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Friedel–crafts alkylation of�-methylnaphthalene in the
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State Key Laboratory of Fine Chemicals, Dalian University of Technology, 158 Zhongshan Road, Dalian 116012, PR China

Received 27 March 2004; received in revised form 5 August 2004; accepted 6 August 2004
Available online 11 September 2004

Abstract

Alkylations of �-methylnaphthalene with long-chain alkenes (mixed C11–12 olefins) in the presence of room temperature ionic liquids
and zeolite catalysts have been investigated. The influences of various parameters, such as type and dosage of catalyst, molar ratio of�-
methylnaphthalene to alkenes, reaction temperature, and reaction time were studied. The EtxNH4−xCl-AlCl3 (x = 1–3, 0.67–0.75 molar
fraction of aluminum trichloride) ionic liquids, compared with HY, USY zeolite and the other ethylamine-containing ionic liquids, were found
t
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o catalyze the reaction with high conversion of long-chain olefins and good selectivity for monoalkylated methylnaphthalene.
2004 Elsevier B.V. All rights reserved.

eywords: Ionic liquids; Alkylation;�-Methylnaphthalene; Long-chain alkenes; HY and USY

. Introduction

Alkylnaphthalene sulfonates are one of the most impor-
ant anionic surfactants for various industrial purposes. By
sing them as a chemical oil-displacing agent for enhanced
il recovery, satisfactory results could be obtained, and the
ltralow interfacial tension between oil and water could be
chieved. Moreover, because of their eminent surface activ-

ty, they may be used in many fields, such as cleaning, dying
nd printing, emulsifying, ore milling, and nanotechnology.
ong-chain alkylmethylnaphthalenes are the key intermedi-
tes for alkylnaphthalene sulfonate anionic surfactants. The
lkylation of methylnaphthalene with long-chain olefins is
f both industrial importance and academic relevance. To
ate, alkylation of benzene has already been widely and thor-
ughly investigated[1–3]. But naphthalene and its derivates
ave not been taken into account. In particular, alkylation
f methylnaphthalene was rarely conducted[4]. In our lab-
ratory, the alkylation of methylnaphthalene catalyzed by
lCl3 had already been studied[5]. The alkylation of�-
ethylnaphthalene with long-chain mixed alkenes is a typ-

ical Friedel–Crafts reaction. In general, this reaction is
alyzed by AlCl3, H2SO4, HF and other Lewis acid catalys
However, all of the processes have met with some com
problems, such as heavy environmental pollution, and
blesome product recovery and purification, and catalysts
not be reused. Therefore, investigation and developme
environmentally friendly catalytic technology have attrac
great interest from chemical industry. In recent years
room temperature ionic liquids are being more and m
regarded as relatively clean catalysts and solvents[6–9].
Many organic reactions, such as alkylation[10–13], acyla-
tion [14–15], Heck reaction[16], hydroformylation[17], ox-
idation[18], and Knoevenagel Condensation[19], have bee
reported to proceed in the room temperature ionic liq
with excellent yields and selectivity. One remarkable cha
ter of ionic liquids is their changeable properties. Base
“tailoring technology”, the cation and anion composing
ionic liquids could be designed at molecular level; the d
able physical and chemical performance could be obta
Recently, considerable attention has been thus focused
use of chloroaluminate room temperature ionic liquids.
acidity of the system can be varied in a wide range dep
∗ Corresponding author. Tel.: +86 411 88993878; fax: +86 411 83683229.
E-mail address:zkzhao2000@yahoo.com (Z.-K. Zhao).

ing on the proportions of organic base to Lewis acids. If the
mole fraction of trichloroaluminium is less than 0.5, the sys-
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tem would afford a basic molten salt, and if more than 0.5,
it would afford an acidic melt. The acid/base behavior of the
melts is controlled largely by the reaction inEq. (1).

