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Abstract

The fluorapatite (FAP) alone or doped with metal halide have been used as the new heterogeneous catalysts for the alkylation
of benzene, toluene andp-xylene. The comparison of the activities of ZnCl2, ZnBr2, CuCl2, CuBr2 and NiCl2 doped in FAP
indicate that the best results were obtained with ZnCl2/FAP and ZnBr2/FAP. A high selectivity of monoalkyl compounds was
observed in all cases.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Friedel-Crafts reaction is one of the most funda-
mental organic transformations. Recently, several ap-
plications of this reaction have been developed using
a wide range of catalysts[1–15]. In the last few years,
heterogeneous catalysis has been the focus of intensive
studies. The use of solid basic and acidic catalysts has
attracted attention in different areas of organic syn-
thesis because of their advantages like environmental
compatibility, reusability, high selectivity and conve-
nient use and separation of products. Indeed, the use
of heterogeneous catalysts allows a simplification of
the purification step to a simple filtration, separating
the catalyst from the reaction media.
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Recently, several heterogeneous catalysts have
been used in the Friedel-Crafts reaction such as Fe/
montmorillonite[16], Zn/montmorillonite[17], silica
and MCM-41[18], silica and alumina supported poly-
trifluoromethanesulfosiloxane[19], MgGa2O4/MgO
[20], Fe/zeolite [21], Al/MCM-41 [22], Ga–Mg/
hydrotalcite[23], Fe/graphite[24] and Ga/MCM-41
[25].

On the other hand, we have used the natural
phosphate (NP) alone or doped as the new hetero-
geneous catalysts for several reactions such as Kno-
evenagel condensation[26], nitrile hydration [27],
Michael addition[28], epoxidation of alkenes[29],
Claisen-Schmidt condensation[30] and flavanones
synthesis[31]. NP has been used also as Lewis acid
catalyst or support in Friedel-Crafts alkylation[32],
1,3-dipolarcycloaddition[33] and acyclonucleoside
synthesis[34]. We have also reported that synthetic
hydroxyapatite (HAP) (Ca10(PO4)6(OH)2) can pro-
mote de Friedel-Crafts reaction[35].
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Scheme 1.

In this work, we wish to report the use of the
synthetic fluorapatite (FAP) (Ca10(PO4)6F2) as an
efficient new heterogeneous catalyst and support for
Friedel-Crafts benzylation. We have recently used this
mineral solid as an excellent catalyst for Knoevenagel
condensation free of solvent[36].

The Friedel-Crafts alkylation was carried out us-
ing benzene, toluene andp-xylene with benzylchlo-
ride (Scheme 1). The FAP have been used alone and
impregnated with ZnCl2, ZnBr2, CuCl2, CuBr2 and
NiCl2.

2. Experimental

2.1. Preparation and characterisation of catalysts

The synthesis of FAP was carried out by copre-
cipitation method (Scheme 2). Two hundred and
fifty millilitres of a solution containing 7.92 g of di-
ammonium hydrogen phosphate and 1 g of the NH4F,
maintained at a pH greater than 12, by addition of
ammonium hydroxide (15 ml), were dropped under
constant stirring into 150 ml of a solution containing
23.6 g of calcium nitrate (Ca(NO3)2·4H2O). The sus-
pension was refluxed for 4 h. Doubly distilled water
(DDW) was used to prepare the solutions. The FAP
crystallites were filtered, washed with DDW, dried
overnight at 80◦C and calcined in air at 700◦C for
30 min before use.

Scheme 2.

The structure of obtained apatite was confirmed
by X-ray diffraction, infrared spectra and chemical
analysis. The fluorapatite crystallizes in the hexago-
nal system with the space groupP63/m. The lattice
parameters of the prepared FAP are in excellent
agreement with standard data:a = 9.364 Å and
c = 6.893 Å. The composition of FAP was deter-
mined as calcium 38.29%, phosphorous 17.78% and
the molar ratio was Ca/P= 1.66. The surface area
of calcined FAP was determined by the BET method
from the adsorption–desorption isotherm of nitrogen
at its liquid temperature (77 K) and was found to be
S = 15.40 m2 g−1. The total pore volume was cal-
culated by the BJH method atP/P0 = 0.98 (VT =
0.0576 cm3 g−1).

