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A series of substituted benzimidazoles, benzothiazoles, and benzoxazoles was synthesized by combining
1,2-phenylenediamine, 2-aminothiophenol, or 2-aminophenol with aryl, heteroaryl, aliphatic, a,b-unsat-
urated aldehydes in the presence of nano ceria (CeO2) as an efficient heterogeneous catalyst.
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Heteroaromatic bicycles have a wide range of applications in
medicinal chemistry because of their pharmaceutical and biologi-
cal activities.1 They are the important structural intermediates in
the synthesis of variety of pharmaceutical, natural, and agrochem-
ical compounds (Fig. 1). These moieties are the part of compounds
showing several biological properties such as anti-hypertensive,
anti-ulcer, antiviral, antifungal, anticancer, antihistamine, anti-
helminthic, antiparasitic, anticoagulant, antiallergic, analgesic,
anti-inflammatory, antimicrobial, and immunosuppressant.2 The
substituted benzimidazoles deliver biological activity against sev-
eral viruses such as HIV,3 Herpes (HVS-1),4 human cytomegalovi-
rus (HCMV),3 and influenza.5 Various derivatives of
benzothiazoles are also used as radioactive amyloid imaging
agents.6 Benzoxazoles derivatives are isosteres of naturally occur-
ring cyclic nucleotides and they interact with the biopolymers of
organisms.7 These functionalized heterocycles also have various
industrial applications.8 They act as ligands for complexation with
transition metals which are used for modeling the biological sys-
tem in organic reactions.9

The broad utility has prompted significant efforts toward the
synthesis of these heterocycles. Several methods were reported
for the synthesis of these heterocyclic moieties. Synthesis of func-
tionalized 1,2-disubstituted benzimidazoles can be achieved by
various routes.10 The most common route is the direct condensa-
tion of 1,2-phenylenediamine with aldehydes. To synthesize this
compound, variety of catalysts were used.11,13 Similarly the substi-
tuted benzothiazoles and benzoxazoles were also synthesized by
several methods.12 The most commonly used method to synthesize
benzothiazole is the reaction of 2-aminothiophenol with substi-
tuted carboxylic acid or aldehydes. Similarly benzoxazole is also
synthesized by reacting 2-aminophenol with carboxylic acid or
aldehydes.

However, many of these reported methods suffer from one or
the other drawbacks such as drastic reaction conditions, long reac-
tion time with poor yield, side products formation, use of toxic re-
agents and hazardous solvents, use of expensive catalyst, and use
of excessive oxidative catalyst. Most of the reported catalysts are
homogeneous having no recyclability where as the reactions car-
ried out with heterogeneous catalysts required non green solvents
and higher temperatures. Hence a greener route for the synthesis
of benzimidazole, benzothiazole, and benzoxazole is needed.
Nanometal oxides have higher catalytic activity due to high surface
area than their bulk counterparts and due to this they have at-
tracted considerable attention in organic synthesis. However, very
few reactions are reported in which nano CeO2 is used as a catalyst
namely transalkylation,14 Ullmann coupling,15 and synthesis of a-
amino phosphonate.16a This indicates that nano ceria is not fully
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Figure 2. Reaction of 1,2-phenylenediamine, 2-aminothiophenol, and 2-amino-
phenol with benzaldehyde respectively using CeO2.

Table 1
Screening of various metal oxides

Entry Metal oxides Surface area m2/g Size Yielda (%)

1a 2a 3a

1 ZnO 12.16 — 54 45 43
2 TiO2 14.68 — 56 53 48
3 MnO2 — 22 lm 53 35 31
4 SiO2 — 60–120 mesh 75 47 45
5 Al2O3 — 150–300 mesh 43 61 56
6 La2O3 — 14 lm 70 66 68
7 CeO2 11 — 63 76 64
8 Nano Cu2O — 97 nm 44 67 58
9 Nano ZnO — 50 nm 65 78 77

