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A Novel L-Proline Catalyzed Biginelli Reaction: One-Pot Synthesis
of 3,4-Dihydropyrimidin-2(1H)-ones under Solvent-Free Conditions
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A Novel efficient and simple synthetic protocol for the Bigi-
nelli reaction has been developed for the synthesis of 3,4-dihy-
dropyrimidin-2(1H)-ones in a one-pot three-component conden-
sation of aldehydes, B-dicarbonyl compounds, and urea or thio-
urea by using 10 mol % L-proline as the catalyst under solvent
free condition.

In recent years, 3,4-dihydropyrimidin-2(1H)-ones (DHPMs)
and their derivatives occupy an important place in the realm of
natural and synthetic organic chemistry due to their broad range
of biological activities, including antiviral, antitumor, antibacte-
rial, and anti-inflammatory activities.! More recently, appropri-
ately functionalized DHPMs have attracted considerable interest
due to their promising activities as calcium channel blockers, or-
ally active antihypertensive agents” and o, adrenoceptor-selec-
tive antagonists.’ Moreover several recently isolated marine al-
kaloids* with interesting biological activities containing the di-
hydropyriminone-5-carboxylate core. Most importantly among
these are the batzelladine alkaloides A and B which inhibit the
binding of HIV envelope protein gp-120 to human CD4 cells
and, therefore, are potential new leads for AIDS therapy.® A very
recent important highlight in this aspect is the identification of
the structurally rather simple DHPM monastrol as a mitotic kine-
sis Eg5 motor protein inhibitor and potential new lead for the de-
velopment of anticancer drugs.® Hence the synthesis of this het-
erocyclic nucleus is of much current importance.
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Scheme 1.

In 1891, Italian chemist Pietro Biginelli first reported
the synthesis of DHPMs by multi-component cyclocondensation
reaction of ethyl acetoacetate, benzaldehyde, and urea under
strongly acidic conditions.” However, one serious drawback
of Biginelli’s reaction is low yields in the case of substituted
aromatic and aliphatic aldehydes.® This has lead to the develop-
ment of multi-step synthetic strategies that produce somewhat
better yields but lack the simplicity of the one-pot, one-step
SynthesiS.Za,Sa,%,%,lO

L-proline has been found to be effective for enamine-based
direct catalytic asymmetric aldol, Mannich, Michael, Diels—
Alder,'! and a-amination reactions.'” The scope of these reac-
tions depend upon the nucleophilic enamine catalytic activity
of secondary amine and the carboxylic acid moiety as general
Brgnsted acid co-catalyst presented in L-proline. So we wish to
exploit this catalytic activity of L-proline to synthesis chiral

Table 1. L-proline catalysed synthesis of dihydropyrimidinones
under solvent-free conditions

X 2 T
0 O 0
R, 4 AR e =
R H R? ReT 2 2 NTSX
X=0,8 R4 N
Time Yield
1 2 3 b
Entry R R* R’ X Product /h % Ref
Ph Me OEt 4a 1.0 96 I1lm
4-(OH)-CeHy Me OEt 4b 30 80 Ilm

4-(OMe)-CgHy Me OEt
3,4,5-(OMe);-C¢H, Me OEt
C¢Hs—CH=CH Me OEt

4c 20 88 1lm
4d 25 82 1lq
4e 20 90 11b

ORI AW -

4-C1-C¢Hy Me OEt 4 15 92 Ilm
4-F-CgH, Me OEt 4¢ 15 90 11d
2-Cl-6-F-CgH; Me OEt 4h 20 89
4-(NO»)-CgHy Me OEt 4 1.0 91 Ilm

