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Abstract

Diphenylmethane and its derivatives were prepared via Friedel–Crafts benzylation reaction using ionic liquids of 1-butyl-3-methylimidazolium
chloride-ZnCl (BmimCl–ZnCl ), 1-butyl-3-methylimidazolium chloride–FeCl(BmimCl–FeCl) and 1-butyl-3-methylimidazolium chloride-
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eCl2 (BmimCl–FeCl2) as both reaction media and Lewis acid catalysts. In comparison with the reaction performed in conventiona
olvent, faster reaction rate and higher selectivity to target products were achieved in such ionic liquids media. The effects of reaction tre,
eaction time, and the ratio of metal chloride to BmimCl, as well as the amount of ionic liquids on the Friedel–Crafts benzylation w
nvestigated. It was found that increasing reaction temperature led to high catalytic activity and selectivity, and that the excess amou
cidity of ionic liquid was detrimental to the reaction. Moreover, these ionic liquids could be conveniently recovered for recycled use; inar,
mimCl–ZnCl2 with moisture-stability could be reused at least eight times without loss of catalytic activity.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Diphenylmethane and its derivatives generally prepared via
riedel–Crafts benzylation reaction (Scheme 1) are industrially

mportant compounds used as pharmaceutical intermediates[1]
nd fine chemicals[2,3]. In the fragrance industry diphenyl-
ethane has been used as both a fixative and a scenting soap,
s a synergist in some insecticides[4,5] and as a plastisizer

6] for dyes [7]. Also, diphenylmethane has been employed
o improve the thermal stability of polyester[8], and the sta-
ility and lubricating properties of jet fuels[9]. Furthermore,

he substituted diphenylmethanes have been utilized as solvents
or pressure-sensitive reaction materials[10] and as insulating
taffs, adhesives, and epoxy resin curing agents in chemical
ndustry.

∗ Corresponding authors. Tel.: +86 731 8872576; fax: +86 731 8872531.
E-mail addresses: yindh@hunnu.edu.cn (D. Yin), yuningya@yahoo.com.cn

N. Yu).

Traditionally, diphenylmethane and its derivatives are
pared via Friedel–Crafts reactions by using H2SO4, HF, AlCl3,
FeCl3, or ZnCl2 [11] as acid catalysts. However, all these a
catalysts are toxic and corrosive and product isolation is
of difficulties, resulting in severe pollution. To overcome th
problems, Lewis acids have been supported in different s
such as MCM-41[12], hydroxyapatite (HAP)[13], and fluora
patite (FAP) and have been used as heterogeneous cataly
the Friedel–Crafts reaction of benzyl chloride with benzene
its derivatives. Such heterogeneous catalysts gave rise to
yields of monoalkyl products with reducing the isolation pr
lems. In spite of the above-mentioned advantages for the u
supported acids, preparations of catalysts are generally te
furthermore, these catalysts deactivate rapidly due to the b
up of coke. Hence, there is still a need to develop an easy-
technology more suitable for the synthesis of diphenylmet
and its derivatives.

The desirable properties of room temperature ionic liqu
such as lack of vapor pressure, wide liquid range, and nonvo
ity, have made them excellent reaction media and environm
381-1169/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.molcata.2005.10.010
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Scheme 1. Friedel–Crafts reactions of benzene and its derivatives with benzyl
chloride.

benign solvents. Ionic liquids have been regarded as an alterna-
tive to conventional organic solvents and applied in electrochem-
istry[14], extraction[15,16], biocatalysis[17] and catalysis[18].
Chloroaluminate ionic liquids have been reported as both solvent
and Lewis acid catalyst for Friedel–Crafts reactions[19–24],
but they have a deadly defection of moisture-sensitivity and,
hence, are difficult to reuse. Recently, Xiao and Malhotra[25]
have reported on the Friedel–Crafts alkylations of benzene in
FeCl3–pyridinium-based ionic liquids under mild conditions
with good conversion, and the catalyst could also be recycled and
reused. It is well known that the zinc or iron-containing ionic liq-
uids are more moisture-stable than chloroaluminate ionic liquid
[26–28], moreover, their acidic property can be easily modified
by adjusting the composition of cations and metal halide, hence,
they maybe suitable candidates for Friedel–Crafts reactions.

