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Various 3’-azido analogues of pyrimidine deoxyribonucleosides have been synthesized and tested against human
immunodeficiency virus (HIV-1, HTLV-III/LAV) in human peripheral blood mononuclear cells. Among these
compounds, the 3’-azido analogues of thymidine (2), 3-(3-oxo-1-propenyl)thymidine (21), 2’-deoxyuridine (1), 2’-
deoxy-5-bromouridine (5), 2’-deoxy-5-fluorocytidine (19), 2’-deoxy-5-iodouridine (6), 2’-deoxycytidine (18), 2-
deoxy-5-fluorouridine (4), 2’-deoxy-5-thiocyanatouridine (16), 2’-deoxy-5-methylcytidine (20), 2’-deoxy-5-aminouridine
(7), and 2’-deoxy-5-hydroxyuridine (10) were found to have signficant antiviral activity, with ECg, values of 0.002,
0.01,0.2,1.0, 1.0, 1.1, 1.2, 4.8, 5.1, 5.1, 8.2, and 10 uM, respectively. The structure-activity relationships are discussed.

3-Azido-3’-deoxythymidine (AZT) was found by Mit-
suya et al.? to be a potent inhibitor of the replication of
the human immunodeficiency virus (HIV), which is ac-
cepted to be responsible for the clinical syndrome termed
AIDS. Furman et al.? investigated the metabolism of AZT
and found it to be sequentially phosphorylated to the
5-mono-, -di-, and -triphosphate analogues. As the tri-
phosphate analogue, AZT inhibits the utilization of dTTP
by reverse transcriptase and may be incorporated in the
terminal position of DNA, thereby preventing elongation.?
In either event, the synthesis of HIV-1 DNA is prevented
and hence inhibition of HIV-1 replication. Other sites of
inhibition may also be involved; however, this has not been
established. When AZT was combined with recombinant
alpha A interferon, a synergistic inhibition of HIV-1 in cell
culture was found by Hartshorn et al.;* however, when AZT
was combined with ribavirin, Vogt et al.® found it was
antagonistic.

AZT in a preliminary 6-week clinical trial was reported
by Yarchoan et al.? to be well absorbed from the gi tract,
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to cross the blood brain barrier, and to produce positive
clinical improvement. Although AZT is not considered a
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Chart I. Structure Formulas of Various 3’-Azido Analogues of
Pyrimidine Deoxyribonucleosides
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cure, its ability to prolong life of AIDS patients, in spite
of bone marrow suppression observed in some patients, has
encouraged the evaluation of other nucleosides.”3 AZT,
as well as several other nucleoside analogues that are in-
hibitor;i to HIV-1 in vitro, was first synthesized by Horwitz
et al.}415

Several reviews have appeared recently that evaluate the
various compounds for their activity against HIV-1, as well
as a discussion of the AIDS problem in general.'6® The
present paper describes the synthesis of a variety of 3'-
azido nucleosides and their antiviral activity against HIV-1
in cell culture and provides a discussion of their struc-
ture—activity relationship.

Chemistry. Various 3’-azido analogues of pyrimidine
2’-deoxyribofuranosyl nucleosides (Chart I) have been
synthesized and tested as potential anti-HIV agents.
Compounds 1,3-6, and 18-20 were synthesized by the
methodology previously described.'%®2! Compound 2 was
prepared by the methodology of Horwitz et al.!® with minor
modification.?2 Treatment of 3'-azido-5-O-acetyl-2’,3’-
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dideoxy-5-bromouridine!® with ammonia or other appro-
priate amines at 50-80 °C in a stainless-steel container
gave the respective 5-amino or alkylamino derivatives 7-9
(Scheme I). Bromination® of 3’-azido-2,3'-dideoxyuridine
(1) with Bry-H,0 at room temperature, followed by
treatment with MeOH-H,0 in the presence of triethyl-
amine, produced 3’-azido-2,3’-dideoxy-5-hydroxyuridine
(10). Alkylation of compound 10 with the appropriate alkyl
halide (iodide or bromide) in the presence of NaOH in
MeOH-H,0 under N, afforded the corresponding 5-alkoxy
analogues 11-15 (Scheme II).24% 3-Azido-2/,3’-dideoxy-
5-thiocyanatouridine (16) was synthesized by reacting
compound 1 with chlorothiocyanogen (CISCN), which was
prepared from chlorine and dry KSCN in glacial acetic
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Table I. Antiviral Activity of Various 3’-Azido Analogues of
Pyrimidine Deoxyribonucleosides on the Replication of Human
Immunodeficiency Virus (HIV-1, HTLV-III/LAYV) in Human
Peripheral Blood Mononuclear Cells

