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DEVELOPMENT OF CATALYST FROM NATURAL CLAYS FOR FRIEDEL CRAFTS ALKY-
LATION AND NEW SYNTHESIS OF 9,10 DIHYDROANTHRACENE
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Catalytic activity of the natural kaolinitic clays of Pakistan containing transition metals (Fe and Ti) has been examined for
the synthesis of 9, 10 dihydroanthracene [I]. The chemical composition of these clays has been determined with and
without activation and XRF analysis has been carried out. Catalytic activity of these clays has also been evaluated for the
synthesis of 9, 10 dihydroanthracene [1] of low temperature (60-100°C). This method has been standardised, which is a
simple method as compared to the methods reported in the literature. The benzylation of phenol with benzyl chloride,
resulting in the formation of ortho [II]and para [111] hydroxydiphenyl methane proceeds very smoothly in the water bath
to yield 100% of the product. Clays containing (Ti) and Fe) are most effective for the alkylation with benzyl chloride.
Leaching of alkaline cations results in the generation of large amount of transition metal cations. This improves the catalytic

effect of the acid treated clays.
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Introduction

The use of acid treated clays in catalysis is well studied espe-
cially for their use as cracking catalysts and their industrial
use for alkylation of the phenols and dimerization and
polymerisation of unsaturated hydrocarbons. Recently the
acid treated clays have been used as catalyst in place of AICI,
catalyst (Sabu et al 1993) for the benzylation of benzene. The
Pakistani clays have also been evaluated with and without
acid treatment as a catalyst for benzylation (Ahsan 1993). Itis
observed that some of the clays have very good catalytic
activity for benzylation. Benzyl chloride on condensation in
presence of a clay catalyst gives 9, 10 dihydroanthracene [I],
In the present study chemical and physical evaluation of the
most effective clay has been studied which has industrial uses
as a hydrogen donor, in heat treatment of coal, heat stabiliser
and antioxidant in polymer and plastic. Keepint in view the
industrial uses of this chemical, synthesis of 9, 10
dihydroanthracene has been throughly investigated.
Benzylation of phenol using clays in place of AICI, has also
been investigated.

Experimental

Analysis of clay. Chemical analysis was carried out by stan-
dard method (Bennet and Hawley, 1965). XRD spectrographs
were recorded by using Siemens D 5000 X-ray diffractometer;
XRF analysis was carried out with Jeol X-ray spectrometer.
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Activation of clay. Finely ground clay (about 10g) was
treated with conc. HCI1 (200 ml) which was added slowly with
constant stirring, the mixture was allowed to stand overnight
with occasional stirring. The clay was washed 4-5 times with
distilled water till the washings became neutral, then dried
and calcinated at 500°C.

Synthesisof 9, 10 dihydroanthracene.

Method 1 (Scheme I). A mixture of benzyl chloride (11.0 g-
0.087 mole), hexane (100 ml, b.p. 69°C) and a clay sample (MPG
98-99) (5.0 g) was refluxed in a round bottom flask for twenty
minutes on a boiling water bath. Reaction proceeded with the
evolution of HCI. After the evolution of HCI stopped, the
solvent was removed by decantation and washed with hex-
ane. Chloroform was added to the residue to dissolve the
product and clay was filtered off. The filtrate was concen-
trated to get the crystalline product which was dried and
weighed (7.5g) and its m.p. (106°C) was also taken. The LR.
spectrum of the product was found to be identiical with that
of 9, 10 dehydroanthracene [I] given in Stadler No.19205. The
reaction was repeated using different clays under the same
conditions. The results are depicted in the Table 1.

Method 2.A mixture of benzyl chloride(11.0 g) and clay sample
(MPG 98) (5.0 g) was heated on a boiling water bath. The
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reaction was over in 15-20 min when the evolution of HCI gas
stopped. Chloroform was added to the mixture to dissolve the
product. Clay was filtered and the filtrate was concentrated to
get a crystalline product (7.4 g, m.p. 106°C). Its m.p. and
IR were taken. The same reaction was carried out using differ-
ent clays under the same conditions. The results are depicted
in Table 2.

