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Acylation of benzene over clay and mesoporous Si-MCM-41
supported InEF, GaCk and ZnC} catalysts
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Liquid phase acylation of benzene by acyl chlorigay.( benzoyl chloride, butyryl chloride or phenyl acetyl chloride) over fCl
GaChk and ZnC}p supported on commercial claygZ montmorillonite-K10, montmorillonite-KSF and kaolin) or high silica mesoporous
MCM-41 at 80°C has been investigated. The Mont.-K10 and Si-MCM-41 supported; ladi GaG4 catalysts showed high activity in
the acyation of benzene by benzoyl chloride even in the presence of moisture in the reaction mixture. The redox function of the supported
InCl3, GaCk or ZnCh, catalysts seems to play a very important role in the acylation process.

KEY WORDS: acylation of benzene by acyl chloride; InQupported on clay; InGlsupported on Si-MCM-41; Gagbkupported on clay;
GaChk supported on Si-MCM-41; Znglsupported on clay; Znglsupported on Si-MCM-41

1. Introduction and Si-MCM-41 supported Ingland Ga(] catalysts in the
acylation of benzene by different acyl chlorides, even in the
Friedel-Crafts type acylation of aromatic compounds isresence of moisture in the reaction mixture. The acylation
an important reaction used in the synthesis of aromatic kgctivity of the InCh, GaCk and ZnC} catalysts supported
tones which are fine chemicals and/or intermediates for thg sj-MCM-41 and different clays was found to be depen-

preparation of fine chemicals in dyes, pharmaceutical aggnt upon the redox potential of the metals present in the
other chemical industries. The conventional method fehtalysts.

the preparation of aromatic ketones is the homogeneous

Friedel-Crafts acylation of aromatic hydrocarbons with car-

boxylic acid derivatives using stoichiometric amount of an, Experimental

hydrous AICE as a catalyst [1]. However, the commonly

used homogeneous acid catalyst poses several prOblemSSupported metal chloride catalysts (loading of metal
such as difficulty in separation and recovery, disposal @fjoride 5-20 wt%) were prepared by impregnating dif-
spent catalyst, corrosion, high toxicitgic. Moreover, this tgrent commercially available claysiz. montmorillonite-
catalyst is highly moisture sensitive and hence demangsy montmorillonite-KSF, kaolin; all from Aldrich) and Si-
moisture-free solvent and reactants, anhydrous catalysts gpein1.41 (high silica mesoporous MCM-41 having surface

also dry atmosphere for their handling. Development afo of 1140 hg—1) with anhydrous metal chloride (purity
reusable solid acid catalysts having high activity and little Qfg 9994, Aldrich) from their acetonitrile solution by the in-

no moisture sensitivity for liquid phase Friedel-Crafts typ@ipient wetness technique and evaporating the solvent in a

acylation reactions is, therefore, of great practical impo\r/—acuum oven at 12€C for 8 h

tance. Worldwide efforts have been made to achieve this 1 acylation reaction over the supported metal chlo-

goal, using a number of solid acid catalysts, such as r}‘?de catalysts was carried out under reflux in a magnetically

féf’g?&'gﬁ'ﬁ;i[{it—g’Hn_]ggt'g?g erlﬁ]xr_i?%’S'_,\'f;ta_?:grgeii’testirred glass reactor (capacity 25 ¥nfitted with a reflux
HY and H-RE-Y [12-15], supported G@s, In,Os or condenser, having a low dead volume, mercury thermome-

o r and arrangement for contin I ling moisture-fr
Tl>,03 [16,17], montmorillonite-K10 or -KSF clay [18] and terand arrangement for continuously bubbling moisture-free

EPZG [19] for the acylation of benzene [9,16,17,19] an 2 (30 c?min~) through the liquid reaction mixture at

; ; e following reaction conditions by the procedure described
other aromatic compounds [2-8,10-15, 18] by different ac¥arlier [16]: reaction mixture= 13 ml of moisture-free ben-

chlorides. The acylation of aromatic compounds contalnmz%ne+ 1.0 ml of acyl chloride, amount of catalyst 0.4 g and

an electron-donating group.g. alkyl, alkoxy, OH.etc.) can temperature 80C. Before use, the catalyst was pretreated at

be accomplished with ease, but with difficulty in the absenci%ooC in a flow of moisture-free nitrogen for 1 h to remove

of such an aromatic ring activating group [1]. We report her, . . .
our preliminary results, showing high activity of Mont.—KlO_tﬁe adsorbed _m0|_sture. The Teac“f.’” was starte_d_ by inject-
ing acyl chloride in the reaction mixture, containing ben-

