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Abstract: The energy efficiency of the microwave-assis-
ted synthesis of pyrrolidinones was demonstrated using
catalytic loading of 1,1’-butylene-bis(3-sulfo-3H-imidazol-
1-ium) chloride as a sulfonic acid functionalized ionic
liquid in ethylene glycol as green solvent. The effect
of electron donating and electron withdrawing groups
on aniline derivatives was studied under conventional
heating and microwave irradiation. Furthermore, the
cation effect of ionic liquids containing sulfonic groups on
the catalytic efficiency for the synthesis of ethyl-1-phenyl-
2-(4-chlorophenyl)-4-hydroxy-5-0x0-2,5-dihydro-1H-pyr-
role-3-carboxylate was investigated under conventional
heat. The experimental results exhibited that there is a
relationship between catalytic efficiency and the number
of sulfonic groups and imidazolium moieties linked by
carbon spacer.
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1 Introduction

Microwave irradiation is known as a non-conventional
energy source that has been broadly applied in
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organic synthesis due to important advantages of this
technology including spectacular acceleration, higher
yield under milder reaction conditions, higher purity
of product by reducing unwanted side reactions and
the by-products, the reduction in utilization of solvents
or reagents, and the reduction of environmental
pollution. The effect of microwave irradiation can be
supposed a combination of thermal effects viz. heating
rate and ‘“hot spots” along with specific effects,
medium effects (the selective absorption of radiation
by polar chemicals), superheating effect, and reaction
mechanism effects. The reader can find excellent
reviews microwave-assisted cycloaddition reactions
have been reviewed in the literature [1], heterocyclic
chemistry [2,3], homogeneous and heterogeneous
catalysis [4,5], medicinal chemistry, drug discovery and
combinatorial chemistry [6-8], and green chemistry [9].
The controlled microwave-assisted organic synthesis
usually needs shorter heating time, simple apparatus
setup, which lead to the lowering of the energy costs.
In general, this enabling technology is continuing to be
an efficient and practical technique in the organic and
medicinal chemistry communities [10-12].

The task-specific ionic liquids (TSILs) have displayed
promising results in a variety of areas including synthesis,
catalysis, gas absorption, analysis, electrochemistry,
spectroscopy, extracting, and material science due to
very diverse, tunable, and designable properties [13-15].
The functional groups can be incorporated into either
the anion or the cation of the IL and their application
efficiency can be studied on the basis of their specific
interactions. Immiscibility of ILs with some organic
solvents allows the simple separation of the catalysts and
the respective products in different phases which lead to
avoid the tedious and expensive procedures along with
consuming high volumes of volatile, flammable, and toxic
solvents [16,17].

The 2-pyrrolidinone core is a well-known hetero-
cyclic scaffold which is found in natural products
and pharmaceuticals such as piracetam, oxiracetam,
aniracetam, nefiracetam, and levetiracetam. They
have been interested over the past few years owing to
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their notable pharmaceutical effects and the promising
results in medicinal chemistry, and drug designing [18].
2-Pyrrolidinone derivatives substituted in position-4
were able to reduce the extracellular glutamate level,
therefore effective for the prophylaxis and treatment
of a large number of disorders such as stroke [19].
This fascinating scaffold has diverse pharmacological
activities including antibacterial, antifungal, anticancer
and anticonvulsant [20-23]; therefore, many procedures
for the preparation of substituted pyrrolidinone
have been reported and also their various reactions
offer great scope in the field of medicinal chemistry
[24-30].

The imidazole-based ionic liquids containing SO,H-
functionalized have been well-known to exhibit the
catalysis activity for the multicomponent reactions [31-36].
Herein, we describe the synthesis of the 2-Pyrrolidinone
derivatives in the presence of [BBSI|Cl as an efficient
catalyst with a focus on the 6th principle of the twelve
principles of green chemistry viz: design for energy
efficiency. Also, the structure-activity relationship (SAR)
of a variety of ionic liquids containing a common anion
was studied.