ECyo(HIV-1),

ECg(HIV-1),

compd uM compd uM
1 0.232 12 54
2 0.002 (0.23)10 13 38
3 >100 14 >100
4 4.8 15 16
5 1.0 (2.3)10 16 51"
6 1.1 17 >100
7 6.2 18 1.2
8 >100 19 1.0
9 >100 20 5.1
10 ~10 21 0.01
11 70 26 >100

acid.?’ Treatment of compound 16 with dithiothreitol
(DTT) in 0.1 M EDTA-MeOH (1:1), followed by methyl
iodide in the presence of NaOH in MeOH-H,0 under N,
yielded 8’-azido-2’,3’-dideoxy-5-(methylthio)uridine (17;
Scheme I11).28:2°

Treatment® of 3’-azido-3’-deoxythymidine (2) with
triethylamine in DMF at room temperature for 1 h fol-
lowed by propiolaldehyde at —78 °C for 2 h and then at
room temperature overnight yielded the 3-oxo-1-propenyl
derivative 21.

Tritylation of 6-azathymidine (22)% with trityl chloride
in pyridine at 100 °C gave the 5-O-trityl-protected nu-
cleoside 23, which was methanesulfonated with methane-
sulfonyl chloride in pyridine at 0—4 °C. The resultant
sulfonate 24 was then treated with lithium azide in DMF
at 130 °C to afford the &-O-trityl-3’-azido derivative 25.
Detritylation of compound 25 with 80% acetic acid at 100
°C produced 3'-azido-3'-deoxy-6-azathymidine 26 (Scheme
V).

Antiviral Activity. These compounds were tested
against HIV-1, and the antiviral activity was expressed by
the concentration (uM) that inhibits 50% of viral repli-
cation.

Among the 3’-azido analogues of pyrimidine deoxy-
ribonucleosides, 3'-azido-3’-deoxythymidine (2, AZT) was
the most active against HIV-1 in vitro with an ECy, value
of 0.002 uM. Conversely, 3’-azido-3'-deoxy-6-azathymidine
(26) was practically inactive (ECz > 100 uM). The 3-azido
derivatives of 3-(3-oxo-1-propenyl)thymidine (21), 2’-
deoxyuridine (1), 2’-deoxy-5-bromouridine (5), 2’-deoxy-
5-fluorocytidine (19), 2’-deoxy-5-iodouridine (6), 2’-
deoxycytidine (18), 2’-deoxy-5-fluorouridine (4), 2’-
deoxy-5-thiocyanatouridine (16), 2’-deoxy-5-methylcytidine
(20), 2’-deoxy-5-aminouridine (7), and 2’-deoxy-5-
hydroxyuridine (10) also demonstrated significant antiviral
activity with ECy, values of 0.01, 0.2, 1.0, 1.0, 1.1, 1.2, 4.8,
5.1, 5.1, 6.2, and 10 uM, respectively. However, the 3-azido
derivatives of 2’-deoxy-5-[(cyanomethyl)oxy]uridine (15),
2’-deoxy-5-(2-propynyloxy)uridine (13), 2’-deoxy-5-eth-
oxyuridine (12), and 2’-deoxy-5-methoxyuridine (11) only
showed moderate antiviral activity with ECs, values of 16,
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38, 54, and 70 uM, respectively. The other 3’-azido de-
rivatives in this series, compounds 3, 8, 9, 14, and 17, were
found to be practically inactive (ECy, > 100 uM). These
compounds were not toxic to the host human PBM cell
at >100 uM except compound 21, which was toxic at ~10
uM. The results are summarized in Table L.

Structure-Activity Relationships. It appears that
the substituents in the 5-position of the 2-deoxynucleoside
analogues affect the antiviral activity. These effects may
be related to their substrate activity for thymidine kinase
or cytidine kinase (for compounds 18-20), which is re-
quired for activation, to differences in metabolic conversion
to the di- or triphosphate, or to the relative affinity of the
nucleoside analogue triphosphate for the reverse tran-
scriptase.

