CHj)oN @CHzCHg
bu b

Much of the study &2 of the mechanism of the Leuckart process
has been concerned with the reactions involved in the formation of
primary amines. Inasmuch as the experimental temperature (150° or
higher) usually employed is above that at which ammonium formate
rapidly generates formamide and water it has been considered that
formamide may be the true reagent even in preparations in which
ammonium formate is employed. However, acetophenone in diethylene
glycol at 120-130° does not react with formamide over a period of fifteen
hours, whereas with ammonium formate under the same conditions a
109, yield of a-phenethylamine is obtained in four hours.® At the
higher temperatures ordinarily used, formamide could furnish ammo-
nium formate in the following way.

>C==0 + HCONH, = >C=NCHO + H,0
HCONH: + H:O < HCO,NH,
In experiments with acetophenone and formamide at 165-173°, the
addition of anhydrous calcium sulfate brought down the yield of a-

92 Alexander and Wildman, J. Am. Chem. Soc., 70, 1187 (1948).
1 Ingersoll, Brown, Levy, and Haynes, personal communication,
11 Davies and Rogers, J. Chem. Soc., 1944, 126,

2 Crossloy and Moaro, J. Org. Chem., 9, 529 (1944),
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phenethylamine from 309, to 179,.%¢ The available evidence does
not permit one to exclude either of the mechanisms shown in equa-
tions 1 and 2 on p. 304; both mechanisms may be operative under
appropriate experimental conditions.

The reaction between benzophenone and formamide is catalyzed by
ammonium formate, magnesium chloride, or ammonium sulfate, and it
has been suggested that the catalyst polarizes the carbonyl group and
thus facilitates the addition of formamide or ammonia.’?

Formyl derivatives of primary amines are stable substances, and
many of them can be heated to 200° without undergoing any change.
When they are heated to this temperature in the presence of Raney
nickel, however, they furnish ketones.’® Formyl derivatives of second-

CH;CHCH; M 0 1. COCH,

200°

NHCHO

ary amines undergo the same reaction, but the yields of carbonyl com-
pounds are poor.'2
Raney nickel

CeH;CHCH; ————— C¢HsCOCH;

200°

CH,;NCHO

SCOPE OF THE REACTION

The method appears best adapted to aromatic aldehydes and water-
insoluble ketones boiling at about 100° or higher. Higher aliphatic
ketones, aromatic aldehydes and ketones, and certain terpenoid ketones
have been used successfully, with yields of 40-909,. The application of
the reaction to aliphatic aldehydes and ketones of lower molecular weight
has been very limited. The method is definitely superior to that involv-
ing the formation and reduction of aldoximes and ketoximes and has
succeeded where the reduction of oximes is unsatisfactory, particularly
with compounds in which functional groups are present that are readily
attacked by many reducing agents. Thus, the Leuckart method gives
an 829, yield of pure a-p-chlorophenethylamine from p-chloroaceto-
phenone, whereas the reduction of p-chloroacetophenone oxime with
sodium and ethanol, sodium amalgam and acetic acid, or by catalytic
means, proceeds in all instances with extensive removal of the nuclear
halogen. p-Bromoacetophenone and m-nitroacetophenone are readily

e Webers and Bruce, J. Am. Chem. Soc., 70, 1422 (1948),
125 Métayer and Mastagli, Compt. rend., 225, 457 (1947).



THE LEUCKART REACTION 307

converted to the corresponding amines without disturbance of the
halogen or nitro group.

The reaction is not limited to ammonium formate or formamide.
Methyl formate has been used with a few primary amines. Substituted
ammonium formates, such as monomethyl- or dimethyl-ammonium
formate, react satisfactorily and lead to the formation of secondary and
tertiary amines of mixed type that cannot be obtained easily by other
methods. Thus, the N-methyl, N-ethyl, and N-butyl derivatives of
a-phenethylamine are prepared in yields of 60-709, by the action of
methyl-, ethyl-, and butyl-ammonium formates on acetophenone,

Methylation of Amines with Formaldehyde

The simplest aldehyde, formaldehyde, reacts very readily, and it is
difficult to prevent the formation of tertiary amines. Formaldehyde
reacts with ammonium formate and formic acid, but trimethylamine is
the product isolated in highest yield.” Formaldehyde was first used
alone 8 for the methylation reaction, but Clarke ® obtained better yields
(80%) by using an excess of formic acid with the formaldehyde. One
molecular proportion (or a slight excess) of formaldehyde and two to
four molecular proportions of formic acid are used for each methyl
group introduced, indicating that it is mainly the formic acid that
supplies the hydrogen involved in the reduction. The reaction is carried
out on the steam bath. This variant of the Leuckart reaction, as men-
tioned earlier, is commonly known as the Eschweiler-Clarke procedure.

Ethylamine,® piperazine,® anabasine,’® the benzylamines,®!%¥ phen-
ethylamines,’ and methoxyphenethylamines 7 react to give almost
theoretical yields of the corresponding tertiary amines. Secondary
amines react as readily as primary amines to give the corresponding
methyl derivatives although N-benzyl-3,4-dimethoxyphenethylam-
ine ¥ gives unsatisfactory results, probably owing to partial cycliza-
tion.’® Dibenzylamine gives a 759, yield of the anticipated methyldi-
benzylamine, 6~129, of a more volatile base, probably dimethylbenzyl-
amine, and a similar amount of benzaldehyde.! Further application of
the process is illustrated by the complete methylation of ethylenediamine
and tetramethylenediamine in yields of 929%.

B Novelli, J. Am. Chem. Soc., 61, 520 (1939).

1 Busch and Lefhelm, J. prakt. Chem., [2] T7, 21, 23 (1908).

B Orechoff and Norkina, Ber., 63, 724 (1932).

18 Decker and Becker, Ber., 45, 2404 (1912),

7 Buck and Baltzly, J. Am. Chem. Soc., 62, 161 (1940) ;:63, 1964 (1941) ; 64, 2263 (1942)
18 Buck, J. 4dm, Chem. Soc., 86, 1769 (1934).
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The reaction fails with compounds in which strongly polar groups are
attached to the nitrogen, such as amides, urea, guanidine, and hydroxyl-
amine, as these appear to yield hydroxymethyl derivatives only. More-
over, the reaction cannot be applied successfully to the methylation of
aniline, which on warming with formaldehyde and formic acid is con-
verted into condensation products of high molecular weight.® On the
other hand, it is reported that formaldehyde reacts with p-toluidine in
an excess of 909, formic acid to give dimethyl-p-toluidine,® and with
2,4,6-tribromoaniline ¢ and mesidine,? in which the active positions in
the benzene nucleus are occupied, to form the dimethyl derivatives in
73-77%, yields.

Some of the amino acids can be methylated by treatment with formal-
dehyde and formic acid.® For example, glycine yields 60-709, of di-
methylglycine; complex, non-crystalline products as well as volatile
bases, mainly trimethylamine, are formed also. a-Aminoisobutyric acid
and a-phenyl-a-aminobutyric acid give 70-809, yields of the dimethyl
derivatives, but the yield from p-aminopropionic acid is only 389.
However, with alanine none of the dimethyl derivative is isolated and
369, of the nitrogen is converted into methylamines. Similar results
are obtained with leucine, glutamic acid, ete., in all of which an even
greater proporiion of the nitrogen is cleaved from the molecule.

Reactions of Higher Aliphatic Aldehydes

The Eschweiler-Clarke procedure is essentially specific for reactions
with formaldehyde. HHigher aldehydes usually fail to react or react in
different ways at steam-bath temperatures. Thus, a mixture of acet-
aldehyde, ammonium formate, and formic acid yields no carbon dioxide
on heating on the steam bath, and from the resulting bases only 2-
methyl-5-ethylpyridine has been isolated.? Acetaldehyde and propion-
aldehyde give only tars when heated with mesidine or 2,4,6-tribromo-
aniline in formic acid.2 However, a 639, yield of N,N'-dibutylpiperazine
is obtained 2 upon refluxing butyraldehyde with piperazine in formic
acid for three hours. )

In the Leuckart method, valeraldehyde reacts with ammonium
formate to give triamylamine,* with aniline and formic acid to give
diamylaniline, and with methylaniline and formic acid to give methyl-
amylaniline.

Y Waguer, J. Am. Chem. Soc., 55, 724 (1933).

2 Eisner and Wagner, J. Am. Chem. Soc., 56, 1938 (1934).

% Emerson, Neumann, and Moundres, J. Am. Chem. Soc., 63, 972 (1941).
22 Forsee and Pollard, J. Am. Chem. Soc., 5T, 1788 (1935).
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Reactions of Aromatic and Heterocyclic Aldehydes

When benzaldehyde is heated with an excess of ammonium formate
to a temperature of 180° for several hours, 35409, of pure tribenzyl-
amine is isolated, along with varying quantities of N,N-dibenzyl-
formamide, dibenzylamine, N-benzylformamide, and benzylamine.!
Dibenzylamine and its formyl derivative are obtained in 10-159 yields;
only small amounts of the monobenzylamine and its formyl derivative
are isolated. Although a portion of the benzaldehyde remains un-
changed, as much as 209, is converted into polymerized products.
When refluxed for five days with piperazine in formic acid, benzaldehyde
gives an 849, yield of N,N’-dibenzylpiperazine.2?

Substitution in the ring of the aromatic aldehyde tends to reduce the
reactivity toward the Leuckart reagents. Although the methoxy-
benzaldehydes give satisfactory yields of the formyl derivatives of the
amines when treated with substituted ammonium formates,? it has been
reported that some substituted benzaldehydes, such as piperonal, 6-
nitropiperonal, and the hydroxy, nitro, and alkyl substituted benzalde-
hydes, are recovered unchanged from the reaction with formamide at
130-140°; in the presence of a trace of pyridine, the nitro and alkyl
substituted benzaldehydes condense to give 40609, of the bisamides,
and the hydroxybenzaldehydes give about 659, of the benzalamides.

CHO CH(NHCHO),
05N 1500 0N
’ O + ZHOONH, =20, - @ + H;0
CHO CH=—NCHO

O + HCONH, 13314"1 © + H,0

OH OH

A 659, yield of the bisamide 2 is obtained by bubbling dry hydrogen
chloride through a suspension of 6-nitroveratraldehyde in formamide
for one hour at 45-50°.

Furfural is reported to be converted to furfurylamine by reaction
with formamide,? although the yield is not indicated and no mention is

2 'Wojahn and Erdelmeier, Arch. Pharm., 280, 215 (1942),

% Pandya and coworkers, Proc. Indian Acad. Sct., 15A, 6 (1942) [C.A., 36, 6144 (1942)];
references to earlier papers on this work are given.

% Fetscher and Bogert, J. Org. Chem., 4, 71 (1939).

% Nabenhauer, Abstract of a paper presented at the 93rd meeting of the American
Chemical Society, Chapel Hill, North Carolina, April, 1937.
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made of the presence of any of the corresponding secondary or tertiary
amines. N-Methylfurfurylamine,® N,N-dimethyl-, and N,N-diethyl-
furfurylamine 2% are prepared from N-methyl-, N,N-dimethyl-, and
N,N-diethyl-formamide.

Reactions of Aliphatic Ketones

Acetone reacts with a~-naphthylamine and methyl formate in an auto-
clave to produce isopropyl-a-naphthylamine.® Diethyl ketone % is
reported to yield 3-aminopentane acetate by reaction with ammonium
formate in the presence of acetic acid, and pinacolone reacts with excess
formamide to produce the formyl derivative of methyl-teri-butylearbin-
amine in a yield of 529,.5 The reaction has also been applied to a variety
of methyl alkyl ketones (methyl propyl ketone,® methyl butyl ketone,?
methyl amyl ketone,}*? methyl hexyl ketone,>%%® and methyl cyclo-
hexyl ketone ) to give the corresponding primary 2-aminoalkanes in
vields of 30-609,. Dipropyl, dibutyl, and diheptyl ketones give yields
of 40-809, of the primary amines.

Aliphatic ketones of certain types have been shown to be unsuitable
for the reaction because of the formation of resinous by-products. Thus,
minimum yields of primary amines are obtained from benzalacetone ¢ or
acetonylacetone.’® It appears that the method is unsuitable for applica-
tion to a,8-unsaturated ketones.

Phenylacetone, substituted phenylacetones,*-3 and diphenylacetone 3¢
react to give primary amines in yields ranging from 209, to 709%,.
Secondary and tertiary amines are prepared in lower yields from these
ketones in reactions with mono- or di-substituted amines and formie
acid; the time necessary to complete such a reaction is longer.

27 Weilmuenster and Jordon, J. Am. Chem. Soc., 67, 415 (1945).

% Speer, U. S. pat. 2,108,147 [C.4., 32, 2542 (1938)].

?® Rohrmann and Shonle, J. Am. Chem. Soc., 66, 1516 (1944).

% Blicke and Zienty, J. Am. Chem. Soc., 61, 93 (1939).

8 Johns and Burch, J. Am. Chem. Soc., 60, 919 (1938).

32 Novelli, Anales asoc. quim. argentina, 27, 169 (1939) [C.A., 34, 1627 (1940)].

3 Bobranskii and Drabik, J. Applied Chem. U.S.S.R., 14, 410 (1941) [C.A., 36, 2531
(1942)]. .

3 Elks and Hey, J. Chem. Soc., 1943, 15,

3 Suter and Weston, J. Am. Chem. Soc., 63, 602 (1941); 64, 533 (1942),

3 Sugasawa, Kakemi, and Kazumi, Ber., 73, 782 (1940).

% Kakemi, J. Pharm, Soc. Japan, 60, 11 (1940) [C.A., 34, 3748 (1940)].

% Nabenhauer, U. S, pat. 2,246,529 [C.4., 35, 6066 (1941)].
3 Rajagopalan, Proc. Indian Acad, Secr., 14A, 126 (1941) [C.A., 36, 1603 (1942)].
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Reactions of Aliphatic-Aromatic and Aliphatic-Heterocyclic Ketones

The Leuckart reaction has been applied successfully to many ali-
phatic-aromatic ketones, such as acetophenone, 610,153,404 propig-
phenone,* 2 igsobutyrophenone,!® caprophenone,® and laurophenone?
with yields ranging from 509, to 85%,. Acetophenones with a methyl
group or halogen in the ring react as readily as the unsubstituted com-
pound; the higher alkyl substituted and nitro derivatives appear to be
less reactive, giving yields of 15-259, less even though the condensation
time is longer.%%138L2  Hydroxyl substituted aryl derivatives polymer-
ize so readily in formic acid that the results are unsatisfactory.

a-Acetothienone,® a-propiothienone,® g-acetonaphthone,® p-phenyl-
acetophenone,® and p-phenoxyacetophenone ¢ readily undergo the reac-
tion in 40-859, yields.

Secondary and tertiary amines can be readily prepared from the above
aliphatic-aromatic ketones by the use of methyl-, ethyl-, butyl-, di-
methyl-, or diethyl-amine, aniline, or naphthylamine in place of ammonia
with the formic acid. Yields for the compounds of lower molecular
welght are almost as good as with the primary amine, while compounds
of higher molecular weight give slightly lower yields, and laurophenone
gives no product when heated with dimethylamine and formic acid at
160-180° for twenty-eight hours.”?

B-Benzoylpropionic acid is reported not to give the corresponding
amine."

v-Nitro-B-phenylbutyrophenone is converted to 2,2',4,4'-tetraphenyl-
azadipyrromethine (I) in yields up to 339, by reaction with either
ammonium formate or formamide."* The corresponding substituted
azamethines can be prepared in comparable yields from -+y-nitro-g-
(dimethylamino-, hydroxy-, methylenedioxy-, methoxy-, and nitro-
phenyl)butyrophenones, vy-nitro-g-phenyl-p-methoxybutyrophenone,
and y-nitro-g-anisyl-p-methoxybutyrophenone. S-Benzoyl-a-phenyl-
propionitrile also reacts with ammonium formate to give 2,2',4,4'-tetra-
phenylazadipyrromethine along with a small amount of the formyl
derivative of 5-amino-2,4-diphenylpyrrole; if formamide is used instead
of ammonium formate the substituted pyrrole becomes the major prod-
uct (5699), unless the reaction is run for a very long time (seventeen
hours), in which event the azamethine again predominates. As might

® Ingersoll, Org. Syntheses, Coll. Vol. 2, 503 (1943).

4 Ott, Ann., 488, 193 (1931).

2 Geigy A.~G., Swiss pat. 211,783 [C. 4., 36, 4634 (1942)].

4 Blicke and Burckhalior, J. Am. Chem. Soc., 64, 477 (1942).
4 Rogors, J. Chem. Soc., 1948, 500,
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be expected from this observation, treatment of the isolated pyrrole
with ammonium formate leads to the formation of the azamethine. A
precursor of the pyrrole has been isolated, but, because of the ease with
which it is converted into the pyrrole, it has not been identified with
certainty. The mechanism of these remarkable reactions has not been
elucidated, but the following equations have been suggested to account
for the products obtained.

CHy;———CHGCsHj HC——CCgHj
HCONH; é H é — Jl) é[:
——————> C¢Hj N H;Cye NH,
NHCHO \N Ve
i
il éHo
CsHzCOCH.CHCed HzO; EHCE,)E\IHz Formyl derivative of
b HCoH 5-ammo—2ﬁ;$phenyl-
CN il Py
i
HCO,NH
—— CHy———OTCAlls HCIJ—CCﬁHs
— —
N CGHB(IJ<O éx mod v,
NH,
L
Hﬁ—CCGH5 H;CyC CH
H;CeC —— N=—= JECGHE
. A4

N
H
I
2,2',4,4’-Teiraphenylazadipyrromethine

Benzoins behave abnormally with the Leuckart reagent, giving chiefly
glyoxalines along with lesser amounts of diazines. Benzoin reacts with
ammonium formate ® at 230° to give tetraphenylpyrazine (amarone)
almost quantitatively along with a small amount of 2,4,5-triphenyl-
glyoxaline (lophine). However, a 759, yield of 4,5-diphenylglyoxaline
and a 109, yield of tetraphenylpyrazine result from heating the benzoin
with formamide at 185-230°.% Similar products are ebtained from anis-
oin, benzanisoin, and p-toluoin. The mechanism shown on p. 313 has
been suggested to account for these products. The addition of acetic
anhydride to a reaction mixture of benzoin and formamide leads to the
formation of some N-desylformamide along with a 369, yield of 4,5-
diphenylglyoxaline.®® N-Desylaniline reacts with ammonium formate

% Novelli, Anales asoc. quim. argentina, 27, 161 (1939) [C.A., 34, 1659 (1940)].
% Davidson, Weiss, and Jelling, J, Org. Chem., 2, 328 (1937).
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([)H
CeHsCHOHCOC:Hs + HCONH, — CoHsCHOHCCH; ——2
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OH NHCHO NHCHO
N-Desylformamide
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to give a 409, yield of 4,5-diphenylglyoxaline instead of the expected
3,4,5-triphenylglyoxaline. N-Desyl-p-toluidine and N-(p,p’-dimethoxy-
desyl)aniline undergo similar reactions with formamide.?

CeI'IaCOCHCeHs HCOs,NH 4 H5C(;C CCGH5 d H5CGC————-—_“ CCGI‘I5
_— instea
NHCeH; godkg, HN N of HCeN N
’ N N A
i i
H H
4,5-Diphenylglyoxaline 8,4,5-Triphenyl-

slyoxaline

Reactions of Aromatic Ketones

Benzophenone reacts with 1.5 parts of solid ammonium formate, in
a closed tube at 200-220° for four to five hours, to give an excellent
yield of formylbenzohydrylamine, which may be hydrolyzed with eth-
anolic hydrochloric acid.® The reaction product is contaminated with
some of the secondary amine, dibenzohydrylamine. With ammonia and

9 Novelli and Somnglino, Anales asoc. guim. argentina, 31, 147 (1948) jC.4., 38, 2957
01944 I
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formic acid, an 809, yield of the primary amine is obtained.># Fluore-
none and benzofluorenone # give the expected 9-aminofluorenes in
vields of 65-7569%,. Benzoylbenzoic acid * yields chiefly an unidentified
solid.

Reactions of Alicyclic Ketones

Cyclohexanone and its derivatives #'% have been converted to the
corresponding primary amines, accompanied by varying quantities of
the secondary amines. With more complicated cyclic ketones, such as
camphor,%%5.% fenchone,#¢ menthones,*1%% carvomenthones,” and
thujone,® % the reaction takes place less readily and requires & higher
temperature or a longer time. No reaction occurs with menthone at
130° for three to four hours,* whereas an 809, yield of menthylamines is
obtained from the reaction at 180-190° for twenty-five hours 0 or at
220-230° for five to six hours. A 20-359, eonversion of carvomenthone
to carvomenthylamines is obtained after forty-eight hours of refluxing
at 130°8 Bornylamine is obtained in a yield of 55-659, from cam-
phor.#1  Carvone and a-bromocamphor are reported to be converted
into neutral resins with only about 109, of the desired amines being
isolated.'

Reactions of Quinones

p-Quinones also undergo the Leuckart reaction; # for example, the
diformyl derivative of 9,10-diamino-9,10-dihydroanthracene is produced
in the reaction of formamide with 9,10-anthraquinone. The free di-
amine can be obtained by hydrolysis with alcoholic potassium hydroxide.

0-Quinones, on the other hand, do not react normally but give the
corresponding pyrazines. Thus, 1,2-anthraquinone is converted to brs-
ang-dianthracenopyrazine (anthrazine). Acenaphthoquinone, substi-

0
0 N
OOy =]
——iy.
L

% Mettler, Mariin, Neracher, and Staub, U. 8. pat. 2,276,587 [C.A., 36, 4633 (1942)].
49 Schiedt, J. prakt. Chem., [2] 167, 203 (1941).

5 Wegler and Frank, Ber., 70, 1279 (1937).

51 Wegler and Ruber, Ber., 68, 1055 (1935).

52 Tarbell and Paulson, J. Am. Chem. Soc., 64, 2842 (1942).

5 Read et al., J. Chem. Soc., 1926, 2217; 1934, 231,

5 Short and Read, J. Chem. Soc., 1938, 2016,

% Dickison and Ingersoll, J. Am. Chem. Soc., 61, 2477 (1939),
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tuted acenaphthoquinones, phenanthraquinone, chrysenequinone, ete.,
undergo similar reactions with formamide. The addition of an aromatic
aldehyde to a mixture of formamide with an o-quinone leads to the
formation of an oxazole; for example, when chrysenequinone is treated
with formamide in the presence of benzaldehyde, 2-phenylchrysene-
oxazole is isolated.

X
O O O -} CeHsOHO M—H‘g"}

Reactions of a Pyrazolone and an Oxindole

4,4’-Methylidyne-bis(1-phenyl-3-methyl-5-pyrazolone) results from
the reaction of formamide with 1-phenyl-3-methyl-5-pyrazolone, while
methylidyne-bis(N-phenyloxindole) is the product from N-phenyl-
oxindole.®

HCC—CH:,  goonm, HiCO——C—CH——HO———CCH;
[ l ——— I l l |
N S N C== O== N
N/ /
) 1
l
CeHs CeHs Cels
———CH,  HCONH; —C CH HC AN
(IJ——O (5'—“0 0_(5 I
N/ AN AN Z
) 1 |
CeHs CoHy CeHs

SIDE REACTIONS

The normal successive Leuckart reaction or reactions resulting in the
formation of the secondary or the tertiary amme have been mentioned
above as responsible for by-products in the preparation of primary and
secondary amines. Under the influence of the bases present the carbonyl
component of the reaction mixture may undergo condensations of the
aldol type, some of the products of which may contain carbonyl groups
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capable of undergoing the Leuckart reaction. Although such side reac-
tions have not been extensively investigated it is likely that they are
concerned in the formation of the resinous by-products sometimes
obtained.

EXPERIMENTAL CONDITIONS

The Ammonium Formate or Formamide

Much has been written about the effective reagent in the Leuckart
reaction, but no very specific conclusions can be reached. Dry solid
ammonium formate was used by Leuckart,' and by Wallach in his first
experimentis,* and the reaction mixture was heated at a temperature of
180-230° in a sealed tube. Later, Wallach obtaincd better yields by
using a mixture of ammonia or substituted amine with formic acid.
Trormamide was used by Ott © and Ingersoll * in the preparation of
a-phenethylamine from acetophenone. Anhydrous formamide alone
18 not a satisfactory reagent; the tempcraiure required for the reaction
is much higher, the yields are greatly decreased, and the sublimation
of ammonium carbonate becomes troublesome. An ammonium for-
mate-formamide reagent prepared by Ingersoll ¢ from commercial am-
monium carbonate-carbamate and formic acid gave cxcellent resulls in
his experiments.

In many instances,’®1? the most satisfactory reagenl appears to be
formamide or ammonium formate supplemented by the addition of
sufficient 909, [ormic acid 10 maintain & slightly acidic medium and to
serve as an active reducing agent. One to three equivalents of formic
acid is generally required, and occasional distillation of accumulated
water may be nccessary {0 maintain a suitably high reaction tempera-
ture. The presence of formic acid appears to diminish the aldol-type
side reactions and traps ammonia that otherwise would appear as such
or as the carbonate.

Wallach ¢ used free formie or acelic acid with the intention of suppress-
ing the formation of secondary and tertiary amincs. The use of acetic
acld with ammonium formate at 155° is reported to result in the forma-
tion of the acetale salt of the primary amine rather than the formyl
derivative; acctophenone and ammonium formate give a-formylamino-
ethylbenzene, while the addition of acetic acid is stated to lead to the
formation of a~-aminoethylbenzene acetate.*

The ketone and ammonium formate or formamide are usually em-
ployed in a molecular ratio of 1:4 or 1:5. The excess of ammonium
formate tends to diminish the formation of secondary or tertiary amines,
but ratios higher than 1:4 or 1:5 appear to be of little advantage. In a
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series of experiments with acetophenone the percentage yields of amine
were 53, 62, 72, and 73, respectively, when the molar ratios of reagent to
ketone were 1:3, 1:3.5, 1:4, and 1:5.5 Benzophenone and formamide
in the ratio of 1:6 give 439, yields of N-benzohydrylformamide. Under
the same conditions benzophenone and ammonium formate gave a 929,
vield. The addition of ammonium formate or magnesium chloride to the
benzophenone-formamide reaction mixture increased the yleld of N-
benzohydryl formamide to 959; the addition of ammonium sulfate
was not so effective. With benzophenone and formamide in the absence
of a catalyst the ratio of 1:18 was necessary in order to obtain a yield of
87,120

Temperature

The Leuckart reaction should be carried out at the lowest temperature
that will produce the desired product. With dry ammonium formate,
it has been necessary to heat the reagents in a sealed tube at 210-240°
for several hours. However, the use of an excess of formic acid or a
mixed ammonium formate-formamide reagent has made it possible to
carry out the reaction at a much lower temperature.! With such a
reagent, the reaction can be accomplished by refluxing at atmospheric
pressure, usually at temperatures in the range 150-180°; however,
temperatures of 175-190° for several hours are required for the con-
version of hindered ketones of the terpenoid series. Most reaction
periods have been in the range of six to twently-five hours at 160-185°,
but a few reactions with formamide have been carried out by refluxing
the reagents for as long as thirty hours.®® The heating may be inter-
rupted and resumed as desired.

In a comparative study of the condensation of e-methylphenylacetone
with the reagent from ammonia and formic acid, the percentage yields
of «,-dimethyl-B-phenethylamine were 23, 47, and 50, respectively,
when the reactions were run for fifteen hours at 190-200°, 170-180°, and
160-170°. Experiments in which the reaction mixture was heated for
six hours at 190-200° and seven hours at 160-170° gave yields of 509.
With hindered ketones, such as menthone, camphor, and fenchone, it is
advisable to heat at temperatures of 180-230° % or at 175-190° ¢ for a
period of twelve to twenty hours in order to obtain maximum yields.

Solvent

Most of the Leuckart reactions are carried out in the absence of any
solvent other than the rcagenis themselves. Mixtures contlaining a
considerable proportion of formamide usunlly dissolve the ketone or
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aldehyde upon heating. However, nitrobenzene has been used as a
solvent with a few ketones that were insoluble in the hot reaction mix-
ture, and it has been used to increase the reflux temperature of reaction
mixtures containing low-boiling ketones.%1

Hydrolysis

The formyl derivatives obtained as intermediates in the reaction may
be hydrolyzed to the amines by refluxing with acid or alkali. The use
of 100200 ml. of concentrated or 1:1 hydrochloric acid for each mole
of ketone appears to be generally satisfactory, and the reaction is usually
complete in from thirly minutes to one and one-half hours.#*® When
the entire reaction mixture is subjected to hydrolysis it may sometimes
be desirable to employ concentrated hydrochloric acid, whereas if the
formyl derivative is isolated and purified a 109, solution of hydrochloric
acid may give better results.* Hydrolysis with 309, aqueous sodium
hydroxide usually requires from twelve to twenty hours of refluxing,
and the yield of amine is not as good.4 In the alkaline hydrolysis of
the material obtained by interaction of formamide and methyl -
phenyl-n-butyl ketone the yield of amine is only 5.39, but when acid
hydrolysis is employed the yield of amine is 869, based on the formyl
derivative.® However, in the production of certain amines, such as
thujylamine, it is desirable to hydrolyze the formyl derivative with
alkali, inasmuch as acid solutions cause decomposition of the product.®

Isolation

The method of isolation of the free amine directly or following the
hydrolysis of the formyl derivative varies with the properties of the
product and the procedure used in hydrolysis. After an alkaline hy-
drolysis, the reaction mixture is extracted with an inert solvent, such
as ether or benzene, and the amine is isolated by distillation or by con-
version to the hydrochloride. Following an acid hydrolysis, the reaction
mixture is cooled and neutralized with alkali before extraction with the
inert solvent. Amines of higher molecular weight sometimes separate
as crystalline salts directly from the cooled acid hydrolysis mixture.
When a salt of the amine, rather than the formyl derivative, is present
in the reaction mixture it is only necessary to neutralize the cooled
mixture with alkali before extraction with the inert solvent.
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EXPERIMENTAL PROCEDURES

Tri-n-amylamine 4
(Use of Ammonium Formate and Formic Acid)

A mixture of 20 g. of valeraldehyde, 30 g. of ammonium formate, and
10 ml. of formic acid is heated in a round-bottomed flask, equipped with
a reflux condenser and suspended in a paraffin bath. The reaction
begins at 90°, but the temperature is raised slowly to 130° and main-
tained there for three hours. The cooled residue is extracted with ether
to remove the small quantity of non-basic material, and the base is
liberated from the formate salt in the aqueous solution by neutralization
with alkali. The base is separated, dried over solid potassium hydroxide,
and distilled over sodium in a stream of hydrogen; it boils at 265-270°,

N,N-Dimethylfurfurylamine 2756
(Use of Dimethylformamide and Formic Acid)

A mixture of 173 g. (2.5 moles) of dimethylformamide (b.p. 145—
160°) and 54 g. (1 mole) of 859, formic acid is poured into a 1-1. distilling
flask connected to a condenser. A dropping funnel is fitted into the
neck of the flask so that its stem extends below the surface of the liquid.
The flask is placed in an oil bath, the temperature of which is raised to
150-155°. Over a period of four to five hours, a mixture of 96 g. (1
mole) of redistilled furfural and 163 g. (3 moles) of 85%, formic acid is
added from the dropping funnel. The water and formic acid which
distil are discarded. When all the furfural solution has been added,
the receiver is changed and the temperature of the bath is gradually
raised as long as distillation occurs. The distillate is made strongly
acidic with dilute sulfuric acid, and the furfural and furfuryl alcohol
are removed by steam distillation. The acid mixture is then made
strongly alkaline by the cautious addition of sodium hydroxide solution;
large amounts of dimethylamine are evolved. The alkaline mixture is
steam-distilled to remove the tertiary amine. The N,N-dimethylfur-
furylamine, which separates from the distillate upon the addition of 409,
sodium hydroxide solution, is removed and the aqueous layer extracted
twice with benzene. The base and benzene extracts are combined and
dried over solid potassium hydroxide for twelve hours. The solvent is
removed, and the residue is fractionated; the N,N-dimethylfurfuryl-

5 Nabeulmnor, private connnunieation.
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amine boils at 139-145°. Redistillation of the lower-boiling fractions
yields more of the product. The pure base is obtained upon redistilla-
tion; b.p. 145-146°; yield 75 g. (609,).

a-(B-Naphthyl)ethylamine 6 4

(Preparation and Use of Formamide-Formic Acid Reagent from Am-
monium Carbonate-Carbamate and Formic Acid)

A 1-1. flask, containing 215 g. (4 mole equivalents of ammonia) of
commercial ammonium carbonate-carbamate, is fitted with a cork bear-
ing a thermometer that extends nearly to the bottom of the flask, a
small separatory funnel, and a wide, bent tube attached to a short,
wide condenser set for distillation. There is then added cautiously
215-230 g. (4.1 moles) of commercial 85909, formic acid. When the
reaction moderates, the mixture is heated cautiously and then slowly
distilled until the temperature is about 165°. (The same amount of
reagent can be prepared by distillation of 250 g. of commercial solid
ammonium formate.) To the hot mixture 173 g. (1 mole) of B-aceto-
naphthone is added, the bent tube is replaced by a 20- to 30-cm. distilling
column, and the heating is continued with a small flame. Water, am-
monia, carbon dioxide, and a small amount of ketone distil. Some of the
solid ketone and ammonium carbonate collect in the upper part of the
column. This material may be removed with the aid of a little concen-
trated formie acid and returned to the reaction mixture. The mixture
gradually becomes homogeneous as the reaction proceeds.

The distillation of water practically ceases when the temperature
reaches 175-185°; the temperature of the mixture is then maintained
at 175-185° for three to five hours. Termination of the reaction is
indicated when the deposition of ammonium carbonate in the con-
denser no longer occurs. The mixture is cooled and stirred thoroughly
with twice its volume of water. The aqueous layer is separated; form-
amide may be recovered from it. The crude, water-insoluble material
is refluxed for forty to fifty minutes with 100 ml. of concentrated hydro-
chloric acid. The small amount of material that does not dissolve in
the acid is extracted with small portions of warm benzene and discarded.
The amine hydrochloride crystallizes from the cooled acid solution. It
is collected and recrystallized from boiling water; the yield is 174 g.
(849%), m.p. 198-199°.
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Methyl-fer t-butylcarbinamine %10
(Use of a Solvent, Nitrobenzene)

To a flask containing the Leuckart reagent, prepared as described in
the first paragraph of the preceding section, is added 100 g. (1 mole) of
pinacolone dissolved in 100-150 g. of nitrobenzene. The reaction is
carried out as described above, except that a heating period of about
eight hours is required and it is difficult to maintain the temperature at a
level higher than about 150-160°, The nitrobenzene and ketone which
distil are returned to the reaction mixture from time to time. The
nitrobenzene and unchanged pinacolone are removed by steam distilla-
tion following the hydrolysis of the formyl derivatives. The acid solu-
tion is then neutralized with sodium hydroxide, and the amine is distilled
with steam into an excess of hydrochloric acid solution. The acidic
solution is evaporated almost to dryness, treated cautiously with satu-
rated potassium hydroxide solution, and extracted with ether. The ether
solution of the amine is dried with sodium hydroxide flakes and distilled.
The product boils at 102-103°; the yield is 52 g. (529).

a-p-Chlorophenethylamine 10
(Use of Formamide and Formic Acid)

A 1-1, round-bottomed flask, to which a narrow side tube has been
attached for the insertion of a thermometer, is connected by a 19/38 or
larger glass joint to an upright water-cooled condenser. The top of
this condenser is joined by a wide, bent tube to a short condenser,
arranged for downward distillation, and also is fitted with a small
separatory funnel. The flask is charged with 310 g. (2 moles) of p-
chloroacetophenone, 370 g. (about 8 moles) of 90-979, formamide, and
25 ml. of 909, formic acid. The flask is heated with a small flame; the
mixture becomes homogeneous, and mild ebullition begins at about 160—
165°. The temperature then rises somewhat, refluxing occurs, and a
deposit of ammonium carbonate soon appears in the condenser. To
prevent clogging and to maintain a slightly acidic reaction mixture,
20- to 25-ml. portions of 909, formic acid are added through the sepa-
ratory funnel whenever ammonium carbonate is deposited or the odor
of ammonis is detected.

The optimum reaction temperature is 175-180°; whenever it falls
below about 165-170°, accumulated water is allowed to distil (by drain-
ing the reflux condenser) until the temperature rises again. Any ketone
that distils with ithe water should be scparated and returned. It is
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necessary to add a total of 200-250 ml. (4.5-5.0 moles) of formie acid, and
the reaction requires ten to fourteen hours, depending upon the average
temperature that has been maintained. The process may be interrupted
and resumed at any time. The reaction is considered complete when
ammonium carbonate is deposited only very slowly in the condenser.

When the reaction is complete the mixture is cooled and extracted
with 250-300 ml. of benzene in several portions. The insoluble portion,
chiefly formamide, is retained for recovery or may be used without
purification for the next run. The benzene extract is distilled to remove
the benzene, and the residue is refluxed for about an hour with 200 ml.
of concentrated hydrochloric acid (sp. gr. 1.18). The cold mixture is
extracted with benzene in order to remove g small amount (10-12 g.)
of oily, acid-insoluble material; the benzene extract is discarded.

