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Abstract—Unsymmetrically 2,5-disubstituted 1,3,4-oxadiazoles were efficiently synthesized from the cyclization—oxidation reaction
of acyl hydrazones. Also, the synthesis of the title compounds was achieved by the condensation of acyl hydrazides and aromatic
aldehydes in the presence of ceric ammonium nitrate in dichloromethane.
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Heterocycles form by far the largest of classical divisions
of organic chemistry and are of immense importance
biologically and industrially. The majority of pharma-
ceuticals and biologically active agrochemicals are het-
erocyclic while countless additives and modifiers used
in industrial applications ranging from cosmetics, repro-
graphy, information storage and plastics are hetero-
cyclic in nature. One striking structural feature inherent
to heterocycles, which continue to be exploited to great
advantage by the drug industry, lies in their ability to
manifest substituents around a core scaffold in defined
three-dimensional representations.

1,3,4-Oxadiazoles are a class of heterocycles which have
attracted significant interest in medicinal and pesticide
chemistry,"> and polymer and material science.’*
Among the 1,3,4-oxadiazoles, 2,5-unsymmetrical disub-
stituted derivatives have attracted considerable attention
because of their biological® and electrochemical
properties.>

Several synthetic methods have been reported for the
preparation of symmetrical disubstituted 1,3,4-oxadi-
azoles. One of the popular methods involve cyclization
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of diacylhydrazines prepared from the reaction of acyl
chlorides and hydrazine. Several cyclodehydrating
agents such as BF;—OFEt,,° 1,1,1,3,3,3-hexamethydisil-
azane,’ triflic anhydride,” phosphorus pentoxide,® poly-
phosphoric acid,'* thionyl chloride,” phosphorus
oxychloride!? and sulfuric acid!! have been used. Due
to the high reactivity of acyl chlorides their reaction with
unprotected hydrazine results in the formation of diacyl
hydrazides. Using 2-acylpyridazin-3-one as a mild acyl-
ating agent is a good method for the synthesis of unsym-
metrical derivatives, reported by Park et al.!?

One-pot syntheses of 1,3,4-oxadiazoles from hydrazine
with carboxylic acids have also been reported.'* An-
other synthetic route for the preparation of these
compounds is via acylation of tetrazoles.'* 1,34-
Oxadiazoles have also been prepared by oxidation of
acyl hydrazones with different oxidizing agents.!>"!7
Reaction of acyl hydrazides with orthoesters in the pres-
ence of an acidic catalyst,'® and solid phase syntheses of
oxadiazoles'® are other approaches for the synthesis of
this group of compounds.

Ceric ammonium nitrate (CAN), was introduced by
Smith et al. in 1936.2° CAN has received considerable
attention as an inexpensive and easily available catalyst
for various organic reactions such as oxidation, oxida-
tive addition, nitration, photo-oxidation, deprotection,
graft polymerization, etc.?!
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As a part of our ongoing investigation on developing
versatile and efficient methods for the synthesis of
important heterocyclic compounds,?> we report here a
new procedure for the synthesis of unsymmetrically
2,5-disubstituted 1,3,4-oxadiazoles.

First, the synthesis of 1,3,4-oxadiazoles was investigated
through a two-step pathway (Scheme 1). Thus, the reac-
tion of acyl hydrazides with aromatic aldehydes in the
presence of catalytic amounts of CAN resulted in
formation of the corresponding acyl hydrazones 3. As
shown, acyl hydrazones 3 bearing a variety of other
functional groups were prepared in good to excellent
yields in a short period of time (Table 1).

Subsequently, compounds 3 underwent cyclization—
oxidation using CAN under solvent-free conditions
(Scheme 1, Table 1). This step occurred in 20 min under
mild conditions at room temperature. Sensitive func-
tional groups such as methoxy, nitro, hydroxyl and pyr-
idyl remained unaffected during the reaction.

The ability of CAN to promote both steps led us to
investigate the one-pot synthesis of unsymmetrical 2,5-
disubstituted 1,3,4-oxadiazoles starting from the same
substrates.