10 Nano CeO2 214 4–5 nm 92 96 95

a Isolated yield.
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explored for its catalytic activity and hence with this background
we have carried out the synthesis of heteroaromatic bicycles in
aqueous medium by using nano ceria. Herein we report the con-
densation of phenylenediamine, 2-aminothiophenol, or 2-amino-
phenol with aldehydes with the formation of 1,2-disubstituted
benzimidazoles, benzothiazoles, or benzoxazoles respectively.
Nano CeO2 showed significant recyclability and activity for these
reactions by giving excellent to good product yields. The CeO2 nano
particles are prepared by ultrasonically modified CTAB assisted
method.16b It is characterized by XRD, SEM, TEM, and EDAX spectra
which are given in supporting information. The particle size of
nano CeO2 obtained from TEM analysis is 4–5 nm and the
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Scheme 3. Synthesis of 1,2-disubstituted benzoxazoles f
calculated surface area was found to be 214 m2/g. The reactions
were carried out at room temperature and with water as solvent
which are the important considerations of greener route of synthe-
sis in organic chemistry. As shown in Figure 2, the reactions of 1,2-
phenylenediamine with 2 mol of benzaldehyde (Scheme 1), 2-ami-
nothiophenol with benzaldehyde (Scheme 2), and 2-aminophenol
with benzaldehyde (Scheme 3) were selected as model reactions
to investigate catalytic activity of nano CeO2 in aqueous medium
at room temperature. To expand the catalytic study, we also
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Table 2
Optimization of various parameters for model reactions

Entry Nano CeO2 (mol %) Time (min) Yielda (%)

1a 2a 3a

1 0 20 <20 41 36
2 2 20 67 79 74
3 5 20 88 96 95
4 10 20 89 98 97
5 5 10 79 87 80
6 5 30 92 97 95

a Isolated yield.

Table 3
Recyclability of nano CeO2 in catalyzing the model reactions

Entry No. of cycles Yielda (%)

1a 2a 3a

1 0 92 96 95
2 1 90 93 91
3 2 86 89 88
4 3 81 87 84

a Isolated yield.
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screened a variety of catalysts for the model reactions such as ZnO,
TiO2, MnO2, SiO2, CeO2, La2O3, Al2O3, nano Cu2O, and nano ZnO and
the results are summarized in Table 1. The results clearly indicate
that nano CeO2 is superior to other catalysts due to the smaller par-
ticle size and high surface area.

The model reactions were optimized for catalyst concentration
and time. The results are shown in Table 2. 5 mol % of nano CeO2

was sufficient for maximum product yields (Table 2, entry 3). An
increment in catalyst concentration more than 5 mol % did not
show effective increase in product yields (Table 2, entry 4). The
reactions proceeded without catalyst but with lower yields,
whereas 2 mol % catalyst loading gave fairly good yields (Table 2,
entries 1 and 2). This clearly indicates that in the absence of cat-
alyst, reaction did not work beneficially. We also found out the
time required to complete the reaction (Table 2, entries 3, 5,
and 6). The required time would be 30, 20, and 20 min to get
excellent yield of products for the completion of Schemes 1–3
respectively.

Recyclability of the catalyst is an important task in industrial
applications. Therefore reusability of nano CeO2 was investigated
for three cycles (Table 3, entries 1–4). The reaction mixture was di-
luted with ethyl acetate and subsequently centrifuged to get the
catalyst. The obtained nano CeO2 was then washed with acetone
followed by drying in oven at 150 �C for 12 h. The recovered cata-
lyst was then used for the next batch of reactions. It was found that
the reactivity of the catalyst decreases marginally for the next cy-
cle (approx 4%).

The scope and applicability of the catalyst in the formation of
functionalized heterocycles were investigated by using various
aromatic, heteroaryl, aliphatic, and a,b-unsaturated aldehydes un-
der the same reaction conditions. The results are summarized in
Table 4. In the synthesis of 1,2-disubstituted benzimidazoles, ben-
zothiazoles, and benzoxazoles excellent yield of products have
been obtained with aromatic aldehydes. The nature and position
of the substituents on the benzene ring of aromatic aldehydes have
shown some effect on the yield of the corresponding products. The
electron-withdrawing substituents like –NO2 and –CN gave better
results than the electron donating substituents such as –OH,
–OCH3, –N(CH3)2, –CH3, –F, –Cl, and –Br. Furthermore the reactiv-
ity of these substituent does varies according to their position on
the benzene ring of benzaldehyde. The electron-withdrawing sub-
stituents gave better product yield at 4 and 2 position of the ben-
zene ring as compared to 3 position (Table 4, entries 12–15, 33–36,
and 56–59). While electron-donating ones at these positions gave
variable product yields (Table 4, entries 2–11, 24–32, and 47–
55). This variation in product yields with nature and position of
substituents may be due to resonating, inductive and sterric ef-
fects. We also tried aromatic disustituted aldehydes 3,4-difluoro,
3,5-difluoro, 3,4-dimethoxy, and 2-methoxy-5-bromo benzalde-
hyde and obtained good yield of the corresponding products (Ta-
ble 4, entries 16, 17, 37–39, and 60–62). The heteroaromatic
aldehydes such as furfural aldehyde, pyrrol-2-aldehyde, and pyri-
dine-3-aldehyde have given moderate to good yields of their
respective products under similar reaction conditions (Table 4, en-
tries 18–20, 40–42 and 63–65).

