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As precursors of 2,6-naphthalenedicarboxylic acid, 2,6- 
dialkylnaphthalenes are potential starting materials in the 
production of polyester fibers and plastics with superior 

and of thermotropic liquid crystal polymers? 
The interest of such derivatives is shown by the increasing 
number of recent patents relevant to their preparation and 
separati~n.~-~ However, the selective formation of 2,6- 
dialkylnaphthalenea in the alkylation of naphthalene is not 
obvious, not only with conventional Friedel-Crafts cata- 
lystse8 but also over solid catalysts such as silica/alumi- 
na"' or zeolites. The latter, which are well-known as 
shape-selective catalysts for acylation and alkylation of 
aromatic derivatives,12J3 have been used in the gas-phase 
methylation of naphthalene with methanol14J6 and more 
recently in the liquid-phase isopropylation of naphthalene 
with isopropyl bromide16 or propene.SJ7 It was found that 
alkylation of naphthalene could be carried out efficiently 
over such zeolite catalysts with a good selectivity for the 
formation of 2-alkylnaphthalene and 2,6-/2,7-dialkyl- 
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naphthalenes. Unfortunately, the selective formation of 
the 2,6 isomer was not possible in any case, whatever 
zeolites and alkylating agents were used. 

Such a selectivity might be found with more hindered 
alkylating agents, such as cyclohexyl derivatives. Our 
interest16 in the shape-selective synthesis of a 2,6-di- 
alkylnaphthalene over zeolites was stimulated by the 
finding that, in the cyclohexylation reaction of naphthalene 
over aluminum chloride, the 2,6-dicyclohexylnaphthalene 
was isolated from the reaction mixture by crystalliza- 
tion. 1 8 9 1 9  

We have used the combination of such a property of the 
2,6-dicyclohexylnaphthalene with the potential shape-se- 
lectivity properties of zeolites in the study of the cyclo- 
hexylation reaction of naphthalene with cyclohexyl brom- 
ide and cyclohexene over protonic zeolites. 

The present paper is concerned with the results ob- 
tained, leading to the selective synthesis of 2,6-dicyclo- 
hexylnaphthalene, which is known, on the other hand, to 
yield 2,&naphthalenedicarboxylic acid by oxidation under 
the same conditions as those described for other 2,6-di- 
alkylnaphthalenesem 

The catalytic activities of a sample of H-mordenite and 
two samples of HY zeolites were studied in the cyclo- 
hexylation reaction of naphthalene at 80 O C  and 200 OC, 
respectively (Table I). 

The H-mordenite presents a weak activity in the reac- 
tion with cyclohexyl bromide, as shown by the low con- 
version of naphthalene (6%) at 200 "C, whereas the HY 
zeolites appear to be very efficient even at lower temper- 
ature. The ultrastable zeolite HY (Si/Al ratio = 2.5) and 
the dealuminated sample (Si/Al ratio = 20) exhibit a 
similar activity (high conversion (e95%) after a 10-min 
reaction with cyclohexyl bromide at 200 "C) and similar 
selectivities at the same temperatures. 

When cyclohexene is used as the alkylating agent instead 
of cyclohexyl bromide, a slight difference is observed if the 
reaction is carried out in the same conditions (naphthalene 
and alkylating agent put together in the autoclave). When 
cyclohexene is added drop by drop (run 8) to the stirred 
mixture, the same results are then obtained, both in con- 
version and selectivity. 

It can be seen, from Table I, that at lower temperature, 
the main products are monosubstituted derivatives, which 
consist of a mixture of 1-cyclohexyl- and 2-cyclohexyl- 
naphthalenes. When the temperature is increased, the 
amount of dicyclohexyl derivatives increases drastically. 
These compounds are mainly 2,6- and 2,7-dicyclohexyl- 
naphthalenes, formed by consecutive cyclohexylation of 
the monosubstituted 2-cyclohexylnaphthalene. 
This suggests that the a,a and a,B isomers, produced by 

the cyclohexylation of the 1-cyclohexyl derivative, cannot 
be formed inside or cannot diffuse through the pores of 
the Y zeolite because of their steric hindrance. That is not 
the case for the 2,6- and 2,7-dicyclohexyl derivatives (j3,B 
isomers) for which the pores of the zeolite are large enough 
to allow their formation and diffusion. 

Moreover, the thermodynamic effect favors the j3 isomer 
at high temperature as for isopropylnaphthalene deriva- 
tives (equilibrium a B 1.5-98.518 or tert-butyl- 
naphthalene derivatives,2l and consequently, in a second 
consecutive step, the formation of B,B-disubstituted iso- 
mers. 
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Table I. Catalytic Cyclohexylation of Naphthalene over Zeolites 
distribution of products, selectivity, % 

alkylating time, naphth % 2-MCN 2.6-DCN 2.6- + 2.7-DCN 
run cat. agent T,OC min convn, % MCNa DCNb TCN' MCN DCN DCN 
1 HM Ad 200 70 6 56 44 46 16 27 
2 HY2.5 A 80 360 85 88 12 38 
3 A 200 10 96 31 67 2 6 43 82 
4 HY20 A 80 360 84 90 10 38 
5 A 200 10 94 53 46 1 8 43 79 
6 Be 80 360 50 99 42 
7 B 200 10 90 85 15 53 20 36 
8 B*f 200 258 98 44 54 2 7 41 77 

a MCN = monocyclohexylnaphthalenes. DCN = dicyclohexylnaphthalenes. TCN = tricyclohexylnaphthalenes. A cyclohexyl 
bromide. 'B: cyclohexene. fB* corresponds to reaction where cyclohexene is added drop by drop into the autoclave charged with naph- 
thalene and zeolite. 825 min corresponds to the end of the addition of cyclohexene. 

