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A mild, convenient, and efficient one-pot synthesis of amino-
1,3,4-oxadiazoles is described. In situ preparation of various
thiosemicarbazides by the reaction of different carboxylic acid
hydrazides with trimethylsilyl isothiocyanate (TMSNCS), followed
by cyclodesulfurization of thiosemicarbazides under basic condi-
tions in the presence of 1,/KI resulted in 2-amino-1,3,4-oxadia-
zoles in high yields (79-94%).

Organosilicon compounds play an important role in organic
synthesis due to the ambient nature of silicon. Recently, the use of
organosilicon compounds as reagents and as intermediates in
organic synthesis has increased rapidly. It leads to an increasing
number of new methodologies that allow useful synthetic
transformations. Silicon compounds having functional groups,
such as silyl cyanides and silyl azides show considerable synthetic
applications in organic synthesis."* Among various silicon
reagents, we particularly focused on trimethylsilyl isothiocyanate
(TMSNCS) due to its broad synthetic application. TMSNCS is a
useful reagent for thiocyanation or isothiocyanation of alkyl
halides,” acetals,® aldehydes,® unsaturated compounds,”® aziri-
dines,” oxiranes’ and aromatic hydrocarbons.'

Very recently we reported one-pot, convenient synthesis of
mercapto-1,2,4-triazoles using TMSNCS."" As part of our continu-
ing studies on TMSNCS, we extended the synthetic utility of
trimethylsilyl isothiocyanate for the synthesis of other important
heterocycles. In this report we describe a new, simple, and
efficient one-pot synthesis of 2-amino-1,3,4-oxadiazoles from
carboxylic acid hydrazides using TMSNCS.

1,3,4-Oxadiazoles are a class of heterocycles which display a
wide range of biological activities."* In particular, 2-amino-1,3,4-
oxadiazoles exhibit a wide variety of biological activities such as
anti-microbial,”® anti-inflammatory,'* anti-cancer," anti-convul-
sant'® and anti-mitotic’’ activities. In addition to these, some of
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Table 1 Optimization of reaction conditions for the synthesis of 2-amino-5-
phenyl-1,3,4-oxadiazole(2a)

o} —Si 2C N—N
[NTSs T
NH.
B AN
H NaOH, I, / KI
1a reflux 2a
Entry Solvents Time (h)* Yield (%)”
1 Toluene 14 15
2 THF 12 39
3 H,0 8 68
4 MeOH 7 73
5 EtOH 4 94

“ Monitored by TLC until 1a was fully consumed. ? Isolated yield.

the aminooxadiazole analogues are currently undergoing clinical
evaluation for the treatment of diabetes.'”® Due to these broad
applications, the chemistry of 2-amino-1,3,4-oxadiazoles has
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Scheme 1 Plausible mechanism for the formation of 2-amino-1,3,4-oxadiazoles

(2).
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Table 2 One-pot synthesis of 2-amino-1,3,4-thiadiazoles (2)
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_NH, — 1 5
=N NaOH,L,/KI R° 7O
1 reflux 2
Entry Hydrazides Products Yield (%)
1 CONHNH, N—N 94
@ O/( o)\ NH
1a 22
2 CONHNEH, N—Y 91
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Table 2 (Continued)

Entry Hydrazides Products Yield (%)

12 CONHNH, N—N 86

S o
N NFH
21

88

evoked significant interest in the field of synthetic organic
chemistry. Hence there is a need to develop newer synthetic
routes for 2-amino-1,3,4-oxadiazoles.

There are various methods available in the literature for the
synthesis of 2-amino-1,3,4-oxadiazoles, which include cyclodehy-
dration of semicarbazide derivatives,' cyclodesulfurization of
thiosemicarbazide derivatives®® and amination of oxadiazol-2-one
at the C2 carbon.>® However, there are limitations to these
methods, such as byproduct formation, handling of harsh and
toxic reagents, use of anhydrous solvents, chromatographic
purification, etc.