Nano CeO2 also showed good catalytic activity with aliphatic
aldehydes such as propionaldehyde (Table 4, entries 21, 44, and
67). In this substrate study we also screened a,b-unsaturated aro-
matic aldehydes such as cinnamaldehyde which gave good re-
sponse to synthesize these heterocycles (Table 4, entries 22, 45,
and 68).

In case of Scheme 1, The reaction of 1,2-phenylenediamine and
benzaldehyde in 1:2 ratio gave only 1,2-disubstituted benzimidaz-
oles whereas when this ratio was changed to 1:1 then 2-substi-
tuted benzimidazole was obtained with 98% product yield under
same reaction conditions (Figs. 3–5).

In conclusion, we developed an efficient, selective, and green
route by using nano CeO2 to synthesize variety of 1,2-disubstituted
benzimidazoles, 2-substituted benzothiazoles, and 2-substituted
benzoxazoles from 1,2-phenylenediamine, 2-aminothiophenol,
and 2-aminophenol with aromatic as well as aliphatic aldehydes.
All these reactions are feasible at room temperature and in aque-
ous medium. In case of catalyst concentration, 5 mol % of CeO2

gave a better yield of products. Aromatic aldehydes have given a



Table 4
Synthesis of benzimidazoles, benzothiazoles, and benzoxazoles using nano CeO2

in aqueous media
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Figure 3. Synthesis of benzimidazole.
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better yield of the product than their aliphatic counter parts. The
given methodology is efficient, inexpensive, and environmentally
benign giving excellent to moderate yields of products. The used
catalyst is heterogeneous which is easily separable and recyclable
up to three cycles.



Ce

OO
Ce

OO
Ce

Ce

OO
Ce

OO
Ce

NH2

NH2
N

N

H

Ph

H

Ph

N

N

Ph
H

Ph

H

Ce

OO
Ce

OO
Ce

Ce

OO
Ce

OO
Ce

N

N

Ph

Ph

PhCHO

CeO2 =

Figure 4. Proposed mechanism for Scheme 1.

CeO2 =

X= S, O.

Ce

OO
Ce

OO
Ce

XH

NH2
XH

N

H

Ph

N

X

H

Ph

Ce

OO
Ce

OO
Ce

Ce

OO
Ce

OO
Ce

N

X

Ph

PhCHO

Ce

OO
Ce

OO
Ce

Figure 5. Proposed mechanism for Schemes 2 and 3.

6990 R. Shelkar et al. / Tetrahedron Letters 54 (2013) 6986–6990
Acknowledgment

The authors are thankful to the UGC-UPE Green Technology
Centre, New Delhi, India for awarding the fellowship.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.
2013.09.092.

References and notes

1. Hirashima, S.; Suzuki, T.; Ishida, T.; Noji, S.; Ando, I.; Komatsu, M.; Ikede, S.;
Hashimoto, H. J. Med. Chem. 2006, 49, 4721.
2. (a) Soderlind, K. J.; Gorodetsky, B.; Singh, A. K.; Bachur, N.; Miller, G. G.; Loun, J.
W. Anti-Cancer Drug Des 1999, 14, 19–36; (b) Kuhler, T. C.; Swanson, M.;
Shcherbuchin, V.; Larsson, H.; Mellgard, B.; Sjostrom, J. E. J. Med. Chem. 1998,
41, 1777–1788; (c) Mavrova, A.; Anichina, K. K.; Vuchev, D. I.; Tsenov, J. A.;
Denkova, P. S.; Kondeva, M. S.; Micheva, M. K. Eur. J. Med. Chem. 2006, 41, 1412–
1420; (d) Kohara, Y.; Kubo, K.; Imamiya, E.; Wada, T.; Inada, Y.; Naka, T. J. Med.
Chem. 1996, 39, 5228–5235; (e) Mederski, W. W.; Dorsch, D.; Anzali, S.; Gleitz,
J.; Cezanne, B.; Tsaklakidis, C. Bioorg. Med. Chem. Lett. 2004, 14, 3763–3769; (f)
Richards, M. L.; Lio, S. C.; Sinha, A.; Tieu, K. K.; Sircar, J. C. J. Med. Chem. 2004, 47,
6451–6454; (g) Elmer, G. I.; Pieper, J. O.; Goldberg, S. R.; George, F. R.
Psychopharmacology (Berl.) 1995, 117, 23–31; (h) Mader, M.; de Dios, A.; Shih,
C.; Anderson, B. D. Bioorg. Med. Chem. Lett. 2008, 18, 179–183; (i) Arjmand, F.;
Mohani, B.; Ahmad, S. Eur. J. Med. Chem. 2005, 40, 1103–1110; (j) Chien, T. C.;
Saluja, S. S.; Drach, J. C.; Townsend, L. B. J. Med. Chem. 2004, 47, 5743–5752.

