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Abstract A simple solvent-free heterogeneous catalytic
method was developed for the synthesis of substituted
quinoline derivatives via the Friedldnder cyclization.

Keywords Quinolines - Friedlidnder reaction -
Montmorillonite - Green chemistry

1 Introduction

It is known that quinoline derivatives are important com-
pounds in the bioorganic and medicinal chemistry. The
oldest known quinoline derivative is quinine which, toge-
ther with its synthetic derivatives, is used as antimalarial
agent, and a wide variety of other quinoline derivatives are
used e.g. as antiasthmatic, antiinflammatory, antibiotic and
tyrosine kinase inhibiting agents [1]. In the synthesis of
nicotinic acid derivatives quinolines are also often used as
starting material.

There are several methods for the formation of the
quinoline ring system such as Skraup [2], Knorr, [3]
Conrad-Limpach [4], Dobner-von Miller [S], Combes [6],
Friedldnder [7] reactions, etc. In the classic Friedldnder
quinoline synthesis the reactants are an aromatic amine
having carbonyl compound in the ortho position and
another carbonyl compound which contains at least two
a-protons. The first step of the reaction is the formation
of an enamine, this is followed by an aldol-type cycliza-
tion yielding the 2,3-disubstituted quinoline (Fig. 1).
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The cyclization can be provoked by both acidic and basic
catalysts. Originally strong bases were used but in certain
cases piperidine is also suitable. The acid catalysts were
more extensively investigated. Lewis acids such as ZnCl,,
FeCls, BiCl;, SnCly [8] were most frequently used but the
method has also been described with phosphoric acid, tri-
fluoroacetic acid, or p-toluenesulfonic acid, too [8]. Recent
methods were published about the Friedlidnder reaction in
the presence of elemental iodine [9], in microwave oven
[8], or in ionic liquids [10].

2 Experimental

The commercial starting materials were purchased from
Merck-Hungary Ltd. except E4a, which was the product of
Erdokémia-ker Ltd., Hungary and K10, which was the
product of Fluka AG.

Pretreatment of the catalyst: before the experiments the
sample was powdered and heated at 120 °C for 2 h.

Béchamp reduction: to a mixture of 40 g iron powder,
120 mL water and 1.5 mL conc. HCI 0.1 mol 1a or 1b was
added portion by portion at 95 °C under vigorous stirring.
Then the solid was filtered off, the filtrate was extracted
with 3x 10 mL methyl fert-butyl ether, the organic phase
was dried over anhydrous sodium sulfate, the solvent was
evaporated under reduced pressure. Yield: 70% and 92%
for 1a and 1b, respectively.

Cyclization: 5 mmol of 1, 15 mmol of 2, 0.5 g catalyst
were heated under stirring in the solvent, at the temperature
and for the reaction time indicated in Tables 1-3. Then the
catalyst was filtered off (in the solvent-free experiments the
cooled reaction mixture was before diluted with acetone),
the filtrate was evaporated, the residue characterized by
"H-NMR spectroscopy.
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Fig. 1

Representative physical and spectroscopic data of the

products:
4-Methyl-2-phenyl-quinoline, 4f

Table 1 Reaction of 2-amino-benzaldehyde 1a with different ketones®

N\ /

R1

R2

'H-NMR (300 MHz, CDCl5)  (ppm): 2.7 (s, 3H, CH;);
74-7.6 (m, 3H, Ar); 7.6-7.8 (m, 2H, Ar); 7.9-8.0 (m,
2H,CH); 8.1-8.3 (m, 3H, Ar).

Entry R! R? Catalyst Solvent Reaction temperature (°C) Reaction time (h) Product (yield)b
1 CH;CO CH; HT Ethanol 80 10 3a (45)
2 H Ce¢Hs HT Ethanol 80 10 3b (37)
3 COOC,Hs CH; HT Ethanol 80 3¢ (42)
4 H CeHs Eda Ethanol 80 3b (56)
5 H CH; Eda Acetone, 60 10 4d (5)+
then xylene 140 10 3d (53)
6 H CH; K10 Acetone, 60 10 4d (23)+
then xylene 140 10 3d (42)

