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In order to study the structure—-activity relationships of dioxolane nucleosides as potential anti-
HIV-1 agents, various enantiomers of pure dioxolanylpurine nucleosides were synthesized and
evaluated against HIV-1 in human peripheral blood mononuclear cells. The enantiomerically
pure key intermediate 1, which was synthesized in nine steps from 1,6-anhydro-8-D-mannose, was
condensed with 6-chloropurine, 6-chloro-2-fluoropurine, and 2,6-dichloropurine in the presence
of TMS triflate. The chloro or fluoro substituents were readily converted into amino, N-meth-
ylamino, hydroxy, methoxy, thiol, and methylthio under appropriate reaction conditions. Upon
evaluation of these dioxolanes, the guanine derivative 24 exhibited the most potént anti-HIV-1
activity without cytotoxicity up to 100 uM in various cells. The decreasing antiviral activity order
of B-isomers was as follows: guanine > 6-chloro-2-aminopurine > 2-fluoroadenine = adenine =
2,6-diaminopurine > hypoxanthine > 2-chloroadenine > 6-chloropurine ~ N®-methyladenine ~

6-mercaptopurine =~ 6-(methylthio)purine.

Introduction

Since the discovery of AZT! in 1985, a number of
nucleosides have been identified as potent and promising
anti-HIV agents.2 AZT,? DDIL,* and DDC?® have been
approved for the treatment of AIDS and AIDS-related
complex, and several other nucleosides are undergoing
clinical or preclinical development. Although AZT, DDI,
and DDC have been reported to be clinically useful to
treat AIDS either alone or in combination, side effects,
toxicities, and drug resistance may limit their usefulness.®
Inorderto discover more potent and less toxic compounds,
a number of nucleosides were synthesized and evaluated
against HIV in vitro. Among these, dioxolane™® and
oxathiolane® nucleosides are unique in that the classical
carbohydrate moieties of nucleosides are replaced with
dioxolane and oxathiolane ring systems. It is noteworthy
that two of the oxathiolane nucleosides, (-)-(2R,58)-1-
[2-(hydroxymethyl)oxathiolan-5-yl]cytosine (3TC)® and
(-)-8-L-2',3’-dideoxy-5-fluoro-3'-thiacytidine (FTC) are
undergoing advanced preclinical evaluations as anti-HIV
agents. As a part of our efforts to discover useful anti-
HIV nucleosides, we have recently reported the asymmetric
syntheses of (+)-(28,5R)-1-[2-(hydroxymethyl)oxathiolan-
5-yllcytosine [D-like nucleoside]!? and (-)-(2R-58)-1-[2-
(hydroxymethyl)oxathiolan-5-yl]cytosine [L-like nucleo-
side]!! (3TC) (Figure 1) from chiral carbohydrate tem-
plates, 1,6-anhydrohexoses, and evaluated these com-
pounds against HIV and human hepatitis B virus. It was
found that 3TC is significantly more potent than (+)-
(28,5R)-1-[2-(hydroxymethyl)oxathiolan-5-yll cytosine. In-
terestingly, this is the first example of an L-nucleoside
being more potent than a D-nucleoside. Furthermore,3TC
has been shown to be significantly less toxic than (+)-
(28,5R)-1-[2-(hydroxymethyl)oxathiolan-5-yl]cytosine in
CEM cells.1!

Recently, we have reported an asymmetric synthesis of
(-)-dioxolan-4-ylthymine from 1,6-anhydro-D-mannose
and it was found to be a potent anti-HIV agent (ECj =
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0.39 uM) in human peripheral blood mononuclear (PBM)
cells.!? Interestingly, we have found that (+)-dioxolan-
4-ylthymine was somewhat more potent than the enan-
tiomerically pure (-)-D-isomer. Thus, synthesis of the
antipode,!32 the (+)-L-isomer, is of interest, which is in
progress in our laboratory.

Recently, we have reported the structure-activity re-
lationships of enantiomerically pure dioxolanylpyrimidine
nucleosides as anti-HIV agents in PBM cells.!3? It was
discovered that the unsubstituted cytosine derivative was
the most potent compound (ECs = 0.016 uM) although
it exhibited marked toxicity. The uracil and 5-methyl-
cytosine derivatives were inactive and 5-chloro and 5-bro-
mo derivatives were moderately active. In this paper, the
synthesis and structure—activity relationships of dioxo-
lanylpurine nucleosides are reported.

Synthesis

The chiral key intermediate 1 was synthesized in nine
steps from 1,6-anhydro-D-mannose,'*!13 which was con-
densed with silylated 6-chloropurine in the presence of
TMSOTY to obtain the a,8-mixture of 3 and 2 (Scheme I).
Itisinteresting to mention that initially formed Ns-isomers
were converted to the desired Ny-isomers on heating of
the reaction mixture.!4 The resulting anomeric mixture
(1:1) was separated by flash silica gel column chroma-
tography using hexanes—ethyl acetate (1:1) as the eluent.
The 6-chloropurine derivative 2 was treated with ammonia
in DME!5 and 2-mercaptoethanol/sodium methoxide in
methanol!€ to give 6-amino 13 and 6-hydroxy 10 deriva-
tives, respectively. Upon treatment of 13 and 10 with
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n-BuNF the desired nucleosides 25 and 22 were obtained
in good yields. Treatment of 2 with n-Bu/NF gave the
6-chloro derivative 16 which was converted to N®-methyl
derivative 28 upon treatment with MeNH; in a steel bomb
at 85 °C. The 6-SH derivative 30 was obtained by the
treatment of 16 with NaSH in methanol.l” The reaction
of 30 with CH3l and NaOMe in methanol gave the S¢-
methyl derivative 81 as well as the 6-OMe derivative 32,
which were separated by silica gel column chromatography.
The corresponding a-isomers 11, 14, 17, 23, 26, and 29
were obtained by the similar reactions as described for
the g-isomers. 2,6-Disubstituted purine derivatives 18-
21, 24, and 27 were synthesized by the condensation of
acetate 1 with thesilylated 6-chloro-2-fluoropurine, which
gave a mixture of (/8 =1/1.3) of 5 and 4 (Scheme I). Once
again the initially formed Nj-isomers were converted into
the desired Ny-isomers during stirring overnight at room
temperature. The analytical sample was obtained from
theseparation of the ,3-mixture to the individual isomers
5 and 4 by preparative TLC using CHzCl;-acetone (19:1)
as the developing solvents. However, for the purpose of
preparing the final products 18-21, the mixture of 4 and
8 was treated with NH; in DME?5 to give a mixture of 6-9,
which was separated to the individual isomers 6 (24%),
7(18.6%), 8 (25.8%), and 9 (16%). The guanine 12 and
2,6-diamino 15 derivatives were prepared by the treatment
of 6 with 2-mercaptoethanol/NaOMe!é and ammonia in
ethanol,!® respectively. The free nucleosides 18-21, 24,
and 27 were obtained upon treatment of the corresponding
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5’-gilylated nucleosides with n-Bu,NF in good yields. The
a-isomers 20 and 21 were also prepared by the similar
procedure as the S-isomers. Since N®-methyl!” and
2-chloroadenine nucleosides!? are biologically of interest,
compounds 37-40 were prepared from the condensation
of acetate 1 with the silylated 2,6-dichloropurine followed
by silica gel separation of the mixture of 33 and 34 and the
treatment with MeNH; or ammonial® to give 35 and 36,
respectively (Scheme II). Desilylation of 35 and 36
afforded the desired nucleosides 37 and 38. The physical
and optical data and 'H NMR spectral data of synthesized
nucleotides are shown in Table I and TableI1, respectively.
The stability of (-)-(2R,4R)-dioxolan-4-ylguanine 24 and
(~)-(2R,4R)-dioxolan-4-ylthymine!® was tested in pH 2, 7,
and 11 buffer solutions at 37 °C for 2 days. These two
compounds were found to be stable under these conditions.
Anti-HIV-1 Activity

