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A series of unusual fused heterocyclic compound derivatives, consisting of a pyridine and a imidazole or
pyrimidine core, with a bridgehead nitrogen, were successfully synthesized by a microwave-assisted, three-
component domino reaction of aldehydes, enaminones, and malononnitrile. In this one-pot reaction, up to
five new bonds were formed accompanied by generating the lactam group. This method has the advantages
of short synthetic route, operational simplicity, increased safety for small-scale high-speed synthesis, and
minimal environment impact.

Introduction

At the beginning of the new century, it remains an
important challenge to develop concise and effective meth-
odologies for preparing combinatorial libraries of small
molecules for drug discovery research. So far, a number of
strategies have been developed for meeting such a challenge.1

Emphasis was initially placed on the development of
solution-phase2–4 and solid-phase5–9 synthetic methods, as
well as deconvolution methods for mixture synthesis.10 In
recent years, there has been a shift in emphasis toward the
development of combinatorial synthetic techniques using
microwave irradiation (MW).11 Microwave-assisted organic
synthesis has received much attention because of its faster
chemistry and formation of cleaner products compared with
conventional heating. It is clear that the application of
microwave technology to rapid synthesis of biologically
significant molecules would be of great value for library
generation.12 This technology has recently been recognized
as a useful tool for a drug-discovery program.13 In conjunc-
tion with our continuous interest in developing new protocols
in combinatorial synthesis,14 we explore the use of micro-
wave irradiation as a heating source in conformational rigid
heterocycles synthesis.

Bridgehead nitrogen heterocycles are of interest because
they constitute an important class of natural and unnatural
products, many of which exhibit useful biological activity.15

The interest in bicyclic 5–6 and 6–6 systems with one ring
junction and one extra nitrogen atom stems from the saturated
and partially saturated imidazo[1,2-a]pyridine and pyrido[1,2-

a]pyrimidine ring systems in many biologically active
compounds; some have pharmacological properties such as
antiviral,16 antimalarial,17 antiulcer,18 analgesic, antiallergic,
antiathmatic, and antipsychotic agents.19

Herein, we report a high-speed and one-pot combinatorial
method for synthesizing diverse sets of imidazo[1,2-a]quino-
line, pyrimido[1,2-a]quinoline and quinolino[1,2-a]quinazo-
line heterocyclic compounds including imidazo[1,2-a]pyri-
dine or pyrido[1,2-a]pyrimidine moiety, respectively, from
readily available starting materials. To the best of our
knowledge, these compounds are scarcely studied and only
one product was reported in the literature.20 Therefore, to
obtain the potential pharmacological molecules, the synthesis
of imidazo[1,2-a]quinoline, pyrimido[1,2-a]quinoline and
quinolino[1,2-a]quinazoline derivatives may be of great
significance.

Results and Discussion

Enaminones and related compounds possessing the struc-
tural unit are versatile synthetic intermediates in organic
chemistry that combine the ambient nucleophilicity of
enamine and the electrophilicity of enones.21 They are
frequently applied in the preparation of heterocycles.22 Our
strategy of constructing polysubstituent imidazo[1,2-a]quino-
line, pyrimido[1,2-a]quinoline or quinolino[1,2-a]quinazoline
derivatives was though one-pot multicomponent reaction of
various preformed enaminones (1a–f) with structurally
diverse aldehydes and malononnitrile. Representing amino
acids, that is, 2-aminoacetic acid 2-aminopropanoic acid,
3-aminopropanoic acid as the aliphatic amino acid and
2-aminobenzoic acid, 2-amino-4-chlorobenzoic acid as the
aromatic amino acids, were selected for our study. Many
methods of synthesizing enaminones (1a–e) have been
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reported in the literature.23 We found that enaminones (1a–f)
were obtained in good to excellent yields in water by
microwave-assisted reaction of the corresponding amino acid
and 1,3-cyclohexanedione or 5,5-dimethyl-1,3-cyclohex-
anedione at 130 °C for 2–8 min (Scheme 1). The reaction
times and yields are listed in Table 1.

Choosing an appropriate solvent is of crucial importance
for the successful microwave-assisted synthesis. To search
for the optimal solvent, the microwave-assisted reaction of
4-fluorophenylaldehyde 2b, malononitrile 3, and 2-(5,5-
dimethyl-3-oxocyclohex-1-enylamino)acetic acid 1a was
examined using water, ethylene glycol, N, N-dimethylfor-
mamide (DMF), glacial acetic acid (HOAc), and ethanol
(EtOH) as solvent at 100 °C, respectively. All the reactions
were carried out under microwave irradiation (initial power
100 W and maximum power 200 W) (Table 2).

