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1,6,7,12-Tetramethoxy-4,9dihydro~-3,l~pe~len~uinone 
(26). A mixture of 23 (3.0 g, 4.73 mmol), sodium hydroxide (6.0 
g), and water (2 mL) was heated in an oil bath. After the tem- 
perature was elevated gradually to 200 “C to remove water, it was 
further heated for 2 h a t  250 “C. After cooling, water (50 mL) 
was added to dissolve the residue. Dimethyl sulfate (7.5 mL) was 
added dropwise over 30 min to the resulting solution. It was 
adjusted to pH 8-9 and stirred for 2 h a t  50 “C. After cooling, 
the precipitate was collected and washed with water and acetone 
to afford 26 (450 mg, 21%): black amorphous; mp >300 “C dec; 
IR (KBr) 3450 (OH), 3140 (aromatic C-H), 1630 (quinone O), 

1,6,7,12-Tetraacetyl-4,9-dihydroxy-3,1O-perylenequinone 
(27). Compound 25 (600 mg, 1.59 “01) was suspended in acetic 
anhydride (30 mL) and pyridine (30 mL). The mixture was heated 
in an oil bath (100 “C) for 48 h. The solvent was removed in vacuo, 
and the residue was purified by column chromatography (SiOz, 
20 g) using chloroform-methanol (1OO:l) as eluant to furnish 27 
(115 mg, 13%): yellow amorphous; mp 200-201 “C; IR (KBr) 3150 
(aromatic C-H), 1680 (C=O of ester), 1625 (C=O of quinone), 
1590 (M), 1482,1397, 1376 cm-’; ‘H NMR (CDCld 6 2.17,2.18, 
2.42 (all s, 6 H each, OAc X 61, 6.53 (s,2 H, 2-H, 11-HI, 7.14 (8,  
2 H, 5-H, 8-H). Anal. (C28H18012) C, H. 
Cytotoxic Assay. Assay for cytotoxicity in various tumor cells 

were carried out according to the procedures described previ- 
0usly.~9~J~ The tumor cells included in this study were A-549 

1395 cm-’. Anal. (C24Hl808) C, H. 

(8) Shoemaker, R. H.: Monks, A.: Alley, M. C.: Scudiero, D. A.: 

(9) 

Fine, D. L.’; McLemore, T. L.; Abbott, B.’J.; Peul1,’K. D.; 
Mayo, J. G.; Boyd, M. R. Development of Human Tumor Cell 
Line Panels for Use in Disease-Oriented Drug Screening. 
Prediction of Response to Cancer Therapy; 1988; Alan R. Lis, 
Inc.: New York; pp 265-286. 
Boyd, M. R. Status of the NCI Preclinical Antitumor Drug 
Discovery Screen. Princ. Pract. Oncol. Updates 1989,3(10), 
1-12. 

lung carcinoma, HCT-8 colon carcinoma, RPMI-7951 melanoma, 
TE-671 meduloblastoma, KB epidermoid carcinoma of naso- 
pharynx, and P-388 lymphocytic leukemia cells. 

Protein Kinase C Assay. The assay was performed by a 
modification of the mixed micelle assay as described elsewhere.” 
The reaction mixture in a total volume of 250 pL contained 0.3% 
Triton X-100 with 6 mol% phosphatidylserine (Avanti) and 0.5 
mol% dioleoylglycerol (Avanti) in 29 mM Hepes buffer, pH = 
7.5, 10 mM magnesium chloride, 100 pM calcium chloride, and 
20 pM [32P]ATP. Compound was dissolved in DMSO, and 10 
p L  was added to the m y .  DMSO alone was added in the control 
assay reactions. The reaction was started with 20 pL of protein 
kinase C (PKC) (1 pg/mL). The reaction was terminated with 
0.5 mL ice-cold trichloroacetic acid followed by 100 pL of bovine 
serum albumin (1 mg/mL). The precipitate was collected by 
vacuum filtration using GF/C filters and quantified by counting 
in a 8 scintillation counter. 

Anti HSV-l/HSV-2 Assay. Confluent Vero cells were in- 
fected with 3PFU/Cell of HSV-1 (Kos) or HSV-2 (333) in 
RPMI-1640 medium containing 2% FCS. Two-fold serial dilu- 
tions of the drugs (final concentration: 100,50,25,12.5 pg/mL) 
were added during the innoculation phase. After 24 h, the CPE 
was observed under the microscope. 
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3’-Spiro Nucleosides, a New Class of Specific Human Immunodeficiency Virus 
Type 1 Inhibitors: Synthesis and Antiviral Activity of 
[ 2’,5’-Bis- 0 -( tert -butyldimet hylsilyl)-@-~-xylo- and 
-ribofuranose]-3’-spiro-5”-[ 4”-amino-l”,2”-oxathiole 2”,2”-Dioxide] (TSAO) 
Pyrimidine Nucleosides 
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A series of 3’-spiro nucleosides have been synthesized and evaluated as anti-HIV-1 agents. Reaction of O-mesyl- 
cyanohydrins of furanos-3’-ulosyl nucleosides with base afforded [ 1- [2’,5’-bis-O-( tert-butyldimethylsilyl)-fl-~-xylo- 
and -ribofura”y1]]-3’-spir0-5’’-[4’’-amino-l’’,2’’-oxathiole 2”,2”-dioxide] derivatives of thymine, uracil and 4-N- 
acetylcyhine 11 and 12. Desilylation of 11 and 12 gave the full deprotected 3’-spiro xyle and ribofuranosyl nucleosides 
13 and 14 or the partiaUy 5‘-O-deprotected-3’-spiro 8-c-xylo- and -ribo-nucleosides 15 and 16, or Y-O-deprotected-3’-spiro 
8-D-ribo-nucleoside 17. 2‘-Deoxygenation of 17 afforded 2‘-deoxy-3’-spiro 8-D-erythro-pentofuranosyl derivative 
18. These 3’-spiro derivatives were evaluated for their anti-HIV-1 activity. All 3’-spiro nucleosides having a xylo 
configuration did not show any anti-HIV-1 activity. 3’-Spiro ribo-nucleosides with none or only one silyl group at  
C-2’ or C-5’ or the 2’-deoxy derivative were also inactive at subtoxic concentrations. However, 3’-spiro ribo-nucleosides 
having two silyl group at (2-2’ and C-5‘ were potent and selective inhibitors of HIV-1. None of the nucleoside analogues 
that showed anti-HIV-1 activity proved inhibitory to the replication of HIV-2 or SIV. 

Introduction 
Azidothymidine (AZT, Retrovir) and DDI (&deoxy- 

inodne) are, 80 far, the only drugs approved for the clinical 
treatment of acquired immunodeficiency syndrome 
(AIDS).14 However, they also induce bone marrow sup- 

preesion (AZT), peripheral neuropathy (DDI), pancreatitis 
(DDI), and other side AZT and DDI have 

(1) Fischl, M. A.; Rich”,  D. D.; Grim, M. H. et al. and the AZT 
Collaborative Working Group. The efficacy of azidothymidine 
(AZT) in the treatment of patients with AIDS and AIDS-re- 
lated complex. N. Engl. J. Med. 1987, 31 7, 185-191. 

