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Synthesis of New, Potentially Biologically Active Derivatives
of 1,3,4-Oxadiazole-2-yl carbothioates

Abstract. It is well known that the derivatives of nitrogenous heterocycles have a wide range of
biological activity (antituberculosis, antimicrobial, antitumor, antimalarial, anti-inflammatory, etc.), and
oxadiazole derivatives also play same important role. In the current work, in order to synthesize the initial
synthons we were carried out the esterification of benzoic (1) and isonicotinic (2) acids were obtained the
corresponding ethers (3, 4). Further, interaction with hydrazine hydrate, the corresponding acid hydrazides
were synthesized (5, 6). As a result of the cyclization reaction with carbon disulfide were obtained substituted
1,3,4-oxadiazole-2-thiols (7, 8). Finally compounds 7, 8 undergo the alkylation reaction lead to yield two
new compounds S-5-phenyl-1,3,4-oxadiazol-2-yl O-propyl carbonothioate (9) and S-5- (pyridin-4-yl)
-1,3,4-oxadiazol-2-yl carbonothioate (10). The structures of synthesized compounds were confirmed by
NMR spectra. The physico-chemical characteristic data of synthesized compounds were in full agreement
with corresponded compounds in reference. The synthesized new compounds have an interest for further
investigation of biological activities.
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acids.

Introduction

Chemistry of nitrogen heterocycles belongs to
a broad section of organic chemistry. Nitrogen het-
erocycles — pyridine, oxadiazole, triazole, thiadia-
zole and their derivatives — are highly reactive and
biologically active at relatively low toxicity, and can
functionally transformed to obtain analogs of bioac-
tive compounds.

At present, the search for chemical compounds
possessing biological activity, conduct according
to certain scientific principles and quantitative ap-
proaches that allow predicting the structure of com-
pounds, essentially lead and their purposeful syn-
thesis. There are several trends in the development
of scientific research in this field, one of them is the
introduction of pharmacophore fragments into the
molecule, increase the activity of the preparation, for
example: the addition of phenyl, pyridine and dichlo-
rophenyl radicals increases the water solubility, and
the introduction of the alkyl group increases the lipo-
philicity, the complex and ether groups increase the
pharmacological activity and the sulfur atom reduces
toxicity.
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In organic chemistry, the synthesis of cyclic oxy-
gen-containing compounds attach great importance in
view of their valuable biological properties. Oxadia-
zoles and their derivatives are an integral part of many
natural biologically active compounds, which have a
wide spectrum of biological activity [1-5]. Continu-
ing research on the synthesis of target bioactive com-
pounds including nitrogen heterocycles, we carried
out synthesis of two new oxadiazole derivatives.

Experimental

General experimental procedures: Thin layer
chromatography of the synthesized compounds were
carried out on Silufol UV-254 plates, were exhibited
by a UV lamp. The melting points of the new syn-
thesized compounds were tested on a Buchi Melting
Point B-540, Germany.

The NMR spectra of the new synthesized com-
pounds were recorded on a Bruker WM 250 spec-
trometer and a Bruker DRX 500 spectrometer operat-
ing at 250.500 MHz in a DMSO solution.

The general procedure for the synthesis of ethyl
esters of cyclic carboxylic acids (3, 4): A mixture
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(0.1 mol) of cyclic carboxylic acid, 54.6 g of absolute
ethanol, 7.36 g of conc. H,SO, with stirring is heated
for 3 hours at a temperature of 80-850C. At the end
of the reaction, ethanol is distilled off. Extracted with
diethyl ether, the final product accelerated in an oil
pump vacuum.

Ethyl benzoate (3) was obtained in 12 g (80%)
yield, and isonicotinic acid ethyl ester (4) was ob-
tained with 13.7 g (90.7%). All physico-chemical
parameters were corresponded to the reference data.

The general procedure for the synthesis of hy-
drazides (5, 6): A mixture of (0.15 mol) cyclic car-
boxylic acid ethyl ester and (0.2 mol) hydrazine hy-
drate heated in a water bath for 6 hours. The resulting
crystals washed with cold ethanol.

Benzoic acid hydrazide (5) was obtained in a
yield of 17.2 g (84.3%).The isonicotinic acid hydra-
zide (6) was obtained in 10.9 g (86.5%) yield. All the
physical and chemical parameters are also consistent
with the reference data.

