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Microwave-assisted Friedländer synthesis of quinolines
derivatives as potential antiparasitic agents
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Abstract—A series of substituted quinolines was developed via the Friedländer reaction employing microwave irradiation (MW), in
the presence of a catalytic amount of hydrochloric acid. The products were obtained in good yields in 1.5–12 min and were tested
in vitro against the parasites causative of malaria, leishmaniasis, sleeping sickness and Chagas’ disease (TDR, WHO). Some of these
compounds exhibited activity against Plasmodium falciparum and others resulted moderately active against Trypanosoma cruzi.
� 2006 Elsevier Ltd. All rights reserved.
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Malaria is a major parasitic disease affecting over 100
countries of the tropical and subtropical regions of the
world. Around 300–500 million clinical cases of malaria
are reported every year of which around 2–3 million die
due to complicated cases.1 Plasmodium falciparum is the
parasite responsible for most of the malarial deaths.
Chloroquine remains a main antimalarial drug but the
efficacy of it and other chemotherapeutic agents as mef-
loquine is being steadily lessened by the spread of resis-
tant parasites. Thus, the development of alternative
drugs is a continuing and urgent requirement.2 In this
regard, we have synthesized a series of 3-aminoquinol-
in-2-one derivatives3 and they exhibited weak to moder-
ate in vitro activity against P. falciparum.4

In this work, we report the synthesis under the micro-
wave irradiation of substituted quinolines via the
Friedländer reaction. Although it has been known for
more than a century, it is still the most useful method
for the preparation of such class of compounds. ortho-
Acylanilines condense with a ketone or an aldehyde
(which must contain an a-methylene group) by base or
acid catalysis to yield quinolines. In many cases acid cat-
alyzed Friedländer condensations have been found to be
more effective than those by bases, especially one of the
reactants being 2-aminoarylketone.5
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Recently, much attention has focused on microwave-
assisted organic synthesis (MAOS) in the absence of a
solvent. Often, thermal demanding reactions take hours
in solution. However, with microwave irradiation these
same reactions may be completed in minutes.6 Sabitha
et al. reported the preparation of polycyclic quinoline
derivatives in good yields under dry conditions using
microwave irradiation (MW) and the reagents were
adsorbed on Montmorillonite KSF clay.5 Furthermore,
the Friedländer coupling condensation products
between 2-aminoacetophenone or benzophenone and
substituted acetophenones were obtained under MW
irradiation in the presence of 0.1–0.5 equiv of diphenyl-
phosphate (DPP) as an acid catalyst.7

Herein, the preparation of a series of nine quinoline
derivatives (3a–j) in good yields by the reaction of 2-
aminoacetophenone or benzophenones (1) with a variety
of ketones and keto esters (2) and a catalytic amount of
concentrated hydrochloric acid is described (Scheme 1).
The synthesis were carried out in a MW domestic oven
1 2 3a-j

1a R1 = CH3, R2 = H
1b R1 = Ph, R2 = NO2
1c R1 = Ph, R2 = Cl

Scheme 1.
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adapted for the use of a reflux condenser, at constant
power (400 W). All the reactions proceed to completion
Table 1. Reaction times, yields and melting points of compounds 3a–j

Entry Substrate 1 Substrate 2 Product 3

1 1a
COOEt

O
2a N

COOH

3a

2 1b 2a

N

Ph

3b

O2N

3 1c 2a

N

Ph

C

3c

Cl

4 1c

CH2Cl

COOEt

O N
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C

C
3d

Cl

5 1c

O N

Ph
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Cl

6 1c

O N

Ph

3f

Cl

7 1c
PhO

N

Ph

3g

Cl

P

8 1c

COOMe

O N

Ph

3h

Cl C

9 1c

O

O

N

Ph

3i

Cl

10 1c
O

N

Ph

3j

Cl

a Yields refer to pure products.
between 1.5 and 12 min (Table 1) and a longer time did
not increase the yield.8,9
Time (min) Yield (%)a Mp (Lit) (�C)

6 60
270–272

COOEt
6 68 139–142

OOEt
6 55 98–100 (108)10

OOEt

H2Cl

6 50 106–108

12 52 225–227

12 89 221–223 (127)10

h

12 50 206–208 (102)10

OOMe
6 55 132–134

O 1.5 64 221–223 (151)10

7 45 193–195 (175)10
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Theoretically, the Friedländer reaction with unsymmet-
rical ketones such as ethyl methyl ketone can have two
possible modes of cyclization giving rise to two
regioisomers. In the Brønsted acid catalyzed reaction,
2,3-dimethylquinoline was reported to be the major
product, whereas under basic conditions, 2-ethylquino-
line was the major product.10 In our case, the same
tendency was observed (entry 6).