(2) De Clercq, E. Basic Approaches to Anti-Retroviral Treatment. 
J. Acquired Immune Defic. Syndr. 1991,4, 207-218. 
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proved to be potent inhibitors of HIV reverse transcrip- 
he.’+ The emergence of drug-resistant virus 
together with the severe side effects that have been ob- 
served, justify the search for new compounds which are 
more potent and selective in their anti-HIV activity. 

as highly specific inhibitors of HIV-1 replication, Le. the 

Chart I 

Recently, five new lead compounds have been identified 

1 2 

TIBO (R-82,150) HEPT Yarchoan, R.; Broder, S. Anti-retroviral therapy of AIDS and 
related disorders: general principles and specific development 
of dideoxpucleosides. Pharmacol. Ther. 1989,40, 329-384. 
Yarchoan, R.; Mitauya, H.; Thomas, R. V.; Pluda, J. M.; 
Hartman, N. R.; Perno, C. F.; Marczyk, K. S.; Allain, J. P.; 
Johns, D. G.; Broder, S. In vivo activity against HIV and fa- 
vorable toxicity profile of 2’,3’-dideoxyinosine. Science 1989, 
245,412-415. 
Richman, D. D.; Fischl, M. A,; Grieco, M. H.; Gottlieb, M. S.; 
Volberding, P. A.; Laskin, 0. L.; Leedom, J. M.; Groopman, J. 
E.; Mildvan, D.; Hirsch, M. S.; Jackson, G. G.; Durack, D. T.; 
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. 
Mid.  1987,317, 192-197. 
Yarchoan. R.: Pluda. J. M.: Thomas. R. V.: Mitauva, H.; 
Brouwers; P.; Wyvil1,‘K. M.; Hartman, N.; Johns, D. G.; Bro- 
der, S. Long-therm toxicity/activity profile of 2‘,3’-dideoxy- 
inosine in AIDS or AIDS-related complex. Lancet 1990,336, 
526-529. 
St. Clair, M. H.; Richards, C. A.; Spector, T.; Weinhold, K. J.; 
Miller, W. H.; Langlois, A. J.; Furman, P. A. 3’-hido-3’- 
deoxythymidine triphosphate as an inhibitor and substrate of 
purified human immunodeficiency vim reverse transcriptase. 
Antimicrob. Agents. Chemother. 1987,31, 1972-1977. 
Mitauya, H.; Broder, S. Strategies for antiviral therapy in 
AIDS. Nature 1987,325, 773-778. 
Hao, Z.; Cooney, D. A.; Farquhar, D.; Perno, C. F.; Zhang, K.; 
Masood, R.; Wilson, Y.; Hartman, N. R.; Balzarini, J.; Johns, 
D. G. Potent DNA chain termination activity and selective 
inhibition of human immunodeficiency virus reverse tran- 
scriptase by 2’,3’-dideoxyuridine-5’-triphosphate. Mol. Phar- 
macol. 1990,37, 157-163. 
Larder, B. A.; Darby, G.; Richman, D. D. HIV with reduced 
sensitivity to zidovudine (AZT) isolated during prolonged 
therapy. Science 1989,243, 1731-1734. 
Larder, B. A.; Chesebro, B.; Richman, D. D. Susceptibilities of 
zidovudine-susceptible and resistant human immunodeficiency 
virus isolates to antiviral agents determined by using a quan- 
titative plaque reduction assay. Antimicrob. Agents. Che- 
mother. 1990,34,436-441. 
St. Clair, M. H.; Martin, J. L.; Tudor-Williams, G.; Bach, M. 
C.; Vavro, C. L.; King, D. M.; Kellam, P.; Kemp, S. D.; Larden, 
B. A. Resistance to ddI and sensitivity to AZT induced by a 
mutation in HIV-1 Reverse Transcriptase. Science 1991,253, 
1557-1559. 
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acyclouridine 1 (HEPT),l3-I5 benzodiazepinone (TIBO) 
2,16J7 dipyridodiazepinone 3,laJ9 pyridinone 4,20 and bis- 

(13) Baba, M.; Tanaka, H.; De Clercq, E. et al. Highly specific 
inhibition of human immunodeficiency virus type 1 by a novel 
6-substituted acyclouridine derivative. Biochem. Biophys. Res. 
Commun. 1989,165,1375-1381. 

(14) Miyasaka, T.; Tanaka, H.; Baba, M.; Hayakawa, H.; Walker, 
R. T.; Balzarini, J.; De Clercq, E. A novel lead for specific 
anti-HIV- 1 agents: 1- [ (2-hydroxyethoxy )methyl] -6- (phenyl- 
thio)thymine. J. Med. Chem. 1989,32, 2507-2509. 

(15) Tanaka, H.; Baba, M.; Hayakawa, H.; Sasamaki, T.; Miyasaka, 
T.; Ubasawa, M.; Takashima, H.; Sekiya, K.; Nitta, I.; Shigeta, 
S.; Walker, R. T.; Balzarini, J.; De Clercq, E. A new class of 
HIV-1-specific 6-substituted acyclouridine derivatives: Syn- 
thesis and anti-HIV-1 activity of 5- or 6-substituted analogues 
of 1-[(2-hydroxyethoxy)methyl]-6-(phenylthio)thymine 
(HEPT). J. Med. Chem. 1991,34,349-357. 

(16) Pauwels, R.; Andries, K.; Desmyter, J. et al. Potent and Se- 
lective inhibition of HIV-1 replication in vitro by a novel series 
of TIBO derivatives. Nature 1990, 343, 470-474. 
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(heteroary1)piperazine (BHAF’) 5.21 All these compounds 
are highly specific for HIV-1. They do not inhibit HIV-2 
or any other retroviruses. The specific HIV-1 inhibitors 
primarily interact with a nonsubstrate binding site a t  the 
HIV-1 reverse transcriptase (RT), but, in addition, their 
RT-inhibitory potency also depends on the type of the 
template used to monitor HIV-1 RT a ~ t i v i t y . ~ ~ - ~ ~  

(17) Kukla, M. J.; Breslin, H. J.; Pauwels, R. et al. Synthesis and 
anti-HIV-1 activity of 4,5,6,7-Tetrahydro-5-methylimidazo- 
[4,5,1-jk] [ 1,4]benzodiazepin-2( lH)-one (TIBO) derivatives. J. 
Med. Chem. 1991,34, 746-751. 

(18) Merluzzi, V. J.; Hargrave, K. D.; Labadia, M. et al. Inhibition 
of HIV-1 Replication by a Nonnucleoside Reverse Transcrip- 
tase Inhibitor. Science 1990,250, 1411-1413. 

(19) Koup, R. A.; Merluzzi, V. J.; Hargrave, K. D.; Adams, J.; 
Grozinger, K.; Eckner, R. J.; Sullivan, J. L. Inhibition of hu- 
man immunodeficiency virus Type 1 (HIV-1) replication by 
the dipyridodiazepinone BI-RG-587. J. Infect. Dis. 1991,163, 
966-970. 

(20) Goldman, M. E.; Nunberg, J. H.; OBrien, J. A.; Quintero, J. 
C.; Schleif, W. A.; Freund, K. F.; Gaul, S. L.; Saari, W. S.; Wai, 
J. S.; Hoffman, J. M.; Anderson, P. S.; Hupe, D. J.; Emini, E. 
A.; Stern, A. M. Pyridinone derivatives: specific human im- 
munodeficiency virus type 1 reverse transcriptase inhibitors 
with antiviral activity. Roc. Natl. Acad. Sci. U.S.A. 1991,88, 
6863-6867. 

(21) Romero, D. L.; BUSSO, M.; Tan, C. K.; Reusser, F.; Palmer, J. 
R.; Poppe, S. M.; Aristoff, P. A.; Downey, K. M.; So, A. G.; 
Resnick, L.; Tarpley, W. G. Nonnucleoside Reverse Tran- 
scriptase inhibitors that Potently and Specifically Block Hu- 
man Immunodeficiency Virus Type-1 Replication. Roc. Natl. 
Acad. Sci. U.S.A. 1991,88, 8806-8810. 

(22) Debyser, Z.; Pauwels, R.; Andries, K.; Desmyter, J.; Kukla, M.; 
Janssen, P. A. J.; De Clercq, E. An antiviral target on reverse 
transcriptase of human immunodeficiency virus type 1 re- 
vealed by tetrahydroimidazo- [4,5,1-jk] [ 1,4] -benzodiazepin-2- 
(lH)-one and -thione derivatives. Roc.  Natl. Acad. Sci. U. 
S.A. 1991,88, 1451-1455. 

(23) Frank, K. B.; Noll, G. J.; Connell, E. V.; Sin, I. S. Kinetic 
interaction of human immunodeficiency virus type 1 reverse 
transcriptase with the antiviral tetrahydroimidazo- [4,5,1-jk]- 
[ 1,4]-benzodiazepine2(lH)-thione compound, R82150. J .  Biol. 
Chem. 1991,266,14232-14236. 

