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Abstract A water-tolerant Lewis acidic ionic liquid,

[bmim][FeCl4], was found to be an efficient and recyclable

catalyst in the synthesis of 4-aryl-dihydropyrimidinones

through Biginelli condensation. This method is capable of

being scaled up, if desired.
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1 Introduction

4-Aryl-dihydropyrimidinones (DHPMs) and their deriva-

tives occupy an important place in the realm of natural and

synthetic organic chemistry because of their therapeutic

and pharmacological properties. They have emerged as the

integral backbones of several calcium channel blockers [1],

antihypertensive drugs [2], a1a-adrenergic antagonists [3]

and neuropeptide antagonists [4]. Recently, dihydropyri-

midinones have been considered as a new lead for the

development of new anticancer drugs [5]. Thus, efficient

synthesis of this heterocyclic nucleus has been of great

interest in recent years.

The Biginelli reaction, first described more than a cen-

tury ago and recently reviewed [6], is the most

straightforward procedure towards dihydropyrimidine

derivatives, involves one-pot three-component condensa-

tion of b-dicarbonyl compounds with aldehydes and

(thio)ureas under strongly acidic conditions. The formation

of title compounds is usually carried out in the presence of

a wide range of Brønsted acids (e.g. alcoholic HCl [7], dry

acetic acid [8], boric acid [9], amidosulfonic acid [10],

tangstophosphoric acid [11] and HBF4 [12]) and Lewis

acids including FeCl3 [13], LaCl3 [14], CeCl3 [15], ZrCl4
[16], InBr3 [17], InCl3 [18], Cu(OTf)2 [19], Bi(OTf)3 [20],

Yb(OTf)3 [21], Ag3PW12O40 [22], CuCl2/CuSO4 [23], CuI

[24], Bi(NO3)3 [25] and so on. However, in spite of their

potential utility, most of the reported catalysts suffer from

significant drawbacks, such as poor recyclability after

work-up procedures. In view of this, there is a need to

develop greener methodology for Biginelli reaction.

Room temperature ionic liquids have received a good

deal of attention in recent years due to their polar nature,

phase behavior, and lack of vapour pressure [26]. Ionic

liquids, e.g. [bmim]BF4 [27], TMGT (1,1,3,3-tetrmethyl-

guanidinium trifluoroacetate) [28] and sulfonic-

functionalized ionic liquid [29], were found to be excellent

catalysts for Biginelli reaction. Recently, imidazolium

chloroferrates [bmim][FeCl4] has been introduced as a new

series of Lewis acidic ionic liquids in organic synthesis

[30]. These molten salts are reasonably air and moisture

stable and are capable of dissolving a wide range of organic

compounds.

Herein we wish to report a novel [bmim][FeCl4] catalyzed

Biginelli reaction applied to one-pot synthesis of 3,4-dihy-

dropyrimidin-2(1H)-ones under solvent-free conditions,

which is not only operationally simple and high-yielding but

also safe to scale up (Scheme 1).

2 Experimental

Products obtained are all known compounds and were

identified by comparing of their physical and spectra data
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with those reported in the literature. Melting points were

measured on a BÜCHI B-540 apparatus and uncorrected.

IR spectra were recorded on a Nicolet Nexus 470 spec-

trophotometer in KBr pellets. 1H NMR spectra were

recorded on Bruker AV 400 spectrometer in DMSO-d6

with TMS as internal standard. The catalyst, [bmim]

[FeCl4], was prepared following the procedure reported in

the literature [30c] from commercially available butylme-

thylimidazolium chloride and FeCl3�6H2O.

2.1 General Procedure

A mixture of aldehyde (10 mmol), ethyl acetoacetate

(1.30 g, 10 mmol), urea (0.72 g, 12 mmol) and chlorofer-

rate(III) ionic liquid [bmim][FeCl4] 0.34g (10%mol) was

heated with stirring at 90 �C for an appropriate time

(Table 3). On completion of reaction (TLC), the solidified

reaction mixture was cooled, crushed, and washed with 90%

aqueous methanol (3 mL). Crude product thus obtained was

collected by filtration and further purified by recrystalliza-

tion from hot ethanol to afford pure 3,4-dihydropyrimidin-

2(1H)-ones. The filtrate was concentrated to recover

[bmim][FeCl4] which could be reused in the next run.

2.2 Selected Spectral Data

4b: 1H NMR (DMSO-d6, 400 MHz): dH 9.116 (s, 1H, NH),

7.636 (s, 1H, NH), 7.135 (d, J = 8.4 Hz, 2H, ArH), 6.860

(d, J = 8.4 Hz, 2H, ArH), 5.073 (s, 1H, Ar–CH), 3.965

(q, J = 7.2 Hz, 2H, OCH2), 3.705 (s, 3H, OCH3), 2.223

(s, 3H, CH3), 1.089 (t, J = 7.2 Hz, 3H, OCH2CH3) ppm.

IR (KBr): mmax 3,237, 3,111, 2,940, 1,717, 1,699, 1,643,

1,506, 1,446 cm-1.

