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INTRODUCTION

The synthesis of arylidene derivatives has aftracted
considerable attention from orgamc chemists for
many years, becanse many of them have significant
biological activity. More over, benzylidene malono-
nitriles were reported to be effective anti-fouling
agents, ungicides and insecticides. They are impor-
tant intermediates for the synthesis of various
organic compounds.'

Knoevenagel condensation of carbonyl compounds
on molecules containing an active methylene group
is an important method for the preparation of sub-
stituted alkenes. Several important key products,
such as mtriles used in anionic polymenzation and
a,b-unsaturated ester intermediates employed in the
synthesis of several therapeutic drugs, e.g., niphe-
dipine and nitrendipine, etc have been synthesized
via this condensation."* Ylidenenitriles have increas-
ing applications in industry, medicine, agriculture
and biological science, and are precursors to hetero-
cycles.” The reaction is catalyzed by primary and
secondary amines or their comespending ammeo-
nium salts in harmful solvents or with Lewis acids,

as TiCl,/ base®, ZnCl,*, CdL* and other catalysts.**®
Most of these methads have not been entirely satis-
factory owing to such drawbacks as low yields,
long reaction times and effluent pollution.

In continuation of our program to develop reac-
tions in eco-friendly conditions® and our interest in
the Knoevenagel reaction,® in this comnunication
we wish to disclose our results for this reaction
using MCM-41 as catalyst.

RESULT AND DISCUSSION

Mesoporous molecular sieves, which was synthe-
sized by Mobile group in 1992°, have a space
enough to accommodate the guest molecules. The
MCM-41 exhibits a hexagonal array of cylindrical
pores, cubic ordered pores and lamellar structure.
Chemists have found this material as a brlliant host
for the accommodation guest molecules and used 1t
in catalytic reactions.® Then, we decided to investi-
gate knoevenagel condensation in the presence of
MCM-41 as a solid acid catalyst.

To start our investigation, we performed the study
of various solvents effect on the course of reaction
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ot” 4-chlorobenzaldehyde with malononitrile. This
reaction was carried out in various solvents such as
water, DMF, chlorotorm, Ethanol, C11.CL, and tolu-
ene and the best results in terms of yield and time
obtained in C1LCl,.

Alfler optimizing the reaction condition, various
aromaltic aldchydes reacted very well with malono-
nitrile and cthyleyanoacctate as active methylene
compounds to give the corresponding arylidenes in
good to execllent yiclds (Scheme 1), More interest-
ingly, the reaction is highly streosclective atfording
alkenes in E-geometry, The results are summarized
in Tuble 1. It is worthwhile to mention that Knoev-
enagel condensation with ketones in this condition
docs not oceur. We used acctophenone as an exam-
ple of ketones which did not react in these condi-
tions cven aller prolonged reaction time (24h). The
aromatic aldchydes readily condensed with mal-
ononitrile, while with ethyleyanoacetate, the reac-
tion 1s slightly slow. This may be attributed to the
lact that abstraction ol a proton (rom the active
mcthylene group of cthyleyanoacctate is more ditti-

cult duc to its lower activity, As shown in 7able 1,
aromatic aldchydes containing both cleetron donat-
ing or withdrawing groups gave the desired products
in good to excellent yields, Deactivated aldchydes
such as nitrobenzaldehyde isomers and 4-chlo-
robenzaldehyde required shorter reaction time duc
to the clectron withdrawing groups (Zable 1, entrics
2,3.8.9). Morcover, the steric hindrance scems to
have significant effects on the reaction times and
yields (7ahie 1, entries 6.13).

The use of MCM-41 as a recyclable catalyst in
this rcaction allowed us to perlorm the condensa-
tion under mild conditions. In this case. yields were
exeellent. In order to show the merit of the present
work in comparison with some reported proce-
durcs, we compared the result ot the synthesis of
olefinic compounds in the presence of 11Z8M-5,'
Proling,'® RE-NaY zcolite” and MCM-41 with
respect to the reaction times and yield ot products
{(Table 2). The results show that MCM-41 pro-
motes the reaction more effectively than 11ZSM-5.
Reaction in the presence of other catalysts in Zable
2 required longer reaction times.