Table 11. Isopropylation and Cyclohexylation of Naphthalene over Y Zeolites' 
distribution of products, % 

@,8 selectivity, % 
alkylating time, naphth DAN' 2.6- + 2.7-DAN 

anent min convn. % MANb 2.6 2.7 2.6 + 2.7 others TANd DAN 
isopropyl 60 97 28 19 20 39 16 17 71 
bromide 
c yclohexyl 10 96 31 29 26 55 12 2 82 
bromide 

4Catalyst, ultrastable HY (Si/Al = 2.5); T = 200 OC; solvent, cyclohexane; ratio, alkylating agent/naphthalene = 2/1. bMAN, mono- 
alkylnaphthalenes. ' DAN dialkylnaphthalenes. TAN trialkylnaphthalenes. 

The comparison of isopropylation16 with cyclohexylation 
of naphthalene over the ultrastable zeolite US-HY under 
the same conditions is given in Table 11. 

In both reactions, a high conversion of naphthalene is 
obtained after short reaction times (10 min with cyclohexyl 
bromide, 1 h with isopropyl bromide). 

The use of cyclohexyl bromide, instead of isopropyl 
bromide as alkylating agent, yields an increasing amount 
of 2,6- and 2,7-dicyclohexylnaphthalenes, together with a 
decreasing amount of trialkyl derivatives due to the steric 
hindrance of the cyclohexyl group, leading to an im- 
provement of the j3,B selectivity (82% compared with 
71%). Nevertheless, the relative distribution of the 2,6 
and 2,7 isomers does not drastically change (2,6/2,7 ratio 
= 0.95 for isopropyl and 1.1 for cyclohexyl). This confirms 
our previous finding@ that Y zeolites increase the @,@ 
selectivity, but do not lead to the predominant formation 
of one dialkyl isomer. 

The advantage of the cyclohexylation in comparison to 
the isopropylation is directly related to the physical 
properties of the 2,6-dicyclohexylnaphthalene, which is 
separated from the mixture by crystallization. Thus, pure 
2,6-dicyclohexylnaphthalene is isolated in yields varying 
from 19 to 2770, depending on the z e ~ l i t e s . ~ ~ ? ~ ~  This 
crystalline 2,6-dicyclohexylnaphthalene presents a sym- 
metry center which corresponds to a crystallographic 
centera2* 

In summary, the liquid-phase cyclohexylation reaction 
of naphthalene can be carried out efficiently over HY 
zeolites. High conversions are obtained after very short 
reaction times, and the use of cyclohexyl derivatives as 
alkylating agents instead of, for example, isopropyl or 
methyl lead8 to an improvement of the j3,D selectivity. 2,6- 
and 2,7-dicyclohexylnaphthalenes are predominantly 
formed, and the 2,6 isomer is easily separated from the 
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Table 111. Properties of Catalysts 

HM 92.8 7.2 0.01 10.8 510 
HY 74.9 25.1 <0.2 2.5 675 
HY 95.8 4.1 <0.15 19.5 800 

mixture by crystallization. The 19-2796 yields of pure 
2,6-dicyclohexylnaphthalene obtained over HY zeolites 
constitute a real improvement in the preparation of this 
material, taking into account the maximum 5% yield re- 
ported when aluminum chloride is used as catalyst.l9 

Experimental Section 
Catalysts. HY (Si/Al = 2.5) is an ultrastable zeolite from 

Chemische Fabrik Uetikon, Zurich (26-05-01). HY (Si/Al = 19.5) 
and HM (Si/Al = 10.8) are from Zeocat, Montoir de Bretagne 
(ZF 520 and ZM 510, respectively). The typical properties of these 
catalysts are shown in Table 111. 

Procedure. Naphthalene (0.005 mol), cyclohexyl bromide 
(0,010 mol), cyclohexane (50 mL), and the catalyst (1.0 g of freshly 
calcined zeolite) are put together in a 100-mL autoclave operating 
in a batch mode. The mixture is stirred a t  80 OC for 6 h or at 
200 "C for 10 min. After cooling, the catalyst is filtered, and the 
reaction mixture is analyzed by GLC with a 25-m OV1 capillary 
column. 

After cyclohexane is evaporated, the crude product solidifies 
at room temperature; the solid is filtered and recrystallized from 
ethanol. After two recrystallizations, white crystals of 2,6-di- 
cyclohexylnaphthalene (mp 152 OC, lit.16s19 mp 151-152 "C) are 
obtained. The structure is confvmed by GC-MS and 'H and 'W 
NMR spectroscopy, together with X-ray crystall~graphy.~' 

When cyclohexene is used instead of cyclohexyl bromide, the 
procedure is the following: the autoclave is charged with naph- 
thalene (0.005 mol), cyclohexane (50 mL), and the catalyst (1.0 
g), and heating is started. At  the same time, cyclohexene (0.010 
mol) is added, drop by drop, by means of a stainless steel pres- 
surized funnel, and the mixture is stirred in the same conditions 
as above. After cooling, the same procedure is used for the 
isolation and purification of 2,6-dicyclohexylnaphthalene. 

In all the cases, the molar ratio alkylating agent/naphthalene 
is 2/1, the percent conversion is that of naphthalene, and the yields 
(19-27 % ) correspond to those in isolated 2,6-dicyclohexyl- 
naphthalene obtained after crystallization and separation and are 
given in comparison to the converted naphthalene. 


