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1. INTROBUCTION
1.1 Electrophilic Aromatic Nitration by the Nitronium Ion'

- The nitration -of aromatfc compounds can he achieved in a
variety of media. Mixed acid nitration iis the most common type used
in this work; however, nitric acid may also be used neat, in organic
solutions or in aqueous media. Nitration th;ough the nitronium ion,
hlJz’, was first proposed by Eulerz in 1903, but the existence of the
ion was .not conclusively .demonstrated until 19463. The kinetics of
many different nitrations. in various media- have been studied
extensively. Ingold showed that the rate expression for nitration
took different forms undér different reaction conditions, and yet
all of the cases studied proceeded through the intermediate
nitronium ion. The Ingold and Hughes neéhanisna"‘s of electrophilic

aromatic nitration consists of four steps:-

'S -

HNO; + HA —> H,NOg' + A (1)
POV +

-‘HaNO3 ~—> NO2 + H,0 (2)
. < L 4

ArH: + NO2 —  ArHNO, . (3)

ACHND,  + A~ —> ArNO, + HA (4)

—

The first two steps involve the acid catalysed formation of
the nitronium ion, the reactive electrophile, from nitric acid. Thq
nitronium ion. then reacts with the aromatic to give the Wheland
interlediateG (later called the sigma-complex bLy Bﬁown7i.
Deprotonation of the Wheland intermediate completes the nitration by
regenerating the aronatiéitf of the system. The acid catalyst is
also regerierated in the last step.

It .is important to reienber‘wheh*conaiderihg the reaction of

nitronium ion with aromatics, that the nitronium ion is &

polarisable electrophilée. Heénce, whereas linear nitronium ion does

" not -contain an- empty - bonding molecular orbital, a gradual

o, 5 "
AR

o 5

&

oo

.




" ST T TR0 S e
.y

-
)

displacement of a pi-electron pair to ‘the more electronegative

oxygen atom takes pi@bﬁ:.when the -nitrenium ion approaches the
arglatic substrate (fgpiliiited‘by*attraction of the cation by the
nucleophilic nature of the aromatic).

The Ingold mechanism can account well for observed

substituent effects as long as step 3 (above) is the product

‘detérmining stage. Electron-donating substituents on a benzene

nuc)zus increasé its reactivity and electron-nith&rawing ones
decrease it. 'AIsg, electron-donating groups direct the incoming
nitro gr6ﬁp to tQé>ortho(o-) and para(p-) positions ‘in relation to
the substituent, while electron-withdrawing groups, with the
ekégptign of the halogehs, lead to meta(m-) nitration. This is
explained by the fact that electron-donating groups increase the
eléctron /density at o= and p~ positions (ss well as the
ipso-position), and electron-withdrawing sSubstituents decrease
electron density at the o- and p- ﬁositibngzwhereas the a- position
i$. not much affected. The anomalous behaviour of the halogens arises
from. their combination of inductive electron withdrawal and
mesomeric electron release.

1.2 Effect of Nitrous Acid

An important process which must be considered in any

-discussion of mixed acid nitration is that of nitrous acid catalysed

nitration. Nitrous acid species ﬁréaeﬁt in nitric acid can produce

both anticatalytic ing’catalytfc:eﬁﬁects~onAnitration, depending on

the reaction conditions and the compound being nitrated.Thus, in.

general; the ‘less reactive aromatics suffer an anti-catalytic
effect, whereas phgnolgg:nlines and the polynuclear aromatics such
as. naphthalerie undergo a marked acéelgfation in nitration: Clearly

this. c.talytic, effect will he important .in. the nftration of

B e s
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carbazole and dibenzothiophene.
in aqueous sufphuric¢c or perchiloric acid solutions of less
than. 50X concentratioi, nitrous acid is present in its molecular
form (with some: N3Oy also present). In acid solutions above .60-65%
concentration it is present as .nitrosonium ions. In an excess of
nitric acid, nitrous acid exists essentially.us dinjitrogen tetroxide
which is nearly completely ionised,
NG, _—> NO" + NOj

with some NOz* and NOz- also present. lowever, in organic
solvent-nitric acid systeams N30, is littlc ionised. \

The retarding efféct of nitrous acid on nitronium ion nitrations
1 was interpreted by In}goJ.ds’6 by consideration of its behaviour in
the involved systems. In strong aqueous nitric acid systems added
nitrous acid, .ionised to. NO' and NO:,-,increases the NO:,- ion
concentration at the expehse of wmolecular HNOg. ‘Hence, during
nitration the nitrate ions formed can deprotonate the nitracidium
ion, HzNO:,’, the precursor of the nitronium ion, thus leading to
retardation of the reaction. At higher concentrations of nitrous
acid, and some water present, stronger anticatalysis can be
explained by nitrous acid also forming N205,

2 N20y + H20  —> N203 + 2 HNO3.

which then ionises to give nitrite ions,

jA ‘ Nan — m’ + NO';'

The -nitrite ion, being a stronger base than the nitrate ion, ]

3

deprotonates the nitracidium ion more efficiently and thus retards

p
nitronium :ion nitration. 5.
. 1

L

Although nitration of most aromatic hydrocarbons with nitric
acid are retarded by nitrous acid, nitration of phenols and anilines £y

has been (oun& ‘to be strongly catalysed by it. ingold suggestedsr 'f‘.;f

TE RN TR M Tyt e —




that the kinetics of the catalysed process indicate initial

C-nitrosation followed by rapid oxidation of the nitroso compound by
the.nitric acid, reforming the nitrous acid:
ACH + HNO;  219%%  AnND + a0
AFNO + HNO; 1285 ArNo, + HNO;
The reactive nitrosating agent, NO‘,' can be .t‘orncd from HNO2 through
H,NO, " or by ionisstion of N2O or N2Og. Later work by Clemens, Ridd
and Sandall® showed that this explanation was incorrect. These
‘forl_(ers nitrated mesitylene in the presence and absence of nitrous
acid catalysis -and showed that the catalysed process involved the

oxidation of the organic substrate by no* followed by formation of

the radical pair arH’ 'NOz' by diffusion together of the

components: -
A\|~H+MJ0 > aH * +0NO
NO * 4+ NO,© ——> N0 + NOy
AH® * 4 NOp® ——> ArH' ° NOp" > ArNOz + H'

A very similar process was also shown’f to .occur with aromatic
amines such as N,N - dimethyl aniline.

Reactive aromatics such as phenols and anilines show
catalysis of their nitration by nitrous acid because firstly they
are highly reactive towards electrophilic réagents in géneral. Thus
to carry out mononitrations relatively free of dinitration it is
often useful to choose conditions which render the nitronium ion not

easily available, allowing the: less reactive, but more plentiful

carriers of ‘the nitrosonium ion to react with the aromatics. This

nitrous acid catalysis can be eliminated by removing the nitrous
acid (with -urea or other traps) aud incrensing the nitric acid

cqncelitr’ation sufficiently to make nitronium ion freely available.if

“the aromatic material is very easily rioduced, the. possibility of

AT PO ~




/premanent nitrous acid removal is doubtful.

- Carbazole is a reactive polycyclic aromatic and can be

nitrated to tetranitrocarbazole wusing mixed H2S0,~ HNOy3 acids
nitration. Carbazole is first sulphonated by addition to sulphuric
acid, and then_nitrodesulphongted by the addition of nitric acid.

. iue

The major product from this reaction is 1,3,6,8-TNC. Previous

12,13, 14 . . A . . .
T that the major impuritics formed in this

workers have shown
reaction are penta-, and possibiy hexa~, nitrocarbazole stemming
from overnitration of carbazole, and also sulphonic acid derivatives
of carbazole from the initial sulphonation. 1,3,6,8-TNC is currently
"used in pyrotechnic compositions, but traces of ‘these impurities
produce erratic results. This nroject is concerned primarily with
the production of 1,3,6,8~TNC in a high st#tc of purity and in high
yield. This result can either be achicved using improved
purification techniques on the crude product from this

suiphonation/nitrodesulphonation, or by finding a new and cleaner

route of synthesis.

o.N N no,
0N 0 NO,
CARBAZOLE 1,3,6,8~TETRANITROCARBAZOLE

As a first step, the various isomeric mono- and dinitrocarbazoles
which .are possible impurities werc syuthesised and also the nature
of the sulphonic acid impuritics was investigated. The literature'’
"purification process was quite lenghty and a new synthetic approach

was attempted..

e b wn e




1.4 Nitration of Dibenzothjophene

Dibengzothiophene,like carbagzole,is a reactive polycyclic
ar9natic, Dibenzothiophene and carbazole are iso-pi-electronic, i.e.
their wmolecules have the same number of pi—electrqns,witﬁ
approximately the same geometrical arrangement and bound about
equally tightly, Ji 2 planar conjugated sysénn. Dibenzothiophene is

commonly numbered:

The sulphur atom in dibenzothiophenc has one lone pair
available for delocalisation into the aromatic .system; the other
lone pair being sp2 hybridised and hence in the same plane as the
ring. Consequently, like the amine group in carbazole which has one
ione pair available for delocalisation, the sulphur atom acts as an
electron donating group and directs electrophilic substituents to
positions ‘ortho’ ‘and ‘para’ to itself. Hence, nitration of
dibenzothiophene leads wmainly to z-nitrozo, and 2,8-dinitro-
dibenzothiopheneao;

The dim of this project is to further nitrate
dibengothiophene to 2,4,8-trinitro and/or 2,4,6,8-
tetranitrodibenzothiophene. This ‘task is complicated by the fact
that the sulphur atom -of the dibenzothiophene molecule is prone to
oxidation, and the acids used in mixed acid mitrations .are usually
highly oxidative. Carefully controlled cénditipnn are required to

achieve further nitration without oxidation.
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1.5 Nitration of Dibenzothiophene-5-oxide

. 4 0 &
3 N

PANY /'8
1- 9

v
In dibenzothiophene-5~oxide the two lone pairs on sulphur
-are no longer available for delocalisation into the aromatic system.
The electron withdrawing effect of the sulphoxide group is felt most
strongly at positions ortho and para to it. Hence, the sulphoxide
group has the overall effect of directing eléctrophilic substituents
to positions meta to itseif, whilst ‘making dibenzothiophene-5-oxide
less reactive than dibengzothiophene.

Nitration of dibenzothiophene-5-oxide leads to 3-nitr022,
and 3,7-dinitrodibenzothiophene-S—oxidQZi. The aim of this project
is to further nitrate dibenzothiophene-5-oxide to 1,3,7-trinitro-
and/or 1,3,7,9-tetranitrodibenzothiophene-5-oxide. However, this

task is also complicated by the fact that the sulphoxide group is

prone to oxidation, giving dibenzothiophene-5,5-dioxide.
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i.6 Nitration of Ditesncothiophene-5 5-dioxide

4 92 ¢

3 7

2 \/ 8

1 9

‘Dibenzothiophene-5,5-dioxide nitrates in Lhe same way as
dibenzothiophene-5-oxide. The eclectron withdrawing effect of the
sulphone group is greater than that of the sulphoxide group because
of the extra oxygen atom. The overall effect of this is stronger
directing of electrophilic substituents to positions meta to the
sulphone ‘group, but a less reactive compound. Nitration of
dibenzothiophene-5,5-dioxide leads to 3-nitro--~, and 3,7-dinitro-
dibenzothiophene-s,S-dioxidez‘. References to 1,3,7-trinitro-
dibenzothiophene-5,S—dioxideze’27have also beéen found, but a

synthesis for it has not been given in .any of the references

obtained.

The aim of this project is to further nitrate

dibenzothiophene-5,5-dioxide to 1,3,7-trinitro-, and
1,3,7,9-tetranitrodibenzothiophene-5,5-dioxide. There are no
problems of oxidation of the sulphone group, however, its stronger

electron withdrawing effect nakés nitration more difficult.
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2.EXPERIMENTAL TECHNIQUE]

Thin. layer chromatography of samples was performed using

pre-coated plastic sheets of silica gel (layer thickness 0.25mm).
Column Chromatography

Column chromatography of samples was perforléd using a glass column
(50cm*2cm) containing either aluminium oxide (activated neutral,95X)
‘or silica gel 70-230 mesh, 60A°.

NMR Spectroscopy

NMR spectra were reccrded on a Jeol 270MHz high resolution NMR
spectrometer.