Synthesis of hydroxy diphenyl methane (Scheme 2).
Phenol (10.0 g, 0.106 mole) and Benzyl chloride (12.0 g, 0.1
mole) were taken in a round bottom flask. Clay samples (5.0 g)
were added and then the mixture was refluxed on the water
bath. After completion of the reaction the mixture was identi-
fied by IR spectrum which indicated that the product is a
mixture of two compounds, o-hydroxy diphenyl methane and
p-hydroxy diphenyle methane.

Table 1
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Results and Discussion

Pakistan possesses large resource of high aluminous clays,
fire clays, kaolins and bentonites which are still undeveloped
and under exploited. Most of the clays produced in the coun-
try are consumed by the refractory bricks and ceramic indus-
try. Kaolin is utilised by ceramic industries after elutriation,
bentonites are activated and utilised for edible oil clarification
and by the petroleum and chemical industries. These clays
have never been evaluated as an absorbent of various toxic
gases or as an industrial catalyst. It is a well-established fact
that clays containing transition metals, Iron (Fe) Titanium (Ti)
and Aluminium (Al) show actalytic activity for aikylation in
place of AICI, (Ahsan 1993; Sabu et al 1993).

XRD pattern of the clay before and after activation indicated
that both are disordered kaonalite ALSi,O,(OH), and illite
trioctahedral KO, (Al, Fe, Mg) 3(Si, Al),O, . After acid treat-

4710
ment a change is observed in the proportion of transition

Sample No. Reaction Time Yields(%) metals (Fe, Ti) and Al. The treatment with cold HCl conc. has
MPG 96 2h 0 little effect on the composition of the host layer and results in
MPG97 2h «0 a acid treated clay. The acid attack on the clay structure
MPG 98 15-20min over 90 progresses inward from the edge of the clay platelets leaching
MPG99 15-20min over 90 alkaline cations, particularly Mg, Ca, K and to some extent Fe.
Acid activation causes little damage to the silicate layer and
Table 2 the structure in the centre of the platelets remains unaffected.
- - . XRD studies of the sample confirm the results of XRF evalu-
e e s ) ekl CR) ation (Table 3) as well as chemical analysis (Table 4). The
MPG 96 After 20 /8 d-spacing of the clays were observed at d=7.1506, 3.5700
MPG97 20 50 and 4.3462.
e = L Two samples (MPG 96, MPG-%) of clay contain the transition
MPG 99 5-10 over 90 i h .
metals such as Fe, Ti, Al, etc. The quantity of Fe slightly
OH CHyCL OH OH differs in both the samples but Ti is almost 2.5 times and Al is
@ @ @'C"r‘s“s about 5 times more in MPG 98 as compared to MPG 96. Sample
=+ + MPG 96 shows very little activity in the raw and dried form. It
is only active at a higher temperature but sample MPG 98 is
Scheme 2 s
Table 3
Elemental analysis by X-ray fluorescence spectrometer
Element MPG 96 MPG 97 MPG 98 MPG 99
% (inactivated clay) (activated clay) (inactivated clay) (activated clay)
Sr 1.52 - - 1.71
Fe 39.00 4433 4538 17.19
Ti 6.50 11.10 16.69 28.55
Ca 30.30 120 1.54 -
Al 1.52 2.17 7.69 16.07
Mg 424 - - -
P 0.06 - - -
S 394 6.67 16.92 32.86
Cd 2.12 5 - s
SnorK - 2330 769 201
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Table 4
Chemical analysis of clay catalysts

Samplecly ~ SiO,  ALO,  Fe0, o, MN20 @ KO MgO  CaO Loss on
ignition

MPG 96 47.26 21.12 4.50 0.375 117 1.72 354 8.40 11.84

MPG97 63.78 202 4.00 0.75 0.58 . RI7 1.51 4.20 440

MPG 98 11.84 29.53 37.50 475 090 045 1.51 350 10.12

MPG 99 20.16 41.12 16.00 475 040 032 001 3.50 ¥ 12._]4

quite active in raw form too. After the activation and calcina-
tion, both the samples exhibit increased catalytic activity for
the conversion of benzyl chloride into 9, 10 dihydroanthracene.

