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3’-Deoxy-3'-(1,2,3-triazol-1-yl)thymidines (5a, 6a, 8a, 11a, and 12a) and 2’,3’-dideoxy-3'~(1,2,3-triazol-1-yl)uridines
(5b, 6b, 8b, 11b, and 12b) were synthesized as cyclic analogues of 3’-azido-3'-deoxythymidine (AZT) and
3'-azido-2',3'-dideoxyuridine (CS-87) by the cyclization of 5'-trityl derivatives (1a, b) of AZT and CS-87 using
a-ketophosphorus ylides and with acetylenic compounds followed by deprotection of the 5'-trityl group. It was hypothesized
that the triazole nitrogen atoms could mimic and distorted azido group. However, no significant activity against human
immunodeficiency virus type 1 (HIV-1) was observed with any of these compounds. 5’-Triphosphates (17a and 18a,b),
prepared from 5a and 6a,b, were inactive against HIV-1 and Rauscher murine leukemia virus (RLV) reverse

transcriptases.

Keywords 3'-deoxythymidine; 2',3'-dideoxyuridine; triazole; 5'-triphosphate; reverse transcriptase; anti-human immunodefi-
ciency virus activity; inhibition; Wittig reagent; cycloaddition; dimethyl acetylenedicarboxylate

Since 3’-azido-3'-deoxythymidine (AZT, Zidovudine) was
found to have excellent activity against human immunode-
ficiency virus type | (HIV-1) which gives rise to the acquir-
ed immunodeficiency syndrome (AIDS),? a number of
sugar-modified nucleosides have been synthesized and their
anti-HIV-1 activity has been evaluated.» Among them,
several 3’-substituted 3'-deoxythymidines, possessing vari-
ous substituents instead of the 3’-azido group of AZT, have
been investigated as one of the targets for the development
of more selective and potent agents against HIV-1.37%

Although AZT is known to exert its activity as a
triphosphate by inhibiting the HIV-1 reverse transcriptase,®
the crucial role of the 3’-azido group for enzyme inhibition
is still obscure. Recently, the crystal structure of AZT was
determined by X-ray diffraction”® and on the basis of their
results Camerman et al. have presented” an intriguing
hypothesis on the role of the 3’-azido group for the inhibition
of the reverse transcriptase by AZT: the azido group may
bind tightly to the poly- and/or mono-nucleotide binding
site of the enzyme. Thus, it was of interest to synthesize
3'-(triazol-1-yl)-substituted pyrimidine nucleosides as 3'-
azido-cyclized analogues of AZT and 3'-azido-2',3'-
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dideoxyuridine (CS-87),” which is currently undergoing
clinical trials.” The 5'-triphosphates of the 3'-(triazol-1-
yDnucleosides were also synthesized to evaluate their
inhibition potentials for the reverse transcriptase.

Azido compounds are known to cyclize to triazole
derivatives by reacting with acetylenic compounds and
Wittig reagents such as a-keto phosphorus ylides.!® Our
initial approach for the formation of the triazole ring at the
3’-position of pyrimidine nucleosides was to utilize Wittig
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reagents.'!) Starting compounds, 5'-trityl derivatives 1a,b
of AZT and CS-87, were prepared according to the
published procedure.!?'® Treatment of 1a,b with 2-oxo-
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3-methylpropylidentriphenylphosphorane (2: R?>=Me) in
dry toluene under reflux resulted in the formation of the
3'-(4,5-dimethyl-1,2,3-triazol-1-yl)pyrimidine nucleosides
3a,b in 48% and 57% yields, respectively. In a similar

0 0 manner, the reaction of 1a,b with 2-oxopropyliden-

R! R! triphenylphosphorane (2: R?=H) afforded the correspond-

j\ | AN ing S5-methyl-1,2,3-triazoles 4a,b in 49% and 63% yields,
0 ™N 07N respectively. A positional isomer, 4-methyl-1,2,3-triazole
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derivative, was not detected in the reaction mixture. The
exclusive formation of 5-methyltriazoles in the reaction of
azido compounds with the Wittig reagent (2: R?=H) has
been well demonstrated.'*!%) Deprotection of the 5'-trityl
group in 3a,b and 4a,b was smoothly performed upon
treatment with 80% acetic acid at 100°C to give the
3’-(triazol-1-yl)thymidines 5a,6a and 3'-(triazol-1-yljuri-
dines 5b, 6b in high yields.

