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Abstract—One-pot condensation of ethyl trichloroacetoacetate 1 with p-substituted aromatic aldehydes (Ph, 4-Me–C6H4, 4-Cl–
C6H4, 4-MeO–C6H4) or furfural, and urea or thiourea catalyzed by indium(III) bromide affords eight trichloromethylated tetra-
hydropyrimidinones, in high yields.
� 2004 Elsevier Ltd. All rights reserved.
Dihydropyrimidinones have attracted much attention
in previous years due to the large range of biological
activities such as calcium channel blockers, a-1a-adreno-
aceptor-selective antagonists, anti-viral, anti-tumor, and
anti-inflammatory drugs.1 The first, simple and straight-
forward procedure for the synthesis of dihydropyrim-
idinones involve one-pot condensation of three
components: ethyl acetoacetate, benzaldehyde, and
urea, under strong acid conditions.2 This procedure is
known as the Biginelli reaction. The major drawback
associated with this protocol is the low yield, particu-
larly for substituted aromatic and aliphatic aldehydes.2

Yields have been improved compared to the original
procedure when Lewis acid catalysts were used, for
example, FeCl3 and HCl, BF3ÆOEt2, LaCl3ÆH2O, and
ytterbium triflate.3 Reaction of three components in
THF containing polyphosphate ester (PPE),4 and aceto-
nitrile with iodotrimethylsilane (TMSI)5 also furnished
good yield. Recently, indium(III) chloride has emerged
as a powerful Lewis catalyst for preparing dihydropyr-
imidinones in a simple and milder conditions reaction
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doi:10.1016/j.tetlet.2004.10.048

Keywords: Pyrimidinones; Biginelli reaction; Indium(III) bromide.
* Corresponding author. Tel.: +55 55 220 8756; fax: +55 55 220

8031; e-mail: mmartins@base.ufsm.br
with the ability to tolerate a wide variety of substituents
in all of the three components.6 Indium(III) bromide is
also efficient with the advantage that anhydrous condi-
tions are no longer necessary for the reaction and the
catalyst can be re-used several times.7 In our research,
we developed a general procedure for preparing trihalo-
methyl-substituted 1,3-dielectrophilic compounds using
halogenated acyl groups CX3CO.

8 These compounds
are of general interest as precursors for a variety of
halomethyl-substituted heterocycles, for example, pyrro-
lidinones,9 isoxazoles,10 isoselenazoles,11 pyrazoles,12

pyrimidines,13 thiazolo-pyrimidines,14 benzoquinones,15

thiazine 1-oxide,16 and diazepines.17 It has also been
reported that the trichloromethyl group in ketones such
as 1,1,1-trichloroacetone or 1,1,1-trichloroacetophenone
can be substituted by amines furnishing acetamides and
benzamides, respectively.18 The trichloromethyl group
may also act as a leaving group in heterocyclic synthesis
(the classical haloform reaction).12a,13b,14 The transfor-
mation of the trichloromethyl group attached in hetero-
cycles into carboxyl groups19 and more recently into
amide groups20 was also reported.

In previous works, the synthesis of trihalomethyl-2-
pyrimidinones from the reaction of two components
1,1,1-trihalo-4-alcoxy-3-alken-2-ones with urea in acidic
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Scheme 1. Reagents and conditions: (i) InBr3 (10% of 1), THF, reflux, 24h.

Table 2. Optimization of the reaction conditions for the synthesis 2c

catalyzed by InBr3

Entry Solvent Amount of InBr3
a (%) Refluxing time Yield

1 Ethanol 10 6 26

2 Ethanol 10 24 59

3 Ethanol 20 24 63

4 THF 10 24 84

aMolar amounts of 1, urea, and aldehyde (1.0:1.3:1.0, respectively).
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medium, was reported.13 In this work, we have studied
the possibility of obtaining novel trichloromethyl sub-
stituted tetrahydropyrimidinones and corresponding
pyrimidino thiones using a three component reaction
with 1,3-diketone, urea (thiourea), and aromatic alde-
hydes or furfural using indium(III) bromide as catalyst
(Scheme 1). The 4,4,4-trichloro-3-oxo ethyl butanoate
1 was synthesized, in good yields, from the reaction of
trichloroacetyl chloride and ethyl ortoacetate in the
presence of pyridine using chloroform as the solvent
and temperatures ranging from 0 �C to room tempera-
ture, for 16h.21

