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SYNTHESIS AND P-DIASTEREOMERIC RESOLUTlON OF NUCLEOSIDE 3'-O(S-ALKYL) AND 

NUCLEOSIDE 3'-O(S-ARYL) METHYLPHOSPHONOTHIOATES 
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Successive displacement of oxybenzotriszoyl moieties from methylphosphonicbisoxybenzo- 
triazolide by a deoxynucleoside and a mercaptan yields the O,S-dialkyl and O-alkyl-S-aryl- 
methylphosphonothioate diastereomers which can be resolved by flash column chromatography. 

Nucleotide analogs bearing a chiral phosphate are of potential significance for many 

enzymological and medicinal uses. 1 Alkylphosphonothioate analogs appear attractive to us for 

these applications because they are chiral and do not racemize easily in aqueous solutions. 

Previously we described the synthesis of deoxynucleotide and deoxydinucleotide methylphosphono- 

thioates possessing a P = S moiety.2 Here we report the synthesis of deoxynucleotide 3'-O(S- 

alkyl)- and 3'-O(S-aryl) methylphosphonothioates. Of particular interest was the observation 

that P-diastereomers from this class of compounds could be resolved on silica gel via flash 

column chromatography.3 For all other P-chiral phosphodiester analogs so far investigated, the 

separation of diastereomers Is difficult and often requires HPLC.294 

Initial attempts to synthesize deoxynucleoside 3'-O(S-alkyl)- and 3'-O(S-aryl) methylphos- 

phonothioates involved preparation of the deoxynucleoside 3'-0-methylphosphonylimidazolide 

(10ab) from 8 according to Miller et a1.5T6 followed by condensation with two molar equivalents 

of the appropriate mercaptan.9 Compounds 17ab-19ab were obtained via this pathway after 5 hr at 

25"C, purified using a standard work-up procedure,10 and fractionated via HPLC which separates 

the diastereomers as well as the symmetrical dimer (29). The main disadvantage of this approach 

was the formation of 29, which was present in 35-401 isolated yield. As a consequence the yield 

of the desired diastereomers never exceeded 25%. Furthermore synthesis of 22ab required 30 

hours following addition of tetrazole (1 eq.) and 23ab could not be prepared even after 7 days 

in the presence of tetrszole. 

A more attractive route for synthesizing 17ab-28ab was to use the oxybenzotriazolides 

lleb-16ab which are available by adding 5 ml of a 0.2 2 M solution of methylphosphonicbisoxy- 

benzotriazolide (9) in dioxanell to 1 mmole of the appropriate deoxynucleoside (l-6). The 

resulting product mixtures exhibited 31P-NMR spectra expected for the oxybenzotriazolides (llab: 

6 37.92, 37.62; 12ab: 6 38.02, 37.65; 13ab: 6 38.06; 14ab: 6 38.5; 15ab: 6 37.82; 16ab: 6 38.66; 

reaction mixtures). To each crude reaction mixture was next added the appropriate thiol (2 eq.) 

and N-methylimidazole (4 es.). After five hours at room temperature, the desired compounds were 

the only nucleotidic material found in the reaction mixture. Isolation of the diastereomers 

involved aqueous extraction as described previously.10 If mercaptidesl2 were 

synthesis of 22ab and 23ab, the reaction mixtures were neutralized with Dowex 

form) before the aqueous work-up. 

used as in the 

SOW-X (pyridinium 
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The significance of this approach lies in the absence of side reactions, especially the 

formation of 29. Thus compounds 18ab-28ab were prepared in 5545% isolated yields after reso- 

lution of the diastereomers by flash chromatography and precipitation into n-pentane.13-25 A 

somewhat lower yield of 17ab (40%) was probably due to irreversible reactions with the silica 

gel column. For compounds 19ab-22ab. deprotection of the S-alkyl group with thiophenol:tri- 

ethylamine:dioxane (1:2:2, v/v/v) was studied. While 22ab could not be detectably deprotected 

with the thiophenol solution at 55'C after 36 hours, the other nucleotides gave the following 

deprotection half-times: 198, 1000 min (rt), 285 min (55'C); 20a, 230 min (rt); 21a, 110 min 