(24) White, E. L.; Buckheit, R. W., Jr.; Ross, L. J.; Germany, J. M.; 
Andries, K.; Pauwels, R.; Janssen, P. A. J.; Shannon, W. M.; 
Chirigos, M. A. A TIBO derivative, R82913, is a potent inhib- 
itor of HIV-1 reverse transcriptase with heteropolymer temp- 
lates. Antiviral Res. 1991, 16, 257-266. 

(25) Baba, M.; De Clerq, E.; Tanaka, H.; Ubasawa, M.; Takashima, 
H.; Sekiya, K.; Nitta, I.; Umezu, K.; Nakashima, H.; Mori, S.; 
Shigeta, S.; Walker, R. T.; Miyasaka, T. Potent and selective 
inhibition of human immunodeficiency virus type 1 (HIV-1) 
by 5-ethyl-6-phenylthiouracil derivatives through their inter- 
action with the HIV-1 reverse transcriptase. Roc. Natl. Acad. 
Sci. U.S.A. 1991,88, 2356-2360. 
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In a previous paper26 we described the synthesis of fu- 
ranose-3-spiro-5~-[4’-amino-1’,2’-oxathiole 2’,2’-dioxide] 
derivatives by reaction of 0-mesylcyanohydrins of fura- 
nos-&uloses with base. The method involves abstraction 
of one proton from the mesylate methyl group, followed 
by nucleophilic attack of the carbanion thus formed at the 
nitrile carbon atom. We have used this procedure for the 
synthesis of a variety of furanose- and pyranose-3-spiro 
sugar derivatives.27 Similar behavior was observed with 
0-mesylcyanohydrins of furanosid-3’-ulosylthymine which 
under basic conditions afforded the corresponding 3’-SpirO 
nucleosides.28 In order to prepare a new kind of highly 
functionalized branched chain nucleosides, we now extend 
the method to 3’-C-cyanomesylates of pyrimidine nucleo- 
sides, and here we report on the synthesis and anti-HIV-1 
activity of a novel class of compounds, the [2’,5’-bis-O- 
(tert-butyldimethylsily1)-@-~-pentofuranosyl] -3’-spiro- 
5”- [4”-amino-l”,2”-oxathiole 2”,2”-dioxide] (TSAO) py- 
rimidine derivativeseZ9 

These spiro branched-chain nucleosides are potent and 
selective inhibitors of HIV-1, but not HIV-2, replication. 
They represent a new lead in the development of specific 
anti-HIV-1 agents. The lead compound 12a is the first 
example of a nucleoside analogue which is highly specific 
for HIV-1. 

Chemistry 
Treatment of the 3’-ketonucleosides derived from thy- 

mine 6093~ uracil 6b,31 and 4-N-acetylcytosine 6c32 with 

~ ~~ 

(26) Calvo-Mateo, A.; Camarasa, M. J.; D’m-Ortb, A.; de las Heras, 
F. G. Novel aldol-type cyclocondensation of 0-mesyl(methy1- 
sulphony1)cyanohydrins. Application to the stereospecific 
synthesis of branched-chain sugars. J. Chem. SOC., Chem. 
Commun. 1988, 1114-1115. 

(27) PBrez-PBrez, M. J.; Camarasa, M. J.; Diaz-Ort;~, A.; San FBlix, 
A.; de las Heras, F. G. Stereospecific synthesis of branched- 
chain sugars by a novel aldol-type cyclocondenaation. Carbo- 
hydr. Res. 1991,216, 399-411. 

(28) PBrez-PBrez, M. J.; San-FClix, A.; Balzarini, J.; De Clercq, E.; 
Camarasa, M. J. Tetrahedron Lett., in press. 

(29) Although the oxathiole ring has priority over the nucloside 
system, double primes have been used in the numbering of the 
oxathiole ring in order to keep the game numbering system for 
all the nucleosides described in this paper. 

(30) Calvo-Mateo, A.; Camaraea, M. J.; D-b-O&, A.; de las Heras, 
F. G.; Alemany, A. Synthesis of 3‘-C-cyano-3‘-deoxypento- 
furanosylthymine nucleosides. Tetrahedron 1988, 44, 
4895-4903. 
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sodium cyanide in a two phase ethyl etherlwater system 
in the presence of sodium bicarbonate gave a mixture of 
the two epimeric nucleoside 3’-cyanohydrins 7 and 830931 
(Scheme I). These cyanohydrins, on standing in solution, 
reversed to the corresponding ketonucleosides 6 used as 
starting materials. Thus, they were not isolated, and used 
without further purification in the next step. Reaction of 
the cyanohydrin mixture (7 and 8) with mesyl chloride in 
pyridine gave the respective 3‘-C-cyano-3‘-O-mesyl-xylo 
and -rib0 derivatives of thymine 9a (53%) and 10a (lo%), 
uracil 9b (52%) and 10b (ll%), and 4-N-acetylcytosine 
9c (53%) and 1Oc (15%). Treatment of the xylo-cyano- 
mesylates 9a and 9b with Cs2C03 and of 9c with DBU 
afforded the spiro derivatives 11 [lla (87%); llb (80%); 
llc (63% yield)]. Similarly, reaction of the ribo-cyano- 
mesylates 10a-c with Cs2C03 afforded the spiro nucleo- 
sides 12 [12a (85%); 12b (39%); 12c (70% yield)]. 

Treatment of lla, llb (Scheme 11) and 12a (Scheme 111) 
with tetrabutylammonium fluoride afforded the corre- 
sponding 3’-SpUO 2’,5’-O-deprotected nucleosides 13a, 13b, 
and 14a. Attempts to deprotect the spiro derivatives of 
4-N-acetylcytosine llc and 12c gave complex reaction 
mixtures. Reaction of llb and 12a with methanolic 0.1 
N HC1 gave the 5’-O-deprotected spiro derivatives 15b and 
16a, respectively. Finally, treatment of 14a with 1.1 equiv 
of tert-butyldimethylsilyl chloride gave the 5’-protected- 
2’-deprotected derivative 17a. Deo~ygenation~~ a t  the 2’ 
position of 17a by treatment with N,N-thiocarbonyldi- 
imidazole followed by reaction with tributyltin hydride in 
the presence of a,a’-azobis(isobutyronitri1e) afforded the 
2‘-deoxy derivative of thymine 18a in 50% yield. 

Since no epimerization has been observed during me- 
sylation of cyanohydrins,”m~34-36s the absolute configuration 
of the cyanomesylates 9 and 10 was assumed to be the 
same as that of the corresponding cyanohydrins 7 and 8, 
and were assigned as xylo for the major compounds (7a-c 
and 9a-c) and ribo for the minor compounds (8a-c and 
1Oa-c) based on the following criteria. Due to the de- 
shielding effect of the adjacent mesyl group, H-2’ in 9a-c 
(6 4.87-5.17) appeared at lower field than in loa-c (6 
4.51-4.62), while H-4’ in compounds loa-c (6 4.73-4.76) 
appeared at lower field than in compounds 9a-c (6 
4.51-4.74). The stereochemical assignments are in 
agreement with the relative steric hindrance of the upper 
(j3) or the lower (a) sides of the furanose ring. The xylo 
configuration of the major compounds 7a-c and 9a-c re- 
sulted from the approach of the CN- ion to the uloses 6a-c 
from the sterically less hindered a face of the furanose ring, 
opposite to the base and the 5’-O-substituent. This is in 
agreement with the stereochemistry observed for reactions 
of nucleophiles (RLi, RMgBr, and R3Al) with 6bS3’ The 
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assignments of cyanomesylates 9a-c and 1Oa-c as xylo and 
ribo, respectively, were confirmed by NOE experiments 
carried out on the corresponding spiro derivatives lla, llc 
and 12a, 12c as shown below. 

