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ABSTRACT

The data obtained mainly by pulsed MMR spectroscopy on
phosphorus nuclei on the mechanism of the internucleotide
phosphodiester (PDE)group formation are summarised. Y/ith aryl-
sulphonyl chloride as condensing reagent monomeric nucleotide
derivative B (nucleoside metaphosphate or its pyridinium
adduct) is the highly reactive intermediate. In the presence
of PDE groups in nucleoside or nucleotide component the signi-
ficantly less reactive derivatives with trisubstituted pyro-
phosphoryl residues are formed both v/ith arylsulphonyl chlori-
de and dicyclohexylcarbodiimide (DCC). The reactive B form
of nucleotide component may be obtained using greater excess
of arylsulphonyl chloride with simultaneous convertion of
PDE groups to tetrasubstituted pyrophosphates amenable to
side reactions. The convertion of PDB groups to easily hydro-
lysable dicyclohexylurea derivatives by reaction with DCC is
proposed to reversible blocking of PDE groups of nucleoside
component. £he B type derivatives of mononucleotides or oligo-
nucleotides with blocked PDE groups seems to be the best nuc-
leotide components.

INTRODUCTION

At present there exists a number of approaches to the che-

mical synthesis of nucleic acids. The method proposed by Kho-

rana based on the use of the condensing reagents - dicyclo-

hexylcarbodiimide (DCC) and arylsulphonyl chlorides (ArSOpCl)

is the most widely employed. However there exist some disad-

vantages of this approach, first of all the formation of the

side products including colored substances and some extent of

degradation of internucleotide bonds at some stages. The

yields are sufficiently high only for rather short oligonucleo-

tide8. Therefore, an intensive search of new approaches to

oligonucleotide synthesis is continued. It was proposed to

use arylsulphonyl imidasolides £fl and arylsulphonyl 1,2.4-
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triazolides [2j as condensing reagents. These derivatives do
not lead to colored substances and give only small amounts of
side products. Some other approaches to the formation of inter-
nucleotide bonds were proposed;a method involving oxidation-
reduction condensation starting with triphenylphosphine and
2,2'-dipyridyldisulfide [3,4]; a method involving the activa-
tion of the hydroxy group of the nucleoside component with
potassium butylate [5-8]; a method based on the use of oxyphos-
phoranes capable to react selectively at first with primary
hydroxy group of one component and then with secondary hydroxy
group of another component [9-11] , The methods mentioned are
very promising and in the future they will probably find wide
applications.

However there is no reason to believe that the classical
method based upon condensation which resulted in the first
complBte synthesis of a gene (j2-13] has exhausted i t s possi-
b i l i t i e s . Until recently this method was not investigated to
the necessary extent, the nature of active phosphorylating
intermediates remained unknown , there was no information
about the accompanying side process and, therefore, the reason
of the decrease of yields with growing chain length was un-
clear. During the last few years a systematic investigation
of the reactions leading to internucleotide bond formation in
Khorana's approach was carried out in Novosibirsk in the Insti-
tute of Organic Chemistry uaing pulsed ^ P NMR spectroscopy.

The present paper summarizes the data now available regar-
ding the structure and the reactivity of active phosphoryla-
ting intermediates derived from the nucleotide component by
the action of condensing reagents and the side processes ac-
companying phosphodie8ter bond formation. The data obtained
are used for the analysis of synthetic schemes, that i s for
the choice of the optimal approach to the oligonucleotide
synthesis through the use of DCC and ArSO-Cl.

1. The reactive derivatives of the nucleotide component

In the course of the previous investigations using pulsed
3">p UMH spectroscopy i t was shown [14-I6J that the steps
preceeding the formation of the reactive phosphorylating deri-
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vative of mononucleotide proceed in accordance with the sche-

me proposed by Weimann and Eliorana ft7] » namely via consecu-

tive transformation of mononucleotide to substituted pyrophos-

phate and the subsequent transformation of pyrophosphate to

trisubetituted triphosphate. Both processes are the reactions

of the second order with the rate constants at 5° respectively

1.1 x 10~2 and 0.7 x 10"2 1/moles [18] . Trisubstituted tri-

phosphate reacts with TPS with rate constant 0.1 x 10~2l/moles

converting to the final product - the reactive phosphorylating

derivative with the chemical shift in •* P NMR spectrum <T=5.1ppm

containing one P atom (compound B). This derivative does not

contain arylsulphonyl residue for it may be produced using

cross-linked polystyrene sulphonyl chloride and may be sepa-

rated from the polymer (i9) • Therefore, from all structures

discussed in the literature J17»2O-23J only two are in agree-

ment with experimental data namely nucleoaide metaphosphate

(20] and its pyridinium derivative (21]

