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Zinc bromide supported on hydroxyapatite as a new and efficient solid
catalyst for Michael addition of indoles to electron-deficient olefins
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Abstract

Zinc bromide supported on hydroxyapatite (Zn-HAP) in presence of acetonitrile as solvent was found to be a very efficient heterogeneous catalyst
to promote the synthesis of 3-substituted indoles from Michael addition of indoles to�,�-unsaturated ketones. The substitution on the indole nucleus
occurred exclusively at the 3-position andN-alkylation products have not been observed. Moreover, the catalyst was readily recovered by simple
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ltration and could be reused with only minor decrease in its catalytic activity.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Due to their biological activities, indole derivatives continue
o receive much attention in organic synthesis[1,2]. Various
ndole derivatives occur in many pharmacologically and bio-
ogically active compounds[3,4]. Among them, 3-substituted
ndoles are important building blocks for the synthesis of bio-
ogically active compounds and natural products[5].

Michael additions promoted by Lewis acid catalysts are one
f the most important carbon–carbon bond-forming reactions

n organic synthesis. There are several different metal-based
ewis acid catalysts for these Michael reactions[6,7]. However,

he acid-catalyzed conjugate addition of indoles requires careful
ontrol of acidity to prevent side reactions such as dimerisation
nd polymerization. For this reason, the need of cheaper solid
atalysts is desirable which secure catalytic activity, low toxicity,
oisture and air tolerance. Generally, heterogeneous solid acids
re advantageous over conventional homogeneous acid catalysts
s they can be easily recovered from the reaction mixture by
imple filtration and can be reused after or without activation
aking the process economically viable. In many cases, hetero-

geneous catalysts can be recovered with only minor chang
activity and selectivity so that they can be used in continu
flow reactions.

Recently, hydroxyapatite (HAP) has attracted wide atten
due to its use as macroligand for different catalytic active cen
Indeed, Kaneda and co-workers demonstrated the utility of
as a solid support for Ru, Pd and La species to perform m
organic transformations[8–10]. Moreover, Sebti et al.[11–13]
has developed a new family of heterogeneous catalysts ba
apatite structures that can be used directly or after activatio
several methodologies to promote organic reactions. Thus,
materials have been used successfully in Knoevenagel re
[14,15], Friedel–Crafts alkylation[16], the synthesis of cha
cones[17], and Michael addition[18,19].

Herein, we designed and developed a method invo
ZnBr2 supported on hydroxyapatite (Zn-HAP) for Michael addi
tion of indoles1 to �,�-unsaturated ketones2 to synthesiz
3-substituted indoles3 (Scheme 1).

2. Experimental
∗ Corresponding author. Fax: +49 371 5311839.
E-mail address: tahirrachid@yahoo.fr (R. Tahir).

2.1. Preparation of the catalyst (HAP and Zn-HAP)

The synthesis of hydroxyapaptite [Ca10(PO4)6(OH)2] is car-
ried out by co-precipitation method[20,21] (Scheme 2). An
381-1169/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Scheme 1.

amount of 250 ml of an aqueous solution containing 7.92 g of
diammonium phosphate, maintained at a pH greater than 12 by
addition of ammonium hydroxide (70 ml), was dropped under
constant stirring into 150 ml of an aqueous solution containing
23.6 g of calcium nitrate [Ca(NO3)2·H2O]. The suspension was
refluxed for 4 h. The obtained HAP was filtered, washed with
doubly distilled water, dried overnight at 80◦C and calcined in
air at 800◦C for 1 h before use. HAP (10 g) was stirred with aque-
ous zinc bromide (2.25 g in 25 ml water) at room temperature
for 2 h and then evaporated to dryness under reduced pressure.
The obtained catalyst Zn-HAP was dried overnight at 100◦C
before use.

2.2. Reaction procedure

To a solution of indole derivative1 (1 mmol) and electron-
deficient olefin2 (1 mmol) in acetonitrile (2 ml) was added the
catalyst (seeTables 1 and 2for amount). The mixture was
refluxed for a period of time as indicated inTables 1 and 2.
After completion of the reaction, the resulting mixture was fil-
tered and the catalyst washed with ethyl acetate (5 ml). After
the removal of the solvents under reduced pressure, the crude
product was purified by a column chromatography on silica
gel (eluant:hexane/EtOAc 8:2) to afford the corresponding 3-
alkylated indoles which were identified by1H and 13C NMR
data.
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Table 1
Michael addition of 2-methyindole to methyl vinyl ketone in the presence of
HAP and Zn-HAP supported catalyst

Entry Catalyst Yield (%)a

1 Without No reaction
2 HAP 25
3 ZnBr2 90b

4 Zn-HAP 98
5 Zn-HAP 77c

6 Zn-HAP 75d

2-Methyindole (1 mmol), methyl vinyl ketone (1 mmol), catalyst (0.1 g), ace-
tonitrile (2 ml), reflux, 4 h.

a Based on isolated yield.
b ZnBr2, the same mass contained in 0.1 g of Zn-HAP.
c Yield after second cycle. The catalyst was recovered, washed and dried at

100◦C before use.
d Yield after third cycle.

found to beS = 35 m2 g−1. The total pore volume was calculated
by the BJH method atP/Po = 0.98 (VT = 0.157 cm3 g−1).

