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In order to study the structure-activity relationships of L-oxathiolanyl nucleosides as potential 
anti-HIV agents, a series of enantiomerically pure L-oxathiolanyl pyrimidine and purine nucleosides 
were synthesized and evaluated for anti-HIV-1 activity in human peripheral blood mononuclear 
(PBM) cells. The key intermediate 8 was synthesized starting from L-gulose via 1,6-thioanhydrc-
L-gulopyranose. The acetate 8 was condensed with thymine, 5-substituted uracils and cytosines, 
6-chloropurine, and 6-chloro-2-fluoropurine to give pyrimidine and purine nucleosides. Upon 
evaluation of these final nucleosides, the 5-fluorocytosine derivative 51 was found to be the most 
potent compound among those tested. In the case of 5-substituted cytosine analogues, the antiviral 
potency was found to be in the following decreasing order: cytosine (/3-isomer) > 5-iodocytosine 
(0-isomer) > 5-fluorocytosine (a-isomer) > 5-methylcytosine (a-isomer) > 5-methylcytosine (/3-
isomer) > 5-bromocytosine (/3-isomer) > 5-chlorocytosine (/3-isomer). Among the thymine, uracil, 
and 5-substituted uracil derivatives, thymine (a-isomer) and uracil (/3-isomer) derivatives exhibited 
moderate anti-HIV activity. In the purine series, the antiviral potency is found to be in the 
following decreasing order: adenine (/3-isomer) > 6-chloropurine (/3-isomer) > 6-chloropurine (a-
isomer) > 2-NH2-6-Cl-purine (/8-isomer) > guanine (/3-isomer) > A^-methyladenine (a-isomer) > 
NB-methyladenine (/3-isomer). The cytotoxicity was also determined in human PBM cells as well 
as Vero cells. None of the synthesized nucleosides was toxic up to 100 fiM. in PBM cells. 

Introduction 
Since 3'-azido-3'-deoxythymidine (AZT) has been found 

to be effective against HIV-1,1 a number of 2',3'-dideoxy-
nucleosides have been developed as potential anti-HIV 
agents.2"8 Among these, AZT, 2',3'-dideoxyinosine (ddl), 

* University of Georgia. 
1 Emory University School of Medicine/VA Medical Center. 
(X) Mitsuya, H.; Weinhold, K. J.; Furman, P. A.; St. Clair, M. H.; 

Lehnnan, S. N.; Gallo, R. C; Bolognesi, D.; Barry, D. W.; Broder, S. 
3'-Azido-3 -deoxythymidine (BW A509U): An antiviral agent that inhibits 
the infectivity and cytopathic effect of human T-lymphotropic virus type 
ffl/lymphadenopathy-associated virus in vitro. Proc. Natl. Acad. Sci. 
U.S.A. 1988, 82, 7096-7100. 

and 2',3'-dideoxycytidine (ddC) have been approved by 
FDA and are being clinically used for the treatment of 
AIDS and AIDS-related complex,2"4 while other 2',3'-
dideoxynucleosides such as 2',3'-didehydro-3'-deoxythy-

(2) Richman, D. D.; Fischl, M. A.; Grieco, M. H.; Gottlieb, M. S.; 
Volberding, P. A.; Laskin, O. L.; Leedom, J. M.; Groopman, J. E.; Mildvan, 
D.; Hirsch, M. S.; Jackson, G. G.; Durack, D. T.; Phil, D.; Nusinoff-
Lehrman, S.; The AZT Collaborative Working Group. The Toxicity of 
Azidothymidine (AZT) in The Treatment of Patients with AIDS and 
AIDS-Related Complex. N. Engl. J. Med. 1987, 317,192-197. 

(3) Miteuya, H.; Broder, S. Inhibition of the in vitro Infectivity and 
Cytopathic effect on human T- lymphotropic Virus Type III/lymphad
enopathy-associated Virus (HTLV-III/LAV) by 2',3'-dideoxynucleosides. 
Proc.Natl.Acad.Sci. U.S.A. 1986,83,1911-1915. Lambert,J.S.;Seidlin, 

0022-2623/93/1836-0181$04.00/0 © 1993 American Chemical Society 



182 Journal of Medicinal Chemistry, 1993, Vol. 36, No. 2 Jeong et al. 

midine (d4T),6 3'-azido-2',3'-dideoxyuridine (AZDU),67 

and 3'-fluoro-3'-deoxythymidine (FLT)8 are at various 
stages of clinical trials. Although FDA-approved drugs 
extend the life of AIDS patients, bone marrow toxicity 
and side effects such as peripheral neuropathy and 
pancreatitis limit the long-term use of these drugs. 
Furthermore, the emergence of AZT-resistant9 and ddl-
resistant10 strains from the patients who have received 
the prolonged AZT and ddl therapies, respectively, has 
caused significant concern in ADDS chemotherapy. There
fore, it is critical to discover new anti-HIV agents with 
improved selectivity and activity against resistant strains. 

Recently, several unusual classes of nucleosides such as 
4'-azidothymidine,n (±)-dioxolane-T,12>13 and 2',3'-dideoxy-
3'-thiacytidine (BCH-189)12'16'17 have been discovered to 
be active against HIV-1 in vitro. We have first reported 
the asymmetric synthesis of D-l,3-dioxolane-pyrimidine 
nucleosides and their anti-HIV activities in human PBM 
cells.14,15 From this study, (+)-/8-D-dioxolane-cytosine was 
found to be the most potent compound although it was 
the most toxic among this series. 

M.; Reichman, R. C; Plank, C. S.; Laverty, M.; Morse, G. D.; Knupp, C; 
McLaren, C; Pettinelli, C; Valentine, F. T.; Dolin, R. 2',3'-Dideoxyinosine 
(ddl) in Patients with the Acquired Immunodeficiency Syndrome or AIDS-
Related Complex. New Engl. J. Med. 1990, 322,1333-1340. 

(4) Yarchoan, R.; Thomas, R. V.; Allain, J.-P.; McAtee, N.; Dubinsky, 
R.; Mitsuya, H.; Lawley, T. J.; Safai, B.; Myers, C. E.; Perno, C. F.; Klecker, 
R. W.; Wills, R. J.; Fischl, M. A.; McNeely, M. C; Pluda, J. M.; Leuther, 
M.; Collins, J. M.; Broder, S. Phase I Studies of 2',3'-Dideoxycytidine in 
Severe Human Immunodeficiency Virus Infection as a Single Agent and 
Alternating with Zidovudine (AZT). Lancet 1988,1, 76-80. 

(5) (a) Lin, T.-S.; Schinazi, R. F.; Prusoff, W. H. Potent and Selective 
in vitro Activity of 3'-Deoxythymidin-2'-ene (3'-deoxy-2',3'-didehy-
drothymidine) against Human Immunodeficiency Virus. Biochem. 
Pharmacol. 1987,36,2713-2718. (b) Balzarini, J.; Kang, G.-J.; Dalai, M.; 
Herdewrjn, P.; De Clercq, E.; Broder, S.; Johns, D. G. The Anti-HTLV-
III (Anti-HIV) and Cytotoxic Activity of 2',3'-Didehydro-2',3'-dideox-
yribonucleosides: A Comparison with Their Parental 2',3'-Dideoxyri-
bonucleosides. Mol. Pharmacol. 1987,32,162-167. (c) Hamamoto, Y.; 
Nakashima, H.; Matsui, T.; Matsuda, A.; Ueda, T.; Yamamoto, N. 
Inhibitory Effect of 2',3'-Didehydro-2',3'-Dideoxynucleosides on Infec-
tivity, Cytopathic Effects, and Replication of Human Immunodeficiency 
Virus. Antimicrob. Agents Chemother. 1987, 31, 907-910. 

(6) (a) Chu, C. K.; Schinazi, R. F.; Ahn, M. K.; Ullas, G. V.; Gu, J. P. 
Structure-Activity Relationships of Pyrimidine Nucleosides as Antiviral 
Agents for Human Immunodeficiency Virus Type 1 in Peripheral Blood 
Mononuclear Cells. J. Med. Chem. 1989, 32, 612-617. (b) Lin, T.-S.; 
Guo, J.-Y.; Schinazi, R. F.; Chu, C. K.; Xiang, J.-N.; Prusoff, W. H. 
Synthesis and Antiviral Activity of Various 3'-Azido Analogues of 
Pyrimidine Deoxyribonucleosides against Human Immunodeficiency 
Virus (HIV-1, HTLV-III/LAV). J. Med. Chem. 1988, 31, 336-340. 

(7) Eriksson, B. F. H.; Chu, C. K.; Schinazi, R. F. Phosphorylation of 
3'-Azido-2/,3'-Dideoxyuridine and Preferential Inhibition of Human and 
Simian Immunodeficiency Virus Reverse Transcriptase by its 5'-Triph-
osphate. Antimicrob. Agents Chemother. 1989, 33, 1729-1734. 

(8) Balzarini, J.; Baba, M.; Pauwels, R.; Herdewijin, P.; De Clercq, E. 
Anti-Retrovirus Activity of 3'-Fluoro- and 3'-Azido-Substituted Pyrim
idine 2',3'-Dideoxynucleoside Analogues. Biochem. Pharmacol. 1988,37, 
2847-2866. 

(9) Larder, B. A.; Darby, G.; Richman, D. D. HIV with Reduced 
Sensitivity to Zidovudine (AZT) Isolated During Prolonged Therapy. 
Science 1989, 243,1731-1734. 

(10) St. Clair, M. H.; Martin, J. L.; Tudor-Williams, G.; Bach, M. C; 
Vavro, C. L.; King, D. M.;Kelham, P.; Kemp, S. D.; Larder, B. A. Resistance 
to ddl and Sensitivity to AZT Induced by a mutation in HIV-1 Reverse 
transcriptase. Science 1991, 253,1567-1559. 

(11) (a) Prisbe, E. J.; Maag, R; Verheyden, J. P. H. 201st American 
Chemical Society National Meeting, April 14-19, 1991, Atlanta, GA, 
Carbohydrate Division paper no. 28.b. Maag, H.; Rydzewski, R. M.; 
McRoberts, M. J.; Crawford-Ruth, D.; Verheyden, J. P. H.; Prisbe, E. J. 
J. Med. Chem. 1992,35,1440-1451. 

(12) Belleau, B.; Dixit, D.; Nguyen-Ga, N.; Kraus, J. L. International 
Conference on AIDS, Montreal, Canada, June 4-9,1990, paper no. T.C.O.I. 

(13)Norbeck, D. W.; Spanton, S.; Broder, S.; Mitsuya, H. (±)-
Dioxolane-T ((±)-l-[(2/S,4/3)-2-(hydroxymethyl)-4-dioxolanyljthymine. 
Tetrahedron Lett. 1989, 30, 6263-6266. 

(14) Chu, C. K.j Ahn, S. K.; Kim, H. O.; Beach, J. W.; Alves, A. J.; 
Jeong, L. S.; Islam, Q.; Van Roey, P.; Schinazi, R. F. Asymmetric Synthesis 
of Enantiomerically Pure (-)-/S-D-Dioxolane-thymine and its Anti-HIV 
Activity. Tetrahedron Lett. 1991, 32, 3791-3794. 

NH2 NH2 o 

Ci0 <X (V 
BCH-189 (+)-B-D-(2S,5R)-1,3oxa (-)-B-L-(2R,5S)-1,3 oxa 

thiolanyl-cytosine thiolanyl-cytosine 

Figure 1. Structures of BCH-189, (+)-0-D-(2S,5fl)-l,3-oxathi-
olanylcytosine, and (-)-/3-L-(2R,5S)-l,3-oxathiolanylcytosine. 

BCH-189 was first reported as a potent anti-HIV agent 
in vitro by Belleau et al.12 BCH-189 showed potent anti-
HIV activity (EC^ = 0.73 /*M) in MT-2 cells and no cross-
resistance to AZT resistant strains and was 10 times less 
toxic than AZT in the same cell system.16 BCH-189 also 
exhibited potent anti-HIV activity (EC50 = 0.02-0.06 vM) 
in human PBM cells.17 

More recently, our laboratories have reported the 
enantiomeric syntheses, anti-HIV, and anti-HB V activities 
of both (+)-0-D-(2S,5i?)-l,3-oxathiolanylcytosine18-19 and 
(-)-/3-L-(2fl,5S)-l,3-oxathiolanylcytosine (3TC)17'20 (Figure 
1). (-)-/3-L-(2fi,5S)-l,3-oxathiolanylcytosine (EC50 = 0.0018 
nM in human PBM cells) exhibited more potent anti-HIV 
activity than the corresponding racemate (EC50 = 0.02-
0.06 MM in human PBM cells). (-)-/3-L-(2fl,5S)-l,3-
oxathiolanylcytosine was also found to exhibit the most 
potent anti-HBV activity with the least toxic effects among 
four possible stereoisomers.21 Therefore, it was of interest 
to synthesize enantiomerically pure pyrimidine and purine 
derivatives to study the structure-activity relationships 
of these unusual nucleosides series. 

Chemistry 
The key intermediate 8 was synthesized via 1,6-

thioanhydro-L-gulopyranose (4) from L-gulose (1), which 
can be easily prepared from /S,Y-6,3-gulonolactone22a'b or 

(15) Kim, H. O.; Ahn, S. K.; Alves, A. J.; Beach, J. W.; Jeong, L. S.; 
Choi, B. G.; Van Roey, P.; Schinazi, R. F.; Chu, C. K. Asymmetric Synthesis 
of 1,3-Dioxolane-Pyrimidine Nucleosides and Their Anti-HIV Activity. 
J. Med. Chem. 1992, 35, 1987-1995. 

(16) Soudeyns, H.; Yao, Q.; Belleau, B.; Kraus, J.-L.; Nguyen-Ba, N.; 
Spira, B.; Wainberg, M. A. Anti-Human Immunodeficiency Virus Type 
1 Activity and In Vitro Toxicity of 2'-Deoxy-3'-Thiacytidine (BCH-189), 
a Novel Heterocyclic Nucleoside Analog. Antimicrob. Agents Chemother. 
1991, 35, 1386-1390. 

(17) Schinazi, R. F.; Chu, C. K.; Peck, A.; McMillan, A.; Mathis, R.; 
Cannon, D.; Jeong, L. S.; Beach, J. W.; Choi, W.-B.; Yeola, S.; Liotta, D. 
C. Activities of the Four Optical Isomers of 2',3'-Dideoxy-3'-thiacytidine 
(BCH-189) against Human Immunodeficiency Virus Type 1 in Human 
Lymphocytes. Antimicrob. Agents Chemother. 1992, 36, 672-676. 

(18) Chu, C. K.; Beach, J. W.; Jeong, L. S.; Choi, B. G.; Comer, F. I.; 
Alves, A. J.; Schinazi, R. F. Enantiomeric Synthesis of (+)-BCH-189 [ (+)-
(2S,5R)-l-[2-(Hydroxymethyl)-l,3-oxathiolan-5-yl]cytosone] from D-
Mannose and its Anti-HIV Activity. J. Org. Chem. 1991,56,6503-6505. 

(19) Jeong, L. S.j Alves, A. J.; Carrigan, S. W.; Kim, H. O.; Beach, J. 
W.; Chu, C. K. An Efficient Synthesis of Enantiomerically Pure (+)-
(2S,5R)-l-[2-(Hydroxymethyl)-l,3-oxathiolan-5-yl]cytosone][(+)-BCH-
189] from D-Galactose. Tetrahedron Lett. 1992, 33, 596-598. 

(20) (a) Beach, J. W.; Jeong, L. S.; Alves, A. J.; Pohl, D.; Kim, H. O.; 
Chang, C.-N.; Doong, S.-L.; Schinazi, R. F.; Cheng, Y.-C; Chu, C. K. 
Synthesis of Enantiomerically Pure (2/R,5'S)-(-)-[2-(Hydroxymethyl)-
oxathiolan-5-yl]cytosine as a Potent Antiviral Agent against Hepatitis B 
Virus (HBV) and Human Immunodeficiency Virus (HIV). </. Org. Chem. 
1992, 57, 2217-2219. (b) Coates, J. A. V.; Cammack, N. S.; Jenkinson, 
H. J.; Mutton, I. M.; Pearson, B. A.; Storer, R.; Cameron, J. M.; Penn, 
C. R. The Separated Enantiomers of 2'-Deoxy-3'-Thiacytidine (BCH189) 
Both Inhibit Human Immunodeficiency Virus Replication In Vitro. 
Antimicrob. Agents Chemother. 1992,36, 202-205. (c) Coates, J. A. V.; 
Cammack, N. S.; Jenkinson, H. J.; Jowett, A. J.; Jowett, M. I.; Pearson, 
B. A.; Penn, C. R.; Rouse, P. L.; Viner, K. C; Cameron, J. M. H-2'-
Deoxy-3'-Thiacytidine Is a Potent, Highly Selective Inhibitor of Human 
Immunodeficiency Virus Type 1 and Type 2 Replication In Vitro. 
Antimicrob. Agents Chemother. 1992,36,733-739. (d) Cammack, N. C; 
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L-ascorbic acid220 (Scheme I). The selective tosylation of 
1 followed by acetylation gave 2 in 97% yield. The 
treatment of 2 with 45% HBr in AcOH (v/v) yielded the 
bromo derivative 3, which was refluxed with potassium 

Rouse, P. L.; Marr, C. L. P.; Reid, P. J.; Boehme, R. E.; Coates, J. A. V.; 
Penn, C. R.; Cameron, J. M. Cellular Metabolism of (-) Enantiomeric 
2'-Deoxy-3'-Thiacytidine. Biochem. Pharmacol. 1992,43,2059-2064. (e) 
Hart, G. J.; Orr, D. C; Penn, C. R; Figueiredo, H. T.; Gray, N. M.; Boehme, 
R. E.; Cameron, J. M. Effects of B-2'-Deoxy-3'-Thiacytidine (3TC) 5'-
Triphosphate on Human Immunodeficiency Virus Reverse Transcriptase 
and Mammalian DNA Polymerase Alpha, Beta, and Gamma. Antimicrob. 
Agents Chemother. 1992, 36,1688-1694. (f) Humber, D. C; Jones, M. 
F.; Payne, J. J.; Ramsay, V. J. Expeditious Preparation of (-)-2'-Deoxy-
3'-Thiacytidine (3TC). Tetrahedron Lett. 1992, 33, 4625-4628. 