Anti-viral activities of the synthesized dioxolanyl nu-
cleosides were evaluated in human PBM cells infected
with HIV-1 strain LAV.20 As shown in Table III, most of
the compounds exhibited good to excellent anti-HIV
activities. Ingeneral, the 8-isomers were more potent than
the a-isomers. The decreasing order of antiviral activity
of the most potent compounds was as following: guanine
> 6-Cl-2-NHj-purine > 2-F-adenine 2 adenine = 2,6-
diaminopurine = hypoxanthine > 2-Cl-adenine > 6-Cl-
purine =~ N¢-Me-adenine =~ 6-SH-purine = 6-SMe-purine.
It is interesting to note that the (+)-a-isomer of 6-Cl-
purine derivatives 17 was found to be more potent than
that of the corresponding (-)-8-isomer. This may be
related to the greater overall cell toxicity of the compound
compared to the S-isomer 16 which produced a low
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Table I. Physical and Optical Data

Kim et al.

no. mp, °C (solvent)s [a]®p deg formula anal.
2 128~129 (b) ~8.12 (¢ 1.09, MeOH) C25H27CIN(O;Si C,H,N
3 102-105 (b) +16.49 (c 1.09, MeOH) Cy5H27CIN038i:0.32(C2Hs)20 C,HN
4and 5 146-147 C5H26CIFN,O;5Si C,H,CLF N
6 64-65 -38.39 (¢ 0.46, CHCly) Cy5HysCINO38i C,H,C,N
7 181-182 (j) -4.2 (¢ 0.25, CHCly) CysH2sFN503Si C,H,F,N
8 60-61 +24.90 (¢ 0.25, CHCly) CosH2sCINsOsSi C,HCLN
9 178-179 () +30.2 (¢ 0.25, CHCly) CosHsFN5038i C,H,F,N
10 99-101 (e) -1.10 (¢ 1.14, MeOH) CosHysN40,Si-0.3MeOH C,H,N
11 152-154 (f) +17.31 (¢ 1.08, MeOH) Cy5H2sN,04Si-0.37MeOH C,H, N
13 144-146 (f) -1.84 (¢ 1.01, MeOH) CasHgeN3505Si C,H,N
14 122~-123 (h) +23.12 (¢ 1.01, MeOH) CosH2oN505Si C,H,N
16 148-149 (c) -29.09 (¢ 0.9, MeOH) CyHgCIN,03:0.05CsH 4 C,H,N
17 113-116 (e) +31.93 (¢ 0.86, MeOH) CyHyCIN,05:0.05CgH 4 C,HN
18 193 () -50.25 (¢ 0.25, MeOH) CyH1cCINs03 C,HCLN
19 247 (§) -17.0 (¢ 0.25, MeOH) CgH10FN;0; C,H,F,N
20 67-68 (j) +24.90 (¢ 0.5, MeOH) CyH;,CIN;50; C,H,CLN
21 263-264 (j) +49.86 (¢ 0.21, H,0) CoH10FN;s04 C,H,F,N
22 205-208 (d) -19.76 (c 0.43, MeOH) CsH1oN,O, C,H,N
23 228-231 (d) +37.65 (¢ 0.75, MeOH) CoH,0N,O, C,H N
24 280 (dec H20) =110 (¢ 0.25, H20) CoH,; N0, C,H,N
25 162-165 (g) -30.74 (¢ 0.85, MeOH) CoH,1N:03 C,H,N
26 176-179 (i) +38.79 (¢ 1.09, MeOH) CoH;1N504 C,HN
27 236-237 (j) -71.44 (¢ 0.25, MeOH) CpH;2NgOs C,H N
28 139-141 (d) -27.04 (¢ 0.91, MeOH) C10H13N;503 C,H N
29 foam +36.82 (c 0.95, MeOH) C1oH13Ns03 C,H,N
30 204-205 dec -39.77 (¢ 0.28, H;0) CoH;oN,O58 C,H,N
31 115-116 () -36.39 (¢ 0.12, MeOH) CioH12N4O38 C,HN
32 111-112 (B -26.98 (¢ 0.61, MeOH) 10H12N4O4 C,HN
33 186~187 (§) ~8.6 (¢ 0.25, CHCly) CasH26C1aN4O5Si C,H,CL,N
34 98-99 (j) +32.7 (¢ 0.25, CHCly) C2sH6ClaN,O5Si C,HCLN
35 170 () ~7.1 (¢ 0.25, CHCl,) C2sH3CIN5038i-0.06CHCl3 C,H,CLN
36 199-200 (k) ~3.2 (¢ 0.25, CHCly) CasH2sCIN;058i C,HC,N
37 149 dec -33.31 (¢ 0.25, MeOH) C10H12CINsO3 C,H,CLN
38 222 dec -24.3 (¢ 0.22, MeOH) CsH;,CIN;0; C,HCLN
39 184~185 () +33.7 (¢ 0.25, CHCly) C25H2CIN50;Si-MeOH-0.05CHCl3 C,H,CLN
40 197-198 (j) +39.8 (¢ 0.23, MeOH) CoH1oCIN;5O4 C,H,CLN
¢ Solvents. ® Ether. ¢ Hexane—CHCl;. ¢ CHCl;~MeOH. ¢ Ether-hexane. / Hexane. 8§ CH,Cl;~MeOH. » EtOAc-hexane. { EtOAc. / MeOH. * Et-

OAc-CH.Cl;.

multiplicity of the virus. The antiviral results presented
in Table IIl are the average values of at least three separate
experiments using different donor cells. Furthermore, we
are confident in assigning the structures of these com-
pounds since 6-chloropurines 2 () and 3 (a) were
subsequently used for further modifications to adenine
and hypoxanthine analogues in which S-isomers, as
expected, were found to be more potent than the a-isomers.
In summary, among the compounds tested, the guanine
analogue 24 was the most potent anti-HIV-1 nucleoside
with alow toxicity in PBM and Verocells. Itisinteresting
that the guanine analogue was more potent than either
the 2,6-diamino or 2-amino-6-chloro derivative. We hy-
pothesize that these compounds are likely to be substrates
for adenosine deaminase. The hydrolysis at the 6-position
of 2-amino-6-chloropurine 18 and 2,6-diaminopurine 27
would produce a guanine analogue 24. Biochemical studies
to validate this hypothesis are underway. Furthermore,
virological and biochemical studies with those compounds
will define their usefulness as anti-HIV agent for the
treatment of AIDS.
Experimental Section

Melting points were determined on a Mel-temp II, laboratory
device and are uncorrected. !H NMR spectra were recorded on
a JEOL FX 90Q or Bruker 300 Fourier transform spectrometer
for 90-MHz or 300-MHz !H NMR spectra, respectively, with
Me,Si as internal standard; chemical shifts are reported in parts
per million (5) and signals are quoted as s (singlet), d (doublet),
t (triplet), q (quartet), or m (multiplet). UV spectrawere obtained
on a Beckman DU-7 spectrophotometer. Optical rotations were

measured on a Jasco DIP-370 digital polarimeter. TLC was
performed on Uniplates (silica gel) purchased from Analtech Co.

