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KNOEVENAGEL CONDENSATION CATALYZED BY A
MEXICAN BENTONITE USING INFRARED IRRADIATION
Francisco Delgado (1),* Joaquin Tamariz (1), Gerardo Zepeda (1), Miguel Landa (2),

René Miranda (2) and José Garcia (2).

(1) Escuela Nacional de Ciencias Biologicas-IPN, Depto. de Quimica Orgénica,
Prolongacion Carpio y Plan de Ayala, Casco de Santo Tomas, México, D.F.,
C.P. 11340.

(2) Facultad de Estudios Superiores Cuautitlan-UNAM, Depto. de Quimica Orgénica,

Seccion de Quimica Orgénica, Campo 1, Av. Quetzalcoat! s/n, Cuautitian lzcalli, Estado
de México, C.P. 54740.

ABSTRACT: Dicthyl malonate undergoes condensation with aromatic aldehydes without
solvents, in the presence of a Mexican bentonite using infrared irradiation as the cnergy source, to
give the benzylidenemalonate compounds in fair yield.

The Knocvenagel condensation is a base-catalyzed reaction, but has also been performed
with acid catalysts. Commonly, it is promoted by weak bascs under homogencous conditions
(pyridine,1 piperidine,2 TiCl4-pyridine3) or heterogencous conditions (xonollite/t-buloxic.k:.'4
montmorillonile/silylpropylethylenediamine5 and aluminium oxides).

As a parl of our research work, we have shown that 7onsil, a bentonitic clay,7 is an
cflicicnt heterogencous acid catalyst for the conversion of various imino derivatives to the
corresponding carbonyl compounds,8 the generation of dithiolanes from ketcmes,9 the solvolytic
opening of oxiranes,10 as well as for the preparation of phenylmethanes from toluene.”’ We have

also dcmonstrated that the conversion ol aromatic aldchydes to the corresponding nitriles with

*To whom correspondence should be addressed

753

Copyright © 1995 by Marcel Dekker, Inc.



Downloaded by [McGill University Library] at 02:19 03 February 2015

754 DELGADO ET AL.

hydroxylamine hydrochloride can be effectively accomplished by the use of the clay in the
presence of infrared or microwave irradiation. 12

Hereby, we report a novel way to induce the Knoevenagel condensation of diethyl
malonate with aromatic aldehydes by the usc of Mexican bentonitc and infrared irradiation, in the
absence of a solvent. The resulls are summarized in Table I, showing that the corresponding
benzylidenemalonates 3a-3i are obtained in competitive yields with respect to other methods
previously reporled.z‘13

1t also shows that the highest viclds were obtained from aldehydes 1f-14, suggesting that
the presence of electron-withdrawing groups in the aromatic ring favors the Knoevenagel
condensation. In all cases, the best yields of condensation were obtained by 15 min irradiation,

while longer times favor the formation of carboxylic acids 4 as side products.

Table 1. IR-Promoted Condensation of Diethy! malonate (2) and Aromatic Aldehydes (1)

Catalyzed by Bentonitc.

0
o] [¢)
OE1 bentonite OH
L —_—— +
L IR
G O lrradiation G
t=15min
1 2 4
Compound G Yields (%)

3 4
3a H 32 5
3b p-OH 25 13
3¢ p-N(Me), 48 3
3d p-OMe 57 10
3e 0-OMe 38 17
3f p-Br 61 7
3g p-Cl 67 5
3h p-NO, 73 2
3i m-NQ, 64 3
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In addition, this method was not applicable for the conversion of aliphatic aldehydes into
alkylidenemalonates, since only polymeric products were produced. In conclusion, the use of the
Mexican bentonitic earth coupled with infrared irradiation promotes the Knoevenagel
condensation of diethyl malonatc with aromatic aldehydes. This method proved to be an
alternative to conventional and moisturc-sensitive homogeneous acid catalysis, without the

frequent troublesome manipulation and work-up.

