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Preparation of Mg—Al hydrotalcite from the effluent of Friedel-Crafts reaction and its
application as a catalyst in Knoevenagel reaction

Siddheshwar W. Kshirsagar, Nitin R. Patil and Shriniwas D. Samant*

Organic Chemistry Research Laboratory, Institute of Chemical Technology, N.M. Parekh Marg, Matunga, Mumbai 400 019,
Maharashtra, India

(Received 5 July 2009; final version received 22 April 2010)

Hydrotalcite containing magnesium and aluminium (Mg-Al HT) with a molar ratio of Mg(II)/Al(III) =2.5 has
been prepared by a co-precipitation method using the effluent of a Friedel-Crafts acylation reaction. The HT was
calcined at 500°C and reconstructed with deionized water. The synthesized HT was characterized by XRD and
FT-IR spectroscopy and was successfully used as a catalyst in the Knoevenagel reaction of aldehydes and active
methylene compounds. The catalyst was found to be reusable.

Keywords: Friedel-Crafts acylation reaction; Mg—Al hydrotalcite; Knoevenagel reaction

Hydrotalcites (HTs) have recently received much
attention in view of their potential usefulness as
adsorbents, anion exchangers, and most importantly,
as basic catalysts (/-3). HTs are anionic clays, which
can be obtained from natural sources as well as
synthesized under different conditions. Among HTs,
Mg-Al HTs have received maximum attention. They
can be prepared by different methods. They are
commonly prepared by the treatment of an aqueous
solution containing bivalent and trivalent metal ions
in different mole ratios with an aqueous alkali. It
is reported that the M>™/M> " mole ratios ranging
from 2 to 4 give good crystalline HTs (4). HTs can be
used in the as-synthesized form or after different
treatments. C—C bond formation reactions are very
important in organic synthesis, and base catalyzed
carbanion mediated reactions still dominate this area.
Mg-Al HTs are basic in nature and can be used to
catalyze base catalyzed organic reactions, such as
aldol condensation (5,6), Michael addition (7), and
Knoevenagel reaction (8).

Due to increased awareness toward the environ-
ment, effluent treatment has gained tremendous
importance in the chemical industry, particularly in
industries utilizing reactions with high E-factors.
Friedel-Crafts acylation reactions involve the use
of large amounts of Bronsted or Lewis acids and
have high E-factors, making this type of reaction
environmentally unfriendly. The effluent from a
Friedel-Crafts acylation reaction contains a large
concentration of metal ions, e.g. A’ ions when

AlCls is used as a catalyst. Therefore, we targeted the
use of A’ ions from the effluent of a typical Friedel—
Crafts acylation reaction in the preparation of Mg—Al
HT and subsequently using the HT in a typical base
catalyzed reaction, such as the Knoevenagel reaction.
This would decrease the environmental load of the
Friedel-Crafts reaction and makes a valued addition
to the reaction. With a similar objective we previously
reported the use of rice husk silica in the preparation
of solid acid catalysts (9).

In this paper, we describe the preparation of Mg—
Al HT with a molar ratio of Mg(II)/AI(IIT) =2.5
from the AI’T containing effluent of a typical
Friedel-Crafts acylation reaction. The acetylation of
anisole was first carried out using acetyl chloride in
the presence of anhydrous AICI; as a catalyst, as per
the procedure reported in the literature (/0). The
effluent generated after breaking the reaction and
isolating the product methoxyacetophenone was
clarified with charcoal and the AI** content in the
solution was estimated by Atomic Absorption Spec-
troscopy. The HT was then prepared by adding a
requisite amount of Mg(NQOs),.6H,O to the effluent
containing A" ions and following the reported
procedure (/). The HT was calcined in a furnace at
500°C and again reconstructed using deionized water
under an inert atmosphere.

