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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-ZnC} (BmimCIl-ZnC}), 1-butyl-3-methylimidazolium chloride—Fe£(BmimCIl-FeC}) and 1-butyl-3-methylimidazolium chloride-
FeCL (BmimCl-FeC}) as both reaction media and Lewis acid catalysts. In comparison with the reaction performed in conventional organic
solvent, faster reaction rate and higher selectivity to target products were achieved in such ionic liquids media. The effects of reactioretemperatu
reaction time, and the ratio of metal chloride to BmimCl, as well as the amount of ionic liquids on the Friedel-Crafts benzylation were also
investigated. It was found that increasing reaction temperature led to high catalytic activity and selectivity, and that the excess amount of Lewit
acidity of ionic liquid was detrimental to the reaction. Moreover, these ionic liquids could be conveniently recovered for recycled use; ar,particul
BmimCI-ZnC} 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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1. Introduction Traditionally, diphenylmethane and its derivatives are pre-
pared via Friedel-Crafts reactions by usingS@y, HF, AICls,
Diphenylmethane and its derivatives generally prepared vi&eCk, or ZnCh [11] as acid catalysts. However, all these acid
Friedel-Crafts benzylation reactioB¢heme Yare industrially  catalysts are toxic and corrosive and product isolation is full
important compounds used as pharmaceutical intermedidtes of difficulties, resulting in severe pollution. To overcome these
and fine chemical$2,3]. In the fragrance industry diphenyl- problems, Lewis acids have been supported in different solids,
methane has been used as both a fixative and a scenting soapch as MCM-4112], hydroxyapatite (HAP}J13], and fluora-
as a synergist in some insecticidgls5] and as a plastisizer patite (FAP) and have been used as heterogeneous catalysts for
[6] for dyes[7]. Also, diphenylmethane has been employedthe Friedel-Crafts reaction of benzyl chloride with benzene and
to improve the thermal stability of polyestf8], and the sta- its derivatives. Such heterogeneous catalysts gave rise to good
bility and lubricating properties of jet fue[®]. Furthermore, vyields of monoalkyl products with reducing the isolation prob-
the substituted diphenylmethanes have been utilized as solveri&ms. In spite of the above-mentioned advantages for the use of
for pressure-sensitive reaction materidl6] and as insulating supported acids, preparations of catalysts are generally tedious,
staffs, adhesives, and epoxy resin curing agents in chemicélirthermore, these catalysts deactivate rapidly due to the build-
industry. up of coke. Hence, there is still a need to develop an easy-clean
technology more suitable for the synthesis of diphenylmethane
and its derivatives.
* Corresponding authors. Tel.: +86 731 8872576; fax: +86 731 8872531. The desirable properties of room temperature ionic liquids,

E-mail addresses: yindh@hunnu.edu.cn (D. Yin), yuningya@yahoo.com.cn _SUCh as lack of vapor pressure, W|de_ liquid range, and !’lOﬂVOlatll-
(N. Yu). ity, have made them excellent reaction media and environmental
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/ \ . with a stirrer, a reflux condenser and a thermometer, fol-
R]—QRz + Ph—CH,CI %- R' R® lowed by adding 3.9 g (50 mmol) of sodium-dried benzene and

0.64 g (5 mmol) benzyl chloride subsequently. After refluxing

] L o CH,—Ph for appropriate time, the reaction mixture was placed for a while
B A T for the formation of two phases. The upper clear liquid was
le: R'=H, R*=C,Hs; 1d: R'=CHj;, R"=CHj; . . . ..

(S RIZIT BEAOE 15 Rt R pipetted off for gas chromatography analysis, and the ionic lig-

uid phase was washed with hexane«(3 ml), purified in vacuo

¥nd directly reused in subsequent runs. All analyses were car-
ried out with a HP 5973 GC-MS equipped with a HP-5 column
8310 mx 0.32 mmx 0.25um). The concentration of reactants

benign solvents. lonic liquids have been regarded as an altern . )
tive to conventional organic solvents and appliedin electrochem"Zlnd products was directly given by the system of GC—MS chem-

istry[14], extractior{15,16} biocatalysig1 7] and catalysikL8]. station according to the area of each chromatograph peak.

