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AN EFFICIENT PHOSPHORYLATING AGENT FOR THE SYNTHESIS OF NUCLECSIDE
3'-PHOSPHODIESTER INTERMEDIATES IN OLIGONUCLEOTIDE SYNTHESIS
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By using 3-chloro-1,2-benzoisothiazole 1,1-doxide (BIDCl), 5-chloro-
8-quinolyl phosphate can be converted into an efficient phosphorylating
agent Qﬁ), which can be used to synthesze nucleoside 3'-phosphodiester
intermediates g%).
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Oligonucleotide synthesis by the phosphotriester approach necessitates two
separate phosphorylation steps. The first step includes the phosphorylation of
a free 3'-hydroxyl group of nucleoside or oligonucleotide to form a phosphodiester
linkage. The second step involves the condensation of a partially protected
nucleoside or oligonucleotide wi;? a free 5'-hydroxyl group with a 3'-phosphodi-

ester to form a phosphotriester. Therefore, the nucleoside 3'-phosphodiester

derivative is a key intermediate for the synthesis of oligonucleotide by the phos-

2) on the synthesis of oligonucleotides by

photriester approach. In our studies
the phosphotriester approach, we used the 5-~chloro-8-quinolyl phosphate~-coupling
agent, 8-quinolinesulfonyl chloride (QS) or 4-chlorophenyl 5~chloro-8-guinolyl
phosphorotetrazolide as phosphorylating agénts for the synthesis of nucleoside 3'-
phosphodiester intermediates. A number of phosphorylating agents have been
proposed and applied to the phosphorylation of 3'-hydroxyl group of nucleosides or

3)

oligonucleotides. However, aryl dihydrogen phosphates-coupling agents and aryl

phosphorodichloridates (or ditriazolides) are liable to cause the formation of
by-products such as 3'-3' dinucleoside monophoshates or sulfonylated nucleotides.4)
In order to overcome this problem, we developed a new phosphorylating agent (4)

prepared simply from 3-chloro-1,2-benzoisothiazole 1,1-dioxide (BIDCl)s) and 5-

chloro-8-quinolyl phosphate.s)
Phosphorylation of 5'-O-dimethoxytrityl-N-protected nucleosides (1) with 5-
chloro-8-quinolyl phosphate using BIDCl1 was performed as follows: Adgition of
BIDC1 (4 mol eq) to a dry pyridine solution of 5'-O-dimethoxytritylthymidine (lﬁ)
(1 mol eq) and 5-chloro-8-quinolyl phosphate (2 mol eq) afforded 5'-O-dimethoxy-
tritylthymidine 3'-(5-chloro-8-quinolyl) phosphate (2a) in 80% yield along with
37 (7%), and 6% of la was recovered. In order to é;;bress this by-product 3,
5~chloro-8-quinolyl gzosphate was treated with BIDC1l at first and 1 was added,
and the products were subjected to hydrolysis to give the correspézaing phos-
phodiesters’g,in good yields without formation of 3. A typical procedure is as
follows: 5-chlor-8-quinolyl phosphate (519 mg, é?b mmol) was added to a stirred
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solution of BIDCl (850 mg, 4.0 mmol) in dry pyridine (12 ml), and kept for 15 min
at room temperature. The 31P—NMR spectra of the reaction mixture indicated that
complete formation of the phosphorylating agent jﬁhad occurred.s) The nucleoside
lﬁ (544 mg, 1.0 mmol) was then added to a stirred solution of ﬁb After 30 min at

room temperature, TLC analysis showed complete conversion of the starting material

la into the intermediate §3{(Rf 0.61 + 0.02, CHZCIZ—MeOH, 9:1, v/v). It is noted
that no side reaction products such as 3'-3' dinucleoside monophoshates and 55
were observed. The reaction mixture was quenched with agueous triethylamine, and

kept for 30 min at room temperature. The solution was poured into a separating
funnel with CH2012 and washed with O0.1M-triethylammonium bicarbonate (TEAB) and
with water. The organic layer was dried over Na2804, concentrated to 5 ml, and
added by drops to hexane-ether (9:1, v/v, 200 ml). A white precipitate was
collected and dried over P205 in vacuo to give triethylammonium salt (842 mg, 95%)
of 2a.

In a similar manner, the 3'-phosphodiesters of Ne—benzoyldeoxyadenosine ggp),
N4—benzoy1deoxycytidine (gg), and N2—isobutyryldeoxyguanosine (29) were obtained
in 94%, 95%, and 927 yields, respectively. The nucleoside 3'-phosphodiesters

2 were isolated as white solids, uncontaminated with 5-chloro-8-quinolyl phosphate

as indicated by S1P-NMR,?’

In addition, no side reactions4) on the guanine
nucleus was detected in the phosphorylation of ld. The use of 4-chlorophenyl
phosphatelo) in place of 5-chloro-8-quinolyl phosphate also gave 5'-O-dimethoxy-

trityl-N-protected deoxyribonucleoside 3'-(4-chlorophenyl) phosphates in 93-95%
yields.
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Next, we examined whether the formation of phosphotriester linkage was
possible by using the intermediate’g; The intermediateﬁg was treated with
nucleoside component in dry pyridine, but the phosphotriester linkage formation
did not proceed.

The results indicate that the phosphorylating agentli can be prepared readily
from 5-chloro-8-quinolyl phosphate and BIDC1 which is a useful phosphorylating
agent for the formation of selective phosphodiester linkages. The nucleoside
3'-phosphodiesters are key intermediates for the liquid phase and solid phase

synthesis by the phosphotriester approach.
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