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Abstract

Alkylations of a-methylnaphthalene with long-chain alkenes (mixed-G 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.NHhe FE2I-AICI; (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
to catalyze the reaction with high conversion of long-chain olefins and good selectivity for monoalkylated methylnaphthalene.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ical Friedel-Crafts reaction. In general, this reaction is cat-
alyzed by AICE, H,SOy, HF and other Lewis acid catalysts.
Alkylnaphthalene sulfonates are one of the most impor- However, all of the processes have met with some common
tant anionic surfactants for various industrial purposes. By problems, such as heavy environmental pollution, and trou-
using them as a chemical oil-displacing agent for enhancedblesome product recovery and purification, and catalysts can-
oil recovery, satisfactory results could be obtained, and the not be reused. Therefore, investigation and development of
ultralow interfacial tension between oil and water could be environmentally friendly catalytic technology have attracted
achieved. Moreover, because of their eminent surface activ-great interest from chemical industry. In recent years, the
ity, they may be used in many fields, such as cleaning, dying room temperature ionic liquids are being more and more
and printing, emulsifying, ore milling, and nanotechnology. regarded as relatively clean catalysts and solv§giS].
Long-chain alkylmethylnaphthalenes are the key intermedi- Many organic reactions, such as alkylatid®—13] acyla-
ates for alkylnaphthalene sulfonate anionic surfactants. Thetion [14—15] Heck reactioni16], hydroformylation17], ox-
alkylation of methylnaphthalene with long-chain olefins is idation[18], and Knoevenagel Condensatid®], have been
of both industrial importance and academic relevance. To reported to proceed in the room temperature ionic liquids
date, alkylation of benzene has already been widely and thor-with excellent yields and selectivity. One remarkable charac-
oughly investigatedll—3]. But naphthalene and its derivates ter of ionic liquids is their changeable properties. Based on
have not been taken into account. In particular, alkylation “tailoring technology”, the cation and anion composing the

of methylnaphthalene was rarely conducféfl In our lab- ionic liquids could be designed at molecular level; the desir-
oratory, the alkylation of methylnaphthalene catalyzed by able physical and chemical performance could be obtained.
AICl3 had already been studid8]. The alkylation ofa- Recently, considerable attention has been thus focused on the

methylnaphthalene with long-chain mixed alkenes is a typ- use of chloroaluminate room temperature ionic liquids. The
acidity of the system can be varied in a wide range depend-
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tem would afford a basic molten salt, and if more than 0.5, valently bonded metal halide, anhydrous aluminum trichlo-
it would afford an acidic melt. The acid/base behavior of the ride, anhydrous iron trichloride and anhydrous zinc trichlo-
melts is controlled largely by the reactionku. (1) ride, were synthesized by adding 0.5 mol alkylylamine hy-
_ _ _ drochloride into a 250 mL oven-dried round bottom flask
Al2Clz™ + CI™ = 2AIC4 @) with stirrer, and reflux condenser equipped with drying
The equilibrium constant for this is in the order of!¢0  Pipe and thermometer, and then introducing a definite mo-

tain more than a slight excess of AiCthe CI concentra- ~ @ction was exothermic, and temperature was kept at ca.

When the AICE mole fraction approaches or exceeds 0.67, temperature for 5Smin, and then it was heated in an oil-
even more strongly acidic chloroaluminate species, such asbath at about 353K for 5h. After that, the temperature
Al3Clio~ and ALClg should be taken into account. When Was cooled to ambient temperature by using an ice bath.
HCl is dissolved into acidic chloroaluminate ionic liquids, At the end, dried HCI gas, prepared by mixing concen-
the Bransted superacid at ordinary temperature and pressur&fated SO, and sodium chloride was bubbled into the
can be obtainef?1-22] Itis similar in strength to liquid HF ~ ionic liquids. Analytical grade alkylamine hydrochloride,
(Ho = —15.1). Use of low-melting ionic liquids composed anhydrous aluminum trichloride, anhydrous iron trichloride
of an organic chloride and aluminium chloride as solvents and anhydrous zinc trichloride were used without further
and catalysts for Friedel-Crafts reactions was first reported Purification.

