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Utilization of Dipotassium Salt of Galactaric Acid
Bis(Hydrazidocarbodithioic Acid) As a Synthone for
Double-Headed 1,3,4-Thiadiazoline, 1,3,4-Oxadiazoline
and 1,2,4-Triazoline Acyclo C-Nucleosides
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Faiyoum, Egypt

M. A. Mostafa
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Alexandria, Egypt

Condensation of galactaric acid bis hydrazide (1) with carbon disulfide in the pres-
ence of ethanolic potassium hydroxide gave the dipotassium salt of galactaric acid
bis (hydrazidocarbodithioic acid) (2). Heterocyclization of the key compound 2 pro-
duced three different types of double headed acyclo C-nucleosides: acid-catalyzed
dehydrative cyclization afforded the 5-thioxo-1,3,4-thiadiazoline 3, base-catalyzed
dehydrosulfurative cyclization gave the 5-thioxo-1,3,4-oxadiazoline 5, and conden-
sative cyclization with concomitant dehydrosulfuration and dehydration with dif-
ferent nitrogen nucleophiles yielded the 5-thioxo-1,2,4-triazolines 7 and 9a, b. Acety-
lation of the prepared acyclo C-nucleosides 3, 5, 7 and 9a, b with acetic anhydride
in the presence of pyridine at ambient temperature caused acetylation of the sugar
hydroxyls as well as heterocyclo imino protons to give the tetra-O-acetates 4, 6, and
10a, b, respectively. Representative members of the prepared compounds were tested
for antimicrobial activity.

Keywords 1,3,4-Oxadiazoline; 1,3,4-thiadiazoline; 1,2,4-triazoline; acyclo C-
nucleosides; antimicrobial activity; cyclization; dipotassium salt of galactaric acid
bis(hydrazidocarbodithioic acid)

INTRODUCTION

Much of the interest in the synthesis1−7 of acyclo C-nucleosides origi-
nated from their various biological activities as a result of their close
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1770 A. Z. Nasr and M. A. Mostafa

FIGURE 1

structural relationship with acyclo N-nucleosides, such as the po-
tent antiviral agent “acyclovir” [9-(2-hydroxyethoxymethyl)guanine].8,9

Furthermore, acyclo C-nucleosides has become an increasingly impor-
tant class of compounds, especially after the isolation of the natu-
rally occuring acyclo C-nucleoside members such as pyridindolol10,11

and the two antibiotics CV-112 and gualamycin13−15 from different
species of Streptomyces. Many 1,2,4-triazole C-nucleosides16−18 as
well as their acyclo analogs19−23 have been synthesized in view of
their ability to mimic the isosteric broad spectrum antiviral 1,2,4-
triazole ribonucleoside “ribavirin” (1-β-D-ribofuranosyl-1,2,4-triazole-
3-carboxamide).24 On the other hand, synthesis of thioxo derivatives
of 1,3,4-thiadiazolines, 1,3,4-oxadiazolines, and 1,2,4-triazolines is of
interest since many of their members possess various biological activi-
ties. These activities include antimicrobial25 and antitubercular26,27 for
1,3,4-thiadiazolines, antibacterial28,29 and antiiflammatory30 for 1,3,4-
oxadiazolines, and antidepressant,31 antiviral,32 antiinflammatary,33

and analgesic34 for 1,2,4-triazolines. In pursuance of our work on
the synthesis of acyclo C-nucleosides of potential activity,35−38 we
presently report on the utilization of dipotassium salt of galactaric
acid bis(hydrazidocarbodithioic acid) as a synthone for double-headed
5-thioxo-1,3,4-thiadiazoline, 5-thioxo-1,3,4-oxadiazoline and 5-thioxo-
1,2,4-triazoline acyclo C-nucleosides by choosing the proper heterocy-
clizing agent (Figure 1).

