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Recently considerable work concerning new reactions mediated
by rare earth metal reagents has been reported.! We too have
investigated the reactivity of rare earth metal alkoxides as basic
reagents. As a result, we have found that rare earth metal
alkoxides such as La3(O-#-Bu)y,2 Y;3(O-1-Bu)sCl,22 and Ys(O-
i-Pr);30% can be used as bases in catalytic aldol, cyanosilylation,
nitroaldol, and Michael reactions.3»* In the process, we have
succeeded in developing several asymmetric BINOL-rare earth
metal-lithium bimetallic complexes (e.g., 16), which have been
quite effective in catalytic asymmetric nitroaldol reactions.? In
the case of a catalytic asymmetric Michael reaction, which is
another important carbon—carbon bond-forming reaction, how-
ever, these bimetallic complexes have been found to be quite
ineffective.’ For example, treatment of cyclopentenone (1) with
dibenzyl methylmalonate (2) in the presence of 3 mol % of the
BINOL-lanthanum-~lithium bimetallic complex 16 gave the
Michael adduct 3 of only 13% ee in 26% yield. In this
communication we report about a neéw lithium-free BINOL-
lanthanum complex, which is quite effective in catalytic asym-
metric Michael reaction to give the adduct 3 of up to 95% ee in
97% yield.

Initial studies focused on the preparation of a lithium-free
lanthanum-BINOL complex which should form a structurally
different lanthanum ester enolate from that generated with the
BINOL-~lanthanum-lithium bimetallic complex 16. The lithium-
free lanthanum ester enolate was expected to lead to Michael
adducts with higher ee’s. Thus, to a stirred solution of La(O-
i-Pr);% (1.0 mmol) in anhydrous THF (5 mL) was added 1 molar
equiv of (S)-BINOL at 0 °C, which resulted in rapid formation
of a suspension. The white precipitate I (138 mg) thus obtained
was immediately used for the Michael reaction as an asymmetric
base catalyst. We were very pleased to find that treatment of
dibenzyl methylmalonate (2) with cyclopentenone (1) (1.1 equiv)
in anhydrous THF containing 10 mol %’ of the lanthanum~
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Figure 1. Possible mechanism for the catalytic asymmetric Michael
reaction promoted by alkali metal free La—(S)-BINOL complex.

BINOL complex I at ~20 °C for 48 h gave the Michael adduct
30of 70% ee in 86% yield.? Solvent effects were next investigated
and showed that the use of THF gave the best result (cf.; toluene,
64% ee in 70% yield, -20 °C, 21 h; CH,Cl,, 43% ee in 42% yield,
-20 °C, 72 h; Et;0, 46% e¢ in 17% yield, =20 °C, 72 h). The
following results were also noteworthy. Firstly the use of the
supernatant’ as a base catalyst gave 3 of 35% ee in 41% yield,
suggesting that the active asymmetric base catalyst was the
precipitateitself. Secondly, combined use of inductively coupled
plasma spectroscopy (ICPS) analysis of lanthanum and the
recovered amount of BINOL showed that the lanthanum-BINOL
complex I consisted of lanthanum and the BINOL moiety in a
ratio of ca.-2:3.° Thirdly, addition of dibenzyl methylmalonate
(2) to a suspension of the lanthanum~BINOL complex 1in THF
resulted in the rapid formation of a homogeneous solution.
Further studies were carried out to find a more effective catalyst
in asymmetric Michael reactions. A possible mechanism for the
above-mentioned Michael reaction is proposed in Figure 1.
Although the structure of the new lanthanum~BINOL complex
I'® was not unequivocally determined, it seemed likely that reaction
of dibenzyl methylmalonate (2) with the lanthanum complex I
would give the BINOL~lanthanum ester enolate Il together with
the lanthanum complex III consisting of lanthanum and the
BINOL moiety in a ratio of 1:2. This lanthanum ester enolate
IT would react with cyclopentenone (1), giving the lanthanum
enolate IV in an enantioselective manner. Further reaction of
this enolate IV with 2 would lead to the Michael adducts V together
with the lanthanum ester enolate II due to the difference in their
pK, values, thus making the catalytic cycle possible. The above-
mentioned mechanistic consideration suggested that the inter-
mediary lanthanum ester enolate II, the real asymmetric catalyst,

(7) The lanthanum metal contents in the catalyst were analyzed with
inductively coupled plasma spectroscopy (ICPS)

(8) Usmg other substrates, the following ee’s and yields were obtained: 5,
74% ee in 87% yield (20 °C, 48 h); 7, 74% ee in 69% yield (-20 °C, 48 h),
8,77% ee in 77% yield (=20 °C, 48 h). These enantiomeric excesses of the
Michael adducts were determined by chiral HPLC assay, and their absolute
configurations were determined by transformation to corresponding authentic
samples; see: (a) Posner, G. H.; Weitzberg, M.; Hamill, T. G.; Asirvatham,
E.; Cun-Heng, H.; Clardy, J. Tetrahedron 1986, 42, 2919-2929. (b) Fréter,
G.; Miller, U.; Gunther, W. Tetrahedron 1984, 40, 1269-1277 and
supplementary material.

