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Rapid One-Pot Synthesis of Antiparasitic Quinolines Based upon the 
Microwave-Assisted Coupling–Isomerization Reaction (MACIR)
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Abstract: 2-Substituted quinolines and related derivatives can be
rapidly prepared from (hetero)aryl halides and propargyl alcohols in
the sense of a one-pot microwave-assisted coupling–isomerization
reaction (MACIR). First biological tests against trypanosomes and
protozoans have revealed antiparasitic activity in the lower micro-
molar range.
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Quinolines represent an important class of heterocycles,
and the quinoline skeleton is present in various natural
products, especially in alkaloids. Among them quinine is
an active ingredient for the treatment of malaria.2 Despite
its relatively low efficacy and tolerability, quinine still
plays an important role in the treatment of multiresistant
malaria, one of the world’s most devastating infectious
diseases.3 Therefore, the design of many drugs and afford-
able chemotherapies are based upon synthetic quinoline
derivatives, such as chloroquine, mefloquine, quinacrine.4

In addition, chimanine alkaloids are also effective against
parasitic diseases such as leishmaniasis and trypanosomi-
asis.5 Besides, leishmania-HIV co-infection has been re-
garded as an emerging infectious disease. Several 2-
substituted quinolines6 have been shown to possess in vit-
ro activity against causal agents of cutaneous leishmania-
sis, visceral leishmaniasis, African trypanosomiasis and
Caga’s disease as well as against HIV-1 replication. Thus,
substituted quinolines are generally attractive as antima-
larials, antibacterials, protein kinase inhibitors, NADH
models, and as agrochemicals. In addition, they are also
interesting as ligands for transition-metal complexes7 as
well as general synthetic blocks.8 Numerous elegant syn-
theses have been developed for quinolines, however, the
exploration of diversity-oriented synthetic routes for this
class of compounds still remains a challenge. Quite some
syntheses of quinolines are based upon the condensation
of anilines, as the nitrogen component, and an electro-
philic three-carbon unit, such as in Skraup, in Doebner–
von Miller, in Combes, and in Conrad–Limpach
syntheses9 which are highly convergent. Even milder, re-
gioselective, and practical syntheses for these heterocy-
cles can be envisioned by the aid of metal-catalyzed
coupling circumventing the often harsh conditions in clas-

sical quinoline construction.10,11 An interesting access to
2-substituted quinolines makes use of a base-mediated
consecutive isomerization and cyclization sequence of 3-
(2-aminophenyl)-1-arylprop-2-yn-1-ols that are easily
available by Sonogashira coupling of iodo aniline with
propargyl alcohols after prolonged reaction time (7–20 h)
at elevated temperature (180 °C), or upon using strong
bases (KOH).12 Recently, we have extended the coupling–
isomerization reaction (CIR),13 a straightforward enone
synthesis by Sonogashira coupling of (hetero)aryl halides
and propargyl alcohols with concomitant base-catalyzed
propargyl alcohol–enone isomerization, by dielectric
heating for electronically diverse substrates to a general
microwave-assisted CIR (MACIR; Scheme 1).14 General-
ly, the CIR is a suitable entry to multicomponent synthe-
ses of heterocycles.15 Here, we communicate an
application of MACIR to the synthesis of antiparasitic
quinolines and first biological data.

Scheme 1 Microwave-assisted coupling–isomerization reaction
(MACIR)

In systematic studies on CIR accelerated by dielectric
heating, we recently found that not only electron-with-
drawing but also electro-neutral and even electron-rich
(hetero)aryl halides can be successfully reacted propargyl
alcohols in the sense of the CIR-chalcone synthesis.14b In-
deed, subjecting o-amino (hetero)aryl halides 1 and prop-
argyl alcohols 2 to the MACIR conditions, after 30
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minutes reaction time, the corresponding quinoline deriv-
atives 3 were obtained in good to excellent yields
(Scheme 2, Table 1).16,17 Besides extensive spectroscopic
analyses (1H, 13C and DEPT, COSY, and HETCOR NMR
experiments, mass spectrometry) the structure was unam-
biguously confirmed by an X-ray crystal structure analy-
sis of the compound 3c (Figure 1).18

Scheme 2 One-pot MACIR synthesis of 2-substituted quinolines
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Table 1 MACIR Synthesis of 2-Substituted Quinolines 3a

Entry 2-Iodoaniline 1 Propargyl alcohol 2 Quinoline 3 (yield, %)b

1

1a

2a R¢ = Ph

3a (81)

2 1a 2b R¢ = 2-thienyl

3b (80)

3

1b

2a

3c (70)

4 1b 2c R¢ = 4-MeOC6H4

3d (57)

5

1c

2a

3e (92)

6 1a 2d R¢ = trans-prop-1-enyl

3f (40)

7

1d

2a

3g (79)

8

1e

2a

3h (78)

9

1f

2a

3i (64)

a Reaction conditions: (hetero)aryl halide 1 (1.0 equiv), propargyl alcohol 2 (1.05 equiv), Pd(PPh3)2Cl2 (0.02 equiv), CuI (0.01 equiv), DBU 
(2 equiv, 0.7 M in THF), heating in a sealed vessel at 150 °C in a Smith Synthesizer single-mode microwave cavity for 30 min.
b Yields refer to isolated yields of compound 3 after flash chromatography on silica gel to be ≥95% pure as determined by NMR spectroscopy.
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Figure 1 Molecular structure of 3c

Without isolation of intermediates, both the CIR and the
cyclocondensation take place in one step. Mechanistical-
ly, the formation of the quinoline core presumably occurs
via a base-mediated trans–cis isomerization equilibrium
under the microwave irradiation, followed by a conclud-
ing intramolecular condensation step. Interestingly, natu-
rally occurring quinoline alkaloids, such as 2-phenyl
quinoline (3a) or chimanine B (3f) can be prepared very
easily, very quickly, and in good yields. Starting with the
1,5-diamino 2,4-diiodobenzene (1f), in the sense of a
pseudo three-component reaction, the expected pyri-
doquinoline derivative 3i is accessible.

Many quinolines have already been shown to possess an-
tileishmanial activity in vitro tests (IC50 = 12-100 mM).6

Therefore, we have tested the 2-substituted quinoline de-
rivatives 3 at two concentrations with respect to their an-
tiparasitic activity, i.e. against trypanosomes
(trypanosoma brucei rhodesiense, trypanosoma cruzi,
leishmania donovani), and protozoans (plasmodium falci-
parum), all of them are responsible for the plagues of trop-
ical diseases such as sleeping sickness, leishmaniasis, or
malaria. Among the tested quinolines some representa-
tives display antiplasmodial activity at higher micromolar
levels. Therefore, the IC50 values against plasmodium fal-
ciparum were determined for all quinoline derivatives 3.
The naphthyridine 3g showed also moderate activity
against plasmodium falciparum at lower micromolar con-
centration (IC50 1.64 mg/mL).

In conclusion, we have developed a rapid and efficient
one-pot quinoline synthesis on the basis of MACIR of the
o-amino (hetero)aryl halides with propargyl alcohols
within 30 minutes and in good to excellent yields. First bi-
ological tests against selected parasites have revealed the
potential of new quinoline derivatives as antiparasitic
agents. Further studies directed to expand the synthetic
scope and the screening for compounds with higher activ-
ity are currently in progress.
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