0 OR

(B)

Pig. 1 represents the spectra of the derivatives obtained

with pdT-Ac, mMTr-dTp and p-nitro phenylphosphate (pPhNOg)

obtained without heteronuclear spin-spin decoupling •* P- 4 Hi-

lt is seen that P interacts with two protons of 5'-CH2-

group of deoxyribose in the case of pdT-Ac, with one proton

of 3'-CH-group in the case of mMTr-dTp. The signal is unsplit

in the case of pPhNO.. That means that no spin-spin interac-

tion is seen expected for P-N=C-H system of the pyridinium

derivative of metaphosphate analogous to the isoelectronic

P-C=C-H system with Jp_c_Q_H 10 Hz [24]. According to this

result the metaphosphate structure seems to be more probable

for compound B. Some data indicating the existence of free

metaphosphate in gas phase and in solution appeared in the

last years [25-28]. In the same time the existence of such

a powerful electrophilic particle in the presence of pyridine

seems dubious. In any case pyridine plays an important role

in the appearance of the reactive derivative of mononucleoti-
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8
83-

V

10 ppm

^ P HMR spectra oft the final pro-
ducts of interaction of 0.15 M
pdT-Ac(B),O.15M mMTr-dlptBo') I
and 0.15 M p-nitrophenylphosphate
(B^ with 0.45 M TPS in pyridine
recorded without heteronucle;

"51 11spin-spin decoupling -"p J T

de for this compound may be formed in other solvents in the

presence of not less than 30% of pyridine. Therefore, one

may suggest that the absence of spin-spin splitting of ^1P

signal at H atom in P-N=C-H system may be due to high frequ-

ency of the exchange of pyridine molecules in the pyridinium

derivative exceeding significantly 10 Hz.

Thus the data obtained don't permit to discriminate bet-

ween metaphosphate and pyridinium derivative structures and

this derivative will be called further simply compound B and

designated as Py.OgPOR (metaphosphate stabilized in some

up-to-now unknown way by pyridine).

Compound B is a strong electrophlle easily reacting with

the excess of amines, phosphomonoesters and water forming

quantitatively nucleosidephosphoamidates, dlsubstituted

pyrophoaphates and starting mononucleotide correspondingly.

Compound B reacts with hydroxy group of a nucleoside com-

ponent forming dinucleosidephosphate. However phosphodiester

group appeared being rather strong nucleophile reacts imme-

diately with the next B molecule and the final product of

the reaction is trisubstituted pyrophosphate (C)

Compound C is rather poor phosphorylating reagent and

reacts with hydroxy groups of nucleoside component slowly
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0
Tr-dT-OH + Py.OgP-O-dT-Ac > Tr-dT-O-P-O-dT-Ac

O~
(B)

II
Tr-dT-O-P-O-dT-Ac

0
""O-P-O-dT-Ac

II
0

(C)

and unquantitatively. The reactions of this compound with
nucleophiles proceed at ionised phosphoryl group thus elimi-
nating the anion of stronger acid |~29»3Q]. The excess of
ArSO-Cl converts slowly the compound C to more reactive com-
pound B with simultaneous formation of tetrasubstituted pyro-
phosphate [3i]

0 0
2 Tr-dT-O-P-O-dT-Ac > 2 Py.OgP-O-dT-Ac + Tr-dT-O-p'-O-dT-Ac

0 0
"0-P-O-dT-Ac Tr-dT-O-P-O-dT-Ac

II il

0 0
(C) (B) (D)

Tetrasubstituted pyrophosphates are known to be reactive
phosphorylating derivatives. When treated with amine, alcohol
or water they form phosphodiesteramide + phosphodiester, phos-
photriester + phosphodiester or twt molecules of phosphodies-
ter correspondingly, for example