(9) This complex appears to be obtained in good yield since it is barely
soluble in anhydrous THF.

(10) The *C NMR spectrum of this catalyst was quite obscure; in general,
rare earth complexes exist as oligomers.
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would be more effectively prepared starting with La(O-i-Pr);,
dibenzyl methylmalonate (2),and BINOL.!! Thisindeed proved
to be the case.

The BINOL-lanthanum ester enolate II as an asymmetric
base catalyst was first prepared as follows (Scheme 1). To a
stirred solution of La(O-i-Pr); (0.1 mmol) in THF (0.5 mL) was
added dibenzyl methylmalonate (2) (0.1 mmol) in anhydrous
THF (1.0 mL) gradually at 0 °C, and the resulting solution was
stirred at 0 °C for 0.5 h. In this instance no precipitate was
observed. Tothislanthanumester enolate solution was thenadded
(S)-BINOL (0.1 mmol) in THF (1.0 mL) at 0 °C, and the whole
solution was further stirred for 0.5 h at the same temperature.
This THF solution was directly used as an asymmetric base
catalyst. Thus, to a stirred solution of the above-prepared ester
enolate II'® were successively added dibenzyl methylmalonate
(2) (0.9 mmol) and cyclopentenone (1) (1.0 mmol) at -20 °C,
and the whole reaction mixture was stirred for 60 h at the same
temperature. This afforded the Michael adduct 3 of 90% ee in
75% yield. It was further observed that the asymmetric ester
enolate catalyst II, which was prepared through removal of THF
and i-PrOH, followed by a readdition of THF (1.0 mL), showed
better reactivity and gave 3 of 95% ee in 97% yield.1213 To our
knowledge this is the best example of a catalytic asymmetric
Michael reaction.® Using the procedure described above, various
substrates were further subjected to a catalytic asymmetric
Michael reaction. The results summarized in Table 1 showed
that various Michael adducts were obtained in good enantiomeric
excesses, ranging from 62% to 95% ee, and in excellent yields.!4

In conclusion, we have succeeded in developing effective
asymmetric base catalysts, in particular, asymmetricester enolate
catalysts for asymmetric Michael reactions. Very interestingly,
the use of the lithium-free ester enolate complex II gave very
unsatisfactory results in catalytic asymmetric nitroaldol reactions
(Table 2). In any case, two asymmetric lanthanum complexes
are now available, namely, BINOL~lanthanum-lithium complex
16, which is quite effective in catalytic asymmetric nitroaldol
reactions, and a new lithium-free BINOL~lanthanum ester enolate

(11) It was expected that the reactivity of the complex consisting of
lanthanum and the BINOL moiety in a ratio of 1:2 would be low; cf. ref 13.

(12) It seems likely that rémoval of THF and i{-PrOH gives the more
satisfactory oligomeric ester enolate due to the resulting higher chemical yield
and slightly improved ee.

(13) Increasing theratio of BINOL in the La—BINOL ester enolate complex
formation resulted in a decrease in the reactivity of the complex. It is
noteworthy that using less than 1 molar equiv of BINOL gave the Michael
adduct 3 in enantiomeric excesses better than those calculated by assuming
La(O-i-Pr); and the La—-BINOL ester enolate promoted the Michael reaction
independently.

100
[%] §

80

60

40 O . yleld

o oo

20

0 Y T T L 1
0.0 0.5 1.0 1.5 2.0
[BINOL /La]

(14) In the case of entry 7, La—(S)-BINOL enolate complex was prepared
by an addition of La(Q-i-Pr); to a mixture of the 8-keto ester derivative 14
and BINOL. This method proved to be much more effective for obtaining
15 in good optical purity. See supplementary material.
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Table 1. Catalytic Asymmetric Michael Reactions Promoted by
Lithium-Free La—(S)-BINOL Ester Enolate II (10 mol %)
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Table 2. Comparison of the Catalytic Behavior of La—-BINOL
Complexes

Catalyst Michael Nitroaldol
0y NO;
Alkali Metal Free (953 OH 17
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complex, II, that is very effective in catalytic asymmetric Michael
reactions. The two complexes complement each other in their
ability to catalyze asymmetric nitroaldol and asymmetric Michael
reactions. Elucidation of the structure of the complex II and
mechanistic studies are in progress.
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