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ABSTRACT 

A new method for the synthesis of 1-methylimidazolium trifluoroacetate ([Hmi]Tfa), a protic ionic liquid (PIL), under 
ultrasonic irradiation has been developed. In addition, the product [Hmi]Tfa was successfully employed as solvent and 
catalyst in Biginelli reaction to prepare 3,4-dihydropyrimidinones (DHPMs) in high yield under mild reaction condi- 
tions. 
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1. Introduction 

In recent years, ionic liquids (ILs) have attracted in- 
creasing interest and been successfully employed in vari- 
ety of catalytic reactions as environmentally benign sol- 
vents and catalysts due to their relatively low viscosities, 
low vapor pressure, and high thermal and chemical sta- 
bility, etc. [1,2]. Many organic processes can be signifi- 
cantly improved in ILs [1,3]. Particularly, protic ionic 
liquids (PILs) can play dual roles, solvent and catalyst, in 
some reactions. PILs are usually formed through the 
transfer of a proton from a Brönsted acid, AH, to a Brön- 
sted base, B, to yield [BH+][A−] species [4]: 

 AH B BH A
       

3,4-Dihydropyrimidin-2-(1H)-ones (DHPMs) and their 
derivatives have recently attracted considerable interest 
because of their pharmacological properties and biologi- 
cal activities, such as potent calcium channel blockers, 
antihypertensive, antiviral, antiproliferative effect, stand- 
ing against cancer cell lines, and potent HIV gp-120-CD4 
inhibitors [5-8]. For example, DHPMs 1a, 1b were 
shown to have antiviral and anticancer activity. In addi-
tion, DHPMs monastrol and oxo-monastrol possess ex-
cellent anticancer activity [9-11]. 

DHPMs are usually prepared from 1,3-dicarbonyl, al- 
dehyde and urea by Biginelli reaction. However, the clas- 

sical one-pot synthesis of DHPMs usually requires long 
reaction time while affording the product in moderate 
yield and low purity. Moreover, traditional catalysts are 
toxic and difficult to recycle leading to bad influence on 
environment. Recently, some alternative procedures have 
been reported involving Lewis acid catalyst such as 
(Ce(NO3)3·6H2O [12], Cu(OTf)2/EtOH [13], InCl3 [14], 
NH4Cl [15], SrCl2·6H2O-HCl [16]), or Brönsted acid 
(HCOOH [17]), montmorillonite KSF [18,19], zeolite 
(HY)/toluen [20]. Particularly, considerable attention has 
been paid to PILs such as [Hmi]Tfa and triethylben-
zylammonium chloride (TEBA) [5]. 

Herein, we would like to report the synthesis of 
1-methylimidazolium trifluoroacetate ([Hmi]Tfa) from 
trifluoroacetic acid and 1-methylimidazole under mild 
conditions using ultrasonic irradiation. [Hmi]Tfa was 
then applied as solvent and catalyst for Biginelli reaction 
to afford DHPMs in high yield and excellent purity. Ad- 
ditionally, the catalyst can be easily recycled without 
noticeable lost of reactivity. 

2. Experimental 

2.1. Chemicals and Instruments 

Trifluoroacetic acid, ethyl acetoacetate, benzaldehyde, 
3-hydroxybenzaldehyde,urea(Merck), 1-methylimidazole 
(Aldrich). 

Products were characterized by melting point (Buchi *Corresponding author. 
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B-545), IR (KBr, Shimadzu IR), and 1H, 13C NMR 
(Bruker, 500 MHz). 

Ultrasonic bath (BRANSON 1510), focus microwave 
oven Discover (CEM). 

2.2. General Procedure for the Synthesis of 
[Hmi]Tfa 

1-Methylimidazole was placed in a two-necked flask, 
which was equipped with a magnetic stirrer and cooled in 
an ice bath (0 - 5˚C). A small amount of water was added 
and then trifluoroacetic acid (1 equiv.) was added slowly 
with stirring for 30 min. After that the reaction was acti- 
vated under ultrasonic irradiation at room temperature. 
Upon completion, water was removed on a rotary evapo- 
rator at 70˚C. The product was washed with diethyl ether 
to remove non-ionic residues and dried under vacuum. 

