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A facile, high yielding, and simple method for the synthesis of a library of dihydropyrimidinones
(and -thiones) via the one-pot Biginelli reaction of aldehydes is reported. The method employs the
Brønsted acidic IL [bmim(SO3H][OTf] or Zn(NTf2)2 as catalyst along with the readily available
imidazolium-ILs as solvent, and exhibits good potential for the recycling and reuse of the IL solvent.

� 2016 Elsevier Ltd. All rights reserved.
Due to their wide spectrum of biological activity and unique
properties dihydropyrimidinones (DHPMs) have been the subject
of intense research activity. These bioactive compounds can be
synthesized via a multicomponent reaction (MCR)1–3 by reacting
b-ketoesters with aldehydes and urea or thiourea (for the corre-
sponding thiones).4,5 Over the years this classical method known
as the Biginelli reaction has undergone many modifications and
tweaking, employing numerous catalysts and conditions. The
mechanism of this transformation (iminium, enamine, or Knoeve-
nagel) has been debated, and can vary depending on the reaction
conditions and substrate ratios. The keto-enol tautomerization
equilibrium of the 1,3-dicarbonyl compound has been recognized
as an important factor for the success of this reaction.6

In the past several years a large number of studies have utilized
ionic liquids (ILs) in the Biginelli reaction. These included the use of
Brønsted acid ILs bearing various counterions, under homogeneous,
heterogeneous, solvent-free, and catalyst-free conditions, in some
cases assisted by sonication or microwave irradiation.7–18 Among
various classes of Brønsted acidic ILs that have been used, tria-
zolium, benzimidazolium, 1-sulfopyridinium, pyridinium, and N,
N-diethyl-N-sulfoethanaminium ILs are not readily available, and
their synthesis in many instances require harsh and corrosive
reagents.7–11 Most other classes of ILs that were employed, such
as [Hbim], [Hmim], and [Et3NH],12–14 are prepared by protonation
of the cationic core. Tethered sulfonic acid ILs were also utilized.15

Other workers focused on designing heterogeneous systems in
which the IL was embedded in mesoporous silica or in some other
support material,16,17 or by combinatorial protocol in which one
of the Biginelli reaction components is bound to the IL.18 The Lewis
acid-catalyzed version of Biginelli reaction (using conventional sol-
vents) have also been extensively studied over the years, with B
(C6F5)3 and Li(glycine)(OTf) as notable recent examples.19,20

Whereas these and other studies have led to many publications
and demonstrated the versatility of this MCR process, it is unclear
if they brought about major developments or a paradigm shift.
These issues have been critically examined by Neto and associ-
ates21–23 who extensively studied this transformation under a vari-
ety of condition using different ILs, and performed kinetic,
mechanistic, and computational studies to clarify the facts, myths,
and presumptions about this important reaction, focusing specially
on solvent–free and catalyst-free studies. Their computational stud-
ies underscored the interaction of the cationic intermediates with
the IL anion, and pointed to spontaneous formation of supramolec-
ular aggregates. They also examined the Lewis-acid catalyzed ver-
sion of this reaction in ILs and identified several metal-complexed
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Table 1
Optimization of the reaction conditions with Brønsted-acidic IL as catalysta

H2N NH2

O

OHC
O

O O

+
NH

H
N O

EtO

O

Et

[bmim(SO3H)][OTf]

solvent

Entry solvent Catalyst loadb Time (h) Temp (�C)c Yield (%)d

1 [bmim(SO3H)][OTf] 5 equiv 2 50 89
2 MeOH 15 mol % 4 60 58
3 EtOH 15 mol % 5 80 62
4 DCM 15 mol % 8 65 60
5 DCE 15 mol % 6 70 66
6 [bmim][PF6] 10 mol % 4 60 80
7 [bmim][PF6] 15 mol % 5 60 86e

8 [bmim][PF6] 15 mol % 8 60 88 f

9 [bmim][PF6] 15 mol % 6 60 78 f

10 [bmim][BF4] 15 mol % 5 65 85e

11 [bmim][BF4] 15 mol % 6 65 76f

12 [bmim][BF4] 15 mol % 6 65 68 f

13 [bmim][PF6] 4 mol % 8 65 NR
14 [bmim][BF4] 4 mol % 8 65 NR

a Benzaldehyde (1.0 mmol), ethylacetoacetate (1.1 mmol), urea (1.0 mmol), IL solvent (6–8 mL).
b Catalyst: [bmim(SO3H)][OTf] for all entries.
c Oil bath temperature.
d Isolated yield of pure product.
e Yield using recycled IL (2nd cycle).
f Yield using recycled IL (3rd cycle); NR—no reaction.