IR Spectroscopy

IR spectra of samples were recorded using KBr discs of the sampies
on either a Perkin Elmer Infrared Spectrometer 197 or a Perkin Elmer
1600 Series FTIR.

UV Spectroscopy

UV spectra were recorded on a Perkin Elmer Double Beam Spectrometer
124(2).

Analvtical HPLC

Analytical HPLC was perforsied on a 25cw*4.6mum stainless steel column
packed with 5um C18 packing material (Spherisorb. 50DS, Chrompack
Ltd), using an eluent mixture of 70% HPLC grade methanol in
demineralised water with a flow rate of léggain'1, and -a UV detector
of variable wavelength. Samples were dissolved (0.1mg/ml) in HPLC
grade methanol for injection. '

’
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CARBAZOLE N-NITROSOCARBAZOLE

XY e — O -

3-NITRO-9- NI TROSOCARBAZOLE

o,u ckoH — o,« : 0 R

3-NITROCARBAZOLE

A mixturée of carbazole (5g;0.03mole) and glacial acetic
acid (40m1) was heated to boiling and then cooled somewhat. Sodium
nitrite (2.1g;0:033mole) ivu; theg added slowly to the stirred
mixture, gradually turning the white slurry brown. A mixture of
equal portions of glacial acetic acid and nitric acid (sp.gr.1:4,
8.3al), was thén addéd slowly to the :stirred mixture keeping the
teaperature. below the ‘boiling point as before. This turned the
uixture dark brown/red ‘in “colour. The ;irecipitated crystalline

material 13-Nitr9-9-uitr6§o¢grbg‘;ole) was filtered off and washed.
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with ethanol. It was pale green in appearance.

The crude 3-Nitro<9-Nitrosocarbatole was then heated over

reflux for 30 minutes with a mixture of ethanol (500ml) and agqueous
40% -potassium hydroxide solution :(20ml). The deep red mixtwie that

was formed was then filtered, and thé filtrate poured into excess

. e e et p—

distilled water with stirring, producing a éeep’yellow precipitate.
The precipitated crude 3-Nitrocarbazole was recrystallised from
glacial acetic acid (75ml), in which operation not all-thé‘lateriat
went into solution. The insoluble portion was rejected.

‘ ( ;' Recrystallisation of the crude o;ange product. of this
' reaction produced a yellow fine powdered solid.

1.8477g

Weight of yellow solid
Yield = 30%

: Expected melting point = 214°C.

Actual melting point = 205-210%C

The N.M.R. ‘spectrum of the -solid could not be fully
assigﬂed. H.P.L.C. chromatographs suggested that the solid was in

‘fact a mixture of two compounds, one of which was 3-nitrocarbazole.

- m wa

. CARB4Z0LE - -3-NITROCARBAZOLE  1-NITROCARBAZOLE

T

‘Nitric acid (sp. gr.1.5:4.4ml) in glacial acetic acid (10ml) SN
was added drop wise over 15 minites to a stirred mixture of

cirbaséietlﬂj;o.OQible)%and)cllcigl.acetic acid (80.1)»laintn{hg4 at ‘ I

ap°b{"th~eo1¢qr immediately changed from a white slqrryotO'iélloi,
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18 of sodium nitrite failed to achieve complete solution. The yellow -

and ‘then brown. The mixture was then pourcd onto ice, forming a : }

yellow/brown precipitate. This precipitate was recrystallised three

times from xylene. The solid' (3-Nitrocarbazole) was filtered off,

.and the filtrate was rotary evaporated down, removing more

3-Nitrocarbazole as it precipitated, until only a residue remained.
This residue was dissolved. in Iml ok toluene and column
chromatographed to obtain the l—NitrodarbazoJe.
The product from this reaction was a brown pow&er.
Weight of l-nitrocarbazole = 0,1866¢g ('
Yield = 1.5%

Weight ‘of 3-nitrocarbazole = 8.2792g

Yield = 65%

Melting point of brown powder (l1-nitrocarbazole) = 80-12000

The N.M.R. spectrum of this compound was very complex and has not
been fully assigned.

3.1.3; Synthesis of 1.6- and 3.6-Dinitrocarbazole’”

Nq; * ozn,,c,z ‘- \ ‘

v

CARBAZOLE 1,6-DNC 3,6-DNC
(i) Svnthesis of mixture
A slurry of carbazole (16.7g;0.lwolc) in glacial acetic B .

acid: (128g), stirred at 39-4Q°Q,wgs treated during 1.5hr with sodium

(PR TN

i

nitrite (7.1g;0.1wole). The sodius nitrite turned the white slurry

first yellow, then'brown. After 2hr-of agitation, most of the solid:

2:
v

had dissolved (as 9- nitrosocerbazole), but the addition of an extra"

precipitate in brown solution had to be left overnight due to Jack
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of time,

During 1.3hr, nitric acid (sp. gr.1.5;49.3g;33ml) -diluted
with™ an equal  weight Qf glacial acetic acid was added with
interliktent cooling at 30-4000, and the slurry vas stirred at that
telperdturé for an additional 3:5hr. The yellow precipitate had
dissolved to give a thick brown mixture. Th; mixture was then held
at §5°C for 1.5hr, at 65°C for 1.5hr, and at 95°C for 2hr, cooled to
65°C and filtered. The pale green solid was washed with cold glacial
acetic acid(70ml), with distilled water, and was dried in an-oven at
120°C~overnight.

The mixture -of dinitrocarbazoles produced was a pale green
powder.

Weight of crude mixture = 22.8g
Yield = 90X
Expected ‘melting point = 312-354°C

Actual melting point = 307-336°C (chairing above 280°C)

{ii) Separation of isomers
A ‘sample of crude dinitrocarbazole (9.1g) was divided :into
two portions and each was stirred at 5000 with alcoholic potassium
liydroxidé (300cm’;60g/L). and Filtered, The insoluble red solid
residues. were combined, digested on a steam bath with dilute
hydrochloric ﬁcid (vhereupon the colour changed to yellow),

filténed, wishgdﬂwiﬁh water; and dried to give 1,6-dinitrocarbazole

. which was ‘recrystallised from nitrobenrenc as glistening golden:
- leaflets.

The red alkaline alcoholic solutions were acidjfié@ with ~

cohcéﬁtfgted‘h?d;othpnic.gcid, and: the solid yeliow precipitates

thus-forned. vere go-bige¢*gndzw.shed thoroughly. with ‘vara distilled

.

-
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water to remove potassium chloride. The residue was recrystallised

from boiling nitrobenzene to give 3I,6-dinitrocarbazole: as fine
yellow needles.
The crude isomeric mixture (9.1g) separated into the:
following ratio of isomers.
Weight of 3,6-DNC = 4.2881g
Yield = 50%
Expected melting point = 386-387°C
There was no apparatus available to check this, but the solid had
not melted at 355°Q.
Weight. of 1,6-DNC = 2.2624¢
Yield = 22.5%

Expected melting point = 344-346°C

Actual melting point = 344-35100 {(charring above ‘28000)

‘Both compounds were confirmed by 'H N.M.R. (and '°C N.M.R. for 1,6).

For 3,6-DNC the 1HVN.M..R. spectrum (section 7) was very clear. It
has peaks at 6.9 8 (2 H, doublet, J = 9.2 Iiz), 7.6 & (2H, doublet of

doublets, J = 2.6 Hz and J = 9.2 liz), 8.6 & (2H, doublet, J = 2.6

Hg), 10.3 & (14, doublet; J = 0.7 Hz).These penks and splittings are
as expected for this compound. For 1,6-DNC the ’an.n;a. spectrum
(section 7) and the 13C N.M.R. spectrum were also as expected. The
" N.N.R. spectrum has peaks at 6.6 5 (1M, triplet, J = 8.0 Hz), 7.0
8 (1H, doublet, J = 9.5 Hz), 7.5 & (2H, multiplet), 8.0 & (IH,

doublet, J = 7.7 Hz), 8.45 (1H, doublet, J = 1.8 Kz), 10.35 (1M,

singigt).

‘
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CARBAZOLE 1,3,6,8-TNC

]

{i) Synthesis of 1,3,6,8-TNC via reference 18

Carbazole (13.4g;0.08mole) was added slowly with vﬁgorous
stirring to 98X sulphuric acid (42ml), kceping the temperature
betwéen 30-5000. The carbazole turﬁed the acid first yellow, then
green, and finally a brown mixture was form¢d. The temperature was
then raised to 70-8000 and held there until a drop of the soluti~n
did not form a precipitate when added to a few drops of water. The
solution was then cooled and added drop wise with stirring to fuming
nitric agid(40.2g;0;6nole) kept at 30-4000. The temperature was then
raised to 78°c and kept there for two hours to complete nitration.
On cooling the solution was added to. approximately two volumes of
ice. The yellow prgcipitai;e formed was filtered, boiled several
times with water until the water was néutrdl to litmus, and finally

dried in an oven at 110°C for five hours. The impure 1,3,6,8-TNC was

- analysed by TLC and coluan chromatography.

Crude 1,3,6,8,~TNC produced .in this way was a fine pale

-yellow powder.

Weight of .crude TNC = 16.3178g
Yield & 62,5%" ’

[Expected melting poiat = 296-298°C

Actuai melting point = 250-276°C’ (charring, above 230°C)
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H.P.L.C. of this product revealed three peaks due to impurities
(approximate purity 80%). ‘However, T.L.C.could only separate it into
three spots. Column chromatography {eluent~hexane/ethyl acetate

in the ratio 3:1) was used to scparate a small sample of this

compound into its three components (pure ethyl acetate had to be

" used to flush out. thé third component). The Cirst component eluted.

was a yellow solid and was confirmed to be 1,3,6,8-TNC by 'H N.M.R.
The second component eluted was a red/orange solid andl was shown by
1H N.M.R. to be a mixture of compounds, possibly containing penta-
or -hexa=-nitrocarbazole.’ The: third component eluted was a broun
solid, and was a crude mixture that had ‘proved difficult to remove
from the coluan.
{ii} Swmthesis of pure 1,3,6,8-TNC via reference 13

(Several changes were made to the purification process described in
referetice 13 on ‘the advice of the authors).

Carbazole. (16.7g;0.1mole) was added slowly with stirring to
98% sulphuric acid (96g;52.3cm>). The temperature was kept below
5000, and when all thé carbazole had been added the mixture was then
heated (steam bath) to 9000 for 45 minutes. ‘At this stage a drop of
sulphonation mixture gave no preéipi.tnte when added to 50!3 water.

One tenth (Sci ) of this solution was extracted: from the

readi;ibn flask to study the ﬁroducts of sulphonation of carbazole.
This cooled sample was poured onto ice (200g) and solid sodium

chloride (45g) was added, warming oh the steam bath to dissolve all

#salts, On cooling, a white volumitious solid was precipitated which

on filtering became & fine :white solid.

Having taken out one tenth sfor the above isolation, 98%

sulphuric acid(130ca’) was added to the rést of the reaction mixture

‘whichi had ‘been-¢ooled to 40°C. Fuaing nitric acid(95%;0.4mole;18ci’)

]
>




was then added in small amounts,allowing the temperature to fall

after each ‘addition. The temperature range wan 40-5590, but never
ovgr—ﬁooc. When all the nitric acid had been udded, the mixture was

heated to 170°C for one hour. On cooling the red brown mixture -was

poured onto ice (600g) .and sodium chloride (1g per 5CI3 of ice) was
.added. The mixture was allowed to settle (o;ernight), filtered, the
golid washed copiously with distilled water, and dried. The solid
pale yellow 1,3,6,8 TNC was purified. first by extraction with 90X
aqueots a.cet;oﬁe(?.‘m:l:‘r per gram of solid), and then by
{ recrystallisation from toluene(400n3 toluene per gram-of solid). The
residue filtered from hot toluene was repeatedly recrystallised to . o C
recover more 1,3,6,8-TNC. The pure 1,3,6,8-TNC wag then washed with {
ether to remove toluéne, and dried. :

Crude 1,3,6,8-TNC produced in this way was a fine, pale

yellow powder. -

L'

Weight of crude 1,3,6,8-TNC = 27.2848¢g
Crude yield = 78.6%

After purification by acetone extraction and toluene i
o . : recrystallisation: .
Weight of pure 1,3,6,8-TNC = 4.5141g, Overall yield = 12.5% 3
! Expected melting point = 296-298°C 4
Actual melting point = 295-300°C

H.P.L.C. confirmed that this 1,3,6,8-TNC now had only a very .small B

-
s

amount of one impurity (approximate purity = 99.8%).
‘ " "M NM.R. of this pure TNC had peaks at 9.3 &_(2H, doublet, J = 2.0
Hg); and at 10.0 3 (2H, doublet, J =<2.0 Hz).

