Tetrahedron Letters,Vol.25,No.27,pp 2897-2900,1984 0040-4039/84 $3.00 + .00
Printed in Great Britain ©1984 Pergamon Press Ltd.

STEREQOSPECIFIC CONVERSION OF P-CHIRAL NUCLEOSIDE PHOSPHOROTHIOATES
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Abstract: P-chiral phosphorothioate analogs of thymidine and adenosine nuclecotides are
transformed in high yield with retention of configuration by [lso]chloral and

S
1bO]Styrene oxide into corresponding nucleoside [ISO]phosphates.

It has been shown in our recent reports that 18O—labelled reagents such as dimethyl
sulphoxide (1) 1, styrene oxide (2) 2 and chloral (})3 may be successfully applied for a ste-
reospecific conversion of P-chiral cyclic dialkyl phosphorothioates into corresponding
[180]phosphates 4. The exchange of sulphur by oxygen proceeds either with inversion of con-
figuration at phosphorus (dimethyl sulphoxide) or with retention (styrene oxide, chloral)
with the stereoselectivity 92-95%. These results prompted us to investigate the applicability
of our reagents for the stereospecific synthesis of P-chiral nucleoside [lso]phosphates.

For these studies Sp (4a) and Rp (4b) diastereoisomers of thymidine cyclic 3’,5’~phosphoro-
thioate, Sp adenosine cyclic 3°,5’-phosphorothiocate (5), Sp adenosine-5’-0-(l-thiotriphos-
phate)(6) and Rp thymidine-3’-0-(4-nitrophenyl)phosphorothiocate (7) were chosen as model
compounds.
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The nucleoside phosphorothioates 4-7 were prepared according to literature 1:eportss_8 and

the oxygen-18 labelled reagents 1-3 were obtained according to our previously described pro-

1-3,9 18, exchange were per-—

cedures with 70% isotope enrichment 10. The experiments of PSP
formed on a 20-40 pmole scale and were monitored by HPLC 11. The oxo-~products were purified
by ion-exchange chromatography on DEAE Sephadex A-25. Their identity and purity were checked
12 13

b

by comparison of chromatographic (HPLC) and spectroscopic (31P NMR uv ) properties with

those of authentic samples., The resulting Llso]nucleotides were transformed into cyclic deri-
vatives appropriate for determining of configuration at phosphorus atom by 31P NMR as descri-
bed by Gerlt 14,15 and Lowe 16. Potassium salts of [180]CTMP and [180]CAMP (obtained from 4
and 5, respectively) treated with methyl iodide in DMSO in the presence of 18-Crown-6 1 gave
mixtures of axial and equatorial methyl esters which were analysed by 31P NMR. Thymidine-3’-
-0-(4-nitrophenyl) [180]phosphate obtained from 7 was stereospecifically cyclized with tBuOK
in DMF (inversion 7) into [ISO]CTMP and then methylated as above. {a—lSO]ATP derived from 6
was transformed into [a—lSO]ADP with yeast hexokinase and analysed by 31P NMR as the
[OL—180]ADPC0(NH3)4

The results are listed in the Table., An inspection of the Table reveals that with few exce-

complex 15.

ptions in the series of thymidine and adenosine phosphorothioates the exchange of sulphur by
oxygen with reagents such as chloral and styrene oxide proceeds in good to excellent yields.
In the case of compounds possessing reactive OH and NH groups silylation of substrate marke-
dly increases yields of reactions with chloral (exp. 4 and 7). The comparison of P-chirality
of products with that of substrates shows that for both cyclic and acyclic nucleoside phospho-
rothicates the S->180 exchange with [180]chloral and [180]styrene oxide proceeds with reten-
tion of configuration at phosphorus whereas with [180]dimethyl sulphoxide predominant inver-—
sion is observed. The reactions with styrene oxide are fully stereospecific (exp. 8-12).

In the case of chloral the stereoselectivity of exchange depends upon the structure of phos-
phorothioate substrate: with acyclic 7 complete retention was observed (exp. 6, 7) while

with cyclic 4 and 5 the stereoselectivity of the exchange reaction drops to ca 92% (exp. 1-4).
Similar effect of lower stereoselectivity of PS-+P180 exchange in cyclic nucleoside phospho-
rothioate series was observed by Lowe 18 and Eckstein 19 for bromination-hydrolysis procedure.
Unfortunately, the reaction of 7 with styrene oxide was accompanied by a removal of p-nitro-
phenyl group making impossible its stereochemical analysis. In the case of [1SO]dimethyl sul-
phoxide (exp. 15,16) in addition to low yield of reaction with 4b much lower stereoselecti-
vity was observed. It is worth mentioning, that the exchange of sulphur by oxygen in ATPaS
proceeds with both 2 and 3 in a fully regioselective manner giving [180]ATP labelled exclu-
sively in oa-position. In this case bromination-hydrolysis procedure results in "scrambling'
of oxygen label between o and y positions 18_20. The recently reported hydrolysis of nucleo-
side S-methyl phosphorothicates with [lgo]sodium hydroxide when applied to ADPaS analog
gives decomposition products . Further experiments on the application of chloral and sty-
rene oxide for the exchange of sulphur by oxygen in other nucleoside phosphorothiocate systems

are underway.
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Table

Eig: Substrate a/ Reagent Reaction conditions Y?;%d Stereochemistry

1 4a 3 d/ neat g/’ 600, 1.5 h 81 retention (82%)
2 4b 39 neat #, 60°, 1.5 n 78 retention (92%)
3 5 3 d/ neat, 600, 1.5 h 62 retention (92%)
4 5-silylated b/ 3 d/ neat, 600, 2h 84 retention (927%)
5 6 3 d/ neat, 600, 1h 34 retention b/

6 7 34/ neat, 60°, 1.5 h 77 retention (100%)
7 7-silylated ¥ 3% peat, 60°, 2n 83 retention (100%)
8 4a 2¢ DMF/H,0, 60°, 4h 48 retention (100%)
9 4b 2 ¢ DMF/H,0, 60°, 4h 88 retention (100%)
10 4a 2 ¢/ EtOH, 60°, 3h 83 retention (100%)
11 4b 2 ¢/ EtOH, 60°, 2h 90 retention (100%)
12 5 PR DMF/H,0, 60°, 4h 38 retention (100%)
13 6 2% owE/my0, 60°, 1.5 h 68 retention

14 6 2 e/ EtOH, 60°, lh 76 retention b/

15 4b-acid c/ l_f/ neat, 400, 0.5 h 21 inversion (76%)
16 7-acid c/ 1 £/ neat, 600, 0.5 h 90 inversion (80%)
a/ Triethylammonium salts were used unless otherwise stated.
b/ The sample was dissolved in pyridine, treated with an excess of Me.SiCl for lh

c/
d/

e/
£/

g/

h/

3
and evaporated. After exchange reaction silyl protecting groups were removed

with 0.2 M triethylammonium bicarbonate.
The sample was evaporated with an excess of IN HCl prior to exchange reaction.

30-fold excess of 3 was used. After exchange reaction ca 70% of reagent was

recovered by vacuum line technique.
10-fold excess of 2 was used with 20 ul of solvent per 1 umole of substrate.
10-fold excess of 1 was used.

When DMF was used as a solvent the stereoselectivity dropped to 82% (retention)
probably due to the exchange of oxygen between 3 and the solvent.

Due to considerable 31P NMR line broadening in the spectrum of [a-lBO]ADPCo(NHB)4
the stereoselectivity of the reaction could not to be calculated with sufficient

accuracy.
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