Tr-dT-O-P-O-dT-Ac + ( >-HHo—*" Tr-dT-O-P-O-dT-Ac +

? rvl
Tr-dT-O-P-O-dT-Ac ^—^ " 0

n it

0 + Tr-dT-O-P-O-dT-Ac

(D) °"
With DCC as condensing reagent the early steps of conver-

sion of mononucleotide don't differ from those with ArSO.Cl,
that is mononucleotide is consecutively converted to substi-
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tuted pyrophosphate, trlphosphate and tetraphosphate. Compo-
und B i s formed in small amounts. N-(P1,P2-bianuoleoside)-
pyrophosphoryl-dicyclohexylurea i s accumulated in some amounts
[32].

it it
R-O-P-O-P-O-R

"0 H-CO-HH
C6H11 dl-Ac

The f ina l react ion mixture c o n s i s t s from nearly equal
amounts of a l l afore-mentioned compounds exept pyroph.osph.ate
and s tar t ing mononucleotide ( F i g . 2 ) . No s igna l s with & =
20-25 ppm expected for cyc l io tr inuc leos ide trimetaphosphate

are encountered i n P UMR spectrum. Therefore, no ind ica -
t i o n s were found on the formation of t h i s der ivat ive sugges-
ted to be ac t ive phosphorylating intermediate in o l igonuc leo-
t i d e synthes i s by Weimann and Khorana (jfj .

24 time.hrn

Figure 2. Kinetics ourves of the interaction of 0.15MpdT-Ac

2*with 1.5M DCC. o -pdT-Acj a -pyrophosphateO-(p<H!-Ac)
A - trinucleoside triphosphate; • - tetranucleoside tetra-
phOBphatej © - DCU - derivative of pyrophosphate (I); A- com-
pound B (Py.09F0-dT-Ac); • - unindentified signal.
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Fig.3 represents the kinetic curves of the reaction of

mononucleotide with nucleoside In the presence of DCC. It is

seen that the early steps of conversion are the same as in

the absence of nucleoside. However rapid conversion of poly-

phosphates is observed and in 20 m-tw the major compound of

the reaction mixture is trisubstituted pyrophosphate C.

The data obtained don't permit to suggest any reasonable

reaction scheme of the formation of I and C. The process is

complicated and probably proceeds via several routes. Tri-

substituted pyrophosphate is the final product with the

excess of mononucleotide. With the excess of nucleoside (as

is the case in fig.3) compound C is an intermediate. The main

final product is dicyclohexylurea (DCU) derivative of dinuc-

leoside phosphate II £32]

When dinucleotides (or longer oligonucleotides) are used

as phosphorylating component phosphomonoester and phospho-

diester groups both are present in the same molecule. There-

20.

50 70 tlme.hrs.

Kinetics curves of the interaction of 0.15MpdT-Ac, 0.3MTr-dT
with 1.5M DCC. a - pyrophosphate0-(pdT-Ac)2; A - t r i -
nucleoside triphosphate; © - DCU - derivative of pyrophos-
phate ( I ) .
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0
tl

Tr-dT-0-P-O-dT-Ac

II
fore a complicated mixture of dlnucleotide derivatives is
formed by treatment of dinucleotide with condensing reagents
[33-35] .

With a moderate excess of TPS or DCC cyclic pyrophospha-
tes III and IV are formed as the main components with the
signals in ^1P HMR spectrum in the range 11-13 ppm typical
of the structure of the C type (IV) and in the range 14~17ppm
typical of cyclic pyrophosphate ( i l l ) 0!JJ

0 0 0 0
_ » |i _ <i ii

0-P-O-dT-O-P-O-dT-Ac 0-P-O-dT-O-P-O-dT-Ac

\ / 6 6
Ac-dT-0-P-O-dT-O-P-O

(III) 0 0
(IV)

(T means thymidine residue with 3'-hydroxy group to the right
and 5'-hydroxy group to the l e f t ) .