The aqueous portion is made strongly alkaline with 20-309, sodium
hydroxide solution and distilled with steam until practically no more
water-insoluble distillate is obtained; about 2.5-3 1. of distillate usually
is sufficient. About 18-20 g. of nonvolatile, basic residue, presumably
higher amines, remains in the distillation vessel. The distilled amine is
extracted with 200-300 ml. of benzene and is dried by distillation of the
benzene. The amine is best distilled under reduced pressure; b.p. 103—
104°/11 mm. ; yield 254-270 g. (82-879,). A small residue of less volatile
material remains in the distilling flask.

a-Aminododecylbenzene 2
(Use of Ammonia and Formic Acid)

One hundred and five grams (1.72 moles) of 289, aqueous ammonia,
and 88 g. (1.72 moles) of 909, formic acid are mixed carefully and poured
into a 500-ml. three-necked flask, equipped with a dropping funnel,
thermometer, and downward-directed condenser. The temperature is
raised to 160° by distilling out water, and 89.5 g. (0.344 mole) of lauro-
phenone is added in one portion. The temperature is maintained at
160-170° for twenty-two hours, and any ketone which distils is returned
to the flask at intervals. The formyl derivative is hydrolyzed in the
reaction mixture by refluxing for eight hours with 120 ml. of concen-
trated hydrochloric acid. After twelve hours at room temperature, 200
ml, of water is added and the compact crystalline mass of the hydro-
chloride is broken up with a glass rod and collected on a Biichner funnel.
The a-aminododecylbenzene hydrochloride is washed three times with
small portions of cold water and recrystallized from boiling water. The
product weighs 76 g. (789,) and after recrystallization from boiling
anhydrous ethanol melts at 115-116°.
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a-(o-Chlorobenzyl)ethylamine 3
(Use of Formamide)

A mixture of 24 g. of o-chlorobenzyl methyl ketone and 50 g. of form-
amide in a 500-ml. flask is refluxed for thirty hours. The mixture is
cooled, 100 ml. of 309, sodium hydroxide solution is added, and the
alkaline mixture is refluxed for twelve hours to hydrolyze the formyl
derivative of the amine. After cooling to room temperature, the reac-
tion mixture is extracted with several portions of ether and the combined
ether extract is shaken with 109, hydrochloric acid. Unchanged ketone
may be recovered from the ether layer. The amine is recovered from
the acid layer by the addition of sodium hydroxide and extraction with
ether. The ether solution of the amine is dried over potassium hydroxide
sticks and filtered. Dry hydrogen chloride gas is passed into the ether
solution, and the precipitated hydrochloride of a-o-chlorobenzylethyl-
amine is filtered and dried in a vacuum desiccator. The yield of amine
hydrochloride is 15 g. (529%,); m.p. 175-176°.

N,N-Dimethylbenzylamine ¢
(Eschweiler-Clarke Procedure)

One hundred and seven grams (1 mole) of benzylamine is added, with
cooling, to 255 g. (5 moles) of 909, formic acid. Then 188 g. (2.2 moles)
of 359, formaldehyde solution is added, and the mixture is heated on
the steam bath under reflux for two to four hours after evolution of gas
has ceased (eight to twelve hours in all). About 85 ml. (slightly more
than one mole) of concentrated hydrochloric acid is then added, and
the formic acid and any excess formaldehyde are evaporated on a steam
bath. The colorless residue is dissolved in water and made alkaline
by the addition of 259, aqueous sodium hydroxide, and the mixture is
steam-distilled. The distillate is saturated with potassium hydroxide;
the oil is separated, dried by heating with solid potassium hydroxide, and
distilled over sodium. About 108 g. (809%) of N,N-dimethylbenzyl-
amine, b.p. 176-180°, is obtained.

TABULAR SURVEY OF THE LEUCKART REACTION

In the tables which follow, examples of the Leuckart reaction described
in the literature through 1945 have been tabulated. It is probable that
the list is incomplete because the reaction frequently has been used as
one step in a synthesis without being indexed or referred to as a Leuckart
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process. Since many of these reactions were carried out before the
development of the modified procedures, it is likely that yields reported
do not always represent the best that could be obtained. The arrange-
ment of the carbonyl compounds in each table, or in groups of closely
related compounds within a table, is alphabetical, and for each carbonyl
compound the amines which react with it are also listed in alphabetical
order.
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TABLE I
LouckarRT REACTIONS WI1TH ALIPHATIC ALDCHYDES
'

Aldehyde Reagent Product 1,1;01 d Izi:-
Butyraldebyde | Piperazine + formic acid N,N’-Dibutylpiperazine 63 22
Formaldehyde | Ammonia -+ formic acd Trimethylanmne — 7
Formaldehyde | Benzylarmme + formic aad N, N-Dimethylbenzylamme 80 8,9, 16
Formaldehyde | Butylamine + formic aad N,N-Dimethylbutylamme 80 9
Formaldehyde | 8-(2 5-Dimethoxyphenyl)ethylamme | N,N-Dimethyl-8-(2,5-dimethoxy- Almost 17

+ formic acid phenyl)ethylamine quantitative
Tormaldchyd+ | 8-(2,5-Dimethoxyphenyl)isopropyl- | N,N-Dimethyl-8-(2,5-chmethoxy- Almost 17
amine -+ formic acid phenylhisopropylamine quantitative
Formaldeliyde | 8-(2,5-Dimethoxyphenyl)propyl- N,N-Dimethyl-8-(2 5-dimethoxy- Almost 17
amme + formic aad phenyl) propylamne quantitative
I'ormaldebyde | Ethylamme + forme aad N,N-Dimethylethylamine — 8
Formaldehyde | Ethylenediamine + formie aad Tetramethyl-1,2~diammoethane — 8
Formaldehyde | Tetramcthylenediasnme + formie Tetramethyl-1,4-diammobutane 92 9
aad
Tormaldehyde | Anabasine + forime aad N-Methylanabasme — 15
Formaldehyde | Benzylamylamine + formic acid N-Methylbenzylamylamme Almost 17
quantitative
Tormaldebhyde | Benzylbutylamine + formic acd Methylbenzylbutylamine Almost 17
quantitative
Tormaldehyde | Benzyldodecylammmne + formic aad | Methylbenzyldodceylamime Almost 17
quantitative
Tormaldehyde | Benzylethylamine + formic aad Methylbenzylethylamine Almost 17
quantitative
Tormaldehyde | Benzylmethylamine + formic aad | Methylbenzylmethylamine Almost 17
quantitative
Tormaldeliyde | Benzylpropylamine + formic aed | Methylbenzylpropylamime Almost 17
uantitative
Tormaldehyde | Dibenzylanune + formic aad Methyldibenzylamme 75 9
Tormaldehyde | 8-(2,5-Dimethoxyphenyl)ethyl- N,N-Dimethyl-8-(2 5-dimethoxy Almost 17
methylamine + formic aad phenyl)ethylamme quantitative
Formaldehyde | 8-(4-Methoxyphenyl)ethylbenzyl- N-Methyl-8-(4-methoxyphenyl)~ Almost 17
amine + formic aad ethylbensylaimne quantitative
Formaldehyde { Piperazme -+ formie aad N,N’-Dunethyljperazine — 8
Formaldehyde | Piperidine + formic aad N-Methylpiperidine 80 9
Tormaldehyde | Meaidine + formic acid N,N-Dimethylmeadine 73 21
Formaldehyde | p-Tolmdine 4 formic aad N N-Dimethyl-p-tolmdine — 20
Formaldehyde | 2,4,6-Tribromoaniine + formic acid | N\N-Dimethyl-2 4,6-tribromoamhine i d 9
Formaldehyde | a~Aminosobutyric acid + formic a-Dmethylammoisobutyre aad 80 9
aed
Formaldehyde | 8-Ammopropiome acid + forime B-Dimethylammoproponic acid 38 9
aad
Formaldebyde | Glycane + formuic aad N,N-Dimethylglyeme 60-70 9
Formaldehyde { a-Phenyl-c-amnobutyric acd 4+ a-Phenyl-a-dinethylammobutyrie 72 9
formic acd aad
Valeraldebyde | Ammonium formate + forime aerd | Triamylamine — 4y
Valeraldebyde | Amhne + forme acd N,N-Diamylamlme — 4z
Valeraldehyde | Methylaniline + formic acid N-Amyl-N-methylaniline — 4g
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TABLE II
Lovckarr Roacrions witn AromATIic AND IILTLROCY(L1C ALDCHYDLS
Aldehyde Reagent Product Y‘;:d 1?;{‘::-
o-Ampsaldehyde | Tthylamine + formic acd N-Lthyl-o-amsylamine — 23
o-Amsaldehyde | Methylamine | formic aad N-Methyl-o-amsylamine — 23
m-Anisaldehyde | Tthylamimne + formie acid N-Ethyl-m-amsylamine — 23
p-Anisaldebyde | Dthylamine + formue aad N-Ethyl-p-amsylamime — 23
p-Anisaldehyde | Methylamme -+ formic aad N-Methyl-p-anisylamine — 23
Benzaldchyde | Ammomum formate Tribenzylamine, 35-40 1
dibenzylamime, 10-15
benzylamme Trace
Benzaldehyde | Ammomum formate + fornme acd Tribenzylamine — 4y
Benzaldehyde | Amhne + formc aad N-Benzylanihne —_ 4y
Benzaldebyde | Tthanolamine + formamide N-Hydroxycthylbenzylamine — 57
Benzaldebyde | Ethylamino + formuc aaid N-Lthylbenzylamme — 4g
Benzaldehyde | 3-Methyleyclohexylymme -+ formie acid | N-Benzyl-3-methyleyclohexylamnme — 4y
Benzaldehyde | Piperazine -+ formic aad N N -Dibenzylpiperazine 84 22
Benzaldehyde | Pipenidine + formic acd N-Benzylpiperidine — 4g
Benzaldebyde | Pipenidme -+ methyl formadte N-Benzylpipernidiue — 28
Furfural Diethylamne + forme aod N N-Dicthylfurfurylamne — 27
Furfural Dimethylamne + formic aad N N-Dimecthylfurfurylamme 60 |26, 27, 56
Turfural Formamide Furfurylamine — 26
Turfural Methylamine + formic aad N-Methylfurfurylamme — 26
Turfural Methylformamide + formic aad N-Methyldifurfurylamine — 26
Furfural Morpholne + formic acid N-Turfurylmorphohne — 26

% Wegler, U. 8. pat, 2,251,245 [C.A., 35, 6975 (1941)].
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TABLE III
Lruckart Rracrions WITH ALIPHATIC KLTONLS
Ketone Reagent Product Y‘l;,ld Reference
0
Acetone a-Naphthylamme + methylformate | N-Isopropyl-e-naphthylamine — 28
Diethyl ketone Ammonjumn formate + acetic acid | 3-Pentylamine — 4g
Di-n-heptyl ketone Ammona + formie aad 8-Nonadecylamme 40 12
Dnusobutyl ketone TIormamide + formuie aad 2,6-Dimethyl-4-heptylamme 77 10
Dusopropyl ketone Formamde + forme acd 2,4-Dimethyl-3-pentylamme 64 10
Di-n-p1opyl ketone F¥ormarmde + formuc acid 4-Heptylamine 25 10
Methyl amyl ketone Ammonium carbonate-carbamate 4 | 2-Heptylamme 28 10
formic aad
Methyl amyl ketone Ammonum formate 2-Heptylanune 55 29
Methyl butyl ketone | Ammomum formate 2-Hexylamme —_ 29
Methyl cyclohexyl Ammonmum formate a-Cyclohexylethylamme — 30
ketone
Methyl hexyl ketone | Ammonium formate 2-Octylamme — 5,29
Methyl hexyl ketone | Formamde + formme acd 2-Octylamine 60 10
Methyl propyl ketone | Ammonium carbonate-carbamate + | 2-Pentylamine 10-37 10
formic acid
Methyl octadeeyl Ethanolamine + methyl formate N-Hydroxyethyl-2-ercosylamine 85 57
ketone
Piacolone Ammomum carbonate-carbamate + | 3,3-Dimethy 1-2-butylamine 52 6
formic aad
o-Chlorophenylacetone | Formamde B-0-Chlorophenyhsopropylamune 52 31
Di-(bromoveratiyl) Ammonum carbonate + formie Di-{bromoveratryl)carbmamine — 37
ketone acid
a,c-Dimethylphenyl- | Formamide B B-Dimethyl-g-phenylisopropyl- 76 35
acetone amine
Diphenylacetone Ammonmum formate Dibenzylearbinamine —_ 39
Diveratryl ketone Ammonum carbonate + formic acrd | Diveratrylearbimamne — 36
a-Lthylphenylacetone | Tormamude $3-Ethyl-g-phenylisopropylammne 63 35
p-Fluorophenylacetone | Tormamide B~p-Tluorophenyhsopropylamine — 35
3,4-Methylenediony- | Ammoma - formc aad B-3,4-Methylenedioxyphenyhso- 20 34
phenylacetone propylamne
o~Methylphenylacetone; Ammoma -} formic aad B-Methyl-g-phenyhsopropylamine 58 12
a-Methylphenylacetone| Butylamne + forme aad N-Butyl g-methyl-3-phenylso- 16 12
propylamine
a-Methylphenylicetone| I'ormamde B-Methyl-8-phenyhsopropylamne 60 35
a-Methylphenylacetone| Methylammne 4 forme aad N,8-Dimethyl-G-phenyhisopropyl- | 16,41 { 12, 35
amime
Phenylacetone Ammonia + formic acd B-Phenyhsgopropylamme 27 12, 32
Phenylacetone Ammontum formate B-Phenyhsopropylamine — 33
Phenylacetone Amylamme + formie acid N-Amyl 8-phenyhsopropylamme 50~70 32
Phenylacetone Butylamune -+ forme acid N-Butyl-3-phenyhsopropylamme | 50-70 | 12,32
Phenylacetone Diethylamme - formic aad N,N-Dicthyl-g-phenylisopropyl- 50-70 32
amme
Phenylacetone Dimethylamine + formue acid N N-Dimethyl-8-phenyhsopropyl-{ 50-70 32
amine
Phenylacetone Ethylammne -+ formic aad N-Ethyl 8-phenyhsopropylamme | 50-70 32
Phenylacetone Formamide 8 Phenylsopropylamne 50-60 31
Phenylacetone Methylamne + forme acid N-Methyl-8-phenylisopropyl- 50-70 |12, 32,35
amine 22)
a-Propylphenylacetone | Formamide B-Propyl B-phenyhsopropylamine 68 35
o-Tolylacetone Formamide B-0-Tolylisopropylamine — 38
o Tolylacetone Methylamme + forme aad N-Methyl g-o-tolyhisopropyl- —_ 38
amne
m-Tolylacetone Formamde B-m-Tolyhsopropylamine — 38
m~Taolylacetone Methylamne + formie acid N-Methyl-g-m~tolyhsopropyl 38
amine
p-Tolylacetone Formarmde B-p-Tolyhsopropylamine 38
p-Tolylacetone Methylamme -+ formue aad N-Methyl-8-p-tolyhsopropyk — 38

amine
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TABLE IV
LeuckART REACTIONS WITH ALIPHATIC-AROMATIC AND AvrpHATIC-HETEROCYCLIC
KeTonDs
Ketone Reagent Product Y‘l;ld Reference
0
Acetophenone Ammonium formate o-Phenethylamine — 4g, 40
Acetophenone Ammomum formate + acetic aad | e-Phenethylamine — 49
Acetophenone Ammonum carbonate-carbamate | a-Phenethylamine 72-81 | 6, 10, 48
+ formie acid
Acetophenone Amlhine + methyl formate N-a-Phenethylamhine — 28
Acetophenone Butylamne + formie acd N-Butyl-a-phenethylamme 78 13
Acetophenone Lthylamne + formic acid N-Ethyl-a-phenethylamme 70 13
Acetophenone Tormanmde a-Phenethylamme 50-60 | 31,41
Acetophenone Hydroxyethylformaimde N-Hydroxyethyl-a-phenethyl- 80 57
amine
Acetophenone Methylamino 4 formic aad N-Methyl-a-phenethylamme 60 13
Acetophenone «-Naphthylamine + methyl N-a-Phenylethyl-ce-naphthyl- — 28
formate amme
Acetophenone 1,3-Propanolamune + formamde | N—y-Hydroxypropyl-a-phen- 42 57
ethylamine
p-Bromoacetophenone | Ammomum carbonate-carbamate | a~p-Bromophenethylamime 79 6
+ formic aad
p-Bromoacetophenone | Ammonum formate a-p-Bromophenethylamime 63 40
p-Bromoacetophenone | Butylamme 4 formic aad N-Butyl-a-p-bromophenscthyl- 70 13
amine
p-Bromoacetophenone | Dthylamne 4 formme acid N-Lthyl-e-p-bromophenethyl- 60 13
amme
p-Bromoacetophenone | Methylamne + formic acid N-Methyl-a-p-bromophenethyl- 70 13
amime
p-Bromoheptano- Ammomna + formic aad a-p-Bromophenylheptylamme — 28
phenone
p-Bromohexanophenone | Ammoma + formic aad a~p-Bromophenylhexylamime — 12
p-Cliloroacetophenone | Ammonia + formic aaid a~p-Chlorophenethylamine 82 (]
p-Chloroacetophenone | Ammomum formate a-p-Chlorophenethylamme 65 40
p-Chloroacetophenone | Butylamime + formic acd N-Butyl-a-p-chlorophenethyl- 80 13
amne
p-Chloroacetophenone | Ethylamme + formic aad N-Cthyl-e-p-chlorophenethyle 80 13
amme
p-Chloroacetophenone | Methylamine + formic aad N-Methyl-a-p-chlorophenethyl~ 70 13
amime
p-Chloroheptano- Arminoma + formie aad a-p-Chlorophenylheptylamine — 12
phenone
p-Chlorohexanophenone | Ammoniza + formue acid a-p-Chlorophenylhexylamme — 12
p-Dimethylaminolauro- | Ammoma + formic acd a-p-Dimethylaminophenyldodec- — 7
phenone ylamine
p-Dodecylacetophenone | Ammonium formate ap-Dodecylphenethylamine — 42, 48
Isobutyrophenone Tormamde + formc aad a-Phenyhsobutylamme 85 10
Laurophenone Ammomna + formic acid a-Phenyldodecylamme 78 12, 48
Laurophenone Dimethylamine + formic acid No product when heated at 160- — 12
170° for twenty-eight hours
Laurophenone Methylamine + formc acid N-Methyl-a-phenyldodecylamme 53 12
p-Methoxyacetophenone | Ammomum carbonate-carbamate | a~p-Methoxyphenethylamine 68 [
+ formic aad
p-Methoxylaurophenone | Ammoma 4 formme aad ap-Methoxyphenyldodecylamme — 7
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TABLE IV—Continued
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LruckarT REACTIONS WITH ALIPHATIC-AROMATIC AND AvrpHATIC-HETEROCYCLIC
KuTones

Yild

Ketone Reagent Product % Reference

o-Methylacetophenone | Ammomum carbonate-carbamate | a-0-Tolylethylamime 70 6
+ formic aad

p-Methylacetophenone | Ammonium carbonate-carbamate | a-p-Tolylethylammne 72 6
+ formie acd

p-Methylacetophenone | Ammomum formate a-p-Tolylethylamme 72 40

p-Methylacetopbenone | Butylamme + formic acd N-Butyl-a-p-tolylethylamme 50 13

p-Methylacetophenone | Tthylanumne + formmec acid N-Ethyl-ap-tolylethylamune 60 13

p-Methylacetopbenone | Formanmde a-p-Tolylethylainme 50-60 31

p-Methylacetophenone | Methylamme + formic acid N-Methyl-a-p-tolylethylamme 50 13

p-Methylcaprophenone | Ammonia + formic acid a~p-Tolylhexylamine 63 12

p-Methyllaurophenone | Ammoma + formie 2ad a-p-Tolyldodecylamine — 7

m-Nitroacetophenone Ammonium carbonate-carbamate | e-m-Nitrophenethylamime 56 6
-+ formie acid

p-Phenoxyacetophenone | Ammonium carbonate-carbamate | a-p-Phenoxyphenethylamine 69 6, 48
+ formie aad

p-Phenylacetophenone | Ammomum carbonate-carbamate | a-p-Xenylethylamme 77 6
+ formic and

p-Phenylacetophenone | Ammomum formate a-p-Xenylethylamime 66 40

Propiophenone Ammomnia + formie acid a-Phenylpropylamine 65 10, 12

B-Acetonaphthone Ammomum carbonate-carbamate | a-(8’-Naphthyl)ethylamine 84 6
-+ forme acd

B-Acetonaphthone Ammonium formate a-(8’-Naphthyl)ethylamime 84 40

a-Acetothienone Armmonum formate a-(c’-Thienyl)ethylamme 51 43

o-Acetothienone Methylamme + formic aad N-Methyl-a-(e’-thienyl)ethyl 45 43

amine
a-Propiothienone Formamide a-(c’-Thienyl) propylamine 36 43
a-Propiothienone Methylamne -+ formic acid N-Methyl-a-(e’-thienyl) propyl- 27 43
amme

Benzom Ammomum carbonate + forme Desylamine Small 46

and acetic acids quantity
TABLE V
LeuckArT RracTioNs wiTH ARoMATIC KBTONCS
Ketone Reagent Product Y‘;Zl d Reference

1,2-Benzofluorenone Formamide 9-Ammo-1 2-benzofluorene — 49

2,3-Benzofluorenone Formamide 9-Amino-2,3-benzofluorene — 49

Benzophenone Ammoma + formie aaid Benzohydrylamine 80 12, 48

Benzophenone Ammomnium formate Benzobydrylamimne — 1

Fluorenone Tormamde 9-Ammofluorene 70-75 49
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TABLE VI
LeucearT REAcTIONS WITH ALvicycric KeToNES
Ketone Reagent Product Y:;ld Reference
0
Camphor Ammonum carbonate-earbamate Bornylamines 6
+ formic acd
Camphor Ammomum carbonste -} formic Bornylammes 52
aad
Camphor Ammonium formate Bornylamines 50-60 14
Camphor Methylformamde + formie acid N Methylboruylamines 60-75 51
Carvomenthone Ammonmum formate Carvomenthylamine,
25 53
dicarvomenthylamine
Cyclohexanone Ammonium formate 4 acetic acid | Dicyclohexylamine — 4y
Cydohexanone Benzylamine + formic aeid N-Cyelohexylbenzylamine — 4
Cyclohexanone Cyclohexylamine + methyl formate | Dicyclohexylamme — 28
Cyclohexanone Ethanolamime -+ formamide N-Hydroxyethyleyclohexyl- 65 57
amine
Cyclobexanone Tormamide + formic acd Cyclohexylamine, 26 10, 50
dicyclohexylamine 22
Cyclohexanone Laurylamine + methyl formate N-Cyelohexyllaurylamine — 28
Cyclobexanone a-Naphthylamine + methyl formate | N-Cyclohexyl a-naphthylamme — 28
Cydohexanone Piperidine + methyl formate N-Cyclobexylpiperidine — 28
Tenchone Ammonium carbonste-carbamate Tenchylamine 85 [
+ formie acad
Tenchone Ammonmum formate Tenchylamine 90 4
Menthone Ammomum formate Menthylamines — 4, 53
1-Menthone Ammonum formate - formamde | Menthylamines 80 10
+ forme acd
2-Methyleyclohexanone | Formamde + forme acid 2-Methyleyclobexylamine, 60 10
di-2-methyleyclohexylamine 20
3-Methyleyclohexanone | Ammonium formate + formie aad | Di-8-methyleyclohexylamme — 4y
3-Methyleyclohexanone | Amylamine + formic acid N-Amyl-3-methyleyclobexyl- — 4g
amme
3-Methyleyclohexanone | Benzylamme + forme aad N-Benzyl-3-methylcyclohexyl- — 4y
anmine
3-Methyleyclohexanone | 3-Methyleyclohexylamme + formuo | Di-3-Methyleyclohexylamine — 4g
acid
Thujone Ammonum carbonate-carbamate Thujylamime 55-77 10 55
+ forme aad
TABLE VII
LrouckarT RoacTioN wiTH QUINONTD
Quunone Reagent Product Y:;d Reference
0
Anthraqunone Formarmde 9 10-Diamino-9 10-dihydroanthracene 90 49
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Although it has been known! for a long time that organic com-
pounds can be oxidized by selenium dioxide or selenious acid, only in
recent years have these oxidizing agents found extensive application.
It had been observed frequently that when commercial fuming sulfuric
acid was used as an oxidizing agent (for example, in the introduction of
hydroxyl groups into anthraquinone and its derivatives) the trace of
selenium dioxide present in the acid was the active oxidizing agent ?
The first practical use of selenium dioxide is recorded in a patent granted
to the I.G. Farbenindustrie in 1930, which disclosed that 2-methyl-
benzanthrone could be oxidized to benzanthrone-2-carboxaldehyde 3

1 Gmefin’s Handbuch der anorganischen Chemae, Verlag Chemie, Berlin, 1907, pp 756,

764
2 Brady, Science Progress, 28, 100 (1933).
$ LG Farbonind. 5.-G., Ger. pat. 557.249 [C A., 27, 304 (1933)]
331
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Soon afterwards (1932), Riley, Morley, and Friend ¢ undertook a
systematic study of the oxidizing properties of selenium dioxide and
showed that it oxidizes aldehydes and ketones of various types to 1,2-
dialdehydes, aldoketones, and 1,2-diketones. This represented a marked
advance in the method of preparation of many difficultly obtainable
compounds and provided the impetus to many further studies of the
oxidizing action of selenium dioxide. The results of these studies are
the basis on which this chapter is written.

THE NATURE OF THE REACTION

Selenium dioxide oxidation is applicable to synthetic work, structural
studies, analytical procedures, and a number of diverse reactions. It is
associated generally with the conversion of active methyl or methylene
groups to carbonyl groups as illustrated by the following equations.

RCOCH; + SeO; — RCOCHO -+ Se -+ H0
RCOCH:R' 4+ SeOs — RCOCOR’ + Se + H:0
The methyl or methylene groups can be activated by groups other than

the carbonyl. Olefins and acctylencs are oxidized at the a-methylenic
carbon atom to yicld unsaturated alcohols. A methyl or methylene

2RCH,CH=CHR' + SeO; — 2RCHOHCH=CHR/' + Se
2RCH,C=CR’ 4+ 8¢0; — 2RCHOHMC=CR/’ -} Se

group adjacent to one or more aromatic or heterocyelic rings is also
converted to a carbonyl group. In a number of cascs, the aldchyde is
oxidized further to the corresponding carboxylic acid.

ArCH; + SeOs — ArCHO + Se + H,0
ArCHoAr" + 860y — ArCOAr’ + Se -+ Hy0
Certain olefins undergo loss of hydrogen and addition of oxygen.
2RCH=CHR’' } 38¢0, —» 2RCOCOR’ + 38¢ -+ 2H,0

Acetylenic compounds which do not possess an actlve methylene group
also undergo addition of oxygen.

RC=CR' + 8¢0; — RCOCOR' + Se

Selenium dioxide can bring about a still different type of reaction
whereby oxygen does not enter the final product but the reacting mole-
cule suffers dehydrogenation. Such reactions usually occur in systems
where two carbon atoms carrying hydrogen atoms are situated between

4 Riley, Morley, and Friend, J. Chem. Soc., 1932, 1875,
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activating groups. A and A’ may be doubly bonded carbon atoms,
2ACH,CHA’ + SeOy — 2ACH=CHA’ + Se + 2H,0

carbonyl groups, ester groups, or aromatic nuclei.

In addition to these more general types of reactions, setenium dioxide
will attack paraffin hydrocarbons, aleohols, phenols, mercaptans, sul-
fides, amines, hydrazines, amides, thioamides, acids, and a large number
of other substances.

As yet, no completely satisfactory mechanism has been suggested to
explain the varied behavior of selenium dioxide toward the countless
organic compounds that it is capable of attacking. Mel'nikov and
Rokitskaya 5% have published a series of papers on the mechanism of
the selenium dioxide reaction. From a study of the rate constants of
the reactions between selenium dioxide and a number of compounds in
759, acetic acid, they concluded that the oxidation takes place through
the formation of an intermediate complex. From simple alcohols they
were able to isolate dialkyl selenites which could be decomposed ther-
mally to give the corresponding aldehydes, selenium, and water.

Guillemonat ® has postulated the formation of selenium complexes
from a study of the oxidation of 2-methyl-2-butene. He believes that
the following series of reactions can occur with an olefin. (R is a radical
containing an ethylenic bond.)

4RCH,H + Se0, — (RCHj)4Se + 2H,0
(RCHy)s8e + HO — (RCHy)sSe + RCH; + RCH.0H
(RCHy)sSe + HyO — RCH:0H - RCH; + Se
5 Mel'nikov, Uspekhi Khim., 5, 443 (1936) [C.A., 30, 5180 (1936)].

S Mel'nikov, Fortschr. Chem. (Russ.), 5, 443 (1936) (Chem. Zentr., 1936, 11, 2330).
7 Mel’nikov and Rokitskaya, J. Gen. Chem. U.S.S.B., T, 1532 (1937) [C.A., 31, 8502

(19?;71\)/%91’nik0v and Rokitskaya, J. Gen. Chem. U.8.8.R., 7, 2738 (1937) [C.A., 32, 2903
(19?;81\)/%91’m'k0v and Rokitskaya, J. Gen. Chem. U.S.S.RB., 8, 834 (1938) [C.A., 33, 1267
(lg)l?‘;?\)/lllel’nikov and Rokitskaya, J. Gen. Chem. U.8.S.R., 8, 1369 (1938) [C.A., 33, 4194
(lg)l??\)/ll.(al’nikov and Rokitskaya, J. Gen. Chem, U.S.8.R., 9, 1158 (1939) [C.4., 34, 1233
(193(;\)/11.91’nikov and Rokitskaya, J. Gen, Chem. U.S.S.R., 9, 1808 (1939) [C.A., 34, 3676
(191%01\)/11.91’nik0v and Rokitskaya, J. Gen, Chem. U.S.S.R., 10, 1439 (1940) [C.A., 35, 2400
ui%ll&;el’nikov and Rokitskaya, J. Gen. Chem. U.S.S.R., 10, 1713 (1940) [C.A., 35, 3226
ilgéll\)/%‘el’nikov and Rokitskaya, J. Gen. Chem. U.S.8.R., 15, 657 (1945) [C.A., 40, 5702
1946)].

16 Guillemonat, Ann. chim., 11, 143 (1939),
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Astin, Moulds, and Riley ¥ agree that unstable organoselenium com-
pounds are formed in many selenium dioxide oxidations. However,
they maintain that the intermediate-complex theory would require the
existence of a large number of different types of unstable compounds; a
complicated addition of oxygen then would be necessary in the later
stages of the reaction. An investigation ® of the spectra of substances
heated in selenium dioxide vapor suggests that the vapor is capable of
providing oxygen atoms in a very low energy state. This may account
for the formation of many unstable compounds. The dehydrogenating
action of selenium dioxide indicates that the first process in many of
the oxidations must be the removal of activated hydrogen atoms. This
may or may not be followed by the addition of oxygen in a low energy
state according to the nature of the dehydrogenated product.

THE SCOPE OF THE REACTION

The oxidation of compounds containing active methyl or methylene
groups is perhaps the most valuable reaction of selenium dioxide. Desir-
able substances may be obtained from aldehydes and ketones. Even
simple aliphatic aldehydes show the characteristic transformation of
methylene or methyl groupsg to carbonyl groups. Acetaldehyde,1®
propionaldehyde,4:19 and n-butyraldehyde,*%% for example, give
yields of 909, 309, and 409, respectively, of glyoxals. In a similar

Se02

CH;CHO > OHCCHO

CH,CH,CHO 2% CH,COCHO

Se0y

CH3;CH.CH.CHO > CH3CH,COCHO

manner, aliphatic ketones are converted to glyoxals or a-diketones.
2-Butanone 410121 Jeads to a mixture of ethylglyoxal (179) and bi-
acetyl (19%), demonstrating the ability of selenium dioxide to attack
both active methyl and methylene groups. Cyelic ketones ¥ and mixed

CH;COCH.CH; jﬁ% CH;CH:COCHO - CH,COCOCH;

aliphatic-aromatic ketones 2 give satisfactory yields of diketones.

17 Astin, Moulds, and Riley, J. Chem. Soc., 1935, 901.

18 Emeléus and Riley, Proc. Roy. Soc. London, 1404, 378 (1933).

19 Imperial Chem. Ind., Brit, pat. 354,798 (Chem. Zentr., 1932, I, 288),
% Hatt, Pilgrjm, and Hurran, J. Chem. Soc., 1986, 93,
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CH2 CH2
RN 7\
CH: CO 4o CH: CO
| | | | (35%)
CH2 CH2 CHz ‘ CO
N /S N /S
CH, CH,

CeHCH,COCH; —2% CeH:COCOCSH;  (88%)

A large number of substituted benzyl ketones has been converted to
diketones in very high yields. 2-Methylcyclohexanone 2 behaves
anomalously when treated with selenium dioxide, dehydrogenation as

?Hg (fH.‘."
CH C
VRN VARN
([JH2 CO o, ([JH ([30
CH, CH, CH, CO
N 7 N/
CH, CH,

well as oxidation taking place.
Natural products, such as steroids and terpenes, which contain active
methylene groups behave quite normally toward selenium dioxide.

H, CH,

Se0gq OC

—_— I
oC ocC i
1
1

i

H H
Cholestanone 222 jis converted to 2,3-cholestanedione (309;). Cam-
phor %% and isofenchone %23 give the corresponding 1,2-diketones.

2 Godchot and Cauquil, Compt. rend., 202, 326 (1936).

2 Stiller and Rosenheim, J. Chem. Soc., 1938, 353.

% Callow and Rosenheim, J. Chem. Soc., 1933, 387.

2 Allard, Bull. inst. pin, 1934, 127 [C.A., 28, 7255 (1934)].

% Evans, Ridgion, and Simonsen, J. Chem. Soc., 1934, 137.

2% Véne, Compl. rend., 216, 772 (1943).

7 Véne, Bull. soc. sci, Bretagne, 19, 14 (1943-1944) (Pub. 1946) [C.A., 41, 739 (1947)].

8 Alder, Stein, and Rickert, Ann., 525, 221 (1936).

2 Ruzhentseva and Delektorskaya, J. Gen. Chem. U.S.8.R., 10, 1653 (1940) [C.4., 35,
3246 (1941)].

*® Ruzhentsova and Delcktorskaya, Compt. rend. acad. sci. U.R.S.S., 29, 41 (1940)
(C.A., 86, 3622 (1941)].
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CII;; CH3
W\co oo
H:CCOCH; L8003y H:C ‘CH;,' (89%)
CO
P
CII; CH,
Co o ™~co
cOy 3
H,C T > HC m |
> Co
HC H,C

3-Benzylcamphor,?? on the other hand, suffers dehydrogenation to 3-
benzylidenecamphor (959,).

A methylene group situated between two carbonyl groups, a carbonyl
and an ester group, two ester groupings, two aromatic nuclei, or an
aromatic group and a carboxyl group generally is changed to a carbonyl
group. 2,4-Pentanedione # yields 2,3,4-pentanetrione. Ethyl aceto-

SeOg

CH;COCH,COCH; ——3 CH;COCOCOCH;  (29%)

acetate # is transformed to ethyl «,B-dikelobutyrate. Diethyl malo-

SeOq

CH3COCH2CO2CoHjs > CH3COCOCO.CoHs  (35%,)

nate %3 gives diethyl mesoxalate (329;), monoethyl mesoxalate, and
diethyl oxalate. The last probably resulls {rom a disproportionation

Se0y

CH(CO,CoHs)o » CO(CO2C2Hs)s 4 CoHs02CCOCOH + (CO.CoHo)s

of the diethyl mesoxalate.
Diphenylmethane 3353 and fluorene % arc oxidized readily to
ketones. Indenc,® curiously, is reported to give hydrindene and a hydro-

Se

CoHsCHaCsHs —% CsHsCOCeH; (87%)

Swoliowslt
~ ~
CH, C

0]

31 Piutti, Gazz. chim. ital., 66, 276 (1936).

3 Miiller, Ber., 66, 1668 (1933).

8 Astin, Newman, and Riley, J. Chem. Soc., 1933, 391,

3¢ DuPont, Allard, and Dulou, Bull. soc. chim. France, [4] 53, 599 (1933).

3 Fisher, J. Am. Chem. Soc., 56, 2056 (1934).

3 Postowsky and Lugowkin, Ber., 68, 852 (1935).

3 Badger, J. Chem. Soc., 1941, 535,

8 Yokoyama, J. Chem. Soc. Japan, 59, 262, 271 (1938) [C.A., 32, 9062 (1938)].
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carbon CyHyg. Anthracene %% and 7,16-dihydroheptacene ¥ are con-
verted to quinones, but phenanthrene 1% is scarcely attacked. Benzyl

' C
= 02
CCO=C00 ™
x \C

@O@QCCO
CC‘ 20

halides %% yield benzaldehyde (499,), and toluene # gives benzoic acid.

CH:Br CHO

O i @ (56%)
X0, NO,
CH, CO.H

Se0y
>

Triphenylmethane % is oxidized to triphenylcarbinol (15%).
Homophthalic acid # and its derivatives ¥4 demonstrate the acti-
vating effect of the benzene ring and the carboxyl group.

CH,CO,H COCO:H
200, SeOz) 2 809%)
CO.H CO.H

3 Clar, Ber., T5, 1283, 1330 (1942).

% Michaelis and Landmann, Ber,, 13, 656 (1880).

