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ABSTRACT

The Nano-CrY zeolite synthesized and characterized by Fourier transfer infrared (FT-IR), X-ray diffraction (XRD),and
Scanning electron microscopy (SEM).The result show that nano catalyst prepared with mainly particles size about 30-80 nm.
The XRD show the structure of the zeolite does not collapse. This Nano-CrY zeolite has been used as new, and nontoxic
catalyst for catalyzes of synthesis of 2-aryl-1H-benzothiazoles at mild condition. This procedure is simple, effective,
inexpensive and green. The products were obtained in high yields and the catalyst is reusable. Since products were obtained by
aqua work-up in good purity, complex purification methods are not necessary.
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1. Introduction

2-Substituted benzothiazoles are an important class of
compounds in medicinal and industrial chemistry [1].
The compounds with benzothiazole cores have been
known as antitumor drugs [2], antibacterial [3],
antiglutamate/antiparkinson [4], broad spectrum Ca™
channel antagonist [5], inhibition of enzymes such as
aldose reductas [6], monoamineoxidase [7],
lipoxyenase [8], cycloxygenase [9], acetyalcholoine
esterase [10], thrombine [11], proteases [12], H'-K"
ATPase [13], carbonic anhydrase [14], HCV helicase
[15], plant growth regulation [16].

As the importance of benzothiazoles, for synthesis of
these compounds several methodologies have been
reported [17]. The two major methods are
condensation of 2-aminothiophenol with aldehydes and
cyclization of thiobenzanilides [18].

Several reagents have been used for catalyzes of this
condensation that include DMSO/120°C [19a],
ionic liquid 1-phenyl-3-methylimidazoliumbromide
([pmIm]Br) [19b], scandium triflate [19c], silicagel
[19d], MnO,/SiO, [19¢], molecular iodine [19f],
molecular oxygen promoted by activated carbon [19g],
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p-TSOH [19h], SiO/graphite [19i], electrochemical
synthesis in methanol containing sodium acetate as
supporting electrolyte [19j], water/110°C  [19k],
carboxylic acid [20], acid chlorides [21] or esters [22].

Also, some methods such as micro wave-mediated
reaction of 2-aminothiophenol with [B-chloro-
cinnamadehydes [23], palladium-catalyzed Suzuki
biaryl coupling of 2-bromobenzothiazoles with aryl
bromides [24], coupling of benzothiazoles with aryl
bromides [25] and reaction of thiophenol with aromatic
nitriles [26] have been used.

Unfortunately, many of these procedures suffer from
several defects such as the use of toxic and/or
expensive catalysts [17,18], using of hazardous and
carcinogenic organic solvent and multistep process for
reaction. [19]. Therefore, investigating the optimized
methodology for synthesis of benzothiazoles is still
important.

The use of heterogeneous solid catalysts in the organic
synthesis and industrial manufacturing of chemicals is
interesting and important, because of their suitable
acidity, insolubility to all organic solvents, thermal
stability, and low cost; they also provide a green
alternative to homogeneous catalysts [28]. A literature
survey on  organic reactions catalyzed by
heterogeneous catalyst indicates that in the majority of
them, zeolite with Bronsted and Lewis acid centers are
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simultaneously important in the catalytic activity [29].
Zeolites are crystalline hydrated alumina silicates of
the alkaline earths. The acid sites center can be
increased by exchange of monovalent ions with
polyvalent cations with the different process [30].

As the importance and high efficiency of zeolites, in
this work we have used CrY zeolite as a green,
effective and reusable catalyst for catalyze one-pot
synthesis of benzothiazoles (Scheme 1).

2. Experimental

Solvents, reagents, and chemical materials were
obtained from Aldrich and Merck chemical companies
and purified prior to use.

2.1. Preparation of nano-CrY Zeolite

About 100 ml of 0.01 M solution of metal salt CrCls.
6H,0 was added to 1.0 g of NaY zeolite that prepared
in our laboratory according to a previously reported
procedure in a 250-mL flask [33-35]. The mixture was
stirred for 24 h and then filtered. The obtained solid
was washed with water. The final zeolite products were
dried at room temperature. The CrY zeolites were
initially produced under ultrasound to obtain nano-size.

2.2. General procedure for synthesis of 2-aryl-1H-
benzothiazoles

To a mixture of 2-amnomthiophenole, aldehyde
(1 mmol) in DMF (4 ml), 0.1 g of nano-CrY Zeloite
added and stirred for 90 minutes. The progress of
reaction was followed by TLC. After completion of
reaction, zeolite has been filtrated, washed and dried
for reusing, and then 15 ml of water was added.
Benzothiazoles are not solvable in water, therefore, the
participated products were filtrated as nearly pure
corresponding benzothiazoles. For more purification,
products recrystallized in ethanol (96%) if needed.