Elemental analyses were performed by Atlantic Microlab, Inc.,
Norcross, GA or Galbraith Laboratories, Inc., Knozville, TN,
Dry 1,2-dichloroethane and methylene chloride were obtained
by distillation from CaH; prior to use.

(-)-(2R4R)-9-[2-[[ (tert-ButyldiphenylsilylJoxy]methyl)-
1,3-dioxolan-4-yl1]-6-chloropurine (2) and (+)-(2R,485)-9-[2-
[[(tert-Butyldiphenylsilyl)oxy]methyl)-1,3-dioxolan-4-yl}-
6-chloropurine (3). A mixture of 6-chloropurine (3.6 g, 23 mmol)
and ammonium sulfate (catalytic amount) in hexamethyldisi-
lazane (50 mL) was refluxed for 2 h under N;. The clear solution
obtained was concentrated in vacuo and the residue was dissolved
in dry CH,Cl; (20 mL) followed by a solution of acetate 1 (4.68
g€, 12 mmol) in dry CH;Cl; (30 mL) and TMSOTY (2.6 mL, 13
mmol) at room temperature. After stirring the reaction mixture
for 30 min at room temperature, it was refluzed for 14 h under
Na. Duringreflux, the initially formed N;-isomers were converted
to desired Ng-condensed products.!* The reaction solution was
then poured into an ice-cold mixture of CH;Cl, (20 mL) and
saturated NaHCO; solution (20 mL), stirred for 15 min, and
filtered through a Celite pad. The organic layer was washed
with saturated NaHCOj; solution and brine and dried (MgSO,).
The solvents were removed under reduced pressure and the
residue was separated by silica gel column chromatography to
give 2 [R; = 0.64 (hexanes-EtOAc, 1:1), 1.62 g, 28%] and 3 (R,
=(0.71,1.61g,28%) as syrups, which were crystallized from ether.
2: UV (MeOH) Apox 264.0 nm. 3: UV (MeOH) Apor 264.0 nm.

