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Abstract

Alkylations of a-methylnaphthalene with long-chain olefins in the presence of various synthesized novel ionic liquids have been investi-
gated. The effects of various parameters such as types of cation and anion of ionic liquids, molar fraction of anhydrous aluminum trichloride
on the alkylations were studied. It is found that the alkylpyridinium bromochloroaluminate ionic liquids, especially butylpyridinium bro-
mochloroaluminate (0.71-0.75 molar fraction of aluminum trichloride) indicated excellent catalytic performance for long-chain alkylations
of a-methylnaphthalene. It is also found that the anions determine, to a large extent, both physical and chemical properties of ionic liquids,
but organic cations mainly influence physical properties, and only have a slight impact on the catalytic performance. Moreover, the effects of
type and dosage of transition metal in the modified ionic liquids on the catalytic performances were also investigated. For the less expensiv
reagents and the easier synthesis process, tHen@adified butylpyridinium bromochloroaluminate ionic liquid could be a practical catalyst
for alkylations ofa-methylnaphthalene with long-chain olefins.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction a-methylnaphthalene with long-chain olefins is believed to
be a typical Friedel-Crafts reaction, and has conventionally
The previous research indicated that long-chain alkyl been catalyzed by homogeneous acid catalysts, such as
methylnaphthalene sulfonate surfactants possess outstandingnhydrous AlG4, concentrated F50y, HF, BFs, etc., which
capability and efficiency of lowering the surface tensions give rise to many problems concerning the handing, health,
of aqueous solutions and the dynamic interfacial tensions safety, corrosion, and waste disposal of catalysts. In order to
between crude oil and water, therefore have a great potentialovercome these problems, many efforts have been devoted
to be used in EORL,2]. Studies on long-chain alkylations to the searches environmentally friendly catalytic systems to
of methylnaphthalene producing alkylmethylnaphthalene replace the traditional catalysts. Inrecentyears, the room tem-
intermediates, and therefore are very valuable. To date,perature ionic liquids are being more and more regarded as
alkylations of benzene have already been widely and relatively clean catalysts and solvefitd—17] Many organic
thoroughly investigateB-5], but not for naphthalene and reactions, such as alkylati§h8—21] acylation22,23], Heck
its derivatives. In our laboratory, some preliminary studies reaction24], hydroformatiori25], oxidation[26], and Kno-
on long-chain alkylations of methylnaphthalene catalyzed evenagel Condensatif2i7], have been reportedto proceed in
by both traditional catalystfs—9], novel alkyl-containing the room temperature ionic liquids with excellent yields and
amine bromochloroaluminate ionic liquid catalygt§—12] selectivity.
and zeolite catalystd 3] have been done. The alkylation of Recently, considerable attention has been focused on the
use of chloroaluminate room temperature ionic liquids. The
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I\ 2.2. Synthesis and characterization of various ionic
% SIAICH - e S— NN S
R N@B IAICI C E@, CH, @ Cl /AIC) /V\E{;‘TAICI‘ ||qU|dS
RPyBr-AICl; MDPyBr-AICl, EMIMBr-AICI;
. Butylpyridinium  bromochloroaluminate  (BuPyBr-
P ¥, n AN /FeCls NN Jf_,u,ﬂ
N@B Al N@B IFeCl N@B Culh AICl3), bromochloroferrate (BuPyBr-Fe§)l and bro-

BuPyBr-AICly Br-FeCl ReCul” . . . .
R BubyBr-FeCly BuFyBe-CuCl, mochlorocuprate (BuPyBr-Cug)l ionic liquids were