Replacement of the hydrogen at carbon 5 of the uracil
base in compound 1 with a methyl group produces the
most active compound (2, AZT). Conversely, replacement
of the hydrogen with a trifluoromethyl group (3) results
in the loss of the antiviral activity, whereas substitution
of the hydrogen at carbon 5 in 1 with a fluoro, bromo, iodo,
amino, hydroxyl, and thiocyanato group (compounds 4-7,
10, and 16, respectively) retains a significant amount of
antiviral activity. Substitution of the hydrogen in 5-amino
and 5-hydroxyl group in compounds 7 and 10 with an alkyl
group (methyl, ethyl, etc.) markedly reduces the antiviral
activity. Substitution of the N®-hydrogen in the pyrimidine
base in compound 2 with an 3-oxo-1-propenyl moiety
produces the second most active compound (21) in this
group. However, substitution of carbon 6 in compound
2 with a nitrogen (26) results in the loss of antiviral activity.
In the 2’-deoxycytidine series, replacement of the hydrogen
at carbon 5 in compound 18 with a fluoro group (19) yields
a compound with equal antiviral activity. Substitution of
the hydrogen with a methyl group (20), however, results
in the reduction of antiviral activity. There seems to be
no clear relationship between the antiviral activity and
either the electron-withdrawing or the electron-donating
capacity of the substituents in the 5-position of the nu-
cleoside analogues.

Experimental Section

Melting points were determined with a Thomas-Hoover Un-
imelt apparatus and are uncorrected. 'H NMR spectra were
recorded at 500 MHz on a Brucker WM-500 spectrometer with
Me,Si as the internal reference. The UV spectra were recorded
on a Beckman-25 spectrophotometer. IR spectra were taken on
the Perkin-Elmer 21 spectrophotometer. The mass spectra (at
70 eV) were provided by Yale University Chemical Instrumen-
tation Center. TLC was performed on EM precoated silical gel
sheets containing a fluorescent indicator. Elemental analyses were
carried out by the Baron Consulting Co., Orange, CT. Where
analyses are indicated only by symbols of the elements, the
analytical results obtained for those elements were within £0.4%
of the theoretical values.

3’-Azido-2’,3’-dideoxy-5-aminouridine Hydrochloride (7).
Liquid ammonia (70 mL) was added to 3’-azido-5-O-acetyl-
2',3’-dideoxy-5-bromouridine® (2.5 g, 6.70 mmol) in a stainless-steel
container. The container was sealed and kept at ~50 °C for 24
h. The excess ammonia was allowed to evaporate by blowing over
dry N,. The brown residue was dissolved in 50 mL of 0.1 N
hydrochloric acid, and the solution was passed through a column
(2 X 20 cm) packed with Dowex 50-X8 (H*) ion-exchange resin.
The column was first eluted with H,O to remove any unreacted
starting material and other byproducts and then eluted with 0.5
N hydrochloric acid. Fractions containing the product, as de-
termined by TLC (CH,Cl,-MeOH, 7:3, R; 0.75) were combined
and -evaporated in vacuo at <40 °C to a volume of ~15 mL.
Addition of methanol (40 mL) to the solution caused immediate
formation of colorless crystals of 7, which were collected by fil-
tration: yield, 0.60 g (30%); mp 215-218 °C dec; IR (KBr) 4.76
um (azido); UV (EtOH) Apa 297 nm, Ay, 257 nm; NMR
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(Me,SO-dg) 6 2.34-2.36 (m, 2 H, 2’-H), 3.63- 3.66 (m, 2 H, 5-H),
3.93(q,1 H, 4-H), 4.39 (g, 1 H, 3-H), 4.2-5.0 (br s, 1 H, 5 -OH,
D,0 exchangeable), 6.02 (t, 1 H, 1-H), 8.31 (s, 1 H, 6"-H), 8.80-10.4
(brs, 3 H, 5-NH,*, D,0 exchangeable), 12.0 (s, 1 H, 3-NH, D,0
exchangeable); MS, m/e 269 (M* - HCl). Anal. (C9H12N604HCI)
C,H,N.

Compounds 8 and 9 were synthetized by the same methodology
as described for the preparation of compound 7 except that the
appropriate amines were used, and the reaction temperature was
maintained at ~80 °C.