4
L 3
5 i 2o N

The isolution oftﬁéﬁprﬁduct of“sulbhonqtion of carbazole during this

. ;énctionqpquucéd a fine, white crystalline solid.

ﬁégght of’.sulphonation product = 1.3030¢
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This product had an elemental analysis of C 16,28 H 1.36 N 1.562
S 10.29 .These values suggest that the compounds empirical formula

,, : is Cq2H4 2NS30g. The closest compound to this is the tri-sodium salt

-of carbazole 1,3,6-trisulphonic acid (Cq2ligNS30gNag).

The 1H N.M.R. spectrum (section 7) of this product was exactly that
! expéected for the tri-sodium salt of c‘:ai\b;‘zple 1,3,6-trisulphonic
' acid. It had peaks at 7.7 & (IH, doublet, J = 8.5 Hz), 8.0 & (IH, f
| doublet of doublets, J = 8.5 Hz and J = 1.8 Hiz), 8.4 & (1H, doublet, :
g ¢ J = 1.8 Hz), 8.7 & (14, doublet, J = 1.8 Hz), 8.9 & (1H, doublet, J ’
( " = 1.1 Hz). !
3.1.5 Synthesis of product from sulphonation of carbazole i

j Carbazole (Sg') was added slowly, with stirring, to conc. j
sulphuric acid (295;-16c-3;sp. gr.1.835). As the white carbazole was }

added to the colourless sulphuric acid the mixture was first yellow, f

j

then gradually got darker until it was dark brown. The temperature

.Yl

‘ was kept below 50°C, and when all the carbazole had been added the

mixture was heated to 9000 for 45 minutes. At this stage, a drop of

sulphonation mixture gave no px;e’cipitate‘ when added to 50-3 water. F
3 . The cooled mixture was poured onto ice (10Gcm’) and then the solid i
‘sodiul chloride (15g) was: added, warming on the steam bath to )
dissolve all salts (with. addition of a.n extra 25cm° distilled )
water). On cooling, a white voluminous solid was precipitated from

the brown solution. When filtered and dried, this solid was a grey

powder. It was recrystallised from hot sodium chloride solution (15g

sodium. chloride in 100cw’ distilled water), .. :

AT e

“The product from this reaction was a fine, grey, crystalline : i
! .
powder. '

‘Weight of crude product = 6.5083g o

= x
ris ‘o »

After recrystaiiisation from tiot sodium chiéride solution: s




Weight of product = 2.9648g

The ’Hi N.M.R. spectrum showed that this compound was exactly the
.sé.ge as that isolated as an intermediate in the previous reaction,
i.e. the tri-sodium salt of carbazole 1.3,6~triau1bhonic acid.
Hence, yield = 46X.

| 3.1.6 Attempts to synthesise 1,3.6,8-TNC via nitration of

i carbarole with mixed acids other than H2S0,-HNO3

; i) Mixed acid nitration of carbarole with HBF,~HNOg

, 2 Carbazole (5g;0.03mole) was added slowly with ‘vigorous
;

|

|

stirring to tBF., (300:3;50x) at room temperature. This formed a
slurry which became very thick and would not stir. Mox:e HBF,, (200-3)
was added, and the siurry began to stir again. llowéver, the pale
‘blue slurry was still too viscous, so it was heated to 4000. The

gslurry was added drop wise with stirring to HNO, (7.6g;5.lc-3;sp.

i gr.1.5) at room temperature, at which stage a brown solution was

formed and heat was evolved. The mixture was stirred for two hours,

— o

then poured onto a large excess of ice and the brown precipitate

formed was filtered, boiled in distilled water until neutral, and
# dried. |
‘ This mixed acid nitration was repcated on carbazole, and
1 ' also. on mixed diritrocarbazole, at temperatures of 70-8000 (as in
section 3.1.4.). Both of these nitralions also produced solid brown

powder as the product.

The product of nitration of carbazole at room temperature
. was a .brown powdered molid. 1t was. shown by 'n N.M.R. 'to be a .

F aixture of dimitrocarbazoles.

e Ry T

Weight of product = 4.4802g
Yield = 581‘

Melting point = melted in two stages as if more than one compound
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was present. First stage 194-22000, then remaining solid melted at.

340-above 355°C.

_~ The product from nitration of carbazole with heat (70°C) .in
this mixture, again resulted in a brown solid.A 1H N.M.R. spectrdl
of this compound could not be obtained due to insolubility.

Weight of product = 6.3102g
Melting point = above 360°C
The product from nitration of dinitrocarbaiole in this
mixture, with heat (70-8000), was a pale green solid exactly the
same as the starting material, and was confirmed to be unchanged
dinitrocarbazole by 1H N.M.R.
{ii) Mixed acid: nitration of carbazole with (CF3C0)20-HNO3
Carbazole (2.5g;0.015mole) was added in small portions with

vigorous stirring to trifluoroaceticanhydride (ZOcns) at room

‘temperature. A mixture of HNOg(95%;2.7cn") nnd (CF5C0)20(13g;8.7ca")

was added drop wise over 15 minutes, turning the white slurry first
yellow, then pale green, and then dark green. The temperature rose
to 3000 during the addition, and some NOj, fumes were given off. The
mixture was then stirred for two hours to complete nitration,

cooled, and poured ontoc ice. The .dark green/brown precipitate was

‘boiled with distilled water (threce times in 250013 of distilled

vater) until the water was almost neutral to litmus paper, filtered,
and dried in an oven at 11066. It was dark brown when dry.

The prodict from this nitration wns a green/brown solid.. Its
iH:N.l.E. spectrum was difficult Lo obtain due to insclubility. It
had many peaks in the aromatic: region, but‘none of them corresponded

~

to 1,3,6,8"“00-

‘Weight of product = 2.86¢ ;Melting .point = 260-above 355°C.
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3.1.7 Syithesis of 1,3,6,8-TNC via a two step process

mo,xcu,ooou

CARBAZOLE 1,6-DNC 3,6-DNC
NO:.
1,6- + 3,6-DNC *+ HNO3-H,SO, >
0N NO2

1,3,6,8~TNC
The mixture of dinitrocarhazoles was prepared as described
in section. 3.1.3. This crude mixture was then nitrated following a
similar procedure to that described in section 3.1.4. The dark brown
product formed was washed copiously with distilled water and
recrystallised from toluene to produce an. orange crystalline solid.
When washed with ether to remove toluene, thié orange solid became a

powder. It was dried in an oven at 1,1000, for four hours. Samples of

this compound vere then purified in two different ways. Firstly, a

1g sample of the crude material was boiled in distilled water
(3%200ca’) until almost neutrdl, dried, and weighed. It was then
x‘gcrystalxliiséd'zfml toluene, boiling the toluene for five minutes at
111°C and cooling to -10°C to achieve the best yield; dried, and

reweighed: :Next a 5¢ sample of the crude product was purified by

Soxhlet extraction in toluene.

The -crude mixture of dinitrocarbazoles was prepared as in

section 2.3.
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Weight of crude DNC mixture = 20.9713g ' '

Crude yield = 81.7%
Expected melting point = 312-354°C . ' .
Actual melting point = 300-above 355°C
The crude ptroduct from the second step of this reaction was a dark
brown solid. It was confirmed to be r,s,s,a-&uc via 1H‘N.M.R.
Weight of crude TNC = :23.4863g
Yield = 84.6%X
Expected melting point = 296-298°C

L ‘ Actual melting point = 280i287°C
H.P.L.C. of this crude TNC revealed two impurity peaks, one less
than the crude TNC produced via. reference 18 {approximate purity =
93x%).
Overall crude yield = 69.1%
Results from the attempted purification of this product are given in

the table below.

: AMOUNT OF | PRECENTAGE REMAINING g
‘ CRUDE | BOILED IN |RECRYSTALLISED |SOXHLET |OVERALL|APPROX.
4 M s . ‘ . H Lo H
{erobuct | water  |FRoM ToLURNE  [ExTRACvION|YIELD |PURITY
@ | I 1in roLusne| (x) | (%)
’ F1 6 | e —-  laz | 9
: 5 S e T 40 97
: - 3 '
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§
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3.1.8 Laige pcale synthedis of 1.3.6.8-TNC via a two step process

A large scale synthesis very similar to the previous one had

to be performéd to prepare 100g of TNC for testing in pyrotechni_c

compositions. The only change to the synthesis was in the first
step, the nitration of carbazole to dinitrocarbagzole. The previous
synthesis of the dinitrocarbazole lixturi_a. (described in section
3.1.3) was fairly long. A simplified version is described below.

Carbazole (83.6g;0.5mole) was added slowly with stirring to
glacial acetic acid (640g¢;609.5ml) over a period of -one: hour. During
a second hour a 1:1 mixture of fuming PM;(SS.I }-CHaCOOH(63ul) was
added, keeping the temperature between 30-400(3. The mixture was then
heated (steam bath)-to 75°C for four hours, cooled: overnight, and
poured onto ice (1.5 litres). ‘The brown/green precipitate was
filtered, washed with distilled water (2 litres) until the filtrate
was no longer yellow (and' was neutral to litmus), and dried in an
oven at 14000 overnight.

This crude mixture of dinitrocarbazoles was then nitrated to
TNC via a method similar to that described in section 3.1.4. The

crude, dark brown product (crude 1,3,6,8-TNC) was washed with

distilled water (3 litres) and dried in an oven at 140% overnight.

The crude 1,3,6,8-TNC was recrystallised by placing the
whole amount ‘in 2 litres of toluene, boiling at 111‘00 for 5 minutes,
filtering hot, and cooling to -10°C. in an ice slush bath. The
regsidue filtered hot was continually reécrystrnilised in the same
toluene to indréue the yield. All of the TNC recrystallised from

the toluene was combined and recrystallised in the same way from

another two litres of toluene.This whole synthesis was repeated a-

_ second time (results overleaf), the products. being analysed by

H.P.L.C. and N.M.R.
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PERCENTAGE YIELDS ‘
EXPT: | CARBAZOLE | DNC ‘loveraLr| 1sT RECRYST| 2ND RECRYST.
No. 10 DNC  |T0 ‘TNC|CRUDE | FROM FROM
YIELD | TOLUENE | TOLUENE
1 96 . 84 | 80 8 90
2 95 94 89 74 89
\
OVERALL |APPROX. |Mpt.(°C)
vierp:  |purity® |ExpEcrED
1296-298
59 | 97 - |295-298
59 - 97 290-295
¥ Approximate purities obtained from relative arecas of H.P.L.C.
S peaks.
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Dibenzothiophene. 2-Nitrodibenzothiophene

Dibenzothiophené (5¢ ;0.03mole) was dissolved in glacial

acetic acid (400.3) and kept at 3000.- Fuming nitric acid

’(5c-a,d,1.51) was added dropwise over a period of thirty minutes.

When the addition was complete the reaction mixture was stirred at
room temperature for one hour, poured onto ice (200é'3). ; and
filtered. The yellow soli¢d was reéfluxed for several hours with
ethanol (95%;50cq8) ’ aﬁd the - insoluble 2-nitrodibenzothiophene
removed by filtration. On dilution of the ethanol another yellow
precipitate was obtained and was kept for analysis.

The crude product from this reaction was a dirty yellow solid.
Crude weight = 1.7616g
Yield = 28% 7
Expected melting point = 186-187°C
Actual melting point = 166-175°C
On recrystallisation from ethanol the produit became a deep yellow
solid.
Weight = 0.3351g
Yield = 12X
Expectéd melting point = 186-187°C
Actual melting. point = 173-180°C -
H.P.L.C. :-  Retention time = 10.3mins; purity = 96.8%X \ ﬁél
o KR, - ‘

"(IH, -doublet, J = 8 Hx), 8.40 & (2H, singlet); B8.708 (1M, doublet, J




8 Hg), 9.30 8 (1M, singlet).

The residue obtained from dilution of .cthanol filtrate was a
» yellow solid.