synthesized by adding 0.5 mol of the synthesized BuPyBr
into a 250 mL oven-dried round bottom flask with stirrer,
and reflux condenser equipped with drying pipe and
from which itis prepared. If the molar fraction of anhydrous  thermometer, and then introducing a definite molar metal
trichloroaluminum is less than 0.5, the system would afford pgjige, anhydrous aluminum trichloride, anhydrous iron
a basic molten salt, and more than 0.5, it would afford an trichioride and anhydrous copper chloride, into batches
acidic melt. Use of ionic liquids as solvents and catalysts fom g dosing funnel respectively. The reactions were
for Friedel-Crafts reactions was first reported in 197&). exothermic, and temperature was kept at 303K with the
Here, we report the alkylations atmethylnaphthalene with  yse of an ice bath. After all of the metal halide had been
long-chain olefins in the presence of various ionic liquids g4ded, the mixture was stirred at room temperature for
(Fig. D). 5min, and then it was heated in an oil-bath at about
The effects of acidity (different molar fraction of anhy- 353K for 5h. After that, the temperature was cooled to
drous AICk, Naici;) and the types of cations and anions in - gmpjent temperature by using an ice bath, and the ionic
ionic liquids were studied. On the basis of optimal reaction liquids were produced. 1-Ethyl-3-methylimidazolium
conditions, high conversion of alkylating agent and excellent romochloroaluminate (EMIMBT-AIG) ionic liquid and
selectivity (without solvent) for the desired product might be organic polycation ionic liquid, methylenedipyridinium
obtained. The products and unreacted reactants were easilyn|oroaluminate (MDPyCI-AIGJ) ionic liquid and the other
isolated by extraction with cyclohexane. Moreover, the roles alkylpyridinium  bromochloroaluminate  (RPyBr-Alg)l
of types of cations and anions composing ionic liquids were jgnic liquids may be prepared with a similar method. The
discussed. For the less expensive reagents and easier synthgsnic liquids were modified by adding a certain amount
sis process, the Gti modified BuPyBr-AIC} ionic liquids of metal ions, C&" and F&", into the liquids. Analytical
could be practical novel_ catalysts for long-chain alkylation grade anhydrous aluminum trichloride, anhydrous iron
of methylnaphthalene with alkenes. trichloride and anhydrous copper chloride were used without
further purification. The synthesized ionic liquids were
characterized with HP 1100 LC/MR1,30] The ESI-MS

Fig. 1. The used ionic liquids in the present report.

2. Experimental for both the cations of EMIMBr-AIG, BuPyBr-AlCk and
_ S MDPyCI-AICI3 and the anions of BuPyBr-Alg] BuPyBr-
2.1. Synthesis of precursors to ionic liquids FeCk and BuPyBr-CuG of ionic liquids had been given in

previous reporfl1]. It is found that there exist polynuclear
On the basis of the previous rep§®], the preparation  anjons in the anion species, which may play an important
of the precursor, butylpyridinium bromide (BuPyBr), by role in its catalytic performances. Butylpyridinium Lewis
reaction of pyridine and 1-bromobutane in a 500 mL oven- acid ionic liquids, including BuPyBr-AlG| BuPyBr-FeG}
dried round bottom flask with stirrer, and reflux condenser and BuPyBr-CuGl (0.71 molar fraction of metal chloride)
equipped with drying pipe, thermometer and a dosing funnel. were characterized by IR by using acetonitrile as a probe.
The mixture containing equal molar amounts (0.6 mol) of

Commercially available pyridine and 1-bromobutane was 2.3. A|ky|ations Ofx-methy|napha|ene and ana|ysis

heated to 393-453 K in an oil-bath for about 10 min. During

the later stages of the heating, an exothermic reaction took  First, 30 g of a-methylnaphthalene (>98%) and mixed
place forming an emulsion that disappeared in a few minutes glkenes G1_1» (C11 to Ci2 weight ratio is 45/55 by GC,

to produce a brown slightly viscous liquid. At this point, the pought from Fushun Petrochemical Company) were put
oil-bath was removed and the solution was allowed to stirand into a 100 mL 3-necked flask equipped with a stirrer, a
cooled for 10—20 min. The stirred solution was then heated reflux condenser with a dry|ng p|pe and a thermometer.
in the 393-453K oil-bath for an additional 10-20min and |n all cases, the molar ratio of aromatic hydrocarbon and
then the liquid was cooled with the use of an ice bath for a olefins was 5. Then a certain amount of ionic liquid as
few minutes. Slightly brown BuPyBr crystals were obtained. catalyst was added. After stirring for about 30 min at room
The various precursors like 1-ethyl-3-methylimidazolium temperature to make the reaction agents homodispersed. The
bromides (EMIMBr), organic polycation precursor, reaction time was noted when the mixture was heated to the
methylenedipyridinium chloride (MDPyCI) and a series of required reaction temperature. In all cases, the having been
alkylpyridinium bromide (RPyBr) containing various length  reaction conditions, 5:1 molar ratio afmethylnaphthalene
alkyl groups were prepared with a similar method. to olefins, 15% dosage of catalyst, at 353 K for 30 min, were
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adopted based on previous repdr]. After the alkylation while the reaction parameters not being optimized, had been
reaction, the upper layer containing the alkylated products given in my previous repoff.1].