2 Experiment

2.1 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 FT-IR, NMR and elemental analysis. All the
reactions were carried out in the Discover SP microwave
synthesizer which was purchased from CEM, Ltd. and
the maximum output microwave power is 300 W. The
purity determination of the substrates and products
or the reaction monitoring were accompanied by TLC
using silica gel SIL G/UV 254 plates or GC-MS on an
Agilent 6890GC/5973MSD analysis instrument under
70 eV conditions. 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™. The 'H and C NMR spectra were
recorded with Bruker Avance III 600 MHz and
400 MHz instruments. Microanalyses were performed on
a Perkin- Elmer 240-B microanalyzer. Melting points were
recorded on a Biichi B-545 apparatus in open capillary
tubes.
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2.2 Typical procedure for the synthesis
of pyrrolidinones (2a-q) at room
temperature

The diethyl acetylenedicarboxylate (2.0 mmol, 340 mg)
and [BBSI]|CI catalyst (1.0 mmol%, 9.1 mg) were mixed in
2 mL ethanol. Then, the aromatic aldehyde and primary
amine were added and the mixture was stirred at room
temperature for 60 min. After the completion of the
reaction (monitored by TLC), the crude products were
extracted by EtOAc (3 x 10 mL). The extracted organic
phases were collected and dried on anhydrous Na,SO,.
The solvent was removed by a rotary evaporator. The
purification of the product was performed by flash
chromatography or recrystallization from hot ethanol.
The spectra and physical data of known products were
consistent with those previously reported in the literature.

2.3 Typical procedure for the controlled
microwave-assisted synthesis of
pyrrolidinones (3a-q)

A mixture of the aryl aldehyde (2.0 mmol), arylamine
derivatives (2.0 mmol), diethyl acetylenedicarboxylate
(2.0 mmol, 340 mg) and [BBSI|CI catalyst (1.0 mmol%,
9.1 mg) was stirred in 2 mL ethylene glycol in a 10 mL sealed
microwave reactor of Discover SP microwave synthesizer.
The reaction mixture was subjected to microwave
irradiation of 100 W at room temperature for 5 min. After
cooling to room temperature, the crude products were
extracted by EtOAc (3 x 10 mL) and the extracted organic
phases were dried over anhydrous Na,SO,. The solvent
was removed by a rotary evaporator. The pure products
were obtained by flash chromatography or recrystallized
from hot ethanol.

2.4 The spectral data of some known
products

Ethyl-1-phenyl-2-(4-chlorophenyl)-4-hydroxy-5-0x0-2,5-
dihydro-1H-pyrrole-3-carboxylate (3a): FT-IR (KBr) v, =
3300, 1715, 1690, 1660, 1495, 1370, 1310, 1255, 1210, 1135,
760, 520 cm™; '"H NMR (400 MHz, CDCls) 8§=120(t,J=70
Hz, 3H), 4.20 (q, J = 7.0 Hz, 2H), 5.72 (s, 1H), 7.11-7.17 (m,
3H), 7.22-7.30 (m, 4H), 743 (d, ] = 8.0 Hz, 2H), 9.04 (br s, 1H)
ppm; “C NMR (100 MHz, CDCL,) 8 = 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 C H, CINO,: C, 63.78; H,

197716

4.51; N, 3.91; Found: C, 63.73; H, 4.49; N, 3.86%.
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Ethyl-1-phenyl-4-hydroxy-5-0x0-2-(4-
trifluoromethylphenyl)-2,5-dihydro-1H-pyrrole-3-
carboxylate (3d): FT-IR (KBr) v__ = 3300, 2985, 1725,
1690, 1595, 1500, 1445, 1425, 1375, 1330, 1260, 1165, 1120,
1020 cm™;'H NMR (400 MHz, CDC13) 8=119(t,J] =72 Hz,
3H), 4.20 (q, ] = 7.2 Hz, 2H), 5.81 (s, 1H), 7.12 (t, ] = 7.6 Hz,
1H), 7.30 (t, J = 7.6 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.47 (d,
J=8.0Hz, 2H), 7.53 (d, ] = 8.0, 2H), 9.10 (br s, 1H); *C NMR
(150 MHz, CDCls) §=14.2,60.2,60.4,112.0,122.7,124.3 Ucfp
= 244.7 Hz),, 125.5, 125.7, 125.9, 128.4, 128.7, 129.0, 129.1,
129.2, 136.4, 142.0, 152.5, 162.3, 164.2 ppm; Anal. Calcd.
for C,,H,F,NO,: C, 61.38; H, 4.12; N, 3.58; Found: C, 61.42;
H, 4.16; N, 3.53%.