The general procedure for the synthesis of sub-
stituted 1,3,4-oxadiazol-2-thiol (7, 8): To hydrazide
(0.01 mol) in ethanol at 0°C is added 0.76 g of carbon
disulphide and 0.46 g of potassium hydroxide, the
reaction mixture is heated until the evolution of the
carbon disulfide ceased (about 12 hours).

Excess ethanol is distilled off, and the residue is
dissolved with water and acidified with HCI (10%)
till pH = 5. The precipitate is filtered off, dried and
recrystallized from C,H,OH. 5-Phenyl-1,3,4-oxadia-
zole-2-thiol (7) was obtained in 1.53 g (85.4%) yield,
and 5-(pyridin-4-yl) -1,3,4-oxadiazol-2-thiol (8) was
obtained in a yield of 1.47 g (82.1%)).

While identifying the synthesized compounds,
the physico-chemical data fully corresponded to the

COCOH

COOC,Hs

reference data. A fairly high yield of compounds al-
lowed further modification of the compounds.

The general procedure for the synthesis of sub-
stituted 1,3,4-oxadiazol-2-yl O-propyl carbonothio-
ates (9, 10): To a solution (2 mmol) of substituted
1,3,4-oxadiazole-2-thiol and (2 mmol) NaOH in 50
ml of acetonitrile is added dropwise (2 mmol) of
propyl carbonobromidate. The mixture is heated, the
reaction is monitored by TLC. After completion of
the reaction, the acetonitrile is distilled off under vac-
uum. The resulting crystals are recrystallized from a
suitable solvent.

S-5-phenyl-1,3,4-oxadiazol-2-yl O-propyl carbono-
thioate (9) was obtained with T = 87-88 ° C (recrystal-
lized from ethyl acetate), and yielded 0.47 g (90%).

O-propyl S-5- (pyridin-4-yl) -1, 3, 4-oxadiazol-
2-yl carbonothioate (10) was obtalned with T =
287-288 ° C (recrystallized from acetomtrlle) “and
yielded 0.46 g (87% ).

Results and discussion

Based on biological activities of oxadiazole de-
rivatives as well as continuation of purposeful syn-
thesis, the structure of the synthesized compounds
have been introduced various pharmacophore groups
[6, 7]. The synthesized two new compounds S-5-phe-
nyl-1,3,4-oxadiazol-2-yl O-propyl carbonothioate
(9) and O-propyl S-5- (pyridin-4-yl) -1,3,4-oxadia-
zol-2-yl carbonothioate (10) have not been reported
before. Intermediate compounds in the synthesis of
the final compounds are esters of cyclic carboxylic
acids (3, 4) their hydrazide (5, 6) and substituted oxa-
diazoline (7, 8), and the reaction procedure please see
the Scheme 1.

CONHNH,

O O

(1 2) (3 4)

C>_k >\ 4 XC\>_Q >\ COOC,H,

(7.8

(9, 10y

X=CH, (1, 3,5,7,9); X=N (2,4, 6,8,10)

Scheme 1 — Synthesis of compounds (9) and (10). Reagents and solvents:
(a) C,H,OH, H,SO,, 80-85°C, 3 hours; (b) N,H,*H,0, 90°C, 6 hours; (c) CS,, KOH, C,H,OH, 90°C,
12 hours; (d) BrCOOC H NaOH MeCN, 80-85°C, 8-12 hours
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The starting synthons in the synthesis of poten-
tially biologically active compounds are the ethyl
esters of benzoic acid (3) and isonicotinic acid (4).
These esters were synthesized by esterification of
benzoic and isonicotinic acid by the interaction with
ethanol in sulfuric acid.
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Thus, in the reaction of ethyl ester of benzoic acid
(3) and ethyl ester of isonicotinic acid (4) with aqueous
hydrazine hydrate synthesized benzohydrazide (5) and
hydrazide of isonicotinic acid (6), respectively. Physi-
cochemical constants of the synthesized compounds
were in complete agreement with the reference data,
and the reaction with high yield of compounds can be
used as a synthon in further syntheses study.
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From the research there is evidence that the reac-
tions, obtaining the hydrazides are extremely numerous.
One of the main ways of obtaining hydrazides is the in-
teraction of esters of carboxylic acids with hydrazine
hydrate. Hydrazide is nucleophilic agents with good
reactivity, which can easily interact with electrophile.
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NHNH,

