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Abstract: A novel Mg-AI-O-t-Bu hydrotalcite prepared for the first time, catalyses 
condensation reactions selectively to aldols (3) at 0°C in quantitative yields. 
© 1998 Elsevier S :ience Ltd. All rights reserved. 

There has bq~en increasing attention on the design and use of environmentally 

compatible solid acid-base catalysts targeted to minimise the emission of effluents in 

chemical industries. These solid acid-base catalysts can be easily separated and recycled. 

Layered double hydroxides (LDHs) or hydrotalcite like compounds (HTLCs) have 

recently received considerable commercial interest ~ as adsorbents, anion exchangers and 

most important as base catalysts 2"4. Hydrotalcites are represented by the formula 

[M2÷(1-x)M ~÷ x(OHh] x÷(A ~- x/m).nH20, where the M 2+ are the divalent ions and M 3+ are 

the trivalent ions. The compensating anions may be Off ,  CI', NOr, COl  etc. and on their 

expulsion at 450°C, LDHs gives a highly active homogeneous mixed oxide which is 

potentially a basic catalyst for a variety of organic transformations such as aldol 

condensation s, olefin isomerization 2, epoxidations of activated olefins with hydrogen 

peroxide 6, alkylations of diketones 7, nucleophilic halide exchange s and Clalsen-Schmidt 

condensation 9 etc. 

The aldol condensation is of  prime importance for fine chemical synthesis and is 

generally catalysed b) acids or bases t°, In the laboratory, many catalysts have been 

reported such as alumirta n'~2, zeolites 13, sepiolite ~4, and hydrotalcites 9"is. The reported 

works ~'7'm~6 on aldolisations were performed at relatively high temperatures. Earlier, we 

designed and developod modified hydrotalcite by incorporation of hydroxyls during the 

rehydration process aud found it to be excellent for aldol condensation ~7. Now, we opted 

a novel approach of in.:orporation of tert-butoxide by an exchange process, to tune up the 

hydrotalcite for higher basicity. We report in this letter the preparation of Mg-AI-O-t-Bu 

hydrotalcite and selective condensations to aldol products 
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The cataly:,~ was prepared from Mg-AI-NO3 hydrotalcite by exchanging the 

NOr  ions with O-f-Bu anions. Mg6AI2NO3-HT was synthesized as follows. To exclude 

CO32" ions, all solutions were prepared with CO2-free deionised water, and the syntheses 

were performed 1ruder a nitrogen atmosphere in a glovebox. Magnesium nitrate 

hexahydrate (30.88; , 0.12mol) and aluminium nitrate nonahydtate (15.0g, 0.04tool) were 

dissolved in 100m] of deionised and decarbonated water. The pH of the solution was 

adjusted to 10 by adding 2M NaOH The resulting suspension was stirred for 2h at room 

temperature. The precipitated hydrotalcite was collected by filtration under N2 atmosphere 

and dried overnight at 80°C. Mg-AI-O-t-Bu-HT was prepared from Mg-AI-NO3-HT 

(1.214g) by exchange with 0.1 M solution of potassium tert-butoxJde in 100ml of THF 

under stirring at r0om temperature for 24h. The precipitate (Mg-AI-O-t-Bu-HT) was 

filtered under a N2 atmosphere to yield 1.3828. 

The Mg-AI-O-t-Bu-HT was tested as a base catalyst for aldol condensations 

(Scheme 1). Aldol products (3) were obtained selectively in quantitative yields under mild 

reaction conditions (Table 1). These remits were quite impressive since the corresponding 

a,  J3-unsaturated c~rbonyl compounds (4) were the major products in earlier reports 9't6. 

An attentpt was done in order to cheek the stability and heterogeneity of  tert- 

butoxide exchanged on hydrotalcite, using the following procaxture: 50rag of Mg-AI-O-t- 

Bu-HT was added to 15ml of ether in a two necked flask. It was stirred at 0°C in N2 

atmosphere for about lh. The slurry was filtered under nitrogen, then the regular reaction 

was carried separately with filtrate and the residue. While complete conversion was 

observed in the reatction carried out with residue, there was absolutely no conversion in 

the reaction carried out with the filtrate, even after 45rain. It can therefore be 

concluded that the tert-butoxide is not simply adsorbed on hydrotalcite as on xonotlite ~s, 

Scheme-I 

----C--RL~'O=~:\ 00(2 )' R"---C ---42 H2~C----Me - - - ~ R  I/-C===:CH--C--Me 
\Me ; I 

dehydrated 1 2 Ak~ 
product 

3 4 

R ~ = H (Entry 1-8, Table 1) 
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Table I. Aldol ¢ondemt ions  catslysed by Mg -AI-O- t-Bu h, 

Entry R, 2 Time Conversion 

(min) (%) '  
i 

/ 

4 H3 30 90 

5 \~_~ 15 100 
\ , ~ i  3 

6 .... : 10 100 ? 
~a¢o 

/ - -  

8 20 100 

~drotalcite catalyst'. 