In contrast, we report herein a highly efficient one-step
protocol to prepare 2-amino-1,3,4-oxadiazoles from the reaction
of commercially available hydrazides and TMSNCS in EtOH under
basic conditions in the presence of I,/KI at 70 °C. Importantly, the
procedure does not require an anhydrous solvent, inert gas
atmosphere, and any chromatographic purification.

In our previous report we optimized the reaction conditions for
the in situ preparation of thiosemicarbazides." Based on our
previous report we synthesized 2-amino-1,3,4-oxadiazoles by the
one-pot method without any isolation of thiosemicarbazides.
Initially benzohydrazide 1a (1.0 mmol), TMSNCS (1.0 mmol) and
5% KI/I, were selected for a model reaction and the effects of
different solvents and reaction temperatures were investigated.
The results are summarized in Table 1. EtOH was the best solvent
among various solvents such as toluene, THF, H,0, and MeOH.
Benzohydrazide 1a (1.0 mmol) and TMSNCS (1.0 mmol) in EtOH
(10 mL) were refluxed for about 4 h, and then we added 5N NaOH
and 5% L,/KI solution to the reaction mixture and the solution was
refluxed for 2 h. It was then cooled and poured into crushed ice to
obtain the precipitated product, 2-amino-5-phenyl-1,3,4-oxadizole
(2a) with a yield of 94%.

The plausible mechanism for the formation of 2-amino-5-aryl-
1,3,4-oxadizole (2) is shown in Scheme 1. The nucleophilic
cleavage of the Si-N bond in TMSNCS takes place in the presence
of EtOH and forms a highly reactive isothiocyanic acid inter-
mediate. Carboxylic acid hydrazides (1) immediately undergo
nucleophilic addition to isothiocyanic acid, leading to the
corresponding stable thiosemicarbazides. Iodine then catalyzes
their cyclodesulfurization®®** to form 2-amino-5-aryl-1,3,4-oxadia-
zole (2).
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Having these preliminary observations in hand, we wished to
extend our methodology to a variety of carboxylic acid hydrazides.
The reactions of 1a-m with TMSNCS in the presence of I,/KI gave
the 2-amino-1,3,4-oxadiazole (2a-m)* with high yields (Table 2).
As shown in Table 2, compound 2a (entry 1) was obtained in the
highest yield compared to that of the electron-rich and the
electron-poor aryl substituted derivatives 2b-i (entries 2-9). As we
observed, hydrazides carrying an electron-withdrawing group or
an electron-donating group reacted successfully. In particular,
4-substituted derivatives 1b—e (entries 2-5) reacted more efficiently
than the corresponding 2-substituted regioisomers 1f-i (entries 6-
9), possibly because of the steric hindrance of the ortho
substituent. To demonstrate the generality of our methodology,
we extended our investigation to substrates bearing alkyl and
hetero-aromatic groups. With heteroaryl acid hydrazides (entries
12 and 13), yields were similar to those with aromatic derivatives,
but with alkyl acid hydrazides (entries 10 and 11), yields were
slightly lower than those of the aromatic and heteroaromatic acid
hydrazides.

Conclusions

In summary, the current protocol is a simple and straightforward
route for the synthesis of 2-amino-1,3,4-oxadiazoles. Various
aliphatic, aromatic, and heteroaromatic 2-amino-1,3,4-oxadiazoles
were efficiently synthesized using TMSNCS and carboxylic acid
hydrazides. The main advantage of this method is that the
experimental procedure is operationally simple, and an anhydrous
solvent, an inert gas atmosphere and chromatographic purifica-
tion are not required. The use of harsh reagents was also avoided.

Acknowledgements

This research was supported by the Basic Science Research
Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science and
Technology (2010-0024877).

References

1 W. P. Weber, Silicon Reagents for Organic Synthesis, Springer-

Verlag: New York, 1983, p. 58.

