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Abstract o-Aminoaryl ketones undergo smooth conden-
sation with o-methylene ketones in the presence of
nanocrystalline aluminium oxide under mild reaction
conditions to afford the corresponding poly-substituted
quinolines in excellent yields. The catalyst can be recov-
ered by simple filtration and can be recycled in subsequent
reactions.
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Introduction

Quinoline derivatives are well known not only in medicinal
chemistry, because of their wide occurrence in natural
products [1, 2] and drugs [3, 4], but also in polymer
chemistry, electronics, and optoelectronics for their
excellent mechanical properties [5]. Diblock and triblock
copolymers incorporating polyquinoline blocks have been
found to undergo hierarchical self-assembly into a variety
of nano and meso structures with interesting electronic and
photonic functions [6, 7]. Friedlander quinoline synthesis is
one of the most straightforward approaches practiced for
the synthesis of quinolines.

The Friedlander quinoline synthesis consists of the
reaction between an aromatic ortho-amino aldehyde and an
aldehyde or ketone having an o-methylene functionality.
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Friedlander reactions are generally carried out either by
heating an aqueous or alcoholic solution of the reactants
under reflux in the presence of a base or by heating a
mixture of the reactants at high temperatures ranging
from 150 to 220 °C in the absence of a catalyst [8, 9].
Under thermal or basic catalysis conditions, o-aminoben-
zophenone fails to react with simple ketones such as
cyclohexanone, deoxybenzoin, and f-keto esters [8, 9].
Subsequent work showed that acidic catalysts are more
effective than basic catalysts for the Friedlander annulation
[8, 9]. Acidic catalysts such as hydrochloric acid, sulfuric
acid, p-toluenesulfonic acid, and polyphosphoric acid have
been widely employed for this conversion [8-10]. A few
recent procedures reported for the synthesis of quinolines
involve the use of catalysts such as SnCl,, BiCls, I, [11,
12], montmorillonite KSF clay [13], ionic liquids [14],
Bi(OTf); [15], Y(OTf); [16], silver dodecatungstophos-
phate (AgsPW,040) [17], silica sulfuric acid, sulfamic
acid, neodymium nitrate [18, 19], dodecylphosphonic acid
(DPA) [20], proline [21], silica supported phosphomolyb-
dic acid [22], and sodium ethoxide [23], etc. However,
these methods suffer from the serious drawbacks of harsh
reaction conditions, use of expensive catalysts, long reac-
tion times, etc. Thus, a simple and environmentally benign
procedure involving the use of inexpensive and readily
available reagents is desirable.

Continuing our research into the development of new
synthetic methods and the use of heterogeneous catalysts,
the recent surge in the development of environmentally
benign procedures prompted us to test the feasibility of
using nano Al,O5 for the synthesis of quinolines without
using any co-catalyst or additive. We report herein a highly
efficient, cost effective, and environmentally benign pro-
cedure for the synthesis of multi-substituted quinolines
(Scheme 1).
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Results and discussion

Al,O5 is usually prepared by decomposition of a variety of
aluminium salts or aluminium hydroxide. However, formed
by this method it usually has relatively large grain size,
inhomogeneous morphology, and small surface area. These
structural and textural features limit its application as a
catalyst. Several novel methods such as mechanical syn-
thesis, vapor phase reaction, precipitation, combustion, and
sol-gel methods have been reported in literature for prep-
aration of nanosized Al,O5 particles [24]. These methods
are highly advantageous in terms of the crystallite size and
shape, surface area, and surface basic characteristics of the
synthesized Al,O; particles.

The particle size and surface morphology of Al,O3;
synthesized by wet chemical procedures depend upon
several factors such as the rate of hydrolysis of the alu-
minium salt, temperature, type of base, concentration of the
salt, and drying and calcination steps [25]. Proper choice of
these conditions can lead to particles of uniform mor-
phology and size. The scanning electron micrograph
(SEM) of the synthesized Al,Os particles is shown in
Fig. 1. The average size of the obtained Al,O; particles
was 50 nm.

WVAC: HiVac

Denice: MV2300

Fig. 1 Scanning electron micrograph of nanosized Al,O; particles
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Taking advantage of nanosized Al,Oj; particles in terms
of their surface basic characteristics, and considering the
limitations of Friedlander reactions of o-aminobenzophe-
none with simple ketones and f5-keto esters under basic
catalysis conditions, we decided to investigate the behavior
of 2-aminoaryl ketones with various simple ketones and
f-keto esters in the presence of these nanoparticles as
catalyst.

Interestingly, cyclic ketones such as cyclohexanone also
underwent smooth condensation with 2-aminoaryl ketones to
afford the respective quinolines. In most cases, the products
were isolated by simple filtration. The crude products were
purified either by recrystallization from 1:2 diethyl ether—
n-hexane or by silica gel column chromatography.

In addition, this method is equally effective for both
cyclic and acyclic ketones (Table 1). Various substituted
2-aminoaryl ketones such as 2-aminoacetophenone, 2-ami-
nobenzophenone, and 2-amino-5-chlorobenzophenone
reacted smoothly with z-methylene ketones to produce a
range of quinoline derivatives.

The use of 3 mol% of the catalyst was sufficient to
promote the reaction. Larger amounts of the catalyst did
not improve the yields. The best result was obtained with
3 mol% Al,O5; nanoparticles under reflux in chloroform.
However, in the absence of Al,O3, the reaction did not
proceed even after long reaction times (12-24 h).

