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1-8-D-Ribofuranosyl- 21, 142-deoxy-B-D-erythro-pentofuranosyl} 27 and 1-8-D-arabinofuranosyl- 29
derivatives of 1,2,4-triazole-3-sulfonamide (19) have been prepared. Glycosylation of the silylated 19 with
1,2,3,5-tetra-O-acetyl-B-D-ribofuranose (3) in the presence of trimethylsilyl triflate gave the corresponding
blocked nucleoside (20), which on ammonolysis afforded 1-3-D-ribofuranosyl-1,2,4-triazole-3-sulfonamide
(21). Stereospecific glycosylation of the sodium salt of 19 with either 1-chloro-2-deoxy-3,5-di-0-p-toluoyl-o-D-
erythro-pentofuranose (22) or 1-chloro-2,3,5-tri-O-benzyl-a-D-arabinofuranose (23) provided the correspond-
ing protected nucleosides 26 and 28. Deprotection of 26 and 28 furnished 142-deoxy-g8-D-erythro-pentofuran-
osyl)1,2,4-triazole-3-sulfonamide (27) and 1-8-D-arabinofuranosyl-1,2,4-triazole-3-sulfonamide (29), respec-
tively. 2-3-D-Ribofuranosyl-1,2,4-triazole-3(4H)-thione (7) and 4-G-D-ribofuranosyl-1,2,4-triazole-3(2H)-thione
(9) were also prepared utilizing either an acid catalyzed fusion of 1,2,4-triazole-3(1H,2H}thione (4) with 5, the
reaction of 5 with silylated 4 in the presence of trimethylsilyl triflate, or by ring closure of 442,3,5-tri-O-ben-
zoyl-B-D-ribofuranosyl)thiosemicarbazide (10) with mixed anhydride and subsequent deacylation. The syn-
thesis of 1-8-D-ribofuranosyl-3-benzylthio-1,2,4-triazole (15) has also been accomplished by the silylation pro-
cedure employing 3-benzylthio-1,2,4-triazole (13) and 5 to give 142,3,5-tri-O-acetyl-8-D-ribofuranosyl}-3-benz-
ylthio-1,2,4-triazole (14). Deacetylation of 14 furnished 15. The structural assignments of 7, 14 and 21 were
made by single-crystal X-ray diffraction analysis and their hydrogen bonding characteristics have been stud-
ied. The sulfonamido-1,2,4-triazole nucleosides are devoid of any significant antiviral or antitumor activity in
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cell culture.
J. Heterocyclic Chem., 25, 1857 (1988).

The development of sulfonamides is one of the most fas-
cinating and informative chapters in medicinal chemistry,
highlighting the roles of skillful planning and serendipity
in drug research [1]. Since the initial dramatic results ob-
tained with sulfonamides in the treatment of streptococcal
infections, studies with these drugs have been extended to
viruses. It has been found that some “‘large viruses’ of
Lymphogranuloma venereum in mice were susceptible to
the action of sulfonamides [2] and in almost all cases their
action Is related to PAB antagonism. Efforts have been de-
voted in recent years to the synthesis of compounds having
the sulfonamide group as antiviral agents. Such com-
pounds of interest are, 2-amino-5-(2-sulfamoylphenyl)-
1,3,4-thiadiazole (1) [3] and sodium S-sulfamoyl-2,4-dichlo-
robenzoate (2) [4]. Compound 1 is effective in inhibiting
the replication of several DNA and RNA viruses in vitro at
concentrations which do not exhibit any toxic effects on
cells [3]. Compound 2 has been found to possess a broad-
spectrum of activity against RNA viruses in vitro as well as
in vivo, selective toxicity and a large margin of safety [4].
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Ribavirin (1-8-D-ribofuranosyl-1,2,4-triazole-3-carboxa-
mide, 3) [5], a synthetic nucleoside analog of guanosine
[6,7] synthesized and reported from our laboratory, is sin-
gular in its broad-spectrum of activity against both DNA
and RNA viruses [8,9]. Ribavirin has been developed clini-
cally [10] and approved for human use in an aerosol form
for the treatment of lower respiratory disease caused by
respiratory syncytial virus [11-14]. Ribavirin has also
shown considerable efficacy in the treatment of influenza
A and B by a small-particle aerosol route of administration
[15-19]). Administered intravenously, ribavirin is effective
in the treatment of Lassa fever [20,21] and epidemic hem-
orrhagic fever with renal syndrome caused by Hantaan
virus [22). Although a sindbis viral mutant has recently
been shown to be resistant to ribavirin [23], its failure in
general to induce viral resistance and its lack of toxicity
are of particular interest.

In view of ribavirin’s proven potential for therapeutic
use, the synthesis of certain sulfonamide analogs of riba-
virin appeared of particular interest. We now report the
synthesis of 1-8-D-ribofuranosyl-1,2,4-triazole-3-sulfon-
amide (21), and the corresponding 2-deoxy-B-D-erythro-
pentofuranosyl- 27 and (3-D-arabinofuranosyl- 29 analogs.

Results and Discussion.

Several methods have been described in the literature
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for the synthesis of N-nucleoside derivatives of substituted
1,2,4-triazoles [9]. We envisioned that the synthesis of tar-
get N-glycosyl derivatives of 1,2,4-triazole-3-sulfonamide
might be realized by selective oxidative amination of the
requisite 1-8-D-ribofuranosyl-1,2,4-triazole-3-thione. The
synthesis of such a nucleoside precursor seemed propi-
tious by the direct glycosylation of 1,2,4-triazole-3(1H,
2H)thione (4) [24]. Acid-catalyzed [bis(p-nitrophenyl) phos-
phate] fusion of 4 with 1,2,3,5-tetra-O-acetyl-3-D-ribofu-
ranose (3) at 150° for 20 minutes however, provided a

Scheme I
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| + | |
MN\u) H. :)u’sion N\N/ks + N s
HMDS/ 1 i
4 0, R
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mixture of two isomeric protected nucleosides, which were
separated by column chromatography over silica gel.
These nucleosides were identified as 242,3,5-tri-O-acetyl-
B-D-ribofuranosyl)-1,2,4-triazole-3(4H)-thione (6), and the
isomeric 4+2,3,5-tri-O-acetyl-3-D-ribofuranosyl)-1,2,4-tria-
zole-3(2H)-thione (8), by conversion of each of these
isomers with methanolic ammonia at 4° for 20 hours to
furnish the free nucleosides 7 and 9, respectively. The
structure of 2-8-D-ribofuranosyl-1,2,4-triazole-3(4H)-thione
(7) was established by single-crystal X-ray diffraction
analysis, and the structure of 4-3-D-ribofuranosyl-1,2,4-tri-
azole-3(2H)-thione (9) was confirmed by direct comparison
with an authentic sample prepared by the ring closure of
4+2,3,5-tri-O-benzoyl-3-D-ribofuranosyl)thiosemicarbazide

(10) [25]. Treatment of 10 with a mixture of acetic
anhydride and formic acid in the presence of 4-dimethyl-
aminopyridine gave crystalline 4-(2,3,5-tri-O-benzoyl-3-D-
ribofuranosyl)-1,2,4-triazole-3(2H)-thione (12) in 69%
yield. The ring closure probably proceeds via the formyl
intermediate 11, which was not isolated. Debenzoylation
of 12 with sodium methoxide in methanol at room temper-
ature readily gave 9 in over 85% yield, which was identical
in all repects with 9 prepared by the fusion procedure.
As depicted in Scheme I, compound 4 was also silylated
with hexamethyldisilazane (HMDS) in the presence of am-
monium sulfate to give the bis-silylated triazole. Reaction
of this bis-TMS derivative with one molar equivalent of 5

