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ABSTRACT
This paper presents a novel and efficient protocol for the synthesis
of pyrrolidinones using catalytic loading of 1,1’-butylenebis(3-sulfo-
3H-imidazol-1-ium) hydrogen sulfate as a recyclable Br€onsted acid
ionic liquid through ball milling process at room temperature under
solvent-free conditions. The developed method provides good to
excellent yields of various pyrrolidinones in environmentally friendly
conditions. Furthermore, this efficient protocol displays a combin-
ation of the synthetic advantage of one-pot multicomponent reac-
tion with ecological benefits and convenience of a mechanochemical
procedure.
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Introduction

The chemists have been broadly interested to the design of new protocols based on
some of the essential and sustainable approaches including avoiding toxic and volatile
solvents or perform the reaction under solvent-free conditions, load catalytic amounts
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of catalyst instead of stoichiometric amounts and use nontoxic recyclable catalysts.[1,2]

The ball milling as a mechanochemical process under solvent-free conditions plays an
important role in the academic and industrial transformations which can lead to the
reduced amount of catalyst loading, a shorter reaction time, and a higher yield.[3] The
applications of the planetary ball mill was broadly reported in the literature for the syn-
thesis of catalysts,[4] metal complexes,[5] heterocycles,[6] N-methyl imines,[7,8] catenanes
and rotaxanes,[9] metal-organic frameworks (MOFs),[10] and the C–C bond formation
reactions, protection functional groups, fullerenes, and redox processes.[11]

We recently succeeded in the synthesis of two novel binuclear Br€onsted acid ionic
liquids based on imidazole viz. 1,10-butylenebis(3-sulfo-3H-imidazol-1-ium) chloride
([BBSI]Cl) and 1,10-butylenebis(3-sulfo-3H-imidazol-1-ium) hydrogen sulfate
([BBSI][HSO4]). Their catalytic applications were demonstrated for the one-pot multi-
component synthesis of bis(indolyl)methanes,[12] xanthenes,[13] and pyrrolidinones under
conventional conditions.[14] As part of our studies in developing non-conventional proc-
esses for the synthesis of valuable compounds,[7,8] herein, the synthesis of pyrrolidinones
is reported in the presence of catalytic amount of [BBSI]Cl and [BBSI][HSO4]
under solvent-free conditions at room temperature using ball milling process. A simple
separation and purification of products without the requirement of a chromatography,
solvent-free and mild conditions and easy recycling of the catalyst are attractive merits of
the current protocol.

Results and discussion

Synthesis of pyrrolidinones in the presence of [BBSI]Cl and [BBSI][HSO4]

The condensation reaction of 4-chlorobenzaldehyde (1a), aniline, and diethyl acetylene-
dicarboxylate were investigated as a model reaction for the optimization of the reaction
parameters, (Scheme 1).
The model reactants were ground using the planetary ball mill in the absence of a

catalyst at room temperature under solvent-free conditions. After 2 hours, the TLC and
GC-MS spectra of the reaction mixture showed no respective product, viz. ethyl-2-(4-
chlorophenyl)-4-hydroxy-5-oxo-1-phenyl-2,5-dihydro-1H-pyrrole-3-carboxylate (4a)
(Table 1, entry 1). Then, the model reactants were milled in the presence of [BBSI]Cl
for two hours. The crude product was extracted with ethyl acetate from grinding jar
and purified by recrystallization from hot ethanol which afforded the desired product
(4a) in 42% yield (Table 1, entry 2). A [BBSI]Cl loading to 1.0mol% showed a more
favorable effect on the reaction yield (Table 1, entry 3). However, no significant

Scheme 1. Investigation and optimization of various reaction parameters.
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improvement was observed in the yield of 4a at higher catalyst loading up to 2.0mol%
(Table 1, entry 4). When the reaction time was curtailed to 30min, no considerable dif-
ference was observed in the reaction yield (Table 1, entry 5), while the yield dropped
when the reaction time was reduced from 30min to 20min (Table 1, entry 6). Then,
the influence of technical parameters such as revolution per minute (rpm), number and
size of ball mill were studied on the performing of the model reaction. As shown in
Table 1, the results displayed that rpm has a vital influence on the yield of the desired
product, at which point, the best yield of 4a was observed at 600 rpm of the planetary
ball mill within 30min (Table 1, entries 5, 7 and 8). While the other parameters were
kept constant, the number and the size of the milling balls were changed. As reported
in the literature, these parameters directly influence the active surface area and the total
mass of the milling balls, which are important variables for the energy transfer and
increase of internal temperature and pressure.[15] As expected, a higher yield of 4a was
obtained when the experiment was conducted with a higher number and larger size of
milling balls (Table 1, entries 13 and 14). Then, the model reaction was conducted in
the presence of [BBSI][HSO4] under the aforementioned optimized reaction conditions.
The results exhibited that the ionic liquid bearing an acidic and non-coordinating anion
had a crucial influence not just on the reaction yield but on the reaction time too
(Table 2). Therefore, entry 6 in Table 2 was chosen as the optimized reaction conditions