Crude weight = 2.7695¢g

Melting point = 175-187°C
H.P.L.C. :~ Retention time = 4.7mins; purity = 64.8% l
1“ NOMQR' b

The 1H{N.M.R. spectrum of this residue has peaks at 7.60 & (2H,

triplet of doublets, J = 1Hz and J = THz), 7.70 & (2H, triplet of

"
™~

7Hz), 8.08 & (21l, doublet of doublets, J

‘e

doublets, J = 1Hz and J

1Hz end J = 8Hz), 8.12 & (2H, doublet. of doublets, J = 1Hz and J
8Hz).

By comparison of H.P.L.C. and 11! N.M:R. spectra this residie was

B I T S

identified as dibeniothiophene-f‘)-oxiAde.

3.2.2 Synthesis of 2,8-Dinitrodibengothiophéne” j

2-Nitrodibengzothiophene ~ 2,8-Dinitrodibenzothiophene

2-Nitrodibenzothiophene (1g;0.004mole) was. added in small

portions to a mixture of fuming nitric acid (?..S‘cl‘a;d.l.SI) in
glacial acetic acid (10(:-3): .When the addition was compléte more

funing nitric acid (1Scl3) was added dropwise, The reaction mixture

was heated to 50°C, then allowed to cool whilst stirring for a

IS .
[ A N T I R
-

pei'iqd of one hqtjr; The mixture -was then pb\i_tgd onto ice water:

mv.,w
T PEQ G n

'(100093,) , gnd the .resulting yéllow precipitate vas recrystallised

At

frOI (Lm{;l it::etic:at:id and then from dioxane,

: - The ggi_[&'g;pm_rggggg_wg‘“gyl‘"this reaction was a light brown solid.
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Crude weight = 0.8689¢
Yield = 79%

Expected melting point = 320-330°C

Actual melting point = 260-310°C

After recrystallisation from acetic acid, and then froa dioxane.
Weight = 0.0800g

Yield = 9%.

Expected meélting point = 339-340°C

Actual melting point = 324-334%

H.P.L.C. :- Retention time = 8.Ymins; purity = 71.6%

'H NM.R. :-

The 'H N.M.R. spectrum -has peaks at .8.40.6 (2H, doublet, J = 8Hz),
9.15 & (2H, doubiet of doublets, J- = 1Hz and J = UHz), 9.65 & (2H,

singlet).

3.2.3 Synthesis of 3-Nitrodibensothiophene®!

.l (i) Cf ,-CCl _
N .) -

Dibenzothiophene Dibenzothiophene-5-oxide

-—
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‘To a warm solution of 3-,nitrodibenzothibphene-ﬁ-oxidezz

(0;63;0.002go;e) in glacial acetic acid (5ml) was added concentrated

hydrobromic acid (1.5m1;8p.gr.1.38). The reduction, accompanied by

"the liberatioh of bromine; was allowed to procced for 30 minutes .at

4090 wheréupon the yellow precipitate was removed by pouring onto

ice water (50ci3), filtered, and dried. The crude material was

recrystallised from ethdnol (95% agueous).

The crude product from this reaction was a yellow/beige solid.
Crude weight = 0.4523¢g
Yield = 90%
Expected melting point = 149*1510C
Actual melting point = 123=12§°C
After recrystallisation from 95% aqueous ethanol the product
remained the same colour.
Weight = 0.2300g
Yield = 46%
Expected melting point = 153-1546C

Actual ‘melting point = 140-146°C

" H.P.L:C. = Retention time = 11.46mins; purity = 97.3%

The 1ﬂ:N.M.R. spectrum has peaks at 7.65 & (2H, multiplet of two

overlapping triplet of doublets, J = 1Hz and J = THz), 8.20 -6 (1H,

doublet of doubiets, J = 1Hz .and J = 8Hz), .35 & (1H, doublet of

YHz), 8.55 6 (1i, doublet of doublets, J =

doublets, J = 34z and J

1Hz and J = THz), 8.65 & (1H, doubiet, J = Olz), 9.1 & (1H, doublet,

J % 2Mg).
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“?ielq = 92%

3.2.4 Synthesis of 3,7-Dinjtrodibenzothiophene?' -

O i
(i) Clg-CCl,

0 S OO0

Dibenzothiophene Dibenzothiophene-5-oxide

o

HzSO.,
@ 0 + 2HNO, »02N “02 + 2H,0

3, 7~01n1trod1bon70th10phene~ 5-oxide

(¢
HBr /S
(aq) x

3,7-Dinitrodibenzothiophené

To a solution of 3.7-dinitrodibenzothiopheneeﬁ-oxide
(1.35;0.095101;) in glacial acetic acid- (35ml) at 80°C was added
concentrated hydrobromi¢ acid (2.5-1;3p.g}sl.38). The vessel was
placed in a water :bath. to moderate the temperature of the reaction
which was allowed to proceed for 30 minutes. The reaction mixture
was poured onto ice water (1006-3), and the yellow precipitate
filtered, ‘'washed' with water, and dried. The product was
recrystallised from toluene. :
The crude product from this reaction was a yellow solid.

Crude weight = 1.1300g

Expected melting point = 338-341% ;
Actual-melting point = 354~360°C

On recryitillisitiqq‘ffog-tolueﬁe the product became a bright yellow

o
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solid.

Weight = 0.3400g

Yield = 28%

Expected melting point = 342-344"c

Actual melting. point = 360 +°C

H.P.L.C. :- Retention time = 8.70mins; purity = 94.0%

"W NM.R. :-

The 1'H N.M.R. spectrum has peaks at 8.40 & (2!l, doublet of doublets,
J = 2Hz and J = 9Hz), 8.8 & (2H, doublet, J = 9Hz), 9.2 & (2iH,

doublet, J = 2Hz).

A—LLLYY

3.2.5 Nitration of Dibenzothiophene with forcing conditions
{An attempt to make tetranitrodibenzothiophene)

Dibenzothiophene (1g;0.005mole) was added in small portions
to a stirred mixture of fuming nitric acid (4cm3;sp.gr.1.5) in conc.
sulphuric acid (10cn3) kep£ at SOQC, giving a deep ‘red/brown
mixture:. The reaction mixture was heated_at,90°C for two hours,
cooled, and poured onto ice water. The product was filtered, washed
with water, dried, and tecfysta!lised from acetone.

The crude -product from this reaction was a pale yellow solid.
Crude weight = 1.,7956¢
Yield (if tetranitrodibenzothiophene) = 90%
Melting point = 120135°C
After recrystallisation twice from acetone the product was
orange/brown in colour.

Weight = 1.1494g

Yield (if tetranitro) = 57X

Melting point = 183-200°C

*

¥

1
#
5
I
E

T eriied

-




a .
B O - el S 3 (T i e i gty

H.P.L.C. results o

pEAK|RETN. TIME (uins)| aREA (x)]
1 R 2.4
2 4.21 39,7
3 4.54 27.0
4 8.97 9.6
5 10.21 1.3

The 1H N.M.R. spectrum of this crude mixture was a complex mixture
of peaks. The three major comporents of this mixture must be

separated before identification can be accomplished:

3.2.% Nitratijouns of 2,8-Dinitrodibenzothiophene

{i) Nitration 1 of 2,8-Dinitrodibenzothiophene

Crude 2,8-dinitrodibenzothiophene (0.5g;0.002mole) was added
slowly to a mixture of fuming nitric acid (5cnj) in conc. sulphuric
acid (Scig) that had been cooled to Oqg. The dark brown mixture was
kept at 09c for about 4 ‘hours, poured onto ice water and the yellow
precipitate forné& was filtered, washed copiously with water, and

dried in an oven at 70°C overnight.

‘The crude .product from this reaction was a yellow solid.

Crude weight = 0.4189¢ ‘

Yield (if tetranitro) = 60%

‘Melting point = 298-302°C

- N T VOMErOTvs I P e T At ¥ o gohen e epponcn e

P AL

byt iy, et

Nt e oae




L i T S

[ NSRS

H.P.L.C. results for crudé product: -

{PEAK|RETN, TIME (MINS)| AREA_ (%)
, . 1 1.90 R
2 4.10 15.0
3 4.43 39.0
4 6.94 1.0
5 10.82 36.0 |
L

Because of the difference in solubility between dibenzothiophenes

.and dibenzothiophene oxides, or dioxides, an attempt was made to

/\’

separate them by washing the product with acetone (5cm3). The
soluble and insoluble fractions were analysed by H.P.L.C. and 'H

N.M.R.

Soluble fraction :- ;Insoluble fraction :-
‘Weight = 0.0600g Weight = 0.2200g
Mpt. = 358+°C Mpt. = 314-218"C

H.P.L.C. results

PEAK[RETN. TIME (MINS)| AREA (x)||PEAK|RETN. TIME (MINS)| AREA (%)
(! 1 2,08 27.4 1 1.91 19:0
2 1.19 6.7 2 . 4,19 17.0 {
3 442 10.0 3 4.43 48.0
4 6.73 0.7 1 10.¢5 | 1s.0
- ' 5 10.18 1 53.3 5 : }
- 3 — _— ;
i s
: s
:
" NMLR,

+

Thé ‘H N.M.R. spectra of tliesc products have not .been fully

-assigried.
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{ii) Nitration 2 of 2,8-Dinitrodibenzothiophene

A similar sethod was adopted to that of nitration 1 except

that- the reaction mixture was kept at ~10°C for 4 hours, and then at

-5°C in the freezer overnight.

The c¢rude product from this reaction was a yellow solid.

Crude weight = 0.3161g

Yield (if tetranitro) = 48%

Melting point = 296-304°C

H.P.L.C. results for crude product:-

PEAK RETN. TIME (MINS)| AREA_(X) Ao
1 1.94 14.0 '
2 4.16 12.5
3 4,39 40.8
4 9.68 21.7
This product was extracted with acetone, as in nitration 1, to try
to separate the dibenzothiophenes from their oxides. The soluble and
insoluble fractions were analysed by H.P.L.C. and ' MM.R.
Soluble fraction :- ;1nsoluble fraction :-
Weight = 0.0160g Height = 0.2106g I
H.P.L.C. results \
(due to a drop in pressure the reteqtion times are longer) ‘
PEAK|RETN. TIME (MiNs)| AREA (x)|[PEAK{RETN. TIME (MINS)| AREA (%)
1} 205 | 2t |1 188 " 19.6
2 ) 4.40 7.5 || 2 4.51 63.4 SR ‘
3 | 4.66 8.8 3 10.16 2.6 | 3:( o .
4 11:41 6.1 |4 10,93 I 144 %i
1 :

o
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'R N.M.R.
The ?R'N.M:R. spectrum of the soluble fraction was very complex.
. Purification is needed.
The insoluble fraction was not sufficicently soluble to obtain &
solution 'H N.M.R..

(iii) Nitration 3 of 2.8 ‘ni&gggjbenzoihiophene

Crude 2,8-dinitrodibenzothiophene (15:;0.004mole) was added
in small portions to a mixture of fuming nitric acid (3.50n3) in
c¢onc. sulphuric acid (335cu3). When the addition was complete extra

(: fuming nitric acid (ICI?) was added dropwise. The reaction mixture
was stirred for one hoy at room temperature and then poured into
ice water. Thé crude yellow precipitate was filtered, washed with
water, and dried.

The crude: .product from this reaction was a yellow solid.
Crude weight = 0.9675g
Yield (if tetranitro) = 74X
Melting point = 264-290°C (charring -above 200°C)

‘H.P.LC. results for the crude product :-

d : |peak|RETN. TIME (MINS)| AREA (2)]
1 1.90 { 20
2 4.12 1 36,7
3 | 4,32 bosso |}
. :34 8.59 7.3
¢ This product was extracted with acetdné.'as in nitration 1; to try

" to separate the dibenzothiophenes from. their oxides. The solublie and

3
¢

insoluble fractions were analysed by H.P.L.C. hnd.iﬂ‘N:M.R.

— > -
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Soluble fraction :- ;Insoluble fraction :-

Weight = 0.1632¢ Weight = 0.5963g
H.P.L.C. results ,
PEAK|RETN. TIME (MINS)| AREA (%)|!PEAK|RETN. TIME (MINs)| AREA (%)
e 1.87 20.6 1 | 182 32.2 :
2 4,18 | 3.6 2 4,17 27.3
3 7.12 1.5 3 4,41 35.9
4 | 11.52 34.4 4 10.05 |22
5 11.06 2.4
(
'H N.MLR.