in 1976[23]. However, the relative alkylation reactions of

naphthalene and its derivatives catalyzed by ionic liquids 2-2- Alkylation ok--methylnaphalene and

have not been reported. In the present paper, we first re-analysis

port an efficient method for preparing long-chain monoalky-

lated methylnaphthalene intermediates through alkylation of ~ First, 30g of a-methylnaphthalene (>98%) and mixed
a-methylnaphthalene with long-chain olefins1(G») cat- alkenes G112 (Ca1 to Cy2 weight ratio 45/55, bought from
alyzed by alkyl-containing amine room temperature ionic lig- Fushun Petrochemical Company) were put into a 100 mL 3-
uids. The effects of various reaction parameters like type andneck flask equipped with a stirrer, a reflux condenser with a
dosage of catalysts, reactant ratio, the reaction temperaturérying pipe and a thermometer, the molar ratio of aromatic
and reaction time are investigated. The present work revealedlydrocarbon and alkenellg,) varying from 2 to 8. Then a
that ionic liquids RNH4_,CI-AICI3 (x = 1, 2, 3) have po- certain amount of ionic liquid as catalyst was added. After
tential applications in the synthesis of long-chain monoalky! Stirring for about 30 min at room temperature to make the
methylnaphthalene intermediates. Room temperature jonicfeéaction agents homodispersed. The reaction time was noted
liquids, especially those based on the ethylaminium cation, when the mixture was heated to the required reaction tem-
have shown great promise as attractive alternatives to convenperature. The reaction mixtures were stirred at 273-373K
tional homogeneous catalysis systems. Catalyzed by ionicfor about 0-360 min, depending on specific reaction param-
liquid under the optimal reaction conditions, the alkyla- €ters. After the total alkylation, the upper layer containing
tion reaction ob-methylnaphthalene with long-chain olefins  the alkylated products and unreacted reactants was separated
(C11-12) becomes simple, and many side reactions, such asfrom the ionic liquid catalyst layer at the bottom of flask
disproportionation, hydrogenation and so on, were restrainedSimply by decantation.

effectively. The high purity of desired products, a series of ~ All samples were characterized qualitatively with
isomers of long-chain monoalkyl methylnaphthalene inter- HP6890/5973 GC/MS equipped with a HP-5MS column,
mediates could be achieved under optimal reaction condi-30m x 0.25mm x 0.25um; quantitative analyses were
tions, and no solvent was needed. Furthermore, the productgartied out with HP6890GC equipped with a HP-5 column,
and unreacted reagents do not dissolve in the ionic liquids, 30 Mx 0.32mmx 0.25um. The concentrations of reactants
and therefore could be isolated easily. Moreover, some use-2nd products were directly given by the system of GC
ful basal data for investigating and exploiting green alkylation chemstation (in this departmental laboratory) according to

catalysis technology for naphthalene and its derivatives arethe area of each chromatograph peak. The conversion of
provided. alkenes and selectivity of the desired products, monoalky-

lated methylnaphthalene, were used as evaluation standards.
The conversion of olefins was defined@s%, which is the

2. Experimental wt.% of olefins consumed in the reaction. The selectivity of
monoalkylmethylnaphthalene was calculated Sy % =
2.1. Synthesis of ionic liquids Wamn MWpro x 100, wheréWawun is the amount of desired

monoalkylated products, andjyo is the total amount of
A series of ionic liquids, comprising alkylamine hy- the alkylated products, including alkylnaphthalene, alkyl-
drochloride EtNH4—,Cl (x = 1,2,3) and the different co- methyltetrahydronaphthalene, alkyldimethylnaphthalene,
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alkylpolymethylnaphthalene, etc., other than the desired Table1

products. Results of a_lkylations ak-methylnaphthalene with long-chain alkenes cat-
alyzed by different catalysts
Entry Catalyst CL (%) Samn (%)
3. Results and discussion 1 Usy a 59 100
2 HY b 91 100
. . . 3 HY 11 100
Alkylation reaction of a-methylnaphthalene with 4 HYZ 0 B
Iong-chain' alkenes is a typical acid-catalyzed reaction. 5 AICI3 89 76
The reaction, catalyzed by Algl is very complex. In 6 AICl3 92 100 e
addition to alkylation reaction, some of side reactions, 7 FeCb 56 100f
such as isomerization, disproportionation, hydrogenation, g Egmg:iﬁgb 91 igo
polyalkylation, etc., took place simultaneously. The prod- ;, E%NHCI_ZnCI‘Z 0 -