In summery, we have demonstrated the MCM-41
catalyzed condensation between various aldchydes
and active methylene compounds. This method
ollers some advantages in terms of simplicity of
pertormance, casy work-up, use of incxpensive,

Tubte 1. Knoevenagel condensation using MCM~4 as catalyst in CILCL,

lintry Ar X Product ! n_nc Teld (%) - m-p. ()
d {min) Found lit

] Ph- CN 3a 30 92 &5 84

2 3- NO, Ph- CN 3b 20 50 102 104-105"
3 4-CI Ph- CN 3¢ 30 50 169 163"

4 4-O11 Ph- CN 3d 30 93 184 185"

5 4-CH-C 1, CN 3¢ 50 92 137-138 135"

6 2-CI,0-C 1, CN ar 60 90 ] 78

7 4-CNH0-C 1, CN 3¢ S0 32 113-114 ns'*

8 3-NQ. Ph- OE 3h 90 83 136-7 128-132"
9 4-C1 Ph- 3i 60 83 92-3 86"
10 4-Ql1 Ph- 3 120 87 88 88"

1 4-CH-C N, COOK 3k 120 86 9394 929

12 2CH0-C Y, COOF 3l 140 83 70 a9™

13 4-CH0-C 1, COOFL Im 120 87 &3 §0-84"

(a) Isolated yields
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Tuble 2. Comparison of the synthesis of trisubstituited alkenes using different catalysts.

Entry Catalyst Time Yield(%) Ref
1 HZSM-3 3-12 {h) 60-80 15
2 Proline Over night 66-100 16
3 RE -NaY Zeolite 8-18{h) 78100 17
4 MCM-41 30-120 (min) 3-93 This work

available and easy to handle catalyst and high yields
of products and relatively short reaction times.

EXPERIMENTAL

All products are known compounds and were
characterized by mp, IR, '"HNMR and GC/MS. Melt-
ing peints were measured by using the capillary
tube method with an electro thermal 9200 appara-
tus. '"HNMR spectra were recorded on a Bruker
AQS AVANCE-300 MHz spectrometer using TMS
as an internal standard (CDCI, solution). IR spectra
were recorded from KBr disk on the FT-IR Bruker
Tensor 27. GC/MS spectra were recorded on an
Agilent Technologies 6890 network GC system and
an Agilent 5973 network Mass selective detector.
Thin layer chromatography {TLC) on commercial
aluminunm-backed plates of silica gel, 60 F254 was
used to monitor the progress of reactions. All prod-
ucts were characterized by spectra and physical
data.

Preparation of MCM-41

MCM-41 was prepared according to the proce-
dure described previously.”* A typical procedure was
as follow: 1.8 g of fumed silica was added to a solu-
tion prepared from dissolving 0.6 g of NaOH in
25 ml of water. The resultant mixture was stirred
for 2 h, and then 1.9 g of cetyltrimethyl ammorum
bromide {CTABrt) in 20 ml of water was added to
this solution and stirred for one more hour. The
resulting reaction mixture which has the molar
composition of 1 SiO., 7.5 Na.O, 5.2 CTABI, 23500
H.O was kept over night and poured into the teflon
lined stainless steel autoclave to make crystalliza-
tion under static condition at 100 °C. The product
was filtered, washed with distilled water, dried at
70 °C and calcined in air at 540 °C for 4 h.
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General procedure for the Knoevenagel con-
densation

A nuxture of carbonyl compound (1 mmol), eth-
vlcyanoacetate or malononitrile (1 mmol) and MCM-
41 (0.1 g) was refluxed in CH,Cl, for indicated time
as required to complete the reaction (fable 1). Upon
completion of the reaction, monitored by TLC, the
reaction mixture was cooled to roomi temperature.
The mixture was filtered off (removed the catalyst
and catalyst was washed with methanol for reuse).
Upon the evaporation of solvent, the crude product
was recrystallized from ethanol to give the pure
product.

Selected physical data

2-benzylidene malononitrile (3a). Mp: 85 °C.
'HNMR (CDC1,, 300 MHz) §,, (ppm): 7.25-7.51
(m, 5 H), 7.95 (t, J=8.0 Hz, 1H). “C NMR (CDCl,,
Me,Si) & (ppm): 68.61, 11128, 11148, 111.65,
112.41, 112.64, 127.18, 128.82, 131.92, 154.90.