With greater excess (5-7 eqv.) of triisopropylbenzene
sulphonyl chloride (TPS) the signal with <5"= 5«1 ppm appears
in the ^1P HMR spectrum of the reaction mixture of TPS with
pTpT-Ac typical ofl the compound of the B type; simultaneously
appears the signal with & » 14 ppm typical of tetraaubsti-
tuted phosphate. That means that the reaction takes place
similar to the described above conversion of C to the mixture
of B and D with the excess of ArSOgCl. The product of the
reaction most probably has the structure V

0
Py. 02P0-dT-0-P-0-dT-Ac

0
Py .OgPO-dT-O-P-O-dT-Ac

0
(V)
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In the same time it was shown £36] that transformations of

dinucleotide with internucleotide phosphate esterified with

£ -cyanoethyl alcohol proceed similar to those of mononueleo-

tide compound VI being the final product

PPy.02P-0-dT-0-P-0-dT-Ac

6
(VI)

31,The *"P NMR spectrum of the final reaction mixture (fig.4)

is represented mainly by the singlet of esterified internuc-

leotide phosphate and the singlet with Q = 5 ppm typical of

the B form derivative of phosphomonoester.

- s o s 10

Figure 4

P HMR spectrum of the final product of interaction of
0.1MpdTp(CE)dT-Ac with 0.4M IPS,24 hours.

ppm

II. Side reactions of nucleotide and nucleoside components

The data obtained in the course of investigation of the

internucleotide bond formation revealed a number of by-proces-

ses accompanying oligonuoleotide synthesis* The main complica-

tions occur due to the presence in nucleotide and nucleoside
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component of internucleotide phosphate groups with nucleophi-
11 city exceeding that of hydroxy group to be phosphorylated*
Therefore all reactive forms of mono- and dinucleotide react
more readily with internucleotlde phosphate than with hydroxy
group C29»33,37]-

The addition of compound B to Tr-dTpdT-Ac results in the
instant formation of trisubstituted pyrophosphate C. The reac-
tion of B with hydroxy group of Tr-dT proceeds significantly
slower (29,34] . Therefore it is reasonable to expect that
with longer nucleoside components containing phosphodiester
groups the active phosphorylating intermediate should be
consumed in the first line by the reaction with these groups
thus being converted to significantly less reactive trisubsti-
tuted pyrophosphates. This reaction does not lead to any by-
products for compounds of the C type either react slowly with
hydroxy group of the nucleoside component forming desirable
new interaucleotide linkage or are hydrolyzed by water in the
course of the subsequent treatment of the reaction mixture
to starting nucleoside and nucleotide components. But the
reaction rate is significantly lowered or otherwise one has
to use a great excess of the phosphorylating intermediate
taking into account its reaction with all preexisting and
newly formed phosphodiester groups*

With the excess of ArSO_Cl as it was already mentioned
the B form of phosphorylating component is regenerated and
interaucleotide bond formation continues. But simultaneously
tetrasubstituted pyrophosphates D are formed. The latter
being reactive phosphorylating reagents (]21,3i] may form
phosphotrieaters with hydroxy groups of the nucleoside compo-
nent. B.g. in the excess of NCCgH.OH and p-NOg-CgH^OH added
to tetrasubstituted pyrophosphate the formation of 25-50% of
the corresponding triestera takes place. These products are
rather dangerous in the oligonucleotide synthesis for they
nay lead to the breakage of the oligonucleotide chains in the
course of subsequent treatments.

Trisubstituted pyrophoaphatea are formed easily in the
case of the activation of phosphomonoeaters with DCC. Fig*5
represents the kinetic curves of the reaction of Tr-dTpdf-Ac
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77

70-

22 hrs.

Pl^xire 5
The Icinetic curves of the interaction of 0.1M Tr-dTpdT-Ac
with O.IMpdT-Ac, 1.5M DCC in pyridine.

with pdT-Ac and DCC. In this case there is no hydroxy group
to be phosphorylated and the main product is the compound C.
The reaction rate exceeds significantly that in the reaction
mixture of Tr-dT + pdT-Ae + DCC with reaction of hydroxy group
being rate determining step (of fig.3). Therefore, one may
conclude that with DCC as well as with ArSOgCl the reactive

derivative is consumed in the first line by internucleotide
phosphodiester groups.