10 C,Hs Me OEt 4 30 85

11 2-furyl Me OEt 4 25 88 llc

12 2-thienyl Me OEt 4 30 83 lla

13 Ph Me OMe 4am 15 95 Ilm

14 4-(OH)-CeH, Me OMe an 30 8 1Ib

15 4-(F)-CeH, Me OMe 40 20 90 IIf

16 4-(OMe)-C¢Hy Me OMe
17 2,4-(Cl),-C¢Hj Me OMe

4p 25 81 1lm
4q 10 93 1Ir

18 Ph Ph OEt ar 30 80 I1lm
19 Ph Me Me 4s 20 91 1k
20  4-(OMe)-CeHy Me Me 4 25 85 l1lb
21 2-pyridyl Me Me 4u 25 88 1Ib

22 4-(OMe)-CgH, Me Ph
23 3-(OMe)-CgH, Me OEt
24 4-Cl-C4H, Me OEt
25  4-(OMe)-CgH, Me OEt 4y 30 87 llc
26 Ph Me Me 4z 25 90 1lb

2All reactions were carried at ambient temperature. ®All products were
characterized by '"HNMR, *CNMR, IR, and mass spectroscopy.
‘Isolated and unoptimized yields.

4v 30 82 11b
4w 25 87 11b
4x 1.0 93 1la
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DHPMs, unfortunately we ended with racemic DHPMs. ! Here-
in we report a novel L-proline catalyzed Biginelli reaction ap-
plied to one-pot three-component condensation of 1,3-dicarbon-
yl compound, aldehyde, and urea or thiourea to synthesis
DHPMs under solvent-free conditions, which is not only simple
and high-yielding (80-96%) but also greatly decreases environ-
mental pollution (Scheme 1). To the best of our knowledge there
were no reports for the synthesis of DHPMs catalyzed by L-pro-
line. Treatment of benzaldehyde (2 mmol), ethyl acetoacetate
(2mmol), and urea (3 mmol) in the presence of 10 mol % of L-
proline at ambient temperature for 1 h afforded the correspond-
ing 3,4-dihydropyrimidin-2(1H)-one 4a in 96% yield. The re-
sults are summarized in the Table 1. Most importantly, a variety
of aromatic, aliphatic, and heterocyclic aldehydes carrying either
electron-donating or electron-withdrawing substituents reacted
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well, affording excellent yields in high purity. Very highlight of
this procedure is the tolerance of acid sensitive aldehydes such as
furfural and cinnamaldehyde (4k and 4e) without formation of
side products. Also the additional advantage of this protocol is
volatile propionaldehyde (4j) yield the corresponding DHPM
in excellent yield. Thiourea also gives the corresponding dihy-
dropyrimidin-2(1H)-thiones (Entries 4w—4z) which are also of
much interest with regard to biological activity.'* And also a
wide variety of B-ketone esters (4w—4y) and aliphatic B-dike-
tones (4s—4v, 4z) were participated in this reaction. Thus, varia-
tions in all the three components have been accommodated very
comfortably. This protocol utilizes the use of just 10 mol % of
L-proline under solvent-free conditions at ambient temperature.
In addition no additive or protic/Lewis acid is necessary in this
procedure. The crude products obtained are of high purity
(>95% by "HNMR). Another important feature of this protocol
is survival of a variety of functional groups such as OCHj3, OH,
NO,, F, Cl, and conjugated C=C double bond under the reaction
conditions.

We propose the mechanism based on an elegant mechanism
proposed by List'? for the direct asymmetric three-component
Mannich reaction. The most plausible mechanism of the L-pro-
line catalyzed three components Biginelli reaction is depicted
in Figure 1.
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Figure 1. Plausible mechanism (X = oxygen or sulphur).

In summary, we have developed a novel and simple proto-
col, for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones by
L-proline catalyzed condensation of S-dicarbonyl compound, al-
dehyde, and urea under solvent-free condition provided an effi-
cient, eco-friendly and much improved modification of classical
Biginelli reaction. We believe, our procedure will find an impor-
tant application in the synthesis of DHPMs to fulfill the needs of
academia as well as pharmaceutical industries.
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