? 1a and 2 in 1:3 molar ratio, 1 g catalyst/5 mmol amine

° Determined by 'H-NMR

Table 2 Reaction of 2-amino-acetophenone 1b with different ketones®

Entry R' R? Catalyst Solvent Reaction temperature (°C) Reaction time (h) Product (yield)*
1 H CH; E4a Acetone, 60 10 4e (14)+
then neat 160 10 3e (76)
2 H CeHs K10 Xylene 140 10 4f (60)+
3f (35)
3 H CeHs K10 Neat 160 10 4f (79)+
3f (15)

% 1b and 2 in 1:3 molar ratio, 1 g catalyst/5 mmol amine

" Determined by "H-NMR

Table 3 Reaction of 2-amino-acetophenone 1b with different ketones in the presence of K10*

Entry R! R? R3 Reaction time (h) Product (yield)°
1 H CgHs CH, 15 4f (83)
2 H 4-CH5-C¢H, CH, 16 4g (97)
3 Me CeHs CH; 16 4h (96)
4 H 4-NO,—C¢H,4 CH; 16 4i (98)
5 Me 4-CH5-CgH,4 CH; 16 4j (91)
6 3,4-(CH30),—C¢H3 CH; CH; 16 4k (95)

# 1b and 2 in 1:3 molar ratio, 1 g catalyst/5 mmol amine, no solvent, 160 °C

" Determined by 'H-NMR
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4-Methyl-2-(4'-methyl-phenyl)-quinoline, 4g

"H-NMR (300 MHz, CDCl5) ¢ (ppm): 2.4 (s, 3H, CH3);
2.7 (s, 3H, CHs); 7.3 (d, 2H, Ar); 7.5 (t, 1H, Ar); 7.6-7.7
(m, 2H, Ar); 7.9 (d, 1H, Ar); 8.0 (d, 2H, Ar); 8.1 (d, 1H,
Ar).

3,4-Dimethyl-2-phenyl-quinoline, 4h

"H-NMR (300 MHz, CDCl5) & (ppm): 2.3 (s, 3H, CH3);
2.6 (s, 3H, CHy); 7.3-7.6 (m, 6H, Ar); 7.6-7.7 (t, 1H, Ar);
8.0 (d,1H, Ar); 8.1 (d, 1H, Ar).

4-Methyl-2-(4'-nitro-phenyl)-quinoline, 4i

"H-NMR (300 MHz, CDCls) & (ppm): 2.8 (s, 3H, CH3);
7.6 (t, 1H, Ar); 7.7-7.8 (m, 2H, Ar); 8.0 (d, 1H, Ar); 8.2
(d, 1H, Ar); 8.3-8.4 (m, 4H, Ar).

3,4-Dimethyl-2-(4’-methyl-phenyl)-quinoline, 4j

"H-NMR (300 MHz, CDCls) 6 (ppm): 2.4 (s, 3H, CH3);
2.5 (s, 3H, CH3); 2.6 (s, 3H, CHy); 7.3 (d, 2H, Ar); 7.5
(t, 1H, Ar); 7.6-7.7 (m, 2H, Ar); 7.9 (d, 1H, Ar); 8.0 (d, 2H,
Ar); 8.1 (d, 1H, Ar).

3,4-Dimethyl-2-(3’,4’-dimethoxyphenyl)-quinoline, 4k

"H-NMR (300 MHz, CDCls) & (ppm): 2.4 (s, 3H, CH3);
2.5 (s, 3H, CHj); 3.88 (s, 3H, OCHy); 3.96 (s, 3H, OCH,);
6.99 (d, 2H, Ar); 7.53 (t, 1H, Ar); 7.6-7.7 (m, 2H, Ar); 8.0
(d, 1H, Ar); 8.1 (d, 1H, Ar).

11-Methyl-cyclohepta[b]quinoline, 5

M.p.: 93 °C, '"H-NMR (300 MHz, CDCl3) 6 (ppm):
1.69-1.9 (m, 6 H, CH,); 2.63 (s, 3H, CH3); 3.0 (d, 2H,
CH,); 3.2 (d, 2H, CH,); 7.48 (m, 1H, Ar); 7.59 (m, 1H, Ar);
7.97 (m, 2H, Ar).