The 'H N.M.R. spectrum of the soluble fraction was very complex.
Purification is needed.

The 1H N.M.R. spectrum of the insoluble fraction wég also
complex. The major peaks occur at 8.46 & (2H, doublet; J = 1Hz),
9,38-6 (1H, triplet, J = 1Hz).

(iv) Nitration 4 of 2,8-Dinitrodibenzothiophene
. _ A similar method to nitration -3 was .adopted. This time the

S reaction mixture was stirred for 2 hours at room temperature, and

trifluoromethanesulphonic (triflic) .acid was used instead of conc.
- o sulphuric.

‘The crude -product from this reaction was a yellow solid.

(RN

-

Crude weight = 0.9460g

PP
@Y s

. Yield: {if tetranitro) = 73% 2
Melting point = 268-282°C (chafring above 210°CY Sl
: - - g
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H.P.L.C. results for crude product:-

PEAK|RETN. TIME (MINS)| AREA (%)
_ 1 1.86 23.6

2 4.15 34.7

3 4,38 32.1

4 9.01 1.9

5 9.68 6.1

o

——e

" NMLEK.

‘The 1H N.M.R. spectrum of this crude product had major peaks at

8.4% . (4H, triplet, J = 9Hz), 9.34 & (1H, singlet). This spectrum

has not becen

{v}) Nitration § of

fully

assigned.

2,8-Dinitrodibenzothiopliene

A similar method to ritration 3 was adopted except that the

reaction mixture was stirred at room temperature for 24 hours

instead of 1 hour.

The crude product from this reaction: was a yellow solid.

Crude weight = 1.0200g

Yield «(if ‘tetranitro) = 78%

‘Melting, point = 240-256°C (charring above 200°C)

H.P.L:C, resuits 6f~cpudé product :-

,fPEﬁﬁ

AREA. (%)

1

-3
: 4

RETN.. TIME (MINS)
e
2 4.16
4.39
9.90

26.0
44.7
28.1

1.2

Thggzspécgrhi'has;ﬁqt been fully. assigned.
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‘ {vi) Nitration § of 2.8-Dinitrodibenzothiophene

} ' A similar method to nitration 3 was adopted. The reaction
mixture was stirred at 7000 for 2 hours. A yellow precipitate
forsed after about 1 hour and increased in mass until eventually the

reaction mixture was a thick sludge.

The crude product from this reaction was a yellow solid.

Crude weight = 1,1486¢
Yield (if tetranitro) = 88%

Melting point = 235-240°C (charring above 200°C)

{t H.P.L.C. results for crude :product:-
PEAK|RETN. TIME (MINS)| AREA (%)
1| ez 18.9
2 2.67 1.5
3 4,31 78.9
e 4 7.18 0.4

'y N.M.R.

The 1“ N.M.R. spectrum of this crude product had major peaks -at
" 8.30 & (doublet, J = 8Hz), 8.40 & (doublet J = 8Hz}, 8.60 &
LT {doublet, J = 9Hz), 8.70- 8 (doublet of doublets, J = 2Hz and J =
9Hz), 8:96 & (singlet), 9.30 & (doublet, J = 3Hz). This spectrum -has
. not been fully assigned.
2 {vii} Nitration 7 of 2,8-Dinitrodibenzothiophene
An identical method to nitration 6 was adopted, with heating

at 7000 for bhours instead of only 2.

The crude product from this reaction was a yellow solid.

i | Crude weight = 1.0981g

ot

%31 Yield (if tetranitro) = 84X

R - i " ) .

. Melting point = 212-238°C (charring above 190°C}
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H.P.L.C. results for crude product:~

{peak |ETN. TIME (MINS)| AREA (%)
1 1.90 14.2
2 2,31 0.9

|3 4.26 s1.9 |
4 8.29 1.1

(+ -other small peaks <1%)

An attempt was made to purify this product by recrystallisaticn from

acetone but this had no significant effect. The next solvent tried

was toluene.

The recrystailisation produced three fractions; an

insoluble fraction, a soluble fraction, and a residue recovered from

the toluene when it was rotary evaporated down.

Soluble fraction :-

Weight = 0.0627g

.

?

Insoluble fraction :-

Weight = 0.0160g

‘Regidie Weight = 0.1144g

{pEAK|RETN. TIME (MINS)| AREA (%)||PEAK|RETN. TIME (MINs)| AREA (%)
1 ' 1.95 13.3 |} 1.99 ' 51.8
‘2 4,23 86.7 2 4.29 45.0

3 9.27 1.1
4 10.25 0.2
5 11:27 1.9

RETN. TIME (MINS)| AREA (X)|

1.96

2.2}

4.23

4.66.

51’03
45.0

1.1




H N.MLR:

The 1H N.M.R. spectrum of the soluble fraction has peaks at
8.40 8 (doublet, J = 8Hz), 8.7 & (doublet -of doublets, J = 2Hz and
. J = YHz), 8.89 S (singlet), 8.95 & (singlet), 9.30 & (singlet),
9.31 & doublet, J = 2Hz).
The 1HAN.M.Rt spectrua of the insolublé fraction has peaks at
8,39 & (doublet, J = 8liz), 8.70 & (doublet of doublets, J = 2Hz and
J = 8Hz), B.94 & (singlet); 9.16 & (doublet, J = 2Hz), 9.29 &
(singlet), 9.30 & (doublet, J = 2iiz), 9.78 & (doublet, J = 2Hz). .
o8 The. 'H N.M.R. spectrum of the residue has peaks at 8.30 & (1H,
‘doublet, J = 8Hz), 8.40 & (1M, doublet, J = 8Hz), 8.60 & (1H,
doublet of doublets, J = 2Hz and J = YHz), 8.70: & {1li, doublet of
doublets, J = 2Hz and. J = 8Hz), 8.72 & (1H, singlet), 8.59 O
(singlet), 9.30 & (3H, doublet of dotiblets, J = 2Hz and J = 3Hz).
' All thrée spectra-are quite conple*iagd%hgvé not been fully assigned.

(viii} Nitration 8 of 2,8-Dinitrodibenzothiophene

Crude 2,B-dinitrodibenzothiophene (1g;0.004mole) was added
slowly with stirring to a lixtdge of fuming nitric acid (3cn3) in

triflic acid (50-3). The yellow/brown starting material gave a dark

P
a .

~—~

.brown solution. The wmixture was stirred at room temperature
4 overnight, poured into ice water, and the yellow precipitate formed
was filtered, washed with water, ahdzdried.

The crude product from this reaction was a yellow. solid.

Crude weight = 1.0101g

»

° . Yield (if te@raﬁitro} = 78%

R
v ; 5
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‘Melting point = 260-276°C (charring above 185°C)
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H.P.L.C. results for criude product:-

PEAK|RETN. TIME (INS)| AREA (%)
~ 1 nez | 1
2 2.20 3.6
3 1.20 45.0
4 4.43 30.4
5 10.34 1.4

T4 N.M.R.

The 1H N.M.R. spectrum 6f‘this crude product is complex. It's major
peaks occur at 8.40 & (doublét, J = 1Hz), 8.:44 & (doublet of
doublets,. J- = 1Hz and J = 3Hz), 8.47 & (doublet, J = 1Hz), 9.35 &
{triplet, J = 1Hz).
‘This spectrum has not been fully assigned.Purification is necessary.

{ix] Nitration 9 of 2,8-Dinitrodibenzothiophene

A similar method to nitration 8 was used except that the

reaction mixture was heated at 796C for 3 hours.

The crude product from this reaction. was a yellow solid.
Crude weight = 1.0784g ; Yield (if tetranitro) = 83%
Melting point = 222—25890 (charring above 190°C)

H.P.L.C, results of crude product

PEAKIRETN. TIME (MINS)| AREA (%)
I I Y 1 18.7

2 ‘ 4 . 30 75 o‘_9

M MR
The ‘H N.M.R. spectrus of this crudeé product is complex.

Purification is:nece;saty}
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3.3.1 Synthesig of Dibenzothiophene-5-oxide””

: A (9]
) | ‘ .l (“i ) Ci zr-'CC.l : m \
_ (i1) Ha0 V/

Dibenzothiophene Dibenzothiophene-5-oxide

- Ae e

A solution of dibenzothiopliene (15g) in carbontetrachloride
(150cn”) was treated at 0=5°C with chloriné until 6g had been added.
The solution turned red, and the addition compound produced was
hiydrolysed by'vigorogsly shaking the reaction mixture with ice and

Fiz water. The beige precipitate was filtered, washed with water; and
dried. The crude product was recrystallised from toluene.
The ¢rude product from this reaction was a beige solid.
Crude weight = 13.4712¢g
Yield = 84X
Expected melting point = 174-18000
Actual melting point = 177-18600

On recrystallisation from toluene the product was off white in

| colour,
' N Weight = 9.0925g
: Yield = 57%
i - Expected melting point = 185-187°C
: Actual melting point = 184-188°C
HoPLiC. :- Retention time = 4.70mins; purity = 99.0%
' TWNMLR. -
. The 'H N.M.R: spectrﬁi hasipeaks at 7.60 & (2H, triplet of doublets,

J = 1Hz and J = BHz), 7.75 & (2H, triplet of doublets, J = 1Hz
and J = 7Hz), 8.1 - (2H, doublet 6f doublets, J

lHz and J

THz).

THz), 8.15: 8 (2H, doublet of doublets, J = 1Hz and-J
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CHaCOOH
¢ HNOg ——————> 02N ‘I + H40
H,SO0, )

J-Nitrodibenzothiophéne~5-oxide

Dibenzothiophene-§-oxide

To an ice cold mixture of dibenzothiophene-5-oxide
(Sg;0.0Ziofg)a~g1aci@t~aée§ic acid (10¢n3). and conc. sulphuric acid
(10ce),. was a@ded: with  stirring fuming nitri¢  acid
(7.5cn>;$p.gE:1.55 over & period of 15 minutes. After thé resulting
clesr solut/én ‘had stood -t 0-5°C Tor 30 minutes, it was poured into
40g of cfhckgd:ﬁce, The gummy orange solid which was formed soon
solidified and: was (filtered off and washed with water. It was
recrystailised from ethanol.

The crude product from this reaction was a pink/orange solid.

Crude weight = 3.5800¢
Yield = 97X
Expected melting point = 201-205°C
Actual melting point = 180-200%¢
After recrystallisation from ethanol the product was an orange
solid.
Weight = 1.7088g
Yield = 46%
Expected melting point = 209,5-210.5°C
Actual melting point = 198-204°C
H.PiL.C. :-  Retention time = 4.70mins; purity = 87.6%
'H NMLR, - '
yhe"ﬁ-é.s.n. spec;ru-?haé peaks at 7.70- 8 (IH, triplet of doublets,
J = l&i;and:? ; Mz), 7.80 & (1H, triplgt of doublets, J = 1Hz

aid J = THz), 8.2 & (1M, doublet, J = 7Hz ), 8.30 & (1N, doublet, J
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= 8Hz), 8.40 & (1H, doublet, J = 4Hz), 8.60 & (1H, doublet of

doublets, § = 2Hz and J = 8Hz), 9.00 & (1H, doublet, J = 3Hz).
3.3.3 Synthesis of 3,7-Dinitrodibenzothiophené-6-oxide”"
o

p ‘HzSO..
ii']ll']'li' + ZHNO; —

0]
S,

Dibenzothiophene-5-oxide 3,7-Dinitrodibenzothiophene-5-oxide
A solution of dibenzothiophene-5-oxide {(1g;0.005mole) in

conc. sulphuric acid.(Scla) was cooled to 1200 and fuming nitric
acid (ch?) was added slowly so that the reaction temperature
remained at 10-1500. The mixture was kept at this temperature for 30
minutes and then allowed to come to room temperature over a 30
minute period. The orange precipitate obtained by pouring the
reaction mixture onto ice water w&é filtered, washed with water -and
dried. :It was recrystailised from aceténe.

The crude product from this regqtiontyas a cream coloured solid.
Crude weight = 1.3943g
Yield = 96X
Expected melting point = 257-258°C
Actual melting point = 242-254°C
After recrystallisation from acetone the product was a pink/orange

sglid.