Compounds 3c, 3e, 3f, 3g, 3i and 3j were reported in
2003 but their synthesis was ionic liquid-promoted and
carried out with prolonged heating at 100 �C.10 How-
ever, although the spectroscopical data of our products
agree this previous work, their melting points are quite
different (Table 1).

Very recently, the synthesis of analogous quinoline com-
pounds prepared by the same reaction type and catalyst
but utilizing water as the solvent was published.
Although this reaction medium has a number of advan-
tages, the reaction temperature was 90 �C and the times
were extended to 6 h.11 In addition, polysubstituted
quinolines were prepared at room temperature in the
presence of a catalytic amount of yttrium triflate, thus
compound 3i was also obtained by this last method in
6 h.12

Pyperidil derivative 4 was prepared in a good yield from
compound 3d employing MW (Scheme 2). It was
achieved in only 15 min instead of the 3 h with conven-
tional heating.13
N

Ph

COOEt

CH2Cl

3d

Cl

DMF, HClcat
MW, 15 min

NH

Scheme 2.

Table 2. Antiprotozoal activity of compounds 3a, 3c, 3f, 3g and 4 (IC50 val

Compound P. falciparum L. donovani T. cruzi

Chloroquine 0.04 Miltefosine 0.2 Benznid
3a >5 >30 >30
3c 4.47 13.2 13.6
3f >5 12.89 10.44
3g >5 13.38 8.42
4 2.56 12.19 0.98

a IC50 = 50% growth inhibition.

Table 3. Antiprotozoal activity of compounds 3e, 3h and 3i (IC50 values are

Compound P. falciparum L. infantum T. c

Chloroquine 0.026 Pentostam 2.4 Ben
3e >18.8 >18.8 ntb

3h >20 3.4 nt
3i >18.9 11.8 nt

a IC50 = 50% growth inhibition.
b nt: not tested.
Eight of the synthesized products were selected for a pri-
mary in vitro screening at Tropical Disease Research
(TDR) Program, World Health Organization (WHO,
Switzerland). Compounds 3a, 3c, 3e, 3f–i and 4 were
tested in vitro against P. falciparum, Leishmania dono-
vani, Leishmania infantum, Trypanosoma cruzi and T.
b. rhodesiense, causative agents of malaria, leishmania-
sis, Chagas’ disease and sleeping sickness, respectively,
and cytotoxicity was tested on the cell line L6. The activ-
ity data are given as micromolar concentration that pro-
duces 50% inhibition (IC50) in the assays used and are
shown in Tables 214 and 3.15 Compounds 3c and 4 pre-
sented activity against P. falciparum, and compounds 3h
and 3i exhibited moderate activity against L. infantum.
On the other hand, pyperidil derivative 4 was almost
as active for Chagas’ disease as the reference drug benzn-
idazole and it was selected for a secondary in vivo
screening.14,16 In addition, compounds 3c, 3f and 3g also
resulted moderately active against T. cruzi. The remain-
ing compounds lacked of antimalarial activity, taking in
account their IC50 values were quite close to the upper
limit.

In conclusion, microwave-assisted solvent-free reactions
were employed to synthesize quinoline derivatives. This
method has a short reaction time and is an economical
procedure to enlarge this family of compounds. Regard-
ing the biological evaluation, these molecules are useful
for further optimization of the antimalarial and antich-
agasic activities, specially compound 4 owing to its
remarkable performance.
N

Ph

COOEt

CH2N

4

Cl

ues are given in lg/mL)a

T.b. rhodesiense Cytotoxicity L6 cell line

azole 0.25 Melarsoprol 0.005 Podophyllotoxin 0.007
40.5 >90
13.6 49.8
12.7 39.5
22.4 >90
11.4 24.1

given in lg/mL)a

ruzi T. b. rhodesiense Cytotoxicity L6 cell line

znidazole Suramin 0.13 Tamoxifen 4.9
>18.8 >18.8
>20 >20
>18.9 >19
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Melting points were determined in a capillary Electro-
thermal 9100 SERIES-Digital apparatus and are given
uncorrected. 1H and 13C NMR spectra were recorded
at rt using a Bruker 200 MHz spectrometer with TMS
as the internal standard. The chemical shifts (d) are
given in ppm. Infrared spectra were recorded on a FT
Perkin Elmer Spectrum One from KBr discs. Analytical
TLC were performed on DC-Alufolien Kiesegel 60 F254

Merck. Microwave-assisted reactions were carried out in
a household MW oven BGH-QUICK Chef 15240. This
apparatus was modified for laboratory applications
adapting an external Liebig condenser.
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two strains, K1 and NF54. For Chagas disease, if the IC50
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