1,3-Dipolar cycloaddition of acetylenic compounds to
1a,b was examined as a second route for the formation of
the triazole ring. The reaction of la,b with dimethyl
acetylenedicarboxylate (DMAD) in refluxing toluene led to
the formation of the corresponding triazoles 7a,b in 96%
and 90% yields, respectively,'® which were deprotected to
give the desired triazoles 8a,b.

On the other hand, the cycloaddition of 1a to methyl
propiolate (MP) gave a mixture of two positional isomers
9a and 10a (63% and 27% yields), which were detritylated
to give 3'-(triazol-1-yl)thymidines 11a and 12a, respectively.
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HO— O + HO— O TaBLE I. Chemical Shift of Triazole Ring Proton (5 Values)®
1,4-Disubstituted 1,2,3-triazole 1,5-Disubstituted 1,2,3-triazole
N N COZCHg No. 5-H No. 4-H
v N
N CO.CH N 1la 9.10 12a 8.46
23 11b 9.08 12b 8.46
b)
11 12 13 9.11 14 8.419
Chart 3 a) Measured in DMSO-d;. b) Cited from reference 17.
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Alonso et al. have reported'” a method for unequivocal
assignment of the positional isomers of 1-glycosyl-1,2,3-
triazole-4(and 5)-carboxylates (e.g. 13 and 14 in Chart 4)
obtained from the reaction of glycosylazides with methyl
propiolate by proton nuclear magnetic resonance (‘H-
NMR) spectroscopy: in the chemical shift of the triazole
ring protons, the 5-H of 4-carboxylates appears at a lower
field than the 4-H of 5'-carboxylates. Thus, the structures
of 11a and 12a were deduced by comparison of the chemical
shifts of the triazole ring protons with those of known
1,4- and 1,5-disubstituted triazoles 13 and 14, respectively
(see, Table I). Analogous treatment of the azidouridine 1b
with methyl propiolate and subsequent detritylation of the
resulting cyclic adducts 9b and 10b afforded 3'-(triazol-1-
yDuridines 11b and 12b, respectively.

In order to examine the inhibition against the reverse
transcriptase, the 5'-triphosphates of the 3'-(triazol-1-
yl)nucleosides 5a and 6a, b were prepared as shown in Chart
5. Phosphorylation of 5a and 6a,b by phosphorus
oxychloride in trimethyl phosphate gave the corresponding
5’-monophosphates 15a and 16a,b, which were allowed to
react with N,N’-carbonyldiimidazole and were subsequently
treated with tributylammonium pyrophosphate to give the
desired 5'-triphosphates 17a and 18a,b.

The anti-HIV-1 activity of compounds 5a,b and 6a,b
were evaluated using HIV-1 infected human peripheral
blood mononuclear (PBM) cells. No appreciable antiviral
activity (EC;5,> 100 um, AZT =0.006 um) was observed with
these compounds. When the triphosphates 17a and 18a,b
were tested for inhibitory activity of HIV-1 and Rauscher
murine leukemia virus (RLV) reverse transcriptases, they
did not show appreciable inhibitory activity (IC5,> 50 uMm,
AZT-5-triphosphate=0.15 uM) against the enzyme. These
results suggest that even if 3'-(triazol-1-yl)nucleosides are
triphosphorylated by cellular kinases, they may not be able
to inhibit the reverse transcriptase.

In conclusion, the three nitrogen atoms of the 3'-triazole
ring are not biologically equivalent to the azido group of
AZT and CS-87. The resulting inactivity may be attributed
to both bulkiness and dissimilar electronic nature of the
triazole ring.

Experimental

All melting points were determined on a Yanagimoto micro melting
point apparatus and are uncorrected. Elemental analyses were carried out
at the microanalytical laboratory of our university. Infrared (IR) spectra
were taken on a Hitachi 215 instrument from KBr pellets. ‘H-NMR were
recorded on a JEOL JNX-270 spectrometer, using tetramethylsilane in
CDCl,; or sodium 2,2-dimethyl-2-silapentane-5-sulfonate in (CD5;),SO as
internal references. Chemical shifts are quoted in parts per million
(s=singlet, d =doublet, t=triplet, m =multiplet, q=quartet, br = broad,
dd =double doublet, dt = double triplet). Mass spectra (MS) were measured
at 70eV with a JEOL JMS-D300 spectrometer. Column chromatography
was carried out on silica gel (Wako gel C-300). High-performance liquid
chromatography (HPLC) was performed on a Shimadzu SPD-6A
apparatus. The column employed was Wakosil 5C18 (Wako).