4 Deupree and Lyons, Proc. Indiana Acad. Sci., 46, 101 (1937) [C.A., 82, 498 (1938)].

42 Chakravarti and Swaminathan, J. Indian Chem. Soc., 11, 715 (1934) [C.A., 29, 1080
(1935)].

4 Chakravarti and Swaminathan, J. Indian Chem. Soc., 11, 873 (1934) [C.A., 29, 2942
(1935)].

# Chakravarti, Swaminathan, nnd Vonkatiaraman, J. Indian Chem. Soc., 1T, 264 (1940)
[C.4., 84, 02564 (1040)).
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Heterocyclic compounds are attacked also by selenium dioxide at an
activated methyl or methylene group. Such groups in pyridine or quin-
oline derivatives are oxidized to either aldehyde or carboxyl groups.
For example, 2-picoline % gives a mixture of picolinic acid and 2-
pyridinecarboxaldehyde. 2,6-Lutidine % yields dipicolinic acid, and

\ SeOq A X
| Jow, | Aco.H +| _JcHo
N N N

2,3,8-trimethylquinoline ¥ is converted in 829 yield to 3,8-dimethyl-
quinaldehyde. The conversion of 5,6-benzo-7-azahydrindene * to a keto

A 5e0qy A
| — |

IL,CN_ _~CHs 110,CN_ _~COH
N N

Z | NCH; 80, & | “XNCH;

>

X ~CH; XN ~CHO

N N

CH; CH;

derivative illustrates the oxidation of an activated methylene group in a
heterocyclic molecule. Selenium dioxide appears to show a greater

CH, CH,
' A \(PHz Se()z> ' A \?Hz
P CH, ~—CO0
N N
tendency to form acid derivatives with the nitrogen-containing hetero-
cyclic compounds than with other substances.

The oxidation of olefinic compounds by selenium dioxide has led to a
number of interesting and valuable resulte. Many of the materials
available by this method are obtained only with considerable difficulty
by other means. The simple olefins do not undergo oxidation at the
c-methylenic carbon atom; however, olefins which contain at least five

carbon atoms behave normally. 2-Pentene %4 is oxidized to 2-penten-
4-0l, and 2-methyl-2-butene %% yields 2-methyl-2-buten-1-ol. The be-

Sc02

CH;CH=CHCH.CH; > CH;CH=CHCHOHCH;

(CHy),C—CHCH; ~% HOCH,C—CHCH,

CH;
4% Borsche and Hartmann, Ber., 73, 839 (1940).
4 Henze, Ber., 67, 750 (1934).
47 Burger and Modlin, J. Am. Chem. Soc., 62, 1079 (1940).
4 Riley and Friend, J. Chem. Soc., 1932, 2342,
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havior of myrcene ¥ shows that selenium dioxide is capable of taking
an olefin beyond the alcohol stage.

(HOCH, CH,CH,
N N
CH; CH:CH, o CH,—CH
\ / \ S8e0y ! ?
/C=CH C=CH, 5 and
CHS CHz‘—=-"CH HCO\ /CHzCHg

AN
C—=CH C==CH,

/ /
| CH, CH~=CH

Mixture of myrcenones

Cyelic olefing behave like aliphatic olefins. Cyclohexene 1698 can
be oxidized to 1-cyclohexen-3-ol (509) and cyclohexenone (69%,).

CH CH CH
/N /N 7N\
([3112 ([JH S0y ([JH2 ([JH ([3H2 ([JH

—_— _|_
CH, CH, CH, CHOH CH, CO
N/ N/
CH2 CH2 Hg

3,5-Dimethyl-A2-¢yclohexenone 52 is converted to 3-hydroxy-2,6-di-
methylquinone, which indicates that oxidation has occurred first at the

0 0
[ |
C C

c[H2 CH o, (ﬁH COH
>
H;CCH  CCH, H;CC CCH;
AN
CH, C

methylene group « to the double bond. This does not agree with the
usual conception that the carbonyl group exerts the greater activating

% Delaby and Dupin, Bull. soc. chim. France, [5] 5, 931 (1938); Aiti X° congr. intern.
chim,, 8, 120 (1939) [C.A., 83, 8194 (1939)],

% Schwenlk and Borgwardi, Ger. pat. 584,373 (Chem. Zenir., 1933, 11, 3481).

% Arbuzov, Zelingkil, and Shulkin, Bull, acad. sci. U.R.S.S., Classe sct. chim., 1945, 163
[C.A., 40, 3409 (1946)].

5 Dane and Sohmitt, dnn., 588, 106 (1038).
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effect, as it does in 2-methyl-A%-cyclopentenone.® Cauquil  has re-

0 0
C C
VRN RN
CH, CCH; 4o, OC CCH,
| | — | (30%)
CH,—CH CH;,—CH

ported that pulegone is oxidized by selenium dioxide in the presence of
ethyl alecohol to a mixture of 1-methyl-4-isopropylidene-2,3-cyclohexane-
dione, 1-methyl-4-isopropylidene-2,3,5-cyclohcxanetrione, 1-methyl-2-
ethoxy-4-isopropylidene-5-(or 6-)cyclohexen-3-one, and 1-methyl-4-iso-
propylidene-6-ethoxy-5-(or 6-)cyclohexene-2,3-dione.  These results
show the effect of activation of different methylene groups by a carbonyl
group and an ethylenic linkage.

Simple acetylenic hydrocarbons behave similarly to olefins. Both
1-heptyne % and ethylphenylacetylenc % are oxidized at the e-methylenic
carbon atom to give 3-hydroxy-1-heptyne (279,) and I-phenyl-3-
hydroxy-1-butyne (259,) respectively. The ability of selenium dioxide

CIT5(CH,),CH,C=CH 2% CHy(CH,);,CHOHC=CH

Se0g

CH;CH,C=CCsHj;

to bring about direct oxidation at a double or triple bond is illustrated
by acetylenes which possess no activated methylene groups. Diphenyl-
acetylene ¥ is oxidized to benzil in 359, yield. Stilbene %3 and the

CoHsC=CCeH; —2% CsHzCOCOCHs

lower olefins %5 exhibit the same type of reaction.

2008 C6HsCOCOCeH;  (86%)

50t CH,COCHO (199%)

CsH;CH=CHCH;

CH;CH==CH,

Selenium dioxide is capable of producing a still differeni type of
oxidation whereby oxygen does not enter the final product of the reac-
tion. The debydrogenating action of selenium dioxide has been observed
in systems where two carbon atoms possessing hydrogen atoms are

5 Dane, Schmitt, and Rautenstrauch, Ann., 532, 29 (1937).

% Cauquil, Compt. rend., 208, 1156 (1939).

% Truchet, Compt. rend., 196, 706 (1933).

5 Truchet, Compt. rend., 196, 1613 (1933).

5 Imperial Chem. Ind., Fr. pat. 734,537 [C.A., 27, 999 (1933)], Ger. pat. 574,162 [C.A.,
27, 3486 (1933)].
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between two activating groups. 1,4-Diketones, such as 2,5-hexane-
dione %% and 3-methyl-2,5-hexanedione,® are changed to olefins.

CH3;COCH,CH,COCH;, iefg CH;COCH=CHCOCH; (40%),)

5% CH,COC(CH;)=—CHCOCH; -+

CH;COC(CH,OH)=CHCOCH3

CH;COCH(CHj3)CH,COCHj;

In the last reaction both dehydrogenation and oxidation have occurred.
A similar dehydrogenation has been observed with certain terpenes. o-
Phellandrene 91 is converted to a mixture of cymene and cumaldehyde.

CH,
CH;, CHO
> +
CH(CHs;), CH(CHs;),

(JLH CH,
A4
CH
CH(CHs)2

Selenium dioxide also brings about a number of other reactions. For
instance, substituted chalcones % are converted in good yields to
flavones. Diphenylhydrazine ¢ yields diphenylamine, and phenyl-

CH, SeOo
COCH=CII©OCIIg©
s

OH

CH3
\(JH

H,C «@00m® (70%)

hydrazine derivatives ® are dehydrogenated to diazonium salts. Numer-
8e0
(CeH5)eNNH, —3 (CeHs)o:NH  (94%)

CeHsNHNH, - HCl % Qo N, +Cl—

58 Armstrong and Robinson, J. Chem. Soc., 1934, 1650.

% Goldberg and Miiller, Helv. Chim. Acta, 21, 1699 (1938).

% Borgwardt and Schwenk, J. Am. Chem. Soc., 56, 1185 (1934).

81 Hirayama, J. Chem. Soc. Japan, 59, 67 (1938) [C.A., 32, 4969 (1938)].

2 Bargellini, A#7 X° congr. intern. chim., 8, 32 (1939) [C.A., 34, 1018 (1940)].

%8 Bargellini and Marini-Bettolo, Gazz. chim. ttal., 70, 170 (1940).

% Chakravarti and Dulls, JJ. Indian Chem. Soc., 16, 639 (1939) [C.A., 84, 4735 (1940)]
65 Mahal and Voukntonrmnnn, J. Chem. Soc., 1986, 569,

% Pogtowsky, Lugowkin, and Mundryk, Ber., 69, 1013 (1936).
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ous sterol derivatives % are attacked by selenium dioxide; natural oils
like cottonseed oil ¥ are isomerized to give products with conjugated
systems of double bonds. Skraup reactions ® have been carried out
using selenium dioxide, and even rubber % is transformed into a sub-
stance that appears to have been vuleanized.

An examination of the tables of selenium dioxide oxidations and refer-
ence to review articles %578 will show the amazing diversity of this
interesting oxidizing agent.

EXPERIMENTAL CONDITIONS

Before attempting a selenium dioxide oxidation, it is advantageous
to carry out a small-scale test and recover the precipitated selenjum.
If a reaction occurs and the calculated amount of selenium is not ob-
tained, there is a good possibility that selenium-containing complexes
have formed. Many such complexes are known %785 gnd often com-
plicate the course of the reaction.

The important experimental variables in selenium dioxide oxida-
tions appear to be few. Most important are the solvent and the reaction
temperature. Sublimed selenium dioxide is employed most frequently,
but oceasionally an aqueous solution of selenious acid has been used.

A review of the literature shows that a great variety of solvents has
been utilized. The list includes dioxane, acetic acid, acetic anhydride,
ethanol, water, benzene, methanol, butyl alecohol, amyl alcohol, nitro-
benzene, toluene, xylene, hexane, ether, carbon tetrachloride, anisole,
pyridine, ethyl acetate, acetonitrile, and various combinations of these
solvents. The first six have found much greater application than the
others.

% Turk, Dawson, and Soloway, Am. Paint J., 28, 16, 18, 20 (1943) [C.4., 38, 547 (1944)].
% Kunz, Kochendoerfer, and Koeberle, U. 8. pat. 2,001,201 [C.A., 29, 4377 (1935)].
% Fisher, Ind, Eng. Chem., 31, 1381 (1939).

o I‘Iirayall}'a, Chem. Rev. (Japan), 5, 134 (1939) [C.A., 35, 7935 (1941)].

N Kratazl, Osterr. Chem.-Ztg., 41, 340 (1938) [C.A., 32, 9037 (1938)].

72 Sa, Rev. centro estud. farm. y bloquim., 27, 19, 48 (1937) [C.A., 31, 5315 (1937)].
8 Stein, Angew., Chem., 54, 146 (1941).

% Weygand, Die Chemie, 55, 60 (1942).

% Waitkins and Clark, Chem. Reuvs., 36, 235 (1945).

76 Véne, Bull, soc. sci. Bretagne, 18, 87 (1942) [C.A., 40, G047 (1946)].

7 Véne, Bull. soc. chim. France, 12, 506 (1945).

8 Dupont, Ind. chim. belge, 10, 307 (1939) [C.A., 34, 403 (1940)].

® Linstead, Ann. Repts. on Progress Chem. (Chem. Soc. London), 34, 238 (1937),

8 Mayor, Chimie & industrie, 43, 188 (1940).

8 Naves and Igolen, Bull. inst. pin, 1935, 234 [C.A., 30, 5487 (1936)].

%2 Backer and Strating, Rec. trav. chim., 53, 1113 (1934).

8 Fuson, Weinstock, and Ullyot, J. Am. Chem. Soc., 57, 1803 (1935).

8 Takamatsu, J. Pharm. Soc. Japan, 48, 450 (1928) [C.A., 22, 3400 (1928)].

8 Wierzchowski, Rocentki Chem., 16, 451 (1936) [C.A., 31, 1786 (1937)].
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The solvent selected should not enter into the reaction either by
undergoing oxidation itself or by combining with the desired product;
both acetic acid and acetic anhydride show this latter property. They
are useful when it is advantageous to isolate an acetate instead of a
hydroxyl derivative. It is claimed 1® that acetic acid exerts a favor-
able effect during selenium dioxide oxidations. Acetic anhydride %8587
can react with selenium dioxide to yield glyoxylic acid anhydride.

Se0g

(CH;CO)0 —=3 (HCOCO0)50

However, under normal experimental conditions the temperatures em-
ployed are not high enough to bring about this reaction. Acetic an-
hydride is often superior to acetic acid in that it does not lead to mixtures
of hydroxyl compounds and acetates.

In several instances, aleohols are reported to form ethers as products
of the oxidation reaction. Dihydro-e-dicyclopentadiene 3 yields the
methyl, ethyl, and amyl ethers of dihydro-a-dicyclopentadien-3-ol when
oxidized in the presence of methyl, ethyl, and amyl alcohol, respectively.
Crotonaldehyde ¥ gives S8-methoxy-a-ketobutyraldehyde when methanol
is used as the solvent. And, as previously stated, pulegone * in ethanol
is oxidized to ethoxy derivatives.

The solvent may affect the nature of the end products of the reaction
or influence the yield. For instance, 1-methyleyclohexene # in ethanol
leads to a mixture of 1-methyleyclohexen-6-ol (35%,) and 1-methyleyclo-
hexen-6-one (279,). If, however, the reaction is carried out in water
solution, a 909, yield of 1-methylcyclohexen-6-one results. Acetic acid,
on the other hand, is reported ® to give a 409, yield of 1-methylcyclo-
hexen-6-ol acetate.

Studies of the oxidation of camphor in ethanol,?® toluene,” xylene,
acetic anhydride,? %% and in the absence of a solvent * have pro-
duced yields of 279, 899, 899, 959, and 659, respectively, of cam-
phorquinone. Likewise, it has been found that 3-chlorocamphor 22
is not attacked by selenium dioxide in the presence of acetic acid but is
transformed to camphorquinone when no solvent is used.

An examination # of the behavior of a series of sterols and bile acids
toward selenium dioxide has shown that in aqueous-ethanolic solution
marked differences in reactivity are observed. The separation of scle-
nium takes place at room temperature with ergosterol, dihydroergosterol,
lumisterol, calciferol, and apocholic acid. Many other sterols, mostly

8 Hinsberg, Ann., 260, 40 (1890).

¥ Rappen, J. prakt. Chem,, 187, 177 (1941),

8 Alder and Stein, Ann., 504, 205 (1933),
8 Urion, Compl, rond., 199, 3n3 (1034).
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ergosterol derivatives, react readily at the temperature of the watex
bath. A third class, which includes nearly all the derivatives of choles-
terol examined, does not react under these conditions, but reaction
generally takes place at 100° in acetic acid or nitrobenzene.

Most selenium dioxide oxidations can be carried out without the use
of excessive temperatures. They are usually run at the boiling point
of the solvent, and the commonly used solvents boil m the neighborhood
of 100°. However, the oxidation of aromatic hydrocarbons, some
dehydrogenation reactions, and the direct oxidation of double bonds
appear to require higher temperatures. An interesting effect of tempera-
ture has been observed during the oxidation of A%'%-octahydronaphtha-
lene ® in acetic anhydride. At 0-5° the product of the reaction is
A% octahydro-1-naphthol acetate; at 25-30°, A% '-octahydro-1-naph-
thol acetate and A%%-octahydro-1,5-naphthalenediol diacetate; at 70°,
A% getahydro-1-naphthol acetate, A%1°-octahydro-1,5-naphihalenediol
diacetate, and 1,2,3,5,6,7-hexahydro-1,5-naphthalenediol diacetate; and
at 120-124°, only 1,2,3,5,6,7-hexahydro-1,5-naphthalenediol diacetate.

The isolation of the oxidation products usually involves merely the
filtration of the reaction mixture to remove metallic selenium, distilla~
tion of the solvent, and then either crystallization or distillation of the
residue. Only small amounts of selenium contaminate the residue if the
usual procedure of employing the calculated amount of selenium dioxide
is followed and the reaction is carried to completion. An excess of sele-
nium dioxide can be removed by means of lead acetate, sulfur dioxide,
or other reducing agents.

EXPERIMENTAL PROCEDURES

Preparation of Selenium Dioxide

A. By Combustion of Selenium in Oxygen and Nitrogen Dioxide.¥
The apparatus used is shown in the figurc. One hundred grams of sele-
nium is placed in the closed cnd of the tube, and nitrogen dioxide and

45 cm.

From NO,; generator
and CaCl, tube

1
l
q{[ixed 0, +NO,
! From 04 tank
6@ Se and CaCl, tube
Targe lube” Exhaust tube to
absorption tra,n

% Campbell and Harris, J. Am. Chem. Soc., 63, 2721 (1941).
®! Naeser, Inorganic Syntheses, 1, 117 (1939).
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oxygen, dried over calcium chloride, are introduced through the Y tube.
Some regulation of the gas flow is necessary to secure the best results.
The gases must be mixed thoroughly before coming in contact with the
selenium. It is desirable to use separate drying tubes for each gas, as the
nitrogen dioxide contains a great deal of moisture. If a stopcock is placed
between the nitrogen dioxide dryer and the Y tube, the calcium chloride
may be changed without interrupting the flow of oxygen or the heating.

When all the air and moisture have been displaced from the tube, the
selenium is heated strongly with a Bunsen flame. A white deposit of
selenium dioxide forms on the surface of the selenium but sublimes as
soon as the temperature becomes sufficiently high.

At the same time, the remaining selenium melts to a viscous mass and
eventually burns with a pale blue flame. The sublimate collects on the
gas-delivery tube and on the sides of the large tube. The exit gases
are bubbled through water and then sodium hydroxide solution to re-
move the oxides of nitrogen. After all the selenium has reacted, the
contents of the tube are allowed to cool while oxygen still is passing
through the apparatus and the selenium dioxide is removed.

A yield of 114 g. (809,) is obtained readily by this method. There
is always some loss of selenium due, perhaps, to the formation of the
suboxide. The presence of tellurium as an impurity in the selenium
also decreases the yield. Tellurium remains behind, presumably in the
form of the oxide which is not volatilized readily.

The selenium dioxide is obtained in the form of a snow-white product
which may be kept in a tightly stoppered bottle for an indefinite period
of time. It may turn pink on exposure to air as the result of reduction
by dust.

B. By Oxidation of Selenium with Nitric Acid.®? One hundred milli-
liters of concentrated nitric acid is placed in a casserole or evaporating
dish which is set on a sand bath. Heat is applied to the bath, and 60 g.
of erude selenium is added cautiously in small portions to the nitric acid.
The selenium should be scattered over the surface of the acid, and the
frothing should be allowed to subside after each addition. By the time
the reaction is completed, the sand bath should be at a temperature
sufficient to start evaporation. Heating is continued until the residue
appears dry. Care must be taken during the evaporation and subse-
quent cooling to keep the product broken up in order to avoid the forma-
tion of a bhard, compact mass.

The residue is purified either by a wet treatment or by sublimation
according to the procedure of Lenher.®

% Baker muid Maxson, Inorganie Syntheses, 1, 119 (1939).
O Lonhey, dm. Chon, J., 20, 555 (1898).
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Wet Purification. The residue is treated with enough water to bring
the selenium dioxide into solution, and, after filtration, 10 ml. of con-
centrated hydrochloric acid is added. A slow stream of sulfur dioxide
is passed into the solution until heat is no longer evolved. This requires
from two to five hours. Red selenium is deposited, but it changes to a
pasty gray form which becomes brittle on standing for a few hours.
This change is accelerated by boiling.

The selenium is removed by filtration, ground in a mortar, washed free
of acid, dried, and finally heated over a Bunsen burner, After the mass
has cooled, it is dissolved in concentrated nitric acid and evaporated as
described previously. In order to ensure the complete removal of the
nitric acid, the residue is dissolved in 75 ml. of water and evaporated
again. The yield of white selenium dioxide is about 76 g. (909).

Purification by Sublimation. The crude selenium dioxide, which may
be contaminated with copper and other heavy metals present in the
selenium, is pulverized and placed in an evaporating dish. The selenium
dioxide is moistened with a small amount of nitric acid, and two nested
funnels are mnverted over the evaporating dish (a plug of glass wool is
placed in the neck of the larger funnel). The dish is heated with an
open flame, and the selenium dioxide condenses in long needle-like
crystals on the walls of the funnels; m.p. 340°.

The results observed by Kaplan # during the oxidation of methyl-
quinolines are of interest. He found that selenium dioxide, freshly
prepared by the action of nitric acid on metallic selenium, whether used
directly or purified by sublimation, gave good yields of quinolinealde-
hydes consistent with those reported originally by Kwartler and Lind-
wall.® However, selenium dioxide which was prepared in the same
manner but allowed to stand for several months before use afforded
poor yields of the aldehydes; these yields were not improved by sub-
limation of such aged selenium dioxide at the time of use. On the other
hand, if the selenium dioxide was sublimed immediately after prepara-
tion and stored, the loss of effectiveness in a given length of time was
less marked than with the unsublimed material. The change that
occurred in the selenium dioxide was not determined.

Preparation of Phenylglyoxal

In a 1-l three-necked round-bottomed flask, fitted with a liquid-sealed
stirrer and a reflux condenser, are placed 60 ml. of dioxane, 111 g. (1

9% Kaplan, J. Am. Chem. Soc., 63, 2654 (1941),

% Kwartler and Lindwall, J. Am. Chem. Soc., 89, 524 (1937); Clemo and Hoggarth.
J. Chem. Soc., 1939, 1241,

% Riley and Gray, Org. Syntheses, 18, 67 (1935).
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mole) of selenium dioxide, and 20 ml. of water. The mixture is heated
to 50-55° and stirred until the solid has gone mto solution. Then 120
g. (1 mole) of acetophenone is added in one lot and the resulting mixture
is refluxed with continued stirring for four hours. The hot solution is
decanted from the precipitated selenium, and the dioxane and water
are removed by distillation through a short column. The phenyl-
glyoxal is distilled under diminished pressure from a 250-ml. Claisen
flask, and the fraction boiling at 95-97°/25 mm. is collected. The yield
is 93-96 g. (69-729%).

The aldehyde sets to a stiff gel on standing, probably as a result of
polymerization. It may be recovered without appreciable loss by distil-
lation. Phenylglyoxal may also be preserved in the form of the hydrate,
which is prepared conveniently by dissolving the yellow liquid in 3.5—4
volumes of hot water and allowing crystallization to take place.

Preparation of 3,8-Dimethylquinoline-2-aldehyde

A solution of 5 g. of 2,3,8-trimethylquinoline and 3.5 g. of selenium
dioxide in 40 ml. of ethanol is boiled under reflux for six hours, and the
precipitated selenium is filtered from the hot solution. The filtrate is
concentrated, and 3.3 g. of the aldehyde is collected in the form of
straw-colored needles. A reddish solid is preeipitated by the addition
of water to the mother liquor. It is removed by filtration and dissolved
m 10 ml. of benzene, and the solution is shaken with 30 ml. of a saturated
solution of sodium bisulfite for one hour. The crystalline addition
product is filtered, washed with ether, and decomposed with dilute
aqueous sodium carbonate. Another 1.2 g. of the aldehyde is obtained
in this manner; the total yield is 829,. The aldehyde is purified by
distillation under 1 mm. pressure followed by recrystallization from
ethanol. It forms long colorless needles; m.p., 107-108°,

Preparation of cis-A 5¢-3,4-Cholestenediol ¥

A solution of 25 g. (0.22 mole) of selenium dioxide in 10 ml. of water
and 500 ml. of acetic acid is warmed to 80° and mixed rapidly with a
solution of 50 g. (0.13 mole) of cholesterol in 250 ml. of benzene which
has been warmed also to 80°. The mixture immediately turns yellow
and then red; it is refluxed on a steam bath for one hour. One hundred
grams of sodium acetate is added, and, after heating for a few minutes,
the black modification of selenium is deposited and removed by filtra-
tion. The filtrate is poured into 1 1 of half-saturated salt solution. The

97 Rosonhoim and Btarling, 7. Chem. Soc., 1987, 877.
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benzene layeris separated, washed with water, dried over sodium sulfate,
and concentrated under reduced pressure. The residue, which weighs
60 g., is suspended in 500 ml. of petroleum ether (b.p. 40-50°), allowed
to settle In a tall cylinder, and washed twice by decantation with the
same solvent. The crude, creany-white product (26 g.), m.p., 174-175°,
is crystallized once from acetone (Norit) and then from 859, ethanol.
There is obtained 20 g. (39%,) of the cis-diol in inch-long, monoclinic
needles; m.p. 176-177°,

Preparation of Ninhydrin 9

In g 2-1. three-necked flask fitted with a reflux condenser and a me-
chanical stirrer is placed 55 g. (0.5 mole) of sublimed selenium dioxide
dissolved in 1.2 1. of dioxane and 25 ml. of water. The stirrer is started,
and the solution is heated to approximately 60-70°. The flame is with-
drawn, 73 g. (0.5 mole) of crude 1,3-diketohydrindene is added, and the
resulting mixture is refluxed for six hours. A solid separates during this
period and is filtered while the mixture is still hot. The filtrate is trans~
ferred to a distilling flask, and three-fourths of the dioxane is distilled.
Between 400 and 500 ml. of water is added, and the solution is boiled
to coagulate the tarry precipitate, which then is removed by filtration.
The filtrate is concentrated by distillation to approximately 250 ml. and
filtered. The filtrate is boiled with 1 g. of Norit, filtered again, con-
centrated to 125 ml., and allowed to stand at room temperature. The
crude ninhydrin which crystallizes is filtered, the mother liquor concen-
trated, and a second crop of crystals obtained; the total yield of crude
material is 36-38 g.

The impure ninhydrin is contaminated with a trace of selenious acid
which acts as a bleaching agent and prevents the formation of the
characteristic blue color reaction with a-amino acids. Crystallization
from hot water with the aid of Norit furnishes 28-31 g. (31-359,) of
long, colorless prisms of pure ninhydrin which gives none of the custom-
ary tests for selenium and produccs the characteristic color reaction with
oa-amino acids. The purified product loses water of hydration and turns
red between 125° and 130°, and finally it melts with decomposition at
241-243°,

SURVEY OF SELENIUM DIOXIDE OXIDATIONS

The following tables list the compounds which have been treated
with selenium dioxide. The literature has been surveyed up to and
including the August, 1947, Chemical Abstracts.

% Teeters and Shriner, J. Am. Chem. Soc., 55, 3026 (1933).
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The compounds are divided into the following sections, which are
arranged in alphabetical order: Acids and Acid Derivatives, Alcohols,
Aldehydes, Hydrocarbons, Ketones, Nitrogen-Containing Compounds,
Phenolic Compounds, Steroids, Sulfur-Containing Compounds, Ter-
penes, and Miscellaneous. These have been broken down further into a
number of sub groups which are listed below. The attempt has been
made to place compounds which contain more than one functional
group according to the most dominant characteristic.

Since it has often been necessary to depend upon abstracts rather
than the original articles, omissions of items such as the solvents used
or the yields obtained do not always mean that the data have not been
published.

INDEX TO TABLES
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ACIDS AND ACID DERIVATIVES

Compound Treated Solvent Product Yield Refer;
% ence
Acios
3,4-Dimethoxyhomo- Xylene 2,3-Dimethoxy- — 43
phthalic acid phthalonic acid
4,6-Dimethoxyhomo- Xylene m~Opianic acid — 42
phthalic acid
5,6-Dimethoxyhomo- Xylene y-Opianic acid — 42
phthalic acid
Homophthalic acid Xylene Phthalonic acid 80 42
Hydrocyanic acid (CH3CO)O | Sclenium + unidenti-| — 86
fied products
Lauric acid None Undecene — 38
Leucine None CgH1sNO — 38
Levulinie acid CH;3COoI1 Not isolated — 15
5-Mecthoxyhomophthalic | Xylene 4-Methoxyphthalonie | — 43
acid acid
4,5-Methylencdioxy- Xylene 4,5-Mecihylenedioxy- | — 44
homophthalic acid phthalonic acid
Myristic acid None Tridceene — 38
Palmitic acid None Pentadecene — 38
Phenoxyacetic acid H:0 Diphcnoxyacetic acid | — 84
selenoxide
Propionic acid — Pyruvic acid — 41
Pyruvie acid CH;COH Not isolated -— 15
Stearic acid None Heptadecene — 38
Thiocyanic acid H:0 Se -} COy +S04+~ 4| — 99
Ht + NHt
ANHYDRIDES
Acelic anhydride None Glyoxylic acid 17 36, 86, 87
1,2-Dimethyl-1,2,3,6- | (CI3C0):0 | 1,2-Dimethyl-6- — 100

tetrahydrophthalic
anhydride

acetoxy-1,2,3,6-
tetrahydrophthalic
anhydride

* References 99-324 aue on pp. 382-386.
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ACIDS AND ACID DERIVATIVES—Continued
Compound Treated Solvent Product Yield Refer;
% ence
EsTeRS
Diethyl cyclopentane- | Dioxane Diethyl cyclopentane-| — 101
1,3-dione-2,5-dicar- 1,3,4-trione-2,5-
boxylate dicarboxylate
Diethyl glutaconate CH3;COH Diethyl ketogluta- — 102
conate
Diethyl malate None Diethyl diketosucei-{ — 17
nate + diethyl fu-
marate + ethyl hy-
drogen mesoxalate
-+ oxalic acid -
malic acid 4 ethyl
hydrogen malate
Diethyl malonate None Diethyl megoxalate 4-| 32 19, 32, 33
monoethyl ester of
mesoxalic acid 4
diethyl oxalate
Diethyl g-ketoglutarate | None Ethyl «,s-diketo- — 17
butyrate
Diethyl succinate None Dijethyl diketosucci-{ — 33
nate + diethyl fu- —
marate 4 ethyl hy-| 40
drogen fumarate
Diethyl tartrate None Diethyl ketohydroxy-| 11 103
succinate
Dimethyl tartrate None Dimethyl fumarate — 103
Ethyl acetoacetate Xylene Ethyl &,8-diketo- 35 32
butyrate
Ethyl lactate None Ethyl pyruvate 4 — 103
OHCCOCO,CeH; or
OHCCHCOCoHjy
OH
Ethyl g-methyl- Dioxane B-Phenyl-a®f- — 104
cinnamate butenolide
Ethyl g-phenyl- None Cinnamie acid 8 17
propionate
Tetrahydrofurfuryl CH;CO.H No reaction — 105
acclale

#* Rafmonaas 00-324 i on ppe 382 384,
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ALCOHOLS
Compound Treated Solvent Product Yield Refer;
% ence
Benzyl alcohol None Benzaldehyde 100 33
n-Butyl alecohol None Ethylglyoxal Trace 33
2,2-Dimesitylethanol — Mesitil — 106
Ithyl aleohol None Glyoxal 41 7, 33
Isobutyl alcohol — Diisobutyl selenite — 7
Methanol — Dimethyl selenite — 7
a-Methylallyl alcohol (CoH;)20, a-Methylacrolein 62 107
CoHzOH, or
dioxane
B-Methylallyl alcoliol Iexyl aleohol | f~-Methylacrolein 50-60 108
or dioxane
n-Propyl alechol None Methylglyoxal Trace 7, 33
Tetrahydrofurfuryl None No reaclion — 109
alecohol
ALDEHYDES
Acelaldehyde None Glyoxal 90 4,11, 19
n-Butyraldehyde None Ethylglyoxal 45 4,11, 19
Cinnamaldehyde None Hydrocinnamic acid — 38
Crotonaldehyde CH3;OH B-Methoxy-e-keto- 19 87
bulyraldehyde
(CH3CO)0O | B-Acetoxy-a~keto- — 87
bulyraldehyde
11,0 or Polymeric 8-hydroxy-| — 87
CH3;COH a-ketobutyralde-
hyde
(CH3CO)20 4| Diacctale of croton-|{ — 87
CH;3;CO.H aldchyde
Heptaldehyde CH3COH Not isolated — 11
Homopiperonal — 3,4-Methylenedioxy- | — 110
phenylglyoxal
Isobutyraldehyde CH;3CO.H Not isolated — 11
Isovaleraldehyde CH3COH Not isolated — 11
Paraldehyde Dioxane -+ Glyoxal 74 111
CH3COH
Phenylacetaldehyde None Phenylglyoxal 35 4
Propionaldehyde None Methylglyoxal 30 4,11, 19

* References 99- 324 are on pp. 382-386.
4 Isolated as the bisulfite addition product.
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HYDROCARBONS
Compound Treated Solvent Product Yzeld Refer;
% ence
ALRANES
Ethane None Glyoxal + accticacid | — 48
-+ carbon dioxide
OLerins
Ethylene None Glyoxal 82 48, 57,
112, 113
1-Hexene CH3;CO:H + | 2-Hexen-1-0l acetale — 16
(CH3CO)O| + 1-hexen-3-ol
acetate
2-Methyl-2-butene CH3COH + | 2-Methyl-2-buten-1- — 16, 48
(CH3CO)20 | ol acetate
Isoprene + tiglalde- —
hyde 4 tiglic
aleohol
2-Mcthyl-2-pentene CH;3COxH + | 2-Methyl-2-penien-1- | — 16
(CH3CO)90O | ol acetate
3-Methyl-2-pentene CH;3CO,II 4 | 3-Methyl-3-penten-2- | — 16
(CH3CO):O | ol acetate + 2-
cthyl-2-buten-1-ol
acetate
3-Methyl-3-pentene CH3CO:H + | 3-Methyl-3-penten-2- | — 16
(CH3CO):O | ol acetate
3-Nonene CH3CO:H 4- | Mixture of acetates — 16
(CH3CO)s0 |  of nonenols
4-Nonene CH3CO:H <4~ | Mixture of acetates — 16
(CH3CO)sO | of nonenols
Olefins — Olefin oxides, glycols, | — 114
ete.
2-Pentene CH3CO.H 4 { 2-Penten-4-ol acetate | — 16, 48
(CH;CO)20
2,3-Dimethyl-3-pentene | CH3COH 4 | 2-Isopropyl-2-buten- — 16
(CH3CO)O | 1-ol acctate
3-Phenyl-3-pentene CH3;CO.H + | 3-Phenyl-3-penten-2- | — 16
(CH3CO)2O | ol acetate
Propylene None Methylglyoxal 19 48, 57
Stilbene None Benzil 86 17, 36
Styrene — No reaction — 48
2,2,3-Trimethyl-3-pen- | CHsCOoH 4~ | 2-fert-Butyl-2-buten- — 16
tene (CH3CO)20O 1-0l acetate

* Referencos 002824 nin on pp. 382- 386,
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HYDROCARBONS—Continued

Compound Treated Solvent, Product Yield Refer;
% ence
DrioLerINs
1,6-Dibiphenylene-1,5- | Cgds0CHj3 4| 1,6-Dibiphenylene- — 115
hexadienc CH3CO.H hexatriene
1,3-Pentadiene — 3-Pentene-1,2-diol — 116
1,1,6,6-Tetraphenyl-1,5- | CH3CO.H 1,1,6,6-Tetraphenyl- 50 115
hexadicne hexatriene
1,1,5,5-Tetraphenyl-1,4- | — 1,1,2,2-Tetra-(8,8- 60 117
pentadicne diphenylvinyl)
ethane
CYCLOGLEFINS
Cyclohexene CH3CO.H 4+ | 1-Cyclohexen-3-ol 50 16, 50, 51
(CH3CO)O | acetate + cyclo- 6
hexenone
(CH;)eCO + | trans-Cyclohexanediol| 45 116
H;0,
Cyeclopentadicne — Cyclopentene-3,4- — 116
diol
Cyclopentenc (CH3CO)0O | Cyclopentenol acctate| — 53
-+ eyclopentendiol
diacetate
Dihydro-a-dicyclopenta- | CH;OH Methyl ether of di-| — 88
diene hydro-e~dicyclo-
pentadien-3-ol
C.H;OH Ethyl ether of dihy-|{ 60 88
dro-ae-dicyclopenta~
dien-3-ol
CsH1;0H Amyl ether of dihy-{ — 88
dro-a-dicyclopenta~
dien-3-ol
(CH3CO).0 | Dihydro-a-dicyclo- 73 88
pentadien-3-ol
acetate
Dihydronordicyclo- CH3CO.H Dihydro-exo-dicyclo- | 38 118
pentadiene pentadien-3-ol

acctate

* References 99-324 are on pp. 382-386.
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HYDROCARBONS—Continued
Compound Treated Solvent Product Yield Refer;
% ence
CycrodLerins—Continued
Dihydro-a-tricyclo- (CH5CO)0 | Dihydro-a-tricyclo- 80 88
pentadiene pentadien-3-ol
acetate
Dihydro-g-trieyclo- (CH3CO)0 | Dihydro-g-tricyclo- 61 88
pentadiene pentadien-3-ol
acetate
1,2-Dimethylcyclo= CH;3CO.H + | 2,3-Dimethyl-1,3- 70 16, 119
hexene (CH3CO)20 | cyclohexadiene -+
o-xylene
1,6-Dimethylcyclo- CH;3CO.H + | 2,3-Dimethyl-1,3- — 16, 119
hexene (CH3CO)0 | cyclohexadiene
o-xylene
1-Ethyleyclohexene CH3CO.H + | 1-Ethylcyclohexen-6- | 23 16
(CH3CO)20O | ol acetate
1-Ethyleyclopentene CH3COH + | 1-Ethylcyclopenten- 19 16
(CH3CO)2:O |  5-0l acetate
1-Methyleyclohexene CH;0H 1-Methyleyclohexen- | 35, 27 | 89, 120
6-ol 4 1-methyley-
clohexen-6-onc
H0O 1-Methyleyclohexen- | 90 89
6-one
CH;COH 1-Methylcyclohexen- | 40 89
6-ol acetate
3-Methylcyclohexene CH3CO.H + { 6-Methylcyclohexen- | — 16
(CH3CO)0 | 3-0l acetate 4 4-
methyleyclohexen-
3-0l + 1-methyl-
cyclohexene -4
toluene
CH3CO.H 4 | 6-Methyleyclohexen- | — 119
(CH3CO)0O | 3-0l acetate 4 4~
methyleyclohexen-
3-0l acetate
4-Methylcyclohexene CH3COzH + | 4-,5-, and 6-Methyley-] — 16
(CH3CO)30 | clohexen-3-0l
acetates
CH;3COoH + | 6-Methylcyclohexen- — 119
(CHsCO)zO 3-ol acetate + 4-
methyleyclohexen-~
3-ol acetate 4- 4~
methyleyclohexen-