Ethyl-1-(4-nitrophenyl)-4-hydroxy-5-0x0-2-(4-
trifluoromethylphenyl)-2,5-dihydro-1H-pyrrole-3-
carboxylate (30): FT-IR (KBr) v__ = 3320, 2995, 1740,
1690, 1600, 1515, 1450, 1425, 1365, 1330, 1265, 1220, 1190,
1165, 1120, 1070, 1020 cm™; '"H NMR (600 MHz, CDC13) 6=
1.22 (t, ] = 7.2 Hz, 3H), 4.23 (q, ] = 7.2 Hz, 2H), 5.88 (s, 1H),
740 (d, J = 8.0 Hz, 2H), 7.57 (d, ] = 8.0 Hz, 2H), 7.76 (d,
J=9.2Hz, 2H), 8.14 (d, J = 9.2 Hz, 2H) ppm; BC NMR (150
MHz, CDCL,) § = 14.0, 60.5, 61.9, 113.5, 120.6, 123.5 (J_, =
265.0 Hz), 126.0, 126.1, 127.8, 130.9, 131.2, 131.5, 138.7,
141.6, 144.4, 155.8, 163.0, 164.5 ppm; Anal. Calcd. for
C, H FNO.: C, 55.05; H, 3.46; N, 6.42; Found: C, 55.03;
H, 3.42; N, 6.38%.

Ethyl-1-p-tolyl-4-hydroxy-5-0x0-2-(4-
trifluoromethylphenyl)-2,5-dihydro-1H-pyrrole-3-
carboxylate 3p): FT-IR (KBr) v__ = 3305, 2985, 1730, 1690,
1660, 1515, 1445, 1420, 1370, 1325, 1255, 1215, 1170, 1145,
1110, 1065, 1020 cm™; 'H NMR (400 MHz, CDC13) 6 =119
(t, J = 7.2 Hz, 3H), 2.26 (s, 3H), 4.20 (q, ] = 7.2 Hz, 2H), 5.77
(s, 1H), 709 (d, J = 8.4 Hz, 2H), 7.34 (d, ] = 8.4 Hz, 2H), 7.37
(d, J = 8.0 Hz, 2H), 753 (d, J = 8.0 Hz, 2H), 9.11 (br s, 1H)
ppm; ®C NMR (100 MHz, CDC13) § =13.8, 20.7, 61.0, 61.2,
112.3, 122.1, 123.8 (]CfF = 270.8 Hz), 125.5, 125.6, 125.7, 127.9,
129.5, 130.0, 130.4, 130.8, 133.2, 136.0, 139.5, 156.6, 162.5,
164.6 ppm; Anal. Calcd. for C,H F.NO,: C, 62.22; H, 4.48;
N, 3.46; Found: C, 62.19; H, 4.42; N, 3.38%.

Ethyl-1-(4-methoxyphenyl)-4-hydroxy-5-0xo-2-
(4-trifluoromethylphenyl)-2,5-dihydro-1H-pyrrole-3-
carboxylate (3q): FT-IR (KBr) v___ = 3300, 1715, 1690, 1660,
1495, 1370, 1310, 1255, 1210, 1135, 760, 520 cm™; 'H NMR
(400 MHz, CDCI3) 8 =114 (t, ] = 7.2 Hz, 3H), 3.69 (s, 3H),
415 (q, ] = 72 Hz, 2H), 5.72 (s, 1H), 6.77 (d, J = 9.2 Hz, 2H),
728 (t, ] = 9.2 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 750 (d, ] =
8.4 Hz, 2H) ppm; “C NMR (100 MHz, CDCL)) 8 = 14.4, 55.6,
60.2, 61.0, 111.8, 114.4, 124.0 (]ch =269 Hz), 125.5, 125.6,
125.8, 128.4, 128.5, 128.7, 129.0, 129.2, 129.3, 142.2, 153.8,
1574, 162.4, 164.2 ppm; Anal. Calcd. for C,H FNO,: C,
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59.86; H, 4.31; N, 3.32; Found: C, 58.82; H, 4.25; N, 3.29%.
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3 Results and discussion