3. Results and Discussion

The results indicated that CrY zeolite shows the high
activity for preparation of benzothiazoles reaction.
Because of the small ions, such as Cr >*, Zn*', Cu*',
etc, high degrees of ion exchange are observed. It
seems that CrCls has dispersed completely onto the
surface of NaY zeolite under ion exchange proceeding
[31].

The scanning electron microscopy (SEM) image of the
CrY zeolite nano-particles is shown in (Fig. 1). The
particles size was mainly about 30-80 nm. Also, FT-IR
of the CrY zeolite nano-particles is shown in Fig. 2 that
an intense band at ca.1022 cm™ attributable to the
asymmetric stretching of AI-O-Si chain of zeolite. The
symmetric stretching and bending frequency bands of
Al-O-Si framework of zeolite appear at ca. 791 and
463 cm™, respectively. Transition metal /complexes
encapsulated in the zeolite nano cage did not show any
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significant shift in functional groups stretching bond of
zeolite, but anew band appear at 846 cm’ related to
Cr—0O-Si or Al [30].

XRD pattern of nano size CrY zeolite show in Fig. 3.
As we can see, the structure of the zeolite does not
collapse and six characteristic peaks appear at 2 theta
of 30.1, 35.5, 43.1, 53.4, 57.0, and 62.6, which are
marked by their indices (2 2 0), 3 1 1), (4 0 0),
(422),(511)and (4 40)) [32].

After optimization tests, DMF has chosen as the best
solvent. Results were summarized in Table 1.

As the shown in Table 1, it is notable that both
electron-withdrawing and electron-relaxing group were
reacted in this method. But, clearly, electron-relaxing

L A==

Scheme 1. Nano-CrY Zeolite catalyzes the synthesis of
2-aryl-1H-benzothiazoles.
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Fig 1. The scanning electron microscopy (SEM) image of
the CrY zeolite nanoparticles.
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Fig 2. FT-IR of the CrY zeolite nanoparticles.
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Fig 3. XRD pattern of nano size CrY zeolite.

Table 1. Synthesis of 2-aryl-1H-benzothiazoles in optimized conditions.

Product® Ar Time (min) Yield (%)° mp. (1€)

Found Reported®
2a CeHs 90 71 118-123 114-116
2b 4-NO,CsHs 90 87 232-235 230-231
2c 2,4-ClLCeHs 90 85 154-158 150-152
2d 4-MeOCsHs 90 57 123-126 122-124
2e 4-N(CHj3)2CeHs 90 27 169-172 175-177
2f 2-CIC¢Hs 90 50 119-120 128-129
2g 4-CIC¢Hs 90 44 113-116 114-116
2h 3-NO,CsHs 90 88.50,71,64¢ 186-192 181-183

2The products were characterized by their physical properties and spectral analysis and compared with authentic samples.
"Isolated yields.

°Reported from Ref. 27.

dReused for three times.

groups such as methoxy or N,N-dimethyl substituent o
(Table 1,entries 2d and 2 e) cause that yield is very J\|\
poorer than electron-withdrawing group such as nitro Ar
substituent (Table 1, entries 2b and 2h). As these

Ar ( H \‘( C:Ir*3
. NH, INHL N I‘\I‘\ Ar
results, we suggests an acceptable mechanism that . o @\{
shown below (Scheme 2). - > YA
SH SH SH SH
y

As the shown in scheme 2, the Cr™ as a Lewis acid

activates the carbonyl group of the aldehyde that .
placed in empty sites of zeolite. On the other hand, the 0
amino group in 2-aminothiophenol as a powerful N\ Nt
nucleophile attacks to this activated carbonyl. Then, @ >7Ar<— ><Ar
after removing of water that carry out by Cr* helping, s °

the formed imine is activated by Lewis effect of Cr. Scheme 2. Suggested mechanism for catalytic effect Nano-CrY Zeolite.
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Therefore, the sulphur atom of 2-aminothiophenole
attack to this activated imine and the thiazole cycle is
formed that are aromatized to corresponding
benzothiazole under reaction conditions.

4. Conclusions

This procedure is simple, effective, inexpensive and
green. The products were obtained in high yields and
the catalyst is reusable. Since products were obtained
by aqua work-up in good purity, so, complex
purification methods are not necessary.

Acknowledgment

We would like to thank to Arak University for
financial this work.

References

[17 H. Ulrich, Sci. Synth. 11 (2002) 835-912.

[2] (a) C.G. Mortimer, G. Wells, J.P. Crochard, E.L. Stone,
T.D. Bradshaw, M.F. Stevens, A.D. Westwell, J. Med.
Chem. 49 (2006) 179-85. (b) 1. Hutchinson, M.S. Chua,
H.L. Browne, V. Trapani, T.D. Bradshaw, A.D.
Westwell, M.F.G. Stevens, J. Med. Chem. 44 (2001)
1446-1455. (c) T.D. Bradshaw, A. D. Westwell, Curr.
Med. Chem. 11 (2004) 1009-1021.

