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THE SYNTHESIS AND BIOLOGICAL EVALUATION OF SULFAMOYL
NUCLEOSIDES RELATED TO CARBOVIR AND AZT

Robert Vince* and Phuong T. Pham

Department of Medicinal Chemistry
College of Pharmacy
308 Harvard St. S.E.
University of Minnesota
Minneapolis, MN 55455-0343

Abstract. A series of 5'-Q-sulfamoylated carbocyclic 2',3'-dideoxy nucleosides was
synthesized and evaluated for antitumor and anti-HIV activities. In this study, we have
combined the phosphate mimicking features of the sulfamoyl group with our previously
reported antiviral carbocyclic nucleoside, carbovir. In a related strategy, the sufamoyl

moiety was used as a replacement for the a-phosphate of AZT-triphosphate in an analog
designed to examine a membrane permeable HIV reverse transcriptase inhibitor. Some of
the analogs exhibited significant in vitro anticancer activity.

Introduction

Since the discovery of nucleocidin,l’z_ a naturally occurring 5’-sulfamoylated
nucleoside, many nucleoside analogs containing the 5’-sulfamoyl group have been
examined. These agents have been shown to exhibit antitumor,3-4 antibacterial, 33,6
antiviral,7-8-10 antiparisitic,11-13 and herbicidal> activities. In a previous study, the first
series of carbocyclic 5°-sulfamoylated nucleosides were reported from our laboratory. 14
The carbocyclic agents chosen each contained an adenine-like (6-substituted purine) base
and a carbocyclic ribofuanosyl sugar moiety. In vitro studies demonstrated very potent
cytotoxicities against P388 mouse leukemia cells. It was also determined that these
compounds have a direct effect on protein biosynthesis.14 These observations are
consistant with previous studies on nucleocidin and related analogs in which the
investigators concluded that the sulfamoyl nucleosides were acting as adenosine
monophosphate analogs and interfering with the biosynthesis of aminoacyl-tRNA’s.3
Further evidence that a sulfamoyl moiety can substitute for a phosphate in certain enzyme
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systems has recently been demonstrated by using crystal structures of seryl-tRNA
synthetase.15

In this study, we have combined the phosphate mimicking features of the sulfamoyl
group with our previously reported antiviral carbocyclic nucleoside, carbovir. 16,17 1na
related strategy, the sulfamoyl moiety was used as a replacement for the a-phosphate of
AZT-triphosphate in an analog designed to examine a membrane permeable HIV reverse
transcriptase inhibitor. We have also incorporated a phosphonate moiety as an isosteric y-
phosphate in the same molecule. In 1986, an acyclo phosphonate nucleoside analog, (S)-9-
(3-hydroxy-2-phosphonomethoxypropyl)adenine, was found to be active against a variety
of viruses.18 Since that time, the use of the membrane permeable phosphonate moiety has
been intensively studied in the the design of more useful antiviral agents. It therefore
seemed reasonable that the AZT analog incorporating both the sulfamoyl group and a
phosphonate may have binding capacity for the HIV reverse transcriptase enzyme.

Chemistry

Carbovir 1 and the related starting carbocyclic dideoxydidehydro nucleosides were
prepared as described previously. 17 The general synthetic procedure involved the reaction
of sulfamoyl chloride with the carbocyclic nucleosides as illustrated in Scheme 1.

Catalytic reduction of the cyclopentene moiety gave the corresponding saturated analogs as
illustrated by the preparation of 7 and 8.

The triphosphate analog of AZT was prepared as outlined in Scheme 2. Diethyl
hydroxymethylphosphonate 9 was prepared as previously described.19 Reaction of
chlorosulfonyl isocyanate with 9 gave the intermediate 10 which was subsequently reacted
with AZT in the presence of pyridine to yield the diethoxy blocked triphosphate analog 11.
The target compound was obtained from the diester using bromotrimethylsilane followed
by hydrolysis with ammonium hydroxide. The ammonium salt was converted to the free
phosphonate 12 using a weakly acidic amberlite resin.