(2R,4R) and (2R,48)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]-6-chloro-2-fluoropurine (4 and
5). A mixture of 2-fluoro-6-chloropurine (4.05 g, 23.47 mmol)
and ammonium sulfate (catalytic amount) in hexamethyldisi-
lazane (40 mL) was refluxed for 2 h. The resulting solution was
concentrated under anhydrous conditions to yield silylated
2-fluoro-6-chloropurine as a white solid. To a cooled (0 °C) and
stirred solution of silylated 2-fluoro-6-chloropurine (5.69 g, 23.69
mmol) and 1 (7.84 g, 19.57 mmol) in dry methylene chloride (175
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ml,) was added TMSOTY (4.41 mL, 23.44 mmol). The reaction
mixture was warmed to room temperature and stirred for 16 h,
during which time, all the initially formed Nj-isomers were
converted into desired Ng-isomers. The reaction mixture was
quenched with saturated NaHCO; solution (50 mL), stirred for
additional 20 min at room temperature, and evaporated to dryness
under reduced pressure, and the residue was dissolved in EtOAc
(200 mL), washed with water and brine, dried (anhydrous Na,-
S0,), filtered, and evaporated to give a solid residue, which was
purified by silica gel column chromatography (20% EtOAc in
hexanes) to afford a mixture of S-anomer 4 and a-anomer 5 (1.3:
1; 8/a) as a white crystalline solid (6.30 g, 62.8%). The analytical
sample was purified by preparative TLC using CH,Cl,-acetone
(19:1) as the developing system to give 4 (R, = 0.50) and 5 (R, =
0.55) for NMR characterization: UV (MeOH) Anay 269.0 nm.
(-)-(2R,4R)-2-Amino-9-[2-[[ (tert-butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]-6-chloropurine (6), (-)-(2R,4R)-
9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-dioxolan-4-
yl]-2-fluoroadenine (7), (+)-(2R,45)-2-Amino-9-[2-[[(tert-
butyldiphenylsilyl)oxyjmethyl]-1,3-dioxolan-4-y1]-6-
chloropurine (8) and (+)-(2R,4S5)-9[2-[[(tert-Butyl-
diphenylsilyl)oxy]methyl]-1,3-dioxolan-4-y1}-2-fluoroade-
nine (9). Dry ammonia gas was bubbled into a stirred solution
of 4and 5 (6.25 g, 12.18 mmol) in DME (125 mL) overnight. The
solvent was evaporated under reduced pressure, and the residue
was subjected to chromatographic separation of the four com-
pounds on silica gel column (20-30% EtOAc in CH,Cl,). 6 (R
=0.35,1.49 g, 24%): a white crystalline solid, UV (MeOH) Apax
309.5 nm. 7 (R; = 0.21, 1.12 g, 18.6%): colorless needles, UV
(MeOH) Apas 261.0, 268.0 (sh) nm. 8 (R;=0.43,1.60¢,25.76%):
a white crystalline solid, UV (MeOH) Ap,: 310.0 nm. 9 (R =
0.12, 0.96 g, 16%): a microcrystalline solid. UV (MeOH) Apax
261.0, 269.0 (sh) nm.
(-)-(2RAR)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-ylJhypoxanthine (10). A mixture of 2 (260 mg,
0.53 mmol), 2-mercaptoethanol (0.147 mL, 2.1 mmol), and NaOMe
(2.1 mmol, prepared by dissolving 48.3 mg of Na in MeOH) in
MeOH (20 mL) was refluxed for 1.5 h under N,. The mixture
was cooled, neutralized with glacial AcOH, and evaporated to
dryness under vacuum. The residue was dissolved in CHCl; (100
mL) and washed with saturated NaHCO; solution (10 mL) and
brine and dried (MgSO,). The solvents were removed under
reduced pressure, and the residue was purified by silica gel column
chromatography (CHCl;-MeOH, 40:1) to give 10 (223 mg, 89%),
which was crystallized from ether-hexanes: UV (MeOH) Amax
249.0 nm.
(+)-(2R,48)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-ylJhypoxanthine (11). A mixture of 3 (260 mg,
0.53 mmol), 2-mercaptoethanol (0.147 mL, 2.1 mmol),and NaOMe
(2.1 mmol, prepared by dissolving 48.3 mg of Na in MeOH) in
MeOH (20 mL) was refluxed for 1.5 h under N;. After work-up
similar to that of 10, purification by silica gel column chroma-
tography (CHCl;-MeOH, 30:1) gave 11 (247 mg, 99%), which
was crystallized from ether-hexanes: UV (MeOH) Apsy 249.0
nm.
(-)-(2RAR)-9-[2-[[ (tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl}adenine (13). A solution of 2 (258 mg, 0.52
mmol) in NHy/DME (20 mL) was heated at 85 °C in a steel bomb
for 24 h, After cooling, the solvent was removed under vacuum
and the residual syrup was purified by column chromatography
(silica gel 230-400 mesh) using CHCl;-MeOH (20:1) as the eluent
togive 13 as a white solid (184 mg, 74%): UV (MeOH) Ap,: 260.0
nm.
(+)-(2R,48)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl]adenine (14). A solution of 3 (200 mg, 0.4
mmol) in NHs/DME (20 mL) was heated at 85 °C in a steel bomb
for 24 h. After work-up similar to that of 13, purification by
silica gel column chromatography (CHCl;-MeQH, 20:1) gave 14
as a white solid (190 mg, 99%): UV (MeOH) Apax 260.0 nm.
(-)-(2R,4R)-6-Chloro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]purine (16). A solution of 2 (0.3 g, 0.6 mmol) in THF (20
mL) was desilylated with 1 M n-Bu,NF/THF (0.9 mL, 0.9 mmol)
by stirring for 1 h at room temperature. After evaporation of the
solvent, the residue was chromatographed over silica gel (230~
400 mesh) using CHCl;-MeOH (20:1) as the eluent to give pure
16 (0.12 g, 82%), which was crystallized from hexanes—CHCl;:
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UV (Hz0) Apax 264.0 nm (e 9290) (pH 7), 263.5 (¢ 9630) (pH 2),
263.3 (s (150) (pH 11).
(+)-(2R,48)-6-Chloro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]purine (17). A solution of 3 (0.3 g, 0.6 mmol) in THF (20
mL) was treated with 1 M n-Bu,NF/THF (0.9 mL, 0.9 mmol).
After evaporation of the solvent, the residue was chromatographed
over silica gel (230-400 mesh) using CHCl;-MeOH (20:1) as the
eluent to give pure 17 (0.13 g, 96 % ), which was crystallized from
ether-hexanes: UV (H;0) Apax 264.0 nm (e 9720) (pH 7), 264.0
(¢ 11200) (pH 2), 263.8 (¢ 10840) (pH 11).
(-)-(2R,4R)-2-Amino-6-chloro-9-[2-(hydroxymethyl)-1,3-
dioxolan-4-yl]purine (18). A solution of 6 (0.46 g, 0.91 mmol)
in THF (20 mL) was treated with 1 M n-Bu,NF/THF (1.1 mL,
1.1 mmol) to give 18 (R; = 0.50,0.21 g, 84 % ) as a crystalline solid,
which was recrystallized from MeOH: UV (H;0) Agax 307.0 nm
(e 8370) (pH 7), 307.5 (¢ 8590) (pH 2), 307.0 (¢ 8800) (pH 11).
(-)-(2R,4R)-2-Fluoro-9-[2-hydroxymethyl)-1,3-dioxolan-
4-yl]adenine (19). A solution of 7 (0.56 g, 1.12 mmol) in THF
(20 mL) was treated with 1 M n-BuNF/THF (1.35 mL, 1.35
mmol) to furnish 19 (0.24 g, 85%) as a white crystalline solid,
which was recrystallized from MeOH: UV (H;0) Apmar 260.8 nm
(e 17010), 268.5 (sh) nm (¢ 13510) (pH 7), 261.0 (¢ 16390), 268.5
(sh) (e 13300) (pH 2), 260.8 (e 17320), 268.5 (sh) (e 13200) (pH
11).
(+)-(2R,48)-2-Amino-6-chloro-9-[2-(hydroxymethyl)-1,3-
dioxolan-4-yl]purine (20). A solution of 8 (0.41 g, 0.81 mmol)
in THF (15 mL) was treated with 1 M n-Bu,NF/THF (0.96 mL,
0.96 mmol) to furnish 20 (0.20 g, 92.7%) as a crystalline solid,
which was recrystallized from MeOH: UV (H;0) Anas 307.0 nm
(e 8370) (pH 7), 307.5 (e 8590) (pH 2), 307.0 (e 8800) (pH 11).
(+)-(2R,45)-2-Fluoro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-ylJadenine (21). A solution of 9 (0.13 g, 0.26 mmol) in THF
(15 mL) was treated with 1 M n-Bu,NF/THF (0.32 mL, 0.32
mmol) to give 21 (0.05 g, 75 %) as a white crystalline solid, which
was recrystallized from MeOH: UV (H;0) Apas 260.8 (¢ 16390),
268.5 (sh) nm (¢ 12890) (pH 7), 261.0 (¢ 15570), 268.5 (sh) (e
174200) (pH 2), 260.8 (¢ 16700), 268.5 (sh) (e 13200) (pH 11).
(-)-(2R4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]hy-
poxanthine (22). A solution of 10 (173 mg, 0.36 mmol) in THF
(20 mL) was treated with 1 M n-Bu,NF/THF (0.68 mL, 0.68
mmol). After evaporation of the solvnt, the residue was chro-
matographed over silica gel (230400 mesh) using CHCl;-MeOH
(15:1) as the eluent to give pure 22 (70 mg, 81 %) as a white solid:
UV (H;0) Apax 247.9 nm (e 12320 nm (e 12320) (pH 7), 258.5 (¢
14350) (pH 2), 252.9 (¢ 16630) (pH 11).
(+)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]hy-
poxanthine (23). A solution of 11 (180 mg, 0.38 mmol) in THF
(20 mL) was treated with 1 M n-Bu,NF/THF (0.70 mL, 0.70
mmol). After evaporation of the solvent, the residue was
chromatographed over silica gel (230-400 mesh) using CHCl;-
MeOH (20:1) as the eluent to give pure 23 (67 mg, 75%) as a
white solid: UV (H20) Amax 248.4 nm (e 13060) (pH 7), 248.5 (¢
13570) (pH 2), 253.4 (¢ 13630) (pH 11).
(-)-(2R,4R)-9-(Hydroxymethyl)-1,3-dioxolan-4-yl]gua-
nine (24). A mixture of 6 (0.29 g, 0.57 mmol), HSCH,CH,OH
(0.51 mL), and 1 M NaOMe/MeOH (11.5 mL) in MeOH (20 mL)
was refluxed for 3 h. The reaction mixture was cooled and
neutralized with glacial AcOH. The solution was evaporated to
dryness, then the residue was triturated with CHCls, and filtered,
and the filtrate was taken to dryness to give crude compound 12
(0.21 g, 75%), which without further purification was subjected
to desilylation according to the same procedure described for 20
to give compound 24 (0.07 g, 61%) as a micro crystalline solid,
which was recrystallized from MeOH: UV (Hy0) Amax 252.0 (e
12800), 274.0 (sh) nm (e 8730) (pH 7), 254.4 (¢ 12130), 277.5 (sH)
(¢ 8070) (pH 2), 264.3 (¢ 10.800) (pH 11).
(-)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]ade-
nine (25). Asolution of 13 (130 mg, 0.27 mmol) in THF (10 mL)
was treated with 1 M n-Bu,NF/THF (0.3 mL, 0.3 mmol). After
evaporation of the solvent, the residue was chromatographed
over silica gel (230-400 mesh) using CH.Cl;-MeOH (15:1) as the
eluent to give pure 25 (53 mg, 82%) as a white solid: UV (H;0)
Amex 268.9 nm (e 15240) (pH 7), 257.0 (¢ 15340) (pH 2), 258.9 (¢
14990) (pH 11).
(+)-(2R,45)-9-[2-Hydroxymethyl)-1,3-dioxolan-4-yl]ade-
nine (26). A solution of 14 (140 mg, 0.29 mmol) in THF (10 mL)
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Table II. 'H NMR Data
no. H-14 H,-2' Hy-2’ H-¢ H-5'(aand b) other signals
55 (dd, Jrze = 450 (@d, T = 4.30 (dd, J. 5.23 (t, Jug = 3.5) 391(d,Jyc=85) 107 (s, ¢-Bu), 7.51 (m, Ar
3 b AOT i T 10.1, Jre o2 5.1y . s o . og 3 (s,BH;SZI a2 (-,Alr-l)-z)b
. 1oa ® 565 (t,Jyy=81) 380(d,Jyy=3.1) 8, t-Bu), m,
R/t eIy 0 4oy = 3D (@ Joa 8.29 (s, H-8), 876 (3, H-2)?
45, Ty gy m6.0)  448(d,Jyzs=9.0) 430 (dd, J, 521 (4 Jew =30) 398 (4d. L 1.07 (s, ¢-Bu), 7.32-7.67
4 6456(d,Jr2n ) (d, J2u2n ) 9(() Jn?z‘s 0) 5 , 55’::5; Y 0)’ A, 38 e 8
d.‘ Js'b.s/
Js'b «=3.0)