3’-Deoxy-3'-(4,5-dimethyl-1H-1,2,3-triazol-1-yl)-5'-O-tritylthymidine
(3a) A mixture of 3'-azido-3'-deoxy-5"-O-tritylthymidine (1a)'® (0.51g,
1 mmol) and 2-oxo-3-methylpropylidentriphenylphosphorane'® (0.365 g,
1.Immol) in dry toluene (Sml) was refluxed for 24 h under argon. The
solvent was removed under reduced pressure and the residue was
chromatographed on a silica gel column with benzene—ethyl acetate (3 : 2).
The appropriate fractions were collected and the solvent was removed
under reduced pressure to give 3a (0.27 g, 48%) as a foam. MS m/z: 563
(M™). "H-NMR (CDCl,) é: 1.67 (3H, d, J=1.3Hz, CH;), 2.01 (3H, s,
CH3), 2.23 (3H, s, CH;), 2.67 (1H, m, H-2'), 3.10 (1H, m, H-2'), 3.22 (1H,
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dd, J=11.0, 3.0Hz, H-5'), 3.65 (1H, dd, J=11.0, 3.0 Hz, H-5), 4.54 (1H,
m, H-4'), 5.06 (1H, m, H-3"), 6.50 (1H, t, J=6.0 Hz, H-1"), 7.28-7.40 (15H,
m, Tr), 7.67 (1H, d, J=1.3Hz, H-6), 8.02 (1H, brs, NH).
2',3’-Dideoxy-3'-(4,5-dimethyl-1H-1,2,3-triazol-1-y1)-5’-O-trityluridine
(3b) A mixture of 3-azido-2',3"-dideoxy-5'-O-trityluridine (1b)!¥ (0.248 g,
0.5mmol) and 2-oxo-3-methylpropylidentriphenylphosphorane'® (0.183
g, 0.55mmol) in dry toluene (5ml) was refluxed for 24 h under argon. The
solvent was removed under reduced pressure and the residue was
chromatographed on a silica gel column with benzene-ethyl acetate (1: 1).
The appropriate fractions were collected and the solvent was removed
under reduced pressure to give 3b (0.157 g, 57%), which was used in the
next step without further purification. The structure of this compound
was fully characterized after detritylation.
3’-Deoxy-3'-(5-methyl-1H-1,2,3-triazol-1-yl)-5'-O-tritylthymidine
(4a) A mixture of 1a'? (0.51g, 1mmol) and 2-oxo-3-propyliden-
triphenylphosphorane'® (0.350 g, 1.1 mmol) in dry toluene (Sml) was
refluxed for 15h under argon. The solvent was removed under reduced
pressure and the residue was chromatographed on a silica gel column with
benzene—ethyl acetate (7: 3). The appropriate fractions were collected and
the solvent was removed under reduced pressure to give 4a (0.27 g, 49%)
as a foam. MS m/z: 549 (M™*). 'H-NMR (CDCly) é: 1.63 (3H, s, CH,),
2.11 3H, s, CHy), 2.72 (1H, m, H-2), 3.12 (1H, m, H-2), 3.21 (1H, dd,
J=11.0, 6.0Hz, H-5), 3.68 (1H, dd, /=11.0, 6.0 Hz, H-5), 4.53 (1H, m,
H-4), 5.12 (1H, m, H-3"), 6.53 (1H, t, J=6.0 Hz, H-1'), 7.29—7.40 (16H,
m, Tr and triazole), 7.68 (1H, s, H-6), 7.95 (1H, brs, NH).
2',3'-Dideoxy-3'-(5-methyl-1H-1,2,3-triazol-1-yl)-5’-O-trityluridine (4b)
A mixture of 1b'¥ (0.248g, 0.5mmol) and 2-oxo-3-methylpropyliden-
triphenylphosphorane'® (0.175g, 0.55mmol) in dry toluene (5ml) was
refluxed for 15h under argon. The solvent was removed under reduced
pressure and the residue was chromatographed on a silica gel column with
benzene-ethyl acetate (3 : 2). The appropriate fractions were collected and
the solvent was removed under reduced pressure to give 4b (0.168 g, 63%),
which was used in the next step without further purification. The structure
of this compound was fully characterized after detritylation.
¥-Deoxy-3'-(4,5-dimethyl-1H-1,2,3-triazol-1-yl)thymidine (5a) A mix-
ture of 3a (0.113 g, 0.2 mmol) in 80% acetic acid (5ml) was heated at 100 °C
for 30min. The solvent was removed under reduced pressure and the
residue was dissolved in water (10 ml). The resulting undissolved material
was removed by filtration and the filtrate was evaporated under reduced
pressure. The resulting residue was recrystallized from ethyl acetate to give
Sa (0.046 g, 72%) as a foam. Anal. Caled for C,,H,,N,O,: C, 52.33; H,
5.96; N, 21.80. Found: C, 52.03; H, 5.99; N, 21.38. High-resolution MS:
321.1470 M+, C,,H, N0, requires 321.1437). 'H-NMR (DMSO-dy) ¢:
1.90 3H, s, CH3), 2.26 (3H, s, CH,), 2.33 (3H, s, CH3), 2.65—2.84 (2H,
m, H-2),3.68 (1H, dt, J=4.7, 12.0 Hz, H-5'), 3.78 (1H, dt, J=4.7, 12.0 Hz,
H-5), 4.28 (1H, m, H-4), 5.16 (1H, m, H-3"), 5.39 (1H, t, OH), 6.56 (1H,
t, J=6.8Hz, H-1), 7.89 (1H, d, J=0.9 Hz, H-6), 11.43 (1H, brs, NH).
2',3’-Dideoxy-3'-(4,5-dimethyl-1H-1,2,3-triazol-1-yl)uridine (5b) A
mixture of 3b (0.110g, 0.2 mmol) in 80% acetic acid (2 ml) was heated at
100 °C for 30 min. The solvent was removed under reduced pressure and
the residue was dissolved in water (10ml). The resulting undissolved
material was removed by filtration and the filtrate was evaporated under
reduced pressure. The resulting residue was crystallized from ethyl acetate
and recrystallized from ethanol to give 5b (0.045 g, 74%), mp 254—255°C.
Anal. Caled for Cy3;H,,N;O,-1/4C,H,OH: C, 50.86; H, 5.85; N, 21.97.
Found: C, 50.83; H, 5.76; N, 22.15. MS m/z: 307 (M*). '"H-NMR
(DMSO-dy) d: 2.26 (3H, s, CH;), 2.32 (3H, s, CHj), 2.65 (1H, m, H-2),
281 (1H, m, H-2'), 3.72 (2H, m, H-5"), 4.30(1H, d, /=3.4 Hz, H-4'), 5.16
(1H, m, H-3"), 5.39 (1H, brs, OH), 5.78 (1H, d, J=8.1 Hz, H-5), 6.54 (1H,
t, J=6.4Hz, H-1'), 8.04 (1H, d, J=8.1 Hz, H-6), 11.45 (1H, br, NH).
3’-Deoxy-3'-(5-methyl-1H-1,2,3-triazol-1-yl)thymidine (6a) A mixture