* To whom correspondence should be addressed. zene and the catalyst, under benzene reflux (&C30The
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course of the reaction was followed by measuring quantita- In order to study the effect of moisture presentin the reac-

tively the HCI evolved in the reaction by acid—base titratiotion mixture, the benzene saturated with water at room tem-

(by absorbing the HCI carried by.Nn a 0.1 M NaOH so- perature (concentration of water0.37 mol%) was used for

lution containing phenolphthalein indicator) as a function dhe benzene benzoylation reaction.

time and also by analyzing the reaction mixture for uncon-

verted acyl chloride and acylated product at the end of the

experiment by gas chromatography. There was a good agr@eResults and discussion

ment between the acyl chloride conversion obtained from the

acid—base titration and that from the GC analysis. In all the Results on the InG] GaCk and ZnC} catalysts sup-

cases, no product other than acylated aromatics was formgarted on Si-MCM-41 and different clays on their perfor-

TON (turnover number) is estimated as moles of acyl chlmance in the acylation of benzene by benzoyl chloride (at

ride converted per mole of metal chloride catalyst per urB0°C) are presented in table 1. Kinetic curves (benzoyl

time for half the reaction. chloride conversiorvs. time plots) for the benzoylation
Table 1

Results on the acylation of benzene by benzoyl chloride (&C3@ver the supported Ing|GaCk and ZnCh
(metal chloride loading 20%) catalysts.

Supported catalyst Reaction induction Time required for half TON for half the
period,zg the reactiof, /2 reaction
(min) () "
InClz/Mont.-K10 45 14 8.5
InCl3/Mont.-KSF 5.4 2.0 6.0
InClz/kaolin 7.7 7.9 15
InCl3/Si-MCM-41 4.9 1.6 7.4
GaCk/Mont.-K10 5.6 1.7 5.6
GaCk/Mont.-KSF 6.8 2.6 3.6
GaChk/kaolin 8.5 10.4 0.9
GaCk/Si-MCM-41 5.9 1.9 5.0
ZnCly/Mont.-K10 7.0 7.3 1.0
ZnCl,/Si-MCM-41 7.8 8.4 0.9

Catalyst suppoPt No reaction for 2 h -

a50% conversion of the acylating agent.
b Mont.-K10, Mont.-KSF, kaolin or Si-MCM-41.
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Figure 1. Conversions. reaction time plots for the acylation of benzene by benzoyl chloride (&€B@ver supported InG| GaCk and ZnCh (metal
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of benzene over the supported metal chloride catalysts (atThe influence of metal chloride loading on the conver-

80°C) are presented in figure 1. sion of benzoyl chloride in the acylation of benzene over the
From the comparison of results in table 1, the followingnCls/Mont.-K10 catalyst is shown in figure 3. The time re-
important observations can be made: quired for half the acylation reactiom () and the reaction

, , —_ induction period o) are decreased markedly with increasing
— The catalyst support itselfvig. montmorilionite-K10, o meta chioride loading on the Mont.-K10 support (for the
montmorillonite-KSF, kaolin or mesoporous Si-MCM-q4ing of 5. 10 and 20%, the observed valuesfgrandro
41) shows no catalytlg actvity In the. pen;oylatlon 0Elre 4.1,2.2,1.4hand 15.1, 8.4 and 4.5 min, respectively).
benzene.  However, its catalytic activity is increased pogits showing the effect of moisture presentin the reac-
drastically after its impregnation with Ingl GaCk or  jon mixture on the acylation of benzene by benzoyl chioride
ZnCl. over the InC4 (or GaCk)/Mont.-K10 (or Si-MCM-41) cat-

— Among the metal chloride catalysts deposited on the saff¥St are presented in figure 4. The acylation activity of the
support, the supported InCtatalyst showed highest ac-Supported InGand Ga({ catalysts is increased slightly due
tivity. The acylation activity of the catalysts is in the fol-t0 the presence of moisture in the reaction mixture. A similar
lowing order: supported InGl> supported GaGls> sup-  increase was observed earlier for the benzoylation of toluene
ported ZnC}. over InpO3/Si-MCM-41 [16]. The observed high acylation

activity of the supported InGlor GaC} catalyst even in the

— Among the different supports used for the metal chloridsresence of moisture in the reaction mixture, is of great prac-
catalysts, Mont.-K10 is the best support; the order of thzal importance. These catalysts do not demand stringent
choice for the support is Mont.-K18 Si-MCM-41 > moisture-free conditions for them to be highly active in the

Mont.-KSF>> kaolin. acylation process.