In this paper, diphenylmethane and its derivatives were
synthesized via Friedel–Crafts benzylation reaction of benzy
chloride with benzene and the corresponding derivatives, respec
tively, for the first time in ionic liquids of 1-butyl-3-methylimida-
zolium chloride-ZnCl2 (BmimCl–ZnCl2), 1-butyl-3-methylimi-
dazolium chloride–FeCl3 (BmimCl–FeCl3) and 1-butyl-3-
methylimidazolium chloride-FeCl2 (BmimCl–FeCl2). Easy
separation of the products, accelerating reaction rate, and hig
selectivity of monoalkylated products were obtained. All these
ionic liquids could be reused, especially; BmimCl–ZnCl2 could
be recycled for eight times without noticeable drop in activity.
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with a stirrer, a reflux condenser and a thermometer, fol-
lowed by adding 3.9 g (50 mmol) of sodium-dried benzene and
0.64 g (5 mmol) benzyl chloride subsequently. After refluxing
for appropriate time, the reaction mixture was placed for a while
for the formation of two phases. The upper clear liquid was
pipetted off for gas chromatography analysis, and the ionic liq-
uid phase was washed with hexane (3× 3 ml), purified in vacuo
and directly reused in subsequent runs. All analyses were car-
ried out with a HP 5973 GC–MS equipped with a HP-5 column
(30 m× 0.32 mm× 0.25�m). The concentration of reactants
and products was directly given by the system of GC–MS chem-
station according to the area of each chromatograph peak.

3. Result and discussion

3.1. Result of acidity determination

Previous literature reported that the Lewis acidic strength
of BmimCl–AlCl3 ionic liquids could be adjusted by varying
the molar fraction of AlCl3 [20]. Here, we used acetonitrile as
a basic probe molecule to determine the acidity of the ionic
liquids which contain metal halide ZnCl2, FeCl3 or FeCl2.
The principle of this experiment is as follow: if acetonitrile,
a weak Lewis base, is mixed with Lewis acid, the interaction
between these two compounds will exhibit a correlated band
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. Experimental

.1. General procedures for the synthesis of ionic liquids

1-Butyl-3-methylimidazolium chloride (BmimCl) was sy
hesized according to the method outlined in the prev
eports[29]. BmimCl–ZnCl2, BmimCl–AlCl3, BmimCl–FeCl3
nd BmimCl–FeCl2 ionic liquids were synthesized according

he procedures described in the recent literature[26].

.2. Determination of the acidity of ionic liquids

Acetonitrile was used as a base probe molecule to dete
he acidity of ionic liquids; the detail process was similar to
utlined in the previous literature[20].

.3. Reaction procedure and analysis

In a typical reaction procedure, an appropriate amou
onic liquid was placed in a 10 ml round-bottom flask equip
l
-

h

e

n IR spectra. As can be seen fromFig. 1, there were only tw
haracteristicυCN stretching vibration bands of acetonitr
t 2250 and 2287 cm−1, when acetonitrile was mixed wi

he ionic liquid with a ZnCl2/BmimCl molar ratio of 0.9
n), indicating that there is no interaction between the i
iquid and acetonitrile. However, whenn was higher tha
.0, an additional band appeared at around 2312 cm−1 and a
onotonic blue shift of all these bands were observed
n increase of the molar ratio of ZnCl2 to BmimCl (n). The
and around 2312 cm−1 is an indicative of Lewis acid–ba