Chloroaluminate ionic liquids have been reported as both solvent

and Lewis acid catalyst for Friedel-Crafts reactighg—24]  3- Result and discussion

but they have a deadly defection of moisture-sensitivity and,

hence, are difficult to reuse. Recently, Xiao and Malh¢@&  3-1- Result of acidity determination

have reported on the Friedel-Crafts alkylations of benzene in . . . o

FeCk—pyridinium-based ionic liquids under mild conditions  Previous literature reported that the Lewis acidic strength

with good conversion, and the catalyst could also be recycled arff BMIMCI-AICI3 ionic liquids could be adjusted by varying

reused. Itis well known that the zinc or iron-containing ionic lig- the molar fraction of AIG§ [20]. Here, we used acetonitrile as

uids are more moisture-stable than chloroaluminate ionic liquid Pasic probe molecule to determine the acidity of the ionic

[26-28) moreover, their acidic property can be easily modified!!guids which contain metal halide Zn£lFeCg or FeCh.

by adjusting the composition of cations and metal halide, hencé,h€ Principle of this experiment is as follow: if acetonitrile,

they maybe suitable candidates for Friedel-Crafts reactions. @ Weak Lewis base, is mixed with Lewis acid, the interaction
In this paper, diphenylmethane and its derivatives Weréoetween these two compounds WI|| exhibit a correlated band

synthesized via Friedel-Crafts benzylation reaction of benzyl IR Spectra. As can be seen frdfig. 1, there were only two

chloride with benzene and the corresponding derivatives, respegharacteristicuen stretching vibration bands of acetonitrile

tively, for the firsttime in ionic liquids of 1-butyl-3-methylimida- at 2250 and 2287 cnit, when acetonitrile was mixed with

zolium chloride-ZnG} (BmimCl-ZnCb), 1-butyl-3-methylimi- ~ the ionic liquid with a ZnG/BmimCl molar ratio of 0.9
dazolium chloride—Fe@l (BmimCl-FeC}) and 1-butyl-3- (.n),.lndlcatlng that. there is no interaction betwgen the ionic
methylimidazolium chloride-Fe@l (BmimCl-FeC}). Easy liquid and (_:lgetonltrlle. However, when was higher than
separation of the products, accelerating reaction rate, and highQ: an additional band appeared at around 2312'cand a
selectivity of monoalkylated products were obtained. All thesgnonotonic blue shift of all these bands were observed with
ionic liquids could be reused, especially; BmimCl-zp€buld ~ @n increase of the molar ratio of ZnClo BmimCl (z). The

be recycled for eight times without noticeable drop in activity, ?and around 2312 cnt is an indicative of Lewis acid-base

Scheme 1. Friedel-Crafts reactions of benzene and its derivatives with benz
chloride.

2. Experimental

2.1. General procedures for the synthesis of ionic liquids %
1-Butyl-3-methylimidazolium chloride (BmimCl) was syn-

thesized according to the method outlined in the previous |

reports[29]. BmimCIl-ZnCh, BmimCI-AICl3, BmimCIl-FeC} §

and BmimCl-FeGlionic liquids were synthesized accordingto  §

the procedures described in the recent literafRiég. §

314 2252

2.2. Determination of the acidity of ionic liquids 228 353 (d)
Acetonitrile was used as a base probe molecule to determine 23152290

the acidity of ionic liquids; the detail process was similar to that

outlined in the previous literatuf@0]. 2500 2400 2300 2500 2100 2000

wavenumber/cm”

