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Horner-Wadsworth-Emmons reagents are known to be quite
useful for the preparation ef,3-unsaturated carbonyl compounds
from aldehydes or ketones or bdthThese reagents, however,
react witho,,3-unsaturated carbonyl compounds to give either 1,2-
adducts (HornerWadsworth-Emmons product) or 1,4-adducts
(Michael product), depending on the structure of the starting
compoundg. For example, the reaction of cyclohexenohgvith
Horner-Wadsworth-Emmons reager? promoted by standard
bases (10 mol %) such as Na@u and BuLi gives the 1,2-
adduct3 in 8—9% vyield (Table 1, entries-13). In contrast, the
reaction of cyclopentenones)( with 2 under similar reaction
conditions gives the 1,4-addu¢tin 90—98% yield.

We have found that the reaction dbfwvith 2 in the presence of
a catalytic amount of certain heterobimetallic asymmetric com-
plexe$ gives 4 as a major product by way of the unusual
regioselective route (entries 5, ane9). Although the aluminum
lithium bis(binaphthoxide) complex itself (ALBdid not promote
the reaction ofl with 2 at 50 °C, the catalytic 1,4-addition
promoted by the combined use of ALB (10 mol %) and BulLi
(0.9 equiv to ALBF® gave 4 in 58% yield with 98% ee
(enantiomeric excess). More gratifyingly, the use of NaBu
instead of BuLi gavet exclusively in 64% yield with 99% ee,
and no formation o8 was detected (entry 8).Moreover,5 was
also converted t@, even at room temperature, in 95% yield and
in 95% ee (entry 10j. To the best of our knowledge, this is the
first example of a catalytic asymmetric 1,4-addition of a Horner
Wadsworth-Emmons reagent to enones.
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Table 1. Regio- and Enantioselective Reaction of
HornerWadsworti-Emmons Reagent with Enone

o
H OCHj
cat.
(0] / 1,2-add.
C (0] g: n=2
+ n n=1
P. (o]
1+ ereon ~Hoch,
1n=2 2 N cat H
5n=1 1,4-add. = CO-CH,
H P(OCHg),
O an-=2
7:n=1
ent cat? temp. time 1,2-add. 1,4-add. ee (%)
v (10 mol %) (°C)  (h) yield (%) yield (%) of 8 or 9
1+2 53+4
1 BuLi 50 120 8 0
2 NaO-t-Bu 50 120 9 0
3 KO-t-Bu 50 120 8 2
4b La-BINOL 50 140 4 14 27
5¢ LSB 50 140 11 19 6
67 ALB 50 140 no reaction
7¢ ALB+BuLi 50 140 3 58 98
8¢  ALB+NaO-t-Bu 50 140 0 64 99
9¢  ALB+KO-t-Bu 50 140 5 27 89
5+42 56+7
10° ALB+NaO-t-Bu rt 72 0 95 95
a: All chiral catalysts were prepared using (R)-BINOL.
b: Prepared from La(O-i-Pr); and BINOL (1 : 1); see ref 3d.
c: LSB: LaNagtris(binaphthoxide); see ref 3c.
d: Prepared from LiAlH4 and BINOL (1 : 2); see ref 3a.
e: Basic alkali metal reagents (0.9 mol equiv to ALB) were used;
see ref 3b.
f: Compound 8 and 9 were obtained as follows. See, ref 4.
/ \ o
o_0O
cory D X~ TsoH H CO,CHs
o7 "2)NaO-tBu, PhCHO g s
n=
3) acetone, TsOH H Ph 9n=1

These 1,4-adducts

would be key intermediates for the catalytic asymmetric synthesis a base such as MeLi, BuLi, and the Li enolate2dfL.0 equiv to

of various natural products such as strychirfifiebifolidine 50
tubifoline 3b¢and coronafacic acitf:¢ In fact, the 1,4-adduct was
successfully transformed into coronafacic dtid.

What is then the actual structure of the activated catalyst

ALB, respectively) in THF (0.01 mM of ALB) was found to give
a stable colorless crystal (43% based on ALB). Surprisingly, the
X-ray structural analysis revealed that this product was AlLi
tris(binaphthoxide)(thf) (10), which has a hexacoordinated

generated from ALB and standard bases? Treatment of ALB with aluminum as the center metal (Figure’®).The mechanism for
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the formation of10is proposed as shown in Schemé But is
SAlLi stris(binaphthoxide)(thf) (10) the actual structure of the
activated ALB-type catalyst? It soon became clear that treatment
of 1 with 2 in the presence df0 (10 mol %) in THF at 50C for
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(6) Catalytic asymmetric synthesis of coronafacic acid:

(S)-ALB (10 mol %)

o o NaO-t-Bu (9 mol %)
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Figure 1. X-ray structure of AlLgtris(binaphthoxide) comple%0.