Al2Cl7
− + Cl− � 2AlCl4

− (1)

The equilibrium constant for this is in the order of 1016

at ambient temperature[20]. As a result, in melts that con-
tain more than a slight excess of AlCl3, the Cl− concentra-
tion is very small. Thus, the Al2Cl7− anions are powerful
Cl− acceptors and are the source of a high Lewis acidity.
When the AlCl3 mole fraction approaches or exceeds 0.67,
even more strongly acidic chloroaluminate species, such as
Al3Cl10

− and Al2Cl6 should be taken into account. When
HCl is dissolved into acidic chloroaluminate ionic liquids,
the Brønsted superacid at ordinary temperature and pressure
can be obtained[21–22]. It is similar in strength to liquid HF
(H0 = −15.1). Use of low-melting ionic liquids composed
of an organic chloride and aluminium chloride as solvents
and catalysts for Friedel–Crafts reactions was first reported
in 1976 [23]. However, the relative alkylation reactions of
naphthalene and its derivatives catalyzed by ionic liquids
have not been reported. In the present paper, we first re-
port an efficient method for preparing long-chain monoalky-
lated methylnaphthalene intermediates through alkylation of
�-methylnaphthalene with long-chain olefins (C11–12) cat-
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valently bonded metal halide, anhydrous aluminum trichlo-
ride, anhydrous iron trichloride and anhydrous zinc trichlo-
ride, were synthesized by adding 0.5 mol alkylylamine hy-
drochloride into a 250 mL oven-dried round bottom flask
with stirrer, and reflux condenser equipped with drying
pipe and thermometer, and then introducing a definite mo-
lar metal halide in batches from a dosing funnel. The re-
action was exothermic, and temperature was kept at ca.
313 K with the use of an ice bath. After all of the metal
halide had been added, the mixture was stirred at room
temperature for 5 min, and then it was heated in an oil-
bath at about 353 K for 5 h. After that, the temperature
was cooled to ambient temperature by using an ice bath.
At the end, dried HCl gas, prepared by mixing concen-
trated H2SO4 and sodium chloride was bubbled into the
ionic liquids. Analytical grade alkylamine hydrochloride,
anhydrous aluminum trichloride, anhydrous iron trichloride
and anhydrous zinc trichloride were used without further
purification.

2.2. Alkylation of�-methylnaphalene and
analysis

First, 30 g of �-methylnaphthalene (>98%) and mixed
alkenes C11–12 (C11 to C12 weight ratio 45/55, bought from
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lyzed by alkyl-containing amine room temperature ionic
ids. The effects of various reaction parameters like type
osage of catalysts, reactant ratio, the reaction tempe
nd reaction time are investigated. The present work rev

hat ionic liquids RxNH4−xCl-AlCl3 (x = 1, 2, 3) have po
ential applications in the synthesis of long-chain monoa
ethylnaphthalene intermediates. Room temperature

iquids, especially those based on the ethylaminium ca
ave shown great promise as attractive alternatives to co

ional homogeneous catalysis systems. Catalyzed by
iquid under the optimal reaction conditions, the alky
ion reaction of�-methylnaphthalene with long-chain olefi
C11–12) becomes simple, and many side reactions, su
isproportionation, hydrogenation and so on, were restra
ffectively. The high purity of desired products, a serie

somers of long-chain monoalkyl methylnaphthalene in
ediates could be achieved under optimal reaction c

ions, and no solvent was needed. Furthermore, the pro
nd unreacted reagents do not dissolve in the ionic liq
nd therefore could be isolated easily. Moreover, some

ul basal data for investigating and exploiting green alkyla
atalysis technology for naphthalene and its derivative
rovided.

. Experimental

.1. Synthesis of ionic liquids

A series of ionic liquids, comprising alkylamine h
rochloride EtxNH4−xCl (x = 1,2,3) and the different c
ushun Petrochemical Company) were put into a 100 m
eck flask equipped with a stirrer, a reflux condenser w
rying pipe and a thermometer, the molar ratio of arom
ydrocarbon and alkenes (Nrea) varying from 2 to 8. Then
ertain amount of ionic liquid as catalyst was added. A
tirring for about 30 min at room temperature to make
eaction agents homodispersed. The reaction time was
hen the mixture was heated to the required reaction
erature. The reaction mixtures were stirred at 273–3

or about 0–360 min, depending on specific reaction pa
ters. After the total alkylation, the upper layer contain

he alkylated products and unreacted reactants was sep
rom the ionic liquid catalyst layer at the bottom of fla
imply by decantation.

