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FIRST SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF N- AND

S-α-L-ARABINOPYRANOSYL-1,2,4-TRIAZOLES

Nasser S. A. M. Khalil � Regional Center for Food and Feed, Agricultural Research
Center, Giza, Egypt

� Arabinosylation of some 4-amino- and 4-arylideneamino-5-(pyridin-3-yl)-2,4-dihydro-[1,2,4]-
triazole-3-thiones with 2,3,4-tri-O-acetyl-β-L-arabinopyranosyl bromide led to an efficient synthetic
approach to the corresponding N- and S-α-L-arabinopyranosides. Structure assignment of these two
regiosiomers was based on chemical and spectroscopic evidences. Antimicrobial activities of two se-
lected regioisomeric N- and S-α-L-arabinopyranosides were compared. The N-α-L-arabinopyranoside
showed higher inhibitory effect than its regioisomeric S-α-L-arabinopyranoside against Aspergillus
fumigatus, Penicillium italicum, Staphylococcus aureus, and Pseudomonas aeruginosa.

Keywords Synthesis; arabinosylation; 1,2,4-triazoles; deamination; deacetylation; an-
tibacterial activity; antifungal activity

INTRODUCTION

The discovery of novel nucleosides for use as antimicrobial and anti-
cancer agents has been the ambition of nucleoside chemists for decades.
Extensive efforts have been concentrated on various modifications of the
sugar moiety of nucleosides, which have resulted in FDA approved anti-
HIV (such as AZT,[1] ddC,[2] ddI,[3] d4T,[4] 3TC,[5] Abacavir,[6] Bis(POC)
PMPA[7]), and anti-HBV (including L-F-ddC[8] and L-FMAU[9]) agents.

Several β-l-nucleosides[10–13] have been synthesized and found to be
more active and less toxic than their d-isomers[13,14] against HIV-1 and
HBV[15,16] viruses. Biochemically some l-nucleosides are substrates for
cellular kinases[17,18] and have greater stability for catabolizing enzymes such
as cytidine and adenosine deaminase.[19]

While many routes exist for synthesis of N -ß-nucleosides, there are few
methods available for the α-anomers. Mukaiyama et al.[20] showed that
the reaction of 1-hydroxy sugars such as 2,3-O-(1-methylethylidene-5-O-
(triphenylmethyl)-α/β-d-ribofuranose[21] or 5-O-benzoyl-2,3-O-(1-methyl-
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362 N. S. A. M. Khalil

ethylidene)-d-ribofuranose[22] with trimethylsilylated benzimidazole and
other nitrogenous bases including nucleoside bases and azides, using 2-
fluoro-1-methylpyridinium tosylate as condensing reagent, gives predom-
inantly α-ribonucleosides. However, as much as 47% of the β- anomer
is obtained, requiring difficult separations of these isomeric mixtures by
column chromatography. So far, no full characterization and isolation
of these compounds have been reported. There are reports[22,23] of the
use of ribofuranosyl chlorides for α-glycosylation, but these also produce
mixtures of α- and ß-N -glycosides. Recently, we reported a simple base
induced regeoselective method for the α-arabinopyranosylation of different
ß-lactams[24] and 1,2,4-triazines[25] that resulted in the synthesis of many
antimicrobial[24] and antitumor[25] α-nucleosides.

Various 1,2,4-triazoles,[26–45] their ribosides,[46–49] and glucosides[50,51]

have been reported to possess antibacterial, antifungal, antiviral, antiinflam-
matory, anticonvulsant, antidepressant, antitubercular, antihypertensive,
analgesic, hypoglycemic, herbicidal, and sedative properties.

To date there has not been a single report of reactions that produce
the α-nucleosides of 1,2,4-triazole. Thus, in this article, and in continuation
of our ongoing program[24,25,50–57] of research on the synthesis of some bio-
logically active compounds, we report here the first synthesis, antifungal and
antibacterial activities of some novel unusual N - and S -α-l-arabinopyranosyl-
1,2,4-triazoles.

RESULTS AND DISCUSSION

Arabinosidation of 4-amino- and/or 4-arylideneamino-5-(pyridin-3-
yl)-2,4-dihydro-[1,2,4]-triazole-3-thiones (1 and/or 2a–d) with 1.2 mo-
lar equivalent of 2,3,4-tri-O-acetyl-β-l-arabinopyranosyl bromide (3) gave
a chromatographically separable mixture (53–77% overall yield) of
two products namely, 2-(2,3,4,-tri-O-acetyl-α-l-arabinopyranosyl)-4-amino-
and/or 4-arylideneamino-5-(pyridin-3-yl)-2,4-dihydro-[1,2,4]-triazole-3-thi-
ones (4 and/or 6a–d) and 3-(2,3,4-tri-O-acetyl-α-l-arabinopyranosyl-1-thio)-
4-amino- and/or 4-arylideneamino-5-(pyridin-3-yl)-4H -[1,2,4]-triazoles (5
and/or 7a–d).

The structures of compounds 4–7 were established based on spectro-
scopic and chemical evidences. Thus, the position of the anomeric proton
of compounds 4 and 6a–d at δ 6.02–6.20 with a coupling constant value of
9.0–9.3 Hz consistent with similar reported data[24,25,50–55,57,58] proves that
the anomeric proton is of N -type in a trans position with respect to the
proton on position 2 of the l-arabinopyranosyl ring, a fact that assigns
its N -α-configuration. The S -α-configuration of compounds 5 and 7a–d
is similarly assigned from their 1H NMR data. Thus, the 1H NMR data
of compounds 5 and 7a–d showed the anomeric proton at δ 5.09–5.60
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N- and S-α-L-Arabinopyranosyl-1,2,4-triazoles 363

with a coupling constant value 7.2–8.7 Hz consistent with reported data
for S -glucosides having their anomeric proton in a trans position with
respect to the proton on position 2 of the pyranosyl ring.[50,51] For all
the N-arabinosides 6a–d, the CH = N and the anomeric protons appear
at δ 9.89–10.28 and 6.19–6.20 more downfield than those for the S-
arabinosides 7a–d which appear at δ 8.47–8.65 and 5.51–5.60, respectively.
Such downfield shifts in N -arabinosyl derivatives is readily explained by
the anisotropic deshielding by the C = S (similar downfield shifts of the
anomeric proton and the CH = N proton by an adjacent C = S was reported
for pyrimidine[59–61] and 1,2,4-triazole nucleosides[50,51]). Further evidence
comes from studying the 1HNMR spectra of the N- glucosides 6a–d and
S- glucosides 7a–d in comparison with the previously reported 1HNMR
spectrum of the 4-(4-chlorobenzyideneamino)-3-methylthio-5-(pyridin-3-yl)-
4 H -[1,2,4]-triazole (8).[50] Thus, the appearance of CH = N proton signal
of compound 8 at δ 8.58[50] confirms the assigned structure of compounds
7a–d.