Studies of 1-8-D-Ribofuranosyl-1,2,4-triazole-3-sulfonamide
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Table 2
Bond Lengths ( A)in 7,14 and 21

1 2 1-2 1 2 1-2

7
C3 S 1.675(2) N2 NIl 1.379%3)
C5 Nl 1.294(3) C3 N2 1.353(3)
Cl' N2 1.453(3) N4 C3 1.359(3)
C5 N4 1.353(4) c2 C 1.520(3)
o1’ cv 1.4192) C3 C2 1.535(3)
02 C2 1.412(3) C4 C3 1.519(3)
03 C¥ 1.422(3) Cs' C4 1.504(3)
o1’ C4' 1.4543) 05" C§' 1.433(3)

14
N2 N1 1.362(5) C5 N1 1.338(6)
C1'" NI 1.435(6) C3 N2 1.321(6)
N4 C3 1.369(6) S6 C3 1.751(5)
C5 N4 1.320(7) C7 Se 1.805(8)
cs C7 1.47209) c9 C8 1.395(6)
Cl3 C8 1.395(6) Cl10 C9 1.395(6)
Cl1 C1o 1.395(6) C12 C11 1.395(6)
C13 C12 1.395(6) c2' Cr 1.541(7)
o1 Cr 1.425(6) c3' cz 1.52%(7)
02" C2 1.448(6) C4' C3 1.526(7)
03" C3 1.436(6) C5' C4' 1.506(8)
ol C4' 1.411(6) 05" C§' . 1.444(8)
ce' 02 1.367(6) cg8' 03 1.351(6)
C10’ 05’ 1.235(11) C7" Ce’ 1.496(9)
06" Co' 1.191(8) c9’ Csg’ 1.498(8)
08' Cg’ 1.186(7) C1l’ C10’ 1.487(15)
010’ C10' 1.243(13)

21
N2 N1 1.352(2) C5 NI 1.345(3)
Cl' N1 1.468(3) C3 N2 1.3143)
N4 C3 1.361(3) S6 C3 1.7742)
C5 N4 1.321(3) 07 S6 1.430(2)
08 S6 1.424(2) N9 Sé6 1.590(2)
c2' Cr 1.531(3) o1’ cr 1.421(2)
Cc3' G2 1.527(3) 02 c2' 1.419(3)
C4' C¥ 1.529(2) 03" Cc3 1.417(3)
C5 C4' 1.504(3) 01" C4' 1.449%(3)
05" Cs' 1.425(2)

in anhydrous acetonitrile in the presence of 1.44 molar
equivalent of trimethylsilyl triflucromethanesulfonate (tri-
methylsilyl triflate) according to the general procedure of
Vorbriiggen et al. [26} again gave a mixture of 6 (36%
yield) and 8 (17% yield). Although the yield of 6 obtained
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by this procedure was considerably higher than that ob-
tained (8.3%) by the fusion method, no formation of the
desired N-1 glycosyl derivative was observed.

Since neither of these precursors 6 and 8 could be con-
verted to the desired ribavirin sulfonamide 21, we extend-
ed our glycosylation studies with 3-benzylthio-1,2,4-tri-
azole (13) in the hope that the viable precursor 1-2,3,5-
tri-O-acetyl-B-D-ribofuranosyl)-3-benzylthio-1,2,4-triazole
(14) thus obtained could be converted to 21 by reductive
cleavage of the thiobenzyl ether function, followed by ma-
nipulation of the functional groups. Compound 13 was
prepared as reported [27], and silylated with HMDS in the
presence of ammonium sulfate. Treatment of this trimeth-
ylsilyl derivative with 1 molar equivalent of 3 in acetoni-
trile in the presence of 1.44 molar equivalent of trimethyl-
silyl triflate gave a mixture of two isomeric protected
nucleosides. After separation on a silica gel column, these
nucleosides were identified as 142,3,5-tri-O-acetyl-3-
D-ribofuranosy)-3-benzylthio-1,2,4-triazole (14, 41% yield)
and the positional isomer 142,3,5-tri-O-acetyl-3-D-ribofu-
ranosyl)-5-benzylthio-1,2,4-triazole (16, 15% yield). How-
ever, acid [bis(p-nitrophenyl)phosphate] catalyzed fusion
of 13 and 5 increased the yield of 14 and 16 to 48%

Scheme 11
Oy Oy
N‘\NJ — NS NJ & N\N)\S_CHI_Q
H
13 RO RO
R k J .
e RO  OR RO OR
14,R = Ac 16, R = Ac
15,R=H 17,R=H

and 35%, respectively. Subsequent deacetylation of 14
and 16 with methanolic ammonia by the conventional pro-
cedure furnished 1-3-D-ribofuranosyl-3-benzylthio-1,2,4-
triazole (15, 76% yield) and 1-8-D-ribofuranosyl-5-benzyl-
thio-1,2,4-triazole (17, 64% yield), respectively. The purity
of these nucleosides was assured by elemental analysis and
by 'H nmr spectroscopy. The structural assignment of 14
was on the basis of single-crystal X-ray diffraction analy-
sis. However, reductive cleavage of the thiobenzyl ether
group of 14 with either sodium in liquid ammonia or sodi-
um naphthalene [28] in tetrahydrofuran gave an intract-
able reaction mixture from which the desired product
could not be isolated.

In an effort to obtain the desired 1-8-D-ribofuranosyl-
1,2,4-triazole-3-sulfonamide (21), direct glycosylation of
the preformed 1,2,4-triazole-3-sulfonamide (19) itself was
next considered. A low yield (20%) synthesis of 19 has
been described by Roblin and Clapp [29] from the unsta-
ble 1,2,4-triazole-3-sulfonyl chloride. Since sulfonyl fluor-
ides are considerably more stable than sulfonyl chlorides
[30], the synthesis of 19 via the intermediate1,2,4-triazole-

Vol. 25

3-sulfonyl fluoride (18) was considered. Thus, when a
suspension of 4 in methanol, aqueous hydrofluoric acid
and potassium fluoride was treated with chlorine gas at 0°,
compound 18 was obtained in good yield. As expected,
compound .18 was found to be quite stable with a mp of

68-70° and could be crystallized from boiling absolute
ethanol. The hydrofluoric acid-potassium fluoride mixture
seems to provide a buffered reaction medium which keeps
the acidity low, thus preventing acid-catalyzed nucleo-
philic replacement of the fluorosulfonyl group. This pro-
cedure was originally employed in our laboratory [30] for
the synthesis of purine-6-sulfonyl fluoride. Treatment of
18 with liquid ammonia at room temperature gave 19 in
good yield and was found to be identical with the one re-
ported by Roblin and Clapp [29]. Glycosylation of the tri-
methylsilyl derivative of 19 with 1,2,3,5-tetra-O-acetyl-3-D-
ribofuranose (5) in the presence of 1.44 molar equivalent
of trimethylsilyl triflate in anhydrous acetonitrile gave
1-(2,3,5-tri-O-acetyl-3-D-ribofuransyl)-1,2,4-triazole-3-sul-
fonamide (20). Compound 20 was the only nucleoside pro-
duct which could be isolated from the reaction mixture
Scheme 111
0 2
S
F/.S.\[——) H,N 3\[-"—/# s H,N~ 8\'[‘:)

H
RO

RO OR
20,R=Ac
\ 21,R=H

l I 9/N H,N7 n H,N "\I_—)

g
o}
RO
R
R
24,R = Tol 26H Tol 28 R =Bn
25,R=H 27,R=H 29,R=H

TolO- h
e
TolO

and no formation of other isomeric nucleosides was de-
tected by tle procedures. Ammonolysis of 20 with meth-
anolic ammonia gave the desired ribavirin congener
1-8-D-ribofuranosyl-1,2,4-triazole-3-sulfonamide (21) in
93% yield. The structure of 21 was established by single-
crystal X-ray diffraction studies.