(21) (a) Doong, S. L.; Tsai, C.-H.; Schinazi, R. F.; Liotta, D. C; Cheng, 
Y.-C. Inhibition of the Replication of Hepatitis B Virus in vitro by 2',3'-
Dideoxy-3'-thiacytidine and Related Analogues. Proc. Natl. Acad. Sci. 
U.S.A. 1991,88,8495-8499. (b) Chang, C.-N.; Doong, S.-L.; Zhou, J. H.; 
Beach, J. W.; Jeong, L. S.; Chu, C. K.; Tsa, C.-H.; Cheng, Y.-C. 
Deoxycytidine Deaminase Resistant Stereoisomer Is the Active Form of 
(±)-2',3'-Dideoxy-3'-Thiacytidine in the Inhibition of Hepatitis B Virus 
Replication. J. Biol. Chem. 1992, 33, 6899-6902. 

(22) (a) Lemer, L. M.; Kohn, B. D.; Kohn, P. Preparation of Nucleosides 
via Isopropylidene Sugar Derivatives. III. J. Org. Chem. 1968,33,1780-
1783. (b) Evans, M. E.; Parrish, F. W. A Simple Synthesis of L-Gulose. 
Carbohydr. Res. 1973, 28, 359-364. (c) Andrews, G.; Crawford, T. C; 
Bacon, B. E. Stereoselective, Catalytic Reduction of L-Ascorbic Acid. J. 
Org. Chem. 1981, 46, 7976-7981. 
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O-ethylxanthate in acetone18,208'23 and then deacetylated 
using NH4OH in MeOH to obtain the 1,6-thioanhydro-
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Scheme IV 
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L-gulopyranose (4) after purification by silica gel column 
chromatography. The selective oxidative cleavage of 
vicinal cis-diol in 4 by NaI04 to the corresponding 
aldehyde, reduction with NaBH4 followed by protection 
of the resulting diol as the acetonide using acetone and 
p-toluenesulfonic acid yielded the 1,3-oxathiolane deriv
ative 5 in 65 % yield from 4. The protection of the hydroxyl 
group with a tert-butyldiphenylsilyl group followed by 
deprotection of the isopropylidene moiety by catalytic 
p-toluenesulfonic acid in MeOH afforded the protected 
diol 6 in 70% yield from 5. The preparation of the key 
intermediate 8 was accomplished in three steps from diol 
6: The oxidative cleavage of vicinal diol of 6 by Pb(OAc)4 

followed by pyridinium dichromate (PDC) oxidation in 
DMF24 gave the acid 7. Without further purification, the 
treatment of the acid 7 with PbtOAcWpyridine in an
hydrous THF afforded acetate 8 (64 % yield from 6), which 
can be used for the preparation of various L-oxathiolanyl 
nucleosides. 

The synthesis of (-)-/S-L-(2i?,5S)-l,3-oxathiolanylcy-
tosine (13) and its a isomer 14 is outlined in Scheme II. 
The condensation of 8 with silylated JV4-acetylcytosine in 
1,2-dichloroethane in the presence of TMSOTf yielded 
fully protected nucleosides 9 and 10 (2:1 ratio). The 
deacetylation of 9 and 10 by methanolic ammonia followed 
by desilylation by tetra-n-butylammonium fluoride gave 
the desired (-)-0-L-(2i?,5S)-l,3-oxathiolanylcytosine (13) 
and its a isomer 14, respectively. It is interesting to note 
that the use of stannic chloride25 in place of TMSOTf 

(23) (a) Whistler, R. L.; Seib, P. A. Alkaline Degradation of 6-Thio-
derivatives of D-glucoae and D-galactose. Carbohydr. Res. 1966,2,93-
103. (b) Akagi, M.; Tejima, §.; Haga, M. Biochemical Studies on 
Thiosugars. IV. Synthesisofl,6-ajmydro-l,6-sulfide-/3-D-glucopyranose 
(Thioevoglucosan). Chem. Pharm. Bull. 1963,11, 58-61. 

(24) Corey, E. J.; Schmidt, G. Useful Procedures for the Oxidation of 
Alcohols Involving Pyridinium dichromate in Aprotic Media. Tetra
hedron Lett. 1979, 379-382. 

(25) Choi, W.-B.; Wilson, L. J.; Yeola, S.; Liotta, D. C; Schinazi, R. F. 
In Situ Complezation Directs the Stereochemistry of N-Glycosylation in 
the Synthesis of Thialanyl and Diozolanyl Nucleoside Analogues. </. Am. 
Chem.Soc. 1991,113, 9377-9378. 

NH2 

aatx-ow 
51(X-F) 
53 (X - CI) 
55 (X - Br) 
5Z(X-I) 

52 (X - CH3) 
52 (X -F ) 
54 (X = CI) 
56 (X = Br) 
55 (X = I) 

yielded only 0 isomer, but resulted in racemization, which 
was characterized by chiral HPLC and optical rotation.26 

The assignments of anomeric configurations of 13 and 14 
were based on NOE experiments that upon irradiation of 
4'-H in 13 and 14, enhancement of l'-H peak, suggesting 
cis orientation, was observed, while no enhancement was 
observed in 14, indicating the trans configuration. Ano
meric configurations of other nucleosides were assigned 
based on the comparison of the XH NMR patterns of 13 
and 14 and the chemical shifts of the /? anomeric protons 
in the NMR spectra, which were upfield relative to the a 
anomeric signals. Furthermore, the 4' proton of the /? 
anomers appeared upfield from that observed for the a 
anomer and the 5' protons of the & anomer appeared 
downfield from those observed for the a anomers.16 

The general synthetic route to thymidine, uridine, and 
5-substituted uridine analogues 27-38 is depicted in 
Scheme III. The fully protected 1,3-oxathiolanyluracil, 
-thymine, and -5-halouracil nucleosides 15-26 were pre
pared as inseparable a,/)-anomeric mixtures from the 
condensation of acetate 8 with silylated uracil, thymine, 
and 5-halouracil8, respectively, using TMSOTf as Lewis 
acid catalyst. Desilylation of the protected nucleosides 
15-26 by tetra-n-butylammonium fluoride in THF and 
purification by silica gel column chromatography yielded 
the final nucleosides 27-38 in good yields. 

The synthesis of l,3-oxathiolanyl-5-substituted cytosine 
nucleosides are illustrated in Scheme IV. The intermediate 
8 was condensed with silylated 5-substituted cytosines. 
However, we could only obtain chromatographically 
inseparable anomeric mixtures of corresponding nucleo
sides. In order to avoid this problem, W-acetyl-5-
halocytosines were prepared and condensed with the 
acetate 8. Although separations of a./S-anomers were 
detected on TLC, the individual anomers of iV4-acetyl-

(26) (a) Chiral HPLC was performed on a Cyclobond I Acetylated 
Column (Astec) using 0.2 % (v/v) Triethylamine in Water Adjusted to pH 
7.2 with Glacial Acetic Acid and Plow Rate of 1 mL/min. (b) [al^n • 
0° (c 1.0, MeOH). 
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5-substituted cytosine derivatives were too unstable to be 
separated by silica gel column chromatography. Therefore, 
we have prepared N4-benzoyl-5-substituted cytosines, 
which were synthesized by treating 5-substituted cy
tosines27 with benzoic anhydride at 70-80 °C and then 
condensed with 8. This method resulted in stable deriv
atives during the silica gel column chromatography as well 
as better separation of a,/3-anomers on TLC. Therefore, 
we could obtain fully protected individual a and /S anomers 
39-48. Desilylation of compounds 39-48 by tetra-n-
butylammonium fluoride and then debenzoylation using 
methanolic ammonia followed by silica gel column chro
matography yielded the desired 5-substituted cytosine 
nuleosides 49-58. 

L-l,3-Oxathiolanyl acetate 8 was also condensed with 
silylated 6-chloropurine, which was then converted to ddA, 
ddl, and i^-MeddA derivatives (Scheme V). The con
densation of the acetate 8 with silylated 6-chloropurine 
yielded protected nucleosides 59 and 60 after silica gel 
column chromatography. During the condensation, the 
initially formed possibly N-3 isomers28 were converted to 
N-9 isomers on refluxing overnight. Desilylation of 59 
and 60 by tetra-n-butylammonium fluoride gave the free 
nucleosides 61 and 62, respectively. The 6-chloropurine 
derivative 61 was converted to the ddA derivative 63 by 
treating with methanolic ammonia at 85-90 °C. N6-
Methyl-ddA analogue 64 was prepared by treating 61 with 
methylamine in methanol at 85-90 °C. The ddl derivative 
65 was also synthesized from 61 by refluxing with sodium 
methoxide and 2-mercaptoethanol in methanol. The 
corresponding a-anomers 66-68 were prepared by similar 
procedures used for 63-65. 

For the syntheses of 2,6-disubstituted purine analogues 
such as 2',3'-dideoxyguanosine, the acetate 8 was reacted 

(27) 5-Halocytosines (CI, Br, I) were synthesized by refluxing cytosine 
with N-haloauccinimide (CI, Br, I) in glacial acetic acid, and 5-fluoro- and 
5-methylcytosines were commercially available. 

(28) (a) UV (MeOH) X„„ 270.5 nm (pH 7), 263.5 (pH 2), 264.5 (pH 11). 
(b) Prasad, R. N.; Robins, R. K. Potential Purine Antagonists, VIII. The 
Preparation of Some 7-Methyl Purines. J. Am. Chem. Soc. 1957, 79, 
6401-6407. 

with 2-fluoro-6-chloropurine29 to give an inseparable 
anomeric mixture of 69 and 70 (Scheme VI). As observed 
with 6-chloropurine, rearrangement of initially formed 
isomers to N-9 isomers occurred while stirring overnight 
at room temperature. The treatment of anomeric mixture 
69 and 70 with ammonia in DME at room temperature 
resulted in two pairs of a,/3 anomer 71-74. Desilylation 
of individual anomers by tetra-n-butylammonium fluoride 
gave 6-amino-2-fIuoro30 and 2-amino-6-chloro derivatives 
75 and 77 and their a isomers 76 and 78, respectively. The 
2-amino-6-chloro analogues 77 and 78 were treated with 
sodium methoxide and 2-mercaptoethanol in methanol to 
give guanine derivatives 79 and 80, respectively.31 XH NMR 
spectra of all synthesized compounds are summarized in 
Tables I and II and physicochemical properties such as 
optical rotations and melting points are shown in Table 
III. 

Anti-HIV Activity 
The anti-HIV-1 activity of the synthesized L-(2fl,5S)-

and (2JF2,5A)-oxathiolanyl pyrimidine and purine nucle
osides was determined in human peripheral blood mono
nuclear (PBM) cells infected with HIV-1 strain LAV (Table 
IV).32 

As seen in Table IV, the 5-fluorocytosine derivative 51 
was found to be the most potent compound among 
compounds tested without cytotoxicity up to 100 jtM. 

In the case of 5-substituted cytosine analogues, the 
antiviral potency was found to be in the following 
decreasing-order: cytosine (/S-isomer) > 5-iodocytosine 

(29) Robins, M. J.; Vznanski, B. Nucleic acid related compounds. 34. 
Non-aqueous Diazotization with tert-Butyl Nitrite. Introduction of 
Fluorine, Chlorine, and Bromine at C-2 of Purine Nucleosides. Can. J. 
Chem. 1981, 2608-2613. 

(30) Montgomery, J. A.; Hewson, K. Nucleosides of 2-Fluoroadenine. 
J. Med. Chem. 1969,12, 498-501. 

(31) Tong, G. L.; Ryan, K. J.; Lee, W. W.; Acton, E. M.; Goodman, L. 
Nucleosides of Thioguanine and Other 2-Amino-6-substituted Purines 
from 2-Acetamido-6-chloropurine. J. Org. Chem. 1967, 32, 859-863. 

(32) Schinazi, R. F.; Sommadossi, J.-P.; Saalmann, V.; Cannon, D. L.; 
Xie, M.-Y.; Hart, G. C; Smith, G. A.; Hahn, E. F. Activities of 3'-Azido-
3'-Deoxythymidine Nucleotide Dimers in Primary Lymphocytes Infected 
with Human Immunodeficiency Virus Type 1. Antimicrob. Agents. 
Chemother. 1990, 34, 1061-1067. 
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Table I. NMR Data of 1,3-Oxathiolane-Pyrimidineg 

Hb-2' H-4[ H-5^ other signals 

8.88 (brs.NH), 8.28 ( d , . / W " 
7.4, H-6), 7.32-7.80 (m, Ar), 
7.21 (d,JM = 7.4, H-5), 
2.24 (s, COCHs), 1.11 (s, tert-
butyl) 

9.91 (br s, NH), 7.32-7.85 
(m, Ar, H-5, and H-6), 2.28 
(s, COCH8), 1.07 (s, tert-butyl) 

7.94 (d,J«. = 7.4, H-6), 
7.32-7.83 (m. Ar), 5.92 (br s, 
NH2), 5.46 (d, J6* = 7.4, H-5), 
1.09 (s, tert-butyl) 

7.31-7.82 (m,Ar and H-6). 
5.97 (brs,NH2), 5.67 (d,JM 
= 7.4, H-5), 1.06 (s, tert-butyl) 

7.89 (d, J™ " 7.5, H-6), 7.19 
(br s, NH2), 5.88 (d, Jifi - 7.5, 
H-5), 5.31 (t, JOHX = 4.6, OH) 

7.63 (d,JeJS = 7.5, H-6), 7.16 
(br s,NH2), 5.83 (d,Js* = 7.5, 
H-5), 5.16 (t, JOHX = 6V7, OH) 

8.81 (br s, NH), 7.91 (d, «/w -
8.7, H-6), 7.38-7.71 (m,Ar), 
5.56 (d,Jifi = 4.5, H-5), 1.09 
(s, tert-butyl), 1.07 (s, 
tert-butyl) 

9.01 (br s, NH), 7.21-7.69 (m, Ar 
and H-6), 1.78 (s, CHs), 1.77 (s, 
CHj) 1.24 (s, tert-butyl), 1.07 (s, 
tert-butyl) 

19/20* 6.37 (m), 6.30 (m) 3.50 (m) 3.12 (m) 5.58 (t, 4.10 (dd, 9.06 (br s, NH), 7.94 (d, Jj* = 
* 6.4, H-6), 7.38-7.70 (m, Ar), 

1.09 (a, tert-butyl), 1.07 (s, 
tert-butyl) 

compd 
no. 

