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Ah~traet: N,N',N':Tricyclohexylguanidine was mcapsulated in hych'ophchic zeolite Y by reacting 
N,N'-dicyclchexylcesbodiimide with cyclchexylamine within the supercage. The encapmlated 
8eanidine catalyzes the addition reaction of acetone to bmzaldchyde forming 4-phenyl-4- 
h ~ - 2 - o n e  as the principal prcxlt~ as opposed to the homogeneous system which produces 
4-phenyl-3-buten-2-one via conde~afion reaction. © 1997 Elsevier Science Ltd. All rights reserved. 

Guanidines are strong non-ionic bases' which can be used as catalysts for methylation o f  phenols and 

estefification o f  carboxylic acids, 2 alkylatlon o f  hindered carboxylic acids, 3 addition o f  nitronlk~,w~ to ct,[3- 

unsaa~ ted  carboxylic esters 4~ and ~ e r i f i c a t i o n  o f  vegetable oils. ~ Their heterogenization on organic 

polymers is poss~le, but they slowly leach out during transesterifieation reactions. ~ 
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In order to circumvent this shortcoming, we have adopted a different approach to heterogenlzation, 

namely the synthesis of"ship-in-a-bottle" guanidines by encapsulation in the supercages of  zeolite Y. We were 

able to encapsulate N,N',N'-tricyciohexyiguanidine (TCG), whose 

dimensions in the CN3 plane are 8.7xi 1.0 A (determined using the r f f ~ r ~  

Spartan 4.0 semiempirical program), in Wessalith ® DAY s (FAU 

structure) by reacting N,N'-dleyclohexylearbodlimide with 

cyclobexylamine inside the supercages of  this hydrophobic zeolite.  9 AS 

shown in Fig. 1, the TCG molecule is larger than the channel of  the 

Wessalith ®, but small enough to allow its accommodation, together with Fig. 1. Graphical representation 

the substrates, in the supercage whose diameter is 13 A.l° of  TCG in Wessalith ®. 

MicroAnalysis shows that 0.42 mmol of  TCG per gram of  Wessalith ® was encapsulated. This value 

varies slightly in different batches and may reach 0.58 mmol of  TCG per gram of Wessalith ®, which 

corresponds to a 60 to 84% occupation of  the zeolite Y supercages. If  the material is extracted with dry 

chloroform in a Soxhlet under an inert ~nnnsphere, no TCG is removed. If  wet chloroform is used in the 

extraction, TCG is hydrolyzed to N,N'-dicyclobexylurea, which remains in the zeolite, as shown by the IR bend 

at 1636 cm 1. The m3C MAS NMR spectrum oftbe encapsulated TCG shows four signals (24.5, 25.9, 30.9 and 

50.6 ppm) which are only slightly shifted compared to free TCG (25.2, 25.9, 34.2 and 52.5 ppm). The infrared 

spectrum of the encapsulated TCG shows shifts oftbe v C=N double bond from 1615 cm "1 to 1627 cm "l and 

the v N-H bond from 3250 to 3330 cm 4. The X-ray diffractogram shows three additional small peaks at 20 = 

7.6, 15.4 and 17.2, whose intensities increase with increasing amount of  encapsulated TCG. AS the SEM 

micrographs show no changes after encapsulation, we believe that the additional peaks are due to distortion of  

the cubic structure of  Wessalith ® by the host. Encapsulation of  TCG was proven by pyrolysis coupled to mass 

spectrometry (Shi~dT~j Direct Sample Inlet Device - DI-50, Shimadzu Mass Detector - QP-5000). While 

TCG precipitated on Wessalith ® at 60°C gives a mass spectrum similar to that of  free TCG, encapsulated TCG 

gives only a minor peak (< 5%) for cyclohexylamine at 60°C. Encapsulated TCG decomposes at 150°C giving 

a mass spectrum equivalent to that reported for hexamethylene-l,6-diisocyanate (NIST62 h~'ary, SI of  90%). 

This result clearly shows that the TCG is not impregnated onto the external surface of  Wessalith ® and can only 

leave the supercage after decomposition into smaller molecules. 