of 4a (0.110 mg, 0.2 mmol) in 80% acetic acid (5ml) was heated at 100 °C
for 30min. The solvent was removed under reduced pressure and the
residue was dissolved in water (10 ml). The resulting undissolved material
was removed by filtration and the filtrate was evaporated under reduced
pressure. The resulting residue was recrystallized from ethyl acetate to give
6a (0.054 g, 89%), mp 225—226 °C. Anal. Caled for C,3H,, N0, - 1/8CH,-
COOC,;H;: C, 50.94; H, 5.76; N, 22.00. Found: C, 50.80; H, 5.58; N,
21.38. High-resolution MS: 307.1262 (M*, C,;H,,N;O, requires
307.1280). "H-NMR (DMSO-d,) &: 1.90 (3H, s, CH;), 2.41 (3H, s, CH,),
2.65—2.83 (2H, m, H-2'), 3.69 (1H, m, H-5), 3.79 (1H, m, H-5), 4.28
(1H, m, H-4), 5.21 (1H, m, H-3"), 5.40 (1H, t, J=5.1 Hz, OH), 6.59 (1H,
t, J=6.8Hz, H-1'), 7.63 (1H, s, triazole), 7.90 (1H, d, J=1.0Hz, H-6),
11.44 (1H, brs, NH).
2',3’-Dideoxy-3'-(5-methyl-1H-1,2,3-triazol-1-yl)uridine (6b) A mixture
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of 4b (0.107 g; 0.2 mmol) in 80% acetic acid (2ml) was heated at 100°C
for 30min. The solvent was removed under reduced pressure and the
residue was dissolved in water (10 ml). The resulting undissolved material
was removed by filtration and the filtrate was evaporated under reduced
pressure. The resulting residue was crystallized from ethyl acetate and
recrystallized from ethanol to give 6b (0.048 g, 82%), mp 242--243°C.
Anal. Caled for C,,H,sN;O, - 1/3H,0: C, 48.16; H, 5.28; N, 23.40. Found:
C, 48.29; H, 5.16; N, 23.09. MS m/z: 293 (M*). '"H-NMR (DMSO-dy) é:
2.41 (3H, s, CH;), 2.70 (1H, m, H-2'), 2.81 (1H, m, H-2"), 3.73 (2H, m,
H-57), 4.30 (1H, m, H-4"), 5.22 (1H, m, H-3), 5.43 (1H, br, OH), 5.78 (1H,
d, J=8.1Hz, H-5), 6.57 (1H, t, J=6.4Hz, H-1), 7.63 (1H, s, triazole),
8.05 (1H, d, J=8.1Hz, H-6), 11.47 (1H, br, NH).
3’-Deoxy-3'-(4,5-dimethoxycarbonyl-1H-1,2,3-triazol-1-yl)-5'-O-trityl-
thymidine (7a) A mixture of 1a'® (0.204g, 0.4mmol) and DMAD
(0.071 g, 0.5 mmol) in dry carbon tetrachloride (5 ml) was refluxed for 24 h.
The solvent was removed under reduced pressure and the residue was
chromatographed on a silica gel column with benzene—ethyl acetate (7:3).
The appropriate fractions were collected and the solvent was removed
under reduced pressure to give 7a (0.251 g, 96%) as a foam. '"H-NMR
(CDCly) 6: 1.53 3H, s, CHj), 2.80 (1H, m, H-2'), 3.01 (1H, m, H-2'), 3.44
(1H, dd, J=10.7, 3.0 Hz, H-%), 3.57 (1H, dd, /=10.7, 3.0 Hz, H-5), 3.86
(3H, s, CH,), 3.98 (3H, s, CH3), 4.57 (1H, m, H-4), 5.90 (1H, dt, J=9.0,
4.3Hz, H-3), 6.63 (1H, t, J=6.4Hz, H-1"), 7.26—7.55 (15H, m, Tr), 7.62
(1H, s, H-6), 8.55 (1H, s, NH).
2’,3’-Dideoxy-3'-(4,5-dimethoxycarbonyl-1H-1,2,3-triazol-1-yl)-5'-O-
trityluridine (7b) A mixture of 1b'® (0.248 g, 0.5mmol) and DMAD
(0.071 g, 0.5 mmol) in dry toluene (5 ml) was refluxed for 10 h. The solvent
was removed under reduced pressure and the residue was chromatographed
on a silica gel column with benzene-ethyl acetate (7: 3). The appropriate
fractions containing the product were collected and the solvent was
removed under reduced pressure to give 7b (0.287 g, 90%), which was used
in the next step without further purification. The structure of this compound
was fully identified after detritylation.
3’-Deoxy-3'-(4,5-dimethoxycarbonyl-1H-1,2,3-triazol-1-yl)thymidine (8a)
A mixture of 7a (0.241 g, 0.37 mmol) in 80% acetic acid (2ml) was heated
at 100°C for 30 min. The solvent was removed under reduced pressure
and the residue was dissolved in water (10ml). The resulting undissolved
material was removed by filtration and the filtrate was evaporated under
reduced pressure. The resulting residue was recrystallized from water to
give 8a (0.125 g, 83%), mp 104—105°C. Anal. Caled for C;sH;oNsOs-
H,0: C, 44.96; H, 4.95; N, 16.39. Found: C, 45.03; H, 4.83; N, 16.45. MS
m/z: 365 (M* =CO,). 'H-NMR (DMSO-d;) 6: 1.89 (3H, s, CHy), 2.72
(1H, m, H-2'), 2.86 (1H, m, H-2), 3.79 (1H, brs, H-5), 3.98 (3H, s, CH3),
4.02 (3H, s, CH;), 4.40 (1H, m, H-4'), 5.44 (1H, t, J=4.7Hz, OH), 5.69
(1H, m, H-3", 6.61 (1H, dd, /=9.0, 5.0 Hz, H-1"), 7.95 (1H, s, H-6), 11.46
(1H, brs, NH).
2’,3'-Dideoxy-3'-(4,5-dimethoxycarbonyl-1H-1,2,3-triazol-1-yl)uridine
(8b) A mixture of 7b (0.191g, 0.3mmol) in 80% acetic acid (2ml) was
heated at 100°C for 30 min. The solvent was removed under reduced
pressure and the residue was dissolved in water (10ml). The resulting
undissolved material was removed by filtration and the filtrate was
evaporated under reduced pressure. The resulting residue was recrystallized
from water to give 8b (0.088 g, 83%), mp 104—105°C. Anal. Calcd for
C,sH,;N;O,4-H,0: C, 43.59; H, 4.63; N, 16.94. Found: C, 43.83; H, 4.36;
N, 17.18. MS m/z: 409 (M *). 'H-NMR (DMSO-dy), 6: 2.68 (1H, m, H-2'),
2.90 (1H, m, H-2), 3.78 (1H, m, H-5), 3.97 (3H, s, CH,), 401 (3H, s,
CH,), 442 (1H, m, H-4), 545 (1H, t, J=4.7Hz, OH), 5.69 (1H, m,
H-3"), 5.80 (1H, dd, /=8.1, 1.7Hz), 6.60 (1H, dd, J=7.7, 6.4Hz, H-1'),
8.10 (1H, d, J=38.1 Hz, H-6), 11.48 (1H, brs, NH).