1-0l acetate

* Referanoos 00-824 are on pp. 882-380.
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HYDROCARBONS—Continued
Compound Treated Solvent Product Yield Refer;
% ence
CycrobLeriNns—Continued
1-Methyleyclopentene | (CH3CO)20 | 1-Methyleyelopenten-| — 53
5-0l acetate
1-Methyl-2-sec-iso- CHOH Not isolated — 121
octyl-1 (?)-cyclo-
pentene
9-Methyloctahydro- (CH3CO)20 | e1s-9-Methyloctahy- 17 122
naphthalene dro-3-naphthol
acctale
A%V Oetahydronaph- (CH3CO):0 | A%M-Octahydro-1« 65 90
thalene 0-5°) naphthol acetate
(CH3C0)20 | A%1-Octahydro-1- 35 90
(25-30°) naphthol acelate 4
A getahydro- 12.5
1,5-naphthalenediol
diacetalc
(CH3CO):0 | A° ¥-Octahydro-1- 17 90
(70°) naphthol acetate 4+
AY 0 getahydro-1,5-
naphthalenediol 4
1,2,3,5,6,7-hexaliy-
dro-1,5-naphtha-
lenediol diacetate
(CHsCO)O |[1,2,3,5,6,7-Iexahy- — 90
(120-124°) dro-1,5-naphtha-
lenediol diacetate
1,1,3,5-Telrametnyl-2 4~ | CH3CO.H 2,2,4,4-Tetramethyl- — 123
cyclohexadiene 3,5-cyclohexadien-
one
1,1,4-Trimethyl-3-cyclo- | CosO 1,1,4-Trimethyl-3- — 124
heptene cyclohepten-5-one
+ 1,1-dimethyl-3-
cycloheptene-4-car-
boxaldehyde
ACETYLENES
Acetylene None Glyoxal 6 48, 125
Phenylacetylene None Benzoic acid — 36

* References 99- 324 are on pp. 382-386.
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HTYDROCARBONS—Continued
Compound Treated Solvent Product Yield Refer-
% ence *
AceTYLENES—Continued
Diphenylacetylene None Benzil 35 36
1-Phenyl-1-propyne — 1-Phenyl-3-hydroxy- 25 56
1-butlyne
1-Heptyne CoHzOM 3-Hydroxy-1-heptyne | 27 55
1-Octyne CoHzOH 3-Hydroxy-1-octyne — 55
AromaTIC HYDROCARBONS
Acenaphthene None Acenaphthylene - 25 126
cis-acenaphthenc 16
glycol 4 trans-
acenaphthene
glycol
CH3;CO.H Acenaphthylene + — 127
acenaphthylene
glycol 4 polyace-
naphthylene 4 di-
naphthylenecyclo-
butane
Anthracene None Anthraquinone 76 36
CgHsNO2 Anthraquinone 73 17, 36
H,0O Anthraquinone 70 127¢q
Benzene None Not isolated — 128
Bibenzyl None Benzil 4 33 17
stilbene 17.5
Chrysofluorene Hy0O Chrysofluorenone 80 37
1,2,5,6-Dibenzofluorene | HoO 1,2,5,6-Dibenzoflu- 39 37
orenone
1,2,7,8-Dibenzofluorene | HoO 1,2,7,8-Dibenzoflu- 38 129
orenone
3,4,5,6~Dibenzofluorene | HoO 3,4,5,6~Dibenzoflu- — 129
orenone
1,2,8,9-Dibenzopenta~ CeHsNO2 1,2,8 9-Dibenzopenta-| — 130
cene cene-6,13-quinone
9,10-Dihydroanthracene | CH3CO.H Anthracene 60 1274

# Roforencas 00 324 nie on pp. 382-380.
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HYDROCARBONS—Contrnued

Compound Treated Solyent Product Yield Refer;
% ence
AromaTic HyprocarBons—Continued
7,16-Dihydroheptacene | CeHzNO, 7,16-Heptacene- — 39
quinone
6,15-Dihydrohexacenc | CeHsNO. 6,15-Hexacene- — 39
quinone
Diphenylmethane None Benzophenone 87 34, 35, 36
Fluorene H,O Fluorenone 65 36, 37
Hexahydropyrene CH3COH Pyrene 60 127q
Indene — Hydrindene + CoHyy | — 38
9-Methyldecalin — No reaction — 131
as-Octahydroanthracenc | HoO Anthraquinone — 127a
s-Octahydroanthracene | HoO Anthraquinone — 127a
Phenanthrene None Phenanthraquinone 3 17, 36
Polybenzyl Dioxane No reaction — 132
Toluene — Benzoic acid — 41
Triphenylmethane None Triphenylcarbinol 15 35
SussmiTuTED AROMATIC HYDROCARBONS
Benzyl chloride None Benzaldehyde 49 35, 40
2,4-Dinitrotoluenc ColIsOH or | No reaction — 35
dioxane
p-Nitrobenzal bromide | None p-Nitrobenzoic acid — 35
p-Nitrobenzyl bromide | None p-Nitrobenzaldehyde | 56 35
7(?)-Nitro-1,2,5,6-di~ HyO 7(?)-Nitro-1,2,5,6-di- | — 133
benzofluorene benzofluorenone
p-Nitrotoluene None p-Nitrobenzoic acid — 35
2,4,6-Trinitrotoluene CoHsOH or | No reaction — 35
dioxane
KETONES
MONOEETONES
Acetomesitylene Dioxane Mesitylglyoxal 82. 134
Acetone None Methylglyoxal 60 4, 10, 12,
19, 135-
138

* References 99-324 are on pp. 382-386.
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KETONES—Continued
Compound Treated Solvent Product Yield Refer;
% ence
MownoxeroNEs—Continued
Acetophenone Dioxane Phenylglyoxal 70 4, 10, 13,
19, 96,
138, 139
9-Acetyloctahydro- Dioxane Octahydro-9-anthra- 83 140
anthracene ceneglyoxal hydrate
2-Benzylbenzanthrone | None 2-Benzoylbenzan- — 3
throne
Benzyl 4-biphenylyl (CH3CO)0 | 4-Phenylbenzil 95 20
ketone
Benzyl 4-bromophenyl | (CH3CO)O | 4-Bromobenzil 97 20
ketone
Benzyl 4-chlorophenyl | (CH3CO)s0 | 4-Chlorobenzil 98 20
ketone
Benzyl duryl ketone Dioxane Phenyl duryl dike- — 141
tone
Benzyl isoduryl ketone | Dioxane Phenyl isoduryl dike- | 81 142
tone
Benzyl mesityl ketone | (CH3CO)O | 2,4,6-Trimethylbenzil | 97 20
Benzyl methyl ketone | Dioxane Phenyl methyl dike- 60 13, 143
tone
Benzyl p-tolyl ketone (CH3CO)0 | 4-Methylbenzil 74 20
Benzyl 2,4,6-triiso- Dioxane 2,4,6-Triisopropyl- 85 141, 144
propylphenyl ketone phenyl phenyl di-
ketone
Benzyl 4-(o-xylyl) ketone| (CH3CO)O | 3,4-Dimethylbenzil 98 20
Benzyl 4-(m-xylyl) (CH3CO)O | 2,4-Dimethylbenzil — 20
ketone
Benzyl p-xylyl ketone (CH5CO)0O | 2,5-Dimethylbenzil 89 20
3-Bromoacetomesitylene | Dioxane 3-Bromomesityl- 65 145
glyoxal
p-Bromoacetophenone | Xylene p-Bromophenyl- 55 13, 146
glyoxal
p-Bromobenzyl mesityl | Dioxane p-Bromophenyl mesi- | 72 145
ketone tyl diketone
3-Bromo-5-nitroaceto- | Dioxane 3-Bromo-5-nitromesi~ | 99 145
mesitylene tylglyoxal
2-Butanone None Ethylglyoxal 4+ 17 4, 10, 12,
biacetyl 1 19

* Roleronom 00-324 are on pp. 382 386,



360 ORGANIC REACTIONS
KETONES—Continued
Compound Treated Solvent, Product Yield Refer;
% ence
MonoxerToNss—Continued
p-Chloroacetophenone | Xylene p-Chlorophenyl- 64 13, 146
glyoxal
Crotonophenone Dioxane No reaction — 147
Cycloheptanone CoH;0H 1,2-Cycloheptane- — 21
dione
Cyeclohexanone C.Hs;OH 1,2-Cyclohexanedione | 46 4,19, 120
148
Cyclodetanone CoH;0H 8-Ethoxy-1,2-cyclo- — 21
octanedione
Jyclopentanone C.H;OH 1,2-Cyclopentane- 7 4
dione
Desoxybenzoin (CH3CO):0O | Benzil 88 20
3,5-Dibromosceto- Dioxane 3,5-Dibromomesityl- 41.5 149
mesitylene glyoxal
3,5-Dimethyl-A%-cyclo- | CHsCO.H 3-Hydroxy-2,6-di- — 52
hexenone methylquinone
2,4-Dimethyl-6-meth- Dioxane 2,4-Dimethyl-6- — 150
oxyacetophenone methoxyphenyl-
glyoxal
2,4-Dimethyl-3-penta~ | CH3CO.H Not isolated — 10
none
Diphenylacetoin — 1,4-Diphenyl-2,3- — 151
butanedione
3,4-Diphenyleyclo- Dioxzane 3,4-Diphenyl-3-cyclo- | — 152
pentanone pentenone
2,3-Diphenyleyclo- Dioxzane No reaction — 153
pentenone
1)ypnone Dioxane 2,4-Diphenylfuran 10 147
p-Tithoxyacetophenone | Dioxane p-Ethoxyphenyl- 40 154
glyoxal
3-Eithyl-5-hydroxy-6,7- | CH3CO.H or | Red dye — 155
dimethoxy-3,4-dihy- C.H;OH
dro-1(2)-naphthalen-
one
2-Heptanone CH3;COH Not isolated — 14
4-Hcptanone CH;CO.H Not isolated — 10
2-Hlydroxy-4’-benzyl- Cs;H;;0H 4’-Benzyloxy-5, 7-di- 70 65
oxy-4,6-dimethoxy- methoxyflavone

¢halcone

# Roferonces 99-324 are on pp. 382-386.
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361

KETONES—Conitnued
Compound Treated Solvent Product Yield Refer;
% ence
Monoxrrones—Continued

2-Hydroxy-4-benzyloxy- | CsH;OH 7-Benzyloxyflavone 34 156
phenyl styryl ketone

2-Hydroxy-3-chloro- CsH,;,0H 8-Chloro-3’,4’-di- — 64
3’,4’-dimethoxychal- methoxyflavone
cone

2-Hydroxy-5-chloro- CgH1,OH 6-Chloro-3’,4/-di- — 64
3’,4’-dimethoxychal- methoxyflavone
cone

2-Hydroxy-4-(8,y-dihy- | — 7-(8,v-Dihydroxypro- | — 157
droxypropoxy) phenyl poxy)flavone
styryl ketone

2-Hydroxy-4,5-dimeth- | CsH1;;0H 6,7-Dimethoxy- — 63
oxychalcone flavone

2-Hydroxy-3,4-dimeth- { CsH; OH 7,8-Dimethoxy-2+ — 158
oxycinnamylidene-~ styrylechromone
acetophenone

2-Hydroxy-3,4-dimeth- | CoH;0H 7,8-Dimethoxy-2-(2- — 159
oxyfurfurylideneace- furyl)chromone
tophenone

2-Hydroxy-4,5-dimeth- | CoHyzOH 6,7-Dimethoxy-2-(2- — 159
oxyfurfurylidenace- furyl) chromone
tophenone

2-Hydroxy-4-methoxy- | C;H1iOH 7-Methoxy-2-styryl- — 158
cinnamylideneaceto- chromone
phenone

2-Hydroxy-4-methoxy- | CsHuOH 7-Methoxy-2-(2- — 159
furfurylideneaceto- furyl)chromone
phenone

2-Hydroxy-3-nitro-5- CsH11OH 6-Methyl-8-nitro- — 64
methyl-3’,4’-dimeth~ 3,4’-dimethoxy-
oxychalcone flavone

o-Hydroxyphenyl styryl | CsHy;OH Flavone 42 156
ketone

2-Hydroxy-3,4,6,4'- CsH,OH 5,7,8,4'-Tetrameth- — 62
tetramethoxychalcone oxyflavone

2-Hydroxy-4,5,4’~tri- C:;H;;0H 6,7,4’-Trimethoxy- — 63
methoxychalcone flavone

p-lodoacetophenone CH;CO.H Not isolated — 13

# Raolereueus 00-324 nra on . 182 1186,
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ORGANIC REACTIONS

KETONES—Continued
Compound Treated Solvent, Product Yield Refer;
% ence
MonoreToNEs—Continued
3’-Keto-4,6-dimethoxy- | CH3;COH 2/,3'-Diketo-4,6-di- — 160
1,2-cyclopenteno- methoxy-1,2-cyclo-
naphthalene pentenonaphthalene
Ketotetrahydrobenzo- | Dioxane No reaction — 161
fluorene
p-Methoxyacetophenone | CH3COoH Not isolated — 13
p-Methylacetophenone | CH3COH p-Methylphenyl- — 13, 146
glyoxal
2-Methylbenzanthrone | HyO Benzanthrone-2-car- — 3
boxaldehyde
6-Mecthylbenzanthrone | HyO Benzanthrone-6-car- — 3
boxaldehyde
9-Methyl-meso-benz- H.O meso-Benzanthrone- 24 162
anthrone 9-carboxaldehyde 4
meso-benzanthrone-
9-carboxylic acid
10-Methyl-meso-benz- CelsNO, meso-Benzanthrone- 32 162
anthrone 10-carboxaldehyde
- meso-benzan-
throne-10-carbox-
ylic acid
3-Methyl-2-butanone CH;CO,HH Not isolated — 10
2-Methyleyclohexanone | CoHzOH 3-Methyl-A%-1,2-cy- — 21
clohexenedione
3-Methylcyclohexanone | CoHzOH 3-Methyl-A%-1,2-cy- — 21
clohexenedione
4-Methylcyclohexanone | CoHzOH 4-Methyl-1,2-cyclo- — 21
hexanedione -4 4-
methyl-6-ethoxy-
A%-cyclohexenone
Methyl cyclohexyl Dioxane Cyclohexylglyoxal 59 163
ketone
2-Methyl-A2-cyclo- (CH3CO)0 | 3-Methyl-a3-1,2-cy- 30 53
pentenone clopenienedione
3-Methyl-1-tetralonc CoH;OH 2-Hydroxy-3-methyl- | 45 164

1,4-naphthoquinone

+
3-methyl-1,2-naph-
thoquinone

* References 99-324 are on pp. 382- 386,
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KETONES—Continued
Compound Treated Solvent Product Yield | Refer-
% ence *
MonokeroNEs—Confinued
2-Methyl-1,1'-di- H0 2-Carboxy-1,1'-di- 56 165
naphthyl ketone naphthyl ketone
2-Methyl-1,2’-dinaph- | HyO 2-Carboxy-1,2’-di- 53 165
thyl ketone naphthyl ketone
4-Methyl-1,2'-dinaph- | CeH;INOg 4-Carboxy-1,2"-di- — 166
thyl ketone naphthyl ketone
Methyl a-naphthyl CH3;CO.H a-Naphthylglyoxal 44 167
ketone
Methyl g-naphthyl CH3CO.H B-Naphthylglyoxal 72 167
ketone
1-(2-Methylnaphthyl) H0 1-(3,4’,5'-Trimethyl- | — 168
3,4’,5-trimethyl- benzoyl)-2-naph-
phenyl ketone thoic acid acetoxy
lactone
B-Naphthoflavanone Xylene B-Naphthoflavone — 156
3-Nitroacetomesitylene | Dioxane 3-Nitromesitylglyozal | 72 145
m-Nitroacetophenonc CH;COH Not isolated — 13
m-Nitrobenzyl mesityl | Dioxane Mesityl m-nitro- 81 145
ketone phenyl diketone
p-Nitrobenzyl mesityl | Dioxane Mesityl p-nitrophenyl| 72 145
ketone diketone
5-Nonanone CH3CO.H Not isolated — 10
trans-Octahydro-2(1)- C.H;OH trans-Octahydro-2,3- 50 169, 170
naphthalenone naphthalenedione
2-Octanone CH3CO.H Not isolated — 10, 14
2-Pentanone CH;CO.H Not isolated — 10, 12
3-Pentanone — Methyl ethyl — 10, 19
diketone
1-Phenylacetyl-3-nitro- | (CH3CO)0O | 3-Nitro-4-methoxy- 66 171
4-methoxybenzene benzil
Pinacolone CH;OH tert-Butylglyoxal 52 10, 172,
173
Propiomesitylene Dioxane Methyl mesityl 42 145
diketone
Propiophenone C,HzOH Methyl phenyl 50 4, 19
diketone
Tetraphenyleyclo- CH;CO.H 2,3,4-Triphenyl- — 174
pentadienone hydrate benzoylfuran

# Roforoncos 00-324 nro on pp. 382- 3806,
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KETONES—Continued
Compound Treated Solvent Product Yield Refer;
% ence
MonoxeToNes—Conitnued
3,3,5,6-Tetraphenyl-1- | Dioxanc 3,3,5,6-Telraphenyl- — 152, 175
indanone 1,2-indandione
1-p-Toluoyl-2-methyl- | HoO 1-p-Toluoyl-2-naph-~ 65 127q
naphthalene thoic acid
2,4,6-Triethylaceto- Dioxane 2,4,6-Triethylphenyl- | 78.5 176
phenone glyoxal
2,4,6-Triisopropyl- Dioxane 2,4,6-Triisopropyl- 82 145
acetophenonc phenylglyoxal
Di1kETONES
1,9-Anthindandione CeHsNO2 Accanthrenequinone — 177
Benzoyl-g-isoduryloyl- | Dioxanc Mesityl phenyl {ri- —_ 83
methane ketone -+
0351’1320480
1-Benzoyl-3,4,5,6-tetra- | CHsCOH No reaclion — 178
phenyl-7-keto-1,2,3,6-
tetrahydro-3,6-meth-
anobenzcne
2-Benzylanthraquinone | — 2-Benzoylbenzan- — 3
throne
Bicyclo-[3.3.0]-2,6- CoH;0I1 Unstable oil — 179
octanedione
1,3-Diacetylbenzenc Dioxane m-Phenylenedi- — 180
glyoxal
1,4-Diacetylbenzene (CH3CO):O | p-Phenylenediglyoxal | — 181
1,5-Dibenzoyl-2,6-di- CeHsNO, 1,5-Dibenzoylnaph- — 3
methylnaphthalene thalene-2,6-dicar-
boxylic acid
1,2-Dibenzoyl-1-propene | Dioxane 2-Phenyl-4-benzoyl- 63 147
furan
Di-(B-isoduryloyl)- Dioxane Dimesityl triketone — 182
methane
1,3-Diketohydrindene Dioxane Ninhydrin 35 98
1,2-Dimesitoylethylene | Dioxane Dimesityl triketone 50 149
glycol

% Roferencos 99- 324 are on pp. 382-386.
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KETONFES—Coniinued
Compound Treated Solvent Product Yield Refer;
% ence
DireTones—Continued
Diphenylsuccindandione | CHCOoH Ca31H,603 90 183
2,5-Hexanedione "0 A3-2,5-Hexenedione 40 58, 59
3-Methyl-2,5-hexane- HyO 3-Methyl-A3-2,5- — 59
dione hexenedione + 3-
hydroxy-4-methyl-
A3-2,5-hexenedione
1-Methyl-4-isopropyl- | — 1-Methyl-4-isopropyl-| — 54
idene-2,3-cyclohex- idene-2,3,5-cyclo-
anedione hexanetrione
5-Methylnaphtho- — Naphthoanthraqui- — 3
anthraquinone none-5-carboxylic
acid - naphtho-
anthraquinone-5-
carboxaldehyde
2-Methyl-1,4-naphtho- | CoHsOH No reaction — 164
quinone
3-Methyl-1,2-naphtho- | CoH;OH 2-Hydroxy-3-methyl- | — 164
quinone 1,4-naphthoquinone
1,8-Naphthindandione | CeHzNO, Acenaphthenequi- — 177
none
2-Nitro-1,4-diacetyl- Dioxane 2-Nitrophenylene-1,4-| — 181
benzene diglyoxal
2,4-Pentanedione C.Hz;OH 2,3,4-Pentanetrione 29 31
1-Phenyl-1,3-butane- CoH;OH Unidentified — 31
dione
Triphenylcyclopenta~- Dioxane CeH 3004 — 184
dienedione
TRIEETONES
1,3,5-tris(Bromo- Dioxane 1,3,5-Triglyoxalyl- — 181
acetyl)benzene benzene

* References 99-324 are on pp. 382- 386.
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NITROGEN-CONTAINING COMPOUNDS

ORGANIC REACTIONS

Compound Treated Solvent Product Yield | Refer-
% ence *
AMINES
Aniline CH3z0H C7H ;303N Se — 17
None Violet compound — 128
CoHsOH -+ Blue-black solid — 86
(CoHs)20
Ethoxyphenylenedi- H,O Ethoxypiaselenol — 185
amine
Ethylamine — Solid, m.p. 150° — 128
Methylaniline CH3;0H Not isolated — 17
1,2-Naphthylenediamine | HO Naphthopiaselenol — 186
1,8-Naphthylenediamine | HsO CooH1sN4Se — 187
o-Phenylenediamine H:O Piaselenol — 185
p-Toluidine CH;OH Not isolated — 17
o-Tolylenediamine HC1 Mecthylchloropiasele- | — 188
nol
o-Tolylenediamine Hy0 Methylpiaselenol — 186
1,2,4-Triaminobenzenc | HsO Amninopiaselenol — 185
HypraziNes
p-Bromophenylhydra- | HsO p-Bromobenzenedia~ — 66
zine hydrochloride zoniym chloride
Diphenylhydrazine CH;OH Diphenylamine 94 66
1-Naphthylhydrazine H,0 1-Naphthalenedia~ — 66
hydrochloride zonium chloride
2-Naphthylhydrazine H.0 2-Naphthalenedia~ — 66
hydrochloride zonium chloride
m-Nitrophenylhydrazine | HoO m~Nitrobenzenedia~ — 66
hydrochloride zonium chloride
p-Nitrophenylhydrazine | HsO p,2’-Dinitrodiazo- 46 66
hydrochloride aminobenzene - 32
p-nitrodiazoben-
zeneimide
Phenylhydrazine CoHzsOH 4 | Not isolated — 86, 189
H,O
Phenylhydrazine hydro- [ HyO Benzenediazonium — 66
chloride chloride

* References 99-324 are on pp. 382-386.
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NITROGEN-CONTAINING COMPOUNDS—Continued
Compound Treated Solvent Product Yield Refer;
% ence
Hurerocycric CoMPOUNDS
Acridine None Dihydroacridine — 38
5,6-Benzo-7-aza- — 1-Keto-5,6-benzo-7- — 45
hydrindene azahydrindene
9-Benzylacridine Xylene 9-Benzoylacridine 60 190
2-(0-Carboxyphenyl)-4- | CeHs 2-(0-Carboxyphenyl)- | — 191
keto-1,2,3,4-tetra~ 4-keto-1,4-dihydro-
hydroquinoline quinoline lactam
lactam
6,7-Dimethoxylepidine | Dioxane 6,7-Dimethoxycinch- | 71 192
oninaldehyde
2,3-Dimethylbenzo(h)- | CoHz;OH 3-Methylbenzo(h)- 20 193
quinoline quinoline-2-car-
boxylic acid
2,4-Dimethylbenzo(h)- | CoHzOH Benzo(h)quinoline- — 193
quinoline 2,4-dicarboxylic
acid
1,3-Dimethyl-6,7- Dioxane 1,3-Dimethyl-6,7- — 194
methylenedioxyiso- methylenedioxoiso-
quinoline quinolinaldehyde
2-Ethyl-3-methyl- Xylene 3-Methylquinaldic — 46
quinoline acid
Ethyl 1-phenyl-5-keto- | — Diethyl 1,1’-diphenyl-| — 195
2-pyrazoline-3-car- 5,5’-dihydroxy-4,4’~
boxylate bipyrazole-3,3'-
dicarboxylate
8-Ethylquinaldine CoHzOH 8-Ethylquinaldalde- 90 196
hyde
Hydroquinine Kylene Hydroquininone 45 197
Lepidine Diozane Cinchoninaldehyde +| 58 94, 95,
1,2-b7s(4-quinolyl)- | 100 198, 199,
ethene 200
2,6-Lutidine Xylene Dipicolinic acid — 46
6-Methoxylepidine Xylene Quininaldehyde 56 95, 192
9-Methylacridine Xylene 9-Acridinecarboxalde-{ — 201
hyde
4-Methylbenzo(h)- Xylene Benzo(h)quinoline-4~ 10 202
quinoline carboxaldehyde

% Referencos 90-324 are on pp. 382-380.
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NITROGEN-CONTAINING COMPOUNDS—Continued

ORGANIC REACTIONS

Compound Treated Solvent, Product Yz;ld Rdel;
A ence
Hererocycric Compounps—Continued
2-Methyl-4-hydroxy- — 4-Hydroxy-2-quin- — 203
quinazoline azolinecarboxalde-
hyde
1-Methylisoquinoline Dioxzane Isoquinolincaldchyde | 42 194
2-Methyl-4-ketoquin- — 4-Ketodihydroquin- — 204
azoline azoline-2-carbox-
aldehyde
6-Methylphenanthridine | CHsCOoCoH | 6-Phenanthridineear- | 70 205
boxaldehyde
5-Methylquinoline None 5-Quinolinecarbox- — 206
aldehyde
6-Methylquinoline None 6-Quinolincearbox- — 206
aldehyde
7-Methylquinoline None 7-Quinolinecarbox- 91 206
aldehyde
8-Methylquinoline None 8-Quinolinccarbox- 70 206
aldehyde
2-Methylquinoxaline Xylene 2-Quinoxalinccarbox- | 24 207
aldehyde
2-Methyl-1,2,3,4-lclra- | — 2-Methyl-4-keto- — 45
hydroacridine 1,2,3,4-1ctrahydro-
acridine - 2-
methylacridine
Nicotine HoSO4 Nicotinic acid 75 208
8-Nitrolepidine CHsOH 8-Nitrocinchoninalde-| 53 209, 210
hyde
Papaverine CH3;COH Papaveraldine — 211
1-Phenyl-3-methyl-4,5- | CoHzOH 1,1’-Diphenyl-3,3’- — 195
diketo-2-pyrazoline dimethyl-5,5'-dihy-
droxy-4,4’-bipyra-
zole
1-Phenyl-3-methylflava- | — No reaction — 195
zole
CH;CO.H Pyrazole blue — 195
2-Picoline CH3CO2C.Hj | 2-Pyridinecarboxalde-| — 45

hyde

* References 99-324 are on pp. 382-386.
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NITROGEN-CONTAINING COMPOUNDS—Continued
Compound Treated Solvent Product Yield | Refer-
% ence *
HereErocycLic Compounns—Contrnued
2-Picoline (Continued) | Xylene Picolinic acid + 2- — 46
pyridinecarboxalde-
hyde
3-Picoline HyS04 Nicotinic acid 50 46, 208
Quinaldine Dioxzane 2-Quinolinecarbox- 50 46, 94
aldehyde
Dioxane Quinaldil 9N 212
Dioxzane 2-Hydroxy-1,2-di-2- 84 94
quinolylethanone
(aged SeOq)
Xylene 2-Quinolinecarbox- 68 213
aldehyde
Quinoline HoS0, Nicotinic acid 75 208
1,2,3,4-Tetrahydro- — 1,2,3,4-Tetrahydro-4- | — 45
acridine acridone 4 acridine
2,3,8-Trimethyl-5-nitro- | CoHzOH 3,8-Dimethyl-5-nitro- | 38 47
quinoline quinoline-2-carbox-
aldehyde
2,3,8-Trimethylquinoline| CoHs0H 3,8-Dimethylquino- 82 47
line-2-carboxalde-
hyde
MiSCELLANEOUS
Ethyl diazoacetate H0 Not isolated — 214
Nitromethane Dioxanc Formic acid — 215
PHENOLIC COMPOUNDS
2-Acetoxy-1-naphthol C.Hz;OH No reaction — 164
Anethole — p-Methoxycinnamal- | — 216
dehyde
4,4"'-Dihydroxyquater- | — No reaction — 217
phenyl
Dimethyldihydro- CH3CO2C2H5 | Anhydrodimethone — 45, 218
resoreinol selenium oxide

* Roforaoas 00 5124 nya sns ppi, B82-380.
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ORGANIC REACTIONS

PHENOLIC COMPOUNDS—C(Continued

Compound Treated Solvent Product Yield Refer;
% ence
Isoeugenol — No reaction — 216
Isosafrole — Piperonylacrolein + — 85
dihydrosafrole 4+
3-ethoxysafrole -+
CroHpO; +
CmHgOzSe
3-Methyl-1-naphthol CoHs;OH Not isolated — 164
2-Naphthol CH;3CO:CoHj | bis(Hydroxynaph- — 45
thyl) selenide
Phenol — Se(CgH;OH ), — 84
Safrole — a-Ketodihydrosafrole | — 85
+ B-ketodihydro-
safrole 4 ethoxy-
safrole 4 piperonyl-
acrolein
STEROIDS
A%:22.34_Acetoxy-12- (CH3C0)20 | A%:22.34 Acetoxy- — 219
B-hydroxynorcholenic 128,21-dihydroxy-
acid 23 — 12 lactone norcholenic acid
23 = 12 lactone
Acetyldesacetylpseudo- | — Isolated as dioxime, — 220
bufotalin CioH30O5N2
Allocholesterol CH3;COH Not isolated — 23
AS-Androstene-3<trans- | CH3CO.H A5-3,4,7-Androstene- — 221
17-diol triol
A5-3,17-Androstenediol | CeHg + AS-3,4,7-Androstenc- | — 222
diacetate CH3;COH triol
Apocholic acid CoH;OH B-Dihydroxychola- 60 23, 223
dienic acid 224
Bromodesoxysarsapo- CeHg 4 No reaction — 225
genin CH3CO.H
Bromodigitogenin tri- CH3CO.H No reaction — 226
acetate
23-Bromodiosgenin CeHs + 4-Hydroxybromodios-| — 227
acetate CH3CO.H genin acetate

* References 99- 324 are on pp. 382-386.
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STEROIDS—Continued
Compound Treated Solvent, Product Yield Refer;
% ence
Bromogitogenin di- CH3CO.H No reaction — 226
acetate
Bromosarsapogenin — No reaction — 105
Bromotigogenin acetate | CHsCOoH No reaction — 228
Calciferol (vitamin D) | CoHz;OH Not isolated — 23
3-0O-Carbethoxy- (CH3C0)0 | 3-O-Carbethoxy-4~ — 229
cholesterol acetoxycholesterol
-+ 3-O-carbethoxy-
6-acetoxy-At-3-
cholestenol
CHsCO.H 3-O-Carbethoxy-4- — 229
acetoxycholesterol
-+ 3-O-carbethoxy-
6-acetoxy-At-3-
cholestenol - cis-AS-
cholestene-3,4~diol
carbonate
3-O-Carbomethoxy- (CH3CO)0 | 3-O-Carbomethoxy- — 229
cholesterol 4-acetoxycholes-
terol + 3-O-carbo-
methoxy-6-acetoxy-
A*%-3-cholestenol
CH3CO.H 3-O-Carbomethoxy- — 229
4-acetoxycholes-
terol 4 3-O-carbo-
methoxy-6-acetoxy-
A%-3-cholestenol +
¢is-AP-cholestene~
3,4-diol carbonate
Chlorogenin CH;CO.H Not isolated — 230
Choladienic acid CoHzOH Not isolated — 23
Cholatrienic acid CHsOH Not isolated — 23
3,6-Cholestanedione CoHsOH or | Not isolated — 22, 23
CH;CO.H
a-Cholestanetriol CH3CO.H No reaction — 23
Cholestanone CoHsOH or | 2,3-Cholestanedione 30 22, 23
CH;CO.H
Cholestene CH3;CO.H Not isolated — 23
A%M_Cholestene CoHzOH A%M.Cholestadiene — 231
A%3,6-Cholestenedione [ CH3CO.H Not isolated — 22
Cholestenone CH3CO.H Not isolated — 23
4-Cholesten-3-one CH3CO.H Not isolated — 22

* Referenoos 99-324 nro on pp. 382-386.
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ORGANIC REACTIONS

STEROIDS—Continued
Compound Treated Solvent, Product Yield Refer;
% ence
Cholesterilene CH;CO.H Not isolated — 23
Cholesterol CeHs -+ cis-A%6.3,4-Choles- 38 97
CH;;CO.H tenediol
(CH3CO)s0 | ¢is-A%5-3,4-Choles- 25 23, 232,
tenediol diacetate 4+ 324
A%-3,6-cholestenc- 25
diol diacetate
Cholesterol oxide CH3COH Not isolated — 23
Cholesteryl acetalc CH;CO.H ¢18-A%5-3,4-Choles- — 23, 97
tenediol diacctate 4+
trans-ASS-choles-
tenediol diacetate
CH;CO.H 4-Acetoxy-A®-3-cho- 60 233
lestenol 4 3-acet- 5
oxy-AS-4-choles-
tenol
CeHg -+ 3-Acetyl-4-hydroxy- — 234
CH;COH cholesterol
— A%-Cholesten-38,64- — 235
diol
Cholesteryl benzoate CH3CO.H 3-Benzoate of ¢is-A%- | — 97
3,4~cholestenediol
+ trans-3,4-choles-
tenediol-3,4-diben-
zoate
Dioxane 3-Benzoxyloxy-AS-4- 70 233
cholestenol
— A%-Cholesten-38,66- — 235
diol
Cholesteryl bromide CH3;COH Not isolated — 23
Cholesteryl chloride CH3CO.H Not isolated — 23
Cholesteryl ether CH3CO.H Not isolated — 23
Cholesteryl propionate | CeHg + 4-Propionyloxy-A%-3- | — 233
CH;CO.H cholestenol
Cholic acid CH3CO.H No reaction — 23
Clionasterol (CH3CO)s0 | A%-3,6-Cliostenediol — 236, 237
diacetate
Coprostanone CoHsOH or Not isolated — 22
CH;CO.H
Coprosterol CH3COH Not isolated — 23

* References 99-324 are on pp. 382-386.
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STEROIDS—Continued
Compound Treated Solvent Product Yield Refer;
% ence
Dehydrodesoxycholic CH3COH No reaction — 23
acid
Dehydroergostenol CH;CO.H Not isolated — 23
Dehydroergosterol CyoHzOH Not isolated — 23
Desoxycholic acid CH3COH No reaction — 23
Desoxysarsasapogenin | CgHg 4- Not isolated — 225
CH;CO.H
a-3(8),7-Dibenzoyl-AS- | Dioxane + | a-3(8),7-Dibenzoyl- — 238
cholestenc CH3CO,H oxy-A5-4(8)-choles-
tenol
Digitaligenin CH;3COH No reaction — 23
Digitoxigenin CH;CO:H Not isolated — 23
Dihydrochlorogenin CH3;CO.H CorHO5 — 230
Dihydrodesoxysarsapo- | CeHg 4- No reaction — 225
genin CH3CO.H
Dihydroergosterol CeHs + Dihydroergosterol —_— 23
CoHsOH oxide -} ergosterol-
D
Dihydroergosterol oxide | (CH;CO)sO | Ergosterol-B; acetate | — 23
CHz;OH Not isolated — 23
Dihydrogitogenin — No reaction — 226
a-Dihydrolanosteryl CH3;COH y-Lanosteryl acetate — 239
acetate
Dihydrosarsasapogenin | — No reaction — 105
Dihydrotigogenin CH;COH No reaction — 228
Dihydroxycholadicnic CH;CO,H Not isolated — 23
acid
3,12-Diketocholanic acid | CHyCO.H Not isolated — 22
a-Ergostene C.H;0H Not, isolated — 23
a-FErgostenol CoH;OH Dehydroergostenol — 23, 223
B-Ergostenol CH3zCO,H Not isolated — 23
a-Ergostenone Co.HzOH Not isolated — 23
Ergosterol CoH;OH + | Dehydroergosterol — 23, 240
CeH,
Ergosterol-Bs CoHzOH Not, isolated — 23
Ergosterol-D CoH;0H Not, isolated — 23
Ergosterol peroxide C.HzOH Not isolated — 23
Ergosteryl benzoate CH;OH Not isolated — 23
Gitogenin CH3COH Not isolated — 226
Gitoxigenin CH3CO.H Not isolated — 23