5 647 (dd, Jy 2, =
6.0, Jx'z'b'30)

6 630, Jyz =27
7 6.39(d,Jyz =40)
8 6.35(t,Jyy =3.3)
9 6.42(d,Jry =40

10 6.42(dd, Jyz, =
3-3, J]f'z'b = 1.3)

11 6.46(dd,Jyp =
45 le' = 2.8)

13 648 (dd, Jy g =
5.0, J12p,-17)

4 6 50 @d, Jyze =
2 J1'3,2'b = 3. 0)

16 6.58(d, Jyza = 5.0)
17 6.60 (t, Jy2 = 5.0)
18 6.29(d, Jyz
19 6.30(d,Jy2 =5.0)
20 6.31 (dd, Jr,-z. =

5.5, Jy21 = 5.0)
21 6.33(t,Jyy =4.8)
22

6. 38 (dd Jyze =
3, Jvan=11)

6.43 (t, Jy.z/ = 4.8)

=4.8)

23

24 6.13(dd,Jyga =

18, qu,=50)

25 6.42 (dd. Jr'z'. = 4.4)

26 6.44 (dd, Jll'z'. =

5‘3v 1,28 = 4~4)

8.19 (dd, an =
1.8, Jy2n = 5.7)

6.42(dd, Jy 2, =
5.3, Jyg'b = 1.8)

27

28

6.44 (pseudo t, Jyop =
5.3,dJy 2.=44)

30 6.40 (d, Jy2e = 5.3)

31
32
33

6.59 (dd, Jy 2, =
, J1,20 = 1.5)

6.59 (dd Jy,zi. =
2o ™ 1.8)

6. 49 (dd Jrogn =
47, Jv2 = 1.3)

4.51 (dd, Jzu 20 =
9.0, le. v =6.0)

4.46 (d, le._g’b = 12.2)

4.40 (d, J2a2p = 9.9)

4.47 (dd, Joa2p =
12,0, Jz'. v =3.0)

446(dd Jraze =
Jle = 4, )

4.45 (dd, Jopon =
9.8, a1’ = 1.3)
447 (d, Jzay = 4.5)
4. 46 (dd Jragn =
Jz*n =17
4.47 (d, Jg/.'y = 3.0)

4,65 (dd, Jzazn = 10.1)
4.50 (m)

4.54 (d, Jre 2 = 9.9)
4.52 (d, Jy 20 = 10.0)
4.36-4.48 (m)

440(d, Jz =4.8)
4.52 (dd, Jze2n =

9.9, Jyar = 1.1)

4.44 (d, Jyy = 4.8)

4.43 (dd, Jyp2p =
9.9, Jg'.l =1.8)

453 (d, Jyazn = 9.8)
4.43 (m)

443 (dd, Jyo0n =
941 J2’ll =1 8)

4.52 (dd, Joyop =
9.7, Jz‘.,y =1.8)

4.46 (d, Jyor = 5.3)

4.57 (dd, Jyazn =
9.7, Jyey = 1.3)

4, 66 (dd, Jy.,n =
9.7, Jz'-x = 1.5)

4,63 (dd Jz’.,z’b =
2a,' ™ 1.8)

447 (dd Jrazn =
9.9, Jy.1 = 1.3)

441 (dd, Jonze =
9.0, J-n,,y = 3.0)

4.23 (dd, Job 20 =
12.2, Jor,1 = 3.8)

4.24 (dd, Jyp 24 =
9.9, qu,y—30)

4.40 (dd, Jon2s =
12.0, Jm,l =3.0)

4.38 (dd, Jop2a =
10.0, Jz1 = 2.2)

4.25 (dd, Jonza =
9.8, Jon, = 3.3)

429 d, Iy = 2.8)

4.25 (dd, Jarzs =
9.8, Jony = 5.0)

448 (d, Jopy = 4.2)

4.27(dd, Jop2a =
10.1, Jop,1r = 5.0)

4.19 (dd, Jon20 =
] J2’b.1’ =5.1)
4.20 (dd, Jop2e =
10.0, Jyr 1. = 5.0)

4.36 (dd, J21,24 =
9.9, Jon,r = 5.3)

415 (dd, Jyvze =
9.9, Jypy = 5.0)

4.23(dd, Jopoa =
9.5, Jz[,l =44)

415 dd, Jonze =
9.4, Jz’b 1= 5.7)

4.23 (dd, Jap20 =
9.7, Jﬂn =5.3)

417 (d, Jopy = 4.4)

4.23 (dd, Jop20 =
9.7, Jz«by =5.3)

4.34 (dd, Jz’b'n
J2’a 1 *® O)

4. 38 (dd Jo, 2'.
2b1 = 5.3)

4.26 (dd Jopge =
2N Jz'b,y = 4.7)

5.64 (t, J(_y = 3.0)

5.21 (t, Joy = 3.0)

5.17 (t, Juy = 3.0)

5.58 (t, Juy = 2.7)

561 (t, Joy = 2.2)

5.21 (t, Jop = 3.5)
5.62 (t, Jy5 = 3.9)
5.21 (t, Jy 5 = 3.5)
5.62 (t, Jyg = 3.1)

5.12 (t, Joy = 2.6)
5.58 (t, Jy5 = 3.6)
5.06 (t, Jy 5 = 2.9)
5.05 (t, Jy s = 2.5)
5.49 (t, Jy 5 = 5.0)
5.45 (t, Jy 5 = 3.5)
5.07 (¢, Jyp = 3.1)

5.49 (t, Juy = 3.T)
499 (t, Jyy = 3.2)
5.07 (t, Jup = 3.1)
5.55 (t, Jug = 3.T)
5.03 (t, Jug = 3.0)