3’-Azido-2’,3’-dideoxy-5-(methylamino)uridine hydro-
chloride (8): mp 184-187 °C dec; IR (KBr) 4.77 um (azido); UV
(0.01 N HCI) A, 266 nm (e 11 300), A, 232 nm, shoulder at 304
nm; UV (0.01 N NaOH) A, 293 nm ¢ 8400), A, 263 nm; NMR
(Mest-dG) 6 2.30-2.35 (m, 1 H, 2-H,), 2.38-2.44 (m, 1 H, 2’-Hb),
2.67 (s, 3 H, 5-N-CHj), 3.60-3.63 (m, 1 H, 5-H,), 3.66-3.69 (m,
1 H, 5-H,), 3.89 (m, 1 H, 4-H), 4.40 (q, 1 H, 3’-H), 4.80-6.30 (br
s, 3H, 5-OH and 5-NH,*, D,O exchangeable), 6.06 (t,1 H, 1’-H),
7.86 (s, 1 H, 6-H), 11.8 (s, 1 H, 3-NH, D,0 exchangeable); MS,
m/e 283 (M+ - HCI). Anal. (C10H14N604HC1) C, H, N.

3’-Azido-2/,3’-dideoxy-5- (dimethylamino)uridine hydro-
chloride (9): mp 205-208 °C dec; IR (film) 4,75 ym (azido); UV
(EtOH) A, 299 nm, Ay, 264 nm; NMR (Me,SO-dg) § 2.34-2.42
(m,1H,2-H,), 243—2 46 (m, 1 H, 2"-H,), 2.55 [s, 6 H, 5-N-(CHy)s],
3.61-3.65 (m, 1 H, 5-H,), 3.69- 372(m 1 H, 5-Hy), 3.90 (m, 1
H, 4-H),4.42 (g, 1 H, 3’-H), 4.60-6.00 (br s, 2 H, 5-OH and 5-NH™,
D,0 exchangeable), 6.05 (t, 1 H, 1’-H), 8.22 (s, 1 H, 6-H), 11.9 (s,
1 H, 3-NH, D,0 exchangeable); MS, m/e 297 (M* - HC]). Anal.
(C;;H;¢NgO,HC]) C, H, N.

3’-Azido-2’,3’-dideoxy-5-hydroxyuridine (10). Bromine was
added dropwise to a stirred solution of 3-azido-2’,3’-dideoxy-
uridine® (1, 3.0 g, 11.9 mmol) in 60 mL of H,O and 40 mL of THF
at room temperature until a light-yellow color persisted (ca. 0.8
mL of bromine). Air was then bubbled through the solution until
it became almost colorless. The solution was cooled in an ice-water
bath, and 90 mL of triethylamine was added in several portions
so that the temperature of the solution did not exceed 25 °C. The
resulting solution was kept overnight and evaporated under di-
minished pressure (water pump) below 40 °C to dryness. The
residue was chromatographed twice on a silica gel column
(CH,Cl,-MeOH, 5:1, R, 0.69) to afford 0.65 g (20%) of the desired
product mp 193 °C dec IR (film) 4.80 um (azido); UV (EtOH)

e 282 M, Air 248 nm; NMR (Me,SO-d) 6 2.21-2.26 (m, 1 H,

2’-Ha) 2.31-2.37 (m, 1 H, 2’-H,), 3.61 (m, 2 H, 5-H), 3.82 (m, 1
H, 4’-H), 4.38 (m, 1 H, 3-H), 5.20 (s, 1 H, 5-OH, D,O ex-
changeable), 6.10 (t, 1 H, 1”-H), 7.33 (s, 1 H, 6-H), 8.70 (s, 1 H,
5-0H, D,0 exchangeable), 11.5 (s, 1 H, 3-NH, D,0 exchangeable);
MS, m/e 270 (M* + 1). Anal. (CgH;;N;O:) C, H, N.

3-Azido-2',3’-dideoxy-5-methoxyuridine (11). To a stirred
solution of 3'-azido-2’,3’-dideoxyuridine (1; 2.0 g, 7.9 mmol) in
a mixture of 25 mL of THF and 40 mL of H,O at room tem-
perature was added dropwise bromine until a light-yellow color
persisted. Air was then bubbled through the solution until it
became almost colorless. Triethylamine (30 mL) and methanol
(10 mL) were added to the clear solution (cooled in an ice-water
bath). The resultant solution was kept at room temperature for
4 h and then evaporated in vacuo below 40 °C to dryness. The
residue (compound 10) was used for the next step without further
purification.