(a) L. Birkofer, F. Mtiller and W. Kaiser, Tetrahedron Lett., 1967,

8, 2781; (b) L. Birkofer and W. Kaiser, Justus Liebigs Ann. Chem.,

1975, 266.

K. Nishiyama and A. Watanabe, Chem. Lett., 1984, 455.

4 K. Nishiyama, M. Oba and A. Watanabe, Tetrahedron, 1987, 43,
693.

5 R. Pierre-Yves, H. Schwebel, P. Vayron, E. Leclerc, S. Dias and

C. Mioskowski, Tetrahedron Lett., 2001, 42, 8479.

K. Nishiyama and M. Oba, Bull. Chem. Soc. Jpn., 1987, 60, 2289.

N. V. Zyk, A. Y. Gavrilova, O. A. Mukhina, A. A. Borisenko, O.

B. Bondarenko and N. S. Zefirov, Russ. Chem. Bull. Int. Ed., 2010,

59, 1771.

8 M. Bruno, R. Margarita, L. Parlanti, G. Piancatelli and
M. Trifoni, Tetrahedron Lett., 1998, 39, 3847.

9 N. Prusinowska and J. Gawronski, Synth. Commun., 2009, 39,
2795.

[\S)

w

N O

7686 | RSC Adv., 2013, 3, 7684-7687

View Article Online

10 G. F. Koser, S. Telu and K. K. Laali, Tetrahedron Lett., 2006, 47,
7011.

11 D. R. Guda, T. Wang, H. M. Cho and M. E. Lee, Tetrahedron
Lett., 2012, 53, 5238.

12 (@) D. R. Guda, S. J. Park, H. M. Cho, T. J. Kim and M. E. Lee, J.
Med. Chem., 2012, 55, 6438; (b) V. Padmavathi, D. R. Guda, B.
C. Venkatesh and A. Padmaja, Arch. Pharm., 2011, 11, 165; (c)
V. Padmavathi, D. R. Guda, S. R. Nagi and K. Mahesh, Eur. J.
Med. Chem., 2011, 46, 1367; (d) H. Khalilullah, M. J. Ahsan,
M. Hedaitullah, S. Khan and B. Ahmed, Mini-Rev. Med. Chem.,
2012, 12(8), 789.

13 Z. M. Nofal, H. H. Fahmy and H. S. Mohamed, Arch. Pharmacal
Res., 2002, 25, 28.

14 S. G. Kuecuekguezel, 1. Kuecuekguezel, E. Tatar, S. Rollas,
F. Sahin, M. Guelluece, E. D. Clercq and L. Kabasakal, Eur. J.
Med. Chem., 2007, 42, 893.

15 (@) X. Ouyang, E. L. Piatnitski, V. Pattaropong, X. Chen, H.
Y. He, A. S. Kiselyov, A. Velankar, J. Kawakami, M. Labelle,
L. Smith, J. Lohman, S. P. Lee, A. Malikzay, J. Fleming, J. Gerlak,
Y. Wang, R. L. Rosler, K. Zhou, S. Mitelman, M. Camara,
D. Surguladze, J. F. Doody and M. C. Tuma, Bioorg. Med. Chem.
Lett., 2006, 16, 1191; (b) A. S. Kiselyov, M. N. Semenova, N.
B. Chernyshova, A. Leitao, A. V. Samet, K. A. Kislyi, M.
M. Raihstat, T. Oprea, H. Lemcke, M. Lantow, D. G. Weiss, N.
N. Ikizalp, S. A. Kuznetsov and V. V. Semenov, Eur. J. Med.
Chem., 2010, 45, 1683.

16 (a) S. K. Chaudhary, S. Kumar, S. S. Parmar and M. Chaudhary,
J. Pharm. Sci., 1978, 67, 987; (b) N. Siddiqui, M. S. Alam and
W. Ahsan, Acta Pharm., 2008, 58, 445.