DISCUSSION

Condensation of galactaric acid bis hydrazide39 (1) with carbon disul-
fide in the presence of an ethanolic potassium hydroxide at ambient
temperature gave the dipotossium salt of galactaric acid bis (hydrazido-
carbodithioic acid) (2). The latter compound underwent acid-catalyzed
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Galactaric Acid Bis(Hydrazidocarbodithioic Acid) 1771

dehydrocyclization with sulfuric acid in methanol at room temperature
to give a crystalline product. This product showed IR absorption at 3278
(overlapped OH and NH), 1645 (C = N), and 1236 cm−1 (CNS), and its
1H NMR spectrum displayed signals of two imino protons in addition
to four OH and four CH protons of the tetritolyl moiety. It analyzed for
the molecular formula C8H10N4O4S4 and is, accordingly, assigned the
structure of 1,4-bis(5-thioxo-1,3,4-thiadiazolin-2-yl)-galacto-tetritol (3).
This result is in accordance with the precedent and already-established
results40,41 on acid catalyzed dehydrocyclization of similar hydrazido-
carbodithioates. The mass spectrum of (3) did not reveal its molecular
ion peak, yet it showed fragments that are characteristic of the as-
signed structure at m/z 196 resulting from C1-C2 bond clevage of the
tetritolyl moiety and another fragment at m/z 147 corresponding to
5-thioxo-1,3,4-thiadiazoline ring carring a protonated formyl group.
The latter fragment is characteristic of C-nucleosides as well as their
acyclo analogs.42

On the other hand, base-catalyzed dehydrosulfurative cyclization of
compound 2 by heating with ethanolic potassium hydroxide gave a prod-
uct that analyzed correctly for C8H10N4O6S2 and was ascribed, there-
fore, the 1,4-bis(5-thioxo-1,3,4-oxadiazolin-2-yl)-galacto-tetritol struc-
ture (5). This structure 5 was evidenced by its IR absorptions at 3329
(overlapped OH and NH), 1591 (C N) and 1285 cm−1 (NCS), as well as
its 1H NMR spectrum which revealed proton signals due to the oxadia-
zolinyl two NH in addition to the tetritolyl four OH and four CH protons.
An additional one-step cyclocondensation was used for the synthesis of
compound 5 by heating the bis hydrazide 1 with carbon disulfide in
ethanolic potassium hydroxide. This result is in harmony with pre-
vious work28,43,44 on the synthesis of thioxo-1,3,4-oxadiazolines from
aroylhydrazines by the same method.

The two acyclo C-nuleosides 3 and 5 were further character-
ized by acetylation with acetic anhydride in the presence of pyri-
dine at ambient temperature to give the 1,2,3,4-tetra-O-acetyl-1,4-
bis(4-acetyl-5- thioxo-1,3,4-thiadiazolin-2-yl)-galacto-tetritol (4) and its
1,3,4-oxadiazolin-2-yl congener 6, respectively. Both compounds exhib-
ited 1H NMR proton signals of the tetra-O-acetyl-tetritolyl chain (4 CH
and 4 OCOH3) and the two N-acetyl groups. They also showed IR ab-
sorption due to OAc, CON, C N, and NCS groups. The mass spec-
trum of compound 6 showed its molecular ion peak M+ at m/z 574
in addition to characteristic fragments at m/z 514 (M+–AcOH), m/z
490 (M+–2 CH2CO), and m/z 287 (C1-C2 fission of the sugar chain)
(Scheme 1).

Condensative cyclization with concomitant dehydrosulfuration and
dehydration of the dithioic salt 2 has been accomplished by heating
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1772 A. Z. Nasr and M. A. Mostafa

SCHEME 1

with ammonium acetate to give the 1,4-bis(5-thioxo-1,2,4-triazolin-3-
yl)-galacto-tetrilol (7). The latter structure 7 was assigned on the basis
of its IR absorptions at 3328 (overlapped OH and NH), 1642 (C N),
and 1284 cm−1 (NCS) as well as its 1H NMR spectrum which displayed
proton signals due to eight exchangeable protons: four NH protons res-
onated as two singlet signals at δ 13.12, and 12.99, and tetritolyl four
OH protons appeared as two doublet signals at 5.85 and 5.19, in addi-
tion to the tetritolyl four CH protons as two doublet signals at δ 4.41
and 4.22 ppm.