The above residue was dissolved in a mixture of MeOH (25
mL) and H;0 (17 mL) to which 8 mL of 1 N NaOH was added.
Methyl iodide (5.7 g, 40 mmol, 2.5 mL) was added to the solution.
The reaction mixture was allowed to proceed for 7 days at room
temperature, and the progress was monitored by TLC (EtOAc-
hexane, 5:1, R;0.78). The solvents were removed in vacuo (~40
°C). The residue was chromatographed on a silica gel column
(EtOAc-hexane, 2:1) to afford 0.17 g (8% based on 1) of product:
mp 116-118 °C; IR (film) 4.83 um (azido); UV (EtOH) A, 280
nm, Ayi, 242 nm; NMR (Me,SO-dg) § 2.33-2.37 (m, 1 H, 2’-H,),
9.44-2.48 (m, 1 H, 2"-H,), 3.20 (s, 3 H, 5-OCH,), 3.61 (m, 1 H,
5-H,), 3.69 (m, 1H 5-Hy), 3.86 (m, 1 H, 4-H), 4.37 (q, 1 H, 3-H),
539 (t,1H, 5’-OH, D,0 exchangeable), 6.04 (t, 1 H, 1”-H), 8.45
(s, 1 H, 6-H); MS, m/e 283 (M*), 268 (M* - CH;). Anal. (Cy-
H,;;N;0;) C, H, N