The preparation of MCl2/FAP or MBr2/FAP (M =
Zn, Ni or Cu) was as follows: 10 mmol of MCl2 or
MBr2 and 10 g of FAP were mixed in 100 ml of water
and then evaporated to dryness and dried for 2 h at
150◦C before use.

The XRD patterns of MX2/FAP are similar to that of
FAP as shown inFig. 1. The modification of the FAP

Fig. 1. XRD patterns of: (a) FAP; (b) ZnBr2/FAP; (c) ZnCl2/FAP;
(d) CuBr2/FAP; (e) CuCl2/FAP; and (f) NiCl2/FAP.
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Table 1
Benzylation of benzene, toluene andp-xylene with different prepared catalysts

Substrate Weight (g) Time Conversiona (isolated
product)b (%)

Monoalkyl compoundc

(ortho/para)d (%)
Dialkyl compoundc (%)

Benzene ZnBr2/FAP 70 min 100 (95) 78 17
ZnCl2/FAP 17 h 98 (95) 77 18
CuBr2/FAP 48 h 6
CuCl2/FAP 48 h 4
NiCl2/FAP 48 h 65 (60) 40 20

Toluene ZnBr2/FAP 1 h 100 (98) 91 (43/57) 7
ZnCl2/FAP 3 h 100 (97) 90 (45/55) 7
CuBr2/FAP 24 h 96 (93) 81 (40/60) 12
CuCl2/FAP 48 h 82 (76) 66 (43/57) 10
NiCl2/FAP 48 h 18 (16) 14 (41/59) 2

p-Xylene ZnBr2/FAP 10 min 100 (98) 90 8
ZnCl2/FAP 15 min 99 (98) 88 10
CuBr2/FAP 6 h 97 (94) 83 11
CuCl2/FAP 24 h 100 (96) 84 12
NiCl2/FAP 24 h 99 (97) 85 12

a Conversion of benzylchloride determined by GC.
b Yield of isolated products after distillation.
c Percentage of isolated products after distillation.
d Composition determined by1H NMR.

Table 2
Recycling of catalysts in the alkylation ofp-xylene

Run Conversion (%) (time)

ZnCl2/FAP ZnBr2/FAP CuCl2/FAP CuBr2/FAP NiCl2/FAP

1 99 (15 min) 100 (10 min) 100 (24 h) 97 (6 h) 99 (24 h)
2 94 (15 min) 99 (10 min) 90 (24 h) 93 (6 h) 96 (24 h)
3 88 (15 min) 90 (10 min) 87 (24 h) 93 (6 h) 90 (24 h)
4 65 (15 min) 79 (10 min) 60 (24 h) 85 (6 h) 70 (24 h)

by MX2 impregnation does not change the crystalline
structure of the solid material. The intensity of typical
diffraction peaks did not significantly change indicat-
ing no disorganisation of the crystalline structure of
FAP. It should be noted that no MX2 phases were de-
tected on the doped materials in all cases, indicating
that MX2 were highly dispersed in the solid FAP.

2.2. Reaction procedure

The solution of benzylchloride (9 mmol) in ben-
zene, toluene orp-xylene (10 ml) was refluxed in the
presence of FAP, ZnCl2/FAP, ZnBr2/FAP, CuCl2/FAP,
CuBr2/FAP or NiCl2/FAP (0.1 g). The mixture was

stirred. The reaction was monitored by GC. All ob-
tained products were purified by distillation under vac-
uum and identified by1H NMR and IR spectroscopy.
The results obtained are presented in the figures and
grouped inTables 1 and 2.