Subjecting compound 7 to acetylation gave a single crystalline prod-
uct lacking the OH and NH IR absorptions as well as 1H NMR tria-
zolinyl four NH and tetritolyl four OH proton signals and analyzed for
C24H28N6O12S2, indicating the introduction of eight acetyl groups in the
parent molecule, four of which as O-acetyl groups blocking the tetritolyl
chain hydroxyl protons and the other four migh has acetylated the tria-
zolinyl N1 and N2 or N1 and N4 of each of the two triazoline rings. These
data are consistent with either of the structure 8 or 10a. The acety-
lation product was assigned the 1,4-di-N-acetyl structure 10a rather
than the 1,2-di-N-acetyl structure 8 on the basis of direct comparison
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Galactaric Acid Bis(Hydrazidocarbodithioic Acid) 1773

with the unequivocally prepared sample from acetylation of 1,4-bis(4-
acetyl-5-thioxo-1,2,4-triazolin-3-yl)-galacte-tetritol (9a) prepared from
cyclization of the compound 2 with acetamide. This assignment is in
agreement with the reported result45 documenting the preference of
acetylation of triazolinyl N1 and N4 rather than N1 and N2.

Similarly, heterocyclization of the dithioate 2 by heating with methy-
lamine afforded the 1,4-bis(4-methyl-5-thioxo-1,2,4-triazolin-3-yl)-
galacto-tetritol 9b). It’s 1H NMR spectrum showed, beside the tetritolyl
chain protons (4 OH and 4CH), two imino protons and two N-methyl
group protons. Acetylation of the triazoline 9b caused N-acetylation
of the two triazoline moieties as well as O-acetylation of the tetritolyl
chain four OH groups to give the 1,2,3,4-tetra-O-acetyl-1,4-bis(1-acetyl-
4-methyl-5-thioxo-1,2,4-triazolin-3-yl)-galacto-tetritol (10b), which re-
vealed IR absorptions characteristic of OAc, CON, C N, and NCS
groups and lacked the OH and NH absorptions of the parent compound
9b. The structure of tetra-O-acetate compound 10b was also supported
by its 1H NMR spectrum, which revealed the tetra-O-acetyl-tetritolyl
chain protons (4 CH and 4 OAc) in addition to the two triazolinyl N-
acetyl and N-methyl groups (Scheme 2).

SCHEME 2
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1774 A. Z. Nasr and M. A. Mostafa

TABLE I Antibacterial and Antifungal Activities of Selected
Compounds

Inhibition Zones∗ (mm)

Compound Conc. (mg/mL) E. coli S. aureus C. albicans

3
4
5
7
10a
Ampicillin
Cansten
DMF

0.3
0.3
0.3
0.3
0.3
0.3
0.3

Solvent

25
13
14
14
18
21
—
6.5

0
0

15
0
0

17
—
0

20
13
15
15
15
—
33
—

∗Inhibition zones of less than 10 mm in diameter were considered to indicate weak
activity.

Compounds 3, 4, 5, 7, and 10a were screened for their antibacterial
activity in vitro against the Gram-negative bacterium Escherichia coli
and the Gram-positive bacterium Staphylococcus aureus as well as for
antifungal activity against Candida albicans using the agar diffusion
method.46 Compound 3 showed fair activity against E. coli and C. albi-
cans and lacked activity against S. aureus, while compound 5 showed
activity only against S. aureus (see Table I).

EXPERIMENTAL

Melting points were determined on MEL-TEMP II melting point appa-
ratus in open glass capillaries and are uncorrected. The infrared spectra
IR were recorded for potassium bromide discs on a Pye-Unicam SP1025
spectrophotometer. Proton magnetic resonance 1H NMR spectra were
carried out at ambient temperature (∼25◦C) with a Varian EM-390 or
with a Brucker AC-250 spectrometer using Tetramethylsilane (TMS) as
an internal standard. Mass Spectra (MS) were preformed on a Hewlett
Packard 5995 gas chromatography mass-spectrometer system. Homo-
geneity of the products and follow up of the reactions were checked by
ascending thin-layer chromatography TLC on plates precoated with
silica gel G (E. Merck; layer thickness 0.25 mm) used without pre-
treatment. All ratios of the used solvent systems were volume to vol-
ume V/V, the solvent system used were (a) CHCl3/MeOH (1:2) and (b)
CHCl3/MeOH (9:1); the distance of the solvent travel was 5 cm and the
spots were visualized by exposure to iodine vapor for a few minutes.
Elemental microanalysis was performed at the Microanalytical Unit,
Cairo University, Cairo, Egypt.
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Galactaric Acid Bis(Hydrazidocarbodithioic Acid) 1775