Compounds 12-15 were synthesized by the same methodology

as described for the synthesis of compound 11, except that the
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appropriate alkyl halides (bromide or iodide were employed, and
in some cases, the reaction time was shorter.
3-Azido-2,3'-dideoxy-5-ethoxyuridine (12): mp 118-120 °C;
IR (film) 4.82 um (azido); UV (EtOH) A, 281 nm, Ap;, 242 nm;
NMR (Me,SO-dg) 6 1.24 (t, 3 H, CH,) 2.25-2.28 (m, 1 H, 2"-H,),
2.39-2.42 (m, 1 H, 2-Hy), 3.60-3.62 (m, 1 H, 5-H,), 3.65-3.68 (m
1H,5-H),3.83 (m,1H, 4’H)‘380(q,2H OCHz) 4.41 (m, 1
H, 3-H), 5.31 (t, 1 H, 5-OH, D,0 exchangeable), 6.11 (t, 1 H, 1"-H),
7.58 (s, 1 H, 6-H), 11.5 (s, 1 H, 3-NH, D,0 exchangeable); MS,
m/e 297 (M%), 298 (M* + 1). Anal. (C;;H;;N;O;) C, H, N.
3-Azido-2',3'-dideoxy-5-(2-propynyloxy)uridine (13). The
reaction time for the synthesis of this compound was 36 h: mp
208-211 °C dec; IR (film) 4.80 um; UV (EtOH) A, 278 nm, Ay,
238 nm; NMR (Me,SO-dg) 6 2.28-2.31 (m, 1 H, 2’-H,), 2.36-2.39
(m, 1 H, 2"-H,), 2.66 (m, 1 H, CH), 3.84 (m, 1 H, 4’-H), 4.41 (m,
1 H, 3-H), 4.60 (s, 2 H, OCHy,), 5.27 (t, 1 H, 5-OH, D,0 ex-
changeable), 6.11 (t, 1 H, 1’-H), 7.86 (s, 1 H, 6-H), 11.6 (s, 1 H,
3-NH); MS, m/e 308 (M+ + 1). Anal. (CleszOs) C,H,N.
3’-Azido-2',3’-dideoxy-5-(propenyloxy)uridine (14). The
reaction time was 24 h for the synthesis of this compound: mp
164 °C dec; IR (film) 4.80 um (azido); UV (EtOH) A4, 280 nm,
Amin 243 nm; NMR (CDCl,) 6 2.40-2.50 (m, 2 H, 2’-H), 3.82 (m,
1 H, 4’-H), 3.95-4.05 (m, 2 H, 5’-H), 4.36-4.40 (q, 1 H, 3’-H), 4.43
(m, 2H OCHy,), 4.44 (m, 1 H, 5-OH, D,0O exchangeable), 5.27-5.38
(m, 2 H, C=CH,), 592—600(m 1 H, CCH=C(), 6.15 (t, 1 H, 1-H),
7.40 (s, 1 H, 6-H), 8.20-9.80 (brs, 1 H 3-NH, D,0 exchangeable);
MS m/e 309 (M+) 310 (M+ + 1) Anal (C]_QH15N505) C H N.
3-Azido-2,3’-dideoxy-5-[ (cyanomethyl)oxy]uridine (15)
The reaction time was 48 h for the synthesis of this compound:
mp 161-163 °C dec; IR (film) 4.77 um (azido); UV (EtOH) A,
273 nm, Ay, 237 nm; NMR (Me,SO-dg) 8 2.28-2.33 (m, 1 H, 2-H,),
2.38-2.42 (m, 1 H, 2"-H,), 3.56-3.68 (m, 2 H, 5-H), 3.86 (m, 1 H,
4’-H), 4.41 (q, 1 H, 3-H), 4.92 (s, 2 H, OCH,CN), 5.30 (¢, 1 H,
5-0H, D,0 exchangeable), 6.06 (t, 1 H, 1’-H), 7.90 (s, 1 H, 6-H),
11.7 (s, 1 H, 3-NH, D,0 exchangeable); MS, m/e 307 (M* - 1),
308 (M*). Anal. (C;;H;)NgOs) C, H, N. -
3’-Azido-2',3’-dideoxy-5-thiocyanatouridine (16). 3’-Azi-
do-2/,3’-dideoxyuridine (1; 0.9 g, 3.6 mmol) was dried for 2 h at
100 °C in vacuo and then added to a solution of CISCN, which
was prepared from chlorine (3.6 g, 50 mmol) and dry KSCN (5.4
g, 55 mmol) in 200 mL of glacial acetic acid. The reaction was
conducted under anhydrous conditions and stirred at room tem-
perature. The progress of the reaction was monitored by TLC.
As soon as TLC showed the complete disappearance of the starting
material (compound 1; EtOAc-hexane, 4:1, R; 0.24), the reaction
was terminated by adding cyclohexane (10 mL) and stirring for
20 min. The reaction mixture was filtered, and the filtrate was
evaporated to dryness in vacuo at <40 °C. The residue was
extracted with ether and the insoluble material was dissolved in
MeOH and chromatographed on a silica gel column (EtOAc-
hexane, 4:1, R; 0.61) to give 0.18 g (16%) of the product: mp
144-146 °C dec IR (film) 4.76 um (azido); UV (EtOH) Amex 275
nm, Ayin 238 nm; NMR (Me,SO-d,) § 2.34-2.38 (m, 1 H, 2-H,)
2.47-2.49 (m, 1 H, 2-Hy), 3.60 (m, 1 H, 5-H,), 3.70 (m, 1 H, 5-H,),
3.86 (q, 1 H, 4-H), 4.36 (q, 1 H, 3-H), 5.41 (t, 1 H, 5-OH, D,0
exchangeable), 5.99 (t, 1 H, 1’-H), 8.65 (s, 1 H, 6-H), 12.0 (s, 1
H, 3-NH, D,0 exchangeable); MS, m/e 308 (M* - 2), 309 (M*
- 1), 310 M*). Anal. (C,(H,,N:;0,S) C, H, N.
3'-Azido-2/,3’-dideoxy-5- (methylthlo)urldme (17). 3’-Azi-
do-2,3’- d1deoxy-5-thlocyanatour1d1ne (16; 90 mg, 0.20 mmol) was
dissolved in 10 mL of 0.1 M EDTA (pH 7.8) and 10 mL of MeOH,
and then dithiothreitol (DT'T; 100 mg, 0.65 mmol) was added to
the solution. When the reaction was completed as monitored by
the appearance of the 332-nm band in the UV spectrum, the
resulting colorless solution was evaporated to dryness in vacuo
at <40 °C. The residue was suspended in MeOH with stirring
and then filtered. The filtrate was concentrated to ~3 mL and
filtered again. Under an atmosphere of N, the filtrate was diluted
with MeOH to 10 mL, and then 5 mL of H,O and 4 mL of 0.1
N NaOH were added followed by 0.1 mL of CH,I (0.23 g, 1.6
mmol). The reaction mixture was stirred at room temperature
overnight under an atmosphere of Np. Evaporation of the solvents
in vacuo afforded a white solid, which was chromatographed on
a silica gel column (EtOAc—hexane, 3:1, R; 0.43) and then re-
chromatographed on a preparative TLC plate (2 mm) twice to
give 18 mg (20% based on 16) of product: mp 115-118 °C; IR



