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a b s t r a c t

A one-pot synthesis of quinolines via molecular iodine-catalyzed and air-mediated tandem condensa-
tion/imino-DielseAlder/isomerization/oxidation of simple readily available amines, aldehydes, and al-
kynes has been developed. This methodology was extended to synthesize quinazolines from two
molecules of amines and two molecules of glyoxalates.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Quinolines and their derivatives play an important role in or-
ganic chemistry, not only as key structural units in many natural
products and important pharmaceuticals but also as useful building
blocks for various biologically active molecules and functional ma-
terials.1 Consequently, synthesis of quinoline derivatives bearing
diverse substitution patterns has received much attention2 since
Skraup reported the classical method of quinoline synthesis in 1880
for the first time.3 Among these novel strategies for the synthesis of
quinolines, multicomponent reactions (MCRs) provides an easy
access to the preparation of quinoline derivatives, because multi-
component reactions (MCRs) have emerged as powerful and bond-
forming efficient tools in organic, combinatorial, and medicinal
chemistry.4 Recently, Tu developed the FeCl3-catalyzed three-
component coupling-/hydroarylation/dehydrogenation of alde-
hydes, alkynes, and amines for the synthesis of 2, 4-disubstituted
quinolines.5a Wang reported a sequential catalytic process for the
synthesis of quinolines by AuCl3/CuBr-catalyzedMCR strategy.5b Liu
synthesized the quinoline-2-carboxylates using Cu(OTf)2-catalyzed
tandem Grignard-type imine addition/FriedeleCrafts alkenylation
of arenes with alkynes.5c Guchhait described the synthesis of
polysubstituted quinolines via (HClO4)-modified montmorillonite-
catalyzed Povarov reaction.5d Nagarajan reported CuI/La(OTf)3 cat-
alyzed, one-pot three-component synthesis of isomeric ellipticine

derivatives in ionic liquid.5e All these methods are through strong
acid-catalyzed or metal-catalyzed sequential intermolecular addi-
tion of alkynes onto imines and subsequent intramolecular ring
closure by arylation. Considering the continued importance of the
quinoline core in both biological and chemical fields, new direct
approaches remain highly valuable to the contemporary collection
of synthetic methods.

Recently, molecular iodine has received considerable attention
as an inexpensive and readily available catalyst for various organic
transformations due to its moderate Lewis acidity and water-tol-
erance.6 Previously, we reported severalmolecular iodine-catalyzed
organic reactions.7 In continuation of our efforts to develop novel
MCRs and domino reaction strategy on heterocyclic synthesis,8

herein we report a metal-free and one-pot three-component syn-
thesis of quinolines under mild reaction conditions. This has been
done by assembling the quinoline core via molecular iodine-cata-
lyzed and air-mediated tandem condensation/imino-DielseAlder/
isomerization/oxidation of simple readily available amines, alde-
hydes, and alkynes.

2. Results and discussion

Exhaustive studies of the reaction conditions for the synthesis of
quinoline 4a from p-methoxyphenyl amine 1awith ethyl glyoxalate
2a and phenylacetylene 3a in the presence of molecular iodine
were conducted (Table 1). We examined several organic solvents,
which are commercially available and used without further puri-
fication or drying. We found that a remarkable solvent effect exis-
ted in 10 mol % iodine-catalyzed reaction at room temperature.
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These results showed that nitromethane was the most suitable
solvent for this transformation among others, such as acetonitrile,
toluene, THF, DCM, and EtOH (Table 1, entries 1e6). When the
model reaction was carried out under reflux, reduced yield was
observed (Table 1, entry 7). Furthermore, the reaction was accel-
erated when the amount of catalyst was increased to 15 mol %, but
the yield was not improved (Table 1, entry 8). When the reaction
was catalyzed by 5 mol % iodine, the reaction timewas prolonged to
24 h and the desired product 4awas obtained with only 65% (Table
1, entry 9). While no quinoline product 4a was obtained in the
absence of molecular iodine (Table 1, entry 10). Thus, the most
suitable reaction conditions for the formation of 4a were estab-
lished (Table 1, entry 6). It is noteworthy that the metal-free re-
action proceeded smoothly without exclusion of moisture or air.