Compounds 6a–d and 7a–d were alternatively synthesized in excellent
yields via condensation of compounds 4 and 5 with the appropriate aryl
aldehydes.

Deamination of compounds 4 and 5 into compounds 9 and 10 was
carried out in excellent yields by the action of nitrous acid in acetic acid
(Scheme 1). Thermolysis of compounds 6a–d showed also an efficient alter-
native pathway to the deaminated product 9. The structure of compounds 9
and 10 was assigned from their correct analytical and spectral data. Thus, the
1HNMR data of these compounds showed the absence of the NH2 protons at
δ 4.98–5.46 and revealed the presence of the D2O exchangeable NH proton
signal at δ 8.33–8.37. Moreover, the IR data of compounds 9 and 10 showed
the disappearance of NH2 bands at 3336–3328, 3250–3205 cm−1 and re-
vealed the appearance of the characteristic NH band at 3474–3337 cm−1.

Deacetylation of compounds 4 and 5 (Scheme 2) via methanolic ammo-
nia treatment led to the formation of the expected free nucleosides 11 and
12, respectively. On the other hand, deacetylation of compounds 6a and
7a gave a mixture of the expected deacetylated products 13 and 14 along
with the 4-amino free nucleosides 11 and 12, respectively. The 1HNMR data
of the compounds 11–14 revealed the absence of the acetyl protons at δ

1.89–2.18 and the appearance of the D2O exchangeable OH protons at δ

4.22–5.14. The IR data of compound 11 as a typical example showed also the
absence of the acetyl carbonyl function at 1743 cm−1 and the appearance of
the characteristic OH band at 3424 (br) cm−1.

Compounds 6d and 7d were evaluated for their antifungal and an-
tibacterial activities against Aspergillus fumigatus, Penicillium italicum, Syn-
cephalastrum racemosum, Candida albicans, Staphylococcus aureus, Pseudomonas
aeruginosa, Bacillus subtilis, and Escherichia coli. The inhibitory effects of the
tested compounds against the mentioned organisms are given in Table 1.
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364 N. S. A. M. Khalil

SCHEME 1 Synthesis of N - and S -α-l-arabinopyranosyl-1,2,4-triazoles.

The inhibitory effect of N -α-l-arabinoside 6d was studied in comparison
with similar effect due to S -α-l-arabinoide 7d. Thus, compound 6d showed
higher inhibitory effect against Aspergillus fumigatus, Penicillium italicum,
Staphylococcus aureus, and Pseudomonas aeruginosa. Compound 7d showed
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N- and S-α-L-Arabinopyranosyl-1,2,4-triazoles 365

SCHEME 2 Deacetylation of compounds 4, 5, 6a, and 7a.

only a moderate activity against Penicillium italicum at concentrations 2.5 and
5.0 mg/mL.

CONCLUSIONS

The present article describes first synthesis and efficient routes for
different novel and unusual functionalized N - and S -α-l-arabinosyl-1,2,4-
triazoles with potential antimicrobial activities. These compounds could
serve as starting materials for further synthetic transformations. It also
expands the synthesis as well as the utility of both base-modified and
sugar-modified nucleosides of possible application in the chemotherapy of
cancer and viral infection.
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366 N. S. A. M. Khalil

TABLE 1 Antimicrobial activity of compounds 6d and 7d compared to standard antimicrobial
agents

Compound

6da 7da St.b

Concentration (mg/mL)

Test organisms 1 2.5 5 1 2.5 5 1 2.5 5

Aspergillus fumigatus 0 + ++ 0 0 0 ++ +++ +++
Penicillium italicum 0 + ++ 0 + + ++ +++ +++
Syncephalastrum racemosum 0 0 0 0 0 0 +++ +++ +++
Candida albicans 0 0 0 0 0 0 ++ ++ ++
Staphylococcus aureus 0 + + 0 0 0 ++ ++ ++
Pseudomonas aeruginosa 0 + + 0 0 0 ++ +++ +++
Bacillus subtilis 0 0 0 0 0 0 ++ +++ +++
Escherichia coli 0 0 0 0 0 0 ++ ++ ++

Note: The test was done using the diffusion agar technique. Inhibition values = 0.1–0.5 cm beyond
control = +; Inhibition values = 0.6–1.0 cm beyond control = ++; Inhibition values = 1.0–1.5 cm
beyond control = +++; 0 = Not detected.

a100 µL of each conc. was tested (5, 2.5, 1.0 mg/mL); well diameter = 0.6 cm.
bSt. = Reference standard; Chloramphenicol was used as a standard antibacterial agent and

Terbinafin was used as a standard antifungal agent.

EXPERIMENTAL

General

All melting points are uncorrected. IR spectra were recorded on
a Perkin-Elmer 1430 spectrometer. 1H NMR spectra were recorded at
300 MHz with a Varian Mercury 300 spectrometer. Elemental anal-
yses were carried out at the Micro Analytical Center, Cairo Univer-
sity, Giza, Egypt. Antimicrobial screening of compounds 6d and 7d
was carried out at the Medical Mycology Laboratory, Regional Cen-
ter for Mycology and Biotechnology, Al Azhar University, Cairo, Egypt.
The starting 4-amino- and/or 4-arylideneamino-5-(pyridin-3-yl)-2,4-dihydro-
[1,2,4]-triazole-3-thiones (1 and/or 2a–d)[50] and 2,3,4-tri-O-acetyl-β-l-
arabinopyranosyl bromide (3)[62]were prepared as reported. TLC was per-
formed on Fluka silica gel 60 F254 aluminum sheets, and products were
detected using 254 nm light. Fluka silica gel 60 (70–230 mesh) was used
for column chromatography.