(rt). In all cases, 30 was obtained as the only nucleotidic, phosphorus containing product.26 

2s 

:T(Rl.R2): 1 (Tr, T): 2 (t-butyldimethylsilyl, T); 3 (t-butyldimethylsilyl, cB~); 4 (Bz, cB~); 5 
r, ABs); 6 (Tr, GIb). II (Rl,R2.X): 1Oab (Tr. T, imidazolyl); llab (Tr, T, oxybensotriazo- 

1~1); 12ab (t-butyldimethylsilyl, T, oxybenzotriazolyl); 13ab (t-but 
benzotriazolyl); 14ab (benzoyl, CBz, oxybenzotriazolyl); 15ab (Tr, A 2, 3 

ldimethylsilyl, cB~, oxy- 
oxybenzotriazolyl); 16ab 

(Tr, GIb, oxybenzotriazolyl); 29 (Tr, T, 5'-0-tritylthymidyl). III (Rl,R2,R3): 17ab (Tr, T, 
p-chlorophenyl); l&b (Tr, T, Ph); 19ab (Tr, T, Bn); 2Oab (Tr, T, p-chlorobenzyl); 21ab (Tr, T, 
2,4 dichlorobenzyl); 22ab (Tr, T, Et); 23ab (Tr, T, iPr); 24ab (t-but ldimethylsilyl, 

f; 
T, Bn); 

25ab (t-butyldimethylsilyl, CBr, Bn); 26ab (Bz, cB~, Bn); 27ab (Tr, A s, Bn); 28ab (Tr, GIB, 
Bn). i (imidazole, 5 hr, rt); ii (hydroxybenzotriazole, 2.2 eq., pyridine, 2.2 eq., 8 hr, rt); 
iii (8, 1 hr, rt or 9, 1 hr, rt); iv (R-SH, activation, see text); v (dioxane:NEtg:PhSH, 2:2:1, 

v/v/y). Bn, benzyl; Bz, benzoyl; CBr, N&benzoyldeoxycytidine; 
CIb, N2-isobutyrldeoxyguanosine; Tr, trityl; T, thymine. 

ABs, N6-benzoyldeoxyadenosine; 



1229 

1. 

2. 

3. 
4. 

5. 

6. 

7. 
8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

These results demonstrate that diastereomerically pure deoxynucleoside 3'-methylphosphono- 

thioates can be prepared in relatively high yield. Of particular interest was the unique obser- 

vation that diastereomeric deoxynucleoside 3'-O(S-alkyl) and 3'-O(S-arylj derivatives can be 

separated easily using flash chromatography. Moreover as shown by the various examples, this 

observation appears to apply to a wide range of deoxynucleotides containing all four bases and 

possessing different 5' and phosphorus protecting groups. The results therefore outline a 

synthesis pathway leading to the general availability of such compounds for further studies 

involving chiral phosphonothioate analogs. 
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Isomer A (17a): 

687 (M - 2H)-, 446 (M - Tr)-; UV X,,, = 264 nm. 
31P-NMR 6 52.3; Rf = 0.63 (C). Isomer B (17b): 

CC). 
31P NMR 6 51.8; Rf = 0.36 

Chromatographic separation: 1. Solvent A, elution of mercaptan and colored side 
products. 2. Solvent B, elution of 17a. 3. Solvent C, elution of 17b. 
5'-O-Tritylthymidine-3'-O(S-phenyl)methylphosphonothioate, FAB+ mass spectrum, 672 (M - 1 
t Na)+, 467 (M - S-phenylmethylphosphonothioate)+, 243 Trt; UV 1 

max = 266 nm. Isomer A 
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(18a): 3lP-NMR 6 53.61; Rf = 0.65 (C). Isomer B (18b): 3lP 
Chromatographic separation as in ref. 14. 
5'-O-Tritylthymidine-3'-O(S-benzyl)methylphosphonothioate. 
t Na)+, 489 (M - S-benzylmethylphosphonothioate + Na)+,_?67 

NMR 6 53.07; Rf = 0.37 (C). 