In order to study and achieve the optimized reaction
conditions, the 4-chlorobenzaldehyde, aniline, and
diethyl acetylenedicarboxylate were chosen as the model
reactants and their one-pot reaction was studied at room
temperature in the absence of catalyst and under solvent
free conditions. The model reaction was conducted by
the planetary ball mill which afforded the corresponding
productin traceyield after 4 h atroom temperature (Table 1,
entry 1). In the presence of water as green solvent, ethyl-
1-phenyl-2-(4-chlorophenyl)-4-hydroxy-5-ox0-2,5-dihydro-
1H-pyrrole-3-carboxylate (3a) was afforded in 20% yield in
catalyst-free condition (Table 1, entry 2). An improvement
was displayed when the reaction was conducted in
ethanol because the model reactants were more soluble
in ethanol than in water (Table 1, entry 3). When 0.5 mol%
of [BBSI]CI was added to the model reaction in ethanol
and the mixture was stirred for 2 h at room temperature,
3a afforded in 79% vyield (Table 1, entry 4). Increasing
amount of catalyst led to a significant improvement in yield
(Table 1, entry 5) while further reduction of the reaction
time afforded a lower yield of 3a (Table 1, entries 6 and 7).

To the best of our knowledge, no report exists
concerning the use of sulfonic acid functionalized ionic
liquid in a green solvent for the controlled microwave-
assisted synthesis of pyrrolidinones; therefore, the model
reaction was performed under microwave irradiation in
ethanol at room temperature (Table 2, entries 1-3). A higher
yield was obtained under microwave irradiation within
a very shorter reaction time as it was expected (Table 2,
entry 2) [37,38]. The 3a was obtained in 91% yield when
amount of catalyst was decreased to 0.5 mol% of [BBSI]

Table 1: Optimization of the synthesis of ethyl-1-phenyl-2-(4-
chlorophenyl)-4-hydroxy-5-0xo0-2,5-dihydro-1H-pyrrole-3-carboxylate
(3a) under a variety of reaction conditions.?

Entry Loading of [BBSI]Cl  Solvent Reactiontime Yield
(mol%) (2 mL) (h) (%)°
1 0.0 - 4 Trace®
2 0.0 H,0 4 20
3 0.0 EtOH (96%) 4 26
4 0.5 EtOH (96%) 2 79
5 1.0 EtOH (96%) 1 89
6 1.0 EtOH (96%) 30 88
7 1.0 EtOH (96%) 20 min 70

2Reaction conditions: 4-chlorobenzaldehyde (1a) (2.0 mmol),
aniline (2.0 mmol), diethyl acetylenedicarboxylate (2.0 mmol), room
temperature.

®|solated yield.

“Monitored by GC-MS.



376 =—— N.G.Khaligh et al.: Microwave-assisted synthesis of pyrrolidinone derivatives

Cl (Table 2, entry 3). In general, polar solvents and ionic
compounds are appropriate solvents for the microwave-
assisted reactions [39]. Ethylene glycol exhibits a low
vapor pressure and as a polar solvent thereby enhance

Table 2: Optimization of the synthesis of ethyl-1-phenyl-2-(4-
chlorophenyl)-4-hydroxy-5-oxo-2,5-dihydro-1H-pyrrole-3-carboxylate
(2a) under microwave irradiation.?

Entry Loadingof Solvent MW (W) Temp. Reaction Yield
[BBSI]CL (2mL) (°C) time (min) (%)®
(mol%)
1 1.0 EtOH (96%) - r.t. 30 88
2 1.0 EtOH (96%) 100 r.t. 15 92
3 0.5 EtOH (96%) 100 r.t. 15 91
4 0.5 Ethylene 100 r.t. 5 91
glycol
5 0.5 Ethylene 150 r.t. 5 92
glycol
6 0.5 Ethylene 300 r.t. 5 85
glycol
7 0.5 Ethylene 100 50 5 91
glycol

2Reaction conditions: 4-chlorobenzaldehyde (1a) (2.0 mmol), aniline
(2.0 mmol), diethyl acetylenedicarboxylate (2.0 mmol).
blsolated yield.
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its suitability for microwave heating. A significant
improvement was obtained in the reaction time when
ethylene glycol was used as a solvent (Table 2, entry 4).
Increasing the power of microwave irradiation led to a
drop in the yield of 3a (Table 2, entries 5 and 6), while
we observed no improvement in 3a yield within a longer
reaction time (Table 2, entry 7).