In an effort to prepare the 2'-deoxyribofuranosyl
(2-deoxy-B-D-erythro-pentofuranosyl) derivative of 19, we
examined the stereospecific sodium salt glycosylation pro-
cedure [31-33], developed and reported recently from our
laboratory. Thus, treatment of the sodium salt of 19, gen-
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Table 3
Bond Angles (°) in 7, 14 and 21

1 2 3 1-2:3 1 2 3 1-2:3
7

N2 N1 cs 103.72) N1 c5 N4 112.02)
c3 N2 cr 126.3(2) c3 N2 N1 112.32)
cr' N2 N1 121.32) N4 c3 S 128.5(2)
N4 c3 N2 103.5(2) S c3 N2 128.02)
c5 N4 c3 108.42) cr or c4’ 109.32)
c2' cr or 107.12) cz cr N2 113.42)
or cr N2 108.92) c3 c2' 02’ 114.42)
c3 c2' cr' 101.42) 02’ c2' cr 108.8@2)
c4' c3' 03’ 108.2(2) ca c3' c2' 102.8(2)
03’ c3' c2' 110.42) c5' c4’ or 109.1(2)
cs' ca' c3 113.02) or c4 c3 106.6(2)
05’ c5' ca' 108.42)

14
N2 N1 c5 109.9(4) N2 N1 cr 121.8(4)
c5 N1 cr 127.8(4) c3 N2 N1 102.0(4)
N4 c3 S6 124.4(4) N4 c3 N2 115.2(4)
S6 c3 N2 120.4(4) c5 N4 c3 102.1(4)
N1 cs5 N4 110.8(4) c7 S6 c3 99.8(3)
cs c7 S6 110.5(5) c9 cs c13 120.0(4)
c9 c8 c7 117.9(5) c13 cs8 c7 122.1(5)
cl1o c9 8 120.04) cll c1o c9 120.0(4)
c12 cll c10 120.04) Ci3 ci2 cll 120.0(4)
c8 c13 c12 120.04) cz' cr or 106.9(4)
c2 cr N1 113.7(4) or cr N1 108.0(4)
c3' c2' 02’ 110.2(4) c3' c2' cr 102.4(4)
02’ cz cr 104.7(4) ca' c3 03’ 107.6(4)
ca' c3’ c2 102.9(4) 03’ c3' c2' 114.3(4)
cs5' c4 or' 109.7(4) c5' ca’ c3’ 113.7(4)
or' c4’ c3 103.4(4) 05’ cs' ca’ 106.7(5)
cr or ca' 110.4(4) cs' 02’ c2' 116.4(4)
cs 03’ c3' 117.3(4) cl10’ 05’ cs' 125.5(7)
cr c6' 06’ 127.4(5) cT c6' 02’ 109.3(5)
06’ cs' 0z’ 123.4(5) cy' cs8' 08’ 126.5(5)
cy’ cs' 03’ 110.1(5) o8’ ol:3 03’ 123.4(5)
cir C1o’ 010’ 125.9(10) cir c10’ 05’ 116.009)
010’ c10’ 05’ 118.0(10)

21
N2 N1 c5 110.32) N2 N1 cr 122.02)
c5 N1 cr 127.8(2) c3 N2 N1 102.12)
N4 c3 S6 122.6(2) N4 c3 N2 115.2(2)
S6 c3 N2 122.22) c5 N4 c3 102.72)
N1 c5 N4 109.72) 07 S6 08 120.87(12)

07 S6 N9 107.72(11) 07 S6 C3 106.09(11)
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Table 3 (continued)
Bond Angles (°) in 7, 14 and 21

1 2 3 1-2-3
08 S6 N9 108.0412)
N9 S6 C3 107.61(9)
ce’ cr Ni 112.24(14)
c3' c2 02’ 105.42)
02’ c2 Ccl’ 110.96(15)
c4’ c3' c' 101.91(14)
C5' c4' ol 108.7(2)
or’ Cc4' c3 103.94(15)
Cl’ ol C4' 110.37(15)
Table 4

Sugar Conformational Parameters for Compounds 7, 14 and 21

Parameter 7 14 21
P (%) 170.0 36.8 13.1
7(°) 35.2 37.1 384
Conformation T, T 3T,
C, endo Cy endo-C exo Cy endo

Xew O)OI'CI'NxY x=2Y=Nl x=1Y=C5 x=1Y =0C5

73.8(2) —91.96) —114.02)
@ (°) 01-C4"-C5'-05' 50.6(2) 79.4(5) 56.1(2)
¢.. (°) C3'-C4'-C5"-05’ 169.0(2) -165.3(4) 172.1(2)

gt gt gt

erated in situ by the addition of sodium hydride in anhy-
drous acetonitrile, with 1-chloro-2-deoxy-3,5-di-O-p-toluo-
yl-a-D-erythro-pentofuranose (22) [34] gave a mixture of
two nucleoside products. After silica gel column chroma-
tography (methylene chloride:ethyl acetate, 85:15 as the
solvent), the lower R, product 14(2-deoxy-3,5-di-O-p-toluoyl-
B-D-erythro-pentofuranosyl)-1,2,4-triazole-3-sulfonamide
(26) in 40% yield and a higher R; product 1-(2-deoxy-3,5-
di-0-p-toluoyl-3-D-erythro-pentofuranosyl)-1,2,4-triazole-5-
sulfonamide (24) in 13% yield, were obtained. Ammonoly-
sis of 24 and 26 with methanolic ammonia at room temper-
ature for 15 hours gave the deblocked nucleosides 25 and
27, respectively. The 'H nmr studies provided unequivocal
proof for the assignment of structures for 25 and 27 when
compared with the 'H nmr spectra of appropriate triazoles
as reported previously from our laboratory [35]. In the *H
nmr spectrum of 27, the C-5 ring proton (8 8.89 ppm) had
a comparable chemical shift to the C-5 proton resonance (5
8.91 ppm) of ribavirin [35]. Similarly, the C-3 ring proton
resonance (6 8.21 ppm) of 23 was very similar to that of
1.8-D-ribofuranosyl-1,2,4-triazole-5-carboxamide (6 8.16
ppm) [35). The anomeric configuration of 25 and 27 was

1 2 3 1-2:3
08 56 c3 105.87(11)
c2' cr or’ 106.92)
or cr N1 109.12)
c3 c2' cr 101.6(2)
c4' c3 03’ 114.6(2)
03' c3' c2 114.22)
cs' ca’ c3 115.002)
05’ cs' ca' 110.52)

also assigned as 8 by 'H nmr data, where the characteris-
tic triplet for the anomeric proton was observed at 6 6.60
and & 6.24 ppm, respectively. This pattern is similar to
that observed for the anomeric proton of other 2'-deoxy-3-
D-ribonucleosides [36,37]. The site of glycosylation in 27
was further corroborated as N-1 by comparison of the uv
spectrum of 21 and 27, which are identical.