Results

The compounds in Table 1 were evaluated for cytotoxicity against P388 mouse leukemia
cells.20 The adenine compound 3 and the corresponding 8-aza analog 4 manifested very
potent activity (ICsq's of 0.2 and 0.1 pg/mL). Methylation of the 6 amino group, as in
compounds 5 and 6, severely decreased cytotoxicity. The ICs( values of 7 and 8 indicate
that reduction of the double bond in compounds 3 and 4 slightly decreases activity. It is
interesting to note that replacement of the adenine moiety with a guanine greatly decreases
activity. Thus, a preference for the adenine form seems to exist for the cytotoxic effect of
the sulfamoyl compounds. The 5'-sulfamoylated compounds were found to be
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TABLE 1. Cytotoxicity to P388 Leukemia Cells

Cpd. ICs0 (ng/mL)

>50
0.20
0.15
>100
25
0.78
0.80

AL B W

significantly more potent than the corresponding 5'-hyroxylated agents (ICsp's >100
pg/ml). Thus, the cytotoxic activity of the sulfamoyl nucleosides was not a result of
hydrolysis of the 5'-sulfamoy! group to the hydroxy compounds. Antiviral screening
revealed that none of the compounds exhibited anti-HIV activity.

The AZT triphosphate analog 12 was tested as an inhibitor of recombinant HIV-1
reverse transcriptase using poly(rA):p(dT)12-18 template.21 The I1Cs( for 12 in this assay
was 300 M whereas the IC5¢g for AZT triphosphate was 1 p{M. Although the binding of
12 was weak compared to AZT triphosphate, the results indicate that the modified
phosphate moiety does exhibit binding recognition. Thus, no measurable inhibition of HIV
reverse transcriptase was observed with unphosphorylated AZT.

Experimental. Elemental analyses were performed by M-H-W Laboratories,
Phoenix, AZ. Melting points were determined on a Mel-Temp apparatus and are corrected.
Nuclear magnetic resonance spectra were obtained on a General Electric 300. IR spectra
were determined with KBr pellets on a Perkin-Elmer 281 spectrometer, and UV spectra
were determined on a Beckman DU-70-spectrophotometer. Thin-layer chromatography
(TLC) was performed on 0.25 mm layers of Merck silica gel 60F-254 and column
chromatography was done on Merck 60 (230-400 mesh). Mass spectra were obtained with
an AFI Scientific Apparatus Limited MS-30 mass spectrometer

(-) Cis-2-amino-1,9-dihydro-9-[4-(sulfamoyloxymethyl)-2-cyclopenten-1-
yl}-6H-purin-6-one (5'-sulfamoyl Carbovir, 2). (-) Carbovir (100 mg, 0.40
mmol) and NaH (30 mg, 1.25 mmol) in anhydrous DME (25 mL) was refluxed under No
for 24h. The suspension was then cooled in an ice bath and sulfamoyl chloride14 (840
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mg) was added in two equal portions. Stirring was continued overnight at room
temperature. Excess NaH was then destroyed by addition of methanol until effervescence
ceased. The resulting product mixture was concentrated and adsorbed onto silica gel.
Compound 2 was isolated by flash chromatography on a column of silica gel (2.5 x 35
cm), eluted with ethyl acetate-methanol (20:3). The product was obtained as slightly off-

white solid (95 mg, 73%). Recrystallization from ethanol yield very fine solid; m.p. 154°C
dec; Rf = 0.47 (ethyl acetate-methanol 1:1); UV)max 253, sh 277 (pH 1), 252, sh 273

(pH 7), 269, sh 256 (pH 13); lH NMR (Me2SO-dg) 8 10.53 (s, 1H, NH), 7.58 (s, 1H,
C8H), 7.49 (s, 2H, NH2S03), 6.57 (s, 2H, C2NH3), 6.10 (broad, 1H, C2°H), 5.85
(broad, 1H, C3’H), 5.35 (broad, 1H, C1°H), 4.10 (broad, 2H, C5’H), 3.13 (broad, 1H,
C4’H), 2.59, 1.58 (m, 1H, C6’H). Anal. Calc'd for C11H14NgO4S: C, 40.49; H, 4.32;
N, 25.75. Found: C, 40.26; H, 4.19; N, 25.59.

(1) Cis-9H-9-[4-(sulfamoyloxymethyl)-2-cyclopenten-1-yl] adenine (3).