Scheme 1. Proposed Mechanism for the Generation of
AlLi stris(binaphthoxide) Comple%0
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92 h afforded3 in 13% yield accompanied b4 (28%, 57% ee).
Moreover, the reaction & with 2 (1.0 equiv) in the presence of
10 (10 mol %) in THF at room temperature for 56 h gakén
78% yield and in only 12% ee, strongly indicating th#Xis not

the actual activated catalyst generated from ALB. It seems likely
that a cycloalkenone cannot coordinate to the hexacoordinate
aluminum in10 anymore, resulting in lower ee values and lower
regioselectivity. We next paid attention to the aluminum complex
Il probably generated from ALB and the basic compound.
Actually, we succeeded in preparitlg (Nu = CHy) from Al-
(CHg)s and BINOL (1 equiv) in THF, and the structure was
unequivocally determined by X-ray analysis, revealing the dimeric
structure11, which was a unique pentacoordinated aluminum
complex (Figure 2§° First, the reaction ofl with 2 in the
presence o011 (5 mol %) was found to not promote the reactions
at all. On the other hand, we were very pleased to find that
treatment ofL with 2 in the presence of a mixture @D (10 mol

%) and11 (5 mol %) in THF at 50°C for 92 h gavet in 96% ee
and 54% vyield. Likewise5 was also converted téin 92% ee

and in 83% yield. From these results, we can now conclude that
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Nu = enolate
Figure 3. Working model for the mode of enantioface selection.

generated fron2 and NaH (0.9 equiv to ALB) instead of standard
bases gives similar results.

Regardless of the structure of the activated ALB-type catalyst
(the self-assembled complex of ALB and a standard base or alkali
metal enolate)? the working model for the mode of enantioface
selection is shown in Figure 3. It is clear that the actual asym-
metric catalysts show stronger Brgnsted basicity than ALB itself.

gin addition, the nearly perfect enantioselection as well as the

perfect regioselection appears to indicate the efficient coordination
of 1 to the aluminum atom even in the case of the activated ALB-
type asymmetric catalyst&?!3 The change of coordination num-
ber for aluminum from 4 to 6, caused by the nucleophilic attack
on the aluminum center, would reasonably support the coordina-
tion of the enone to aluminum. This working model convincingly
explains very well the high regioselectivity and enantioselectivity
as well as the absolute configuration of the prodfict.

In conclusion, we have reported here a highly effective catalytic
asymmetric 1,4-addition of a HorneWadsworth-Emmons
reagent to an enone, in which both the regioselectivity and
enantioselectivity have been perfectly controlled for the first time
by utilizing a heteropolymetallic multifunctional asymmetric
complex. Further studies are currently under investigaion.
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the addition of an alkali metal enolate such as the Na enolate JA973064R

(7) Crystal data for the Allstris(binaphthoxide)(thf)complex10 (mp 104~
114 °C, dec.) collected at 291 K: &HgsAILi 30, = 1235.47,a = b =
14.5874(1) Ac = 19.6798(2) Ao = = 90°, y = 120°, U = 3626.2(6) A3
hexagonalP6; (Z = 2), Dy = 1.23 g/cm, R(F) = 0.074.

(8) The structure of0has a structure similar to the Lntvis(binaphthoxide)
complex (Ln= rare earth), expect for the distance of the central metal
oxygen bond and coordinating,@ (ref 3).

9) |'I'he reaction of ALB with the dilithium salt of BINOL gav&0 as a
crystal.

(10) Crystal data for the (CHbAIl x(binaphthoxide)thf), complex11 (mp
85—89 °C, dec., unstable) collected at 100 Ki33830Al05 = 542.65,a =
30.21(3) /i,b =11.064(8) Ac=8.519(7) A 8 = 101.30(5}, U = 2792(3)
A3 monoclinic,C2 (Z = 4), Dy = 1.29 g/cm, R(F) = 0.050. Although H.
Yamamoto et al. have reported the elegant use ofAT(R,3'-disubstituted-
binaphthoxide) complexes for the hetero-Diefdder reaction and Claisen
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