The XRD pattern of Zn-HAP is similar to that of HAP. The
modification of HAP by ZnBr2 impregnation does not change
the crystalline structure of the obtained solid catalyst (Zn-HAP).
The intensity of typical diffraction peaks did not significantly
change indicating no disorganization of the HAP structure. It
is to be mentioned that no ZnBr2 phase was detected on the
doped material, indicating that ZnBr2 was highly dispersed in
the solid support. The acidic activity of Zn-HAP has been already
demonstrated in Friedel–Crafts alkylation[16].

In the effort to develop a better catalytic system, the cat-
alytic activity of hydroxyapatite alone was checked in Michael
addition of 2-methyindole to methyl vinyl ketone in acetonitrile
under reflux (Table 1, entry 2). Low yield was obtained when
using non-activated hydroxyapatite (25%).

In previous research, it was demonstrated that the doping of
phosphates, both synthetic and natural[22,23] by zinc halide,
increases the activity of the solid. This strategy was evaluated in
the synthesis of3a (Table 1, entry 4). Total yield was obtained
with only 0.1 g of catalyst (Zn-HAP). Otherwise, we have car-
ried out the same reaction in presence of ZnBr2 alone using the
same quantity contained in 0.1 g of Zn-HAP, and the obtained
yield was 90% (Table 1, entry 3). However, the use of homo-
geneous zinc bromide catalyst in Michael addition may bring
a ion of
p used
b osal.
T cum-
v ative
i ipu-
l

can
b antage
. Results and discussion

The structure of the obtained hydroxyapatite was confir
y X-ray diffraction, infrared spectroscopy and chemical an
is. The hydroxyapatite crystallizes in the hexagonal system
he space groupP63/m. The lattice parameters of the prepa
AP are in excellent agreement with standard data:a = 6.883Å
ndc = 9.422Å. Surface area of the calcined HAP was de
ined by the BET method from the adsorption–desorp

sotherm of nitrogen at its liquid temperature (77 K), and

Scheme 2.
bout a series of troublesome problems such as separat
roduct, recovery of the catalyst and serious corrosion ca
y ZnBr2, plus potential danger in handling and waste disp
he introduction of such reagent on solid supports can cir
ent some of these problems and provide an attractive altern
n organic synthesis in view of the selectivity, ease of man
ation and catalyst recovery.

The use of solid catalyst is especially interesting when it
e used several times. This reuse gives the catalyst an adv
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Table 2
Conjugate addition of indoles to electron-deficient olefins using Zn-HAP as catalyst in presence of acetonitrile

Product R1 R2 R3 Time (h) Yield (%)a,b

CH3 CH3 H 4 98

H CH3 H 4 89

Ph CH3 H 20 98

H Ph Ph 24 70

CH3 CH3 Ph 24 18

36 78c

CH3 Ph Ph 24 95

CH3 (CH2)3 24 95

Ph CH3 Ph 24 21

36 69c

a Conditions: Indoles (1 mmol), electron-deficient alkenes (1 mmol), catalyst (0.1 g) and reflux in acetonitrile (2 ml).
b Yields of isolated products. Products were identified by1H and13C NMR data.
c Reaction carried out in presence of 0.3 g of catalyst (Zn-HAP).

compared to other catalysts. Thus Zn-HAP was recovered by
simple filtration, washed with acetone and dried overnight at
100◦C and reused at least twice (Table 1, entries 5 and 6). The
reused catalyst gives good results in3a with only minor decrease
in its catalytic activity.

In order to check the general character of this methodology,
the addition of different indole derivatives to electron-deficient
alkenes were tested in presence of Zn-HAP (Table 2). In general,
good to excellent yields were obtained except for3e and3h. One
solution for this problem would be the use of a greater amount
of catalyst. Indeed, the use of 0.3 g of Zn-HAP led to 78 and
69% yield for3e and3h, respectively.

Generally, the reactions are clean and the products are
obtained in high yields without the formation of any side prod-
ucts such asN-alkylation products. This important result pro-
vided a remarkable contrast to similar reactions under palladium
catalysis, whereN-alkylation was predominant[24].

4. Conclusion

The results obtained in the preparation of 3-substituted
indoles demonstrate the potential application of hydroxyapatite
as inorganic macroligand for Lewis acid catalyst. The supported
catalyst (Zn-HAP) can be easily recovered and reused with only
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minor decrease in its catalytic activity. The high reactivity of
Zn-HAP coupled with its ease of use and reduced environmen-
tal problems makes it attractive as an alternative to homogeneous
acidic reagents.
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