The Mont.-K10 and Si-MCM-41 supported IniCand Table 2
GaCk catalysts are compared with the earlier reported soli@mparison of the earlier solid catalysts with the present ones for their
catalysts [9,16,17] for their benzene benzoylation activity in benzene benzoylation activity (at 8G).
table 2. Both the supported Ingand GaCd catalysts Show cagaiyst Time required for 54% conversion Ref.
much higher benzene benzoylation activity than that of the of benzoyl chloride
earlier reported solid catalysts. (h)

Results showing high activity of the IngMont.-K10 | peta 18.0 [9]
catalyst in the acylation of benzene also by other acyl chlpn04/si-MCM-41 5.6 [16]
rides {iz. butyryl chloride and phenyl acetyl chloride) affl2Oz/zirconia (LS) 3.4 (17]
80°C are presented in figure 2. The time required for half tHeCls/Mont.-K10 19 Present

. - . : . INCl3/Si-MCM-41 2.2 Present
acylation reaction for the different acylating agentsis in t aCh/Mont -K10 94 Present
following order: butyryl chloride (0.85 hx benzoyl chlo-  gacy/si-mcm-41 o8 Present
ride (1.4 h)< phenyl acetyl chloride (1.7 h).
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Figure 2. Conversioms. reaction time plots for the acylation of benzene by butyryl chloride and phenyl acetyl chloride® @t 8@er InCk (20%)/Mont.-
K10 catalyst.
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Figure 3. Effect of metal chloride loading in the In@ont.-K10 catalyst on its activity in the conversion of benzoyl chloride in the acylation of benzene
(at 80°C).
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Figure 4. Effect of moisture in the reaction mixture on the conversion of benzoyl chloride in the acylation of benzene gwer@aCly (20%)/Mont.-K10
or Si-MCM-41 catalyst (at 80C).

The metal chloride species present in the catalysts hawetal in the catalystsﬂio 34 i+ OF EgagﬂG 4 (—0.44V) >
redox properties, which are expected to play an importapb , (—0.74 V) and E° (=034 V) > EO
role in the acylation reaction over the present catalysts. 1€0*"/Zn In%*/in Gat/Ga
is interesting to note that the order for the acylation activity~0-53 V) > Ez 2+ 17, (—0.74 V). This indicates a close
of the supported metal chloride catalysts (In61GaCk > relationship between the redox potential and the catalytic ac-
ZnCl) is quite similar to that for the redox potential of theivity of the supported metal chlorides. The following proba-
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ble redox mechanism for the acylation reaction over the c&eferences

alyst is proposed:
mRCOCI+ M"T — mRCOCI™ 4 M@=+ (1)

where R= CgHs, CsHsCH» or C3H7, M = In, Ga or Zn,
n = 3 (for In and Ga) or 2 (for Zn) angk = 2 (for In and
Ga) and 1 (for Zn).

(1]
(2]
(3]

(4]
(5]

mRCOCI" — mRCO" 4+ mCl' (2)
mCl" + M=+ 5 M 4 mClI™ (3) 18]
RCO" + ArH — RCOAr+ H* (COR
H* 4+ CI~ — HCI (5)

(8]
The above mechanism is similar to that proposed earligg]
for the acylation reactions [17,20]. [10]

[11]
4, Conclusion

In summary, the Mont.-K10 and Si-MCM-41 supporte([j12
InCl3 and GaQ} are highly active catalysts for the acyla{13]
tion of benzene by acyl chlorides and these catalysts do not
demand stringent moisture-free conditions for them to st
highly active in the acylation process. Among the catalyst[§5]
the InCk/Mont.-K10 shows best performance in the benzene

acylation. [16]
[17]
[18]
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