9* 

10* 

11' 

12* 

13° 

14° 

15/16" 

17/18* 

H-l'«< 

6.35 (dd, 
Jvx* = 2.4, 
Jl'X* = 5.3) 

6.35 (d, 
Jvx = 4.1) 

6.35 (dd, 
Jl'X* = 3.3, 
Jvx* - 5.3) 

6.41 (dd, 
Jvx* = 1.1, 
Jvx* ' 4.8) 

6.21 (pseudo, t, 
Jvx* " 5.3, 
Jvx* = 4.4) 

6.36 (dd, 
Jvxv = 3.3, 
Jvx.r 5.D 

6.40 (dd, 
Jvx* - 1.8, 
Jvx* = 5.3), 6.33 
(dd, Jvx* • 5.3, 
Jvx* = 3.6) 

6.43 (dd, 
Jvx* - 2.6, 
Jvx* = 5.3), 6.35 
( t , J i ^ = 6.0) 

H.-2' 

3.56 (dd, 
J\'X* = 5.3, 
« W b = 12.5) 

3.54 (dd, 
Jvx* • 4.1, 
Jr*x* = 12.1) 

3.50 (dd, 
Jvx*** 5.3, 
Jr*X* = 12.3) 

3.51 (dd, 
Jvx* = 4.8, 
Jrtjn, • 12.3) 

3.43 (dd, 
Jvx*** 5.3, 
Jr^x* - 11.9) 

3.46 (dd, 
Jl'X* = 5.1, 
< W b = 12.1) 

3.52 (m) 

3.49 (m) 

21/22* 6.36 (m), 6.28 (m) 3.48 (dd, 3.07 (dd, 5.69 (t, 3.99 (t, 8.65 (br B, NH), 7.33-7.71 (m, 
.Jr.*. - 5.7, Jvx*-3A, Jt-x'4.5), </B^' = 3.9), Ar), 7.88 (8, H-6), 1.09 (s,t< 
JrtXh • 12.0) ^ c r t = 12.0) 5.25 ( t , ^ - 3 . 9 ) 3.76 ( d , ^ ' butyl), 1.07 (s, tert-butyl) 

27« 

28° 

29° 

30° 

31" 

32s 

33* 

34° 

36° 

36° 

37° 

38* 

6.20 (t, 
Jvx = 5.0) 

6.35 (dd, Jvxb • 3.0, 
Jvx* = 5.4) 

6.19 (t, Jr.* = 5.3) 

6.35 (pseudo t, 
Jvx* = 3.9, 
Jvx* = 2.6) 

6.17 (m) 

6.32 (m) 

6.18 (t, 
Jvx " 4-8) 

6.32 (dd, 
Jvxb - 2.8, 
Jvx* = 6.5) 

6.17 (t, 
Jvx ' 4.9) 

6.32 (dd, 
Jvx* " 2.7, 
Jvx*" 6.6) 

6.16 (dd, 
Jvx* = 3.2, 
Jvx* = 5.3) 

6.30 (dd, 
Jvx* = 3.8, 
Jvx* = 5.9) 

3.44 (dd, 
Jr*x* " 11-5, 
« W = 5.0) 

3.49 (dd, 
Jv*X* = 11-8, 
Jw " 5.4) 

3.39 (dd, 
Jr*xb m H-6. 
Jr*.v = 5.3) 

3.52 (dd, 
Jr*X* = H-5, 
Jt*x = 3-9) 

3.45 (dd, 
J**X* = 12-2. 
Jr*,v = 5.5) 

3.52 (dd, 
Jnx* ' 12.2, 
Jr*x - 4.0) 

3.50 (dd, 
Jnx* = 11-B. 
J**x " 4.8) 

3.53 (dd, 
Jrtx*" H-9. 
J>f*X m 6.5) 

3.47 (dd, 
Jybx*= H-9. 
Jr*.v = 4.9) 

3.50 (dd, 
Jw*m n .9 , 
J**X = 6.6) 

3.50 (dd, 
Jr*X*" 12.1, 
Jt*x ™ 5.3) 

3.46 (dd, 
Jv*X*' 12.1, 
Jt%y = 5.9) 

3.20 (dd, 
Jvx* = 2.4, 
J**X* = 12-5) 

3.14 (dd, 
Jvx* m 4.1, 
Jr*x* " 12-D 

3.13 (dd, 
Ji',21, = 3.3, 
Jr*x* = 12.3) 

3.12 (dd, 
Jvx* = 1 . 1 > 
«̂ 2<̂ 2T> = 12.3) 

3.03 (dd, 
«/r^b = 4.4, 
Jr*X* m 11-9) 

3.08 (dd, 
Jvx* = 3.3, 
< W b = 12.1) 

3.11 (m) 

3.05 (m) 

3.12 (m) 

3.07 (dd, 
Jvx* ** 3.4, 
Jrix* = 12.0) 

3.07 (m) 

3.06 (m) 

3.20 (dd, 
Jr*X* = 11.5, 
Jv*,v • 5.0) 

3.20 (dd, 
Jr*x* = 11-8, 
«^b,i' - 3.0) 

3.19 (dd, 
«^b^« = 11.6, 
Jv*.v = 5.3) 

3.24 (dd, 
J*bX* = 11.5, 
< W = 2.6) 

3.28 (dd, 
Jr*X* - 12-2, 
J'MM' = 4.3) 

3.27 (dd, 
•JMI^. = 12.2, 
^2TM' = 3.0) 

3.35 (dd, 
Jr*x*= H.9. 
Jn,v = 4.8) 

3.32 (dd, 
Jnx* " 11-9-
Jv*,v = 2.8) 

3.30 (dd, 
Jr*x* * 11-9, 
Jvw = 4.9) 

3.31 (dd, 
•Js'M'. = 11.9, 
J**y = 2.7) 

3.11 (dd, 
Jx*x* " 121, 
Jn,v - 3.2) 

3.31 (dd, 
« W « = 12.1, 
^rb,r = 5.9) 

5.21 (.t,Jvx = 3.5) 

5.62 ( t , . / ^ - 4 . 4 ) 

5.25 (t, ^ 4 ^ = 3.5) 

5.55 (t, ^4-^ = 4.8) 

5.22 (t,«/4'^ = 4.2) 

5.53 (t,Jrjv~ 5.1) 

5.73 (dd, 
</4'*« = 3 .7 , 
^ • A - = 9.8), 5.24 
( t ,74^ = 3.3) 

5.56 (t, 
Jvx = 4.5), 
5.27 (t, JVfl = 3.7) 

5.58 (t, 
« V = 4.5), 
5.23 <X,JVJg' 4.0) 

5.69 (t, 
Jvx - 4.5), 
5.25 (t,Jvx~ 3.9) 

5.59 (t, 
< V - 4.6), 
5 i 5 (t, Jf4'# - 4.2) 

5.58 (t, 
^ = 4.6), 
5.27 (t, 
Jvx • 4.2) 

5.19 (t, </4',p = 4.4) 

5.52 (t,J4 '# = 6.3) 

5.17 (t,Jvx" 4.6) 

5.53 (t, J4 '^ = 4.6) 

5.21 (t, Jvx = 3.8) 

5.62 (t, Jvx = 5.2) 

5.22 (t,Jvx = 3.8) 

5.63 (t, ^4',6- = 6.0) 

6.21 ( t , J « v = 3.4) 

5.62 (t, JV^ = 6.0) 

5.20 (t,Jvp~ 3.2) 

5.51 ( t , J 4 v = 5.4) 

4.21 (dd, 
< 6̂',4' = 3 .5 , 
Js*X* = 11-8), 
3.95 (dd, Js,v 
= 3.5, Js-t^b 
= 11.8) 

3.74 (d, 
Jv,v - 4.4) 

4.16 (dd, 
< 6̂',4/ = 3 .5 , 
< W b = 12.8) 

3.73 (d, 
Jvx = 4.8) 

3.80 (t, 
Jvx = 4-2) 

3.54 (t, 
Jvx = 5.1) 

4.15 (dd, 
Jv,v - 3.3, 
JV*JM = 11.6), 
3.93 (dd,</5<,4< 
= 3.7, Jv*jbV = 
12.1), 3.72 (m) 

4.03 (dd, 
Jvx = 3.7, 
Jv*fiV = 11.3), 3.95 
(dd| </s<,4< = 4.5, 
* * = 11-4) 

4.10 (dd, 
Jv.v = 4.0, 
Jv*fiV = 12.0), 3.91 
(dd, Jvx • 4.5, 
« W < = U.3) 

3.99 (t, 
Jvx = 3.9), 
3.76 ( d , ^ 
= 4.5) 

3.99 (dd, 
Jv.v - 4.2 
• W b = 3.7), 3.76 
(d,«^,4- = 4.6) 

3.99 (dd, 
Jv,v = 4.2 
Jv*x* " 3.8), 3.76 
(d ,^ ,4=4 .6) 

3.73 (d,«7y,4< = 4.4) 

3.49 (m) 

3.72 (m) 

3.52 (m) 

3.77 (m) 

3.52 (m) 

3.79 (m) 

3.53 (m) 

3.79 (m) 

3.50 (m) 

3.80 (m) 

3.50 (m) 

23/24* 6.36 (m), 6.28 (m) 3.56 (m) 3.07 (m) 5.59 (t, 3.99 (dd, 8.67 (br s, NH), 7.95 (s, H-6), 
7.38-7.77 (m, Ar), 1.09 <s, 
tert-butyl), 1.07 (s, tert-butyl) 

25/26* 6.35 (m), 6.27 (m) 3.55 (m) 3.06 (m) 5.58 (t, 3.99 (dd, 8.70 (br s, NH), 7.96 (s, H-6), 
' — 7.35-7.77 (m,Ar), 1.09 (s, tert-

butyl), 1.07 (s, tert-butyl) 

11.4 (br s, NH), 7.91 (d, Jt* = 7.9, 
H-6), 5.64 ( d , ^ = 7.9, H-5), 
5.36 (br s, OH) 

11.4 (br B, NH), 7.66 (d, </w = 7.9, 
H-6), 5.64 ( d , ^ = 7.9, H-5), 
5.36 (br s, OH) 

11.4 (br B, NH), 7.75 (s, H-6), 5.34 
(Won* = 5.9, OH), 1.78 (s, 
CH3) 

11.3 (br s, NH), 7.54 (s, H-6), 6.21 
( t , « W = 5.5,OH),1.79(s, 
CH3) 

11.9 (br s, NH), 8.36 (d, Ju = 7.6, 
H-6), 5.48 (t, JOHX = 5.5, OH) 

11.9 (br a, NH), 7.98 (d, Ju = 7.0, 
H-6), 5.21 (t, JOHX = 5.9, OH) 

11.9(brs,NH),8.45(s,H-6), 
5.50 (t, JOHX - 5.4, OH) 

11.4 (brs,NH), 7.96(s, H-6), 
5.20 (br s, OH) 

11.9 (br s, NH), 8.52 (a, H-6), 
5.50 ( W o w = 5.7, OH) 

11.7 (br s, NH), 8.01(s, H-6), 
5.20 (br s, OH) 

11.8 (br s, NH), 8.51(s, H-6), 
5.50 (t, Louis'-5.4, OH) 

11.8 (brs,NH), 8.01(s, H-6), 
5.10 (t, JOHX = 5.4, OH) 
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Table I (Continued) 

compd 
no. 

39* 

40* 

41° 

42* 

43° 

44° 

45° 

46* 

47° 

48° 

49° 

50° 

51° 

52° 

53° 

54° 

55° 

56° 

57° 

58° 

H - l " * 

6.37 (t, 
Jvjr = 5.3) 

6.42 (dd, 
Jv?b - 2.5, 
Jv*t = 5.4) 

6.32 (m) 

6.37 (d, 
Jv? = 5.1) 

6.30 (dd, 
Jv?b - 4.4, 
Jvgi = 5.5) 

6.38 (dd, 
Jv?b - 1-8, 
Jv** = 5.1) 

6.30 (pseudo, t, 
Jv?b - 5.5, 
Jv*r* = 4.6) 

6.36 (dd, 
J\'#b = 1-3, 
Jv?i = 5.0) 

6.38 (pseudo, t, 
Jypt, = 5.5, 
Jvt&i = 5.1) 

6.35 (dd, 
Jv&, = 2.0, 
Jv#t = 5.0) 

6.20 (pseudo t, 
Ji'fb = 5.9, 
Ji'P* = 5.5) 

6.34 (dd, 
Jv#b = 3.4, 
Ji'x* - 5.5) 

6.14 (m) 

6.28 (m) 

6.15 (pseudo t, 
Jv#v = 3.6, 
Jvgi - 5.5) 

6.30 (dd, 
Jv?b = 2.5, 
Jvgi = 5.7) 

6.15 (dd, 
Jvpb = 3.7, 
Jv?t = 5.2) 

6.30 (dd, 
Ji'^b " 5.3, 
Jvx* = 2.7) 

6.16 (pseudo t, 
<Jv,n — 3.8, 
Jy#, = 5.5) 

6.30 (dd, 
Jvm, = 2.8, 
«/ i^. = 5.1) 

H.-2' 

3.49 (dd, 
Jv*#b = 12.4, 
Jr*X = 5.3) 

3.56 (dd, 
« W b = 12.0, 
< W = 5.4) 

3.53 (dd, 
Jv*Zh = 12.2, 
« W = 5.4) 

3.81 (dd, 
Jv^n = 11.1, 
Jr*v - 5.1) 

3.51 (dd, 
Jvtjn = 12.3, 
Jrtx= 5.5) 

3.58 (dd, 
Jvtjn, = 12.5, 
J w - 5.1) 

3.51 (dd, 
JviXh = 12.3, 
• W = 4-6) 

3.59 (dd, 
« W b = 12.4, 
t/axr = 5.0) 

3.50 (dd, 
^••^b = 12.8, 
^ i ' = 5.1) 

3.45 (dd, 
Jtisn> = 12.8, 
J*tX = 5-W 

3.35 (dd, 
^•t fb = 11.5, 
J*»,v - 5.5) 

3.45 (dd, 
J**&> = 12.1, 
J*»X = 5.5) 

3.42 (dd, 
Jv*X\> •* 11.8, 
Jttty = 5.5) 

3.40 (dd, 
< W b = 12.1, 
J*t,v - 5.6) 

3.45 (dd, 
Jzuft, —11.8, 
e/y^i' = 5.5) 

3.47 (dd, 
< W b = 12.1, 
Jw - 5.7) 

3.44 (dd, 
«J21^. = 12.1, 
•fc.,1 = 5.2) 

3.51 (dd, 
Jn#i = 11.1, 
J*ii = 2.7) 

3.43 (dd, 
J?b#i = 11.8, 
•Jna = 5.5) 

3.46 (dd, 
Jn#* - H-8» 
J*.,! = 5.1) 

Hb-2' 

3.11 (dd, 
JvKth = 12.4, 
Jnx - 5.3) 

3.12 (dd, 
Jvtfr = 12.1, 
Jnx - 2.5) 

3.20 (dd, 
«/a-,#b = 12.2, 
• W = 3.2) 

3.74 (dd, 
JvtXh = H . l , 
Jnx = 5.1) 

3.11 (dd, 
Jvt&h = 12.3, 
« W = 4-4) 

3.11 (dd, 
Jvt&> = 12.5, 
Jnx = 1-8) 

3.14 (dd, 
Jvtfb = 12.2, 
Jnx = 5.5) 

3.16 (dd, 
J W b = 12.4, 
« W = 1-3) 

3.08 (dd, 
Jutgh m 12.8, 
Jnx - 5.5) 

3.10 (dd, 
J%i#b = 12.8, 
J « , r • 2.0) 

3.03 (dd, 
Jr^n m 11.5, 
Jnx = 5.9) 

3.09 (dd, 
J**n = 12.1, 
Jnx = 3.4) 

3.12 (dd, 
Jztjrb = 11.8, 
J r u - 4 8 ) 

3.15 (dd, 
JtlXh * 12.1, 
« W = 4.4> 

3.16 (dd, 
Jzt&> = H.8, 
Jnx = 3.6) 

3.18 (dd, 
• W b = 12.1, 
< W = 2.5) 

3.17 (dd, 
JziXb = 12.1, 
Jnx = 3.7) 

3.19 (dd, 
« W b m H . l , 
^b,i ' = 5.3 

3.15 (dd, 
Jr%n = H.8, 
Jn,v m 3.8) 

3.17 (dd, 
Jrt#b = 11.8, 
< W » 2.8) 

H-4' 

5.30 (t, Jt/f/ • 

5 . 6 1 ( t , J 4 ^ i 

5.25 <X,Jvff 

5.62 (t, JVf/ ' 

5 . 2 7 ( t , J 4 v ! 

5.63(t,</4',5" 

5.28(t,</4'^ ! 