EXPERTMENTAL SECTION

Melting points were obtained on a Fisher-Johns apparatus and boiling points on a
Kugetrohr apparatus; both are uncorrected. 'H and “C NMR spectra were recorded on a Varian
Gemini 300 spectrometer at 300 MHz and 75 MHz, respectively, in deuterochloroform with
tetramethylsilane (TMS) as an internal reference. Mass spectrometric analyses were carricd out on
a Hewlett-Packard 5971 GC/MS instrument. Infrared spectra were recorded on a Perkin-Elmer
283B spectrophotometer. Column chromatography were performed on silica gel 60 (230-400
mesh).
A typical procedure. Preparation of diethyl benzylidenemalonate (32): A mixture of 2 (1 g,
0.006 mmol), aldehyde 1 (1 g. 0.009 mmol) and Mexican bentonite’ (3 ) was stirred in a round
bottom flask equipped with a conventional condenser and irradiated for 15 min by an infrared
lamp (Osram, 250 watts,127 volts) as reported by Pool and Teuben.™* The cooled mixture was
extracted with ethyl! acetate (2 x 25 ml) and the clay was removed by filtration through Celite. The
filtrate was concentrated in vacuo and then purified by column chromatography on silica gel,
cluting with increasing amounts of ethy! acetatc in hexane to give 3a (32%) as an oil: bp 183-185
“C/13 mmHg (Iit.13 179 °C/10 mmHg): IR (film):1729, 1630 em’'; "H NMR (300 MHz, CDCls) &
7.74 (s, 1H, HC=C), 7.47-7.34 (m, 5H, Ar-H), 4.33 (g, J=7.1 Hz, 2H, CH;CH.0), 4.29 (g, J=7.1
Hz, 2H, CH;CH:0), 1.31 (t, J=7.1 Hz, 3H, CH;CH,0), 1.27 (t. J=7.1 Hz, 3H, CH;CH,0); °C

NMR (75 MHz, CDCL) & 166.4 (C=0), 163.8 (C=0), 141.8 (HC=C), 132.6 (C,, Ar), 130.3 (C,,
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Ar), 129.1 (C; and Cs, Ar), 128.5 (C; and Cq, Ar), 126.0 (HC=C), 61.4 (2CH;CH.0), 13.8
(CH;CH:0), 13.6 (CH;CH,0); MS (70 eV) nvz 248 (M", 30), 203 (50), 158 (45), 130 (49), 102

(100), 77 (35).

The following substituted dicthyl benzylidenemalonates were prepared by the same procedure:

Diethyl p-hidrexybenzylidenemalonate (3b): 25 % vield, mp 113 °C (it.” 116 °0); IR (KBr):
3330, 1728, 1628 cm™; '"H NMR (300 MHz, CDCl;) 5 7.66 (s, 1H, HC=C), 7.33-6.80 (AA'BB'
system, 4H, Ar-H), 6.68 (br s, 1H, OH), 4.36 (g, J=7.2 Hz, 2H, CH;CH,0), 4.29 (q, I=7.2 Hz, 2H,
CH;CH,0), 1.32 (t, J=7.2 Hz, 6H, 2CH;CH;0); C NMR (75 MHz, CDClL) 5 167.9 (C=0),
164.8 (C=0), 158.8 (Ci, A, 142.4 (HC=C), 131.7 (C, and Cs, An), 124.6 (C\, Ar), 1226
(HC=C), 115.9 (C; and Cs, A7), 61.9 (CH;CH;0), 61.7 (CH;CH,0), 14.0 (CH,CH,0), 13.8
(CHsCH,0); MS (70 eV) m/z 264 (M", 23), 219 (33), 190 (22), 146 (54); 118 (100).