It is supposed that the improvements in yield and an
increase in the reaction rate is related to the peculiarities
of the substance heating under microwave exposure,
which lies in the rapid and uniform heating of the whole
reaction mixture. The heat generated in their volume is a
result of direct interaction of electromagnetic irradiation
with the reactants, ionic liquid, and solvent. Therefore
microwave heating is an effective tool for promoting
the multi-component reactions and using energy more
efficiently.

Then, a variety of aldehydes 1(a-q) and amines
were investigated under optimized conditions for both
methods viz. conventional (A) and non-conventional
(B) processes and as shown in Table 3, the substituted
pyrrolidinones (3a-m) were afforded in good to excellent
yield (Scheme 1). The electron-withdrawing substituents
on aromatic ring of aryl aldehydes afforded higher yields
of pyrrolidinones than electron-donating substituents at

Table 3: Synthesis of 2-pyrrolidinones in the presence of [BBSI]Cl under optimized reaction conditions.?

Yield (%)® Melting point (°C)

Entry Aldehyde (1) amine (2) Product (3)

Method A Method B Found Reported (ref.)
1 4-Cl-CH,- CH,-NH, a 88 91 188-190 190-192 (40)
2 CH,- C,H,-NH, b 86 90 174-176 174-176 (40)
3 4-CH,-CH,- CH,-NH, c 84 88 180-182 179-181 (42)
4 4-CF-CH,- CH,-NH, d 94 97 170-172 172-174 (41)
5 4-CH,0-C H,- C,H,NH, e 82 90 140-142 138-140 (40)
6 2-CH,0-CH,- CH,-NH, f 77 84 190-192 193-195 (41)
7 4-HO-CH,- CH,-NH, g 81 90 240-242 243-245 (42)
8 4-NO,-CH,- C,H,-NH, h 96 97 180-182 181-183 (42)
9 2-NO,-C H,- CH,-NH, i 91 95 175-177 178-180 (41)
10 2-C1-CH,- CH,-NH, i 82 90 200-202 204-207 (42)
11 4-Br-CH,- C,H,NH, k 88 93 190-192 190-193 (42)
12 CH,- CH,-NH, l 81 90 190-191 190-192 (40)
13 3,4(0CH,0)CH;-  CH,-CH,-NH, m 84 90 170-172 170-172 (40)
14 4[CH),N-CH,-  CH,-NH, n - - - -
15 4-CF-CH,- 4-NO,-CH,- 0 52¢ 88 170-172 175-177 (41)
16 4-CF-CH,- 4-CH,-CH,- P 82 92 172-173 176-178 (41)
17 4-CF-CH,- 4-CH,0-CH,- q 83 92 165-167 162-164 (41)

2Reaction conditions for method A: aryl aldehyde (1) (2.0 mmol), aniline (2.0 mmol), diethyl acetylenedicarboxylate (2.0 mmol), [BBSI]Cl
(1.0 mol%), ethanol (96%) (2 mL), temperature (reflux), room temperature, reaction time (30 min).

Reaction conditions for method B: aryl aldehyde (1) (2.0 mmol), aniline (2.0 mmol), diethyl acetylenedicarboxylate (2.0 mmol), [BBSI]CI (1.0
mol%), ethylene glycol (2 mL), microwave power (100 W), room temperature, reaction time (5 min).

bIsolated yield.

‘Reaction time (240 min).
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the same position (Table 3, entries 4 and 8 vs. 5) probably
because the electrophilic property of aryl aldehyde
increase [43]. No decomposition and isomerization were
observed when the acid sensitive aldehydes were treated
with aniline and diethyl acetylenedicarboxylate under
optimal conditions (Table 3, entries 5 and 13). A few spots
along with aryl aldehyde spot was observed on TLC when
4-(dimethylamino)-benzaldehyde (1n) was utilized as aryl
aldehyde under optimized conditions in both method A
and B and the corresponding product was not isolated
(Table 3, entry 14) which may be owing to deactivation of
1n via resonance stabilization in the presence of [BBSI|CI
(Scheme 2).