As shown in Table 2, the reactions using ethylene glycol
as the solvent resulted in higher yields and shorter reaction
time than those using water, HOAc, DMF, and ethanol as
solvents. So, ethylene glycol was used as the solvent for
further optimization of reaction conditions, the same reaction
was carried out at temperatures ranging from 80 to 140 °C,
with an increment of 10 °C each time. The yield of product
4b was increased, and the reaction time was shortened when
the temperature was increased from 80 to 120 °C. The yield
levelled off when the temperature was further increased to
130 and 140 °C.

Therefore, the temperature of 120 °C was chosen for all
further microwave-assisted reactions (Table 3).

Furthermore, the volume of ethylene glycol was important
as well to the yields of the reactions. The synthesis of 4b
[2b (1 mmol), 3 (1 mmol), and 1a (1 mmol)] was tested in
different volumes of ethylene glycol at 120 °C under
microwave irradiation conditions. When 2.0 mL of ethylene
glycol was used as solvent for the reaction, the yield was
the highest.

Under these optimal conditions [ethylene glycol (2.0 mL),
120 °C], the reactions of different aldehydes, various
enaminones and malononitrile were performed (Schemes 2
and 3). Initially, to test the scope of aldehyde substrates,
enaminone 1a and malononitrile were used as model
substrates (Table 4, entries 1–9), and the results indicated
that aromatic aldehydes bearing functional groups such as
chloro, bromo, fluoro, nitro, or methoxy are suitable for the
reaction. At the same time, we have also observed delicate
electronic effects: that is, aldehydes with electron-withdraw-
ing groups (Table 4, entries 1–4) reacted rapidly, while
electron-rich groups (Table 4, entries 6–7) decreased the
reactivity, requiring longer reaction times. Moreover,
the heterocyclic aldehydes such as thiophene-2-carba-
ldehyde (Table 4, entry 8) and aliphatic aldehydes such as
pentanal (Table 4, entry 9) still displayed high reactivity
under this standard condition.

To further expand the scope of enaminone substrates, we
employed different aldehydes and malononitrile as model
substrates and examined various enaminones including 1b,
1c, 1d, 1e, and 1f. In all these cases, the reactions proceeded
smoothly to give the corresponding new imidazo[1,2-

Scheme 1. Preparation of Enaminones 1a–f

Table 1. Reaction Times and Yields for Synthesis of
Enaminones 1a–1f

entry product time/min yielda/% Mp/°C

1 1a 3 96 232–233
2 1b 2 98 163–164
3 1c 5 95 225–226
4 1d 6 94 213–214
5 1e 8 96 188–189
6 1f 8 96 224–225

a Isolated yields.

Table 2. Solvent Optimization for the Synthesis of 4b under
Microwave Irradiation Conditions at 100 °C

entry solvent time/min yielda/%

1 ethylene glycol 6 82
2 DMF 8 58
3 HOAc 7 70
4 EtOH 8 56
5 Water 8 6

a Isolated yields.

Table 3. Temperature Optimization for the Synthesis of 4b
under Microwave Irradiation

entry temp/°C time/min yielda/%

1 80 11 70
2 90 9 79
3 100 6 82
4 110 6 83
5 120 5 87
6 130 5 85
7 140 4 78

a Isolated yields.

Scheme 2. Synthesis of Polysubstituent Imidazo[1,2-a]-
quinazolines and Pyrimido[1,2-a]quinolines 4a-gg

Scheme 3. Synthesis of Polysubstituent
Quinolino[1,2-a]quinazolines 4hh-pp
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a]quinoline, pyrimido[1,2-a]quinoline and quinolino[1,2-
a]quinazoline derivatives in good to excellent yields. It is
worth noting that this result is significant since there is no
literature precedent for the synthesis of pyrimido[1,2-
a]quinoline and quinolino[1,2-a]quinazoline derivatives.

In addition, we performed the reactions for synthesizing
4b under both MW (120 °C) and classical heating conditions
in ethylene glycol. We found that the reaction was efficiently
promoted by MW irradiation, and the reaction time was
strikingly reduced to minutes from hours required under the
traditional heating conditions, and the yield was increased
to 87% from 56%. Therefore, microwave irradiation exhib-
ited several advantages over conventional heating by sig-
nificantly reducing the reaction time and dramatically
improving the reaction yield.