1,4-Bis(5-thioxo-1,3,4-thiadiazol-2-yl)-galacto-tetritol (3)

A stirred suspension of galactaric acid bis hydrazide (1) (3 g, 12.6 mmol)
in absolute ethanol (50 mL) was treated with a solution of potassium
hydroxide (1.7 g, 30.4 mmol) in absolute ethanol (50 mL) follwed by
carbon disulfide (3 mL) and the reaction mixture was stirred at ambi-
ent temperature for 24 h. The product was filtered and washed with
ether to give the dipotassium salt of galactaric acid bis (hydrazidocar-
bodithioic acid) (2) (yield: 4.7 g, 80%). A suspension of the 2 (4 g, 8.6
mmol) in methanol (50 mL) was treated with 0.1 M sulfuric acid (7 mL)
in methanol (50 mL) and the mixture was stirred at room tempera-
ture for 2 h. The product was filtered, washed with ethanol, and then
crystallized from water-ethanol (1:1) to give compound 3 as colorless
crystals (yield: 2.5 g, 82%). mp: 198–200◦C. TLC (A), R f : 0.51. IR νmax
(KBr) cm−1: 3278 (broad, overlapped OH and NH), 1645 (C N), 1236
(NC S). 1H NMR (DMSO-d6, 300 MHz) δ: 3.76, 4.18 (2 d, 2 H each,
tetritoldi-1,4-yl), 4.40, 5.15 (2d, exchangeable, 2 OH each), 12.79 (s, ex-
changeable, 2 NH). MS m/z (rel. int.): 196 (2.5), 147 (50), 118 (100).
Anal. Calcd. for C8H10N4O4S4: C, 27.12; H, 2.82; N, 15.82. Found: C,
26.98; H, 2.71; N, 15.53.

1,4-Bis(5-thioxo-1,3,4-oxadiazolin-2-yl)-galacto-tetritol (5)

Method 1
Dipotassium salt 2 (4 g, 8.6 mmol) was treated with a solution of 0.2 M

ethanolic potassium hydroxide (100 mL) and the mixture was refluxed
for 4 h. After attaining room temperature, the reaction mixture was
neutralized with 0.1 M hydrochloric acid and the product was filtered,
washed with ethanol, and crystallized from water-ethanol (1:1) to give
compound 5 as colorless crystals (yield: 2.5 g, 82%). mp: 186–188◦C.
TLC (A), R f : 0.52. IR νmax (KBr) cm−1: 3329 (broad, overlapped OH and
NH), 1591 (C N), 1285 (NC S). 1H NMR (DMSO-d6, 300MHz) δ: 4.05,
4.56 (2 d, 2 H each, tetritoldi-1,4-yl), 5.53, 5.68 (2 d, exchangeable, 2 OH
each), 13.19 (s, exchangeable, 2 NH). Anal. Calcd. for C8H10N4O6S2: C,
29.81; H, 3.11; N, 17.39. Found: C, 29.57; H, 2.98; N, 17.75.

Method 2
Bis hydrazide 1 (3 g, 8.4 mmol) was treated with a solution of potas-

sium hydroxide (1.9 g, 33.9 mmol) in absolute ethanol (100 mL) fol-
lowed by carbon disulfide (3 mL) and the reaction mixture was refluxed
for 6 h. After attaining room temperature, the reaction mixture was
neutralized with 0.1 M hydrochloric acid and the product was filtered,
washed with ethanol, and crystallized from water-ethanol (1:1) to give
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1776 A. Z. Nasr and M. A. Mostafa

compound 5 (yield: 2.1 g, 78%). mp, TLC, and IR are identical to those
of compound 5 when prepared according to method 1.