% Referenoes 90-824 aro on pp. 382-380,
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STEROIDS—Contrnued
Compound Treated Solvent Product Yield Refer;
% ence
5-Hydroxy-3,6~choles- | CH3COH Not isolated — 23
tanedione
3-Hydroxy-6-choles- CH3CO.H Not isolated — 22
{anone
3-Hydroxy-6-choles- CH;3;CO.H No reaction — 23
tanone acetate
12-Ketocholanic acid CH3CO.H No reaction — 23
ICetohydroxyoestrin CH3;COH Not isolated — 23
Lanosteryl acetate C.Hz;OH Monoacetate of diol, — 239
C3pHgoOq
Lumisterol C,H;OH Not isolated — 23
Methyl p-3-acetoxy- (CH3CO)0 | 8-3-Acetloxy-21- — 241
A2:22.norallocholenate hydroxy-A%-22.nor-
allocholenic acid
lactone
Methyl apocholate CoH;OH B-Dihydroxychola~ — 23, 223
dienic acid (after
hydrolysis)
Methyl dihydroxy- C.H;OH B-Dihydroxychola~ — 23, 223
cholenate dienic acid (after
hydrolysis)
5-Methyl-A%-3,6-nor- C,Hz;0H 5-Methyl-A%-3,6,11- 25 242
cholestenediol norcholestenetriol
Oxycholestenone CH;COH Not isolated — 23
Oxycholesterilens CH;COH No reaction — 23
Pregnane carbonyl — Pregnane polycar- — 243
compounds bonyl compounds
Ab-Pregnene-3(8),20(a)- | CeHg + A%-3,4,20-Pregnene~ — 222
diol diacetate CH;CO.H triol
AP-Pregnene-3,17-diol- | — AP-3,4,17,20,21- — 244
21-one Pentahydroxypreg-
nene - AL
3,6,17,20,21-penta-
hydroxypregnane
Pseudocholestane CH;CO.H No reaction — 23
Pscudocholestene CH3CO.H Not isolated — 23
Pseudocholesterol CH;CO.H Not isolated — 23
Pseudosarsasapogenin | — Not isolated — 245
Sarsasapogenin — Not isolated — 105
Sitosterol CH3COH Not isolated — 23

# References 99-324 are on pp. 382-386.
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STEROIDS—Continued
Compound Treated Solvent Product Yield Refer;
% ence
Sitosteryl acctate CeHg + 4-Hydroxysitosterol — 246
CH3CO.H diacetate -+ 6-hy-
droxysitosterol
diacetate
— AP-3,4-Stigmastene- — 247
diol + A®-3,4-sito-
stenediol + A%-3,6-
sitostenediol
Stigmasterol CH3COH Not isolated — 23
1,9,10,11~Tetrahydro- C.HsOH 9,10-Dihydro-1,2- — 248
1,2-cyclopentenophen- cyclopentenophen-
anthrene anthrene
Tetrahydrodiosgenin CeHg + A5-3,4-Dihydroxy — 249
triacetate CH3;CO.H cholestene (after
hydrolysis)
Tetrahydrosarsasapo- — No reaction — 105
genin
Tigogenin CH3;CO.H Not isolated — 228
Zymosterol CoHz;OH Not isolated — 23
SULFUR-CONTAINING COMPOUNDS
3-Acetylthianaphthene | Dioxane 3-Thianaphthene- 50 250
glyoxal
Acetylthioures, H0 Not isolated — 251
Allylthiourea HyO Not isolated — 251
Benzylthiouresa, H,0 Not isolated — 251
Benzyl p-tolyl sulfone — No reaction — 252
Diacetylthioures, H,0O Not isolated — 251
Diethylbenzylthiourea | HyO Not isolated — 251
Diethylthiourea H,O Not isolated — 251
Dimethylphenylthiourea | HyO Not isolated — 251
Disulfides — Sulfoxides 4 sulfones | — 5
Dithiocarbamates ROH Selenium dithiocar- — 253
bamates
Ethyl ethanesulfenate | — No reaction — 254
2-Hydroxythianaph- C.H;0H Isothioindigo — 255, 256

thene

# Roforonamm IR 120 wee am pp, 382 380,



376

ORGANIC REACTIONS

SULFUR-CONTAINING COMPOUNDS—Continued

Compound Treated Solvent, Product Yzeld Refel:
% ence
3-Hydroxythianaph- C.H;OH Thiocindigo — 255
thene
2-Methylbenzothiazole | Xylene 2-Benzothigzolecar- 20 207
boxaldchyde
Methylthiourca H,O Not isolated — 251
Phenylthiourea, H,0 Not isolated — 251
Thioacetamide 10 Not isolated — 251
Thiobenzamide H0 Not isolated — 251
Thiophenol — Diphenyl disulfide + | — 86
(C(;I‘IsS) 2SC
Thiourea H0 Not isolated — 251
Trimethylthiourea 00 Not isolated — 251
TERPENES
Abietic acid CoHsOIL 6-Hydroxyabictic acid| 26 23, 257
— Dchydroabictic acid — 258
6-Acetoxyepicamphor (CH3CO)0 | 6-Aceloxycamphor- 57 259
quinone
A12’13’18’19—2—Acetoxy—1 1- | Dioxane Ca3H4605 — 260
ketodleadiene
AW11,12,13,18,19 9 A gt CH;CO.H CaH4605 — 260
oxy-11-ketootleatricne
2-Acetoxy-5-oxo- (CH3CO)0 | 2-Acetoxy-b,6-cam~ — 259
camphanc phanedione
B-Amyradienol acctale | Dioxane B-Amyradicnedionol — 261
acclate
B-Amyradienonyl CI13CO-H Os-Acclale 65 262
acetate
B-Amyradicnonyl ben- | CH3COoH Os-Benzoate — 262
zoate
B-Amyradienyl acctate | CH3CO.H B-Amyrenonyl acetate| — 263
B-Amyranonyl acetate | — No reaction — 264
enol acetate
B-Amyratrienol acetate | CH3COH B-Amyradiendionyl — 265
acelate
B-Amyrene CH3;CO.H Dehydro-g-amyrene — 266
B-Amyrenonyl acetate | CH3COH Os-Acetate 68 262

* References 99- 324 are on pp. 382-386.
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TERPENES—Conitinued
Compound Treated Solvent, Product Yield Refer;
% ence
B-Amyrenonyl benzoate | CHsCO.H Op-Benzoste 60 262
B-Amyrin. acetate CH3CO.H Dehydro-g-amyrin — 266, 267
acetate
Dioxzane B-Amyradienedionol 44 261
acetate
3-Amyrin acetate Dioxane B-Amyradienedionol — 261
acctate
B-Amyrin benzoate CHCOH Dehydro-g-amyrene — 23, 266
benzoate
B-Amyranonol acetate | Dioxane Enol-g-amyrandionol | — 268
acetate
Arnidenediol diacetate |— Diacetylarnidenaldiol | — 269
3-Benzylcamphor None 3-Benzylidenecam- 95 26, 27
phor
Betulinol diacetate CHCO.H, Diacetoxylupenal — 270
(CH3C0O),0,
or CGH(;
Borneol None Camphorquinone 60 24, 271
3-Bromocamphor CH3;COH No reaction — 26
None Camphorquinone 55 26
Camphene — Camphene selenide — 272
Camphor C.HzOH Camphorquinone 73 26, 27
Toluene Camphorquinone 89 26, 27
Xylene Camphorquinone 89 26, 27
(CH3CO)90 | Camphorquinone 95 24, 25, 26
27
None Camphorquinone 65 24
Camphoric mononitrile | Toluene Camphoric anhydride | 11 27
Carvomenthene CH3COH Cymene 4 carvotan- | 24 273
acetone - carvo- 28
tanacetol acetate
C.H;OH Carvotanacetone 26 50, 60
Caryophyllene CH,OH Resin — 274
(CH3CO)90 | Caryophyllenol ace- — 275
tate
Cedrene (CH3CO)20 | Cedrenol acetate 80 276, 277
CsH,OH Cedrenal — 276
3-Chlorocamphor CH;CO.H No reaction — 26
None Camphorquinone 32 26, 27
I~a-Curcumene C.H;OH No reaction — 278
I-8-Curcumenc CoHzOH [-8-Curcumenal — 278

* Referenoes 99-324 are on pp. 382~886.
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TERPENES—Continued
Compound Treated Solvent, Product Yield Refer;
% ence
Cyeclocitral CoH;0H Safranal — 279
Cymene — Cumaldehyde — 280
Dihydrocaryophyllene | C4H,OH Dihydrocaryophyl- 36 274
lenealdehyde
Dihydrolycorinone CH3COH No reaction — 281
Dipentene — Ketone group at 8- — 50, 280
position 4- cymene
-+ cumaldehyde
d-Epicamphor (CH;3C0)20 | 5,6-Dikelocamphane | — 282
I-Epicamphor (CH3CO)20 | Camphorquinone 74 282
3-Ethylcamphor — Camphorquinone + 12 26, 27
3-ethylidenecan:-
phor
R-Homoeamphenilone | — Carbocamphenilo- — 283
none
3-Hydroxycamphor CoH;;0IL Camphorquinone 40 26, 27
None Camphorquinone 85 26, 27
Iso-a-amyrenonol CH;CO,II Iso-a-amyradienonol 50 284
acetate acetate
Iso-a~-amyrenonol CH3CO.H Iso-a-amyradienonol — 284
benzoate benzoate
Iso-B-amyrenonyl CH;COH Acetate; m.p. 208° — 285
acetate
Isoborneol — Camphorquinone — 271
a-Isocamphenilone (CH3CO)20 | a-Isocamphenilqui- 66 286
none
Isofenchone (CH3CO)20 | Isofenchoquinone — 28, 29
I-Isofenchone (CH3CO)20O | Isofenchoquinone — 30
Isonitrosocamphor C H;0H a-Camphoric mononi- | 20 26
trile -+ camphoric 12
anhydride
Toluene a-Camphoric mononi-| 36 26
trile 4+ camphoric 36
anhydride
None a-Camphoric mononi- | 23 26, 27
trile 4 camphorice 27
anhydride
Isonoragathenol acetate | CeHg a,8-Ketone, C1H3203| — 287

(after dehydrogena-
tion)

* Referenoes 99-324 are on pp. 382-386,
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TERPENES—Continued
Compound Treated Solvent Product Yield Refer;
% ence
2-Keto-1,7-dimethyl-7- | CHsCOH 0-Oxoisoketopinic — 288
norcamphanecarbox- acid
ylic acid
Leucodrin — No reaction — 289
d-Limonene — Cymene + mixture — 290
of terpene alcohols
and aldehydes or
ketones
a-Lupene CH3CO2H or | Lupenal 45 291, 292
CeHg
Lupeol (CH3CO):O | Lupenalol acetate — 269
Lupeol acetate (CH3CO)O | Lupenediol diacetate| 50 293, 294
-+ ketolupeol ace-
tate
CeH, Ketolupeol acetate 60 293
CH3;COH Lupenalol acetate 58 292
Lupeol benzoate CsHs A ketolupeol benzoate| 53 293
(CH3CO)20 | Ketolupeol benzoate 42 294
Menthene CoHzsOH A3-Menthen-5-one 12 50, 60
Menthol CoH;0H Hydroxythymoqui- — 271
none + thymol +
menthone
Menthone CoH;0OH Hydroxythymoqui- 8 295
none
C.H;OH Diosphenol 15 4
Methyl Al2:18:18:19.2 966 | Dioxane CasHy607 — 260
toxy-11-keto-30-ole-
adienate
Methyl acetyldehydro- | CHgCOoH Diketodehydro ester, | — 296
oleanolate C33Hy608, -+ methyl
oleanolate
Methyl acetyldesoxy- | CH3COoH Methyl acetyldehy- — 297
glycyrrhetate drodesoxyglycyr-
rhetate
Methyl acetyloleanolate | CH3COoH Methyl acetyldehy- — 298
drodleanolate
Methyl acetylsuina- CH;3;COH Methyl acetyldehy- — 298
resinoate drosumaresino-
ate
Methyl ketoacetylole- | CH3COH Acetate, CssH46Or — 262

anolate

* References 90-824 are on pp. 382-886.



380 ORGANIC REACTIONS

TERPENES—Continued
Compound Treated Solvent, Product, Yield Refer;
% ence
Myrcene C.Hs;OH Myreenol 4 myrce- — 49
nal 4 myrcenone
4-p-Nitrophenylcamphor| (CHgCO)9O | 4-p-Nitrophenyleam- | — 299
phorquinone
Nopinene H,0 Pinocarvone - 35 34, 300
pinocarveol —
C.H;OH Pinocarveol + carvo- | 42 301
pinone
(CH3CO)2O | Pinocarveol 4 pino- — 302
or carvyl acetate +
CH3;CO.H carvopinone -+
pinocarvone
C.HzOH, Mixture of carvo- — 303
(CH3)2CO, pinone and pino-
CeHs, carvone
CeHu,
(CeH;)20,
CCly,
CsHgN,
HzO, or
none
A-Nordihydrobetulonic | Dioxane Tricarboxylic acid an- | — 304
acid hydride, 029H44O5
A-Nordihydrobetulonic | Dioxane Methyl tricarboxylic 70 304
acid methyl ester acid anhydride
ester, C&)H4GO5
Norfriedalone CH;CO.H Norfriedclenone — 305
Norfriedelenone Dioxane Norfriedelenedione — 305
a-Phellandrene C.H;OH Cumaldehyde 4 — 60, 61
cymene
Pinene — Myrtenol + myrta~ — 306, 307
nol 4 nopinene -
pinadiene
CoHzOH Myrtenal 4 11 272, 308,
myrtenol 35 309
CoHzOH Verbenone 35 34, 310
None 010H14O —_ 50, 311
Pinocarveol CHs:OH Carvopinone 25 302
Piperitone CoHzOH Thymol 4+ hydroxy- 78 60, 61
thymoquinone

* References 99-324 are on pp. 382-386.
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TERPENES—Continued

381

Compound Treated

Solvent

Product

Yield
%

Refer-
ence *

Pulegone

Santenone

a-Terpineol

Tetrahydroyobyrine-
carboxylic acid

Verbanone

Yobyrine

C.HsOH

CH;CO.H

CsHsN

CHzOH
Xylene or
(CH3CO)20

1-Methyl-4-isopropyl-
idene-2,3-cyclo~
hexanedione - 1-
methyl-4-isopropyl-
idene-2,3,5-cyclo-
hexanetrione + 1~
methyl-4-isopropyl-
idene-2-ethoxy-5-
(or -6)-cyclohexen-3-
one + 1l-methyl-4-
isopropylidene-6-
ethoxy-5-(or 6~)
cyclohexene-2,3-
dione

Santenonequinone

Hydroxycarvone

Tetrahydroyobyrone-
carboxylic acid

Verbenone

Yobyrone

100

54

312, 313
314
315

316
315

MISCELLANEOUS

Acetylegonol

3,4-Benzoxanthenc
Castor oil
Cottonseed oil

Crotonaldehyde di-
methyl acetal

CH;3CO,H

(CH5C0)20

00

CH3;0H

bis-2-(Acetyl-a%-
egonolyl)selenide
-+ bis-2-(acetyle-
gonolyl) selenide
Noregonolonidin ace-
tate 4 a-bis(ace-
tylegonolyl) selen-
ide 4 p-bis(acetyl-
egonolyl) selenide
3,4-Benzoxanthone
Rubberlike substance
Conjugated unsatu-
rated oils
B-Methoxy-a-keto-
butyraldehyde

317

318

319
320
67

87

% Referonces 00~324 aro on pp. 382~383,
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MISCELLANEOUS—Continued

Compound Treated Solvent Product Yield Refer;
% ence
Dibutylmercury None (C4HoHg)2SeO3 — 9
Diethylmercury None (CoHs)2Se 4- — 9
(C:H3Hg)28eO;
Diisoamylmercury None (is0-CsH11Hg)28e O3 — 9
Dipropylmercury None (CsH7Hg)9SeOg — 9
Glucose HO Not isolated — 321
Linseed oil — Conjugated unsatu- — 67
rated oils
Lorchel HyS04 Not isolated — 322
Rubber — Product resembling — 69
vuleanized rubber
Sucrose H,0O Not isolated — 214
Tetrahydrodsajetin tri- | CH3CO.H Tetrahydrodsajeti- 25 323
methyl ether none trimethyl
: ether
Tetrahydropomiferitin | CH;CO.H Tetrahydropomiferiti-| 20 323
tetramethyl ether none tetramethyl
ether
Triphenylarsine CgHg Triphenylarsine oxide | ~— 9
+ triphenylarsine
selenide
Triphenylphosphine CeHg Triphenylphosphine — 9
oxide - triphenyl-
phosphine selenide
Triphenylstibine CeHsg Triphenylstibine — 9
oxide -+ triphenyl-
stibine selenide

* References 99-324 are on pp. 382-386.
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INTRODUCTION

The Hoesch synthesis * consists in the condensation of a nitrile with
a phenol, a polyhydric phenol, or a phenolic ether to form a hydroxyaryl
or alkoxyaryl ketone.? Usually, equimolar quantities of the reactants
are dissolved in dry ether, preferably in the presence of a catalyst such
as zinc chloride (or ferric chloride), and dry hydrogen chloride is intro-
duced. When phenols are used, imino ether hydrochlorides are some-
times formed as by-products and occasionally represent the only product
of the reaction.

RCN + CeHy(OH); — RCOC:H3(OH),
RCN - C¢HzOH — RCOC¢H;
NH-HCl1

This synthesis, which is an extension of the Gattermann aldehyde
reaction,’8 is closely related to several well-known procedures leading to
ketones, such as the Fries 7 and the Nencki ¢ reactions.

The Hoesch synthesis has proved to be the most convenient synthetic
method for certain polyhydroxyacylophenones and polyhydroxybenzo-
phenones. In these classes, there are twenty-five natural products which
have been prepared by this procedure. Among these hydroxy ketones
are anthelmintics, antidiarrhetics, and antiseptics. The Hoesch reaction
with phloroglucinol has been proposed as a method of converting nitriles
to solid derivatives.?

Certain substituted nitriles do not undergo the Hoesch reaction be-
cause of the influence of one or more additional functional groups.

* A polemical discussion has appeared between Hoesch ! and Houben 2 concerning the
priority of the discovery of the reaction between alkyl or aryl nitriles and phenols. Since
Hoesch was the first to publish a description of this condensation 3 and since, in articles
by Houben ¢ prior to the appearance of the paper by Hoesch, no mention is made that this
type of reaction was either carried out or contemplated, the name *Hoesch reaction” is
accepted in this chapter. Houben’s claim to priority rests on the basis2® that he had
suggested privately the possibility of this reaction before the appearance of the early work
of Hoesch.

1 Hoesch, Ber., 60, 389, 2537 (1927).

2 Houben, (a) Ber., 59, 2880 (1926); (b) Ber., 60, 1554 (1927); (¢) Ber., 61, 1597 (1928).

3 Hoesch, (a) Ber., 48, 1122 (1915); (b) Hoesch and von Zarzecki, Ber., 50, 462 (1917).

4 Houben and Schmidt, Ber., 46, 2447, 3616 (1913).

5 Gattermann, Ber., 31, 1149, 1765 (1898).

6 Calloway, Chem. Revs., 17, 327 (1935).

7 Blatt, Organic Reactions, 1, 342, John Wiley & Sons, 1942,

8 Nencki and Sieber, J. prakt. Chem., 23, 147 (1881).

S Howells and Little, J. Am. Chem. Soc., 54, 2451 (1932); Shriner and Fuson, The
Systematic Identification of Organic Compounds, 3rd ed., John Wiley & Sons, p. 204, 1948,
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When an «,8-unsaturated nitrile and a phenol react under the conditions
used for the Hoesch synthesis, the phenol adds to the olefinic double
bond with formation of a saturated nitrile which hydrolyzes and cyclizes
to a dihydrocoumarin.®® Such reactions have been referred to as
“abnormal”’ Hoesch reactions, although the nitrile group is not involved

CeHyCH=CHCN -~ HO, OH HCl HO
CHCHzCN

CeHr,
0
HO@ \(IJO
CH
/ 2
([JH
CeH;

i the initial condensation. Nitriles, other than the «,f-unsaturated
nitriles, which yield “abnormal” products appear to be limited almost
exclusively to those with a reactive functional group beta to the nitrile
group, such as B-halo, B-hydroxy, S-carbethoxy, g-benzoyloxy, S-alde-
hydo, 8-keto, and B-ketimino nitriles. y-Chlorobutyronitrile also gives
“abnormal” product. The products obtained in the ‘‘abnormal”
reactions are usually B-arylpropionic acids or g-arylpropionitriles,
coumarins, or dihydrocoumarins.
The normal Hoesch synthesis is also applicable to the formation of
pyrryl ketones from nitriles and certain pyrroles.

RON +L J L JCR E—‘COR

H NH HC1

A further extension of the Hoesch synthesis is found in the condensa-
tion of thiocyanates with phenols or polyhydric phenols to yield thic
esters.

RSCN + HO, OH HO o' NNOH
CSR _JCOSR

NH HC1
® Tigohor wmul Nouri, Ber,, 50, 003 (1017).
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MECHANISM

Hoesch assumed that the reaction involved three separate steps:
(a), Formation of imino chlorides;

RCN 4 HC] — RCCI
NH

(0) Interaction of imino chlorides with phenol to give ketimine hydro-
chlorides;
R([_‘[)CI + CsH4(OH); — RCCeII3(0H),

NH NH-HCl
(¢) Hydrolysis of the ketimine hydrochlorides to ketones.
RCCGI‘Ig(OI'Dz g RCOCﬁHg(OH)z

NH-HC1

In substantiation of this view, Tréger and Luning 1 isolated the imino
chloride from chloroacetonitrile and hydrogen chloride, and Stephen 2
condensed this addition product with resorcinol to form chlororesaceto-
phenone. Several investigators have isolated and identified the inter-
mediate ketimine hydrochlorides from a variety of Hoesch reac-
tionsﬁa, 13,14, 16

Stephen suggested a different mechanism.”® He postulated that the
mmino chloride reacted initially with a phenolic hydrogen rather than
with a nuclear hydrogen, thus forming an imino ether which might
then (1) rearrange to a ketimine hydrochloride (‘“‘normal” Hoesch
reaction), or (2) if properly constituted condense internally to a coumarin
or dihydrocoumarin (“abnormal” Hoesch reaction). This mechanism
is untenable,?»1® gince Imino ether hydrochlorides cannot be rearranged

RON + HO " NOH _ HO OCR _, HO
CR COR
RCOCHCON -+ H OH _ CCHﬁOR _, HO / N\COo
N /éHz

U Tréger and Luning, J. praki. Chem., [2] 69, 347 (1904).

12 Stephen, J. Chem. Soc., 117, 1529 (1920).

1 TTouben and Fischer, J. prakt. Chem., [2] 1283, 89 (1929).

M Korezynski and Nowakowsky, Bull. soc. chim. France, [4] 43, 329 (1928),
¥ Soun, (a) Ber., 50, 1292 (1917); (b) Ber., 51, 821 (1918).

16 Chapman, J, Chem. Soc., 121, 1676 (1922).

=>l@]
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to ketimine hydrochlorides under the influence of heat with or without
a catalyst. Moreover, the fact that phenol ethers undergo the Hoesch
reaction with the same ease as phenols 372 offers additional evidence
against an intermediate imino ether.

The “‘abnormal” Hoesch reaction appears to be merely addition of the
phenol to the olefinic double bond of the «,8-unsaturated nitrile1%2.22
The extraordinary susceptibility to addition of the olefin linkage in
such nitriles makes this seem likely. The other nitriles which have been
reported as undergoing ‘‘abnormal’’ reactions may be divided into three
groups: (1) g-hydroxy, B-carbethoxy, B-benzoyloxy, and S-halo; (2) 8-
aldehydo, 8-keto, S-ketimino; (3) vy-halo nitriles.

The mechanism of the initial reaction involved in the first group may
be the direct elimination of water, ethanol, hydrogen chloride, etec.,
between the functional group in the nitrile and a nuclear hydrogen of
the phenol, or the substituted nitrile may be converted in situ to an
a,f-unsaturated nitrile to which the phenol then adds. In the second
group, enolization will result in the formation of an «,8-unsaturated

H OH HOCH,CH,CN HO, OH
+ -
CH~CHCN : CH,CH,CN

nitrile to which the phenol may add or which may lose water or ammonia
by direct reaction with a nuclear hydrogen of the phenol. The members
of the third group, the y-halo nitriles, appear to condense directly with
the phenol rather than through an unsaturated intermediate.

HO OH
oo OH + RC=CHCN —
[ CCH,CN
RN

OH
N | R oH
HO OII
([7=CI’TCN
R

HO OH HO OH
~+ CICH,CH:CH,CN —
CH,CH,CH,CO.H

¥ Houben and Fischer, Ber., 60, 1759 (1927).

18 Shinoda, J. Pharm. Soc. Japan, No. 548, 834 (1927) [C.A., 22, 768 (1928)].
 Slater and Stephen, J. Chem. Soc., 117, 309 (1920).

» Sonn, (a) Ber., 51, 1829 (1018); (b) Ber., 53, 923 (1919),

A Loangloy and Adwns, J, Am, Chrm, Soc., 44, 2:320 (1022).

22 Mursh wnd Staphon, J, Chrin, Soe,, 127, 10200 (1020),
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SCOPE AND LIMITATIONS
Variations in the Phenols, Phenolic Ethers, and Nitriles

A wide variety of nitriles has been condensed with a relatively re-
stricted number of phenols.2¢ Phenol and substituted monohydric
phenols sometimes react with nitriles to give as products imino ether
hydrochlorides, many times to the exclusion of any ketone. Phenol and
B-naphthol with acetonitrile, chloroacetonitrile, dichloroacetonitrile,
phenylacetonitrile, and benzonitrile give 42 to 749, yields of imino
ethers.22 Phenetole with chloro- or bromo-acetonitrile gives very low
vields (89) of ketones.”” On the other hand, trichloroacetonitrile reacts
smoothly with anisole, phenetole, o-cresyl ethyl ether, m-cresyl ethyl
ether, phenyl ether, and veratrole to give ketones, usually in yields
varying from 50 to 1009,. «-Naphthol reacts with acetonitrile to yield
both imino ether and ketone (3879); the yields of ketones from a-naph-
thol and chloroacetonitrile (55-839;), trichloroacetonitrile (5097),
phenylacetonitrile (409,), and benzonitrile (189) indicate the wide
variation that may be expected in this reaction, dependent upon the
structure of the nitrile. Similarly, a-naphthyl ethyl ether reacts to give
ketones with acetonitrile (2-59,), chloroacetonitrile (869;), and tri-
chloroacetonitrile (959;); anthranyl methy! ether with acetonitrile and
benzonitrile also results in formation of ketones. An excess of nitrile
with mono- and poly-hydric phenols and their ethers tends to increase
the yield of ketones.”

Extensive investigations on the condensation of nitriles with resorcinol,
phloroglucinol, and their ethers indicate that this reaction is very satis-
factory for forming polyhydroxy ketones. The yields of ketones from
phloroglucinol or its ethers with aliphatic nitriles except those of very
complex character are over 709,; resorcinol or its ethers usually give
lower yields. Aromatic nitriles do not react so readily as aliphatic
nitriles. In only one instance has the introduction of two ketone groups
been noted: acetonitrile and phloroglucinol dimethyl ether yield & mix-

2e Reactions have been described in which an aromatic hydrocarbon or a heterocyeclic
compound replaces the phenol or phenolic ether. Although these reactions are, strictly
speaking, beyond the scope of this chapter, the synthesis of pyrryl ketones is described on
p. 397; and the reader’s attention is called to the fact that trichloroacetonitrile in the
presence of aluminum chloride and hydrogen chloride reacts with benzene, toluene, o-,
m~, and p-xylene, mesitylene, naphthalene, and thiophene to yield w-trichloroacetophenone
(70%), w-trichloro-p-methylacetophenone (93%), w-trichloro-3,4-dimethylacetophenone
(60%), w~trichloro-2,4-dimethylacetophenone (94%), w-trichloro-2,5-dimethylacetophe-
none (83%), trichloroacetimidomesitylene (73%), a mixture of w-trichloroacetonaphthones
(29%), and a-trichloroacetylthiophene (35%). See Houben and Fischer, J. prakt. Chem.,
2] 123, 313 (1929).
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ture of 1-hydroxy-3,5-dimethoxy-2,6-diacetobenzene and 2-hydroxy-
4,6-dimethoxyacetophenone or, possibly, 4-hydroxy-2,6-dimethoxyaceto-
phenone.’®

OH OH OH
CH;0 l “XxCOCH; COCH,
CH.?, / OCHs CH:_:,O OCH3 CHsO OCH3
COCH;

Of the other polyhydric phenols that have been investigated, orcinol
reacts readily to give the corresponding ketones with acetonitrile (639),
benzonitrile (669,), and B-phenylpropionitrile, but not with succino-
nitrile. 1,2,4-Trihydroxybenzene condenses with p-chlorobenzonitrile
to give 5 559, yield of ketone; pyrogallol, with the same nitrile, gives
a 259, yield of ketone, but with benzonitrile or succinonitrile it does not
react. The Hoesch reaction is reported not to take place with catechol
or hydroquinone.1 %242

Aliphatic dinitriles react with resorcinol and phloroglucinol less
readily than mononitriles and usually give mono ketonic acids by the
condensation of one nitrile group and hydrolysis of the other. From
phloroglucinol and malononitrile or glutaronitrile, a small yield of di-
ketone is reported.’®% Apparently dinitriles have not been successfully
condensed with any phenols other than those mentioned. In dinitriles

HO OH HO OH
NCCHCH.CN + — +
COCH,CH:CO.H

OH OH

HO, OH HO OH
COCHCH,CO
OH OH

with one aromatic nitrile group and one aliphatic, only the aliphatic
group appears to react.?

Cyanogen, which may be considered a dinitrile, reacts with resoreinol
to give a mixture of the tetrahydroxybenzl and the dihydroxyphenyl-

2 Dalal and Nargund, J. Univ. Bombay, 7, Pt. 3, 189 (1938) [C.4., 33, 3778 (1939)].

% Badhwar, Baker, Menon, and Venkataraman, J. Chem. Soc., 1931, 1541,

% Bresson and Culbertson, Proc. Towa Acad. Sci., 36, 266 (1929) [C.4., 25, 1230 (1931)]

% Yamashita, Sct. Repts. Tohoku Imp. Univ., 1st series, 24, 192 (1935) [C.A., 29, 7316
(1935)].

2 Yamashita, Sci. Repts. Tohoku Imp. Univ., 1st serics, 22, 167 (1933) [C.A., 27, 3927
(1933)1.
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glyoxylic acid; with orcinol and 2,4-dimethyl-3-carbethoxypyrrole only
the glyoxylic acids or derivatives are reported.

CH; CH;

COCN
-+ CNCN — —
HO OH HO OH
CH; CO H3
I el
/

H:;C,0:C ' ' CHs; N
H,C COCN

115C202C
HsC

CH
I~ + cNeN —

H5CzOzC' ' CH3
HsC COCOH
N
H

By reaction with ethyl cyanocarbonate instead of cyanogen, 2,5-
dimethyl-3-carbethoxypyrrole is converted to the ester of the same
glyoxylic acid. From 2,4-dimethyl-3-acetylpyrrole, the 5-glyoxylic
ester is formed. The yields are excellent (75-979).

The reactivity of aromatic nitriles is affected adversely by certain
ortho substituents; o-cyano-,%»% o-nitro-,2#® o-chloro-* and o-methyl-
benzonitrile 3 do not react either with resorcinol or phloroglucinol.
Even in benzyl cyanide, which contains an aliphatic nitrile group, certain
ortho substituents cause a reduction in the yield of ketone and sometimes
prevent the reaction2® o-Cyano- 2% and o-chloro-benzyl cyanide
react with phloroglucinol, but the o-nitro derivative does not. However,
halogen, alkyl, hydroxyl, alkoxyl, and nitro substituents in the meta
and para positions of benzonitrile or benzyl cyanide do not interfere
with the reaction.

8 Yamashita, Sci. Repts. Tohoku Imp. Univ., 1st series, 18, 615 (1929) [C.A., 24, 2443
(lzi%imashita, Sci. Repts. Tohokw Imp. Univ., lst series, 18, 129 (1929) [C.A., 24, 98
(lgi%gmashita, Seci. Repts. Tohoku Imp. Univ., lst series, 24, 205 (1935) [C.A., 29, 7316
(1%‘?5())1‘}‘00, Sci. Repts. Tohoku Imp. Univ., 1st series, 18, 121 (1929) [C.A., 24, 98 (1930)].
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If a nitrile contains an e-halogen or a-hydroxy substituent, the initial
condensation is often followed by ring closure to a coumarone.!® 30323334

s)

HO), OH BrCHLCN HO, OH’ _»HO /\CHz
e

+ Brity OCH,Br &o

The nitriles of a-keto acids, RCOCN, react () with one molecule of a
phenol to form the normal condensation product, a 1,2-diketone,?* or
(b) with two molecules of a phenol to give more complex substances.
Thus, acetyl cyanide and propionyl cyanide condense with resorcinol or
phloroglucinol to give the expected diketones.®® Aroyl cyanides, on the
other hand, were first reported to undergo a similar reaction,? but further
investigation indicated that the condensation takes place between one
mole of the benzoyl cyanide and two of the phenol to give imino lac-
tones.® The keto group of the aroyl cyanide condenses with two mole-
cules of the phenol followed subsequently by cyclization. Upon hy-
drolysis, the imino lactone is converted to the lactone.

0]
OH
oN / oH
H

CeH5C
HO, H

0O OH

OH
OH

A few attempts to carry out intramolecular Hoesch reactions have
met with very limited success; ¥ a-2-naphthoxymethylmandelonitrile
was converted to 2-hydroxy-2-phenyl-1,4-a-naphthopyranone.®®

OH  CeH;
N

/

[ l
OCHz([JCN Ha o
e
CeH

8 Karrer and Ferla, Helv. Chim. Acta, 4, 203 (1921).

8 Klarmann, J. Am. Chem. Soc., 48, 2358 (19286).

3 Sonn, Ber., 50, 1262 (1917).

3% Borsche and Diacont, Ber., 63, 2740 (1930).

3% (a) Borsche and Walter, Ber., 59, 461 (1926); (b) Borsche, Walter, and Niemann,
Ber., 62, 1360 (1920).

% Stevens, J. Chaem. Soc., 1927, 178,

8 Badhwar und Vonlabwnnan, J. Ghem. Soc., 1982, 2420,
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In the Hoesch synthesis involving phenol ethers a single isomer is
usually obtained. With certain ethers, however, two isomers have been
isolated; thus iretol (4-methoxyphloroglucinol) and chloroacetonitrile
give 4,6-dihydroxy-5-methoxycoumaran-3-one and 4,6-dihydroxy-7-
methoxycoumaran-3-one; ® orcinol monomethyl ether and acetonitrile
give 2-hydroxy-6-methoxy-4-methyl- and 2-hydroxy-4-methoxy-6-meth-
yl-acetophenone.’ Phloroglucinol dimethyl ether and piperonylonitrile
give 2-hydroxy-4,6-dimethoxy-3’4’-methylenedioxybenzophenone and
4-hydroxy-2,6-dimethoxy-3',4’-methylenedioxybenzophenone.”® If zinc
chloride is used as a catalyst only the latter compound is obtamed; if
ferric chloride is employed both result.’

The condensation of aniline and acetonitrile to give p-aminoaceto-
phenone is the only reaction reported between an aromatic amine and a
nitrile.®

Since imino chlorides are intermediates in the initial step of the Hoesch
reaction, various imino chlorides may be substituted for the nitriles.
Thus benzanilide imino chlorides react with resorcinol to give the
Schiff’s bases of the ketones which are then hydrolyzed to the corre-
sponding ketones.'%

HO OH HO, OH
—|— CeHsC;‘NCﬁHs d
[ C=NCsH; 4+ HCI
Cl

CeHs

“Abnormal’”’ Hoesch Reactions

The “abnormal’”’ Hoesch reactions run-smoothly, but only a few yields
have been reported. The reactions of g-aldehydo, S-ketimino, or 8-keto
nitriles, with resorcinol or phloroglucinol or their alkylated derivatives,
fall within the scope of the von Pechmann reaction.’4-4¢  All the com-

0]
HO, oH TIO, \CO
—|— CﬁHsCCHzCN b éH
| C/

CeHs

3 Shriner, Matson, and Damschroder, J. Am. Chem. Soc., 61, 2322 (1939).
4 Hao-Tsing, J. Am. Chem. Soc., 66, 1421 (1944).

4 Baker and Robinson, J. Chem. Sec., 127, 1981 (1925).

4 Ghosh, J. Chem. Soc., 109, 105 (1916).

4 von Meyer, J. prakt. Chem., [2] 67, 342 (1903).

“yon Pechmann and Duisberg, Ber., 16, 2119 (1883).
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pounds represented by the general formulas RCOCH(Ar)CN, ArCOCH,-
CN, ArC(=NH)CH,CN, ArCOOCH=C(Ar)CN, and HCOCH(Ar)CN
give coumarins. An oxocoumarin is obtained from resorcinol and malo-
nitrile or ethyl cyanoacetate in 809, yield. S-Hydroxy-, 8-chloro-, and
B-carbethoxy-propionitrile react with resorcinol, its monomethyl ether,

0

HO SNOH HOr N N0
| + CNCH:CN — -
A SR

C
0]

orcinol, and phloroglucinol to give in good yields S-arylpropionic acids
or the corresponding dihydrocoumaring.?-#

HO, OH
HO OH HO, OH
—
CH,CH,CN CH,CH,CO.H

o v
HO X NCo
/(IJHg
i,

By the use of excess phenol in the absence of a catalyst, ketones some-
times can be isolated in low ylelds.® Acrylonitrile and certain cin-
namonitriles are converted smoothly to dihydrocoumarins.’?? y-Chloro-
butyronitrile and resorcinol form v-(2,4-dihydroxyphenyl)butyric acid
in 219, yield.

Reactions with Pyrroles

In a limited number of reactions pyrroles have been used in the Hoesch
synthesis and pyrryl ketones have been formed. Both aliphatic ni-
triles 4-® and aromatic nitriles # have been employed. Acetonitrile has

% Chapman and Stephen, J. Chem. Soc., 127, 885 (1925),

4 Blicke, Faust, Gearien, and Warzynski, J. 4m. Chem. Soc., 65, 2465 (1943).
4 Fischer, Schneller, and Zerweck, Ber., 55, 2390 (1922).