To reveal the generality of this method, we next explored the
protocol with a variety of simple readily available amines 1,

aldehydes 2, and alkynes 3, and the results were presented in
Table 2. First, we examined the scope of alkynes in this reaction,
and it was found that substituted phenylacetylenes 3aec were
suitable substrates for this transformation, and the expected
products were obtained in good yields (Table 2, entries 1e3). Then,
the versatility of this transformation was assessed by altering al-
dehydes 2 (Table 2, entries 1 and 6e12). Isolated yield was tuned by
the property of the substituted groups on compound 2. In case of
aromatic aldehydes, the reaction was carried out under reflux.
Except in case of 4-nitrobenzaldehyde, when the aromatic alde-
hyde carried an electron-donating group or an electro-
nwithdrawing group, isolated yields were comparable to those of
the ethyl glyoxalate case. It is noted that hydroxyl group on aro-
matic ring was well tolerated (Table 2, entries 10 and 14). When
aliphatic aldehyde 2hwas used instead of aromatic ones, product 4l
was isolated with low yield (32%; Table 2, entry 12).

Subsequently, we investigated the scope of aromatic amines
(Table 2, entries 1, 4e5, 13, and 14). It can be seen that the reactions
proceeded smoothly to give the corresponding quinolines in
moderate to good yields when the aromatic amine carried an
electron-donating group or an electronwithdrawing group, except
that in cases of 4-nitroaniline, lower yield was obtained for 4e (45%;
Table 2, entry 5). Polycyclic aromatic amines, such as naphthalene-
2-amine 1f and 9-ethyl-carbazol-3-amine 1g produced benzo[f]
quinoline 4o (70% yield) and isomeric ellipticine 4p (68% yield),
respectively in the one-pot three-component reaction (Scheme 1).

To probe the reaction mechanism of the iodine-catalyzed tan-
dem synthesis of quinolines, propargylamine 5, which is identified
as the key intermediate inmetal-catalyzed synthesis of quinolines,5

was treated with 20 mol % iodine inMeNO2 at room temperature or
under reflux for 12 h, but 4a was not observed and all of 5 was
recovered (Scheme 2). Furthermore, in case of disubstituted alkyne
3d, the 10 mol % iodine-catalyzed tandem reaction gave the desi-
red quinoline 4q with 83% yield at room temperature for 12 h
(Scheme 3). Thus the use of alkyne as a dienophile is suitable in this
reaction and the key-step of the mechanism may be an imino-
DielseAlder reaction.

Table 1
Optimization of reaction conditionsa

Entry Iodine (mol %) Solvent T t/h Yieldb (%)

1 10 MeCN rt 12 75
2 10 PhMe rt 24 65
3 10 THF rt 24 68
4 10 DCM rt 24 53
5 10 EtOH rt 24 44
6 10 MeNO2 rt 12 82
7 10 MeNO2 Reflux 6 74
8 15 MeNO2 rt 7 83
9 5 MeNO2 rt 24 65
10 0 MeNO2 rt 24 0

a All the reactions were carried out using 1a (1 mmol), 2a (1 mmol), and 3a
(1.5 mmol) in 2 mL solvent.

b Isolated yields.

Table 2
Three-component synthesis of quinolinesa

Entry R1 R2 R3 Product Yieldb (%)

1 4-MeO (1a) CO2Et (2a) Ph (3a) 4a 82
2c 1a 2a 3-BrPh (3b) 4b 65
3 1a 2a 4-MePh (3c) 4c 73
4 4-Cl (1b) 2a 3a 4d 60
5 4-NO2 (1c) 2a 3a 4e 45
6c 1a Ph (2b) 3a 4f 71
7c 1a 4-MePh (2c) 3a 4g 75
8c 1a 4-BrPh (2d) 3a 4h 80
9c 1a 4-NO2Ph (2e) 3a 4i 41
10c 1a 2-OHPh (2f) 3a 4j 70
11c 1a 3,4-(eOCH2Oe)Ph (2g) 3a 4k 77
12c,d 1a H (2h) 3a 4l 32
13c H (1d) 2b 3a 4m 61
14c 4-Me (1e) 2f 3a 4n 63

a All the reactions were carried out using 1 (1 mmol), 2 (1 mmol), 3 (1.5 mmol),
and iodine (0.1 mmol) in 2 mL MeNO2 at rt for 12 h.

b Isolated yields.
c Under reflux.
d Using Paraformaldehyde (1.5 mmol).

Scheme 1.

Scheme 2.
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