2.3. General Procedure for the Synthesis of 
DHPMs 

A mixture of aldehyde (2.5 mmol), 1,3-dicarbonyl com- 
pound (2.5 mmol), urea (3.75 mmol), and [Hmi]Tfa (0.5 
g) was combined in a round-bottom flask. The mixture 
was stirred and activated by three methods: conventional 
heating, microwave, and ultrasonic irradiation. Upon 
completion, the reaction mixture was cooled in an ice- 
water bath for 10 min. Cold water (10 mL) was added 
and stirred for 5 - 10 min. The crude product was filtered 
and washed with cold water (5 mL) and cold ethanol (15 
mL). The filtrate was extracted by ether to remove or- 
ganic residues, water was removed on a rotary evaporator 
at 80˚C, then was washed with CHCl3 to remove urea. 
Thus, [Hmi]Tfa can be recovered. 

1-Methylimidazolium trifluoroacetate: white solid; 
IR: (KBr, νmax cm−1): 3152, 2972, 2872, 1678, 1589, 
1427, 1285, 1205, 1132. 1H NMR (DMSO-d6) δ(ppm): 
3.885 (s, 3H, CH3), 7.614 (t, 1H, H5, J = 1.5 Hz), 7.659 (t, 
1H, H4, J = 1.5 Hz), 8.994 (s, 1H, H2). 

13C NMR 
(DMSO-d6) δ(ppm): 35.146, 113.564, 115.947, 118.325, 
120.165, 120.704, 122.952, 135.872, 158.197, 158.073, 
158.321, 158.573, 158.822.  

5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyri
midin-2-one: white solid, m.p: 207 - 208˚C; IR (KBr, 
νmax cm−1): 3245, 3117, 2979, 1726, 1646, 1465, 1388. 
1H NMR (DMSO-d6) δ(ppm): 1.094 (t, 3H, J = 7.0 Hz), 
2.247 (s, 3H), 3.985 (q, 2H, J = 7.0 Hz), 5.146 (d, 1H, J 
= 3.0 Hz), 7.222 - 7.247 (m, 3H), 7.318 (t, 2H), 7.695 (s, 
1H), 9.146 (s, 1H). 13C NMR (DMSO-d6) δ(ppm): 14.02, 
17.72, 53.93, 59.12, 99.26, 126.19, 127.19, 128.32, 
144.82, 148.27, 152.07, 165.30. 

5-Ethoxycarbonyl-6-methyl-4-(3-hydroxyphenyl)-3,4-
dihydropyrimidin-2-one: yellow solid, m.p: 184 - 186˚C; 
IR (KBr, νmax cm−1): 3518, 3352, 3244, 3121, 1726, 1680, 
1641, 1600, 1458, 1224. 1H NMR (DMSO-d6) δ(ppm): 

1.122 (t, 3H, J = 7.0 Hz), 2.250 (s, 3H), 4.006 (q, 2H, J = 
7.0 Hz), 5.085 (s, 1H), 6.627 - 6.697 (m, 3H), 7.101 (t, 
1H), 7.655 (s, 1H), 9.120 (s, 1H), 9.373 (s, 1H). 13C 
NMR (DMSO-d6) δ(ppm): 14.030, 17.693, 53.836, 
59.169, 99.520, 113.099, 114.169, 116.881, 129.225, 
146.183, 147.936, 152.215, 157.284, 164.399. 

3. Results and Discussion 

3.1. Synthesis of [Hmi]Tfa (Scheme 1) 

Optimal conditions for the synthesis of ionic liquid 
[Hmi]Tfa: the molar ratio of trifluoroacetic acid and 1- 
methylimidazole was chosen 1:1. The results are shown 
in Table 1. 

Because the reaction between 1-methylimidazole and 
trifluoroacetic acid is exothermic, it was performed at 
ambient temperature (30˚C). The control reaction without 
sonication resulted in slightly lower yield while required 
longer time. The benefit of ultrasonic irradiation has been 
shown by higher yield of product. The most important 
effect of ultrasonic is by passing its waves through a liq- 
uid medium in the generation of energy. The driving en- 
ergy is provided by cavitation, the formation and collapse 
of bubble, which liberates considerable energy in very 
short time. 

3.2. Synthesis of DHPMs 

We report here the application of different activation 
methods on Biginelli condensation to produce 3,4-dihy- 
dropyrimidinones using [Hmi]Tfa catalyst under solvent- 
free conditions (Scheme 2). 
 

 

Scheme 1. Synthesis of [Him]Tfa. 
 