General Procedure for the Synthesis of Compounds 4 and 5

To a solution of compound 1 (1.93 g, 10 mmol) in N ,N -
dimethylformamide (10 mL) and triethylamine (1.7 mL, 12 mmol) was
added 2,3,4-tri-O-acetyl-β-l-arabinopyranosyl bromide (3) (4.07 g, 12 mmol)

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



N- and S-α-L-Arabinopyranosyl-1,2,4-triazoles 367

and the reaction mixture was stirred overnight. The next day, the reaction
mixture was dried under reduced pressure, diluted with dichloromethane
(100 mL) and washed with water (3 × 100 mL). The organic layer
was dried (Na2SO4), filtered, evaporated under reduced pressure, and
subjected to silica gel (70–230 mesh) column chromatography. Com-
pound 4 was eluted first with 80% ethyl acetate/petroleum ether (b.p.
40–60◦C) → 90% ethyl acetate/petroleum ether (b.p. 40–60◦C), followed
by compound 5 with ethyl acetate → 20% methanol/ethyl acetate. The
chromatographically separated crude products were recrystallized from
dichloromethane/petroleum ether (b.p. 40–60◦C) and their Rf values were
determined on TLC aluminum sheets using ethyl acetate/petroleum ether
(b.p. 40–60◦C) [60:40, v/v] as a developing system.

2-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl)-4-amino-5-(pyridin-3-yl)-2,4-
dihydro-[1,2,4]-triazole-3-thione (4): Yield 1.08 g (24%); colorless crystals,
m.p. 190–192◦C (Rf = 0.63). IR: 3328, 3250, 3093, 3053, 2970, 2941, 2858,
2739, 2500, 2380, 1948, 1743, 1431, 1369, 1223, 1057, 1026, 937, 879, 852,
814, 760, 702, 663, 606, 521, 486; 1H NMR (CDCl3) δ 1.89, 2.00, 2.17 (3s,
9H, CH3CO), 3.95 (dd, 1H, J H-5′-H -4′ = 0.9 Hz, J H-5′-H-5′ ′ = 13.5 Hz, H-5′),
4.14 (dd, 1H, J H-5′ ′-H-4′ = 1.8 Hz, J H-5′ ′-H-5′ = 13.5 Hz, H-5′′), 4.98 (s, 2H, D2O
exchangeable NH2), 5.25 (dd, 1H, J H-3′-H-4′ = 3.6 Hz, J H-3′-H-2′ = 9.6 Hz,
H-3′), 5.38 (dd, 1H, J H-4′-H-3′ = 3.6 Hz, J H-4′-H-5′ ′ = 1.8 Hz, H-4′), 5.94 (t, 1H,
J H-2′-H-1′ = 9.3 Hz, J H-2′-H-3′ = 9.6 Hz, H-2′), 6.02 (d, 1H, J H-1′-H-2′ = 9.3 Hz,
H-1′), 7.39 (ddd, 1H, J H-5 pyrid.-H-2 pyrid. = 0.9 Hz, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz,
J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5 pyrid.), 8.40 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8
Hz, J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.70
(dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.),
9.34 (dd, 1H, J H-2 pyrid.-H-5 pyrid. = 0.9 Hz, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2
pyrid.). Anal. Calcd for C18H21N5O7S (451.5): C, 47.89; H, 4.69; N, 15.51;
S, 7.10. Found: C, 47.79; H, 4.63; N, 15.47; S, 6.94.

3-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosylthio)-4-amino-5-(pyridin-3-yl)-
4H -[1,2,4]-triazole (5): Yield 1.85 g (41%); pale crystals, m.p. 130–132◦C
(Rf = 0.04). IR: 3336, 3205, 3032, 2983, 2935, 1747, 1632, 1578, 1431, 1373,
1223, 1061, 1022, 937, 814, 756, 706, 602, 494, 417; 1H NMR (CDCl3) δ 1.96,
2.02, 2.04 (3s, 9H, CH3CO), 3.68 (d, 1H, J H-5′-H-5′ ′ = 12.9 Hz, H-5′), 3.98
(dd, 1H, J H-5′ ′-H-4′ = 3.3 Hz, J H-5′ ′-H-5′ = 12.9 Hz, H-5′′), 5.05 (dd, 1H, J H-3′-H-4′

= 3.3 Hz, J H-3′-H-2′ = 8.4 Hz, H-3′), 5.09 (d, 1H, J H-1′-H-2′ = 8.7 Hz, H-1′), 5.19
(m, 1H, H-4′), 5.20 (t, 1H, J H-2′-H-3′ = 8.4 Hz, J H-2′-H-1′ = 8.7 Hz, H-2′), 5.46
(s, 2H, D2O exchangeable NH2), 7.32 1H, (dd, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz,
J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5 pyrid.), 8.35 (td, 1H, J H-4 pyrid.-H-6 pyrid. =
1.8 Hz, J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.),
8.55 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6
pyrid.), 9.24 (dd, 1H, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.). Anal. Calcd for
C18H21N5O7S (451.5): C, 47.89; H, 4.69; N, 15.51; S, 7.10. Found: C, 47.67;
H, 4.54; N, 15.54; S, 6.99.
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General Procedures for the Synthesis of Compounds 6a–d and

7a–d

A) To a solution of each of compounds 2a–d (3.6 mmol) in N ,N -
dimethylformamide (4 mL) and triethylamine (0.6 mL, 4.3 mmol) was
added 2,3,4-tri-O-acetyl-β-l-arabinopyranosyl bromide (3) (1.46 g, 4.3
mmol) and the reaction mixture was stirred overnight. The next day,
the reaction mixture was diluted with water and the formed precipitate
was collected by filtration, washed several times with water and dried
at room temperature. The product was extracted from dichloromethane
and subjected to silica gel (70–230 mesh) column chromatography. Com-
pounds 6a–d were eluted first with 50% ethyl acetate/petroleum ether (b.p.
40–60◦C) → 100% ethyl acetate followed by compounds 7a–d with ethyl
acetate → 20% methanol/ethyl acetate. The chromatographically separated
crude products were recrystallized from dichloromethane/petroleum ether
(b.p. 40–60◦C) and their Rf values were determined on TLC aluminum
sheets using ethyl acetate/petroleum ether (b.p. 40–60◦C) [60:40, v/v] as
a developing system.

