Tetrahedron Letters, Vol. 34, No. 47, pp. 7649-7650, 1993 0040-4039/93 $6.00 + .00
Printed in Great Britain Pergamon Press Lid

Lanthanides in Organic Synthesis:
Eu+3-Catalyzed Michael Addition of 1,3-Dicarbonyl Compounds
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Abstract. EuCly proves to be an efficient catalyst for Michacl addition of 1,3-dicarbonyl compounds. The
employment of Eu+3 chiral complex [Eu(tfc)3]) allows the formation of Michael adducts in enantioselective way.

In these last years the lanthanides have received increasing attention both as reagents and catalysts for
organic reactions.1.2 In particular, Eu*3 alkoxides and complexes have been used for the achievement of
diastereoselective aldol condensation3, cyanohydrins synthesis?, enantioselective hetero Diels-Alder3, etc.

In the course of investigation on the reactivity of active methylene compounds catalyzed by lithium
iodideS, we have found that the easily available hexahydrate europium (IIT) chloride is an efficient catalyst
for the conjugate addition of 1,3-dicarbonyl compounds ]. In fact, in anhydrous CCly, in the presence of
catalytic amounts of EuCl3 the formation of adducts 3 occurs with very satisfactory yields, as reported for
different donors and acceptors in Table 1.
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Table 1 - EuCly-catalyzed Michael addition of 1,3-dicarbonyl compounds

Entry R! R2 R} R4 RS  RecTime TCO @ Yied
1 -OR -Me -H -H -Me 24h rt 80%
2 -Ph Me -H -H Me 24h It ™%
3 -OR Ph -H H Me 20h r.t. 80%
4 OBt Me H (CHy)y 2 rt 7%
5 -OFt Me B H  Me h 60 65%
6 -OFt {H)- H  Me 4@ 60 85%
7 CBt Me H  Ph Me sh 6 61% D
8 -op Me alyl -H  -Me 3% 0 54%

8) All the yields refer to isolated chromatographically pure compounds.
b) Obtained as 1/1 diastereoisomeric mixture
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The very mild conditions allow high selectivity as supported by the absence of the typical side-reactions
which can be observed in the conventional base-catalyzed processes (bis-additions, polymerizations, 8-fission,
etc.). More interestingly, in the presence of catalytic amount (10%) of tris[3-
(trifluoromethylhydroxymethylene)-d-camphoratoleuropium(Ill), Eu(tfc)3, conjugate addition of 1,3-
dicarbonyl compounds shows to proceed in enantioselective way (Table 2).
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Table2 - Eu(tfc);-catalyzed enantioselective Michael addition of 1,3-dicarbonyl compounds

Entry Rr! R2 T(C) Reec. Time Yield 8) ee.b)
1 -OBt B -3 72h 1% 25%
2 OBt B .25 2h 50% 36%©)
3 Ph Me .35 2h 6% 3%
4 OBt B It 2h 36% 23%

8) All the yields refer to isolated chromatographically pure compounds
b) Enantiomeric excesses have been determined by H-NMR analysis (solvent C¢Dg) in the presence of Eu(hfc);
as shift reagent.

¢) In this case an increased amount of Eu(tfc); has been employed (30%).

It has to be noted that, with the exception of few particular Michael donors,”-8 the formation of Michael
adducts of type 3 takes place with very low degree of enantioselectivity in catalytic reactions.9
Experimental: a mixture of 1,3-dicarbonyl compound (5 mmol), Michael acceptor (6 mmol), Eut3 catalyst
(0,5 mmol) and activated molecular sieves (1 g), in anhydrous CCly (2.5 ml), is stirred under conditions given
in Table 1 and 2. Then,after the usual work-up, the crude adducts 3 are purified by silica gel column
chromatography by elution with n-hexane/diethyl ether mixtures.

References and Notes
1. a)Kagan, H. B.; Namy, J. L. Tetrahedron 1986, 42, 6573.
b) Molander, G. Chem. Rev.1992, 92, 29.
2. For recent applications of lanthanides as Michael reaction catalysts, see:
a) Mikami, K.; Terada, M.; Nakai, T. J. Org. Chem. 1991, 56, 5456.
b) Kobayashi, S.; Hachiya, I.; Takahori, T.; Araki, M.; Ishitani, H. Tetrahedron Lett. 1992, 33, 6815.
¢) Van de Weghe, P.; Collin, J. Tetrahedron Lett. 1993, 34, 3881.
Gu, J.; Terada, M.; Mikami, K.; Nakai, T. Tetrahedron. Lett. 1992, 33, 1465.
Vougioukas, A.; Kagan, H. B. Tetrahedron. Lest. 1987, 28, 5513.
Bednarski, M.; Danishefsky, S.; Maring C. Tetrahedron 1983, 24, 3451.
Antonioletti, R.; Bonadies, F.; Monteagudo, E. S.; Scettri, A. Tetrahedron Lett. 1991, 32, 5373.
Cram, D. J,; Sogah, G: D. Y J. C. §. Chem. Comm. 1981, 625.
Desimoni, G.; Faita, G.; Mellerio, G.; Righetti, P. P.; Zanelli, C. Gazz. Chim. Ital. 1992, 122, 269.
Brunner, H.; Hammer, B. Angew. Chem. Int. Ed. Engl. 1984, 23, 312.

©w N AW

(Received in UK 9 July 1993; accepted 24 September 1993)



