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ABSTRACT
Simplified production of 2-aryl,5-substituted-1,3,4-oxadiazoles was developed. A series of carboxylic acid
hydrazides were reacted with aryl acid chloride in 10 mol% Bi(OTf); in Dioxane under microwave at 120 °C. This
methodology was found successful for the generation of a sequence of 2-aryl,5-substituted-1,3,4-Oxadiazole
derivatives in good yields (65-75 %). The as-prepared oxadiazoles were tested for their anticancer activity on HCT-
116, MIA-PaCa2 and MDA-MB231 cell lines.
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INTRODUCTION
The heterocyclic compounds either cyclic or acyclic with one or more hetero atoms have significant
importance in medicinal chemistry. Among various heterocyclics available, the chemistry of five-
membered heterocycles was received a lot of magnitude due to their pronounced biological activities, for
example substituted 1,3,4-oxadiazoles have been exploring for their broad spectra of biological actions
such as antibacterial, antimycobacterial®, antifungal®®, anti-inflammatory’, anti-allergy™’, analgesic'®,
anticonvulsant'', antihypoglycemic'?, anticancer”’ and insecticidal properties.'"* Owing to this broad
spectrum of biological performance 1,3,4-oxadiazoles has occupied outstanding position in the medicinal
chemistry field. However, the need for potential anticancer compounds in the present day the synthetic
methodologies and activity profile of these compounds should still need improvement.
A survey of literature revealed that most of the 1,3,4-oxadiazoles were generated by oxidative cyclization
of acyl-hydrazones and cyclodehydration of semicarbazide derivatives. The reagents used for cyclo
dehydration and oxidative cyclization are TMSNCS" Burgess Reagent'®, T3P®", TsCl1', EDCI",
cyanuric chloride®, XtalFluor-E*', Dess—Martin reagentzz, bis(trifluoroacetoxy)iodobenzene (BTI)23, and
PbO,** Even though there is wide generality in the methods there still some limitations, those are, high
reaction times, harsh reagents, requirement of anhydrous solvents, inert atmosphere, much cost reagents,
and stability of reagents. Recently, our group reported a method for synthesis of titled compounds with
2,5-disubstitution and chromene substitutions using 10-camphor sulphonic acid as a catalyst by
cyclodehydration of carboxylic acid hydrazides and carboxylic acid chlorides with 75-92 % yield.” But
this method needs heating the reaction mixture for about 16 h which is a time taking process. In our
continued interest in the heterocyclic compounds®*, the authors desire to develop a more convenient and
one-pot approach for the production of these useful heterocycles by means of some simple reagent.
In this communication, we tested the synthetic utility of bismuth triflate, to our knowledge, the synthesis
of 1,3,4-oxadiazoles using this reagent, not reported so far. Bismuth triflate is a versatile catalyst in
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organic synthesis as a catalyst in sulfonylation of Arenes®, in one-pot multi-component reaction®, and
also as a reusable catalyst’’, and is been cheaper in operational cost. Encouraged by the effectiveness of
the reagent it was envisaged to assimilate the substituted 1,3,4-oxadiazole moiety with the use of
microwave irradiation. We report herein an efficient one-step procedure for 2-aryl,5-substituted 1,3,4-
oxadiazoles by the reaction of arylcarboxylic acid chlorides with different acyl hydrazides in the catalytic
amount of Bismuth triflate (10 mol %) under microwave irradiation.

EXPERIMENTAL

Material and Methods

The melting points were determined on Meltemp equipment. TLC (E.Merck AL silica gel 60 F254) of
Merck manufactures was used to check the purity of the samples. The chemicals and the reagents were of
analytical grade and are of Merck brand. The substrates appropriate acid chlorides and carbo-hydrazides
required for the preparation were obtained from commercial sources. After performing Thin-layer
chromatography they were visualized in UV light. The experiments conducted on the microwave of
Biotage, 300 Watt model. The Perkin Elmer FT-IR spectrometer was used for IR spectra. The "H NMR
and "C NMR spectra were recorded in CDCl; at 300 MHz/ 400MHz and 100 MHz respectively on
Varian series (EM-360) instrument and the chemical shift values (8) recorded ppm. The mass spectrums
were obtained on Agilent 1100 series instrument.

