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NUCLEOSIDES & NUCLEOTIDES,  11(2-4), 373-382 ( 1 9 9 2 )  

SYNTHETIC NUCLEOSIDES AND NUCLEOTIDES. XXX. 
SYNTHFSIS AND ANTIVIRAL ACTIVITY OF 3'-AZIDO, 2',3'-UNSATURATED 

AND 2',3'-DIDEOXY DERIVATIVES OF E-5-STY RY L-2'-DEOXY URIDINE 
ON HUMAN IMMUNODEFICIENCY VIRUS* 

Toyofumi Yamaguchi and Mineo Saneyoshi 

Department of Biological Sciences, The Nishi-Tokyo University, 
Uenohara, Yamanashi 409-01, Japan 

Abstract: Some new 3'-azido, 2',3'-unsatunted and 2',3'-dideoxy 5-styryl analogs of 
deoxyuridine-related compounds have been synthesized and evaluated against human 
immunodeficiency virus in vitro. Among these compounds, 3'-azido-2',3'-dideoxy-5-E- 
styryiuridine (6) and 2',3'-dideoxy-E-S-styryluridine (9) were found to be active, with 
E D 3  values of 5 and 10 pglml respectively. 

The human immunodeficiency virus type 1 (HIV-1) is now recognized as the 
pathogenic retrovirus of the acquired immunodeficiency syndrome (AIDS).2 Although 
3'-azido-3'-deoxythymidine (AZT) inhibits the replication of this virus and has been 
proved useful sn the treatment of AIDS patient!? some problems such as short half-life in 
the body4 and bone marrow suppression5 have been reported. Therefore, there is an  
urgent need for other compounds that are equally potent but more selective in their anti- 
HIV-1 activity. AZT is known to exert its activity as a tnphosphate by inhibiting the HIV- 
1 reverse transcriptase4 However, the triphosphate of AZT may also inhibit host cellular 
DNA polymerases, especially in and y - t ~ p e . ~ , *  Thus, AZT may exhibit side effects. 
Now, it is desired to synthesize new compounds which inhibit retroviral reverse 
transcriptase more efficiently and more selectively than host cellular DNA polymemses. 

araUTP could increase the affinity of the analog to DNA polymerase a, based on 
experiments using several 5-alkylated a r a u T P ~ . ~  We also reported that araUTPs 

In our previous paper, we reported that a hydrophobic group at the 5-position of 

* This paper is dedicated to the memory of late Professor Tohru Ueda. 

3 7 3  

Copyright @ 1992 by Marcel Dekker, Inc. 
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FIG. 1 

modified with strongly hydrophobic styryl groups at the >position showed potent 
inhibitory effects on DNA polymerase a and herpesviral DNA polymerase.@yl1 On the 

other hand, 2'-deoxyuMPs modified with styryl groups at the 5-position show& 
remarkable inhibitory effects on eukaryotic thymidylate synthase.12 These stuhes 
prompted us to synthesize a series of 2',3'-dideoxypyrimidine nucleosides substituted with 
the styryl group at >position in the hope that they would exhibit better antiviral activities 
on HIV replication. 

SYNTHESIS 
The synthesis of new nucleosides (3,6,9 and 12) is outlined in SCHEME 1. 
For the synthesis of uracil nucleosides substituted with styryl groups at the 5- 

position of the uracil ring, a method via organopalladium intermediates is applicable. l3 
In a previous study, we used successfully this method for the synthesis of several arabino- 
furanosyluracil nucleosides modified with styryl groups at the 5 - p o ~ i t i o n . ~ ~  In a similar 
manner ,2'-deoxy-5-styryllyxofwanosyluracil(3) was obtained by the following method. 
In this study, 2'-deoxylyxofuranosyluracil (2) was first converted to its mercurated 
derivative by treatment with mercuric acetate and sodium chloride,l4 followed by reaction 
with styrene in the presence of lithium tetrachloropalladate as a catalyst in methanol. 