[3] M.K. Singh, R. Tilak, G. Nath, S.K. Awasthi, A.
Agarwal, J. Med. Chem. 63 (2013) 635-644.

[4] (a) A. Benazzouz, T. Boraud, P. Dubedat, A. Boireau, J.
M. Stutzmann, C. Gross, Eur. J. Pharmacol. 284 (1995)
299-307. (b) P. Jimonet, F. Audaiau, M. Barreau, J.C.
Blanchard, A. Boireau, Y. Bour, M.H. Coleno, A. Doble,
G. Doerflinger, C.D. Huu, M.H. Donat, J.M. Duchesne,
P. Ganil, C. Guérémy, E. Honoré, B. Just, R.
Kerphirique, S. Gontier, P. Hubert, P.M. Laduron, J.L.
Blevec, M. Meunier, J.M. Miquet, C. Nemecek, M.
Pasquet, O. Piot, J. Pratt, J. Rataud, M. Reibaud, J.M.
Stutzmann, S. Mignani, J. Med. Chem. 42 (1999) 2828-
2843.

[5] B. Lara, L. Gandia, A. Tores, R. Martinez,-Sierra, A.G.
Garcia, M.G. Lopez, Eur. J. Pharmacol. 325 (1997) 109-
119.

[6] (a) N. Ashizawa, T. Aotsuka, Drugs Fut. 23 (1998) 521-
529. (b) T. Kotani, Y. Nagaki, A. Ishii, Y. Konishi, H.
Yago, S. Suehiro, N. Okukado, K. Okamoto, J. Med.
Chem. 40 (1997) 684-694.

[7] (a) G. Sato, T. Chimoto, T. Aoki, S. Hosokawa, S.
Sumigama, K. Tsukidate, F. Sagami, J. Toxicol. Sci. 24
(1999) 165-17. (b) T. Naitoh, S. Kawaguchi, M. Kakiki,
H. Ohe, A. Kajiwara, T. Horie, Xenobiotica 28 (1998)
269-280. (c) T. Kagaya, A. Kajiwara, S. Nagato, K.
Akasaka, A. Kubota, J. Pharmacol. Exp. Ther. 278
(1996) 243-251.

[8] (a) D. J. Hadjipavlou-Litina, A.A. Geronikaki, Drug Des.
Discovery 15 (1997) 199-206. (b) K. Oketani, T. Inoue,
M. Murakami, Eur. J. Pharmacol. 427 (2001) 159-166.

336

[9] R. Paramashivappa, P. Phani Kumar, P.V. Subba Rao, A.
Srinivasa Rao, Bioorg. Med. Chem. Lett. 13 (2003) 657-
660.

[10] A.A. Nagel, D.R. Liston, S. Jung, M. Mahar, L.A.
Vincent, D. Chapin, Y.L. Chen, S. Hubbard, J.L. Ives, S.
B. Jones, J. Med. Chem. 38 (1995) 1084-1089.

[11] J.H. Matthews, R. Krishnan, M.J. Costanzo, B.E.
Maryanoff, Biophys. J. 70 (1996) 2830-2837.

[12] T.H. Jonckers, M.C. Rouan, G. Haché, W. Schepens, S.
Hallenberger, J. Baumeister, J.C. Sasaki, Bioorg. Med.
Chem. 22 (2012) 4998-5002.

[13] S.K. Sohn, M.S. Chang, W.S. Choi, K.B. Kim, T.W.
Woo, S.B. Lee, Y.K. Chung, Can. J. Physiol. Pharmacol.
77 (1999) 330-338.

[14] C.H. Chiang, C.H. Hsieh, D.W. Lu, K.D. Kao, J.
Pharm. Sci. 81 (1992) 299-302.

[15] C.W. Phoon, P.Y. Ng, A.E. Ting, S.L. Yeo, M.M. Sim,
Bioorg. Med. Chem. Lett. 11 (2001) 1647-1650.

[16] D. Loos, E. Sidoova, V. Sutoris, Molecules 4 (1999)
81-93.

[17] (a) A. Ben-Alloum, S. Bakkas, M. Soufiaoui,
Tetrahedron. Lett. 38 (1997) 6395-6396. (b) K. Bougrin,
A. Loupy, M. Soufiaoui, Tetrahedron 54 (1998) 8055-
8064. (c) C. Benedi, F. Bravo, P. Uriz, E. Fernandez, C.
Claver, S. Castillon, Tetrahedron. Lett. 44 (2003) 6073-
6077. (d) S.-J. Choi, H.J. Park, S.K. Lee, S.W. Kim, G.
Han, H.Y.P. Choo, Biorg. Med. Chem. 14 (2006) 1229-
1235.

