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Abstract

The cyclohexylation of various phenols with cyclohexanol as an alkylating agent in the presente 86 Fe*, Srf*, AI%*, and zf*
metal modified zeolite-B catalysts was carried out. The best catalyst wa$ 8xchanged i, activated at 126C (HB-SnA120), which
displayed a selectivity of more than 95% towards 2-cyclohexylphenol. The reaction was found to proceed through the formation of cyclohexyl
phenyl ether. Cyclohexylation of different phenols has also been studied.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the surfactant, dyestuff and the pharmaceutical industries
[17]. 2-Cyclohexylphenol is an important intermediate in

Since its discovery in 187[1—3], Friedel-Crafts alkyla-  dyestuff preparation. It is also useful in the preparation of
tion has beenrecognized as one of the mostimportanttools for2-phenylphenol, which is an important disinfectant as well
introducing an alkyl substituent into an aromatic ridgb]. as fungicide. There are reports of cyclohexylation of phenol
Various transition metal halides (AlgIFeCk, SnCl, and using cyclohexene, many of which are vapour phase reac-
TiCly) are used as Lewis acids for the alkylation reaction. Use tions[18-21] When the alkylation of phenol by cyclohexene
of these conventional catalysts has various disadvantagesis carried out at a low-temperature cyclohexyl phenyl ether
like tedious work-up procedure, non-reusability, formation is the predominant produ¢?22]. However, not much work
of hazardous side products, and mainly lack of selectivity. has been reported on the alkylation of phenol using cyclo-
These disadvantages can be minimized by using solid acidhexanol. Very few catalysts have been used for the alkylation
catalysts. Particularly, zeolites have proved to be versatile cat-of phenol using cyclohexanol, such as cation-exchange resin
alysts in the petrochemical industry and in the manufacture of KU-2, HB-zeolite and other conventional Lewis andBsted
fine chemicals and chemical intermediates, as highly shape-acids[23—-25] Also, the reported methods show a maximum
selective catalystfs—11] Since the last decade, our group of 60% selectivity for 2-cyclohexylphenol. It is well known
has been working towards the development of environmen- that in the alkylation of phenadG-alkylation requires stronger
tally begin acidic catalysts for the Friedel-Crafts reaction acid sites than those f@-alkylation[26,27] In the cyclo-
[12-16] hexylation of phenol, the crucial point is the regioselectivity.

Alkylated phenols and their derivatives are of great com- In the present work, we have modifie3Heolite through
mercial importance, having a variety of applications in aqueous ion exchange with*Tj SB**, Fe**, srf*, AIS*,

and Zf*cations and used the resulting catalysts for Ghe

* Corresponding author. Tel.: +91 2224145616; fax: +91 2224145614, Cyclohexylation of phenols with cyclohexan@®dheme }
E-mail addresssamantsd@yahoo.com (S.D. Samant). The reaction is completed to form three produsts.
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Scheme 1. cyclohexylation of phenol by cyclohexanol usiBg3hA catalyst.

Table 1

Characterization of the ion-exchanged catalysts

Catalyst Metal content Surface area Pore diameter Total pore lonic radius of Electonegativity of metal
(%) (m2/g) (A) volume (cn¥/g) metal (pm) cation on pauling scale (eV)

HB-120 - 510.5 17.5 0.217

HB-SnA120 6.7 454.6 335 0.380 83.0 1.96

HB-SbA120 9.4 332.6 47.7 0.397 74.0 2.05

HB-ZrA120 6.9 4255 41.3 0.365 86.0 1.33

HB-AIA120 8.3 415.6 38.7 0.345 67.5 1.61

HB-TiA120 6.3 417.9 39.9 0.417 74.5 1.54

HB-FeA120 9.1 351.4 35.5 0.312 78.5 1.83

2. Experimental 2.2. Catalyst characterization

2.1. Catalyst preparation The metal-exchangedpdzeolites were charaterised for

the properties surface area, pore volume, pore diameter (BET
To an anhydrous metal chloride (15 g) dissolved in deion- analysis), amount of each metal exchanged (ICP analysis),
ized water, H8-zeolite (10 g) (Sud-chemie, SRl .03 = 15) with the ionic radius and the electro-negativity of the respec-
was added over a period of 10 min. The slurry was stirred at tive cations Table J).