The protection of 3 with trityl chloride in pyridine followed by reaction with 
methanesulfonyl chloride afforded compound (4). Nucleophilic displacement of the 
mesyloxy group in 4 with a i d e  ion gave the corresponding crude 3'-azido-3'-deoxy 
derivative (S),  and then the 5'-0trityl group of 5 was removed by treatment with 75% 
acetic acid at 90" for 1.5 h to give pure 6 in 51% yield from 2. 

was then converted to the 3'-thionccarbonate (8). Compound 8 was treated with excess 
tri-n-butyltin hydridel5 to give the 2',3'-dideoxy derivative, and then removal of the silyl 

After protection of (7)13 with a t-butyldimethylsilyl group, the 5'-silylated derivative 
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SCHEME 1 
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YAMAGUCHI A N D  S A N E Y O S H I  37 6 

group with fluc r ide ion gave 2',3'-dideoxy-5-styryluridine (9) as a glass. Unsaturatcd 
derivative (12) was synthesized from 7 essentially by the method of IFIorwitz et  al.1fj 

Compound (7 ) was treated with methanesulfonyl chloride in pyridine to give bis-mrasylate 
(10). Reaction of 10 with aqueous sodium hydroxide gave the oxetane (11). Elimi.nation 
rmclion of 11 by treatment with potassium t-butoxide in dimethyl sulfoxide (DM,S;O) at 
r m m  temperature yielded 2',3'-dideoxy-2',3'-didehydro derivative (12) in 67% yield. The 
proton nuclear magnetic resonance (lH-NMR) data of the compounds indicated that 
configurations of the olefinic protons on the styryl substituent of these nuc1eoside.s were 
assigned trans, since the vinylic protons had a coupling constant of J=16.2-16.5 Hz, as 
reported by Bigge et al. l3 

BIOLOGICAL ACTIVITIES 

(Kenya) infected human MOLT 4 cells.17 Among these compounds, 3'-azido-2',3'- 
dideoxy-E-5-styryluridine (6) and 2',3'-dideoxy-E-S-styryluridinc (9) were found to be 
active, with ED% values of 5 and 10 pglml respcctively. The other compounds 3 , 7  and 
12 were found to be essentidly inactive. Only a few studies have been reported on the 
anti-HIV activity of pyrimidine nucleosides bearing bulky groups at the C-5 position of 
the pyrimidine ring. First, Chu et al. reported that 3'-azido-5-(2-bromovinyl)-2',3'- 
dideoxyuridine did not show m y  anti-HIV-1 activity at 100 pM.18 Lin et al. reported that 
5-bromovinyl and 5-carboxyvinyl analogs of 2',3'-dideoxyuridine were inactive against 
Mojoney murinc leukemia virus.19 In contrast to their results, in our study, nucleosides 6 
and 9 bearing a styryl group at C-5 of the uracil ring showed moderate anti-HIV-1 activity, 
while AZT showed significant anti-HIV-1 activity, with an ED% value of 0.02. p g h l  
under the same assay conditions. Probably, dideoxyuridine analogs substituted with a 
styryl group at the C-5 position may be poorer substrates for cellular deoxyribonucleoside 
kinascs than AZT. The detailed kinetic analysis for the phosphorylation of 5-styryl-2',3'- 
dideoxyuridines and the inhibitory effects of their 5'-triphoshates on reverse transcriptase 
and cellular DNA polymerases will be reported clsewhere. 

The anti-HIV- 1 activity of the compounds 3 , 6 , 7 , 9  and 12 were tested using HIV-1 

EXPERIMENTAL 
Melting points were determined on a Yanaco Model MP-3 apparatus and are 

uncorrected. UV spectra were recorded on a Shimadzu UV-16OA recording 
spectrophotometer. NMR spectra were obtained on a JEOL GSX-400 NMR spectrometer 
with tetramethylsilane as an internal standard. 
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1-(2-Deoxy~-3-O-methanesulfonyl-;~-~-tr itY~-~D-lyxofuranosyl)-E-5- 
styryluracil! (4) 

(15 ml) was heatcd at 80" for 1.5 h. The A"ead ion mixture W a s  cooled in an ice bath, and 
then methanesulfonyl chloride (0.4 ml) was' ad 'ded. The mixture was stirred for 1 day at 
rwm temperature. After the addition of water ((0.5 ml), the solvent was removed in vUcuo 

and the residue was dissolved in eihyl acetate (2:o ml) and washed with brine. The organic 
layer was dried (MgSO4) and evaporated to dry,ness in VUCUO. The residue was 