When acyl hydrazides 1 and aromatic aldehydes 2 were
stirred in dry dichloromethane under reflux in the pres-
ence of CAN, the corresponding 2,5-disubstitued 1,3,4-
oxadiazoles 4 were obtained in moderate to good yields
after 11 h (Scheme 2). The results are summarized in
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O CAN (1 mmol) Rl\( YR
R14/< + R%-CHO \ /)
N—N

NHNH, reflux, CH,Cl, (dry)
11h

1 2 4

Scheme 2.

Table 2. The products were isolated by simple aqueous
work-up followed by filtration.

Aliphatic aldehydes were also investigated in this reac-
tion but unfortunately, a mixture of compounds was
produced and the desired oxadiazoles were obtained in
low yields (Table 2, entries 19 and 20).

In conclusion, this investigation constitutes a novel and
efficient route for the construction of unsymmetrical
disubstituted 1,3,4-oxadiazoles. To the best of our
knowledge this is the first report on the one-pot synthe-
sis of this valuable heterocyclic core from cheap and
easily available aldehydes.

1. General procedure for the synthesis of acyl hydrazones

A mixture of acyl hydrazide (1 mmol), aromatic alde-
hyde (1 mmol) and ceric ammonium nitrate (0.25 mmol)
in ethanol (5 mL) was heated under reflux with stirring
for 30 min. Water (5 mL) was added and the precipi-
tated product was filtered and recrystallized from
DMF and water.

o)
0 CAN (0.25 mmol) | __CAN (1 mmol) R?
R! + R*-CHO : R solvent free, rt,
NHNH, reflux, EtOH, 30 min NH-N=CH-R? 20 min
1 2 3 4
Scheme 1.
Table 1. Synthesis of acyl hydrazones 3 and 1,3,4-oxadiazoles 4
Entry R! R? Product 3 Product 4
Yield®? (%) Mp (°C) Yield® (%) Mp (°C)
1 Ph Ph 87 203-205* 71 133-135%7
2 Ph 4-0,N-C¢Hy4 90 240-242% 76 200-203%7
3 Ph 3-0,N-C¢H, 85 1882¢ 80 144-146%
4 Ph 4-Cl-CgH,4 82 218-220% 7 158-159%
5 Ph 4-Me-CgH,4 90 217% 84 143-145%
6 Ph 4-MeO-CgH, 95 145% 64 145-146"7
7 4-Cl-CgH,4 Ph 92 230% 73 163-164%
8 4-Pyridyl Ph 83 159% 67 150%
9 4-Pyridyl 4-0,N-C¢H,4 89 190-192% 69 198%
10 4-Pyridyl 3-0,N-CgH,4 87 2675 73 1255
11 4-Pyridyl 4-Cl-CgH,4 77 210% 78 170-172%
12 4-Pyridyl 4-Me-CgH,4 81 190-192% 75 129-13025
13 4-Pyridyl 4-MeO-C¢H, 79 158% 63 188%
14 4-Pyridyl 2-HO-C¢H, 80 260-262% 72 225-226%

#The products were characterized by comparison of their spectroscopic and physical data with those reported in the literature.

®Isolated yield based on the aldehyde.
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Table 2. One-pot synthesis of 2,5-disubstituted 1,3,4-oxadiazoles 4

Entry R' R? Yield® (%) Mp (°C)

1 Ph Ph 48 139-140'®
2 Ph 4-O,N-C¢H; 51 202-204'6°
3 Ph 3-0,N-C¢H, 45 143-146'°®
4 Ph 4-Cl-C¢H,4 60 160-162"%°
5 Ph 4-Me-CgH,4 67 145-146'®
6 Ph 4-MeO-C¢H, 45 149-151'%°
7 Ph 2-Furyl 42 98-100%
8 Ph 3-Pyridyl 52 108-109
9 Ph 2,4-Cl,-C¢H; 55 98-100*
10 4-Cl-C¢H, 4-MeO-C¢H, 59 152-153%
11 4-CI-C¢H, Ph 65 158-160'®
12 4-Pyridyl  Ph 48 153%

13 4-Pyridyl ~ 4-O.N-C¢H, 45 198-199%
14 4-Pyridyl ~ 3-O.N-C¢H, 47 118-121%
15 4-Pyridyl  4-Cl-C¢Hy4 56 168-170%
16 4-Pyridyl ~ 4-Me-C¢Hy 62 130-132%
17 4-Pyridyl ~ 4-MeO-C¢H, 49 180-183%
18 4-Pyridyl ~ 2-HO-C¢H, 43 230-231%*
19 Ph Et 25 104-105*
20 4-C-C¢H;  n-Pr 30 76-78°!