3. (a) Porcari, A. R.; Devivar, R. V.; Kucera, L. S.; Drach, J. C.; Townsend, L. B. J. Med.
Chem. 1998, 41, 1252; (b) Rath, T.; Morningstar, M. L.; Boyer, P. L.; Hughes, S.
M.; Buckheitjr, R. W.; Michejda, C. J. J. Med. Chem. 1997, 40, 4199.

4. Migawa, M. T.; Girardet, J. L.; Walker, J. A.; Koszalka, G. W.; Chamberlain, S. D.;
Drach, J. C.; Townsend, L. B. J. Med. Chem. 1998, 41, 1242.

5. Tamm, I. Science 1957, 126, 1235.
6. Reddy, P.; Lin, Y.; Chang, H. Arcivoc 2007, 14, 113–122.
7. Turker, L.; Sener, E.; Yalcin, I.; Akbulut, U.; Kayalidere, I. Scientia Pharmaceutica

1990, 58, 107–113.
8. (a) Srikanth, L.; Naik, U.; Jadhav, R.; Raghunandan, N.; Rao, J. V.; Manohar, K.

Der. Pharma Chemica 2010, 2, 231–243; (b) Rodembusch, F. S.; Buckup, T.;
Segala, M.; Tavares, L.; Correia, R. R. B.; Stefani, V. Chem. Phys. 2004, 305, 115;
(c) Gong, J. R.; Wan, L. J.; Lei, S. B.; Bai, C. L.; Zhang, X. H.; Lee, S. T. J. Phys. Chem.
B 2005, 109, 1675–1682; (d) Chen, T. R. J. Mol. Struct. 2005, 737, 35–41.

9. (a) Bouwman, E.; Driessen, W. L.; Reedjik, J. Coord. Chem. Rev. 1990, 104, 143–
172; (b) Pujar, M. A.; Bharamgoudar, T. D. Transition Met. Chem. 1988, 13, 423–
425.

10. (a) Takeuchi, K.; Bastian, J. A.; Gifford-Moore, D. S.; Harper, R. W.; Miller, S. C.;
Mullaney, J. T.; Sall, D. J.; Smith, G. F.; Zhang, M.; Fisher, M. Bioorg. Med. Chem.
Lett. 2000, 10, 2347; (b) Morningstar, M. L.; Roth, T.; Farnsworth, D. W.; Smith,
M. K.; Watson, K.; Buckheit, R. W., Jr.; Das, K.; Zhang, W.; Arnold, E.; Julias, J. G.;
Hughes, S. H.; Michejda, C. J. J. Med. Chem. 2007, 50, 4003; (c) Goker, H.; Ozden,
S.; Yildiz, S.; Boykin, D. W. Eur. J. Med. Chem. 2005, 40, 1062.

11. (a) Kannan, V.; Sreekumar, K. J. Mol. Cat. A 2013, 376, 34–39; (b) Yuan, J.; Zhao,
Z.; Zhu, W.; Li, H.; Qian, X.; Xu, Y. Tetrahedron 2013, 69, 7026–7030; (c) Cho, Y.
H.; Lee, C. Y.; Cheon, C. H. Tetrahedron 2013, 69, 6565–6573; (d) Bramhachari,
G.; Laskar, S.; Barik, P. RSC Adv. 2013, 3, 14245–14253; (e) Teimouri, A.;
Chermahini, A. N.; Salavati, H.; Ghorbanian, L. J. Mol. Cat. A 2013, 373, 38–45; (f)
Santra, S.; Majee, A.; Hajra, A. Tetrahedron Lett. 2012, 53, 1974–1977; (g) Guru,
M. M.; Ali, M. A.; Punniyamurthy, T. J. Org. Chem. 2011, 76, 5295–5308; (h)
Wan, J. P.; Gan, S. F.; Wu, J. M.; Pan, Y. Green Chem. 2009, 11, 1633.