A mixture of 3 (0.70 g, 2.12 mmol) and htYl chloride (0.70 g, 2.5 mmol) in pyridine 
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378 Y AMAGUCHI  A N D  S A h ' l X O S H I  

chromatographed on a colu mn of silica gel (50 g), using chlor:ofom+thyl acetate (2: 1) as 
an ejdent. The fractions cor, taining nucleoside derivative wc.re combined and evapra t  d to 
dryness to zive 1.13 g of CN de mesYlate (4) (1.74 mmol, 'a%), which was used in thc: 
next step withoct further pun fication. 
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of 2,2'-azobisisobutyronitrile (AIBN) and 3.0 ml (1 1.1 mmol) of tri-n-butyltin hydride. 
The mixture was heated at 90" for 1 h. The reaction mixture was diluted with 100 ml of 
n-hexane, and applied to a column of silica gel ( 50 g). The column was washed with n- 
hexane, and elution was performed with n-hexane-ethyl acetate (2: 1). After evaporation 
of the combined fractions, residual material (0.28 g) was dissolved in tetrahydrofuran (20 
ml) and treated with 0.8 ml of tetrabutylammonium fluoride in tetrahydrofuran (1 M 
solution). The solution was stirred for 1 h at room temperature, and the solvent was 
evaporated . The residue was chromatographed on a column of silica gel (40 g). Elution 
was performed with chloroform-methanol (19: 1). The fractions containing nucleoside 
were combined and the solvent was removed to give 9 as a glass. 0.11 g (0.35 mmol, 22% 
from8). UV (MeOH), Amax313 nm ( E  17400). lH-NMR (DMSO-d6+D20) 6: 1.92 
(m, 2H, H-3'),2.07 (broads, lH, H-2'), 2.3-2.4(m, lH, H-2'),3..5-3.9 (m, 2H, H-5'), 4.10 
(m, lH, H-4'), 6.06 (dd, lH, H-l'), 6.90 (d, lH, vinylic, J=16.5 Hz), 7.2-7.5 (m, 6H, 
aromatic and vinylic), 8.43 (s, lH, H-6). Anal. Calcd for C17Hig204: C, 64.%; H, 
5.77; N, 8.91. Found: C, 64.71; H, 5.74; N, 8.64. 

2'-Deoxy-3',5'-di-O-methanesulfonyl-E-5-sty~lu~dine (10) 

methanesulfonyl chloride (0.60 ml, 7.8 mmol), and the mixture was stirred for 2 h at room 
temperature. The mixture was then poured onto vigorously stirred ice-water mixture. 
After stirring for 0.5 h, the precipitate was collected by filtration and washed with water. 
The product was crystallized from hot benzene-ethanol to give 10 as colorless crystals. 
0.80 g (1.6 mmol, 90%). mp 165-168". UV (MeOH), h a x  313 nm. lH-NMR 
(DMSO-+) 8: 2.5 (m, 2H, H-2'),3.23 (s, 6H, SO$H3), 4 . 3 4 5  (m, 3H, H-4' and 57, 
5.28 (m, lH, H-3'),6.19 (dd, lH, H-l', J=7.0 Hz), 6.84 (d, lH, vinylic, J=16.5 Hz), 
7.1-7.4 (m, 5H; aromatic), 7.43 (d, lH, vinylic, J=16.2 Hz), 7.81 (s, lH, H-6), 11.6 (s, lH, 
NH). Anal. Calcd for C19H22N2OgS2 1/3C6&: C, 49,39; H, 4.56; N, 5.45. Found C, 
49.21; H, 4.72; N, 5.47. 