The reconstructed HT was characterized by XRD
and FT-IR techniques. It was observed that, the
XRD pattern of the HT (Figure 1) was the same as
was reported previously (/7). The XRD shows that
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Figure 1. XRD spectrum of reconstructed Mg—Al hydrotalcite.

the (003) plane contains the Mg/Al/OH layers, while
the (006) plane contains exdclusively the anionic layers.
The basal spacing is 7.87 A, corresponding to the HT
phase. The XRD of as-synthesized Mg-Al HT
(Figure 2) is given for comparison with that of the
reconstructed Mg—Al HT.

The FT-IR data are useful to identify the presence
of the anions in the interlayer of brucite-like sheets
and also to determine the orientation of the anions.
In the FT-IR of the spectrum (Figure 3) of the
reconstructed Mg-Al HT, the absorption at
3581 cm ! corresponded to the H-bonding stretching
vibration of the OH groups in the brucite layer. A
shoulder present at around 3000 cm ~ ' was due to the
H-bonding between H-O and the anions in the
interlayer. A peak at 1668 cm ™' corresponded to
H,O bending (Figure 3).

To check the catalytic activity of the recon-
structed Mg—Al HT prepared from the effluent, a
Knoevenagel reaction of benzaldehyde (/) with mal-
ononitrile, ethyl cyanoacetate, and nitromethane was
carried out (Scheme 1).
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Figure 2. XRD spectrum of Mg—Al hydrotalcite.
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The reaction was carried out at room temperature
using different solvents such as methanol, toluene,
water, and DMF. It was observed that the reaction in
methanol gave excellent yields. In the absence of the
catalyst, very low yield of the product was obtained.
When the reaction was carried out using the HT (Mg/
Al =2.5) prepared by conventional method [using Al
(NO3)3.9H,0] and compared with the HT (Mg/Al =
2.5) prepared from the effluent, it was observed that
the yields of benzylidiene malononitrile obtained
were 94% and 96%, respectively. The HT is a
heterogeneous catalyst and could easily be separated
from the reaction mixture by filtration. The recovered
catalyst was used for successive runs in reaction of
benzaldehyde with malononitrile to test its reusability
(Table 1). The catalyst was then used in a series of
reactions with three different active methylene com-
pounds; malononitrile was found to be the best donor
in this series of reactions (Entries 1 —3, Table 2).
Under the optimized conditions, a series of benzalde-
hydes were reacted with malononitrile to obtain the
corresponding products (Entries 4-9, Table 2).

In conclusion, Mg—Al HT can be prepared using
APP" jon containing effluent of an AICl; catalyzed
Friedel-Crafts acylation reaction and can be effec-
tively used to catalyze Knoevenagel reactions. This
will be a value-added step toward decreasing the
E-factor of the Friedel-Crafts reaction.

Procedure

A Friedel-Crafts acylation reaction of anisole with
acetyl chloride was carried out as per the procedure
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Figure 3. FT-IR of spectrum of reconstructed Mg—Al hydrotalcite.

reported in the literature (/0). The effluent obtained
after isolating the product was clarified by animal
charcoal. The AI’* content in the effluent was
determined by Atomic Absorption Spectroscopy.
Mg(NO3),.6H,O (2.38 g, 9.30 mmol) was added
to the effluent containing A’ (0.50 g, 3.7 mmol)
and the solution was diluted up to 20 ml, added
dropwise using a dropping funnel, with an aqueous
solution (20 ml) containing NaOH (1.04 g, 26 mmol)
and Na,CO; (0.79 g, 7.4 mmol), taken in a two-
necked round bottom flask and the solution was
stirred (magnetic stirring). The solution was heated at
80°C for 15h, cooled to room temperature and
filtered. The precipitate was washed with hot distilled
water several times until the filtrate was neutral
(pH paper). The solid was dried in an electric oven
at 353 K in air.

Reconstruction of Mg—Al HT

The HT was calcinated in an electric furnace at 500°C

for 67 h, transferred to a Schlenk flask (250 ml),

cooled to 473 K, and kept under vacuum for 1 h.
X

@/CHO < X Mg-AlHT m
' -
PS ¢ MeOH.rt Y
R
1 2 3

_ 2a; X=Y= CN
RS O, 2b: X= CN, Y= COOEt
2“0 F 26 X=NO,, Y=H

Scheme 1. Reaction of aromatic aldehydes with active
methylene compounds in the presence of Mg-Al HT.