and unreacted reactants was separated from the ionic liquid

catalyst layer at the bottom of flask simply by decanta-

tion. All samples were characterized qualitatively with 3. Results and discussion

HP6890/5973 GC/MS equipped with an HP-5MS column,

30mx 0.25 mmx 0.25um; quantitative analyses were car- The alkylation ofa-methylnaphthalene with long-chain
ried out with HP6890 GC equipped with an HP-5 column, mixed alkenes goes through a typical Friedel-Crafts reaction.
30mx 0.32 mmx 0.25um. The concentrations of reactants Itis acomplex competitive process between the main and side
and products were directly given by the system of GC chem- reactions $cheme 1

station (in this departmental laboratory) according to the  lonic liquids (ILs) are known to have interesting, more
area of each chromatograph peak. The conversion of alkenesmportant, tuneable properties. Depending on the organic
and selectivity of the desired products, monoalkylated cation and inorganic anion the ionic liquids consist of. They
methylnaphthalene, were used as evaluation standards. Thevould have different physical and chemical properties by
conversion for olefins was defined@s%, which is the wt.% varying the components of ionic liquids. On the basis of
of olefins consumed in the reaction. The selectivity for the varying the organic cation, the properties of the ILs might
desired products, alkylmethylnaphthalene (AMN) was cal- be highly variable through the different possibilities of alkyl
culated by Samn % =Wamn /Wpro x 100, wherdVawn is the groups. The Lewis acidity of ILs is dependent on the metal
amount of desired AMN products, andythe total amount  halide chosen and its molar fraction. In the present report,
of the alkylated products, including alkylnaphthalene, alkyl- effects of various parameters, designing ILs to meet the re-
methyltetrahydronaphthalene,  alkyldimethylnaphthalene, action, like cations of ILs, metal halide chosen and the molar
alkylpolymethylnaphthalene, etc., other than the desired fraction of metal halide, type and amount of modification
products. The analysis results of the typical reaction mixture, metal ion on the reaction were studied. In all cases, on the

C,,_, olefins
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Scheme 1. The whole competing process for alkylation-ofethylnaphthalene with long-chain olefins catalyzed by ionic liquids.
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Table 1 233lem’! (Peak 3) 5 -1
. . L . e E 2292 Peak 2
Effects of types of anion and cation of ionic liquids on the alkylation of e (Fea 2:52““"1 (Peak 1)

a-methylnaphthalene 2341cm’! (Peak 3

Entries lonic liquids CL% Samn %
1 BuPyBr-CuCj 0 -
2 BuPyBr-FeCG} 282 837

S BuPyBr-AICL,
3 BUPyBI’-Ale 90.3 100 \/ Bul"ylir—l-'c(.‘l';
4 EMIMBTr-AICI 3 90.9 96.2 ]3upy|;,-_(_~u(_~ij
5 MDPyBr-AICl3 89.7 100 \J B
0 _—// Pure acetonitrite

71 mol fraction of metal halide was adopted.

\

basis of previous research€s10,11] the optimum reaction 2400 2300 2200 2100
conditions for this long-chain alkylation reaction were: Wavenumber/cm’!
molar ratio of 4-5:1 for aromatic hydrocarbon to alkenes, in

. Fig. 2. FT-IR of butylpyridinium Lewis acid ionic liquids containing differ-
the presence of 15% of ILs catalysts at 313 K for 30 min. 9 vy a 9

ent metal chlorides.

3.1. Effects of type of cation and anion on the alkylation As can be seen frofig. 2, there exist two expanding vi-
bration peaks, 2292 cnt (peak 2) and 2252 cnt (peak 1)

The ILs containing various cations and anions, MDPyCI- for acetonitrile. The positions of peaks for BuPyBr-CgCl
AICl3, EMIMBTr-AICI3, BuPyBr-AlCls, BuPyBr-FeCi, are entirely same as that of acetonitrile. It is proved that
BuPyBr-CuC} were synthesized~g. 1), the composition BuPyBr-CuC} does not possess acidity. Moreover, not like
of these materials are the same as the previous r§pbt Al>ClgBr~ and FeCl3Br—, CwpCl4Br— is so stable to air
Table 1exhibits their catalytic performance for the alkyla- that it cannot react with the microwater in the air. The third
tion of a-methylnaphthalene with olefins in the presence of peak, 2341 cm! (peak 3) for BuPyBr-AlCG4 and 2331 cmit
various ILs. (peak 3) for BuPyBr-FeG| exists in the IR of ILs, besides