340 Journal of Medicinal Chemistry, 1988, Vol. 31, No. 2

(fitm) 4.80 um (azido); UV (EtOH) Ay 291 nm, Ay, 261 nm; NMR
(Me,SO-dg) 6 2.18 (s, 3 H, 5-SCHj), 2.18-2.23 (m, 1 H, 2’-H,),
2.32-2.37 (m, 1 H, 2’-H,), 3.60 (m, 2 H, 5-H), 3.81 (m, 1 H, 4-H),
4.39 (q, 1 H, 3’-H), 5.29 (br s, 1 H, 5-0OH, D,0 exchangeable),
6.13 (t, 1 H, 1”-H), 7.53 (s, 1.H, 6-H), 11.0-12.0 (br s, 3-NH, D,0O
exchangeable); MS, m/e 299 (M™*), 300 (M* + 1). Anal. (Cy-
H3Nz;0,8) C, H, N. ‘
3-(3-Oxo-1-propenyl)-3’-azido-3’-deoxythymidine (21).
3’-Azido-3’-deoxythymidine (2; 1.0 g, 3.7 mmol) was dissolved in
anhydrous DMF (3 mL) containing triethylamine-(0.52 g, 3.7
mmol), and the mixture was stirred for 1 h at room temperature.
The solution was cooled to. -78 °C (acetone—dry ice bath), and
propiolaldehyde (6.3 g, ~100 mmol) was added in one portion.
The reaction mixture was stirred at —78 °C for 2 h and then
allowed to come up to room temperature slowly overnight. Excess
reagents and DMF were removed in vacuo, and the residue was
chromatographed on a silica gel column (EtOAc-hexane, 2:1). The
product was obtained as almost colorless needles. (0.15 g, 13%):
mp 107-108 °C; TLC R, 0.6 (EtOA-hexane, 2:1); IR (film) 4.85
um (azido); UV (EtOH) Ap, 267 nm, Ay 235 nm; NMR
(Me,SO-dg) 6 2.34-2.40 (m, 1 H, 2-H,), 2.44-2.49 (m, 1 H, 2-H,),
3.61-3.64 (m, 1 H, 5’-H,), 3.68-3.72 (m, 1 H, 5-H,), 3.88 (m, 1
H, 4-H), 440 (q, 1 H, 3-H), 5.31 (t, 1 H, 5-OH, D,O ex-
changeable), 6.11 (t, 1 H, 1”-H), 7.07 (q, 1 H,=CH), 7.91 (s, 1
H, 6-H), 8.16 (d, 1 H, NCH=), 9.61 (d, 1 H, CHO); MS, m /e 322
(M* + 1). Anal. (C,;3H;;N;0;) C, H, N.
6-Azathymidine (22): mp 150-153 °C (lit.¥ mp 153-154 °C);
NMR (Me;SO-dg) 6 2.03 (m, 1 H, 2-H,), 2.10 (s, 3 H, 5-CH,), 2.40
(m, 1H, 2-Hy), 3.34 (dd, 1 H, &-H,), 3.46 (dd, 1 H, 5"-H,), 3.68
(dd, 1 H, 4-H), 4.27 (dd, 1 H, 3’-H), 4.60 (br s, 1 H, 5-OH, D;0
exchangeable, 5.13 (br s, 1 H, 3-OH, D,O exchangeable), 6.31 (dd,
1 H, 1”-H) 11.9 (br 5, 1 H, 3-NH, D,0 exchangeable).
5’-0-Trityl-6-azathymidine (23). A solution of 6-azathy-
midine (22; 0.6 g, 2.5 mmol) and triphenylmethyl chloride (0.7
g, 0.25 mmol) in 70 mL of pyridine was heated with stirring at
~100 °C for 1 h. The reaction mixture was evaporated in vacuo
to give a syrup, which was triturated with H,0. The resulting
solid was collected by filtration and recrystallized from CH,Cl,
to yield 0.6 g (40%) of product: mp 105-108 °C, NMR (Me;SO-dy)
5 2.00 (s, 3 H, 5-CHjy), 2.08 (m, 1 H, 2’-H,), 2.36 (m, 1 H, 2"-H,),
3.03 (m, 2 H, 5-H), 3.94 (m, 1 H, 4-H), 4.25 (m, 1 H, 3-H), 5.11
(d, 1 H, 3-OH, D,0 exchangeable), 6.16 (dd, 1 H, 1-H), 7.10-7.20
(m, 15 H, phenyl), 12.1 (br s, 1 H, 3-NH, D,0 exchangeable); MS,
m/e 485 (M+). Anal. (CZBH27N305) C, H, N.
3’-Azido-3’-deoxy-5'-0 -trityl-6-azathymidine (25). Meth-
anesulfonyl chloride (1.47 g, 12.8 mmol) was added to a solution
of compound 23 (0.13 g, 0.30 mmol) in 15 mL of pyridine. The
reaction mixture was stirred at 4 °C for 20 h, and then the solvent
was evaporated in vacuo. The residue was dissolved in CH,Cl,
(25 mL), and the solution was washed with NaHCO; solution and
H,0 and dried over anhydrous Na,SO,. ‘The solvent was removed
under diminished pressure to give a syrup (compound 24), which
was used in the following reaction without further purification.
A solution of compound 24 (0.41 g, 0.72 mmol) and lithium azide
(0.30 g, 7.2 mmol) in 20 mL of DMF was heated with stirring at
130 °C (oil bath) for 2 h. The reaction mixture was then poured
into ice—water and extracted several times with CH,Cl,. The
combined CH,Cl; solution was dried over anhydrous Nay,8SO, and
evaporated to dryness in vacuo. The resulting syrup was chro-
matographed on a preparative silica gel plate (2 mm) (EtOAc-
CH,Cl,, 1:2) to afford 0.13 g (33%) of product: mp 83-85°C; IR
(film) 4.75 um (azido); NMR (Me,SO-d;) 6 1.86 (s, 3 H, 5-CHjy),
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2.30 (m, 1 H, 2-H,), 2.55 (m, 1 H, 2”-H,), 3.16 (m, 2 H, 5-H), 3.98
(m, 1 H, ¢-H), 4.40 (m, 1 H, H’-3), 6.16 (dd, 1 H, 1’-H), 7.10-7.20
(m, 15 H, phenyl), 12.1 (br s, 1 H, 3-NH, D,0 exchangeable); MS,
m/e 510 (M%), Anal. (Cy,HyNO,) C, H, N.