Diethyl p-(N,N'-dimethylamino)-benzylidenemalonate (3¢): 48 % yield; mp 108 ‘c (lit.‘3 110-
111 °C); IR (KBr): 1717, 1594 cm™; 'H NMR (300 MHz, CDCl3) 5 7.63 (s, 1H, HC=C), 7.40-
6.59 (AA'BB' system, 4H, Ar-H), 4.38 (g, J=7.1 He, 2H, CH;CH0), 4.27 (q, 3=7.1 Hz, 2H,
CH,CH,0), 3.02 (s, 6H, N(CH:)). 1.34 (t, J=7.1 Hz, 3H, CH;CH;0), 1.31 (1, J=7.1 Hy, 3H,
CH:CH0), C NMR (75 MHz, CDClLy) 3 168.0 (C=0), 165.0 (C=0), 151.8 (C,, Ar), 142.7
(HC=C), 131.9 (C; and Cs, Ar), 120.1 (Cy, Ar), 119.9 (HC=C), 1115 (C; and Cs, Ar), 61.4
(CH,CH,0), 61.1 (CH;CH,0), 40.0 (N(CHs)), 14.2 (CH;CH,0), 14.0 (CH;CH,0); MS (70 V)
m/z 291 (M™, 85), 246 (65), 217 (26). 173 (44), 145 (100), 101 (23).

Diethyl p-methoxybenzylidenemalonate (3d): 57 % yield; bp 175-178 °C/13 mmHg (liL13 180
°C/11 mmHg), IR (film): 1726, 1604 cm™; "H NMR (300 MHz, CDCls) & 7.61 (s, 1H, HC=C),
7.36-6.69 (AA'BB' system, 4H, Ar-H), 4.43 (q, J=7.1 Hz, 2H, CH;CH.0), 4.37 (q, J=7.1 Hy, 2H,

CH;CH,0), 3.76 (s, 3H, CH;0), 1.39 (t, J=7.1 Hz, 3H, CH;CH;0), 1.33 (1, J=7.1 Hz, 3H,
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CH;CH;0); B¢ NMR (75 MHz, CDCl;) 6 168.5 (C=0), 167.3 (C=0), 157.5 (C4, Ar), 149.2

(HC=C), 135.8 (C; and Cq, Ar), 130.8 (C;, Ar), 121.1 (HC=0), 115.5 (C; and Cs, Ar), 61.7
(CH:CH,0), 61.4 (CH;CH,0), 55.0 (CH;0), 14.4 (CH;CH,0), 14.2 (CH;CH,0): MS (70 ¢V) m/z

278 (M, 36), 233 (26), 188 (39), 173 (100), 145 (57), 117 (15).

Diethyl o-methoxybenzylidenemalonate (3¢): 38 % yield; bp 190-195 °C/13 mmHg (lit.13 200-
217 °C/14 mmHg); IR (film): 1726, 1607 cm™; "H NMR (300 MHz, CDCl3) & 8.09 (s, 1H,
HC=C), 7.81-6.85 (m, 4H, Ar-H), 4.28 (q. ]=7.2 Hz, 2H, CH,CH,0). 4.27 (q, }=7.2 Hz, 2H,
CH;CH,0), 3.87 (s, 3H, CH;0), 1.31 (1, J=7.2 Hz, 3H. CH;CH,0), 1.22 (. J=7.2 Hz, 3H,
CH;CH,0); *C NMR (75 MHz, CDCly) & 166.4 (C=0), 164.0 (C=0); 157.7 (C2, Ar); 137.8
(HC=C), 131.7 (C,, Ar), 128.8 (Cy. Ar), 125.8 (C,, Ar), 124.6 (HC=C). 121.9 (Cs, Ar), 110.5 (C,
AD), 61.1 (CH;0), 55.2 (CH;CH,0), 55.1 (CH:CH,0). 13.8 (CH;CH;0), 13.6 (CH;CH,0); MS
(70 eV) m/z 278 (M, 24), 233 (30), 188 (45), 173 (100), 145 (48), 117 27).

Diethyl p-bromobenzylidenemalonate (3f): 61 % yield; bp 198-200 °C/13 mmHg (lit.13 176 °C/2
mmHg); IR (film); 1730, 1631 cm™; 'H NMR (300 MHz, CDCl;) 5 7.65 (s, 1H, HC=C), 7.52-
7.29 (AA'BB' system, 4H, Ar-H), 4.35 (q. J=7.1 Hz, 2H, CH;CH,0), 4.30 (q, J=7.1 Hz, 2H,
CH,CH,0), 1.31 (1. J=7.1 Hz. 3H, CH;CH,0), 1.29 (t, J=7.1 Hz, 3H, CH;CH;0), °C NMR (75
MHz, CDCly) § 166.2 (C=0), 163.7 (C=0); 140.5 (HC=C). 131.9 (Cs and C;, Ar), 131.6 (C;, An),
130.6 (C; and Cy, Ar). 127.5 (Cs, AD)*, 124.8 (HC=C)*, 61.6 (CH:CH.0), 61.3 (CH;CH;0), 13.9
(CH;CH,0), 13.7 (CH:CH:0); MS (70 eV) m/z 328 (M”, 17), 283 (28), 238 (10). 210 (21). 182
(86), 157 (100). 102 (88).

