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a b s t r a c t

A novel solid acid catalyst 2 was prepared by ion exchange of sulphonic acid functionalized ionic liquid
into clay interlayers as a new organic–inorganic hybrid catalytic system. The ionic tag of the imidazolium
supported sulphonic acid 1 assists in the pillaring process and enhances the organophilicity of catalyst 2
in the interlayers of clay. The catalytic activity of catalyst 2 as a recyclable solid Bronsted acid has been
tested for the chemoselective transesterification of ethyl/methyl b-ketoesters with various alcohols in
good yields with high TON/TOF.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

The development of new heterogeneous Brønsted acid catalysts
as alternatives for corrosive liquid acid catalysts, which combine
chemical efficiency, ease of preparation, are recyclable, safe, and
economical has become important for industrial applications in
the context of green chemistry [1]. The commonly used supports
for acid catalysts, in particular for sulphonic acids are polymeric
membranes [2], commercially available Nafion with perflourinated
sulphonic acid groups [3], polystyrenes supported sulphonic acid
[4] and lately, high surface area sulphonic acid functionalized mes-
oporous silicas have also been synthesized [5] by the condensation
of alkoxy silanes and 3-mercapto propyl trimethoxy silanes, which
are further oxidized to obtain the propyl sulphonic acid groups.

Heterogeneous catalysts are preferred by industries as recover-
able and recyclable catalysts but suffer from problems like poor
mass transfer, restricted accessibility to matrix bound acidic sites,
high molecular weight/active site ratio, and rapid deactivation due
to coking, while homogenous catalysts are flawed with difficulties
associated with recycling and separation of products. Hence, the
need to design and synthesize homogenous–heterogeneous cata-
lysts is required to overcome the drawbacks of each system [6].
In light of this, synthesis of hybrid organic–inorganic materials as
ll rights reserved.
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catalysts for acid catalyzed reactions like esterification, aromatic
alkylation, and etherification are attractive and their importance
is increasing as new functional and nano-structured materials for
developing safe industrial processes [7,8].

Research in functional ionic liquid catalysis has gained momen-
tum due to their promising activity as efficient recoverable and
recyclable catalysts [9], as the ionic support further enhances the
interaction and immobilization in the ionic medium resulting in
high turn over numbers, frequency and negligible metal leaching
and has been recently reviewed in literature [10]. In particular, var-
ious functional acidic ionic liquids have also been synthesized and
used as catalysts in numerous organic reactions as reported in lit-
erature [11–13].

Ionic liquids (ILs) have also been immobilized onto solid sup-
ports, most commonly on silica, in order to minimize the amount
of ILs used, avoid the use of organic solvents and easily recover
the catalyst which is desirable from an economic and toxicological
point of view. These supported ionic liquid phases (SILP) possess
the advantages of both ionic liquids and heterogeneous supports
and has been reviewed recently [14].

Montmorillonite clay is the most important inexpensive alumi-
nosilicate smectite clay used in catalytic applications in organic
synthesis with characteristic features like cation exchange, swella-
bility and intercalation properties [15]. Chemical modification of
these clays by immobilization involves a simple ion exchange of
organic and inorganic moieties which can be fine tuned as per
industrial requirements and are being considered as potentially
cost effective and environmentally benign nano-materials for the
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Fig. 2. XRD patterns of (a) Na+–MMT clay, (b) catalyst 2.
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future [16], especially with amines or quaternary ammonium salts
which provides a simple method for the preparation of organic–
inorganic hybrid materials. Recently, Kim et al. have reported the
preparation of cationic nanoclays by immobilizing ionic liquids
as a modifier in the interlayers of clays [17]. Supported ionic-liquid
films (SILF) of nanometric thickness containing bis(oxazoline)–
copper complexes in clay has been used as recoverable catalysts
for enantioselective cyclopropanation reaction [18].

Transesterification of b-ketoesters is an important organic
transformation and has been catalyzed by a number of homo-
genous and heterogeneous catalysts which include Bronsted and
Lewis acids, bases, anion exchange resins, DMAP, titanium tetralk-
oxide, zeolites, clays, to list a few [19]. All previously reported pro-
cedures are flawed with one drawback or another, like volatility
and toxicity of acid catalysts, long reaction times, hostility of cata-
lysts to environmental issues, and their non-recoverability.