At next step, we carried out the reaction of cy-
clization of hydrazides (5, 6) with carbon disulfide
in presence of alkali. The reaction of cyclization
were obtained 5-phenyl-1,3,4-oxadiazole-2-thiol (7)
and 5- (pyridine-4-yl) — 1,3,4-oxadiazole-2-thiol (8).
The intermediate compound can be potassium salt of
3-aroyldithiocarbazate. Below shown a diagram of
cyclization:

O O
u CS, t°C
R—C—NHNH, —» R—C—NHNHCS,K ——
KOH
N—N N—NH

R/4 )\SH

As a result of the cyclization process, it is possi-
ble to form two isomeric products, namely 1,3,4-oxa-
diazole-2-thiol (A) and 2-mercapto-1,3,4-oxadiazole
(B) derivatives or in a thionic form, respectively. In
the alkaline medium, there is predominantly a thiol
form (A), and in acidic and neutral media, the thi-
onic form (B). The physico-chemical parameters of
the thions obtained and fully confirmed the structure
of the compounds, which allow us to make further
modification to them.

With the aim of producing compounds contain-
ing a large number of pharmacophore groups, we
synthesized S-5-phenyl-1,3,4-oxadiazol-2-yl O-pro-
pyl carbonothioate (9) and O-propyl S-5- (pyridin-

g

4-yl)-1,3,4-oxadiazol-2-yl carbonothioate (10) by
reacting substituted 1,3,4-oxadiazol-2-thiols (7, 8)
with propyl carbonobromidate in acetonitrile under
heating during the 8-12 hour. The course of the reac-
tion controlled by thin layer chromatography.

In this study, we were synthesized two new com-
pounds, the derivatives of 1,3,4-oxadiazol-2-yl O-
propyl carbonothioate (9, 10) that previously not been
described in the literature. Structures of S-5-phenyl-
1,3,4-oxadiazol-2-yl O-propyl carbonothioate (9)
and O-propyl S-5- (pyridin-4-yl) -1,3,4-oxadiazol-
2-yl carbonothioate (10) were exactly proved by the
basis of the spectra of 'H and '*C NMR. The NMR
data are shown in Table 1.
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Table 1 — 'Hand *C NMR data of new substituted oxadiazole carbonothioates

9, 10)
2' N—N
" / )2\ COOC;H;
b
5 O S
6'
9)
'"H NMR (400 MHz, DMSO) 13C NMR (101 MHz, DMSO)
Protons 3, J, Hz Carbon d.
2H,H=2",6 7.93(d) 7.8 1C, -COO 174.2
IHLH=4 7.70(t) 7.3 2C, oxad 157.6, 147.4
2H,H=3,5 7.62(dd) 13.6, 6.8 6C, Ph 133.1, 129.5, 129.4,
2H, H=OCH, 4.38 (t) 6.5 126.7, 126.1, 121.6
2H, H = CH, 1.81- 1.71(m) 1C, -O-CH, 70.3
3H, H=CH, 1.00(t) 7.4 Alk. CH,, CH, 21.4,
10.1
2' N—N
/ \\2
N N[/ >\ __COOC;H;
5 O S
6 (10)
"H NMR (400 MHz, DMSO) 3C NMR (101 MHz, DMSO)
Protons 3y J, Hz Carbon d.
2H,H=2",6 8.81(d) 5.8 1C, -COO 178.17
2H,H=3,5 7.81(d) 6.0 2C, oxad 159.23
2H, H = OCH, 4.20-4.15 (t) 14.2, 6.8 5C, Ph 151.26
2H, H=CH, 1.80 (dt) 7.4 130.21,
3H,H= CH3 1.01 120.43,
120.05
1C, -O-CH, 75.41
Alk. CH,, CH, 2282,
13.01
Conclusion 2. M., Jakopin Z. Antioxidant and anti-inflam-

In summary, we have synthesized 10 compounds
by using different reactions methods and in which
two compounds (S-5-phenyl-1,3,4-oxadiazol-2-yl
O-propyl carbonothioate (9) and S-5-(pyridin-4-yl)-
1,3,4-oxadiazol-2-yl carbonothioate (10) are novel
compounds. Meanwhile, they are potentially biologi-
cally active compounds. The research work is contin-
ued and biological activities of two new compounds
(9, 10) are being tested.
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