The ‘H NMR of the spiro derivatives 1 la-c and 12a-c 
showed no signal for a mesylate group, but there were two 
new singlets at 6 6.31-6.95 (NH,) and 6 5.56-5.63 (H-3”) 
for lla-c, and at 6 6.44-6.61 (NH,) and 6 5.71-5.79 (H-3”) 
for 12a-~.~* 

The absolute confiiations at (2-3’ for spiro derivatives 
lla, llc and 12a, 12c and thus, for the xylo (9a, 9c) and 
ribo (loa, 1Oc) cyanomesylates were unequivocally deter- 
mined by NOE?9940 The signals of the NH2 group of the 
compounds lla, llc and 12a, 12c were irradiated, and the 
magnitudes of NOE at all the protons were ~bserved.~’ 
Thus irradiation of the NH, group of lla, llc caused 
enhancements of the signals for H-1’, H-4’, and H-3”. 
Similarly, irradiation of the NH2 group of 12a, 12c influ- 
enced the signals for H-2’, H-5’a and H-3’’.41 The NOE 
values indicated that in nucleosides 1 la, 1 IC protons H-3”, 
H-4’, H-1’ and NH, are all “down”, and thus, their struc- 
ture is @-D-xY~o. In compounds 12a, 12c protons H-3”, 
H-2’, H-5’a and NH, are “up”, thus, their structure is 
0-D-ribo. 

The coupling constants of the furanose ring protons 
observed for the xylo derivatives 9a-c, lla-c, 13a, 13b, 
and 15b (J1,,,, = 1.2-5.7 Hz) are smaller than those ob- 
served for the ribo-pentofuranosyl nucleosides lOa-c, 
12a-c, 14a, 16a, 17a, and 18a (Jlf,,? = 7.3-8.5 Hz). These 
couplings constants are also in a good agreement with those 
reported in the literature for 3’-C-branched-&~-xylo-n~- 
cleosides (J1,,,, = 2.0-5.1 Hz)~, and 3’-C-branched-j3-~- 
ribo-nucleosides (J1,,,, = 7.5-8.0 H Z ) . ~ ~ ~  This suggests 
that these coupling constant values could be used to assign 
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New Anti-HZV-1 3’-Spiro Nucleosides 

Biological Results 
A number of xylo- and ribo-nucleoside analogues with 

a 3’-spiro-~”-[~’’-amino-~’’,~’’-oxathiole 2”,2”-dioxide] 
substituent in either (SI (xylo) or (R) (ribo) configuration 
and substituted at  C-5’ and/or C-2’ by a tert-butyldi- 
methylsilyl (tBDMS) group, were evaluated for their 
anti-HIV-1 activity in human MT-4 lymphocyte cells. 

Compounds with silyl groups at C-2’ and C-5’ and a 
3’-spiro moiety in the (S) configuration (lla-c) did not 
show any anti-HIV-1 activity at subtoxic concentrations. 
Their 50% cytotoxic concentration (CC,) ranged from 3.1 
to 18 pg/mL. Also, those thymine and uracil derivatives 
that contained a 3’-spiro group in the (S) configuration and 
no silyl group at (2-2’ and C-5’ of the ribose moiety were 
devoid of any anti-HIV-1 activity. However, when the 
3’-spiro moiety was in the (R)  configuration (compounds 
12a-c), and silyl groups were present at (3-2’ and C-5’, 
marked anti-HIV-1 activity was noted. The thymine de- 
rivative (12a) had an ECm (50% effective concentration) 
of 0.034 pg/mL, whereas the uracil (12b) and 4-N- 
acetylcytosine (124 derivatives were 3-fold less effective 
than their thymine congener 12a. Interestingly, when only 
one silyl group was present, either at the C-2’ position (16a) 
or C-5’ position (17, 18), the compounds were completely 
inactive. Also, when only the 3’-spiro moiety was present, 
as in 14a, no inhibition was noted. The thymine derivative 
14a was not cytotoxic at 100 pg/mL, which indicates that 
the toxicity observed for compounds 12a-c and 10a could 
be attributed to the silyl groups at C-2’ or C-5’ rather than 
to the 3’-spiro group. 

None of the nucleoside analogues that showed activity 
against HIV-1 replication in MT-4 cells proved inhibitory 
to the replication of HIV-2 (ROD), HIV-2 (EHO), or SJY 
(MAC251) in vitro (data not shown). The TSAO class of 
anti-HIV-1 compounds represents the first example of 
nucleoside analogues, containing an intact ribose moiety, 
that are highly specific and selective inhibitors of HIV-1. 
In this respect, these compounds behave similarly to the 
non-nucleoside derivatives HEPT,13-15 TIB0,16J7 BI-RG- 
587 (nevirapin),lsJg L-697,639, L697,661,2O and BHAP.21 
The TSAO derivatives should be considered aa novel 
candidate drugs that deserve further investigations for 
their therapeutic potential in the treatment of HIV-1 in- 
fections. 
Experimental Section 

Chemical Procedures. Melting points were measured with 
a Reichert-Junt Kofler micro hot stage apparatus and are un- 
corrected. Microanalyses were obtained with a Heareus CHN- 
0-RAPID instrument. ‘H NMR spectra were recorded with a 
Varian EM-390, a Varian XL-300, and a Bruker AM-200 spec- 
trometer operating at 90,300, and 200 MHz, and ‘9c NMR spectra 
with a Bruker WP-WSY, a Bruker AM-200, and a Varian &300 
spectrometer operating at  20, 50, and 75 MHz, with Me4Si as 
internal standard. IR spectra were recorded with a Shimadzu 
IR-435 spectrometer. Analytical TLC was performed on silica 
gel 60 F a  (Merck). Flash column chromatography was performed 
with silica gel 60 (230-400 mesh) (Merck). 

Proximities were established conventionally on the basis of 
using NOE. 

General Procedure for the  Synthesis of 2’,5’-Bis-O - 
( tert -butyldimet hylsilyl)-3’-C-cyano-3’- 0-mesyl-B-D-pento- 
furanosyl Nucleosides (9a-c and  loa-c). A mixture of the 
3’-ketonucleoside 6a-c (4 mmol), water (16 mL), ethyl ether (32 
mL), sodium bicarbonate (0.64 g, 8 mmol), and sodium cyanide 
(0.2 g, 4 mmol) was stirred vigorously at room temperature for 
16 h. The organic phase was separated, and the aqueous phase 
was washed with ethyl ether (2 x 50 mL). The combined ethereal 
phases were dried over anhydrous sodium sulfate, filtered, and 
evaporated to dryneas. The residue, a mixture of the two epimeric 
cyanohydrins, was dissolved in dry pyridine (8 mL). To this 
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Table I. Inhibitory Effects of the Test Compounds on 
HIV-1-Induced CGpathicity in MT-4 Cells 

ECmb CC“ 

10a >1.6 4.3 & 1.8 <2.7 
l l a  >4 18 f 16 <4.5 
l l b  >1.6 3.1 f 0.5 <2 
1 IC >4 7.1 f 2.7 <1.8 
12a 0.034 f 0.015 7.7 f 1.5 227 
12b 0.114 f 0.023 8.3 f 0.55 73 
12c 0.097 f 0.043 7.5 f 2.2 77 
13a >5o0 2500 S1 
13b > 80 320 & 40 <4 
14a >lo0 >lo0 
15b > 100 221 f 5.0 <2 

106 f 17 <2.6 16a >40 
45 f 2.6 <2.2 17a >20 
1.5 f 0.04 <1.9 18a >0.8 

HEPT 5.5 f 0.1 >2o0 >36 
TIBO (R82150) 0.021 f 0.011 >20 >952 
BI-RG-587 0.038 f 0.015 >20 >526 

- 

“Data represent the mean values of at least three to five inde- 
pendent experiments. 50% effective concentration or compound 
concentration required to inhibit HIV-1-induced cytopathicity in 
MT-4 cells by 50%. ‘50% cytotoxic concentration or compound 
concentration required to reduce MT-4 cell viability by 50%. 
Selectivity index or ratio of CCm to ECm 

solution was added mesyl chloride (1.6 mL, 20 mmol). The 
mixture was stirred at 8-10 OC for 48 h, poured into ice and water, 
and extracted with chloroform (2 X 50 mL). The combined 
extracts were washed with 1 N HCl (50 mL), aqueous sodium 
hydrogen carbonate (50 mL), and brine (50 mL), dried over an- 
hydrous sodium sulfate, filtered, and evaporated to dryness. The 
residue was purified by column chromatography. 