2.3. Reaction procedure and analysis ] ) ] ] o
Fig. 1. IR spectra of mixtures of acetontrile and BmimCIl-Zn@inic lig-

i . . uid: (a) molar ratio of ZnGl to BmimCI=0.9; (b) molar ratio of ZnGlto
_ |_n a t)_’pwal reactlon_ procedure, an appropriate amo_unt OBmimCl =1.0: (c) molar ratio of ZnGlto BmimCl=1.5; (d) molar ratio of
ionic liquid was placed in a 10 ml round-bottom flask equippedzncl, to BmimCl=2.0.
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interaction between the ionic liquid and acetonitrile. Moreover,n the second carbon, thus, resulting in higher conversion and
the intensity of IR band around 2312 chbecome stronger selectivity.
with the increase of the fraction of Znglimplying that the Clearly, there were slight differences in the vyield of
increased amount of Zng&leads to a stronger Lewis acid—base monoalkyl products when the reaction was performed in dif-
interaction between the ionic liquid and acetonitrile. The result$erent ionic liquids under the same conditions. BmimCI-AICI
indicate that the Lewis acidic strength of ionic liquids can beand BmimCIl-FeG showed the best catalytic activity in
modified by varying the fraction of Zngin ionic liquid. Using  the benzylation of benzene. The activity sequence for
acetontrile as a probe molecule, Lewis acidity of the ionicthe four ILs was as follows: BmimCIl-AlGEBmimCl-
liquids containing FeGlor FeCp showed the similar results.  FeCk>BmimCIl-FeC} >BmimCIl-ZnCb. The Friedel-Crafts
reaction is normally promoted by Lewis acid catalyst whereas
3.2. Comparison of the Friedel-Crafts benzylation between basic catalysts exhibit no catalytic activity. Among AdCI
in organic solvents and in ionic liquids FeCk, FeCh and ZnC$, AICI3 and Fe.d possess the high-
est Lewis acidic strength, imparting the highest Lewis acidity to
Table 1summarizes the results of a comparative study oBmimCI-AIClz and BmimCl-Fed. Thus, BmimCI-AICg and
the Friedel-Crafts reactions between benzene and benzyl chiIBmimCIl-FeC} showed the greatest catalytic activity. A series
ride in several Lewis acid ionic liquids of BmimCIl-Zngl  of results inTable 1demonstrated the expected dependency.
BmimCI-AICl3, BmimCIl-FeC§, and BmimCIl-FeGl and in
OrganiC solvent. When the Friedel-Crafts reaction was Carrieg»?_ Inﬂuence Of reaction temperature and reaction time on
outwithoutionic liquid, benzene acted as both substrate and Solke Friedel-Crafs reaction
vent and the Lewis acid Zngbkupported on hydroxyapatite or
fluorapatite as heterogeneous solid catalysts. As can be readily Reaction temperature and reaction time have important
seen fronifable 1that in the organic solvents, both ZnHAP  effects on the reaction dynamics and thermodynamics, therefore,
and ZnCy/FAP showed rather poor activity and selectivity for the influence of varying the reaction time and temperature on the
the diphenylmethane (entries 1 and 2), whereas the enhancgfkylation were studied, and the results are showrainle 2 As
reaction rate was observed when the Friedel-Crafts reaction wagpected, the elevated reaction temperature, which would accel-
performed in ionic liquids (entries 3-10). Typically, high yield erate the reaction remarkably, led to the increased conversion.
of monoalkyl product was achieved within 2 h in ionic liquids. Only 57.3% of benzyl chloride conversion was obtained when
However, the heterogeneous catalysts needed longer reactigie reaction was performed at 25 for 47 h, whereas the reac-
time to get the comparable yield. Also, one can easily find thejon can be accomplished within 2 h if the reaction temperature
second advantage of ionic liquids frofable 1 that is, the sig-  was raised to 80C. Also, the increase of reaction tempera-
nificantly improved selectivity of monoalkyl products. Itis well ture gave a higher selectivity for diphenylmethane. AP@5
known that alklation reaction is governed with the mechanismhe selectivity towards monoalkylation was only 68.7%, and
of carbenium ion, strong polarity and electrostatic field of thethe other 31.3% of products was dialkylation product; however,
ionic liquids used as both catalyst and reaction medium mayhe selectivity towards monoalkylation always retained a high
stabilize the intermediate of carbenium ion charged positivelyevel| between 98.4% and 100%, if the temperature increased
from 25°C to 80°C. On the other hand, the prolonged reaction
Table 1 time usually gave rise to an increased conversion, moreover, this
The compar_ativ_e rgsults of the Friedel-Crafts reactions between benzene af@ndency became more apparent under elevated reaction tem-
benzyl chioride in different solveft perature. The reaction could be completed within only 2 h at the

