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of 1,5- and 1,3-Dialkyl Derivatives of (1,5-Dithio-
1-thiomethyl-«-D,L-arabinopentulo-
pyranos-1-yl)-1H-1,2,4-triazole Nucleosides

Najim A. Al-Masoudi* and Yaseen A. Al-Soud®

'"Department of Chemistry, University of Konstanz, Konstanz, Germany
2Department of Chemistry, College of Science, University of Al al-Bayt,
Al-Mafraq, Jordan

ABSTRACT

A series of novel C-thionucleosides: 1,5- and 1,3-dialkyl derivatives of (2,3,4,5-tetra-O-
acetyl-1,5-dithio-1-methylthio-a-D,L-arabinopentulopyranos-1-yl)-1H-1,2,4-triazole
nucleosides 10a—d and 17a—c were synthesized, after spontaneous rearrangements,
from concerted 1,3-cycloaddition of the sugar nitrile 5 with the reactive 1-(chloro-
alkyl)-1-aza-2-azoniaallenes 6 and 13 in the presence of a Lewis acid. Deblocking
of the acylated nucleosides afforded the free nucleosides 11a—d and 18a—c. The struc-
tures of the synthesized compounds were confirmed by '"H NMR and mass spectra.

Key Words: Biological activity; Cycloaddition reaction; Cumulenes; Nitriles; 1,2,4-
Triazole nucleosides.

INTRODUCTION

Nucleoside analogs play an important role in the field of chemotherapy for cancer and
viral diseases" because of their ability to interfere with DNA synthesis by inhibiting
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112 Al-Masoudi and Al-Soud

DNA polymerase."**) Chemical modifications of the sugar moiety have recently received
considerable attention,”! especially by changing the furanose ring oxygen atom to sulfur
atom which has revealed interesting biological activities including potency, selectivity, and
low toxicity in the chemotherapeutics.!*”! Simon et al.'” Walker et al.,”! Secrist III
et al.,[s] Imbach et al.,[9] Uenishi et al.,“O] and recently Voss et al."""" have described various
4’-thio analogs of purine and pyrimidine nucleosides, since some showed potent activities
against HSV-1 and VZV as well as antitumor activities against L-1210 and H-Ep-2, but
were found to be toxic. An outstanding candidate which emerged from these compounds
is B-L-(—)-2'-deoxy-3'-thiacytidine (limousine, 3TC™) (1)!"'* that recently approved by
FDA for the treatment of AIDS, but showed much lower cytotoxicity than its antipode.
Joeng et al.!"*! reported recently the synthesis of novel - and L-2'-azido-2,3'-dideoxyribo-
furanosyl-4'-pyrimidines and purines, whereby D-a, and 8-N°®-methyladenines analogs were
detected with significant anti-HCMV (human cytomegalovirus) activity. In connection with
our synthetic program by preparation of various sugars having sulfur in the ring,!"*~2% as bio-
active molecules and intermediates for synthesis of new nucleosides, we have recently syn-
thesized 1-(5-thio-B-D-xylopyranosyl)-pyrimidine and -lumazine nucleosides,'*"! as well as
1-(5-thio-D-B-glucopyranosyl)-6-azauracil nucleosides.”*! A modification in these thiosugars
was carried out by introducing the bioactive azide and amino groups, which might lead to
potentially active nucleosides. Such thiosugars are 3-acetamido- and azido-3-deoxy-5-thio-
p-xylose, 4-acetamido- and azido-4-deoxy-5-thio-L-lyxose, and their arabino- analog,”*”! as
well as the 3-azido-3-deoxy-5-thio-B-p-ribopyranose!”*! and 3-deoxy-5-thio-B-p-erythro-
pentopyranose.'*>! On the other hand, a few 1,2 4-triazole C-glycosides were reported,’?°~3"!
since these compounds were prepared as analog!®* of the potent antiviral N-nucleosides riba-
virin'**! because of their broad spectrum of action against RNA and DNA viruses. The anti-
viral activity of some cyclic 1,2,4-triazole C-nucleosides™™* against herpes simplex viruses
(HSV), and as a part of our program to develop a new anticancer and antiviral agent
we have pursued the synthesis of a novel type of C-thionucleosides bearing 1,2,4-triazole
residues, from non-sugar precursors, as promising antiviral or antitumor candidates.