Reaction of 1a with Methyl Propiolate A mixture of 1a'» (0.306g,
0.6 mmol) and methyl propiolate (0.151 g, 1.8 mmol) in dry toluene (4 ml)
was refluxed for 24 h under argon. The solvent was removed under reduced
pressure and the residue was chromatographed on a silica gel column with
benzene—ethyl acetate (7:3). The early-eluting fractions gave 3'-deoxy-3'-
(5-methoxycarbonyl-1,2,3-triazol-1-yl)-5"-O-tritylthymidine (10a) (0.096 g,
27%), mp 106—107°C. 'H-NMR (CDCly) é: 1.51 3H, d, J=1.0Hz,
CH,), 2.78 (1H, m, H-2), 3.01 (1H, m, H-2), 3.50 (1H, m, H-5), 3.88
(3H, s, CH,), 4.57 (1H, m, H-4), 6.30 (1H, m, H-3), 6.67 (1H, t, J=6.4 Hz,
H-1"), 7.28—7.43 (15H, m, Tr), 7.67 (1H, d, J= 1.0 Hz, H-6), 8.15 (1H, s,
triazole), 8.67 (1H, s, NH). The later-eluting fractions gave 3'-deoxy-3"-
(4-methoxycarbonyl-1H-1,2,3-triazol-1-yl)-5"-O-tritylthymidine (9a) (0.225
g, 63%), mp 121—122°C. MS m/z: 593 (M™*). 'H-NMR (CDCl,) 6: 1.66
(3H, s, CH,), 2.81 (1H, m, H-2), 3.11 (1H, m, H-2), 3.35 (1H, dd, /=10.7,
2.9Hz, H-5), 3.68 (3H, dd, J=10.7, 2.9 Hz, H-5), 3.95 (3H, s, CH3), 4.40
(1H, m, H-4"), 5.38 (14, m, H-3"), 6.40 (1H, t, J=6.4 Hz, H-1), 7.28—7.41
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(15H, m, Tr), 7.56 (1H, d, J=1.0Hz, H-6), 8.01 (1H, s, triazole), 8.93
(1H, s, NH).

