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In order to study the structure—activity relationships of dioxolane nucleosides as potential anti-HIV agents, various
enantiomerically pure dioxolane-pyrimidine nucleosides have been synthesized and evaluated against HIV-1 in human
peripheral blood mononuclear cells. The enantiomerically pure key intermediate 8 has been synthesized in nine
steps from 1,6-anhydro-D-mannose (1), which was condensed with 5-substituted pyrimidines to obtain various
dioxolane—pyrimidine nucleosides. Upon evaluation of these compounds, cytosine derivative 19 was found to exhibit
the most potent anti-HIV agent although it is the most toxic. The order of anti-HIV potency was as follows: cytosine
(B-isomer) > thymine > cytosine (a-isomer) > 5-chlorouracil > 5-bromouracil > 5-fluorouracil derivatives. Uracil,
5-methylcytosine, and 5-iodouracil derivatives were found to be inactive. Interestingly, a-isomer 20 showed good
anti-HIV activity without cytotoxicity. As expected, other a-isomers did not exhibit any significant antiviral activity.
(-)-Dioxolane-T was 5-fold less effective against AZT-resistant virus than AZT-sensitive virus.

Introduction

Although AZT is a potent inhibitor of HIV in vitro! and
a clinically useful antiviral agent for patients with AIDS
and AIDS-related complex,? it is far from being an ideal
anti-HIV agent. Furthermore, the drug resistance problem
has begun to emerge as an important issue in AIDS che-
motherapy.? Thus, it is necessary to discover more potent
and less toxic agents as well as meet the continuous
challenge of drug resistance. A number of nucleosides,
including 2’,%-dideoxyinosine (DDI),* 2’,3'-dideoxycytidine
(DDC),5 2,3’-dideoxy-2',3’-didehydrothymidine (D4T),$
2'-fluoro-DDC,’” 3-azido-2',3"-dideoxyuridine (AZDU)%° and
2',3'-dideoxy-8'-thiacytidine (3TC)° are undergoing various
stages of clinical trials. Additionally, there are several
second generation anti-HIV nucleosides in various pre-
clinical stages, which include 3’-azido-2’,3’-dideoxy-5-
methylcytidine (CS-92),"! and 4’-azidothymidine.!? Sev-
eral interesting nucleosides, modified at the C3’-position
by a heteroatom such as (+)-BCH-189'0 and dioxolanyl-
thymine (dioxolane-T),'%!3 have recently been reported.
(£)-BCH-189 exhibits an excellent anti-HIV activity in
vitro and one of its enantiomers (3TC) is in clinical trials.
Synthesis and anti-HIV activity of racemic dioxolane-T
have been reported by Belleau et al.'® and Norbeck et al.,!?
which showed a moderate anti-HIV activity in ATHS cells
(ECsp = 20 uM) without cytotoxicity up to 200 uM.
Therefore, it was of interest to synthesize one of the en-
antiomers of dioxolane-T and compare the differences in
anti-HIV activities between the enantiomer and the ra-
cemic mixture. It was of further interest to synthesize
various enantiomerically pure dioxolane nucleosides for
the structure-activity relationships.

Results and Discussion

Retrosynthetic analysis of dioxolane-T suggests that
1,6-anhydro-D-mannose (1) is the chiral template that leads
to enantiomerically pure dioxolane-T and that this optical
antipode corresponds to the natural configuration for nu-
cleosides. The synthesis of 1,6-anhydro-D-mannose (1) has
previously been reported by Hudson and co-workers!4 and
on a preparative scale more recently by Fraser-Reid and
co-workers.!5 The 2,3-diol moiety of 1 was selectively
protected as its isopropylidene group by reaction with
dimethoxypropane and catalytic amounts of p-toluene-
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sulfonic acid followed by the treatment with benzoyl
chloride to give the fully protected 1,6-anhydro-D-mannose
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Figure 1. ORTEP drawing of the molecular structure of 11 as
determined by X-ray crystallography, shown as a heterodimer.
The regular numbering system of nucleoside was used.

(2) in good yield (Scheme I). The isopropylidene group
of 2 was then selectively removed by dilute sulfuric acid
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benzoyl-D-mannose (3). Treatment of 3 with NalIQ, fol-
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1,3-Dioxolane-Pyrimidine Nucleosides

Table I. Physical and Optical Data
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no. mp, °C (solv)® [a]lp?, deg no. mp, °C (solv)® [a]lp®, deg

3 124125 (b) -154.7 (¢ 0.21, MeOH) 24 86-87 (b) +5.44 (¢ 1.04, MeOH)
5 46-48 (f) -18.5 (¢ 0.20, MeOH) 25 135.136 (c) +8.22 (¢ 1.00, MeOH)
6a oil -14.2 (¢ 0.26, MeOH) 26 foam -0.33 (¢, 1.03, MeOH)
6b oil -2.4 (c 0.25, MeOH) 27 80-83 (d) +12.25 (¢ 0.98, MeOH)
7 foam +17.23 (c 1.08, MeOH) 28 70-72 (d) +0.41 (¢ 0.59, MeOH)
8 oil 29 70-71 (e) +16.82 (¢, 1.00, MeOH)
9 foam -6.98 (c 0.43, MeOH) 30 64.65 (e) +6.81 (c 1.00, MeOH)
10 foam +11.3 (¢ 0.23, MeOH) 31 180-181 (d) -14.35 (c, 1.00, MeOH)
11 174-175 (3) -18.8 (¢ 0.17, MeOH) 32 120-121 (d) -0.88 (c, 1.00, MeOH)
12 foam +10.7 (¢ 0.15, MeOH) 33 162-164 (d) -3.7 (¢ 1.00, MeOH)
15 92-95 (e) +14.25 (¢ 1.13, MeOH) 34 128-132 (b) -5.9 (¢ 1.02, MeOH)
17 162-163 (b) +18.08 (¢ 1.00, MeOH) 35 189-190 (d) +3.3 (c, 1.0, MeOH)
18 181-183 (b) -19.92 (¢ 1.00, MeOH) 36 132-133 (d) -5.80 (c, 1.02, MeOH)
19 181-183 (b) +21.00 (¢ 1.00, MeOH) 37 221-223 (d) -30.08 (¢ 1.00, MeOH)
20 185 (c) -25.22 (¢ 1.00, MeOH) 38 114~117 (d) +1.56 (¢ 0.55, MeOH)
21 + 22 120 (o) 39 225 dec (c) +4.23 (¢ 1.00, MeOH)
23 92-95 (b) +4.61 (¢ 1.03, MeOH) 40 221 dec (c) +17.39 (¢ 1.00, MeOH)

9Solvents: b, Hx-CH,Cl,; ¢, MeOH; d, CHCl;~MeOH; e, ether; f, ether~Hx.

