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CERIUM CATAJXZED MICHAEL ADDITION OF 1,3- 
DICARBONYL COMPOUNDS UNDER MICROWAVE 

IRRADIATION 

Anha B o ~ a h ,  Mukulesh Baruah, Dip& Prajapati and Jagir S. Sandhu* 

Division of Organic Chemistry (Drugs) 
Regional Research Laboratory, Jorhat 786 006, Assam, India. 

Abstract: Cerium chloride heptahydrate proves to be an efficient catalyst for 
Michael addition of 1,3-dicarbonyl compounds, through a simple solvent fiee 
reaction under microwave irradiations. 

Development of efficient catalysis of carbon-carbon bond formations is 

the current subject of intensive investigationsl. For Michael-type reactions of 

1,3-dicarbonyl compounds, several catalysts including chiral ones have been 

developedz. It is usually carried out with a base as catalyst. But in the presence 

of strong bases, side reactions such as auto condensations, bis-additions, 

rearrangements and polymerisations are fiequently encountered1. In the last few 

years various catalysts such as phase transfer catalysts3, transition metal 

complexes3, alumina4, SnC@, Tick3, C&, Bu2Sn(OTf)z6 and BF3.Et206 

and lanthanides7 were proposed. But a serious limitations of someof these 

*To whom correspondence should be addressed. 
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654 BORUAH ET AL. 

catalysts is toward the use of methyl vinyl ketone (MVK), the simplest enone due 

to its high tendency to polymerise578. All these promoted us to search for a new 

and e5cient catalyst to Circumvent the problem, Herein we wish to disclose the 

use of a new catalyst cerium chloride heptahydrateg for carbon-carbon bond 

formation under microwave irradiation. The reaction proceeds e5ciently in 

excellent yields at ambient pressure within minutes time and in the absence of 

solvent. 

0 0  

3 

R =R’=Me, E t  

In a typical case, acetyl acetone (10 mmol), MVK (10 -01) and cerium 

chloridelo (0.37g, 1 mmol) were mixed together without solvent in an 

Erlenmeyer flask and placed in a commercial microwave oven (operating at 2450 

MHz frequency) and irradiated for 8 mins. The reaction mixture was allowed to 

reach room temperature and extracted with chloroform. Removal of solvent 

affords the Michael adduct (entry 1) in 92% yields without the formation of any 

side products. Results obtained using several Michael donors are listed in the 

Table. First we investigated the scope of the reaction by changing the structure of 

the Michael donor with MVK as the acceptor. Both cyclic and acyclic 6- 
ketoesters were used in this reaction. In all cases, hydrolysis of the ester 

functionality was not observed. Furthermore yields are generally higher and 

reaction time is much less than the yields and times reported by earlier workers. 
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1,3-DICARBONYL COMPOUNDS 655 

Table : CeC13. 7H20 Catalysed Michael addition of 1,3-dicarbonyl compounds. 

Entry Michael donor Michael acceptor CeC13 
timeb Yielda 

(%.) 

-wY 
0 0  

mrOEt 
0 0  

W O E t  
0 0  

fl 
0 0  

0 E t  
UY 

0 0  

Pt.1 
Ph -+y 

0 

P h q P h  

0 

8 92 

9 86 

10 85 

10 78 

12 75 

1 1  $6 

12 78 

15 76 

aAll the yields refer to isolated, chromatographically pure compounds. bAll the assigned 
structures have been confinned by spectroscopic data (IR, lH NMR, MS) 
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656 BORUAH ET AL. 

As regards the field of applicability of the above reaction, it has to be noted that 

P-substituted a,p-unsaturated ketones (for ex. cyclohex-Zen- 1-one) undergo the 

usual addition with ethylacetoacetate with formation of the adducts, as 1:l 

mixture of diastereoisomers. On the contrary, P,P-disubstituted ketones (for e x  

3-methyl-cyclopent-2-en- 1-one) have proved to be non-reactive under above 

conditions. Interestingly, it was also observed that the presence of solvent 

dowered the reaction, (the above reaction takes about 20-25 hours for 

completion when camed out in refluxing dioxan) the reasons for the efficiency of 

the process on the solid phase are not yet clear. All the additions were carried 

out with 1: 1 donor-acceptor proportions, and the corresponding Michael adducts 

were isolated in 7592% yields (Table) and structure of these products were 

confirmed unambiguously by comparing with authentic samples. 