5.65 ( t , y 4 ^ ' 

5.28 (t, Jw' 

5 . 6 2 ( t , J 4 V ' 

5 . 1 6 ( t , J 4 V ^ 

5.52 (t, Jff, ' 

5.18 (t, Jvf/' 

b.&i{t,JVff-

5 . 2 1 ( t , J 4 V -

5 .60( t ,« / 4 V : 

5.20(t,.74<,6" 

5.62 (t,Jvff-

5.19 (t, Jvf/ • 

5.58 (t, Jw 

= 4.5) 

= 4.5) 

= 3.5) 

- 4 . 6 ) 

= 4.4) 

= 4.6) 

= 4.0) 

= 4.4) 

= 4.4) 

= 4.7) 

= 4.5) 

= 5.2) 

* • 

= 3.9) 

= 5.3) 

= 3.5) 

= 5.5) 

= 3.5) 

• 4 . 9 ) 

= 3.6) 

= 5.0) 

H-5' 

4.08 (dd, 
Jvun " 12.9, 
< W - 4.5), 3.97 
(dd, Jy^n, = 12.9, 
^ M ' = 4.5) 

3.76 (dd, 
•/IK,4< = 4 . 5 , 

Jvb#m m 11.8) 
4.15 (dd, 

Jstjn,m 11.7, 
Jvb,v " 3.0), 3.92 
( d d , ^ ^ b = 11.9, 
Jw m 3.8) 

3.59 (dd, 
• W b = 12.4, 
Jn,v - 4.6), 3.16 
< d d , . W b = 12.4, 
Jv*v - 4.6) 

4.21 (dd, 
Jv*ph m 12.8, 
Jvur = 4.4), 3.95 
( d d 7 . W = 12.8, 
J«U- • 4.4) 

3.77 (d, 
J«X = 4.6) 

4.08 (dd, 
J&*fib • H.6, 
« W = 4-0), 3.97 
(ddV JffcW = H.6, 
< W - 4.0) 

3.81 (dd, 
< W b = 11.3, 
• W = 4.4), 3.73 
( d d , « W = U . l , 
Jn,« * 4.4) 

4.00 (d, 
Jvjv = 4.4) 

3.75 (d, 
Jt/,v * 4.7) 

3.73 (m) 

3.48 (m) 

3.74 (m) 

3.40 (m) 

3.75 (m) 

3.50 (m) 

3.75 (m) 

3.51 (m) 

3.75 (m) 

3.50 (m) 

other signals 

9.40 (br s, NH), 8.31 (d, J - 7.4, 
Ar), 7.39-7.72 (m, Ar and H-6), 
1.93 (s, CHs), 1.10 (s, tert-
butyl) 

9.41 (br s, NH), 8.31 (d, J - 7.2, 
Ar) 7.38-7.71 (m, AT and H-6), 
2.14 (s, CHs), 1.08 (s, tert-butyl) 

13.5 (br s, NH), 8.27 (d, J - 7.5 
Ar) ,8 .12(d ,« / $ »«6 .1 ,H-6) , 
7.39-7.72 (m, Ar), 1.08 (s, tert-
butyl) 

1 3 . 2 ( b r s , N H ) , 8 . 2 8 ( d , < / -
6.9, Ar), 7.38-7.71 (m,Ar 
and H-6), 1.08 (s, tert-
butyl) 

9.53 (bra, NH), 8.31 (d, J = 
7.2, Ar), 8.01(s, H-6), 
7.30-7.82 (m, Ar), 1.07 (s, 
tert-butyl) 

9.50 (br s, NH), 8.31 (d, J - 7.4, 
Ar), 7.91 (s, H-6), 7.31-7.72 
(m, Ar) 1.09 (s, tert-butyl) 

1 3 . 2 ( b r s , N H ) , 8 . 3 4 ( d , . / = 
7.3, Ar), 8.09(s, H-6), 
7.39-7.73 (m,Ar), 1.08 (8, 
tert-butyl) 

13.0 (bra, NH),8.34 (d , . / = 
7.1, Ar), 7.82 (s, H-6), 
7.39-7.71 (m,Ar), 1.08 (s, 
tert-butyl) 

12.5 (br s, NH), 8.35 (d, J * 7.4, 
Ar), 8.10 (s, H-6), 7.18-7.30 
(m, Ar), 1.10 (s, tert-butyl) 

12.8 (br s, NH), 8.34 (d, J - 7.3, 
Ar), 7.90 (s, H-6). 7.39-7.80 (m, 
Ar), 1.08 (s, tert-butyl) 

7.65 (s, H-6), 7.39 (br s, 4-NHJ, 
6.88 (br s, 4-NHb), 5.32 (t, 
JoHf - 5.7, OH), 1.84 (s, CHs) 

7.42 (s, H-6), 7.33 (br a, 4 -NHJ, 
6.84 (br s, 4-NHb), 5.19 (t, Joiw 
• 5.8, OH), 1.85 (s, CHs) 

8.20 ( d , ^ v > > 7.3, H-6), 7.82 
(br s, 4-NHJ, 7.58 (br s, 4-NHb), 
5.42 (t, Jonjy - 5.7, OH) 

7.86 (d,Jv* 7.0, H-6), 7.80 
(br s, 4-NHJ, 7.60 (br s, 4-NHb), 
5 .32(brs ,OH) 

8.32 (s, H-6), 7.91 (br 8 ,4-NHJ, 
7.29 (br s, 4-NHb), 5.10 (t, J 0 i w 
= 5.6, OH) 

7.90 (br s, 4 -NHJ, 7.84 (B, H-6), 
7.29 (br s, 4-NHb), 5.10 (t, J b w 
= 5.6, OH) 

8.39 (s, H-6), 7.92 (br s, 4-NHJ, 
7.07 (br s, 4-NHb), 5.49 (t, t f a w 
= 5.6, OH) 

7,93 (br B, 4 -NHJ, 7.89(s, 
H-6) ,7 .09(br8 ,4-NHJ, 
5 . 1 9 ( t , « W " 5 . 9 , O H ) 

8.37 (s, H-6), 7.88 (br s, 4-NHJ, 
6.68 (br s, 4-NHb), 5.46 (br s, OH) 

7,90 (br s, 4 -NHJ, 7.88 (s, H-6), 
6.70 (br s, 4-NHb), 5.58 (t, Jotw 
= 5.0, OH) 

<• DMSO-de.b CDCU.c Parts per million downfield from TMS. d In order to avoid complications the furanose numbering system was used 
for interpretation of the NMR data. 

(jS-isomer) > 5-fluorocytosine (a-isomer) > 5-methylcy-
tosine (a-isomer) > 5-methylcytosine (/3-isomer) > 5-bro-
mocytosine (/3-isomer) > 5-chlorocytosine (/8-isomer). It is 
not surprising that some a-isomers exhibited good anti-
HIV activity because a-isomer of dioxolanylcytosine have 
been reported to be very potent compound.12,16 Further
more, it was interesting to note that a-isomer of 5-meth
ylcytosine derivative was found to be more potent than 
/3-isomer of 5-methylcytosine derivative. This may be due 

to the substrate specificity for deoxycytidine deaminase, 
which deaminates the /3-isomer of the 5-methylcytosine 
derivative to less active /3-thymine analogue. Other 
a-isomers in this series were found to be inactive. 

Among thymine, uracil, and 5-substituted uracil de
rivatives, most of the compounds did not show any 
significant anti-HIV-1 activity except thymine (a-isomer) 
and uracil (/3-isomer) derivatives, which exhibited mod-
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23 (X * OH, Y = NH2, R = H) ^ fiQ (X - OH, Y » NH2, R = H) 

erate anti-HIV activity. The a-isomer of thymine analogue 
was also found to be more potent than the corresponding 
^-isomer. 

In purine series, adenine derivative (/3-isomer) 63 was 
found to be the most potent compound. The antiviral 
potency of other purine nucleosides is indicated as the 
following: 6-chloropurine 08-isomer) derivative > 6-chlc-
ropurine (a-isomer) > 2-NH2-6-Cl-purine (^-isomer) > 
guanine ((^-isomer) > iV^-methyladenine (a-isomer) > N6-
methyladenine (/3-isomer) > 2-fluoroadenine (a and /3 
isomers). As in 5-methylcytosine and thymine derivatives, 
a-isomers of iV^-methyladenine and 2-fluoroadenine were 
more potent than jS-isomers of JV^-methyladenine and 
2-fluoroadenine. This may be in part related to the greater 
overall cell toxicity of the compound 76 than the compound 
75, which produced a low multiplicity of the virus. These 
unexpected findings require further investigation, which 
is in progress in our laboratories. Inosine derivatives and 
other a-nucleosides did not show any significant activity 
against HIV-1. The cell toxicity was also determined in 
human PBM cells as well as in Vero cells. None of the 
synthesized nucleosides was toxic up to 100 nM in PBM 
cells, while 2-fluoroadenine (a-isomer) was very toxic in 
rapidly dividing Vero cells. 

Experimental Section 
Melting points were determined on a Mel-temp II, laboratory 

device and are uncorrected. 'H NMB spectra were recorded on 
a JEOL FX 90Q Fourier transform spectrometer or Bruker AM 
300 with Me*Si as internal standard; chemical shifts are reported 
in parts per million (6) and signals are quoted as s (singlet), d 
(doublet), t (triplet), q (quartet), or m (multiplet). UV spectra 
were obtained on a Beckman DU-7 spectrophotometer. Optical 
rotations were measured on a Jasco DEP-370 digital polarimeter. 
TLC was performed on Uniplates (silica gel) purchased from 

Analtech Co. Elemental analyses were performed by Atlantic 
Microlabs Inc., Norcross, GA or Galbraith Laboratories, Inc., 
Knoxville, TN. Dry 1,2-dichloroethane and methylene chloride 
were obtained by distillation immediately from CaH2 prior to 
use. 

l,2,3,4-Tetra-0-acetyI-6-0-tosyl-L-gulopyranoside (2). A 
solution of p-toluenesulfonyl chloride (77.1 g, 0.405 mol, 1.5 equiv) 
in pyridine (300 mL) was added dropwise to a suspension of 
L-gulose (1) (48.7 g, 0.27 mol) in dry pyridine (450 mL). The 
internal temperature was maintained between 18-20 °C during 
the addition using an ice bath. Upon completion of addition, the 
reaction mixture was stirred at room temperature for 4 h. The 
reaction mixture was cooled and acetic anhydride (142 mL, 1.29 
mol, 4.8 equiv) was added dropwise, maintaining the internal 
temperature between 18-20 °C. Upon completion of addition, 
the reaction mixture was stirred at room temperature for 4 h and 
then concentrated under reduced pressure and the residue was 
partitioned between ethyl acetate and water. The organic layer 
was washed with 1% aqueous H2SO4 (400 mL X 2), H3O, and 
saturated NaHCOs solution (X 2), dried (MgS04), filtered, and 
concentrated. The residue was dried under high vacuum to give 
2 (135.84 g, 96.7%) as a foam, which was used in the next step 
without further purification. 

2,3,4-Tri-0-acetyl-l-bromo-6-0-tosyl-a-L-gulopyrano-
side (3). HBr in acetic acid (45% w/v, 136 mL, 3 equiv) was 
added to a 1-L round-bottom flask containing 2 (132 g, 0,25 mol) 
in acetic acid, cooled in an ice-water bath. The flask was fitted 
with a CaCU tube and stirred in the ice bath for 30 min and then 
at room temperature for 15 h. The solvent was removed under 
reduced pressure and the residue partitioned between ethyl ether 
and cold water. The organic layer was washed twice with cold 
water and twice with cold saturated NaHCOs solution, dried 
(MgSQi), filtered, and concentrated. The residue was dried under 
high vacuum to give 3 (136.6 g, 99 %) as a hygroscopic foam which 
was used without further purification. 

(-)-l,6 Dideoxy-l,6-thioanhydro-L-gulose (4). Potassium 
O-ethylxanthate (134 g? 0.835 mol, 3.2 equiv) was added to a 
solution of 3 (136.6 g, 0.261 mol) in acetone (1L), and the reaction 
mixture was refluxed for 3 h at which time TLC indicated 
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compd 
no. 

59* 

60" 

61° 

62" 

63° 

64° 

65" 

66" 

67° 

68s 

69/70° 

71* 

72° 

73° 

74° 

75° 

76° 

77° 

78° 

79° 

80° 

H-l'Cid 

6.61 (dd,^r^, = 4.0, 
Jvfr = 8.8) 

6.75 (dd, Jv?b = 2.2, 
Jv#* - 4.8) 

6.62 (t, Jvx = 4.9) 

6.86 (dd,«/rjM, = 2.5, 
J r ^ . = 5.2) 

6.42 (t,Jy# = 5.4) 

6.43 ( t , Jr^ = 5.4) 

6.40 ( t , J i ^ = 5.3) 

6.69 (dd, Jv&> - 3.0, 
Jvjti— 5.6) 

6.70 (dd, Jv?b = 3.1, 
Jv#* = 5.6) 

6.67 (pseudo t, 
Jv#b = 3.8, 
Jvzi = 4.4) 

6.66 (dd,Jr^, = 2.5, 
Jvfr = 5.0) 6.53 
(dd, Jr^b = 2.5, 
Jvx* = 5.0) 

6.45 (pseudo t, 
Jr^b - 3.9, 
Ji'^, = 5.3) 

6.72 (dd, Jy?b = 1.7, 
e/l'^« = 5.3) 

6.39 (pseudo t, 
Jv&> - 4.7, 
Jr,*. = 4.8) 

6.56 (dd, Jr^b = 1.9, 
J i ^ . = 2.1) 

6.31 (t, Jvz = 6.0) 

6.56 (dd, Jy<n, = 2.1, 
Jv?i = 3.2) 

6.24 (dd,Jr^, = 4.4, 
«/i'^. = 4.4) 

6.54 (pseudo t, 
Jvsn, = 4.8, 
Ji-jr. - 4.9) 

6.13 (pseudo t, 
Ji'^h = 6.0, 
Jy?t - 5.1) 

6.43 (pseudo t, 
Jr^b = 6.0, 
Ji'.ff* = 5.5) 

H-2' 

3.53 (dd,Jr^. = 8.8, 
Jv-n, = 4.0) 

3.56 (dd, Jy-ri - 4.8, 
JiMS-h - 2.2) 

3.70 (dd, Jvx = 4.9, 
<J?*Xb = 11.8) 

3.65 (dd, Jvjtt = 5.2, 
Jvsn - 2.5) 

3.65 (dd,Jr^ = 5.4, 
J*- .^ = 12.0) 

3.63 (dd,Jr^ = 5.4, 
Jz*#b = H.9) 

3.65 (dd, Jv# = 5.3, 
J ? , ^ , = 11.9) 

3.53 (dd,«7i^. = 3.0, 
Jvsn, = 5.6) 

3.66 (dd, Jv#t = 5.6, 
Jv?b = 3.1) 

3.53 (dd, Jr^« - 4.4, 
Jrjn, = 3.8) 

3.65 (m), 3.43 (m) 

3.58 (dd, J ^ r = 5.3, 
Jv*fr - 11.9), 
3.37 ( d d , J i v - 3.9, 
J**& = 11.9) 

3.72 (dd, Jw = 5.3, 
Jr&b - 12.1), 
3.53 (dd, Jn>x • 1.7, 
Jr»Xb = 1 2-D 

3.54 (dd,J2-M'" 4.8, 
J r ^ = 10.0), 
3.42 (dd, Jn,v - 4.7, 
Jr»#b = 10.0) 

3.85 (dd,Jr^b = 1.9, 
Jr»*b = 12.0), 
3.44 (dd,Jr^« = 2.1, 
JvtZb = 12.0) 

3.58 (dd, Jvjb = 6.0, 
J * . ^ = 12.1), 
3.43 (dd,Jr^« = 6.0, 
Jv*#b = 12.1) 

3.58 (dd, Jv#b = 3.2, 
Jv&b = 11.0), 
3.49 (dd,Jr,*,= 2.1, 
J*i#b = 11.0) 

3.78 (dd, Jvxb = 4.4, 
J r , ^ , = 12.0) 
3.36 ( d d , J r ^ « - 4.4, 
Jr*#b = 12.0) 

3.59 (dd, Jvtf, = 4.8, 
Jya^b * 11-8) 
3.36 (dd .Jr ,* . -4 .9 , 
J^i^ao,= 11.8) 

3.56 (dd,Jr^b = 6.0, 
J*»&> = 12.3) 
3.36 (dd,Jr^, = 5.1, 
•Zyâ b = 12.3) 

3.54 (dd,«/r^b = 6.0, 
Jy^!^ = 12.3) 
3.36 (dd, Jivr. = 5.5, 
</lra*b = 12.3) 

H-4' 

5.42(t,J4-,* = 

5.54 dt,Jw 

5.35 (t, JVft = 

5.53 (t, Jtijn • 

5.28 (t, J4',* = 

5.28(t,J4-,* = 

5.28(t,J4-,* = 

5 .40 ( t , J 4 v" 

5.40(t,J4-,*" 

5.41 (t, J , , * -

5.55 (t, J, ,* = 

= 4.6) 

•4.6) 

= 4.5) 

= 4.8) 

= 4.7) 

= 5.1) 

= 4.4) 

= 5.1) 

= 5.1) 

•4.9) 

• 5.0), 
5.39 (t, J4'j? = 2.5). 