#Tsolated yield based on the aldehyde.

2. General procedure for the synthesis of 2,5-disubstituted
1,3,4-oxadiazoles

1-Aroyl-benzylidene hydrazine derivative 3 (0.75 mmol)
and ceric ammonium nitrate (1 mmol) were ground in
a pestle and mortar at room temperature without any
solvent for 20 min. Dichloromethane (5 mL) was added
followed by addition of water (5 mL). The organic phase
was separated and dried over MgSQy. The mixture was
concentrated and the solid residue was recrystallized
from dichloromethane (Table 1).

3. General procedure for the one-pot synthesis of
2,5-disubstituted 1,3,4-oxadiazoles

To a solution of acyl hydrazides (1 mmol) and aromatic
aldehyde (1 mmol) in dry dichloromethane (5 mL) was
added ceric ammonium nitrate (1 mmol). The reaction
mixture was stirred for 11 h at reflux. Water (5mL)
was added and the mixture was extracted with chloro-
form (3 x SmL). The organic layer was separated and
dried over MgSQO4. The solvent was evaporated and
the crude product was recrystallized from dichloro-
methane to give the desired product (Table 2).

Acknowledgements

The authors would like to acknowledge financial
support from the Research Council of Shahid Beheshti
University.

References and notes

1. (a) Tully, W. R.; Cardner, C. R.; Gillespie, R. J,;
Westwood, R. J. Med. Chem. 1991, 34, 2060-2067; (b)
Chen, C. Y.; Senanayake, C. H.; Bill, J.; Larsen, R. D.;
Veshoeven, T. R.; Reider, P. J. J. Org. Chem. 1994, 59,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

3738-3741; (c) Dogan, H. N.; Duran, A.; Rollas, S.; Sener,
G.; Uysal, M. K.; Gulen, D. Bioorg. Med. Chem. 2002, 10,
2893-2898.

(a) Shi, W.; Qian, X.; Zhang, R.; Song, G. J. Agric. Food
Chem. 2001, 49, 124-130; (b) Chen, H.; Li, Z.; Han, Y. J.
Agric. Food Chem. 2000, 48, 5312-5315.

. (a) Meng, H.; Hung, W. J. Org. Chem. 2000, 65, 3894—

3901; (b) Bottino, F. A.; Pasquale, G. D.; lannelli, P.
Macromolecules 2001, 34, 33-37; (c¢) Chen, Z.-K.; Meng,
H.; Lai, Y.-H.; Huag, W. Macromolecules 1999, 32, 4351
4358.

. (a) Perez, M. A.; Bermejo, J. M. J. Org. Chem. 1993, 58,

2628-2630; (b) Lee, D. W.; Kwon, K.-Y.; Jin, J. L; Park,
Y.; Kim, Y.-R.; Hwang, 1.-W. Chem. Mater. 2001, 13,
565-574.

Diana, G. D.; Volkots, D. L.; Nitz, T. J.; Biailly, T. R.;
Long, M. A.; Vesico, N.; Aldous, A.; Pevear, D. C;
Dukto, F. J. J. Med. Chem. 1994, 37, 2421-2436.

. Tandon, V. K.; Chhor, R. B. Synth. Commun. 2001, 31,

1727-1732.

Liras, S.; Allen, M. P.; Segelstein, B. E. Synth. Commun.
2000, 30, 437-443.

Carlsen, H. J.; Jorgensen, K. B. J. Heterocycl. Chem. 1994,
31, 805-807.

. (a) Al-Talib, M.; Tashtoush, H.; Odeh, N. Synth. Com-

mun. 1990, 20, 1811-1817; (b) Kerr, N. V.; Ott, D. G;
Hayes, F. N. J. Am. Chem. Soc. 1960, 82, 186-189.
Theocharis, A. B.; Alexandrou, N. E. J. Heterocycl. Chem.
1990, 27, 1685-1688.

Short, F. W.; Long, L. M. J. Heterocycl. Chem. 1969, 6,
707.