Entry  Solvent Reactiontime (h)  Yield (%)  Selectivity (%) temperature of 80C, whereas only the conversion of 57.3% was
1 Benzenk 5 87(85) 78 obtained if the reaction was performed at’Z5even the reac-
2 Benzené 17 98(95) 77 tion time was prolonged to 47 h. It should be noted that a longer
3 BmimCI-AICl; 1 99.1 99.1 reaction time is not the precondition to get a higher selectivity
4 BmimCHAICE 2 100 100 for monoalkylated product.
5 BmimCIl-FeC} 1 98.5 100
6 BmimCl-FeC} 2 100 100
7 BmimCl-FeC} 1 93.2 100 Table 2
8 BmimCIl-FeC} 2 96.2 99.7 The results of Friedel-Crafts reaction of benzene with benzyl chloride in the
9 BmimCIl-ZnC} 1 79.3 98.7 ionic liquid BmimCl-znC}, at different temperature and reaction tfime

10 BmimCIl-ZnC} 2 97.7 99.8 - - —

Temperature®C) Time (h) Yield (%) Selectivity (%)

@ Inionic liquids at 80°C, the reaction condition is as follows: 3.9 g (50 mmol)

of benzene and 0.64 g (5 mmol) benzyl chloride in 1 mlionic liquid (molar ratio 30 36.9 69.7

of MX/BmimCl = 2.0). 25 47 57.3 68.7
b Ref.[19], the mixture of benzyl chloride (9 mmol) and benzene (10 ml) was 80 0.5 58.1 93.8

refluxed in the presence of 0.1g of ZREAP. The datum in brackets is the 1 78.2 98.7

yield of products after distillation. 15 93.2 99.9
¢ Ref.[20], the mixture of benzyl chloride (9 mmol) and benzene (10 ml) was 80 g g;; gg?

refluxed in the presence of 0.1g of ZaHAP. The datum in brackets is the
yield of products after distillation. a ggme as iable 1
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Table 3
The results of Friedel-Crafts reaction of benzene with benzyl chloride in differ-
ent amounts of BmimCl-Znglionic liquid with various molar ratios of Zngl
to BmimCl
Entry Amount of IL (ml) n? Yield (%) Selectivity (%)
1 1 11 5.2 100
2 1 15 290 100 (b)
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 (a)
8 2 2.0 95.6 99.6

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

T T T T
2000 1000
wavenumbers(cm)

T
3000
3.4. Influence of ZnCly composition in ionic liquids and the

amount of ionic liquids on the Friedel-Crafts reaction i o .
’ Fig. 2. IR spectra of the fresh ionic liquid of BmimCIl-ZnQh) and the used

b).
The effects of varying ZnGlcomposition in ionic liquids and one (&)

the amount of the ionic liquids on the alkylation reaction of ben-strates used here are almost insoluble in the ionic liquids
zyl chloride with benzene were studied and the results are showghd the products are well soluble in benzene and its deriva-
in Table 3 ZnCk molar fraction in ionic liquids had a crucial tives, the products with reaction substrates formed a separate
influence on the catalytic activity (entries 1-3): The ionic liquid phase on the top of the ionic liquids after the completion of
with n=1.1 exhibited little catalytic activity (entry I is the  the Friedel-Crafts reaction and therefore were easily sepa-
molar ratio of ZnCj to BmimCl); the reaction rate increased rated by decantatiorfig. 2 shows the FT-IR spectra of fresh
remarkably with an increase affrom 1.1 to 2.0, indeed, the BmimCI-ZnCh and used BmimCIl-ZnGl After washed with
conversion of benzyl chloride reached 97.7% with selectivity tohexane, the used BmimCl-ZnCtlisplayed an almost iden-
monoalkylated product close to 100% in 2h whewas equal tical spectrum with fresh BmimCl-Zngl implying that the

to 2.0; whereafter, the increase offrom 2.0 to 3.0 gave an  structure of BmimCIl-ZnGl keeps unchanged during the reac-
almost unchanged conversion and a slightly decreased selectiyon. Based the above results it is logical to conclude that the
ity of monoalkylated product (entry 4). As has been discussegbnic liquid catalysts with moisture-stability were reusable and

in Fig. 1, with the increase of the amount of ZnGh ionic  the recycle results are shown Trable 4 For moisture-stable
liquids, Lewis acidity of ionic liquids became stronger. Since