lowed by reduction with NaBH, gave the desired dioxolane
derivative 5 in good yield without racemization. Of note
was that the secondary benzoyl group in 4 migrated to the
primary hydroxyl group in § under the reaction conditions.
The free primary hydroxyl group of § was then selectively
protected with tert-butyldiphenylsilyl group followed by
the removal of the primary benzoyl group using NaOMe
to give the diol 6b in excellent yield. Oxidation of the diol
6b to the acid 7 was accomplished by NalQ,/Ru0Q,.!¢
Ozidative decarboxylation of 7 with Pb(OAc),!317 afforded
the key intermediate 8. Synthesis of enantiomerically pure
form of dioxolane-T 11 and 12 was accomplished from the
condensation of the intermediate 8 with silylated thymine
to obtain an a,8-mixture of 10 and 9 (1:1.5 ratio) (Scheme
II). The mixture was separated by silica gel column
chromatography to give the individual isomers 9 and 10.
Desilylation of 9 and 10 afforded the free nucleosides 11
and 12, respectively. In order to prepare the 5-methyl-
cytosine derivative 15, silylated 5-methylcytosine and the
4-acetoxy-1,3-dioxlane derivative 8 were reacted under
various conditions. However, we were only able to obtain
the inseparable anomeric mixture of the desired product
by silica gel chromatography. Thus, the desired product
was prepared by the amination procedure!® as shown in
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pers, 201st National Meeting of the American Chemical So-
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Cytosine analogues 17 and 18 have been prepared from
the condensation of the intermediate 8 and silylated
N*-acetylcytosine in the presence of TMSOT in 1,2-di-
chloroethane to give a 1:1 «,8-mixture 16 which, without
separation, was treated with NaOMe to remove the N*-
acetyl group (Scheme III). Silica gel column chroma-
tography was used to separate to an individual 17 and 18
followed by desilylation afforded the corresponding nu-
cleosides 19 and 20. The structural assignment of the
thymine and cytosine analogues was made on the basis of
the 'H NMR studies. For example, the nuclear Overhauser
effect (NOE) was observed in 19 (9%) between the 2’-H
and 4’-H, indicating the 8-configuration (cis-arrangement),
while no NOE was detected in the a-isomer 20, indicating
a trans arrangement. Furthermore, the thymine derivative
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Table I1. 'H NMR Data
no. H-14 H,-2 H,-2 H-¢ H-5 other signals
9 636 (L Jyz = 40) 414 (d, Jyy = 40) 5.06 (t, Jyy = 3.2) 3.92 (d, Jy. = 3.2) 1.08 (s, t-Bu), 1.67 (s, CHy), 7.50
(m, Ar), 9.51 (br s, NH)?
10 6.32(dd, Jyg = 4.01 (dd, Jyupn =9, 4.35 (dd, Jop2e = 5.55 (t, Jyy =3.2) 370 (d, Jy =83.2) 1.08 (s, t-Bu), 1.94 (d, Jepae =
5.3, Jy g, = 2.3) 5, Jzay = 2.3) 9.5, Jppy = 5.3) 1.2, CHy), 7.17 (d, Jgcus =
1.2, H-6), 7.55 (m, Ar), 9.57
(br s, NH)?
11 621 (dd, Jyge= 403 (dd, Jppn= 422 (Ad, Jonge = 490 (¢, Jyy = 26) 3.63 (dd, Iy = 175 (d, Jeuss = 1.2, H-6), 5.16
5.5, Jynzp = 2.0) 9.9, Jyy = 5.5) 9.9, Jypy = 2.0) 2.6, Jy.cu = 6.0) (t, Jews = 6.0, OH), 7.67
(d, Jecus = 1.2, H-6), 11.27
(br s, NH)®
12 617 (dd, Jygp = 4.20 (dd, Jyuon = 4.28 (dd, Jybg, = 547 (t, Juy =3.7) 343 (dd, Jyox = 1.79 (s, CHy), 5.00 (t, Jouy =
5.3, Jyp0 = 3.3) 9.5, Jypy = 3.3) 9.5, Jgup = 5.3) 6.0, Jy.o = 3.7) ?l.’o, og)},I ;1.43 (s, H-6), 11.32
I 8, 2
15 622(dd, Jyy= 406 (dd, Jyeon =  423(dd, Jpnga = 491 (t,Jyy = 26) 364 (dd, Jyou =  1.76 (d, Jemse = 1.2, CHy), 5.18
5.6, Jygp = 2.1) 100, Jy, 1/ - 5.6) 100, Jony = 2.1) 8.2, Jyy = 2.6) (t, Jouy = 6.2, OH), 7.68
(d, Jscns = 1.2, H-6), 11.28
(br s, NH)®
17 6.28(t Jyp =33 4.18(d, Jyy = 3.3) 5.04 (t, Jyp = 2.6) 396 (d, Jyy =28 1.08 (s, t-Bu), 191 (br s, NH,),
5.36 (d, Js¢ = 8.3, H-5), 7.46
(m, Ar),7.9 d, J,_5= 7.3, H.6)®
18 6.17(dd, Jyg = 4.01 (dd, Jyuz, = 4.42 (dd, Jypzs = 548 (t, Jyp =35) 3.72(d, Jye =3.5) 1.07 (s, t-Bu), 1.81 (br s, NH,),
4.8, Jyge = 2.4) 9.5, Jopy = 4.8) 9.5, Jppy = 4.8) 5.72 (d, J5g = 7.5, H-5), 7.40
(m, Ar), 7.64 (d, Jg5 = 7.5,
H-6), 7.68 (m, Ar)®
19 6.20 (t, J1» = 3.5) 4.07 (d, Jyp = 3.5) 494 (t, Jy 5 = 3.0) 3.65 (dd, Jy oy = 4.30 (t, Joug = 5.0, OH), 5.78
5.0, Jy4 = 3.0) (d, J5 = 7.5, H-5), 7.23 (br s,
NH,), 7.82 (d, Jg5 = 7.5, H-6)°
20 610(dd, Jypp=  3.90(dd, Jppy = 425 (Ad, Jypze = B4l (t, Jyy = 3.3)  3.45 (dd, Jy = 4,30 (t, Jouy = 5.0, OH), 5.77
5.1, Jyz, = 3.0) 9.3, Jouy = 3.0) 9.3, Jppy = B.1) 3.3, Jyon = 5.0) (d, Jyg = 7.5, H-5), 7.23
(br s, NH,), 7.57 (d, Jg5 = 7.5)°
21 634(aat,Jypy= 413 (d,J = 1.5) 4.18 (8) 501 (t,Jys =28) 370 (d, Jy o =28) 1.08 (s, t-Bu, 542 (d, Jsg =
4.3,3.1) 8.2, H-5), 7.52 (m, Ar, H-6),
9.73 (br s, NH)?
22 5.56 (d, be = 3.6) 3.95 (d, Js!_‘f = 3.6)
23 6.33(dd, Jys = 4.20 (d, Jyy = 2.6) 503 (t,Jyy =25) 394 (d, Jyy =25 1.10 (s, t-Bu), 7.45 (m, Ar), 7.7
4.1, 2.6) (m, Ar, H-6), 9.50 (br s, NH)?
24 613(dd, Jypp=  390(dd, Jpapp = 425 (Ad, Jpupp = 54l (aat, Jyy= 357 (d, Jye =3.2) 0.94 (s, t-Bu), 7.30 (m, Ar, H-6),
4.1, Jy 2, = 1.8) 9.7, Jypy = 1.8) 9.7, Jopy = 4.1) 3.2,27) 9.58 (br s, NH)?
25 6.25(t,Jyy=40) 4.18(d, dyy = 4.0) 5.06 (t, Jyy =3.2) 391 (d, Jye =8.2) 108 (s, t-Bu), 7.50 (m, Ar, H-6),
8.53 (br s, NH)?
26 6.24 (dd, Jy g0 = 4.10 (dd, Jye20 = 4.40 (dd, Jop 20 = 5.56 (t, Jyy =3.2) 372, Jye =32 107 (s, t-Bu), 7.62 (m, Ar, H-6),
5.0, Jy 20 = 2.0) 9.8, Jyp 1 = 2.0) 9.8, Jpy = 5.0) 8.49 (br s, NH)?
27 625(appt,Jyy = 4.18(d, Jyp = 4.0) 5.08 (t, Jyy =34) 3913, Jyye =34) 1.09 (s, t-Bu), 7.52 (m, Ar, H-6),
4.0, 3.5) 8.52 (br s, NH)®
28 6.23(dd, Jyge = 4.04 (dd, Jyuz0 = 441 (dd, Jye2p = 557 (aap t, Jyy = 3.72 (d, Jy o = 3.3) 1.07 (s, t-Bu), 7.51 (m, Ar, H-6),
2.1) 9.6, Jypy = 2.1) 9.6, Jypy = 5.1) 3.5, 3.3) 8.41 (br s, NH)?
29 6.23(t,Jye =37 417(d, Jyy =28) 510 (t, Jyp =3.7) 391 (dd, Jyy = 1.09 (s, t-Bu), 7.52 (m, Ar), 7.82
3.8,1.2) (s, H-6), 8.72 (br s, NH)®
30 623 (t,Jyn =49, 4.04(dd, Sy = 4.42 (dd, Jypze = 8.68 (br s, NH)?
Jize = 1.9) 9.8, Jypy = 19) 9.8, Jypy = 49)
31 6.20 (ﬁd Jy ‘2a = 4.04 (dd, Jzp2p = 4.23 (dd, Jyp2e = 491 (t, J 5 = 2.6) 3.58 (dd, Jyon = 5.60 (d, J5¢ = 8.2, H-5), 7.80
5.3, Jygp = 1.8) 9.9, Jyuy = 5.3) 9.9, Jypy = 1.8) 5.9, Jy.y = 2.6) (d, Jg5 = 8.2, H-8), 5.17
(t, Jouy = 5.9, OH), 11.27
(br s, NH)®
32 616 (dd, Jypp= 403 (dd, Jppy = 426 (Ad, Sypra = 544 (t,Jey =87 343 (d, Jye =37 562 (d, J56 = 7.9, H-5), .57
5.4, Jy g = 3.2) 9.4, Jy, 1 = 3.2) 9.4, Jyy = 5.4) (d, Jos = 7.9, H-6), 4.98
(t, Jous = 5.4, OH), 11.30
(br 5, NH)®
33 6.18(dd, Jy 2, = 4.05 (dd, Jyazp = 4.30 (dd, Jopze = 4.92 (app t, Jy5 = 3.68 (8) 8.23 (d, Jep = 7.2, H-6), 5.32
4.5, Jygp = 1.5) 10.0, Jz, 1 = 4.5) 10.0, Jp,1 = 1.5) 2.1,1.8) (appt, J = 3.5, 1.2), 11.80
(br s, NH)®
34 612 (m) 4.06 (Ad, Jpzn = 429 (dd, Jppze =  B.50 (t, Juy = 3.5) 842 (d, Jyo = 8.5) 7.87 (d, Jop = 6.7, H-6), 4.98
9.7, Jyr = 3.5) 9.7, Jay = 5.6) (br s, OH), 11.83 (br s, NH)®
35 6.18(dd, Jyg, = 4.06 (dd, Jy,20 = 4.34 (dd, J2p24 = 4.94 (t, Jy 5 =2.0) 3.68 (dd, Jyou = 8.33 (d, Jgc = 5.3, H-6), 5.34
49, Jygy = 1.3 10.0, Jza1 = 4.9) 100, Jopy = 1.3) 5.6, Jg o = 2.0) (t, Jouy = 5.6, OH), 1175
(br 5, NH)®
36  6.10 (dd, Jyzp = 4.10 (dd, Jyuzp = 4.31 (dd, Jopyze = 552 (t, Jyy =3.5) 3.43(dd, Jyy = 7.88 (d, Jg ¢ = 2.5, H-6), 5.18
5.4, Jy 2 = 2.6) 9.6, Jypy = 2.6) 9.6, Jyp1 = 5.4) 3.7, 1.6) (br s, OH), 11.50 (br s, NH)*
37 617(dd, Jyg, = 4.05 (dd, Jyuon = 4.33 (dd, Jop g4 = 4.93 (t,Jy 5 =1.8) 3.67 (dd, Jyon = 8.44 (s, H-6), 5.34 (t, Jous = 5.6,
4.9, Jygp = 1.3) 9.8, Jy, 1 = 6. 5) 9.8, Japy = 1.1) 5.8, Jy o = 1.8) OH), 11.78 (br s, NH)®
38 6.09 (dd, Jygp = 4.10 (dd, :7 4.30 (dd, J2p2e = 442 (t, Jypy =38, 3.31(s) 7.93 (s, H-8), 4.97 (br s, OH),
5.5, Jyze = 3.3) 9.6, Jy 1 = 3 3) 9.6, Jyp 1 = 5.5) 3.5 11.17 (br s, NH)®
39 6.17(dd, Jyz, = 4.07 (dd, Joum, 2, =  4.30 (dd, Jz'b.h = 4.93 (t, Jy5 = 2.0) 3.67 (dd, Jy oy = 8.44 (s, H-6), 5.32 (t, Jous = 5.6,
5.1, Jygp = 1.3) 9.8, Jy,y = 5.1) 9.8, Jyny = 1.3) 5,6, Jy.o = 2.0) OH), 11.66 (br s, NH)®
40 6.09(dd, Jypn=  405(dd, Jrepn = 434 (Ad, Jppze = 547 (t,Jyy = 35) 346 (dd, Jyow =  7.80 (s, H-8), 4.98 (¢, Jos = 5.8,