8 Fischer, Weiss, and Schubert, Ber., 56, 1194 (1923).

9 Jeka, Ber., 56, 2058 (1923).

% Kallo and Co., Gor. pat. 365,002 [Frdl., 14, 518 (1026)].
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been condensed with 2,4-dimethylpyrrole (549,) and with 2 4-dimethyl-
3-carbethoxypyrrole; chloroacetonitrile, with pyrrole (20%), 24-di-
methylpyrrole, 2,4,5-trimethylpyrrole (579%,), 2,5-dimethyl-3-carbeth-
oxypyrrole (759,), and 2-methylindole (2097). 2-Methylindole gives
excellent yields with benzyl cyanide, ethyl cyanoacetate, and benzoyl
cyanide (709%).#2 Cyanogen and ethyl cyanocarbonate ¥ have been

—CH CCOCH.C¢H
S S
N N

H H

condensed in good yields with 2,4-dimethyl-3-carbethoxypyrrole, 2,4-
dimethyl-3-acetylpyrrole, and 2,5-dimethyl-3-carbethoxypyrrole.

Reactions with Thiocyanates

Early in the study of the Friedel and Crafts reaction % it was demon-
strated that phenyl thiocyanate and anisole or related phenol ethers
reacl in the presence of aluminum chloride to give thio esters. It was
established much latler that this reaction takes place with certain phenols
under the experimental conditions of the Hoesch synthesis. Thus,
resorcinol or phloroglucinol or orcinol and methyl, ethyl, and n-butyl
thiocyanates yield the corresponding imino thio ester hydrochlorides
which can be hydrolyzed to thio esters.®* Phenyl thiocyanate is reported
to react with resorcinol, orcinol, and phloroglucinol to give quite stable

HO OH mct HO OH HO OH
+ RSCN —— —_—
ﬁSR COSR

NH-HC1

imino thio esters which, unlike the corresponding alkyl derivatives,
yield acid amides on hydrolysis with hydrochloric acid.5%5

A reaction between phenols and isothiocyanates can occur under the
conditions of the Hoesch synthesis. Although this condensation involves
neither a nitrile group nor an imino chloride, nevertheless, it is of interest
in connection with the condensation of phenols and thiocyanates. Ethyl,

81 Spath and Fuchs, Monaish., 42, 267 (1921).

5 Tust and Gattermann, Ber., 25, 3528 (1892).

% Kaufmann and Adams, J. Am. Chem. Soc., 46, 1745 (1923).
% Borsche and Niemann, Ber., 62, 1743 (1929),
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allyl, e-naphthyl, and phenyl isothiocyanates react with c-naphthol,
pyrogallol, resorcinol, or phloroglucinol to give amides of thio acids.®:5

HO OH HO OH
+ RNCS —
CSNHR

SELECTION OF EXPERIMENTAL CONDITIONS

The usual procedure for the Hoesch synthesis is to dissolve equimolar
quantities of nitrile and phenol in dry ether and to pass in dry hydrogen
chloride to saturation while the reaction mixture is carefully protected
from moisture by means of a calcium chloride tube. The temperature
has usually been maintained at about 0°. Various procedures are de-
seribed involving different time factors for completion of the reaction.
Sometimes the reaction mixture has been worked up almost immediately
after saturation with the hydrogen chloride; sometimes the reaction
mixture has been held at 0° from a few hours to a few days.5% No recom-
mendation with respect to the time necessary is possible though it
appears advisable to allow the reaction mixture to stand at least several
hours with those nitriles which react slowly with the hydrogen chloride.
Hydrogen bromide has been employed in place of hydrogen chloride
only in rare instances ® and probably should be considered only when
hydrogen chloride may cause some undesirable side reaction such as the
replacement of an active bromine in the nitrile by chlorine.

Dry ether is the solvent that leads to the best yields of product.
Glacial acetic acid is a possible substitute for ether and is a better solvent
for the imino chlorides; %5%5 the yields of ketones, however, are usually
lower. Other solvents that have been used successfully are chloroform-
ether,”* methyl acetate,”” and ethyl bromide; ¥ those reported as unsuit-
able are acetic anhydride,” dioxane,” amyl ether,’* and benzene.*

Anhydrous zinc chloride is a desirable though not indispensable
catalyst.™® 1In general the yields are better if a catalyst is used.”
Ferric chloride sometimes has advantages over zine chloride,” but com-
parative experiments have not been sufficiently numerous to make it
possible to predict which is to be preferred. Aluminum chloride, a more
powerful catalyst, is sometimes necessary.®

% Karrer and Weiss, Helv. Chim. Acta, 12, 554 (1929).

% Mayer and Mombour, Ber., 62, 1921 (1929).

5 Robinson and Venkataraman, (a) J. Chem. Soc., 1926, 2344; (b) 1929, 61.
8 Freudenberg, I'ikentscher, and Haider, Ann., 441, 157 (1925).

# Borsche and Niemann, Ber., 62, 2043 (1929),

0 Krollpfaifler, Ber., 86, 2300 (1023).
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When the reaction with hydrogen chloride 1s complete the hydrolysis
and isolation of the ketone may be accomplished in a number of ways.
If the ketimine hydrochloride is very insoluble, it may be filtered from
the ether and hydrolyzed. Isolation of the ketimine is attended with
greater success if a catalyst has not been employed in the reaction. It
is reported that the ketimine hydrochlorides may be converted into the
less-soluble sulfates by dissolving the hydrochlorides in water and adding
dilute sulfuric acid or aqueous ammonium sulfate.? e

The reaction mixture containing the ketimine hydrochloride may be
treated with water and the ether layer removed. The aqueous solution
is then heated, and the ketone which separates is filtered or extracted
with a solvent. Sometimes ethanol or aqueous ethanol increases the
rate of hydrolysis, but the isolation of pure ketone is often more difficult
under these conditions.’* The hydrolysis may be facilitated by the
addition of dilute aqueous ammonia,’*% sodium hydroxide,® calcium
carbonate,* dilute hydrochlorie acid,’? or dilute sulfuric acid.*

EXPERIMENTAL PROCEDURES

Phloroacetophenone. Detailed directions for the preparation of this
ketone from phloroglucinol and acetonitrile in 74879, yield are given
in Organic Syntheses.®

4-Hydroxy-1-acetonaphthone and Acetimino-a-naphthyl Ether Hydro-
chloride.?* Dry hydrogen chloride is bubbled through a solution of
144 g. of a-naphthol and 4.1 g. of acetonitrile in absolute ether while
the mixture is cooled in an ice bath. After twelve hours the solution
takes on a dark-green color and small, green needles of 4-hydroxy-1-
acetonaphthone ketimine hydrochloride are deposited in the bottom
of the flask. The separation of crystals is complete in three to four days.
The supernatant liquid is then decanted from the product, which is
crystallized from glacial acetic acid, filtered, washed with ether, and
dried. The needles decompose slowly above 200° and finally melt with
blackening at 251°. The hydrochloride is stable in the air and is not
hygroscopic. The free 4-hydroxy-1-acetonaphthone ketimine, which is
insoluble in water, ethanol, and ether, is obtained by treatment with
aqueous sodium carbonate.

The ketimime hydrochloride is boiled with water until the white 4-
hydroxy-1-acetonaphthone separates from the solution. The crystals

81 Bauer and Schoder, Arch. Pharm., 259, 53 (1921).

82 Shoesmith and Haldane, JJ. Chem. Soc., 125, 113 (1924).
8 Gulati, Seth, and Venkataraman, Org. Syntheses, Coll. Vol. 2, 522 (1943).
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are filtered, dried, crystallized from benzene, and washed with petroleum
ether; m.p. 198°.

On standing for six to eight weeks, the mother liquors from the crystal-
lization of the ketimine hydrochloride deposit large, pale-green crystals of
acetimino-a-naphthyl ether hydrochloride. These are pulverized, dis-
solved in hot glacial acetic acid, and filtered, and the solution is cooled.
The immo ether hydrochloride is precipitated with absolute ether,
filtered, washed with ether, and dried; white, very hygroscopic crystals
are obtained which decompose above 200°.

B-(2,4-DihydroxyphenyDpropionic Acid.2 1In g 2-1. round-bottomed
flask protected with a calcium chloride tube are placed 130 g. of c.p.
resorcinol, 90 g. of pure S-chloropropionitrile, and 700 ml. of dry ether.
To this solution is added 40 g. of zinc chloride which has been freshly
fused and then powdered, dry hydrogen chloride is passed in for five
hours, and the flask is allowed to stand for thirty-six hours longer. The
mass of crystals that separates is sticky and hard to handle because of
the presence of zinc chloride; it is filtered from the red solution and
washed with dry ether. The original filtrate is again stoppered and
allowed to stand for forty-eight hours, during which time an additional
39 g. of solid separates. After filtering and allowing the filtrate to stand
for a week longer, 25 g. more of crystals is obtained.

The total quantity of crystals is dissolved in 450 ml. of water and
heated on a steam bath for four hours. An oily layer of 8-(2,4-dihydroxy-
phenyl)propionic acid lactone first separates and solidifies if the heating
is interrupted. The layer, however, is not removed, but the reaction
mixture is heated further, causing the lactone to go gradually into
solution. This solution is cooled and allowed to stand for some hours
after which 86.5 g. of 8-(2,4-dihydroxyphenyl)propionic acid crystallizes
and is filtered. The aqueous filtrate, upon evaporation in vacuum to
175 ml. and cooling, yields a second crop of crystals which weighs 22.5
g. Further concentration and cooling of the filtrate yield only inorganic
salts. The total yield of product is thus 109 g. (56%). The substance
is almost always light brown, and this color is difficult to remove even
after several crystallizations from water with decolorizing carbon. The
substance always separates from the aqueous solution very slowly. In
spite of the color, the product melts sharply at 165° with decomposition,
the same temperature as that of the white material obtained by hydrol-
ysis of the pure lactone.

2-Chloroacetylpyrrole.#* A mixture of 13.6 g. of pyrrole, 20.8 g. of
chloroacetonitrile, and 100 ml. of ether is cooled with ice and saturated
with hydrogen chloride in such & manner that moisture is excluded.
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The precipitated imine hydrochloride is filtered, dissolved in 100 ml. of
water, and heated for two hours on a steam bath. The black, solid
product is powdered and extracted with carbon tetrachloride in a Soxhlet
apparatus; yield 5.7 g. (209;), m.p. 117-119°.

Methyl Thio-p-resorcylate Monohydrate.® A 1.5-1. wide-mouthed
bottle is equipped with a three-holed rubber stopper through which are
passed a mechanical stirrer with a mercury seal, an inlet tube with a
wide mouth reaching to the bottom of the bottle, and an outlet tube
which extends through the stopper and to which is attached a small
upright water condenser, the upper end of which is closed with a tube
leading through a sulfuric acid wash bottle. In the bottle are placed
110 g. of resorcinol, 73 g. of methyl thiocyanate, 136 g. of anhydrous
zine chloride, and 275 ml. of anhydrous ether. The stirrer is started,
and the mixture is agitated for about an hour, until solution is complete.
Dry hydrogen chloride is then bubbled into the solution for thirty to
forty hours while rapid agitation is maintained constantly. Noticeable
warming takes place at the beginning and continues for two to three
hours.

After fifteen to twenty-five hours the separation of crystals begins
and continues for some time until complete. The mixture is allowed to
settle, and the clear mother liquors are decanted. The methyl thio-g
resorcylate imide hydrochloride thus obtained is crystallized twice from
hot 159, hydrochloric acid, washed with cold acetone, and then dried
at 100-110°. The product is practically pure white and melts at 244—
245° (cor.) with decomposition.

The pure imido thio ester hydrochloride is dissolved in three to five
times its weight of water, the solution is cooled, and sufficient saturated
sodium bicarbonate solution is added to make the mixture alkaline.
The methyl thio-g-resorcylate imide which precipitates is filtered and
washed with water and then crystallized from methanol; small yellow
needles, m.p. 197-199° (cor.) with decomposition.

A solution of 35 g. of once-recrystallized methyl thio-g-resorcylate
imide hydrochloride in 1.5 1. of water and 5 ml. of concentrated hydro-
chloric acid is refluxed for five hours. Upon cooling 256 g. of methyl
thio-g-resorcylate monohydrate separates. This is purified by dissolving
in a little boiling ethanol to which bone charcoal is added, filtering and
reprecipitating with water, and finally recrystallizing from 509, ethanol;
colorless needles, m.p. 70-71° (cor.).
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TABULAR SURVEY OF THE HOESCH REACTION

In the five tables that follow are listed the imino ethers, ketones, and
other products reported in the literature covered by Chemical Abstracts
through 1947 as having been prepared by the Hoesch and “abnormal”
Hoesch reactions.

TABLE I

Imino Eraer HyprocHLORIDES *

Reactants Products Yield } Refer-
% ence

Phenol

CH3;CN Acetiminophenyl ether hydrochloride 55 2a

CICH,CN Chloroacetiminophenyl ether hydrochloride 73 2a

Cl,CHCN Dichloroacetiminophenyl ether hydrochloride 70 2a

ClsCCN Trichloroacetiminophenyl ether hydrochloride 74 2a

CeHzCHoCN | Phenylacetiminophenyl ether hydrochloride 42 2a

CgH;CN Benziminophenyl ether hydrochloride 60 2a
a-Naphthol

CH3CN Acetimino-e-naphthyl ether hydrochloride — 2a
B-Naphthol

CH3;CN Acetimino-g-naphthyl ether hydrochloride 45 2a

CICH,CN Chloroacetimino-g-naphthyl cther hydrochloride | 52 2a

* No oatalyst was used in the preparation of these imino ether hydrochlorides.
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TABLE II
Krrones AND COUMARANONLS
Reactants Products Y};ald e}};i‘:;

Amsole

Cl3CCN 4-Mcthoxy-w-trichloroacetophenone 70 17
o-Bromoanasole

CI;CCN 4-Methoxy-3-bromo-w-trichloroacetophenone 5 17
Phenetole

CICH,CN 4-Tthoxy-w-chloroacctophenone 8 17

BrCHCN 4-Dthoxy~w-bromoacetopbenonc 8 17

Cl3CCN 4-Tthoxy-w-trichloroacctophenone 73-100 17
1-Bthoxy-2-methylbenzene

Cl3CCN 4-Lthoxy-3-methyl-w-trichloroacctophenone 79 17
1-Lthoxy-3-methylbenzene

Cl3CCN 4-Bthoxy-2-methyl-w-trichloroacctophenone 50-70 17
Phenyl ether

Cl3CCN 4-Phenoxy-w-trichloroacetophenone —_ 17
1-Naphthol

CH3;CN 4-Hydroxy-1-acetonaphthone 38 2q, 17

CICH,.CN 4-Hydroxy-1-chloroacctonaphthone 55-83 2a, 17

Cl3CCN 4-Hydroxy-1-trchloroacctonaphthone 50 17

CgHsCHCN 4-Hydroxy-1-phenylacetonaphthone 40 17

CeHsCN 4-Hydroxy-1-benzonaphthone 18 17
1-Ethozynaphthalene

CH;3;CN 4-Tihoxy-l-acctonaphthone 2-5 17

CICH,CN 4-Ethoxy-1-chloroacctonaphthone 86 17

ClsCCN 4-Tthoxy-1-trichloroacetonaphthone 95 17
9-Methoxyanthracene

CH;CN 9-Methoxy-10-anthryl methyl ketone —t 60

CeH;CN 9-Methoxy-10-anthryl phenyl ketimine hydrochlorde —_ 60
Veratrole

Cl3CCN 3,4-Dimethoxy-w~trchloroacetophenone 55 17
Resorcanol

CH;CN 2,4-Dibydroxyacetophenone 70-94 | 2a, 3a, 19

n-CsH;:CN n-Amyl 2 4-dihydroxyphenyl ketone 27 64

CH2(CN)2 w-Cyano-2,4-dihydroxyacetophenone — 15a

CN(CH2),CN $-2,4-Dihydroxybenzoylpromome aad 21 23, 65

CN(CH2)sCN ~v-2,4-Dihydroxybenzoylbutyric acid —_ 26

CN(CHy) N 8-2,4-Dihydroxybenzoylvaleric aaid — 26

CICH,CN 2 4-Dibydroxy-w-chloroacetophenone 90 1 12, 20a

6-Hydroxy-2,3-dihydro-2(1)-benzofuranone — 34
BrCH2CN 2,4-Dihydroxy-w-bromoacetophenone 60-100 | 17, 200, 66
HOCH,;CN 2,4-Dihydroxy-w-hydroxyacetophenone 38 67
6-Hydroxy-2(1)-benzofuranone — 19

CH3OCH.CN 2,4-Dibydroxy-w-methoxyacetophenone 70 19

CeHs0CH2CN 2,4-Dibydroxy-w-ethoxyacetophenone — 20b

CgHzOCH,CN 2,4-Dihydroxy-w-phenoxyacetophcnone — 20b

CoHCOOCHCN 2,4-Dibydroxy-w-benzoyloxyacetoplienone 80 68

CeHsCH,CN 2,4-Dihydroxy-e-phenylacetophenone 50-75 69

p-ClICeHCH,CN 2,4-Dihydroxy-w-p-chlorophenylacetophenone — 69a

7-NOQ2CsH4CH.CN 2,4-Dihydroxy~s-m-mtrophenylacetophenone 47 28

p-CH;3;C¢H4CH2CN 2,4-Dihy droxy-w-p-methylphenylacetophenone — 69a

* References 64110 are on p 412,
T Alumimum chloride as catalyst in benzene as solvent,

1 No catalyst employed.
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TABLE II—Continued
KeTonEs AND COUMARANONES
Reactants Products Yield Refer-
% ences *
Resorainel-—Continued
CsH;CONHCHCN 2,4-Dibydroxy-w-benzoylaminoacetophenone 40 66
C;H;0CONHCH,CN 2,4-Dihydroxy-w-carbethoxyamimoacetophenone 51 66
CoHz0,COCH.CN 2,4-Dibydroxy-w-carbethoxyoxyacetophenone — 86
CoH;CN 2,4-Dibydroxypropiophenone 31 70
CH3gCHOHCN 6-Hydroxy-3-methyl-2(1)-benzofuranone —1 19
CgHsCH2CHoCN 2,4-Dihydroxy-8-phenylpropiophenone 50 % 33,71
3,4-(CH30)2CgH3CHCH2CN | 2,4-Dihydroxy-8-(3,4-dimethoxyphenyl) propiophenone 21 72
3,4-(CH202)CgH3CH2CH,CN | 2,4-Dihydroxy-g-piperonylpropiophenone 481 72
6-Br-3,4-

(CH209)CgH3CHCHLCN | 2,4-Dihydroxy-8-6-bromopiperonylpropiophenone 47 73
n-C3H;CN 2,4-Dihydroxybutyrophenone 25 70
(CHg);CHCHOHCN 2,4-Dibydroxy-a-hydroxycaprophenone 15 30
(CH3)sCHCHCICN 3-Isopropyl-6-hydroxy-2,3-dihydro-2(1)-benzofuranone 20 30
C1iH23CN 2,4-Dihydroxylaurophenone 20 70
CgHsCN 2,4-Dihydroxybenzophenone 30-40 3a, 74
0-CH3C00CeHCN 3-Hydroxyxanthone 18 75
m-ClC¢HCN 2,4-Dihydroxy-3’-chlorobenzophenone 52 31
p-CICgH N 2 4-Dihydroxy-4’-chlorobenzophenone 39 31
2.4-(CH3C00)2CgH3CN 2 42! 4’-Tetrahydroxybenzophenone — 5
4-HO-3-CH30CgH3CN 2 4 £-Trihydroxy-3’-methoxybenzophenone 20 3b
3 4-(CH209) C¢H3CN 2,4-Dihydroxy-3’,4’-methylenedioxybenzophenone 37§ 13
2-CH3OC¢H ,CHOHCN 2,4-Dihydroxy-2’-methoxybenzom —_ 76
CeHsCCl=NC¢Hj 2,4-Dihydroxybenzophenone 201 12, 16
4-CoH50,COCHCCI=NCsHj5| 2,4,4-Trihydroxybenzophenone —1 12
CNCN 2,4,2' 4'-Tetrahydroxybenzil and 24-dihydroxyphenylgly-] — 1 32

oxylic aad
CH3COCN 1-(2,4-Dihydroxyphenyl) propane-1,2-dione — 35
CoH;COCN 1-(2,4-Dihydroxyphenyl) butane-1,2-dione 70 35
CgHsCOCN 2,4-Dibydroxybenzl — 1) 22
2,4,2’ 4'-Tetrahydroxytriphenylacetic aad lactone 65 36a
0-CH30C¢H COCN 2,4-Dihydroxy-2-methoxybenzl —1 99
p-CH30C6H «COCN 2,4,2' 4/-Tetrahydroxy-4”-methoxytriphenylacetie acid 50 19| 36a
lactone
2,4-Dihydroxy-4’-methoxybenzil — 22
3,4 5-(CH30)3CsH;COCN 2,4-Dihydroxy-3’,4°.5"-trimethoxybenzl — T 22
p-CIC¢H4COCN 2 4,2’ 4'-Tetrahydroxy~4"-chlorotriphenylacetic acid 1mmo | — || 36b
lactone
Resorcinol monomethyl ether
CH3CN 4-Hydroxy-2-methoxy- and 2-hydroxy-4-methoxy- 27 each 3a
acetophenone
CN(CHy)2CN B-2-Hydroxy-4-methoxybenzoylpropiome aaid — 23
CICH.CN 4-Hydroxy-2-methoxy- and 2-bydroxy-4-methoxy-ce- — 20
chloroacetophenone
HOCH;CN 6-Methoxy-2(1)-benzofuranone — 19
CH30CHCN 2-Hydroxy-4-methoxy-w-methoxyacetophenone —1 19

* References 64~110 aie onp 412

I No oatalyst employed.

§ Feirio ohloiida as oatnlyst.

|| Alminininn ehloildo ns enfnlysl 1n Tha alismao of w selvanl,
9 Chloioformeal har as wlvanl,
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TABLE I1—Continued f
KETONES AND COUMARANONES
Reactants Products Yield Befer-
% ences *
Resorcinol monomethyl ether—Con-
tinved
CHsCHOHCN 6-Methoxy-3-methyl-2(1)-benzofuranone — 19
p-CH30CH4CH2CN 2-Methoxy-4-hydroxy-w-p-methoxyphenylacetophenone — 77
and as a by-product 2-hydroxy-4-methoxy-w-p-methoxy-
phenylacetophenone
2-Hydroxy-4-methoxy-w~p-methoxyphenylacetophenone — 78
Resorcinol dimethyl ether
CH3CN 2,4-Dimethoxyacetopbenone — 18
CICH,CN 2,4-Dimethoxy-w-chloroacetophenone 60 20a
BrCHCN 2,4-Dimethoxy-w-bromosncetophenone — 66
HOCH,;CN 2,4-Dimethoxy-w-hydroxyacetophenone —1 19
CoH502,COCH,CN 2,4-Dimethoxy-w-carbethoxyoxyacetophenone — 66
Cl3CCN 2,4-Dimethoxy-w-trichloroacetophenone 100 17
6-Hydrozy-3-methylbenzofuran
CICH,CN 5-Chloroaceto-3-methyl-6-hydroxybenzofuran — 79
CgHsCN 5-Benzoyl-3-methyl-6-hydroxybenzofuran — 80
p-HOCgHCN 5-(4-Hydroxybenzoyl)-3-methyl-6-hydroxybenzofuran — 81
p-CH3OCgHCN 5-(4'-Methoxybenzoyl)-3-methyl-6-hydroxybenzofuran — 81
3,4-(HO)5CgH3CN 5-(3',4’-Dihy droxy)-3-methyk-6-hydroxybenzofuran — 79
6-Hydrowy-3-methyl-2,8-dihydro-
benzofuran
CgHzCN 3-Methyl-5-benzoyl-8-hydroxy-2,3-dibydrobenofuran — 80
2-Methylresorcinol (2,6-Dihydroxy-
1-methylbenzene)
CHCN 2,4-Dibydroxy-3-methylacetophenone — 82
CH30CH,CN 2,4-Dibydroxy-3-methyl-w-methyoxyacetophenone — 82
Orcinol
CH;3;CN 2,4-Dihydroxy-6-methylacetophenone 63 3a
CgHsCH2CHCN 2,4-Dihydroxy-6-methyl-3-phenylpropiophenone —1 71
CeHsCN 4,6-Dihydroxy-2-methylbenzophenone [ifi} 3a
CNCN 6-Hy droxy-4-methyl-8-keto-2 3-dihydro-2(1)-benzofuranone| — § 32
Orcinol monometlyl ether .
CH3CN 2-Hydroxy-4-methoxy-8-methyl- and 4-hydroxy-2-meth- 27,32 3a
oxy-6-methyl-acetophenone
Pyrogallol
0-CH3COOCgH4CN 2,3,4,2-Tetrahydroxybenzophenone 18 75
p-CICgH4CN 2,3,4-Trihydroxy-4’-chlorobenzophenone 25 u
2,4-(CH3C00)C¢HsCN 2,3,4,2",4-Pentahydroxybenzophenone 18 75
1,2,4-Trihydrozybenzene
CH3CN 2,4,6-Trihydroxyacetopbenone Poor 83
CH3;0CH,CN 2,4 5-Trihydroxy-w-methoxyacetophenone 50 83
p-CICgHCN 2,4,6-Trihydroxy-4’-chlorobenzophenone 55 14
3,4-(CH3CO00),CcHCN 2,4,5,3’ 4-Pentahydroxybenzophenone IR 14
Phloroglucinol
CH3CN 2,4,6-Trihydroxyacetopbenone 74-93 | 3a, 57, 63
CoH;CN 2,4,6-Trihydroxypropiophenone 73 84
n-CgH7CN 2,4,6-Trihydroxybutyrophenone 72 84, 85
230-C3H7CN 2,4,6-Trihydroxyisobutyrophenone — 85
n-C4HyCN 2,4,6-Trihydroxyvalerophenone 85 84

* References 64-110 are on p.‘412.

1 No catalyst employed.

¢ Chloroform~ether as solvent.
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TABLE IT—Continued
KeTonEs AND COUMARANONES
Reactants Products Y‘;Zl d :Zizr;
Phloroglucinol—Continued
430-C4HyCN 2,4,6-Trihydroxyisovalerophenone — 86
n-CsH1CN 2,4,6-Trihydroxycaprophenone 27-69 | 695, 84, 87
30-C5H11CN 2,4,6-Trihydroxyisocaprophenone 37 84
CNCHCN bis(2,4,6-Trihydroxypbenyl)methane and w-cyano-2,4,6- | —1 15a
trihydroxyacetophenone
CN(CHg)sCN v-2,4,8-Tribydroxybenzoylbutyric acid and e,y-bis(2.4,6- | 15 26
trihydroxybenzoyl) propane
CN(CHp)4CN 6-2,4,6-Trihydroxybenzoylvaleric acid — 26
CICH;CN 2,4,6-Tribydroxy-w-chloroacetophenone and 4,5-dibydroxy- | — 1 34
2,3-dihydro-2(1)-benzofuranone
HOCH,;CN 4,6-Dihydroxy-2(1)-benzofuranone — 19
CHsOCH,CN 2,4,6-Trihydroxy-w-methoxyacetophenone 75 19, 57b
CH3CH,CHCICN 4,6-Dihydroxy-3-ethyl-2,3-dihydro-2(1)-benzofuranone — 33
CeHsCOOCH,CN 2,4,6-Trihydroxy-w-benzoyloxyacetophenone 74 ) 68
CgHsCH,CN 2,4,6-Trihydroxy-w-phenylacetophenone — 69a, 87
0-CICgHCH2CN 2,4,6-Trihydroxy~w-(2'-chlorophenyl)acetophenone 20 31
p-CIC¢H «CH,CN 2,4,6-Trihydroxy-w-(4’-chlorophenyl)acetophenone — 69
p-HOCsH4CH,CN 2,4,6-Trihy droxy~w-(4-hydroxyphenyl)acetophenone 16-20 § 88, 89
p-CH30C¢HCHoCN 2,4,6-Trihydroxy-w-(4-methoxyphenyl)acetophenone 71,1 92 89, 90
0-CNCgHCH,CN 2,4,6-Tribydroxy-«-(2'-cyanophenyl) acetophenone — 27
m-CNCgH4CH2CN 2,4,6-Trihydroxy-w-(3*-cyanophenyl)acetophenone — 27
p-CNCeH4CH2CN 2,4,6-Trihydroxy~w-(4’-cyanophenyl)acetophenone — 27
0-02NCgHCH,CN 2,4,6-Trihydroxy-«-(2’-nitrophenyl) acetophenone 25 28
m-0sNCeHCH,CN 2,4,6-Trihydroxy-w~(3’-nitrophenylyacetophenone 60 28
p-02NCgH4CH,CN 2,4,6-Trihydroxy-w-(4-nitropbenyl) acetophenonc 54 28
CgHsCH,CH.CN 2,4,6-Trihydroxy-w~phenylpropiophenone — 1t 33,71
p-HOCsH ;CH,CH2CN 2,4,6-Trihydroxy-w-(4’-hydroxyphenyl)propiophenone 161 88
p-CH3CO00CsH,CH,CH2CN | 2,4,8-Tribydroxy-w-(4-hydroxyphenyl)propiophenone 60 91
p-CH3CeH4CH,CH,CN 2,4,6-Trihydroxy-w-(4’-methylphenyl) propiophenone — 69
CH;3;CH;CHBrCN 4,6-Dihydroxy-8-ethyl-2,3-dihydro-2(1)-benzofuranone — 33
CgHsCN 2,4,6-Tribydroxybenzophenone 63 3a, 51, 87
m-CICgH,CN 2,4,6-Trihydroxy-3’-chlorobenzophenone 67 31
p-CICH,CN 2,4,6-Trihydroxy-4’-chlorobenzophenone 43 31
0-HOC¢H(CN 1,3-Dihydroxyanthrone — 92
24,6,2"Tetrahydroxybenzophenone — 74
m-HOCgHCN 2,4,6.3-Tetrahydroxybenzophenone 37 92
p-HOCgHCN 2,4,6,4-Tetrahydroxybenzophenone 15 92
3,4-(HO)3CgHsCN 2,4,6,3’,4’-Pentahydroxybenzophenone 37 3b
4-HO-3-CH;3;0CgH;CN 2,4,6,4’-Tetrahydroxy-3’-methozybenzophenone 33 3b
5-NO2-2-HOCgH3CN 1,3-Dihydroxy-7-nitroxanthone — 93
3,4-(CH205)CeH3CN 2,4,6-Trihydroxy-3',4'-methylenedioxybenzophenone 36 94
CH3;CCCN 1-(2,4,6-Tribydroxyphenyl) propane-1,2-dione 70 35
CeH5COCN 2,4,6-Trihydroxybenzil — 1 22
24,6,2' 4 ¢'-Hexahydroxytriphenylacetic acid imino lactone | 90 36b
0-CH30C¢H4COCN 2,4,6-Trihydroxy-2’-methoxybenzil —1 22

* References 64-110 are on p. 412.

1 No eatalyst employed.

| Aluminum chloride as catulyst in the absence of a solvent.
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TABLE II—Continued
Keronss AND COUMARANONIS
Reactants Products Y‘l;‘,)l d :}i‘:‘;
Phloroglucinol—Continued
p-CH30C¢H L OCN 2,4,6-Trihydroxy-4’-methoxybenzl — 19l 22
2.4,6,2",4 ,6'-Hexahydroxy-4"-methoxytriphenylacetic aud — 36b
1mmo lactone
3.4,5-(CH30) 3C¢H,COCN 2 4,6-Tribydroxy-3’,4".5"-trimethoxybenzl — 1Y 22
p-CIC¢H4COCN 2,4,6,2’,4 ,6’-Hexahydroxy-4"~chlorotriphenylacetic aad — 36b
1mnino lactone
Phloroglucinol monomethyl ether
n-C3H7;CN 4 6-Dihydroxy-2-methoxybutyrophenone — 85a
CeHsCN 2,6-Dihydroxy-4-methoxybenzophenone — 95
CH30CH.CN 2,4-Dihydroxy-w,6-chimethoxyacetophenone 60 96
CgH5COOCHCN 2,4-Dibydroxy-6-methoxy-w-benzoyloxyacetophenonc 7 96
Phloroglucinol dvmethyl ether
CHCN 2-Hydroxy-4,6-dimnethoxyacetophenone and 1-hydroxy-3,5- | — 18
dunethoxy-2,6-diacetylbenzene
CH3;0OCH,CN ,2,4-Trmethoxy-6-hydroxyacetophenone and a small| 24 97
amount of w,2,6-trimethoxy-4-hydroxyacetophenone
CeHsCOOCHCN 2,4-Dimethoxy-6-hydroxy-w-benzoyloxyacetophenonc £6 96
CeHsCN 2- and 4-Hydroxy-2,6-dimethoxybenzophenone — 98
p-HOCgH CH,CN 2,4-Dimethoxy-6-hydroxy-w-(p-hydroxyphenyl)-aceto- 19 99
phenone and a small amount of 2,6-dimethoxy-4-
hydroxy-w-(p hydroxyphenyl)acctophenone
3,4-(CH202)CgH3CN 2-Hydroxy-4,6-dimethoxy- and 4-hydroxy-2,6-dimethoxy- 11§ 13
3’,4’-methylenedioxybenzophenone
3,4-(CH20,)CgH3CN 4-Hydroxy-2,6-dimethoxy-3’4'-methylenedioxybenzo- 33 13
phenone
Phioroglucinol trimethyl ether
CHCN 2,4,6-Trimethoxyacetophenone 85 13, 18
CICH,CN 2,4,6-Trimethoxy-w-chloroacetophenone — 58
BrCHCN 2 4,6-Trimethoxy-w-bromoacetophenone —1 58
p-HOC¢HCH,CN 2.4,6-Trimethoxy-w-(p-hydroxyphenyl)acetophenone 10 99
3,4-(CH30) 3CgH3;CH2CN 2,4,6-Trimethoxy-w-(3'.4’-dimethoxyphenyl)acctophenone 32 100, 101
CgH;CHBrCN 2,4,6-Trihydroxy-e-bromo-a-phenylacetophenone 45 58
3,4-(CH3C00)5CH3CN 2,4 6-Trimethoxy-3',4’-ibydroxybenzophenone 16 ** 13
4-H0-3-CH;0CgH3CN 2,4 6,3-Tetramethoxy-4’-hydroxybenzophenone 12 14
3,4-(CH;02)C¢H3;CN 2.4 6-Trimethoxy-3’ 4’-methylenedioxybensopbenone 65§ 13
2,4,6-Trimethoxy-3’,4’-methylenedioxybenzophenone 46 13
1,3,6-Trihydrozy-2-methylbenzene
n-C3H7CN 2,4,6-Trihydroxy-3-methylbutyrophenone — 85b
1,8,6-Trihydroxy-8-1soamylbenzene
CH,CH,;CH(CH3)2
CH30 CH,CO.,CH3; | CH0, OCH,CO,CH;  HO, OH — 86
CH;30! CH,CN CH ——————COCH
H

* References 64- 110 are on p 412

1 No catalyst employed.

§ Ferric chlorde as catalyst

|| Alurminum chloride as catalyst n the absence of a salvent
4 Chloroform-ether as solvent.

** Acetic acid as solvent
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TABLE II—Coniinued
KEeToNES AND COUMARANONES
Reactants Products Yeld Refer-
% ences *
1 8-Dhhydrozy-b-methozy-2-methyl-
benzene
p-CH30CsH4CH2CN 2.4-Dihydroxy-6-methoxy-3-methyl-w-(p-hydroxyphenyl)- 44 102
acetophenone
1,3-Dikydrozy-6-methozy-4-methyl-
benzene
a-CgH7CN 2,6-Dibydroxy-4-methoxy-3-mnethylbutyrophenone — 103
1,3-Dumethyl-2,4,6-trhydrozys
benzene
n-C3H7CN 2.4,6-Trihydroxy-3,5-dimethylbutyrophenone — 85
1,3,5-Trhydrozy-2-methozybensene
CICH,CN 4 6-Dihydroxy-5-methoxycoumaran-8-one and 4,6 dihy- 31, 50 39
droxy-7-methoxyeoumaran-3-one
1-Hydroxy-8,4.5-irmethoxybenzene
CICH,CN 2-Hydroxy~4,5,6-trmethoxy-w~chloroacetophenone 42 39
p-CH30CgH CHyCN 2-Hydroxy-4,5,6~trmethoxy-w-(p-imethoxyphenyl)aceto- — 104
phenone
1,8-Dikydrozy-2,6-dvmethory-
benzene
CH3CN 2,4-Dihydroxy-3,6-dimethoxyacetophenone — 105
CICH,CN 2,4-Dihydroxy-3,6-dimethoxy-w-chloroacetophenone 25 39
CH3OCH,CN 2,4-Dihydroxy-w,3,6-trimethoxyacetophenone 721 106
1,3-Duhydrozy-4,5-dvmethory-
benzene
CH3;0CH,CN 2,6-Dibydroxy-w,3 4-trmethoxyacetophenone — 1} 106
p-CH30C¢H4CHoCN 2 6-Dihydroxy-3,4-dimethoxy-w-(p-methoxyphenyl)- 29 107
acetoplienong
1,4-Dumethoxy-3,6-dibenzylozy-
benzene
CH3CN 2,4-Dibydroxy-3,6-dimethoxyacetophenone 75 108
CH;0CH,CN 2,4-Dihydroxy-w,3,6-trihydroxyacetophenone 62 109
2-Hydroxy-4-benzyloxy-w.3,6-trimethoxyacetophenonc 31 110

* References 64~-110 are on p. 412.

