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Friedel^Crafts reactions using polymer supported AlCl3 are reported and the effect of crosslinking level on
ortho:para ratio is studied.

Polymer supported reagents o¡er several advantages in
organic synthesis.1ÿ3 The complex of polystyrene and alu-
minium chloride provides a stable acidic material which
has been reported in the literature for etheri¢cation,4 acetal
formation5 and esteri¢cation6 but is inactive for the
Friedel^Crafts reaction.7 This polymer supported reagent,
P-AlCl3, which is a tightly bound complex between anhy-
drous aluminium chloride and polystyrene^divinylbenzene
copolymer beads, has been described as a polymer protected
dehydrating agent from which AlCl3 can be released by
placing the polymer supported reagent in the appropriate
swelling solvents.
As a part of a general programme to investigate the

reaction of polymer supported reagents.8ÿ10 we report here
the Friedel^Crafts acylation reaction using P-AlCl3 and
the e¡ect of crosslinking on the ortho:para ratio of product.
The Friedel^Crafts reaction (Scheme 1) was carried out

using P-AlCl3 as the catalyst and the results of acylation
are given in Table 1.
It has been observed that a stoichiometric amount of

P-AlCl3 is required for the reaction. To ¢nd out whether
the reaction takes place in the solid matrix of P-AlCl3
or whether aluminium chloride simply released in CS2 is
responsible for the Friedel^Crafts reaction, P-AlCl3 was
re£uxed in CS2 for 7 h and then ¢ltered o¡ and the ¢ltrate
analysed for its aluminium content, which showed negligible
release of AlCl3. The ¢ltrate was found to be inactive for
the Friedel^Crafts acylation reaction. These observations

indicate that the reaction takes place in the solid matrix
of P-AlCl3.
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To establish the activity of the polymer supported AlCl3 a
control experiment was carried out by using
polystyrene^divinylbenzene alone under the same
experimental conditions, for which no acylation reaction
of toluene was observed. Further, no band corresponding
to >C�O stretching in the IR spectrum of P-AlCl3 was
observed after the acylation reaction in either the presence
or absence of substrate, indicating that polystyrene itself
does not undergo acylation under the experimental con-
ditions used. Attack of an acylium ion on polystyrene would

be a heterogeneous reaction and would not be favored at
the low temperature (48 8C) used here. In addition to this,
acylation is not favored with P-AlCl3 as a p complex is
formed between polystyrene and AlCl3.
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Table 1 Acylation of toluenea

Relative yield (%)

Entry Solvent Catalyst o m p Overall yield (%)

1 CS2 AlCl3 7.12 4 89 81
2 CS2 P-AlCl3 29.7 ö 70.3 68

(2.0%)
3 CS2 P-AlCl3 32.29 ö 62.35 69

(3.8%)
4 CS2 P-AlCl3 61.82 ö 38.18 73

(20%)
5 PhCH3 AlCl3 3.0 ö 97 85
6 PhCH3 P-AlCl3 4.7 ö 95.4 73

(2.0%)
7 PhCH3 P-AlCl3 6.0 ö 94 72

(3.8%)
8 PhCH3 P-AlCl3 72 ö 23 76

(20%)
9 CH2Cl2 P-AlCl3 ö ö ö 0

(20%)
10 ClCH2CH2Cl P-AlCl3 ö ö ö 0

(20%)
aReactions carried out for 9h at 48 8C.
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It has also been observed that ortho:para ratio depends
on the level of crosslinking in the polystyrene. An increasing
percentage of crosslinking in the polystyrene results in a
higher percentage of ortho product in acylation reactions
in contrast to aluminium chloride alone which preferably
leads to a higher percentage of para product. The overall
conclusion is that the ultimate orientation of the electro-
phile is governed by crosslinking levels in the polystyrene
and speci¢c solvation e¡ect, as indicated in Table 1. The
fact that ortho substitution occurs predominantly may be
due to formation of a complex of P-AlCl3 with toluene
in which acetyl chloride is oriented in such a way that
at higher crosslinking levels the electrophile is steered
towards the adjacent ortho position.

Experimental
IR spectra were recorded on a Perkin-Elmer 257

spectrophotometer. GC analysis was performed on chromosorb W
AWDMCS, using a 10 ft 1/8 in diameter 20% SE-30 column, GC^MS
analysis was performed on a Schimadzu instrument using a DB-5,
50m, 0.221D column. NMR were taken on a 500MHZ Bruker
spectrometer. Toluene, CS2 and acetyl chloride were of reagent grade.

Preparation of P-AlCl3.öPolystyrene^divinylbenzene (3.8% or
20%) copolymer beads forming the water stable aluminium chloride
complex (P-AlCl3) were prepared by addition of 2.0 g of AlCl3 to
7.75 g of polystyrene^divinylbenzene copolymer beads (3.8 or 20%)
in carbon disul¢de (112ml). The mixture was stirred at re£ux for
40min and cold water then cautiously added to hydrolyze the excess
aluminium chloride. The mixture was stirred until the deep orange
color disappeared and the polymer became light yellow. The polymer
beads were then ¢ltered o¡ and washed with 250ml of water and 37ml
of acetone. After washing the polymer was dried for 18 h in a vacuum
oven. Complex formation was demonstrated by the increased color of
the polymer prepared using higher concentrations of aluminium
chloride and by a new band at 1637 cmÿ1 in the IR spectrum of
the polymer. The aluminium content of P-AlCl3 was found to be 2.4,
2.6 and 3.8% for 2, 3.8 and 20% crosslinked polystyrene^
divinylbenzene, respectively, while the chlorine content was 9.3, 10.2
and 14.7% for 2, 3.8 and 20% crosslinked polystyrene^divinylbenzene
respectively.11

General Experimental Procedure.öTo a well stirred mixture of
P-AlCl3 (0.3mmol) and dry toluene (0.3mmol) in CS2 (10ml) (or sol-
vent indicated in the entries of Table 1) was added acetyl chloride
(0.32mmol) at room temperature. The mixture was then heated to
re£ux for 9 h. The reaction was followed by TLC. P-AlCl3 was ¢ltered
o¡ and the ¢ltrate treated with 1 :1HCl and extracted with
chloroform. The organic layer was dried over anhydrous Na2SO4

and concentrated in a rotary evaporator. Products were analyzed
by GC^MS and NMR.

Recycling of P-AlCl3.öP-AlCl3 can be reactivated without
appreciable loss in its AlCl3 content by leaving the polymer overnight
in 1MHCl. The Al and Cl content of P-AlCl3 remains almost
unchanged after recycling; P-AlCl3 could be reused three times with
the same results.
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