3 Results and Discussion

During our work concerning the elaboration of the synthesis
of different heterocycles in the presence of different mineral-
based heterogeneous catalysts we described the synthesis of
oxazoline [11] and imidazoline [12] derivatives, benzoxaz-
oles [12], benzimidazoles [13], benzodiazepines [14],
isoxazoles [15], isochromans [16], as well as tetrahydro-
[17] and dihydroisoquinolines [18] in the Pictet-Spengler
and the Bischler-Napieralsky reactions, respectively.

In continuation of this research work we examined the
possible synthetic ways to obtain differently substituted
quinoline derivatives. Recently we have published the
synthesis of 2,4-disubstituted 1,2-dihydroquinolines in the

modified Dobner-von Miller reaction [19].In this paper we
present our results obtained during the examination of the
Friedldander synthesis.

The main problem of the synthesis is the access to the
starting materials. The simplest amine, o-amino-benzalde-
hyde 1a reacts quickly in a self-condensation reaction
yielding polymers. Thus, it cannot be stored for a longtime
even at low temperature either. The commercially available
products contain a considerable amount of polymer con-
taminant. Therefore we prepared the amine freshly from 2-
nitro-benzaldehyde using the classical Béchamp reduction
and obtained it with good yield (70%) and good purity. The
other starting amine, 2-amino-acetophenone 1b was
obtained in the same way from 2-nitro-acetophenone in
92% vyield.

Based on our former results we expected a one-step
reaction without the isolation of any intermediate. First
the reaction of the aldehyde 1a with different ketones was
tested in the presence of different acidic and basic cata-
lysts (Fig. 2, Table 1). To suppress the polymerization of
the aldehyde, 3 moles of ketones were added. In the
reaction of la and acetylacetone or acetophenone in the
presence of the basic Mg:Al 3:1 hydrotalcite (HT) in
ethanol at 60 °C for 4 h no cyclization was observed,
only the intermediate enamines 3 were obtained (Table 1,
entries 1 and 2).

In the reaction of la and ethyl acetoacetate in the
presence of HT parallel with the formation of the enamine
the complete hydrolysis of the ester function occurred
yielding the enamine-acid 3'c (Table 1, entry 3, Fig. 3).

As the basic HT showed no chance to obtain the desired
heterocycles, we continued to work with acidic catalysts.
The moderately acidic small pore-size zeolite Ersorb-4a

0 COCOH

Fig. 3

0 H
4 =¥ Rt
R o AN
H + | .
2 = R2
NH, O R2 H R N
1a 2 3 4

Fig. 2
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(E4a) [19] in ethanol at 80 °C proved to be inefficient for
the cyclization of 1a and acetophenone. We tried acetone
as substrate and solvent as well, in these experiments after
the formation of the enamine, acetone was exchanged to
xylene and the reaction was continued at 140 °C. Using
E4a as catalyst an appreciable amount of the desired
quinoline 4d was observed (Table 1, entry 5). Replacing
the catalyst to the known heterogeneous acid catalyst K10
montmorillonite, the yield of the desired quinoline
increased to 23% (entry 6).

Whatever the reaction conditions were, large amount of
polymer was obtained in these experiments. The poly-
merization of 2-amino-acetophenone 1b is less dominant,
thus we continued the work with this ketone (Fig. 4). When
1b was reacted with acetone in the presence of E4a, first in
acetone, then in xylene, the desired 4e was formed in low
yield (Table 2, entry 1). Acetophenone as ketone compo-
nent gave better results either in xylene or without solvent
(Table 2, entries 2 and 3).

Based on these results, we have reacted 1b with different
ketones without solvent, at 160 °C, in the presence of K10.
The appropriate quinoline derivatives were obtained in good
yield (Fig. 5, Table 3). No significant substituent effect was
observed. The required amount of catalyst was 0.5 g for
5 mmol amine. None of the cases were enamine observed,
but a small amount of polymer arising from 1b was always
detected on TLC. This polymer formation can explain that
the conversion was not quantitative.

Under the same reaction conditions cycloheptanone gave
the tricyclic 11-methyl-cyclohepta[b]quinoline 5 (Fig. 6)
quantitatively.

This way a new, simple preparation of 2,3-substituted
quinolines was developed via the simple Friedlinder

CH,

N\ /

\

Fig. 6

reaction. The method is simple and environmentally
friendly.
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