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NUCLEOSIDES & NUCLEOTIDES, 17(5), 895-899 (1998) 

FUNCTIONALIZATION OF NUCLEOSIDE ANALOGS: REGIOSPECIFIC 
CONVERSION OF 4"-HYDROXYL GROUPS TO THIOESTERS AND 

DEOXYGENATION OF 3'-HYDROXYL GROUPS 

Zhen Huang# and Steven A. Benner* 

Department of Chemistry, University of Florida, Gainesville FL 3261 I 
Department of Molecular Biology, Massachusetts General Hospital, Boston, MA 02 1 14 

ABSTRACT: Nucleoside analogs 3a-e were conveniently functionalized by 
regiospecifically converting 4"-hydroxyl groups to thioesters 4a-e (>90% yield) and 
reducing 3'-hydroxyl groups to give building blocks 2a-e in 8590% yields. 

Methods that regioselectively transform functional groups, important throughout organic 
synthesis, are especially important when preparing analogs of sugars, nucleosides and 
nucleotides, which frequently place the same class of functional group in different 
environments. For example, building blocks 2 (in fully protected form) were the key 
intermediates in the synthesis of sulfide-, sulfoxide- and sulfone-linked nucleotide analogs 
1 (Figure)?.3 which have been interesting probes of nucleic acid structure3c-f and protein- 
nucleic acid interactions.% A variety of routes have generated precursors to these building 
blocks.2~3 Each has encountered the synthetic challenge embodied in the need to selectively 
convert the primary 4"-hydroxyl group of 3 (Scheme) to a corresponding thioester 4 in the 
presence of the adjacent secondary 3'-hydroxyl group, which proved critical to controlling 
stereochemistry at the 2'-position, but which must be removed to yield the analog of DNA. 
Many methods for converting alcohols to thioesters and deoxygenation are known,4.5 but 
none efficiently addressed this challenge. In particular, methods that convert the 4"-OH 
group to a thioester via a halide or a tosylate were not selective without further protection 
and deprotection steps, and even then yielded the thioester only in low yields. 

Because of its bulk, it was conjectured that the reactive intermediate in the Mitsunobu 
reaction involving triphenylphosphine6 might react more rapidly with a primary hydroxyl 
group than a secondary hydroxyl group. If the steps preceding the breakdown of the 
phosphonium ion to give product are not in rapid equilibrium, this might be synthetically 
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R=DMTr or TBDPS 
B=Protected Base 

2 

Figure 
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3a: R=DMTr, B=U 4a: R=DMTr, B=U 5a: R=DMTr, B=U 
3b: =TBDPS, =T 4b: =TBDPS, =T 5b: =TBDPS, =T 
3c: =TBDPS, =CBz 4c: =TBDPS, =CBz 5 ~ :  =TBDPS, =CBz 
3d: =TBDPS, =ABZ 4d: =TBDPS, =ABz 5d: =TBDPS, =ABz 
3e: =TBDPS, = G ~ ~ ~  4e: =TBDPS, = G ~ ~ ~  5e: =TBDPS, =GiBu 

Scheme 

useful as a way of converting a primary hydroxyl group to a thioester more rapidly than a 
secondary hydroxyl group. The increased size of the thioester group (relative to the alcohol 
group) might then be expected to obstruct further reaction of an adjacent secondary 
hydroxyl group with the bulky reactive Mitsunobu intermediate. 

To test this conjecture, diol precursors carrying a complete set of nucleobases (3a-e) 
were prepared and subjected to optimized Mitsunobu reaction conditions (Experimental). 
The diols were found to be converted exclusively to the desired monothioesters 4 in high 
yields (>90%). Model studies showed (perhaps surprisingly) that the thioester was stable 
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4"-HYDROXYL CONVERSION TO THIOESTERS 897 

during the subsequent 3'-deoxygenation step following the Barton reduction procedure,7 as 
was the 4,4'-dimethoxytrityl (DMTr) group, the rert-butyldiphenylsilyl (TBDPS) group, 
and the protecting groups on the nucleobases. Thus, 4a-e could be directly transformed to 
the intermediates 5a-e, without any manipulation of functionality, by treatment with 1,l'- 
thiocarbonyl diimidazole (TCD) in high yield (>85%). These were transformed directly to 
deoxyribose analogs 2a-e by reduction of 5 by tributyltin hydride (Bu3SnH) in the 
presence of azo-bis-isobutyronitrile (AIBN) in refluxing toluene (85-90% yield, Scheme). 

