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A series of higher-order lanthanoid-lithium mixed-alkoxide
complexes have been prepared as a novel water-tolerant base
catalyst which effectively promotes the Robinson-type reaction in
the presence of water.

Lanthanoid salts of strong acids such as triflates and
perflates have recently been used as a useful water-tolerant Lewis
acid catalyst in organic synthesis.! On the other hand, lanthanoid
alkoxides,2 which in turn work as a base catalyst,3 are quite
sensitive to water. They are easily hydrolyzed with a small
amount of water and tend to produce polymeric hydroxide
complexes which are insoluble in most organic solvents thus
loosing their catalytic activity as a base. In order to circumvent
this situation, Okano et al. successfully used Molecular Sieves
4A in the lanthanum(III) tri-isopropoxide-catalyzed Robinson-
type annelation reaction.32 As an alternative way, we planned to
use a thermodynamically stable higher-order ate-type complex
which may potentially have a self-healing? nature in the presence
of water by virtue of the high coordination number of the
lanthanoid ions in combination with polydentate ligands.

Based on this idea, the following two types of lanthanum
alkoxide complexes (types A and B) were prepared from
La(OTf)3 by treating them with 3 eq or 6 eq of n-BuLi and
various mono- or polyols according to equations | and 2.
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Their relative catalytic activities were compared in the
Robinson-type reaction of chalcone with 2-butanone (Eq 3).
Some selected results are summarized in Table 1. As expected,
the higher-order ate-complexes (type B) catalyzed the reaction
more effectively than the type A complexes.5-0 The observed
low catalytic activity of the lanthanum tri-methoxyethoxyethoxide
compared to the corresponding tri-isopropoxide may be
imputable to the lower basicity of the former due to the smaller
pKa value of methoxyethoxyethanol (pKa=14) than that of 2-
propanol (pKa=18). It should also be noted that the type B
catalysts showed generally higher activity than the corresponding
dilithium alkoxides (see footnote b in Table I: runs 8, 10, 11,
and 12).

Among the alcohols tested, polyethylene glycol (PEG) with
an average molecular weight of ca. 200, the major part of which
must be tetraethylene glycol, was found to the best. Therefore,
the effect of the central metal ions of a series of Ln-PEG-Li
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Table 1. Effect of alcoholic ligands used for the preparation
of the catalysts (A or B) on the yield of the product (Eq.3)2

Ph Ph
N Y

0 o)

Run ROH (eq) Catalyst/type  Yield/%"
1 — La(O-i-Pr)y 71

M
2 Hﬁ)_? o— 3) A 33

] !
3 H?_? ?_?— (3) A 16°
44 @OH (3) A 48°
5 ﬂOH 3) A 59°
Me
6 CCOH 3) A 52f
NH»

HO OHOH
7 3 B 67
HOHOOH
M
8 H?j OH (3) B 78 (69)

M
9 HO Q0 Q OH (3) B 73

[
10 H H 3) B 87 (60)
n
M. W. ca. 200
11 M. W. ca. 300 3) B 87(51)
12 M. W. ca. 400 3 B 73 (62)

aCatalysts were prepared according to Eq. 1 or 2. blsolated yield of the
product. In parentheses are shown the yields obtained by using the
corresponding dilithium alkoxides. ©Purchased from Kojundo Chemical
Co., Ltd., Japan. 920 mol% of the catalyst was used. ®Reaction time: 24
h. fReaction time: 72 h.

(Ln=Sc, Y, and La—Lu) complexes (1) on the product yield
were then investigated. As shown in Table 2, almost all
complexes were found to be as effective as the lanthanum
catalyst.

Taking the best catalyst (Tb-PEG-Li), we then examined
the influence of water on the activity of the catalyst. The results
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LntO[{ O O |O—Li = Ln-PEG-Li
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Table 2. Effect of Ln of the catalyst (Ln-PEG-Li) on the yield
of the product (Eq. 3)

Ln Yield/%* ; Ln Yield/%*
Sc 87 i Gd 87
Y 77 i Tb 94
La 87 ‘; Dy 75
Ce 73 . Ho 89
Pr 83 , Er 79
Nd 85 E Tm 78
Sm 90 5 Yb 86
Eu 85 : Lu 91
solated yield.

Table 3. The catalytic Robinson-type annelation in the
presence of water?

Substrates (mmol) Catalystb Product Yield/%®
Tb-PEG-Li 68 (80)4
Ph._~_Ph
"N LipEGLE 12
0 0 La(O-i-Pr); nr
02) 20 pLi©o-ipy P Ph 16
Ph\/\n/Ph )\“/ Tb-PEG-Li 62
0 0 La(O-i-Pr); trace
(0.2) (4.0) TP Ph

Pr\/\n/Ph \ﬂ/

Tb-PEG-Li 70
©2  1ompy O p pn 10

O o)

P'\/\é( P“\g/ Tb-PEG-Li 46°
P

©2) 4.0) La(O-i-Pr); py  OF
d /(P Tb-PEG-Li J/ij:) 33f2
© 0  LaO-i-Pr; o 1t
0.2) 4.0)

a300-600 mol% of H»O was added. Unless otherwise noted, the reactions
were performed at 50 °C for 48 h. ®10 mol%. CIsolated yield. nr = no
reaction. 9Reaction time: 138 h. CReaction time: 96 h. fGC yield.
8Uncyclized product (16%) was also produced. "Uncyclized product (6%).
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shown in Table 3 clearly indicate the superiority of the Tb-PEG-
Li complex over the others.” Although the precise structure of
the complex is not known at present, it must have some self-
healing character in order to maintain its catalytic activity.

In summary, we prepared a novel ate-type lanthanoid
alkoxide complex which can work as an effective base catalyst in
the presence of water. Further efforts toward the development of
lanthanoid-involved solid base catalysts are being made along this
line.
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