A suspension of (x) cis-9H-9-[4-(hydroxymethyl)-2-cyclopenten-1-yl] adenine (200 mg,
0.87 mmol) and NaH (278 mg, 11.6 mmol) in anhydrous DME (15 mL)) was stirred under
N3 at 60-65°C for 2h. The suspension was then cooled in an ice bath and a solution of
NH,SO,Cl (310 mg) in DME (5 mL) was added dropwise. Stirring was continued
overnight and the reaction temperature maintained at 4°C. Excess NaH was then destroyed
by addition of methanol until effervescence ceased. The resulting product mixture was
concentrated and adsorbed onto silica gel. 3 was isolated by flash chromatography on a
column of silica gel (2.5 x 30 cm), eluted with ethyl acetate-methanol (10:2). The product
was obtained as slightly off-white solid (154 mg, 57%). Recrystallization from water-

methanol (2:1) yield white crystals; m.p. 155°C started to dec., melt w/ bubbles at 230°C;
Rf = 0.51 (ethyl acetate-methanol 1:1); UVimax 259 (pH 1), 261 (pH7), 262 (pH 13); 1H

NMR (Me3SO-dg) 8 8.09 (s, 1H, C2H), 8.01 (s, 1H, C8H), 7.46 (s, 2H, NH,S05),
7.19 (s, 2H, C6NHy), 6.10 (broad, 1H, C2’H), 5.98 (broad, 1H, C3’H), 5.61 (broad,
1H, CI’'H), 4.11 (d, J = 7.5 Hz, 2H, C5°H), 3.14 (broad, 1H, C4’H), 2.75, 1.67 (2m,
2H, C6'H). Anal. Cale,d for C11H14NgO3S: C, 42.57; H, 4.55; N, 27.08; Found: C,
4251; H , 4.56; N, 26.91.

() Cis-3H-3-[4-(sulfamoyloxymethyl)-2-cyclopenten-1-yl]-7-amino-1,2,3-
triazolo-[4,5-d]pyrimidine (4). (*) Cis-3H-3-[4-(hydroxymethyl)-2-cycopenten-1-
yl}-7-amino-1,2,3-triazolo-[4,5-d]pyrimidine (500 mg, 2.15 mmol) and NaH (120 mg, 5.0
mmol) in anhydrous DME (50 mL) was stirred under N at room temperature overnight,
when the solid turned off-white. The suspension was then cooled in an ice bath and
NH3S0,Cl (1.2 g) was added at once. Stirring was continued overnight at 4°C. Methanol
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was then added to destroy all excess NaH. Compound 4 was obtained pure by flash
chromatography on a 4.5 x 25 cm column of silica gel eluted with ethyl acetate-methanol
(10:0.5). Recrystallization from methanol gave white solid in 32% yield (215 mg); m.p.
134-136 °C; Rf = 0.70 (ethyl acetate-methanol 1:1); UVymax 264 (pH 1), 278 (pH 7), 214,
278 (pH 13); IH NMR (Me»SO-dg) 8 8.41 (broad, 1H, NH), 8.28 (s, 1H, C2H), 8.06
(broad, 1H, C6NH), 7.47 (s, 2H, NH3S03), 6.14 (broad, 1H, C2’H), 6.06 (broad, 1H,
C3’H), 5.93 (broad, 1H, C1’H), 4.13 (m, 2H, C5’H), 3.21 (broad, 1H, C4’H), 2.78,
1.97 2m, 2H, C6’H). Anal. Calc'd for C1oH13N703S: C, 38.58; H, 4.21; N, 31.50.
Found: C,38.38; H, 4.28; N, 31.39.

(+) Cis-9H-9-[4-(sulfamoyloxymethyl)-2-cyclopenten-1-yl]-6-methylamino
purine (5). () Cis-9H-9[4-(hydroxymethyl)-2-cyclopenten- 1-yI]-6-methylamino purine
(200 mg, 0.82 mmol) and NaH (160 mg, 6.67 mmol) in anhydrous DME (50 mL) was
stirred at 80°C for 1h when all the solid appeared off-white. The suspension was then
cooled in an ice bath and NH2SO,Cl (760 mg) was added in about three equal portions.
TLC showed about 90% conversion after 2/3 of sulfomoyl chloride was added. After
complete addition, methanol was added to destroy all excess NaH. Compound § was
obtained pure by flash chromatography on a 4.0 x 15 cm column of silica gel eluted with
ethyl acetate-methanol (10:1). Recrystallization from methanol-ethanol (1:1) gave off-white
crystals in 31 % yield (82 mg); m.p. 210°C dec.; Rf = 0.68 (ethyl acetate- methanol 1:1);
UVamax 264 (pH 1), 268 (pH 7), 267 (pH 13); 1H NMR (Me2SO-de) 6 8.20 (s, 1H,
C2H), 7.99 (s, 1H, C8H), 7.47 (broad, 1H, C6NHCH3), 7.47 (s, 2H, NH2S0»), 6.11
(m, 1H, C2’H), 5.99 (m, 1H, C3’H), 5.63 (broad, 1H, C1'H), 4.09 (d, J = 7.5 Hz, 2H,
C5’H), 3.16 (broad, 1H, C4°H), 2.87 (broad, 3H, C6NHCH3), 2.78, 1.67 (2m, 2H,
C6’H). Anal. Calc'd for C1oH16NgO3S: C, 44.44; H, 4.97; N, 2591. Found: C,
44.56; H, 4.80; N, 25.77.