5.08 (t, J",y = 3.1)

5.51 (t, Jyy = 3.5)

5.08 (t, Jy,a' = 2.9)

5.06 (t, Jug = 2.4)
5.19 (t, J(.y = 2.2)

& 8%2( %dJJ“ 230
9 8,4’ = )
d, Jorya =
12 0 Jm“ = 3.0)
3.91 (dd Jyasn =
10.0, Jyes = 3.0),
.83 (dd, Js’bs.
10. 0 Jy“' = 3, )
3. 92 (dd J&’l,b’b =
» 5’ =3, 0)'
a) 5’b.5’
9 8, JE’b" =3, 0)
3. 70 (dd Jsl.,yb =
Js'-A =2 7).
73 '(dd, Ty =
12.2, Jsne = 2.7)
3.78 (dd Jyasn =
10:']5’ 4 = 22)’
3.74 (dd, Jynpa
11. 0 Jsfby =32, 2)
3.89 (d, Jyy = 3.5)

3.79 (d, qul =3.1)

391, Jy¢ = 3.5)

8.78 (d, Jys = 3.1)

3.65 (dd, Jy o =
5.5, ng =2.6)
3.52 (dd, Jyou =
6.0, J5',4' = 3.6)
3.60 (m)

3.61 (dd, Json =
h Wy = 5

3.46-3.51 (m)

3.38-3.66 (m)

3.62 (dd, Jyon =
6.0, Jy o = 3.1)

3.50 (dd Jyoﬂ =
6.0, Jyy =3.7)

3. 57 (dd J5 ‘5'0}{ =
6, Jy0 = 3.2)

3.62 (dd, inoﬁ =5.7,

5 = 3.1)

3.50 (dd, Jyou =
6.0, Jyy 3.7

3. 59 (dd JysoH =
Js’ +=3.0)

362(dd Jyon ™=
J54'-31)

3. 49 (dd, Jyon =
6.7), Jw' = 3.5)

3. 64 (dd Jy, oa -
Js’4 =2.9)

3.81(d,Jys = 2.4)

3.82(d,Jyy=22)

5.20 (t, J4f3,5' = 3.1) 3.91 (d, Jy‘q' = 3.1)

1.08 (s, ¢t-Bu), 7.37-7.72
(m, Ar), 8.25 (s, H-8)®

1.06 (s, t-Bu), 5.20 (br s, NH;),
7.33-7.6 (m, Ar),
7.96 (8, H-8)*

1.07 (s, t-Bu) 6.10 (br s, NHy),
7.35-7.8 (m. Ar),
8.05 (s, H-8)%

1.08 (s, t-Bu), 5.18 (br s, NHy),
7.40-7.72 (m,
7.93 (s, H-8)?

1.08 (s, t-Bu), 5.18 (br s, NH;),
7.40-7.72 (m, Ar),
7.93 (s, H-8)®

1.07 (s, ¢t-Bu), 1.70 (br s, 6-OH),
7.54 (m, Ar), 8.05 (s, H-8),
8.24 (s, H-2)?

1.09 (s, t-Bu), 1.76 (br s, 6-OH),
7.56 (m, A.r), 8.00 (s, H-8),
8.21 (s, H-2)

1.07 (s, t-Bu), 5 69 (br s, NH,),
7.61 (m, Ar), 8.37 (s, H-8),
8.72 (s, H.

1.08 (s, ¢- Bu) 5 69 (br s, NH,),
7.55 (m, Ar), 7.97 (s, H-8),
8.37 (s, H-2)*

5.13 (t, Jouy = 5.5, OH),

8.81 (s, H.8), 8.84 (s, H-2)e

5.04 (t, Jougy = 60 OH),
8.83 s, H.8, H

5.13 (t, Jousy = 6 1 OH), 6.92
(br s, NHy), 8.08 (s, H-8)°

5.15 (t, Jous = 5.0, OH), 7.87
(brs, le,), 8.27 (s, H-8)°

5.05 (¢, J, =50,0H) 7.04
(br s, NH), 8.28 (s, H-8)¢

498(t,Jo = 6.2, OH), 7.83

brs, N l-fg), 8.24 (s, H-8)¢

5. 12 (t, Jouy = 6.0, OH), 7.0
(br s, IBH), 8.07 (s, H-8),

8.24 (s, H-2)°
2.35 (br 8, 6-OH), 5.01
, Jons = 6.0, OH),
8, 08 (s, H-8), 8 24 (s, H-2)°

5.07 (t, Jous = 5.6, OH), 6.45
(br &, NHy), 7.83 (s, H-8),
10.57 (br s, OH)a

5.14 (t, Jous = 5.7, OH), 7.26
(bes, NH), 816 s, H-8),

(sp '2).'

4.99 (t, Jou s = 6.0, 0H),729
(brs, l\m , 8 17 (s, H-8),

829 (s, H

5.13 (t, Jo, '=63 OH), 5.78
(brs, hfﬁg), 6.68 (br s, NHy),
8.27 (s, H-8)s

2.99 (d, JnmeNH = 4.5, NMe),
5.14 (t, Jory = 6.1, OH),
7.70 (d, Jn; Nu.-45),823
(s, H-B), 8.27 (s, H-2)*

2.99 (d, JNM..NH - 4 0, NMe),

Jous = 5.7, OH),

NH NM. = 4.0), 8.24

.27 (s, H-2)0
=64 OH) 8.22
(s, H-8) 43 (s, -2), 13 7
(bres, 8

2.69 (s, SMe), 8.56 (s, H-8),
8.66 (s, H-2)
4. lg (59. OMe), )8 .47 (s, H-8),

1.07 (s, -Bu). 7.65, 7.39
(m, Ar), 8.39 (s, H-B)"

7
(s, H 8).
5.11 (t, Joug
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no. H-1¢ H,-2 Hy-2 H-4 H-5 (a and b) other signals
34 6.51(dd, Jyy= 4.44 (m) 563 (t,Jyy =31 3.79(d,Jse=3.1) 108 (s, t-Bu), 7.66, 7.43
.5, Jy g = 2.34) (m, Ar), 8.25 (s, H-8)*
3 6. 42 (dd Jyop = 4.38 (dd, Joe2n = 4.20 (dd, J2n24 = 516 (t,Jy5 =3.5) 3.89(d,Jy¢ =35 107, ¢- Bu), 3 19 (d
9, Jv roa = 1.6) 9.7, Jy._y =1.6) 9. 7,J2'b1 =4.9) NMe,NH NMe), 5.96
(brs, NH) .97
(m, Ar), 7.97 (s, H-S)"
36 6.43(dd,Jyan = 4.40 (dd, Joa2n = 4.22 (dd, J2p 00 = 517, Jyy=32) 391(d,Jss=3.2) 1.07(s,t-Bu),6.11 (br s, NH),
4.8,J10, = 1.4) 9.9, Jop1r = 1.4) 9.9, Jop,1 = 4.8) 7.68, 7.38 (m,
8.06 (s, H-8)®
37 6.35 (dd, Jy 21 = 4.52 (dd, Jza2v = 4.20 (dd, Jobza = 5.06 (t, Jy 5 = 2.9) 3.61 (dd, Jyou = 292, JNM. NH = 4.0, NMe),
5.2, Jy gy = 1.3) 9.9, Jye 1 = 1.3) 9.9, qu,l = 5.2) 5.9, Jy o = 2.9) 5.14 (t, Jou s = 5. 9, OH),
8.19 (br s, NH,
8.29 (s, H-8)¢
38 6.34(dd,Jyo = 4.52 (dd, Jou2n = 4.20 (dd, J2p2a = 5.04 (t,Joxy =29) 3.61(dd,Jyou= 5.08 (t, Jouy = 5.9, OH), 7.79
5. 1, J1 ron ¥ 1.3) 99, Jz'.l =1. 3) 99 Jﬂ] =5.1) ,J5',4'= 2.9) (bl’ 8, N%iz), 8.29 (!, H"-S)‘
39 6.46(dd,Jrz = 4.38 (m) 560 (t,Jysy=31) 8.76(d,Jye =31) 1.08 (s, t-Bu), 6.13 (br s, NH,),
4.5,J12 = 2.5) 7.68,739(m,Ar
7.94 (s, H-8)®
40 B838(t,Jy2 =47 4.42(d, Jyy =4.7) 547 (t,Jyr =3.6) 3.49(dd, Jy ou = 5.02 (t, Jouy = 6.0, OH), 7.83
6.0, Jyy = 3.6) (brs, NHy), 831 (s, H-8)s