1-[ 2’,5’-Bis- 0 -( tert -butyldimet hylsilyl)-3’-C-cyano-3’- 0 - 
mesyl-8-D-xylofuranosyl]thymine and 1-[2’,5’-Bis-O-(tert - 
butyldimethylsilyl)-3’-C -cyano-3’- 0 -mesyl-B-D-ribo- 
furanosyllthymine (9a and loa). The residue was chromato- 
graphed with ethyl acetate/hexane (1:4). The fastest moving 
fractions afforded 1.18 g (53%) of 9a as a white foam: IR (KBr) 
1375,1185 cm-’ (SO,); ‘H NMR (CDC13, 90 MHz) 6 1.96 (s,3 H, 
CH3-5), 3.33 (s, 3 H, CH3S0,), 4.05 (m, 2 H, H-50, 4.51 (m, 1 H, 
H-4’), 4.87 (d, 1 H, H-2’, J1,,2t 2 Hz), 6.03 (d, 1 H, H-1’), 7.28 
(9, 1 H, H-6), 9.12 (bs, 1 H, NH-3); 13C NMR (CDC13,20 MHz) 
6 12.26 (CH3-5), 40.24 (CH,SO,), 59.17 (C-5’),81.51,83.55 (C-2’, 
C-4’), 82.51 (C-3’),91.57 (C-l’), 111.87, 112.63 (CN, C-5), 134.68 
(C-6), 150.22 (C-2), 163.55 (C-4). Anal. (C24H43N308SSi2) C, H, 
N, S. 

The slowest moving fractions afforded 0.22 g (10%) of 10a as 
a white foam: IR (KBr) 1375,1180 cm-’ (SO,); ‘H NMR (CDC13, 
300 MHz) 6 1.94 (s, 3 H, CH3-5), 3.26 (s, 3 H, CH3S02), 4.04 (m, 

H-2’, J1,,,. = 8.3 Hz), 4.73 (m, 1 H, H-49, 6.24 (d, 1 H, H-l’), 7.38 
(8, 1 H, H-6),8.48 (bs, 1 H, NH-3); 13C NMR (CDC13, 20 MHz) 

150.42 (C-2),163.18 (C-4). Anal. (Cz4H43N308SSi2) C, H, N, S. 
1-[ 2’,5’-Bis- 0 - ( tert -butyldimet hylsilyl)-3’-C-cyano-3‘- 0 - 

mesyl-,9-~-xylofuranosyl]uracil and 1-[2’,5’-Bis-O-( tert-bu- 
ty ld imethyls i ly l ) -3’ -C -cyano-3‘ -0  -mesyl-@-D-ribo- 
furanosyl]uracil (9b and lob). The residue was chromato- 
graphed with ethyl acetate/hexane (1:4). The fastest moving 
fractions afforded 0.26 g (11%) of 10b as a white foam: IR (IU3r) 
1375,1180 cm-’ (SO,); ‘H NMR (CDCl,, 90 MHz) 6 3.23 (s,3 H, 
CH,SO,), 4.03 (m, 2 H, H-5’),4.56 (d, 1 H, H-2’, J1,,,, = 7.5 Hz), 
4.73 (m, 1 H, H-49, 5.76 (dd, 1 H, H-5),6.26 (d, 1 H, H-l’), 7.80 

2 H, H-5’, J5,s,5tb = 12, J4’,5ga = 1.2, J4,,5% = 2.1 Hz), 4.51 (d, 1 H, 

6 12.05 (CH3-5), 40.33 (CH,SOZ), 62.09 (C-5’),80.34 (C-39, 78.20, 
84.10,84,28 (C-2’, C-4’, C-1’),112.24,114.19 (C-5, CN), 133.68 (C-6), 

(d, 1 H, H-6), 8.96 (bs, 1 H, NH-3); 13C NMR (CDC13,20 MHz) 
6 40.33 (CH,SOJ, 62.46 (C-5’), 78.76,80.50,84.33,84.93 (C-2: C-3‘, 
C-4’, C-l’), 103.59 (C-5), 114.00 (CN), 138.73 (C-6), 150.27 (C-2), 
162.55 (C-4). Anal. (C23H41N308SSi2) C, H, N, S. 

From the slowest moving fractions 9b (1.25 g, 52%) was isolated 
as a white foam: IR (KBr) 1375, 1185 cm-’ (SO,); ‘H NMR 
(CDC13, 90 MHz) 6 3.20 (s, 3 H, CHSSO,), 4.03 (m, 2 H, H-5’), 4.60 
(m, 1 H, H-49, 4.93 (d, 1 H, H-2’, J1,,,, = 1.5 Hz), 5.73 (d, 1 H, 
H-5), 5.86 (d, 1 H, H-l’), 7.46 (d, 1 H, H-6), 9.73 (bs, 1 H, NH-3); 
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13C NMR (CDC13,20 MHz) 6 40.01 (CH3SO,), 61.88 (C-5’), 77.71, 
80.06,82.51,86.42 (C-2’, C-3’, C-4’, C-1’), 105.10 (C-5), 114.33 (CN), 
139.10 (C-6),149.69 (C-2),163.00 (C-4). Anal. (C23H41N308SSi2) 
C, H, N, S. 
4-N-Acety1-1-[2’,5’-bis-O-( tert-butyldimethylsilyl)-3’-C- 

cyano-~’-O-mesy~-~-D-xy~ofuranosy~]cytosine and 4-N- 
Acetyl-l-[2’,5’-bis-O-( tert-butyldimethylsilyl)-3’-C-cyano- 
3’-O-mesyl-B-~ribofuranosyl]cytosine (9c and 1Oc). The 
residue was chromatographed with ethyl acetate/hexane (1:l). 
The fastat moving fractions afforded 1.3 g (53%) of 9c as a white 
foam: IR (KBr) 1375,1185 cm-’ (SO&; ‘H NMR (CDC13, 90 MHz) 
6 2.28 (8,  3 H, NAc), 3.17 (8, 3 H, CH3S02), 4.10 (m, 2 H, H-5’1, 
4.76 (m, 1 H, H-49, 5.17 (d, 1 H, H-2’, J1t,2t = 1.2 Hz), 5.84 (d, 
1 H, H-l’), 7.50 (d, 1 H, H-5), 7.82 (d, 1 H, H-61, 10.6 (bs, 1 H, 
NH-4); ‘3C NMR (CDC13,20 M H Z )  6 40.06 (CH3SO&, 59.11 (C-59, 
80.51 (C-3’), 81.57, 85.30 (C-2’, C-4’), 93.29 (C-l’), 96.75 (C-5), 
112.78 (CN), 143.20 (C-6), 154.87 (C-2), 163.67 (C-4), 171.45 
(4-NCO). Anal. (CZ5HuN4O8SSi2) C, H, N, S. 

The slowest moving fractions gave 0.37 g (15%) of 1Oc as a white 
foam: IR (KBr) 1375,1180 cm-’ (SO&; ‘H NMR (CDC13, 90 MHz) 
6 2.30 (8,  3 H, NAc), 3.24 (8,  3 H, CH3S02), 4.04 (m, 2 H, H-5’1, 
4.62 (d, 1 H, H-2’, J1,,,, = 8 Hz), 4.74 (m, 1 H, H-49, 6.42 (d, 1 
H, H-1’), 7.45 (d, 1 H, H-5), 8.23 (d, 1 H, H-6), 10.28 (bs, 1 H, 
NH-4); ‘3C NMR (CDCls, 50 M H Z )  6 40.36 (CH,qSO&, 62.30 ((2-59, 
80.70 (C-3’), 80.07,84.46,85.86 (C-1’, C-2‘, C-4’),97.81 (C-5), 114.10 
(CN), 143.60 (C-6), 154.96 (C-2), 163.23 (C-4), 171.37 (4-NCO). 
Anal. (C2SH4N408SSi2) C, H, N, S. 