‘Weight = 0.5388¢g

Yield = 37%
Expected melting point = 257-258%C

Actual melting: point = 257-260°C

. HeP.L.C. :*  Retention time ='4,10mins; purity = 97.5%
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The 'H N.M.R. spectrum has peaks at 8.55 & (2H, doublet, J = BHz,
8.60 & {2H, doublet of doublets, J = 2Hz and J = 9Hz), 9.00 & (2H,
doublet, J = 2Hz ).
3.3.4 Nitrations of 3.7-Dinitrodibenzothiophene-5~oxide
{i) Nitration 1 of 3,7-ginitrodibénzquiéghgge-s-oxide
Crude: 3, 7-dinitrodibenzothiophene-§-oxide (0.5g;0.002mole)

was added in small portions to a mixture .of fuming nitric acid
(Zcﬁ?) in triflic acid (g:5cﬁ3)r The reaction mixture was stirred at
(“ﬂ' room -temperature for 3 hours, p?ured into ice water, and the

precipitate formed was filtered, washed with water, and dried in an

oven at 7000 overnight.

The crude product from this reaction was a yellow solid.

Crude weight = 0.4800g

Yield (if tetranitro) = 74X

Melting point = 234-25000 (charring above 18000)

H.P.L.C. resuits for crude product:-

|PEAR|RETN. TIME (MINS)| AREA (%)

. 1| 4.11 90.9
L
L 2 |- .51 5.1
] V _ 3 8.98 4.0

: T N.MLR.

"

The 'H N.M.R. spectrum has peaks at 8.47 & (2H, doublet, J

f . © BHE), 8,55 & (2H, doublét of doublets, J = 2iiz and J = 8Mz), 9.02 §

(24, doublet, J = 2Hz).Both ‘the H.P.L.C. retention time and the a

‘NMR. ibéétgul confirm. that the major component from this reaction

is'hnréictgd'8,7-dihi£rqdibeﬂzbthiopﬁehg-Sédxide.

‘5&‘5& Y "."t,‘»’:&\*’:‘w w
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(i1) Nitration 2 of 3.7-dinitrodibenzothiophene-5-oxide

Crude 3,7-dinitrodibenzothiophene-5-oxide (1g;0:003mole) was ', .
. added in small portions with stirring to-a mixture of fuming’ nitric f
acid (3ci3) in conc. sulphuric acid (5cn3). The reaction mixture was i ’
heated at 7000 for 2 hours with stirring, cooled, and poured into ;
ice water. The precipitate tormed was»filtéred, washed with water
and dried.The crude .product from this reaction was a pale yellow |
solid. *;
Crude weight = 0.8336g ;  Yield (if tetranitro) = 64%
¢ Melting point = 258-266'C (charring above 240°C) f
l H.P.L.C. results for crude;proquct:- ¢
{PEAK{RETN. TIME;LMINS)t ARE& (%)
1 4.09 1.6
e 4.40 15.3
3 4.72 76.9
4 6:11 1.8
.5 | 10.08 3.5
3' ' iH'N.M.R.
; | ‘The 'H N.M.R. §pectrun'of this crude product has peaks at 8.10 & t
(1H, doublet, J = 9Hz), 8,61 & (2H, doublet, J = 9Hz), 8:67 & (1H, .
-doublet, J = Qﬂz);=8.§§<8 (21, doublet of doublets, J = 2Hz and J =
. SHz), 8.90- 8 (2H, doublet, J = 2Hz), 9.08 & (1H;'doublet, J = 2Hz),
9166 (1K, ¢6ub1et; J = én:i,»g.ss & (1H, doublet, J = 2Hz): 5“ ) ' .

The major component corrgdpondsato peaks at 8.61 S, 8,68 8§, and

9, v .
e
~

‘8.90 §. These peaks correspond to ‘the component with H.P.L.C.

¥
A
retention time 4.72 mins., and <can be assigned to §%,'
o . L ) o b \ :?4
3;1—dinitgpdihen:égbiophgng-S}5-diox14ea. The  resmaining  peaks §§,x

+
s
s,
%
&
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correspond to the component with H.P.1:C. retention time 4.40 mins.,

and can be assigned to 1,3,7-trinitrodibenzothiophene-5,5-dioxide.
_-{iii) Nitration 3 of 3,7-Dinitrodibenzothiophene~5-oxide

A similar method as for nitration 2 was used, except that

triflic acid was used instead of conc. sulphuric acid.
The crude pproduct from this reaction was'a pale yellow solid.
Crude weight = 0.8820g
Yield (if tetranitro) = 68%
Mélting point = 266-312°C (charring above 240°C)

H.P.L.C. results for crude product:-

PEAK|RETN. TIME (MINS)| AREA (%)
1 .07 0.7
2 4,44 9.9
3 4.71 | 83.8
4 6.08 ; 1.7
5 | 10.10 |

W N.M.R.
The 1H N.M.R. of tiiis product was almost identical. to that of
nitration 2 and hence, due to -the siuilarity in H.P.L.C. retention

times; peak 3 can be assigned to 1,3,7-trinitrodibenzothiophene-

5,5-dioxide and peak 4 to 3,7-dinitrodibenzothiophene-5,5-dioxide.
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3.4.1 Synthesis of Dibenzothiophene-5,5-dioxide™’ ‘
| . 0,
| . I'II' N CH,;CO0H/H2S0, il'] .
. . ————-—-————‘ bd
Y/ NazCr207.2H20
i : .
Dibenzothiophene Dibenzothiophene-5,5-dioxide

! To a cold mixture of glacial acétic acid (110cm3), 50%
! sulphuric acid (400»3), and sodium dichromate (18g): was added
; dibenzothiophene (11g;0.06molc). The mixture was kept at 60°C and
; s shaken for half an hour, after which the temperature 'started to
{ drop. The reaction. mixture was poured into ice water and the
yellowish heavy precipitate was filtered off, washed with water, and
! dried. the crude product was recrystallised from toiuene.
The crude product from this reaction was a cream coloured solid.
Crude weight = 10.7400g
“ Yield = 83%
Expected melting point = 23200
Actual melting point = 229-234°C . !

i After recrystallisation from toluene the product was an off white

J——

ot

solid.

27

Weight = 3.0713g

B ————

Yield = 24%.

' Expected melting point = 232°C

Actual melting point = 229-234°C . .
P H.P.L.C. :=  Retention time = 4.l4mins; purity = 99.0% : |
. M N.M.R. -
. The "M N.M.R. spectrum has peaks at 7.70 & (21, triplet, J = THz), ‘
:
)

‘7.80 & (2H, triplet, J = 7Hz), 8.00 & (2H, doublet, J = 7Hz ) ,

-

b o+ o e Wt s A

8.20 & (2, doublet, J = 8lz).
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3.4.2 ngthggis of 3-uitygdibégzptpignhggg—ﬁ,ﬁ—dio;igeza

0‘; ‘ 02
CH,CO0H
. + MQ —————) ozN .I + Hzo
H,SO0,
Dibenzothiophene-§,5~-dioxide 3-Nitrodibenzothiophene-5,5~dioxide

To a mixture of glacial acetic ‘acid (5cm3)r and conc.
sulphuric acid (5cn3)'in a three necked. flusk equipped with stirrer,
thermometer, and dropping funnel was added
dibenzothiophene-5,5-dioxide (1g;0.005mole). A yellow paste formed
and this was kept at a-temperature of 4qC while fuming nitric acid
(3.5g;sp.gr.1.5) was addéd over a five minute period. After stirring
for one-half hour, the reaction mixture was poured into ice water
(100cn3) and the yellow precipitate formed was filtered, washed with
water, and dried. The crude product was recrystallised from:-scetone.

The crude product from this reaction was an orange/yellow solid.
Crude weight = 1.1530¢g
Yield = 89%
Expected nelting point = 265—26600
Actual melting point = 246-262°C
After recrystallisation twice from acetone and twice from dioxane
the product was a pink solid.
Weight = 0.0948¢g
Yield = 7%
‘Expected melting point = 265*26606
Actual melting point = 253-266°C
H.P.L.C, :- Retention»tiée = 4.60mins; purity = 98.9%
HONMR, i- |

. The 3“,N;N.R,'gpectfug»hhs~peakg at 7.80--8 (1H, triplet, J = THz),

7.90 & (1H, triplet, J = Tz ), 8.15 & (1M, doublet, J = THz ), 8.40

YR

y ~.”,;£,v§f i SN

NEN

okl
Ly
¥

~
o

R »gﬁ}tu»

B




—

.
-

C e s Loy

S e SN b W

B v

RS

S (1H, doublet; -J = 8Hz), 8.50 & (1H, doublet, J = 9Hz), 8.70 & (1H,
‘doublét of doublets, J & 2Hz and' J = 8Hz), 8.89 & (1H, doublet, J =

2Hz ).

3.4.3 Synthesis of 3.7-Pinitrodibenzothiophene-5,5-dioxide”*

02
11250, \ ,
+ 2HNOy — 02N "02 + 2Hz0

Dibenzothiophene-5,5~-dioxide 3,7-<Dinitrodibenzothiophene-5,5-dioxide

To a cold -solution aof dibenzothiophene-5,5-dioxide
(1g;0.005m0le) in conc. sulphuric acid (5cm3), fuming nitric acid
(3cm3;sp.gr.1.5) was added dropwise with shaking;the temperature
rose to 60—7000. The. product was heated on a boiling water bath for
40 minutes, cooled, and poured: into ice water. The white precipitate
formed was filteiéd, washed with.ﬁater, and dried:”}he crude product
was recrystallised from acetone.

The crude product from this rea;tion vas a yellow solid.

Crude weight = 1.2610g
Yield = 82%
Expected melting point = 290°¢
Actual melting point =‘262-278°C
After recrystallisation twice from acetone the product was a bright
yellow crystalline solid..
Weight, = 0.1340¢
Yield = 31%
Expected melting point = 290°C
Actual melting point = 282-287°C

HePLiCo 2= Retention time = 4.60mins; purity = 72.5%
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* "W N.MLR. :-

The 1H N.M.R. spectrum has peaks at 8.65 & (2H, doublet, J = 8Hz),

. 8.70 6 (2H, doublet -of doublets, J = 2Hz and J = &Hz), 9.00 & (2H,

doublet, J = 2Hz ).

i RAL et rm—

3.4.4 Synthesis of 2-Nitrodibenzothiophene-5,5-dioxide®"

CHZCOOH

L + HNOg ———— \ ¢ Hy0
. o 02"
; ¢ Dibenzothiophene . 2-Nitrodibenzothiophene
02
CH,CO0H ,
‘ ¢$ —

30% HzOz (aq) OzN

2-Nitrodibenzothiophene-5,5-dioxide

A solution of Z-nitrodibenzothiopheneéo\(2.2g;0.01mole) in
glacial acetic acid (600&3) was refluxed.with 30% hydrogen. peroxide
(11c13) folloring the directions of Gilman and Nobiss. The. solution

was heated at 90°C for one hour and then refluxed for thirty

. ae

minutes. A second quantity of hydrogen peroxide (70!3) was then
added and refluxing continuéd for an additional 20 wminutes. The
solid was removed from ‘thé cooled mixture and washed with a small
anount of cold acetic acid. The crude product was recrystallised

. x e

i

t )
! i from ‘acetone, .
; i b

!

S EAN

i The crude product froam this reaction was :a pale yellow sélid.

. p:

e

Crude weight = 1.2678g

Yield = 51% -
'y
[ Expected melting point = 249-250°C &

190-200°C

L ‘ Actual melting point
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After recrystallisation from .acetone the product was still a pale

yellow solid.

Weight = 1.1648¢g

Yield = 47X .
Expected melting point = 249-25000

Actual melting point = 195-216°C

H.P.L.C. :~- Retention time = 4.10mihs; purity = 54.3%

W N.MLR. -

The 1H N.M.R. spectrum has peaks at 7.70 &6 (1H, triplet, J = 7Hz),
7.90 & (1H, triplet of doublets, J = 1Hz and J = 7Hz); 8.00 & (1H,
doutilet, J = 8Hz ), 8.10 & (1H, doublet, J = 8Hz), 8.20 & (1H,
doublet, J = 8Hz)}, 8.44 & (1H, doublet of doublets, J = 2Hz and J =

THz), 9.00 & (1H, doublet, J = 2Hz).