NH2

Y

I)\O

RESULTS AND DISCUSSION

We have prepared recently various 1,2,4-triazole C-nucleosides'®! such as 1,2,4-triazole-

C-nucleosides, acyclic C-nucleosides, and homo-C-nucleosides, (D-manno-pentitol-1-yl)-
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Novel C-Thionucleosides 113

1,2 4-triazoles, 3'-1,2,4-triazolo- and 3'-1,3,4-thiadiazoliminothymidines, by cycloaddition of
the reactive intermediates 1-(chloroalkyl)-1-aza-2-azoniaallenes with the corresponding
nitriles. In the present study, the sugar moiety 5 has been selected for the synthesis of some
novel substituted 1,2,4-triazole C-nucleosides.

In an earlier study, Vays and Hay'®® had described the synthesis of some unusual
sugars having sulfur in the ring by facile Dields— Alder reactions between the reactive di-
enophiles, methyl cyanodithioformate (MCDF) and 1-methoxy-1,3-butadiene and cyclo-
pentadiene as electrophiles, The sulfur atom here is the most nucleophilic center and
it reacts preferentially with most of the electrophilic reagents commonly used to add to
carbon—carbon double bonds. Accordingly, compound 3 was prepared (35%) as a racemic
mixture of D,L configurations by reaction of MCDF with 1,4-diacetoxybutadiene (2).1*”!
The configuration at the anomeric center was assumed to be «, as discussed by the
Vays and Hay,® on the basis that cyano group in this open-chain system obeyed the
endo rule at low temperature and this hypothesis was supported by theoretical studies
of Hoffmann and Woodward®® of 3, but the most predominant configuration of 3 is
the a-D,L as confirmed by the '"H NMR s data. Cis-hydroxylation of 3 with OsO, in pyr-
idine at 23°C afforded the alcohol 4 (70%), which when treated with acetic anhydride in
pyridine gave the tetra-acetate 5 (86%) as a syrup. The structure of 3 was secured by the 'H
NMR and mass spectra. Both half conformations of 3, st and 2HS have the same stability
since there is no interaction between the quasi-axial acetoxy group and lone pairs on the
sulfur atom. Te small coupling contants (J34 3.9Hz, J5, <1.0Hz, and J5¢ 3.8,
Js6 < 1.0Hz) might explain the existence of 3 predominately in the Hg conformation.
The structure and conformation of 5 were deduced from the '"H NMR spectrum. The doub-
let at 65.20 was assigned to H-3, J5 4 = 3.0 Hz, a value typical of coupling between vicinal
diequatorial protons. The two doublet of doublets centered at 6 5.12 and 5.37 with
Jy5 =49Hz, J5 ¢ = 10.0 Hz were attributed to H-4 and H-5, respectively. H-6 appeared
as doublet at 6 4.20. The large coupling constant J5 = 10.0 Hz indicates that 3 and 4
occur exclusively in the >C, conformer. The stability of this conformer might be explained
also from the fewer 1,3-nonbonded interaction in the 5C2 as compared to the 2C5 confor-
mer, in addition to the “hockey stick effect” resulted from orbital repulsion between a sul-
fur atom in the ring and a « equatorial SMe group,'**! which in turn would destabilized the
2C5 conformer. Furthermore, the « configuration of 5 was assigned by the trans- 3Jc71,c74
coupling (4.2Hz) and these data are in consistence with those of an earlier study by
Marschal™®! and Weigert and Roberts™*!! on the substituted cyclohexane derivatives,
such as 11 and 12 (Sch. 1). Reaction of the sugar nitrile § with the chloro compounds
6a—d proceeded in the presence of SbCls in CH,Cl,, at —60°C for 1 hr, via the concerted
1,3-cycloaddition of the reactive 1-aza-2-azaoniaallene cations 7a—d with the cyanide
group, to give the inseparable 5-(2,3,4,5-tetra-O-acetyl-1,5-dithio-1-methylthio-D,L-ara-
bino-pentulopyranos-1-yl)-3H-1,2,4-triazolium hexachloroantimonates 8. By rising the
temperature above —30°C, 7 furnished the protonated triazoles 8 by migration!**! of the
alkyl group (R?) from C-3 to N-2 and elimination of (CO,Et) group from N-1. Hydrolysis
of 8, in situ, with aqueous NaHCOj at 23°C afforded 9a—d in 40—52% yields. Treatment
of 9a-d with NaOMe in MeOH gave the free nucleosides 10a-d in 65-81%
yields (Sch. 1).