All samples were characterized qualitatively w
P6890/5973 GC/MS equipped with a HP-5MS colu
0 m × 0.25 mm × 0.25�m; quantitative analyses we
arried out with HP6890GC equipped with a HP-5 colu
0 m× 0.32 mm× 0.25�m. The concentrations of reacta
nd products were directly given by the system of
hemstation (in this departmental laboratory) accordin
he area of each chromatograph peak. The conversi
lkenes and selectivity of the desired products, mono

ated methylnaphthalene, were used as evaluation stan
he conversion of olefins was defined asCL%, which is the
t.% of olefins consumed in the reaction. The selectivit
onoalkylmethylnaphthalene was calculated by:SAMN % =
AMN /Wpro × 100, whereWAMN is the amount of desire
onoalkylated products, andWpro is the total amount o

he alkylated products, including alkylnaphthalene, al
ethyltetrahydronaphthalene, alkyldimethylnaphthal
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alkylpolymethylnaphthalene, etc., other than the desired
products.

3. Results and discussion

Alkylation reaction of �-methylnaphthalene with
long-chain alkenes is a typical acid-catalyzed reaction.
The reaction, catalyzed by AlCl3, is very complex. In
addition to alkylation reaction, some of side reactions,
such as isomerization, disproportionation, hydrogenation,
polyalkylation, etc., took place simultaneously. The prod-
ucts are very complex. Except for the desired products,
monoalkylmethylnaphthalene, a series of by-products, such
as alkylnaphthalene, alkylmethyltetrahydronaphthalene,
alkyldimethylnaphthalene, alkylpolymethylnaphthalene,
and mutialkylated products were detected by GC/MS
[5,24–26]. Especially, the boiling points of alkylnaphthalene
and alkylmethyltetrahydronaphthalene are too similar with
those of the desired products to be separated with satisfactory
results. Therefore, novel alkylation technology should be
sought. In the present study, alkylation of methylnaphthalene
with olefins in EtxNH4−xCl-AlCl3 (x = 1, 2, 3) ionic liquids
gave a mixture, including of the isomers of monoalkylated
products in terms of carbon chain and the position of alkyl
s van-
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Table 1
Results of alkylations of�-methylnaphthalene with long-chain alkenes cat-
alyzed by different catalysts

Entry Catalyst CL (%) SAMN (%)

1 USY a 59 100
2 HY b 91 100
3 HY c 11 100
4 HY d 0 –
5 AlCl3 89 76
6 AlCl3 92 100 e
7 FeCl3 56 100 f
8 Et3NHCl-FeCl3 7 29
9 Et3NHCl-AlCl3 91 100

10 Et3NHCl-ZnCl2 0 –

Entries 1–4, molar ratio of�-methylnaphthalene to olefins: 4:1; dosage of
catalysts = 20% weight of reactants; reaction time: 240 min; temperature:
(a, b) 523 K; (c) 473 K; (d) 453 K. Entries 5–10, reaction conditions: molar
ratio of�-methylnaphthalene to olefins: 5:1; dosage of catalysts: 12% weight
of reactants; temperature: 353 K; time: 30 min. (e, f) Cyclohexane, used as
solvents, were added, molar ratio of cyclohexane to�-methylnaphthalene:
4:1.

3.1. Effects of kinds and dosage of catalysts on
alkylation reaction

3.1.1. Effects of different catalysts on the alkylation
reaction

Results of alkylation of�-methylnaphthalene with long-
chain alkenes catalyzed by different ionic liquids, produced
by comprising triethylamine hydrochloride and different
metal halides, molar fraction of metal halides 0.67, are listed
in Table 1.