ucts are very complex. Except for, the desired products, Entries 1-4, molar ratio ok-methylnaphthalene to olefins: 4:1; dosage of
monoalkylmethylnaphthalene, a series of by-products, suchcagaiysts = 20% weight of reactants; reaction time: 240 min; temperature:
as alkylnaphthalene, alkylmethyltetrahydronaphthalene, (a, b) 523K; (c) 473K; (d) 453 K. Entries 510, reaction conditions: molar
alkyldimethylnaphthalene, alkylpolymethylnaphthalene, ratio ofa-methylnaphthalene to olefins: 5:1; dosage of catalysts: 12% weight
and mutialkylated products were detected by GC/MS of reactants; temperature: 353 K time: 30 min. (e, f) Cyclohexane, used as
[5,24—26] Especially, the boiling points of alkylnaphthalene solvents, were added, molar ratio of cyclohexane-methylnaphthalene:
and alkylmethyltetrahydronaphthalene are too similar with
those of the desired products to be separated with satisfactory
results. Therefore, novel alkylation technology should be 3.1. Effects of kinds and dosage of catalysts on
sought. In the present study, alkylation of methylnaphthalene alkylation reaction
with olefins in EtNH4_,CI-AICI3 (x = 1, 2, 3) ionic liquids
gave a mixture, including of the isomers of monoalkylated 3.1.1. Effects of different catalysts on the alkylation
products in terms of carbon chain and the position of alkyl reaction
substituent, which are all desired products. A major advan-  Results of alkylation ofi-methylnaphthalene with long-
tage for the use of an ionic liquid for this reaction is that the chain alkenes catalyzed by different ionic liquids, produced
selectivity towards monoalkylmethylnaphthalene was higher by comprising triethylamine hydrochloride and different
than those catalyzed by anhydrous aluminum trichloride. ~ metal halides, molar fraction of metal halides 0.67, are listed
Alkylation reaction ofa-methylnaphthalene with long- in Table 1
chain alkenes, catalyzed by chloroaluminate ionic liquid  Under optimal reaction conditions, higher than 90% con-
modified with HCI, adheres to proton acid catalysis mecha- versions of olefins were obtained byz;EHCI-AICI3, HY,
nism. The possible catalysis processes are givEalireme 1 and AICk. Compared with anhydrous Alg;l remarkably
The superacid properties of protons in acidic chloroalu- higher selectivities towards monoalkylated methylnaphtha-
minate melts could be explained by the reaction between lene were obtained when catalyzed byNgHCI-AICl 3 ionic
the dissolved HCI and the acidic species (i.ea@ in the liquids and HY. The reaction, catalyzed by A{CIs very
melts), which releases protons with extremely low solvation complex. In addition to alkylation reaction, some of the
and therefore high reactiviyq. (1) [8] Highly dispersed su-  side-reactions, such as isomerization, disproportionation,
peracid protons in ionic liquids are the active species for the hydrogenation, polyalkylation, etc., took place simultane-
alkylation reactions, which play a decisive role in enhancing ously. Expect for hydrogenation, the other side-reactions can
rates and selectivities. The molar fraction of AJ@ixerts a be explained. At present, the mechanism of hydrogenation
decisive influence on the acidity of the catalyst system. The in alkylation of aromatic hydrocarbon was not reported. The
effects of various parameters, such as type and dosage of cataalkylation of MN was catalytically carried out by zeolite, but
lysts, molar ratio ofk-methylnaphthalene to alkenes, reaction no hydrogenated products were found, even at high temper-

temperature, and reaction time, were studied. ature and pressure. In order to postulate the hydrogenation
B ©] B
HCl  +  ALCly =——=== [H ]nonsolvate q 2AIC], (1)
fHs

® QO o H
——h i .
R—CH=CH, + H* =<—== R—CH-CH, <————— CH}@@\R

@
—— R_©:©>_CH3 + H (R=Cq1g, R=Cyp.1p)