The heterocumulenes 14 with terr-butyl group was observed to have a better
reactivity, and used for synthesis of the electrically neutral 2-unsubstituted 1,2,4-triazoles
in the presence of base. Thus, 14 obtained at low temperature (—60°C) from the chloro
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Scheme 1. Reagents and conditions: (i) OsOy, pyridine, 23°C, 23 hr; (ii) Ac,O, pyridine; 23°C,
18 hr; (iii) SbCls, CH,Cl,, —60°C to 23°C, 7hr; (iv) aq. NaHCO3;, 23°C; (v) NaOMe, MeOH,
23°C, 4 hr.

compound 13 on treatment with SbCls, was reacted with the sugar nitrile 5 to give the
inseparable hexachloroantimonate salts 15a—c. The elimination of the bulky ferz-butyl
group as isobutene, and [1,2] H-shift might occur during or after the cycloaddition reac-
tion, leaving back protonated salts 16a—c, from which the neutral 1,2,4-triazole com-
pounds 17a—c were obtained in 42%, 41%, and 79% yields, respectively, by hydrolysis,
in situ, with aqueous NaHCOj3;. De-acetylation of 17a—c¢ with NaOMe in MeOH proceeded
smoothly to afford the free nucleosides 18a—c in 78%, 84%, and 84% yields, respectively
(Sch. 2).

MARcEL DEKKER, INcC.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

) 1



06: 59 23 January 2011

Downl oaded At:

ORDER |

REPRINTS

Novel C-Thionucleosides 115
‘Bu Ar
Sy
Me Cl
13 B Me Bu Me ]
| X
Bu l N\ 3 //N N\A\/SH
D o 1
e =NA - AcO_ _S - e AcO_ S \—N\
r 0A
® AcO”\ 5 r A AcO Ar o
SbClg S SbClg SMe SbClg
14 L AcO 15 AcO _

a | 2,4,6-CICgH,
4-FCgH,
[ 4-N02C6H4

\

RO 0S
R
SMe

RO
. — 17:R=Ac
i [ 1g:R=H

Scheme 2. (i) SbCls, —60-23°C; (ii) NaHCO3, —30-23°C; (iii) NaOMe/MeOH.

The structures of the newly synthesized compounds were confirmed by the "H NMR
and mass spectra. The "H NMR spectra of 9a—d and 17a—c showed a similar pattern, since
H-2" appeared, mostly, as doublets in the region & 5.01-5.28. The coupling magnitudes
between H-2' and H-3’ (4.0—4.5 Hz) indicated a pyranosidic ring form with quasi equator-
ial—equatorial OAc groups at C-3’ and C-4/, respectively. H-4' appeared as doublet of
doublets in all compounds in the region 6 5.20—5.34 (J4 5 9.1-9.5 Hz), while the doublets
at lower field 6 4.14-4.28 were attributed to H-5'. The large coupling constant between
H-4' and H-5 is indicative of the *C, conformation, which is still preferred for all the
new synthesized nucleosides. When the six-member ring of a sugar moiety is in a chair
conformation, the axial—equatorial and equatorial—equatorial vicinal protons generally
having coupling magnitudes of 0—5.0 Hz.'**! Therefore, the coupling values between
H-3' and H-4' (J3 4 4.5-5.0 Hz), are indicative of an axial OAc group at C-3’ and an equa-
torial one in C-4’, respectively. The SMe group and the alkyl substituents at the 1,2,4-tri-
azole ring were assigned. The structures of the free nucleosides 10a—d and 18a—c were
confirmed by the '"H NMR and mass spectra. The '"H NMR spectra (DMSO-ds/D,0)
showed a close similarity in their coupling constants to those of the acylated analogs,
indicative of the pyranose ring with a “C; conformation. Compound 10d was selected
for HMQC™*! NMR to confirm the methylene groups CH,-5—CH,-9 of the azepine
ring at 6 2.82, 1.51, 1.81, 1.65, and 4.14, respectively. Furthermore, these protons were
identified by a comparison to those of the analogs bearing the same azepine group."*”!
Moreover, compound 10a was selected for further NMR spectroscopic study to prove
the a configuration. Thus, HMQC spectrum of 10a showed a signal at 5c 156.2 assigned
to C-3 as it has a cross peak to &y 2.75 of H-5', which gives an evidence for the « configur-
ation of the triazole ring. The trans- 3Jc_3,c_4/ coupling (4.0 Hz) is an additional proof for
the a configuration, as compared to earlier studies.[**4!!
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EXPERIMENTAL
General Method

Melting points are uncorrected. NMR spectra were measured with Bruker
AC-250, WM-250 with TMS as internal standard and on a & scale in ppm. EI and
FAB mass spectra were recorded on a MAT 312 mass spectrometer using
3-nitrobenzylalcohol (NBOH) or glycerol as matrix. Some molecular ions were detected
by doping the samples with Na™ ion. The cycloaddition was carried out with exclusion of
moisture.