In sample MPG 96, after activation and calcination the im-
provement in composition of Fe is very small but Ti and Al is
improved almost twice as much. But in sample MPG 98 the
quantity of Fe is reasonably less and quantity of Ti is
increased almost 2 times more than the original clay. Similarly
MPG 99 is a good catalyst in the alkylation of hydrocarbon
with benzyl chloride. Benzyl chloride is easily converted
into 9, 10 dihydroanthracene[1] on water bath with a yield of
over 90%.

XRF analysis shows that Ca, Mg and K have been completely
eliminated with acid treatment. Natural clays having transi-
tion metals in their lattices possess disordered structure and
hence, on acid activation, result in the generation of larger
amounts of transition metal cations. It is known that clay which
has isomorphously substituted Fe (IT) or Ti (II) has a higher
degree of disorder (lower crystallinity) than an ideal clay. Hence
the structure of this clay could be easily attacked and rup-
tured by the process of calcination and acid treatment result-
ing in the leaching of alkaline cations (K, Ca, Mg) and forma-
tion of relocatable cations Fe, Al of Ti of transition metal with
respect to each other. The surface area and acidity of these
clays increase with leaching of alkaline cations. The catalytic
activity of activated clays is moderate as compared to AICI,
catalyst. Hence polysubstitution and polymerisation is not
possible. This quality has enabled us to synthesise 9, 10
dihydroanthracene from benzyl chloride. The synthesis of
this compound was not possible with AICI, because
dihydroanthracene is converted to anthracene with AICI, and
polymerisation of benzyl chloride also takes place. Thus while
manufacturing diphenyl methane, the reaction is carried out
with excessive quantity of benzene. These catalysts have
given us a simple method of synthesis of dihydroanthracene
which till now has been manufactured by the reduction of
anthracene.

Acid treatment enhanced the activity of most of the clays to a
very little extent whereas some of the clays like bauxite showed

no activity after treatment. The activity of these clays is most
probably due to transition metals such as Fe and Ti.

The methods for the synthesis of 9, 10 dihydroanthracene are
mostly based on the reduction of anthracene by physical or
chemical methods. The simplicity and ease of formation of the
dihydroanthracene alone by using these clay catalysts is the
basis of this simple synthetic method.

The alkylation of phenol with benzyl chloride in the formation of
ortho and para-substituted benzylphenol (Scheme 2) proceeds
very smoothly in a water bath to yicld 100% of the product.
These catalysts are very useful for the alkylation of organic
compounds and are a substitute for aluminium chloride. The
reactions are less complicated. Moreover, the removal of these
clay catalysts is easier as compared to aluminium chloride. How-
ever, these clay catalysts have proved to be ineffective for the
synthesis of triphenylmethane from chloroform, benzene, and
anthraquinone from phthalic anhydride and benzene.

References

Ahsan A H 1993 Catalytic activity of natural clays for friedel
crafts alkylation. M. Sc Thesis, Institute of Chemistry,
University of Puniab, Lahore.

Bennet H, Hawley W G 1965 Methods of silicate analysis.
Academic Press London, New York.

Beck Mihaly T, Dinya, Zoltan, Keki, Sandor Papp, Lajos
1993 Formation of C and polycyclic aromatic hydrocar-
bons upon electric discharges in liquid toluene. Tetrahe-
dron 49(1)285-290.

Braine R and Jadot I 1954 Catalytic hydrogenation by raney
copper compt rend 27 Congr Intern Chem Ind Brussels,
3 Industries Chim belge 20 spec. No. 582-587.

Buchanan A C, Dworkin A S, Smith G P 1982 Molten salt
catalyzed transfer hydrogenation of polycyclic aromatic
hydrocarbons. Selective hydrogenation of anthracene
and napthacene by tetralin in molten antimony trichlo-
ride.J Org Chem 47(4) 603-607.

Carpino Louis A, Padykula Robert E, Barr Donald E, Hall
Frances H, Krause Josef G, Dufresne Richard F, Thomas
Charless J 1988 Synthesis, characterisation and

o



Development of Catalyst from Natural Clays

thermolysis of 7-amino-7-azabenzonorbornadienes.J Org
Chem53(11)2565-2572.

