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Zeolite catalysts, 1 with their supercages and channels of defined sizes, have received 

considerable attention in the last decade for organic transformations. 2-6 These 'molecular 

level microreactors' have been used for the synthesis of intermediates and fine chemicals. 2-4 

In the petrochemical industry and for some titanium silicate-catalyzed 4 oxidative protocols, 

these materials are competing with conventional reagents especially for small and medium 

size organic substrates. 

In continuation of our ongoing effort to develop newer environmentally benign 

methods for chemical transformations, we decided to investigate the effect of cation exchanged 

Y-type zeolites in reactions of systems A-D. The earlier known work in this area is restricted 

only to the reactions of imines (A) with nitromethane in the presence of RE(70%)NaY zeolite 5 

and carbonyl compounds (B; X=O) 6 with active methylene compounds utilizing NaGeX 

(germanium aluminate) 6a and alkaline exchanged sepiolites (magnesium silicates). 6b 

However, the zeolite-catalyzed reactions of thiocarbonyl systems (B; X=S), azo-compounds (C), 

or their cyclic counterparts (D) have not been explored. 

>=x 
X=O,S X=O, NR 

A B C D 

Herein, we report our preliminary results on rare-earth (RE) exchanged NaY zeolite- 

assisted Knoevenagel condensation (B; X=O), a reaction that was originally performed in the 
presence of amines, 7 and has since been revisited 8 using other bases, 9 Lewis acids ZnCl2,10 
TiC14/base 11 and solid support catalysts such as A1203,12 A1PO4-A1203,13 and clays. 14 
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Preliminary experiments with a zinc-exchanged NaY zeolite [Zn(70%)NaY] for the 

condensation of benzaldehyde with malononitrile (Eqn. X=H, R=CN; Table 1, entry 4) 

produced the desired olefin in 59% yield and with more than 80% conversion of aldehyde. 

CHO + ~ (Eqn.) 
R R 

Where X = H, p-Br, p-NO 2, p-OH and m-OMe 
R = CN, CO2Et, CONH 2 

Consequently, a systematic and comparative study of this reaction has been undertaken 

with various other cation-exchanged NaY catalysts (Table 1). Two of the catalysts, 15a 

La(70%)NaY and Ce(70%)NaY, afforded moderate yields; however, rare-earth (RE) exchanged 

Nay,5,15 is found to be the ideal zeolite for this condensation in terms of yields, mass balance 

and purity of the product (Table 1, entry 7). 

Table 1: The condensation of benzaldeh~de with malononitrile in ])resence of zeolites, a 
Entry Catalyst Conditions Yield Mass 

(Temp./Time) (%)b balance 

1 H-ZSM-5 60 °C, 17 h 08 82 

2 CaY 60 °C, 14 h 18 78 

3 NaY 60 °C, 14 h 21 73 

4 Zn(70%)NaY 60 °C, 08 h 59 85 

5 La(70%)NaY 60 °C, 08 h 65 80 

6 Ce(70%)NaY 60 °C, 09 h 67 c 78 

(%) 

7 RE(72%)NaY d 20 °C, 12 h 78 90 
a) All the reactions carried out in acetonitrile with 1:1.3 equiv, of benzaldehyde and 
malononitrile with 50 wt°/o (of aldehyde) catalyst, b) Isolated and unoptimized 
yields, c) Average yield of two cycles, d) RE = Rare earth cation-exchanged NaY. 15 

Briefly, the preparation of the rare-earth (RE) exchange 15 catalyst involves the treatment 

of zeolite NaY 1 with aqueous rare-earth chloride solution (prepared using double distilled and 
deionized water with pH adjusted to 5.0) at 95 °C for 8 h. After cooling to room temperature, 

the exchanged catalyst is filtered off and washed with water. The percentage of Na + exchange 

is determined (35%) by conventional gravimetric analysis of the aqueous filtrate and this 

procedure is repeated twice that results in maximum exchange of 72%. The RE(72%)NaY is 

dried at 120 °C for 4 h and its crystalline structural integrity is discerned by X-ray analysis. 15a 

Aromatic a ldehydes  bearing a variety of functional  groups  namely p-  

bromobenzaldehyde, p-nitrobenzaldehyde and vanillin are reacted with active methylene 

compounds such as malononitrile, ethylcyanoacetate and 2-cyanoacetamide in the presence of 

freshly activated RE(72%)NaY. These reactions lead to completion in 8-12 h at 20-60 °C to 
produce the olefinic products in 62-87% yield (Table 2). 16 The reaction with more acidic 

malononitrile proceeds at 20 °C, but ethylcyanoacetate and 2-cyanoacetamide require elevated 
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temperature. The reaction conditions and the corresponding yields of these three active 

methylene species suggest their reactivity order is: R = CN > CO2Et > CONH2. 