1 No catalyst employed
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TABLE III
Propucts rroM “ABNoRMAL” Homsca REACTION PropucTts
Reactants Products Yield | Refer-
% ence
2-Naphthol
CsHsCOOCH=C(CH s CN [ 2-Phenyl-3,4-8-naphthopyrone — 38
Resorcinol
CH3;COCH(CeH) CN 7-Hydroxy-3-phenyl-4-methylcoumarin — 41
HCOCH(CeH)CN 7-Hydroxy-3-phenylecoumarin — 24
CsHsCOOCH=C(CcH ) CN | 7-Hydroxy-3-phenylcoumarin — 24
CeH;C(=NH)CH:CN 7-Hydroxy-4-phenylcoumarin — 156
C¢HsCH(CN)COCO2C2H; | 3-Phenyl-4-carbetlhioxy-7-hydroxycoumarin — ! 59
CNCH2C02CH5 7-Hydroxy-4-oxocoumarin — 15a, 61
HOCHCH,CN B-(2,4-Dihydroxyphenyl)propionic acid — 21
CICH;CH,CN $-(2,4-Dihydroxyphenyl)propionio acid 56 § 21
$-(2,4- and 2,6-Dihydroxyphenyl) propionic acid 71 45
B8-(2,4- and 2,6-Dihydroxyphenyl)propionio acid; | — 45
2,4- and 2,6-dihydroxyphenyl 8-2,4-dibydroxy-
phenethyl ketone
CoH3502COCH,CH.CN Same four products as above — 45
CICHCHCH,CN ~-(2,4-Dihydroxyphenyl)butyiic acid 21 21
CgHs;CH=CHC(Cl)=NH 7-Hydroxy-4-phenylhydrocounarin — 12
Resorcinol monomethyl ¢ther
HCOCH(CgHz CN 7-Methoxy-3-phenylcoumarin — 24
CICH,CH,CN 8-(2-Hydroxy-4-methoxyphenyl) propionic acid — 45
8-(2-Hydroxy-4-methoxyphenyl)propionic acid — 21
and g-(2-hydroxy-4-methoxyphenyl)propioni-
trile
Acetyl resorcinol monomethyl

ether

CgHsCOOCH=C(CcHs)CN | 7-Methoxy-3-phenylcoumarin — 24
Oretna

CeH;COOCH=C(C¢H)CN | 7-Hydroxy-5-methyl-3-phenylcomnarin — 24

CeH;CH(CN)COCO2CoH | 3-Phenyl-4-carbethoxy-7-hydroxycoumarin — 1 59

CICHCHCN 5-Methyl-7-hydroxyhydrocoumarin 40 21

CH;=CHCN 5-Methyl-7-hydroxyhydrocoumarin — 21
Pyrogallol

CsH5COOCH=C(CsH5)CN | 7,8-Diliydroxy-3-phenylecoumarin — 24
Phloroglucinol

HCOCH(C¢H ;) CN 5,7-Dihydroxy-3-phenylcoumarin — 24

C¢HsC(=NH)CH;CN 5,7-Dihydroxy-4-phenylcoumarin —t 155

p-CH3QC ¢ 4C(=NIH)-

CH,CN 5,7-Dilhiydroxy-4- (4’-methoxyphenyl) coumarin — 1 15b
p-CH30C:H4COCHCN 5,7-Dihydroxy~4- (4’-methoxyphenyl) coumarin — 1 20a
2,4-(CH30) 2CeH 3COCI3CN| 5,7-Dihydroxy-4-(2’,4’-dimethoxyphenyl) coumnarin | — 20a
3,4-(HO)2CsH3COCH,CN 5,7-Dihydroxy-4-(3’,4’-dihydroxyphenyl) coumarin | »— § 20a
CeH;CH(CN)COCO2C2H | 3-Phenyl-4-carbethoxy-5,7-dihydroxycoumarin — 59
CIH2(CN)2 5,7-Dihydroxy-4-oxocoumarin — 15a, 18
CNCHCO2CH 5 5,7-Dihydroxy-4-oxocoumarin ketimine —7 15¢
CICHCH,CN 5,7-Dihydroxyhydrocoumarin 50 21
CgHs;CH=CHCN 5,7-Dihydroxy-4-phenylhydrocoumarin 90 10
p-HOCsH LCH=CHCN 5,7-Dihydroxy-4- (4-hydroxyphenyl)hydrocou- 30 10

marin

1,2.4-Triacetowybenzene

HCOCH(C¢HzCN 6,7-Dihydroxy-3-phenylcoumarin — 38
Phloroglucinol dimethyl ether

HCOCH (4-CH30C¢HQCN | 5,7-Dimethoxy-3-(4’-methoxyphenyl) coumarin — 24
3,4,6-Trimethoxyphenol

HCOCH][3,4,5- 5,6,7-Trimethoxy-3-(3",4’,5'-trimethoxyphenyl) — 24

(CH 30)3CsH2ICN coumarin

a-2-Naphthozymethyl-

mandelonitrile
(self-condensation) 2-Hydroxy-2-phenyl-1,4--naphthopyranone — 38
1 No catalyst employed. § Excess phenal and no catalyst used.

3 Aoetie acid as solvent.
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TABLE IV
PyrryrL KETONES *
Reactants Products Yield | Refer-
% ence
Pyrrole
CICM,CN 2-Chloroacetylpyrrole 20 46
2,4-Dimethylpyrrole
CH3;CN 2,4-Dimethyl-5-acetylpyrrole 54 48
CICH,CN 2,4-Dimethyl-5-chloroacetylpyrrole 96 48
2,4,8-Trimethylpyrrole
CICH,CN 2,4,5-Trimethyl-3-chloroacetylpyrrole 57 47
2,4-Dimethyl-3-carbethoxypyrrole
CH;CN 2 4-Dimethyl-3-carbethoxy-5-acetylpyrrole — 47, 50
C¢H;CN 2,4-Dimethyl-3-carbethoxy-5-benzoylpyrrole 92 50
CNCOCoH Ethyl 24-dimethyl-3-carbethoxypyrryl-5- 75 47
glyoxylate
CNCN 2,4-Dimethyl-3-earbethoxypyrryl-5-glyoxylic — 47
a0id nitrile
CNCIHCN 2,4-Dimethyl-3-carbethoxy-5-cyanoacetylpyrrole 70 47
2, 4-Dimethyl-3-acetylpyrrole
CNCOCyHj Lthyl 2,4-dimethyl-3-acetylpyrrole-5-glyoxylate 84 47
2,6-Dimethyl-3-carbethoxypyrrole
CICHCN 2,5-Dimethyl-3-carbethoxy-4-chloroacetylpyrrole | 75 47
CNCOCoH 5 Ethyl 2,5-dimmcthyl-3-carbethoxypyrryl-4- o7 47
glyoxylate
2-M ethylindole
CICH;CN 2-Methyl-3-chloroacetylindole — 50
CNCHCO2CoH 5 Ethyl 2-methylindole-3-g-aminoacrylate 70 49
CeH;CHCN 2-Methyl-3-plienylacetylindole 70 49
CsH;CN 2-Methyl-3-benzoylindole 70 15a
# All the pyrryl ketones weic prepared without using a catalyst.
TABLE V
Imivo THIO EsTERS
Reactlants Products Reference
Resorcinol
CHSSCN Methyl thio-g-resorcylate imide hydrochloride 53
C:HzSCN | Ethyl thio-g-resorcylate imide hydrochloride 53
n-C4HgSCN | Butyl thio-g-resorcylate imide hydrochloride 53
CsHsSCN Phenyl thio-g-resorcylate imide hydrochloride 53, b4
Orcinol
CeH:SCN | Methyl 2,4-dihydroxy-6-methylthiobenzoate imide 54
hydrochloride
Phloroglucinol
CH,SCN Methyl 2,4,6-trihydroxythiobenzoate imide hydrochlo- 53
ride
CeHSCN | Phienyl 2,4,6-trihydroxythiobenzoate imide hydrochlo- 54
ride
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INTRODUCTION

The Darzens glycidic ester condensation involves the condensation of
an aldehyde or ketone with an a-halo ester to produce an a,8-epoxy ester
(glycidic ester). The most frequently used condensing agents are sodium
ethoxide and sodium amide.

R'COR” + R™CHXCO5C,H, 20N
(NaNHy)
R/ R///
[
0—0002021’15 —|— NaX —|— CzH5OH
R”/ \0/ (NHs)

The glycidic esters are of interest primarily because they can be con-
verted into aldehydes and ketones having a higher carbon content than
the original aldehydes or ketones. This transformation occurs after
hydrolysis to and decarboxylation of the epoxy acids and is accompanied
by rearrangement when an aldehyde is formed.

Rl R/// RI RI

| .\ AN
/O—\——/—C——002H m CHCOR" or R'"—CCHO

R// O R// R///

The first synthesis of a glycidic ester was performed by Erlenmeyer,!
who obtained ethyl pB-phenyl-e,f-epoxypropionate by condensing
benzaldehyde with ethyl chloroacetate by means of sodium. It remained
for Darzens, however, to develop and generalize this reaction.2® He

1 Erlenmeyer, Jr., Ann., 271, 161 (1892).

2 Darzens, Compt. rend., 139, 1214 (1904).

3 Darzens, Compt. rend., 141, 766 (1905).

4 Darzens, Compi. rend., 142, 214 (1906).

5 Darzens and Lefebure, Compt. rend., 142, 714 (1906).
8 Dargens, Compt. rend., 144, 1123 (1907).

? Darzens, Compt. rend., 145, 1342 (1907).

8 Darzens, Compt. rend., 150, 1243 (1910).

? Darzens and Rost, Compt. rend., 151, 758 (1910).

10 Darzens, Compt, rend., 1562, 443 (1911).

11 Darzens and Sejournd, Compt. rend., 1562, 1105 (1911),
12 Darzens and Leroux, Compt. rend., 164, 1812 (1912).
18 Darzens, Compt. rend., 195, 884 (1932).
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preferred sodium ethoxide as the condensing agent. Shortly after the
appearance of Darzens’ first paper, Claisen * reported that sodium
amide could be used as the condensing agent. The glycidic ester con-
densation has not been applied as widely as one would expect in view
of the number and variety of compounds that can be prepared by its use.

Darzens 1%%17 hags described another procedure which involves the
reaction of aldehydes and ketones with ethyl dichloroacetate and dilute
magnesium amalgam. The first product of this reaction is a -hydroxy
a-chloro ester which is quantitatively converted to a glycidic ester by
treatment with sodium ethoxide. Alternatively, the hydroxy chloro
esters may be dehydrated to yield a-chloro unsaturated esters.

RI
Mg-Hg

AN
R'COR” + CHCIsCO,CoHs — /([JCH0100202H5
R” OMgCl

R leO

N
o CCHCICO,C,H;
Py05 / [

R” OH

lCzH 50Na
=—C-—CO0,C.Hj; R/

R” Cl C———CHCO:C.Hj;

NS

Rl/

The mechanism of glycidic ester formation probably involves the
addition of the enolate of the halo ester to the carbonyl group of the
aldehyde or ketone,* followed by an intramolecular nucleophilic dis-

* Early ideas involving addition of the condensing agent to the carbonyl group of the
aldehyde or ketone, Fourneau and Billeter, Bull. soc. chtm. France, [5] 6, 1616 (1939), or
the conversion of the aldehyde or ketone to its enolate by the base, Rutowski and Dajew,
Ber., 64, 693 (1931), appear inadequate. Scheibler and Tutundzitsch, Ber., 64, 2916
(1931), first suggested the formation of the enolate of the halo ester, but their detailed
mechanism appears unnecessarily complicated,

1 Claisen, Ber., 88, 693 (1905).

15 Darzeus, Compt, rend., 181, 883 (1910).

0 Darzong, Compt. rend., 308, 1374 (1936).

¥ Dargous and Lévy, Comptl. rond., 204, 272 (1037).
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placement on carbon. The function of the basic condensing agent is to
convert the halo ester to its enolate.

CICH,CO.CoHjy 4 CoHsONa, — [ClCHCOgCgH5]—Na+ 4+ C.HzOH

(NaNHz) (NH;)
R’\O -
R/COR” 4 [CICHCO.CoHl~Nat — /éCI{cozcsz Na*
v &
N
R O
NN

C———CHCO2CoH -+ NaCl
R

Tividence supporting the formation of the enolate of the chloro ester
is the fact that about 799, of the theoretical amount of ammonia is
evolved on treating a suspension of sodium amide in ether with ethyl
chloroacetate.’®* It hasbeen shown that the sodium enolates of ketones
react with chloro esters to give glycidic esters.®*® This result is con-
sistent with the above mechanism if it is postulated that the enolate of
the ketone reacts with the chloro ester to convert it to its enolate.

([)Na
CH;3;C==CH, }+ CICH,CO,C:Hs — CH3COCHj; -} [CICHCO,CyH;]~Nat

SCOPE AND LIMITATIONS

Carbonyl Components

Of the many types of aldehydes and ketones from which the desired
condensation products have been isolated, only formaldehyde,* mono-
substituted acetaldehydes,* and a few terpene ketones, such as carvone
and pulegone,? give generally poor yields. Aromatic aldehydes contain-
ing alkyl, alkoxy, methylenedioxy, and chloro groups give fair to good
vields. Although no study of the effect of steric hindrance has been
made, 2,4,6-trimethylbenzaldehyde is reported to give the expected
product,® but in unstated yield. Aliphatic ketones, including methyl
ketones, a,B-unsaturated ketones, and cyclic ketones, react smoothly.

* The hypothesis that a halo ester may form an enolate is supported by the observation
that chloromalonic ester may be alkylated to form benzylchloromalonic ester by treatment
with sodium ethoxide followed by benzyl chloride, Conrad, Ann., 209, 241 (1881),

18 Unpublished experiments by Newman and Magerlein at the Ohio State University.

19 Rutowski and Dajew, Ber., 64, 693 (1931).
® Chuit and Bolle, Bull. soc. chim. France, [4] 35, 200 (1924).
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The successful use of a Mannich base, 2-dimethylaminocyclohexanone,
has been reported,? but the analogous 4-dimethylamino-2-butanone
failed to give the expected ester.? Aromatic and aromatic-aliphatic
ketones give very satisfactory yields. The presence of a nuclear chlorine
atom appears to improve the yield somewhat.® Although a fairly
representative group of aldehydes and ketones has been investigated, no
systematic study of the effect of the structure of the carbonyl component
on the yield of glycidic ester has been reported.

Halogenated Esters

As a rule, chloro esters are preferable to bromo or iodo esters although
bromo esters have been used successfully. With cyclohexanone, it has
been shown that the p-toluenesulfonate of ethyl glycolate may be sub-
stituted for the chloro ester? With ethyl chloroacetate, isobutyro
phenone yields the glycidic ester, whereas with ethyl lodoacetate it
vields an alkylation product, ethyl g,8-dimethyl-8-benzoylpropionate,
with ethyl bromoacetate a mixture of the two products results.?

[ (CH3).CH 0]

CICH :CO,CoH
s C———CHCO,CsH;

CeH;COCH(CHy), I
DrOMmC0CMs Mixture of A and B
CH2CO-C
M) CeH;COC(CHj3)2CH2CO2C,Hs

®)

Very little is known of the condensation of halo esters other than
halo acetates, halo propionates, and halo butyrates, ethyl a-chloro-
laurate being the only example of a higher ester described.’®

The effect of the alkyl group of the halo ester on reactivity or yield
has not been investigated to any extent. If sodium amide is the con-
densing agent, the ethyl ester is preferable to the methyl ester because
of increased formation of chloroacetamide with the methyl ester.* In
experiments involving acetone, benzaldehyde, acetophenone, and cyclo-
hexanone the following alkyl chloroacetates and chloropropionates gave
yields comparable to those obtained with methyl and ethyl esters: ®

2 Howton, J. Org. Chem., 12, 379 (1947).

2 Nowman and Magorloin, J. Am. Chem. Soc., 69, 469 (1947).

% Taller and Ramari-laaw, Compl. rend., 169, 143 (1914): Ger. pat. 586,645 [Frdl.
20, 781 (1935)1.
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propyl and isopropy), allyl, eyclohexyl, n-amyl, benzyl, and 2-ethylhexyl;
with S-methallyl and tetrahydrofurfuryl esters the yields were lower.
There is some evidence that better yields of condensation products may
be obtained with halo amides. An 809 yield of glycide amide is ob-
tained from acetone and the diethylamide of chloroacetic acid % whereas
with ethyl chloroacetate %% much lower yields result. However, it
has not been shown that the glycidic amides can be hydrolyzed and
decarboxylated to give aldehydes or ketones in improved yields.

More complex halo esters, such as ethyl g-hydroxy-a-chloropropion-
ate,® ethyl «,8-dichloropropionate? and ethyl a-bromo-8,8-diethoxy-
propionate,® have failed to undergo the glycidic ester condensation.

Other Halogenated Compounds

Certain other halogenated compounds have been used in place of
halo esters. o-Halo ketones have been condensed with a varicty of
aldehydes to yield «,8-epoxyketones.?-#

0)

c /7 \\
RCHO + CICH,COR! "% R CH——CHCOR’

These epoxyketones may condense with a second molecule of halo
ketone to yield «,8,v,5-diepoxyketones.?*

/ .
RCH——CHCOR’ + CICH,COR’ ——eoNe,

0
VAR VRN
RCH——CHC——CHCOR/
RI

When 1,4-dibromo-1,4-dibenzoylbutane is {reated with sodium
syanide,® diethylamine,® godium acctate,®® or the sodium derivative

2 von Schickh, Ber., 69, 971 (1936).

% Yarnall and Wallis, J. Org. Chem., 4, 284 (1939).

% Qroshnik and Spoerri, J. Am., Chem. Soc., 67, 721 (1945).

% Widman, (@) Ann., 400, 86 (1913); (b) Ber., 49, 477 (1916).

% Bodforss, (a) Ber., 49, 2795 (1916); (b) Ber., 51, 192 (1918); (¢) Ber., 52, 142 (1919).
2 Jérlander, (a) Ber., 49, 2782 (1916); (b) Ber., 50, 406, 1457 (1917).

% Freudenberg and Stoll, Ann., 440, 41 (1924).

3 Murakami and Irie, Proc. Imp. Acad. (T'okyo), 10, 568 (1934) [C.A., 29, 1818 (1935)].
2 Kao and Fuson, J. Am. Chem. Soc., 54, 313 (1932).
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of malonic ester # a cyclic epoxyketone is produced; with molecular
silver the debrominated analog is obtained.®

0
/
CH

VRN
CHzCHBI‘COCeH5 CH2 CCeHs

Basic

| —_—
CH,CHBrCOC¢H; e CH2~([JCOCGH5
Br

0
/
CH

7\
Molecular CH2 CCGH5
_—

silver CH,—CHCOC¢H3

A number of substituted halides of the benzyl 33%% and benzal #?
types hag been condensed with aldehydes and ketones to give epoxy and
a-haloepoxy compounds in yields which, although usually not stated,
were often good. Stereoisomeric forms of the epoxy compounds were
occasionally separated.

KOH in

N
CHOR RCH CHR

RCH,CI + R'CHO

{XOH in / \
2 5 C ’
Sion RC CHR

RCHCL, - R’CHO
Cl1

The aldehydes used include benzaldehyde, o-, m~, and p-nitrobenzal-
dehyde, p-methoxybenzaldehyde, diphenylacetaldehyde, cinnamalde-
hyde, and furfural; the ketones were fluorenone and 2,7-dibromo-
fluorenone. As halides, o- and p-nitrobenzyl chloride, 9-chlorofluorene,
and 9-bromo-10-anthrone were used.

3 Kao, J. Am. Chem. Soc., 62, 356 (1940).

% (a) Hatzig, Inaugural dissertation, Strashourg, 1909; (b) Barrow, Inaugural disserta=
tion, Strasbourg, 1909; (¢) Chrzescingki, Inaugural dissertation, Stragbourg, 1911,

% Klouoker, Ber., 66, 1634 (1922).

3 Borgmaun and Hoervoy, Ber., 62, 902 (1029).
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Side Reactions

Few investigators have studied the non-glycidic-ester portion of the
reaction products. Some unchanged ketone may usually be recovered.
Possible contaminants of the glycidic esters are the isomeric oxygen or
carbon alkylation products formed by allkylation of the enolate of the
ketone by the halo ester. The boiling ranges reported for the glycidic
esters usually cover 5-10°, so that such contamination is entirely pos-
sible. The condensation product from S-ionone and ethyl chloroacetate
is considered to be a mixture of three isomeric products: glycidic ester;
a-keto ester; and the enolic form of the latter.¥ Halogen in the con-
densation products indicates the presence of an a-halogen «,S-unsatu-
rated ester* High-boiling produects, including resinous material, are
frequently noted. These may result from self-condensation of the alde-
hyde or ketone 38 or of the halo ester; ethyl chloroacetate in ether reacts
with sodium to yield an ethoxy chloro acetoacetate of undetermined
structure.®® Vacuum distillation of high-boiling glycidic esters should
be done at as low a temperature as possible in order to guard against
rearrangement to an a-keto ester.4 4.4

SELECTION OF EXPERIMENTAL CONDITIONS

The reactions are carried out under strictly anhydrous conditions
preferably in an inert atmosphere. Often no solvent is used, care being
taken to prevent undue temperature rise when the condensing agent is
added. It seems best to add the condensing agent to a mixture of the
reaction components, of which the halo ester is preferably in some
excess.¥” It has been found ® advantageous to use 1.6 moles of chloro
ester and 1.6 moles of alkoxide to 1 mole of ketone. During the first
stage of the reaction it is well to keep the mixture cold, temperatures as
low as —80° being recommended.® However, in a few cases no reaction
occurs at —80° and a temperature of 0° appears to be preferable.!s
After reaction periods ranging from & few hours to a few days, the mix-
ture is usually heated for an hour on a steam bath. The reaction mixture
is then treated with dilute acid and the organic products are generally

3 Milas, Lec, Sakal, Wohlens, MacDonald, Grossi, and Wright, J. Am. Chem. Soc.,
70, 1584 (1948).

38 Weidlich and Daniels, Ber., 72, 1596 (1939).

3 Fittig and Erlenbach, Ann., 269, 15 (1892).

“ Troell, Ber., 61, 2498 (1928).

4 Kohler, Richtmyer, and Hester, J. Am. Chem. Soc., 53, 211 (1931).

£ Pointet, Compt. rend., 148, 417 (1909).

4 Yarnall and Wallis, J. Org. Chem., 4, 270 (1939).
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separated by vacuum distillation. At least one glycidic ester re-
arranged into an a-keto ester at the high temperature needed for vacuum
distillation,®4:4 but this rearrangement seems not to be general.

The most frequently used condensing agents are sodium ethoxide and
sodium amide. Of these, sodium ethoxide is the reagent of choice in
the few reactions where both have been employed.s3 4444 The yse
of powdered sodium in various solvents seems to be promising.® The
sodium ketyl prepared from benzophenone has been used with fair
siiccess in one reaction.'

The effect of solvent on the yields of glycidic esters has not been
extensively Investigated. Better yields were obtained in the condensa-
tion of cyclohexanone with ethyl a-chloropropionate without solvent
than with ether, benzene, or benzene-petroleum ether.®® A variety of
inert solvents has been used, but the experiments do not permit a con-
clusion concerning the importance of the solvent. Aromatic hydro-
carbons have been recommended as solvents in preparations carried out
with the aid of metallic sodium; in the presence of such solvents the
sodium chloride formed in the reaction separates in g colloidal suspension
and does not coat the sodium.*

CONVERSION OF GLYCIDIC ESTERS INTO ALDEHYDES AND KETONES

Hydrolysis of glycidic esters to and decarboxylation of the resulting
glycidic acids usually yield ketones or aldehydes. R’ and R’ may

R/ 0 R’ 0O
NN\ mo N\ —C0y
0—0002021’15 —> C CCOzH >
| / |
R// R/// R// R///
R’ R’

AN
CHCOR" or CCHO
y
R// R// R///

represent hydrogen or alkyl or aryl groups, or may be joined in a ring.
If R" is hydrogen an aldehyde always results; if a methyl group, methyl
ketones are formed. The effect of other groups in the R’ position has
4 Linglead and Mann, J. Chem. Soc., 1930, 2070.
4 Kaysor, dnn, chim., [11] 6, 170 (19306).

9 Knorr, Lingo, mnd Weissenhorn, Gor, put. 591,452 [C.4., 28, 2367 (1934)], U. 8. pat.
1,800,340 [C.A., 7, 2002 (1033)].
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received little attention: when R’ is ethyl, an ethyl ketone is obtained ; ¢
when R/’ is n-decyl, an aldehyde results.’s

The conversion of glycidic esters to acids may be effected by the usual
alkaline hydrolysis. A special hydrolysis ¥ involves treatment of the
ester with one equivalent of sodium ethoxide in absolute ethanol followed
by addition of exactly one equivalent of water; addition of dry ether
then causes the precipitation of the sodium salt of the glycidic acid.

For the most part, the glycidic acids are converted into the aldehydes
or ketones by heating to the decomposition point. Better yields of
methyl cyclohexyl ketone may be obtained from a-methyl-«,B-epoxy-
cyclohexylideneacetic acid by two modifications of the above treatment
(which gives a 419, yield).# In one, the sodium salt of the glycidic acid
is heated with sodium hydroxide at 300° (yield 456-5697); in the other,
the glycidic acid is treated with dry hydrogen chloride, and the crude
chloro hydroxy acid thus obtained is then heated with semicarbazide
hydrochloride in pyridine (yield 75%).

The optimum conditions for pyrolysis of the glycidic acid derived from
the condensation of S-ionone and ethyl chloroacetate involve heating in
pyridine at 130-135° for one to two hours.¥” When this same glycidic
acid is decarboxylated by heating in the presence or absence of powdered
glass or by passage in the vapor phase under reduced pressure over
freshly reduced copper on pumice at 140-160°, products having slightly
different properties from those of the product obtained by the pyridine
method are obtained.? Another group of workers recommends heating
in the presence of a small amount of copper powder as the best method
for decarboxylating and rearranging this same glycidic acid and the
isomeric acid obtained from a-ionone and ethyl chloroacetate,”* while a
third group of workers reports that no special decarboxylation procedure
is necessary for the glycidic ester from S-ionone and ethyl chloroacetate:
the glycidic ester is hydrolyzed with cold methanolic sodium hydroxide,
the product is extracted in the usual way with ether, and the aldehyde
is obtained by vacuum distillation.#7?

A systematic study of the best conditions for the conversion of glycidic
esters to aldehydes or ketones is obviously to be desired, and such a
study would contribute much to the wider synthetic use of glycidic
esters.

4 Mousseron and Granger, Compt. rend., 218, 358 (1944); Mousseron, Winternitz,
Granger, Claret, Tringuier, and Combes, Bull. soc. chim. France, 1947, 598,

47 Heilbron, Johnson, Jones, and Spinks, J. Chem. Soc., 1942, 727,
45 Jsler, Huber, Ronco, and Kofler, Helv. Chim. Acta, 30, 1911 (1947).
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REACTIONS OF GLYCIDIC ESTERS

In addition to their conversion to aldehydes and ketones, discussed
in the preceding section, the glycidic esters undergo a number of other
reactions which should prove to be valuable in synthetic work. In the
paragraphs which follow, examples of these reactions are given. No
attempt has been made to list all the examples of any one reaction, but
1t is believed that all the types of reactions are included.

Rearrangement to a- or B-Keto Esters. It has already been pointed
out (pp. 420 and 421) that a glycidic ester on heating to a high tempera-
ture may undergo rearrangement to a keto ester. Ethyl §,8-diphenyl-
glycidate is isomerized to ethyl 8,8-diphenyl-a-ketopropionate on distil-
lation % 442

0]

(CeHy)2C

CHCOzCsz b (CeHs) 2CHCOCOzCzH5

Ethyl -phenylglycidate, on passage in the vapor state over infusorial
earth at 310°, yields the ester of phenylmalonaldehydic acid.®

CHO
7\ 7
CsHsCH——CHCO,C2H; — CoH;CH
COC:H

Reactions with Hydrogen Halides. The addition of hydrogen chloride
in dry ether in the cold to ethyl 8,8-dimethylglycidate and to ethyl
a,B,B-trimethylglycidate results in the formation of e-hydroxy g-chloro
esters.® This reaction complements the addition of hypochlorous acid to
the corresponding substituted acrylates which yields the isomeric
a-chloro B-hydroxy esters.

0 Cl OH
7\ HO! |
CH3C———CCO:CyHs —> CH;C

|
[ CCOzCzI‘I5 R = H, CH3
CH3 R CH3

Hydrogen bromide reacts similarly,® but hydrogen iodide yields the
acrylate.® This latter reaction constitutes another * method for pre-

* A gummary of the methods of preparing e,S-unsaturated acids by condensation
moethods i3 givon in the chnpler on tho Perkin reaction by J. R. Johnson in Organic Reac-
Hona, Vol. I, 1. 233, Juhin Wiloy & Sons, Now York, 1912,

B Tilfanenn nnd lowvy, Anales soe. quim, argonting, 18, 144 (1D28) [C.4., 24, 2400
(1930 ],
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paring a,B-unsaturated esters and might be developed inlo a procedure

0
CHj

CHCO,C.Hj - 2HI CHg([3=CH00202Hs + HO + I

|
CHs CHs

for the quantitative determination of glycidic esters.

Reactions with Ammonia and Amines. Depending upon the reaction
conditions, glycidic esters may yield either glycidic amides, hydroxy
amino esters, or hydroxy amino amides on treatment with ammonia or
amines. The orientation of the hydroxy amino amides appears in doubt.
If ammonia or an aliphatic amine is used it is claimed that a-hydroxy
B-amino amides are obtained, whereas with an aromatic amine the
reverse orientation results.®

0
; 7\
CeHCHOHCHCONHAr <t CyH;OH——CHO0:CoH; — s
[ romatio Aliphatic
NHAr CeH;CHCHONCONHR

|
NHR

It is stated that with ethyl B8,8-dimethylglycidate and aniline or
methylaniline an a-anilino-B-hydroxy ester is produced,? whereas in a
patent the reversc orientation is claimed.®

CH;
VRN é_
CH;C CHCO:CoHs + CsH;NHR — 01—13,I —CHOHCO.C,H; R = H, CH;
H, RNCH; ’

It appears that more work is required before assignment of structure
of such amino hydroxy compounds can safely be made by analogy.

With phenylhydrazine, the amide 2 or ethyl ester ® of 8,5-dimethyl-
glycidic acid yields 1-phenyl-3,3-dimethyl-4-hydroxy-5-pyrazolidone.

O
VRN 150-180°
CH3C CHCONEH; -+ CgHzNHNI, _IEJT—> ]IOCH—-CO\
ours
155 (OC.Hy) NCgH ;5
(CH3)o NH

9 (¢) Fourneau and Billeter, Bull. soc. chim. France, [5] 6, 1616 (1939); (b) [5] 7, 593
(1940); (¢) Fourneau and Maréchal, sb2d., [5] 12, 990 (1945).

5 Schickh, Ger. pat. 583,243 [C.A., 28, 260 (1934)].

51 Schickh, Ger. pat. 588,045 [C.A4., 28, 1360 (1934)].
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Reduction. The reduction of glycidic esters by heating in alcohols
with sodium is said to yleld mixtures of the saturated acid and of the
corresponding primary alcohol. No details of the experimental pro-
cedure or yields are reported.®® By a similar reduction, 8,8-diphenyl-

o)

7\
RCH——-CHCO:C,II; — RCHCH,COOH -+ RCH,CH,CH,OH
R = nC3Hs— and CeHz—

0]
RN
CHgCHg([J—CH002021-15 - CH@Hg({JHCHgCHgOH
CHs CHS

glycidic ester is reported to yield 8,8-diphenyl-a-hydroxypropionic acid.®
However, in view of the previously mentioned rearrangement of this
glycidic ester to form a keto ester on vacuum distillation, % it is
possible that the reduction was carried out on the rearranged product.
Grignard Reaction. The product resulting from the action of methyl-
magnesium iodide on ethyl 8,5-diphenylglycidate ® followed by hydrol-
ysis 18 claimed to be B,8-diphenyl-o-hydroxybutyric acid. However,
the proof of structure consisted in establishing the non-identity of the
reaction product (m.p. 167°) with g,8-diphenyl-8-hydroxy-a-methyl-
propionic acid (m.p. 101°). The alternative possibility, 8,8-diphenyl-o-
hydroxy-a-methylpropionic acid, was not ruled out. This latter product
would be formed if the glycidic ester rearranged to the a-keto ester.

Hydrolysis
—_—

(CeHs)oC

CHCO:CoH; + CH;MgI
(CsH5):CCHOHCO.H (m.p. 167°)
i,
(CeH5)2COHCHCOSH (m.p. 101°)
i,

Hydration. Hydration of the cis form of ethylene oxide dicarboxylic
acid yields dl-tartaric acid, whereas the trans form yields a mixture of
about 409, dl-tartaric and 609, meso-tartaric acid.s

8 Vorlay, Bull. soc. chim. Prance, [4] 85, 487 (1924).
5 Billon-Bnrdon, Compt. rend., 188, 1412 (1929).

M Burdon wid Rowmwet, Comnpl. rand., 188, 214 (19206).
W Kuha ownd BBal, Hee, 88, 919 (1025).
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/CHCOzH CHCO.H
0 B0 WTartaric acid &2 0
AN
CHCOH 50% CHCO,H
meso-"Tartaric acid
cts trans

Reaction with Active Methylene Groups. Although details and proof
of structure are not given, it is stated that 8,8-dimethylglycidic ester and
B-phenylglycidic ester react with sodioacetoacetic ester and sodiomalonic
ester, respectively, to yield substituted y-butyrolactones.5

/O\ CO.CoH;s
(CHj3)sC——CHCOCoH; + CH3COCHNaCOColls — (CHg)C—-(IJHCHCOCHg
-——CO
CO.CoHs
AN é
CeHsCH——CHCOColls + CHNa(CO:Cols)e — CsHzsCHCHCHCO,CoHj
—CO

THE DICHLOROACETATE SYNTHESIS

Darzens has discovered a series of reactions starting with ethyl di-
chloroacetate which promises to be of wide applicability. The dichloro
ester condenses with aldehydes and ketones in the presence of dilute
magnesium amalgam to give excellent yields of a-chloro S-hydroxy
esters which can be converted to glycidic esters or to a-chloroacrylic

esters, 151617
R

RCOR - CHCI1,CO5CyHjy

Mg
E

e
e RCCHOICO:C,H;

OH
P05 l NaOCoHs
R

|
RC

—CHC 00,5
R

[, 1 Hydrolysi
R(/=C0100202H5 l? Dgr'::.szil)srla‘rinn

NaOH
H,0 {

R\ Ieat ]
/CHCOC()zH _ CIICHO -}- COq
Ik R

% Chelintsey and Osetrova, J. Gen. Chem. U.S.8.R., T, 2373 (1937) [C.A., 32, 2099
(1938) 1.
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The a-chloro B-hydroxy esters are formed in almost theoretical yields
from ketones. Aliphatic aldehydes, which with a-chloro esters give
poor yields of glycidic esters, give yields of 409, to 68% of a-chloro
B-hydroxy esters. Ethyl dibromoacetate may replace the dichloro ester,
calclum and zine amalgams the magnesium amalgam, and benzene may
replace ether as solvent.’

The halohydrin esters are quantitatively converted into glycidic
esters by treatment with one equivalent of sodium ethoxide. Alterna-
tively, they may be dehydrated to a-chloroacrylates in high yield by
phosphorus pentoxide.

The overall conversion of the halohydrin esters to disubstituted
acetaldehydes may be effected by two paths as indicated by the above
chart. The path involving hydrolysis of the chloroacrylate and de-
carboxylation of the resulting a-keto acid is recommended by Darzens.?
The dichloro cster synthesis merits more study and wider use.

EXPERIMENTAL PROCEDURES

Methyl a-Methyl-a,p-epoxycyclohexylideneacetate. (Use of sodium
methoxide.) *® A solution of 49 g. (0.5 mole) of cyclohexanone and 98 g.
(0.5 mole) of methyl a-chloropropionate in 200 ml. of anhydrous ether
is placed in g flask which has been previously dried by heating with a
flame while being swept out with dry nitrogen. The entire reaction is
carried out in an atmosphere of dry nitrogen. The reactants are cooled
to 5°, and 45.5 g. (0.8 mole) of commercial sodium methoxide (959,
pure, The Matheson Company) is added over a period of one hour dur-
ing which time the reaction mixture is cooled in an ice-water bath and
vigorously stirred. The reaction mixture is permitted to warm slowly
to room temperature and is stirred for twenty hours, after which the
mixture is hydrolyzed by the addition of a cold solution of 30 ml. of
concentrated hydrochloric acid in 200 ml. of water. The ether solution
is separated and washed successively with two 100-ml. portions of water,
100 ml. of saturated sodium bicarbonate solution, 50 ml. of water, and
100 ml. of saturated sodium chloride solution. After filtration through
anhydrous sodium sulfate and distillation of the ether, 78 g. (859) of
methyl a-methyl-e,f-epoxycyclohexylideneacetate is obtained by vac-
uum distillation, b.p. 116-118°/8.5 mm.

Ethyl a-Methyl-B-p-tolylglycidate. (Use of sodium ethoxide, bromo
ester, and an aromatic aldehyde.)  To a solution of 90 g. (0.5 mole) of
ethyl a-bromopropionate and 60 g. (0.5 mole) of p-tolualdehyde, cooled
in an ice-sall bath, 34 g. (0.5 mole) of freshly prepared sodium ethoxide

¥ Rugicloy ind FBlununn, Helo, Chim, Acta, 16, 100 (1032),
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is added over a period of three to four hours. The mixture is stirred
overnight with cooling, two hours at room temperature, and finally
warmed six hours in g water bath. Ice water is then added, the mixture
is acidified with acetic acid, and the product is extracted with ether.
After drying and removing the solvent 62.5 g. (569,) of the glycidic
ester is obtained, b.p. 148-152°/12 mm.