() Cis-9H-9-[-4-(sulfamoyloxymethyl)-2-cyclopenten-1-1y])-6-
dimethylamino purine (6). () Cis-9H-9-[-4(hydroxymehtyl)-2-cylopenten-1-yl]-6-
dimethylamino purine (80 mg, 0.31 mmol) and NaH (42 mg, 1.75 mmol) in anhydrous
DME (25 mlL) was stirred at room temperature, under N7 for 2h. The suspension was then
cooled in an ice bath and NH2SO»Cl (300 mg) in DME (15 mL) was added dropwise.
After complete addition, stirring was continued overnight at 4°C. Methanol was then added
to destroy all excess NaH. Compound 6 was obtained pure by flash chromatography on a
2.5 x 30 em column of silica gel eluted with ethyl acetate-methanol (10:1).

Recrystallization from methanol-ethyl acetate (3:1) gave white crystals in 86% yield (90
mg); m.p. 131-133 °C; Rf = (0.76 (ethyl acetate-methanol 1:1); UV} max 269, 212 (pH 1),
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276, 214 (pH 7), 277, 215 (pH 13); IH NMR (Me2S0-dg) 8 8.09 (s, 1H, C2H), 7.99 (s,
1H, C8H), 7.45 (s, 2H, NH2S0»), 6.11 (m, 1H, C2’'H), 5.97 (m, 1H, C3’H), 5.65
(broad, 1H, C1'H), 4.08 (d, J = 7.5 Hz, 2H, C5’H), 3.17 (broad, 1H, C4’'H), 2.77, 1.63
(2m, 2H, C6’H). Anal. Calc'd for C13H18NgO3S: C, 46.14; H, 5.36; N, 24.84. Found:
C, 46.26; H, 5.38; N, 25.02.

() Cis-9H-9-[-4(sulfamoyloxymethyl)cyclopent-1-yl]Jadenine (7). ) Cis-
9H-9[4-(sulfamoyloxymethyl)-2-cyclopenten-1-ylJadenine 3 (50 mg, 0.16 mmol) was
dissolved in methanol (50 mL) and hydrogenated in the presence of 10% palladium-
charcoal (5 mg) under 35 Psi of Hp for 7hrs. The catalyst was removed and the solvent

was evaporated. Recrystallization from ethanol yield 35 mg (74%) of 7 as white solid;
m.p. 148-150 °C; Rf = 0.53 (ethyl acetate-methanol 1:1); UVAmax 260, 211 (pH 1), 261

(pH 7), 261, 215 (pH 13); IH NMR (Me2SO-dg) & 8.21 (s, 1H, C2H), 8.11 (s, 1H,
C8H), 7.46 (s, 2H, NH2S80), 7.18 (s, 2H, C6NHy), 4.85 (m, 1H, C1'H), 4.06 (d, J =
6 Hz, 2H, C5'H), 3.44 (broad, 1H, C4'H), 2.39, 2.12, 1.82, 1.70 (4m, 4H, C2'H,
C3'H and C6'H). Anal. Calc'd for C11Hi6NgO3S; C, 42.32; H, 5.17; N, 26.92.
Found; C, 42.36; H, 5.37; N, 26.76.