Christian S, Rondestvedt Jr and Isadore Nicholson 1955 An
evaluation of 9, 10 disodio-9, 10 dihydroanthracene as
synthetic intermediate. J Org Chem 20 346-350.

Crow Wilfrid D, McNab, Hamish 1981 Synthetic applications
of intramolecular insertion in arylcarbenes. V. O-benzyl,
phenyl amino-phenoxy and phenylthiophenyl-carbenes.
AustJ Chem 34(5) 1037-1050.

Crow Wilfred D, McNab Hamish 1988 Analysis of methyl-
subtituted 9, 10-dihydroanthracenes and related
heterocyclic compounds carbon-13 NMR additivity ef-
fects. S Chem Res Synop (1) 26-27.

Davidson, Robert Stephen 1969 Photoreactions of aromatic
hydrocarbons in the presence of Amines J Chem Soc D
24 1450-1451.

Dworkin A S, Poutsma M L, Brynested J, Brown L L, Gilpatrick
L O, Smith G P 1979 Hydrogen transfer reactions of arenes
in molten antimony trichloride J Am Chem Soc 101
(18)5299-5303.

Francisco, Manuel A 1990 Acidic promotion of transition metal
sulfide catalysts for selective hydrogenation. US 4
950, 386.

Gagyi Palffy E, Starzewski P, Lebani A, Fontana A 1994
Electrochemical reduction of polyaromatic compounds. J
Appl Electrochem 24(4) 337-343.

Gubin S P, Menshov , Kirilets V M, Plopskii E, Yaj Tegai F 1983
Hydrogenation of multiple bonds by isopropyl alcohol
without a catalyst V1. Izv Akad Nauk SSSR, Ser Kim 12
2335-2336.

Hammerich Ole, Saveant Jean Micheal 1979 Electrochemical
reductive cleavage of biaryls. The formation of anthracene
and 9, 10-dihydroanthracene from 9, 9'-bianthryl. J Chem
Soc Chem Commun (21) 938-940,

Heinrich, Weiland 1906 Hydrogenation and dehydrogena-
tion. Ber45 484-493.

Henry Gilman and Oren L, Marrs 1962 Reaction of triphenyl
silyllithium with anthracene.J Org Chem 27 1879-1881.

Hugel G 1929 Hydrogenation of coal tars. Can Chem Met
13 5-7.

Inoue, Tokashi, Izuka Tokio, Tanabe, Koyo 1989 Hydrogena-
tion of carbon dioxide and carbon monoxide over sup-
ported rhodium catalysts under 10 bar pressure. Appl
Catal 46(1) 1-9.

Jadot J and Braine R 1956 Catalytic hydrogenation in pres-
ence of raney copper. Bull Soc Roy Sci Lei'ge 25, 62-78.

Jean Rigaudy and Kha Vaigthay 1959 A case of elimination
following the Hoff man rule. Isomerization and clevage of
ethylenic hydrocarbons formed. Bull Soc Chim France
1618-1627.

159

Kame Yama, Hroshi, Tsuji, Takako 1987 Transfer hydrogena-
tion of anthracene catalyzed by tetraphe-nylporphyrin
metal complexes. Sekiyu, Gakkaishi30(5) 312-317.

Kariv-Miller, Essie, Pacut Rysyard 1986 Electroreduction of
aqueous media. Saturation of polycyclic aromatics.
Tetrahedron 42 (8) 2185-2192.

Kauffman Th, Hacker H, Kosel Ch and W Schoeneck 1960
Reduction with sodium hydrazide. Angew Chem72 918.

Lamotte, Michel, Lapouyade, Rene, Pereyre, Josette, Joussot-
Dubien, Jacques 1980 Photochemical reaction of an-
thracene in cyclohexane polycrystals dispered in liquid
nitrogen. J Chem Soc Chem Commun (15) 725-726.

Mathre, David J, Guida W C 1980 Dissolving metal reduc-
tions with sodium potassium alloy in the presence of 18-
crown-6. Tetrahedron Lett 21 (50) 3774-3776.

Mg Ermagambetov B T, Khrupov V A, Baikenove M 11991
Use of metallurgical wastes as hydrogenation catalysts
in the carbon monoxide/hydrogen system utilising An-
thracene as model compound. fzu Akad Nauk Kay SSR,
Ser, Khim (2) 89.