The effect of electron-donating and electron-
withdrawing substituents in  para-position  of
aniline derivatives were studied for the reaction
4-triflourobenzaldeyde, diethyl acetylenedicarboxylate,
and Furthermore, A variety of aryl amines containing
electron-donating and electron-withdrawing
substituents reacted with 4-trifluoro benzaldehyde and
diethyl acetylenedicarboxylate through method A and

[BBSIICI (1 mol%)

EtOH, r.t., 30 min
o [0}

Aﬂ)LH + AP-NH, + =

[BBSIICI (0.5 mol%)

1(a-q)
Microwave (100 W),

ethylene glycol, r.t., 5 min
ylene gly 3(a-q)

Scheme 1: Synthesis of pyrrolidinone derivatives in the presence of
[BBSI]Cl under optimal conditions.
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B under optimal conditions (Table 3, entries 15-17). The
results demonstrated that the electron-withdrawing
groups deactivated amino group and led to decrease the
product yield and the reaction rate (Table 4, entry 15),
while the electron-donating groups activated amino
group and afforded a high yield of the corresponding
products under optimal reaction conditions (Table 4,
entries 16 and 17).

A possible mechanism is shown in Scheme 3.
In the first step, the carbonyl group of aldehyde is
activated by C-2 hydrogen atom of imidazole moieties
and the acidic hydrogen of sulfonic groups of [BBSI|CI
through the formation of hydrogen bond. As shown in
Scheme 3, the [BBSI]CI can probably act as dehydrating
agents which will facilitate the formation of imine (I)
from the reaction of as-activated aryl aldehyde and
arylamine [44,45]. The addition reaction of water and
diethyl acetylenedicarboxylate forms the intermediate

S} ) S]
Cl Cl Cl Cl
®/\ — @\
o /T~ ~UNy N\Q/O o /T~ ~Ny N\('?;O
OsI_N_ S” OsIN__ S
) % \r ] ~S \r i
I Y H ,O ] H ,O
O\ A H 9 A H
H ©

Scheme 2: Plausible deactivation of 4-(dimethylamino)
benzaldehyde for the imine (Schiff base) formation in the presence
of [BBSI]Cl under optimized reaction conditions.

Table 4: The comparative study of present vs. previously reported methodology for the synthesis of ethyl-1,2-diphenyl-4-hydroxy-5-oxo-

2,5-dihydro-1H-pyrrole-3-carboxylate (2b).

Entry Catalyst Catalyst loading Solvent Temp. Reaction time Yield (%) Recyclable Ref.
(mol%) 0 (h)
- - Ethanol/H,0 (1:1 v/v) r.t. 15 87 - 46

Citric acid mono 200 Ethanol r.t. 10 85 No 42
hydrate

3 Citric acid mono 200 Ethanol 40 (US, 100 W)° 20 min 90 No 42
hydrate

4 p-toluenesulfonic 20 Ethanol r.t. 48 62 No 29
acid

5 Lactic acid 1140 (1mL) Lactic acid (85% wt/ 30 2 607 No 41

wt)

6 Glacial acetic acid 1746 (1 mL) Glacial acetic acid 30 2 242 No 41

7 [BBSI]CI 1.0 Ethanol (96%) r.t. 30 min 86 Yes This work

8 [BBSI]CL 0.5 Ethylene glycol r.t. (MW, 100 5 min 90 Yes This work

W)e

2 4-methylbenzaldehyde
® Ultrasound irradiation (power 100 W)
¢ Microwave irradiation (power 100 W)
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OFt H,0 Ar?
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AN IS0 Ar' N/‘o
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Scheme 3: The proposed mechanism for the synthesis of
pyrrolidinone derivatives in the presence of [BBSI]CL.

(I1) followed by a Micheal addition of imine (I) and
intermediate (II) which led to forming intermediate (III).
An intermolecular cyclization and elimination of ethanol
molecule afford the final product.

Finally, a 2.0 g scale of the model reactants was
performed in the presence of 0.2 mmol of [BBSI|CI in
20 mL of ethanol and ethylene glycol for method A and B,
respectively; and 3a was isolated in 82% and 86% yield
after 1.5 h and 10 min.