In conclusion, this new method of C-C bond formation using cerium chloride 

without any solvent under microwave irradiation offers Signiscant improvements 

over the existing procedures and thus help facile entry into a host of Michael 

adduct of potentially high synthetic utility. Also this simple and easily 

reproducible technique affords various adducts in minutes time, with excellent 

yields without involvement of toxic material and without the formation of any 

undesirable side products, than the classical homogeneous reaction in solvents 

EXPERIMENTAL 

General Procedure for the Michael Addition of 1,3-Dicarbonyl Compounds 

Methyl vinyl kitone (0.7g, 10 -01) and acetyl acetone (lg, 10 mmol) 

were mixed together without solvent in an Erlenmeyer flask and placed in a 
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1,3-DICARBONYL COMPOUNDS 657 

commercial microwave oven (operating at 2450 M H z  fkequency) and irradiated 

for 8 mins. The reaction mixture was allowed to reach room temperature and 

extracted with chloroform (3 x 30 ml). The combined organic extracts were 

washed with cold water (40 ml), dried over anhydrous sodium sulphate and 

evaporated under reduced pressure to furnish the Michael adduct in 92% yield 

(entry 1). This was h t h e r  purified by thin layer chromatography using silica gel 

as adsorbent and chloroform as the eluent. The structure of the Michael adduct 

thus obtained was confumed unambiguously by spectroscopic data and finally by 

comparison with an authentic sample. Similarly other substrates were reacted and 

the corresponding adducts were isolated in 7592% yields (Table). 

REFERENCES AND NOTES 

1 For reviews : Momson, J. D., Asymmetric Synthesis, Academic Press, New 

York, 1984, Vol. 33.; Kagan, H. B., In Comprehensive Organometalic 

Chemistry: Wilkinson, G., Ed. Pergamon : New York, 1982, Vol. 8.; Oare, 

D. A., and Heathcock, C. H., Stereochemistry of the base-promoted Michael 

addition reaction in Topics in Stereochemistry., ELel, E. L., and Wilen, S. H., 

Eds. Interscience, New York, 1989, vol 19, p 227-407. 

2 Sonente, A.; Spinella, A.; Rosa, M.D.; Giordano, M. and Scettri., 

Tetrahedron Lett., 1997,38,289.; Keller, E. and Feringa, B.L.; Tetrahedron 

Lett., 1996, 37, 1879 and references cited therein. 

Rele, D. N. and Trivedi, G. K., J. ScientiJic &Industrial Research. 1993.52, 

13-28 and references cited therein.; Nelson, J. H.; Howells, P. N.; Delullo, G. 

C.; Landen, G. L. and Henry, R A., J. Org. Chem., 1980, 45, 1246.; 

3 

D
ow

nl
oa

de
d 

by
 [

18
.7

.2
9.

24
0]

 a
t 1

5:
16

 0
3 

Ju
ne

 2
01

3 



658 BORUAH ET AL. 

Corsico Coda, A; Desimoni, G.; Righetti, P. and Tacconi, G., Gazz. Chzm. 

Ital., 1984,114, 417. 

4 Rank B. C. and Bhar, S., Tetrahedron Lett., 1992, 48, 1327. BON& A.; 

Baruah, M..; Prajapati, D. and Sandhu, J.S., Chemisby Lett., 1996, 965. 

Boyer, J.; Comu, R J. P.; Perz, R and Re'ye', C., J. Chem. Soc., Chem. 

Commun., 1981, 122. For a report on lithium iodide see: Antonioletti, R; 

Bonadies, F.; Monteagudo, E. S. and Scettri, A., Tetrahedron Lett., 1991, 

32, 5373. 

Sato, T.; Wakahara, Y.; Otera, J. and Nazaki, H., Tetrahedron, 1991, 47, 

9773 and references cited therein. 

7 von Westrenen, J.; Roggen, R M.; Hoehagel, M. A.; Peters, J. A.; Kieboom, 

A. P. G. and van Beklum, H., Tetruhedron., 1990,46,5741. 

Hufhan, J. W.; Potnis, S .  M. and Satish, A. V., J. Org. Chem., 1985, 50, 

4266. 

9 Recently lanthanides have received increasing attention both as reagents and 

catalysts for organic reactions see: Mikami, K; Terader, M. and Nakai, T., J. 

Org, Chem., 1991,56, 5456; Molander, G., Chem. Rev., 1992,92, 29.; Van 

de Weghe, P. and Collin, J.; Tetrahedron Lett., 1993,34, 3881. 

10 Cerium chloride used were of commercial grade and procured from Central 

Drug House (Pvt.) Ltd., New Delhi- 110002. 

5 

6 

8 

(Received i n  the UK 14th August 1997) 

D
ow

nl
oa

de
d 

by
 [

18
.7

.2
9.

24
0]

 a
t 1

5:
16

 0
3 

Ju
ne

 2
01

3 