4g: 1H NMR (DMSO-d6, 400 MHz): dH 9.342 (s, 1H,

NH), 8.133–8.069 (m, 2H, ArH), 7.877 (s, 1H, NH), 7.694–

7.644 (m, 2H, ArH), 5.289 (s, 1H, Ar–CH), 3.983

(t, J = 6.5 Hz 2H OCH2), 2.260 (s, 3H, CH3), 1.085

(t, J = 6.9 Hz, 3H, OCH2CH3) ppm. IR (KBr): mmax 3,318,

3,103, 2,955, 1,706, 1,687, 1,617, 1,521 cm-1.

3 Results and Discussion

Initially, the ionic liquid [bmim][FeCl4] was obtained as a

dark brown liquid by simply grind crystalline FeCl3�6H2O

with commercially available 1-methyl-3-butyl-imidazoli-

um chloride at room temperature [30c]. With this catalyst

in hand, we first investigated the model reaction of ethyl

acetoacetate (10 mmol), benzaldehyde (10 mmol) and urea

in order to optimize the reaction conditions (reaction time:

2 h). Firstly, the reaction was carried out in the presence of

10 mol% of [bmim][FeCl4] using different amount of urea

(Table 1, Entry 1–5). Slight improvement in yield was

observed when the amount of urea was increased from 1 to

1.2 equiv. but the similar yields were observed with further

increment of urea up to 2 equiv. Hence, 1.2 equiv. of urea

(based on benzaldehyde) in the reaction mixture was ideal

for achieving the balance between efficiency and economy.

In order to find the optimum catalyst-substrate ratio, the

model reaction was carried out in the presence of different

amount of catalyst, resulting in the isolation of 4a in 88, 90,

91, and 91% yield respectively (Table 1, Entry 2, 6–8).

Higher amount of the catalysts did not improve the result to

a greater extent. Thus, 10% mol [bmim][FeCl4] was chosen

in followed investigations. It is worthy to note that a

control experiment without the catalyst, using the same

reagents and conditions, afforded 43% yield of desired

product (Table 1, Entry 9).

Reusability of the catalyst was next checked by the

model reaction under optimized condition. Indeed, the

catalytic activity of chloroferrate(III) ionic liquid is com-

parable to its parent salt FeCl3 in Biginelli condensation.

It is worthy to note that, however, the chloroferrate(III)

ionic liquid is much robust and water-tolerant in compar-

ison with ferric chloride, especially in the presence of hot
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Table 1 Optimization of reaction conditions (reaction time: 2 h)

Entry Urea (mmol) Catalyst (mmol) Yield (%)

1 10 1 88

2 12 1 90

3 15 1 91

4 17 1 91

5 20 1 90

6 12 0.5 88

7 12 1.5 91

8 12 2 91

9 12 0 43

Table 2 Reusability of the catalyst

Run 1 2 3 4 5 6

Yield (%) 90 85 89 92 92 90
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water. This feature is superior over many metal–salt Lewis

acids and facilitates the recovery and reuse procedures.

After work-up procedure, the catalyst [bmim][FeCl4]

remaining in the filtrate (90% aqueous methanol) can be

recovered by removing the solvent through heating and

then drying under vacuum for 1 h. As shown in Table 2,

the catalytic ionic liquid could be reused at least five

successive runs for the synthesis of 4a without significant

loss of activity. The yields remained around 90% clearly

illustrate the reusability of the solvent.

To study the generality of this process, several examples

illustrating this method for the synthesis of 3,4-dihydropyr-

imidin-2-(1H)-ones were studied. Aromatic aldehydes

containing electron-donating as well as withdrawing groups

afford satisfactory to excellent yields of corresponding

products (Table 3). Most aromatic aldehydes carrying either

electron-donating (4b 90%, 4c 92%, and 4f 83% yield) or

electron-withdrawing (4d 91%, and 4e 85% yield) substit-

uents all reacted very well, giving excellent yields.

In comparison with classical Lewis acidic ionic liquid

such as [bmim][AlCl4], the advantages of [bmim][FeCl4]

involve hydrolytic stability, reduced oxophilicity and good

solvating ability. From the environmental viewpoints,

[bmim][FeCl4] is superior over ionic liquids such as

[bmim][BF4] in some aspects. Firstly, ferric (or ferrous)

salts are accepted as environmentally friendly materials.

Secondly, in contrast to [bmim][BF4], chloroferrate ionic

liquids were synthesized from [bmim]Cl and FeCl3 in

100% atom economy, without any waste salt stream. In

addition, [bmim][FeCl4] is much less corrosive than

Brønsted acidic ionic liquid reported in the literature [29].

4 Conclusion

In conclusion, we have developed a simple, high-yielding,

time-saving method for the Biginelli dihydropyrimidinones

synthesis using chloroferrate(III) ionic liquid as catalyst

under solvent-free reaction conditions. The method offers

several advantages including good yields, simple

experimental workup procedure, facile recovery and reuse

of catalyst, which makes it a useful process for the syn-

thesis of dihydropyrimidinones.
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