1,4-Bis(5-thioxo-1,2,4-triazolin-3-yl)-galacto-tetritol (7)

Dipotassium salt 2 (4 g, 8.6 mmol) was successively mixed with anhy-
drous ammonium acetate (1.4 g, 18.2 mmol) and the mixture was heated
in a fusion tube provided with an air condenser at 100◦C for 1 h. Heating
was continued in an oil bath at 140◦C for additional 0.5 h. The obtained
mass was dissolved in water-ethanol (1:3) (50 mL), treated with 0.1 M
hydrochloric acid (15 mL), and the product was filtered and crystallized
from water-ethanol (1:1) to give compound 7 as colorless crystals (yield:
2g, 71%). mp: 220–222◦C. TLC (A), R f : 0.50. IR νmax (KBr) cm−1: 3328
(broad, overlapped OH and NH), 1642 (C N), 1284 (NC S). 1H NMR
(DMSO-d6, 300MHz) δ: 4.22, 4.41 (2 d, 2 H each, tetritoldi-1,4-yl), 5.19,
5.85 (2 d, exchangeable, 2 OH each), 12.99, 13.12 (2 s, exchangeable, 2
NH each). Anal. Calcd. for C8H12N6O4S2: C, 30.00; H, 3.75; N, 26.25.
Found: C, 30.30; H, 3.59; N, 26.41.

1,4-Bis(4-acetyl-5-thioxo-1,2,4-triazolin-3-yl)-galacto-tetritol
(9a)

The title compound was prepared from dipotassium salt 2 (4 g, 8.6
mmol) and acetamide (1.1 g, 18.6 mmol) as just described for the pre-
pareation of compound 7. It crystallized from water-ethanol (1:1) to give
compound 9a as colorless crystals (yield: 2.6 g, 74%). mp: 168–170◦C.
TLC (A), R f : 0.48. IR νmax (KBr) cm−1: 3377 (broad, overlapped OH and
NH), 1683 (NC O), 1604 (C N), 1274 (NC S). 1H NMR (DMSO-d6,
300 MHz) δ: 3.08 (s, 6 H, 2 NAc) 3.78, 4.60 (2 d, 2 H each, tetritoldi-1,4-
yl), 5.14, 6.67 (2 bs, exchangeable, 2 OH each), 12.80 (bs, exchangeable, 2
NH). Anal. Calcd. for C12H16N6O6S2: C, 35.64; H, 3.96; N, 20.79. Found:
C, 35.91; H, 3.76; N, 20.59.

1,4-Bis(4-methyl-5-thioxo-1,2,4-triazolin-3-yl)-galacto-tetritol
(9b)

Dipotassium salt 2 (4 g, 8.6 mmol) was treated with methylamine (50
mL) and the mixture was refluxed for 6 h. The mixture was evaporated
to dryness and the residue obtained was dissolved in water-ethanol
(1:3) (50 mL), treated with 0.1 M hydrochloric acid (15 mL), and was
filtered and crystallized from water-ethanol (1:1) to compound 9b as
colorless crystals (yield: 2.3 g, 77%). mp: 260-262◦C. TLC (B), R f : 0.57.
IR νmax (KBr) cm−1: 3296 (broad, overlapped OH, NH), 1650 (C N),
1271 (NC S). 1H NMR (DMSO-d6, 300MHz) δ: 3.73 (s, 6 H, 2 NMe), 4.08,
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Galactaric Acid Bis(Hydrazidocarbodithioic Acid) 1777

4.53 (2 d, 2 H each, tetritoldi-1,4-yl), 5.47, 6.07 (2 d, exchangeable, 2 OH
each), 12.83 (bs, exchangeable, 2 NH). Anal. Calcd. for C10H16N6O4S2:
C, 34.48; H, 4.60; N, 24.14. Found: C, 34.29; H, 4.81; N, 24.39.

Acetylation of the Acyclo C-Nucleosides 3, 5, 7, and 9a,b

A mixture of the appropriate compound 3, a, 7, or 9a, b (2 g, 5–
6.2 mmol), pyridine (10 mL) and acetic anhydride (50 mL) was stirred
at room temperature for 72 h. The mixture was poured onto crushed ice
and the product was filtered, washed with water, dried, and crystallized
from ethanol. The following compounds were prepared.