The preparation of the f3-D-arabinofuranosyl derivative
of 19 was also accomplished in a manner similar to that of
27. Glycosylation of the sodium salt of 19 (generated in
situ by the addition of sodium hydride in anhydrous aceto-
nitrile) with 1-chloro-2,3,5-tri-O-benzyl-o-D-arabinofuran-
ose (23) [38] at ambient temperature and subsequent puri-
fication of the reaction product by flash chromatography
on silica gel gave 1-(2,3,5-tri-O-benzyl-3-D-arabinofurano-
syl)}1,2,4-triazole-3-sulfonamide (28) in good yield. Nucleo-
side 28 was the only nucleoside product which could be de-
tected in the reaction mixture by tlc or column chromatog-
raphy procedures. Debenzylation of 28 with boron trichlo-
ride at low temperature gave the desired 1-3-D-arabinofu-
ranosyl-1,2,4-triazole-3-sulfonamide (29) in 71% yield. The
site of glycosyl attachment in 29 was established as N-1 by

comparison of the uv spectrum of 29 (266 nm) with that of
21 (266 nm), which are identical. The anomeric configura-
tion of 29 was again assigned as $ on the basis of ],
coupling constant (5.73 Hz) observed for the anomeric pro-
ton in the 'H nmr spectra, which is within the region of
3.5-8.0 Hz as expected for a vicinal, cis arrangement of the

C, and C, protons [39].

Single-Crystal X-ray Diffraction Analyses of Compounds
7, 14 and 21.

Atomic coordinates for compounds 7, 14 and 21 are
listed in Table 1. Bond lengths and bond angles involving
only non-hydrogen atoms are given in Tables 2 and 3. The
conformations of each are illustrated in Figures 1, 2 and 3,
respectively. In all Figures, non-hydrogen atoms are repre-
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sented by thermal ellipsoids drawn at the 50% probability
level and hydrogens are drawn with arbitrary radii.
Compound 7 exists in the thione form possessing a very
short C3-S bond length of 1.675(2) A. Comparing 7 with
2-and 4-B-D-ribofuranosyl-1,2,4-triazolin-3-one [40]
analogs, shows a general similarity in bond length and
bond angle patterns. The N1-C5 bond is a predominant
double bond in all three. However, in 7, the C3-N2 and
C3-N4 bonds are equivalent whereas in the oxo analogs
C3-N2 is 0.05-0.06 A shorter than C3-N4. The bonding
patterns in the triazole rings of 14, 21 and the two forms of
ribavirin (3) [6,7] are likewise similar; the predominant
double bond character occurs in N2-C3, N4-C5 and N1-C5.
As expected, the fully oxidized S in 21 compared to 14
results in a longer C3-S6 bond length. The sulfonamide
nitrogen, N9, is 1.467(2) A out of the triazole plane unlike
the carboxamide nitrogens in the two forms of ribavirin
which are nearly coplanar with the triazole rings. The
triazole rings of 7, 14 and 21 are planar with rms devia-
tions of 0.003, 0.002 and 0.009 A, respectively. The
dihedral angle between the triazole and phenyl rings in 14
is 70.1(2)°. The planar C3-S6-C7-C8 fragment (rms devia-
tion 0.009 A) makes a dihedral angle of 22.4(3)° and
87.5(3)° with the triazole and phenyl rings respectively.
The ribose conformational parameters are summarized

Figure 1. Perspective drawing of 7.

Figure 2. Perspective drawing of 14. Figure 3. Perspective drawing of 21.
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Table 5
Hydrogen Bonding in 7 and 21.
Symmetry of A dH~A)  dDA)  LAD—H-A)
D - H A relative to D (A) (A) ©)
7
N4 H4 05’ x—0.5,0.5~y,2.0—z 2.04(4) 2.848(3) 169.(4)
02' HO2' 05’ x—1.0, Y, z 1.94(3) 2.728(3) 158.(3)
03’ HO3' S -x,y+0.5,1.5—z2 2.64(4) 3.408(2) 159.(3)
03 HO3' 02' X, Y, z 2.35(4) 2.741(2) 110.{3)
05’ HOS’ ow x+0.5,15~y,20-z 1.94(5) 2.640(3) 166.(5)
ow HW1A N1 X, Y, z 1.95(4) 2.948(3) 167.(4)
ow HW1B S x+0.5, 05—y, 20—z 2.25(4) 3.255(2) 173.(3)
21
N9 HN9A 03’ -x,y—0.5,1.0-z 2.1(3) 2.912(2) 161.(3)
N9 HN9B 05’ 1.0-x,y-0.5,10-z 2.00(3) 2.908(3) 160.(3)
02’ HO2' or’ 10-x,05+y, 1.0—z 1.96(4) 2.771(2) 156.(4)
03’ HO3' N2 -x,05+y, 1.0—¢z 2.51(7) 3.080(2) 124.(5)
05’ HO5' N4 X, y, 1.0+z 2.07(4) 2.836(2) 158.(4)

in Table 4. The sugar rings in 7 and 21 fall into the confor-
mational ranges frequently observed in B-purine and 3-
pyrimidine nucleosides [41] while in 14, the blocked sugar
does not. The conformation of 21 is the same as form I of
ribavirin. However, the glycosidic linkages are much dif-
ferent with 21 (and 14) in the syn region and form I of 3 in
the anti region. The side chain is gt in each structure.
Bond lengths and thermal parameters suggest orientation-
al disorder in the 05’ acetyl and the benzyl groups in 14.

Hydrogen bonding geomeiries in the structures 7 and
21 are listed in Table 5; there is no hydrogen bonding in
the fully blocked nucleoside 14. All hydroxyl groups in 7
and 21 act as donors. Only 05’ in 7 and 03’ and 05" in 21
are acceptors in hydrogen bonding. In 7, the water
molecule is involved in three hydrogen bonds and there
appears to be a weak intramolecular hydrogen bond be-
tween 03’ and 02'. Compound 21 exhibits the unusual
feature of a hydrogen bond involving OY".

EXPERIMENTAL

Melting points (uncorrected) were determined in a Thomas-Hoover
capillary melting-point apparatus. Elemental analyses were performed by
Robertson Laboratory, Madison, NJ. Thin layer chromatography (tlc) was
performed on plates of silica gel 60F-254 (EM Reagents). Silica gel (E.
Merck; 230-400 mesh) was used for flash column chromatography. All
solvents used were reagent grade. Detection of nucleoside components in
tlc was by uv light, and with 10% sulfuric acid in methanol spray follow-
ed by heating. Evaporations were conducted under diminished pressure
with the bath temperature below 30°. Infrared (ir) spectra were recorded
with a Perkin-Elmer 1420-spectrophotometer and ultraviolet spectra (uv)
were recorded on a Beckman DU-50 spectrophotometer. Nuclear

magnetic resonance (*H nmr) spectra were recorded at 300 MHz with an
IBM NR/300 spectrometer. The chemical shift values are expressed in §
values (parts per million) relative to tetramethylsilane as the internal
standard. The signals are described as s (singlet), d (doublet), t (triplet),
and m (multiplet).

242,3,5-Tri-0-acetyl-8-D-ribofuranosyl}1,2,4-triazole-3(4H)-thione (6) and
442,3,5-Tri-O-acetyl-3-D-ribofuranosyl)-1,2,4-triazole-3(2H)-thione (8).

Method A.