Park, Y.-D.; Kim, J.-J.; Chung, H.-A.; Kweon, D.-H.; Cho,
S.-D.; Lee, S.-G.; Yoon, Y.-J. Synthesis 2003, 560-564.
Bentiss, F.; Lagrenee, M. J. Heterocycl. Chem. 1999, 36,
1029-1032.

Osipova, T. F.; Koldobskii, G. I.; Ostrovskii, V. A. Zh.
Org. Khim. 1984, 20, 1119-1120; . Chem. Abstr. 1984, 101,
110832;.

Balachandran, K. S.; George, M. V. Tetrahedron 1973, 29,
2119-2128.

(a) Chiba, T.; Okimoto, M. J. Org. Chem. 1992, 57, 1375-
1379; (b) Yang, R.; Dai, L. J. Org. Chem. 1993, 58, 3381-
3383; (c) Rostamizadeh, S.; Housanini, G. Tetrahedron
Lett. 2004, 45, 8753-8756.

Reddy, P. S. N.; Reddy, P. R. Indian J. Chem. 1987, 26B,
890-891.

(a) Ainsworth, C. J. Am. Chem. Soc. 1955, 77, 1148-1150;
(b) Leiby, R. W. J. Heterocycl. Chem. 1984, 21, 1825-
1832; (c) Shafiee, A.; Naimi, E.; Mansobi, P.; Foroumadi,
A.; Shekari, M. J. Heterocycl. Chem. 1995, 32, 1235-1239.
(a) Brain, C. T.; Brunton, Sh. A. Synlett 2001, 382-384;
(b) Brown, B. J.; Clemens, I. R.; Neesom, J. K. Synlett
2000, 131-133; (c¢) Brain, C. T.; Paul, J. M.; Loong, Y.;
Oakley, P. J. Tetrahedron Lett. 1999, 40, 3275-3278; (d)
Wipf, P.; Venkatraman, S. Tetrahedron Lett. 1996, 37,
4659-4662; (e) Kilburn, J. P.; Lau, J.; Jones, R. C. F.
Tetrahedron Lett. 2001, 42, 2583-2586; (f) Coppo, F. T.;
Evans, K. A.; Graybill, T. L.; Burton, G. Tetrahedron
Lett. 2004, 45, 3257-3260.

Smith, G. F.; Sullivan, V. R.; Frank, G. Ind. Eng. Chem.
Anal. Ed. 1936, 8, 449-451.

(a) Molander, G. A. Chem. Rev. 1992, 92, 29-68; (b) Hwu,
J. R.; King, K.-Y. Curr. Sci. 2001, 81, 1043-1053; (c)
Hwu, J. R.; Shiao, S.-S.; Hakimelahi, G. H. Appl
Organomet. Chem. 1997, 11, 381-391, and references cited
therein; (d) Hwu, J. R.; Chen, C. N.; Shaio, S.-S. J. Org.
Chem. 1995, 60, 826-862; (¢) Hwu, J. R.; Chen, k.-L.;
Ananthan, S. J. Chem. Soc., Chem. Commun. 1994, 1425—
1426.



6986

22.

23.

24.

25.

217.

28.
29.

30.

31.

M. Dabiri et al. | Tetrahedron Letters 47 (2006) 6983-6986

(a) Baghbanzadeh, M.; Salehi, P.; Dabiri, M.; Kozehgary,
Gh. Synthesis 2006, 344-348; (b) Salehi, P.; Dabiri, M.;
Zolfigol, M. A.; Baghbanzadeh, M. Synlett 2005, 1155—
1157; (c) Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Bodaghi
Fard, M. A. Tetrahedron Lett. 2003, 44, 2889-2891; (d)
Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Baghbanzadeh, M.
Heterocycles 2005, 62, 1417-1421; (e) Dabiri, M.; Salehi,
P.; Mohammadi, A. A.; Baghbanzadeh, M. Synth. Com-
mun. 2005, 35, 279-287; (f) Dabiri, M.; Salehi, P.;
Otokesh, S.; Baghbanzadeh, M.; Kozehgary, Gh.;
Mohammadi, A. A. Tetrahedron Lett. 2005, 46, 6123—
6126; (g) Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Bagh-
banzadeh, M. Tetrahedron Lett. 2005, 46, 7051-7053; (h)
Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Otokesh, S.;
Baghbanzadeh, M. Tetrahedron Lett. 2006, 47, 2557-2560.
Rao, V. S.; Chandra Sekhar, K. V. G. Synth. Commun.
2004, 34, 2153-2157.

