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Abstract—The use of iodine, as a catalyst for the one-pot synthesis of 3,4-dihydropyrimidin-2(1H)-ones is reported.
� 2004 Elsevier Ltd. All rights reserved.
The one-pot, three-component synthesis of 3,4-dihydro-
pyrimidin-2(1H)-ones has gained great importance in
organic and medicinal chemistry as the dihydropyrimi-
dine scaffold displays a facinating array of pharmacologi-
cal properties. The first report was by the Italian chemist
Pietro Biginelli in 1893.1 Ethyl acetoacetate, an aldehyde
and urea are the three components used for the synthesis
of 3,4-dihydropyrimidin-2(1H)-ones. The reaction
reported by Biginelli was carried out in the presence of
a catalytic amount of hydrochloric acid at reflux for
18h. The yields of dihydropyrimidinones (DHPMs) were
moderate (20–50%). Dihydropyrimidinone derivatives
are the core unit in several biologically active marine
alkaloids.2–4 Among them, and most potent are the
crambine2 and batzelladine alkaloids.3 Along with
potent HIV gp-120 CD4 inhibitor activity,2,5 these com-
pounds exhibit antiviral, antitumour, antibacterial and
anti-inflammatory activities.6 Organic compounds con-
taining a DHPM as a core unit show excellent calcium
channel modulation.6,7 Due to their therapeutic applica-
tions different strategies have been employed for the syn-
thesis of DHPMs and several protocols have been
reported.8,9 However, some of the methods employed
for DHPM synthesis have drawbacks, for example, the
use of strongly acidic conditions,10 the use of protic
acids11 and prolonged reaction times.
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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To avoid these limitations we have searched for a new
catalyst, with high catalytic activity, easy availability,
short reaction time and simple work-up. Iodine
attracted our attention, since it has been used as a mild
Lewis acid in the dehydration of tertiary alcohols to
alkenes, in the formation of ethers, as well as b-keto enol
ethers,12 for esterification,13 transesterification,13,14

acetylation15 and benzothiophene16 formation.

In the present work, we report the synthesis of 3,4-
dihydropyrimidin-2(1H)-ones by iodine-catalyzed cyclo-
condensation of aldehyde 1, ethyl acetoacetate 2 and
urea 3.17 This reaction was carried out in toluene at
reflux temperature for 3–5h. This one-pot protocol has
a simple work-up with excellent yields for substituted
aromatic aldehydes (Table 1). The cyclocondensation
with aliphatic aldehydes such as n-butanal and n-hexanal
(entries 10 and 13) were sluggish under the present
reaction conditions and afforded the corresponding
dihydropyrimidin-2(1H)-ones in 76% and 69% yields,
respectively. However, no by-products or side reactions
were observed in either of the cases and unreacted starting
materials accounted for the remaining mass after 4h of
reaction time. The yield of 4n obtained from n-hexanal
was improved to 80% by increasing the proportion of
catalyst to 15% and prolonging the reaction time to
6h. Aldehyde 1a synthesized by a known method,18

was subjected to cyclocondensation with ethyl acetoace-
tate and urea (Scheme 1). The reaction proceeded very
cleanly to afford 4a containing both guanosine and
dihydropyrimidine moieties in 90% yield. A comparative
study of this cyclocondensation with reported
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Table 1. Iodine-catalyzed synthesis of dihydropyrimidinones 4a

Entry Aldehyde 1b–n Product Time (h) Yieldb (%)

1 CHO 4b 4 95

2 CHOBr 4c 4 90

3 CHOH3CO 4d 3.8 91

4 CHOO2N 4e 4.7 89

5
CHO

O2N
4f 3.4 92

6 CHO 4g 3 89

7
CHO

Br
4h 3.6 91

8 CHO

H3CO

H3CO

4i 3.7 92

9
CHO

NO2

4j 3.5 80

10 CHO 4k 4.2 76

11 CHO

H3CO

H3CO

H3CO

4l 3.8 94

12
CHO

4m 4 95

13 CH3(CH2)5CHO 4n 4.1 69

a All reactions were performed with ethyl acetoacetate and urea.
b Isolated yield.
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catalysts,8g,9a revealed that CdCl2 is highly compatible
with the functionalized aldehyde 1a and afforded 4a in
80% yield.

Based on literature reviews,6 we speculate that the reac-
tion proceeds via an acyl imine intermediate formed
from condensation of the aldehyde and urea. Subse-
quent addition of the b-keto ester enolate, followed by
cyclization and dehydration afforded the dihydropyri-
midinone. Iodine may play a crucial role in accelerating
the dehydrative steps and enolization of the b-keto ester.

In summary, we have shown that I2 works as an excel-
lent catalyst for the one-pot three-component synthesis
of dihydropyrimidinones. This simple methodology rep-
resents a valid alternative to the existing procedures
especially for compounds bearing acid sensitive groups.
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