Under optimal reaction conditions, higher than 90% con-
versions of olefins were obtained by Et3NHCl-AlCl3, HY,
and AlCl3. Compared with anhydrous AlCl3, remarkably
higher selectivities towards monoalkylated methylnaphtha-
lene were obtained when catalyzed by Et3NHCl-AlCl3 ionic
liquids and HY. The reaction, catalyzed by AlCl3, is very
complex. In addition to alkylation reaction, some of the
side-reactions, such as isomerization, disproportionation,
hydrogenation, polyalkylation, etc., took place simultane-
ously. Expect for hydrogenation, the other side-reactions can
be explained. At present, the mechanism of hydrogenation
in alkylation of aromatic hydrocarbon was not reported. The
alkylation of MN was catalytically carried out by zeolite, but
no hydrogenated products were found, even at high temper-
ature and pressure. In order to postulate the hydrogenation
ubstituent, which are all desired products. A major ad
age for the use of an ionic liquid for this reaction is that
electivity towards monoalkylmethylnaphthalene was hi
han those catalyzed by anhydrous aluminum trichloride

Alkylation reaction of�-methylnaphthalene with lon
hain alkenes, catalyzed by chloroaluminate ionic liq
odified with HCl, adheres to proton acid catalysis me
ism. The possible catalysis processes are given inScheme 1.

The superacid properties of protons in acidic chloro
inate melts could be explained by the reaction betw

he dissolved HCl and the acidic species (i.e. Al2Cl7 in the
elts), which releases protons with extremely low solva
nd therefore high reactivityEq. (1) [8]. Highly dispersed su
eracid protons in ionic liquids are the active species fo
lkylation reactions, which play a decisive role in enhan
ates and selectivities. The molar fraction of AlCl3 exerts a
ecisive influence on the acidity of the catalyst system.
ffects of various parameters, such as type and dosage o

ysts, molar ratio of�-methylnaphthalene to alkenes, reac
emperature, and reaction time, were studied.

Scheme 1. Possible catalysis processes of Friedel–Cr
 ylation reaction of�-methylnaphthalene with long-chain alkenes.
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mechanism, a blank experiment under the same alkylation
condition, without adding any alkyl agent, was performed.
The reaction mixture was detected by GC/MS. Polynuclear
aromatic hydrocarbon, benzene, toluene, methyltetrahy-
dronaphthalene, etc. were found. This result indicates that,
polymerizations of methylnaphthalene release hydrogen,
which offers hydrogen sources for hydrogenations of
methylnaphthalene. When the reaction was carried out in the
presence of AlCl3, a great amount of solvents also cause high
selectivity towards monoalkylated products to be obtained.
It’s obvious that ionic liquids played dual roles in the reaction.
Ionic liquids could be used as novel and efficient catalysts
and solvents for the alkylation of methylnaphthalene.

Moreover, the different ionic liquids, comprising differ-
ent metal halides and the same alkylamine hydrochloride,
will produce completely different reaction results. The ionic
liquids, from entry 8 to entry 10, comprise the same cations,
Et3NH+ and Et2NH2

+, characterized by fast atom bombard-
ment mass spectrometry (FAB-MS)[27], possess completely
different catalytic performance, which owe to the important
role of anions. The complexing ability of Al2Cl7−, mainly
anionic species in Et3NHCl-AlCl3 acidic ionic liquids, with
Cl− is stronger than that of Fe2Cl7− and ZnCl3−, which is
the source of a high Lewis acidity. The alkylations of methyl-
naphthalene with long-chain olefins require more powerful
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Table 2
Effects of the kinds of catalysts on the alkylation reaction

Entry Catalyst n CL (%) SAMN (%)

1 Et3NHCl-AlCl3 0.55 0 –
2 Et3NHCl-AlCl3 0.60 44 100
3 Et3NHCl-AlCl3 0.67 91 100
4 Et3NHCl-AlCl3 0.71 91 100
5 Et3NHCl-AlCl3 0.75 91 100
6 Et3NHCl-AlCl3 0.80 76 90
7 Et2NH2Cl-AlCl3 0.67 91 100
8 EtNH3Cl-AlCl3 0.67 90 100

Molar ratio of�-methylnaphthalene to long-chain olefins: 5:1;Wcat = 12%;
T = 353 K; t = 30 min.