A mixture of 1,2,4-triazole-3(1H,2H)-thione (4, 4.04 g, 40 mmoles) {24]
and 1,2,3,5-tetra-O-acetyl-3-D-ribofuranose (3, 12.72 g, 40 mmoles) was
heated in an oil bath maintained at 150°. Bis(p-nitrophenyl) phosphate
(0.10 g) was added with stirring, and heating at 150° under diminished
pressure was continued for 20 minutes. The reaction mixture was cooled,
dissolved in chloroform (250 ml) and the organic phase was washed with
5% sodium bicarbonate solution (2 x 100 ml), followed by water (3 x 50
ml). The dried (sodium sulfate) organic extracts were evaporated, and the
residue was purified on a silica gel column (5 x 20 cm) using chloroform:-
methanol (99:1, v/v) as the solvent. The following two nucleosides were
isolated in the order listed: 442,3,5-Tri-O-acetyl-B-D-ribofuranosyl)
1,2,4-triazole-3(2H)-thione (8), amorphous solid, 2.60 g (18%); uv A max
(methanol): 257 nm (e 10,400); 'H nmr (DMSO-d¢): 6 2.05-2.11 (3 s, 9,
3COCH,),6.10(d, 1,J- 9 = 6.0 Hz, C|:H), 8.72 (s, 1, CsH) and 13.98 (br s,
1, N.H, exchanged with deuterium oxide).

Anal. Caled. for C ,H,,N,0,S (mw 359.33): C, 43.45; H, 4.77; N, 11.69;
S, 8.92. Found: C, 43.64; H, 4.69; N, 11.42; S, 8.70.

242,3,5-Tri-O-acetyl-3-D-ribofuranosyl}1,2,4-triazole-3(4H) thione  (6)
was an amorphous solid, 1.20 g (8.3%); uv N\ max (methanol): 253 nm (e
12,100); 'H nmr (DMSO-ds): § 2.01-2.08 3 5,9, 3COCH;), 6.31 (d, 1, J o
= 3.81 Hz, C\.H),8.50 (s, 1, CsH) and 13.80 (br s, 1, N H, exchanged with
deuterium oxide).

Anal. Caled. for C,H,,N,0,S (mw 359.33): C, 43.45; H, 4.77; N, 11.69;
S, 8.92. Found: C, 43.22; H, 4.63; N, 11.50; S, 8.69.

Method B.
A mixture of 4 (4.04 g, 40 mmoles), hexamethyldisilazane (HMDS, 80
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Table 6
Crystal and Experimental Data [a] [b} for Compounds 7, 14 and 21
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7 14 21
Empirical formula C,H,,N,0,5-H,0 C,,H,;N,0,S C,H,,N,0S
Formula weight 251.26 449.49 280.26
Crystal system orthorhombic orthorhombic monoclinic
Space group P2,2,2, P2,2,2, P2,
a(A) 7.1211(7) 8.8428(7) 6.6598(5)
b (A) 8.8197(11) 9.8670(12) 9.2240(6)
c(A) 17.430(2) 25.812(4) 9.2328(9)
B 90.0 90.0 105.538(15)
V(A?) 1094.7(2) 2252.2(5) 546.44(9)
Y/ 4 4 2
Peatea (g cm™) 1.52 1.33 1.70
F(000) (electrons) 488 944 584

Radiation, A (A)

Crystal dimensions (mm)

CuKa, 1.54178
0.44 x 0.12 x 0.06

CuKa, 1.54178
0.40 x 0.29 x 0.075

CuKa, 1.54178
0.40 x 0.34 x 0.13

g (em™) 27.36 16.33 29.16

max 26 (°) 152 152 152

Total refls, measd, unique 1329, 1329 2686, 2686 1312, 1220
Observed refls (F=40;) 1249 2215 1215

No. of variables 209 324 211

S (goodness of fit) 1.478 2.58 1.72

R, wR [c] 0.027, 0.039 0.059, 0.083 0.024, 0.036
Extinction parameter 2.7(2) x 10°¢ 3.9(12) x 1077 8.0(5) x 10-¢
Max Alo 0.050 0.001 0.022

Max, min in A map (e/A’) 0.16, —0.22 0.51, —0.35 0.24, —0.22

[a] Unit-cell parameters were obtained by least-squares refinement of the setting angles of 25 reflections in the ranges: for 7,53.1 < 26 < 59.5°; for
14, 52.5 < 20 < 58.7°; for 21, 51.6 < 26 < 59.5°. [b] Intensity measurements were made on an Enraf-Nonius CAD4 automatic diffractometer
equipped with a graphite nomochromator using an w-26 scan procedure and variable scan speeds. Data reduction was accomplished with the SDP-Plus
program package and included Lorentz, polarization, decay and absorption corrections [42]. [c] Function minimized was Zw( | F, | — | F. | )?, where
w = (g5 + 0.0004F?)! for all three structures. o, = Fo,/2] and o; = (N« + Nop + N2)"%

ml) and ammonium sulfate (0.2 g) was heated under reflux at 150° (oil
bath temperature) for 18 hours. The excess of HMDS was evaporated at
55-60° under diminished pressure. The residue was co-evaporated with
dry toluene (2 x 50 ml) and dried for 30 minutes at 50° in vacuo to give
the bis-silylated triazole. To a stirred solution of the silylated triazole in
anhydrous acetonitrile (80 ml) was added 5 (12.72 g, 40 mmoles) followed
by trimethylsilyl triflate (13.12 ml, 57.6 mmoles) and the mixture was stir-
red at room temperature. After 1 hour the reaction mixture was evapo-
rated. The residue was dissolved in ethyl acetate (300 ml) and washed
with 5% sodium bicarbonate solution (300 ml). The organic layer was
separated, washed with water (2 x 100 ml), dried over anhydrous sodium
sulfate and evaporated to dryness. The residue was chromatographed on
a silica gel column as described in Method A to yield 1.8 g (17%) of 8 and
5.2 g (36%) of 6. The products 6 and 8 were identical in all respects with
6 and 8 obtained by Method A.

2-6-D-Ribofuranosyl-1,2,4-triazole-3(4H)-thione (7).

A solution of 6 (0.61 mmole) in methanolic ammonia (saturated at 0°,
20 ml) was kept at 4° for 20 hours. The solvent was removed and the

residue was purified on a silica gel column (1.5 x 20 ¢m) using chloro-
form:methanol (9:1 and 8:2, v/v) as the eluent to provide 0.11 g of 7. Crys-
tallization from ethanol afforded 0.10 g (71%) of analytical sample, mp
186-188°; uv A max (pH 1): 256 nm (e 18,500); (pH 7): 257 nm (e 17,100);
(pH 11): 250 nm (e 16,400); 'H nmr (DMSO-de): 6 6.09 (d, 1, J -2 = 3.75
Hz, C1H),8.39(s, 1, CsH) and 13.61 (s, 1, N,H, exchanged with deuterium
oxide).

Anal. Caled. for C;H,;N,0,S (mw 233.24): C, 36.04; H, 4.75; N, 18.02;
S, 13.75. Found: C, 35.89; H, 4.72; N, 17.87; S, 13.59.

4-3-D-Ribofuranosyl-1,2,4-triazole-3(2H)-thione (9).
Method A.

In the same manner as for 7, the title compound was prepared using 8
(0.27 g, 0.75 mmole) and methanolic ammonia (25 ml). The product was
crystallized from ethanol to yield 0.16 g (91%) of 9, mp 135-137°; uv A
max (pH 1): 252 nm (e 11,000); (pH 7): 249 nm (¢ 9,600); (pH 11): 238 nm (e
8,700); 'H nmr (DMSO-de): 6 5.81 (d, 1, J;:o = 5.01 Hz, C;.H), 8.68 (s, 1,
CsH) and 13.81 (s, 1, N,H, exchanged with deuterium oxide).