17 K. M. Lokanatha Rai and N. Linganna, Farmaco, 2000, 55, 389.

18 A. L. Handlon, A. Akwabi-Ameyaw, K. Brown, F. De Anda,
D. Drewty, J. Fang, O. Irsula, G. Li, J. A. Linn, N. O. Milliken and
J. Ramanjulu, Abstracts of Papers, 226th ACS National Meeting,
2003.

19 (@) R. M. Shaker, A. F. Mahmoud and F. F. Abdel-Latif,
Phosphorus, Sulfur Silicon Relat. Elem., 2005, 180, 397; (b) C.
T. Brain, J. M. Paul, Y. Loong and P. J. Okaley, Tetrahedron Lett.,
1999, 40, 3275; (¢) C. T. Brain and S. A. Brunton, Synlett, 2001,
382; (d) J. Kosmrlj, M. Kocevar and S. Polanc, Synlett, 1996, 652;
(e) R. Mazurkiewicz and M. Grymel, Pol. J. Chem., 1997, 71, 77;
(/) . R. Baxendale, S. V. Ley and M. Martinelli, Tetrahedron,
2005, 61, 5323; (g) J. Dumciute, V. Martynaitis, W. Holzer,
S. Mangelinckx, N. D. Kimpe and A. Sackus, Tetrahedron, 2006,
62, 3300.

20 (a) A. Zarghi, Z. Hajimahdi, S. Mohebbi, H. Rashidi,
S. Mozaffari, S. Sarraf, M. Faizi, S. A. Tabatabaee and
A. Shafiee, Chem. Pharm. Bull., 2008, 56, 509; (b) F. T. Coppo,
K. A. Evans, T. L. Graybill and G. Burton, Tetrahedron Lett.,
2004, 45, 3257; (¢) R. Severinsen, J. P. Kilburn and J. F. Lau,
Tetrahedron, 2005, 61, 5565; (d) C. E. L. Piatnitski, H.
M. Elokdah and ]. Butera, Tetrahedron Lett., 2008, 49, 6709;
() J. Y. Hwang, H. S. Choi, D. H. Lee and Y. D. Gong, J. Comb.
Chem., 2005, 7, 816; (f) S. J. Dolman, F. Gosselin, P. D. O’Shea
and 1. W. Davies, J. Org. Chem., 2006, 71, 9548; (g) S. M. S. Atta,
N. M. Fawzy, F. A. Ahmed and A. H. Abdel-Rahman,
Phosphorus, Sulfur Silicon Relat. Elem., 2002, 177, 863; (h) X.
C. Wang, Z. Li, B. G. Wei and J. Y. Yang, Synth. Commun., 2002,
32, 1097; (i) G. Prabhu and V. V. Sureshbabu, Tetrahedron Lett.,
2012, 53, 4232.

21 C. G. Levins and Z. K. Wan, Org. Lett., 2008, 10, 1755.

This journal is © The Royal Society of Chemistry 2013


http://dx.doi.org/10.1039/c3ra41044g

Downloaded by New Y ork University on 14/05/2013 12:28:20.
Published on 20 March 2013 on http://pubs.rsc.org | doi:10.1039/C3RA41044G

22 G. Srimanta, K. R. Saroj, G. Tuhin, K. Nilufa and K. P. Bhisma,
RSC Adb., 2012, 2, 3180.

23 Typical experimental procedure for synthesis of 2-amino-5-sub-
stituted-1,3,4-oxadiazole (2a-m): A mixture of acid hydrazide (1.0
mmol) and trimethylsilyl isothiocyanate (1.0 mmol) and
ethanol (10 ml) was refluxed for 2-4 h and then 1.0 ml of 5N
NaOH was added, resulting in the formation of a clear solution.

This journal is © The Royal Society of Chemistry 2013

View Article Online

To this 5% iodine in potassium iodide solution was added
dropwise with stirring until the colour of iodine persisted at
room temperature. The reaction mixture was refluxed for an
additional 1-2 h, cooled and poured into ice-cold water. The
resultant solid was filtered on a Buchner funnel and dried.
Recrystallization ofthe solid from ethanol afforded pure
products.
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