ig. 1. IR spectra of mixtures of acetontrile and BmimCl–ZnCl2 ionic liq-
id: (a) molar ratio of ZnCl2 to BmimCl = 0.9; (b) molar ratio of ZnCl2 to
mimCl = 1.0; (c) molar ratio of ZnCl2 to BmimCl = 1.5; (d) molar ratio o
nCl2 to BmimCl = 2.0.
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interaction between the ionic liquid and acetonitrile. Moreover,
the intensity of IR band around 2312 cm−1 become stronger
with the increase of the fraction of ZnCl2, implying that the
increased amount of ZnCl2 leads to a stronger Lewis acid–base
interaction between the ionic liquid and acetonitrile. The results
indicate that the Lewis acidic strength of ionic liquids can be
modified by varying the fraction of ZnCl2 in ionic liquid. Using
acetontrile as a probe molecule, Lewis acidity of the ionic
liquids containing FeCl3 or FeCl2 showed the similar results.

3.2. Comparison of the Friedel–Crafts benzylation between
in organic solvents and in ionic liquids

Table 1summarizes the results of a comparative study of
the Friedel–Crafts reactions between benzene and benzyl chlo-
ride in several Lewis acid ionic liquids of BmimCl–ZnCl2,
BmimCl–AlCl3, BmimCl–FeCl3, and BmimCl–FeCl2 and in
organic solvent. When the Friedel–Crafts reaction was carried
out without ionic liquid, benzene acted as both substrate and sol-
vent and the Lewis acid ZnCl2 supported on hydroxyapatite or
fluorapatite as heterogeneous solid catalysts. As can be readily
seen fromTable 1that in the organic solvents, both ZnCl2/HAP
and ZnCl2/FAP showed rather poor activity and selectivity for
the diphenylmethane (entries 1 and 2), whereas the enhanced
reaction rate was observed when the Friedel–Crafts reaction was
performed in ionic liquids (entries 3–10). Typically, high yield
o ds.
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in the second carbon, thus, resulting in higher conversion and
selectivity.

Clearly, there were slight differences in the yield of
monoalkyl products when the reaction was performed in dif-
ferent ionic liquids under the same conditions. BmimCl–AlCl3
and BmimCl–FeCl3 showed the best catalytic activity in
the benzylation of benzene. The activity sequence for
the four ILs was as follows: BmimCl–AlCl3 > BmimCl–
FeCl3 > BmimCl–FeCl2 > BmimCl–ZnCl2. The Friedel–Crafts
reaction is normally promoted by Lewis acid catalyst whereas
basic catalysts exhibit no catalytic activity. Among AlCl3,
FeCl3, FeCl2 and ZnCl2, AlCl3 and FeCl3 possess the high-
est Lewis acidic strength, imparting the highest Lewis acidity to
BmimCl–AlCl3 and BmimCl–FeCl3. Thus, BmimCl–AlCl3 and
BmimCl–FeCl3 showed the greatest catalytic activity. A series
of results inTable 1demonstrated the expected dependency.

3.3. Influence of reaction temperature and reaction time on
the Friedel–Crafts reaction

Reaction temperature and reaction time have important
effects on the reaction dynamics and thermodynamics, therefore,
the influence of varying the reaction time and temperature on the
alkylation were studied, and the results are shown inTable 2. As
expected, the elevated reaction temperature, which would accel-
e rsion.
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f monoalkyl product was achieved within 2 h in ionic liqui
owever, the heterogeneous catalysts needed longer re

ime to get the comparable yield. Also, one can easily find
econd advantage of ionic liquids fromTable 1, that is, the sig
ificantly improved selectivity of monoalkyl products. It is w
nown that alklation reaction is governed with the mechan
f carbenium ion, strong polarity and electrostatic field of

onic liquids used as both catalyst and reaction medium
tabilize the intermediate of carbenium ion charged posit

able 1
he comparative results of the Friedel–Crafts reactions between benze
enzyl chloride in different solventa