General Procedure for the Synthesis of [2’,5’-Bis-O- 
( tert -butyldimet hylsilyl)~@-~-pentofuranose]-3’-spiro-5’’- 
[4”-amino-l”,2”-oxathiole 2”,2”-Dioxide] Pyrimidine Nu- 
cleosides (lla-c and 12a-c). To a solution of the 3’-C-cyano- 
3’-O-mesylpentofuranosyl nucleoside 9a-c or 1Oa-c (1 “01) in 
dry acetonitrile (10 mL) was added either Cs2C03 (325 mg, 1 
mmol) or DBU (0.15 mL, 1 mmol). The mixture was stirred at  
room temperature for 1-24 h and then filtered and evaporated 
to dryness. The residue was p d i e d  by column chromatography. 

[ 1-[2’,5’-Bis- 0 -(tert -butyldimethylsilyl)-@-D-xylo- 
f uranosyllt hymine]-3’-epiro-5’’-[ 4”-amino- 1”,2”-oxat hiole 
2”,2”-Dioxide] (lla). 9a was treated with Cs2C03 and stirred 
for 6 h at  room temperature according to the general procedure. 
The residue was chromatographed with ethyl acetate/hexane (1:3) 
to give a white solid lla which was crystdked from hexane (0.57 
g, 87%): mp >230 OC; IR (KBr) 3420,3350 cm-’ (NH,), 1655 
(C-C-N); ‘H NMR [(CD3)&0, 300 MHz] 6 1.81 (s,3 H, CH3-5), 
3.79 (m, 2 H, H-5’, J5’.,5’b = 11.7 Hz), 4.43 (d, 1 H, H-2’, J1/,,, = 
5.7 Hz), 4.53 (dd, 1 H, H-4‘, J4t,5,a = 6.4, J4,,5% = 3.4 Hz) 5.56 (8,  
1 H, H-3”), 6.07 (d, 1 H, H-l’), 6.95 (bs, 2 H, NHJ, 7.44 (8,  1 H, 
H-6), 11.52 (b~, 1 H, NH-3); ‘3C NMR [(CD&CO, 50 M H Z ]  6 12.53 
(CH3-5), 61.53 (C-5’), 82.54,84.35,89.47,90.05 (C-1’, C-2‘, C-4’, 
C-3”), 93.22 (C-3’),112.31 (C-5), 135.83 (C-6), 151.42,153.57 ((3-2, 
C-4’7, 163.95 (C-4). Anal. (C24H43N308SSi2) C, H, N. 

[ 1-[2’,5’-Bis- 0 -( tert -butyldimethylsilyl)-B-D-xylo- 
furanosyl]uraci1]-3’-spiro-5’’-[ 4”-amino- 1”,2”-oxat hiole 
2”,2”-Dioxide] (llb). 9b was treated with Cs2C03 and stirred 
at room temperature according to the general procedure for 8 h. 
The residue was chromatographed with chloroform/acetone (61) 
to give a solid l l b  which was crystallized from hexane (0.31 g, 
80%): mp 128-130 OC; IR (KBr) 3450,3370 cm-’ (NH,), 1650 

H-k), 5.66 (8,  1 H, H-39, 5.81 (dd, 1 H, H-5), 6.09 (d, 1 H, H-l’), 

((34-N); ‘H NMR [(CD&CO, 300 MHz] 6 3.96 (d, 2 H, H-5’, 
J4 r5 t  3.9 Hz), 4.71 (t, 1 H, 

6.35 (bs, 2 H, NH,), 7.69 (d, 1 H, H-6), 10.18 (bs, 1 H, NH-3); 13C 
NMR (CDClS, 75 MHz) 6 60.13 (C-5’),82.66,83.37, (C-2’, C-4’), 
90.29,90.99,91.50 (C-l’, C-3‘, C-3’9, 103.31 (C-5), 139.76 (C-6), 

5.1 Hz), 4.58 (d, 1 H, H-2’, J1,,y 

150.33, 151.62 (C-2, C-4”),163.02 ((2-4). Anal. (CZ3H4,N3O8SSi2) 
C, H, N. 

[ 4-N-Acetyl-l-[ 2’,5’-bis- 0 -( tert -butyldimet hylsilyl)-@-~- 
xylofuranosyl]cytosine]-3’-sp~5’’-[ 4”-amino- 1”,2”-oxatbiole 
2”,2”-Dioxide] (llc). 9c was treated with DBU according to the 
general procedure for 3 h. The residue was chromatographed with 
ethyl acetate/hexane (1:l) to give a white solid l lc which was 
crystallized from hexane (0.22 g, 63%): mp >230 OC; IR (KBr) 
3440,3350 cm-’ (NH,), 1650 (C=C-N); ‘H NMR [(CD3),CO, 
300 MHz] 6 2.22 (s,3 H, NAc), 4.03 (m, 2 H, H-5’),4.60 (d, 1 H, 
H-2’, Jit,,, = 2.2 Hz), 4.88 (t, 1 H, H-4’, J4t.5, = 5.3 Hz), 5.63 (s, 
1 H, H-3”), 6.04 (d, 1 H, H-l’), 6.31 (bs, 2 H, NHJ, 7.42 (d, 1 H, 
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H-5), 8.10 (d, 1 H, H-6), 9.90 (bs, 1 H, NH-4); ‘3C NMR [(CD&CO, 
50 MHz] 6 61.26 (C-5’), 83.52,85.03,89.57,92.69 (C-2’, C-4’, C-1’, 
C-3”),92.45 (C-3’),96.82 (C-5), 145.50 (C-6), 153.40,155.61 ((2-2, 
C-4’9,163.93 (C-4), 171.43 (4-NCO). Anal. (C25HuN408SSi2) C, 
H, N. 

[ 1-[2’,5’-Bis-O -( tert -butyldimethylsilyl)-B-D-ribo- 
furanosyllt hymine]-3’-spiroJ’’-[4’’-amino- 1”,2”-oxathiole 
2”,2”-Dioxide] (12a). According to the general procedure, loa 
was treated with C&03 for 24 h. The residue was chromato- 
graphed with ethyl acetate/hexane (1:3) to give 0.11 g (85%) of 
12a as an amorphous solid IR (KBr) 3400,3320 cm-’ (NH&, 1645 

4.06 (m, 2 H, H-5’, J5tG5,,, = 12.2 Hz), 4.31 (t, 1 H, H-4’, J4,,5t = 
(C=C-N); ‘H NMR [(CD3)2CO, 300 M H Z ]  6 1.90 ( ~ $ 3  H, CH3-51, 

3.6 Hz), 4.67 (d, 1 H, H-2’, J1,,2, 8.0 Hz), 5.75 (8 ,  1 H, H-3”), 
6.00 (d, 1 H, H-l’), 6.47 (bs, 2 H, NHZ), 7.42 ( 8 , l  H, H-6), 10.32 
(bs, 1 H, NH-3); 13C NMR [(CD&CO, 50 MHz] 6 63.05 (C-5’), 
72.12,85.05,87.62 (C-2’, C-4‘, C-3”),92.25,92.31 (C-l’, C-3’),112.20 
(C-5), 136.22 (C-6), 151.60,152.28 ((2-2, C-4’9,163.72 ((2-4). Anal. 
(C24H43N&%) C, H, N. 