FABt mass spectrum, 691 (N - H 
(M -S-benzylmethylphosphono- 

thioate)+, 243 Trf; UV X,,x = 266 nm. Isomer A (19a): 
Isomer B (19b): 31P-NMR 6 54.12; Rf = 0.32 (C). 

J'P-NMR 6 55.99; Rf = 0.66 (C). 
Chromatographic separation as in ref. 14. 

5'-O-Tritylthymidine-3'O(S-pchlorobenzyl)methylphosphonothioate. FABt mass spectrum, 725 

(M t Na - H)+, 467 (M - 3p S- chlorobenzylmethylphosphonothioate t Na)+, 243 Trt; UV Amax = 
264 nm. Isomer A (20a): P-NMR 6 55.36; Rf - 0.74 (C). Isomer B (20b): 31P-NMR 6 53.62; 
Rf = 0.26 (C). Chromatographic separation: 1. Solvent A, elution of mercaptan and colored 
side products. 2. Solvent C, elution of 20a. 3. Solvent D, elution of 2Ob. 
5'-0-Tritylthymidine-3'-O(S-2,4 dichlorobenzylmethyl)methylphosphonothioate. FABt mass 
spectrum, 759 (M t Na - H)+, 467 (M - S(2,4 dichlorobenzylmethyl)methylphosphonothioate), 
243 Trt; UV X,,, - 266 nm. Isomer A (21a): 
31P-NMR 6 53.52; Rf 

31P-NMR 6 53.74; Rf - 0.63 (C). Isomer B (Zlb): 
= 0.33 (C). Chromatographic separation: 1. Solvent A, elution of 

mercaptan and colored side products. 2. Solvent B, elution of 21a. 3. Solvent D, elution 

of 21b. 
5'-0-Tritylthymidine 3'-O(S-ethyl)methylphosphonothioate. FABt mass spectrum, 629 (M t Na 

- H)+, 470 (M - S-ethyl methylphosphonothioate t 3H)+, 243 Trt; UV Xmax - 266 nm. Isomer A 

(22a): 3lP-NMR 6 54.75; Rf - 0.51 (C). Isomer B (22b): 31P-~R 6 54.53; Rf - 0.18 (C). 
Chromatographic separation: 1. Solvent A, elution of mercaptan and colored side products. 
2. Solvent C, elution of 22a. 3. Solvent D, elution of 22b. 
5'-0-Tritylthymidine 3'-O(S-isopropyl)methylphosphonothioate. FABt mass spectrum, 643 (M t 

Na - H)+, 467 (M - S-isopropyl methylphosphonothioate)+, 243 Trt; UV X,,, - 266 nm. Isomer 
A (23a): 3lP-NMR 6 55.8; Rf = 0.66 (C). Isomer B (23b): 31P-NMR 6 53.92; Rf - 0.29 (C). 

Chromatographic separation as in ref. 14. 

5'-0-t-butyldimethylsilylthymidine 3 '-O(S-benzyl)methylphosphonothioate. FABt mass spec- 
trum 563 (M t Na - H)+, 541 (M)+, 471 (M t Na - toluene)+, 339 (5'-O-t-butyldimethylsilyl- 

3'-0 -anhydrothymidine)t* 
Isomar B (24b): 31P-NMR i G.~~"R~ 266 nm* 

Isomer A (24a): 31P-NMR 6 54.5; Rf - 0.6 (C). 
- 0.34 (C). Chromatographic separation as in ref. 17. 