ntry Solvent Reaction time (h) Yield (%) Selectivity (

1 Benzeneb 2 87 (85) 78
2 Benzenec 17 98 (95) 77
3 BmimCl–AlCl3 1 99.1 99.1
4 BmimCl–AlCl3 2 100 100
5 BmimCl–FeCl3 1 98.5 100
6 BmimCl–FeCl3 2 100 100
7 BmimCl–FeCl2 1 93.2 100
8 BmimCl–FeCl2 2 96.2 99.7
9 BmimCl–ZnCl2 1 79.3 98.7
0 BmimCl–ZnCl2 2 97.7 99.8

a In ionic liquids at 80◦C, the reaction condition is as follows: 3.9 g (50 mm
f benzene and 0.64 g (5 mmol) benzyl chloride in 1 ml ionic liquid (molar
f MX/BmimCl = 2.0).
b Ref.[19], the mixture of benzyl chloride (9 mmol) and benzene (10 ml)

efluxed in the presence of 0.1 g of ZnCl2/HAP. The datum in brackets is t
ield of products after distillation.
c Ref.[20], the mixture of benzyl chloride (9 mmol) and benzene (10 ml)

efluxed in the presence of 0.1 g of ZnCl2/FAP. The datum in brackets is t
ield of products after distillation.
n

d

rate the reaction remarkably, led to the increased conve
nly 57.3% of benzyl chloride conversion was obtained w

he reaction was performed at 25◦C for 47 h, whereas the rea
ion can be accomplished within 2 h if the reaction tempera
as raised to 80◦C. Also, the increase of reaction tempe

ure gave a higher selectivity for diphenylmethane. At 25◦C,
he selectivity towards monoalkylation was only 68.7%,
he other 31.3% of products was dialkylation product; howe
he selectivity towards monoalkylation always retained a
evel between 98.4% and 100%, if the temperature incre
rom 25◦C to 80◦C. On the other hand, the prolonged reac
ime usually gave rise to an increased conversion, moreove
endency became more apparent under elevated reaction
erature. The reaction could be completed within only 2 h a

emperature of 80◦C, whereas only the conversion of 57.3% w
btained if the reaction was performed at 25◦C even the reac

ion time was prolonged to 47 h. It should be noted that a lo
eaction time is not the precondition to get a higher select
or monoalkylated product.

able 2
he results of Friedel–Crafts reaction of benzene with benzyl chloride

onic liquid BmimCl–ZnCl2 at different temperature and reaction timea

emperature (◦C) Time (h) Yield (%) Selectivity (%

5 30 36.9 69.7
5 47 57.3 68.7
0 0.5 58.1 93.8
0 1 78.2 98.7
0 1.5 93.2 99.9
0 2 97.7 99.8
0 3 98.8 98.7

a Same as inTable 1.
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Table 3
The results of Friedel–Crafts reaction of benzene with benzyl chloride in differ-
ent amounts of BmimCl–ZnCl2 ionic liquid with various molar ratios of ZnCl2

to BmimCl

Entry Amount of IL (ml) na Yield (%) Selectivity (%)

1 1 1.1 5.2 100
2 1 1.5 29.0 100
3 1 2.0 97.7 99.8
4 1 3.0 97.8 98.9
5 0.1 2.0 15.9 98.3
6 0.2 2.0 32.1 99.8
7 0.5 2.0 63.6 99.2
8 2 2.0 95.6 99.6

a n is the molar ratio of ZnCl2 to BmimCl; reaction time and temperature are
2 h and 80◦C, respectively.