It is found that the anions determine, to a large extent, peak 1 and peak 2. The third peak is the characteristic peak of
catalysis properties of ionic liquids, but organic cations Lewis acid. The result indicates that both BuPyBr-Al@hd
mainly influence physical properties, and have a little impact BuPyBr-FeC4 possess Lewis acidity, and the Lewis acidity of
on the catalytic performance. The catalysis performance BuPyBr-AlCls is stronger than that of BuPyBr-FeCOn the
of pyridinium bromochloroaluminate is better than that of basis of the above results, the reaction mechanism for alkyla-
imidazolium bromochloroaluminate ILs. Compared with tion of a-methylnaphthalene with long-chain olefins (mixed
bromochloroferrate (BuPyBr-Feg)l bromochloroalumi- alkenesm+n=7 and 8, mass ratio of C11 to C12 is 45/55)
nate ILs (BuPyBr-AIC}) indicates the better catalytic catalyzed by ionic liquids is proposed 8theme 2HCI is
performance. No reaction takes place when catalyzed byproduced by the reaction of ionic liquid and adventitious wa-
bromochlorocuprate (BuPyBr-Cug}liLs. ter in the air (Eq(1)). The activated proton is produced by

The analysis results of ILs by ESI-MS indicate that there the reaction of HCIl and anion species@Il;~ or Al3Clig™
exist both mononuclear and polynuclear anion species. Be-etc. For this reason the activity of BuPyBr-Ald$ obviously
cause of sensitivity to air, bromochloroaluminate ionic lig- higher than those of BuPyBr-Fe{ind BuPyBr-CuGl. As
uid mainly contains oxybromochloroaluminate anion species is known to all, the absolutely dry Algicannot effectively
such as AICIBrOH—, Al,OCIl;~ and AkClgO>—, etc. Be- catalyze the Friedel-Crafts alkylation reaction of arene with
cause both bromochloroferrate and bromochlorocuprate ILsolefins, and the microwater is indispensable for the reaction
are stable to air, no oxychloride ions were detedfed. In even though catalyzed by traditional A{CIHowever, too
order to explore the reasons, the Lewis acidities of the ILs much water must be avoided in the process of the alkylation
containing different metal halide was determined by using reaction, or else the activated species would be destroyed

acetonitrile as IR spectroscopy prolieq. 2) [31-34] by water, which also is the main reason for deactivation of
AlCl; + H,0 —— ALCI,OH + HCI (0
HCl + ALCly (H ](B + 2AICIY 2 CH;

nonsolvated

®
CH;(CH,),,CH=CH(CH,),CH; + H' ===== CH;(CH,),,CH,~CH(CH,),CH;

n\ H
CH3_©@QR —- R—@—c}g +H

(m+n=7 and 8, R=C;,_;, )

Scheme 2. The possible reaction mechanism for alkylatienmthylnaphthalene with long-chain olefins catalyzed by ionic liquids (main reaction).
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Table 2 Table 3

Effect of Naici; on the alkylation ofx-methylnaphthalene catalyzed by the  Effects of alkyl chain lengthNcarbon for alkylpyridinium bromochloroa-
BuPyBr-AICl3 ionic liquids luminate ionic liquids on the alkylation ef-methylnaphthaleneNaici; =
Entry Naci; CL% Samun% Entry Naci; CL%  Sawn% 0.67)

1 0.50 0 _ 6 0.75 90.5 100 Entry Ncarbon CL% Samn%  Entry  Neabon CL%  Samn%
2 0.55 0 - 7 0.80 88.6 94 1 2 79.9 100 5 7 79.7 100

3 0.60 36.4 100 8 0.67 83.3 100 2 4 80.9 100 6 8 80.1 100

4 0.67 80.9 100 9 0.71 90.1 100 3 5 80.1 100 7 10 79.1 100

5 0.71 90.3 100 10 0.75 91.0 100 4 6 81.1 100 8 12 789 100

Entries 8-10 are for the repeat data for entries 4—6.

