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Phenol Acylation: Unexpected Improvement of the Selectivity to
o-Hydroxyacetophenone by Passivation of the External Acid Sites of HZSM5
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The acylation of phenol by acetic acid on zeolite ZSME is unexpectedly oriented towards o-hydroxyacetophenone
by dealumination of the outer surface of the crystallites, which can be ascribed to the existence of two different
pathways for the formation of o- and p-hydroxyacetophenones.

Medium-pore zeolites such as ZSMS are well adapted to the
selective synthesis of the smallest isomer (i.e. the para isomer)
of disubstituted benzenic hydrocarbons.!-> However secon-
dary reactions on the non-selective sites of the crystallite outer
surface can significantly affect the para selectivity. Thus,
because of very rapid secondary isomerization, an equilibrium
mixture of xylenes is obtained in toluene disproportionation
with non-modified HZSMS zeolites.3 Various ways have been
developed for reducing the activity of the external sites:
increasing the zeolite crystallite size, impregnation with
phosphorus, boron, magnesium or silicon compounds, deposi-
tion of coke,+% selective dealumination of the outer surface’-8
etc. By such means a significant improvement in the para
selectivity of hydrocarbon synthesis is obtained, this improve-
ment being due not only to the deactivation of the external
acid sites but also to an increase in the sieving effect. We show
here that unexpectedly the para selectivity of the acylation of
phenol with acetic acid decreases by dealumination (with
ammonium hexafluorosilicate) of the outer surface of ZSMS5
zeolite.

Zeolite HZSM5 (Na()_15H2_1A12_2501928i93_75) was synthe-
sized according to the method of Guth and Caullet.9 The
method for dealuminating zeolites with ammonium hexa-
fluorosilicate has been previously described.!® Two dealumi-
nated ZSMS5 samples were prepared under conditions differ-
ing only by the ratio R between the number of silicium atoms
in (NH,),SiFg and the total number of aluminium atoms of the
zeolite (R = 1 for HZSMS5 D1 and R = 4 for HZSM5 D4). The
total ratio Si:Al changed from 41.8:1 with non-modified
HZSMS5 to 42.4:1 with HZSM5 D1 and to 43.8:1 with
HZSMS5 D4. Dealumination had practically no effect on the
capacity of the zeolite for adsorption of n-hexane at 0°C.
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Fig. 1 Hydroxyacetophenone ratio (0:p) on HZSMS5 and HZSMS D1
as a function of the conversion of phenol X,
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While only a slight decrease in the activity of m-xylene
isomerization could be observed, the para:ortho ratio at 30%
conversion increased from 1.5: 1 with the non modified sample
to 1.7:1 with the dealuminated one.

The acylation of phenol with acetic acid was carried out
under the following conditions: flow reactor, temperature 533
K, 100 mg of zeolite, pressures of phenol and acetic acid of
0.05 bar, pressure of nitrogen of 0.9 bar, flow rates of phenol
and of acetic acid varying from 3.5 to 34.5 mol h~1 so as to
obtain various conversion levels. Dealumination had practic-
ally no effect on the zeolite activity and for any sample the
deactivation was very slow. The main reaction products were
phenylacetate resulting from phenol O-acylation and
o-hydroxyacetophenone resulting from phenol C-acylation.
Lower amounts of p-hydroxyacetophenone and traces of
heavier products: p-acetoxyacetophenone, 4-acetoxy-6-
methyl 2-pyrone and 2-methylchromone were also observed.
The dealumination caused a strong increase in the o- to
p-hydroxyacetophenone ratio (o:p). This is shown in Fig. 1
which compares the ortho:para ratio on HZSMS D1 and on
the non-modified sample. The effect was still more pronoun-
ced with HZSMS D4. On this catalyst the para isomer, initially
formed in low amounts (o:p = 30:1), disappeared after 2 h of
reaction. It must be underlined that this was also the case for
p-acetoxyacetophenone. The same results were found with a
HZSMS5 sample modified by deposition of tetramethoxy-
silane.

This unexpected increase in the o:p ratio can only be
explained by postulating that the ortho and para isomers of
hydroxyacetophenones result from different pathways. That
leading to the ortho isomer would occur mainly in the pores of
the ZSMS zeolite and the path leading to the para isomer
occurs only on the external acid sites. A kinetic study of
phenol acylation with acetic acid has recently shown that o-
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hydroxyacetophenone (but not p-hydroxyacetophenone) was
formed through C-acylation of phenol with acetic acid, eqn
(1).1! The selectivity to the ortho isomer would be due to a
pronounced stabilization of the transition state.

The formation of the para isomer would occur through a
complex pathway involving three successive reaction steps: O-
acylation of phenol, eqn. (2), the autoacylation (dispropor-
tionation) of the phenylacetate produced with formation of p-
acetoxyacetophenone, eqn. (3), and finally the hydrolysis of p-
acetoxyacetophenone, eqn. (4), the limiting step being the
phenylacetate autoacylation.

The decrease in the para selectivity observed in this work
could indicate that at least one of these steps occurs on the
external acid sites. This would probably be the reaction of
eqn. (3) which involves a bulky transition state and leads to
relatively bulky products. If this proposal is correct the
question arises as to why only p-acetoxyacetophenone is
formed. A possible answer is that there is a steric hindrance to
the approach of the acetyl group to the ortho position of
phenylacetate (to lead to o-acetoxyacetophenone). In agree-
ment with this hypothesis a high p- to o-acetoxyacetophenone
ratio (about 20:1 at 400°C) was found for phenylacetate
autoacylation on Y zeolite.!!
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