[ 1-[2’,5’-Bis- 0 -( tert -butyldimethylsilyl)-B-D-ribo- 
f uranosyl]uracil]-3’-spiro-5”-[ 4”-amino-l”,2”-oxat hiole 
2”,2”-Dioxide] (12b). According to the general procedure, 10b 
was treated with Cs2C03 for 24 h. The residue was chromato- 
graphed with ethyl acetate/hexane (1:2) to give 0.24 g (39%) of 
12b as an amorphous solid IR (KBr) 3390,3310,3190 cm-’ (NH,, 
NH), 1645 (C=C-N); ‘H NMR [(CD3)zC0, 300 MHz] 6 4.08 (m, 
2 H, H-5’, J4*,5ta = 3.2, J4,,5% = 2.9, J5ra,5% = 12.4 Hz), 4.35 (dd, 1 
H, H-4’), 4.59 (d, 1 H, H-2’, Jlt,z, = 8.1 Hz), 5.79 (8, 1 H, H-3”), 
5.83 (d, 1 H, H-5), 6.08 (d, 1 H, H-l’),6.44 (bs, 2 H, NHZ), 7.76 
(d, 1 H, H-6), 10.30 (b~, 1 H, NH-3); ‘3C NMR [(CDJ&O, 75 MHZ] 
6 60.20 (C-59, 74.50 (C-2‘), 84.38,84.58 (C-4’, C-3’9, 89.50 (C-l’), 
92.81 (C-3’), 103.23 (C-5), 139.91 (C-6), 150.92,151.32 ((2-2, C-4”), 
162.73 ((2-4). Anal. (Cz3H4,N3O8SSiZ) C, H, N. 

[ 4-N-Acetyl-1-[ 2’,5’-bis- 0-( tert-butyldimethylsily1)-B-D- 
ribofuranosyl”ytc~e~-3’-spirO-5’’-[4’’-amino-l’’,2”-0~t~ole 
2”,2”-Dioxide] (12c). 1Oc was treated with Cs2C03 for 1 h ac- 
cording to the general procedure. The residue was chromato- 
graphed with chloroform/methanol (501) to give 0.14 g (70%) 
of 12c as an amorphous solid IR (KBr) 3410,3320 cm-’ (NH,), 

NAc), 4.07 (m, 2 H, H-5’),4.29 (dd, 1 H, H-4’, J49,5ta = 3.09, J4,,5t,, 
1650 ( C 4 - N ) ;  ‘H NMR [(CDJ&O, 300 MHz] 6 2.24 (8,3 H, 

= 4.66 Hz), 4.83 (d, 1 H, H-2’, J1,z = 7.33 Hz), 5.71 (8,l H, H-3’9, 
5.97 (d, 1 H, H-l’), 6.61 (bs, 2 H, NHZ), 7.46 (d, 1 H, H-5), 8.17 
(d, 1 H, Ha) ,  9.86 (bs, 1 H, NH-4); ‘3C NMR [(CDJZCO, 50 MHz] 
6 62.97 (C-5’), 75.94,85.25 (C-2‘, C-4’),91.12,91.34,91.50 (C-3’, 
C-3”, C-l’), 97.66 (C-5), 147.13 ((2-61, 15230,155.80 (C-2’, (2-4’7, 
164.08 (C-4), 171.64 (4-NCO). Anal. (C25H4N408SSi2) C, H, N. 

General Procedure for Removal of the Protecting Groups 
of the 2’,5’-Bis-O-silyl-protected 3‘-Spiro B-D-XylO- and 4- 
bofuranosyl Nucleosides (114b and 12a). To a solution of the 
protected nucleoside l la ,b  or 12a (1 mmol) in THF (15 mL) was 
added tetrabutylammonium fluoride trihydrate (Bu4NF) (0.63 
g, 2 mmol), and the mixture was stirred at room temperature for 
24 h. The reaction mixture was filtered through a column of silica 
gel using THF as the eluent. The filtrate was evaporated to 
dryness, and the residue was purified by column chromatography. 

[ I-(~-~-Xy~ofuranosyl)thymine]-3’-spiro-5’’-[ 4”-amino- 
1”,2”-oxathiole 2”,2”-Dioxide] (13a). Following the general 
procedure, l la was reacted with Bu4NF for 24 h. The residue 
was chromatographed with chloroform/methanol(100:15) to afford 
0.09 g (73%) of 13a as an amorphous solid IR (KBr) 3420,3400, 
3320 cm-’ (NH,, NH, OH), 1620 (C=C-N); ‘H NMR [(CD3)#0, 
300 MHz] 6 1.82 (s, 3 H, CH3-5), 3.62 (m, 2 H, H-5’),4.31 (m, 1 
H, H-2’), 4.50 (m, 1 H, H-4’), 5.10 (t, 1 H, OH-5’) 5.57 (8,  1 H, 

(bs, 2 H, NH2), 7.39 (8 ,  1 H, H-6), 11.47 (bs, 1 H, NH-3). Anal. 
H-3”), 5.89 (d, 1 H, H-1’, JirZ = 3.6 Hz), 6.79 (d, 1 H, OH-2’), 6.83 

l”j”-oxathi&e 2’’,”‘-Diokide] (13bj. According td the general 
procedure, 1 l b  was reacted with Bu4NF for 24 h. The residue 
was chromatographed with chloroform/acetone (31) to give 0.11 
g (62%) of 13b as a white solid mp 240-242 “C dec; IR (KBr) 
3480 cm-’ (OH), 3320,3300,3220 (NH2, NH), 1650 ( C 4 - N ) ;  
‘H NMR [(CD,),SO, 300 MHz] 6 3.78 (dd, 1 H, H-5’a, J58a,5’b = 
11.5, J4t,5ta = 4.4 Hz), 3.87 (dd, 1 H, H-5’b, J4’,5q, = 6.2 Hz), 4.24 
(d, 1 H, H-2’, J1,,2, = 2.6 Hz), 4.60 (dd, 1 H, H-49, 5.55 (9, 1 H, 
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H-3”), 5.73 (d, 1 H, H-5), 5.82 (d, 1 H, H-l’), 6.81 (bs, 2 H, NHZ), 
7.51 (d, 1 H, H-6). Anal. (CllH13N308S) C, H, N. 

[ l-(&~-Ribofuranosyl)t hymine]-3’-spiro-5”-[ 4”-amino- 
1”,2”-oxathiole 2”,2”-Dioxide] (14a). Following the general 
procedure 12a was reacted with BqNF for 24 h. The residue was 
chromatographed with chloroform/methanol (101) to give 0.32 
g (60%) of 14a as a white solid mp 170 OC dec; IR (KBr) 3400, 
3300,3200 cm-’ (NH,, OH), 1660 ( W - N ) ;  ‘H NMR [(CDJfiO, 
300 MHz] 6 1.80 (8, 3 H, CH3-5), 3.54-3.72 (m, 2 H, H-5’),4.16 
(t, 1 H, H-4’, J4,,5, 3.1 Hz), 4.52 (dd, 1 H, H-2’, J1,,2* = 8.5 Hz), 
5.71 (8, 1 H, H-3’9, 5.87 (d, 1 H, H-l’), 6.03 (t, 1 H, OH-5’),6.17 
(d, 1 H, OH-2’), 6.81 (bs, 2 H, NHZ), 7.77 ( ~ , l  H, H-6), 11.45 (bs, 

(C-5’), 72.63 (C-2’), 84.24, 84.37, 88.92 (C-4‘, C-3”, C-l’), 93.23 
(C-3’), 110.17 (C-5), 135.71 (C-6), 151.05,152.07 (C-2, C-4”),163.51 

1 H, NH-3); 13C NMR [(CD3)80, 50 MHz] 6 12.29 (CH3-5), 60.21 

((2-4). Anal. (Cl2Hl5N3OSS) C, H, N. 
[ 1-[2’- 0 -( tert -Butyldimethylsilyl)-8-~-xylofuranosyl]- 

uracil]-3’-spiro-5”-[ 4”-amino- 1”,2”-0xathiole 2”,2”-Dioxide] 
(15b). The protected nucleoside llb (0.13 g, 0.22 mmol) was 
stirred with methanolic 0.1 N HCl(l5 mL) at room temperature 
for 30 min. The solution was neutralized with 1 N NaOH-MeOH, 
and the solvent was evaporated to dryness. The residue was 
purified by column chromatography using chloroform/acetone 
(3:l) to afford 0.09 g (86%) of 15b as an amorphous solid IR 
(KBr) 3550, 3450, 3350 cm-’ (OH, NH2), 1645 (C=C-N); ‘H 
NMR [(CD3),C0, 300 MHz] 6 3.80 (m, 2 H,H-5’,J5Ja,5’b = 12.3, 
J4t,5,a = 6.5, J49,5% = 3.7 Hz), 4.13 (dd, 1 H, OH-5’), 4.60 (d, 1 H, 
H-2, Jl,,zt = 4.2 Hz), 4.68 (dd, 1 H, H-4’), 5.68 (8, 1 H, H-3”), 5.81 
(d, 1 H, H-5), 6.09 (d, 1 H, H-l’), 6.36 (bs, 2 H, NHZ), 7.72 (d, 1 
H, H-6), 10.20 (bs, 1 H, NH-3). Anal. (C17HnN308SSi) C, H, N. 

