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Abstract

Silica supported perchloric acid (HC10,4-Si0O,) is found to be a heterogeneous recyclable catalyst for the rapid and efficient synthesis of
various poly-substituted quinolines in the Friedldnder condensation of 2-aminoarylketones with carbonyl compounds and (3-keto esters at ambient

temperature. The catalyst can be reused at least three times.
© 2006 Elsevier B.V. All rights reserved.
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Quinoline is a well-known structural unit in alkaloids, ther-
apeutics and synthetic analogues with interesting biological
activities such as antimalarial, antibacterial, antiasthmatic, anti-
hypertensive, anti-inflammatory and tyrokinase PDGF-RTK
inhibiting agents [1,2]. In addition, poly-substituted quinolines
have been found to undergo hierarchical self-assembly into a
variety of nano- and meso-structures with enhanced electronic
and photonic functions [3]. Because of their importance as sub-
structures in a broad range of natural and designed products,
significant effort continues to be directed into the development
of new quinoline based structures [4] and new methods for their
construction [5]. Various methods such as Skraup, Doebner von
Miller, Friedldnder and Combes methods have been developed
for the preparation of quinoline derivatives [6—8].

Among these methods, Friedlinder annulation [8c,d], an
acid- or base-catalyzed condensation followed by a cycolde-
hydration between an aromatic 2-aminoaldehyde or ketone and
a carbonyl compound containing a reactive a-methylene group,
is one of the most simple and straightforward approaches for the
synthesis of poly-substituted quinolines.
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Brgnsted acids catalysts, such as sulfamic acid, hydrochlo-
ric acid, sulfuric acid, p-toluene sulfonic acid, phosphoric acid
and trifluoro acetic acid were widely used [9] for Friedlinder
annulation. However, many of these methods require high tem-
perature and extended reaction times, which lead to several
side reactions. Under thermal and basic conditions, o-amino
benzophenone fails to react with cyclohexanone, deoxyben-
zoin and [B-ketoesters [10]. Recently, Lewis acids such as
FeClz, Mg(ClO4)2, CuSO4-5H20, FeSO4-7H,0, SnCl,, AlICI3,
Bi(OTf)3, Sc(OTf)3, CeCl3-7H,0, silver phosphotungstate,
moleculariodine, sodium fluoride and NaAuCly-2H5O are found
to be effective for this conversion [9e,11]. Even some of these
methods also suffer form harsh reaction conditions, low yields,
high temperature, tedious work-up and the use of stoichiometric
and relatively expensive reagents. Since, quinoline derivatives
are useful in drugs and pharmaceuticals, the development of
simple, convenient and high yielding protocols is desirable.

Silica supported perchloric acid (HCIO4-SiO») has received
considerable attention as an inexpensive, non-toxic and recy-
clable catalyst for various organic transformations, affording the
corresponding products in excellent yields with high selectivity
[12]. However, to the best of our knowledge there has been
no report on the use of HCIO4-SiO; for Friedldnder quinoline
synthesis. We observed that HC104-SiO; is an efficient cat-
alyst for the synthesis of poly-substituted quinolines through
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condensation/annulation reaction of 2-aminoaryl ketones and
carbonyl compounds (Scheme 1).

In a typical example we have reacted 2-amino acetophenone
with ethyl acetoacetate in the presence of silica supported

perchloric acid in acetonitrile at reflux temperature (60 °C)
to afford the corresponding ethyl 2.,4-dimetyl quinoline-3-
carboxylate (entry 1) in 96% yield without any side products.
This two component coupling reaction proceeded efficiently
at reflux temperature with high selectivity. Both ketones and
B-keto esters afforded excellent yields of products in a short
reaction time. Indeed, the reaction proceeds at room temper-
ature with 50% completion. The scope and generality of this
process is illustrated by reacting various 2-amino aryl ketones
with ketones and B-keto esters. The results are presented in
Table 1.

The catalyst HClO4-SiO, was prepared following the
reported procedure [12d] in which 1 g of silica gel contains
0.37 mmol HC1Oj4. After the completion of the reaction, the cat-

Table 1
HCI104-SiO; catalyzed Friedldnder synthesis of quinolines
Entry R! R? R3 Time (h) Product® Yield (%)
CHy
- OFt
1 CHj; CH3; OEt 2 P 96 [9e]
N™ ScH,
3a
CH,
DN OMe
2 CH3 CH3 OMe 2 _ 96
N™ “CH,
3b
CH; O
A CHy
3 CH3 CH3 COCH3 2.5 _ 92 [11g]
N~ “CH,
3c
CH; ©
X
4 CH3 CH,C(CH3),CH,CO 2.5 _ ( 96 [9d]
N
3d
CH; O
A
5 CH3 CH,CH;,CH,CO 2.5 @6:6 92 [9d]
N
3e
CH,
A
6 CHj; CH,(CH;),CH; 3 m 90 [11e]
N
3f
CH,
X
7 CH3 CH,CH;CH; 3 @ﬁb 90 [9d]
N
39
CH,
N CHs
8 CHj3 CH3 CH3 2 _ 92
N7 “cH,
3h
CH; CH,
N CH,
9 CHj; CH3; (CH3),CH 2.5 _ 93
N7 CH,
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Table 1 (Continued )

Entry R! R? R3

Time (h) Yield (%)

10 CeHs CH3 OEt

11 C6 H5 CH3 OMe

12 CeHs CH;

13 CeHs

CH,C(CH3),CH,CO

14 CeHs

CH,CH,CH,CO

15 CeHs

CH>(CH2),CH>

16 CeHs

CH,CH,CH,

17 CeHs CH3 CH3

18 Ce¢Hs CHj;

COCH3

(CH3),CH

94 [11e]

94 [11g]
96 [11e]
92 [11e]
92 [11e]
92 [11e]

92 [1le]

25 EIY o
-
N”cH,

& All products were characterized by "H NMR and mass spectroscopy.

alyst was recovered by filtration, washed with acetonitrile and
recycled (after activation at 120 °C for 4-5h) for three times
in subsequent reactions without substantial loss of its catalytic
activity. The recyclability of the catalyst was verified on the reac-
tion of 2-amino acetophenone and ethyl acetoacetate (entry 1,
Table 1) to afford quinolines in 96, 92, and 89% yields over
three cycles. In conclusion, we described a simple, efficient
and practical method for the synthesis of quinolines and poly-
cyclic quinolines through a one-pot two component coupling of
2-amino aryl ketones and [3-keto esters or ketones by using het-
erogeneous solid, silica supported perchloric acid. This simple
experimental [13] and product isolation procedure combined
with easy recovery and reusability of the catalyst is expected
to contribute to the development of clean and environmentally
benign strategy for the synthesis of quinolines.
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