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KNOEVENAGEL CONDENSATION CATALYZED BY USY ZEOLITE

Q.L.Wang"®, YuDao Ma and BoJun Zuo

Department of Chemistry, Shandong University, Jinan, 250100, China

ABSTRACT The Knoevenagel condensation of substituted benzaldehydes with active
methylene compounds was performed very efficiently by using a USY (ultrastable Y) zeolite

as heterogeneous catalyst.

Knoevenagel condensation is one of the elemental reactions in organic chemistry. Tradi-
tionally, it was carried out in the presence of a base catalyst', e. g. , ammonia, amine and
their salts. For its importance in organic synthesis, several new procedures have been found
during the last two decades™. Noteworthy are the results reported by Attanasi et al®, Shan-
than Rao et al’. and Bao et al. ® who used Lewis acids, CuCl;, ZnCl, and Sml;, respectively,
as catalysts for performing the Knoevenagel condensation reactions. On the other hand, be-
cause of the developments of catalysis science, many heterogeneous catalysts become commer-
cially available and /or easy to be prepared today. In fact, the use of heterogeneous catalyst in
organic synthesis began 30 years ago®. Nowadays the application of an important sort of het-
erogeneous catalysts, solid acids'’, especially zeolites'!, as catalysts for organic synthesis is in-
creasing rapidly'?. Besides the general advantages associated with heterogeneous catalysts
(easy separation, convenient to use, little production of contaminant wastes, inexpensive,
+++), zeolites can be prepared with different porosity, hydrophobicity, strength of acid sites
and their distribution, which make them to suit particular reactions. Being inspired by the

works®® using Lewis acids as homogeneous catalysts, we have found a new procedure for per-
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forming the Knoevenagel condensation reaction, by using a so-called USY (Ultra Stable Y)
zeolite catalyst which contains Bronsted and predominantly Lewis acid sites in its pore sys-

tem'® and has wide applications in petrochemical processes. The results are listed in Table.

Table. Knoevenagel condensation over USY zeolite *

Usy
ArCHO-+—Rl—CH2—Rz~-£> ArCH=CR'R*4+H,0

Entry Ar R! R? Reaction time ¢h)  Yield %
1 CeHs -COOH -COOH 6 82
2 CsHs MeCO- MeCO- 6 89
3 CeHs -COOMe  -COOMe 8 89
4 CsHs -CN -CN 12 92
5 2-CICeH, -COOH -COOH 5 84
6 4-CICsH, -COOH -COOH 5 92
7 4-CICsH, MeCO- MeCO- 5 81
8 4-CICsH, -CN -CN 5 95
9 3-0,NC;sH, -COOH -COOH 4.5 91

10 4-O;NCH, -COOH -COOH 6 83
11 4-MeOCsH, -COOMe  -COOMe 8 89
12 4-MeOCsH, MeCO- MeCO- 2.3 89
13 4-HOC:H, -CN -CONH, 5 90
14 4-HOCH, -COOMe  -COOMe 8 83

* For Entry 13, the product was mainly (~90%) E -isomer.
For Entry 1,5,6,9,10, the product was £ -AtCH=CHCO;H.

The USY zeolite was very active heterogeneous catalyst for the reactions of substituted
benzaldehydes with active methylene compounds. The condensation products could be gener-
ally obtained with high yield (>>80%). Several hours were sufficient for the completion of

the reactions. The polymerization of the condensation product was practically insignificant.
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Experimental To a mixture of 0. 0bmol benzaldehyde, 0. 05mol active methylene com-
pound and 5Scm® benzene (as water-carrying agent), was suspended 4g USY zeolite {frame-
work Si/Al=10, total Si/Al=2. 5, obtained from the Petrochemical Corporation of Qilu,
China, calcined at 500°C for 5h and conserved in a desiccator for use). The resulted suspen-
sion was stirred with gentle reflux till the completion of the reaction, as shown by the rate of
the segregation of water. The catalyst was then filtered and washed with 10cm?® solvent
(ether, chloroform or ethanol, according to the polarity of the product). The organic solution
was evaporated under reduced pressure, or treated by chromatograthy on a silica gel column
(eluted by a mixture of cyclohexane and ethyl acetate) , leading to the product with satisfacto-
ry purity. The structure of which was confirmed by m.p. data and NMR evidence.
Structural data of typical reaction products:

Entry 2. bp: 168—171°C/13mmHg '"HNMR (90MHz, CDCl3): 2. 26(s, 3H), 2. 40
(sy 3H), 7.46(s, 1H), 7.20—7. 42(m, 5H)

Entry 14. mp; 163—165C ' HNMR (90MHz, CDCl;); 3. 80(s, 3H), 3. 84(s, 3H),
5.80—6. 00(br, 1H), 6.76—6.86, 7.26—7.36(m, 4H), 7. 70(s, 1H)

References and Notes

1. Jones, G. Organic Reactions, Wiley, New York, 1967, Vol. 15, P. 204

2. Texier-Boullet, F. ; Foucaud, A. Tetrahedron Lett, 1982, 23, 4927.

3. Cabello, J. A.; Campelo, J. M. ; Garcia, A.; Luna, D.; Marinas, J. M. J.Org.
Chem. , 1984, 49, 5195.

4. Angelletti, 1. ; Canepa, C.; Martinetti, G.; Ventutello. P. Tetrahedron Lett. , 1988,
29, 3261.

5. Lehnert, W. Tetrakedron Lett. , 1970, 54, 4723.

6. Attanasi, O. ; Filippone, P. ; Mei, A. Synth. Commun. 1983, 13, 1203.

7. Shanthan Rao,P. ; Venkataratnam, R. V. Tetrahedron Lett. , 1991, 32, 5821.

8. Bao, W. ; Zhang, Y. ; Wang, J. Syntk. Commun. , 1996, 26, 3025.

9. Venuto, P.B. ; Landis, P.S. in Eley, D. D. ; Pines, H. and Weisz, P. B. (Editors), Ad-

vances in Catalysis, Academic Press, London and New York, 1968, Vol. 18, P. 259.



Downloaded by [North Carolina State University] at 22:54 27 September 2012

4110 WANG, MA, AND ZUO

10. Tanabe, K. ; Misono, M. ; Ono, Y. ; Hattori, H. New Solid Acids and Bases. Their
Catalytic Properties. Kodansha Ltd. Japan. (1989). Chap. 3.

11. Breck, D. W. Zeolite Molecular Sieves, Wiley, New York, 1974.

12. van Bekkum,H. ; Kouwenhoven, H. W. Stud. Surf.Sci. Catal. , 1988, 41, 45.

(Received in Japan 31 March 1997)