Reaction of 1b with Methyl Propiolate A mixture of 1b'¥ (0.496 g,
1 mmol) and methyl propiolate (0.252 g, 3 mmol) in dry toluene (5 ml) was
refluxed for 24 h. The solvent was removed under reduced pressure and
the residue was chromatographed on a silica gel column with benzene-ethyl
acetate (7:3). The early-eluting fractions gave 2',3'-dideoxy-3'-(5-
methoxycarbonyl-1H-1,2,3-triazol-1-yl)-5'-O-trityluridine (10b) (0.150g,
26%), which was used in the next step without further purification. The
later-eluting fractions gave 2’,3'-dideoxy-3'-(4-methoxycarbonyl-1 H-1,2,3-
triazol-1-yl)-5-O-trityluridine (9b) (0.360 g, 62%), which was used in the
next step without further purification. The structures of 9b and 10b were
fully characterized after detritylation.

3’-Deoxy-3'-(4-methoxycarbonyl-1H-1,2,3-triazol-1-yl)thymidine (11a)
A mixture of 9a (0.065 g, 0.11 mmol) in 80% acetic acid (2 ml) was heated
at 100°C for 30 min. The solvent was removed under reduced pressure
and the residue was dissolved in water (10 ml). The resulting undissolved
material was removed by filtration and the filtrate was evaporated under
reduced pressure. The resulting residue was recrystallized from ethanol to
give 11a (0.028 g, 74%), mp 244—245°C. Anal. Caled for C,,H,,N;Og-
1/5H,0: C, 47.38; H, 4.94; N, 19.73. Found: C, 47.60; H, 4.81; N, 19.52.
MS m/z: 351 (M*). '"H-NMR (DMSO-d,) 6: 1.90 (3H, s, CH;), 2.70—2.97
(2H, m, H-2'), 3.75 (2H, m, H-5), 3.94 (3H, s, CH,), 4.33 (1H, m, H-4),
5.36 (1H, t, J=5.1Hz, OH), 5.53 (1H, m, H-3'), 6.51 (1H, t, J=6.4Hz,
H-1), 7.90 (1H, d, /=0.9 Hz, H-6), 9.10 (1H, s, triazole), 11.46 (1H, brs,
NH).