B) An equimolecular mixture of each of compounds 4, 5 (100 mg,
0.2 mmol) and the appropriate aldehyde (0.2 mmol) was heated at 160◦C
for 5–10 minutes. After cooling the products were recrystallized from
dichloromethane/petroleum ether (b.p. 40–60◦C) to give the correspond-
ing arylideneamino derivatives 6a–d and 7a–d, respectively.

2-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl)-4-benzylideneamino-5-(pyrid-
in-3-yl)-2,4-dihydro-[1,2,4]-triazole-3-thione (6a). Yield 485 mg (25%, A);
102 mg (86%, B); colorless crystals, m.p. 174–176◦C (Rf = 0.53). IR: 3086,
3054, 3012, 2932, 2870, 2750, 1747, 1601, 1578, 1547, 1423, 1369, 1323,
1246, 1223, 1119, 1092, 1061, 1022, 960, 937, 876, 845, 818, 756, 733, 698,
613, 525, 490, 428; 1H NMR (CDCl3) δ 1.93, 2.01, 2.18 (3s, 9H, CH3CO),
3.98 (d, 1H, J H-5′-H-5′ ′ = 13.5 Hz, H-5′), 4.17 (d, 1H, J H-5′ ′-H-5′ = 13.5 Hz,
H-5′′), 5.29 (dd, 1H, J H-3′-H-4′ = 3.3 Hz, J H-3′-H-2′ = 9.6 Hz, H-3′), 5.41 (d, 1H,
J H-4′-H-3′ = 3.3 Hz, H-4′), 6.01 (t, 1H, J H-2′-H-1′ = 9.0 Hz, J H-2′-H-3′ = 9.6 Hz,
H-2′), 6.20 (d, 1H, J H-1′-H-2′ = 9.0 Hz, H-1′), 7.46 (m, 4 H, ArH, H-5 pyrid.),
7.81 (d, 2H, J = 7.2 Hz, ArH), 8.28 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz,
J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.71 (dd,
1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.), 9.22
(d, 1H, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.), 10.17 (s, 1H, CH = N). Anal.
Calcd for C25H25N5O7S (539.6): C, 55.65; H, 4.67; N, 12.98; S, 5.94. Found:
C, 55.74; H, 4.54; N, 13.05; S, 5.83.

2-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl)-4-(4-methylbenzylideneamino)-
5-(pyridin-3-yl)-2,4-dihydro-[1,2,4]-triazole-3-thione (6b). Yield 657 mg
(33%, A); 108 mg (88%, B); colorless crystals, m.p. 180–182◦C (Rf = 0.54).
IR: 3074, 3049, 3005, 2924, 2858, 1747, 1616, 1570, 1423, 1373, 1327, 1246,
1223, 1119, 1092, 1061, 1018, 918, 879, 849, 814, 756, 702, 617, 486; 1H
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N- and S-α-L-Arabinopyranosyl-1,2,4-triazoles 369

NMR (CDCl3) δ 1.93, 2.01, 2.19 (3s, 9H, CH3CO), 2.39 (s, 3H, CH3), 3.97
(d, 1H, J H-5′-H-5′ ′ = 13.5 Hz, H-5′), 4.17 (dd, 1H, J H-5′ ′-H-4′ = 1.8 Hz, J H-5′ ′-H-5′

= 13.5 Hz, H-5′′), 5.29 (dd, 1H, J H-3′-H-4′ = 3.3 Hz, J H-3′-H-2′ = 9.9 Hz, H-3′),
5.41 (d, 1H, J H-4′-H-3′ = 3.3 Hz, H-4′), 6.01 (t, 1H, J H-2′-H-1′ = 9.0 Hz, J H-2′-H-3′

= 9.9 Hz, H-2′), 6.20 (d, 1H, J H-1′-H-2′ = 9.0 Hz, H-1′), 7.25 (d, 2H, J =
8.1 Hz, ArH), 7.39 (ddd, 1H, J H-5 pyrid.-H-2 pyrid. = 0.9 Hz, J H-5 pyrid.-H-6 pyrid.

= 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5 pyrid.), 7.71 (d, 2H, J = 8.1 Hz,
ArH), 8.28 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz, J H-4 pyrid.-H-2 pyrid. = 2.1 Hz,
J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.69 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8
Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.), 9.21 (dd, 1H, J H-2 pyrid.-H-5 pyrid. =
0.9 Hz, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.), 10.04 (s, 1H, CH = N). Anal.
Calcd for C26H27N5O7S (553.6): C, 56.41; H, 4.92; N, 12.65; S, 5.79. Found:
C, 56.53; H, 4.88; N, 12.69; S, 5.64.

2-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl)-4-(4-methoxybenzylideneamino)
-5-(pyridin-3-yl)-2,4-dihydro-[1,2,4]-triazole-3-thione (6c). Yield 553 mg
(27% A); 105 mg (83%, B); colorless crystals, m.p. 158–160◦C (Rf = 0.56).
IR: 3088, 3029, 2932, 2839, 1747, 1612, 1570, 1512, 1423, 1369, 1323, 1254,
1219, 1169, 1061, 1022, 933, 879, 829, 752, 702, 606, 525, 482; 1H NMR
(CDCl3) δ 1.92, 2.01, 2.18 (3s, 9H, CH3CO), 3.83 (s, 3H, OCH3), 3.97 (d,
1H, J H-5′-H-5′ ′ = 13.5 Hz, H-5′), 4.17 (d, 1H, J H-5′ ′-H-5′ = 13.5 Hz, H-5′′), 5.28
(dd, 1H, J H-3′-H-4′ = 3.3 Hz, J H-3′-H-2′ = 9.6 Hz, H-3′), 5.40 (d, 1H, J H-4′-H-3′

= 3.3 Hz, H-4′), 6.01 (t, 1H, J H-2′-H-1′ = 9.0 Hz, J H-2′-H-3′ = 9.6 Hz, H-2′),
6.19 (d, 1H, J H-1′-H-2′ = 9.0 Hz, H-1′), 6.94 (d, 2H, J = 8.4 Hz, ArH), 7.38
(dd, 1H, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 7.8 Hz, H-5 pyrid.),
7.77 (d, 2H, J = 8.4 Hz, ArH), 8.27 (d, 1H, J H-4 pyrid.-H-5 pyrid. = 7.8 Hz, H-4
pyrid.), 8.69 (d, 1H, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.), 9.21 (s, 1H, H-2
pyrid.), 9.89 (s, 1H, CH = N). Anal. Calcd for C26H27N5O8 S (569.6): C,
54.83; H, 4.78; N, 12.30; S, 5.63. Found: C, 54.77; H, 4.77; N, 12.24; S, 5.74.