[18] (a) L.L. Joyce, G. Evindar, R.A. Batey, Chem.
Commun. (2004) 446-467. (b) X.J. Mu, J.P. Zou, R.S.
Zeng, J.C. Wu, Tetrahedron. Lett. 46 (2005) 4345-4347.
(c) F.M. Moghaddam, H.Z. Boeini, Synlett (2005) 1612-
1614. (d) D.S. Bose, M. Idrees, J. Org. Chem. 71 (2006)
8261-8263.

[19] (a) R.M. Batista, S.P.G. Costa, M.M.M. Raposo,
Tetrahedron. Lett. 45 (2004) 2825-2828. (b) B.C. Ranu,
R. Jana, S. Dey, Chem. Lett. 33 (2004) 274-275. (c) T.
Itoh, K. Nagata, H. Ishikawa, A. Ohsawa, Heterocycles
62 (2004) 197-201. (d) K. Bougrin, A. Loupy, M.
Soufiaoui, Tetrahedron 54 (1998) 8055-8064. (e) M.
Hayashi, Y. Kawashita, Lett. Org. Chem. 3 (2006) 571-
578. (f) R. Gupta, M. Gupta, A. Paul, Synth. Commun.
32 (2002) 3541-3547. (g) S. Rostamizadeh, S.A.G.
Housaini, Phosphorus, Sulfur, Silicon Relat. Elem. 180
(2005) 1321-1326. (h) M. Okimoto, T. Yoshida, M.
Hoshi, K. Hottori, M. Komata, K. Tomozawa, T. Chiba,
Heterocycles 75 (2008) 35-42. (i) A.K. Chakraborti, S.
Rundrawar, K.B. Jadhav, G. Kuar, S.V. Chankeshwara,
Green Chem. 9 (2007) 1335-1340.

[20] (a) S. Mourtas, D. Gatos, K. Barlos, Tetrahedron. Lett.
42 (2001) 2201-2204. (b) Y. Njoya, A. Gellis, M. Crozet,
P. Vanelle, Sulfur Lett. 26 (2003) 67-75. (¢) AK.
Chakraborti, C. Selvam, G. Kaur, S. Bhagat, Synlett
(2004) 851-854. (d) I. Yildiz-Oren, I. Yalcin, E. Aki-
Sener, N. Ucarturk, Eur. J. Med. Chem. 39 (2004) 291-
298. (e) C. Chen, Y.J. Chen, Tetrahedron. Lett. 45 (2004)
113-115.



Zendehdel/ Iranian Journal of Catalysis 5(4), 2015, **-**

[21] R.N. Nadaf, S.A. Siddiqui, T. Daniel, R.J. Lahoti, K.V.
Srinivasan, J. Mol. Catal. A: Chem. 214 (2004) 155-
160.

[22] H. Matsushita, S.H. Lee, M. Joung, B. Clapham, K.D.
Janda, Tetrahedron. Lett. 45 (2004) 313-316.

[23] S. Paul, M. Gupta, R. Gupta, Synth. Commun. 32
(2002) 3541-3547.

[24] V.J. Majo, J. Prabhakaram, J.J. Mann, S.D. Kumar,
Tetrahedron. Lett. 44 (2003) 8535-8537.

[25] D. Alagille, R. M. Baldwin, G.D. Tamagnan,
Tetrahedron. Lett. 46 (2005) 1349-1351.

[26] R.H. Tale, Org. Lett. 4 (2002) 1641-1642.

[27] D. Aczarifar, B. Maleki, M. Setayeshnazar,
Phosphorus, Sulfur, Silicon Relat. Elem.184 (2009)
2097-2102.

337

[28] M. Kalhor, N. Khodaparast, M. Zendehdel, Lett. Org.
Chem. 10 (2013) 573-577.

[29] M. Zendehdel, M. Kooti, M.M. Amini, J. Porous Mater.
12 (2005) 143-149.

[30] M. Kooti, M. Zendehdel, M.A. Mohammadpour, J.
Inclusion Phenom. Macrocyclic Chem. 42 (2002) 265-
268.

[31] M. Zendehdel, G. Cruciani, M. Dondi, J. Porous Mater.
19 (2012) 361-368.

[32] J. Liu, D. Yin, D. Yin, Z. Fu, Q. Li, G. Lu, J. Mol.
Catal. A: Chem. 209 (2004) 171-177.

[33] D.W. Breck, N.Y. Tonawanda, Crystalline zeolite Y.
US Patent: 3130007, 1964.

[34] M. Zendehdel, A. Mobinikhaledi, J.F. Hasanvand, J.
Inclusion Phenom. Macrocyclic Chem. 9 (2007) 41-44.