Table 1. Optimization of the synthesis of ethyl-2-(4-chlorophenyl)-4-hydroxy-5-oxo-1-phenyl-2,5-dihy-
dro-1H-pyrrole-3-carboxylate in the presence of [BBSI]Cl using planetary ball milla.

Entry
Loading

[BBSI]Cl (mol%)
Number of
ball mill Speed (rpm)

Ball mill
diameter (mm)

Milling
time (min) Yield (%)b

1 0 4 300 7 120 –c

2 0.5 4 300 7 120 42
3 1.0 4 300 7 120 58
4 2.0 4 300 7 120 59
5 1.0 4 300 7 30 56
6 1.0 4 300 7 20 47
7 1.0 4 600 7 30 68
8 1.0 4 500 7 30 65
9 1.0 6 600 7 30 87
10 1.0 6 600 5 30 46
aReaction conditions: 4-chlorobenzaldehyde (1a) (5.0mmol), aniline (5.0mmol), and diethyl acetylenedicarboxylate
(5.0mmol), room temperature.

bIsolated yield.
cMonitored by GC-MS.
dBold values signify the optimize reaction conditions.

Table 2. The synthesis of ethyl-2-(4-chlorophenyl)-4-hydroxy-5-oxo-1-phenyl-2,5-dihydro-1H-pyrrole-
3-carboxylate in the presence of [BBSI][HSO4] using planetary ball mill.a

Entry
Loading [BBSI][HSO4]

(mol%)
Number of
ball mill Speed (rpm)

Ball mill
diameter (mm)

Milling
time (min) Yield (%)b

1 1.0 6 600 7 30 92
2 0.5 6 600 7 30 64
3 1.0 4 600 7 30 76
4 1.0 6 600 5 30 58
5 1.0 6 600 7 20 72
6 1.0 6 600 7 25 92
aReaction conditions: 4-chlorobenzaldehyde (1a) (5.0mmol), aniline (5.0mmol), and diethyl acetylenedicarboxylate
(5.0mmol), room temperature.

bIsolated yield.
cBold values signify the optimize reaction conditions.
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and the scope and generality of the present protocol for the preparation of pyrrolidi-
nones was evaluated (Scheme 2).
A broad range of pyrrolidinone derivatives was prepared in good to excellent yield

under optimal reaction conditions (Table 3). The reaction proceeded smoothly with
aldehydes bearing electron-withdrawing or electron-donating substituents in the aro-
matic ring. The anilines bearing electron-withdrawing substituents in para-position
afforded a slightly lower yield of the desired product than electron-donating substituents
at the same position due to the deactivation of the amino group (Table 3, entries 13-
15). All the known products have spectral and physical data consistent with those
reported in the literature.[14] It is worth mentioning that the proton of the 4-hydroxyl
group in all of the respective pyrrolidinones showed the most downfield broad peak at
�9 ppm (1H NMR, CDCl3). It is probably due to the anisotropy of carbonyl groups
resulting from the b-interaction with one amino carbonyl function, and a c-interaction
with the carboxylate function.
A possible mechanism was previously reported in the presence of [BBSI]Cl in the lit-

erature.[14] The [BBSI]Cl and [BBSI][HSO4] have the same cation moiety, and the
experimental results exhibited that the anion moiety plays a vital role in the yield and

Scheme 2. Synthesis of pyrolidinones in the presence of [BBSI][HSO4] under optimal conditions.