Methyl 3,6-di-O-acetyl-4,5-dideoxy-2,6-dithio-a-D,L-threo-hex-4-en-2-ulopyra-
nosidononitrile (3). A solution of diene 2 (1.0 g, 5.87 mmol) in toluene (40 mL) was
stirred under reflux with MCDF (1.23 g, 11.74 mmol) for 24 hr. The solution was concen-
trated to approximately 8 mL, and kept overnight at 23°C to give 3 (0.59 g, 35%) as a crys-
tals; m.p. 67—70°C (lit.*”! 68—70°C). '"H NMR (CDCls, 600 MHz): & 6.12 (dd, 1H, J, 5
3.3Hz, H-4), 6.01 (m, 1H, H-5), 5.76 (dd, 1H, J54 3.9Hz, J;5 < 1.0Hz, H-3), 4.13
(dd, 1H, Js¢ 3.8, Js6 < 1.0Hz, H-6), 2.46 (s, 3H, SMe), 2.23, 2.16 (2 x s, 6H,
2 x OAc). Anal. Calcd for C;;H3NO,4S, (287.4): C, 45.98; H, 4.56; N, 4.87. Found:
C, 45.79; H, 4.48; N, 4.69. MS, m/z (FAB) 288 [MH]™.

Methyl 3,6-di-O-acetyl-2,6-dithio-a-D,L-arabino-2-hexulopyranosidononi-
trile (4). To a solution of 3 (0.50 g, 1.74 mmol) in dry pyridine (5 mL) was added a sol-
ution OsOy (0.71 g, 2.77 mmol) in dry pyridine (4 mL). The reaction mixture was stirred at
23°C for 22 hr, followed by addition of a solution of sodium bisulfate (1.30 g) in a mixture
of pyridine (14 mL) and water (21 mL), and the mixture was stirred for an additional 4 hr.
The reaction mixture was extracted with CH,Cl, (4 x 30mL), dried (Na,SQO,), filtered,
and evaporated to dryness to give a syrup. The syrup was dissolved in toluene
(4mL) and poured onto column of SiO, (15g) using, in gradient, ethyl acetate
(0—35%) and toluene as eluent. Evaporation of the appropriate fractions and recrystalliza-
tion from CH,Cl,—petroleum ether furnished 4 (0.39 g, 70%) as a crystalline product,
m.p. 107-108. "H NMR (CDCl3/D,0): 6 5.34 (d, 1H, J34 2.5Hz, H-3), 4.45 (dd, 1H,
Js6 10.0, J45 4.8Hz, H-5), 4.19 (d, 1H, H-6); 3.20 (dd, 1H, H-4), 2.52 (s, 3H, same),
2.20, 2.13 (2 x s, 6H, 2 x OAc). Anal. Calcd for C;;H5sNOgS, (321.4): C, 41.11; H,
4.70; N, 4.36. Found: C, 39.97; H, 4.59; N, 4.18. MS, m/z (FAB) 322 [MH]", 344
[MMa] ™.

Methyl 3,4,5,6-tetra-O-acetyl-2,6-dithio-«-D,L-arabino-2-hexulopyranosidono-
nitrile (5). A solution of 4 (0.72 g, 2.24 mmol) in dry pyridine (8 mL) was treated with
acetic anhydride (5mL) and the reaction mixture was kept at 23°C for 12hr. A few
drops of water were added and stirred for 1 hr, then the solution was partitioned succes-
sively between CH,Cl, (60 mL), 5% H,SO, solution (4 x 25mL), 5% NaHCOj; solution
(35mL), and finally washed with water (35 mL). The organic layer was dried (Na,SO,),
filtered, and evaporated to dryness. The residue was purified on short column of SiO,
(10 g), using toluene—ethyl acetate (4:1) as fluent to give 5 (0.78 g, 86%) as a syrup.
"H NMR (CDCl3): 6 5.37 (dd, 1H, Js4 10.0, J4 5 4.9 Hz, H-5), 5.20 (d, 1H, J54 3.0Hz,
H-3), 5.12 (dd, 1H, H-4), 4.20 (d, 1H, H-6), 2.54 (s, 3H, SMe), 2.27, 2.24, 2.21, 2.17
(4 x s, 12H, 4 x OAc). *C (CDCl5): 6 171.0, 169.8, 168.3 (CO); 111.0 (CN; Joenca <
1.0Hz); 73.9 (C-3); 73.0 (C-4); 69.5 (C-2); 59.9 (C-1"); 58.8 (C-5'); 20.6 (CHj3); 12.1
(SMe). MS, m/z (FAB) C,5sH,oNS,05 (406) [MH]", 428 [MNa]*.
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Preparation of Acylated Glycosyl-1H-1,2,4-triazole Nucleosides 9 and 17
General Procedure