2-(4-Nitrobenzylidene)malononitrile (3b). Mp:
102 “C. '"HNMR (CDC1,, 300 MHz) 8, (ppm): 7.2
(2H, =78, d), 7.9 (2H, J=7 .8, d), 8.05 (t, /=79 Hz,
1H). “C NMR (CDCl,, Me,Si) . (ppm): 69.95,
111.55, 111.62, 122,19, 126.17, 130.35, 131.60,
131.98, 148.07, 155.92.

Ethyl-2-cyano-3-(4-hydroxyphenylacrylate (3j).
Mp: 88 °C. 'HNMR (CDCl,, 300 MHz) &, (ppm):
1.71 (1, /~8.1, 3H), 4.01 (q, /=8.1, 2H), 5.15 (5, 1H),
72 (2H, ~78,d),79 (CH, /=7.8, d), 8.06 (t, /=7.9
Hz, 1H). “C NMR (CDCl,, Me,Si) 8. (ppm): 14.15,
55.90, 8738, 112.05, 11542, 122.01, 123.21, 123.09,
126.07, 127.89, 153.54, 159.81.

Ethyl-2<cyano-3-(4-methoxyphenyl)acryvlate (3m).
Mp: 85 *C. '"HNMR (CDCl,, 300 MHz) 5,, (ppm):
1.71 (t, /=8.1, 3H), 3.71 (s, 3H), 4.01 (q, /=8.1, 2H),
72 (2H, ~78,d),79 (CH, /~7.8,d), 8.15 (t, /=8.0
Hz, 1H). “C NMR (CDCl,, Me,Si) &, (ppm): 14.25,
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Table 3. Reuse of the MCM-41 for synthesis of 3a

Yield (%) Time{min) Run
02 30 first
91 30 second
&5 40 third
&3 45 fourth
80 60 fifth

{a) Isolated yvields

5596, 61.12, 87.45, 112.55, 115.62, 122.19, 12331,
123.69, 126.17, 127.8, 154.65, 159.91.
Reusability of MCM-41

Next, we investigated the reusability and recy-
cling of MCM-41. At the end of the reacticn, the
catalyst could be recovered by a simple filtration.
The recycled catalyst could be washed with metha-
nel and subjected to a second run of the reaction
process. To assure that catalysts were not dissolved
in methanol, the catalysts were weighted after filter-
ation and before using and reusing for the next reac-
tion. The results show that these catalysts are not
soluble in methanol. In 7able 3, the comparison of
efficiency of MCM- 41 1n synthesis of 3a after five
times 18 reported. As it is shown in Zable 3, the first
reaction using recovered MCM-41 afforded similar
vield to those obtained in the first run. In the sec-
ond, third, fourth and fifth runs, the vield were
gradually decreased.

REFRENCES

1. Knoevenagel, E. Chent. Ber. 1894, 27, 2343,

2. Trost, B. M. Comprehensive Organic Synthesis, Perga-
mon Press, Oxford, 1991, vol 2, p 133-340.

3. (a) Fatiadi, A. J. Synrhesis 1978, 163, (b} Fatiadi, A. J.
Svathesis, 1978, 241 and references cited therein. (c)
Freeman, F. Chem. Rev. 1980, 80, 329; (d) F. F. Abdel-
Latif, F. F.; Shaker, R. M.; Abdel-Aziz, N. S. Hetero-
ovel Commnm, 1997, 3, 245, (e) Elnagdi, M. H.; Abdel-
Motaleb, R. M. J. Hererocvel. Chem. 1987, 24, 1677.
{t) Abdel-Latif, F. F.; Shaker, R. M. Indian J. Chem.
Sect. B. 1990, 29,322; (g) Quintela, J. M.; Peinador, C.;
Moreira, M. ). Tetrahedron 1995, 31, 5901; (h} Abdul-
latif, F. F. Bull Soc. Chim. Fr. 1990, 127, 129.

