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Abstract

Knoevenagel and aldol condensations have been reported by a new diamino-functionalised MCM-41 catalyst synthesised
by condensation of the trimethoxysilylpropylethylenediamine on MCM-41. This solid base catalyst is found to be very
efficient with reusability for a number of times with consistent activity. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Current interest is focused on the develop-
ment of environmentally friendly solid catalysts
for clean processes in fine chemica industries.
Knoevenagel and aldol condensations are ubig-
uitous reactions in organic chemistry right from
the syntheses of small molecules to the elegant
intermediates of anti-hypertensive drugs and
calcium antagonists [1,2]. It is generally catal-
ysed by weak bases like primary, secondary,
tertiary amines, ammonium or ammonium salts
[3—6] under homogeneous conditions. Later, in-
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organic solids and solid-supported reagents, such
as anionic resins [7], KF [8], magnesium and
aluminium oxides [9-11], zeolites [12], hydro-
talcites [13], amino group immobilised on silica
gd [14], clays [15], akali and akaline earth
carbonates [16], were used because they pro-
vided operationa simplicity and higher selectiv-
ity with the possibility of reusability. Solid ba-
sic catalysts are receiving increased attention in
the recent past as they facilitate a variety of
organic reactions that take place via carbanionic
intermediates. A new family of mesoporous ma-
terials discovered recently [17,18] ushered a new
era of supports with conceivable industrial ap-
plication in the fine chemicals synthesis due to
their tuneable larger pore sizes 30 A. Recently,
condensation reactions catalysed by alkali metal
ion-exchanged mesoporous material MCM-41
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diamino-functionalised
mesoporous material

Scheme 1.

were reported using high temperatures, 150°C
and longer reaction times, 3—7 h [19]. Macquar-
rie and Jackson [20,21] and Lasperas et a. [22]
used monoaminopropyl-functionalised MCM for
the Knoevenagel condensations of aldehydes and
ketones with ethyl cyanoacetate. Relatively high
yields were obtained at higher temperatures
(80-110°C) on prolonged reaction times. The
former introduced aminopropyl (trimethoxy)
silane along with template n-dodecylamine dur-
ing the synthesis of MCM and obtained
monoamine grafted onto the lattice of the solid
on subsequent removal of template, while
Lasperas et a. [22] anchored the monoamino
moiety on MCM-41 directly through silanation
process.

Herein, we report the preparation of
diamino-functionalised mesoporous material by
anchoring 3-trimethoxysilylpropylethylenedia-
mine moiety on calcined MCM-41 (Scheme 1)
and its successful application in both aldol and
Knoevenagel condensation reactions under very
mild conditions. Incidentaly, this is the first
report of the use of organofunctionalised MCM
catalyst for the adol condensation reaction.
These catalysts show very high activities and
can be reused several times.

2. Experimental
2.1. Preparation of the catalyst

The present catayst was prepared in two
steps: first preparation of the mesoporous mate-
rial [23] (pure silica MCM-41, BET surface
area= 1086 m?/g) followed by reaction of the
calcined solid (at 550°C for 4 h) with 3-tri-
methoxysilylpropylethylenediamine in dry
toluene under similar conditions as reported ear-
lier [15]. After functionalisation, the BET sur-
face area was 590 m? /g.

2.2. Knoevenagel condensation

In a typical procedure, 0.02 g catalyst and
0.392 g (2 mmol) of 3,4,5-trimethoxybenzalde-
hyde were taken in dry toluene (5 ml). To this
solution, 0.125 ml (2 mmol) of malanonitrile
was added and the mixture was stirred at 50°C
for 15 min. The reaction was monitored by
TLC. After completion of reaction, the cata-
lyst was filtered; the filtrate was concentrated
and purified by column chromatography
(hexane:ethylacetate) on silica gel (yield = 357
mg, 91%). The product was then analysed by IR
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Scheme 2.
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and *HNMR. The catalyst was washed with the
solvent and used for recycling.

2.3. Aldol reaction

In a typical procedure, 0.2 g catalyst and
0.106 ml (1 mmol) of benzaldehyde were taken
in acetone (5 ml) and heated at 50°C. The
reaction was monitored by TL C and the work-up
was carried out in the same manner as in Kno-
evenagel reaction. The product was then anal-
ysed by IR and *HNMR.