A solution of SbCls (0.60 g, 2.0 mmol) in CH,Cl, (10 mL) was added drop wise to a
stirred, cooled (—60°C) solution of the glycosyl cyanide 5 (0.41 g, 1.0 mmol) and the
required 1-(chloroalkyl)azo compounds 6 or 13 (2.0 mmol) in CH,Cl, (20 mL). Pentane
(200mL) was added and the resulting precipitate was dissolved in MeCN (47 mL).
After cooling of the mixture to 0°C, water (200 mL) and NaHCO5; (30 mL) were added
and the mixture was stirred at 23°C for 2 hr. The organic phase was separated and the
aqueous phase was extracted with men (3 x 40mol). The combined organic extracts
were dried (Na,SQO,), filtered, and evaporated to dryness and the residue was dissol-
ved in CH,Cl, (4 mL), and poured onto SiO, column. Elution, in gradient, with MeOH
(0-10%) and CH,Cl, afforded 9 and 17 as foam.

1,5-Dimethyl-3-(2,3,4,5-tetra-O-acetyl-1,5-dithio-1-methylthio-o-D,L-arabino-pentulo-
pyranos-1-yl)-1H-1,2,4-triazole (9a). From 6a (0.36g). Yield: 0.22 g, 47%. '"H NMR
(CDCl3): 6 5.26 (dd, 1H, Jy 5 9.2, J3 4 4.7THz, H-4), 5.17 (d, 1H, Jy 3 2.7Hz, H-2),
5.01 (dd, 1H, H-3'); 4.18 (d, 1H, H-5"), 3.47 (s, 3H, N-Me), 2.54 (s, 3H, SMe), 2.23,
2.21, 2.20, 2.17 (4 xs, 12H, 4 x OAc), 2.15 (s, 3 H, Cs-Me). Anal. Calcd for
C1gH,5N305S, (475.5): C, 45.46; H, 5.30; N, 8.84. Found: C, 45.26; H, 5.21; N, 8.66.
MS, m/z (FAB) 476 [MH]*.