In order to test the catalytic activity we chose the condensation reaction of  acetone with benzaldehyde 

to form 4-phenyl-3-buten-2-one. Alkali and alkaline earth metal hydroxides in dilute solution are highly 

effective catalysts for this reaction. H In the presence of  10 tool % of TCG, bep~aldchycle can be quantitatively 

condensed with acetone at r.t. giving, after 7 h, 4-pbenyl-3-buten-2-one with 90% selectivity. ~2 Encapsulated 

TCG (10 tool %) in Wessalith ® produces 4-phenyl-4-hydroxybutan-2-one (86% selectivity) as the principal 
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product as well as some 4-phenyl-3-buten-2-one (14% selectivity), which is opposed to the reaction in 

homogeneous phase or to TCG precipitated on Wessallth ®, which gives the condensation product alone. The 

conversion, however, is lowered to 56% after 6 d. If  the TCG encapstd~ed in Wessalith ® is not neutralized 

with lithium carbonate, the conversion is further reduced (15% in 15 d) and 4-phenyl-3-tmtew2-one is again 

the main product. Neither Wessalith ® nor lithium carbonate alone or its combination show any catalytic 

activity. Further investigation is necessary to explain the loss of  activity of  the encapsulated TCG. Tentative 

explanations are that the encapsulated TCG is less basic due to a lower syn,netry of  the guanidinium cation, or 

less reactive due to a lower rate of proton transfer in the supercage. ~3 In continuation of  this study we will 

prepare other guanidines encapsulated in Wessalith ® in order to understand the reason for the reduced activity 

and the different selectivity. 

Aelmowledgments: This work was supported by grants from Fuadafito de Amparo /t Pesquisa do 

Estado de SAo Paulo (FAPESP) and Conselho Nacional de Desenvolvimento Cientlfico e Tecnol6gico 

(CNPq). The authors acknowledge fellowships from FAPESP and CNPq and thank Drs. Regina Buffon, 

Martin Wallau, Fernando Luna and Antonio Pedro de Oliveira Filho for helpful discussions. 

REFERENCES AND NOTES 

1. R. Schwesinger, Chimia 1985, 39, 269. 

2. G. Barcelo, D. Grenouillat, J.-P. Senet and G. Sermyey, Tetrahedron 1990, 46, 1839. 

3. D.H.R. Barton, J.D. Elliott and S.D. G~o, J. Chem. Soc., Perkin Trans 11982, 2085. 

4. G.P. Pollin~ A. Barco and G. De Giuli, Synthesis 1972, 44. 

5. R. A n d r ~ w i c z  and R.B. Silverman, Synthesis 1989, 953. 

6. U. Schucherdt, R.M. Vargas and G. Gcllmrd, J. Mol. Catal. 1995, 99, 65. 

7. U. Schuchardt, R.M. VargasandG. Gelbard, J.Mol. Catal. 1996,109,37. 

8. Wessalith ® DAY was kindly provided by Degnssa AG, Germany. It has the FAU stnacUn'e (7.4 A 

channels and 13 A supercages), Si/AI ratio > 100, a BET surface area of  700 m2/g and was dried at 

IO0°C for 24 h. 

9. Wessalith ® (1.0 g) was suspended in a solution of  0.1 44 g (0.70 retool) of N,N'-dicyclohexylcarbodiimide 

(DCC) in 2.2 mL oftert-butanol at r.t. for 24 h. Cyclohexylamine (0.145 g, 1.46 nm~l) was added and 

the mixture refluxed for 24 h. After the reaction, another 5.0 mL of tert-butam31 were added and the 

reaction mixture filtered. The solid was neutralized with a suspension of  lithium carbonate in dry 

methanol at r.t. for 2 K It was then washed with 20 mL of chloroform and dried at 50°C under reduced 



1328 

pressure. Micro~nalysis gave 9.63% C, 1.47% H and 1.76% N, which correspond to 0.42 nnnol of  TCG 

encapsulated in 1.0 g of  Wessalith ®. 

10. D. W6hrle, G. Schuiz-Eidot~ Adv. Mater. 1994, 6, 875. 

1 I. A.T. Nielsen and W.J. Houlihan, Org. Reae. 1968, 16, 1. 

12. In a l0 mL flask 0.35 g (3.3 retool) ofbenzaktehyde in 0.7 mL of  methanol were reacted at r.t. with 0.56 

g (9.7 rrarml) of  acetone in the presence of 0.098 g (0.32 nmml) of  TCG or 0.85 g (0.34 retool) of  

encapsulated TCG in Wessalith ®. The reaction products were quantified by GC analysis, using a 25 

rex0.22 rcanx0.33 pan CBP1 column, a FID detector and cyclooctane as internal standard. 

13. M.A. Zirnstein and H.A. Staab, Angew. Chem. Int. Ed. Engl. 1987, 26, 460. 

(Received in USA 4 December 1996; accepted 6 January 1997) 