room temperature (3CC) for 5 h. The resultant catalyst was The most active catalystp4SnA120 was further charac-
filtered, washed with deionized water till free fromObns terized by FT-IR, XRD119Sn NMR techniques.

and activated at 12(C to obtain 8B-MA120 (M =metal) The FT-IR of H3 and H3-SnA120 catalyst were recorded
catalyst. Thus, a series of catalysts was prepared by exchangusing a Shimadzu 3800 FT-IR spectrophotometer. There is
ing Ti**, SB**, Fe¥*, Srt, AI%*, and Zf*ions with HB- no significant change in the spectra ofHeolite and that

zeolite. The catalyst were preserved in a desiccator and usedf HB-SnA120 Fig. 1). Hence, we may say that the metal
after activation at 120C overnight in the reaction flask ion incorporated had not formed bonds with a metal (Al/Si)

itself. present in the zeolite.
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Fig. 1. FT-IR spectra of: (a) plcatalyst and (b) B-SnA120.
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600 Table 2
The reaction of phenol with cyclohexanol in the presence of different
%. 400 _ catalysts
S b Catalyst Time C-Mono-alkylated Regio-selectivity (%)
t F min roduct (%
£ 200 F (min) p 6) ortho para
HB-120 180 93.4 53 47
0= HB-SnA120 60 87.5 95 5
5 55 HB-SbA120 240  88.4 93 7
HB-ZrA120 330 76.2 58 42
HB-AIA120 180 78.6 53 47
Fig. 2. XRD pattern of zeolite-pl (a) and H8-SnA120 (b). HB-TiIA120 300 88.1 88 12
HB-FeA120 240 73.4 53 47

Powder XRD patterns were recorded using a JEOL JDX- Reaction conditions: phenol=10mL, cyclohexanol =10mmol (1.0 mL),
8030 X-ray diffractometer, using Cukradiation. Therewas ~ ca@lyst=0.2g, temperature = 180.
no significant change in the XRD pattern og#6nA120 with
respect to parent ptzeolite Fig. 2), and the crystallanity of ~ gas chromatograph (Chemito 2865) equipped with 10% OV-
the zeolite was maintained after modifying it with the metal 17 column and FID.
ions.

Solid state''®Sn NMR was recorded using a Bruker
MSL-300 NMR spectrometert!®Sn Larmor frequency =
111.921 MHz, pulse length =2s, recycle deba=4s,num-
ber of scans=2000 for SnGnd 14,000 for zeolite, signal
chemical shift in the spectra were with respect to tetramethyl
tin [(CH3)4Sn]. The solid state NMR of Sn modified zeolite
and that of Sn@ were taken together to compare the oxi-
dation state and the environment in which Sn was present
(Fig. 3. 11°Sn NMR showed an isotropic chemical shift at
8 =—604 ppm which indicated the presence of Sn in essen-
tially octahedral environmelfi2g].

3. Results and discussion

The reaction of phenoll@) with cyclohexanol 2) was
studied with respect to different parameters. The reaction can
give cyclohexyl phenyl ethebf), besides the regioisomers
(3a) and @a). Dicyclohexylation was found to be negligible.