3’-Azido-3’-deoxy-6-azathymidine (26). Compound 25 (0.22
g, 0.40 mmol) in 20 mL of 80% acetic acid was heated with stirring
for 20 min. The solution was evaporated to dryness, and the
residue was chromatographed on a preparative silica gel plate (2
mm) (EtOAc-CH,Cl,, 1:2). The product was isolated as a glass
and weighed 0.1 g (86%): IR (film).4.75 um (azido); UV (EtOH)
Amax 264 nm, Ay, 226 nm; NMR (CDCly) 6 2.18 (s, 3 H, 5-CHp),
2.31 (m, 1 H, 2-H,), 2.68 (m, 1 H, 2/-H,), 3.65 (m, 1 H, 5’-H,),
3.84 (m, 1 H, 5”-H,), 3.96 (m, 1 H, 4’-H), 4.37 (m, 1 H, 3’-H), 5.10
(brs, 1 H, 5-OH, D,0 exchangeable), 6.42 (dd, 1 H, 1”-H). MS,
m/e 269 (M* + 1), 270 (M* + 2).

Antiviral Test Procedures. Three-day-old mitogen-stimu-
lated human peripheral blood mononuclear cells (106 cells/mL)
were infected with HIV-1 (strain LAV) at a concentration of about
100 TCIDs, 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 after infection, the su-
pernatant was clarified, and the virus was pelleted. The reverse
transcriptase activity in 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.?® and Spira et al.** The virus-in-
fected control had about 2 X 10° dpm per mL of reverse tran-
scriptase activity. The blank and uninfected cell control values
were about 300 and 1000 dmp, respectively. Drugs with potent
activity were retested with different PBM cells.

The effects of the drugs on the growth of uninfected human
PBM cells were also established. Mitogen-stimulated PBM cells
(3.8 X 10° cells/mL) were cultured in the presence and absence
of drugs under the same conditions as those used for the antiviral
assays described above. The cells were counted daily for 5 days
by using the trypan blue exclusion method. The ECjy, was de-
termined by the median effect method.%
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