3.4.5 Nitration of Dibenzothiophene=5,5-dioxide

with forcing conditions

Dibenzothiophene-5,5-dioxide (1g;0.005mole) was added slowly
with stirring to a mixture of fuming nitric acid (Z.Scns;sp.gr.l.S)
in conc¢. sulphuric acid (50.3) kept at SOQC. The mixture was heated
at 9000 for 2 hours, cooled and poured into ice water. The yellow
precipitate was filtered, washed with water, and dried. The crude
product was recrystallised from acetone.
The crude product from this reaction was a pale yellow solid. sk

Crude weight = 1.0500g

A

Yield (if tetranitro) = 53%

i’
© o~

Melting point = 226-266°C

After recrygttlligation~twice from acetone thé product was still a

Bre < el e,

pale yellow solid.

—
iy,

Weight = 0.3911g

3 e
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Yield (if tetranitro) = 20%

‘Melting point = 236-270°C

) H.P.L.C. resuits :-
PEAK RETN; TIME“(MINS) AREA\(X)
1 2.05 0.1 ‘ 5
)
2 4,2) 32.4 .
'
3 4.52 65.5
4 1 5.60 2.0 \
I
1
H N.MCR. !
G- ' '
! The 1" N.M.R. spectrum of this product has peaks at 8.10 5-{18, )

doublet, J = 9Hz), 8.63 & (2H, doublet, J = BHz), 8.67 & (1H,
doublet, J = 9Hz), 8.69 & (2H, doublet of doublets, J = 2Hz and J =

8Hz), 8.93 & (2H, doublet, J = 2Hz), 9.10 & (IH, doublet, J = 2Hz),

P Y S

9.20 & (1H, doublet, J = 2Hz), 9.34 & (1H, doublet, J = 2Hz).

1f the 1H N.M.R. spectrum of 3,7-dinitrodibenzothiophene-5,5-

-

dioxide is extracted from these peaks, the remaining peaks can be
assigned to 1,3,7-trinitfddibenzothiophcné~5,S-dioxide. The 1H
N.M.R. shows that the major component is 3,7-dinitro-, hence from
{: the H.P.L.C. 3,7-dinitro- is the peak with retention time 4.52 mins.

and 1,3,7+trinitro~ is the peak with retention time '4.21 mins.. }

3.4.6 Nitrations of 3,7-Dinitrodibenzothiophene-5,5-dioxide

- {i) Nitration 1 of 3.7-Dinitrodibenzothiopherie=5,5-dioxide
5 ] A mixture of fuming nitric acid (cha) and conc. sulphuric ji
% o ; acid (2ca’) was held at room temperature and _%
é R i 3.7-dinitrodibenzothiophenérs,5-dioxidc (0.5¢;0.002m0le) was added ;é
%‘ _ ! - slowly with s@ifyiﬁg..Hhen'théfaddition.wag complete the mixture was {%
%? . heated under reflux for 4 hours, cooled, .and poured into ice water. i

! .
33
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3 -

o




The pale yellow precipitate was filtered,washed copiously with i
water, and dried. \
. The crude: product from this reaction was a yellow solid.
Crude weight = 0.3520g :
| Yield (if tetranitro) = 54X
t . i
! Melting point = 250-358°C (charring. above 210°C) ‘
! H.P;L;C.~resdlts for crude product:- ’
) PEAK|RETN. TINE (MINS)| AREA (x)
" o | 3.99 9.5
]
] 2 4.31 48.5
; .
“ 13 1.67 39.9
<
; : 4 5.92 2.0
] 5 9.83 1.0
!
: . The crude .product was washed with acetone (3ca’) to see if any
' of the peaks was more soluble than the others. The solubte and
\ insoluble fractions were ana[ySedvbynH.ﬂ,L.C. and'lﬂ N.M.R.
Soluble fraction. := ;Insoluble fraction :+
(s ‘ : :
Weight = 0.0030g ‘Weight = 03;1170g
HQP'LOC' resultS‘
: {PEAK|RETN. TIME (MINS)| AREA (%)||PEAK|RETN. TIME (MINS)| AREA (X)
1 1,92 200 41 1.88 1 1.0
; 2 4.16 1.0 ||z 4,04 | 6.0, '
1 3 4.39 30.9 3 4,35 38.0 -
g . : 2
5 . . . o <
5 4 4,717 §5.0 4 1 4.73 43,0 i
4 . : R } .
. -5 6:17 8.0 }.5 6.09 12:0 i
& ' ‘ i
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The 'H M.M.R. spectrus of the insoluble fraction was identical
to -that of the nitration of -dibenzothiophene-5,5-dioxide with
forcing conditions. The only difference was that the ratio of
1,3,7=trinitro- to 3,7-dinitrodibenzothiophene-5,5-dioxide was
greater. Hence, by <conpari§on éf H.P.L.C: retention times,
1,3,7-trinitro~- can be assigned to the peak with retention time
4,3-4.4 minutes, and 3,7-dinitro- to the pcak with retention time
4,7-4.8 minutes.

(ii) Nitration 2 of 3,7-Dinitrodibenzothiophene-5,5-dioxide

A similar method to nitration 1 was used, except that the
reaction mixture was refluxed -for 7 hours instead of 4.
The crude product from this reaction was a pale yellow solid.
Crude weight. = 0.3937g
Yield (if ‘tetranitro) = 61%
Melting point = 240-258°C (charring above 220°C)

H.P.L.C. results :-

PEAK|RETN. TIME (MINS)| AREA (%)
1 2.0 1 oes |
2 4.05 7.0

| 3 | .4.36> 48.5
0| 1.72 43.9

H N MLR.
The 'H N.M.R. spectrum was almost identical to that of nitration
1. The crude product is ‘therefore a mixturée of 1,3,7-trinitro-

(fetn. time 4.36 mins) and unreacted 3,7-dinitrodibenzothiophene-

5,5-dioxide (retn. time 4.72 mins).
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(iii) Nitration 3 of 3.7-Dinitrodibengzothiophene-§,5-dioxide

To -a cold sqlution of 3,7-dinitrodibenzothiophene-5,5-dioxide

e (1g;0:03mole) in: conc. .sulphuric acid (5cu?), nitric acid'(3cn35 was
added dropwise with. shaking. The reaction mixture was heated on a

stean bath for 2 hours, cooled, and poured onto ice water. The white

} precipitate formed wag filtered, washed with Qater. and dried.

The crude product from this reaction was a pale yeilow solid.

Crude weight = 0.7667¢g

|

!

;

} Yield (if tetranitro) = 59%

; g Melting point = 230-240°C (charting above 225°C)

! H.P.L.C. résults :=

| PEAK|RETN. TIME (MINS)|. AREA (X)

f 1 1.82 1,9

| 2 4.00 C33

H R

; 3 4,22 43.2

| | M {

; 4 4.53 51.6. . :
'H N.MLR.

The 'H N.M.R. spectrum was almost ‘identical to that -of nitration
(R 1. The -crude produc£ iz therefore a mixture of 1,3,7-trinitro-

(retn. time 4.22 mins) and: unreacted 3,7-dinitrodibenzothiophene-

W

5,5-dioxide (retn. time 4.53 mins).

{iv) Hitration 4 of 3.7:Pinitrodibenzothjopherie=5.5-dioxide

R - * A similar method to nitration 3 was used except -that triflic 3 - :
;a . . acxd“replchg.chc. sulphuric acid, and the reaction mixture was g

Eﬁ heated. for 5 hours on a steas bath instead of 2. Ei& -

'%‘ -- The crudé product from this reaction was a pale yellow solid. %

<:T . ) - Z’Y B :
= Crude weight = 0.8590g %_0‘ ;
3 T Yield (if tetranitro) = 66% -
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Melting point = 238-340°C (charring above 230°C)

“opo LoCo l‘eéultgs -

g - |PEAK|RETN. TIME (MINS)| AREA (%)
z 1| 1.82 0.6

2 3.97 1.7

3 4.20 28.6

Ly : 1,52 . 69.1

"t N.M.R.

The 'H N.M.R. speqtgum was almost identical to that of nitration
1. The crude product is therefore a mixture of 1,3,7-trinitro-
(retn. time 4.20 .mins) and unreacted 3,7-dinitradibenzothiophene-
5,5-dioxide (retn. time 4.52 mins).

{v) Nitration 5§ of 3,7-Dinitrodibenzothiophene-5,5-dioxide

A similar method to. nitration 1 was used .except that the
reaction mixture was heated at 90°C on a steam bath for 6 hours.
The -crude product from this reaction was a pale yellow solid.
Crude weight = 0.8240g v

Yield (if tetranitro) = 63%

A< ialc)
Y

ﬁfa‘ Melting point = 230124000 (charring above 21000)
H:P.L.C. resuits - 7 ‘
 |eeax|rETN. TINE (M1NS) | AREA (%)
1 1.91 1.7
. 2 3.97 7.5
3 4,29 46.0
’ i 4.65 1.

THN.0.R.

The 'H.N.M.R.. spectrum

was almost identical to that of nitration
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1. The ciude product is therefore a mixture of 1,3,7-trinitro-

(retn. time 4.29 wins) and unreacted 3,7-dinitrodibenzothiophene- : : .

) 5,5~dioxide (retn. time 4.65 mins). ‘ :

(vi) Nitration 6 of 3,7-Dinitrodibenzothiophene-5,5-dioxide

A similar method to nitration 5 was used except that

after 6 hours othéating,on a steam ‘bath the reaction mixture was
left standing at room temperature overnight, then heated for a ' }
second 6 hours, then ‘left standing over the weckend before being }

heated for a final 6 hours.

The. crude product from this reaction was a pale yellow solid.

o~
——

Crude weight = 0.7768g
Yield (if: tetranitro) = 60% I
Melting point = 255-260°C (charring above 24000)
H.P.L.C. results. :- . _ 4
PEAK|RETN. TIME (MINS)| AREA (%) |
1 1.90 | 1.8 .

2 4,01 9.5
'_ . 3. 4.33 1 53.0
X |4 .74 o272 :

6.19 : 8.5

-
[+,]

‘ ‘ 1" ‘N!MORU

B2

k3

s 1 U 4 ¢ 3 f
- - The n N.M.R. spectrum was almost identical to that -of nitration

£ v
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1. The -crude product is .thefefdre a mixture of 1,3,7-trinitro-
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S “ - ifietn. time 4.33 mins) and unreacted 3,7-dinitrodibenzothiophene-

5,5~dioxide (retn. éipe 4.74 mins). .

. A similar method. to nitration 6 was used except that triflic
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: acid was used iinstead of conc. sulphuric acid.
ﬁ The érude product from this reaction was a palé yellow solid. '
: Crude veight = 0.6920g _ S
Yield (if tetramitro) = 53% 3 |
Melting point = 235—310°Q (charring above 230°C)
j H.P.L:C. results := N ; ‘
;, PEAK|RETN. jrima (MINS) AREA (x)
1 1.90. 1.9
2 4.00 6.3 :
e 3 |- 4.33 37.2 ¢
4 1.72 - 50.3 | j
| 5 | . 612 3.8 ‘
I
: W N.MLR.. .
The 1H N.M.R. spectrum -was almost identical to that of -nitration )
1. The crude .pproduct is therefore & mixture of 1,3,7-trinitro- ) - (
(retn. time 4.33 airs) and unreacted 3,7-dinitrodibenzothiophene-
S 5,5-dioxide (retn. time 4.72 i;iiQS).» .
S - dviii) Nitration 8 of 3:7-Dinitrodibenzothiophene-5,5-dioxide .
1 Crude 3,"7'~diﬁit_rodi ber_lzdtbiopheue-?) 5-dioxide (10g;0.03molée)
was added slowly with s,ti_rr-i!\g to a mixture of fuming nitric acid.
; (15(’:-?). il; conc. sulphiric :gcid h(*30<;|§?1) in a three necked round )
& ] ) * bott,oigd' flask equipped with thermometer and reflux :condenser. The ”
E . § . nixture was refluxed.at ’11,0‘-11’5% for 4 'houi'é. After about I .hour '* .
g. é ; ” the. solid be;ah to pre’cipift&t.e out, so a further solution of fuming % S » ;
é ; ﬁitric aélﬁid- :(lﬁcla) in conc, guLp’hi‘mig’: acid. 1(30(2.?) was added. This g% - , ;
g . ‘happened: again vafvter; q@ut 3‘;‘}‘hoﬁr.s and again the same acid ‘mixture 5; . ' j
?‘!ﬂ vas added. H_onﬁe:;(, ghii time thé precipitate would ng;t redissolve. g .
) ‘ : -
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After 4. hours of refluxing the mixture was cooled, poured onto ice
water, and the precipitate. formed was filtered, washéd with water
s and-: dried. Recrystallisation was tried using wmethanol, acetone, ; )

ethyl acétate, carbontetrachloride, and toluene. Toluene -was found.
‘to be the most suitable.