Ethyl B-Methyl-B-phenylglycidate. (Use of sodium amide.) Detailed
directions for the preparation of this ester in 62-649, yield from ethyl
chloroacetate and acetophenone with sodium amide as the condensing
agent are given in Organic Syntheses.’

Hydratropaldehyde. (Conversion of a glycidic ester to an alde-
hyde.) 8.5 To a stirred solution of 274 g. (6.85 moles) of sodium
hydroxide in 770 ml. of water is added 708 g. (3.44 moles) of ethyl g-
methyl-8-phenylglycidate. After being stirred for nine hours at 45-50°,
the solution is acidified to Congo red with 6 N hydrochloric acid. The
glycidic acid is extracted with benzene and distilled with superheated
steam % at 180°. This treatment decarboxylates the glycidic acid over
a period of four to five hours, the aldehyde being removed continuously
as formed. The aldehyde is extracted from the distillate with benzene
and is vacuum-distilled to yield 268 g. (689,) of product, b.p. 101-102°/
2122 ram. Alternatively 8 the original hydrolysate, acidified to Congo
red, is steam-distilled at atmospheric pressure for about eighty hours,
approximately 125 1. of distillate being collected. After extraction with
benzene and distillation, the yield is 310 g. (679).

Ethyl B-p-Chlorophenylglycidate. (Use of powdered sodium.) 4
Over a period of two hours a solution of 49 g. (0.45 mole) of ethyl
chloroacetate and 60 g. (0.43 mole) of p-chlorobenzaldehyde is added
to 10 g. (0.48 mole) of powdered sodium suspended in 150 ml. of xylene.
Water is then added, and the xylene fraction containing the product is
worked up as previously described. The pure product boils at 155—
160°/4 mm.; yield 75 g. (669).

Ethyl a-Chloro-B-hydroxy-p-phenylbutyrate. (Use of magnesium
amalgam and ethyl dichloroacetate.) 1¥ A magnesium amalgam is pre-
pared by warming a mixture of 7.5 g. of magnesium with 375 g. of mercury
under a stream of hydrogen. The amalgam is cooled under hydrogen,
and a solution of 36 g. (0.3 mole) of acetophenone and 48 g. (0.3 mole)
of ethyl dichloroacetate in 300 ml. of anhydrous ether is added with
stirring and cooling. After being stirred for six to ten hours the mixture
is poured on ice containing acetic acid and the organie portion is worked

% Allen and Van Allen, Org. Syntheses, 24, 82 (1944).
% Newman and Closson, J. Am. Chem. Soc., 66, 1553 (1944).



THE DARZENS GLYCIDIC ESTER CONDENSATION 429

up in the usual fashion. Vacuum distillation gives 68 g. (929,) of
product, b.p. 166—167°/5 mm.

EXAMPLES OF THE DARZENS GLYCIDIC ESTER CONDENSATION

The literature has been covered through 1947. The compounds are
listed according to the increasing carbon content of the empirical
formula of the glycidic ester as in the Chemical Abstracts Formula Index.

The typical procedure involves slow addition of the condensing agent
to a cooled mixture of the carbonyl compound and halo ester with or
without a solvent. The condensing agents are:

A. The sodium alkoxide corresponding to the alkyl group of the halo
ester.

B. Sodium amide.

C. Sodium, usually powdered.



TABLE I

Gurycmic EsTeRs

/ O
N N com
R”/ 1%”’ Con- .
Carbonyl Component densing Yield Refer;
Glycidic Ester Formula Agent, o ences
R/ R’/ R/// R’/”

Formaldehyde ic| H CH;— CoH— A 20-30 4
Acetaldehyde CH,;— H H CoHs— C — 19
Acetone CH;— CH3;— H CoH;— i 47 1 19
Acetone CH;— CH,;— H CoH5— C 53 19

A 60 2

B 59 § 14
Acetaldehyde CHz— H CHy— CoH;— A 20-30 4
Propionaldehyde CoHs— H H CoH— A 20-30 4
Acetone CH;— CH;— CH;— CoH;— A — 3
Butanone CoHs— CHz— H Colls— A 56 44

B 34 14, 60
Furfural CH;0— H H CoHs— C — 61

A 96(?) 20
Furfural CH;0— H CH;— CH;— Al 73 62
Mesityl oxide CH— CHz— H CoHy— A 58 9 63

0gy
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Cyelopentanone
Butanone
3-Methyl-2-butanone
2-Pentanone
3-Pentanone
Benzaldehyde
Furfural
Cyelohexanone

Cyeloheganone
Cyeclopentanone
3-Methylbutanal
2-Pentanone
o-Chlorobenzaldehyde
p-Chlorobenzaldehyde
Benzaldehyde

Acetophenone

2-Methyleyclohexanone
3-Methyleyclohexanone 1+
3-Methyleyclohexanone
4 AMethyleyclohexanone
4-Methyleyclohexanone

—(CHg)s—
CoHys— CHz;—
250-C 3H7—- CH3~—-
C,‘_’,H;‘—— CHg——
CoHz— CoHg—
CeHs— H
C4H,0O— H
—(CHa)s—

—(CHa)s—

—(CHg)s—
250~CyHo— H
CsHr— CHz;—
0-CgH4Cl— H
p—CsH4Cl—' H
CeHs— H

CeHs;— CHs—

—CHCH3(CHg)s—
—CH,CHCH(CHa)y—
—CH,CHCH3(CHz)s—
—(CHy)2:CHCH3(CHg)o—
—(CH,)2CHCHy(CHg)s—

H
CHz;—
H
H
H
H
CHs;—
H
CH;—
CH;—
CHz—
CHs—
CHs—
H
H
H
H
H
H
H
CHg—

CoHs—
CoHs—
CoHz—
CoH5—
CoHz—
CHz—

CoHs—
CoHgs—

CHz—

Cols—
CoHy—
CoHs—
CHz—

CoH5—
CoHy—

CHs;—

CoH5—
CoHs—
CoHs—
CoHz—
CHsz—

e EpOEOEQEEEEREEEETTQR

* References 60-87 are on pp. 439-440.

1 Ethyl chloroacetate was added to the sodium enolate of the ketone prepared from sodium amide in ether.

% The yield was based on the chloro ester.

$ An impure product containing chloro ester and chloro amide.

7 The a-bromo ester was used.

€ A mixture of methyl and ethyl esters was employed.
** This experiment was run at —80° with no solvent.

T An optically active ketone was used, and an optically active aldehyde was obtained.

31 The a~bromo ester was used.

NOILVSNIANOD €iLLSH OIAIDATO SNHZAVA dHL
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TABLE I—Continued

Gurycmic EsTers

R’ O
N Nocom
R// ll%x// Con— .
Carbonyl Component, densing Yisld Refer;
Glycidic Ester Formula Agent, 0 ences
R/ R// R/// R////
Cyclohexanone —(CHg)5— CHz;— CoHs— A — 6
3,4-Methylenedioxybenzaldehyde
(piperonal) CrH505— H H CoHy— C — 68
Benzaldehyde CeH;— H CH;— CoH;— A 50, 71 4,18
p-Tolualdehyde CrHr— H H CoHy— C — 46
Acetophenone CGH;T—— CH:_:,'—— H 02H5-—- A 60-64 2, 58
B —, 64 14, 69
o-Methoxybenzaldehyde 0-CHAO— H CHz;— CHz;— A 75 62
m-Methoxybenzaldehyde m-CrHy0— H CHz— CHs— A 82 62
p-Methoxybenzaldehyde 2-CrHAO— H H CoHy;— C — 46, 68
1-Cyclohexenyl methyl ketone CeHs— CHs— H CoHy;— A — 9
6-Methyl-5-hepten-2-one CeHir— CH;— H CoH;— A§y | 45 70, 71
Al {30 70
6-Methyl-6-hepten-2-one CeHy— CHz— H CoHz— A — 72
2-Methyleyclohexanone —CHCH3(CHg),— CHz— CoHs— A — 6

(457
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3-Methyleyclohexanone

3-Methyleyclohexanone (active)

4-Methyleyclohexanone

2-Octanone

6-Methyl-2-heptanone

3,4 Methylenedioxybenzaldehyde
{piperonal)

Acetophenone
Phenylacetone

p-Tolualdehyde
p-Ethylbenzaldehyde
2,4-Dimethylbenzaldehyde
Proplophenone

p-Tolyl methyl ketone
p-Methoxybenzaldehyde
p-Methoxybenzaldehyde
p-Methoxyacetophenone
2,3-Dimethoxybenzaldehyde

*1-Ketodctahydropyridocoline”

—CH;CHCH3(CHg)z—

—(CHg)oCHCH3(CHz)o—
C 3H13—' CHS‘_‘
CgHys— CHsz—
CrH;00— H
CeH;— CHs—
CrHy— CHz;—
CrH— H
CgHg— H
CgHg— H
CeHs— CoHz—
CyH— CHz;—
CH30CsH— H
CH3sOCsH,— H
CHsOCsHs— CHz;—
(CH;0):CeHs— |H

N

CHz—

CH3;—

CH;—

CoH—

CzH‘r,——

CoHs—
CoH;—
CoHs—

CoHz—
C 2H5——
CoHys—

CoHs—
Colls—
CoHs—
CoHz—

CeH5—
Cols—
CHz—

CoHz—
CoHz—

CoHs—

=
—-

W Q@ PQQEERIREERE QW

41

48
—, 35
6063

56

[ & |

—, 66

72

40 ok sk

75, 76
62
69
77

78

* References 60-87 are on pp. 439-440.

§§ Petroleum ether, b.p. 100-120°, was used as solvent.

£1 No solvent was employed.
4% The a-bromo ester was used.

#+= Neither the glycidic acid nor the aldehyde could be prepared from this ester.

NOILVSNHANOD dHISH OIAIDATH SNHZAVA THL
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TABLE I—Coniinued

Grycmic EsTErs

/ )
\< }/ \?*_CozR////
R/ f R’ 11 COIl- .
Carbonyl Component densing Yield Refer;
Glycidic Ester Formula Agent | /o | ences
R/ RI 7 R’ 1! R/ 117

3-Methyleyclohexanone —CH,CHCH3(CHz)s— CoHs— CoHys— B — 47
2-Dimethylaminomethyl cyclo- .

hexanone —CHCH,N(CH,)o(CHa)s— H CoHs— A 43-58 21
Acetone CHs— CH;— H CH3(CHy)s- A 46 67

CH(CH;)CHy—

2-Nonanone CrHj5— CHs— H CoHs— A 60-63 2
2-Octanone C ﬁH 13— CHg— CH3—- Csz-—- A — 3
3,4-Dimethoxybenzaldehyde (CHjs)oCsHg— H CHy— CHz— A 70 62
Benzaldehyde CeHs;— H CoH;— CsHr— A 67 67
p-Isopropylbenzaldehyde CoHyi— H H CoH;— C, A | — 20, 46
2,4,6~Trimethylbenzaldehyde CoHy1— H H CoHy— A — 20
2,4,5-Trimethylbenzaldehyde CoHy— H H CoHs— A — 20
p-Methylacetophenone CH— CH3;— CHz— CoHs— A — 3
Propiophenone CeHs— CoHs— H 180-CgHr— A 58 67
Isobutyrophenone CeHs— is0-CsH— |H CoHys— B — 23

257
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p-Methylacetophenone CH— CHz;— a is0-CgHr— A 47 67
Butyrophenone CeHs— CsHy— H CoHz— A 60-63 2
p-Ethylacetophenone Cellg— CHz— H CoHs— A 60-63 2
4P heny1-2—butanone Cng-—- CH3'—— H CgHs— C — 69
p-Methoxybenzaldehyde CH;0CsH,— H 180-CaHr— | CHz— Atit | 70 62
B-Decalone B-CyoHy < H CoHs— A 90, 71 12, 49¢q
C 80 69
2-Nonanone CrHyjs— CHs— CH;— CoH;— A — 3
2-Decanone CeHyr— CHz— H CoHs— C — 69
5,6,7,8-Tetrahydro-1-naphthaldehyde | CyoHy— H H CoHs— C — 46
p-sec-Butylbenzaldehyde CroH3— H H CoHs— C — 46
2-Methyl-5-isopropylbenzaldehyde CroHiz— H H CoHy— A — 20
p-Isopropylbenzaldehyde CoHy— H CHs— CoHz— A 40 79
p-Isopropylacetophenone CoHy— CHz— H CoH;— C — 69
B—Decalone B"CIOHI( < CH3~—- 02H5— A — 12
2-Undecanone CyHjyg CHs;— H CoHz— A 60-63 2,75
C — 69

Benzophenone CeHs— CeHz— H CHz;— A — 41
Methyl 1-naphthyl ketone 1-CyoHr— CH;— H CoHs— A 45 7
Methyl 2-naphthyl ketone 2-CypHr— CHy— 58 CoHs— A — 7
Isobutylacetophenone 11} CroHis— CHs;— H CoHs— A 60-63 2
2.2-Dimethyl-3-(carbethoxymethyl)-

cyclobutyl methyl ketone C1oH1702— CH;— H CoHs— A 50 §§§ 80
2-Isopropyl-2-(carbethoxymethyl)-

cyclopropyl methyl ketone CioH /00— CH3;— H CoHs— A 32111l 81

* References 60-87 are on pp. 439—440.

11t The bromo ester was used.

11i The position of the isobutyl group was not stated.
§§§ Forty-six per cent cf the keto ester was reeovered.
[l Twenty-five per cent of the keto ester was recovered.

NOILVSNIANOD YHILSH OIAIDATO SNHZYVA dHL
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TABLE I—Continued

Gurycmic ESTERS

Rl\ / O\
C C_CO2R// ”
Rl / RI 17 C on- .
Carbonyl Component densing Yield Refer;
Glycidic Ester Formula Agent 70 ences
R/ R// R/// R////
2-Undecanone Cngg— CH3— CH3~—- CzH 5 A _— 3
Benzophenone CeHs;— Cells— H CoHy— A 75 199119, 40, 41,
42
2,4-Diisopropylbenzaldehyde CreHy5 H H CoHz— C — 46
4-(p-Isopropylphenyl)-2-butanone CyHi;— CHs— H CoH;— C — 69
a-Ionone CquT—— CH:_:,'—— H CgHs-—- A 34 47q y 63a
B-Ionone 011H17'—‘ CH:_:,'—— H CgHs— A 55, 80 47a,b,
630, 82
Tetrahydroionone CyHo— CHs— H CoHz— C 73 69
Acetone CH:_:,-—- CH3— n-C 1()H21'—— CgHs— A 70 13
6,10-Dimethyl-2-undecanone Cr1Hos— CH;— H CoHy— C 69 69
p-Methylbenzophenone C;H— CeHs— H CoHy— B — 42
p-Methyoxybenzophenone CrHAO— CeH;— H CoHs— B — 42
5-(2,2,6-Trimethylcyclohexenyl)-3-
pentanone Cn Hgl-—- 02H5-—- H 02H5-—- C — 69

98¥
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Dibenzyl ketone
3-Methoxy-4-benzyloxybenzaldehyde
Cyclohexanone

Aecetophenone

Dehydroandrosterone

CrHr— Crll—
C1sH130, H
—(CHag)s—
CeHs— [ CHg—
H,;C
NS

HS?/OQ

HO \)

H

CHz—
n-CroHogr—
n-CroHg—
CHz—

CoHs—
Col—
CoHs—
Colls—
CoHy—

ok kok

B

83

13
13
25, 85

* References 60-87 are on pp. 439-440.

9§99 The product is an a-keto ester, not a glycidic ester.
#=4k The condensing agent was not mentioned. A bromo ester was used.

NOILVSNHANOD ¥HISH DIAIOATD SNHZYVA HHL
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438

The procedures are similar to those used in the glycidic ester reactions.

ORGANIC REACTIONS

TABLE II

GrycIpic AMIDES

The condensing agents

used are the following: A. Sodium ethoxide. B. Sodium amide. C. Sodium.

R’ /O\ O

7
\C——_(}-G——R""
R’/ Ill’" Con- .
Carbonyl Compound densing | Yield | Refer-
Glycidio Amide Foimula Agent % ences *
R’ R” 1{11[ 1{’1‘[
Acetone CH;— Cll;— | H NH— C 80 24
A 55 86
3-Pentanone CoHp— [ CoHp— [ IT NHa— At — 86
B — 86

Cyclohexanone —(CHg) 5— H NHy— — — 86
Benzaldehyde CeHy— (H i NHgz— — — 86
Acetone CH3;— CHy— | H N(CoHp)o— B 80 24
Benzaldehyde CeHy— [H CH3;— | NHCH;— At 75-80 24
Propiophenone CeHy— | CoHs— | H NH2— A 80 24
1-Phenyl-2-propanone CHy— |CHs— |H NHy— — — 86
1-Phenoxy-2-propanone C/H,0— | CHs— |H NHo— — — 86
Acetophenone CeHy— |CHs— [H N(CHg) o— — — 86
Citral CiHi;— |H T NH2— A 70 24
Benzaldehyde Celdly— |H et NHCH;— A — 28¢

* References 60-87 are on pp. 439-440.
+ Proceduie A gave an amide m.p. 104°; procedure B, an amide m.p, 1482,
I The a-bromoamide was used.
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TABLE III
a-CaLoro g-Hyproxy EsTERS

The procedure involves the addition of a mixture of ketone and «,a-dichloro ester
in ether to dilute (1 to 50) magnesium amalgam. All the a-chloro g-hydroxy esters
were converted in high yield to epoxy esters by treatment with alkaline reagents.

Yield | Refer-
Carbonyl Component Product % | ences *
Acetaldehyde CH3;CHOHCHCICOCoHp 40 17
Acetone (CH3)2COHCHCICOCoH5 — 15, 16
Isobutyraldehyde (CHg):CHCHOHCHCICOQCoHs 68 17
Cyclopentanone (CH2)s=—COHCHCICO:CaHj — 17
Cyclohexanone (CHy)5=COHCHCICO:C2Hj 97 17
Benzaldehyde CeH;CHOHCHCICO.CoH — 17
Heptaldehyde CH;3(CH2)sCHOHCHCICO2CoHj 57 17
Acetophenone CsH;COHCHCICO,CoHy 95 16
H;
Dehydroandrosterone OH — 87
acetate T H3C /CCICOngH5
{, “CH;
H;C
|
IO
(BCOCH:_’,

* References 60-87 are on pp. 439-440,
1 This reaction failed when dehydroandrosterone was used, Ercoli and Mamoli, Chimica ¢ Indusiria,
1937, 435.
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Numbers in bold-face type refer 1o experimental procedures.

B-(8-Acenaphthoyl)propionic acid, 262
Acetimino-a-naphthyl ether hydrochlo-
ride, 400
Acetoacetic ester condensation, Vol. I
Acetylenedicarboxylic acid, 48
Acetylenemagnesium bromide, alkyla~
tion, 32-33
preparation, 31-32
Acetylenes, 1-78, 340
addition of alcohols, 18
detection and determination, 45~47
diaryl, synthesis of, 4043
disubstituted, synthesis of, 31, 33-40
oxidation with selenium dioxide, 340
purification, 456—47, 52
rearrangement to allenes, 13-14
shift of triple linkage, 3, 13-17
synthesis, by alkylation of metallic
acetylides, 25-33
by dehydrohalogenation, 3-25
by other methods, 4344
experimental procedures, 48-52
tables, 7, 8, 11, 15, 23, 26, 37, 40, 46,
52-72
Acetylenic acids, 19-20
Acetylides, alkylation, 25-40
preparation, 26-27, 31-32
Acids, preparation by selenium dioxide
oxidation, 337-338
Acyloins, Vol. IV
Aldehydes, aromatic, synthesis by Gat-
termann-Koch reaction, 290-300
Alkylation of aromatic compounds by
Friedel-Crafts reaction, Vol. II7
B-(Alkylbenzoyl)propionic acids, 263
1-Alkynes, synthesis of, 3-33
Allenes, formalion from acetylenes, 13
rearrangement to acetylenes, 14
Amideg of thio acily from ITocsh syn-
thostn, 308-300
Aminatinn of halarosyelia hasos by atkuli
amidey, Vol [

441

Amines, synthesis by Leuckart reaction,
301-330
Amino acids, methylation by Leuckart
reaction, 308
5-Amino-2,4-dipbenylpyrrole, 311-312
a-Aminododecylbenzene, 322
Angular substituents, introduction by
Diels-Alder reaction, 138-139,
143, 145-146, 149, 152-156
8- (p-Anisidino) propionitrile, 110
Arndt-Eistert reaction, Vol. I
B-Aroylacrylic  acids, synthesis by
Friedel-Crafts reaction, 230-231,
249-252, 254, 285287
synthesis from corresponding pro-
pionic acids, 254
w-Aroyl fatty acids, synthesis by Friedel-
Crafts reaction, 230-249, 254-284
synthesis by other methods, 252-254
B-Aroylpropionic acids, synthesis by
Friedel-Crafts reaction, 233-247
synthesis by other methods, 252-254
Arsinic and arsonic acids, preparation by
Bart, Bechamp, and Rosenmund
reaclions, Vol. I
Arylglyoxylic acids from Hoesch syn-

thesis, 394

Arylpropionic acids from Hoesch syn-
thesis, 389

Arylpropionitriles from Hoesch syn-
thesis, 389

Azlactones, Vol. 111

Benzenediazonium fluoborate, 202

Benzils from Hoesch synthesis, 393-394

Benzoins, Vol. IV

behavior in Leuckart reaction, 312

Benzoquinones, preparation by oxida~-
tion, Vol. IV

p-Bonzonquinonns, usn in Dicls-Alder re-
aelion, 140-148

#- Bengoylvsry i woid, 249
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p-Benzoylacrylic acid, addition of aro-
matic hydrocarbons, 251
B-Benzoylpropionic acid, 262
w-Benzoylvaleric acid, 263
Benzyltrimethylammonium hydroxide,
81
Biaryls, Vol. I
4,4’-Biphenyl-bis-diazonium fluoborate,
202, 205
p-Bromobenzenediazonium  fluoborate,
203
p-Bromofluorobenzene, 211
p-Bromophenylacetylene, 50
1-(4-Bromophenyl)-1,1-dichloroethane,
50

1-(4-Bromophenyl)-1-chloroethylene, 50
Bucherer reaction, Vol. I
B-n-Butoxypropionitrile, 110

tert-Butyl 2-cyanoethyl formal, 110

Cannizzaro reaclion, Vol. I

p-Carbethoxybenzenediazonium fluobo-
rate, 202

Carbon monoxide, 299

Carriers in Gattermann-Koch reaction,
295

Catalysts, for cyanoethylation, 81, 86

for Gattermann-Koch reaction, 293-
295
for reaction of allyl halides with acct-

ylenie Grignard rcagents, 34

2-Chloroacetylpyrrole, 401

a-Chloroacrylic esters, 426-427

B-(p-Chlorobenzoyl)propionic acid, 263

a-(0-Chlorobenzyl)ethylamine, 823

6-Chloro-1,4~diketo-1,4,4a,5,8,8a-hexa~
hydronaphthalene, 160

10g¢-Chloro-2,3-dimethyl-9,10-diketo-1,4,-
44,9,10,10a-hexahydro-9,10-phe-
nanthraquinone, 160

a-Chloro S-hydroxy esters, 415, 426428,
439

Chloromethylation of aromatic com-
pounds, Vol. I

Chlorodlefins, 20-22

a-(p-Chlorophenyl)ethylamine, 321

¢is-AP0-3, 4-Cholestenediol, 347

Citraconic anhydride, 261

Claisen rearrangement, Vol. IT

Clemmensen reduction, Vol. 117

Coumarins, formation in Hoesch syn-
thesis, 389, 397
Coumarones, formation in Hoesch syn-
thesis, 395
Crolononitrile, use in cyanoallkylation,
108
1,1,1-tr25 (2-Cyanoethyl)acetone, 111
Cyanoethylation, 79-135
application to higher homologs of
acrylonitrile, 108-109
catalysts for, 81, 86
experimental condilions, 109
experimental procedures, 109-113
of alcohols, 89-93
of aldehydes, 103-104
of aliphatic nitro compounds, 99
of amides, 87-88
of amines, 82-88
of ammonia, 82-83
of arsines, 97
of arylacetonitriles, 105-106
of cellulose, 92
of cellulose xanthate, 92
of cyanchydrins, 92
of cyclic dienes, 107-108
of derivalives of malonic and cyano-
acetic acids, 105
of dialkyldithiocarbamic acids, 96-97
of formaldehyde, 93
of haloforms, 98
of heterocyclic bases, 85-87
of hydrazine hydrate, 85
of hydrogen cyanide, 97-98
of hydrogen sulfide, 95-96 )
of hydroxylamine, 85
of imides, 88
of inorganic acids, 97-98
of ketones, 99-103
of lactams, 88
of mercaptans, 96-97
of oximes, 95
of phenols, 93-95
of sulfonamides, 88-89
of sulfones, 98
of thiophenols, 96
of @,8-unsaturated nitriles, 106-107
of viscose, 92
of water, 89
rearrangements during, 102-104, 106—
107
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Cyanocthylation, reversibility, 8384,
90
scope and limitations, 82-108
tables, 113-135
9- (8-Cyanocethyl)carbazole, 109
bis-2-Cyanoethyl ether, 110
bis(2-Cyanoethyl)ethylamine, 109
2-(2-Cyanoethyl)-2-ethylbutyraldehyde,
112
b15-9,9-(2-Cyanocthyl)fluorene, 112
1-(2-Cyanoethyl)-2-hydroxynaphthalene,
110
bis-2-Cyanoethyl sulfide, 111
Cyanogen, use in Hoesch synthesis, 393
394
v-Cyano-y-phenylpimelonitrile, 112
Cyelenones, use in Dicls-Alder reaction,
153-156
See also p-Benzoquinones; 1,4-Naph-
thoquinones, and oe-Quinones
Cyclic ketones, preparation by intra-
molecular acylation, Vol. 11
3-Cyclohexylpropyne, 48

Darzens glycidic ester condensation, 413-
440
carbonyl components, 416
dichloroacetate synthesis, 426427
cxperimental conditions, 420421
cxperimental procedures, 427429
halogenated ester components, 417418
side reactions, 420
synthesis of &,8-epoxyketones, 418419
tables, 430439
Dehydrogenation with selenium dioxide,
340-342
Dehydrohalogenation, 3-25
preparation of halogen compounds for,
20-23
side reactions, 13-20
Diacetylene, 12
Diazonium fluoborates, 193227
decomposition to aromatic fluorides,
206-213
apparatus, 2090210
experimental procedures, 211213
methods, 210-211
sido rnehions, 208-209
preparalion, {08+200
oxperitonbal promduros, 202-200
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Diazonjium fluoboratles, replacement by
other groups, 195-196
tables, 215-227
v,v-Dicarbethoxypimelonitrile, 112
a-Dicarbonyl compounds, preparation by
selenium dioxide oxidation, 334
gem~Dichloro compounds, 20-23
Diels-Alder reaction, with cyclenones,
136-192
application to p-benzoquinones, 140—
148
application to cyclenones other than
quinones, 153-156
application to 1,4-naphthoquinones,
150-153
application to o-quinones, 148-150
experimental conditions, 157-159
experimental procedures, 160-161
introduction of angular substituents,
138-139, 143, 145-146, 149, 152-
156
tables, 161-191
with ethylenic and acetylenic dieno-
philes, Vol. IV
with maleic anhydride, Vol. IV
Diene synthesis, see Diels-Alder reaction
with cyclic dienes and acrylonitrile,
107
4,4’-Difluorobiphenyl, 212
Dihydrocoumarins, formation in Hoesch
synthesis, 389, 397
B-(2,4-Dihydroxyphenyl)propionic acid,
401
Diketones, by-products in syntheses of
w-aroyl fatly acids, 247-249
2,3-Dimethylanthraquinone, 160
6,7-Dimethyl-3,4-benzo-9,10-phenan-
thraquinone, 161
N,N-Dimethylbenzylamine, 323
6,7-Dimethyl-9,10-diketo-5,8,8¢,9,10,
10a-hexahydroanthracene, 160
N,N-Dimethylfurfurylamine, 319
2,3 - Dimethyl -9,10-phenanthraquinone,
160
3,8-Dimethylquinoline-2-aldehyde, 347
Diynes, 12, 35

Elbs reaction, Vol. I
«,B-Epoxy csters, see Glyeidie esters
a,B-lipoxy kelones, preparation, 418-419
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Eschweiler-Clarke procedure, 303, 307,
323

Ester acid chlorides, use in synthesis of
w-aroyl fatty acids, 253

B-Ethylaminopropionitrile, 109

Ethyl a-chloro-g-hydroxy-g-phenylbuty-
rate, 428

Ethyl g8-p-chlorophenylglycidate, 428

Ethyl a-methyl-8-phenylglycidate, 428

Tithyl a-methyl-g-p-tolylglycidate, 427

Flavones, preparation from chalecones
with selenium dioxide, 341
Fluoboric acid, 202
Fluorine compounds, aliphalic, prepara~-
tion, Vol. I
aromatie, preparation, 193-228
by decomposition of diazomium
fluoborates, 194213
by other methods, 213215
See also Schiemann reaction
p-Fluoroanisole, 211
B-Fluoronaphthalene, 212
m-Fluoronilrobenzene, 212
3-Fluoropyridine, 213
m-Fluorotolucne, 211
1-Formyl-5-amino-2,4-diphenylpyrrole,
311-312
Fricdel and Crafts reaction with aliphatic
dibasic acid anhydrides, 229-289
apparatus, 259
climination of teré-butyl group, 234
climinstion of carbon monoxide from
tetrasubstituted anhydrides, 246—
248
cxperimental conditions, 254-259
cxperimental procedures, 261-264
glutaric and substituted glutaric anhy-
drides, 247-248
isolation of products, 260-261
maleic and substiluted maleic anhy-
drides, 249252
mechanism, 232-233
orientation of enleling group, 238-242
other synthetic methods, 252254
polymeric anhydrides, 248-249
succinic and substituted succinic an-
hydrides, 234247
types of compounds condensed with
succinic anhydride, 234-237

INDEX

Friedel and Crafis reaction with aliphatic
dibasic acid anhydrides, tables,
245, 253, 256-257, 264287

Fries reaction, Vol. I

Furylacetylene, 4

Tused-ring kelones, synthesis by Diels-
Alder reaction, 137-156

synthesis by other methods, 157

Gattermann-Koch reaction, 290-300
apparatus, 206-297
carriers, 295
calalysts, 293295
experimental conditions, 203297
cxperimental procedures, 297-299
scope and limitations, 201293
tables, 294, 300

Glycidie esters, 413—440
conversion 1o aldehydes and ketoncs,

421422, 428
preparation, 416-418, 420421, 426~
429

reaclions, 423-426
tables, 429-439
Glyoxalines, formation in Leuckait re-
action, 312-313

Halo-allyl halides, rcaction with Gri-
gnard reagent, 22-25
1carrangement, 24
a-Ilalo eslers, use in Darzens condensa~-
lion, 414418
a-Halo ketones, use in Darzens condenga-~
tion, 418419
Haworth reaction, 231-232
1-Hexyne, 48
purificatlion, 52
Hoesch synthesis, 387412
abnormal reactions, 388-389, 391, 396~
397
cxperimental conditions, 399400
experimental procedures, 400-402
intramolecular, 395
mechanism, 390-391
scope and limitations, 392-396
tables, 403—411
with isolhiocyanates, 398-399
with pyrroles, 389, 397-398
with thiocyanates, 389, 398
Hofmann reaction, Vol. /11
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Hydratropaldehyde, 428
Hydrogen chloride, 299
4-Hydroxy-1-acetonaphthone, 400

Imino ether hydrochlorides, formation in
Hoesch synthesis, 392
p-Isopropylbenzaldehyde, 298

Jacobsen reaction, Vol. I

Ketenes and ketene dimers, preparation,
Vol. I11

Leuckart reaction, 301-330
abnormal reactions, 311-315
experimental conditions, 316-318
experimental procedures, 319-323
formamide-formic acid reagent, 320
mechanism, 303-306
side reactions, 315-316
tables, 323—-330
with aldehydes, 307-310
with ketones, 310-314
with an oxindole, 315
with a pyrazolone, 315
with quinones, 314-315

Maleic anhydride, addition of resorcinol

dimethyl ether, 250-251
use in synthesis of g-aroylacrylic acids,

249-252

Mannich reaction, Vol. I

Meerwein, Ponndorf, Verley reduction,
Vol. I

p-Methoxybenzenediazonium fluoborate,
206

v-(p-Methoxybenzoyl)butyric acid, 263

B-(p-Methoxybenzoyl)propionic acid,
262

a-Methylacrylonitrile, use in cyanoalkyl-
ation, 108

Methyl-tert-butylearbinamine, 321

Methyl a,a-di(2-cyanosthyl)acetoace-
tate, 111

Methyl a-methyl-e,S-epoxycyclohexyli-
dencacclate, 427

Methyl thio-g-resorcylate monohydrate,
402

B-Naphbhatonodinzonium flunbarsto, 208

1,4-Naphthoquinones, use in Diels-Alder
reaction, 150-153

a-(B-Naphthyl)ethylamine, 320

Ninhydrin, 348

m-Nitrobenzenediazonium fluoborate,
203

p-Nitrobenzenediazonium fluoborate,
202

vy-Nitrobutyrophenones, abnormal be-
havior in Leuckart reaction, 311-
312

von Pechmann reaction, 396

Periodic acid oxidation, Vol. T

Perkin reaclion and rclated reaetions,
Vol. I

- (p-Phenoxybenzoyl)propionic acid, 262

Phenylacetylene, 48

p-Phenylbenzaldehyde, 298

3-(3-Phenyl-1,5-dicyano)amyl phenyl
sulfone, 111

Phenylglyoxal, 346

1-Phenyl-1-hexyne, 51

1-Phenyl-3-methylpyrazolone,
in Leuckart reaction, 315

N-Phenyloxindole, behavior in Leuckait
reaction, 315

Phenylpropargyl aldehyde, 48

Phenylpropiolic acid, 48

Phosphorus pentabromide, reaction with
ketones, 21

Phosphorus pentachloride, reaction with
carbonyl compounds, 20-22

Polyadipic anhydride, 263

Polyanhydrides of dibasic acids, prepai a-
tion, 262, 263

use in synthesis of w-aroyl fatty acids,

248-249

Polyhydroxy ketones, preparation by
Hoesch synthesis, 392-396

Potassium hydroxide, catalyst for shift
of acetylenic linkage, 3

reagent for dehydrohalogenation, 3—6

Pyrazines, formation in Leuckart reac-
tion, 312-313

3-Pyridinediazonium fluoborate, 206

Pyrroles, formation in Leuckart reaction,
311-313

Pyreyl ketones, proparation by Hoesch
Hyithosis, 307-308

behavior



446

Quinones, preparation by selenium diox-
ide oxidation, 337

0-Quinones, use in Diels-Alder reaction,
148-150

Rearrangement, of acetylenes to allenes,
13-14
of allenes to acetylenes, 13, 14
of unsymm.-diarylhaloethanes, 41-42
of unsymm.-diarylhaloethylenes, 41-42
of glycidic acids, 421-422
of glycidic esters, 423
of halo-allylhalides, 24
of propargyl halides, 35
of triple bond in acetylenes, 3, 13-17
of a,B-unsaturated carbonyl com-~
pounds during eyanoethylation,
102, 104
of a,B-unsaturated nitriles during cy-
anoethylation, 106-107
Reduction with aluminum alkoxides,
Vol. IT
Reductive alkylation, Vol. IV
See also Leuckart reaction
Reformatsky reaction, Vol. I
Replacement, of aromatic primary amino
groups by hydrogen, Vol. 1T
of nitro group by chlorine during diaz-
otization, 199
Resolution of aleohols, Vol. IT
Rosenmund reduction, Vol, IV

Schiemann reaction, 193-228
decomposition of diazonium fluobo-
rates, 206213
apparatus, 209-210
experimental procedures, 211-213
methods, 210-211
side reactions, 208-209
mechanjsm, 196-198
preparation of diazonium fluoborates,
198-206
experimental procedures, 202-206
tables, 215-227
Schmidt reaction, Vol. 711
Selenium dioxide, 344~346
Selenium dioxide oxidation, 331-386
experimental conditions, 342-344

INDEX

Selenium dioxide oxidation; experimental
procedures, 344-348
of acetylenes, 340
of activated methyl and methylene
groups, 334-338
of chalcones, 841
of 1,4-diketones, 340-341
of ethylenes, 338-340
of hydrazines, 341
of sterols, 342
of terpenes, 341
of unsaturated oils, 342
tables, 348-382
Sodium acetylide, alkylation, 28-31
preparation, 26-27, 48-49
Sodivin amide, catalyst for converting
allenes to acetylenes, 14
catalyst for shift of acetylenic link-
age, 3
reagent for dehydrohalogenation, 6-11
Sodium flucborate, 203
Stearolic acid, 48
Succinic anhydride, 261
Succinonitrile, 111
Sulfonation of aromatic hydrocarbons and
their halogen derivatives, Vol. 111

Tetraarylazadipyrromethines, 311-312

Thiocyanogen, addition and substitution
reactions, Vol. 111

Thio esters, preparation by Hoesch syn-
thesis, 398

Tolan, 48

Tolans, synthesis of, 40-43

p-Tolualdehyde, 297

m~Toluenediazonium fluoborate, 203

p-Tolylacetylene, 50

1-p-Tolyl-1-chloroethylene, 50

Tri-n-amylamine, 319

5,7,7-Triketo- 6,10 - dimethyl-2- octalin,
160

Triton B, 81

B-Vinylacrylonitrile, use in cyanoalkyla~
tion, 108109

Willgerodt reaction, Vol. 111
Wolff-Kishner reduction, VoI, IV



