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Silica sulfuric acid: Recyclable and efficient catlyst for the 2-aryl benzothiazoles
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ABSTRACT

The silica sulfuric acid (SSA) serves as mild, efficient and reusable catalyst for the synthesis of
aryl benzothiazole in one pot conversion with excellent yield. The reusability, excellent yields
with easy work up make it an interesting alternative for the synthesis of aryl benzothiazole.
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INTRODUCTION

Benzothiozoles are found in a variety of naturaddoicts and are important targets in drug
discovery (1-8). There are two commonly used apgres for the construction of the
Benzothiozoles ring system, both of which emplogin@nothiophenols as substrates (3). The
first approach involves the coupling of the 2-antim@phenols with carboxylic acid derivatives
under strongly acidic conditions, such as in pobgghoric acid (PPA)(9), a mixture of
methanesulfonic acid and phosphorus pentoxide Tt®.second approach uses the reaction of
2-aminophenols with an aldehyde via oxidative @ation of imine intermediates (11,12).
However, most of these methodologies suffer from onmore of the disadvantages such as use
of costly, air sensitive, and toxic substances, tdttous work-up procedure, the necessity of
neutralization of the strong acid media, produadimglesired washes, requirement of excess of
reagents/catalysts, special apparatus, and haastiae conditions(9-12). Thus, the need for the
development of alternate synthetic route to cowsttbe benzothiazolyl moiety is in high
demand. The use of solid acid catalysts has regaigasiderable attention in organic synthesis
due to their environmental compatibility, ease ahdiling, non- toxic nature and above all their
reusability. Silica-sulfuric acid has been usedaagersatile and stable solid acid catalyst for
various organic transformatiorf$3). Knowing the utility of the solid acid catalyst amdr
previous success in the newer synthetic methoded¢iyt), we have developed the new facile

189
www.scholarsresearchlibrary.com



Prashant V. Anbhuleet al Der Pharma Chemica, 2011, 3 (1):189-193

synthetic route for the benzothiazole using silstdfuric acid as a recyclable catalyst from
aminothiophenol and aromatic aldehyd8sl{eme-].

sH CHO
©i SSA, E1OH ©i >_®
+
NH,
R

Reflux

R =-OMe, -NO,, -Cl, -CN etc.
Scheme-1

MATERIALS AND METHODS

Experimental

Melting points (uncorrected) were determined inropapillary tubelR spectra were recorded
on Schimazdu IR-470 spectrophotometer using KBlefsel H NMR and C* NMR spectra in
CDCl; on Bruker (200 MHz) using TMS as an internal stadd The catalyst silica sulfuric acid
was prepared by reported method (24).

General Procedure

A mixture of o-aminothiophenol (2 mmol) and 4- n@tit benzaldehyde (2 mmol) and silica
sulfuric acid (2.5 mmol) in ethanol was refluxedlwoiling water bath. The progress of reaction
was monitored by TLC. After the completion of reawct the reaction mixture was cooled and
extracted with diethyl ether (10ml) and washed veigh. NaHC@. The extract was dried over

anhydrous sodium sulfate and residue was recriggdlfrom ethanol.

RESULTS AND DISCUSSION

As mentioned in the literature24, silica sulfuricidca(SSA) was obtained from silica gel and
chlorosulfonic acid. In a case study, mixtures ednainothiophenol (2 mmol) and 4-methoxy
benzaldehyde (2 mmol) and catalytic amount of ai8alfuric acid in ethanol were refluxed on
boiling water bath. The reaction mixture was cooladd extracted with diethyl ether.
Evaporation of ether layer yielded crude produdtjclv was recrystallised from ethanol. The
crude product in most of the cases was completefg and did not require to be purified or
worked up anymore. The catalyst used was recovieoed the reaction mixture. The separated
product confirmed on the basis of IR, proton NMRdaB™® spectra and comparison with
authentic sample. This primary success of the abesd@ts promoted us to find out the optimum
qguantity of silica sulfuric acid and percentageldiduring recyclability of the catalyst. To find
out the optimum quantity of the catalyst, the saeaetion mentioned above has been carried out
with variation in the percentage of catalyst. Iswaund that with 2.5% of catalyst the yield was
maximum and thus, 2.5% of catalyst was used ashg@d quantity for the reaction. The results
are introduced in the table 1.