The three component cyclocondensation of 1,3-diketone
(1) with urea or thiourea and aromatic aldehydes or
furfural was carried out in anhydrous THF in the pres-
ence of a catalytic amount of indium(III) bromide at
66 �C for 24h (Scheme 1). The tetrahydropyrimidinones
2a–h were purified by recrystallization from cyclohexane
(Table 1).

A summary of the optimization of the reaction yields is
provided in Table 2. THF afforded the best yield (entry
4). The catalyst amount was optimized for the synthesis
of compound 2c. The amount of InBr3 (10mol%) agree
with the literature.7 Larger amounts of catalyst did not
improve yields to a great extent (entry 3).

The most relevant feature of this protocol is the forma-
tion of just one pair of enantiomers, as revealed by
Table 1. Yields and selected physical properties of compounds 2a–h

Product R Y mpa (�C) Yieldb (%) Mol

2a Ph O 159–161 70 C14H

(381

2b 4-(Me)-C6H4 O 160–162 67 C15H

(395

2c 4-(Cl)-C6H4 O 159–160 84 C14H

(416

2d 4-(OMe)-C6H4 O 152–154 86 C15H

(411

2e Ph S 176–177 65 C14H

(397

2f 4-(Me)-C6H4 S 174–176 62 C15H

(411

2g 4-(Cl)-C6H4 S 173–175 88 C14H

(432

2h Furyl O Oil 71 C12H

(371

a The melting point is uncorrected.
b Yield of isolated compound.
1H and 13C NMR data (Table 3). The pair of doublets
observed at d = 3.60 ± 0.17ppm and at d = 4.80 ±
0.14ppm with JH–H = 11.0 ± 0.02Hz are assigned,
respectively, to the protons H5 and H6 of the pyrimidine
ring. The coupling constants are typical for trans-axial
protons. A semi-empirical AM1 calculation23 (Table 4)
confirmed this assignment and showed the most stable
conformation I (4S5R6S/4R5S6R), presented in Scheme
1. This assignment is confirmed by an earlier work, in
which the crystal structure of a similar compound was
determined by X-ray methods.22 All compounds 2 were
obtained as a single pair of enantiomers.

Therefore, it is reasonable to assume that the com-
pounds obtained in this work have the same relative
stereochemistry of the compound previously reported.
The mechanism of Biginelli reaction is presumably
the usual mechanism proposed using Lewis-acid
catalysis.24
ecular formula (molecular weight) Analyses (%) Calcd (Found)

C H N

15N2O4Cl3 44.06 3.96 7.34

.6) (44.13) (3.92) (7.37)

17N2O4Cl3 45.54 4.33 7.08

.6) (45.56) (4.30) (7.11)

14N2O4Cl4 40.41 3.39 6.73

.1) (40.40) (3.35) (6.70)

17N2O5Cl3 43.77 4.16 6.80

.6) (43.42) (4.12) (6.80)

15N2O3Cl3S 42.29 3.80 7.04

.6) (42.55) (3.82) (7.06)

17N2O3Cl3S 43.77 4.16 6.80

.6) (44.02) (4.18) (6.76)

14N2O5Cl4S 38.92 3.27 6.48

.1) (38.89) (3.22) (6.47)

13N2O5Cl3 38.79 3.53 7.53

.6) (38.74) (3.51) (7.52)



Table 3. Selected 1H and 13C NMR dataa of compounds 2a–h

Compound 1H NMR d, J (Hz); 13C NMR d, J (Hz)

2a 0.78 (t, 3H, OCH2CH3), 3.48 (d, 1H, H6, J = 10.8), 3.74 (m, 2H, OCH2CH3), 4.75 (d, 1H, H5, J = 10.8), 6.09 (s, 1H, NH), 6.20