General Procedure For The Synthesis Of 2,5-Substituted-1,3,4-Oxadiazoles (3a-m)

To the dioxane (4 mL) containing aryl carboxylic acid hydrazides (1a-m) (1.1 mmol) was added Bismuth
triflate (10 mol%) and then o-toluoyl chloride (2) (1.1 mmol), the resulted mixture was heated under
microwave at 120 °C for 15-20 min. After reaction completion, the mixture was evaporated under
vacuum, added saturated Na,CO; (10 mL), then extracted into dryether. The formed organic layer was
dried over Na,SO, and distilled in a vacuum to get the final 1,3,4-oxadiazole (3a-m) in 60-70 % without
furth;r purification. The products were characterized by all the spectral and compared with the literature
data.”

Anticancer Activity™

In order to test the compounds the selected cells were cultured (in DMEM), supplemented with 10% (v/v)
FBS complete medium, CM, and 1% antibiotic as 10,000 units of penicillin, 10 mg streptomycin, and 25
g of amphotericin B/mL, solution of Sigma-Aldrich Company. The as-prepared cultures were fed 2 times
a week and maintained with 80% humidity at 37 °C and incubated in an atmosphere of 5% CO,. The cell
viability was calculated by the colourimetric technique by MTT dye. Briefly, the cells were seed into 96-
well plates (FB) at a density of 5x10° cells per well in 200 uL of CM and incubated by 24 h at 37 C with
5% CO, as above. After that, the medium was removed and replaced with fresh CM and cells were
incubated with the compounds at indicated conc.’s (0-200 pg/mL). Later, cells were incubated for another
72 h at 37 °C with 5% CO,. To find out cell viability, MTT 10 mg/mL in PBS was added to every well
and incubated for 4 h at 37 C. Finally, 100 uL of 2-propanol/1 M HCI (19:1 v/v) was added to dissolve
the formazan crystals. Further, the absorbance measurements were studied using a microplate
spectrophotometer (BioTek Instruments, USA) at 595 nm.

RESULTS AND DISCUSSION
The authors mainly focused to develop a simplified methodology to produce 2-aryl,5-substituted 1,3,4-
oxadiazole analogs with a variety of substitutions. Initially, the method was attempted with the reaction of
aryl carboxylic acid chloride with various acyl hydrazides in the incidence of catalytic amounts of
Bismuth triflate (M1, Scheme-1). The method was proceeded by heating of the reaction mixture
containing equivalent moles aryl carboxylic acid chloride and acyl hydrazide with 10 mol % Bismuth
triflate for a period of 4-6 h and the yields were found to be 70-80 %.
Further, to improve the reaction time we made an attempt for the one-pot synthesis under the microwave.
In the process of evaluating the optimized methodology, 4-methoxy benzoyl hydrazide and o-toluoyl
chloride were used to optimize the reaction condition of Scheme-2. Various solvents and temperatures
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were tested for producing 2,5-disubstituted-1,3,4-oxadiazoles (M2, Scheme-2). Among the tested
conditions Bismuth triflate with 10 mol % was found to be the best-optimized condition at 120 °C under
microwave heating for getting 2-aryl, 5-disubstituted-1,3,4-oxadiazoles with reasonably good yields (65-
75 %).