melting point, and it remains fluid liquid form until−8◦C.
Furthermore, molar fractionn has also an influence on melt-
ing points. As far as Et3NHCl-AlCl3 is concerned, whenn
is less than 0.60, the molten salts remained viscous glassy
material at room temperature and atmospheric pressure. It is
reported that the ionic liquids show acidity as long asn is
more than 0.5[14]. However, the results showed that no re-
action took place whenn is equal to 0.55. By increasing the
n value, the acidity was raised. Whenn value reached 0.67,
alkylation reaction of�-methylnaphthalene was effectively
catalyzed.�-Methylnaphthalene is difficult to be alkylated,
and the reaction needs a certain acid strength. Therefore, the
reaction does not take place whereas those ionic liquids are
acid (0.55≥ n > 0.5). Thex value (alkyl number in organic
cation) had also a slight influence on the reaction results of
alkylation. The most preferred low temperature molten salt
was a compound consisting essentially of triethylamine hy-
drochloride and aluminum trichloride. Mole fraction of AlCl3
n was about 0.60–0.75, preferably about 0.67; 91% of con-
version of olefins and 100% of selectivity of monoalkylated
products were achieved.

3.1.3. Effects of dosage of catalysts on alkylation
reaction

The dosage of Et3NHCl-AlCl3 (n = 0.67) catalyst,Wcat,
h

-
t alyst

F ondi-
t
t

cidity; alkylations of benzene with ethylene can be ef
ively carried out in Et3NHCl-FeCl3 [28], but the alkylation
f methylnaphthalene with long-chain olefins cannot be

ectively catalyzed. On the other hand, the anions Al2Cl7−
re powerful Cl− acceptors, which strengthen the acidity
roton in the ionic liquids.

Though high conversion of olefins and excellent sele
ty for desired products are obtained when catalyzed
y HY and by Et3NHCl-AlCl3 ionic liquids, alkylamine
hloroaluminate ionic liquids show more excellent cata
erformance for its high activity at low temperature.

.1.2. Effects of the type of cations and the molar
raction of AlCl3 in ionic liquids

Alkylation reactions of�-methylnaphthalene with lon
hain olefins were carried out in ethyl-containing chlo
uminate ionic liquid EtxNH4−x-AlCl3 (x = 1, 2, 3). Molar
raction of aluminum trichloride,n, varies from 0.55 to 0.80
he results are listed inTable 2.

The ionic liquids which can be obtained by mixing
referred compounds having the generic formula R3NHCl,
here at least one of the “R” groups is ethyl, and the
alently bonded metal halide is aluminum trichloride. B
ype of organic cation and molar fraction of AlCl3 exert a
arked influence on the physical and chemical prope
f ionic liquids. The former is a critical factor deciding t
elting points of the molten salts, and the latter has a

ial effect on the acidity of ionic liquid, which decides
atalysis activity. The melting points of EtNH3Cl-AlCl3 (n=
.67) and Et2NH2Cl-AlCl3 (n = 0.67) are 38◦C and 33◦C,
espectively. However, Et3NHCl-AlCl3 (n = 0.67) has a low
as also been studied. The results are given inFig. 1.
It can be obviously seen thatWcat is crucial for the alkyla

ion reaction. The conversion is nil at the dosage of cat

ig. 1. Effects of the dosages of catalysts on the alkylation reactions. C
ions: molar ratio methylnaphthalene to long-chain olefins = 5:1;T= 353 K;
= 360 min.
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less than 3 wt.%. AsWcat increased, the conversion of olefins
became higher and higher. However, the conversion did not
increase monotonously with increasing dosage of catalyst.
The possible reason for this is that, at a high dosage of
catalyst, the polymerization of aromatic rings produces ac-
tive hydrogen, which offers hydrogen sources for hydro-
genation of olefins. In the mixture, long-chain alkanes were
detected. As a result, the conversion of olefins decreased.
With the increase of dosage of catalyst, a series of side re-
actions took place simultaneously, which produces some by-
products, such as naphthalene, methyltetrahydronaphthalene,
dimethylnaphthalene, polymethylnaphthalene and their fur-
ther long-chain alkylated products. Furthermore, some poly-
cyclic aromatic hydrocarbons were also detected by GC/MS.
Therefore, a large decrease in the selectivity for monoalkyl-
methylnaphthalene was obtained. Taking all of these factors
into account, the value of 10–12% ofWcat was chosen.