3.4. Influence of ZnCl2 composition in ionic liquids and the
amount of ionic liquids on the Friedel–Crafts reaction

The effects of varying ZnCl2 composition in ionic liquids and
the amount of the ionic liquids on the alkylation reaction of ben-
zyl chloride with benzene were studied and the results are shown
in Table 3. ZnCl2 molar fraction in ionic liquids had a crucial
influence on the catalytic activity (entries 1–3): The ionic liquid
with n = 1.1 exhibited little catalytic activity (entry 1,n is the
molar ratio of ZnCl2 to BmimCl); the reaction rate increased
remarkably with an increase ofn from 1.1 to 2.0, indeed, the
conversion of benzyl chloride reached 97.7% with selectivity to
monoalkylated product close to 100% in 2 h whenn was equal
to 2.0; whereafter, the increase ofn from 2.0 to 3.0 gave an
almost unchanged conversion and a slightly decreased selectiv-
ity of monoalkylated product (entry 4). As has been discussed
in Fig. 1, with the increase of the amount of ZnCl2 in ionic
liquids, Lewis acidity of ionic liquids became stronger. Since
Friedel–Crafts reactions are promoted by Lewis acid catalysts,
the elevated acidic strength will improve both the conversion and
the selectivity of monoalkylated product. It should be noted that
excess Lewis acidity of ionic liquid appears to be detrimental to
the reaction presented here.

On the other hand, the amount of ionic liquid in reaction
system also had much influence on the reaction of alkylation.
When the alkylation reaction of benzyl chloride with benzene
w 0.2,
0 the
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p
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w ss o
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i thu
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Fig. 2. IR spectra of the fresh ionic liquid of BmimCl–ZnCl2 (a) and the used
one (b).

strates used here are almost insoluble in the ionic liquids
and the products are well soluble in benzene and its deriva-
tives, the products with reaction substrates formed a separate
phase on the top of the ionic liquids after the completion of
the Friedel–Crafts reaction and therefore were easily sepa-
rated by decantation.Fig. 2 shows the FT-IR spectra of fresh
BmimCl–ZnCl2 and used BmimCl–ZnCl2. After washed with
hexane, the used BmimCl–ZnCl2 displayed an almost iden-
tical spectrum with fresh BmimCl–ZnCl2, implying that the
structure of BmimCl–ZnCl2 keeps unchanged during the reac-
tion. Based the above results it is logical to conclude that the
ionic liquid catalysts with moisture-stability were reusable and
the recycle results are shown inTable 4. For moisture-stable

Table 4
Reuse of ionic liquids in the Friedel–Crafts reaction

Entry BmimCl–MXa Run time Yield (%) Selectivity (%)

1b BmimCl–ZnCl2 1 95.7 4.4/36.0/59.6c

2 BmimCl–ZnCl2 2 99.4 4.0/35.4/60.5
3 BmimCl–ZnCl2 3 98.0 4.6/36.4/59.0
4 BmimCl–ZnCl2 4 100 5.9/37.8/56.3
5 BmimCl–ZnCl2 5 98.6 4.4/36.6/59.0
6 BmimCl–ZnCl2 6 100 5.9/38.7/55.5
7 BmimCl–ZnCl2 7 98.6 4.7/36.1/59.2
8 BmimCl–ZnCl2 8 100 6.8/37.9/55.3
9d BmimCl–FeCl3 1 100 100

10 BmimCl–FeCl3 2 99.6 100
1
1
1
1
1
1
1
1

32 g)
a

.64 g)
a

ere carried out with the varied amount of ionic liquid (0.1,
.5, 1.0 or 2.0 ml ionic liquid/0.32 g benzyl chloride) under
ame reaction conditions, it was observed that, with the inc
f the amount of the ionic liquid, the yield of benzyl chlor
assed through a maximum and then decreased (Table 3, entries
–7, 3 and 8). The maximum yield of target product was obta
hen the amount of ionic liquid was 1 ml, however, an exce

onic liquid, which resulted in an undesirable increase of ac
n the system, promoted undesirable side-reactions, and
educed the yield of target product, as observed previously