58, Jyz. = 2.5)

9.3, Jy, 1 = 2.5)

9.3, Jony = 5.6)

5.8, Jg.u = 3.5)

OH), 11.70 (br s, NH)¢

“Me,SO. *CDCl;. °Parts per million downfield from TMS. ¢In order to avoid complications, the furanose numbering system was used for interpretation of

the NMR data.

11 was conclusively assigned on the basis of the X-ray
crystallography (Figure 1), indicating the 8-configuration.
The structural assignment of the rest of the compounds
in this report was based on the above results. Compounds
31-40 have been prepared by a similar method of con-
densation of 8 with the corresponding heterocycles, sepa-

ration of the o,8-mixture, and desilylation (Scheme IV and
Tables I and II).

In order to gain insight into the molecular mechanism
of anti-HIV activity, conformational analysis of various
2/,3’-dideoxynucleosides have been studied by X-ray
crystallography.’®2 The study indicated that most of the
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active anti-HIV nucleosides assume a 3'-exo (?T}) or similar
carbohydrate conformation while inactive compounds
prefer to have a 3’-endo (3T,) conformation. AZT, AZDU,
DDA, DDC, DDJ, 3'-fluoro-3’-deoxythymidine (FLT), and
others have the 3’-exo conformation.?® Inactive com-
pounds, such as DDU and 3-allyl-DDU, however, assume
3’-endo conformation in the solid state. Thus, it was of
interest to determine the solid-state conformation of di-
oxolane nucleosides in order to compare their conformation
to that of the anti-HIV nucleosides listed above and also
to confirm the structure. The conformations of the di-
oxolane analogues were determined in an effort to examine
if these compounds have a similar conformational pref-
erence. Figures 1 and 2 show the respective molecular
conformations of (1’R,4’R)-dioxolanylthymine 11 (Figure
1) and (1'R,4'R)-dioxolanylcytosine 19 (Figure 2). The
most important conformational parameters are listed in
Table III. The dioxolane ring of both molecules in the

(19) Van Roey, P.; Salerno, J. M.; Duax, W. L.; Chy, C. K.; Ahn, M.
K.; Schinazi, R. F. Solid-State Conformation of Anti-Human
Immunodeficiency Virus Type-1 Agents: Crystal Structures
of Three 3’-Azido-3’-Deoxythymidine Analogues. J. Am.
Chem. Soc. 1988, 110, 2277-2282.

(20) Van Roey, P.; Salerno, J. M.; Chu, C. K,; Schinazi, R. F. Cor-
relation between Prefered Sugar Ring Conformation and Ac-
tivity of Nucleoside analogues against Human Immunodefici-
ency Virus. Proc. Natl. Acad. Sci. U.S.A. 1989, 86, 3929-3933.

(21) Van Roey, P.; Taylor, E. W.; Chy, C. K.; Schinazi, R. F. Cor-
relation of Molecular Conformation and Activity of Reverse
Transcriptase Inhibitors. Ann. N.Y. Acad. Sci. 1990, 616,
29-40.

(22) Taylor, E. W.; Van Roey, P.; Schinazi, R. F.; Chu, C. K. A
Stereochemical Rationale for the Activity of Anti-HIV Nu-
cleosides. Antiviral Chem. Chemother. 1990, 1, 163-173.
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Figure 2. oRTEP drawing of the molecular structure of 19 as
determined by X-ray crystallography, shown as a heterodimer.