3.1. Effect of metal cations

To compare the activity of the metal cations, the reac-
tion was carried using the catalysts at 260(Table 2. In
the conversion of cyclohexanol to tligalkylated product
2.3. Cyclohexylation reaction (3a+4a), cyclohexyl phenyl etherib@) was also formedsca

may eventually may converted 8a+ 4a by the acidic cata-

The reaction was carried out in a 50&mund-bottomed  lyst. Hence, each reaction was monitered till complete con-
two-necked flask attached with a reflux condenser and aversion of cyclohexanol as well as cyclohexyl phenyl ether.
CaCb guardtube. To the activated catalyst (0.2 g) in the flask, Although H3-zeolite gave 93% monoalkylated product it dis-
phenol (10cr) and cyclohexanol (1.0 cth were added, played only 53% selectivity towards 2-cyclohexylphenol. On
and the contents were stirred in an oil bath thermostated atthe other hand, B-SnA120 and H-SbA120 gave 87-88%
160°C. The progress of the reaction was monitored using a monoalkylated product and also showed high selectivity of

JRAWM

-400 -600 -200 -400 -600 -800 -1000 ppm

Fig. 3. The static and MA$'®Sn NMR of SnQ (1aand1b) and H3-SnA120 @aand2b), respectively.
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Table 3
The reaction of phenol with cyclohexanol in the presence of different
catalysts -
<

Catalyst Time C-Mono-alkylated Regio-selectivity (%) + —e—0.1g

min roduct (% —_—— =

(min) P 0) ortho para % —a—0.2g
HB-SNAS50 180 85.6 93 7 2 —a—05g
HB-SbA550 300 88.4 93 7 2
HB-ZrA550 300 60.8 61 39
HB-AIA550 300 71.1 67 33
HB-TIA550 300 69.5 62.4 376 ¢ w A0 =
HB-FeA550 300 65.2 541 459 time (min)
Reactiorl conditions: phenol_: 10mL, cyclohexanol=10mmol (1.0mL), fig 5 Effect of catalyst quantity on the cyclohexylation of phenol by cyclo-
catalyst=0.2g, temperature = 180. hexanol in the presence@-SnA120 catalyst.

95 and 93%, respectively, towards 2-cyclohexylphenol with 3.3. Effect of catalyst quantity

complete conversion of cyclohexanol. The other catalysts did
not show such a high selectivity. In the preparation of the Sb
catalyst, alarge volume of HCl was required and'Siations

are toxic in nature. Hence, for further study we usegH . o
SnA120 catalyst. Among the cations the electronegativity of yield was not significant.
Snis 1.93 eV (Pauling scale) which is higher than those of all

the other metals with the exception of Sb which has 2.05 eV, 3-4. Effect of support

This could be the reason of the highest activity and concomi- . )
tantly selectivity of H-SnA120. In order to get an idea about the role of the support, dif-

All these catalysts were also activated at 5600 deter- ferent types of catalyst were prepared using K-10 and silica;
mine the effect of activation temperature. However, the cat- Poth of these are common supports -for supported reagents.
alysts activated at 55@ were found to be less active as 1he catalysts, K-10-SnA120 and silica-SnA120 were pre-
compared to the catalysts activated at 12@Table 3. pared by same procedure as adopted fBr$nA120. Some

Cseri has reported that the alkylation using alcohols Of the basic properties of the supports are giverTable 4.
requires Bronsted acidity. However, the Bronsted acidity ~ The reaction of cyclohexanol with phenol was carried out
of the catalyst decreases with increase in activation tem- Using K-10-SnA120, silica-SnA120 and that o+bnA120.

perature[29]. Our observations are in agreement with this Fig- 6shows the variation of yield da+ 4awith time using
the three catalysts.

The effect of catalyst quantity is shownhig. 5. As cata-
lyst (HB-SnA120) quantity increased the yield of the product
increased, beyond 0.2 g of the catalyst, the increase in the

report.
) Table 4
3.2. Effect of reaction temperature Comparison of basic properties of supports
] Property K-10 HB-zeolite Silica
The effect of temperaj[ure was observed in the'range of Surface area (Alg) 230 1544 550
120-160°C. The selectivity of the product (approximately  syrface of micropores () 25 201.2 -
0:p::95:5) was not affected in the range of temperature used, Micropore volume (crivg) 0.0011 0.1114
but the rate of the reaction increased with increase in the Total pore volume (cc/g) 0.320 0.38 0.8
Avarage pore sizeX) 56 335 60

temperature. IiFig. 4, the combined yield oBa and4a is
plotted against time. Hence, further studies of the reaction
were carried out at 16TC.