Table 2
Substrate scope for the Biginelli reaction catalyzed by [bmim(SO3H)][OTf] in IL-1 or IL-2a

H2N NH2

R

X

O O

+
NH

H
N X

R1

O

IL-1 or IL-2

[BMIM(SO3H)]OTfArCHO

Ar

IL-1 [BMIM][PF6]
IL-2 [BMIM][BF4]

Entry Aldehyde R group X Product Time (h) IL Yield (%)b

1

CHO

OEt O
NH

H
N O

O

O
4 IL-1 86

2

CHO

OEt S
NH

H
N S

O

O
4 IL-1 80

3

CHO

F OEt O
NH

H
N O

O

O

F

5 IL-1 74c

4

CHO

F OEt S
NH

H
N S

O

O

F

6 IL-1 68d
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Table 2 (continued)

Entry Aldehyde R group X Product Time (h) IL Yield (%)b

5

CHO

Cl OEt O
NH

H
N O

O

O

Cl

3 IL-2 92

6

CHO

Cl OEt S
NH

H
N S

O

O

Cl

4 IL-2 88

7

CHO

Br OEt O
NH

H
N O

O

O

Br

3 IL-2 80

8

CHO

Br OEt S
NH

H
N S

O

O

Br

4 IL-1 72

9

CHO

O2N OEt O
NH

H
N O

O

O

O2N

4 IL-1 72c

10

CHO

O2N OEt S
NH

H
N S

O

O

O2N

5 IL-1 70d

11

CHO

OMe O
NH

H
N O

O

O
5 IL-1 87c

12

CHO

OMe S
NH

H
N S

O

O
6 IL-1 80d

13

CHO

F OMe O
NH

H
N O

O

O

F

6 IL-2 86

14

CHO

F OMe S
NH

H
N S

O

O

F

6 IL-2 90

15

CHO

Cl OMe O
NH

H
N O

O

O

Cl

7 IL-2 80

(continued on next page)

H. M. Savanur et al. / Tetrahedron Letters 57 (2016) 3029–3035 3031



Table 2 (continued)

Entry Aldehyde R group X Product Time (h) IL Yield (%)b

16

CHO

Cl OMe S
NH

H
N S

O

O

Cl

7 IL-1 84

17

CHO

Br OMe O
NH

H
N O

O

O

Br

6 IL-1 80c

18

CHO

Br OMe S
NH

H
N S

O

O

Br

6 IL-1 72d

a Aldehyde(1.0 mmol), b-ketoester (1.1 mmol), urea or thiourea (1 mmol), Brønsted acidic IL (15 mol %); IL solvent (6–8 mL).
b Isolated yield after purification.
c Isolated yield using recycled IL (2nd cycle).
d Isolated yield using recycled IL (3rd cycle); oil-bath temperature 60–65 �C.

Table 3
Optimization of the reaction conditions with Zn(NTf2)2 as catalyst and comparison with Sc(NTf2)3 in different IL solventsa

H2N NH2

O
CHO

O

O O

+
NH

H
N O

EtO

O

OEt

catalyst

solvent

Entry Catalystb IL Tempc (�C) Time (h) Yieldd (%)

1 Zn(NTf2)2 [bmim][Cl] 60 4 88
2 Zn(NTf2)2 [bmim][PF6] 60 3 92
3 Zn(NTf2)2 [bmim][Cl] 80 6 76
4 Zn(NTf2)2 [bmim][BF4] 45 3 96
5 Zn(NTf2)2 [bmim][ BF4] 50 4 88e

6 Sc(NTf2)3 [bmim][BF4] 60 4 80
7 Sc(NTf2)3 [bmim][PF6] 60 6 86
8 Sc(NTf2)3 [bmim][Cl] 80 6 67
9 Sc(NTf2)3 [bmim][ BF4] 50 4 84
10 Sc(NTf2)3 [bmim][ BF4] 50 3 77e

11 None [bmim][BF4] 50 6 43

a Benzaldehyde (1.0 mmol); ethylacetoacetate (1.1 mmol); urea (1.0 mmol); IL (6–8 mL).
b 10 mol % catalyst.
c Oil-bath temperature.
d Isolated yield of pure product.
e Isolated yield using recycled IL (2nd cycle).
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adducts.24 Taken together, these findings highlighted the impor-
tance of the iminium ion mechanism and the significance of the IL
effect. It was suggested that the Lewis-acid is likely acting as pre-
catalyst leading to in situ formation of the actual catalytic species.24

An important function of the Lewis acid is to stabilize the enol form
of the b-ketoester by coordination. The enol form is additionally sta-
bilized by the IL, a stabilizing feature that would be lacking in the
‘solvent-free’ version of this reaction.