1-Ethyl-5-methyl-3-(2,3,4,5-tetra-0-acetyl-1,5-dithio-1-methylthio-a-p,L-arabino-
pentulopyranos-1-yl)-1H-1,2,4-triazole (9b). From 6b (0.38 g). Yield: 0.25 g, 52%. 'H
NMR (CDCl3): 6 5.23 (dd, 1H, Jy 5 9.1, J3 4 49Hz, H-4'), 5.18 (d, 1 H, Jy 3 2.8 Hz,
H-2"), 5.04 (dd, 1H, H-3'), 4.14 (d, 1H, H-5'), 3.80 (q, 2H, J 7.0Hz, NCH,CH3), 3.47
(s, 3H, N-Me), 2.56 (s, 3H, SMe), 2.21, 2.20, 2.18 (2 x ), 2.16 (4 x s, 15 H, 4 x OAc;
Cs-Me), 1.07 (t, 3H, J 7.0Hz, NCH,CH3). Anal. Calcd for C;9H»7N305S, (489.7): C,
46.61; H, 5.56; N, 8.58. Found: C, 46.40; H, 5.50; N, 8.39. MS, m/z (FAB) 490 [MH]*.
5,6,7,8-Tetrahydro-2-(2,3,4,5-tetra-0O-acetyl-1,5-dithio-1-methylthio-a-D,L-arabino-
pentulopyranos-1-yl)-1,2,4-triazolo[1,5-a]pyridine (9¢). From 6c¢ (0.41g). Yield:
0.26g, 52%. '"H NMR (CDCl;): & 5.20 (dd, 1H, Jys 94, Jy 4 5.0Hz, H-4), 5.18
(d, 1H, J» 3 2.8 Hz, H-2'), 5.12 (dd, 1H, H-3’), 4.22-418 (m, 3H, CH,-5, H-5"), 2.85
(m, 2H, CH,-6), 2.59 (s, 3H, SMe), 2.21, 2.219, 2.17 2.14 (4 x s, 12H, 4 x OAc), 1.78
(m, 2H, CH,-8), 1.634 (m, 2H, CH,-9), 1.52 (m, 2H, CH,-7). Anal. Calcd for
C,0H27N304S, (501.6): C, 47.89; H, 5.43; N, 8.38. Found: C, 47.65; H, 5.37; N, 8.13.
MS, m/z (FAB) 524 [MNa]*.
6,7,8,9-Tetrahydro-2-(2,3,4,5-tetra-O-acetyl-1,5-dithio-1-methylthio-«-p,L-arabino-
pentulopyranos-1-yl)-5H-1,2,4-triazolo[1,5-a]azepine (9d). From 6d (0.44 g). Yield:
0.41g, 40%. '"H NMR (CDCl;): & 5.29 (dd, 1H, Jys 95, Jy 4 55Hz, H-4'), 5.21
(d, 1H, Jy3 2.7Hz, H-2"), 5.16 (dd, 1H, H-3"), 4.15 (m, 3H, CH,-10, H-5), 2.85
(m, 2H, CH,-6), 2.60 (s, 3H, SMe), 2.23, 2.21, 2.19 (2 x ) (3 x s, 12H, 4 x OAc), 1.81
(m, 2H, CH,-8), 1.67 (m, 2H, CH,-9), 1.55 (m, 2H, CH,-7). Anal. Calcd for
C,1HyoN305S, (515.6): C, 48.92; H, 5.67; N, 8.15. Found: C, 48.73; H, 5.59; N, 7.92.
m/z (FAB) 538 [MNa]*.
3-Methyl-5-(2,3,4,5-tetra-0-acetyl-1,5-dithio-1-methylthio-a-D,L-arabino-pentulo-
pyranos-1-yl)-1-(2,4,6-trichloro-phenyl)-1H-1,2,4-triazole (17a). From 13a (0.66g).
Yield: 0.21g, 42%. "H NMR (CDCl5): & 7.93, 7.92 (AA'BB/, 2H, ArH), 5.34 (dd, 1H,
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Jy59.4,Jy 4 4THz, H-4"),5.28 (d, 1H, J» 3 2.9 Hz, H-2"), 5.25 (dd, 1H, H-3"), 4.28 (d, 1H,
H-5"),2.59 (s, 3H, SMe), 2.38 (s, 3H, Cs-Me), 2.26, 2.24,2.22,2.19 (4 x s, 12H, 4 x OAc).
Anal. Calcd for C53H,4C15N3S,054 (640.9): C, 43.10; H, 3.77; N, 6.56. Found: C, 42.87; H,
3.68; N, 6.29. MS, m/z (FAB) 641/643 [MH]*.

1-(4-Fluorophenyl)-3-methyl-5-(2,3,4,5-tetra-0-acetyl-1,5-dithio-1-methylthio-
«a-D,L-arabinopentulopyranos-1-yl)-1H-1,2,4-triazole (17b). From 13b (0.52 g). Yield:
0.41g, 73%. "H NMR (CDCl5): 8 7.96—7.48 (m, 4H, ArH), 5.22 (dd, 1H, Jys 94, Jy g
4.8Hz, H-4), 5.01 (d, 1H, J» 5 2.9Hz, H-2"), 4.97 (dd, 1H, H-3'), 4.14 (d, 1H, H-5), 2.58
(s, 3H, SMe), 2.34 (s, 3H, Cs-Me), 2.22, 2.20, 2.18, 2.16 (4 x s, 12H, 4 x OAc). Anal.
Calcd for C,3H,6FN3OgS, (555.6): C, 49.72; H, 4.72; N, 7.56. Found: C, 49.52; H,
4.63; N, 7.31. MS, m/z (FAB) 556 [MH]*.

3-Methyl-1-2,3,4,5-tetra-0-acetyl-(4-nitrophenyl)-5-(1,5-dithio-1-methylthio-o-
D,L-arabino-pentulopyranos-1-yl)-1H-1,2,4-triazole (17¢). From 13c (0.54 g). Yield:
0.36¢g, 79%. "H NMR (CDCl5): & 7.98-7.50 (m, 4H, ArH), 5.23 (dd, 1H, Jys 9.5
Jy 4 49Hz, H-4'), 5.06 (d, 1H, J» 3 3.0Hz, H-2'); 5.01 (dd, 1H, H-3), 4.16 (d, 1H,
H-5'), 2.59 (s, 3H, SMe), 2.36 (s, 3H, Cs-Me), 2.25, 2.22, 2.20, 2.19 (4 x s, 12H,
4 x OAc). Anal. Calcd for C,3H,6N4010S, (582.6): C, 47.42; H, 4.50; N, 9.62. Found:
C, 47.21; H, 4.41; N, 9.41. MS, m/z (FAB) 583 [MH]*.