5'-0-t-butyldimethylsilylthymidine N4-benzoyldeoxycytidine 3' -O(S-benzyl)methylphosphono- 

thioate. FABt mass spectrum, 652 (M - H t Na)+, 630 (Mt), 540 (M - benzyl t 2H)+, 428 
(5'-t-butsldimethylsilyl N6-benzoyl 3'-02-anhydrodeoxycytidine)t; UV X,,, = 262 nm. Isomer 

A (25a): IP-NMR 6 54.53; Rf 
31P-NMR 6 53.67; Rf - 

- 0.69 (ethylacetate:acetonitrile, 7:3, v/v). Isomer B (25b): 
0.23 (ethylacetate:acetonitrile, 7:3, v/v). Chromatographic separa- 

tion: 1. Solvent A, elution of mercaptan and colored side products. 2. Ethylacetate:aceto- 

nitrile, 7:3, v/v, elution of 25a. 3. Solvent D, elution of 25b. 
5'-0-N4-dibenzoyldeoxycytidine 3'-O(S-benzyl)methylphosphonothioate. FABt mass spectrum, 
642 (M - H t Na)+, 620 (Fit), 418 (5'-0-N4-dibenzoyl 3'-02-anhydrodeoxycytidine)t; UV A,,, = 

262 nm. Isomer A (26a): 31P-NMR 6 55.36; Rf - 0.53 (ethylacetate:acetonitrile, l:l, v/v). 

Isomer B (26b): 3lP-NMR b 54.49; Rf - 0.24 (ethylacetate: acetonitrile, l:l, v/v). Chro- 

matographic separation: 1. Solvent A, elution of mercaptan and colored side products. 2. 
Ethylacetate:acetonitrile, l:l, v/v, elution of 26a. 3. Solvent D. elution of 26b. 
5'-O-Trityl-N6-benzoyldeoxyadenosine 3' -O(S-benzyl)methylphosphonothioate. FABt mass 

783 (M t H)+, 692 (M - benzyl t 2H)+, 522 (M - TrOH)+, UV,,, = 282 
P-NMR 6 53.63; Rf - 0.57 (Solvent C: CH30H 97.5:2.5, v/v). Isomer B 

(27b): 3lP-NMR 6 53.91; Rf = 0.26 (Solvent C: CH30H 97.5:2.5, v/v). Chromatographic 

separation: 1. Solvent C, elution of mercaptan and colored side products. 2. Solvent C: 
CH30H, 98:2, v/v, elution of 27a. 3. Solvent C, CH30H, 9:1, v/v, elution of 27b. 
5'-O-Trityl-N2-isobutyryldeoxyguanosine 3'-O(S-benzyl)methylphosphonothioate. FAB+ mass 
spectrum, 787 (M t Na)+, 764 (M)+, 696 (M - benzyl + H + Na)+, 674 (M - benzyl + 2H)+, 504 
(M - TrOH)+; uV,,, = 260. Isomer A (28a): 3lP-NMR 6 55.05; Rf = 0.63 (CHC13:CH3OH, 95:5, 
V/V). Isomer B (28b): 3lP-NMR 6 54.74; Rf = 0.35 (CHC13:CH30H, 95:5, v/v). Chromatographic 

separation in CHC13:CH30H, 98:2, v/v. 
Triethylammonium 5'-0-tritylthymidine 3 '-0-methylphosphonothioate (30). FABt mass spec- 

trum (M refers to nucleotidic component), 645 (M' + Na + ethylamine)', 623 (M' + ethyl- 
amine), 608 (M + C2H5), 507 (5'-C-trityl 2'-02 anhydrothymidine + R)+, 489 (5'~O-trityl 
2'-02 anhydrothymidine t Nat), 243 Trt. FAB- mass spectrum, 599 (M - 2H + Na)-, 577 
(M - H)-; UV,,, - 268 nm; 31P-NMR 6 74.4 (NEt3:dioxane:Ph_SH, 2:2:1, V/V/V). Rf = 0.28 (C)m 
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