3. Results and discussion

The efficacy of this catalyst as a base (0.3
mmol /g of loading) was tested towards two

Table 1
Knoevenagel condensation by diamino-functionalised mesoporous
material

Entry R, R, Y Solvent  Yield? (%)
1 Ph H CN Toluene 99

2 Ph H CO,Et Toluene 100

3 Ph CH=CH H CN Toluene 99

4 Ph CH=CH H CO,Et DMF 75P

5 (OMe); CgH, H  CN Toluene 100 (91°)
6 (OMe); CcH, H  CO,Et Toluene 85

7 C,H30 H CN Toluene 100

8 C,4H;0 H CO,Et Toluene 100

9 MeOCgH, H CN Toluene 100

10 MeOCgH, H CO,Et Toluene 89(85°%)
11 PhCH,CH, Me CN Toluene 100

12 PhCH,CH, Me CO,Et Toluene 30

13 Ph Me CN DMF 75

14 p-NO,-C¢gH, H CN Toluene 100

15 p-NO,-C¢H, H  CO,Et Toluene 100

16 cCsH g CN Toluene 95

17 cCsH g CO,Et Toluene 81

18  Ph H CN Toluene 0°

#NMR vyields based on the aldehyde.

PAt 60-70°C, 57% at R.T.

°Isolated yield.

dusi ng unfunctionalised mesoporous material.

important model organic reactions—Knoe-
venagel condensation (Scheme 2) and aldol re-
action (Scheme 3).

The Knoevenagel condensation of various
aldehydes and ketones were carried out with (a)
malononitrile and (b) ethyl cyanoacetate as the
active methylene compounds. In al the reac-
tions except cinnamaldehyde and acetophenone,
the conversions are total in toluene with exclu-
sive formation of dehydrated products (Table
1). In the condensation of cinnamaldehyde with
ethyl cyanoacetate, when toluene was used as
the solvent, the yield was only 30%. However,
changing the solvent from toluene to DMF pro-
duced the trisubstituted olefin in 57% yield at
room temperature and in 75% yield at 60—70°C.
The solvent effect established here is in conso-

Table 2
Aldol condensation by diamino-functionalised mesoporous mate-
rial

selectivity® (%)

Time conv." Aldol Dehydrated
(h) (%) adduct  product

Entry Nucleophile Electrophile

1 Me,CO 4-CI-PhCHO 9 84 69 31
2 Me,CO PhCHO 3 79 52 48
3 Me,CO 2-MeOCsH,CHO 9 81 47 53
4 Me,CO 4-MeOCsH,CHO 9 68 16 84
5 Me,CO 3,4,5-(Me0);CsH,CHO 9 86 34 66
6 Me,CO 4-NO,-PhCHO 1 100 15 85
7 Me,CO 4-CH;-PhCHO 9 75 33 67
8 Me,CO / 9 100 34 66
CXCHO

9 MeCO CHO 9 100 40 60
10 Me,CO

/O/CHO 6 170 9 91
HO

NMR yields based on the aldehyde.
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nance with the results reported by others [24,25]
in Knoevenagel reaction.

It is very interesting to note that the turn-over
frequency (TOF) of the reactions displayed
manifold excess than the one reported recently
with in situ introduced monoaminopropy! (tri-
methoxy) silane during the synthesis of MCM
[20,21]. For example, the TOF"~! of the reac-
tions of aromatic aldehyde, benzaldehyde and
diphatic ketone, cyclohexanone with ethyl
cyanoacetate is 1330. The activity of the used
catalyst is consistent for five recycles amount-
ing to 1700 TON. The identical reactivity shown
by both aiphatic and aromatic carbonyl com-
pounds with ethyl cyanoacetate is in contrast to
the earlier reports. Moreover, both the p-nitro-
benzaldehyde and p-anisaldehyde gave high
yield with malononitrile and ethyl cyanoacetate
indicating that the rate of the reaction is inde-
pendent of the substituent in the aromatic ring.

Next, we explored the efficacy of the catalyst
towards adol reaction (Scheme 3), which is
usually carried out by soluble bases, such as
sodium hydroxide or alkali meta alkoxides
[26,27]. The results of the reaction of various
aldehydes with acetone are presented in Table
2. The reaction of p-chlorobenzaldehyde (entry
no. 1) affords aldol predominantly, while the
dehydrated «,B-unsaturated compound is a mi-
nor product (Table 2).

When benzaldehyde or o-anisaldehyde are
used in the reaction, the aldol and the dehy-
drated products are formed in equal proportions
(entries 2 and 3). On the other hand, the reac-
tion of all the other substituted aldehydes yields
the dehydrated product as the major one. In all
the cases, the overall conversion is very high.
The activity of the catalyst for five recycles is
consistent (Table 2).

4. Conclusion
Thus, the reactions described here (Tables 1

and 2) have a broad scope, since the catalyst
can be easily filtered off and reused for several

cycles without any further reactivation. The
reused catalyst gave identical yields with consis-
tent rates compared with the results obtained by
the fresh catalyst. The present catalyst is an
interesting candidate for commercial exploita-
tion. This new solid base catalyst developed by
us becomes a practical aternative to soluble
bases in view of the following advantages: (a)
high catalyst activity under mild reaction condi-
tions; (b) easy separation of the catalyst after
the reaction; and (c) reusability of the catalyst
for severa times.
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