Table III. Conformational Parameters of (1'R,4'R)-Dioxolanyl-
thymine (11) and (1’R,4'R)-Dioxolanylcytosine (19)°

parameter 11A 11B 19A 19B

N1-C1’ (4) 1.483 (6) 1.471(6) 1.46(2) 1.47(2)

x (deg) -175 (6) -133(6) -163 (1) -157 (1)

v (deg) 49 (6) 64 (9) 61 (2! 53 (2)!
-85 (2)2 -78(2)?
-155 (2)°

P (deg) 9 20 18 . 13

Vmax (deg) 41 36 41 40

dioxolane ring 3T, E E 3T,

conformation

¢The letters A and B refer to the two independent molecules in
the asymmetric unit. Superscript numbers 1-3 refer to multiple
disordered conformations in the same molecule.

structures of 11 and 19 have 03’-endo conformations with
primarily +sc 5-hydroxyl group orientations. Previously,
Norbeck et al.!® reported the X-ray structure of (+)-di-
oxolane-T, which shows 3T, conformation. In our studies
with the enantiomerically pure dioxolanylthymine, it was
found that (-)-(R,R)-dioxolanylthymine 11 has two inde-
pendent conformations (3T, and °E) in solid state (Figure
1). Both molecules assume the 3’-endo dioxolane ring
conformation, which is similar to that observed for the
racemic mixture except that it has been found to have only
one conformation (3T). The pseudorotational angles (P)
of (-)-(R,R)-dioxolanylthymine 11 are 9° and 20° for 37T,
and 3E conformations, respectively, while 42.4° has been
reported for the pseudorotational angle of (%)-di-
oxolanylthymine.!®* The conformational differences be-
tween the anti-HIV nucleosides and dioxolane nucleosides
may originate from the greater flexibility of dioxlane ring
system.

Anti-HIV-1 activities (Table IV) of the synthesized
dioxolane nucleosides have been determined in human
peripheral blood mononuclear (PBM) cells infected with
HIV-1. The antiviral potency was found to be in the
following decreasing order: cytosine derivative (8-isomer)
> thymine > cytosine (a-isomer) > 5-chlorouracil > 5-
bromouracil > 5-fluorouracil. Uracil, 5-methylcytosine,
and 5-iodouracil derivatives were found to be inactive. It
is interesting to note that the a-derivative of cytosine 20
showed good anti-HIV activity as has been previously re-
ported.! The cell toxicity was also determined in PBM



1992 Journal of Medicinal Chemistry, 1992, Vol. 35, No. 11

Kim et al.

Table IV. Median Effective (ECy) and Inhibitory (ICs,) Concentration of Dioxolane~Pyrimidine Nucleosides in PBM Cells and

Cytotoxicity in Vero Cells
HO BASE

;.l/oj_ b
Hy/ ™

HO H
D.koj' 1
H 5/ BASE

d ICy, (uM)* ICs, (uM)e
comp: ECy, (uM)° cytotoxicity cytotoxicity

no. base anomer anti-HIV-1 (PBM) (PBM) (Vero)
11 thymine (-)-8 0.39 >100 >100
12 thymine (+)-a >100 >100 >100
15 5-methylcytosine (+)-8 >100 >100 >100
19 cytosine (+)-8 0.016 62.0 8.3
20 cytosine ) 2.4 >100 >100
31 uracil )-8 >100 >100 >100
32 uracil (=)-a >100 >100 >100
33 5-fluorouracil -)-8 69.6 >100 >100
34 5-fluorouracil -)-a >100 >100 >100
35 5-chlorouracil (-)-8 6.8 >100 >100
36 5-chlorouracil ()« >100 >100 >100
37 5-bromouracil )-8 9.3 >100 >100
38 5-bromouracil (+)-a >100 >100 >100
39 5-iodouracil (-)-8 >100 >100 >100
40 5-iodouracil (+)-a >100 >100 >100
AZT 0.009 >100 28.0
dioxolane-T (%) 0.09 >100 >100

9 Mean values (>10% variability).

Table V. Median Effective (ECy) and ECy of AZT and (-)-Dioxolane-T against AZT-Resistant Strain 9F and AZT-Sensitive Strain 10

HIV-1 in PBM Cells

AZT-resistant; uM

AZT-sensitive; uM fold increase for

treatment EC50 ECQO EC50 ECQO EC50 ECQO
AZT 1.2 19.0 0.0012 0.0065 1000 2923
(-)-dioxolane-T 4.9 39.7 0.2 1.5 25 27

and Vero cells. Previous studies had indicated that rapidly
dividing cells such as Vero cells are more useful at pre-
dicting toxicity than slow-growing PBM cells. It was
found that, although the cytosine derivative 19 was the
most potent anti-HIV agent, it was also the most toxic
compound among the dioxolane nucleosides tested. As
expected, all of the a-isomers, except the cytosine deriv-
ative 20, did not show any significant anti-HIV activity.
It is interesting to note that (£)-dioxolane-T is somewhat
more potent than the enantiomerically pure form 11.
There may be several explanations for this discrepancy.
First of all, higher potency of (+)-dioxolane-T (4.3 times)
compared to that of 11 is within the experimental varia-
bility since its results presented are mean ECys obtained
using different donor cells. The second possibility may
be that the enantiomers of 11 [i.e. (+)-isomer] might be
more potent. Synthesis of such an isomer is in progress.

Viral isolates from patients who have been undergoing
a long-term AZT therapy have been found to be resistant
to against AZT.3 Thus, it was of interest to verify the
report by Lader et al. using primary cells. Furthermore,
we wanted to measure antiviral activity of the dioxolane
nucleoside against AZT-sensitive as well as AZT-resistant
isolates in PBM cells. From the study we were able to
reproduce the results of Lader et al. using a pair of AZT-
resistant and sensitive viruses in human PBM cells. As

(23) Chu, C. K.; Ahn, S. K,; Kim, H. O.; Beach, J. W.; Alves, A. J.;
Jeong, L. S.; Islam, Q.; Van Roey, P.; Schinazi, R. F. Asym-
metric Synthesis of Enantiomerically Pure (~)-3-D-Di-
oxolane-thymine and its Anti-HIV Activity. Tetrahedron Lett.
1991, 3791-3794.

(24) Schinazi, R. F.; Sommadossi, J.-P.; Saalmann, V.; Cannon, D.
L.; Xie, M.-Y.; Hart, G. C.; Smith, G. A.; Hahn, E. F. Activities
of 3’-Azido-3’-Deoxythymidine Nucleotide Dimers in Primary
Lymphocytes Infected with Human Immunodeficiency Virus
Type 1. Antimicrob. Agents. Chemother. 1990, 34, 1061-1067.

can be seen in Table V, there was a 1000-fold increase in
the EC;, for the two viruses. (-)-Dioxolane-T was only
25-fold more resistant to the pretherapy isolate than the
posttherapy resistant virus (Table V). This modest
cross-resistance between AZT and (-)-dioxolane-T has not
been previously reported and suggests that this compound
may act at a similar site as AZT.

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 Fourier transform spectrometer for 90-MHz 'H
NMR spectra with Me,Si as internal standard; chemical shifts
are reported in parts per million (6) and signals are quoted as s
(singlet), d (doublet), t (triplet), q (quartet), or m (multiplet). UV
spectra were 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) pur-
chased from Analtech Co. Elemental analyses were performed
by Atlantic Microlabs Inc., Norcross, GA, or Galbraith Labora-
tories, Inc., Knoxville, TN. Dry 1,2-dichloroethane and methylene
chloride were obtained by distillation from CaH,.