4. (a) Lehnert, W. Swnthesis 1974, 667; (b} Rao, P. S;
Venkataramam, R. V,; Terahedron Lett. 1991, 32, 5821,
{c) Parajatapati, D.; Sandhu, J. S. S Chem. Soc. Perkin

Trans. 1993, 1, 739; {d} Kim, J-K.; Kwon, P-S.; Kwon,
T-W.; &-K. Chung, $-K.; Lee, I-W. Svarh. Commumn.
1996, 26, 535, (¢} Kim, $-Y.; Kwon, P-S.; Kwon, T-W,;
Chung, S-K.; Chung, Y-T. Svath. Commumn. 1997, 27,
533, (f) Kantam, M. L.; houdary, B. M. C.; Reddy, C.
V,; Rao, K. K.; Figueras, F. J Chem. Soc. Chem. Com-
nm. 1988, 1033; (¢} Hamper, B. C.; Kolodziej, S. A ;
Scates, A. M. Tefrahedron Lert. 1998, 39, 2047; (h)
Watson, B. T.; Christiansen, G E. Temnahedron Leit.
1998, 39, 60R7; (i) Bigi, F.; Conforti, M. L .. Maggi, R.:
Piccinu, A.; Sartori, G Green Chemisrry. 2000, 2, 101.
3.(a} Niaki, T. T.; Oskooiee, H. A.; Heravi, M. M,
Miralaee, B. J Chent. Res. 2004, 7, 488; (b} Heravi, M.
M.; Ajami, D.; Mohajeran, B.; Tabar-Hydar, K.; Ghas-
semzadeh, M. Syithetic Conmmm. 2002, 32, 3325-3330;
(¢) Tajbakhsh, M.; Heravi, M. M.; Habibzadeh, S.;
Ghassemzadeh, M. Phosphorus Sulfir. 2001, 176, 151.
6. (a) Heravi, M. M,; Tajbakhsh, M.; Mohajerani, B ;
Ghassemzadeh, M. Chentical Sciences. 1999, 54, 541,
(b) Heravi, M. M.; Tajbakhsh, M.; Mohajerani, B.;
Ghassemzadeh, M.; Indian J. Chem. B. 1999, 38, 857;
(¢) Heravi, M. M.; Hekmatshoar, R.; Emamgholizadeh,
M. Phosphorus Suffin-. 2004, 179, 1893,
7. Beck, J. S.; Vartuli, I. C.; W. I. Roth, W, I.; Leonowicz,
M. E.; Kresge, C. T.; Schmitt, K. D.; Chu, C. T.; Olson,
D. H.; Sheppard, E.-W.; McCullen, S. B.; Higgins, I. B.;
Schlenker, J. L. J Anr. Chem. Soc. 1992, 114, 10834,
8. (a) Farzaneh, F.; Gandi, M.; Master-Farahani. J. Mol.
Catal. .Chem. 2000, 92, 103, (b} Farzaneh, F.; Sole-
imannejad, J.; Gandi, M. J. Mol. Catal. A. Chem. 1997,
118, 223,
9.Cao, Y.-Q.; Dai, Z,; Zhang, R.; Chen, B-H. Sk
Connnun. 2004, 34, 2965,
10. Cabello, J. A.; Campelo, J. M.; Garica, A.; Luna, D;;
Marinas, I. M. J. Org. Chem. 1984, 49, 5195,
11. The Aldrich Library of Infrared Spectra, 1981.
12. Beilstein, Handbuch der Organisation Chenue, Band 9,
913,
13. Mitra, A. K.; De, A,; Karchaudhwi, N. Svmh. Com-
w1999, 29, 2731,
14. Choudrary, B. M,; Lakshmi Kantam, M.; Kavita, B;;
Reddy, Ch. V.; Figueras, F. Tetrahedron 2000, 56, 9357,
15. Heravi, M. M.; Tajhakhsh, M.; Mohajerani, B.; Ghasemza-
deh, M. Indian J. Chent, B. 1999, 38, 857.

16. Cardillo, G; Fabbroni, S.; Gentilucci, L.; Gianotti, M.
E.; Tolomelli, A. Synth. Commnm. 2003, 33, 1587.
17. Reddy, T. I; Varma, R. S. Terrahedron Letr. 1997, 38,

1721,
18. Zhao, X. S.,; Lu, G Q.; Hu, X, Micropor. Mesopor
Mater. 2000, 41, 37.

Jowrnal of the Korean Chemical Society