Anal. Caled. for C,H, N,0,S (mw 233.24): C, 36.04; H, 4.75; N, 18.02;
S, 13.75. Found: C, 35.95; H, 4.79; N, 17.76; S, 13.53.
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Method B.

To a solution of 12 (5.4 g, 10 mmoles) in anhydrous methanol (100 ml)
was added a 1V solution of sodium methoxide in methanol until the pH
of the solution was 9. The alkaline solution was stirred at room
temperature for 5 hours. Complete conversion of the starting material to
a new product was indicated by tlc {silica gel, chloroform:methanol, 9:1,
viv). The solution was neutralized with Dowex-50 (H*) resin and filtered.
The filirate was evaporated to dryness and the residue was crystallized
from iso-propyl alcohol to yield 2.0 g (86%) of 9, mp 136-137°.

Anal. Caled. for C,H,,N,0,S (mw 233.24): C, 36.04; H, 4.75; N, 18.02;
S, 13.75. Found: C, 35.98; H, 4.60; N, 18.10; S, 14.07.

442,3,5-Tri-O-benzoyl-B-D-ribofuranosyl)1,2,4-triazole-3(2 H} thione (12).

Acetic anhydride (10 ml) was cooled to 0° and to this was added drop-
wise with stirring formic acid (99%, 5 ml). The mixture was heated at 50°
for 15 minutes and then cooled to 0°. To the cold mixture was added
442,3,5-tri-O-benzoyl-B-D-ribofuranosyl)thiosemicarbazide (10, 3.0 g, 5.6
mmoles) [25] and 4-dimethylaminopyridine (DMAP, 50 mg). The
resulting solution was stirred at room temperature for 15 hours. The
reaction mixture was evaporated to dryness and the residue was co-
evaporated with methanol (5 x 50 ml). Crystallization of the residue with
hot methanol gave 2.1 g (69%) of the title compound, mp 179-180°.

Anal. Caled. for C,,H,,N,0,S (mw 545.54): C, 61.64; H, 4.25; N, 7.70; S,
5.88. Found: C, 61.75; H, 3.99; N, 7.58; S, 5.95.

142,3,5-Tri-O-acetyl-8-D-ribofuranosyl)-3-benzylthio-1,2,4-triazole (14)
and 142,3,5-Tri-O-acetyl-8-D-ribofuranosyl)-5-benzylthio-1,2,4-triazole
(16).

Method A.

In a similar manner as for 6 and 8 (Method B), silylation of 3-benzyl-
thio-1,2,4-triazole (13, 1.34 g, 7 mmoles) [27] with HMDS (20 ml) in the
presence of ammonium sulfate (0.10 g) and subsequent glycosylation with
5(2.33 g, 7 mmoles) in the presence of trimethylsilyl triflate (2 ml, 10.1
mmoles) gave crude products. Purification of the products on a silica gel
column (3 x 20 em) using successively 200 ml portions of methylene chlo-
ride:methanol (98:2 and 96:4, v/v) gave two nucleosides, which were
isolated in the following order: 142,3,5-Tri-O-acetyl-3-D-ribofuranosyl)-3-
benzylthio-1,2,4-triazole (14), 1.30 g (41 %) as syrup; 'H nmr (DMSO-d;): &
1.96-2.09 (3 5, 9, 3COCHs), 4.34 (s, 2, CH,CeHs), 6.21 (d, 1, J1 o = 2.04
Hz, CyH), 7.22-7.74 (m, 5, CH,C.H;) and 8.73 (s, 1, C;H).

Anal. Caled. for C,oH,,N,0,S (mw 449.49): C, 53.44; H, 5.16; N, 9.35; S,
7.13. Found: C, 53.37; H, 5.34; N, 9.26; S, 7.06.

142,3,5-Tri-O-acetyl-8-D-ribofuranosyl)}-S-benzylthio-1,2,4-triazole (16)
was a syrup (0.46 g, 15%); 'H nmr (DMSO-d,): & 2.00-2.09 (3 s, 9,
3COCH;), 447 (s, 2, CH,C,Hy), 592 (d, 1, Jig = 228 Hz, CyH),
7.25-7.38 (m, 5, CH,C H,) and 8.20 (s, 1, C,H).

Anal. Caled. for C,0H,N,0,S (mw 449.49): C, 53.44; H, 5.16; N, 9.35; S,
7.13. Found: C, 53.22; H, 5.09; N, 9.19; S, 7.10.

Method B.

A mixture of 13 (0.96 g, 5 mmoles) and 5 (1.59 g, 5 mmoles) was heated
at 185° in the presence of bis(p-nitrophenyl) phosphate (0.10 g) under
diminished pressure for 15 minutes. Chromatography of the resulting
reaction mixture on a silica gel column as described for 6 and 8 (Method
A), gave 14 (48%) and 16 (35%), identical with the ones prepared by
Method A.

1-8-D-Ribofuranosyl-3-benzylthio-1,2,4-triazole (15).

In the same manner as for 7, the title compound was prepared using 14
(0.67 g, 1.5 mmoles) and methanolic ammonia (40 ml). The product was
crystallized from diethyl ether to yield 0.37 g (76%) of 15, mp 110-112°;
'H nmr (DMSO-d¢): 6 4.32 (s, 2, CH,C¢Hy), 5.73 (d, 1, Jig = 3.75 Hz,
CyH), 7.22-741 (m, 5, CH,CH,) and 8.78 (s, 1, C,H).

Anal. Caled. for C, H,,N,0,S (mw 323.36): C, 52.00; H, 5.30; N, 13.00;
S, 9.91. Found: C, 51.94; H, 5.31; N, 13.03; S, 10.18.
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1-3-D-Ribofuranosyl-5-benzylthio-1,2,4-triazole (17).

In a similar manner as for 7, compound 17 was prepared using 16 (0.45
g 1 mmole) and methanolic ammonia (30 ml). The product was crystal-
lized from diethyl ether to yield 0.20 g (64%) of 17, mp 100°; '‘H nmr
(DMSO-dg): 6 447 (s, 2, CH,CH,), 5.60 (d, 1, J;-» = 4.20 Hz, CH),
7.28-7.42 (m, 5, CH,C H;) and 8.09 (s, 1, C,H).

Anal. Calcd. for C,,H,,N,0,S (mw 323.36): C, 52.00; H, 5.30; N, 13.00;
S, 9.91. Found: C, 51.76; H, 5.41; N, 13.27; S, 9.76.

1,2,4-Triazole-3-sulfonyl Fluoride (18).

To a polyethylene beaker, cooled in an ice-salt bath, were added
methanol (70 ml), 48% hydrofluoric acid (7.5 ml) and potassium fluoride
dihydrate (7.5 g). The solution was cooled to 10° and 1,2,4-triazole-
3(1H,2Hythione (4, 9.2 g, 91 mmoles) [24] was added. The mixture was
cooled to 0° and with stirring a fast stream of chlorine gas was bubbled
into the reaction mixture. The rate of chlorine introduction was adjusted
so that a reaction temperature of <5° was maintained. The time re-
quired for the reaction to complete was 4 hours, as judged by tlc. The
reaction mixture was poured slowly with stirring onto crushed ice (200 g).
The mixture was stirred for 5 minutes {excess ice must always be
present), and the pale-yellow solid was collected by filtration, washed
thoroughly with ice-cold water, pressed dry and air-dried. The dry
residue was crystallized from boiling absolute ethanol to yield 4.3 g
(32%) of 18, mp 68-70°; ir (potassium bromide): » max 1160 (S =0), 1260
(SO, sym), 1380 (SO,, antisym) cm™'; *H nmr (DMSO-d¢): 6 9.21 (s, 1, CsH)
and 12.10 (br s, 1, NH).