5.37(t,J4',** 

5.62(t,J4',* = 

5.39 (t, J*,** 

5.47 (t, J¥jr -

5.30 (t, J, ,* = 

5.38 (t, Jvff -

5.37 (t, J*,* = 

5.43 (t, J«',* • 

5.24 (t, J4'jv ' 

5.32 (t, J*,* =" 

•5.0) 

= 5.0) 

•5.0) 

•5.0) 

= 6.0) 

= 3.0) 

= 6.0) 

•5.0) 

•5.3) 

= 3.2) 

H-5' 

3.97 (d, J*,* = 

3.85 (d, J*,4- = 

3.70 (m) 

3.65 (m) 

3.70 (m) 

3.70 (m) 

3.71 (m) 

3.65 (m) 

3.57 (m) 

3.60 (m) 

3.40 (dd, J6'M' 

4.6) 

4.6) 

= 2.0, 
Jin,* = 2.5), 3.85 
(dd, J*a,4' = 
Jvb* = 5.0) 

3.98 (dd, <7M' 

3.94 (dd, J*,4-

3.93 (t, J*,4- = 

3.85(d,J*,4< = 

3.58 (m) 

3.58 (m) 

3.78 (m) 

3.59 (d,J*>4- = 

3.75 (m) 

3.56 (m) 

2.5, 

= 5.0) 

= 5.0) 

5.0) 

5.0) 

5.0) 

other signals 

8.72 (s, H-8), 8.50 (s, H-2), 7.26-
7.74 (m, Ar), 1.08 (s, tert-butyl) 

8.75 (s, H-8), 8.50 (s, H-2), 7.27-7.75 
(m, Ar), 1.08 (s, tert-butyl) 

8.98 (s, H-8), 8.96 (s, H-2), 
5.35 ( t o o n s ' = 6.0, OH) 

8.86 (s, H-8), 8.84 (s, H-2), 
5.26 (thorns'= 6.0, OH) 

8.42 (s, H-8), 8.32 (s, H-2), 7.35 (br 
s, NH2), 5.37 (t, Jaafi = 6.0, OH) 

8.41 (s, H-8), 8.26 (s, H-2), 7.83 
(br s, NH), 5.34 (t, «7oiw • 5.9, 
OH),2.95(brd,NCH8) 

13.2 (br B, NH), 8.38 (s, H-8), 8.09 
(s, H-2), 5.34 (t, Jon,* - 5.9, OH) 

8.31 (s, H-8), 8.17 (s, H-2), 
5.22 (t, Softs'-5.9, OH) 

8.31 (8, H-8), 8.26 (s, H-2), 7.80 (br 
8, NH), 5.22 (t, Joufi = 6.0, OH), 
2.95(brs,NCH3) 

8.25 (8, H-8), 8.09 (a, H-2), 5.23 
(br a, OH) 

8.42 (s, H-8), 7.34-7.70 (m, Ar), 
1.08 (s, tert-butyl) 8.52 (s, H-8), 
7.34-7.70 (m, Ar), 1.07 (s, 

tert-butyl) 
8.17 (s, H-8), 7.37-7.71 (m, Ar), 6.02 

(br s, NH2), 1.08 (s, tert-butyl) 

8.21 (s, H-8), 7.47-7.81 (m, Ar), 6.20 
(br a, NHj), 1.17 (a, tert-butyl) 

8.11 (s, H-8), 7.26-7.68 (m, Ar), 5.10 
(br a, NH2), 1.07 (a, tert-butyl) 

8.13 (s, H-8), 7.35-7.70 (m, Ar), 
1.07 (s, tert-butyl) 

8.39 (s, H-8), 7.87 (br 8, NH2), 
5.29 ( W o w r - 6.0) 

8.27 (s, H-8), 7.87 (br a, NH2), 
5.21 (t, J o n s ' - 6.0) 

7.99 (s, H-8), 5.23 (br a, NH2), 4.48 
(m, OH) 

8.27(8,H-8),7.03(bra,NH2) 
6.21 (t, J o n * - 5 . 7 ) 

10.8 (br 8, NH), 7.83 (s, H-8), 7.00 
(br a, NH2), 5.44 (t, Jon* = 6.0, 
OH) 

10.9 (br a, NH), 7.84 (a, H-8), 6.94 
(br s, NH2), 5.25 (t, Jon* = 5.8, 
OH) 

" DMSO-de. ° CDCI3. ° Parts per million downfield from TMS. d In order to avoid complications the furanose numbering system was used 
for interpretation of the NMR data. 

complete disappearance of starting material and the formation 
of the thioanhydro triacetate. The reaction mixture was cooled 
and the solid filtered. The filtrate was concentrated and the 
residue partitioned between water and chloroform. The chlo
roform layer was washed with water, saturated NaHCOs solution, 
and brine, dried, filtered, and concentrated. The residue was 

dissolved in methanol and treated with concentrated ammonium 
hydroxide solution (4:1) and allowed to stir overnight. The 
reaction mixture was concentrated, and the residue was purified 
by silica gel column chromatography (7 % MeOH in chloroform) 
as eluant to give 4 (33.4 g, 72%) as a crystalline solid from 
2-propanol: W NMR (DMSO-d6) S 2.81 (dd, J = 6.6 and 10.1 Hz, 
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Table III. Optical Data, Melting Points and Elemental Analyses 

compound 

4 
5 
6 
8 
13 
14 
15/16 
17/18 
19/20 
21/22 
23/24 
25/26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69/70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

mp, °C (solv)" 

142-144 (A) 
oil 
oil 
oil 
143-145 (B) 
150-153(B) 
foam 
foam 
foam 
foam 
foam 
foam 
130-133 (B) 
foam 
124-128 (C) 
foam 
187-190 (C) 
150-153 (C) 
183-184 (C) 
130-132 (C) 
174-175 (C) 
152-153 (C) 
127-129 (B) 
140-142 (B) 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
foam 
68-72(B) 
162-164 (B) 
136-140 (B) 
150-153 (B) 
149-151 (B) 
162-164 (B) 
170-173 (B) 
157-160 (B) 
161-162 (B) 
192-193(B) 
119-122 (D) 
foam 
112-115 (C) 
114-116 (C) 
170-172 (C) 
112-114 (C) 
> 170 dec (C) 
191-194 (B) 
144-148 (E) 
>210 dec 
104-107(G) 
166-167 (F) 
164-166 (F) 
67-69 (F) 
59-61 (F) 
214-215 (F) 
262-263(D) 
69-70 (F) 
102-103 (F) 
>220 dec (B) 
>300 (D) 

M 2 ^ , deg 

-79.2 (c 1.06, MeOH) 
-12.1 (c 0.75, MeOH) 
19.06 (c 0.64, MeOH) 
16.28 (c 0.52, MeOH) 
-121.6 (c 1.1, MeOH) 
146.6 (c 0.55, MeOH) 
mixture 
mixture 
mixture 
mixture 
mixture 
mixture 
-76.55 (c 1.0, MeOH) 
101.28 (c 0.52, MeOH) 
-64.29 (c 0.50, MeOH) 
69.66 (c 0.45, MeOH) 
-64.37 (c 0.34, MeOH) 
92.51 (c 0.30, MeOH) 
-75.55 (c 0.50, MeOH) 
96.08 (c 0.50, MeOH) 
-59.48 (c 0.50, MeOH) 
84.01 (c 0.50, MeOH) 
-45.14 (c 1.29, MeOH) 
64.77 (c 1.29, MeOH) 
-72.11 (c 0.75, CHCls) 
101.02 (c 0.71, CHCI3) 
-105.35 (c 0.60, CHCls) 
98.13 (c 0.63, CHCI3) 
-82.87 (c 1.03, MeOH) 
102.69 (c 0.69, MeOH) 
-79.35 (c 0.50, CHCI3) 
93.95 (c 0.60, CHCI3) 
-67.08 (c 0.63, MeOH) 
83.16 (c 0.65, MeOH) 
-99.14 (c 0.84, MeOH) 
135.31 (c 0.74, MeOH) 
-133.60 (c 0.23, MeOH) 
78.53 (c 0.34, MeOH) 
-100.16 (c 0.74, MeOH) 
155.47 (c 0.65, MeOH) 
-99.48 (c 0.66, MeOH) 
115.78 (c 0.48, MeOH) 
-67.67 (c 0.78, MeOH) 
94.31 (c 0.78, MeOH) 
4.88 (c, 1.90, CHCI3) 
14.0 (c 0.70, CHCI3) 
11.9 (c 0.74, MeOH) 
11.0 (c 1.1, MeOH) 
7.53 (c 0.51, MeOH) 
4.91 (c 0.53, MeOH) 
6.01 (c 0.50, MeOH) 
6.11 (c 0.37, MeOH) 
6.99 (c 0.40, MeOH) 
12.51 (c 0.23, MeOH) 
mixture 
4.31 (c 0.24, CHCI3) 
13.44 (c 0.41, CHCI3) 
23.13 (c 0.40, CHCI3) 
-9.24 (c 0.25, CHCls) 
25.97 (c 0.28, H20) 
9.76 (c 0.25, MeOH) 
-29.2 (c 0.23, MeOH) 
12.2 (c 0.21, MeOH) 
48.1 (c 0.30, H20) 
-29.5 (c 0.20, H20) 

formula 

CgHioOjS 
C9H16O4S 
C^HaoO^SSi 
C^HaoOjSSi 
CoHnNaOaS 
CgHnNsOsS 
C24H28N204SSi 
CasHsoNsOiSSi 
C24FH27N2O4SSi-0.4H2O 
C24ClH27N204SSi 
C24BrH27N204SSi 
C24H27lN204SSM).5C<iHe 
C8H10N2O4S 
C11H10N2O4S 
C9H12N2O4S 
C9H12N2O4S 
C8FH9N2O4S 
CoFHgNjO^ 
C8CIH9N2O4S 
C8ClH9N2O4S-0.1C4Hi0O 
C8BrH9N204S 
CgBrH9N204S 
C8H27lN2O4S-0.1C4Hl0O 
C8H27IN204S 
C32Hs6N304SSi 
C32H36N304SSi 
C3iFH32N304SSi 
C31FH32N304SSi 
C3iClH32N3O4SSi-0.3C|(Hu 
C3iClH32N304SSM.3C6Hi4 
C3iBrH32N3O4SSi-0.5C4Hi0O 
C3iBrH32N304SSM.4C4HioO 
C3iH82lN3O4SSi-0.4C6Hi4 

C3iH32IN3O4SSi-0.4C6Hi4 

C9HiSN303S 
CoHisNsOsS 
CsFHioNaOsS 
CsFHioNsOsS 
CsClHioNsOsS-O^C^ioO 
C8ClH10N3O3S 
CgBrHioNaOsS 
CsBrHioNsOsS 
CgHioINaOaS-O^^O 
C8HioIN303S 
C26ClH27N402SSi 
C26ClH27N402SSi 
C9C1H9N402S 
C9C1H9N402S 
C i i H i i N i ^ 
CioHi3N602S 
C9R10H4O& 
C9H11N15O2S 
CIOHISNB02S 
CoHioN403S 
C26ClFH2eN402SSi 
C26FH28Ne02SSi 
C26FH2sN602SSi 
C26ClH28N502SSi 
C26ClH28N602SSi 
C9FH10N6O2S 
C9FH10N5O2S 
C9ClHl0N6O2S 
C9ClHioN602S-0.1H20 
C^HnNisOsS 
CsHnNsOsS 

anal. 

C.H.S 
C,H,S 
C,H,S 
C,H,S 
C, H, N, S 
C , H , N , S 
C , H , N , S 
C, H, N, S 
C , H , N , S 
C , H , N , S 
C, H, N, S 
C, H, N, S 
C , H , N , S 
C . H . N . S 
C , H , N , S 
C, H, N, S 
C , H , N , S 
C, H, N, S 
C, CI, H, N, S 
C, CI, H, N, S 
C,Br ,H,N,S 
C,Br ,H,N,S 
C , H , I , N , S 
C , H , I , N , S 
C, H, N, S 
C, H, N, S 
C , H , N , S 
C, H, N, S 
C, CI, H, N, S 
C, CI, H, N, S 
C, H, N, S 
C, H, N, S 
C, H, I, N, S 
C, H, I, N, S 
C, H, N, S 
C, H, N, S 
C, H, N, S 
C, H, N, S 
C,C1,H,N,S 
C, CI, H, N, S 
C ,Br ,H,N,S 
C, Br, H, N, S 
C, H, I, N, S 
C , H , I , N , S 
C, CI, H, N, S 
C, CI, H, N, S 
C, CI, H, N, S 
C, CI, H, N, S 
C, H, N, S 
C , H , N , S 
C, H, N, S 
C, H, N, S 
C , H , N , S 
C, H, N, S 
C, CI, H, N, S 
C, F, H, N, S 
C , F , H , N , S 
C, CI, H, N, S 
C,C1,H,N,S 
C , F , H , N , S 
C, F, H, N, S 
C,C1,H,N,S 
C, CI, H, N, S 
C, H, N, S 
C, H, N, S 

0 Crystallized or silica gel column solvents: A, 2-propanol; B, ether-methanol; C, ether; D, methanol; E, hexane-methylene chloride; F, 
chloroform-methanol; G, hexanes-ethyl acetate. 

1 H, 6-HJ, 3.12 (d, J = 10.1 Hz, 1 H, 6-H„), 3.41-3.83 (m, 3 H, 
2-H, 3-H, 4-H), 4.52 (d, J = 5.0 Hz, 1 H, OH), 4.55 (dd, J = 5.94 
and 6.37 Hz, 1 H, 5-H), 4.82 (d, J = 4.6 Hz, 1 H, OH), 5.12 (d, 
J = 4.4 Hz, 1 H, OH), 5.35 (d, J = 2.2 Hz, 1 H, 1-H). 

(-)-(l/^2fl^i?)-2-(Hydroxvmethyl)-5-[l'^'-(isopropyUdene-
dioxy)ethyl]-l,3-oxathiolane(5). An aqueous solution (30 mL) 
of NaI04 (29.9 g, 0.142 mol) was added dropwise to a solution of 
4 (18 g, 0.101 mol) in MeOH (150 mL) at 0 °C over 20 min, and 
the mixture was stirred at 0 °C for 10 min. NaBH4 (15.3 g, 0.404 

mol) was added and the mixture was further stirred at 0 °C for 
10 min. After filtration, the filtrate was neutralized with 1 N 
HC1 at 0 °C and solvents were evaporated. The residue was 
dried overnight under high vacuum, treated with acetone (500 
mL) and p-TsOH-H20 (9.62 g, 0.05 mol), and stirred at room 
temperature for 1 h. The mixture was neutralized with trieth-
ylamine, filtered, and evaporated. The residue was dissolved in 
ethyl acetate (350 mL), washed with H2O and brine, dried 
(MgS04), and evaporated to give a crude residue, which was 
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Table IV. Median Effective (ECeo) and Inhibitory (ICM) Concentration of 0-L-(2R,6S)- and a-L-(2fl,5R)-Oxathiolane-Pyrimidine and 
-Purine Nucleosides in PBM Cells and Vero Cells 

H 0 H H n Base 

HO- Base H0- H 
compd 

no. 
13 
14 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
61 
62 
63 
64 
65 
66 
67 
68 
75 
76 
77 
78 
79 
80 
AZT 
BCH-189 

base 

cytosine 
cytosine 
uracil 
uracil 
thymine 
thymine 
5-fluorouracil 
5-fluorouracil 
5-chlorouracil 
5-chlorouracil 
5-bromouracil 
5-bromouracil 
5-iodouracil 
5-iodouracil 
5-methylcytosine 
5-methylcytosine 
5-fluorocytosine 
5-fluorocytosine 
5-chlorocytosine 
5-chlorocytosine 
5-bromocytosine 
5-bromocytosine 
5-iodocytosine 
5-iodocytosine 
6-chloropurine 
6-chloropurine 
adenine 
N-methyladenine 
inosine 
adenine 
N-methyladenine 
inosine 
2-fluoroadenine 
2-fluoroadenine 
2-amino-6-chloropurine 
2-amino-6-chloropurine 
guanine 
guanine 

(2S,5fl)-BCH-189 

anomer 

(-)-/? 
(+)-<* 
H-U 
(+)-a 
(-)-/» 
(+)-« 
<-)-0 
(+)•« 
(-)-/? 
(+)-« 
H-i8 
(+)-« 
(-)-/? 
(+)•« 
H-0 
(+)-« 
(-H» 
(+)-a 
H-P 
(+)-« 
<->-U 
(+)•« 
H-/J 
(+)-o 
(+)-0 
(+)-o 
(+)-0 
(+)-/» 
(+)-/» 
(+)•« 
(+)-« 
(+)-« 
(+)-0 
(+)-« 
<-)-/? 
(+)-« 
(+)-0 
(-)-« 

(±) 
(+)-j8 

anti-HIV-1 in PBM 
cells ECw (MM)° 

0.0018 
10.1 
11.7 
32.8 
34.3 
4.4 

>100 
>100 
>100 
>100 
>100 

121.0 
92.9 

157 
1.90 
0.45 
0.0013 
0.43 

31.8 
>100 

2.51 
>100 

0.14 
>100 

1.44 
2.75 
1.01 

15.0 
>100 

78.9 
13.0 

>100 
16.3 
15.8 
9.8 

42.1 
10.2 

>100 
0.004 
0.02-0.06" 
0.2120 

cytotoxicity in PBM 
cells ICso (MM)° 

>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 

cytotoxicity in Vero 
cells ICM 0*M)« 

>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 

31.1 
>100 
>100 
>100 
>100 

20.2 
32.7 

>100 
>100 
>100 
>100 
>100 
>100 
>100 

<1.0 
48.6 

>100 
>100 
>100 
>100 
>100 
>100 

° Mean of triplicate values. 

purified by silica gel column chromatography (hexanes-ethyl 
acetate = 1:1) to yield isopropylidene derivative 5 (14.68 g, 66%) 
as a colorless syrup: *H NMR (CDCls) 6 1.38 and 1.45 (2 X s, 6 
H, isopropyl), 2.35 (br s, 1H, OH), 2.83 (dd, J = 10.2 and 5.5 Hz, 
1 H , 4-HJ, 2.98 (pseudo t, J - 9.2 and 10.2 Hz, 1 H , 4-Hb), 3.85-
3.88 (m, 1 H, CH2OH), 4.04 (dd, J - 6.4 and 1.1 Hz, 2 H, 2'-
Cif 20) , 4.15-4.30 (m, 2 H, 5-H and l'-Cfl), 5.33 (dd, J - 3.5 and 
4.0 Hz, 1 H, 2-H). 