Diethyl p-chlerobenzylidenemalonate (3g): 67 % yield; bp 195-198 °C/13 mmHg (lil.13 171-173
°C/1 mmHg); IR (Gilm): 1726, 1634 cm™; 'H NMR (300 MHz, CDCly) 5 7.70 (s, 1H, HC=C),
7.42-7.34 (AA'BB' system, 4H, Ar-H), 4.34 (q, ]=7.2 He, 2H, CH;CH0). 4.30 (g, J=7.2 Hz. 2H,
CH;CH:0), 134 (1, 1=7.2 Hz, 3H, CH;CH,0), 131 (t, J=7.2 Hz, 3H, CH;CH,0); MS (70 ¢V)

m/z 282 (M+. 28). 237 (66), 192 (16); 164 (46), 136 (100), 101 (37).
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Diethyl p-nitrobenzylidenemalonate (3h): 73 % yield; mp 88 °C (lit."* 92-92.5 °C); IR (KBr):
1727, 1637 cm’™; '"H NMR (300 MHz, CDCl3) & 8.26-7.60 (AA'BB' system, 4H, Ar-H), 7.76 (s,
1H, HC=C). 4.34 (q, J=7.2 H, 2H, CH;CH,0), 4.33 (q. J=7.2 Hz, 2H, CH;CH:0), 1.35 (1, J=7.2
Hz, 3H, CHsCH,0), 1.28 (t, J=7.2 Hz, 3H, CH;CH,0); C NMR (75 MHz, CDCly) 8 165.6
(C=0), 163.3 (C=0), 148.4 (HC=C), 139.2 (C,, Ar), 139.1 (C4, Ar), 130.0 (HC=C), 129.9 (C,
and Cs, Ar), 123.9 (C; and Cq, An), 62.1 (CH;CH,0), 62.0 (CH;CH,0), 14.1 (CH;CH,0), 13.9
(CHsCH,0); MS (70 V) m/z 293 (M, 15). 248 (60), 203 (100), 175 (62), 147 (87). 101 (37).

Diethyl m-nitrobenzylidenemalonate (3i): 64 % yield; mp 70 °C (it."> 74.5 °C); (KBr): 1727,
1637 cm™: 'H NMR (300 MHz; CDCL) 6 8.35 (t, J= 2.2 He, Ar-Hy), 8.25 (ddd, J=8.2 Hz, J=2.2
Hz. J=1.1 Hz, Ar-Hy), 7.78 (dd, 1=8.2 Hz, J=1.1 Hz, Ar-Hy), 7.75 (s, 1H, HC=C), 7.62 (t, J=8.2
Hz, Ar-Hs ), 439 (q, J=7.1 Hz, 2H. CH;CH,0), 4.34 (q, J=7.1 Hz, 2H, CH;CH:0). 1.36 (1, J=7.1
Hz, 3H, CH;CH,0), 1.33 (1, J=7.1 Hz, 3H, CH:CH;0); >C NMR (75 MHz, CDCl;) & 165.6
(C=0), 163.3 (C=0), 148.3 (Cs. Ar), 138.9 (HIC=C), 135.0 (C,, Ar), 134.5 (C;, Ar), 130.0 (C,,
Ar), 129.2 (HC=C), 124.6 (Cs, A1), 123.5 (Cs, Ar), 62.0 (CH;CH;0), 61.9 (CH;CH,0), 13.9
(CH;CH,0), 13.7 (CH;CH,0); MS (70 eV) m/z 293 (M, 21). 248 (100), 203 (98). 175 (31), 147

(72), 101 (94).
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