Anal. Caled. for C,;H,FN,0,5-1% H,0 (mw 151.1): C, 15.00; H, 1.25; N,
26.26; F, 20.00; S, 11.88. Found: C, 15.24; H, 1.24; N, 26.01; F, 19.74; S,
11.82.

1,2,4-Triazole-3-sulfonamide (19).

To liquid ammonia (50 ml) was added, with stirring, finely powdered
18 (3.0 g, 20 mmoles) in small portions over a period of 10 minutes. The
ammonia was allowed to evaporate, with stirring, over a period of 30
minutes at room temperature. The resulting moist solid was dissolved in
ice cold water (50 ml), and the pH of the solution adjusted to 5 with
glacial acetic acid. After allowing the mixture to stand at 0° overnight,
the precipitated 19 was collected by filtration and dried to yield 1.20 g
(40%), mp 227-230° [lit [3] mp 224.5-225.5°); ir (potassium bromide): »
max 1160, 1370 (SO,) and 3200-3600 (NH,) em™'; *H nmr (DMSO-ds): &
7.78 (br s, 2, SO,NH,), 8.75 (s, 1, CsH) and 14.66 (br s, 1, NH).

142,3,5-Tri-O-acetyl-8-D-ribofuranosyl}1,2,4-triazole-3-sulfonamide (20).

A mixture of dry 19 (1.48 g, 10 mmoles), HMDS (20 ml) and ammonium
sulfate (100 mg) was heated under reflux at 150° (oil bath temperature)
for 18 hours with the exclusion of moisture. The excess of HMDS was
evaporated at 50-55° (bath temperature) under diminished pressure to
give the silylated sulfonamide. To a solution of the silylated sulfonamide
in acetonitrile (35 ml) was added dry 5 (3.18 g, 10 mmoles), followed by
trimethylsilyl triflate (2.78 ml, 14.4 mmoles), and the mixture was stirred
at room temperature for 1 hour, at which time tle (silica gel, methylene
chloride:methanol, 96:4, v/v) indicated complete conversion of the start-
ing material to a new product. The reaction mixture was evaporated to
dryness and the residue was dissolved in ethyl acetate (150 ml). The
organic layer was washed with a 5% sodium bicarbonate solution (2 x 75
ml), followed by water (2 x 100 ml), before it was dried over anhydrous
sodium sulfate. The solvent was evaporated and the residue was purified
by flash chromatography over silica gel using successively methylene
chloride (200 ml), and methylene chloride:methanol [98:2 (500 ml), 96:4
(500 ml), viv] as the eluent. The homogeneous fractions were pooled
together and evaporated to give 2 g (50%) of 20 as a semisolid; ir
(potassium bromide): » max 1060 (SO), 1235, 1370 (S0,), 1750 (C=0) and
3200-3500 (NH,) cm™; uv (ethanol):: A max 266 nm (e 8,800); 'H nmr
(DMSO-d): 6 2.022.10 (3 5,9, 3COCH,), 6.36 (d, 1,J o = 3.35 Hz, C}-H),
7.95 (s, 2, SO,NH,) and 8.97 (s, 1, CsH).
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Anal. Caled. for C,,H ,N,0,S (mw 406.36). C, 38.42; H, 4.46; N, 13.79;
S, 7.89. Found: C, 38.27; H, 4.34; N, 13.59; S, 7.63.

1-8-D-Ribofuranosyl-1,2 4-triazole-3-sulfonamide (21).

In the same manner as for 7, treatment of 20 (2.03 g, 5 mmoles) with
methanolic ammonia (100 ml, saturated at 0°) gave the crude product.
Purification of the crude product by flash chromatography over silica gel
using methylene chloride:methanol (9:1, 8:2, v/v) gave 1.5 g of homogen-
eous product, which after crystallization from methanol afforded 1.30 g
(93%) of 21 as needles, mp 128-130°; ir (potassium bromide): » max 1050
(50), 1160, 1350 (SO,) and 3000-3600 (NH,, OH) cm™; uv (ethanol): A max
266 nm (e 2,400); 'H nmr (DMSO-de): 6 5.83 (d, 1, Jyr g = 4.5 Hz, C-H),
7.86 (s, 2, SO,NH,) and 8.98 (s, 1, CsH).

Anal. Caled. for C,;H ,N,0,S (mw 280.26): C, 30.00; H, 4.32; N, 19.99;
S, 11.44. Found: C, 29.97; H, 4.26; N, 19.86; S, 11.22.

1-(2-Deoxy-3,5-di-O-p-toluoyl-8-D-erythro-pentofuranosyl) 1,2, 4-triazole-3-
sulfonamide (26) and 142-Deoxy-3,5-di-O-p-toluoyl-8-D-erythro-pento-
furanosyl)1,2,4-triazole-5-sulfonamide (24).

A mixture of 19 (1.48 g, 10 mmoles) and sodium hydride (60% in oil,
0.5 g, 12.5 mmoles) in anhydrous acetonitrile (60 ml) was stirred at am-
bient temperature under a nitrogen atmosphere for 30 minutes. Dry,
powdered 1-chloro-2-deoxy-3,5-di-O-p-toluoyl-a-D-erythro-pentofuranose
(22, 3.88 g, 10 mmoles) [34] was added portionwise with stirring during 5
minutes, and stirring was continued for 20 hours. A small amount of in-
soluble material was removed by filtration. Evaporation of the filtrate
gave an oily residue, which was purified on a silica gel column (2 x 20 c¢m)
packed in methylene chloride, using methylene chloride:ethyl acetate
(85:15, 8:2, v/v) as the eluent. The following two nucleosides were isolated
in the order listed: 142-deoxy-3,5-di-O-p-toluoyl-3-D-erythro-pentofuran-
osyl}-1,2,4-triazole-5-sulfonamide (24), homogenous foam, 0.65 g (13%): ir
(potassium bromide): » max 1100, 1270, 1360 (S0,), 1720 (C = 0. of ester)
and 3200-3500 (NH,) cm™; uv A max (ethanol): 262 nm (e 4,100); '"H nmr
(DMSO-d,): 6 2.30 (s, 3, CH,), 2.41 (s, 3, CH,), 6.87 (1, 1,J 1o = 6.15 Hz,
CyH), 7.30-7.37 (m, 4, Ph), 7.85-7.90 (m, 4, Ph), 8.30 (s, 1, C;H) and 8.51 (s,
2, SO,NH,).

Anal. Caled. for C,,H,,N,0,S (mw 500.51): C, 55.19; H, 4.83; N, 11.19;
S, 6.41. Found: C, 54.97; H, 4.86; N, 10.95; S, 6.17.

1-(2-Deoxy-3,5-di-O-p-toluoyl-8-D-erythro-pentofuranosyl)-1,2,4-tri-
azole-3-sulfonamide (26) was a homogenous foam, 2.0 g (40%); ir (potas-
sium bromide): » max 1100, 1270, 1360 (S0.), 1720 (C=0 of ester) and
3200-3500 (NH;) cm™; uv (ethanol): A max 264 nm (¢ 3,700): 'H nmr
(DMSO0-d,): & 2.41 (s, 3, CH,), 2.43 (s, 3, CH,), 6.57 (1, 1, J -2 = 6.06 Hz,
CH), 7.87 (s, 2, SO,NH,), 7.27-7.37 (m, 4, Ph), 7.86-7.92 (m, 4, Ph) and
9.00 (s, 1, CsH).