0 N-N
H o\>\R
Cl R
R. N. M1: Bi(OTf)
YONH, B
0 Dioxane, 100 C
1a 2 3a

Scheme-1: Synthesis of 2-aryl,5-Substituted 1,3,4-Oxadiazoles

This protocol was found to be good in respect of not a requirement of anhydrous solvents or inert gas
atmosphere and purification by chromatography. With these preliminary interpretations and advantages in
hand, the authors wish to extend the method to a variety of carboxylic acid hydrazides. The reactions of
la-m (hydrazides) with o-toluoyl chloride (2) in the presence of 10 mol % Bismuth triflate under
microwave irradiation produced 2,5-substituted-1,3,4-oxadiazoles (3a-m) with good yields (Table-1). As
per table 1, carboxylic acid hydrazides with an electron-withdrawing or an e-donating groups reacted
efficiently. The o,m,p-substituted acid hydrazides reacted more efficiently with o-toluoyl chloride and
resulted in the substituted-1,3,4-oxadiazoles in high yields. Further, we observed a good improvement of
Bismuth triflate when compared to other methodologies, as the hydrazides having acid-sensitive ether
linkages (3e, 3h, 3i, 3j) also reacted very well without failure. Moreover, the hydrazides having
heterocyclic moiety (3k, 31) were also reacted efficiently.

O<_Cl
R1 H\ I:}1 0
\m NHp * M2: Bi(OTf)3, Dioxane, MW, 120 C \W /
0 N-N
1a-m 2 3a-m

Scheme-2: Synthesis of 2, 5-Subsitutied-1, 3, 4-Oxadiazloes (3a-M)

Table-1: Synthesis Details and Anticancer Activities (ICso (ug/mL)) Of 2-Aryl,5-Substituted- 1,3,4-Oxadiazoles

Entry R, 1,3,4-oxadiazole | *Yield | HCT-116 | MIA-PaCa2 | MDA-MB231
(%)
1 o@? " 74 81.1 70.0 76.6
/
Q.
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2 " 71 68.2 57.1 72.5
be | SUR
E’ 3b
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The synthesized 1,3,4-oxadiazole compounds were tested™ on 3 cell lines such as HCT-116, MIA-PaCa2
and MDA-MB231 cell lines for their anticancer activity and the outcomes were presented in Table-1. Out
of 13 oxadiazoles, seven compounds were found to possess reasonably good activity. The compound 3¢
with o-tolyl, p-fluorophenoxy methyl substitution showed the highest activity (ICsy: 63.3 pg/mL) on the
HCT116 cell line followed by 3i, 3b, 3h, 3m, and 3g compounds with ICs, ranging from 66-98.7 pg/mL.
The compound 3a with fluoro substitution showed the highest activity (ICsy: 57.1 ug/mL) against the
MIA-PaCa2 cell line followed by 3¢, 3a, 3h, 3g, and 3i compounds with ICs, ranging from 65-95.2
pg/mL. The compound 3b was also found to possess the highest activity (72.5 pg/mL) on the MDA-
MB231 cell line followed by 3a, 3g, 3¢, 3h and 3i compounds with ICs, ranging from 76-85 pug/mL.
Oxadiazole proved to be a potent anticancer drug on various human cancer cell lines, breast, lung,
cervical, liver and skin cancer cell lines.*® Earlier studies reported that 2,5,-disubstituted 1,3,4-oxadiazole
exhibit more potent anticancer activity on various cell lines than the other isomers of oxadiazole.*
Recently, a sequence of 2,5,-disubstituted 1,3,4-oxadiazole and thiadiazoles were also found to possess
potential cytotoxicity."' In the present study, o-tolyl, p-fluorophenoxy methyl-substituted oxadiazole
exhibited potent anti-proliferation activity against the tested cancer cell lines.

CONCLUSION
In conclusion, the authors have developed an efficient MW methodology to produce a variety 2-aryl,5-
substituted 1,3,4-oxadiazoles by using a number of aryl carboxylic acid hydrazides and aryl acid chloride
in the presence of the catalytic amount of Bismuth triflate. The more advantage of this technique is
hydrazides containing acid-sensitive groups (3e, 3h, 3i, 3j) were also effectively converted to
corresponding final products without any effect. The efficacy of this method was successfully established
for the synthesis of new derivatives with various substrate moieties. The experimental procedure is very
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simple, does not required anhydrous solvent, avoids the use of harsh reagents, inert gas atmosphere, and
any purifications like chromatography.
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