To  a suspension of 7 (0.6 g, 1.82 mmol) in pyridine (12 ml) was added 

1-(3,5-Anhydro-2-deoxy-~Dthreo-pentofuranosyl)-E-5-styryfuracil (1 1) 

0.6 N NaOH (30 ml), and the mixture was heated at reflux temperature for 0.5 h. The 
mixture was evaporated and the residue was triturated with water (20 ml ). The precipitates 
were collected by filtration and washed with water. The precipitates were crystallized from 
hot benzene-ethanol to give 11 as pale yellow crystals. 0.40 g (1.28 mmol, 89 %). mp 
187- 191". UV (MeOH), Amax313 nm. 'H-NMR (DMSO-++D20) 8: 2.5-2.7 (m, 
2H, H-2'),4.11 (broad s, lH, H-4'),4.74 (dd, lH, H-5'), 4.98 (broad s, lH, H-5'),5.54 (dd, 

To a suspension of 10 (0.70 g, 1.44 mmol) in dioxane (10 ml) was added aqueous 
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380 YAMAGUCHI AND SANEYOSHI 

lH, H-3'), 6.55 (d, IH, H-l', J=8.1 Hz), 6.90 (d, lH, vinylic, J=16.2 Hz), 7.2-7.5 (m, 6H, 
aromatic and vinylic), 8.48 (s, lH, H-6). Anal. Calcd for C17H1$'J2O4O.lCgHg: C, 
66.03; H, 5.23; N, 8.75. Found C, 65.91; H, 5.22; N, 8.98. 

2',3'-Dideoxy-2',3'-didehydro-E-5-styryluridine (12) 

in DMSO (10 ml) was stirred at room temperature for 1 h. The mixture was neutralized 
with acetic acid, and then poured onto water (150 ml) with crushed ice. After stimng for 
0.5 h, the precipitate was collected by filtration and washed with water. The precipitate was 
triturated with methanol and filtered from the insoluble materials. The filtrate was 
chromatographed on a column of silica gel (40 g) with chloroform-methanol (14: 1). After 
evaporation of the combined fraction, the residue was crystallized from ethanol to give 12 
as pale yellow crystals. 307 mg (0.98 mmol, 67%). mp 105- 109". UV (MeOH), h a x  
313 nm (E 160oO). 'H-NMR (DMSO-d6+D20) 6: 3.69 (m, 2H, H-5'), 4.86 (broad s, 
lH, H-4'),5.98 (broad s, lH, H-3'),6.46 (broads, lH, H-2'),6.85 (d, lH, vinylic, J=16.5 
Hz), 6.89 (broad s, lH, H-I!), 7.2-7.5 (m, 6H, aromatic and vinylic, 8.21 (s, lH, H-6). 
Anal. Calcd for C17H16N204213H20: C, 62.96; H, 5.39; N, 8.64. Found: C, 63.26; H, 
5.35; N, 8.40. 

A mixture of 11 (0.46 g, 1.47 mmol) and potassium t-butoxide (0.50 g, 4.46 mmol) 

Antiviral Evaluation in Human MOLT 4 Cells 

method described by Inoue et al.17 
The evaluation of test compounds for anti-HIV-1 activity was carried out as the 

ACKNOWLEDGEMENT 
The authors are indebted to Prof. Yoshiyuki Nagai, Nagoya University School of 

Medicine, for the antiviral data. We thank Drs. Akio Hoshi and Mitsuaki Maeda, National 
Cancer Research Institute, for their valuable advice and encouragement. We also thank 
Misses. Hiroko Ishido, Fumiko Taki and Prof. Shiro Ikegami, Faculty of Pharmaceutical 
Sciences, Teikyo University, for their 1H-NMR spectral and elemental analytical results 
and helpful advice. This work was supported in part by Grant-in-Aid for Scientific 
Research from the Ministry of Education, Science and Culture, Japan to T.Y. 

REFERENCES 
1. Part XXIX of this series: S. Izuta and M. Saneyoshi, Biochem. Biophys. Rex 

Commun., 161,514 (1989). 
F. Barre-Sinoussi, J. C. Chermann, F. Rey, M. T. Nugeyre, S. Chamaret, J. Gruest, 
C. Dauguet, C. Axler-Blin, F. Vezinet-Brun, C. Rouzioux, W. Rosenbaum and L. 
Montagnier, Science, 220,868 (1983). 

2. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
0
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHETIC NUCLEOSIDES AND NUCLEOTIDES. XXX 381 

3. H. Mitsuya, K. J. Weinhold, P. A. Furman, M. H. St. Clair, S. N. Lehrman, R. C. 
Gallo, D. Bolognesi, D. W. Bany and S .  Brcder, Proc. Natl. Acad. Sci. U. S.  A., 
82,7096 (1985). M. A. Fischl, D. D. Richman, M. H. Grieco, M. S. Gottlieb, P. A. 

Volberding, 0. L. Laskin, J. M. Leedom, J. E. Groopman, D. Mildvan, R. T. 
Schooley, G. G. Jackson, D. T. Durack, D. King, and the AZT Collaborative 

4. 

5. 
6. 

7 

8 

9. 

10. 
11 .  
12. 

13. 

14. 

15. 
16. 

17. 

18. 

Working Group, N .  Engl. J .  Med., 317, 185 (1987). 

R. Yarchoan, R. W. Klecker, K. J. Weinhold, P. D. Markham, H. K. Lyerly, D. T. 
Durack, E. Gelmann, S. N. Lehrman, R. M. Blum, D. W. Barry, G. M. Shearer, M. 
A. Fischl, H. Mitsuya, R. C. Gallo, J. M. Collins, D. P. Bolognesi, C. E. Myers and 
S .  Broder, Lancet, i, 575 (1986). 
J. P. Sommadossi and R. Carlisle, Antimicrob. Agents Chemother., 31,452 (1987). 
P. A. Furman, J. A. Fyfe, M. H. St. Clair, K. Weinhold, J. L. Rideout, G. A. 
Freeman, S. N. Lehrman, D. P. Bolognesi, S. Broder, H. Mitsuya and D. W. 
Barry, Proc. Natl. Acad. Sci. U.  S.  A,, 83,8333 (1986). 
M. H. St. Clair, C. A. Richards, T. Spector, K. J. Weinhold, W. H. Miller, A. J. 
Langlois and P. A. Furman, Antimicrob. Agents Chemother., 31, 1972 (1987). 
Y.-C. Cheng, G. E. Dutschman, K. Bastow, M. G. Sarngadharan and R. Y. T. 
Ting, J. Biol. Chem., 262,2187 (1987). 
K. Ono, A. Ohashi, M. Ogasawara, A. Matsukage, T. Takahashi, C. Nakayamaand 
M. Saneyoshi, Biochemistry, 20,5088 (1981). 
S .  Izuta and M. Saneyoshi, Chem. Pharm. Bull., 35,4829 (1987). 
S.  Suzuki, S. Izuta, C. Nakayama and M. Saneyoshi, J. Biochem., 102,853 (1987). 
E. De Clercq, J. Balzarini, C. F. Bigge, T. C. Kalaritis and M. P. Mertes, Biochem. 
Pharmacol., 30,495 (1981). 
C. F. Bigge, P. Kalaritis, J. R. Deck and M. P. Mertes, J. Am. Chem. Soc., 102, 
2033 ( 1980). 
D. E. Bergstrom and J. L. Ruth, J.  Carbohydr. Nucleosides and Nucleotides. 4, 
257 (1977), 
M. J. Robins and J. S. Wilson, J .  Am. Cfzem. Soc., 103,932 (1981). 
J. P. Honvitz and J. Chua, In Synthetic Procedures in Nucleic Acid Chemistry, W. 
W. Zorbach and R. S. Tipson Eds., Interscience: New York, Vol. 1,344 (1%8). 
T. Inoue, K. Tsushita, T. Itoh, M. Ogura, T. Hotta, M. Saneyoshi, S. Yoshida, H. 
Saitoh, Y. Tomoda and Y. Nagai, Antimicrob. Agents Chemother., 33,576 (1989). 
C. K. Chu, R. F. Schinazi, M. K. Ahn, G. V. Ullas and Z. P. Gu, J. Med. Chem., 
32,612 (1989). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
0
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



382 YAMAGUCHI AND S A N E Y O S H I  

19. T.-S. Lin, M. S .  Chen, C. McLaren, Y.-S. Gao, 1.Ghazzouli and W. H. Prusoff, J. 
Med. Chem., 30,440 (1987). 

20. T.-S. Lin and W. R. Mancini, 4. Med. Chem., 26,544 (1983). 

Received 8/27/91 
Accepted 11/25/91 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
0
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