2-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl)-4-(4-chlorobenzylideneamino)-
5-(pyridin-3-yl)-2,4-dihydro-[1,2,4]-triazole-3-thione (6d). Yield 827 mg (40%
A); 110 mg (87%, B); colorless crystals, m.p. 94–96◦C (Rf = 0.54). IR: 3067,
3025, 2928, 2858, 1751, 1597, 1489, 1419, 1369, 1342, 1323, 1246, 1219,
1119, 1092, 1061, 1018, 960, 933, 895, 876, 845, 825, 741, 706, 667, 598, 563,
517, 420; 1H NMR (CDCl3) δ 1.94, 2.03, 2.20 (3s, 9H, CH3CO), 3.98 (d,
1H, J H-5′-H-5′ ′ = 13.5 Hz, H-5′), 4.19 (d, 1H, J H-5′ ′-H-5′ = 13.5 Hz, H-5′′), 5.29
(dd, 1H, J H-3′-H-4′ = 3.3 Hz, J H-3′-H-2′ = 9.6 Hz, H-3′), 5.42 (d, 1H, J H-4′-H-3′

= 3.3 Hz, H-4′), 6.01 (t, 1H, J H-2′-H-1′ = 9.0 Hz, J H-2′-H-3′ = 9.6 Hz, H-2′),
6.19 (d, 1H, J H-1′-H-2′ = 9.0 Hz, H-1′), 7.42 (dd, 1H, J H-5 pyrid.-H-6 pyrid. = 4.8
Hz, J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5 pyrid.), 7.44 (d, 2H, J = 8.4 Hz, ArH),
7.77 (d, 2H, J = 8.4 Hz, ArH), 8.28 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz,
J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.73 (dd,
1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.), 9.20
(d, 1H, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.), 10.28 (s, 1H, CH = N). Anal.
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Calcd for C25H24ClN5O7S (574): C, 52.31; H, 4.21; N, 12.20; S, 5.59. Found:
C, 52.23; H, 4.17; N, 12.18; S, 5.44.

3-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl-1-thio)-4-benzylideneamino-5-
(pyridin-3-yl)-4H -[1,2,4]-triazole (7a). Yield 543 mg (28% A); 98 mg (82%,
B); pale crystals, m.p. 84–86◦C (Rf = 0.06). IR: 3074, 3022, 2935, 2743,
1747, 1612, 1574, 1435, 1373, 1219, 1057, 968, 922, 876, 814, 756, 698, 609,
478; 1H NMR (CDCl3) δ 1.98, 2.00, 2.02 (3s, 9H, CH3CO), 3.70 (dd, 1H,
J H-5′-H-4′ = 1.8 Hz, J H-5′-H-5′ ′ = 12.6 Hz, H-5′), 4.02 (dd, 1H, J H-5′ ′-H-4′ = 4.6
Hz, J H-5′ ′-H-5′ = 12.6 Hz, H-5′′), 5.12 (dd, 1H, J H-3′-H-4′ = 3.3 Hz, J H-3′-H-2′ =
7.8 Hz, H-3′), 5.23 (dd, 1H, J H-4′-H-3′ = 3.3 Hz, J H-4′-H-5′ ′ = 4.6 Hz, H-4′), 5.25
(t, 1H, J H-2′-H-1′ = 7.2 Hz, J H-2′-H-3′ = 7.8 Hz, H-2′), 5.55 (d, 1H, J H-1′-H-2′ = 7.2
Hz, H-1′), 7.34 (dd, 1H, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 8.1
Hz, H-5 pyrid.), 7.47 (dt, 2H, J = 1.0, 7.7 Hz, ArH), 7.56 (dt, 1H, J = 1.0,
7.7 Hz, ArH), 7.82 (d, 2H, J = 7.7 Hz, ArH), 8.25 (td, 1H, J H-4 pyrid.-H-6 pyrid.

= 1.8 Hz, J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.),
8.60 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6
pyrid.), 8.64 (s, 1H, CH = N), 9.14 (d, 1H, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2
pyrid.). Anal. Calcd for C25H25N5O7S (539.6): C, 55.65; H, 4.67; N, 12.98;
S, 5.94. Found: C, 55.52; H, 4.63; N, 13.15; S, 5.77.

3-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl-1-thio)-4-(4-methylbenzylide-
neamino)-5-(pyridin-3-yl)-4H -[1,2,4]-triazole (7b). Yield 876 mg (44%, A);
98 mg (80%, B); pale crystals, m.p. 154–156◦C (Rf = 0.05). IR: 3030, 2943,
2870, 2716, 1747, 1601, 1566, 1508, 1427, 1369, 1246, 1223, 1057, 1014,
960, 933, 906, 879, 814, 752, 702, 663, 621, 594, 513, 474, 447; 1H NMR
(CDCl3) δ 1.97, 1.98, 2.01 (3s, 9H, CH3CO), 2.37 (s, 3H, CH3), 3.68 (dd,
1H, J H-5′-H-4′ = 2.4 Hz, J H-5′-H-5′ ′ = 12.6 Hz, H-5′), 4.00 (dd, 1H, J H-5′ ′-H-4′ =
4.8 Hz, J H-5′ ′-H-5′ = 12.6 Hz, H-5′′), 5.10 (dd, 1H, J H-3′-H-4′ = 3.3 Hz, J H-3′-H-2′ =
7.8 Hz, H-3′), 5.21 (dd, 1H, J H-4′-H-3′ = 3.3 Hz, J H-4′-H-5′ ′ = 4.8 Hz, H-4′), 5.22
(t, 1H, J H-2′-H-1′ = 7.2 Hz, J H-2′-H-3′ = 7.8 Hz, H-2′), 5.52 (d, 1H, J H-1′-H-2′ =
7.2 Hz, H-1′), 7.25 (d, 2H, J = 8.1 Hz, ArH), 7.31 (ddd, 1H, J H-5 pyrid.-H-2 pyrid.