Table 4

. . . . Effects of alkyl chain lengthNcarbon) for alkylpyridinium bromochloroa-
chloroaluminate ionic liquids while the reaction were per- ' > = . liquids on the alkylation af-methyinaphthaleneNac, —

formed without safeguard. 0.71)

On the basis of the above, it is found that there ex- Enty  Newnon  CL%
ists a direct relation between activity and acidity. The 5 %08 100 : 7 897 100
stronger the acidity is, the more excellent the activity is. The 4 903 100 6 8 904 100
RPyBr-AlCl3 exhibits the most excellent catalytic proper- 3 5 89.9 100 7 10 904 100
ties and therefore was chosen as catalysts for alkylation of4 6 87.6 100 8 12 89.0 100
a-methylnaphthalene with long-chain olefins.

Swn%  Entry  Nearbon CL%  Samn%

from a basic salt. Bromochloroaluminate melts are desig-
3.2. Effects of molar fraction of anhydrous A¢Gin the nated as basic when the molar ratio of anhydrous AI€I
alkylation less than 0.5. A neutral melt is referred to at a mole fraction
of anhydrous trichloroaluminum of exactly 0.5, where essen-

Now that the alkylation ofa-methylnaphthalene with tially only the anion AIC}L ™ is present. An acidic ionic liquid
long-chain olefins goes through the acid-catalyzed mecha-is one in which the molar ration of anhydrous trichloroalu-
nism, the reaction is remarkably influenced by catalyst acid- minum is larger than 0.5. In such acidic melts, the anions
ity, which is decided by molar fraction of anhydrous AdIClI  Al>Cly~ and AkClip™ exist, which act as very strong Lewis
[13-15] Table 2shows the effects of molar fraction of anhy- acids. The acidity of the systems can be varied in a wide range
drous AICk (Naici;) on the alkylation. by varying the molar fraction of anhydrous AKCI

Itis found that there exists an obvious increase in conver-
sion for olefins when the mole fraction of anhydrous Al@GI 3.3. Effects of alkyl chain length of RPyBr-A§Gbnic
increased from 0.60 to 0.71. Only a slight change in conver- liquids on the alkylation
sion takes place when the mole fraction of anhydrous AKCI
further increased. But the selectivity for the desired products  On the basis of molecular design, a series of RPyBr-
decreases if the molar fraction of anhydrous AlGIfurther AICl3 ILs (varying the molar fraction of anhydrous AlCI
increased. No reaction takes place when the mole fraction offrom 0.67 to 0.71) containing various cations with differ-
anhydrous AIC is not more than 0.6. The previous report ent length alkyl groups (carbon number of alkyl groups,
[35] showed that there exists the third peak in FT-IR spectra Ncarhon) Were prepared. Their catalytic performances for alky-
when the molar fraction of anhydrous A more than 0.5. lation of a-methylnaphthalene were investigated. The reac-
It also showed that as the molar fraction of anhydrous AICI tion results for the effects of various side-chain length of
increases, the third peak, Lewis characteristic peak would RPyBr-AICl3 ILs with various molar fraction of anhydrous
move to the higher wavenumber, which shows the acidity in- AICI3 (0.67, 0.71 and 0.75) are given Tables 3—5espec-
creases with increasing mole fraction of ACTThe effects tively.
of molar fractions of anhydrous Alglon the acidity of ILs It is obviously seen that, effects of length of alkyl group
are illustrated by the equilibrium equation®theme 3 on the catalysis performance of ILs are very slight when the

By increasing the molar fraction of anhydrous trichloroa- molar ratio of anhydrous AlGlis 0.67. The influence be-
luminum, the bromochloroaluminate ionic liquids would be- comes more obvious when the mole ratio of AIG3$ in-
come neutral, acidic and even very strong Lewis acidic melt creased. But the effects of length of alkyl group on both

PN < : _Alal < > - AICI
N @ Br m——m TNy @ AICLBr =——= /\/\@ ALCIBr~
AlCH, )
—_— N\@ .A]}CL)BI' R ——

Scheme 3. Control of acidity of BuPyBr-Alglonic liquids by varying the molar fraction of anhydrous ACI
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Table 5

Effects of alkyl chain lengthNcarbon for alkylpyridinium bromochloroa-
luminate ionic liquids on the alkylation ef-methylnaphthaleneNaici; =
0.75)

Entry Ncabon CL%  Samn%  Entry  Neabon CL%  Samn%
1 2 915 946 5 7 88.1 100

2 4 90.5 100 6 8 90.0 98

3 5 90.0 100 7 10 909 ®W

4 6 88.1 96 8 12 88.7 100

conversion for olefins and selectivity for the desired prod-

79
Table 6
Results of alkylation in the presence of ionic liquid modified by 79%Cu
Entries CL% Samn %0
91.4 100
2 92.1 100
3 91.0 100
4 91.6 100
52 90.3 100

2 |s for being catalyzed by unmodified BuPyBr-Aldbnic liquid.