Preparation of Free Nucleosides (10) and (18)
General Procedure

A solution of acylated nucleosides 9 and 17 (1.3 mmol) in 0.3 M NaOMe (25 mL) was
stirred at 23°C for 18 hr. The solution was neutralized with 0.1 M HCI and filtered. The
filtrate was evaporated to dryness and the residue was partitioned between water
(30mol) and Et,0O (3 x 20mL). The aqueous layer was evaporated to dryness and then
co-evaporated with EtOH (3 x 20mL). The residue was purified on SiO, column using
MeOH, in gradient (0—20%) and CH,Cl, as eluent. Evaporation of the appropriate frac-
tions gave the pure nucleosides 10 and 18.

1,5-Dimethyl-3-(1,5-dithio-1-methylthio-«-D,L-arabino-pentulopyranos-1-yl)-1H-
1,2,4-triazole (10a). From 9a (0.62 g). Yield: 0.32 g, 81%; m.p. 145-148°C. '"H NMR
(DMSO0-ds/D,0): 6 3.56 (s, 3H, NMe), 3.26 (dd, 1H, Jy 5 9.5, J3 4 4.6Hz, H-4), 3.20
(d, 1H, Jy 3 3.0Hz, H-2"), 3.04 (dd, 1H, H-3), 2.75 (d, 1H, H-5), 2.61 (s, 3H, SMe),
2.27 (s, 3 H, Cs-Me). 'C NMR (DMSO-de): 6 156.2 (C-3; Je.sc4 < 1.0Hz), 151.3 (C-
5), 70.6 (C-3), 69.2 (C-4), 76.4 (C-2'), 58.8 (C-1'), 56.2 (C-5'), 35.0 (N-Me), 12.6
(SMe); 11.0 (Cs-Me). Anal. Caled for C;oH;7N304S, (307.4): C, 39.07; H, 5.57,
N, 13.67. Found: C, 38.82; H, 5.39; N, 13.45. MS, m/z (FAB) 330 [MNa] ™.

1-Ethyl-5-methyl-3-(1,5-dithio-1-methylthio-a-D,L-arabino-pentulopyranos-1-yl)-
1H-1,2,4-triazole (10b). From 9b (0.63 g). Yield: 0.33 g, 79%; m.p. 125-128°C. 'H
NMR (DMSO-ds/D,0): 86 4.19 (q, 2H, J 7.0Hz, NCH,CH3), 3.29 (dd, 1H, Jy 5 9.5,
Jy 4 47Hz, H-4), 3.23 (d, 1H, Jy 3 2.7Hz, H-2), 3.12 (dd, 1H, H-3"), 2.79 (d, 1H,
H-5), 2.64 (s, 3H, SMe), 2.27 (s, 3H, Cs-Me), 1.37 (t, 3H, J 7.0Hz, NCH,CHj3). Anal.
Calcd for C;H;9N304S, (321.4): C, 41.11; H, 5.96; N, 13.07. Found: C, 40.96; H, 5.79;
N, 13.27. MS, m/z (FAB) 344 [MNa]*.
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5,6,7,8-Tetrahydro-2-(1,5-dithio-1-methylthio-a-D,L-arabino-pentulopyranos-1-yl)-
1,2,4-triazolo[1,5-a]pyridine (10c). From 9c¢ (0.65g). Yield: 0.33g, 76%; m.p.
88—91°C. 'H NMR (DMSO-ds/D,0): 6 3.22 (dd, 1H, Jy 5 9.0 J3 4 4.8Hz, H-4), 3.12
(d, 1H, Jy 3 2.9Hz, H-2'), 3.05 (dd, 1H, H-3), 2.79 (pt, 2H, J 3.0Hz, CH,-6), 2.75
(d, 1H, H-5'), 2.53 (s, 3H, SMe), 1.78 (pt, 2H, J 5.5 Hz, CH,-8), 1.60 (dt, 2H, J 5.0 Hz,
CH,-9), 1.49 (dt, 2H, J 5.2Hz, CH,-7). Anal. Calcd for C;,H;oN304S, (333.4): C,
43.23; H, 5.74; N, 12.60. Found: C, 42.97; H, 5.65; N, 12.45. MS, m/z (FAB) 334 [MH]*.