Isolated' Yields (%) 

95 c 

91 

97 

93 

97 

92 

93 

" All reactions were performed on 2mmoi of aldehyde in 10ml acetone using 0.05g of 

catalyst at 0°C. bE T IH NMIL based on aldehyde. CCompound: (entry 1) 

PhCH(OH)CH2COCHa shows IH NMR (200 MHz,CDC13 ) 82.15 (s,3H), 2.8 (d,2H), 

5.1 (rn, lid), 7.3 ( m, 5H aromatic), IR (KBr pellets) 3440 cm "~ (broad signal, OH), 1712 

cm" (sharp, C=O); MS (EI,70 ev) m/z (RA) 164 (30), 146 (39), 131 (15), 107 (78), 105 

(33), 79 (93), 77 (57), 58 (32), 43 (100). The remaining products were charaetedsed 

similarly. 
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In conclusion, the exchange of hydrotalcite by tert-buto~dde anions increases the 
activity manifold since the Claisen-Schmidt condensation of benzaldehyde and acetone, which 

afforded about 90°,6 yield in aldoi in 3 hours on an hydrotalcite first calcined, then 
rehydrated 17, is now achieved with a similar efficiency in about 15min. This increase in 
activity is indicative of a deep modification of the basic properties of the solid accentuated by 
incorporation of tert-laitoxide anion. This new solid catalyst offers a practical alternative to 
soluble bases in view of the following advantages, a) high catalytic activity under mild 
reaction conditions, b) easy separation of the catalyst after the reaction, c) selective 
formation ofaldol pnxiuct. 
Acknowledgements: We thank the IFCPAR (Project No IFC/1106-2) for financial support 

and University Grant:~ Commission for a research fellowship (B.K) 
References and notel 

* Fax ' 0091 40 7173387, E-mail: root@esiiet.ren.nic.in; IICT Communication No. • 3962. 
1. Cavani, F.; Trifu'o, F., Vaccari, A., Catal. Today 1991, 11 (2), 173. 
2. Reichle, W.T., J. Catal. 1985, 94, 547. 
3. Nunan, LG.; Hh~elfarb, P.B.; Herman, R.G.; Klier, K.; Bogdan, C.E., Simmons, G.W., 

Inorganic Chem. 1989, 28, 3868. 
4. Busetto, C4 Delpiero, G.; Manara, G., Trifiro, F.; Vaceari, A;J. Catal. 1984, 85, 260. 
5. Suzuki, E ,  Ono, Y.,Bull. Chem. Soc. Jpn. 1988, 61, 1008. 
6. Catviela, C., Fili.~eras, F., Fraile, J. M., Garcia, I.J., Mayoral, J.A, Tetrahedron Lett. 

1995, 36, 4125. 
7. Cativiela, C., Figueras, F., Crarcia, I.J., Mayoral, J.A., Zurbano, M., Synth. Commun. 

1995, 25, 1745. 
8. Suzuki, E.; Okmnoto, M., Ono, Y.,J. Mol. Catal. 1990, 61, 283. 
9. Climent, M.J.; Corma, A.; Iborra, S.; Primo, J.,J. Catal. 1995, 60, 151. 

10. (a) March, J., Advanced Organic Chem., 4th ed., J. Wiley & Sons, 1992, 938; (b) 
Heathcock, C.]?I., In Comprehensive Organic Synthesis, B.M. Trost, Ed, Pergamon 
Press, Oxford, 1991; Vol.2, p.341-394. 

11. Muzart, J., SyntJi. Commun. 1985, 15, 285. 
12. Muzart, J., Synt,~esis 1982, 60, 1. 
13. Corma, A.; Fornes, V.; Martin-Aranda, K. M.; Garca, A.; Primo, J., Appl. Catal. 1990, 

59, 237. 
14. Corma, A.; Martin-Aranda, K M., J. Catal. 1991, 130, 130. 
15. Tichit, D.; Lhouty, M.H.; Cmida, A.; Chiche, B.H.; Figueras, F.; Auroux, A.; Bartalini, 

D.; Garronne, E,J. Catal. 1995, 50, 151. 
16. Rcichle, W.T., 1.IS Patent 4, 458, 026, 1984 to Union Carbide. 
17. Koteswara Rao, K;  Gravelle, M.; Sanchez, J.; F.Figueras, F.,d. Catal. 1998, 173, 115. 
18. Chalais, S.; L~tzlo, P.; Mathy, A., Tetrahedron Lett. 1985, 26, 4453. 