Friedel-Crafts reactions are promoted by Lewis acid catalystdable4 ) )
the elevated acidic strength willimprove both the conversion ang©use of ionic liquids in the Friedel-Cratfts reaction

the selectivity of monoalkylated product. It should be noted thaEntry BmimCI-M>x® Run time Yield (%) Selectivity (%)
excess L_ewis acidity of ionic liquid appears to be detrimental to BmimCl-znCh 1 95.7 2.4136.0/59%
the reaction presented here. 2 BmimCl-ZnChp 2 99.4 4.0/35.4/60.5
On the other hand, the amount of ionic liquid in reaction 3 BmimCl-znCh 3 98.0 4.6/36.4/59.0
system also had much influence on the reaction of alkylation.# BmimCl-ZnCb 4 100 5.9/37.8/56.3
When the alkylation reaction of benzyl chloride with benzene > BmimCl-znCh 5 98.6 4.4/36.6/59.0
i ; . R BmimCl-ZnCh 6 100 5.9/38.7/55.5
were carried out V\'nth.th(.a vgrled amount of ionic |!QUId (0.1,0.2, BmimClznCh 7 98.6 4.7/36.1/59.2
0.5, 1.0 or 2.0 ml ionic liquid/0.32 g benzy! chloride) under the g BmimCl-ZnCh 8 100 6.8/37.9/55.3
same reaction conditions, it was observed that, with the increase® BmimCl-FeC} 1 100 100
of the amount of the ionic liquid, the yield of benzyl chloride 10 BmimCl-Fedd 2 99.6 100
; ; 11 BmimCl-FeG4 3 97.1 99.8
passed through a maximum and then decreaksul€ 3 entries ’ EmimGlFeC) 4 858 100
5-7,3and8). The mgxir'nu.m yield oftarget productwas obtaineé3 BmimCl—FeG} 5 192 100
when the amount of ionic liquid was 1 ml, however, an excess of4 BmimCl-FeGJ 1 96.2 99.7
ionic liquid, which resulted in an undesirable increase of acidityl5 BmimCl-FeC} 2 99.4 99.9
in the system, promoted undesirable side-reactions, and thus gm!mg:—iﬁ% i 133-6 igg
reduced the yield of target product, as observed previously. 18 EmimGLAICk ’ 172 100

3.5. Recycling of the ionic liquid in the Friedel-Crafts
reaction

@ 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 (0.32 g)
at the temperature of 12 in 1 ml of BmimCI-ZnC}.

¢ The products selectivity (entries 1-8) is the molar ratieefa/ortholpara.

One of the advantages of ionic liquids is that products 9 Entries 9—18 are the reaction of benzene (3.9 g) with benzyl chloride (0.64 g)
with high purity can be easily separated. Since the subatthe temperature of 8€ in 1 ml of different ionic liquids.
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Table 5 of BmimCIl-ZnCb, BmimCIl-FeC§ and BmimCI-FeCl were

The results of different aromatic substrates with benzyl chloride found to be novel reaction media and Lewis acid catalysts

Entry Substrate Reaction Yield (%) Selectivity (%)  for the Friedel-Crafts alkylation reactions. These ionic liquids
time (h) showed fast reaction rate with high selectivity for monoalkylated

1 Toluen@ 15 88.8 4.5/36.4/59.1 p_roducts. Moreove_r, the experimental prqcedure hgre was quite

2 Toluene 2 95.7 4.4/36.0/59.6  Ssimple and convenient, and the non-volatile and moisture-stable

3 Toluene 3 99.9 4.7/37.2/58.2  jonic liquids could be conveniently recovered for recycled use,

g Etol' benzent 21 1%030 4120-5/57-5 especially, BmimCl-ZnGl could repeatedly be used at least

. Z :X;ZEZ 5 3.9 100 eight times without loss of catalytic activity. The novel reac-

7 p-Xylene 3 94.0 100 tion/catalytic media were expected to be promisin_g replgcement_s

8 Chlorobenzerfe 2 82.3 12/88 of homogenous and/or heterogenous catalysts in toxic organic

9 Bromobenzerfe 2 78.9 48/52 solvents and to find wider applications in related organic syn-

thesis.

2 The products selectivity is the molar ratiométalortholpara.
b The products selectivity is the molar ratio@fholpara.
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