6,7,8,9-Tetrahydro-2-(11,5-dithio-1-methylthio-«-D,L-arabino-pentulopyranos-1-yl)-
5H-1,2,4-triazolo-[1,5-a]azepine (10d). From 9d (0.67 g). Yield: 0.29g, 65%; m.p.
85-88°C. '"H NMR (DMSO0-ds/D,0): &6 4.14 (pt, 2H, J 5.0Hz, CH,-9), 3.24 (dd, 1H,
Jys 9.0, Jy 4 47Hz, H-4"), 3.19 (d, 1H, J» 3 3.0Hz, H-2'), 3.09 (dd, 1H, H-3'), 2.82
(pt, 2H, J 3.0Hz, CH,-5), 2.75 (d, 1H, H-5'), 2.61 (s, 3H, SMe), 1.81 (pt, 2H, J 5.6 Hz,
CH»-7), 1.65 (dt, 2H, J 5.2 Hz, CH,-8), 1.51 (dt, 2H, J 5.4 Hz, CH,-6). Anal. Calcd for
C13H,1N304S, (347.5): C, 44.94; H, 6.09; N, 12.09. Found: C, 44.60; H, 6.17; N,
11.87. MS, m/z (FAB) 348 [MH]*.

3-Methyl-5-(1,5-dithio-1-methylthio-a-D,L-arabino-pentulopyranos-1-yl)-1-(2,4,6-
trichloro-phenyl)-1H-1,2,4-triazole (18a). From 17a (0.83g). Yield: 0.48g, 78%;
101-104°C. "H NMR (DMSO-ds/D,0): 6 7.96, 7.94 (AA'BB’, 2H, ArH), 3.28 (dd, 1H,
Jys 93Hz, Jy 4 5.0Hz, H-4'), 3.11 (d, 1H, Jy 3 4.1 Hz, H-2'), 3.11 (dd, 1H, H-3'), 2.69
(d, 1H, H-5"); 2.60 (s, 3H, SMe), 2.26 (s, 3H, Cs-Me). Anal. Calcd for C;5H;sC15N30,S,
(472.8): C, 38.11; H, 3.41; N, 8.89. Found: C, 37.96; H, 3.29; N, 8.71. MS, m/z (FAB)
473/475 [MH]*.

1-(4-Fluorophenyl)-3-methyl-5-(1,5-dithio-1-methylthio-a-D,L-arabino-pentulopy-
ranos-1-yl)-1H-1,2,4-triazole (18b). From 17b (0.72g). Yield: 0.42g, 84%; m.p.
154-158°C. 'H NMR (DMSO-ds/D50): 8 7.51, 7.30 (AA'BB’, 4H, ArH), 3.73 (dd, 1H,
Jys 94Hz, Jy 4 48Hz, H-4), 3.21 (d, 1H, J» 3 2.8 Hz, H-2'), 3.12 (dd, 1H, H-3'), 2.76
(d, 1H, H-5"), 2.62 (s, 3H, SMe), 2.27 (s, 3H, Cs-Me). Anal. Calcd for C;sH;gFN30,S,
(387.5): C, 46.50; H, 4.68; N, 10.85. Found: C, 46.17; H, 4.53; N, 10.53. MS, m/z
(FAB) 410 [MNa] ™.

3-Methyl-1-(4-nitrophenyl)-5-(1,5-dithio-1-methylthio-a-D,L-arabino-pentulopyranos-
1-y)-1H-1,24-triazole (18c). From 17c (0.76 g). Yield: 045¢g, 84%; m.p. 121-124°C. '"H
NMR (DMSO-dy/D,0): 6 745, 7.32 (AA'BB’, 4H, ArH), 3.76 (dd, 1H, Jy5 9.6Hz, J3 4
49Hz, H-4), 3.28 (d, 1H, Jy 3 29Hz, H-2), 3.14 (dd, 1H, H-3), 2.79 (d, 1H, H-5), 2.69
(s, 3H, SMe). Anal. Calcd for C;5H;gN4O¢S, (414.5): C, 43.47; H, 4.38; N, 13.52. Found: C,
43.38; H, 4.19; N, 13.36. MS, m/z (FAB) 415 [MH] ™.
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