¢ DMSO-dg. ® CDCl;. ¢ CD3COCD;. ¢ Part per million downfield from TMS. ¢ In order to avoid complications, the furanose numbering

system was used for interpretation of the NMR data.

Table I1I. Median Effective (ECs) and Inhibitory (IC5) Concentration of (2R)-Dioxolanylpurine Nucleosides in PBM Cells and

Cytotoxicity in Vero and CEM Cells

Ho—kﬁASE

Ho—l/j

Ho H BASE
anti-HIV-19 in cytotoxicity in cytotoxicity in cytotoxicity in
compd no. base anomer PBMcells: ECs, kM PBM cells: ICs0, uM  Vero cells: ICsp, uM  CEM cells ICs, uM
25 adenine )-8 0.5 >100 >100 >100
26 adenine (+)-a 6.2 >100 >100 >100
22 hypoxanthine )-8 5.0 >100 >100 >100
23 hypoxanthine (+)-a >100 >100 >100 >100
16 6-Cl-purine -)-8 22.8 >100 >100 >100
17 6-Cl-purine (+)-a 11.1 >100 >100 57.6
28 Nt8-Me-adenine -)-8 14.3 >100 >100 >100
29 N¢-Me-adenine (+)-a 30.3 >100 >100 >100
30 6-SH-purine )-8 26.5 >100 >100 >100
31 6-SMe-purine )-8 25.1 >100 >100 >100
32 6-OMe-purine -)-8 58.1 >100 >100 >100
18 6-Cl-2-NHq-purine -)-8 0.09 >100 >100 >100
20 6-Cl-2-NH;-purine (+)-a 23.1 >100 >100 >100
19 2-F-adenine -)-8 0.3 >100 93.3 >100
21 2-F-adenine (+)-a 2.5 >100 >100 >100
24 guanine )-8 0.03 >100 >100 >100
27 2,6-diaminopurine )-8 0.7 >100 >100 >100
37 2-Cl-N¢-Me-adenine  (-)-8 40.0 >100 >100 >100
38 2-Cl-adenine -)-8 1.7 >100 >100 >100
40 2-Cl-adenine (+)-a 39.9 >100 >100 >100
AZT 0.004 >100 28.0 30.9

¢ Mean of triplicate values.

was treated with 1 M n-Bu,NF/THF (0.32 mL, 0.32 mmol). After
evaporation of the solvent, the residue was chromatographed
over silica gel (230-400 mesh) using CH,Cl,-MeOH (20:1) as the
eluent to give pure 26 (67 mg, 96%) as a white solid, which was
triturated with ethyl acetate: UV (Hy0) Anqc 258.9 nm (e 15800)
(pH 7), 2567.0 (¢ 16020) (pH 2), 259.4 (¢ 15070) (pH 11).
(-)-(2R,4R)-2-Amino-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl)adenine (27). A steel bomb was charged with compound
6 (0.28 g, 0.55 mmol) and anhydrous EtOH (20 mL) saturated
with NH;and heated at 90°Cfor6h. After cooling, the compound
15 (0.26 g, 95% ) obtained on evaporation of the solvent in vacuo
was desilylated according to the same procedure described for
preparation of 16 to give 27 (0.10 g, 75% ) as white micro needles,
recrystallized from MeOH: UV (H;0) Apne: 279.0 nm (e 8040)
(pH 7), 280.0 (¢ 7070) (pH 2), 278.8 (¢ 7580) (pH 11).
(-)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1]-N¢-
methyladenine (28). A solution of 16 (50 mg, 0.22 mmol) and
methylamine (40 wt. % solution in H,0, 2 mL) in MeOH (10 mL)
was heated at 85 °C in a steel bomb for 5 h. After cooling, the
solvents were removed under vacuum. The residual syrup was
purified by column chromatography (silica gel 230~400 mesh)
using CHCl;~MeOH (15:1) as the eluent to give 28 as a white

solid (52 mg, 93%): UV (H20) Amax 265.5 nm (¢ 5100) (pH 7),
264.0 (¢ 4150) (pH 2), 265.5 (¢ 4600) (pH 11).

(+)-(2R,49)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1])-N®-
methyladenine (29). A solution of 17 (67 mg, 0.3 mmol) and
methylamine (40 wt.% solution in H;0, 2.8 mL) in MeOH (10
mL) was heated at 85 °C in a steel bomb for 6 h. After workup
similar to that of 28, purification by silica gel column chroma-
tography (CHCl;-MeOH, 15:1) gave 29 as a colorless foam (57
mg, 76%): UV (Hy0) Apax 265.3 nm (¢ 18000) (pH 7), 261.9 (¢
18760) (pH 2), 265.3 (¢ 17300) (pH 11).