(-)-1,6-Anhydro-4-O-benzoyl-2,3-isopropylidene-8-D-
mannopyranose (2). A mixture of 1,6-anhydro-D-mannose,
prepared from D-mannose (150 g, 0.83 mol) according to the
procedure of Zottola et al.,'® acetone (1.2 L), dimethoxypropane
(450 mL), and p-toluenesulfonic acid (8.0 g, 0.03 mol) was stirred
at room temperature for 24 h. The reaction mixture was adjusted
to pH 8 by adding triethylamine and the resulting white solid
was removed by filtration. The filtrate was evaporated in vacuo
to give a solid which was extracted with ethyl acetate (4 X 350
mL). The combined extracts were evaporated to dryness to yield
a solid which was recrystallized from ethyl acetate to give 2,3-
acetonide as colorless needles (66 g, 39.2% from p-mannose), mp
159-160 °C (lit.!* mp 161-162 °C).

Benzoyl chloride (11.21 mL,, 0.096 mol) was added dropwise
to a solution of 2,3-acetonide (15 g, 0.07 mol) in pyridine (120 mL)
at 0 °C, and the reaction mixture was stirred at 0 °C for 45 min.
After the reaction was quenched by adding ice and stirring for
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15 min, the solvent was evaporated to dryness in vacuo and the
residue was dissolved in ethyl acetate (150 mL). The organic layer
was washed with saturated NaHCO; and brine and dried (an-
hydrous MgSO,). After filtration and evaporation of the solvent,
a pale yellow solid was obtained. Recrystallization from ethanol
gave 2 (22.32 g, 98.2%) as colorless crystals, mp 129-131 °C (lit.14
mp 134-135 °C from methanol).

(-)-1,6-Anhydro-4-O-benzoyl-8-D-mannopyranose (3). A
solution of 2 (10.0 g, 32.6 mmol) and concentrated H,SO, (3.36
mL) in 60% aqueous dioxane (820 mL) was stirred at 70-80 °C
for 15 h. The reaction mixture was cooled in an ice bath and
neutralized with saturated NaHCO; solution. The mixture was
concentrated to half of the original volume and the residue was
extracted with ethyl acetate (3 X 150 mL). The combined organic
layers were washed with saturated NaHCO; and water, dried
(anhydrous MgSO,), and filtered. The filtrate was evaporated
to dryness in vacuo to obtain 3 as a white solid: 'H NMR
(DMSO-dg) 6 3.56-4.61 (m, 5 H, H-2, -3, -5, and -6), 4.82 (d, J =
8.1 Hz, 1 H, OH, exchangeable with D,0), 5.02 (s, 1 H, H-4), 5.09
(d,J = 3.7 Hz, 1 H, OH, exchangable with D,0), 5.28 (s, 1 H, H-1),
7.46-8.05 (m, 5 H, Ph); IR (KBr) 3410, 1710 cm™!. Anal. (C,s-
H,,0¢ C, H.

(-)-(2R,4R,1’S)-4-(2-O-Benzoyl-1-hydroxyethyl)-2-(hy-
droxymethyl)dioxolane (5). A solution of NalQ, (6.54 g, 30.7
mmol) in water (200 mL) was added to a solution of 3 (7.4 g, 27.8
mmol) in 95% EtOH (200 mL) and the mixture was stirred at
room temperature for 1 h. After the complete conversion of diol
to aldehyde, the reaction mixture was concentrated to half of its
original volume and cooled to 5 °C. NaBH, (4.2 g, 111.0 mmol)
was then added portionwise to the mixture over a period of 5 min
and the reaction mixture was stirred for 10 min. The resulting
mixture was neutralized with glacial HOAc and concentrated to
dryness to give crude 5 as a yellow oil, which was purified by silica
gel column chromatography to yield 5 as a colorless oil, which
was crystallized from Et,0-n-hexane to yield § (6.12 g, 82%) as
a white solid: 'H NMR (DMSO-dy) 6 3.47 (dd, J = 5.9 and 3.7
Hz, 2 H, CH,0H), 3.72-4.14 (m, 4 H, H-4, -5 and CHOH),
4.27-4.95 (m, 2 H, CH,0Bz), 4.81-4.95 (m, 2 H, H-2 and CH,0H),
5.43 (d, J = 5.5 Hz, 1 H, CHOH, exchangable with D,0), 7.43-8.09
(m, 5 H, Ph). Anal. (C;3H,s0¢) C, H.

(-)-(2R ,4R,1’S)-4-(2-0 -Benzoyl-1-hydroxyethyl)-2-
[[(tert-butyldiphenylsilyl)oxy]methyl]dioxolane (6a). To
a solution of 5 (2.8 g, 10.4 mmol) and imidazole (2.04 g, 30.0 mmol)
in DMF (40 mL), tert-butyldiphenylsilyl chloride (3 mL, 11.5
mmol) was added and the mixture was stirred at room temper-
ature for 2 h. The reaction mixture was evaporated to yield a
yellow oil, which was purified by silica gel column chromatography
(hexane—ethyl acetate, 1:2) to yield 6a (4.48 g, 85%) as a colorless
oil: 'H NMR (DMSO-dg) 4 1.00 (s, 9 H, t-Bu), 3.68-3.87 (m, 3
H, CH,OTBDPS and CHOH), 3.98-4.16 (m, 3 H, H-4 and -5),
4.20-4.55 (m, 2 H, CH,0Bz), 5.07 (t,J = 3.3 Hz, 1 H, H-2), 5.47
(d, J = 5.7 Hz, 1 H, OH, exchangable with D,0), 7.40-8.33 (m,
10 H, Ph). Anal. (C5H3,0Si) C, H.

(-)-(2R,4R,1’'S)-2-[[(tert-butyldiphenylsilyl)oxy]-
methyl]-4-(1,2-dihydroxyethyl)dioxolane (6b). To a solution
of 6a (2.52 g, 5.0 mmol) in MeOH (40 mL), was added NaOMe
(0.078 M, 7.3 mL) in MeOH, and the mixture was stirred at room
temperature for 2 h. The mixture was neutralized with HOAc
and concentrated. The residue was partitioned between ethyl
acetate and water, and the aqueous layer was extracted with ethyl
acetate. The combined organic layer was washed with saturated
NaHCO; solution, dried (anhydrous MgSO,), evaporated, and then
purified by silica gel column chromatography (hexane-ethyl
acetate, 5:1) to yield 6b (1.9 g, 95%) as a colorless oil: 'H NMR
(DMSO0-dg) 6 1.00 (s, 9 H, t-Bu), 3.40-3.52 (m, 3 H, H-4 and -5),
4.49 (t,J = 5.3 Hz, 1 H, H-2), 7.36-7.71 (m, 10 H, Ph,). Anal.
(CgeH3,048i) C, H.

(+)-(2R,4R)-2-[[(tert-butyldiphenylsilyl)oxy]methyl]di-
oxolane-4-carboxylic Acid (7). To a biphasic solution of 6b
(1.6 g, 4.0 mmol) in acetonitrile (8 mL), CCl, (8 mL), and water
(12 mL) were added NalO, (3.59 g, 16.8 mmol) and RuQ, (8.5 mg),
and the mixture was vigorously stirred at room temperature for
5 h. After adding methylene chloride (40 mL), the mixture was
separated and the aqueous layer was extracted with methylene
chloride. The combined organic layer was washed with water,
filtered through a Celite pad, and concentrated to yield crude 7
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(R; = 0.08 (hexane-ethyl acetate, 1:1), 1.2 g, 77.4%] as a brown
oil, which was used in the next reaction without further purifi-
cation. For an analytical sample, crude 7 was purified by silica
gel column chromatography (hexane—ethyl acetate, 1:5) to yield
7 as a white foam: 'H NMR (DMSO-dg) 6 0.99 (s, 9 H, t-Bu),
3.43-4.05 (m, 4 H, H-5 and CH,0TBDPS), 4.25 (t, J = 6.8 Hz,
1H, H-4), 5.04 (dd, J = 5.1 and 3.7 Hz, 1 H, H-2), 7.38-7.72 (m,
10 H, Ph,).

