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Abstract: Hantzsch 1,4-dihydropyridine and polyhydroquinoline
derivatives were synthesized in excellent yields in aqueous mi-
celles. The reaction is catalyzed by PTSA and strongly accelerated
by ultrasonic irradiation. 
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Hantzsch 1,4-dihydropyridines (1,4-DHP) and their de-
rivatives are an important class of bioactive molecules in
the pharmaceutical field.1 These compounds are well
known as calcium channel modulators and have emerged
as one of the most important classes of drugs for the treat-
ment of hypertension.2 1,4-Dihydropyridine derivatives
possess a variety of biological activities such as vasodila-
tor, branchodilator, antitumor, hepatoprotactive, and
geroprotactive activity.3

Despite the potential importance of 1,4-dihydropyridyl
compounds from a pharmaceutical, industrial, and syn-
thetic point of view,4 comparatively few methods for their
preparation have been reported. The classical method for
the synthesis of 1,4-dihydropyridines is the one-pot con-
densation of aldehydes with ethyl acetoacetate and ammo-
nia either in acetic acid or by refluxing in alcohol.5 The
classical method, however, has several drawbacks such as
harsh reaction conditions, long reaction times, and gener-
ally low yields of products. Thus, improved synthetic pro-
cedures for the synthesis of Hantzsch esters6 and
polyhydroquinoline derivatives7 are in constant demand.

As a part of our continual efforts towards the development
of efficient synthetic procedures for multicomponent re-
actions, we turned our attention towards the synthesis of
1,4-dihydropyridines and polyhydroquinoline derivatives.
We report herein a practical synthesis of 1,4-dihydro-
pyridines and polyhydroquinoline derivatives in aqueous
micelles catalyzed by PTSA under ultrasonic irradiation.

In order to optimize the reaction conditions for 1,4-dihy-
dropyridines, we took the reaction of benzaldehyde, ethyl
acetoacetate, and ammonium acetate as a model
(Scheme 1).

Our initial attempts to condense benzaldehyde, ethyl ace-
toacetate, and ammonium acetate using PTSA in aqueous

micelles (SDS, 0.1 M) yielded 3a (65%) in four hours.
The same reaction without PTSA yielded 3a in 35% yield.
Thus the catalytic efficiency of PTSA was definitely iden-
tified. Using methane sulfonic acid instead of PTSA we
isolated 3a in 63% yield. In another experiment, camphor-
10-sulfonic acid was used and 3a was isolated in 62%
yield. In order to see the effect of temperature, we re-
fluxed the reaction mixture for three hours but there was
no significant improvement in the yield of the product. It
was observed that in neat water (absence of SDS) the re-
action gave poor yields.

When the reaction mixture was irradiated with ultrasound,
almost quantitative conversion was observed (TLC) with-
in one hour and 3a was isolated in 96% yield. We also car-
ried out the reaction in various solvents. The ultrasonic
irradiation in aqueous micelles gave better yields than in
solvents such as methanol, ethanol, or THF (Table 1).

Table 1 Optimization of Reaction Conditions for 1,4-Dihydro-
pyridinesa

Entry Catalyst Solvent Time (h) Yield (%)b

1 None H2O 12 16

2 PTSA H2O 6 28

3 PTSA SDS (aq) 4 65

4 MSA SDS (aq) 4 63

5 CSA SDS (aq) 4 62

6 PTSAc SDS (aq) 1 96

7 PTSAc THF 1 62

7 PTSAc MeOH 1 74

8 PTSAc EtOH 1 78

a Reaction conditions: benzaldehyde (1 mmol), ethyl acetoacetate (2 
mmol), NH4OAc (1 mmol), catalyst (10 mol%).
b Isolated yield.
c Ultrasonic irradiation.
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Using the optimized reaction conditions,8 we synthesized
a series of 1,4-dihydropyridine derivatives under ultrason-
ic irradiation (Table 2). 4-Aryl-1,4-dihydropyridines were
synthesized in excellent yields with a number of electron-
rich as well as electron-deficient aromatic aldehydes. A
heterocyclic aldehyde (entry 13, Table 2) also resulted to
good conversion into 1,4-dihydropyridines. Aliphatic al-
dehydes such as formaldehyde and acetaldehyde can also
be used for the synthesis of 1,4-dihydropyridines with
similar success.