‘The crude product from this reaction wq§ a pale yellow sglid.
Crude weight = 7.5900g
Yield (if tetranitro) = 59% -
Yield (if trinitro) = 72%.

0 Mélting point = 280-285°C

H.P;L.C. results for the crude: product :- ; ({a
PEAK|RETN. TIME (MINS)| AREA (%)
1| 198 LT
2 4.01 19.6
k3 4.33 - 76.9
4 6.90 1.2
After recrystallisation from toluenéi(sd‘cng/g, reduced to 20 cu?/g
: {f;. to<obtaiﬁ~§:§fecipitéte)ztherg.was-a ‘soluble fra¢tion,‘an insoluble 7 » a
) fraction, and aAresidqe‘feéoyeredhfrdh:thg toluene filtrate. All
~ ‘three fraclions were gﬁ&lYégd“Q&aH.P.L;C‘ and 'H N:M.R.. . (L
} Sq}ubjé*ffhcti@ﬁ 3 o sInsolublé fraction :- :
: Weight = .2.7324g Weight = 2.2770g
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C. results

;. Fawluple Frction

< evr L

‘PEAK

gk (1)

&

§‘2:

1

‘\ 3

1.93
4,33

1 PEAK PFTN. TIME (mus)

N 6018 . v

0.7
94.3

AREA (%) |

v

‘ s

8.0

1.91

RETN. TIME (MINS)

__:6.10 _

"1’; 1
36.7

L 12.2

Residue = 1.2144¢g .

H.P.L.

The peéak at

C. resilts

PEAK:

RETN. TIME (MINS)|

1.96

2.53

4.26
5.57

9.61

2.0
0.3
975
0:1

0.1

AREA~(X}

retention time approx.

4.3 - mins.corresponds

to

’Meltxng Ppoint (purlty 94%). =

-8 (1H, doublet “of déublét§3 J

1‘3“7-tninitrodibehzothiophenéés 5-dioxide.
282~ 290 C.

WNMR, -

- . The H N.M.R.. spectrul of relatxvely ‘pure 1 3, 7-tr1n1trod1benzoth1~

ophene-s 5-d10x1de has peaks at 8.10: 5 (1“, doublet, J = 98:). .87
= ?Hz and J = 9Hz), 9.07 8 (1M,

"

doublet;» . = 2Hz), 9. 16 8 (15, doublet, J

doublet, J —'ZHz).

" 2Mz), 9,35 8 (1M,
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4. RESULTS AND DISCUSSION

.Literature syntheses- -of .the wononitrocarbazoles gave poor
yields. These compounds were difficult to purify and consequently
‘had complex 'H N.M.R. spectra that were difticult to interpret. The
dinitrocarbazoles were produced in better yiélds and their 1" N.M.R.
spectra were casy to interpret. TNC was synthesised and purified in
‘a2 number of ways ‘to try to find the best method. A summary of these
syntheses is given in the table ovefleaf.

It can be seen from the table that a: high degree of purity of
1,3,6,8eTNC has been achieved. However, it seems that there is a
balance: between purity and yield. High purity must be achieved for
the material to be compatible for pyrotechnic use, but high yields

must also be achieved tfor large scale synthesis to be viable.
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§'
) ROUTE TO |CRUDE |  pURiFICATION | OVERALL| aPPROX.| Mpt.(°C)
1,3,6,8-TNC|YIELD"|  TECHNIQUE YIELD | PURITY | EXPECTED
' - | | (x| (®) | 296-298
REF.18 | 63 | - - — | 250-276 |
REF.13 79 | 90% Aq. ACETONE | 13 | 99.8 | 295-300
! WASH. RECRYST.
| FROM TOLUENE
| THO STEP "
B NITRATION: | r
¢ 1) SMALL | 69 4) WASHED IN 32 | 99.0 | 294-298
SCALE |, BOILING WATER.
RECRYST. "FROM
TOLUENE.
! " b) SOXHLET
: EXTRACTION
|  FROM TOLUERE. |
' 2) LARGE |[1)80 | TWO REPEATED 59 97.0 | 295-300
SCALE |ii)89 | RECRYsTs: oF | 59 | 97:.0 | 200-205
£ 5 : | CRUDE TNC EACH
USING 2 LITRES
___OF TOLUENE. _ .
, o
-
i
Ve 3‘“::“"" TN B e s ¢ e s 5 e




4.1.1 Comparative T.L.C.
All compounds of carbazole that had been made were spotted
. on one T.L.C. plate together, and eluted in hexane/ethyl acetate

(50:50). to see how they would compare.

1SAMPLE No.| NAME/ORIG _ ' Rf VALUES

Jco Carbhzéle 0.67;0.58;0.46

JC 1 . 3-Nitro- 0,65;0.51;0.36

Jc 2 3,6-DNC 0.25

Jc 3 1,6=DNC _ 0.63

L JIc 4 1,6 + 3,6- 0.63;0.26

JC 6 1-Nitro- 0.59;0.45;0.00

Jc 6 1,3,6,8-TNC (4.4.2) [ 0.66;0.60;0.56

JC 8 DNC + Acids (4.6.1) 0.63;0.26

JC 9 barbazole+Acids(4.6.l) 0.70;0.64;0.60;0.50;0.29;0.22
ﬁC 10 |CarbazoletAcids+A(4.6.1)| 0.61;0.50;0.30;0.00

JC 11 Carbazole+Acids(ﬁ.6.Z) 0.63;0.49;0.41;0.30;0.00

A rough indication of the components of the crude compounds can

{; be drawn from the table .above.




4,2 Dibenzothiophene

The literature syntheses of mono- and dinitrodibenzothiophenes

gave- lower yields than reported. The products were difficult to

‘ purify due to insolubility; and a large percentage of the yield was ‘
lost on purification. Impurity and insolubility caused problems in
obtaining a clear ‘H N.M.R. spectrum, espeéially for 2-nitro- and
2;8-dinitrodibenzothiophene. However, the ' N.M.R. spectrum of
:dibenzothiophene itself 4s slightly complex and not quite what is
expected.

(:: The fact that dibenzothiophene-5-oxide was the major product in
the synthesis of 2-nitrodibenzothiophene gives an indication of how
easily dibenzothiophene is oxidised. Ease of oxidation is one reason
why the nitration of dibenzothiophene and 2,8-dinitrodibenzo-

thiophene produced mixtures of products.

4.3 Dibenzothiophene-5-oxide
I Literature syntheses of mono- and . dinitro- compounds vwere
cleaner than those of dibenzothiophéne, but purification still gave
;o problems due to insolubility. Impurities in these products are
Likely to comé from oxidation to thé dioxide.The 'M N.M.R. spectra

were clear and-easily interpreted.

4.4 Dibenzothiophené-5,5-dioxide
Literature syntheses of the mono- dnd dinitro~ compounds were

cleaner than both :of the previous groups; but again purification was ﬁ

a. problém. Unlike -carbazele, ‘this: cowpound is difficiit to
tetra-nitrate but can ‘be tri-niteated. ‘ﬂ MR, -spectra -of these

cqupunQSrwgré’clégé:;@dvégggiy'iutgrpceﬁcd,
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5. CONCLUSIONS

§.1 Carbazole
-« Nitrocarbazole samples synthesised include 3- and
1-nitrocarbazoles, 3,6~ and 1,6-dinitrocarbazoles, and

1,3,6,8-tetranitrocarbazole. The 3- and l-nitrocarbazoles have not
been fully characterised due to the complexity of their 1l*l N.M.R,
spectra.

1,3,6,8-TNC has been synthesised and purified in a variety of
ways. At present 100g of 1,3,6,8-TNC, purity approximately 97X, has

been sent for testing , as it is not yet certain whether it is the

amount of impurity or the type of impurities that cause erratic

behaviour of pyrotechnic compositions. Paul and Honeyn have also
produced pure 1,3,6,8-TNC , suitable for pyrotechnic use, with

yields of 40-50%. However, their purification procedures involve a

methanol wash and a sulphite wash before toluene recrystallisation.
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$.2 Dibenzothiophene

Nitrodibenzothiophene samples synthesised include 2-nitro-,
2,8-dinitro-, 3-nitro-,and 3,7-dinitrodibenzothiophene. The products
from nitration of dibenzothiophene with forcing conditions, and from
the various nitrations of 2,8-dinitrodibenzothiophene have nct been
identified at this stage. 1ll N.M.R. spectr; of crude products are
often complex. Theé major components must be separated from the
mixtures. This can be achieved by preparative H.P.L.C., if use of a

column becomes available, or by flash column chromatography.

5.3 Dibenzothiophene-5-oxide

Nitrodibenzothiophene-5-oxide samples synthesised include
3-nitro-, and 3,7-dinitrodibenzothiophene-5-oxide. Nitration of
3,7-dinitrodibenzothiophene-5-oxide  will not take place if
conditions are not strongly nitrating (as seen in nitration 1), but
if conditions are too powerfully oxidising the result is a mixture
of 3,7-dinitro~ and 1,3,7-trinitrodibenzothiophene-5,5~dioxide.
Conditions will have to be carefully controlled if nitration is to
be achieved without oxidation.
5.4 Dibenzothiophene-5,5-dioxide

Nitrodibenzgthi&phehgf5,5-diqxide samples synthesised include
3-nitro-, 3,7-dinitro-, and 2-nitrodibenzothiophene-5,5-dioxide.
Oxidatign of 2,B-diﬁitrodibeniothiqphene was not attempted as
brqvious ~atteiptsz1 have failced. The nitration of
dibenzothiophene-5,5-dioxide with forcing conditions, and the
various nitratipns of 3,7-dinitrodibénzothiophene-5,5-dioxide have
all produced: mixtures of 1,3,7~trinitro-, and the unrecacted

3,7-dinitro-=. These reactions are summarised in the table overleaf.
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__REaction | cowoitions . |3,7-piNiTRO-|1,3,7-TRINITRO-|
Mity. of dibenz-|90°C/2Hrs./in 1,50, 66% 33% '
«'-S,B-dloxide
:r&;jﬁ Miror JReflux/4Hrs/in H,S0, 19 48%
g:S-d!oxlde) ; A
Jrre.z Reflux/?ﬂrs/zn H,S0, 14% 9%
Nit.3 ., S.Bath/2Urs/in "-ZSO4 52% 43%
Wit §.Bath/SHrs/CF_SO0H 69% 29%
NiL.S ,, 90°C/6Hrs/11,50, aax. L 46%
wic.s 90%/6Hrs * 3 Days/ Y | 53%
9 H SQ
) _ 2%V N I
Nit.7 .9000/6Hrs * 3 Days/ 50% 1 37%
CF3803H g o L
Nit.8 1110%ysHirs/ 1,50, 0% : 7%

It can be seen from the table that nitration is ii:fluenced by
temperature and, to a lesser extent, by time. As expected, higher
temperatures and longer times both appear to increase the extent of
reaction, The table also shows that reactions done in sulphuric acid
have nitrated furthér than those done in tritlic acid. This is au
unexpected result as triflic acid is the stronger, less oxidative of
the two acids. This behaviour could be due to the fact that triflic
acid is very hygroscopic; in addition it was used in almost a 1:I
ratio with nitric dcid' and this could have reduced %tQ»;éiditys;iﬁ
future reactions with triflic acid it must be used;in large .excess,

or with potassium/sodium nitrite rather than HNO3. Synthesis. -of

‘1,3,1,94tetrahitrodibeqzothiophene-ﬁ,S-dioxideAuilt piobggly'oﬁlﬁ{bg;

achieved by nitration of i,3.7—trfpi;rodibenzothiophéne45;3= dié&iﬂé

under- reflux in Wixed fuming nitric and conc. sulphuric acids..
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