It was found that phosphodiester group may react also
with DCC forming dicyclohexylurea derivatives (DCU - deriva-
tives)

0
II

Tr-dT-O-P-O-dT-OR
II

VII

COCH,

R = H

These compounds have ^1

signals with <T= -4.8 and
NMR spectrum with two singlet
cT=» -5.1 ppm typical for

2719

 at Pennsylvania State U
niversity on Septem

ber 15, 2016
http://nar.oxfordjournals.org/

D
ow

nloaded from
 

http://nar.oxfordjournals.org/


Nucleic Acids Research

phosphoric acid derivatives with P-N bond [32,38,3?] existing
as two diastereoisomers [40,4i] ( f ig .6) .

I I

-10 -5 ppm

Figure 6

P NMR spectrum of the compound I I , obtained by i n t e r a c t i o n
of 0.1M Tr-dTpdT-Ac with 1M DCC.

too

so-

to

20

50 time,hrs

Figure 7
The kinetic curves of the hydrolysis of the compound II
(O.IM) with water (IOM) in pyridine.
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It was shown that DCU-derivative II i s stable in the presence
of TPS (condensing reagent), triisopropylbenzenesulphonic
acid (by-product of the reaction), compound B (electrophilic
reagent), aliphatic amines (nucleophilic reagents), that i s
DCU-derivatives are quite stable in the conditions of oligo-
nucleotide synthesis. The addition of water to the pyridine
solution of II results in a quantitative formation of
Tr-dTpdT-Ac (fig.7).

0 0
(I tl

Tr-dT-0-P-O-dT-O-P-O-dT-Ac
1 i

7
CO

CO
i

VIII

Similar compounds are formed with longer oligonucleotides

e.g. with Tr-dTpdTpdT-Ac. Rather complicated signal at <T«j

-5 ppm is seen in the ''P OTR spectrum of the reaction mixtu-

re of Tr-dTpdTpdT-Ac (fig.8) which may be ascribed to P-atoms

of compound VIII existing as a mixture of four diastereoiso-

mers.

Similar reaction may proceed with other carbodiimides.

A.S.Levina demonstrated the formation of similar compounds

in the reaction of Tr-dTpdT-Ac with N-cyclohexyl-N-jb-ethyl-

Pigure 8

P NMR spectrum of the
reaction mixture of 0.05M
Tr-dTpdTpdT-Ac and IM DCC,
in pyridine.

ppm
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morpholyl-carbodiimide, probably the mixture of IXa and IXb
0 0

Tr-dT-O-P-O-dT-Ac Tr-dT-0-P-O-dT-Ac
H-C fiH,, H-CO-NH-C fiH.,

oil / v | o n
0 N-

(Ha) (IXb)

Therefore we may summarize the following side processes

with participation of phosphodiester groups of nucleoside

component:

1) The formation of trisubstituted pyrophosphates (C);

2) The conversion of the C type compounds to tetrasubsti-

tuted phosphates (D) in the presence of the excess of ArS02Cl

that is with arylsulphonyl chlorides used as condensing rea-

gents;

3) The formation of the DCU-derivatives (II, VII, VIII)

with DCC used as condensing reagent*

The existence of phosphodi ester groups in nucleotide com-

ponent as it was shown in the first part of the report results

int

1) The formation of intra- and intermolecular cyclic pyro-

phosphates (111,1V) poorly reactive in the oligonucleotide

synthesis with moderate excess of condensing reagent;

2) Unescapable formation of the D type fragments simulta-

neously with the reactive B form of phosphomonoester group

with ArSOgCl taken in sufficient exaess.

III. Synthetic consequences

As it was already mentioned the reactive phosphorylatlng

derivative B being attached to phosphodiester residues become

significantly less reactive in the internucleotide linkage

formation. Therefore when longer oligonucleotides are to be

synthesized one has to use significant excess of phosphoryla-

tlng component. With nucleoside component with n phosphodies-

ter groups one has to use not less than (n + 2)-fold excess

of the activated nucleotide component to take into account

the reaction with n phosphodieater groups of nucleoside com-
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ponent, one newly formed group and hydroxy group to be phos-

phorylated group. It was demonstrated that it is necessary

to use two-fold excess of aotivatedpdT with CEgPdTas nucleo-

side component and three-fold excess with CEpdTto get nearly

quantitative yield of dinucleotide [37] . This approach to

calculation of the excess of phosphorylating compound was

used in the course of the synthesis of deoxydecanucleotide

complementary to 1-10 sequence of tRNA][al from yeast £42].