Owens Ruth M Curtis, Christine W 1994 An investigation of
hydrogen transfer from napthenes during coprocessing.
Energy Fuels 8(4) 823-829,

Robin, Denis, Lomtois, Michel, Mortel, Anna Lemicus, Rene
Cheong, Amoy kam, Belot, Gerared Lessard Jean 1990
Electrocatalytic hydrogenation of organic compounds IV.
The electrocatalytic hydrogenation of fused polycyclic
aromatic aromatic compounds at Raney nickel electrodes.
The influence of catalyst activation and electrolysis con-
ditions. Can J Chem 68(7) 1218-1227.

Rosal, Roberto Diey, Fernando V, Sastre, Herminio 1992 Cata-
lytic hydrogenation of multiring aromatic hydrocarbons
in coaltar fraction. Ind Eng Chem Res 31(4) 1007-1012.

Sabu K R, Sukumar R and Lalithambika M 1993 Acidic prop-
erties and catalytic activity of natural kaolinitic clays for
friedel crafts alkylation. Bull Chem Soc Jpn 66 3535-3541.

Sanchorawala C J, Subba Rao B C, Unni M K and Venkataraman
K 1963. Athraquinone and anthrone series. XXVIIIL.
Reduction of anthraquinone to anthracene derivatives
by sodium borohydride and by sodium borohydride in
the presence of aluminium chloride or boron triflouride.
Indian J Chem 1 19-24,

Shevchenko O V, Mosachinskaya N K 1967 Arene formalde-
hyde resins. Mechanism of formation of arylmethylated
aromatic ethers and formals. Kim Tekhnol 9 17-21.

Shinichi, Ono 1954 Reduction of anthraguinone under pres-
sure. Bull Naniwa Univ 2A 117-122.

Stanislav Landa and Oto Weisser 1956 Preparing pure hy-
drocarbons by hydrogenation on molybedenum disul-
fide. I. Hydrogenation of alcohols, ketones, acids and



160

esters, Chem Listy 50 569-572.

Stein S E, Griffith L L, Billmers R, Chem R H 1987
Pyrocondiensation of anthracene. J Org Chem 52(8)
1582-1591.

Song Chushan, Ono, Tomahiro, Nomura, Masakatsu 1989
Catalytic hydrogenation and cracking of anthracene over
molybdenum (III)-lithium-potassium chloride and
Nickel(II)-lithium-potassium-chloride salts. Bull Chem Soc
62(2) 630-632.

Tamano, Michiko, Koketsu, Jugo, 1986 Reactions of anthrone
with nontransition metals and transition metals amides
and thiolates. Nippon Kagaku Kaishi (6) 796-800.

Wang J, Batisberger R J, Van Buren R, Woolsey N F, Schiller
JE, Miller D J 1978 Carbon monoxide-hydrogen-water.
Reduction of anthracene, Dihydroanthracene and Quino-
line VI.J Org Chem 43 (15) 2991-1994.

A Ehsan, A H Ahsan, A Mannan, Z Igbal

Yang, Nien Chu C, Chiang Wei Long, Langan John R 1984
Chemistry of complexes. 19. Photoreduction of aromatic
compounds via amine complexes. Tetrahedron Lett. 25
(27)2855-2858.

Yang, Shiyong, Stock, Leon M 1996 Base-activated reduction
of aromatic compounds with dihydrogen. Energy Feuls
10(2) 516-517.

Yasuda, Masatide, Pac, Chyongjn, Sakurai, Herosh 1981 Pho-
tochemical reactions of aromatic compounds. Photo-Birch
reductions of arenes with sodium borohydride in the pres-
ence of dicyanobenzene J Org Chem 46(4) 788-792,

Zingg SP, Dworkin A S, Sorlie, Morten Chapman D M,
Buchanan A C, Smith G Pedro 1984 Reactivity of an-
thracene in antimony (III) chloride-aluminium chloride-
N-(1-butyl) pyridium chloride mixtures Il. J Electrochem
Soc 131(7) 1602-1608.

T