.5. Recycling of the ionic liquid in the Friedel–Crafts
eaction

One of the advantages of ionic liquids is that prod
ith high purity can be easily separated. Since the
f

s,

1 BmimCl–FeCl3 3 97.1 99.8
2 BmimCl–FeCl3 4 85.8 100
3 BmimCl–FeCl3 5 19.2 100
4 BmimCl–FeCl2 1 96.2 99.7
5 BmimCl–FeCl2 2 99.4 99.9
6 BmimCl–FeCl2 3 42.6 100
7 BmimCl–AlCl3 1 100 100
8 BmimCl–AlCl3 2 17.2 100

a The molar ratio of MX to BmimCl is 2:1.
b Entries 1–8 are the reaction of toluene (4.6 g) with benzyl chloride (0.
t the temperature of 110◦C in 1 ml of BmimCl–ZnCl2.
c The products selectivity (entries 1–8) is the molar ratio ofmeta/ortho/para.
d Entries 9–18 are the reaction of benzene (3.9 g) with benzyl chloride (0
t the temperature of 80◦C in 1 ml of different ionic liquids.
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Table 5
The results of different aromatic substrates with benzyl chloride

Entry Substrate Reaction
time (h)

Yield (%) Selectivity (%)

1 Toluenea 1.5 88.8 4.5/36.4/59.1
2 Toluene 2 95.7 4.4/36.0/59.6
3 Toluene 3 99.9 4.7/37.2/58.2
4 Ethyl benzeneb 2 100 42.5/57.5
5 p-Xylene 1 93.0 100
6 p-Xylene 2 93.2 100
7 p-Xylene 3 94.0 100
8 Chlorobenzeneb 2 82.3 12/88
9 Bromobenzeneb 2 78.9 48/52

a The products selectivity is the molar ratio ofmeta/ortho/para.
b The products selectivity is the molar ratio ofortho/para.

BmimCl–ZnCl2, repeated use of the catalyst for eight times
did not show the decrease in both the yield and the selectiv-
ity, indicating clearly that this kind of Lewis acid ionic liquids
can be recycled conveniently (entries 1–8). In the cases of
BmimCl–FeCl3 and BmimCl–FeCl2 with less moisture-stability
than BmimCl–ZnCl2, the yield of the monoalkylated product
decreased significantly as the corresponding ionic liquids were
recycled for five times and three times, respectively (entries 9–13
and 14–16). Furthermore, the ionic liquids of BmimCl–AlCl3,
which is moisture sensitive, deactivated fast in our study oper-
ated in air. Compared with the yield (98.2%) and the selectivity
(100%) of the first run, the activity of BmimCl–AlCl3 in the
second run could almost be ignored (entries 17 and 18). Thes
results imply that the ionic liquids with intermediated Lewis
acidity and moisture-stability are preferred as catalysts for the
alkylation reaction.

3.6. Friedel–Crafts benzylation reaction of different
substrates in BmimCl–ZnCl2

The Friedel–Crafts reactions of benzyl chloride with dif-
ferent activated or deactivated aromatics were carried out in
BmimCl–ZnCl2 to examine the possibility of the wide use of this
kind of ionic liquid. The results of the different Friedel–Crafts
reactions in BmimCl–ZnCl2 (molar ratio of ZnCl2 to BmimCl
is 2:1) are showed inTable 5. Because Friedel–Crafts alkylation
r
t tabi-
l ighe
c e on
w
o three
s y dif
f
1 tron
e oore
r

4

para
t ids

of BmimCl–ZnCl2, BmimCl–FeCl3 and BmimCl–FeCl2 were
found to be novel reaction media and Lewis acid catalysts
for the Friedel–Crafts alkylation reactions. These ionic liquids
showed fast reaction rate with high selectivity for monoalkylated
products. Moreover, the experimental procedure here was quite
simple and convenient, and the non-volatile and moisture-stable
ionic liquids could be conveniently recovered for recycled use,
especially, BmimCl–ZnCl2 could repeatedly be used at least
eight times without loss of catalytic activity. The novel reac-
tion/catalytic media were expected to be promising replacements
of homogenous and/or heterogenous catalysts in toxic organic
solvents and to find wider applications in related organic syn-
thesis.
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