3. Results and discussion

3.1. Benzylation of benzene, toluene and p-xylene
over fluorapatite

First of all, we have tested the FAP alone as the
acidic catalyst in the Friedel-Crafts alkylation. Thus,
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Fig. 2. Weight effect of the FAP in the benzene benzylation.

various amount of FAP have been used to catalyse the
benzylation of benzene (Fig. 2), toluene (Fig. 3) and
p-xylene (Fig. 4) with benzylchloride. The results ob-
tained indicate that the FAP can catalyse these trans-
formations. It is now clear that this solid possesses
some acidic properties but it is necessary to use rela-
tively high weight of the catalyst to afford the alkyla-
tion in the good yields.

Fig. 3. Weight effect of the FAP in the toluene benzylation.

3.2. Alkylation catalysed by MX2/FAP

In view of the established beneficial effects of the
solid supports, we have investigated the use of the FAP
impregnated with the metal halides for the alkylation
of benzene, toluene andp-xylene under mild condi-
tions. These impregnated catalysts have been prepared
as indicated before.
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Fig. 4. Weight effect of the FAP in thep-xylene benzylation.

Firstly, we have tested the FAP impregnated with
ZnCl2 and ZnBr2 as the solid catalysts for the benzyla-
tion of benzene (Fig. 5), toluene (Fig. 6) andp-xylene
(Fig. 7).

In general, the reaction rates of the alkylation of
thep-xylene and the toluene are higher in comparison

Fig. 5. Benzene benzylation with FAP, ZnCl2, ZnBr2, ZnCl2/FAP and ZnBr2/FAP.

with the benzene alkylation. In the last case, the reac-
tion needs comparatively longer time for completion
excepted with ZnBr2/FAP when the total conversion
was observed after only 1 h of reaction.

The comparison of the conversion obtained with
ZnCl2, ZnBr2, FAP, ZnCl2/FAP and ZnBr2/FAP shows
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Fig. 6. Toluene benzylation with FAP, ZnCl2, ZnBr2, ZnCl2/FAP and ZnBr2/FAP.

clearly the positive effect of the impregnating process.
Thus, in all cases the activity of the impregnated cat-
alyst was higher than that of the metal halide alone.
No reaction was observed without heating or when the
catalyst was omitted from the reaction mixture. The
results obtained with ZnBr2 and ZnBr2/FAP are higher
than those obtained with ZnCl2 and ZnCl2/FAP, re-
spectively, in all cases.

Fig. 7. p-Xylene benzylation with FAP, ZnCl2, ZnBr2, ZnCl2/FAP and ZnBr2/FAP.

Thep-xylene and the toluene are more reactive than
the benzene. This behaviour can be due to donat-
ing effect of methyl group in addition with reaction
temperature corresponding to the refluxing tempera-
ture of the aromatic compounds (135, 108 and 80◦C,
respectively). In the case ofp-xylene the relatively
highly steric effect is in opposition with the electronic
effect.
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On the other hand, it has been known that the
catalytic activity of metal halides can be modified
by the presence of protic acid in the homogeneous
Friedel-Crafts reaction. In our case, the by-product
HCl formed during the reaction is probably immedi-
ately adsorbed on the solid catalyst or reacted with
them. Thus, no free protic acid was present in the
reaction mixture.

Furthermore, the metal halide effect was also exam-
ined. Thus, we have tested CuCl2, CuBr2 and NiCl2
alone and supported on FAP. The conversion of the
benzylchloride in the benzene alkylation with CuCl2,
CuBr2, CuCl2/FAP and CuBr2/FAP are 5, 4, 4 and
6%, respectively, after 48 h of the reaction time. In
contrast, when we use NiCl2 and NiCl2/FAP for this
alkylation, the conversions observed are 15 and 65%,
respectively, after 48 h.

In this condition, impregnating FAP with CuCl2 or
CuBr2 does not affect their activity in the benzene
alkylation. So impregnating the FAP with NiCl2 pro-
vokes enhancement of both activities.