Nitrobenzaldehyde, bearing a strong electron withdrawing group, afforded the highest yield 

relative to other aldehydes. The enhanced reactivity is not only due to a conventional 

electron withdrawing nature of the nitro group but it also probably due to the interaction 

between the cations present in the supercages and the oxygen of the nitro group. 17 Initially, 

vanillin bearing an additional meta substituent has afforded poor yield as well as low mass 

balance perhaps due to the size limitations.18,19 However, an improved extraction procedure, 

warming the spent zeolite with methylene chloride, retrieved additional product thereby 

improving the yield and mass balance (Table 2, entry 10-12). The turnover frequency (TOF), 

measured as the molar ratio between the olefinic product formed and the rare-earth ions 

present in the supercages of the catalyst, is about 6 times higher for the RE(72%)NaY than for 

the mixture of rare-earth chlorides. 19a 

Table 2: 
Entry 

The RE(72%)NaY zeolite-assisted Knoevena~el condensation, a 
Aldehyde R Conditions Mass Yield (%)b 

(°C, t/h) balance (%) 
m.p. (°C) 
(lit. ref.) 

1 Benzaldehyde CN 20, 12 90 78 8313 

2 CO2Et 60, 08 82 70 5013 

3 CONH2 60, 12 80 62 12110 

4 para  - Bromo- CN 20, 08 90 85 16420 

5 benzaldehyde CO2Et 60, 12 90 82 9720 

6 CONH2 60, 18 84 79 21920 

7 c para  - Nitro- CN 20, 10 95 87 15913 

8 benzaldehyde CO2Et 60, 08 85 86 16913 

9 CONH2 60, 08 78 82 23720 

10 d Vanillin CN 60, 12 84 74 13110 

11 d CO2Et 60, 12 87 71 11310 

12 d CONH 2 60, 12 81 68 20310 
a) Reactions carried out in acetonitrile under dry conditions using freshly activated catalyst, b) Isolated and 
unoptimized yields, c) Catalyst is recycled three times after reactivation, d) Products are isolated by extraction in 
hot methylene chloride. 

It is pertinent to speculate on the role of multicatalytic active sites present inside the 

supercages. The basic site abstracts the proton from the active methylene compounds; whereas 

the Lewis acidic site could be responsible for generating the partial positive charge on the 

carbonyl carbon by coordinating with its oxygen, and thereby facilitating C-C bond formation. 

Subsequent transfer of a proton followed by dehydration affords the final product. The overall 

condensation is presumably facilitated v ia  the electrostatic interactions between the exchanged 

cations and the included organic guests. 17 
In conclusion, we have demonstrated the general utility of rare-earth exchanged NaY 

zeolites in the Knoevenagel condensation. The reaction of carbonyl substrates and active 
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m e t h y l e n e  c o m p o u n d s  u s i n g  R E ( 7 2 % ) N a Y  z e o l i t e  p r o d u c e s  t h e  c o r r e s p o n d i n g  o l e f in i c  

p r o d u c t s  in  g o o d  yie lds .  T he  a t t r ac t i ve  f ea tu re s  of  o u r  e n v i r o n m e n t a l l y - b e n i g n  a p p r o a c h  are  

the  recyclable  n a t u r e  of t he se  ca ta lys t s  a n d  the i r  ease  of s e p a r a t i o n  f r o m  the  r eac t ion  mix tu res .  

A C K N O W L E D G M E N T  
We thank Dr. S. Sivasanker NCL, Pune, India for the supply of NaY zeolite and Texas Advanced Research Program 
(ARF) in Chemistry (Grant # 003606-023) and Texas Regional Institute for Environmental Studies (TRIES) under 
Contract from U. S. Army Research Office (Grant # DAAH 04-93-G-0505) for the generous support. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 

10. 
11. 
12. 

13. 
14. 

15. 

16. 

17. 

18. 

19. 

20. 

