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A new, environmentally-friendly synthesis of dihydroquinolines from aniline and ketones using a small pore size zeolite as

catalyst is described. This method is simple, cheap and gives the dihydroquinolines in high yield.
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1. Introduction

Dihydroquinolines and their derivatives are an
important class of substances in organic and medicinal
chemistry. They are found as core units in many natural
products [1–4]. 2,2,4-Trisubstituted dihydroquinolines
are found to exhibit a wide range of biological activities,
such as antibacterial [5], antidiabetic [6] and anti-
inflammatory [7] properties. These compounds have also
been shown to act as lipid peroxidation inhibitors [8],
HMG-CoA reductase inhibitors [9] and progesterone
agonists [10] and antagonists [11].

In the literature numerous methods are described for
the synthesis of dihydroquinolines [12–16], but these
methods have several disadvantages, such as long reac-
tion times, strong reaction conditions or the formation
of tarry byproducts. A possible way for the preparation
of 1,2-dihydroquinolines is the reaction of aromatic
amines with different compounds such as glycerine
(Skraup synthesis [17]), b-diketones (Combes synthesis
[18]), a,b-unsaturated carbonyl compounds (Doebner–
Miller reaction [19]) or ketones [20] in the presence of an
acid catalyst. Newer synthetic methodes were also
studied e.g. the reaction of aromatic amines with ke-
tones using Sc(OTf)3 as catalyst under microwave irra-
diation in the modified Skraup synthesis [21].

Ersorb-4 (E4) is a weakly acidic (pH� 5.5) clinop-
tilolite-type zeolite adsorbent with 4 Å pore size. It can
adsorb only small molecules such as water, hydrochloric
acid, ammonia, methanol. The commercially also
available E4a is a modification of E4 with enhanced
acidity (pH� 3, the modification is a protected proce-
dure of the manufacturer, details are not given) [22,23].

The acidity of E4 and E4a were determined by pyridine
adsorption method. Thus, in E4 the amount of Lewis
and Brønsted acid sites are 14 and 16 lmol/g, respec-
tively, while in E4a the corresponding values are 17 and
25 lmol/g, respectively. Recently we reported, that E4
showed good activity in different condensation reactions
such as synthesis of oxazoline derivatives from b-amin-
oalcohols and carboxylic acids [24], preparation of
2-arylimidazolines and 2-aryl-benzoxazoles [25], and
tetrahydropyranylation of alcohols and phenols [26].
E4a has been found to be good catalyst in the prepa-
ration of 1-substituted tetrahydroisoquinolines via the
Pictet-Spengler reaction [27], in the oxa-Pictet-Spengler
reaction [28], in the synthesis of 3,4-dihydro-pyrimidin-2
(1H)-ones [29] or in the synthesis of 1,5-benzodiazepines
[30]. Because of the pore size of these zeolites these
reaction can take place on the outer surface of the
mineral while the water formed can be adsorbed in
the pores.

2. Results and discussion

In continuation of our work we examined further the
application of modified Ersorb adsorbents as catalysts
in the preparation of heterocycles under mild reaction
conditions. The reaction of aniline with acetophenone in
the presence of E4a in toluene gave the appropriate 2,4-
diphenyl-2-methyl-1,2-dihydroquinoline with high con-
version (figure 1). The optimal reaction conditions were
determined in this reaction. The results are summarized
in table 1. The yields are based on the 1H NMR spectra
of the reaction mixture (signal of the 3-H proton of the
quinoline at 5.1–5.3 ppm).The reaction required 5
equivalents of ketone for the good result. Less amount
of ketone resulted no reaction. The weaker acidic E4
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showed no activity, and no reaction was obtained
without catalyst either. The optimal reaction time was
6 h in toluene at 110 �C. The required amount of cata-
lyst was 0.5 g for 2 mmol aniline.

Under these optimal reaction conditions we examined
the reaction of aniline with different aromatic and ali-
phatic ketones. The results are summarized in table 2.
There was no significant substituent effect observed in
the reactions, in all cases the appropriate dihydroquinolines

were obtained in high yield. The workup of the reaction
mixture was easy, the catalyst was simply filtered out
and the solvent was evaporated. The catalyst was
washed with acetone, dried at 120 �C for 2 h and then
reused without significant loss of activity (table 2,
entries 1, 4 and 9). The efficiency of the known solid acid
K10 was checked in the reaction of aniline and acetone
at 60 �C for 6 h (table 2, entry 9). No appreciable
amount of product was obtained.

This way a new, simple preparation of 1,2-dihydro-
quinolines from aniline and ketones was developed via a
simple cyclocondensation. The method is simple, envi-
ronmentally-friendly, and the catalyst can be easily
recycled without any loss of activity.

3. Experimental

The commercial starting materials were purchased
from Merck-Hungary Ltd. except of E4a and E4, which
are the products of Erd}okémia-ker Ltd., Hungary.

Pretreatment of the catalyst: before the experiments
sample of E4a was powdered and heated at 120 �C for
2 h.

General procedure for the preparation of dihydro-
quinolines: a mixture of 2 mmol of aniline, 10 mmol of
ketone and 0.5 g E4a in 10 ml toluene was heated at
110 �C for 6 h. The solid was then filtered out, the fil-
trate was evaporated and the residue characterized.

All products have satisfactory spectral data (IR, 1H
NMR). The spectral data of the known compounds
were identical with those reported in the literature.
Representative spectroscopical data for 2,2,4-trimethyl-
1,2-dihydroquinoline (table 2, entry 9): colorless oil;
1H NMR (CDCl3, 300 MHz): 1.23 (s, 6H, CH3), 1.96
(s, 3H, CH3), 3.6 (s, 1H, NH), 5.28 (s, 1H, CH), 6.41
(t, 1H, Ar CH), 6.61 (t, 1H, Ar CH), 6.94 (t, 1H, Ar
CH), 7.02 (t, 1H, Ar CH); IR (film): 3367 cm)1.
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Table 1

Reaction of aniline with acetophenonea

Entry Catalyst Amount of catalyst

(g)

Reaction time

(h)

Yieldb

(%)

1 E4a 0.8 8 88

2 E4 0.8 8 —

3 — — 8 —

4 E4a 0.5 8 91

5 E4a 0.3 8 60

6 E4a 0.5 10 90

7 E4a 0.5 6 92

8 E4a 0.5 5 74

a2 mmol aniline, 10 mmol acetophenone, 10 ml toluene, 110 �C.
bBased on the 1H NMR spectra.

Table 2

Reaction of aniline with ketones in the presence of E4aa

Entry R Yieldb (%)

1 C6H5 92 (90c, 90d, 89e)

2 4-Cl–C6H4 88

3 4-CH3–C6H4 94

4 4-CH3O–C6H4 87 (87c, 83d)

5 3-CH3O–C6H4 83

6 2-CH3–C6H4 79

7 2-Cl–C6H4 84

8 2-CH3O–C6H4 76

9 CH3 96 (95c, 95d, 94e, )f)g

10 CH3–CH2 90h

11 (CH3)2CH–CH2 87h

a2 mmol aniline, 10 mmol ketone, 0.5 g E4a, 10 ml toluene, 110 �C,
6 h.
bBased on the 1H NMR spectra.
cRecycled E4a.
dThird use of E4a.
eFourth use of E4a.
fK10 montmorillonite instead of E4a.
gExcess acetone as solvent, 60 �C.
hReaction temperature 80 �C.
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