In continuation to our program for the development of acid cat-
alysts based on clays and ionic liquids [20,21], we herein report the
synthesis and characterization of sulphonic acid functionalized io-
nic liquid exchanged MMT-clay nanocomposite 2 and its applica-
tion as a solid acid catalyst for transesterification of b-ketoesters.
The cationic part of 1 was exchanged into the interlayer spacing
of MMT clay to get catalyst 2 as a dry powder. The immobilization
is by electrostatic interactions between the negatively charged
interlayers and positively charged cation as shown in Fig. 1.
2. Experimental

2.1. Preparation of catalyst 2

The sulphonic acid functionalized ionic liquid 1 was prepared
by ring opening of 1,3 propane sultone through the nucleophilic
attack of 1-methyimidazole and subsequent anion exchange with
triflic acid according to the reported procedure [22] and character-
ized by IR and NMR analysis [IR (KBr, cm�1) 3445, 2361, 1848,
1637, 1426, 1043, 796, 623; 1H NMR (D2O) d: 1.9–2.05 (m,2H),
2.62 (t, 2H, J = 7.16 Hz), 3.59 (s, 3H), 4.05 (t, 2H, J = 7.16 Hz),
7.14–7.22 (d, 2H), 8.43 (s,1H)].

To a solution of 1 (0.486 g, 1.5 mmol) in absolute ethanol
(20 ml) was added Na+–MMT clay (1.0 g) in small fractions with
vigorous stirring at room temperature and stirring continued for
48 h. The solid was filtered and washed thoroughly with ethanol
(4 � 10 ml) to remove any residual sulphonic acid functionalized
ionic liquid 1. The product was finally dried under vacuum for
24 h to get a free flowing solid and is denoted as catalyst 2.
Fig. 1. Sulphonic acid functionalized ionic liquid exchanged clay nanocomposite 2.
2.2. Catalyst characterization

The Na+–MMT clay and catalyst 2 were characterized by using
XRD, BET, and TGA analysis to determine the structure, surface
area, and thermal stability respectively. The Bronsted acidity was
determined by titration method. The powder XRD patterns of
Na+–MMT clay and catalyst 2 are presented in Fig. 2.

The characteristic peak at 7.44� corresponds to d001 spacing of
11.86 Å in case of Na+–MMT clay. Similarly, the peak at 6.07� cor-
responds to a d001 spacing of 14.52 Å in case of catalyst 2 indicating
a substantial expansion of the interlayers due to exchange of smal-
ler Na+ ions with the bulkier sulphonic acid functionalized cation.

The nitrogen adsorption–desorption isotherms of MMT and cat-
alyst 2 at 77 K were evaluated using an adsorption analyzer. The
BET surface area and micropore volume increased from 11.89 to
14.37 m2/g and 0.0452 to 0.0646 cm3/g for MMT clay and catalyst
2 respectively, which further supports the intercalation process
and remained the same after the reaction.

The cation exchange in catalyst 2 was determined by finding the
Bronsted acidity using titration method which increased from
0.130 to 1.1 mmol H+/g of clay for MMT clay and catalyst 2 respec-
tively as shown in Table 1.

TGA analysis of catalyst 1 and 2 showed that catalyst 1 was
thermally stable up to 280 �C after which it degraded rapidly while
catalyst 2 showed thermal stability up to 300 �C and gradually de-
graded and continued up to 840 �C which is probably because the
ionic liquid 1 is sandwiched in the layers of MMT clay in catalyst 2.

The solid catalyst 2 was characterized by IR analysis before and
after the reaction, which showed the presence of a band at
1427 cm�1 characteristic of (S@O) stretching vibrations of –SO3H
groups, similar to the one observed in catalyst 1 and is as shown
in Figs. 3a and 3b.