[ 1-[2’- 0 -( tert -Butyldimethylsilyl)-8-D-ribofuranosyll- 
t hymine]-3’-spiro-5”- [ 4”-amino- 1"f"-oxat hiole 2”,2”-Dioxide] 
(16a). The protected nucleoside 12a (0.16 g, 0.27 mmol) was 
stirred with methanolic 0.1 N HCl(10 mL) at room temperature 
for 2 h. The solution was neutralized with 1 N NaOH-MeOH 
and the solvent was evaporated to dryness. The residue was 
purified by column chromatography using chloroform/acetone 
(41) to give 0.11 g (90%) of 16a as an amorphous solid IR (KBr) 
3400,3350,3200 cm-’ (OH, NH,, NH); ‘H NMR [(CD3I2CO, 200 
MHz] 6 1.86 (s,3 H, CH3-5), 3.79-4.03 (m, 2 H, H-5’, JSta5% = 12.8 
Hz), 4.33 (dd, 1 H, H-4’, J4t,5,a = 2.5, J49,5q, = 1.3 Hz), 4.97 (d, 1 
H, H-2, J1,,y = 8.1 Hz), 5.74 (8, 1 H, H-3”), 5.79 (bs, 1 H, OH-5’), 
5.84 (d, 1 H, H-l’), 6.61 (bs, 2 H, NHZ), 7.86 (8, 1 H, H-6), 10.24 
(bs, 1 H, NH-3); 13C NMR [(CD3)2CO, 50 MHz] 6 12.36 (CH3-5), 
61.76 (C-59, 74.92 (C-2’), 85.95,89.70 (C-4’, C-3’7, 92.55 (C-l’), 
94.62 (C-3’), 112.18 (C-5), 138.50 (C-6), 151.83,152.12 ((2-2, C-4”), 
163.82 ((2-4). Anal. (ClSHmN3O8SSi) C, H, N. 

[ 1-[5’- 0 -( tert -Butyldimethylsilyl)-&~-ribofuranosyl]- 
thymine]-3’-sp”o-5”-[4’’-amino- 1”,2”-oxathiole 2”,2”-dioxide] 
(17a). To a solution of 14a (0.33 g, 0.91 mmol) in dry pyridine 
(6 mL) tert-butyldimethylsiiyl chloride (0.15 g, 1 “01) was added. 
The resulting mixture was stirred at  room temperature for 24 h 
and then evaporated to dryness. The residue was purified by 
column chromatography using chloroform/methanol (m1) to yield 
0.37 g (83%) of 17a as an amorphous solid IR (KBr) 3410,3330, 
3200 cm-’ (OH, NH,), 1650 ( W - N ) ;  ‘H NMR [(CD3),C0, 300 
MHz] 6 1.89 (a, 3 H, CH3-5), 4.07 (m, 2 H, H-5’, J4,,5, = 3.7 Hz), 
4.31 (t, 1 H, H-4’), 4.79 (d, 1 H, H-2’, J1,,2, = 8.3 Hz), 5.26 (bs, 1 
H, OH-29, 5.72 (8,  1 H, H-3’9, 5.98 (d, 1 H, H-l’), 6.44 (be, 2 H, 
NHJ, 7.55 (8,  1 H, H-6), 10.12 (bs, 1 H, NH-3); 13C NMR 
[(CDB)zCO, 50 MHz] 6 12.42 (CH3-5), 63.02 (C-59, 74.03 ((2-29, 
84.95, 87.89 (C-4’, C-3”),91.31 (C-l’), 92.60 (C-39, 111.64 (C-5), 
136.85 ((3-61, 151.87, 153.04 (C-2, C-4’9, 164.02 (C-4). Anal. 
(C18HmN308SSi) C, H, N. 

[ 1-[ 5’- 0 -( tert -Butyldimet hylsilyl)-2’-deoxy-B-~-erythm - 
pentofura~osyl~thymine]-~’-s~iro-5”-[4‘’-amino-l’‘,2’’-oxa- 
thiole 2”,2”-Dioxide] (Ma). To a solution of 17a (0.29 g, 0.61 
mmol) in toluene/acetonitrile (8 mL) was added N,”-thio- 
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carbonyldiiidazole (0.12 g, 0.67 “01). The mixture was heated 
at 80 OC for 30 min, and the solvent was evaporated. The residue 
was dissolved in ethyl acetate (50 mL) and washed with (5%) HC1 
(25 mL), water, until the pH of the organic phase was neutral, 
and brine (50 mL). The organic phase was dried (NazS04), fil- 
tered, and evaporated to dryness. The residue was suspended 
in dry acetonitrile (10 mL), cY,cY’-azobis(isobutyronitri1e) (0.02 g, 
0.12 mmol) and tributyltin hydride (0.26 mL, 0.92 mmol) were 
added under argon, and the mixture was heated at  80 OC for 3 
h. After cooling, the solvent was evaporated. The residue was 
washed with hexane and purified by column chromatography with 
chloroform/methanol (301) to give 0.14 g (50%) of 18a as an 
amorphous solid: IR (KBr) 3430,3320,3200 cm-’ (NH,, NH), 

CH3-5), 2.69 (m, 1 H, H-2’b, J1,,,,b = 5.8, J2js,2tb = 14.3 Hz), 2.96 
(m, 1 H, H-2’a, J1t,zta = 9.0 Hz), 4.03 (m, 2 H, H-59, 4.24 (dd, 1 

1640 ( C 4 - N ) ;  ‘H NMR [(CD3)2CO, 300 MHz] 6 1.85 ( ~ , 3  H, 

H, H-4’, J4t5ta = 3.5, Jdtbq, = 5.3 Hz), 5.65 (8, 1 H, H-3”), 6.12 (dd, 
1 H, H-l’), 6.50 (bs, 2 H, NHJ, 7.58 (8, 1 H, H-6), 10.21 (bs, 1 
H, NH-3); 13C NMR [(CD3)2CO, 50 MHz] 6 12.43 (CH3-5), 40.82 
((2-29, 62.90 (C-5’), 62.90 (C-5’), 86.42, 86.99, 90.03 (C-4’, C-3”, 
C-l’), 93.02 (C-3’),111.14 (C-5), 138.03 (C-6), 151.38, 154.77 ((2-2, 
C-4”), 164.07 (C-4). Anal. (C18H30N307SSi) C, H, N. 
Antiretrovirus Assays. HIV-1 (HTLV-IIIB) was obtained 

from persistently HIV-infected H9 cells as described previously.M 
Virus stocks were prepared from the supernatants of HIV-1 
(IIIB)-infected MT-4 cells. 

MT-4 cells were infected with HIV-1 as previously described:’ 
Briefly, 5 X lo5 MT-4 cells/mL were infected with HIV-1 at 100 
CCIDm (50% cell culture infective dose) per mL cell suspension. 
Then, 100 pL of the infected cell suspension was transferred to 
microtiter plate wells and mixed with 100 pL of the appropriate 
dilutions of the test compounds. After 5 days, the number of 
viable cells was determined by trypan blue staining. The 50% 
effective concentration (ECm) and 50% cytotoxic concentration 
(CCS) were defined as the compound concentrations required to 
reduce by 50% the number of viable cells in the virus-infected 
and mock-infected cell cultures, respectively. 
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