Deionized water (15 ml) was added to the flask under
an inert atmosphere, to avoid the CO, contamina-
tion, and the mixture was kept stirring at room
temperature for 10 h. The solution was allowed to
settle. The excess water was removed by filtration
under inert atmosphere and dried.

General procedure for the Knoevenagel reaction

To a 100ml round bottom flask, benzaldehdye
(10 mmol), active methylene compound (10 mmol),
Mg-Al HT (0.5 g), and methanol (10 ml) were added.
The mixture was stirred at room temperature till
complete consumption of the reactants (TLC). The
solution was filtered and the catalyst washed with hot
methanol (2 x5 ml). The filtrate was concentrated,
poured in cold water, and the solid filtered. The
product was purified by crystallization from absolute
ethanol and dried at 60°C.

Table 1. Reusability of reconstructed Mg/Al HT.

Run Isolated yield (%)
1 96
2 94
3 93
4 93

Note: Reaction conditions: aldehyde (10 mmol), active methylene
compound (10 mmol), methanol (10 ml), and reconstructed hydro-
talcite (0.5 g); time =1.5 h.
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Table 2. Knoevenagel reaction of aldehydes with active methylene compounds in the presence of reconstructed Mg-Al HT at
room temperature.

Entry Aldehyde Active methylene compound Time (h) Isolated yield (%)

1 CHO <CN 1.5 96
y o

2 CHO <COOEt 6 70
r o

3 ©/CHO CH3N02 8 80

4 /©/CHO <CN 2 97
MeO CN

5 /©/CHO CN 1 89
N

O,N c

6 CHO CN 3.5 90

I o
Cl

7 /©/CHO CN 3.5 85
al CN

8 /©/CHO <CN 3 94
F CN
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Table 2 (Continued)

Entry Aldehyde Active methylene compound Time (h) Isolated yield (%)

9 ©/\/CH0 <CN 6.5 50
CN

Note: Reaction conditions: aldehyde (10 mmol), active methylene compound (10 mmol), methanol (10 ml), and reconstructed hydrotalcite
(0.5 g). All products were characterized by GC-MS, FT-IR, and NMR.

Spectroscopic data for selected compounds

2-Benzylidene malononitrile (Entry 1)

IR (KBr) v: 3038, 2225, 1598cm~'. 'H NMR
(CDCl;, 300 MHz) dy: 7.54-7.64 (m, 3H), 7.91 (d,
2H), 8.10 (s, 1H) ppm. GC-MS: 154 (base peak), 127,
103, 76, 51.

Ethyl-2cyano-3-phenylacrylate (Entry 2)

IR (KBr) v: 3027, 2219, 1720, 1602 cm ~'. "H NMR
(CDCls, 300 MHz) 6y5: 1.40 (t, 3H), 4.39 (q, 2H), 7.53
(d, 2H), 7.98(d, 2H), 8.26 (s, 1H) 8.30 (s, 1H) ppm.
GC-MS: 201 (base peak), 172, 156, 128, 102, 77, 51.

2-(4-Chlorobenzylidene) malononitrile (Entry 7)

IR (KBr) v: 3038, 2230, 1585cm~'. 'H NMR
(CDCls, 300 MHz) dy: 7.26 (s, 1H), 7.52 (d, 2H),
7.74 (s, 1H), 7.85 (d, 2H) ppm. GC-MS: 188, 161, 153
(base peak), 126, 99, 75, 50.

2-(4-Fluorobenzylidene )malononitrile (Entry 8)

IR (KBr) v: 3038, 2230, 1593cm~'. 'H NMR
(CDCl3, 300 MHz) éy: 7.24 (d, 2H), 7.76 (s, 1H),
7.96 (d, 2H), 7.99 (s, 1H) ppm. GC-MS: 172 (base
peak), 145, 121, 94, 75, 50.
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