(+)-(l'S,2JWii)-2-[[(tert-Butyldipb*nylsilyl)oxy]methyl]-
5-(l ' ,2'-dihydroxyethyl)-l ,3-oxathiolane (6). Imidazole (9.28 
g, 0.136 mol) and tert-butyldiphenylsilyl chloride (26.6 mL, 0.102 
mol) were added to a solution of 5 (15 g, 0.0682 mol) in DMF (20 
mL) and the mixture was stirred at room temperature for 1 h. 
DMF was evaporated and the residue was dissolved in EtOAc 
(500 mL), washed with H 2 0 and brine, dried (MgS04), and 
evaporated to give a crude residue which, without further 
purification, was treated with p-TsOH-HsO (1.30 g, 6.82 mmol) 
in MeOH (30 mL) at room temperature and stirred for 30 min. 
The mixture was neutralized with triethylamine, diluted with 
EtO Ac (200 mL), and separated. The aqueous layer was extracted 
with EtOAc (300 mL X 2), and the combined organic layers were 
washed with water and brine, dried (MgSO«), and evaporated to 
give a residue which was purified by silica gel column chroma
tography (hexanes-ethyl acetate, 10:1) to give protected diol 6 
(18 g, 63.4%) as a colorless syrup: >H NMR (DMSO-d6) & 1.00 
(s, 9 H, tert-butyl), 2.82 (pseudo t, J = 3.8 and 7.5 Hz, 1H, 4-HJ, 

2.98 (dd, J - 2.1 and 7.5 Hz, 1 H, 4-Hb), 3.45 (dd, J = 5.5 and 
11.0 Hz, 2 H, 2-eff2OSi), 3.73 (dd, J - 3.5 and 9.5 Hz, 1 H, 
2'-CH.OH), 3.87-4.02 (m, 2 H, 2/-CifbOH and 5-H), 4.07 (m, 1 
H, l'-CffOH), 4.58 (t, J = 5.27 Hz, 1 H, 2'-CHjOH), 4.77 (d, J 
= 5.49 Hz, 1 H, ¥-CHOH), 5.22 (t, J * 5.5 Hz, 1 H, 2-H), 7.37-
7.72 (m, 10 H, 2 X CgHs). 

(+)-(2JW«S)-5-Acetoxy-2-[[(tert-butyldipb*nylsilyl)oxy]-
methyl]- l ,3-oxatbiolane (8). Pb(OAc)4 (9.5 g, 0.215 mol) was 
added to a solution of 6 (9.0 g, 0.215 mol) in EtOAc (200 mL) and 
the mixture was stirred at room temperature for 10 min under 
N2. The mixture was filtered through a Celite pad and washed 
with EtOAc successively. The organic layer was washed with 
saturated NaHC0 3 (200 mL x 3), H : 0 and brine, dried with 
MgS04, and evaporated. The crude aldehyde was dissolved in 
DMF (200 mL) followed by pyridinium dichromate (20.1 g, 0.538 
mol), and the mixture was stirred at room temperature for 8 h. 
The reaction mixture was poured into H2O (300 mL) and extracted 
with ether (500 mL X 3). The combined organic layers were 
washed with H2O and brine, dried with MgSO*, and evaporated 
to give crude acid 7 (8.4 g). After drying overnight under high 
vacuum, crude acid 7 was dissolved in anhydrous THF (30 mL) 
followed by Pb(OAc)« (11 g, 0.258 mol) and pyridine (1.88 mL, 
0.258 mol), and the mixture was stirred at room temperature for 
30 min under N2. The reaction mixture was filtered through a 
Celite pad and washed with THF successively. After removal of 
solvent, the residue was purified by silica gel column chroma-
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tography (hexanes-ethyl acetate • 5:1) to give acetate 8 (5.9 g, 
66% from 6) as a colorless syrup: >H NMR (CDCla) 5 1.06 and 
1.09 (2 X s, 9 H, tert-butyl), 1.88 and 2.09 (s, 3 H, OCOCHs), 
3.01-3.38 (m, 2 H, 4-H), 3.66-4.25 (m, 2 H, CifaOSi), 5.38-5.53 
(m, 1 H, 2-H), 7.31-7.77 (m, 10 H, 2 X CeH6). 

(2iWS)-l-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-U-
oxathiolan-5-yl]-JV-acetylcytosine (9) and (2R£A)-l-[2-
[[(tert-Butyldiphenylsilyl)oxy]methyl]-l,3-oxathiolan-5-
yl]-JV-acetylcytosine (10). A stirred suspension of N'-
acetylcytosine (0.653 g, 3.47 mmol, 1.5 equiv) and ( N H ^ O * (10 
mg, 0.075 mmol) in hexamethyldisilazane (HMDS, 25 mL) was 
heated to reflux under argon until a clear solution was obtained 
(3 h). The solution was allowed to cool to room temperature and 
the HMDS removed under reduced pressure using anhydrous 
conditions. To the solid obtained was added 1,2-dichloroethane 
(dried over CaH2 and distilled; 40 mL) followed by the acetate 
8 (0.965 g, 2.314 mmol) in 1,2-dichloroethane (30 mL). This 
suspension was cooled in an ice-water bath to 5 °C and treated 
with trimethylsilyl triflate (0.7 mL, 3.47 mmol, 1.5 equiv). The 
reaction mixture became a solution and was allowed to warm to 
room temperature and stir for 1.5 h at which time the reaction 
was judged complete by TLC. The reaction mixture was poured 
in ethyl acetate (300 mL) and 5 % NaHC03 solution (50 mL) and 
stirred for 20 min. The ethyl acetate layer was separated, washed 
once with saturated NaHCOs solution and twice with H20, dried, 
filtered, and concentrated. The residue was purified by silica gel 
column chromatography (hexanes-ethyl acetate, 1:1) to give 9 
(Rf = 0.30,0.53 g, 44.5%) and 10 (R, = 0.35,0.27 g, 22.2%). 9 (0 
isomer): UV (MeOH) X ^ 297 nm (pH 7), 311 nm (pH 2). 10 
(a isomer): UV (MeOH) X ^ 297 nm (pH 7), 311 nm (pH 2). 

(2J2,5S)-l-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-l,3-
oxathiolan-5-yl]cytosine (11). A solution of the 0 anomer 9 
(0.15 g, 0.294 mmol) in MeOH (10 mL) was treated with NH3-
MeOH (saturated solution, 0.5 mL) and the reaction mixture 
was stirred at room temperature for 3 h. The reaction mixture 
was concentrated under reduced pressure and the residue purified 
by preparative TLC using MeOH-CHCVO.SNHUOH (5/94.5/ 
0.5) as eluant. The material obtained from the plate gave 11 
(0.10 g, 73 %) as a solid on trituration with hexane and EfcO: UV 
(MeOH) Xm„ 271.5 nm (pH 7), 283.5 nm (pH 2). 

(2JtfJty-l-[2-[[(tei*-Butyldiphenylsilyl)oxy]methyl]-l,3-
oxathiolan-5-yl]cytosine (12). A solution of the a anomer 10 
(0.10 g, 0.196 mmol) in MeOH (10 mL) was treated with NH3-
MeOH (saturated solution, 0.5 mL) and the reaction mixture 
was stirred at room temperature for 3 h. The reaction mixture 
was then concentrated and the residue crystallized from hexane-
CH2C12 to give 12 (0.07 g, 76 %) as a white crystalline solid: UV 
(MeOH) km* 271 nm (pH 7), 283 nm (pH 2). 

(-)-(2RJSS)- l-[2-(Hydroxymethyl)- l,3-oxathiolan-5-yl]cy-
tosine(13). To a solution of the 0 anomer 11 (0.15 g, 0.32 mmol) 
in THF (25 mL) was added 1M tetra-n-butylammonium fluoride 
in THF (0.35 mL, 0.35 mmol, 1.1 equiv) and the reaction mixture 
was stirred at room temperature for 30 min. The reaction mixture 
was concentrated under reduced pressure and the residue purified 
by preparative TLC (12% MeOH-CHCls) to give 13 (0.055 g, 
75%) as a white crystalline solid, which was crystallized with 
ether-MeOH (trace): [a ] 8 ^ - -121.6° (c 1.1, MeOH) (for the 
SJi isomer [ o ] 2 ^ = 120.96° (c 1.06, MeOH)); UV (H20) X™, 
270.1 nm (« 9300) (pH 7), 270.0 (t 12150) (pH 2), 270.0 (e 9950) 
(pH 11). 

(+)-<2JW«)-l-[2-(Hydroxymethyl)-l(3-oxathiolan-5-yl]-
cytosine (14). To a solution of the a anomer 12 (0.10 g, 0.213 
mmol) in THF (20 mL) was added 1M tetra-n-butylammonium 
fluoride in THF (0.24 mL, 0.24 mmol, 1.1 equiv) and the reaction 
mixture was stirred at room temperature 30 min. The reaction 
mixture was concentrated under reduced pressure and the residue 
purified by preparative TLC using 12% MeOH-€HCl* as 
development solvent to give 14 (0.036 g, 76%) as a white solid: 
[ a ] 2 ^ - 146.6° (c 0.55, MeOH) (for SJSisomer [ a ] 8 ^ - -143.18° 
(c 0.62, MeOH)); UV (H20) X^ 270.1 nm (e 9850) (pH 7), 270.0 
(c 13750) (pH 2), 270.0 (e 9970) (pH 11). 

(2«5SA)-l-[2-[[(te/*-Butyldipheitylsilyl)oxy]methyl]-
l,3-oxathiolan-5-yljui-acil (IS and 16). A mixture of uracil 
(0.323 g, 2.88 mmol) in hexamethyldisilazane (15 mL) and 
ammonium sulfate (catalytic amount) was refluxed for 3 h. The 
resulting clear solution was concentrated in vacuo under anhy

drous condition to yield silylated uracil as colorless oil. TMSOTf 
(0.56 mL, 2.88 mmol) was added at 5 °C to a mixture of silylated 
uracil and 8 (0.60 g, 1.44 mmol) in dry CHSC12 (25 mL) and the 
reaction mixture was stirred at room temperature for 1 h under 
nitrogen. The reaction mixture was quenched by saturated 
NaHCOs (20 mL) and stirred for an additional 30 min at room 
temperature. The organic layer was separated and the aqueous 
layer was extracted with CH2CI2 (100 mL X 3). The combined 
organic layers were washed with saturated NaHCOs (20 mL), 
water (20 mL), and dried (anhydrous MgSO«). After filtration, 
the filtrate was concentrated and the residue was purified by 
silica gel column chromatography (chloroform-methanol, 20:1) 
to yield an inseparable mixture of anomers 15 and 16 (Rf• 0.62, 
chloroform-methanol, 20:1,0.51 g, 75.6%) as a white foam: UV 
(MeOH) Xau 261.0 nm. 

(2JZ,5£R)-l-[2-[[(tei*-Butyldiphenylsilyl)oxy]methyl]-
l,3-oxathiolan-5-yl]thymine (17 and 18). Silylated thymine, 
which was prepared from thymine (0.364 g, 2.88 mmol) and 
HMDS (20 mL), was treated with 8 (0.60 g, 1.44 mmol) in dry 
CHjClj (15 mL) and TMSOTf (0.56 mL, 2.88 mmol) at room 
temperature for 2 h under nitrogen. After workup similar to 
that of 15 and 16, the purification by silica gel column chroma
tography (chloroform-methanol, 20:1) gave an inseparable ano-
meric mixture of 17 and 18 (Rf = 0.65, chloroform-methanol, 
20:1,0.50 g, 71.9%) as a white foam: UV (MeOH) X.^ 265.0 nm. 

(2JWS*)-5-Fluoro-l-[2-[[(tort-butyldiphenylsilyl)oxy]-
methyl]-l,3-oxathiolan-5-yl]uracil (19 and 20). A mixture 
of silylated 5-fluorouracil, prepared from 0.44 g (3.05 mmol) of 
5-fluorouracil and 20 mL of HMDS, 8 (0.634 g, 1.52 mmol), and 
TMSOTf (0.589 mL, 3.05 mmol) in dry CH2C12 (20 mL) was 
stirred for 2 h at room temperature under argon. After workup 
similar to that of 15 and 16, purification by silica gel chroma
tography (chloroform-methanol, 20:1) gave an inseparable mix
ture of anomers 19 and 20 (Rf = 0.64, chloroform-methanol, 20:1, 
0.66 g, 92.7%) as a white foam: UV (MeOH) X ^ 266.0 nm. 

(2iWSfi)-5-Chloro-l-[2-[[(tert-ButyldiphenylsUyl)oxy]-
methyl]-l,3-oxathiolan-5-yl]uracil (21 and 22). A mixture 
of silylated 5-chlorouracil, prepared from 0.28 g (1.92 mmol) of 
5-chlorouracil and 20 mL of HMDS, 8 (0.40 g, 0.96 mmol), and 
TMSOTf (0.37 mL, 1.95 mmol) in dry 1,2-ClCHjCHjCl (20 mL) 
was stirred at room temperature for 2 h under nitrogen. After 
workup similar to that of 15 and 16, purification by silica gel 
column chromatography (chloroform-methanol, 20:1) gave an 
inseparable mixture of anomers 21 and 22 (Rf=0.65, chloroform-
methanol, 20:1,0.28 g, 58.4%) as a white foam: UV(MeOH) X ^ 
272.0 nm. 

(2JZ£dJZ)-5-Bn>mo-l-[2-[[(tert-butyldiphenyltilyl)oxy]-
methyl]-M-oxathlolan-5-yl]uracil (23 and 24). A mixture 
of silylated 5-bromouracil, prepared from 0.37 g (1.97 mmol) of 
5-bromouracil and 20 mL of HMDS, 8 (0.41 g, 0.98 mmol), and 
TMSOTf (0.38 mL, 2.0 mmol) in dry 1.2-C1CH2CH2C1 (20 mL) 
was stirred for 2 h at room temperature. After workup similar 
to that of 15 and 16, purification by silica gel column chroma
tography (chloroform-methanol, 20:1) gave an inseparable mix
ture of anomers 23 and 24 (Rf =• 0.64, chloroform-methanol, 20:1, 
0.287 g, 53.3%) as a white foam: UV (MeOH) \ M 278.0 nm. 

(21tfSJR)-5-Iodo-l-[2-[[(t0i*-butyldiphenyUilyl)oxy]me-
thyl]-l,3-oxathiolan-5-yl]uracil (25 and 26). A mixture of 
silylated 5-iodouracil, prepared from 0.343 g (1.44 mmol) of 
5-iodouracil and 20 mL of HMDS, 8 (0.40 g, 0.96 mmol), and 
TMSOTf (0.28 mL, 1.44 mmol) in dry 1,2-ClCHjCHjCl (20 mL) 
was stirred for 2 h at room temperature. After workup similar 
to that of 15 and 16, purification by silica gel column chroma
tography (chloroform-methanol, 20:1) gave an inseparable mix
ture of anomers 25 and 26 (Rf • 0.67, chloroform-methanol, 20:1, 
0.50 g, 87.7%) as a white foam: UV (MeOH) U 283.0 nm. 

(-)-(2JZ,55)-l-[2-(Hydroxymethyl)-ll3-oxatbJolan-5-yl]-
uracil (27) and (+)-(£R£A)-l-[2-(HydroxymethylM.S-ox-
athiolan-5-yl]uracil (28). An admixture of 15 and 16 (0.63 
g, 1.35 mmol) in THF (10 mL) was treated with 1.0 M tetra-n-
butylammonium fluoride in THF (1.35 mL, 1.35 mmol) for 1 h 
at room temperature. The solvent was evaporated to dryness 
under reduced pressure. The residue was purified by silica gel 
column chromatography (chloroform-methanol, 10:1) to yield 
27 (0.13 g, 41.9% Rf - 0.55) as a white solid and 28 (0.081 g, 
26.1 %,R, = 0.51) as a white foam. 27: UV (H20) U 261.3 nm 
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(«14020) (pH 7), 261.3 (e13530) (pH 2), 260.8 (i 10690) (pH 11). 
28: UV (H20) U 262.3 nm (< 14180) (pH 7), 262.3 (e 14080) (pH 
2), 261.3 («11380) (pH 11). 

(-)-(2JJ,5,S)-l-[2-(Hydroxymethyl)-l,3-oxathiolan-5-yl]-
thymine (29) and (+)-(2JJAR)-H2-(Hydroxymethyl)-l,3-
oxathiolan-5 yl]thymine (30). An ajj-mixture of 17 and 18 
(0.46 g, 0.95 mmol) in THF (20 mL) was treated with 1.0 M 
tetra-n-butylammonium fluoride in THF (0.95 mL, 0.95 mmol) 
for 1 h at room temperature. The solvent was evaporated to 
dryness under reduced pressure. The residue was purified by 
silica gel column chromatography (chloroform-methanol, 10:1) 
to yield 29 (0.10 g, 45.0% Rf = 0.58) as a white solid and 30 (0.09 
g, 38.6%, Rf = 0.53) as a white foam. 29: UV (H20) X,^ 266.8 
nm («14520) (pH 7), 266.8 (< 14290) (pH 2), 265.8 (< 11800) (pH 
11). 30: UV(HIOIXM.267.3nm(< 11480)(pH7),267.3(«11470) 
(pH 2), 266.8 U 8980) (pH 11). 