2.3. Methods and materials

1H NMR was recorded in CDCl3 on a 400 MHz Bruker instru-
ment using TMS as the internal standard. IR spectra were recorded
on a Bio-Rad-Win-IR spectrometer. Na+–montmorillonite clay
(Na+–MMT) with cation exchange capacity of 120 meq/100 g clay,
was provided by Kunimine Co. Ltd., Japan. XRD analysis was done
using Rigaku D-Max IIIC using Ni-filtered Cu-Ka radiation. BET sur-
face area and pore volume were determined using quantachrome
autosorb automated gas sorption system. TGA analysis was carried
out using TGA Mettler Toledo system. Bronsted acidity was deter-
mined by taking Na+–MMT clay and catalyst 2 (250 mg each) sep-
arately and suspended in aqueous NaOH (20 ml, 0.086 N) for 24 h
and filtered. The filtrate containing unreacted NaOH was titrated
against standard H2SO4 (0.1 N) using phenolphthalein as an



Table 1
Physico-chemical characteristics of Na+–MMT clay and clay nanocomposite 2.

Sample Basal spacing (Å) Multipoint BET surface area (m2/g) Pore volume (cm3/g) Bronsted acidity (mmol H+/g of clay)

Na+–MMT clay 11.86 11.89 0.0452 0.130
Catalyst 2 14.52 14.37 0.0646 1.110

Fig. 3a. IR spectrum of catalyst 2.

Fig. 3b. IR spectrum of catalyst 2 after the reaction.
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indicator. [TMBA] NTf2 (trimethylbutylammonium bis(trifluoro-
methylsulfonyl)imide) was prepared by quaternization of trimeth-
ylamine with butyl chloride followed by anion exchange with
LiNTf2 [23].

2.4. Transesterification of b-ketoesters with catalyst 1 and 2

In a typical experiment, ethylacetoacetate (0.130 g, 1.0 mmol)
and octanol (0.156 g, 1.2 mmol) were added to catalyst 1
(0.05 mmol, 0.0162 g)/catalyst 2 (50 mg) in [TMBA] NTf2 (1.0 ml)
and heated at 80 �C for 3 h with stirring. On completion of reaction
the lower alcohol formed was removed under vacuum. The product
was extracted with ether (3 � 10 ml), dried and evaporation of sol-
vent and purification after column chromatography (Pet ether/
ether, 8:2) gave the desired product 0.192 g (90%)/0.196 g (92%).
The catalyst and the spent ionic liquid, after removal of product,
were recovered by drying at high vacuum at 80 �C and recycled
for the same reaction which yielded the product with no loss in
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activity and selectivity up to seven cycles. 1H NMR (CDCl3,) d: 0.9 (t,
3H, J = 6.9 Hz), 1.2–1.3 (m,10H), 1.5–1.6 (m, 2H), 2.27 (s, 3H), 3.45
(s, 2H,), 4.03 (t, 2H, J = 6.8 Hz).
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Fig. 4. Kinetic curves for the transesterification of ethylacetoacetate with 1-octanol
using catalyst 1 and 2.

10

20

30

40

50

60

70

80

90

100

C
on

ve
rs

io
n 

%

catalyst 1

catalyst 2
3. Results and discussion

This process illustrates a simple method of heterogenisation of
an active homogeneous acid catalyst 1 on intercalating by ion ex-
change into the layers of inexpensive MMT clay to get a free flow-
ing solid acid catalyst 2. The use of the imidazolium based ionic
tagged sulphonic acid helps in propping apart the layers of clay
which is further assisted by the p–p interaction of the imidazole
rings which acts as a template in the intercalation process. The cat-
alyst 2 showed higher thermal stability, has greater surface area
due to the presence of the ionic tag which assists in the pillaring
process and increases the basal spacing. Table 1 exhibits a sum-
mary of the physico-chemical characteristics of Na+–MMT clay
and clay nanocomposite 2.

In the screening and optimization of catalytic activity, a model
reaction for transesterification of ethylacetoacetate and octanol
(Scheme 1) at 80 �C was studied under various reaction conditions
as shown in Table 2. As expected Na+–MMT clay showed no cata-
lytic activity. The acid catalyst 1 gave good yield of the desired
product both under solventless conditions and in the ionic liquid
[TMBA] NTf2. The catalytic activity of catalyst 2 was also studied
in the absence and presence of [TMBA] NTf2 used as a solvent,
wherein it was observed that higher conversion up to 95% after se-
ven catalytic cycles was obtained in the presence of [TMBA] NTf2 as
a solvent. It is envisaged that the ammonium based ionic liquid
[TMBA] NTf2 assists in the transport of reactants into the layers
of clay. It is evident from Table 2 that the clay nanocomposite 2
in [TMBA] NTf2 proved to be the best catalytic system. The conver-
sion were calculated from 1HNMR by relative ratio of the peaks at
4.03 (t, 2H, J = 6.80 Hz) in the product and peak at 4.2 (q, 2H,
J = 7.1 Hz) in ethylacetoacetate/4.03 (s, 3H) in methylacetoacetate.

