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Abstract: The title compound, 1-(1H-benzimidazol-2-yl)-3-[5-(trichloromethyl)-1,3,4-
oxadiazol-2-yl]propan-1-one (2) was synthesized successfully from 4-(1H-benzimidazol-2-
yl)-4-oxobutanehydrazide (1) under microwave irradiation in good yield by reacting with
trichloroacetic acid, and the structure of title compound was confirmed on the basis of IR,
'H-NMR, *C-NMR, MS and CHN analyses results.
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The search for new anticancer agents having a heterocyclic nucleus continues worldwide at various
laboratories [1] and from the reported literature, it can be concluded that benzimidazole heterocycles
are of great importance in their biological as well as synthetic aspects of medicinal chemistry. Various
substituted derivatives of the benzimidazole nucleus showed remarkable biological activity such as
antitumor/antiproliferative/anticancer [2—6], anti-inflammatory [7], antiviral including anti-HIV [8],
antibacterial [9], antifungal [10] antioxidant [11] and cysticidal activities [12]. Similarly, 1,3,4-
oxadiazole is a class of heterocyclic compounds that have attracted significant interest in medicinal
chemistry as they have a wide range of pharmaceutical and pharmacological applications including
potential antitumor/antiproliferative/anticancer activities [13,14]. In view of these points, it was
thought worthwhile to prepare a new type of compound that comprises both benzimidazole and 1,3,4-
oxadiazole ring systems in the hope to obtain a promising anticancer agent.
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The purity of the compound was checked by single-spot TLC [using silica gel G (Merck No. 5554)
as stationary phase] with T/E/F (toluene/ethyl acetate/formic acid, 5:4:1) as the eluent and spots
located by means of iodine vapors/UV light. The melting point was determined in an open capillary
tube and is uncorrected. The final product was purified by recrystallization from ethanol. The spectral
data of the title compound were found to be in full agreement with its postulated structure. Nuclear
magnetic resonance spectra were recorded on a Bruker Spectrospin DPX-300 in DMSO-ds, chemical
shift (o) values are reported in parts per million (ppm) and coupling constants (J) in Hz using
tetramethylsilane as internal reference. The mass spectrum was recorded on a LCMS/MS (Perkin-
Elmer and LABINDIA, Applied Biosystem), model no. API 3000 presented as m/z. The IR spectrum
was recorded on a FT/IR (Jasco, Japan), model No. 410. Elemental analyses were performed on a
Perkin-Elmer 240 analyzer and values were found in the range of #0.4% for each element analyzed
(C,Hand N).

The new compound was prepared as outlined in Figure 1. The IR spectrum of the compound
showed a band at 3336 cm™* for N-H. In the *H-NMR spectrum, an exchangeable singlet signal
appeared at ¢ 12.10 ppm corresponding to the N-H proton. The observed bands in the IR spectrum at
around 1728 and 1666 cm™* account for C=0 and C=N. The chemical shift in the **C-NMR spectrum
at 0 173.47 and 155.8 could be accounted for C=0 and C=N. The characteristic band at around 1342 cm™
for N-N=C is indicative for the formation of the oxadiazole ring. The title compound showed two
triplets at appropriate chemical shifts in the *H-NMR spectrum at around ¢ 3.20 (J = 6.9 Hz) and
5 2.80 (J = 6.9 Hz) and the *C-NMR spectrum shows signals at around J 29.8 and 28.1 which could
be assigned to two methylene groups (-CH,-CH,-) forming a linker chain through which the
benzimidazole nucleus is attached to the oxadiazole ring, thus representing the back bone of this
compound. The presence of doublet, triplet and double doublet signals at around ¢ 7.70, 7.40 and 7.20
(J=81Hz,J=81Hzand J=8.1Hz J=7.2 Hz) indicated three benzimidazole hydrogens. The
signals in the **C-NMR spectrum which appear at around ¢ 160.0 could be assigned to the oxadiazole
ring carbons. The mass spectrum (ESI-MS) shows the presence of molecular ion peaks at 358 (M"),
360 ([M+2]%), 362 ([M+4]"), 364 ([M+6]") due to the presence of three chlorine atoms. The starting
material 4-(1H-benzimidazol-2-yl)-4-oxobutanoic acid hydrazide (1) was synthesized based on our
previous work [15].

Figure 1. Synthetic route to the title compound 2.
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Synthesis of 1-(1H-benzimidazol-2-yl)-3-[5-(trichloromethyl)-1,3,4-oxadiazol-2-yl]propan-1-one (2)

A mixture of 4-(1H-benzimidazol-2-yl)-4-oxobutanoic acid hydrazide (1) (0.001 mol, 0.232 g),
trichloroacetic acid (0.001 mol, 0.163 g) and POCI; (5 mL) was placed into a microwave reaction
vessel equipped with a magnetic stir bar. The reaction vessel was placed into the scientific microwave
synthesizer and irradiated at a power level of 6 (60%, 420 W) for 9 min. After completion of reaction,
checked by single-spot TLC (eluent: toluene/ethyl acetate/formic acid, 5:4:1), the reaction mixture was
cooled and poured slowly onto crushed ice, then neutralized with sodium bicarbonate solution. A solid
mass precipitated, which was filtered and washed with excess water to remove the inorganic
components. The product was purified by recrystallization from ethanol.