() Cis-3H-3-[4-(sulfamoyloxymethyl)cylopent-1-yl]-7-amino-1,2,3-
triazolo-[4,5-dlpyrimidine (8). (%) Cis-3H-3-{4-(sulfamoyloxymethyl)-2-
cycopenten-1-yl]-7-amino-1,2,3-triazolo-[4,5-d]pyrimidine 4 (45 mg, 0.15 mmol) was
dissolved in ethanol (50 mL) and hydrogenated in the presence of 10% palladium-charcoal
(20 mg) under 35 Psi of Hy overnight. The catalyst was removed and the solvent was
evaporated. Recrystallization from methanol yield 25 mg (53%) of 8 as white solid; m.p.
148-150 °C dec; Rf = 0.7 (ethyl acetate-methanol 2:1); UVimax 264 (pH 1), 278 (pH 7),
278, 215 (pH 13); 1H NMR (Me3S0-dg) 8 8.39 (broad, 1H, NH), 8.25 (s, 1H, C2H),
8.04 (broad, 1H, C6NH), 7.44 (s, 2H, NH2S0»), 5.22 (m, 1H, C1’H), 4.05 (d, J = 7.5
Hz, 2H, C5°H), 3.30 (broad, 1H, C4’H), 2.44, 2.20, 1.93, 1.70 (4m, 4H, C2’H, C3’'H
and C6°H). Anal. Calc'd for C1oH15N703S; C, 38.33; H, 4.82; N, 31.29. Found; C,
38.53; H, 5.01; N, 31.10.

5'-O-[[[[[(Diethylphosphono)methyloxylcarbonyllaminolsulfonyl}-3'-
azidothymidine (11). A solution of diethylhydroxymethyl phosphonate 9 (157 mg,
0.94 mmol) in anhydrous CH>Clp was cooled to -150C and 1 eq. of chlorosulfonyl
isocyanate (132 mg, 0.081 mL) was added. The mixture was stirred with cooling under
nitrogen for 15 minutes and used directly in the following reaction.
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A suspension of AZT (250 mg, 0.94 mmol ) and 1 eq. of pyridine (75.7 mg, 0.77 mL)
in anhydrous CH2Cly (10 mL) was slowly added to the above solution containing
intermediate 10 at -15 °C under a nitrogen atmosphere. The reaction mixture was stirred
for an hour with cooling and then overnight at room temperature. Solvent was removed
under reduced pressure and the residue was purified by flash chromatography with ethyl
acetate-methanol to give 11 (210 mg, 41 %): Re= 0.67 ( ethyl acetate-methanol, 2:1 ) ;
m.p. 120 °C start to decompose; 1H NMR [ (Me2SO-dg), 300 MHz): & 11.28 (s, 1H, N3-
H), 7.66 (s, 1H, C6-H ), 6.09 (t, 1H, C1-"HJ y,2' =7 Hz ), 4.46-4.44 (m, 1H, C3'-
H), 4.10 ( d, 2H, P(O)CH2, J py = 8 Hz ), 4.09-3.97 ( overlapping m, 7H, CH3CH»0,
C4'-H, C5'-H ), 2.48-2.20 (m, 2H, C2'-Hj3), 1.75 (s, 3H, CH3), 1.19 (t, 6H,
CH3CH,0, J py = 7 Hz ). 31P NMR: d 22.35. Anal. calc'd for C;gHp5NgO;1PS-2H20:
C,33.16; H, 4.50; N, 14.21. Found: C, 33.48; H, 4.88; N, 14.10.

5'-O-[[[[[(Phosphono)methyl]oxy]carbonylJamino]sulfonyl]-3'-azido
thymidine (12). Compound 11 (361 mg, 0.67 mmol) was dissolved in anhydrous DMF
(20 mL) and freshly distilled bromotrimethylsilane (1 mL) was added. The reaction
mixture was stirred at room temperature under nitrogen overnight, and then concentrated
under reduced pressure. The residue was taken up in MeOH (5 mL) and 1N NH4OH was
added until pH of the solution turned basic (pH ~8-9). The precipitate formed was
dissolved in HyO (1mL) and passed through a weakly acidic amberlite ( CG-50, 100-200
wet mesh ) column to give 12 as off-white solid ( 60 mg, 19% ): m.p. 162-164 °C; Rg=
0.49 (Isopropanol-ammonia-water, 7:1:2); MS (FAB): 485 (M+1). 1H NMR [(Me2SO-
dg), 300 MHz]: & 11.31 ( broad s, 1H, N3-H ), 9.17 ( s, 1H, C{O)NHSO»), 7.72 (s,
1H, C6-H), 6.12 (t, 1H, C1'-H, J 1o'= 7 Hz ), 4.51-4.47 (m, 1H, C3-H ), 3.99-3.77
( overlapping m, 3H, C4'-H, C5'-H ), 3.75 (d, 2H, P(O)CHa3, J py = 8 Hz), 2.47-2.22
(m, 2H, C2-Hy ). 31P NMR: § 17.84. Anal. Calc'd for C12H17N6O11PS (3/2 H20):
C, 28.19; H, 3.94; N, 16.44. Found: C, 28.67; H, 4.23; N, 16.98.
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