Anal. Calced. for C,,H,,N,0,S (mw 500.51): C, 55.19; H, 4.83; N, 11.19;
S, 6.41. Found: C, 54.92; H, 4.80; N, 10.93; S, 6.61.

1{(2-Deoxy-B-D-erythro-pentofuranosyl}1,2,4-triazole-3-sulfonamide (27).

A solution of 26 (0.34 g, 0.67 mmole) in methanolic ammonia
(saturated at 0°, 30 ml) was stirred at room temperature in a pressure
bottle for 15 hours and then evaporated to dryness. The residue was
purified by flash chromatography over silica gel using methylene chlo-
ride:methanol (9:1, 8:2, v/v) as the eluent. The homogeneous fractions
were pooled and evaporated to dryness. The residue was crystallized
from methanol to yield 0.10 g (40%) of 27, mp 100°; ir (potassium
bromide): » max 1370, 1450 ($0,) and 2700-3500 (NH,, OH) cm™; uv
(ethanol): \ max 266 nm (¢ 3,800); 'H nmr (DMSO-de): 6 6.24 (1, 1,Jy 2 =
5.94 Hz, C-H), 7.82 (s, 2, SO,NH,) and 8.89 (s, 1, CsH).

Anal. Caled. for C;H,,N,0,S (mw 264.26): C, 31.82; H, 4.55; N, 21.2];
S, 12.12. Found: C, 31.96; H, 4.62; N, 20.97; S, 11.91.

1{2-Deoxy-B-D-erythro-pentofuranosyl}1,2,4-triazole-5-sulfonamide (25).

The title compound was prepared in a similar manner as described for
27, using 24 (0.40 g, 0.8 mmole) and methanolic ammonia (25 ml). The
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product was isolated as an amorphous solid in 46% yield (0.12 g); ir
(potassium bromide): » max 1370, 1450 (SO,) and 2700-3500 (NH,, OH)
cm™'; uv (ethanol): A max 264 nm (e 3,900); 'H nmr (DMSO-d¢): 6 6.67 (4, 1,
Ji2 = 6.0 He, C1-H), .74 (s, 2, SO,NH,) and 8.21 (s, 1, C;H).

Anal. Caled. for C,H ,N,0,S (mw 264.26): C, 31.82; H, 4.55; N, 21.21;
S, 12.12. Found: C, 32.05; H, 4.79; N, 20.94; S, 11.88.

142,3,5-Tri-O-benzyl-G-D-arabinofuranosyl)-1,2,4-triazole-3-sulfonamide
(28).

To a stirred solution of 19 (1.48 g, 10 mmoles) in dry acetonitrile (50
ml) was added sodium hydride (60% in oil, 0.50 g, 12.5 mmoles) in small
portions at room temperature. After the addition of sodium hydride, the
mixture was stirred for 30 minutes, and then 1-chloro-2,3,5-tri-O-benzyl-
a-D-arabinofuranose (23, 4.39 g, 10 mmoles) [38] in dry acetonitrile (50
ml) was added. The reaction mixture was stirred at room temperature for
20 hours under a nitrogen atmosphere, and filtered to remove a small
amount of insoluble material. Evaporation of the filtrate gave an oily
residue which was purified by flash chromatography using methylene
chloride:methanol [98:2 (400 ml), 97:3 (400 ml), v/v] as the eluent to yield
2.2 g (40%) of 28 as syrup; ir (neat): » max 1120, 1160, 1350 (S0O,) and
3000-3500 (NH,) cm™; uv (ethanol): X max 268 nm (¢ 3,900); 'H nmr
(DMSO-dg): & 4.37, 4.44 and 4.54 3 s, 6, 3CH,C.H,), 646 (d, 1, ] 9 =
5.76 Hz, CyH), 7.28-7.31 (m, 15, 3CH,C;Hs), 7.92 (s, 2, SO,NH,) and 8.81
(s, 1, CsH).

Anal. Calcd. for C,;H,,N,0,S (mw 550.61): C, 61.07; H, 5.49; N, 10.18;
S, 5.82. Found: C, 61.21; H, 5.44; N, 9.81; S, 5.71.

1-B-D-Arabinofuranosyl-1,2,4-triazole-3-sulfonamide (29).

To a cooled (—78°) and stirred solution of 28 (0.55 g, 1 mmole) in dry
methylene chloride (100 ml) under an argon atmosphere was added 1M
boron trichloride in methylene chloride (10 ml) dropwise during 15
minutes. The stirring was continued at —78° for 4 hours and at —25°
for an additional 2 hours. To the reaction mixture methanol:methylene
chloride (1:1, 40 ml) was added and stirred at room temperature for 1
hour, and then diluted with methanol (40 ml). The cooled (0-5°) solution
was neutralized with concentrated ammonium hydroxide and stirred for
1 hour. The precipitated solid was collected by filtration and washed with
methanol (20 ml), foliowed by methylene chloride (20 ml). The combined
filtrates were evaporated, the residue was dissolved in methanol and ad-
sorbed onto silica gel (2 g). The excess of the solvent was evaporated and
the dry residue was placed on top of a silica gel column (1.5 x 15 cm)
packed in methylene chloride. The column was eluted successively with
(100 ml portions) methylene chloride:methanol (9:1 and 8:2, v/v). The
homogeneous fractions were pooled and evaporated. The residue was
crystallized from methanol to yield 0.20 g (71 %) of 29, mp 80°; ir (potas-
sium bromide): » max 1060, 1160, 1350 (SO,) and 3000-3500 (NH,, OH)
cm™'; uv (ethanol): A max 266 nm (e 2,600); 'H nmr (DMSO-d¢): 6 6.06 (d,
1,J1 2 = 5.73 Hz, CyH), 1.82 (br s, 2, SO,NH,) and 8.79 (s, 1, C,H).

Anal. Caled. for C,H ,N,0,S (mw 280.26): C, 30.00; H, 4.32; N, 19.99;
S, 11.44. Found: C, 30.24; H, 4.57; N, 19.69; S, 11.28.

X-Ray Crystallography.

Crystal and experimental data for 7, 14 and 21 are summarized in
Table 6. Crystals were obtained from evaporated methanol/dichlorometh-
ane solutions (8:2, v/v for 7 and 21; 9:1, v/v for 14). Six of the sixteen non-
hydrogen atomic positions for 7 and 16 of the 18 non-hydrogen positions
for 21 were obtained with MULTAN-82 [43]. A subsequent Fourier map
for 7 and a difference Fourier map for 21 revealed the positions of the re-
maining non-hydrogen positions. Twenty-five non-hydrogen positions for
14 were obtained with SHELXS-86 [44] and the remaining six positions
were found in a AF map. All structures were refined by a full-matrix
least-squares procedure (SHELX-76) [45]. All positional and thermal
parameters were refined for compounds 7 and 21 (only non-hydrogen
atoms were treated anisotropically); in 14 the phenyl ring was treated as
a rigid group and the phenyl, benzyl and methyl hydrogens were idealiz-
ed with d(C-H)=1.00A. Atomic scattering factors and anomalous-
dispersion corrections for non-hydrogen atoms were taken from the In-
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ternational Tables for X-ray Crystallography [46]. For hydrogen, these
parameters were taken from Stewart, Davidson and Simpson [47].
Figures were drawn with ORTEPII [48]; least-squares planes program
was obtained from Cordes [49].
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