Kingston, D. G. I.; Tannenbaum, H. P. J. Chem. Soc. C
1970, 2574.

Gilbert, E. C. J. Am. Chem. Soc. 1927, 49, 286-292.

. Agarwal, J. S. Chem. Ber. 1929, 35, 1941.

Uher, M.; Foltin, J. Collect. Czech. Chem. Commun. 1981,
46, 1492-1494.

Milcent, R. J. Heterocycl. Chem. 1983, 20, 77-80.
Huisgen, R.; Sauer, J.; Markgraf, J. H. Chem. Ber. 1960,
93, 2106-2124.

Mashraqui, S. H.; Ghadigaonkar, Sh. G.; Kenny, R. S.
Synth. Commun. 2003, 33, 2541-2545.

Khajavi, M. S.; Sadat Hosseini, S. S.; Sefidkon, F. Iran. J.
Chem. Chem. Eng. 1997, 16, 68-71.

32.

33.

Khan, M. T. H.; Choudhary, M. I.; Khan, K. M.; Rani,
M.; Rahman, A. Bioorg. Med. Chem. Lett. 2005, 13, 3385-
3395.

2-(2,4-Dichlorophenyl)-5-phenyl-1,3,4-oxadiazole (entry 9,
Table 2): mp: 98-100 °C. IR (KBr) v/em™': 1588, 1450,
1101, 836, 701. '"H NMR (CDCls, 300 MHz) & (ppm):
7.43-7.46 (m, 1H, Ar-H), 7.54-7.62 (m, 4H, Ar-H), 8.08-
8.17 (m, 3H, Ar-H). '*C NMR (CDCl;, 75 MHz) § (ppm):
121.73, 123.58, 127.01, 127.69, 129.17, 131.24, 131.91,
132.05, 133.81, 138.13, 162.36, 165.21. MS (EI, 70¢eV)
(mfz, %): 290 (M, 25), 152 (23), 121 (20), 105 (100), 77 (52).
2-(4-Chlorophenyl )-5-(4-methoxyphenyl)-1,3,4-oxadiazole
(entry 10, Table 2): mp: 152-153 °C. IR (KBr) v/em ™%
1612, 1497, 1259, 1090, 830, 740. 'H NMR (CDCls,
300 MHz) 6 (ppm): 3.90 (s, 3H, OCH;), 7.03 (d,
J=17.74 Hz, 2H, Ar-H), 7.51 (d, J=7.50 Hz, 2H, Ar—
H), 8.05-8.08 (m, 4H, Ar-H). '*C NMR (CDCl;, 75 MHz)
0 (ppm): 55.49, 114.55, 116.18, 122.54, 128.07, 128.74,
129.43, 137.77, 162.46, 163.32, 164.68. MS (EI, 70¢eV)
(mfz, %): 286 (M, 60), 195 (20), 152 (23), 135 (100), 111
(25), 77 (20).

2-Ethyl-5-phenyl-1,3,4-oxadiazole (entry 19, Table 2):
white solid, mp: 104-105°C. IR (KBr): viem™ ' 1573,
1533, 1483, 1057, 795, 689. '"H NMR (CDCl;, 300 MHz):
0 (ppm): 1.12 (t, J=6.75Hz, 3H, CH;), 2.31 (q,
J=6.75Hz, 2H, CH,), 7.34-7.51 (m, 3H, Ar-H), 7.83
(d, J=17.80 Hz, 2H, Ar-H). '*C NMR (CDCl;, 75 MHz)
0 (ppm): 9.61, 27.33, 127.57, 128.65, 131.31, 132.38,
165.38, 172.64. MS (EI, 70 eV) (m/z, %): 174 (M™, 45),
136 (23), 105 (100), 77 (73), 51 (23).



	A facile procedure for the one-pot synthesis of unsymmetrical 2,5-disubstituted 1,3,4-oxadiazoles
	General procedure for the synthesis of acyl hydrazones
	General procedure for the synthesis of 2,5-disubstituted 1,3,4-oxadiazoles
	General procedure for the one-pot synthesis of�2,5-disubstituted 1,3,4-oxadiazoles
	Acknowledgements
	References and notes