(s, 1H, NH), 7.30 (m, 5H, Ph) 13.1 (OCH2CH3), 49.9 (C6), 56.2 (C5), 62.1 (OCH2CH3), 88.6 (C4), 104.5 (CCl3), 127.5, 128.9,

129.4, 136.0 (Ph), 154.8 (C2), 171.7 (C@O)
2b 0.72 (t, 3H, OCH2CH3), 2.27 (s, 3H, Me), 3.45 (d, 1H, H6, J = 10.8), 3.78 (m, 2H, OCH2CH3), 4.70 (d, 1H, H5, J = 10.8), 5.58

(s, 1H, NH), 6.00 (s, 1H, NH), 7.18 (d, 2H, J = 7.6), 7.24 (d, 2H, J = 7.6)13.2 (OCH2CH3), 21.1 (Me), 49.9 (C6), 56.1 (C5),

62.1 (OCH2CH3), 88.7 (C4), 104.7 (CCl3), 127.3, 129.6, 133.0, 139.4 (Ph), 154.5 (C2), 171.9 (C@O)
2c 0.85 (t, 3H, OCH2CH3), 3.50 (d, 1H, H6, J = 10.8), 3.84 (q, 2H, OCH2CH3), 4.81 (d, 1H, H5, J = 10.8), 6.10 (s, 1H, NH), 6.14

(s, 1H, NH), 7.31 (d, 2H, J = 8.4), 7.37 (d, 2H, J = 8.4), 13.2 (OCH2CH3), 49.9 (C6), 55.7 (C5), 62.3 (OCH2CH3), 88.6 (C4),

104.4 (CCl3), 128.9, 129.2, 134.7, 134.7 (Ph), 154.6 (C2), 171.6 (C@O)
2d 0.75 (t, 3H, OCH2CH3), 3.43 (d, 1H, H6, J = 10.8), 3.78 (m, 2H, OCH2CH3), 3.72 (s, 3H, OMe), 4.69 (d, 1H, H5, J = 11.2),

5.70 (s, 1H, NH), 6.00 (s, 1H, NH), 6.89 (d, 2H, J = 8.8), 7.27 (d, 2H, J = 8.4) 13.2 (OCH2CH3), 49.9 (C6), 55.3 (OMe), 55.7

(C5), 62.1 (OCH2CH3), 88.6 (C4), 104.6 (CCl3), 114.3, 127.9, 128.7, 131.9 (Ph), 154.6 (C2), 171.8 (C@O)
2e 0.78 (t, 3H, OCH2CH3), 3.60 (d, 1H, H6, J = 11.2), 3.82 (m, 2H, OCH2CH3), 4.81 (d, 1H, H5, J = 11.2), 6.30 (s, 1H, NH), 6.92

(s, 1H, NH), 7.14 (m, 5H, Ph) 13.1 (OCH2CH3), 48.3 (C6), 57.4 (C5), 62.5 (OCH2CH3), 87.9 (C4), 103.8 (CCl3), 127.7, 129.1,

129.9, 134.4 (Ph), 171.6 (C@O), 178.6 (C2)
2f 0.79 (t, 3H, OCH2CH3), 2.36 (s, 3H, Me), 3.57 (d, 1H, H6, J = 11.2), 3.83 (m, 2H, OCH2CH3), 4.76 (d, 1H, H5, J = 11.2), 6.37

(s, 1H, NH), 6.99 (s, 1H, NH), 7.21 (m, 5H, Ph) 13.0 (OCH2CH3), 21.1 (Me), 48.3 (C6), 57.1 (C5), 62.4 (OCH2CH3), 87.8 (C4),

103.8 (CCl3), 127.5, 129.6, 131.2, 139.8 (Ph), 171.5 (C@O), 178.4 (C2)
2g 0.85 (t, 3H, OCH2CH3), 3.56 (d, 1H, H6, J = 11.2), 3.87 (m, 2H, OCH2CH3), 4.82 (d, 1H, H5, J = 11.2), 6.20 (br, 1H, NH),