12. (a) Perry, R. J.; Wilson, B. D.; Miller, R. J. J. Org. Chem. 1992, 57, 2883–2887; (b)
Alagille, D.; Baldwin, R. M.; Tamagnan, G. D. Tetrahedron Lett. 2005, 46, 1349–
1351; (c) Benedi, C.; Bravo, F.; Uriz, P.; Fernandez, E.; Claver, C.; Castillon, S.
Tetrahedron Lett. 2003, 44, 6073–6077; (d) Varma, R. S.; Saini, R. K.; Prakash, O.
Tetrahedron Lett. 1997, 38, 2621–2622; (e) Varma, R. S.; Kumar, D. J. Heterocycl.
Chem. 1998, 35, 1533–1534.

13. (a) Valentin, N. B.; Patrick, J. B.; John, A. M.; Colin, J. S.; Stuart, L. J. Org. Chem.
2013, 78, 1471–1477; (b) Yeon, H. C.; Chun, Y. L.; Deok, C. H.; Cheol, H. C. Adv.
Synth. Catal. 2012, 354, 29926; (c) Hashem, S.; Mahdi, A.; Mohammad, M. D. J.
Iran. Chem. Soc. 2012, 9, 189–204; (d) Yassin, R.; Rachid, M.; Rachid, A.;
Mohammadine, E. H.; Sylvain, R.; Geraid, G.; Said, L. Tetrahedron lett. 2011, 52,
3492–3495; (e) Ying, W.; Kathy, S.; Daryl, R. S.; Stevan, W. D. Tetrahedron Lett.
2006, 47, 4823–4826.

14. (a) Juarez, R.; Concepcion, P.; Corma, A.; Garcia, H. Chem. Commun. 2010, 4181–
4183; (b) Bhanage, B. M.; Fujita, S.; Ikushima, Y.; Arai, M. Appl. Catal. A. 2001,
219, 259–266; (c) Juarez, R.; Corma, A.; Garcia, H. Green Chem. 2009, 11, 949–
952.

15. Agawane, S. M.; Nagarkar, J. M. Tetrahedron Lett. 2011, 52, 5220–5223.
16. (a) Agawane, S. M.; Nagarkar, J. M. Tetrahedron Lett. 2011, 52, 3499–3504; (b)

Terribile, D.; Trovarelli, A.; Llorca, J.; Leitenburg, C.; Dolcetti, G. J. Catal. 1998,
178, 299–308.

http://dx.doi.org/10.1016/j.tetlet.2013.09.092
http://dx.doi.org/10.1016/j.tetlet.2013.09.092
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0005
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0005
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0010
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0010
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0015
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0015
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0015
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0020
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0020
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0020
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0025
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0025
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0030
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0030
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0035
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0035
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0035
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0040
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0040
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0045
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0045
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0050
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0050
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0055
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0055
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0060
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0060
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0065
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0065
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0070
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0070
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0075
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0080
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0085
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0085
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0090
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0090
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0095
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0095
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0100
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0100
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0105
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0110
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0110
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0115
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0115
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0120
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0120
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0120
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0125
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0125
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0125
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0130
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0130
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0135
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0140
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0140
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0145
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0145
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0150
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0150
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0155
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0155
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0160
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0160
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0165
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0165
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0170
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0170
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0175
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0180
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0180
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0180
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0185
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0185
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0190
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0190
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0195
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0195
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0200
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0200
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0205
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0205
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0210
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0210
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0215
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0215
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0215
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0220
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0220
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0225
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0225
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0230
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0230
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0235
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0235
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0240
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0245
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0250
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0250
http://refhub.elsevier.com/S0040-4039(13)01657-2/h0250

	Nano ceria catalyzed synthesis of substituted benzimidazole, benzothiazole, and benzoxazole in aqueous media
	Acknowledgment
	Supplementary data
	References and notes