Table 3. The one-pot multicomponent synthesis of pyrolidinone derivatives 4(a-o) using ball mill
process in the presence of [BBSI][HSO4] under optimized reaction conditionsa.
Entry R1 (1) R2 (2) R3 (3) Product (4) Yield (%)b

1 4-Cl Et H a 92
2 H Et H b 90
3 4-CH3 Et H c 88
4 4-CF3 Et H d 96
5 4-NO2 Et H e 92
6 4-CH3O Et H f 87
7 4-OH Et H g 85
8 2-NO2 Et H h 95
9 2-Cl Et H i 84
10 2-CH3O Et H j 82
11 H Me H k 90
12 4-CH3 Me H l 86
13 4-CF3 Et 4-CH3 m 84
14 4-CF3 Et 4-NO2 n 82
15 4-CF3 Et 4-CH3O o 87
aReaction conditions: aryl aldehyde (1) (5.0mmol), dialkyl acetylenedicarboxylate (2) (5.0mmol), aniline or its derivatives
(3) (5.0mmol), [BBSI][HSO4] (0.05mmol), six milling ball (diameter 7mm), revolution rate (600 rpm), room tempera-
ture, milling time (25min).

bIsolated yield.
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the reaction time. Therefore, a possible mechanism was proposed for the illustration
of this concept (Scheme 3). The sulfonic acid groups and CH-2 of imidazole rings
on the cation moiety and hydrogen sulfate anion of [BBSI][HSO4] simultaneously
activate benzaldehyde and aniline to initiate the condensation reaction through the
hydrogen bond (HB). The imine (I) is formed through the attack of aniline to the
carbonyl group of benzaldehyde followed by removing a water molecule. As shown
in the Scheme 3, the IL cation and hydrogen sulfate anion can promote the second
reaction step viz. the addition of water molecule from the first reaction step or
medium to diethyl acetylene dicarboxylate by the formation of HB. The intermediate
(III) is afforded through the Michael addition of imine (I) and intermediate (II).
An intermolecular cyclization (IV) and the elimination of one ethanol molecule (V)
along with tautomerization will give the final product. The IL cation and HSO4

� as
a good HB donor-acceptor and proton exchanger can prompt the third reaction
step too.
Table 4 exhibits the superiority of the current protocol in comparison with a few

other methods reported in the literature in terms of solvent-free condition, catalyst
loading, yield, reaction time, and recyclability of the catalyst.
The feasibility of the present method on gram scaled experiment was studied through

the reaction of the 4-chlorobenzaldehyde (0.05mol), diethyl acetylene dicarboxylate
(0.05mol), aniline (0.05mol), and [BBSI][HSO4] (5mmol) under optimized reaction
conditions which afforded 4a in 87% isolated yield within 25min.

Scheme 3. A possible mechanism for the one-pot multicomponent synthesis of 4 b in the presence
of [BBSI][HSO4].
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Reusability of [BBSI][HSO4]

Two procedures were carried out to evaluate the recyclability of [BBSI][HSO4]. In the
first procedure involved, the extraction of the product with ethyl acetate several times.
Then, the remained IL was concentrated and the reaction jar was recharged with new
model reactants for another run. The product 4a was obtained in an average 92–90%
yield for three subsequent runs. Furthermore, the chemical structure of the IL showed
no significant change under the present workup.
In the other procedure, the [BBSI][HSO4] was washed with deionized water followed

by evaporation of water from an aqueous solution containing the IL. The recovered IL
was successfully reused for the subsequent runs without significant loss of catalytic
activity. The results demonstrated that both procedures were practical for the recovering
of [BBSI][HSO4] after reactions.

Experiment

General

Unless specified, all chemicals were analytical grade and purchased from Merck,
Aldrich, and Fluka Chemical Companies and used without further purification.
Products were characterized by their physical constant and IR, NMR and elemental ana-
lysis. The purity determination of the substrates and reaction monitoring were accom-
panied by TLC using silica gel SIL G/UV 254 plates. The FT-IR spectra were recorded
on a Perkin Elmer 781 Spectrophotometer using KBr pellets for solid and neat for liquid
samples in the range of 4000–400 cm�1. In all the cases, the 1H and 13C NMR spectra
were recorded with Bruker Avance III 600MHz and 400MHz instrument. All chemical
shifts are quoted in parts per million (ppm) relative to TMS using deuterated solvent.

Table 4. The comparative study of present vs. previously reported methodology for the synthesis
of 4b.

Entry Catalyst

Catalyst
loading
(mol%) Solvent Temp. (�C)

Reaction
time (h) Yield (%) Recyclable Ref.