REFERENCES A N D  N O T E S  
a) Breck, D. W. Zeolite Molecular Sieves; Wiley: New York, 1974. b) Holderich, W. F.; van Bekkum, H. in 
"Introduction to Zeolite Science and Practice", Eds. van Bekkum, H.; Flanigen, E. M.; Jansen, J. C., Stud. Surf. 
Sci. Catal. 1991, 58, 631. c) Dyer, A. An Introduction to Zeolite Molecular Sieves; Wiley: Chichester, 1988. 
For recent reviews on zeolite catalysts, see: a) Davis, M. E. Acc. Chem. Res. 1993, 26, 111. b) Sachtler, W. M. 
H. Acc. Chem. Res. 1993, 26, 383. c) Suib, S. L. Chem. Rev. 1993, 93, 803. 
For general zeolite-catalyzed chemical transformations, see: a) Holderich, W. F.; Hesse, M.; Naumann, F. 
Angew. Chem. Int. Ed. Engl. 1988, 27, 226. b) Corma, A. Chem. Rev. 1995, 95, 559. 
For oxidative catalysis, see: a) Adam, W.; Kumar, R.; Reddy, T. I.; Renz, M. Angew. Chem. Int. Ed. Engl. 
1996, 35, 880 and reference cited therein, b) Huybrechts, D. R. C.; DeBruycker, L.; Jacobs, P. A. Nature, 1990, 
345, 240. c) Ramaswamy, A.V.; Sivasanker, S.; Ratnasamy, P. Microporous Mater. 1994, 2, 451. d) Khouw, C. 
B.; Davis, M. E. J. Catal. 1995, 151, 77. 
For earlier reports on rare-earth exchanged NaY zeolites, see: a) Deshmukh, A. R. A. S.; Reddy, T. I.; 
Bhawal, B. M.; Shiralkar, V. P., Rajappa, S. J. Chem. Soc., Perkin Trans. 1 1990, 1217. b) Reddy, T. I.; 
Bhawal, B. M.; Rajappa, S. Tetrahedron 1993, 49, 2101. 
a) Corma, A.; Martin-Aranda, R. M.; Sanchez, F. J. Catal. 1990, 126, 192. b) Corma, A.; Martin-Aranda, R. M. 
J. Catal. 1991, 130, 130. c) Kloetstra, K.R.; van Bekkum, H. J. Chem. Soc., Chem. Commun. 1995, 1005. 
a) Knoevenagel, E. Bet. 1898, 31, 2596. b) Doebner, O. Ber. 1900, 33, 2140. c) Stobbe, H. Ber. 1893, 26, 2312. 
For some recent reports on these well known Knoevenagel reaction, see: a) Cruz, P.; Barra, E. D.; Loupy, A.; 
Langa, F. Tetrahedron Lett. 1996, 37, 1113. b) Prajapati, D.; Lekhok, K. C.; Sandhu, J. S.; Ghosh, A. C. 
Perkin Trans. 1 1996, 959. c) Brillon, D.; Sauve, G. J. Org. Chem. 1992, 57, 1838. 
For more details about this reaction, see: a) Jones, G. Organic Reactions, Wiley, New York, 1967, 15, 204. b) 
March, J. Advanced Organic Chemistry, McGraw-Hill, New York, 2nd Edn., 1977, p 854. c) Hassner, A.; 
Stumer, C. Organic Syntheses Based on Name Reactions and Unnamed Reactions, Elsevier Science Inc., New 
York, 1st Edn. 1994, 205. 
Rao, P. S.; Venkataratnam, R. V. Tetrahedron Lett. 1991, 32, 5821. 
Lehnert, W. Tetrahedron Lett. 1970, 54, 4723. 
a) Taxier-Boullet, F.; Foucaud, A. Tetrahedron Lett. 1982, 23, 4927. b) Roudier, J. F.; Foucaud, A. Synthesis 
1984, 159, c) Muzart, J. Synthesis 1982, 60. 
Cabello, J. A.; Capelo, J. M.; Garcia, A.; Luna, D.; Marinas, J. M. J. Org. Chem. 1984, 49, 5195. 
Bram, G.; Loupy, A.; Villemin, D. Solid Supports and Catalyst in Organic Synthesis, Ed. K. Smith. Ellis 
Horwood and Prentice Hall, Chichester, 1992, Ch. 12. 
a) Shiralkar, V. P.; Kulkarni, S. B. Indian J. Chem. 1978, 16A, 665. b) Ward, J. W. J. Catal. 1969,13, 321 c) 
Eberly, P. E.; Kimberlin, L. N. ACS Monogr. (Molecular Sieve Zeolites I) 1970, 101,283. 
Typical experimental procedure: Freshly activated catalyst 50 mg (50 wt.% of aldehyde) is added to a well 
stirred solution of p-nitrobenzaldehyde (100 mg, 0.64 mmol) and malononitrile (55 mg, 0.83 mmol) in 
acetonitrile (15 mL) at 20 °C. The heterogeneous mixture is then stirred for 10 h at this temperature to 
complete the conversion which is monitored by TLC. The filtration of zeolite and removal of solvent under 
reduced presure affords the olefinic product in 87 % yield (114 mg., m.p. 159 °C). 12 
For the electrostatic interactions between the rare-earth cations and included organic guests in supercages, 
see: a) C~zek, M.; Vogt, T.; Fuess, H. Angew. Chem. Int. Ed. Engl. 1989, 28, 770. b) Johic, H.; Renouprez, A.; 
Fitch, A. N.; Lauter, H. J. J. Chem. Soc., Faraday trans. 1,1987, 83, 3199. 
The variation of catalytic activity in terms of conversions and yields is currently beIng examined by 
calculating (AM1) and comparing the diameters of the substrates, products and the supercage (~ 13.0 A) of 
NaY zeolite. These details will be published elsewhere. 
a) Vetrivel, R.; Bhawal, B. M.; Reddy, T. I.; Deshmukh, A. R. A. S.; Rajappa, S. J. Phy. Org. Chem. 1994, 7, 
377. b) Deka, R. C.; Vetrivel, R. Chem. Commun. 1996, 2397. 
Zabicky, J. J. Chem. Soc. 1961, 683. 

(Received in USA 23 December  1996; accepted 22 January 1997) 