Scheme 1. Possible catalysis processes of Friedel-Crafts alkylation reaationathylnaphthalene with long-chain alkenes.
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mechanism, a blank experiment under the same alkylation Table 2

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 theg

presence of AlGJ, a great amount of solvents also cause high
selectivity towards monoalkylated products to be obtained.
It's obvious thationic liquids played dual roles in the reaction.

lonic 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,
EtsNHT and EpNH, ™, characterized by fast atom bombard-
ment mass spectrometry (FAB-MR)/], possess completely
different catalytic performance, which owe to the important
role of anions. The complexing ability of AClz—, mainly
anionic species in ENHCI-AICI 3 acidic ionic liquids, with
Cl~ is stronger than that of F€l;~ and ZnC§~, which is
the source of a high Lewis acidity. The alkylations of methyl-
naphthalene with long-chain olefins require more powerful
acidity; alkylations of benzene with ethylene can be effec-
tively carried out in E§NHCI-FeCk [28], but the alkylations
of methylnaphthalene with long-chain olefins cannot be ef-
fectively catalyzed. On the other hand, the anionsCh~
are powerful Cl acceptors, which strengthen the acidity of
proton in the ionic liquids.

Though high conversion of olefins and excellent selectiv-
ity for desired products are obtained when catalyzed both
by HY and by Eg§NHCI-AICI3 ionic liquids, alkylamine
chloroaluminate ionic liquids show more excellent catalytic
performance for its high activity at low temperature.

3.1.2. Effects of the type of cations and the molar
fraction of AICk in ionic liquids

Alkylation reactions ofa-methylnaphthalene with long-
chain olefins were carried out in ethyl-containing chloroa-
luminate ionic liquid EfNH4_-AICI3 (x = 1, 2, 3). Molar
fraction of aluminum trichloriden, varies from 0.55 to 0.80.
The results are listed ifable 2

The ionic liquids which can be obtained by mixing the
preferred compounds having the generic formutNRCI,
where at least one of the “R” groups is ethyl, and the co-
valently bonded metal halide is aluminum trichloride. Both
type of organic cation and molar fraction of AlCéxert a
marked influence on the physical and chemical properties
of ionic liquids. The former is a critical factor deciding the
melting points of the molten salts, and the latter has a cru-
cial effect on the acidity of ionic liquid, which decides the
catalysis activity. The melting points of EtNBI-AICI3 (n =
0.67) and E{NH,CI-AICl3 (n = 0.67) are 38C and 33C,
respectively. However, BNHCI-AICI3 (n= 0.67) has a low

Effects of the kinds of catalysts on the alkylation reaction

Entry Catalyst n CL (%) Samn (%)

1 EtsNHCI-AICI3 0.55 0 -

2 EtzNHCI-AICI3 0.60 44 100

3 EtsNHCI-AICI3 0.67 91 100
EzNHCI-AICI3 0.71 91 100
EtsNHCI-AICI3 0.75 91 100
EzNHCI-AICI3 0.80 76 90

7 EtzNH,CI-AICl 3 0.67 91 100

8 EtNH;CI-AICI 3 0.67 90 100

Molar ratio ofa-methylnaphthalene to long-chain olefins: Siga: = 12%;
T=353K;t=30min.

melting point, and it remains fluid liquid form untit8°C.
Furthermore, molar fraction has also an influence on melt-
ing points. As far as BNHCI-AICI 3 is concerned, when

is less than 0.60, the molten salts remained viscous glassy
material at room temperature and atmospheric pressure. Itis
reported that the ionic liquids show acidity as longrais
more than 0.914]. However, the results showed that no re-
action took place when is equal to 0.55. By increasing the

n value, the acidity was raised. Wharvalue reached 0.67,
alkylation reaction otx-methylnaphthalene was effectively
catalyzed a-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 AKCI

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 ENHCI-AICI3 (n = 0.67) catalystWeat,
has also been studied. The results are givefign L
It can be obviously seen thét.4;is crucial for the alkyla-
tion reaction. The conversion is nil at the dosage of catalyst

% 100 ¢ 9_9_9_.-..@.\D
E 20 F
o
W60
55 —#— Conversion of olefins
\H' 40 B
g a0 b == Ielectivity of monoalkyl
£ methylnaphthalens
o . .
] u] -
0 3 10 15 20