Relative bronsted/Lewis acidity 2.23/1.91 2.51/1.82 -

100

100 T 0
= = + —8— K10-SnA
<« 80 A - 160°C ®@ 60
e m- 140°C e
@© 60 —— Silica-SnA
. - 120°C T 4
T 40 2
o o Hb-SnA
> 20 ® 20 —h—
& 0 L L 0 .

0 50 100 150 0 100 200
Time (min) Time (min)

Fig. 4. Effect of temperature on the cyclohexylation of phenol by cyclohex- Fig. 6. Effect of support on cyclohexylation of phenol by cyclohexanol using
anol in the presence4SnA120 catalyst. Srf* exchanged catalyst.
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Table 5

C-Cyclohexylation of phenols with cyclohexanol in the presenfeShA120 catalyst

Entry Substrate Product Time (min) C-Monoalkylated (%) o-Selectivity (%)
OH OH

a © 60 87.5 95
OH

OH

b E; ©/O 120 90 100
OH OH

c @\ 120 95 95
OH "

d 300 15 100

Cl Cl

Reaction conditions: phenol =10 mL, cyclohexanol =10 mmol (1.0 mL), catalyst=0.2 g, and temperatuf€= 160

3.5. Leaching experiment

The percentage of Sn loaded oB+deolite was analyzed

revealed clearly. However, in the case g84AlIA120 cata-
lyst this intermediate ether was noticed before attaining the
equilibrium; as the reaction was very slowHiy. 7, the con-

by ICP analysis and found to be 6.77%. Leaching of the metal centrations of different species in the reaction mixture with
ion and a possible contribution by the resulting homogeneousrespect to time are shown. As the reaction proceeded, the

catalysis was ruled out by the following experiment. The cat-
alyst was filtered at an early stage of the reactteni( min,
50% yield) and the reaction was allowed to proceed in the

concentration obaincreased along with that & and4a,
however, after some time it decreased.
The reaction being a Friedel-Crafts alkylation, may pro-

filtrate. We observed that the reaction did not proceed further ceed through the generation of a potential carbocation from

and yield of reaction remained 50%. This proved that there

cyclohexanol. The carbocation may produce cyclohexene

was not enough leaching of the Sn ions to make the reactionthrough H elimination or the carbocation may undergo
homogeneous. Therefore, we concluded that the reaction wasucleophilic attack from the phenolic O end to give cyclo-

truly heterogeneous in nature.

3.6. Formation of intermediate

The conspicuous observation in this reaction was the for-
mation and consequent consumption of cyclohexyl phenyl
ether 6a), the identity of which was proved by GC-MS.
In the case of active catalyst like@-SnA120, it was not

50
- 40 —e— product( 5a)
o 30 —e— Product (3a)
>
) 20 —a&— Product (4a)

10

O 1 1

0 100 200 300
time (min)

Phenol = 10 mL, Cyclohexanol = 1 mL
(10 mmol),HB-AIA120 = 0.2g. Temp = C.

Fig. 7. Alkylation of phenol using cyclohexanol in the presence RA\-
120.

hexyl phenyl ether. The formation of this ether has been
suggested by Rg@3], but its presence has not been proved.
The ether, in turn, may rearrange@ealkylated product.

3.7. Substrate study

Using the optimised parameters, few phenols were alky-
lated with cyclohexanol using+SnA120 catalystiable 5.

4-Chlorophenol and 4-methylphenol showed 108%h0
selectivity. The low yield obtained in the case of 4-

Table 6
Recyclabilty study

Cycle Time (min) C-Monoalkylated Regio-selectivity (%)
roduct (% -
P () ortho para
1 60 87.5 95 5
2 60 88 95 5
3 60 85 94 6
4 75 85 94 6
5 75 83 93 7

Reaction conditions: phenol=10mL, cyclohexanol=10mmol (1.0mL),
catalyst=0.2 g, temperature = 180.
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chlorophenol may be due to the deactivating influence of the [4] G.A. Olah, Friedel-Crafts and related reactions, Part 1, vol. 2,

chloride substituent on the aromatic ring. Wiley/Interscience, New York, 1964.