Fig. 4 exhibits the progress of transesterification reaction of
ethylacetoacetate and 1-octanol at 80 �C over catalyst 1 and 2 as
a function of time. The reaction shows rapid progression with mar-
ginal difference in initial rate of conversion of 70 and 80% in case of
catalyst 1 and 2 respectively and complete conversion was
achieved in both cases in three hours.

The results of recycling experiments with catalyst 1 under sol-
ventless conditions (entry 2) and catalyst 2 in [TMBA] NTf2 (entry
4) are shown in Fig 5. Best results were observed with catalyst 2 in
[TMBA] NTf2 up to seven cycles where both the catalyst and ionic
liquid were efficiently recycled.

The plausible mechanism for the transesterification reaction is
as shown in Scheme 2.
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Scheme 1. Transesterification reactions catalyzed by catalyst 1 and 2.

Table 2
Optimized results for transesterification of ethylacetoacetate and octanol at 80 �C under v

Entry Catalyst [TMBA] NTf2 (ml)

1 Na+–MMT clay 0.5
2 1 Nil
3 1 0.5
4 2 0.5
5 2 Nil
The reaction using different alcohols and methylacetoacetate
were also studied to determine the efficacy of the catalytic systems
1 and 2 and it was found that the reaction goes smoothly with high
yields and TONs above 15,000 as shown in Table 3. Moreover, cat-
alyst 1 provides the opportunity to carry out the reaction under
solvent-free conditions and the novel heterogenous catalytic sys-
arious reaction conditions.

Time (h) Yield (%) TON TOF (h�1)

3 Nil – –
3 90 18,000 6000
3 92 18,400 6133
3 95 19,000 6333
3 Nil – –

0

1 2 3 4 5 6 7

Run

Fig. 5. Recycling experiments of ethylacetoacetate and 1-octanol using catalyst 1
and 2.
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Scheme 2. The plausible mechanism for transesterification reaction catalyzed by sulphonic acid functionalized ionic liquid and its nanocomposite.

Table 3
Transesterification of methylacetoacetate with different alcohols using catalyst 1 and
2.

Entry Catalyst Alcohol Time
(h)

Yield
(%)

TON TOF
(h�1)

1 1 Butanol 3 90 18,000 6000
2 Butanol 3 85 17,000 5666

2 1 Isobutanol 3 80 16,000 5333
2 Isobutanol 3 90 18,000 6000

3 1 Allyl alcohol 3 75 15,000 5000
2 Allyl alcohol 3 88 17,600 5866

4 1 Benzyl
alcohol

3 72 14,400 4800

2 Benzyl
alcohol

3 80 16,000 5333

5 1 Cyclohexanol 3 75 15,000 5000
2 Cyclohexanol 3 80 16,000 5333
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tem 2 can be used in flow reactors in industry [24,25]. Both the cat-
alysts showed good catalytic activity with high conversion and rea-
sonable yields. The catalysts were recovered after the reaction and
reused subsequently. In comparison to the existing studies the cur-
rent protocol has the advantages of high TON/TOF, recyclability
and recoverability of the catalytic system.

4. Conclusion

This is a simple method to prepare a MMT-clay exchanged sul-
phonic acid functionalized ionic liquid nanocomposite as a hybrid
organic–inorganic heterogeneous catalyst with high acidity, as a
free flowing solid with the homogenous acid catalyst sandwiched
between the layers of clay. It combines the advantages of both het-
erogeneous and homogenous catalytic system for effective mass
transport of reactants and product molecules. The ionic tag im-
proves intercalation and organophilicity and the catalyst exhibits
good activity for the transesterification of b-keto esters with vari-
ous primary, secondary, cyclic and benzylic alcohols. The catalytic
activity of catalyst 2 will be studied for other important organic
reactions enabling its usage for the industrially preferred fixed
bed technology.
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