With the growing interest in nucleoside and oligonucleotide analogs with modified 
backbones, these synthetic transformations should be useful. 

EXPERIMENTAL 
N4-Benzoyl-1-[(2R,3R,4R,5R)-4-acetylthiomethyl-5-(2-~-butyldiphenyl- 
silyloxyethyl)-3-hydroxytetrahydrofuran-2-~l]-cytosine (4c) 

Diisopropyl azodicarboxylate (0.8 1 mL, 90-95%, 1.5 eq.) and triphenylphosphine (0.97 
g, 1.5 eq.) were dissolved in dry THF (18 mL), and the mixture was stirred at -20°C (ice-salt 
bath) under Ar. After a yellow precipitate appeared, 3c (1.512 g, 2.47 mmol, in dry THF, 5 
mL) and thioacetic acid (263 pL, 1.5 eq.) in THF (1.7 mL) were injected separately and 
simultaneously. The temperature was allowed to rise to RT, and the reaction mixture was 
stirred at RT for 1 hr (TLC, 7.5% MeOH/CH2C12,3c, Rp0.42). The solvent was removed 
under reduced pressure, and the residue purified by chromatography on silica gel (from 2% to 
3% MeOWCH2Cl2) to give 4c (1.561 g, 92%) and obtained as a white foam. 

IH-NMR (400 MHz, CDC13) 6: 1.08 (s, 9H, 3xCH3), 1.84 (m, lH, H-47, 2.03 (s, 3H, 
CH3COS), 2.05-2.15 (m, 2H, C&CH20-DPTBS), 3.91 (t, J=6.6, 2H, C&O-DPTBS), 
4.14 (dd, J=6.1, 11.4, lH, 4'-CH3COSCK2), 4.32-4.52 (m, 3H, H-3', H-5', 4'- 
CH3COSC&), 4.90 (br., 1H HO), 5.71 (s, lH, H-27, 7.48-7.55 (m, 8H, ar.-H, H-5), 
7.62 (m, 2H, ar.-H), 7.70 (m, 4H, ar.-H), 7.80 (d, J=7.5, lH, H-6), 7.96 (m, 2H, ar.-H), 
9.18 (br., lH, NH); 

l3C-NMR (CDC13) 6: 19.2 (SiCCH3), 20.8 (CH3COS), 26.9 (3xCH3), 37.5 

(HOCHZCH~), 45.8 (C4), 60.4 (HOGHz), 60.9 (Ccl), 76.7 (Cy), 80.4 (C~I ) ,  94.5 ( C ~ I ) ,  
96.3 (C5), 127.6 (Si-0-ar.-CH), 129.1 (Si-p-ar.-CH), 129.7, 129.4 (CO-Ph-o-GH, CO-Ph- 
m-CH), 132.9 (Si-ar.-C), 133.5 (CO-Ph-p-CH), 133.3 (CO-Ph-C), 135.7 (Si-m-ar.-CH), 

FAB-MS ( d e ,  relative intensities): 656 ([M-31]+, 24), 598 (6), 460 (3), 399 (4), 351 (2), 
307 (30), 289 (15), 279 (32), 216 (86), 199 (17), 183 (5 ) ,  154 (loo), 131 (81), 105 (48), 91 
(20), 77 (30). 

143.4 (c6), 155.8 (c4), 162.6 (c2). 166.3 (Ph-GO), 170.8 (Gas); 
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898 HUANG AND BENNER 

N4-Benzoyl-l-[(2R, 3R, 4R, 5R)-4-acetylthiomethyl-5-(2-t-butyldiphenyl- 
silyloxyethyl)-3-( l-imidazothiocarbonyloxy)tetrahydrofuran-2-yl]cytosine 
(5c). 