3.2. Effects of reaction temperature on alkylation
reaction

The effect of reaction temperature on the results of alky-
lation reaction catalyzed by Et3NHCl-AlCl3 (n= 0.67) ionic
liquids was investigated in detail. The influence of reaction
temperature on the conversion and selectivity is shown in
F ef-
f ob-
s een
a hain
o rther
r rmic,
t sing
r eac-
t

3
l

to
a re-

F Con-
d
1

Fig. 3. Effect ofNreavalues on the results of alkylation reactions. Conditions:
Wcat = 12%;T = 313 K; t = 360 min.

action in Et3NHCl-AlCl3 (n = 0.67) ionic liquid are shown
in Fig. 3.

The effects of molar ratio of reactants are easily observed
from Fig. 3. As Nrea increased, the conversion of alkenes
reached a maximum and then decline. The maximum of 91%
in conversion was observed whenNreawas 3. But the selectiv-
ity of monoalkylated products,SAMN , is only 98%. When the
concentration of�-methylnaphthalene was increased,Nrea
was not less than 4, 100% of high selectivity for monoalky-
lated products was obtained. However, the conversion slightly
decreased with increasing molar ratios of methylnaphthalene
to alkenes. Moreover, withNrea increasing, the cubic capac-
ity effect decreased, therefore the circulation amounts were
increased to a great extent, and so production cost would be
increased. The reagent molar ratio of 4–5 is preferable.

3.4. Effects of reaction time on alkylation reaction

The influence of reaction time on the conversion and se-
lectivity of alkylation reaction in Et3NHCl-AlCl3 (n = 0.67)
ambient temperature ionic liquids is given inFig. 4. It can
be readily seen that the reaction time has only a slight influ-
ence on the results of alkylation reactions. Within 30 min, the
catalysis activity and product selectivity reached an equilib-
rium (clearly shown inFig. 4); 90% of conversion of long-
c were
a

F
=

ig. 2. A dramatic effect on the conversion and a slight
ect on the selectivity for monoalkylated products were
erved. At 313 K, 91% of high conversion of olefins has b
chieved. An obvious decrease in conversion of long-c
lefins took place, when the reaction temperature was fu
aised. The reason is that, since the alkylation is exothe
he equilibrium conversion decreases with further increa
eaction temperature. Therefore, 313 K is the optimal r
ion temperature.

.3. Effects of molar ratio of�-methylnaphthalene and
ong-chain alkenes on alkylation reaction

The influences of mole ratio of methylnaphthalene
lkenes (Nrea) on conversion and selectivity in alkylation

ig. 2. Effects of the reaction temperatures on alkylation reactions.
itions: molar ratio methylnaphthalene to long-chain olefins = 5:1;Wcat =
2%;t = 360 min.
hain alkenes and 100% selectivity of desired product
chieved.

ig. 4. Effects of reaction time on the alkylation reactions. Conditions:Nrea

5:1;Wcat = 12%;T = 313 K.
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As can be seen from above, the optimal reaction conditions
for this long-chain alkylation reaction were as follows: molar
ratio of 4–5:1 for aromatic hydrocarbon to alkenes, in the
presence of 12% of ethylamine chloroaluminate ionic liquids
at 313 K for 30 min.

4. Conclusions

The alkylation of�-methylnaphthalene with long-chain
mixed alkenes (C11–12) was carried out in a batch mode
with various catalysts. Compared with HY, USY zeolite
and the other ethylamine-containing ionic liquids, ethy-
lamine chloroaluminate ionic liquids, EtxNH4−xCl-AlCl3
(0.67–0.75 molar fraction of aluminum trichloride), were
found to catalyze the reaction with high conversion of long-
chain olefins and excellent selectivity towards monoalkylated
methylnaphthalene. The anions of ionic liquids determined,
to a large extent, the physical and chemical properties of
ionic liquids, but organic cations mainly influenced physical
properties, and have little impact on the catalytic perfor-
mance. Highly dispersed superacid protons in ionic liquids
were the active species for the alkylation reactions, which
played a decisive role in enhancing rates and selectivities.
Under the optimal reaction conditions, more than 90%
of conversion for alkenes, and about 100% of selectivity
t ined.
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