Itis obviously seen that, 7% of Etimodified ionic liquid

ucts are not disciplinary. The reasons should be further stud-exhibits more excellent catalysis performance for alkylations

ied. When the mole ratio of AlGlis 0.71, the RPyBr-AlG

ILs containing the various lengths of alkyl groups are all ex-
cellent catalysts for the alkylation ef-methylnaphthalene
with long-chain olefins. It is also found that BuPyBr, the
precursor to BuPyBr-AlGl ILs, would be prepared eas-
ily. Therefore, BuPyBr-AlG{ might be a practical catalyst
for the alkylations ofx-methylnaphthalene with long-chain
olefins.

3.4. Effects of modification of BuPyBr-Ally
transition metal ion

The anion species in BPyCI-Alg(0.71 of molar fraction)
ionic liquid exist in the form of A4Cl7—, AICI;—, Al2Cl7—,
Al3Clig~, AICI3OH—, Al,OCIs™, etc. The acid and base be-
havior of the ILs is controlled by the reaction in Eq. [35]:

)
)

Because the Clis a strong ligand, the acidity might be
increased through introducing an amount of transition metal
ion into ionic liquid[37]. The added 5% of Cii ionic liquid
exhibited more excellent catalysis performance for alkylation
of isobutane with buteng38]. In the present report, effects
of modification of BuPyBr-AIC} by transition metal ion on
alkylation were investigated{g. 3.

2AICI4~ = AlLCl;™ +CI™

2Al,Cl7;7 = Al3Clig~ + AlICI4™

2
100 r —a— Catalyzed by the Cu +modiﬁed

BuPyBr-AICl, ionic liquids
97 '

3.
—#— Catalyzed by the Fe " modified
BuPyBr-AlCl, ionic liquids

94

91

Conversion(%)

88

85 1 1 1 I
0 3 6 9 12

Amount of metal ion against Alcl, (mole%)

Fig. 3. Effects of transition metal ion amount on the alkylationcof
methylnaphthalene catalyzed by the modified BuPyBr-AliGhic liquid
(Naici; = 0.71).

of a-methylnaphthalene with long-chain olefins than that of
unmodified BuPyBr-AlCG4 ionic liquid. But the change is
not too remarkable as the reported res{®8]. The Fé*
modification only has a slight effect on the catalytic properties
of ionic liquids.

In order to further corroborate the above results, the ex-
periments for the alkylation in the presence of ionic liquid
modified by 7% C&" were repeatedly performed, the results
were given inTable 6 In order to compare, the result cat-
alyzed by unmodified BuPyBr-AlGlionic liquid was also
listed in the table.

4. Conclusion

The alkylation ofa-methylnaphthalene with long-chain
mixed alkenes (¢—12) was carried out in a batch mode in the
presence of various liquids, performed as both catalyst and
solvent. Compared with MDPyCI-AlG] EMIMBr-AICI 3,
BuPyBr-FeC4, BuPyBr-CuC} ionic liquids, RPyBr-AICk
(0.67-0.75 molar ratio of anhydrous aluminum trichloride)
ILs were found to catalyze the reaction with high conver-
sion for long-chain olefins and excellent selectivity for the
desired products. The anions of ionic liquids determine, to
a large extent, the physical and chemical properties of ionic
liquids, but organic cations mainly influence physical prop-
erties, and have a slight impact on the catalytic performance.
It is also found that the Gii modified BuPyBr-AIC} (0.71
of AICI 3 mole fraction) ionic liquids by an optimum amount
of transition metal indicate more excellent catalytic perfor-
mances than those of unmodified ionic liquids. The alkyla-
tions of a-methylnaphthalene with long-chain olefins could
be well carried out in the presence of the?Cumodified
BuPyBr-AICl3 (0.71 of AICk mole fraction) ionic liquids,
which were used as both high efficient catalyst and novel
solvent.
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