1,2,3,4-Tetra-O-acetyl-1,4-bis(4-acetyl-5-thioxo-1,3,4-
thiadiazolin-2-yl)-galacto-tetritol (4)

Colorless crystals yield, (2.6 g, 77%). mp: 253–255◦C. TLC (B), R f : 0.56.
IR νmax (KBr) cm−1: 1758 (OAc), 1684 (NC O), 1607 (C N). 1H NMR
(CDCl3, 300MHz) δ: 2.11, 2.17 (2 s, 6 H each, 4 OAc), 2.64 (s, 6 H,
2 NAc), 5.69, 6.42 (2 s, 2 H each, tetritoldi-1,4-yl). Anal. Calcd. for
C20H22N4O10S4: C, 39.60; H, 3.63; N, 9.24. Found: C, 39.37; H, 3.42;
N, 9.44.

1,2,3,4-Tetra-O-acetyl-1,4-bis(4-acetyl-5-thioxo-1,3,4-
oxadiazolin-2-yl)-galacto-tetritol (6)

Colorless crystals yield, (2.9 g, 81%). mp: 203–204◦C. TLC (B), R f : 0.51.
IR νmax (KBr) cm−1: 1761 (OAc), 1693 (NC O), 1590 (C N). 1H NMR
(CDCl3, 300 MHz) δ: 2.11, 2.14 (2 s, 6 H each, 4 OAc), 3.05 (s, 6 H, 2
NAc), 5.59, 6.53 (2 s, 2 H ech, tetritoldi-1,4-yl). MS m/z (rel. int.): 574
(7.1) M+, 514 (4.8), 490 (15.5), 287 (8.1), 172 (100). Anal. Calcd. for
C20H22N4O12S2: C, 41.81; H, 3.83; N, 9.76. Found: C, 42.01; H, 3.69; N,
9.93.

1,2,3,4-Tetra-O-acetyl-1,4-bis(1,4-diacetyl-5-thioxo-1,2,4-
triazolin-3-yl)-galacto-tetritol (10a)

Colorless crystals yield, (method 1: 3.1 g, 76%; method 2: 2.4 g, 73%).
mp: 265–267◦C. TLC (B), R f : 0.61. IR νmax (KBr) cm−1: 1758 (OAc), 1695
(NC O), 1590 (C N). 1H NMR (CDCl3, 300 MHz) δ: 2.10, 2.16 (2 s, 6 H
each, 4 OAc), 2.86, 3.16 (2 s, 6 H each, 4 NAc), 5.57, 6.52 (2 s, 2 H each,
tetritoldi-1,4-yl). Anal. Calc. for C24H28N6O12S2: C, 43.90; H, 4.27; N,
12.81. Found: C, 44.17; 4, 4.01; N, 13.02.
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1778 A. Z. Nasr and M. A. Mostafa

1,2,3,4-Tetra-O-acetyl-1,4-bis(1-acetyl-4-methyl-5-thioxo-1,2,4-
triazolin-3-yl)-galacto-tetritol (10b)

Colorless crystals yield, (2.2 g, 71%). mp: 277–279◦C. TLC (B), R f : 0.63.
IR νmax (KBr) cm−1: 1743 (OAc), 1678 (NC O), 1629 (C N). 1H NMR
(CDCl3, 300 MHz) δ: 2.13, 2.19 (2 s, 6 H each, 4 OAc), 2.87, 3.53 (2 s, 6
H each, 2 NAc, 2 NMe), 5.56, 6.52 (2 s, 2 H each, tetritoldi-1,4-yl). Anal.
Calcd. for C22H28N6O10S2: C, 44.00; H, 4.67; N, 14.00. Found: C, 44.23;
H, 4.49; N, 14.31.

Antimicrobial Activity

Sterile nutrient agar (100 mL) was separately inoculated with a 24-hour
broth culture (1 mL) of E. coli, S. aureus, and C. albicans. Solutions (30
µL) of the tested compounds were placed in wells (6 mm diam.) cut in
the agar media and the plates were incubated at 37◦C (bacteria) or 25◦C
(yeast). The diameter of the resulting inhibition zones obtained were
measured after 28 h for bacteria and 96 h for the yeast (see Table 1).
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