The structures of all the synthesized compounds were
based on their spectroscopic data. The structures of 4aa, 4l,
and 4hh were established by X-ray crystallographic analysis
(Figures 1, 2, and 3, respectively).

The formation of 4 is likely to proceed via initial
condensation of aldehydes 2 with malononitrile 3 to afford
2-arylidenemalononitrile 8. The addition compound 8 to
enaminones 1 then furnished the intermediate product 11,

which upon intermolecular cyclization and dehydration gave
rise to 4 (Scheme 4). To support the proposed mechanism,
the compound 4b was prepared independently from 4-fluo-
rophenylaldehyde 2b and malononitrile 3 and then employed
in a two component reaction with enaminone 1a to afford
product 4b, whose yield is similar to the above one-pot
reaction. However, 4-fluorophenylaldehyde 2b first con-
densed with 1a followed by reaction with malononitrile 3
failed to give the target compound 4b.

Conclusion

In summary, we have successfully combined the advan-
tages of microwave technology with combinatorial chemistry
to facilitate the rapid construction of imidazo[1,2-a]quinoline,
pyrimido[1,2-a]-quinoline, and quinolino[1,2-a]quinazoline
skeletons from readily obtainable and inexpensive materials.
Particularly valuable features of this method included the

Table 4. Synthesis of 4 under Microwave Irradiation

entry 4 R 1 time/min yield a/% Mp/°C

1 4a 4-NO2C6H4 1a 5 86 201–202
2 4b 4-FC6H4 1a 5 87 >300
3 4c 4-ClC6H4 1a 4 85 >300
4 4d 4-BrC6H4 1a 4 87 >300
5 4e C6H5 1a 5 88 >300
6 4f 4-MeOC6H4 1a 7 85 >300
7 4g 4-CH3C6H4 1a 8 86 >300
8 4h thiophen-2-yl 1a 6 84 >300
9 4i CH3(CH2)3 1a 4 86 250–251
10 4j 4-OH-3-NO2C6H3 1b 5 88 274–275
11 4k 4-FC6H4 1b 6 87 244–245
12 4l 4-ClC6H4 1b 5 85 266–268
13 4m 4-NO2C6H4 1b 5 86 238–240
14 4n 4-BrC6H4 1b 4 85 256–258
15 4o 3-NO2C6H4 1b 5 86 218–219
16 4p 2-ClC6H4 1b 6 88 295–296
17 4q C6H5 1b 5 85 286–288
18 4r 4-MeOC6H4 1b 7 81 246–247
19 4s 4-CH3C6H4 1b 7 83 270–272
20 4t thiophen-2-yl 1b 6 86 220–221
21 4u 4-FC6H4 1c 5 87 290–292
22 4v 4-BrC6H4 1c 5 89 298–299
23 4w C6H5 1c 5 85 299–300
24 4x 4-MeOC6H4 1c 6 84 294–296
25 4y 4-CH3C6H4 1c 8 85 291–292
26 4z 4-NO2C6H4 1d 6 86 208–210
27 4aa 4-FC6H4 1d 5 88 286–287
28 4bb 4-ClC6H4 1d 4 89 290–291
29 4cc 2-ClC6H4 1d 4 87 283–285
30 4dd 3-NO2C6H4 1d 5 86 255–256
31 4ee C6H5 1d 5 85 274–275
32 4ff 4-MeOC6H4 1d 7 83 200–201
33 4gg 4-CH3C6H4 1d 8 84 287–289
34 4hh 4-ClC6H4 1e 6 86 240–242
35 4ii 2-ClC6H4 1e 6 85 277–278
36 4jj C6H5 1e 5 88 298–299
37 4kk 4-MeOC6H4 1e 8 82 293–294
38 4ll 4-CH3C6H4 1e 8 80 298–300
39 4mm thiophen-2-yl 1e 7 84 295–296
40 4nn 4-BrC6H4 1f 7 83 >300
41 4oo C6H5 1f 5 86 297–298
42 4pp thiophen-2-yl 1f 6 82 299–300

a Isolated yields.

Figure 1. Molecular structure of 4aa.

Figure 2. Molecular structure of 4l.
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broader substrate scope and operational simplicity as well
as increased safety for small-scale high-speed synthesis. In
addition this series of imidazo[1,2-a]quinoline, pyrimido[1,2-
a]quinoline and quinolino[1,2-a]quinazoline derivatives may
prove new classes of biological active compound derivatives
for biomedical screening, which is in progress in our
laboratories.
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