2’,3’-Dideoxy-3'-(5-methoxycarbonyl-1H-1,2,3-triazol-1-yl)uridine (11b)
A mixture of 9b (0.232 g, 0.4 mmol) in 80% acetic acid (2ml) was heated
at 100°C for 30min. The solvent was removed under reduced pressure
and the residue was dissolved in water (10 ml). The resulting undissolved
material was removed by filtration and the filtrate was evaporated under
reduced pressure. The resulting residue was recrystallized from ethyl acetate
to give 11b (0.118g, 87%), mp 257—259°C. Anal. Caled for
C,3H,sN;O4 1/4H,0: C, 45.69; H, 4.57; N, 20.49. Found: C, 45.80; H,
4.40; N, 20.37. MS mj/z: 320 (M* —OH). 'H-NMR (DMSO-dy) §: 2.76
(1H, m, H-2"), 2.89 (1H, m, H-2'), 3.75 (2H, m, H-5'), 3.93 (3H, s, CH;),
4.36 (1H, m, H-4), 5.37 (1H, t, J=4.7Hz, OH), 5.52 (1H, m, H-3'), 5.78
(1H, d, J=8.0Hz, H-5), 6.49 (1H, t, J=6.4Hz, H-1), 8.06 (1H, d,
J=8.0Hz, H-6), 9.08 (1H, s, triazole), 11.48 (1H, brs, NH).

3’-Deoxy-3’-(5-methoxycarbonyl-1H-1,2,3-triazol-1-yl)thymidine (12a)
A mixture of 10a (0.060 g, 0.1 mmol) in 80% acetic acid (2 ml) was heated
at 100°C for 30min. The solvent was removed under reduced pressure
and the residue was dissolved in water (10 ml). The resulting undissolved
material was removed by filtration and the filtrate was evaporated under
reduced pressure. The resulting residue was recrystallized from ethyl acetate
to give 12a (0.025 g, 71%), mp 227—228 °C. Anal. Caled for C; ,H;;N;O4:
C, 47.86; H, 4.88; N, 19.94. Found: C, 47.56; H, 4.76; N, 19.83. MS m/z:
351 (M™). 'TH-NMR (DMSO-dg) d: 1.90 (3H, s, CH,), 2.67—2.84 (2H,
m, H-2'), 3.82 (2H, m, H-5), 3.97 3H, s, CH,), 441 (1H, m, H-4'), 5.47
(1H, t, J=4.7Hz, OH), 5.99 (1H, m, H-3), 6.63 (1H, dd, /=8.1, 6.4Hz,
H-17, 8.01 (1H, s, H-6), 8.46 (1H, s, triazole), 11.45 (1H, brs; NH).

2’,3’-Dideoxy-3'-(5-methoxycarbonyl-1H-1,2,3-triazol-1-yl)uridine (12b)
A mixture of 10b (0.116 g, 0.2 mmol) in 80% acetic acid (2 ml) was heated
at 100°C for 30min. The solvent was removed under reduced pressure
and the residue was dissolved in water (10 ml). The resulting undissolved
material was removed by filtration and the filtrate was evaporated under
reduced pressure. The resulting residue was recrystallized from ethyl ace-
tate to give 12b (0.050g, 75%), mp 207—208°C. Anal. Calcd for
C,3H,sN;O41/4H,0: C, 45.69; H, 4.57; N, 20.49. Found: C, 45.74; H,
4.42; N, 20.42. MS m/z: 306 M* —CH,OH). 'H-NMR (DMSO-d;) é:
2.69 (1H, m, H-2'), 2.87 (1H, m, H-2"), 3.81 2H, m, H-5'), 3.97 (3H, s,
CH,), 443 (14, d, J=3.0Hz, H-4), 548 (1H, t, J=4.7Hz, OH), 5.80
(1H, d, J=8.1 Hz, H-5), 598 (1H, m, H-3), 6.61 (1H, dd, J=8.1, 6.0Hz,
H-1),8.15(1H, d, J=8.1 Hz, H-6), 8.46 (1H, s, triazole), 11.47 (1H, s, NH).