= 0.9 Hz J H-5 pyrid.-H-6 pyrid. = 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5 pyrid.),
7.70 (d, 2H, J = 8.1 Hz, ArH), 8.22 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz,
J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.56 (s,
1H, CH = N), 8.57 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. =
4.8 Hz, H-6 pyrid.), 9.12 (dd, 1H, J H-2 pyrid.-H-5 pyrid. = 0.9 Hz, J H-2 pyrid.-H-4 pyrid.

= 2.1 Hz, H-2 pyrid.). Anal. Calcd for C26H27N5O7S (553.6): C, 56.41; H,
4.92; N, 12.65; S, 5.79. Found: C, 56.37; H, 5.02; N, 12.62; S, 5.69.

3-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl-1-thio)-4-(4-methoxybenzyli-
deneamino)-5-(pyridin-3-yl)-4H -[1,2,4]-triazole (7c). Yield 737 mg (36%,
A); 99 mg (79%, B); pale crystals, m.p. 86–88◦C (Rf = 0.08). IR: 3092,
3035, 2935, 2843, 2770, 1747, 1601, 1566, 1516, 1431, 1373, 1311, 1254,
1219, 1169, 1057, 1022, 968, 914, 879, 837, 814, 752, 706, 598, 528, 494,
424; 1H NMR (CDCl3) δ 1.95, 1.96, 1.99 (3s, 9H, CH3CO), 3.67 (dd, 1H,
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J H-5′-H-4′ = 2.4 Hz, J H-5′-H-5′ ′ = 12.6 Hz, H-5′), 3.81 (s, 3 H, OCH3), 4.00 (dd,
1H, J H-5′ ′-H-4′ = 4.8 Hz, J H-5′ ′-H-5′ = 12.6 Hz, H-5′′), 5.09 (dd, 1H, J H-3′-H-4′ =
3.3 Hz, J H-3′-H-2′ = 8.1 Hz, H-3′), 5.20 (dd, 1H, J H-4′-H-3′ = 3.3 Hz, J H-4′-H-5′ ′

= 4.8 Hz, H-4′), 5.21 (t, 1H, J H-2′-H-1′ = 7.2 Hz, J H-2′-H-3′ = 8.1 Hz, H-2′),
5.51 (d, 1H, J H-1′-H-2′ = 7.2 Hz, H-1′), 6.93 (d, 2H, J = 8.7 Hz, ArH), 7.29
(dd, 1H, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5 pyrid.),
7.75 (d, 2H, J = 8.7 Hz, ArH), 8.21 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz,
J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.47 (s,
1H, CH = N), 8.55 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. =
4.8 Hz, H-6 pyrid.), 9.11 (d, 1H, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.).
Anal. Calcd for C26H27N5O8S (569.6): C, 54.83; H, 4.78; N, 12.30; S, 5.63.
Found: C, 54.92; H, 4.68; N, 12.44; S, 5.55.

3-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl-1-thio)-4-(4-chlorobenzyidene-
amino)-5-(pyridin-3-yl)-4H -[1,2,4]-triazole (7d). Yield 372 mg (18% A);
112 mg (88%, B); yellow crystals, m.p. 230–232◦C (Rf = 0.06). IR: 3075,
2936, 2873, 1743, 1593, 1554, 1516, 1481, 1423, 1362, 1223, 1090, 1007,
964, 937, 876, 818, 775, 733, 694, 633, 517, 471; 1H NMR (CDCl3) δ 2.04,
2.08, 2.09 (3s, 9H, CH3CO), 3.74 (dd, 1H, J H-5′-H-4′ = 2.4 Hz, J H-5′-H-5′ ′ =
12.6 Hz, H-5′), 4.08 (dd, 1H, J H-5′ ′-H-4′ = 4.8 Hz, J H-5′ ′-H-5′ = 12.6 Hz, H-5′′),
5.17 (dd, 1H, J H-3′-H-4′ = 3.3 Hz, J H-3′-H-2′ = 7.8 Hz, H-3′), 5.29 (dd, 1H,
J H-4′-H-3′ = 3.3 Hz, J H-4′-H-5′ ′ = 4.8 Hz, H-4′), 5.30 (t, 1H, J H-2′-H-1′ = 7.2 Hz, J
H-2′-H-3′ = 7.8 Hz, H-2′), 5.60 (d, 1H, J H-1′-H-2′ = 7.2 Hz, H-1′), 7.41 (ddd, 1H,
J H-5 pyrid.-H-2 pyrid. = 0.9 Hz, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 8.1
Hz, H-5 pyrid.), 7.50 (td, 2H, J = 1.9, 8.7Hz, ArH), 7.81 (td, 2H, J = 1.9,
8.7 Hz, ArH), 8.30 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz, J H-4 pyrid.-H-2 pyrid. = 2.1
Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.65 (s, 1H, CH = N), 8.67 (dd,
1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.), 9.18
(dd, 1H, J H-2 pyrid.-H-5 pyrid. = 0.9 Hz, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.).
Anal. Calcd for C25H24ClN5O7S (574): C, 52.31; H, 4.21; N, 12.20; S, 5.59.
Found: C, 52.12; H, 4.24; N, 12.29; S, 5.65.

Synthesis of Compounds 9 and 10

General Procedures
A) To a cold stirred solution (at 0◦C) of each of compounds 4 and

5 (2.37 g, 5.25 mmol) in acetic acid (30 mL) was added dropwise, while
stirring, a solution of sodium nitrite (3 g in 5 mL water) over a period
of 1 hour. The reaction mixture was kept in the refrigerator overnight,
dried under reduced pressure, diluted with dichloromethane (150 mL) and
washed with water (3 × 150 mL). The organic layer was dried (Na2SO4),
filtered, evaporated under reduced pressure, and the formed residue was
recrystallized from dichloromethane/petroleum ether (b.p. 40–60◦C). Rf

values of compounds 9 and 10 were determined on TLC aluminum sheets
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372 N. S. A. M. Khalil

using ethyl acetate/petroleum ether (b.p. 40–60◦C) [60:40, v/v] as a
developing system.