1 [BBSI]Cl 1.0 Ethanol (96%) r.t. 30min 86 Yes [14]

2 – – Ethanol/H2O
(1:1 v/v)

r.t. 15 87 – [16]

3 Citric acid
monohydrate

200 Ethanol r.t. 10 85 No [17]

4 Citric acid
monohydrate

200 Ethanol
(US 100W)

40 20min 90 No [17]

5 p-toluenesul-
fonic acid

20 Ethanol r.t. 48 62 No [18]

6 Lactic
acid (Solvent)

1mL (1140) Lactic acid (85%
wt/wt)

30 2 60a No [19]

7 Glacial
acetic acid

1mL (1746) Glacial
acetic acid

30 2 24a No [19]

8 [BBSI]Cl 1.0 Solvent-free
(Ball milling)

r.t. 30min 87 Yes This work

9 [BBSI][HSO4] 1.0 Solvent-free
(Ball milling)

r.t. 25min 90 Yes This work

a4-methyl benzaldehyde.
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Microanalyses were performed on a Perkin- Elmer 240-B microanalyzer. Melting points
were recorded on a B€uchi B-545 apparatus in open capillary tubes. Ball-milling was per-
formed in a Retsch PM100 planetary ball mill using a 10mL and 25mL stainless steel
chamber and four-six stainless steel balls (diameter: 5 or 7mm) with 300–600 revolution
per minute (rpm).

The typical procedure for the synthesis of ethyl-1-phenyl-2-(4-chlorophenyl)-4-
hydroxy-5-oxo-2,5-dihydro-1H-pyrrole-3-carboxylate (4a)

A mixture of 4-chlorobenzaldehyde (5.0mmol) (1), dialkyl acetylene dicarboxylate
(5.0mmol), aniline (5.0mmol), and [BBSI][HSO4] ionic liquid (0.05mmol, 1.0mol%)
was ground stirred in milling jar at 600 rpm for 25min in the presence of six milling
ball (diameter 7mm). The crude products were extracted by EtOAc (3� 10mL) and the
collected extracted organic phases were dried on anhydrous Na2SO4 and the solvent was
removed under vacuum and the product purified by recrystallized from hot ethanol to
get the pure ethyl-1-phenyl-2-(4-chlorophenyl)-4-hydroxy-5-oxo-2,5-dihydro-1H-pyr-
role-3-carboxylate (4a).
Ethyl-1-phenyl-2-(4-chlorophenyl)-4-hydroxy-5-oxo-2,5-dihydro-1H-pyrrole-3-carboxyl-

ate (4a): 1.65 g (yield 92%); mp 189–192 �C; 1H NMR (400MHz, CDCl3) d: 1.20 (t,
J¼ 7.0Hz, 3H), 4.20 (q, J¼ 7.0Hz, 2H), 5.72 (s, 1H), 7.11–7.17 (m, 3H), 7.22–7.30 (m,
4H), 7.43 (d, J¼ 8.0Hz, 2H), 9.04 (br s, 1H) ppm; 13C NMR (100MHz, CDCl3) d: 13.6,
60.5, 61.1, 112.5, 122.0, 125.8, 128.6, 128.7, 128.9, 133.4, 134.1, 135.8, 156.3, 162.4,
164.6 ppm; Anal. Calcd. for C19H16ClNO4: C, 63.78; H, 4.51; N, 3.91; Found: C, 63.73;
H, 4.49; N, 3.86%.
All the known products have spectral and physical data consistent with those

reported in the literature as well as the samples prepared from previously
reported methods.[14]

Recycling catalyst

After extraction of the crude products, the remaining IL was concentrated and the reac-
tion jar was recharged with new model reactants for the next run.

Conclusion

The catalytic efficiency of [BBSI][HSO4] was demonstrated for the synthesis of pyr-
rolidinones through ball mill process under mild and solvent-free conditions. The
current protocol has the advantages such as solvent-free process, good to excellent
yield of the desired products within short reaction times, a broad substrate-scope,
and recyclability of the catalyst. The achieved experimental data for the synthesis of
pyrrolidinones shows that [BBSI][HSO4] can be an efficient Br€onsted acid ionic
liquid catalyst for the one-pot multicomponent reactions and we hope that our work
will encourage further research in this area with promising results for future applica-
tions of [BBSI][HSO4].
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