The same results were observed in the benzylation
of the toluene. Thus, the reaction was also unaffected
by impregnating the FAP with CuCl2 (Fig. 8), although
the conversion obtained was 65% after 24 h for both
CuCl2 and CuCl2/FAP. In contrast, CuBr2/FAP greatly
accelerate the rate of the reaction, and the conversions
obtained were 70 and 90% comparatively to 53 and
78% using ZnBr2 alone for 12 and 24 h, respectively.

Fig. 8. Toluene benzylation with FAP, CuCl2, CuBr2, CuCl2/FAP and CuBr2/FAP.

With NiCl2 and NiCl2/FAP, the conversions ob-
served in the benzylation of toluene after 24 h of re-
action were 69 and 7%, respectively. These results are
in contradiction with those obtained with the benzene.

In the alkylation ofp-xylene with the benzylchloride
catalysed by CuCl2, CuBr2 and NiCl2 alone and im-
pregnated on the FAP (Fig. 9), it clearly shows the pos-
itive effect of impregnating the FAP with CuBr2. For
example, the conversions of the benzylchloride were 5,
52 and 97% using FAP, CuBr2 and CuBr2/FAP, respec-
tively, after 6 h of reaction time. In contrast, it appears
that the effect observed with CuCl2/FAP is somewhat
low compared with the effect of both CuCl2 and FAP.
For example, using FAP, CuCl2 and CuCl2/FAP the
conversions are 5, 41 and 62% after 6 h of reaction and
20, 82 and 100% after 24 h of reaction, respectively.

In the catalysis of the benzylation of thep-xylene
with NiCl2, FAP and NiCl2/FAP, the conversions ob-
served with the doped material seem to be due to the
separate effect of NiCl2 and FAP. Thus, after 24 h of
reaction the conversions were 85, 20 and 99% with
NiCl2, FAP and NiCl2/FAP.

The comparison of the results obtained in the ben-
zylation of benzene, toluene andp-xylene using im-
pregnated catalysts is regrouped inTable 1. The yields
of the isolated products are also reported.

Among these catalysts, satisfactory results have
been obtained with ZnCl2 and ZnBr2 supported on
the FAP. The selectivity of the monoalkylation was
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Fig. 9. p-Xylene benzylation with FAP, CuCl2, CuBr2, NiCl2, CuCl2/FAP, CuBr2/FAP and NiCl2/FAP.

observed in all cases studied. For the toluene benzyla-
tion, the ratio ofortho/para determined after isolating
the products was in the range of 45/55 to 40/60.

Because recyclability is an important aspect of the
process on environmental and economic ground, we
have investigated the reusability of our catalysts in the
benzylation of thep-xylene. After the reaction time,
the catalyst was isolated by filtration, washed with
the solvent/substrate used in the reaction (benzene,
toluene orp-xylene) and dried at 150◦C in vacuum
before reuse. For all cases (Table 2), the conversion
of the benzylchloride decreases slowly. These results
demonstrating that the impregnated materials can be
easily recycled with a low cost of the activity. To
compare the recycled catalyst to initial one, we have
analysed ZnCl2/FAP isolated after the first and sec-
ond cycle and the Zn composition was determined by
atomic absorption as 93 and 90% of weight report,
respectively, compared to the Zn weight used in the
initial catalyst ZnCl2/FAP. This result indicate clearly
that very low lixiviation of Zn2+ was observed in the
process of isolating the catalyst after the reaction. The
same behaviour was observed with NiCl2/FAP and
only 7% of the metal was lost after the first cycle.

In summary, we have developed a novel method for
the alkylation of aromatic ring using the FAP alone and
doped with metal halide as heterogeneous catalysts.

The comparison of the catalytic activity of the ZnCl2,
ZnBr2, CuCl2, CuBr2 and NiCl2 alone and doped
on the FAP indicate that ZnCl2/FAP and ZnBr2/FAP
are the new and efficient heterogeneous catalysts for
the Friedel-Crafts alkylation performed with relatively
high selectivity in the monoalkyl products.
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