(-)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1]}-6-
mercaptopurine (30). A stream of H,S was bubbled through
a refluxing solution of 16 (0.18 g, 0.7 mmol) in anhydrous MeOH
(30 mL) for 10 min. Then, NaSH in anhydrous MeOH (1N, 2.1
mL) was added dropwise while heating and the introduction of
H:S was continued for 1.5 h. The yellowish solution was cooled
to room temperature and the pH of the solution was adjusted to
6-7 with 1 N methanolic acetic acid. Solvents were removed
under reduced pressure to give yellowish solid which was purified
by silica gel column chromatography (CHCl;-MeOH, 10:1) to
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yield 30 as a colorless solid (0.14 g, 76%): UV (H;0) A 320.0
nm (e 20,300) (pH 7), 320.7 (¢ 21,130) (pH 2), 309.2 (¢ 20,880) (pH
11).
(-)-(2R,4R)-9-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1]-S$®-
methyl-6-mercaptopurine (31) and (-)-(2R,4R)-9-[2-(Hy-
droxymethyl)-1,3-dioxolan-4-y1}- Of-methylhypoxanthine (32).
A solution of 30 (80 mg, 0.3 mmol) in MeOH (15 mL) containing
NaOMe (0.3 mmol, prepared by dissolving 7.2 mg of Nain MeOH)
was stirred with Mel (0.07 mL) for 1.5 h at room temperature.
After removal of the solvent, the residual mixture was separated
by column chromatography (silica gel 230-400 mesh) using
CHCl3-MeOH (20:1) as the eluent to give 31 (R; = 0.54, 20 mg,
23.7%) and 32 (R, = 0.50, 30 mg, 36%), which was crystallized
from hexanes. 31: UV (H;0) Anex 258.8 (sh) nm (e 10890) (pH
7), 289.8 (sh) (e 14410) (pH 2), 289.8 (sh) (¢ 14130) (pH 11). 32:
UV (H;0) Anax 247.4 nm (e 8100) (pH 7), 247.4 (¢ 9100) (pH 2),
247.4 (¢ 8150) (pH 11).
(~)-(2R,4R)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-y1}-2,6-dichloropurine (33) and (+)-(2R,45)-
9-[2-[[(tert-Butyldiphenylsilyl)oxyjmethyl}-1,3-dioxolan-4-
yl1]}-2,6-dichloropurine (34). A mixture of dichloropurine (3.06
g, 16.22 mmol) in dry dichloroethane (80 mL), hexamethyldi-
silazane (25 mL), and ammonium sulfate (catalytic amount) was
refluxed for 3 hunder N,. The resulting clear solution was cooled
to -10 °C. To this cooled silylated dichloropurine were added
asolution of 1 (5.0 g, 12.48 mmol) in dry dichloroethane (50 mL)
and TMSOTY (3.13 mL, 16.22 mmol) and the mixture was stirred
for 10min. The temperature was brought upto room temperature
and the mixture was stirred overnight. TLC indicated the
presence of Ng-isomer. The reaction mixture was refluxed for
further 2 h at 80 °C (until almost all the N3-isomer converted to
Np-isomer). After cooling the reaction mixture, saturated NaH-
CO; (40 mL) was added and the mixture was stirred for 15 min.
The solvent was evaporated and the solid was dissolved in EtOAc
and washed with water and brine, dried, filtered, and evaporated
to give the crude product. This crude product was purified on
a silica column (EtOAc-hexanes, 1:4) to yield pure «,8 mixture
of 34 and 33 [R; = 0.57 (hexanes-EtOAc, 3:2), 4.30 g, 67%, a:8,
1:1.2). Part of this «,8 mixture was used in the next step without
separation. The a,8 isomers from the other part were separated
by boiling the mixture in MeOH and filtering the solid after
cooling. The solid product was found to be the pure 8 isomer.
33: UV (MeOH) Ape; 272.5 nm. The filtrate on evaporation to
dryness gave the a-isomer, 34: UV (MeOH) Agex 272.5 nm.
(-)-(2RAR)-9-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-
1,3-dioxolan-4-yl1]-2-chloro- N®-methyladenine (35). A solu-
tion of 33 (0.30 g, 0.56 mmol) in DME (30 mL) and methylamine
(3 mL) was sealed in a steel bomb and heated at 80 °C for 5 h.
After cooling the mixture, the solvent was evaporated and the
crude product was boiled in MeOH, and filtered to give 35 (0.245
g, 82%) as a white solid: UV (MeOH) Apx 270.0 nm,
(-)-(2RAR)-9-[2-[[(tert-Butyldiphenylsilyl)oxy)methyl)-
1,3-dioxolan-4-yl]-2-chloroadenine (36) and (+)-(2R,4S)-9-
[2-[[(tert-Butyldiphenylsilyl)oxy)methyl]-1,3-dioxolan-4-
y1]-2-chloroadenine (39). An «,8 mixture of 34 and 33 (3.0 g,
5.66 mmol) in DME/NH; (50 mL, saturated at 0 °C) was sealed
in a steel bomb and heated at 80 °C for 5 h. After cooling the
mixture, the solvent was evaporated and the crude product was
separated by silica gel column (EtOAc-CH,Cl;, 1:4) to yield 36
[R; = 0.50 (45% EtOAc—CH.Cly), 1.41 g, 48.9%] as a white solid
and 39 [R;=0.45 (45% EtOAc-CH,Cl,), 1.18g,40.9% ] as a foam
(which was boiled in MeOH to give a white solid). 36: UV (H;0)
Amax 264.0 nm. 39: UV (H;0) Amex 264.0 nm.
(-)-(2R,AR)-2-Chloro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl)-N:-methyladenine (37). A solution of 35 (0.26 g, 0.49
mmol) in THF (15 mL) was treated with 1 M n-Bu,NF-THF (0.6
mL, 0.6 mmol). Evaporation of thesolventgave the crude product
which was purified by silica gel chromatography (MeOH-CHCl;,
1:20) to give 37 (0.135 g, 95.7% ) as a white solid: UV (H20) Amex
269.5 nm (e 17260) (pH 7), 269.5 (¢ 18170) (pH 2), 269.5 (¢ 16700)
(pH 11).
(-)-(2R,4R)-2-Chloro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]adenine (38). A solution of 36 (0.70 g, 1.37 mmol) in THF
(30 mL) was treated with 1 M n-BuNF-THF (1.64 mL, 1.64
mmol). After evaporation of the solvent, the crude product was
crystallized from MeOH to give 38 (0.355 g, 95%) as white
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crystals: UV (H20) Apax 264.0nm (e 14720) (pH 7), 264.0 (¢ 14920)
(pH 2), 263.8 (¢ 15560) (pH 11).

(+)(2R,4.5)-2-Chloro-9-[2-(hydroxymethyl)-1,3-dioxolan-
4-ylladenine (40). A solution of 39 (0.60 g, 1.17 mmol) in THF
(30 mL) was treated with 1 M n-Bu,NF/THF (1.4 mL, 1.4 mmol)
to give 40 (0.27 g, 85%) as a white solid: UV (Hy0) Apmay 264.0
nm (¢ 14640) (pH 7), 264.0 (¢ 14880) (pH 2), 263.8 (¢ 15030) (pH
11).

Antiviral and Cytotoxicity Assays. Antiviral studies with
HIV-1 were performed in mitogen-stimulated human peripheral
blood mononuclear (RBM) cells infected with strain LAV, as
described previously.?? A multiplicity of infection (MOI) of 0.1,
as determined by a limiting dilution method in PBM cells, was
selected for the assays. Stocksolutions (40 mM) of the compounds
were prepared in DMSO and then diluted in the medium to give
the desired concentration. The maximal final concentration of
DMSO in the solutions was less than 0.256 %, which is not antiviral
or cytotozic to the cells. The compounds were added about 45
min after infection. The procedure for culturing the virus and
the determination of supernatant RT levels has been described
previously.?? The drugs were also evaluated for their potential
toxic effects on uninfected PHA-stlmulated human PBM, Vero,
and CEM cells as described previously.?® These cells were
cultured with and without drug for 6, 3, and 6 days, respectively,
at which time aliquots were counted in the presence of trypan
blue.

Data Analysis. The medium effective concentration (ECs)
and inhibitory concentration (ICs) values were derived from the
computer-generated median effect plot of the dose-effect data,
as described previously.?!
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