B) Each of compounds 6a–d (1 mmol) was heated at 220◦C in an oil bath
under vacuum in a micro distillation system for 15 minutes. After cooling,
the remaining solid was recrystallized from dichloromethane/petroleum
ether (b.p. 40–60◦C). The expected nitriles were collected in the distillates
and identified by 1H NMR.

2-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl)-5-(pyridin-3-yl)-2,4-dihydro-
[1,2,4]-triazole-3-thione (9). Yield 1.92 g (84%, A); 401 mg (92%, B using
Compound 7a); 380 mg (87%, B using Compound 7b); 406 mg (93%,
B using Compound 7c); 393 mg (90%, B using Compound 7d); Orange
yellow crystals, m.p. 62–64◦C (Rf = 0.33). IR: 3474, 3124, 2988, 2937, 1751,
1638, 1603, 1578, 1519, 1486, 1447, 1412, 1373, 1340, 1224, 1161, 1116,
1092, 1063, 962, 936, 918, 873, 821, 749, 709, 656, 622, 600, 558, 495; 1H
NMR (CDCl3) δ 1.94, 1.99, 2.12 (3s, 9H, CH3CO), 3.90 (dd, 1H, J H-5′-H -4′ =
0.9 Hz, J H-5′-H-5′ ′ = 13.5 Hz, H-5′), 4.12 (dd, 1H, J H-5′ ′-H-4′ = 1.8 Hz, J H-5′ ′-H-5′

= 13.5 Hz, H-5′′), 5.19 (dd, 1H, J H-3′-H-4′ = 3.6 Hz, J H-3′-H-2′ = 10.0 Hz, H-3′),
5.34 (dd, 1H, J H-4′-H-3′ = 3.6 Hz, J H-4′-H-5′ ′ = 1.8 Hz, H-4′), 5.50 (d, 1H,
J H-1′-H-2′ = 9.0 Hz, H-1′), 5.73 (t, 1H, J H-2′-H-1′ = 9.0 Hz, J H-2′-H-3′ = 10.0 Hz,
H-2′), 7.31 (dd, 1H, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 8.1 Hz,
H-5 pyrid.), 8.30 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz, J H-4 pyrid.-H-2 pyrid. = 2.1
Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.37 (s, 1H, D2O exchangeable
NH), 8.55 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6
pyrid.), 9.24 (d, 1H, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.). Anal. Calcd for
C18H20N4O7S (436.4): C, 49.54; H, 4.62; N, 12.84; S, 7.35. Found: C, 49.41;
H, 4.58; N, 13.00; S, 7.24.

3-(2,3,4-Tri-O-acetyl-α-l-arabinopyranosyl-1-thio)-5-(pyridin-3-yl)-4H -[1,2,
4]-triazole (10). Yield 1.65 g (72%, A); brownish yellow crystals, m.p.
118–120◦C (Rf = 0.06). IR: 3337, 2928, 1747, 1631, 1577, 1436, 1372, 1221,
1158, 1060, 935, 817, 747, 708, 654, 623, 602, 493; 1H NMR (CDCl3) δ 2.07,
2.11, 2.14 (3s, 9H, CH3CO), 3.70 (dd, 1H, J H-5′-H-4′ = 1.8 Hz, J H-5′-H-5′ ′ =
12.9 Hz, H-5′), 4.05 (dd, 1H, J H-5′ ′-H-4′ = 3.3 Hz, J H-5′ ′-H-5′ = 12.9 Hz, H-5′′),
5.09 (dd, 1H, J H-3′-H-4′ = 3.3 Hz, J H-3′-H-2′ = 8.7 Hz, H-3′), 5.27 (dd, 1H,
J H-4′-H-3′ = 3.3 Hz, J H-4′-H-5′ ′ = 4.8 Hz, H-4′), 5.29 (t, 1H, J H-2′-H-3′ = 8.4 Hz,
J H-2′-H-1′ = 8.7 Hz, H-2′), 5.33 (d, 1H, J H-1′-H-2′ = 8.7 Hz, H-1′), 7.40 (dd,
1H, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5 pyrid.), 8.33
(s, 1H, D2O exchangeable NH), 8.43 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz,
J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.63 (dd,
1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.), 9.30
(d, 1H, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.). Anal. Calcd for C18H20N4O7S
(436.4): C, 49.54; H, 4.62; N, 12.84; S, 7.35. Found: C, 49.61; H, 4.66; N,
12.74; S, 7.48.
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Deacetylation of Compounds 4, 5, 6a, and 7a

General Procedures
A) Deacetylation of compounds 4 and 5: Dry gaseous ammonia was

passed through a solution of each of compounds 4 and 5 (1 mmol) in
dry methanol (10 mL) for about 1 hour with cooling and stirring then
the reaction mixture was stirred at room temperature over night. The
resulting mixture was then concentrated at reduced pressure to afford a
solid residue, which was washed several times via boiling in chloroform
(100 mL) and decantation. The residue was dried at room temperature
and column chromatographed. Compound 11 was eluted using 25%
methanol/chloroform →35% methanol/chloroform), and recrystallized
from methanol. Compound 12 was eluted using 40% methanol/chloroform
→60% methanol/chloroform and recrystallized from methanol. Rf values
of compounds 11 and 12 were determined on TLC aluminum sheets using
chloroform/methanol (80:20, v/v) as a developing system.

B) Deacetylation of compounds 6a and 7a: using the same general pro-
cedure A, deacetylation of compounds 6a and 7a (1 mmol) gave a mixture
of compounds 11, 13, and 12, 14, respectively. Compounds 11 and 13 were
eluted first with 25% methanol/chloroform →35% methanol/chloroform
followed by compounds 12 and 14 with 40% methanol/chloroform
→60% methanol/chloroform. Compounds 11–14 were recrystallized from
methanol and their Rf values were determined on TLC aluminum sheets
using chloroform/methanol (80:20, v/v) as a developing system.