 

Scheme 2. The Biginelli synthesis of DHPMs. 
 

Table 1. Synthesis of [Hmi]Tfa by ultrasonic irradiation. 

Entry 
Ratio  

acid:base 
Temperature 

(˚C) 
Time 
(min) 

Yield 
(%)a 

1 1:1 30 15 88 

2 1:1 30 30 92 

3 1:1 30 45 94 

4 1:1 30 60 95 

5b 1:1 30 120 92 
aIsolated yield. bWithout ultrasonic irradiation. 
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The one-pot synthesis of DHPMs under different con- 
ditions involving the condensation of aromatic aldehydes, 
1,3-dicarbonyl, urea has been extensively studied. How- 
ever, many of these methods employ expensive catalysts 
which are difficult to recycle and reuse, long reaction 
time, strongly acidic conditions, and difficult to handle 
especially on large scale. Therefore, the discovery of an 
inexpensive catalyst for the preparation of DHPMs under 
neutral and mild conditions is of prime importance. 

Due to the increasing environmental and economical 
concerns in recent years, it is now essential for chemists 
to search for environmentally benign catalytic processes. 
In this report, [Hmi]Tfa was employed in Biginelli reac- 
tion under mild and solvent-free conditions. In addition, 
we hope that [Hmi]Tfa will be applicable as a eco- 
friendly solvent-catalyst for other organic reactions. 

The scope of aromatic aldehydes are summarized in 
Table 2. In most cases, products were obtained in good 
yields under mild conditions. Microwave irradiation of- 
fered the best yield in comparison with other methods. 
To our best knowledge, this is the first high yielding 
Biginelli systhesis of DHPMs [18,20]. 

Consequently, the possibility to recycle catalyst was 
examined. As shown in Table 3, [Hmi]Tfa could be re- 
used without significant loss of activity. 
 

Table 2. Scope of aromatic aldehydes. 

Entry Ar- Catalyst 
Temperature 

Time
Yield

(˚C) (%)* 

1a C6H5- [Hmi]Tfa, 0.5 g 60 min90 85d

2a C H - 6 5 130 82 [18]

6 5 HY/T

3-HO-C6 5- 60 n

6 5 106 

6b C6H5- 
2

2 
100 1 h 95 [13]

7b C6H5- H  90 (120 W) 4 min 92 [1

3-HO-C6 5- 20 

6 5 120 

10c 3-HO-C6 5- 

KSF, 45 mol% 48 h

3a C H - oluen, 0.5 g 100 12 h 80 [20]

4a H [Hmi]Tfa, 0.5 g 90 mi 88d

5b C H - [Hmi]Tfa, 0.5 g 20 min 83d

Cu(OTf)  
mol%/EtOH 

COOH, 25 mol% 7]

8b H [Hmi]Tfa, 0.5 g 110 min 85d

9c C H - [Hmi]Tfa, 0.5 g 30 min 21d

H [Hmi]Tfa, 0.5 g 30 120 min 22d

aTh eact ed Microw rradi nic 

Table 3. Recycling of [Hmi]Tfa in Biginelli reactiona. 

Cycle Yield (%) 

e r ion was heat  with stirring. b ave i ation. cUltraso
irradiation at room temperature. dReaction conditions: aldehyde (2.5 mmol), 
ethyl acetoacetate (2.5 mmol), urea (3.75 mmol) and [Hmi]Tfa (0.5 g). 
*Isolated yield. 
 

1 85 

2 83 

aBenzaldehyde (2. mol), ethyl acetoacetate (2.5 mmol), rea (3.75 m

n of ultrasonic irradiation on the syn- 

ents 

 (National Foundation for 

[1] H. Olivier-Bo D. Morvan, “Ionic 
Liquids and C s from Knowledge 

5 m  u mol), 
90˚C, 60 min, [Hmi]Tfa 0.5 g. 

4. Conclusion 

The first applicatio
thesis of [Hmi]Tfa has been studied. [Hmi]Tfa could be 
obtained in high yield and short reaction time. [Hmi]Tfa 
has been successfully applied as solvent and catalyst for 
Biginelli reaction. The reaction is easy to be handled 
enabling large scale applications of this eco-friendly 
process. [Hmi]Tfa can be considered as “green” solvent 
and catalyst in organic synthesis because it can be easily 
recycled and reused. 
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