Yield: 91%; m.p. 244-245 <C; R¢ = 0.45; greenish amorphous solid.

IR (KBr) vmax (cm™): 3336 (NH), 3105 (CH), 2974 (CH,), 1728 (C=0), 1666 (C=N), 1569 (C=C),
1342 (N-N=C), 1180 (C-O-C, asymmetric), 1029 (C-O-C, symmetric), 759 (C-Cl). *H-NMR (300 MHz,
DMSO-dg): 0 12.10 (s, 1H, NH, D,0 exchangeable), 7.71 (d, 1H, J = 8.1 Hz, H-4-benzimidazole), 7.41
(t, 1H, J = 8.1 Hz, H-7-benzimidazole), 7.29 (dd, 2H, J = 8.1 Hz, J = 7.2 Hz, H-5,6-benzimidazole),
3.23 (t, 2H, J = 6.9 Hz, CHy), 2.87 (t, 2H, J = 6.9 Hz, CH,CO). *C-NMR (75 MHz, DMSO-d):
0 173.47 (C=0), 160.00 (C, oxadiazole), 155.86 (C=N), 133.29, 132.05, 129.69, 128.43, 123.14,
116.45 (Ar-C), 79.66 (CCls), 29.83 (CH,, CH,CO), 28.13 (CH,). ESI-MS (m/z): 358 (M"), 360
(IM+2]%), 362 ([M+4]"), 364 ([M+6]").

Anal. calcd. for C13HgCI3sN4O5: C, 43.42; H, 2.52; N, 15.58. Found: C, 43.45; H, 2.56; N, 15.63.
Acknowledgements

We are thankful to University Grant Commission, New Delhi, Government of India, for financial
assistance in the form of Major Research Project [file No. 36-107/2008 (SR)] and thanks are also to
Jamia Hamdard (Hamdard University), New Delhi, India for providing necessary facilities for research
work.

References

1. Monks, A.; Scudiero, D.; Skehan, P.; Shoemaker, R.; Paull, K.; Vistica, D.; Hose, C.; Langley, J.;
Cronise, P.; Wolff, A.V.; et al. Feasibility of a high-flux anticancer drug screen using a diverse
panel of cultured human tumor cell lines. J. Natl. Cancer Inst. 1991, 83, 757—766.

2. Abonia, R.; Cortes, E.; Insuasty, B.; Quiroga, J.; Nogueras, M.; Cobo, J. Synthesis of novel
1,2,5-trisubstituted benzimidazoles as potential antitumor agents. Eur. J. Med. Chem. 2011, 46,
4062-4070.

3. Ramla, M.M.; Omar, M.A.; Khamry, A.M.M.E.; Diwani, H.I.E. Synthesis and antitumor activity
of 1-substituted-2-methyl-5-nitrobenzimidazoles. Bioorg. Med. Chem. 2006, 14, 7324-7332.

4. Refaat, H.M. Synthesis and anticancer activity of some novel 2-substituted benzimidazole
derivatives. Eur. J. Med. Chem. 2010, 45, 2949-2956.


http://www.sciencedirect.com/science/article/pii/S0968089606004986?_alid=1809471318&_rdoc=8&_fmt=high&_origin=search&_docanchor=&_ct=70&_zone=rslt_list_item&md5=3b8f82341f76ef190581eecb42c46921
http://www.sciencedirect.com/science/article/pii/S0968089606004986?_alid=1809471318&_rdoc=8&_fmt=high&_origin=search&_docanchor=&_ct=70&_zone=rslt_list_item&md5=3b8f82341f76ef190581eecb42c46921
http://www.sciencedirect.com/science/article/pii/S0223523410002369?_rdoc=33&_fmt=high&_origin=browse&_srch=hubEid(1-s2.0-S0223523410X0006X)&_docanchor=&_ct=72&_refLink=Y&_zone=rslt_list_item&md5=17973baad31adb672075c6791d861e3b
http://www.sciencedirect.com/science/article/pii/S0223523410002369?_rdoc=33&_fmt=high&_origin=browse&_srch=hubEid(1-s2.0-S0223523410X0006X)&_docanchor=&_ct=72&_refLink=Y&_zone=rslt_list_item&md5=17973baad31adb672075c6791d861e3b

Molbank 2012 M766 (Page 4)

10.

11.

12.

13.

14.

15.

Castro, A.R.; Rivera, I.L.; Rojas, L.C.A.; V&aquez, G.N.; Rodrguez, A.N. Synthesis and
preliminary evaluation of selected 2-aryl-5(6)-nitro-1H-benzimidazole derivatives as potential
anticancer agents. Arch. Pharm. Res. 2011, 34, 181-189.

Demirayak, S.; Kayagil, I.; Yurttas, L. Microwave supported synthesis of some novel
1,3-diarylpyrazino[1,2-a]benzimidazole derivatives and investigation of their anticancer activities.
Eur. J. Med. Chem. 2011, 46, 411-416.