For the identification of 7, crude 7 was converted to its methyl
ester: To a solution of 7 (2.0 g, 5.15 mmol) and K,CO; (2.0 g)
in acetone (30 mL), was added dimethyl sulfate (0.47 mL, 5.15
mmol), and the reaction mixture was stirred at room temperature
for 3 h. The solid was removed by filtration and the filtrate was
evaporated to dryness. The residue was dissolved in ethyl acetate
(30 mL), washed with water and brine, dried (anhydrous MgSO,),
and evaporated to dryness to yield an oil, which was purified by
silica gel column chromatograpy (hexane—ethyl acetate, 2:3) to
give methyl ester of 7 as a colorless oil: 'H NMR (CDCl,) é 1.06
(s, 9 H, t-Bu), 3.69 (s, 3 H, OCH,), 3.81 (m, 2 H, CH,O0TBDPS),
4.13 (m, 2 H, H-5), 4.60 (m, 1 H, H-4), 5.18 (pseudo t, J = 4.4 and
3.7 Hz, 1 H, H-2), 7.33, 7.70 (m, 10 H, Ph,). Anal. (CyHy305Si)
C, H.

(2R ,48)- and (2R,4R)-4-Acetoxy-2-[[(tert-butyldi-
phenylsilyl)oxy]methyl]dioxolane (8). To a solution of 7 (0.46
g, 1.14 mmol) in ethyl acetate (10 mL) was added pyridine (0.09
mL, 1.25 mmol) and Pb(OAc), (0.66 g, 1.49 mmol), and the mixture
was stirred at room temperature for 15 h under nitrogen. The
mixture was filtered through a Celite pad, concentrated, and
purified by silica gel column chromatography (hexane—ethyl
acetate, 2:1) to yield 8 [R; = 0.92 (hexane—ethyl acetate, 1:1), 0.29
g, 63.5%] as a colorless oil: 'H NMR (CDCl,) 4 1.06, 1.10 (s, 9
H, t-Bu), 1.92, 2.06 (s, 1 H, CH,), 3.71-4.24 (m, 4 H, H-5 and
CH,0TBDPS), 5.25, 5.38 (t, J = 4.3 and 3.3 Hz each, 1 H, H-2),
6.27-6.41 (m, 1 H, H-4), 7.20-7.72 (m, 10 H, Ph,); IR (KBr) 3400,
1620 cm—l. Anal. (ngHgaOsSi) C, H.

(=)-(2R,4R)-1-[2-[[(tert-Butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]Jthymine (9) and (+)-(2R ,48)-1-
[2-[[(tert-Butyldiphenylsilyl)oxylmethyl]-1,3-dioxolan-4-
yllthymine (10). A mixture of thymine (0.15 g, 1.2 mmol) in
hexamethyldisilazane (15 mL) and ammonium sulfate (catalytic
amount) was refluxed for 3 h. The resulting clear solution was
concentrated in vacuo under anhydrous condition to yield silylated
thymine as colorless oil. To a solution of silylated thymine in
dry 1,2-dichloroethane (5 mL) were added a solution of 8 (0.24
g, 0.6 mmol) in dry 1,2-dichloroethane (5 mL) and TMSOTY (0.23
mL, 1.2 mmol) at 5 °C, and the reaction mixture was stirred at
room temperature for 1 h under nitrogen. The reaction mixture
was quenched by saturated NaHCOj; (10 mL) and stirred for an
additional 30 min at room temperature. The organic layer was
separated and the aqueous layer was extracted with methylene
chloride (30 mL X 3). The combined organic layer was washed
with saturated NaHCO; and water and dried (anhydrous MgSO,).
After filtration, the filtrate was concentrated and the residue was
separated by silica gel column chromatography (chloroform-
methanol, 20:1) to yield 9 [R; = 0.27 (hexane—ethyl acetate, 1:1),
0.13 g, 44.6%] and 10 [R; = 0.36 (hexane—ethyl acetate, 1:1), 0.08
g, 28.6%) as white foams. 9: UV (MeOH) A_,, 265.0 nm (pH
7), 265.0 (pH 2), 264.5 (pH 11). Anal. 025H30N205Si) C, H, N.
10: UV (MeOH) A, 265.0 nm (pH 7,) 265.0 (pH 2), 264.5 (pH
11). Anal. (025H30N205Si) C, H, N.

(-)-(2R,4R)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]thy-
mine (11). A mixture of 9 (93.3 mg, 0.2 mmol) and 1.0 M tet-
ra-n-butylammonium fluoride in THF (0.24 mL, 0.24 mmol) in
THF (3 mL) was stirred at room temperature for 1 h. After the
mixture was concentrated, the residue was purified by silica gel
column chromatography (chloroform-methanol, 20:1) to yield 11
(42 mg, 92.1%) as a white solid: UV (H,0) A\, 266.0 nm (¢ 10760)
(pH 7), 266.5 (¢ 9890) (pH 2), 266.3 (¢ 8400) (pH 11). Anal.
(CsH2N,05) C, H, N.

(+)-(2R,48)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]thy-
mine (12). A mixture of 10 (60 mg, 0.13 mmol) and 1.0 M
tetra-n-butylammonium fluoride in THF (0.15 mL, 0.15 mmol)
in THF (3 mL) was stirred at room temperature for 1 h. After
the mixture was concentrated, the residue was purified by silica
gel column chromatography (chloroform-methanol, 20:1) to yield
12 (26 mg, 87.6%) as a white foam: UV (H;0) Ap,, 266.5 nm (e
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9450) (pH 7), 266.5 (¢ 9200) (pH 2), 266.3 (¢ 6930) (pH 11). Anal.
(CgH2N,0s) C, H, N.

(+)-(2R 4R)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1]-5-
methylcytosine (15). A mixture of 11 (0.113 g, 0.50 mmol) and
acetic anhydride (0.24 mL, 2.48 mmol) in pyridine (10 mL) was
stirred at 0 °C for 3 h and refrigerated overnight. After completion
of the reaction, the reaction mixture was concentrated in vacuo
to dryness, the residue was dissolved in pyridine (10 mL), and
4-chlorophenyl dichlorophosphinate (0.18 g, 0.73 mmol) and 3-
nitrotriazole (0.17 g, 1.49 mmol) were added. The mixture was
stirred for 3 days and concentrated to dryness in vacuo. The
residue was dissolved in chloroform (20 mL) and washed with
water, saturated NaHCO,, and brine. After drying (anhydrous
MgS0,) and filtering, the filtrate was evaporated under reduced
pressure to yield crude 14 as yellowish syrup (UV (MeOH) A\,
335.0 nm). A solution of 14 in a mixture of NH,OH and 1,4-
dioxane (1:3, 20 mL) was stirred for 5 h at room temperature. The
reaction mixture was concentrated under reduced pressure and
saturated methanolic ammonia (20 mL) was added. After stirring
for 20 h, volatile materials were evaporated, and the residue was
purified by silica gel column chromatography (chloroform-
methanol, 10:1) to yield 15 (95 mg, 84% from 11) as a white solid.
In order to remove contaminated 3-nitrotriazole (byproduct), 15
was reacted with acetic anhydride (0.1 mL) and pyridine (10 mL),
and the mixture was stirred for 2.5 h at room temperature. After
evaporation of pyridine in vacuo, the residue was separated by
silica gel column chromatography (chloroform-methanol, 10:1)
to yield 0.095 g of acetate which was deacetylated using NaOMe
(1 equiv) in MeOH to give pure 15 [R; = 0.125 (chloroform-
methanol, 10:1), 0.13 g, 60% from 11] which was crystallized from
Et,0: UV Ay, 277.0 nm (e 7940) (pH 7), 285.3 (¢ 12100) (pH 2),
277.0 (E 8020) (pH 11). Anal. (CQH13N304'H20°0.2C4H100) C, H,
N