After successfully synthesizing a series of Hantzsch esters
in excellent yields under ultrasonic irradiation, we turned
our attention towards the synthesis of polyhydroquinoline
derivatives via unsymmetrical Hantzsch reaction under
ultrasonic irradiation conditions (Scheme 2).

We carried out the four-component coupling reaction of a
cyclic 1,3-diketone, an aldehyde, an acetoacetatic ester,
and ammonium acetate in aqueous micelles. The reaction
was catalyzed by PTSA and was sonicated for 1–3 hours.

Table 2 Ultrasound-Accelerated Synthesis of 1,4-Dihydropyri-
dinesa

Entry R R1 Product Yield (%)b

1 H Me 3a 97

2 H Et 3b 95

3 H t-Bu 3c 96

4 Me Et 3d 95

5 Ph Et 3e 96

6 2-HOC6H4 Et 3f 91

7 2-O2NC6H4 Et 3g 93

8 4-MeC6H4 Et 3h 94

9 3-O2NC6H4 Et 3i 93

10 Me Me 3j 90

11 2-O2NC6H4 Me 3k 92

12 4-MeO2CC6H4 Me 3l 91

13 4-Pyridyl Me 3m 90

a Reaction conditions: aldehyde (1 mmol), acetoacetate ester (2 
mmol), NH4OAc (1 mmol), PTSA (10 mol%), ultrasound, 1 h.
b Isolated yield.

Scheme 2
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Table 3 Ultrasound-Accelerated Synthesis of Polyhydroquinoline Derivativesa

Entry R R1 R2 R3 Time (h) Product Yield (%)b

1 Ph H H OEt 1.5 5a 92

2 4-ClC6H4 H H OEt 1.5 5b 91

3 4-MeC6H4 H H OEt 1.5 5c 93

4 4-MeOC6H4 H H OEt 1.5 5d 90

5 Ph Me Me OEt 1.5 5e 89

6 3-O2NC6H4 Me Me OEt 1.5 5f 93

7 4-HOC6H4 Me Me OEt 1.5 5g 91

8 3-MeOC6H4 Me Me OEt 1.5 5h 90

9 1-Naphthyl Me Me OEt 1.5 5i 92

10 4-O2NC6H4 Me Me OEt 1.5 5k 92

11 4-HO-3-MeOC6H3 Me Me OEt 1.5 5l 90

12 4-MeOC6H3CH=CH Me Me OMe 1.5 5m 93

13 4-MeC6H4 Me Me OMe 1.5 5n 91

14 4-EtO-3-HOC6H3 Me Me Ot-Bu 1.5 5o 88

15 4-HOC6H4 Me Me Ot-Bu 1.5 5p 89

16 3-MeOC6H4 Me Me Me 3 5q 75

17 4-Me2NC6H4 Me Me Me 3 5r 72

a Reaction conditions: aldehyde (1 mmol), acetoacetic ester/acetyl acetone (1 mmol), cyclic b-diketone (1 mmol), NH4OAc (1 mmol), PTSA 
(10 mol%), ultrasound.
b Isolated yield.
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Using the optimized reaction conditions,9 we synthesized
a number of polyhydroquinoline derivatives and the re-
sults are shown in Table 3.

The results of Table 3 clearly indicate the feasibility of
four-component unsymmetrical Hantzsch reaction in
aqueous micelles. The products were synthesized in ex-
cellent yield under ultrasonic irradiation. The method has
the ability to tolerate a variety of functional groups such
as hydroxy, chloro, nitro, methoxy, and unsaturation. We
observed that in the case of acetylacetone the reaction
took a longer time to complete and the isolated yields
were somewhat lower than corresponding acetoacetic es-
ter.

In conclusion, we have developed an efficient and versa-
tile method for the synthesis of symmetrical and unsym-
metrical Hantzsch esters. The reaction is catalyzed by
PTSA and has been carried out under ultrasonic irradia-
tion at room temperature. The process has several advan-
tages from economical and environmental points of view
such as short reaction time, high yields, and mild reaction
conditions.
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