Sondhi, S.M.; Rani, R.; Singh, J.; Roy, P.; Agrawal, S.K.; Saxena, A.K. Solvent free synthesis,
anti-inflammatory and anticancer activity evaluation of tricyclic and tetracyclic benzimidazole
derivatives. Bioorg. Med. Chem. Lett. 2010, 20, 2306-2310.

Demirayak , S.; Mohsen, U.A.; Karaburun, A.C. Synthesis and anticancer and anti-HIV testing of
some pyrazino[1,2-a]benzimidazole derivatives. Eur. J. Med. Chem. 2002, 37, 255-260.

Kumar, B.V.S.; Vaidya, S.D.; Kumar, R.V.; Bhirud, S.B.; Mane, R.B. Synthesis and anti-bacterial
activity of some novel 2-(6-fluorochroman-2-yl)-1-alkyl/acyl/aroyl-1H-benzimidazoles. Eur. J.
Med. Chem. 2006, 41, 599-604.

Kilcigil, G.A.; Altanlar, N. Synthesis and antifungal properties of some benzimidazole
derivatives. Turk. J. Chem. 2006, 30, 223-228.

Kus, C.; Ayhan-Kilcigil, G.; Eke, B.C.; iScan, M. Synthesis and antioxidant properties of some
novel benzimidazole derivatives on lipid peroxidation in the Rat Liver. Arch. Pharm. Res. 2004,
27, 156-163.

Palomares-Alonso, F.; Jung-Cook, H.; P&ez-Villanueva, J.; Piliado, J.C.; Rodr uez-Morales, S.;
Palencia-Hern&dez, G.; L&ez-Balbiaux, N.; Hern&dez-Campos, A.; Castillo, R.; Hern&dez-Luis, F.
Synthesis and in vitro cysticidal activity of new benzimidazole derivatives. Eur. J. Med. Chem.
20009, 44, 1794-1800.

Formagio, A.S.N.; Tonin, L.T.D.; Foglio, M.A.; Madjarof, C.; Carvalho, J.E.D.; Costa, W.F.D;
Cardoso, F.P.; Sarragiotto, M.H. Synthesis and antitumoral activity of novel 3-(2-substituted-
1,3,4-oxadiazol-5-yl) and 3-(5-substituted-1,2,4-triazol-3-yl) B-carboline derivatives. Bioorg.
Med. Chem. 2008, 16, 9660-9667.

Padmavathi, V.; Sudhakar Reddy, G.; Padmaja, A.; Kondaiah, P.; Shazia, A. Synthesis,
antimicrobial and cytotoxic activities of 1,3,4-oxadiazoles, 1,3,4-thiadiazoles and 1,2,4-triazoles.
Eur. J. Med. Chem. 2009, 44, 2106-2112.

Rashid, M.; Husain, A.; Mishra, R. Synthesis of benzimidazoles bearing oxadiazole nucleus as
anticancer agents. Eur. J. Med. Chem. 2012, xx, 1-2.

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).


http://www.springerlink.com/content/?Author=Aurelio+Romero-Castro
http://www.springerlink.com/content/?Author=Ismael+Le%c3%b3n-Rivera
http://www.springerlink.com/content/?Author=Laura+Citlalli+%c3%81vila-Rojas
http://www.springerlink.com/content/?Author=Gabriel+Navarrete-V%c3%a1zquez
http://www.springerlink.com/content/?Author=Alejandro+Nieto-Rodr%c3%adguez
http://www.sciencedirect.com/science/article/pii/S0223523406000377?_rdoc=7&_fmt=high&_origin=browse&_srch=hubEid(1-s2.0-S0223523406X01514)&_docanchor=&_ct=18&_refLink=Y&_zone=rslt_list_item&md5=1faab07875e7ab75f94a7c65aec0c533
http://www.sciencedirect.com/science/article/pii/S0223523406000377?_rdoc=7&_fmt=high&_origin=browse&_srch=hubEid(1-s2.0-S0223523406X01514)&_docanchor=&_ct=18&_refLink=Y&_zone=rslt_list_item&md5=1faab07875e7ab75f94a7c65aec0c533
http://www.springerlink.com/content/?Author=Canan+Kus
http://www.springerlink.com/content/?Author=Benay+Can+Eke
http://www.springerlink.com/content/?Author=M%c3%bcmtaz+i%c5%9ecan
http://www.sciencedirect.com/science/article/pii/S0968089608009462?_rdoc=6&_fmt=high&_origin=browse&_srch=hubEid(1-s2.0-S0968089608X00227)&_docanchor=&_ct=30&_refLink=Y&_zone=rslt_list_item&md5=33daf33df6602989fb535a7c208a1e0e
http://www.sciencedirect.com/science/article/pii/S0968089608009462?_rdoc=6&_fmt=high&_origin=browse&_srch=hubEid(1-s2.0-S0968089608X00227)&_docanchor=&_ct=30&_refLink=Y&_zone=rslt_list_item&md5=33daf33df6602989fb535a7c208a1e0e
http://www.sciencedirect.com/science/article/pii/S0223523412002796
http://www.sciencedirect.com/science/article/pii/S0223523412002796