(+)-(2R,4R)-1-[2-[[(tert-Butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]cytosine (17) and (-)-(2R ,48)-1-
[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-dioxolan-4-
yllcytosine (18). A mixture of N*-acetylcytosine (0.76 g, 4.96
mmol), ammonium sulfate (catalytic amount), and hexa-
methyldisilazane (20 mL) was refluxed for 4 h under nitrogen.
After evaporation of HMDS under anhydrous conditions, a
mixture of the silylated N-acetylcytosine in dry 1,2-dichloroethane
(15 mL), a solution of acetate 8 (1 g, 2.5 mmol) in dry 1,2-di-
chloroethane (15 mL), and TMSOTY (0.96 mL, 5 mmol) was stirred
for 45 min under nitrogen, aqueous NaHCO, (1 mL) was added,
and the mixture was stirred for an additional 30 min. The re-
sulting solid was filtered off through Celite pad and the filtrate
was dried (anhydrous MgSO,). The mixture was concentrated
to dryness in vacuo and the residue was purified by silica gel
column chromatography (chloroform-methanol, 20:1) to yield 16«
(R; = 0.72 (chloroform-methanol, 20:1), 480 mg, 39%] and 168
[R; = 0.63 (chloroform-methanol, 20:1), 485 mg, 39%): UV
(MeOH) 298.5 nm. Both 16« and 168 were separately treated
with NaOMe (12.6 mg of Na in 12.6 mL of MeOH) in MeOH (10
mL) at room temperature for 1.5 h. The mixture was neutralized
with acetic acid and concentrated to dryness under reduced
pressure. After deacetylation, TLC showed the transposition of
both compounds. The residue was purified by silica gel column
chromatography (hexane—ethyl acetate = 1:1) to give 17 (quan-
titative yield, white crystals, mp 162-164 °C) and 18 (quantitative
yield, white solid, mp 181-183 °C). 17: UV (MeOH) A\, 272.8
nm (e 7890). Anal. (CyHy%N30,8i) C, H, N. 18: UV (MeOH)
Amax 272.8 nm (e 9800). Anal. (CyHjN;0,8i) C, H, N.

(+)-(2R ,4R)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]cy-
tosine (19). A mixture of 17 (0.107 g, 0.24 mmol) and 1.0 M
tetra-n-butylammonium fluoride (0.26 mL, 0.26 mmol) in THF
(5 mL) was stirred for 30 min at room temperature and the solvent
was concentrated to dryness under reduced pressure. The syrupy
residue was purified by silica gel column chromatography
(chloroform-methanol, 10:1) to yield 19 (0.04 g, 79.2%), which
was crystallized from hexane-methylene chloride; UV A\, 270.0
nm (e 8880) (pH 7), 277.8 (¢ 13430) (pH 2), 270.00 (¢ 9120) (pH
11). A.nal- (CBH11N304'0-35H20) C, H, N.

(-)-(2R 48)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]cy-
tosine (20). A mixture of 18 (0.107 g, 0.24 mmol) and 1.0M
tetra-n-butylammonium fluoride (0.26 mL, 0.26 mmol) in THF
(5 mL) was stirred for 30 min at room temperature. The mixture
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was concentrated under reduced pressure to dryness and the
syrupy residue was purified by silica gel column chromatography
(chloroform-methanol, 10:1) to yield 20 (0.04 g, 79.2%) as a white
solid: UV A, 270.5 nm (e 7930) (pH 7), 278.5 (e 11 960) (pH 2),
270.5 (¢ 7720) (pH 11). Anal. (CgH,;N;0, C, H, N.

(£)-(2R,4SR)-1-[2-[[(tert -Butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]uracil (21 and 22). Silylated uracil,
which was prepared from uracil (0.62 g, 5.54 mmol) and HMDS
(20 mL), was treated with 8 (0.23 g, 0.56 mmol) in 1,2-dichloro-
ethane (15 mL) and TMSOTf (0.22 mL, 1.13 mmol) at room
temperature for 2 h under nitrogen, 1,2-dichloroethane (5 mL)
and saturated NaHCO; (5 mL) were added, and the mixture was
stirred for an additional 30 min. The reaction mixture was filtered
through a Celite pad and the organic layer was separated. The
aqueous layer was extracted with CHCl; (50 mL X 4), and the
combined organic extracts were washed with saturated NaHCO;,
dried (anhydrous MgSO,), and evaporated under reduced pressure
to give a yellow oil residue, which was purified by silica gel column
chromatography (chloroform-methanol, 33:1) to yield a mixture
of 21 and 22 (0.76 g, 60%): UV (MeOH) A_,; 262.0 nm. Anal.
(C44HyN,0;Si) C, H, N.

(+)-(2R ,4R)-1-[2-[[(tert-Butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]-5-fluorouracil (23) and (+)-
(2R ,4S)-1-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-
dioxolan-4-yl]-5-fluorouracil (24). A mixture of silylated 5-
fluorouracil [prepared from 0.39 g (3.0 mmol) of 5-fluorouracil
and 20 mL of HMDS)], 8 (0.6 g, 1.5 mmol), and TMSOTY (0.58
mL, 3.0 mmol) in 20 mL of 1,2-dichloroethane was stirred for 30
min at room temperature under argon. After workup similar to
that for 21 and 22, the purification by silica gel chromatography
(hexane—ethyl acetate, 2:1) gave 23 (R; = 0.18 (hexane-ethyl
acetate, 1:1), 0.294 g, 41.7%) and 24 (R 0.28, 0.196 g, 27.8%).
23: UV (MeOH) A, 266.0 nm (e 8200). Anal. (CyHxFN,0;Si)
C,H, N. 24: UV (MeOH) A, 266.0 nm (¢ 9000). Anal. (Cy,-
H,,FN,04Si) C, H, N.

(+)-(2R ,4R)-1-[2-[[(tert-Butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]-5-chlorouracil (25) and (-)-
(2R ,4S)-1-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-
dioxolan-4-yl]-5-chlorouracil (26). A mixture of silylated 5-
chlorouracil [prepared from 0.73 g (5 mmol) of 5-chlorouracil and
45 mL of HMDS], 8 (1.0 g, 2.5 mmol), and TMSOTY (0.97 mL,
5.02 mmol) in 23 mL of 1,2-dichloroethane was stirred for 1 h
under nitrogen. After workup similar to that for 21 and 22, the
purification by silica gel column chromatography (hexane—ethyl
acetate, 1:1) gave 25 [R, = 0.65 (chloroform-methanol, 20:1), 0.36
8, 29.6%) as a white solid and 26 [R; = 0.65 (chloroform-methanol,
20:1), 0.33 g, 27.1%] (0.33 g, 27.1%) as a colorless foam, re-
spectively. 25: UV (MeOH) A\,,. 272.0 nm (e 7580). Anal.
(C2Hy;CIN,OsSi) C, H, N. 26: UV (MeOH) A\, 272.0 nm (e
8960). Anal. (C%H27CIN205S1) C, H, N-

(+)-(2R ,4R)-5-Bromo-1-[2-[[ (tert-butyldiphenylsilyl)-
oxy]methyl]-1,3-dioxolan-4-yl]uracil (27) and (+)-
(2R ,48)-5-Bromo-1-[2-[[(tert-Butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]Juracil (28). A mixture of silylated
5-bromouracil [prepared from 0.477 g (2.46 mmol) of 5-bromouracil
and 20 mL of HMDS], 8 (0.5 g, 1.25 mmol), and TMSOTY (0.48
mL, 2.46 mmol) in 5 mL of 1,2-dichloroethane was stirred for 1
h at room temperature. After workup similar to that for 21 and
22, purification by silica gel column chromatography (hexane—ethyl
acetate, 2:1) yielded 27 (R; = 0.48 (hexane—ethyl acetate, 1:1), 0.23
8,34.7%) and 28 (R, = 0.58, 0.2 g, 30.2%). 27: UV (MeOH) A,
278.0 nm (e 8860). al. (CyHyBrN,O,8i) C, H, Br, N. 28: UV
%MegH) Amaz 278.0 nm (e 9960). Anal. (CyHy;BrN,O4Si) C, H,

r, N.