7.31 (d, 2H, J = 8.8), 7.40 (d, 2H, J = 8.8)13.2 (OCH2CH3), 48.3 (C6), 56.6 (C5), 62.6 (OCH2CH3), 87.8 (C4), 103.6 (CCl3),

129.2, 129.3, 132.9, 135.9 (Ph), 171.3 (C@O), 178.5 (C2)
2h 1.05 (t, 3H, OCH2CH3), 3.77 (d, 1H, H6, J = 10.8), 4.00 (m, 2H, OCH2CH3), 4.97 (d, 1H, H5, J = 11.2), 5.79 (s, 1H, NH), 5.99

(s, 1H, NH), 6.36, 6.41, 7,45 (furyl). 13.4 (OCH2CH3), 47.5 (C6), 49.9 (C5), 62.4 (OCH2CH3), 88.5 (C4), 104.4 (CCl3), 109.8,

110.5, 143.6, 148.4 (furyl), 154.4 (C2), 171.6 (C@O)
aNMR spectra were recorded on a Bruker DPX 400 (1H at 400.13MHz and 13C at 100.61MHz) in CDCl3/TMS.

Table 4. The estimated differences of energy for possible enantiomer

pairs of 2a obtained from the semi-empirical AM1 calculations

Pair of enantiomers DEa %b

I 4S5R6Sc/4R5S6R 0.0 99.0

II 4R5S6S/4S5R6R 2.8 0.9

III 4S5S6R/4R5R6S 4.2 0.1

IV 4R5R6R/4S5S6S 15.2 0.0

a kcalmol�1.
b Percentage for enantiomer pairs estimated from DE.
c Presented in the Scheme 1.
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The product 2 was formed instead of usual Biginelli
product (dihydropyrimidinone) due to the great stability
of the trihalomethyl semi-acetal moiety as observed in
the literature.8,10,13,14

In conclusion, we presented the synthesis of a novel
series of trichloromethylsubstituted tetrahydropyr-
imidinones by the Bignelli-type three-component cyclo-
condensation reaction of chlorinated 1,3-dicarbonyl
compound with (thio)urea and aromatic aldehydes using
InBr3 as the catalyst, in good yields. Also, InBr3 demon-
strated to be an efficient catalyst for the Biginelli reac-
tion furnishing tetrahydropyrimidinones in good yields
and anhydrous reaction condition is not necessary.
The biological properties of these compounds are cur-
rently under investigation.

Unless otherwise indicated, all common reagents and
solvents were used as obtained from commercial suppli-
ers without further purification. All melting points were
determined on a Reichert Thermovar apparatus and are
uncorrected. 1H and 13C NMR spectra were recorded on
a Bruker DPX 400 spectrometer (1H at 400.13MHz
and 13C at 100.61MHz), 298K, digital resolution of
±0.01ppm, 0.5M in CDCl3 containing TMS as in inter-
nal standard.

All spectra were acquired in a 5mm tube, at natural
abundance. The calculations were carried out by the
Austin Model 1 (AM1) semi-empirical method, imple-
mented in the HyperChem 6.03 package (1999).25 Con-
vergence to a local minimum is achieved when the
energy gradient is <0.01kcalmol�1.

General procedure for the preparation of tetrahydro-
pyrimidinones 2a–h: A solution of ethyl trichloroaceto-
acetate 1 (1mmol), substituted benzaldehydes or
heterocyclic aldehyde (1mmol), urea (thiourea)
(1.3mmol), InBr3 (0.1mmol), in dry THF (10mL) was
heated under reflux for 24h. The product was extracted
with CHCl3 (2 · 20mL) and dried (MgSO4). The solu-
tion was filtered, the solvent evaporated and the product
was recrystallized from cyclohexane or purified by silica
column chromatography using hexane as the eluent
(2e,f). Yields, physical data are shown in Table 1, and
spectroscopic data are reported in Table 3.
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