A mixture of 4c (755 mg) and 1,l'-thiocarbonyl diimidazole (295 mg, 1.5 eq.) in dry 

DMF (1 1 mL) was stirred at RT for 1.5 hr (TLC, 7.5% MeOHKH2C12, R ~ 0 . 5 1 ) .  The 
DMF was then removed under vacuum (0.5 torr, 55°C). The residue was purified by 
chromatography on silica gel (gradient from EtOAckexane =8:2 to 9: 1) to give 5c (764 mg, 
87%) as a white foam. 
IH-NMR (CDC13) 6: 1.08 (s, 9H, 3xCH3), 1.80 (m, 2H, C&CH20-DPTBS), 2.18 (s, 
3H, CH3COS), 2.79 (m, IH, H-4'), 2.94 (m, 2H, 4'-CH3COSC&), 3.88 (t, J=4.7, 2H, 
C&O-DPTBS), 4.30 (m, 2H, H-3', H-5'); 5.73 (s, lH, H-27, 7.48-7.55 (m, 9H, ar.-H, 
H-5, HIm-5), 7.62 (m, 2H, ar.-H), 7.70 (m, 6H, ar.-H, HIm-2,4), 7.74 (d, J=7.5, IH, H- 
6), 7.96 (m, 2H, ar.-H), 9.48 (br., lH, NH); 
13C-NMR (CDC13) 6: 19.2 (SiCCH3), 23.8 (C4"), 26.7 (3xCH3), 30.2 (CH3COS), 36.8 

(HOCH2CH2), 47.2 ( C ~ I ) ,  60.7 (HOCHz), 76.3 (Cy), 80.9 (C39), 94.4 ( C ~ V ) ,  96.7 (C5), 
127.8, 128.6 (Si-o-ar.-CH, ImC5), 129.3 (Si-p-ar.-CH), 129.6, 129.9 (CO-Ph-o-CH, CO- 
Ph-m-CH), 131.2, 132.9, 133.4 (Si-ar.-C, ImC4, ImC2), 134.9 (CO-Ph-p-CH), 135.7 (Si- 

(OCS-Im); 
FAB-MS (m/e. relative intensities): 672 ([M-l27]+, 16), 628 (4), 614 (6), 557 (6), 469 (2), 
414 (3), 379 (2), 321 (3), 279 (98), 216 (IOO), 199 (32), 183 (15), 154 (22), 13 (55) ,  105 
(68), 91 (16), 77 (26). 

m-ar.-CH), 143.7 (c6), 155.6 (C4), 162.4 (C2), 166.3 (Ph-GO), 170.8 (COS), 196.0 

N4-Benzoyl-l-[(2R, 4R, 5R)-4-acetylthiomethyl-5-(2-t-butyldipheny~silyl- 
oxyethyl)-tetrahydrofuran-2-yl]cytosine (2c). 

5c (124 mg, 0.155 mmol), Bu3SnH (164 pL, 4 eq.) and AIBN (10 mg, 0.4 eq., 10%) 
were dissolved in toluene (1.5 mL). The mixture was slowly injected into refluxing toluene 
(dry , 1.5 mL) under Ar and stirred for 2 min (TLC, 5% MeOWCH2C12, R ~ 0 . 3 2 ) .  The 
toluene was then evaporated under reduced pressure. The crude product was purified by 
chromatography on silica gel (gradient from 1 to 4% MeOHICH2C12) to give 2c (89 mg, 
86% yield) as a white foam. 
IH-NMR (CDC13) 6: 1.08 (s, 9H, 3xCH3), 1.80-2.0 (m, 2H, CJ&CH20-DPTBS), 2.05 
(s, 3H, CH3COS), 2.18-2.50 (m, 3H, H-3', H-4), 3.88 (dd, J=6.8, 13.8, 2H, CB20- 
DPTBS), 4.10 (m, 3H, 4'-CH3COSC&, H-57, 5.98 (dd, J=2.8, 6.9, lH, H-27, 7.38- 
7.55 (m, 8H, ar.-H, H-5), 7.62 (m, 2H, ar.-H), 7.70 (m, 4H, ar.-H), 7.74 (d, J=7.5, lH, 
H-6), 7.96 (m, 2 H, ar.-H), 8.75 (br., IH, NH); 
13C-NMR (CDC13) 6: 19.19 (SiCCH3), 20.74 (CH3COS), 26.88 (3xCH3), 37.04 ( C ~ S ) ,  

37.55 (HOCHZCH~), 41.43 (C4'),, 60.79 (HOCH2), 63.77 (C4"), 77.22 ( C ~ I ) ,  80.93 
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(C~T),  87.40 (C5), 128.44 {Si-o-ar.-CH), 129.10 (Si-p-ar.-CH), 129.4, 129.9 (CO-Ph-o- 
- CH, CO-Ph-m-CH), 133.22 (Si-ar.-C), 133.58 (CO-Ph-p-CH), 135.57 (Si-m-ar.-CH), 
143.7 (Cfj), 155.9 (c4), 162.2 (c2), 170.5 (Cos). 
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