(-)-(2JWS)-5-Fluoro-l-[2-(hydroxymethyl)-13-oxathiolan-
5-yl]uracil (31) and (+)-(2i^fl)-5-Fluoro-l-[2-(hydroxy-
methyl)-l,3-oxathiolan-5-yl]uracil (32). An a,/8-mixture of 
19 and 20 (0.62 g, 1.33 mmol) in THF (20 mL) was treated with 
1.0 M tetra-n-butylammonium fluoride in THF (1.33 mL, 1.33 
mmol) for 1 h at room temperature. The solvent was evaporated 
to dryness under reduced pressure. The residue was purified by 
silica gel column chromatography (chloroform-methanol, 10:1) 
to yield 31 (0.15 g, 46.9%, Rf = 0.60) as a white solid and 32 (0.10 
g, 30.4%, Rf = 0.57) as a white solid. 31: UV (H20) X^ 268.5 
nm (t 9980) (pH 7), 268.8 (e 10970) (pH 2), 267.8 (t10860) (pH 
11). 32: U V ( H J O U 2 6 8 . 8 n m ( t 12620)(pH7),269.3(t 13090) 
(pH 2), 268.3 (t 10310) (pH 11). 

(-)-(2ii^S)-5-Chloro-l-[2-(hydroxymethyl)-l^-oxathiolan-
5-yl]uracil (33) and (+)-(2J*,5#)-5-Chloro-l-[2-(hydroxy-
methyl)-l,3-oxathioIan-5-yl]uracil (34). An admixture of 
21 and 22 (0.278 g, 0.552 mmol) in THF (20 mL) was treated with 
1.0 M tetra-n-butylammonium fluoride in THF (0.552 mL, 0.552 
mmol) for 1 h at room temperature. The solvent was evaporated 
to dryness under reduced pressure. The residue was purified by 
silica gel column chromatography (chloroform-methanol, 10:1) 
to yield 33 (0.06 g,4l%,R/ = 0.35) as a white solid and 34 (0.07 
g, 47.9%, Rt = 0.31) as a white solid. 33: UV (H20) Xn^ 276.0 
nm U 9870) (pH 7), 276.0 (t9390) (pH 2); 274.0 (t 6980) (pH 11). 
34: UV (H20) X ^ 277.0 nm (<•9170) (pH 7), 277.0 (t 9830) (pH 
2), 274.0 (« 6980) (pH 11). 

(-)-(2J^5Sf)-5-Bromo-l-[2-(hydroxymethyl)-l,3-oxathiolan-
5-yI]uraciI (35) and (+)-(2.H,5.R)-5-Bromo-l-[2-(hydroxy-
methyl)-l,3-oxathiolan-5-yl]uracil (36). An a,0-mixture of 
23 and 24 (0.287 g, 0.524 mmol) in THF (20 mL) was treated with 
1.0 M tetra-n-butylammonium fluoride in THF (0.287 mL, 0.524 
mmol) for 1 h at room temperature. The solvent was evaporated 
to dryness under reduced pressure. The residue was purified by 
silica gel column chromatography (chloroform-methanol, 10:1) 
to yield 35 (0.055 g, 33.9% R, = 0.37) as a white solid and 36 
(0.063 g, 38.8%, Rf - 0.32) as a white solid. 35: UV (H20) X ^ 
279.0 nm (t 8900) (pH 7), 279.0 (t 8500), (pH 2), 276.0 (t 6710) 
(pH 11). 36: UV (H20) X,,^ 279.0 nm (t 8590) (pH 7), 279.0 (t 
8570) (pH 2), 276.0 (t 6970) (pH 11). 

(-)-(2iWS)-5-Iodo-l-[2-(hydroxymethyI)-M-oxathiolan-
5-yl]uracil (37) and (+)-(2JZ££)-5-Iodo-l-[2-(hydroxyme-
thyl)-l,3-oxathiolan-5-yl]uracil (38). An a,£-mixture of 25 
and 26 (0.45 g, 0.756 mmol) in THF (20 mL) was treated with 
1.0 M tetra-n-butylammonium fluoride in THF (0.756 mL, 0.756 
mmol) for 1 h at room temperature. The solvent was evaporated 
to dryness under reduced pressure. The residue was purified by 
silica gel column chromatography (chloroform-methanol, 10:1) 
to yield 37 (0.086 g, 32.0%, Rf = 0.46) as a white solid and 38 
(0.074 g, 27.5%, Rf = 0.42) as a white solid. 37: UV (H20) Xm„ 
287.5 nm (t 8320) (pH 7) 288.0 (« 8200) (pH 2), 278.5 (t 6700) (pH 
11). 38: UV (HaOjX.^ 287.5 nm(« 12020) (pH 7), 288.0 (t 11690) 
(pH 2), 279.0 (e 8930) (pH 11). 

(-)-(2jyiS)-5-Methyl-l-[2-[[(tort-butyldiphenylsilyl)oxy]-
methyl]-l,3-oxathiolan-5-yl]-iV,-benzoylcytosine (39) and 
(+)-(2JW>J?)-5-Methyl-l-[2-[[(ter*-butyldiphenylsilyl)oxy]-
methyl]-l,3-oxathiolan-5-yl]-JV"-benzoylcytoiine (40). Si
lvia ted JV4-benzoyl-5-methylcytosine, prepared from JV4-benzoyl-
5-methylcytosine (0.63 g, 2.96 mmol) and HMDS (30 mL), was 
treated with 8 (0.615 g, 1.43 mmol) in dry 1,2-C1CH2CH2C1 (15 
mL) and TMSOTf (0.56 mL, 2.88 mmol) at room temperature 

for 2 h under nitrogen. CHC13 (10 mL) and saturated NaHCOs 
(20 mL) were added and the mixture stirred for an additional 30 
min. The reaction mixture was filtered through a Celite pad and 
the organic layer was separated. The aqueous layer was extracted 
with CH2CIJ (50 mL X 4) and combined organic layers were washed 
with saturated NaHC03 (20 mL X 2) and dried (anhydrous 
MgSO«). The solvents were evaporated under reduced pressure 
to give a yellow residue, which was purified by silica gel column 
chromatography (hexanes-ethyl acetate, 5:1) to yield 39 (Rf • 
0.25, hexanes-ethyl acetate, 5:1,0.31 g, 34.9%) as a white foam 
and 40 (Rf = 0.29, hexanes-ethyl acetate, 5:1,0.25 g, 28.1%) as 
a white foam. 39: UV (CHCI3) X„,„ 330.0 nm. 40: UV(CHGU) 
Xmu 330.2 nm. 

(-)-(2/W-Sf)-5-Fluoro-l-[2-[[(tert-butyldiphenylsilyl)oxyJ-

methyl]-l,3-oxathiolan-5-yl]-iV,-benzoylcytosine (41) and 
(+)-(2A>5JB)-5-Fluoro-l-[2-[[(tert-butyldiphenyUilyl)-
oxy]methyl]-l,3-oxathiolan-5-yl]-iV-benzoylcytosine (42). 
A mixture of silylated AT4-benzoyl-5-fluorocytosine, prepared from 
0.44 g (3.05 mmol) of JV4-benzoyl-5-fluoroeytosine and 20 mL of 
HMDS, 8 (0.634 g, 1.52 mmol), and TMSOTf (0.589 mL, 3.05 
mmol) in dry 1,2-C1CH2CH2C1 (20 mL) was stirred for 2 h at 
room temperature under argon. After similar workup as for 39 
and 40, purification by silica gel column chromatography 
(hexanes-ethyl acetate, 3:1) gave 41 (Rf * 0.13, hexanes-ethyl 
acetate, 4:1, 0.35 g, 42.4%) as a white foam and 42 (Rf - 0.20, 
hexanes-ethyl acetate, 4:1,0.26 g, 31.5%) as a white foam. 41: 
UV (CHCls) X«,«x 330.7 nm. 42: UV (CHCI3) X ^ 331.2 nm. 

(-)-(2i^S)-5-Chloro-l-[2-[[(tert-butyldiphenylsUyl)oxyl-
methyl]-l,3-oxathiolan-5-yl]-JV-benzoylcytosine (43) and 
(+)-(2*,5fl)-5-Chloro-l-[2-[[(tei-t-butyldiphenyUllyl)-
oxy]methyl]-l,3-oxathiolan-5-yl]-iV-benzoylcytosine (44). 
A mixture of silylated iV^-benzoyl-S-chlorocytosine, prepared from 
0.56 g (2.24 mmol) of iV4-benzoyl-5-chlorocytosine and 30 mL of 
HMDS, 8 (0.62 g, 1.49 mmol), and TMSOTf (0.43 mL, 2.24 mmol) 
in dry 1,2-ClCH^H^l (20 mL) was stirred for 2 h under nitrogen. 
After similar workup as for 39 and 40, purification by silica gel 
column chromatography (hexanes-ethyl acetate, 4:1) gave 43 (Rf 
= 0.21, hexanes-ethyl acetate, 4:1,0.27 g, 30.0%) as a white foam 
and 44 (Rf = 0.28, hexanes-ethyl acetate, 4:1,0.40 g, 44.4%) as 
a white foam. 43: UV (2-propanol) Xmu 333.2 nm. 44: UV (2-
propanol) Xmu 333.1 nm. 

(-)-(2JtfS)-5-Bromo-l-[2-[[(tert-butyldiphenyltilyl)oxy]-
methyl]-l,3-oxathiolan-5-yl]-A^-benzoylcytosine (45) and 
(+)-(2iZ,5i?)-5-Bromo-l-[2-[[(tort-butyldiphenylsilyl)oxy]-
methyl]-l^-oxatbiolan-5-yl]-A^-Denzoylcytosine (46). A mix
ture of silylated iV4-benzoyl-5-bromocytosine, prepared from 0.68 
g (2.31 mmol) of iV4-benzoyl-5-bromocytosine and 20 mL of 
HMDS, 8 (0.64 g, 1.54 mmol), and TMSOTf (0.446 mL, 2.31 
mmol) in dry 1,2-C1CH2CH2C1 (20 mL) was stirred for 1.5 h at 
room temperature. After workup similar to that of 39 and 40, 
purification by silica gel column chromatography (hexanes-ethyl 
acetate, 3:1) gave 45 (Rf = 0.44, hexanes-ethyl acetate, 3:1,0.45 
g, 45.0 %) as a white foam and 46 (Rf - 0.50, hexanes-ethyl acetate, 
3:1,0.35 g, 35.0%) as a white foam. 45: UV (CHCI3) X„» 334.7 
nm. 46: UV (CHCI3) X„,» 333.7 nm. 

(-)-(2i*,5S)-5-Iodo-l-[2-[[(tert-butyldiphenylsilyl)oxy]-
methyl]-l,3-oxatbJolan-5-yl]-JV-benzoylcytosine (47) and 
(+)-(21Wi?)-5-Iodo-l-[2-[[(tert-butyldiphenylsUyl)oxy]me-
thyl]-l,3-oxathiolan-5-yl]-iV-benzoylcytosine (48). A mix
ture of silylated N4-benzoyl-5-iodocytosine, prepared from 0.785 
g (2.31 mmol) of AT4-benzoyl-5-iodocytosine and 20 mL of HMDS, 
8 (0.64 g, 1.54 mmol), and TMSOTf (0.60 mL, 2.31 mmol) in dry 
1,2-ClCrUCH^l (20 mL) was stirred for 1 h at room temperature. 
After similar workup to 39 and 40, purification by silica gel column 
chromatography (hexanes-ethyl acetate, 4:1) gave 47 (R/• 0.31, 
hexanes-ethyl acetate, 4:1, 0.39 g, 36.4%) as a white foam and 
48 (Rf = 0.38, hexanes-ethyl acetate, 4:1, 0.26 g, 24.3%) as a 
white foam. 47: UV (CHCI3) X,,,., 339.7 nm. 48: UV (CHCls) 
Xou 340.1 nm. 

(-)-(2iWS)-5-Methyl-l-[2-(hydroxymethyl)-l^oxathiolan-
5-yl]cytosine (49). To a solution of 39 (0.45 g, 0.75 mmol) in 
THF (20 mL) was added 1.0 M tetra-n-butylammonium fluoride 
in THF (0.75 mL, 0.75 mmol) and the mixture was stirred at 
room temperature f or 4 h. The solvent was evaporated to dryness 
under reduced pressure to give a yellow residue which, without 
purification, was treated with saturated methanolic ammonia 
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and stirred at room temperature overnight. The solvent was 
evaporated and the residue was purified by silica gel column 
chromatography (chloroform-methanol, 10:1) to yield 49 (Rf = 
0.31,0.17 g, 94.0%) as a white solid, which was triturated with 
ether and methanol: UV (H»0) ^ 277.0 nm U 9690) (pH 7), 
286.8 (t 13370) (pH 2), 276.8 (« 9360) (pH 11). 

(+>-(2«^fi)-6-Methyl-l-[2-(hydroxymethyl)-l^-oxathiolaji-
5-yl]cyto«ine (50). To a solution of 40 (0.40 g, 0.615 mmol) in 
THF (20 mL) was added 1.0 M tetra-n-butylammonium fluoride 
in THF (0.62 mL, 0.62 mmol), and the mixture was stirred at 
room temperature for 3 h. The solvent was evaporated to dryness 
under reduced pressure to give a yellow residue which, without 
purification, was treated with saturated methanolic ammonia 
and stirred at room temperature overnight. The solvent was 
evaporated and the residue was purified by silica gel column 
chromatography (chloroform-methanol, 10:1) to yield SO (Rf -
0.31,0.14 g, 84.6%) as a white solid, which was triturated with 
ether and methanol: UV (H20) A™, 277.5 nm (t 9690) (pH 7), 
286.8 (f 13620) (pH 2), 276.8 (« 9470) (pH 11). 

(-)-(2JJ^S)-5-Fluoro-l-[2-(hydroxvmethyl)-l^-oxathiolan-
5-yl]cytoaine(51). Compound 41 (0.4 g, 0.698 mmol) was treated 
according to the procedure used in the preparation of compound 
49 to give 51 (Rf = 0.29,0.135 g, 78.5%) as a white solid, which 
was triturated with ether and methanol: UV (H20) Anm 280.0 
nm (< 11090) (pH 7), 287.8 («14210) (pH 2), 279.8 (e 11810) (pH 
11). 

(+)-(2ft5«)-5-Fluoro-l-[2-(hydroxymethyl)-13-oxathiolan-
5-yl]cytosine (52). Compound 42 (0.4 g, 0.698 mmol) was treated 
according to the procedure used in the preparation of compound 
49 to give 52 (Rf = 0.29,0.135 g, 78.5%) as a white solid, which 
was triturated with ether and methanol: UV (H20) Aw 280.5 
nm (e 12060) (pH 7), 287.8 (e14450) (pH 2), 279.8 (e 11450) (pH 
11). 

(-)-(2JWS)-5-Chloro-l-[2-(hydroxyinethyl)-l^-oxathk»lan-
5-yl]cytosine (53). Compound 43 (0.209 g, 0.34 mmol) was 
treated according to the procedure used in the preparation of 
compound 49 to give 53 (Rf = 0.30, 0.073 g, 80.0%) as a white 
solid, which was triturated with ether and methanol: UV (H20) 
W 285.5 nm (t12190) (pH 7), 295.5 («15520) (pH 2), 285.3 (t 
12040) (pH 11). 

(+)-(2it5JJ)-5<;hloro-l-[2-(hydroxymethyl)-13-oxathiolan-
5-yl]cytoeine (54). Compound 44 (0.13 g, 0.21 mmol) was treated 
according to the procedure used in the preparation of compound 
49 to give 54 (Rf = 0.30,0.045 g, 80.0%) as a white solid, which 
was triturated with ether and methanol: UV (H20) X^, 286.0 
nm (e 10900) (pH 7), 295.5 (e 13550) (pH 2), 285.3 U 10960) (pH 
11). 

(-)-(2ft,5i?)-5-Bromo-l-[2-(hydroxymethyl)-l,3-oxathJolan-
5-yl]cytosine (55). Compound 45 (0.315 g, 0.486 mmol) was 
treated according to the procedure used in the preparation of 
compound 49 to give 55 (Rf - 0.32, 0.115 g, 81.0%) as a white 
solid, which was triturated with ether and methanol: UV (H20) 
A™ 287.5 nm (t 7690) (pH 7), 298.0 (« 12400) (pH 2), 287.0 (e 
9430) (pH 11). 

(+)-(2B^R)-5-Bromo-l-[2-(hydroxymethyl)-13-oxathiolan-
5-yl]cytosine (56). Compound 46 (0.320 g, 0.493 mmol) was 
treated according to the procedure used in the preparation of 
compound 49 to give 56 (R/ - 0.32, 0.125 g, 86.8%) as a white 
solid, which was triturated with ether and methanol: UV (H20) 
An,, 287.5 nm (t 6160) (pH 7), 298.0 (e10340) (pH 2), 287.5 (e 
7620) (pH 11). 