Diosage of catalystsiart 2]

Fig. 1. Effects of the dosages of catalysts on the alkylation reactions. Condi-
tions: molar ratio methylnaphthalene to long-chain olefins =54 353 K;
t =360 min.
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less than 3 wt.%. A8\ atincreased, the conversion of olefins 10 A ———=
became higher and higher. However, the conversion did not E 20 [ /*“*—*xx %
increase monotonously with increasing dosage of catalyst. 'ﬁ : %

The possible reason for this is that, at a high dosage of & f0F —x— Conversion of olefins

catalyst, the polymerization of aromatic rings produces ac- ¥ L .

tive r)llydrogerrl) v}\//hich offers hydrogen sou?cez for hydro- E “ i — Selectivity of wonalkyl
: v : . & 0 bk methyinaphthalene

genation of olefins. In the mixture, long-chain alkanes were g I

detected. As a result, the conversion of olefins decreased. S 0 L L L L .

With the increase of dosage of catalyst, a series of side re- 0 2 4 é 2 10

actions took place simultaneously, which produces some by-
products, such as naphthalene, methyltetrahydronaphthalene,
dimethylnaphthalene, polymethylnaphthalene and their fur- Fig. 3. EffectofN,eavalues onthe results of alkylation reactions. Conditions:
ther long-chain alkylated products. Furthermore, some poly- Weat = 12%;T = 313 K;t = 360 min.

Ilolar ratio of methyinaphthalene to olefine

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% 0.5 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 gHCI-AICI3 (n=0.67) ionic
liquids was investigated in detail. The influence of reaction
temperature on the conversion and selectivity is shown in
Fig. 2 A dramatic effect on the conversion and a slight ef-
fect on the selectivity for monoalkylated products were ob-
served. At 313 K, 91% of high conversion of olefins has been
achieved. An obvious decrease in conversion of long-chain
olefins took place, when the reaction temperature was further
raised. The reason is that, since the alkylation is exothermic,
the equilibrium conversion decreases with further increasing
reaction temperature. Therefore, 313K is the optimal reac-
tion temperature.

3.3. Effects of molar ratio ak-methylnaphthalene and
long-chain alkenes on alkylation reaction

The influences of mole ratio of methylnaphthalene to
alkenes eg) on conversion and selectivity in alkylation re-

—
=3
[=1

———

SR

—&— Comvrersion of okfins

an

60

40

= Sk ctivity of monoallyel

0 methy haplthalerne

Conversionf ¥ elechvity %)

[=]
(%]
L
=

300 350 400 450 500

Reaction tenperatam/E

Fig. 2. Effects of the reaction temperatures on alkylation reactions. Con-
ditions: molar ratio methylnaphthalene to long-chain olefins = ®#d;; =
12%;t =360 min.

action in EsNHCI-AICI3 (n = 0.67) ionic liquid are shown
in Fig. 3.

The effects of molar ratio of reactants are easily observed
from Fig. 3. As Nea increased, the conversion of alkenes
reached a maximum and then decline. The maximum of 91%
in conversion was observed whidpawas 3. But the selectiv-
ity of monoalkylated product§mn , is only 98%. When the
concentration ofx-methylnaphthalene was increas®ga
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, witNe 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 EENHCI-AICI3 (n = 0.67)
ambient temperature ionic liquids is givenkig. 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 irFig. 4); 90% of conversion of long-
chain alkenes and 100% selectivity of desired product were
achieved.

% 100
'E 5 T s -
E - 7/—-)1—
I —#— Corrversion of olefins
[=r]
= a b
E —s—Selectrvity of monoalkyl
woan f methylnaphthalens
5 o

0 100 200 300 400

Reartion tiraeftain

Fig. 4. Effects of reaction time on the alkylation reactions. Conditibias;
=5:1;Weat = 12%; T = 313 K.
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As can be seen from above, the optimal reaction conditions References

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 313K for 30 min.

4. Conclusions

The alkylation ofa-methylnaphthalene with long-chain
mixed alkenes (€—2) was carried out in a batch mode
with various catalysts. Compared with HY, USY zeolite
and the other ethylamine-containing ionic liquids, ethy-
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