The protected decanucleotide

PhKHpdCAnpdCAnpdABzpdCAnpdGiB^dABzpdABzpdABzpdffAnpdCAn

was prepared starting from PhNHpdC pdC via consecutive con-

densation with pdABz-Ac (4 eqv., 80% yield), pdCAnpdGiBu-Ac

(6 eqv., 60% yield), pdABzpdABz-Ac (8 eqv., 50% yield) and

pdA^pdC^pdC^-Ac (15 eqv., 42% yield).

The above considerations are in agreement with the strong

influence of the side reactions of phosphodiester groups of

nucleoside component on the yield of oligonucleotide increa-

sing with the length of the oligonucleotide chain found in

the previous investigations of the blocked oligonucleotide

synthesis [43,44j« It was shown that with same excess of phos-

phorylating component the yield decreases with the chain length

of nucleoside component. The reaction of tetranucleotide with

4-fold excess of dinucleotide results in 57% yield whereas

the reaction of hexanucleotide with 5-fold excess of dinucleo-

tide results in 38% of oligonucleotide. The increase of the

excess of dinucleotide enhances the yield significantly -

with 10-fold excess of the same dinucleotide the yield of

octanucleotide is as great as 75%.

It is possible to lower the excess of the nucleotide com-

ponent using greater excess of ArSOgCl to convert poorly reac-

tive trlsubstituted pyrophosphates to reactive compounds of

B type. In [37] it was demonstrated that (CE)2pdTpdT-Ac may

be obtained with nearly quantitative yield with equimolar

amounts of pT-Ac and (CS). pdT using 4-fold excess of TPS.

Similar results were obtained for the synthesis of pdApdT and

pdTpdC.

When dinucleotides are to be synthesized it is rather dif-

ficult to conclude which of these two methods (the use o£ the
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excess either of nucleotide component or of ArSOpCl) i s more
advantageous. For longer oligonucleotides the use of the great
excess of ArSOgCl i s disadvantageous for the formation of
tetrasubstituted pyrophosphate may lead to some splitting via
triester route of the oligonucleotide chain already prepared
(31,4!5J. Besides this some losses of the nucleoside component
may take place due to reaction of ArSO-Cl with hydroxy group
with formation of sulphonylated products [46,473*

It i s possible to exclude completely the direct contact
of the nucleoside component with ArSOgCl using preactivated
nucleotide component. This may be done with cross-linked
polymeric arylsulphonyl chloride (Ps-SOgCl) [J19,48j. The
phosphorylating derivative may be easily separated from aryl-
sulphonic acid and the excess of arylsulphonyl chloride. It
was found that the reactive derivative B obtained from pi-Ac
and pdC -Ac separated from polymeric condensing reagsnt
reacts readily with mMTr-dT forming dinucleoside phosphates
in 75% yield. I.Kh.Urmanov and S.M.Yaanetskaya demonstrated
the reaction of Ps-SO2Cl with dinucleotldes resulting in the
formation of activated dinucleotides of C or B-D type (com-
pounds III , IV,V). The last compound may be separated from
polymer to be used for oligonucleotide synthesis. Dinucleoti-
de derivative of the C type separated from polymer reacts
readily with amines and the reaction may be used for indro-
ducing of the amide blocking group on the 5'-end of dinucleo-
tide [49].

The most promising approach of the diester oligonucleoti-
de synthesis seems to be based on the blocking of phosphodies-
ter groups in the nucleoside component* For this purpose we
proposed the reversible blocking of these groups with DCC.
It was already mentioned that the treatment of Tr-dTpdT with
DCC leads to formation of DCU-derivatlve (II,VII) stable in
the conditions of the oligonucleotide synthesis and quanti-
tatively hydrolyzable in aqueous medium to starting dinucleo-
side phosphate.