(+)-(2R,4R)-1-[2-[[(tert -Butyldiphenylsilyl)oxy]-
methyl]-1,3-dioxolan-4-yl]-5-iodouracil (29) and (+)-
(2R 4S)-1-[2-[[(tert-Butyldiphenylsilyl)oxy]methyl]-1,3-
dioxolan-4-yl]-5-iodouracil (30). A mixture of silylated 5-
iodouracil [prepared from 1.2 g (5 mmol) of 5-iodouracil and 20
mL of HMDS], 8 (1 g, 2.5 mmol), and TMSOT{ (1.1 mL, 5.7
mmol) in 15 mL of 1,2-dichloroethane (15 mL) was stirred at room
temperature for 1 h under nitrogen. After workup similar to that
for 21 and 22, purification by silica gel column chromatography
(chloroform-methanol, 200:1) yielded 29 (R, = 0.33,0.41 g, 17.2%)
and 30 (R, = 0.39, 0.43 g, 17.9%) which was crystallized from Et,0.
29: UV (MeOH) A,, 285.0 nm. Anal. (C,H,;IN,04Si) C, H,
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I, N. 30: UV (MeOH) A\, 285.0 nm. Anal. (CyH;;IN,O;Si
0.25CH,,0) C,H, I, N.

(-)-(2R 4R)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]uracil
(31) and (-)-(2R,48)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-
ylluracil (32). An o, mixture of 21 and 22 (0.13 g, 0.28 mmol)
in THF (5 mL) was treated with 1.0 M tetra-n-butylammonium
fluoride in THF (0.3 mL, 0.3 mmol) for 1 h at room temperature
and the solvent was evaporated to dryness under reduced pressure.
The residue was purified by preparative TLC (chloroform-
methanol, 20:1) to yield 31 (27 mg, 45.7%, R; = 0.39) and 32 (23
mg, 38.9%, R; = 0.33) as white solids. 31: UV A,,, 261.0 nm (¢
7780) (pH 7), 261.0 (e 7665) (pH 2), 260.5 (¢ 5814) (pH 11). Anal.
(CsHoN3Oy) C, H, N. 32: UV A\, 261.5 nm (e 9975) (pH 7), 261.5
(e 9565) (pH 2), 260.5 (¢ 7667) (pH 11). Anal. (CgH,,N,0;) C,
H, N.

(-)-(2R ,4R)-5-Fluoro-1-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]uracil (33). A solution of 23 (0.28 g, 0.6 mmol) and 1.0 M
tetra-n-butylammonium fluoride in THF (0.66 mL, 0.66 mmol)
in THF (5 mL) was stirred for 1 h at room temperature. After
evaporation of solvent, the residue was purified by silica gel column
chromatography (chloroform-methanol, 20:1) to give 33 (R, = 0.09
(chloroform-methanol, 20:1), 0.13 g, 94.2%] (0.13 g, 94.2%) as
a white solid: UV A, 268.0 nm (¢ 7970) (pH 7), 268.0 (¢ 8540)
(pH 2), 267.5 (¢ 6340) (pH 11). Anal. (CgHgFN,O;) C, H, N.

(-)-(2R,48)-5-Fluoro-1-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]uracil (34). Compound 24 (0.14 g, 0.3 mmol) was treated
according to the same procedure for 33 to give 34 (0.055 g, 79.7%)
as a white solid which was crystallized from hexane-methylene
chloride: UV A, 268.0 nm (e 9980) (pH 7), 268.3 (¢ 10980) (pH
2), 268.0 (e 8890) (pH 11). Anal. (CgHyFN,050.04C¢H,,) C, H,
N

(+)-(2R,4R)-5-Chloro-1-[2-(hydroxymethyl)-1,3-dioxolan-
4-ylJuracil (35). Compound 25 (0.28 g, 0.57 mmol) was treated
according to the procedure for 33 to give 35 (0.11 g, 77%) as a
white solid: UV (Hy0) Anye 275.50 nm (e 7730) (pH 7), 275.5 (e
8630) (pH 2), 274.5 (¢ 6150) (pH 11). Anal. (CgH,CIN,O¢) C, H,
Cl], N.

(-)-(2R ,48)-5-Chloro-1-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]uracil (36). Compound 26 (0.217 g, 0.45 mmol) was treated
according to the procedure for 33 to give 36 (0.078 g, 69%) as a
white solid: UV (H,0) Ap,, 276.0 nm (e 8230) (pH 7), 276.0 nm
(e 8880) (pH 2), 274.5 nm (¢ 6960) (pH 11). Anal. (CsHyCIN,O5)
C,H,CLN.

(-)-(2R ,4R)-5-Bromo-1-[2-(hydroxymethyl)-1,3-dioxolan-
4-ylJuracil (37). Compound 27 (0.19 g, 0.36 mmol) was treated
according to the procedure for 33 to give 37 (0.109 g, 99%) as a
white solid: UV A, 278.5 nm (e 7420) (pH 7), 270.0 nm (¢ 9120)
(pH 2), 276.00 (e 4710) (pH 11). Anal. (CgHgBrN,O;) C, H, N.

(+)-(2R 48)-5-Bromo-1-[2-(hydroxymethyl)-1,3-dioxolan-
4-yl]uracil (38). Compound 28 (0.2 g, 0.38 mmol) was treated
according to the procedure for 33 to give 38 (0.104 g, 94.5%) as
a white solid: UV A, 278.5 nm (e 9320) (pH 7), 270.0 nm (e 9040)
(pH 2), 276.0 nm (e 5520) (pH 11). Anal. (CgHgBrN,O;) C, H,
Br, N.

(+)-(2R ,4R)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-y1]-5-
iodouracil (39). Compound 29 (84 mg, 0.24 mmol) was treated
according to the procedure for 33 to give 39 as a white solid (27
mg, 45.7%): UV Ay, 287.0 nm (e 6760) (pH 7) 287.0 (¢ 6610) (pH
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2), 277.5 (¢ 5380) (pH 11). Anal. (CgHoIN,O4) C, H, I, N.

(+)-(2R ,48)-1-[2-(Hydroxymethyl)-1,3-dioxolan-4-yl]-5-
iodouracil (40). Compound 30 (85 mg, 0.25 mmol) was treated
according to the procedure for 33 to give 40 (23 mg, 38.9%) as
a white solid which was recrystallized from methanol: UV A_,,
287.5 nm (e 5687) (pH 7), 287.5 (¢ 6435) (pH 2), 278.5 (¢ 4759)
(pH 11). Anal. (CgHyIN,040.5MeQH) C, H, I, N.

Antiviral Assays. HIV-1 (strain LAV-1) was obtained from
Dr. P. Feorino (Emory University, Atlanta, GA). The virus was
propagated in human PBM cells using RPMI 1640 medium. Virus
obtained from cell-free culture supernatant was titrated and stored
in aliquots at -70 °C until use. AZT-resistant and -sensitive
viruses strain 9F (G910-6) and 10 (H112-2) were obtained through
the NIH AIDS Research and Reference Program and propagated
in PBM cells. The procedures for the antiviral assays in human
PBM cells have been published previously.? Briefly, uninfected
phytohemagglutinin-stimulated human PBM cells were infected
with HIV [about 63000 disintegrations per minute of reverse
transcriptase activity per 107 cells per 10 mL of medium which
is equivalent to a multiplicity of infection (MOI) of 0.1]. The drugs
were then added to duplicate to triplicate cultures. Virus yield
in the supernatant was determined on day 6 after infection by
a reverse transcriptase assay. AZT was used as a positive control
for all the virological assays.

PBM and Vero Cells Proliferation Assay. The drugs were
evaluated for their potential toxic effects on uninfected PHA-
stimulated human PBM and in Vero cells. The cells were cultured
with and without drug for 6 or 3 days at which time aliquots were
countg;i for cell viability and proliferation, as described previ-
ously.

Median-Effect Method. ECg, and ICg, values were obtained
by analysis of the data using median-effect method.218 The ECqy
values were determined from the ECg, and the slope of the
dose-response curve.
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