Unlike previous methods, the present procedure does not
require either strong acids or high temperatures (190—
250 °C) to afford quinoline derivatives. This method has
several advantages for example higher yields, shorter
reaction times, cleaner reaction profiles, and simple
experimental and work up procedures. In addition, poly-
mer-like condensation products resulting from reactions
between o-aminoaryl ketones were not found.

Finally, the efficacy of the Al,O3 as a catalyst for the
synthesis of 3a as a model compound was compared with
that of other reported catalysts such as Agz;PW;,04, sul-
famic acid, Bi(OTf);, Y(OTf); silica gel-supported
NaHSO, (NaHS0,.Si0O,), and KSF clay (Table 2). These
experiments revealed that Al,O; nanoparticles are an
equally efficient, cost-effective, and environmentally
benign catalyst useful in the synthesis of quinoline deriv-
atives. Practically, the catalyst is easier to prepare from
readily available reagents and except for the isolation step
wherein the solvent was essential, the reaction proceeded
under solvent-free conditions.

The insolubility of the Al,O; catalyst in different
organic solvents provided an easy method for its separation
from the product. The catalyst was separated by filtration
and reused after activation with only a gradual decrease in
its activity. For example, the reaction of 2-amino-5-chlor-
obenzophenone and ethyl acetoacetate afforded the
corresponding quinoline derivative in 98, 94, and 89%
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Table 1 Nano Al,Os-catalyzed synthesis of quinolines

Entry 2-Amino ketone 1

Ketone 2

Quinoline 3

Time (h) Yield (%)™® Mp (Ref.) (°C)

a

H,C

o o
MOCHZCHS

o

W,
Z\/O
.o

C

OCH,CH,

Z\/O
(@)

Q

W,
Z\/O

Q

W,
Z\/O

w

aw,
O

Z\/O

e
=

3
OCH,CH,
CH,
3
CH,
CH,
3
3

2
0
OCH,CH,
CH,
2
0
CH,
CH

98

96

93

98

98

96

98

96 (97) [11, 12]

113 (115) [11, 12]

139 (140) [11, 12]

158 (156) [11, 12]

191 (190) [11, 12]

112 (110) [14]

152 (150) [11, 12]
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Table 1 continued

Entry 2-Amino ketone 1 Ketone 2 Quinoline 3 Time (h) Yield (%)*® Mp (Ref.) (°C)
h O O 2 93 162 (162) [14]
Cl X
/‘
N
i 0 U CH, O 1.5 97 0il [16]
H,C OCH,CH, X OCH2CH3
=
NH, N~ “CH,
J 0 CH, 1.5 95 78 (78) [11, 12]
N
—
N

 Yields refer to pure isolated products

© Spectroscopic analysis of all compounds gave satisfactory results

Table 2 Comparison of the efficiency of Al,O5 for synthesis of 3a

In conclusion, we have described a highly efficient, cost-
effective and environmentally benign procedure for syn-
thesis of 2,4,6-trisubstituted quinolines using Al,O3
nanoparticles as a heterogeneous and reusable catalyst.
This operationally simple method can be used as a useful
alternative to existing procedures for the synthesis of tri-
substituted quinolines.

Entry Catalyst Time (h) Yield (%) Ref.
1 KSF clay 6 75 [13]
2 AgsPW 5,040 3 92 [17]
3 Sulfamic acid 0.5 92 [18, 19]
4 Bi(OTf); 3.5 86 [15]
5 Y(OTf)3 4 89 [16]
6 NaHSO0,-Si0, 3 95 [20]
7 Nano Al,O; 3 98 -
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Fig. 2 IR spectrum of nanosized Al,O3 (a) before and (b) after use

yields over three successive runs. IR spectra of the result-
ing solids indicate that the catalyst can be recovered
without structural degradation (Fig. 2).
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Experimental
Synthesis of nanosized Al,O3

The Al,O3 nanoparticles were synthesized by precipitation
of aluminium hydroxide gels in aqueous solution using
AI(NO3); as salt and aqueous ammonia as the precipitating
agent. Initially, the pH of 200 cm® distilled water was
adjusted to 7 by addition of aqueous ammonia. To this
solution 0.1 M aluminium nitrate solution was added drop-
wise with continuous stirring. The rate of addition of the salt
solution was kept at 20 cm>/h during the addition; the pH
was maintained at 7 by controlled addition of aqueous
ammonia solution. After completion of the precipitation
procedure, the mixture was stirred at room temperature for
12 h, filtered, repeatedly washed with distilled water, dried
at 120 °C, and calcined at 500 °C for 2 h. The temperature
of the furnace was increased linearly from room temperature
to 500 °C at 10 °/min. At 500 °C, the temperature was
maintained for 2 h to yield the final material.
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Synthesis of quinolines: general procedure

A mixture of the o-amino ketone (1 mmol), ketone
(1 mmol), and Al,O; nanoparticles (0.03 mmol) was
heated under reflux in chloroform (10 cm?) until comple-
tion of reaction (TLC). The catalyst was isolated by
filtration and washed with chloroform (10 cm3). From the
combined filtrate the solvent was removed under vacuum
and the pure products were obtained by column chromato-
graphy.

Spectral data of the quinolines described in this article
are identical with those reported previously in the literature
[15-19, 26].

Reusing of the catalyst

We investigated the reusability of the catalyst. For this
purpose after completing the model reaction, the catalyst
was isolated by filtration and washed three times with
10 cm® portions of methanol, dried at 150 °C overnight,
and subjected to a second run of the reaction process with
the same substrate.
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