(-)-(2JZ£&)-5-Iodo-l-[2-(hydroxymethyl)-l,3-oxathiolan-
5-yl]cytosine (57). Compound 47 (0.40 g, 0.57 mmol) was treated 
according to the procedure used in the preparation of compound 
49 to give 57 (Rf = 0.33, 0.13 g, 64.0%) as a white solid, which 
was triturated with ether and methanol: UV (H20) Amu 293.0 
nm (« 7890) (pH 7), 308.0 (< 10950) (pH 2), 293.5 (e 8140) (pH 
11). 

(+M2JZ£R)-5-Iodo-l-[2-(hydroxyinethyl)-l,3-oxathiolan-
5-yl]cytosine (58). Compound 48 (0.20 g, 0.29 mmol) was treated 
according to the procedure used in the preparation of compound 
49 to give 58 (Rf- 0.33,0.073 g, 71.6%) as a white solid, which 
was triturated with ether and methanol: UV (H20) Amu 293.5 
nm (f 5530) (pH 7), 308.0 (t 8120) (pH 2), 293.5 (t 6050) (pH 11). 

(+)-(2Jt5S)-6-Chloro-9-[2-[[(tort-butyldiphenylsUyl)oxy]-
methyl]-l,3-oxathiolan-5-yl]purine (59) and (+)-(2R,5R)-6-

Chloro-9-[2-[[(tert-butyldiphenylsilyl)oxy]methyl]-l^-ox-
athiolan-5-yl]purine (60). A mixture of 6-chloropurine (1.48 
g, 9.61 mmol), hexamethyldisilazane (50 mL) and ammonium 
sulfate (catalytic amount) was refluxed for 2 h under N2. The 
clear solution obtained was concentrated in vacuo and the residue 
was dissolved in dry CH&U (20 mL). Trimethylsilyl triflate 
(1.86 mL, 9.612 mmol) and a solution of 8 (2.0 g, 4.81 mmol) in 
dry CHjClj (30 mL) were added at room temperature. After 
stirring the reaction mixture for 30 min at room temperature, it 
was refluxed for 14 h under N2. During reflux, initially formed 
isomers were converted to N-9 condensed product. The reaction 
solution was then poured into an ice-cold mixture of CHgCU (20 
mL) and saturated NaHCOg solution (20 mL), stirred for 30 min, 
and filtered through a Celite pad. The organic layer was washed 
with saturated NaHCOs (50 mL) and brine (50 mL) and dried 
(MgSOj. The solvents were removed under reduced pressure, 
and the residue was separated by silica gel column chromatog
raphy to give 59 (Rf * 0.64, hexanes-ethyl acetate, 1:1, 0.86 g, 
35 %) as a white solid and 60 (Rf - 0.74,0.74 g, 30.1 %) as a white 
foam. 59: UV (MeOH) An*, 265.0 nm. 60: UV (MeOH) U 
265.0 nm. 

(+H2fl£g)-6-CMoro-H^hydroxyiiiethyl)-l.^Tathtolan-
5-yl]purine (61). A solution of 59 (0.6 g, 1.17 mmol) in THF 
(20 mL) was treated with 1M n-BuuNF-THF (1.3 mL, 1.3 mmol). 
After evaporation of the solvent, the residue was chromatographed 
on silica gel (230-400 mesh) using chloroform-methanol (20:1) 
as the eluent to give pure 61 (0.24 g, 75.0%) as a white solid, 
which was triturated with ether: UV (H2O) Ann 265.0 nm (c 
11430) (pH 7), 264.5 (« 11430) (pH 2), 264.3 (t 11800) (pH 11). 

(+)-(2JJ^^-6^htor<>-»-[^(hydTOxymetliyl)-13-oxathiolan-
5-yl]purine (62). A solution of 60 (0.6 g, 1.17 mmol) in THF 
(20 mL) was desilylated with 1 M n-BiuNF-THF (1.5 mL, 1.5 
mmol). After evaporation of the solvent, the residue was 
chromatographed on silica gel (230-400 mesh) using chloroform-
methanol (20:1) as the eluent to give pure 62 (Rf = 0.23 g, 71.9%) 
as a white solid: UV (H3O) A^a 264.5 nm (c 11220) (pH 7), 264.5 
U 11750) (pH 2), 264.3 (t 10530) (pH 11). 

(+)-(2JWS)-9-[2-(Hydroxymethyl)-U-oxathiolan-5-yl]-
adenine (63). A solution of 61 (0.08 g, 0.293 mmol) and NHj-
MeOH (20 mL) was heated at 90 °C in a steel bomb for 24 h. 
After cooling, the solvent was removed under vacuum and the 
residual syrup was purified by column chromatography (silica 
gel 230-400 mesh) using chloroform-methanol (10:1) as the eluent 
to give 63 (Rt = 0.2,0.051 g, 68.6%) as a white solid: UV (HsO) 
A™. 259.0 nm (c 17730) (pH 7), 258.0 (< 17380) (pH 2), 259.4 (« 
18380) (pH 11). 

(+)-(2JaS)iV-Methyl-9-[2-(hydroxymethyl)-13-oxathi-
olan-5-yl]adenine (64). A solution of 61 (0.07 g, 0.256 mmol) 
and methylamine (40 wt% solution in H20,10 mL) in MeOH (10 
mL) was heated at 90 °C in a steel bomb for 15 h. After cooling, 
the solvents were removed under vacuum. The residual syrup 
was purified by column chromatography (silica gel 230-400 mesh) 
using chloroform-methanol (10:1) as the eluent to give 64 (Rf • 
0.21,0.054 g, 78.8%) as a white solid: UV (HsO) A ^ 265.8 nm 
(e 19990) (pH 7), 262.3 (e 22050) (pH 2), 265.3 (e 20110) (pH 11). 

(+M2fi,5S)-9-[2-(Hydroxymethyl)-l,3-oxathlolan-5-ylj-
hypoxanthine (65). A mixture of 61 (0.1 g, 0.367 mmol), 
2-mercaptoethanol (0.1 mL, 1.47 mmol), and NaOMe (0.079 g, 
1.47 mmol) in MeOH (20 mL) was refluxed for 4 h under N2. The 
mixture was cooled, neutralized with glacial AcOH, and evap
orated to dryness under Vacuum. The residue was purified by 
silica gel column chromatography (chloroform-methanol, 10:1) 
to give 65 (Rf - 0.15,0.06 g, 64.5%) as a white leaflet, which was 
triturated with ether: UV (H20) A«*i 248.5 nm (t 11390) (pH 7), 
249.0 (c 11440) (pH 2), 252.9 (e 12290) (pH 11). 

(+)-(2JWS)-9-[2-(Hydroxymethyl)-l,3-oxathiolan-5-yl]-
adenine (66). A solution of 62 (0.07 g, 0.257 mmol) and NHj-
MeOH (10 mL) was heated at 90 °C in a steel bomb for 20 h. 
After cooling, the solvent was removed under vacuum and the 
residual syrup was purified by column chromatography (silica 
gel 230-400 mesh) using chloroform-methanol (10:1) as the eluent 
to give 66 (R/ • 0.2,0.045 g, 69.2%) as a white solid, which was 
triturated with ether-methanol: UV(HjO) A^, 258.9 nm(c 20500) 
(pH 7), 257.5 (« 20780) (pH 2), 259.4 <« 21090) (pH 11). 

(+)-(2JWSr).jy-Methyl-M2-(hydroxymethyl)-l,3-oxathi-
olan-5-yl]adenine (67). A solution of 62 (0.07 g, 0.257 mmol) 
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and methylamine (40 wt% solution in HjO,10 mL) in MeOH (10 
mL) was heated at 90 °C in a steel bomb for 15 h. After cooling, 
the solvents were removed under vacuum. The residual syrup 
was purified by column chromatography (silica gel 230-400 mesh) 
using chloroform-methanol (10:1) as the eluent to give 67 (Rf = 
0.20,0.042 g, 61.2%) as a white solid, which was triturated with 
hexanes-methylene chloride: UV (H20) X™, 26S.8 nm (t 18840) 
(pH 7), 262.8 (t 19470) (pH 2), 266.8 («19500) (pH 11). 

(+)-(2iW»S)-9-[2-(Hydroxymethyl)-l,3-oxathiolan-5-yl]-
hypoxanthine (68). A mixture of 62 (0.07 g, 0.257 mmol), 
2-mercaptoethanol (0.07 mL, 1.03 mmol), and NaOMe (0.066 g, 
1.03 mmol) in MeOH (10 mL) was refluxed for 3 h under N2. The 
mixture was cooled, neutralized with glacial AcOH, and evap
orated to dryness under vacuum. The residue was purified by 
silica gel column chromatography (chloroform-methanol, 10:1) 
to give 68 (Rf = 0.14,0.040 g, 61.5%) as a white solid: UV (H20) 
X™ 248.9 nm (t 15620) (pH 7), 249.0 (« 15630) (pH 2), 253.4 (e 
17030) (pH 11). 

(2fl^,Si*)-2-Fluoro-6-chloro-9-[2-[[(tert-butyldiphenyl-
silyl)oxy]methyl]-l,3-oxathiolan-5-yl]purine (69 and 70). 
A mixture of 2-fluoro-6-chloropurine (0.49 g, 2.84 mmol) in 
hexamethyld isilazane (20 mL) and ammonium sulfate (catalytic 
amount) was refluxed for 1 h. The resulting solution was 
concentrated under anhydrous conditions to yield silylated 
2-fluoro-6-chloropurine as a white solid. TMSOTf (0.39 mL, 
2.01 mmol) was added to a cooled (-20 °C) and stirred solution 
of silylated 2-fluoro-6-chloropurine and 8 (0.97 g, 2.33 mmol) in 
dry methylene chloride (30 mL). The reaction mixture was 
warmed to room temperature and stirred for 16 h, during which 
time all the initially formed isomers were converted to N-9 
isomers. The reaction mixture was quenched with saturated 
NaHCOa solution (5 mL) and stirred ior additional 20 min at 
room temperature. The solvent was evaporated to dryness under 
reduced pressure and the residue was dissolved in EtOAc (200 
mL), washed with water and brine, dried (anhydrous Na^O*), 
filtered, and evaporated to give a solid residue, which was purified 
by silica gel column chromatography (20% EtOAc in hexanes) 
to afford a mixture of /9-anomer 69 and a-anomer 70 (0.46:0.53; 
fi/a) as a white crystalline solid (0.66 g, 60.0%), which was used 
in the next step without separation: UV (MeOH) A-.. 269.0 nm. 

(+)-(2i^5f)-2-Fluoro-6-amino-9-[2-[[(tert-butyldiphenyl-
silyl)oxy]methyl]-l,3-oxathiolan-5-yl]purine (71), (+)-
(2ft5iJ)-2-Fluoro-6-amino-9-[2-[[(tert-butyldiphenylsilyl)-
oxy]methyl]-l,3-oxathiolan-5-yl]purine (72), (+)-(2R,SS)-
2-Amino-6-chloro-9-[2-[[(tert-butyldiphenylsilyl)-
oxyhnethyl]-l^-oxathiolan-5-yl]purine (73), and (-)-(2iy»fl)-
2-Amino-$-chloro-9-[2-[[(tert-butyldiphenylsilyl)oxy]metn-
yl]-l,3-oxathiolan-5-yl]purine (74). Dry ammonia gas was 
bubbled into a stirred solution of 69 and 70 (0.741 g, 1.40 mmol) 
in DME (40 mL) at room temperature overnight. The salts were 
removed by filtration and the filtrate evaporated under reduced 
pressure. The residue was purified by preparative TLC (30% 
hexanes in diethyl ether) to give four compounds. 71 (Rf = 0.22, 
0.053 g, 7.43%) as colorless needles: UV (MeOH) \^ 261.0, 
268.0 (sh) nm. 72 (Rf = 0.29,0.090 g, 12.6 %) as a micro-crystalline 
solid: UV (MeOH) Xmu 261.0,269.0 (sh)nm. 73 (A, - 0.64,0.172 
g, 23.4%) as a white crystalline solid: UV (MeOH) W 310.0 
nm. 74 (Rf = 0.62,0.116 g, 15.8%) as a white crystalline solid: 
UV (MeOH) U 309.5 nm. 

(+)-(2JWS)-2-Fluoro-6-amino-9-[2-(hydroxymethyl)-l,3-
oxathiolan-5-yl]purine (75). A solution of 71 (0.05 g, 0.1 mmol) 
in THF (5 mL) was treated with 1M n-BmNF-THF (0.152 mL, 
0.152 mmol) to give 75 (0.023 g, 85%) as a white crystalline solid, 
which was recrystallized from MeOH: UV (H20) Xmu 261.0 (c 
13840), 269.0 (sh) nm (e 10820) (pH 7), 261.5 (< 14380), 269.5 (sh) 
(« 11370) (pH 2), 260.8 (t 14110), 268.5 (sh) (t 12470) (pH 11). 

(+)-(2iW«)-2-Fluoro-6-amino-9-[2-(hydroxymethyl)-M-
oxathiolan-5-yl]purine (76). A solution of 72 (0.07 g, 0.14 mmol) 
in dry THF (5 mL) was treated with 1 M ra-BuiNF-THF (0.219 

mL, 0.219 mmol) to give 76 (0.033 g, 89.0 %) as a white crystalline 
solid, which was recrystallized from MeOH: UV (HjO) L i 261.0 
(615750), 269.0 (sh) nm (e 12470) (pH 7), 261.5 (« 12330), 268.5 
(sh) (e 10000) (pH 2), 261.0 (< 14380), 268.5 (sh) (e 11500) (pH 
11). 

(-)-(2JI,5S)-2-Amino-6-chloro-9-[2-(hydroxymethyl)-l^-
oxathiolan-5-yl]purine (77). A solution of 73 (0.152 g, 0.288 
mmol) in THF (5 mL) was treated with 1M n-BuJMF-THF (0.38 
mL, 0.38 mmol). After the reaction mixture was stirred for 30 
min, the solution was evaporated in vacuo to dryness and the 
solid residue was purified by preparative TLC (7% methanol in 
chloroform) to give 77 (0.062 g, 74.7 %) as a crystalline solid: UV 
(H20) Xnax 307.5 nm (e 8370) (pH 7), 308.0 nm (« 8140) (pH 2), 
307.5 (e 8850) (pH 11). 

(+)-v2fl,5JJ)-2-Amino-6-chloro-9-[2-(hydroxymethyl)-l^-
oxathiolan-5-yl]purlne (78). A solution of 74 (0.05 g, 0.095 
mmol) in THF (5 mL) was treated with 1 M n-BvuNF-THF 
(0.123 mL, 0.123 mmol) to give 78 (0.021 g, 74%) as a crystalline 
solid, which was purified by preparative TLC (5% methanol in 
chloroform): UV (H20) X»» 308.0 nm (« 5070) (pH 7), 308.0 (« 
5610) (pH 2), 308.0 (t 5360) (pH 11). 

(+)-(2JJ,5S)-9-[2-(Hydroxymethyl)-l,3-oxathiolan-5-yl]-
guanine (79). A mixture of 77 (0.07 g, 0.243 mmol), 2-mercap
toethanol (0.10 mL, 0.972 mmol), and NaOMe (0.026 g, 0.486 
mmol) in MeOH (10 mL) was refluxed for 7 h under Nj. The 
mixture was cooled, neutralized with glacial AcOH, and evap
orated to dryness under vacuum. The residue was purified by 
preparative TLC (chloroform-methanol, 7:1) to give 79 (JRf • 
0.14,0.040g,61.5%)asawhitesolid: UV(MeOH)XBU254.0nm. 

(-)-(2J?,5i?)-9-[2-(Hydroxymethyl)-l,3-oxathiolan-5-yl]-
guanine (80). A mixture of 78 (0.07 g, 0.243 mmol), 2-mercap
toethanol (0.10 mL, 0.972 mmol), and NaOMe (0.026 g, 0.486 
mmol) in MeOH (10 mL) was refluxed for 10 h under Ns. The 
mixture was cooled, neutralized with glacial HOAc, and evap
orated to dryness under vacuum. The residue was filtered from 
hot methanol to give 80 (Rf - 0.14, 0.045 g, 69.0%) as a white 
solid: UV (MeOH) U 254.0 nm. 

Antiviral and Cytotoxicity Assays. Antiviral studies with 
HIV-1 were performed in mitogen-stimulated human peripheral 
blood mononuclear (PBM) cells infected with strain LAV, as 
described previously.32 A multiplicity of infection (MOD of 0.1, 
as determined by a limiting dilution method in PBM cells, was 
selected for the assays. Stock solutions (40 mM) of the compounds 
were prepared in DMSO and then diluted in the medium to give 
the desired concentration. The maximal final concentration of 
DMSO in the solutions was less than 0.25 %, which is not antiviral 
or cytotoxic to the cells. The compounds were added about 45 
min after infection. The procedure for culturing the virus and 
the determination of supernatant RT levels has been described 
previously.82 The drugs were also evaluated for their potential 
toxic effects on uninfected PHA-stimulated human PBM and 
Vero cells as described previously.32 These cells were cultured 
with and without drug for 6,3, and 6 days, respectively, at which 
time aliquots were counted in the presence of trypan blue. 

Data Analysis. The median effective concentration (EC«o) 
and inhibitory concentration (ICso) values were derived from the 
computer-generated median effect plot of the dose-effect data, 
as described previously.33 
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