Table 4 showed a comparison of present and reported
methods in the literature. As observed, the catalytic
efficiency of [BBIS]Cl is superior to the reported solvent-
catalysts in terms of catalyst loading, product yields,
reaction times and recyclability (Table 4).

As shown in Table 5, the structure of the cationic
moiety plays a crucial role on the catalytic efficiency
of the ILs derived from pyrazinium, piperazinium,
benzimidazolium, imidazolium cation containing
chloride as counter anion as previously reported [46].
The [BBSI|Cl showed the best result comparing to
pyrazinium and piperazinium ILs while the [PiS]Cl and
[PzS]Cl exhibited a moderate catalytic activity which
can be assigned to the presence of two sulfonic groups
per IL molecules. Based on the catalytic efficiency of
[PzPS]Cl and [PzS]Cl, it seems that carbon spacer can
be also considered as an important parameter on the
catalytic efficiency of ILs (Table 5, entries 2 and 3). In
general, it seems that the presence and number of the
C-2 hydrogen and acid sites per imidazole-based IL,
as well as the carbon spacer between the imidazolium
moieties, increased their catalytic efficiency (Table 5,
entries 4-6).

Recycling and reusability of the TSILs are very
important for economic and environmental reasons when
it comes to large-scale applications. After completion of
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Table 5: Comparison of result obtained for the synthesis of ethyl-
1-phenyl-2-(4-chlorophenyl)-4-hydroxy-5-0xo0-2,5-dihydro-1H-pyr-
role-3-carboxylate (3a) in the presence of some sulfonic-functio-
nalized ionic liquid containing mono- and di- cationic nucleus with
[BBSI]CL.2

Entry IL as solvent-catalyst Abbreviation Yield (%)
HO: S?\lﬂ?—! SOzH
397 - 3| .
1 SR [Pis]Cl 66
€] ©
&/=\®
2 HN N-SOsH [PzS]Cl 61
c " al
]
@/ \®
3 MM NS0 [PzPs]cl 72
[€)
N
4 ,@NC‘ISOBH [psiict 77
HO3S
SOgH
N
5 L [DSBIICI 80
aN®
& SOsH
HO,S. A2 /\/\/®NC\M
6 N\:/NCI o SO3H [BBSI]CL 89
5] ©

2Reaction conditions: 4-chlorobenzaldehyde (1a) (2.0 mmol),
aniline (2.0 mmol), diethyl acetylenedicarboxylate (2.0 mmol), ionic
liquid containing sulfonic acid (1.0 mol% mL), ethanol (96%, 2 mL),
room temperature, reaction time (30 min).

[PiS]Cl = Sulfonic acid-functionalized piperizanium chloride, [PzS]
Cl = Sulfonic acid-functionalized pyrazinium chloride, [PzPS]Cl =
Sulfonic acid-functionalized pyrazinium propyl chloride, [DSI]Cl =
Sulfonic acid-functionalized imidazolium chloride.

the reaction, the solvent was removed in vacuum and the
desired pyrrolidinones were readily extracted using EtOAc.
The residue was recharged with new model reactants
for the next run. The desired product was afforded in
an average 82% and 86% yield for three successive runs
in method A and B, respectively. The recycled [BBSI|Cl
exhibited almost a constant catalytic activity even after
three sequential runs. Furthermore, the 'H NMR analysis
of recycled [BBSI]CI showed no considerable change under
the present workup after the third run (Figures 1 and 2).

4 Conclusion

In summary, the catalytic efficiency of [BBSI]Cl and
the energy efficiency of microwave irradiation were
approved for the synthesis of pyrrolidinone derivatives.
The advantages of current protocol included simple
experimental and sustainable procedure, high reaction
rate, good to excellent yield, and recyclability of the
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Figure 1: *H NMR of [BBSI]Cl after the second run of the reaction under optimized reaction conditions.
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Figure 2: 'H NMR of [BBSI]Cl after the third run of the reaction under optimized reaction conditions.
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ionic liquid. Its application for the one-pot multi
components reaction has highlighted the importance of
task-specific ionic liquids (TSILs) as efficient catalyst
and microwave irradiation as a green energy in organic
synthesis, and we hope that the present method will
find applications in academic and industrial processes
owing to its broad substrate scope, improved yields,
time saver, energy efficiency, and environmentally
friendly transformation.
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