Preparation of Nucleosidé 5’-Monophosphates (15a, 16a, and 16b)'®
General Procedure: A mixture of nucleoside (5a, 6a, and 6b) (0.1 mmol)
in trimethyl phosphate (1 ml) was allowed to stand for 5min. Phosphorous
oxychloride (0.120 ml, 0.4 mmol) was added dropwise to the solution and
the mixture was stored in the refrigerator overnight. The mixture was
poured into ice-cold water (30ml) and extracted with ether (30ml x 3).
The water-layer was neutralized with ammonium hydroxide. The solution
was diluted with water to 300 ml and applied to a diethylaminoethylcellu-
lose Sephadex A-25 column (16x20cm) preequilibrated with water.
Elution was with a linear gradient of 0 (600ml) to 0.2M (600ml)
triethylammonium bicarbonate (pH 7.6). Appropriate fractions were
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collected and concentrated in vacuo, and water was added to and
evaporated from the resulting residue to remove residual triethyl-
ammonium bicarbonate. The desired products [15a (29%), 16a (24%),
and 16b (68%)] were isolated as the triethylammonium salt. Their
structures were confirmed by enzymatic degradation using alkaline
phosphatase.

Preparation of Nucleoside 5'-Triphosphates (17a, 18a, and 18b)>® Gen-
eral Procedure: A mixture of 15a, 16a, or 16b and 1,1"-carbonyldiimidazole
(10eq) was dissolved in dry N,N-dimethylformamide (DMF). The reaction
mixture was stirred for 2 h and methanol (0.01 ml) was added to the mixture.
After stirring for 30min, a solution of tri-n-butylammonium pyrophos-
phate (0.4M, [—2ml) was added and the mixture was stirred overnight.
The solution was diluted with water to 300ml and applied to a
DEAE-Sephadex A-25 column (1.6 x 20cm) preequilibrated with water.
Elution was with a linear gradient of 0 (600ml) to 0.5M (600 ml)
triethylammonium bicarbonate (pH 7.6). Appropriate fractions were
collected and concentrated in vacuo, and water was added and the solvent
was evaporated to remove the residual triethylammonium bicarbonate.
The desired products [17a (32%), 18a (90%), and 18b (30%)] were isolated
as the triethylammonium salts. Their structures were confirmed by
enzymatic degradation using alkaline phosphatase.

Enzymatic Degradation 5'-Dephosphorylation of 5'-monophosphates
(15a, 16a, and 16b) and 5'-Triphosphates (17a, 18a, and 18b) was effected
via alkaline phosphatase exposure using 0.40D, 55 of the substrate and
0.06 unit of the enzyme in Tris—acetate (0.2M, pH 8.8), MgCl, (0.001 M),
and a total volume of 100 ul. Incubation was at 37 °C for 2 h. The digested
products were confirmed by comparison with the corresponding
nucleosides (5a, 6a, and 6b), respectively, using HPLC.

Antiviral Assay in Human PBM Cells Three-day-old phyohemaggluti-
nin-stimulated PBM cells (10°cell/ml) from hepatitis B and HIV-1
seronegative healthy donors were infected with HIV-1 (strain LAV) at a
concentration of about 100-—50% tissue culture infections dose per ml
and cultured in the presence and absence of various concentrations of
compounds. The drugs were added about 45 min after infection. Five days
later the supernatant was clarified and the virus pelleted. The reverse
transcriptase activity associated with the disrupted virus was determined.
The methods used for culturing the PBM cells, harvesting the virus and
determining the reverse transcriptase activity were those described by
McDougal et al.*V and Spira et al.,?? except that fungizone was not
included in the medium. The virus infected control had about 2 x 103 dpm
per ml of reverse transcriptase activity. The blank and uninfected cell
control values were about 300 and 1000 dpm, respectively.

Assay for Reverse Transcriptase Reverse transcriptase activity was
measured with (rA),(dT),, -4 as the template- primer under the optimiz-
ed reaction conditions specified for each of the RLV- and HIV-reverse
transcriptases.”® The reaction mixture contained the following compo-
nents: 50mM Tris-HCI, pH 8.0; 5ug/ml (rA),(dT),,_,5 (1:1); 10um
[*H]dTTP (400 cpm/pmol); Smm dithiothreitol; 50mmM KCl; 15% v/v)
glycerol; 0.2mm MnCl, for RLV-reverse transcriptase and Smm MgCl,
for HIV-reverse transcriptase.
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