[5] G.A. Olah, R. Krishnamurti, G.K.S. Prakash, in: B.M. Trost, I.
Fleming (Eds.), Comprehensive Organic Synthesis, vol. 3, Perga-
mon, Oxford, 1991, p. 293.

[6] P.B. Venuto, Micropor. Mater. 2 (1994) 297.

The catalyst was found to be recyclable. After each cycle [7] M.E. Davis, Micropor. Mesopor. Mater. 21 (1998) 173.

the used catalyst was filtered and activated at’T20Before [8] A. Corma, Chem. Rev. 95 (1995) 559.

being used for the next cycle. The activity of the catalyst did [?] J-H- Clark, Green Chem. 1 (1999) 1.

. . [10] R.A. Sheldon, Appl. Catal. A: Gen. 189 (1999) 163.
not decrease considerably even after five cycleslg §. [11] M. Toba, A. Katayama, G. Takeuchi, F. Mizukimi, S. Niwaans, S.

Mitamura, J. Chem. Soc. Chem. Commun. (1991) 39.
[12] S.G. Pai, A.R. Bajpai, A.B. Deshpande, S.D. Samant, J. Mol. Catal.
4. Conclusions A: Chem. 156 (2000) 233.
[13] S.G. Pai, A.R. Bajpai, A.B. Deshpande, S.D. Samant, Synth. Com-

A+ + " + 3+ + . mun. 27 (1997) 2267.
Ti**, SB**, Fe¥*, sif*, AI®*, and Zf* cation exchanged 1,1 b ) Singh. S.D. Samant, J. Mol. Catal. A: Chem. 223 (2004)

HB-zeolites can function as catalysts for cyclohexylation 111.

of phenols using cyclohexanol. Among these catalysps, H [15] S.G. Pai, A.R. Bajpai, A.B. Deshpande, S.D. Samant, Synth. Com-
SnA120 was found to be the best catalyst, and gave 87.5% of ~ mun. 27 (1997) 379.

the monoalkylated product with 958sthoselectivity, whicn ~ [16] A-B. Deshpande, AR. Bajpai, S.D. Samant, Appl. Catal. A: Gen.

o . 209 (2001) 229.
is highest so for reported. The cyclohexylation of phenols was [17] JF. Lorenc, G. Lambeth, W. Scheffer, in: M. Howe-Grant, J.I.

found to be proceeds through cyclohexylphenyl ether which Kroschwitz (Eds.), Kirk-Othmer Encyclopedia of Chemical Tech-

3.8. Recyclability study

may its rearrange to-cyclohexyl phenol. nology, vol. 2, Wiley, New York, 1992, p. 113.
We have developed a highly effective and regio-selective [18] N.S. Kozlov, A.G. Klein, Yu.A. Galishevskii, Uch. Zap. Perm.
catalyst, H8-SnA120 for the efficient cyclohexylation of gﬁ:'sia';;edgog'”“ 85 (1970) 3; Chem. Abstr. 77 139509 (in

phenOIS with CyCIOhexanOI' The CatalySt IS recyCIable' envi- [19] D.A. Pisanenko, Y.l. Simrnov-Zamnovzh. Prikl. Khim. (St. Peter-
ronmentally benign and thus an attractive alternative to the burg) 72 (1999) 1564; Chem. Abstr. 132 93065 (in Russian).
conventional catalysts, with respect to handling and work-up. [20] M. Saha, M. Moshihuzzaman, S. Shaha, Ind. J. Chem. Technol. 3
(1996) 292.
[21] Y.B. Kozlikovskii, V.A. Koshchii, S.A. Butov, A.V. Sokolova, Zh.
Org. Khim. 23 (1987) 1918; Chem. Abstr. 109 6159 (in Russian).
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