2-α-l-Arabinopyranosyl-4-amino-5-(pyridin-3-yl)-2,4-dihydro-[1,2,4]-triazo-
le-3-thione (11). Yield 299 mg (92% A); 169 mg (52%, B); colorless crystals,
m.p. 140–142◦C (Rf = 0.47). IR: 3424 (br), 2922, 2848, 1638, 1543, 1428,
1366, 1078, 887, 847, 703, 562, 412; 1H NMR (DMSO-d6) δ 3.42–4.26
(m, 3H, H-2′, H-3′, H-4′), 3.66 (d, 1H, J H-5′-H-5′ ′ = 12.9 Hz, H-5′), 3.81
(dd, 1H, J H-5′ ′-H-4′ = 1.2 Hz, J H-5′ ′-H-5′ = 12.9 Hz, H-5′′), 4.76 (br s, 1H,
D2O exchangeable OH), 4.91 (br s, 1H, D2O exchangeable OH), 5.14
(br s, 1H, D2O exchangeable OH), 5.53 (d, 1H, J H-1′-H-2′ = 9.0 Hz, H-1′),
5.91 (s, 2H, D2O exchangeable NH2), 7.60 (ddd, 1H, J H-5 pyrid.-H-2 pyrid.

= 0.9 Hz, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz, J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5
pyrid.), 8.39 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz, J H-4 pyrid.-H-2 pyrid. = 2.1 Hz,
J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.74 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8
Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.), 9.16 (dd, 1H, J H-2 pyrid.-H-5 pyrid. =
0.9 Hz, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.). Anal. Calcd for C12H15N5O4S
(325.3): C, 44.30; H, 4.65; N, 21.53; S, 9.86. Found: C, 44.38; H, 4.72; N,
21.74; S, 9.79.

3-(α-l-Arabinopyranosyl-1-thio)-4-amino-5-(pyridin-3-yl)-4H -[1,2,4]-triaz-
ole (12). Yield 244 mg (75%, A); 146 mg (45%, B); pale crystals, m.p.
136–138◦C (Rf = 0.08). 1H NMR (DMSO-d6) δ 3.40–4.22 (m, 5H, H-2′,
H-3′, H-4′, H-5′, H-5′′), 4.75 (br s, 1H, D2O exchangeable OH), 4.90 (br
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s, 1H, D2O exchangeable OH), 5.13 (br s, 1H, D2O exchangeable OH),
5.19 (d, 1H, J H-1′-H-2′ = 9.0 Hz, H-1′), 5.77 (s, 2H, D2O exchangeable
NH2), 7.59 (ddd, 1H, J H-5 pyrid.-H-2 pyrid. = 0.9 Hz, J H-5 pyrid.-H-6 pyrid. = 4.8 Hz,
J H-5 pyrid.-H-4 pyrid. = 8.1 Hz, H-5 pyrid.), 8.37 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8
Hz, J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.72
(dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.),
9.14 (dd, 1H, J H-2 pyrid.-H-5 pyrid. = 0.9 Hz, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2
pyrid.). Anal. Calcd for C12H15N5O4S (325.3): C, 44.30; H, 4.65; N, 21.53;
S, 9.86. Found: C, 44.29; H, 4.54; N, 21.66; S, 9.74.

2-α-l-Arabinopyranosyl-4-benzylideneamino-5-(pyridin-3-yl)-2,4-dihydro-
[1,2,4]-triazole-3-thione (13). Yield 157 mg (38%, B); colorless crystals,
m.p. 148–150◦C (Rf = 0.46). 1H NMR (DMSO-d6) δ 4.0–3.0 (m, 5H, H-2′,
H-3′, H-4′, H-5′, H-5′′), 4.22 (d, 1H, J = 6.0 Hz, D2O exchangeable OH),
4.56 (d, 1H, J = 6.0 Hz, D2O exchangeable OH), 5.07 (d, 1H, J = 6.3
Hz, D2O exchangeable OH), 5.42 (d, 1H, J H-1′-H-2′ = 7.5 Hz, H-1′), 7.60
(m, 4H, ArH, H-5 pyrid.), 8.05 (t, 2H, J = 8.1 Hz, ArH), 8.46 (s, 1H, CH
= N), 8.39 (td, 1H, J H-4 pyrid.-H-6 pyrid. = 1.8 Hz, J H-4 pyrid.-H-2 pyrid. = 2.1 Hz,
J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.), 8.73 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8
Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6 pyrid.), 9.21 (dd, 1H, J H-2 pyrid.-H-5 pyrid. =
0.9 Hz, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz, H-2 pyrid.). Anal. Calcd for C19H19N5O4S
(413.5): C, 55.20; H, 4.63; N, 16.94; S, 7.76. Found: C, 55.18; H, 4.64; N,
16.82; S, 7.81.

3-α-l-Arabinopyranosylthio-4-benzylideneamino-5-(pyridin-3-yl)-4H -[1,2,
4]-triazole (14). Yield 124 mg (30%, B); pale crystals, m.p. 141–143◦C (Rf =
0.06). 1H NMR (DMSO-d6) δ 4.0–3.0 (m, 5H, H-2′, H-3′, H-4′, H-5′, H-5′′),
4.22 (d, 1H, J = 6.0 Hz, D2O exchangeable OH), 4.56 (d, 1H, J = 6.0 Hz,
D2O exchangeable OH), 5.07 (d, 1H, J = 6.3 Hz, D2O exchangeable OH),
5.37 (d, 1H, J H-1′-H-2′ = 7.8 Hz, H-1′), 7.55 (m, 4 H, ArH, H-5 pyrid.), 8.05 (t,
2H, J = 8.1 Hz, ArH), 8.36 (s, 1H, CH = N), 8.37 (td, 1H, J H-4 pyrid.-H-6 pyrid.

= 1.8 Hz, J H-4 pyrid.-H-2 pyrid. = 2.1 Hz, J H-4 pyrid.-H-5 pyrid. = 8.1 Hz, H-4 pyrid.),
8.71 (dd, 1H, J H-6 pyrid.-H-4 pyrid. = 1.8 Hz, J H-6 pyrid.-H-5 pyrid. = 4.8 Hz, H-6
pyrid.), 9.16 (dd, 1H, J H-2 pyrid.-H-5 pyrid. = 0.9 Hz, J H-2 pyrid.-H-4 pyrid. = 2.1 Hz,
H-2 pyrid.). Anal. Calcd for C19H19N5O4S (413.5): C, 55.20; H, 4.63; N,
16.94; S, 7.76. Found: C, 55.24; H, 4.61; N, 16.99; S, 7.69.
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