To elucidate the possibility of the use of VII as a nuc-
leoside component i t s reaction with activated pdT-Ac and
pdTpdT-Ac was investigated [38] .
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Pig.9 represents P HMR spectrum of the reaction mixture
obtained by adding of compound B derived from pdT-Ac with
excess of TPS to pyridine solution of VII. It is seen, that
besides the signals at -5 ppm (VII) and 5.1 ppm (B) complica-
ted signals appear in the ranges 11-13 and 13-14 ppm typical
of trisubstituted (C) and tetrasubstituted pyrophosphatesa
The signal at -5 ppm become more complicated (of Pig.9 with
Pig.6). These data permit us to conclude that the compounds

IDCU-31P

B

uvv«v*«

-5 0 5 10 15

9

P M R spectra of the reaction mixture of the compound B
(0.08M) and the compound VII (0.07M), 2 hours.

are formed containing besides DCU-phosphoryl residue tri-
and tetrasubstituted pyrophosphates. The structures X and XI
may be ascribed to these compounds

0

0 0 RHN-C-HR 0

Tr-dT-O-p'-O-dT-O-P-O-dT-Ac Tr-dT-0-P-O-dT-O-P-O-dT-Ac
i i il i

RN 0 OQ 0
i=0 "0-P-O-dT-Ac Tr-dT-O-P-O-dT~O-P-O-dT~Ac

HUH 0 RHN-C-NR 0
X 8

XI

After long incubation the intensity of the signals at
-5 ppm increases. That means that new blocked phosphodiester
groups appear, probably XII
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0 0
(I II

Tr-dT-0-P-O-dT-O-P-O-dT-Ac

CO CO

C6Hi rNH HH-C6
H11

XII

The treatment of the final reaction mixture with water

results in formation of Tr-dTpdTpdT-Ac and pdT-Ao. The con-

version of the nucleoside component reaches 92-95S6*

The results obtained permit to expect that this type of

the reversible blocking of internucleotide phosphates may

be successfully used in the oligonucleotide synthesis to

lower the excess of nucleotide component necessary for the

synthesis. The blocking DCU-group is easily hydrolyzed with

water and therefore ion-exchange chromatography may be used

to purify oligonucleotide prepared after each step of conden-

sation.

Phosphodiester groups of the nucleotide component may not

be blocked in a similar way for they react much more readily

with activated phosphomonoester group. In the same time it

was demonstrated by several authors that the reaction rate

of oligonucleotide synthesis with di-, tri- and tetranucleo-

tides is significantly lower than that of mononucleotide.

A number of by-products is accumulated in the reaction mixtu-

re [44-46,503 . As it was already discussed these complica-

tions are in the first line connected with the reactions of

phosphodiester groups. To overcome these difficulties it

seems to be promising to use oligonucleotides containing

one phosphomonoester and phosphotriester groups* This approach

was proposed by Smrt [51-53] • As it was already mentioned

using pdTp(CE)dT-Ac it was demonstrated that these compounds

react with TPS forming highly reactive derivative of the B

type without any damage to other completely protected phos-

phate residue [36]. The reaction was performed with nearly

quantitative yield. High yields of tetranucleoslde triphosphate

(70*) were also obtained using mKPrTpT and pTpT-Ac with phospho-

dieater groups protected with p-chlorophenyl residues [54] .
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0 n

D 5 ^)P-O-dT + Py.OJPO-dT-0-P-O-dT-Ac

c 6 * 5 * 1 II II H
/P-0-dT-O-P-O-dT-O-P-O-dT-Ac

ccucm \_ \
,CN

Therefore the most promising scheme of the oligonucleo-

tide synthesis based on the diester approach of Khorana and

on the use of ion-exchange chromatography to purify inter-

mediate oligonucleotides may be formulated as a combination

of the methods discussed above:

1) highly reactive mononucleotide derivatives or similar

derivatives of oligonucleotides with protected phosphodies-

ter groups are used as nucleotide components thus permitting

the reaction to proceed with high rate and high yield;

2) the contact of arylsulphonyl chloride with the nucleo-

side component may be excluded using polymeric cross-linked

arylsulphonyl chloride for preactiva tion of the nucleotide

component;

3) twofold excess of the reactive derivative of nucleoti-

de component may suffice using reversible blocking of inter-

nucleotide phosphates of nucleoside component with DCC;

4) deblocking of phosphate groups in mild conditions after

each step of condensation permit?to use ion-exchange chroma-

tography for purification of the intermediate oligonucleoti-

de as a most universal and elaborated method for longer

oligonucleotides*
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