The recovered catalyst washed several times witbraform, dried and reused three times
successfully without any change in the activity @aming for the yield and reaction time. To
prove the generality of the protocol, the reactisas then extended towards a variety of
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aldehydes. It has been observed that all the sutestiaromatic aldehydes containing either
electron donating or electron with drawing groupirgy the good to excellent yields. The results
have been summarized in the table 2.

In conclusion, silica sulfuric acid was found to &emild, efficient and reusable solid acid
catalyst for the synthesis of 2-arylbenzothiazoiesalmost quantitative yields. The main
advantage of the present protocol is the recydtgtahd excellent yields of the products with
simple work-up procedure.

Spectroscopic data of the representative compounds:

2-(4-methoxyphenyl) benzothiazole (Table II, entry)*® M. P. 118°C,

IR (KBr): 2924, 1605, 1521,1485,1434,1310,125951271" H'NMR (CDClk 200MHz): &
3.88(s, 3H, -OCH), 6.97-7.02(dd, 2HJ] = 8.0Hz), 7.34-7.85 (m, 4H, Ar-H), 8.01-8.06(dd,,2H
= 8.0 Hz)"*CNMR (CDCk 200MHz): 8 55.40, 114.33, 121.46, 122.77, 124.75, 126.16,8026
134.00, 154.17, 161.88 and 167.84.

Table 1 Effect of the SSA on the yield of the ben#uazole:

SSA (in mmol) 1.0 1.5 2.0 2.5

% Yield 40-50 58-60 72-80 80-90

Table 2 Results of the 2-arylbenzothiazoles by usirSilica sulfuric acid.

Product Ar-CHO Time (h) Yield(*) % MPC)

a 4-NQCgH, 2 90 227(227-231°C)15
b 4-OCHCgH, 5 81 118(119-121°Q)6

c 4-Cl GH, 5 87 114(112-116°C)12
d 3-NG,CgH,4 3 88 183(185-186°C)19
e 2-OH GH,4 5 80 129(130-131°C)18
f 4-N(CHs),CoH, 4 86 173(175-178°C)20
9 Thiophene-2y 5 81 98(98-100°C) 21
h Furan-2-yl 4 82 103(105-108°C)21
i 4-CNGgH, 3 89 161(162°C)17

i 4-BrCgH, 5 85 129(130-131°C)16
k CsHs 3 86 112 (113°C) 17

| 3-pyridine 3 80 134(137-138°C)22
m 3,4-(OCH), 4 83 130(132-134°C)23

* = Yield refersto the pureisolated products

2-(4-cyanophenyl) benzothiazole (Table Il, entry Y M. P. 161°C,

IR (KBr): 3061,2923,2853,2227,1651,1607,1558,1488911406,1459 cth H! NMR (CDCl
200MHz): 3 7.25-7.76 (m, 2H, Ar-H), 7.79-7.80(dd, 2Bi=8.0), 7.92-8.08(m, 2H, Ar-H), 8.17-
8.22(dd, 2H,J = 8.0).%C NMR (CDCk 200MHz): & 113.98, 118.20, 121.72, 123.71, 126.08,
126.75, 127.79, 132.65, 135.20, 137.33, 153.901&8523
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2-(4-chlorophenyl) benzothiazole (Table II, entry §* M. P. 114°C,

IR (KBr):3055,2923,2853,1589,1556,1507,1474,143%918ni* H! NMR (CDCl; 200MHz): &
7.36-7.39(m, 2H, Ar-H), 7.44-7.48(dd, 2H, J = 8.8)H7.88-7.92(m, 2H, Ar-H), 8.00-8.04(dd,
2H,J=8.0 HZ).13C NMR (CDCk 200MHz):6 121.60, 123.26, 125.37, 126.43, 128.66, 129.22,
132.07, 135.01, 136.98, 154.03 and 166.56.
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