Our continuing interest in the application of ILs as catalyst and
solvent in electrophilic and onium ion chemistry,25–28 prompted
the present investigation in which readily available, shelf-stable,
imidazolium ILs were used as solvent along with catalytic amounts
of Brønsted acidic IL, while catalytic amounts of Zn(NTf2)2 was
employed in the Lewis acid-catalyzed version of this MCR. Both
reactions were amenable to recycling and reuse of the IL solvent,
and meet the positive improvement criteria proposed by Neto
et al.23 in terms of reactant ratios, catalyst amounts, reaction times,
and yields.29,30

Table 1 shows the optimization study employing [bmim(SO3H)]
[OTf] alone (entry 1) or in organic solvents (entries 2–5), and in
[bmim][X] (entries 6–14) with 10% and 15% catalysts, reaching
the highest conversions (entries 6, 8, and 10) under very mild tem-
peratures, and with short reaction times.

The optimized conditions were subsequently applied to the
study of the scope of the reaction by using various substituted
ArCHO, employing both urea and thiourea (Table 2), with isolated
yields ranging from 70% (p-NO2) to 92% (for p-Cl).

In the next phase, optimization studies were performed for the
Lewis acid-catalyzed version of this reaction using Zn(NTf2)2 as
catalyst with [bmim][PF6] and [bmim][BF4] as solvent, and



Table 4
Substrate scope for the Biginelli reaction catalyzed by Zn(NTf2)2 in IL-1 or IL-2a

H2N NH2

R1

X

O O

+

NH

H
N X

R1

O

ArCHO

ArCHO
Zn[NTf]2

IL-1 or IL-2

IL-1 [bmim][PF6]
IL-2 [bmim][BF4]

Entry Substrate R Substrate R1 Substrate X Product Time (h) IL Isolated yieldb (%)

1

CHO

OEt O
NH

H
N O

O

O
4 IL-1 94

2

CHO

O
OMe O

NH

H
N O

O

O

O

4 IL-1 89

3

CHO

O
OEt O

NH

H
N O

O

O

O

5 IL-1 82c

4

CHO

O
O OEt S

NH

H
N S

O

EtO

O

O 5 IL-1 78d

5

CHO

OH OMe O
NH

H
N O

O

MeO

OH

4 IL-2 90

6

CHO

OHHO OEt S
NH

H
N S

O

EtO

OHHO

4 IL-2 92

7

CHO

OEt O

NH

H
N O

O

EtO

5 IL-2 88c

8

CHO

O
O OEt S

NH

H
N S

O

EtO

O
O

6 IL-2 80c

9
N

CHO

OEt O
NH

H
N O

O

EtO

N

6 IL-1 76d
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Table 4 (continued)

Entry Substrate R Substrate R1 Substrate X Product Time (h) IL Isolated yieldb (%)

10
N CHO

OEt S
NH

H
N S

O

EtO

N

5 IL-1 87

11

O
CHO

OEt O NH

H
N O

O

EtO
O

5 IL-1 86

12

S
CHO

Me S NH

H
N S

O

MeO
S

6 IL-1 80c

a ArCHO (1.0 mmol), b-ketoester (1.1 mmol), urea(1 mmol), 10 mol % Zn(NTf)2; 6–8 mL of the IL at 55–65 �C.
b Isolated yield of pure product.
c Yield using recycled IL (2nd cycle).
d Yield using recycled IL (3rd cycle).
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Figure 1. Recycling and reuse of the IL for a representative reaction. Series 1,
[bmim][BF4]; Series 2, [bmim][PF6]. Reaction conditions: ArCHO (1.0 mmol), b-
ketoester (1.1 mmol), urea (1 mmol), Zn(NTf)2 (10 mol %); [BMIM][X] (6 mL); temp.
60–65 �C.
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comparison was also made with Sc(NTf2)3 (Table 3). Both catalysts
proved efficient but better yields were obtained with Zn(NTf2)2 at
lower temperatures with shorter reaction times (see entry 4 in
Table 3). Although [bmim][BF4] performed better than [bmim]
[PF6] (compare entries 2 and 4 in Table 3) the fact that this IL is
somewhat soluble in Et2O leads to a gradual loss of the IL during
work-up, therefore [bmim][PF6] was selected for study of the scope
of the reaction (Table 4). Apart from various substituted benzalde-
hyde derivatives the study included a number of bicyclic and hete-
rocyclic analogs, with isolated yields ranging from 76% to 94%.

The recycled/re-used IL was reemployed in a number of runs
that are embedded in the tabulated data (Tables 3 and 4). In addi-
tion, this feature was separately tested for a representative reac-
tion using Zn(NTf2)2 as catalyst. The results are shown in
graphical format in Figure 1.
Summary

The present study has reinforced that this fundamental multi-
component reaction can be conveniently carried out in readily
available, shelf-stable, ILs in combination with easy to prepare
Brønsted acidic ILs or by Lewis acid activation using Zn(NTf2)2.
The results are comparable and in many instances superior to
those reported in less common/less-stable ILs whose synthesis
require the use of corrosive and harsh reagents, or in other
Lewis-acids, and the conditions are milder. We echo the comments
by Neto et al.23 that further studies of this useful MCR is warranted
only if ‘real’ practical advantages can be demonstrated in systems
that meet the improvement criteria listed in Ref. 23.
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