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ABSTRACT

Michael addition of enolates of 2a and 2b to r,â-unsaturated esters took place selectively on different faces (Si and Re, respectively) of the
double bond to give the corresponding products 4 and 5, respectively, with >98% de. Subsequent hydrolysis of these Micheal adducts gives
3,4-disubstituted γ-lactones with high enantiomeric excesses.

The Michael addition reaction is one of the most important
processes for C-C bond formation in organic synthesis.1 A
number of methods for asymmetric Michael addition were
developed in the 1980s.2 In previous reports, diastereo-
selective Michael addition reactions usingR-amino acid
derivatives as Michael donors have been examined as a

method for introducing anR-substituent.3 Stereoselective
synthesis of anR-substitutedR-hydroxy acid has been
explored.4 However, application of the Michael addition
reaction with respect to the newly formed bond on the
R-hydroxy acid derivative is quite rare5 and has not been
probed thoroughly. Recently, we have shown that chiral
dioxolanones2a and2b, derived from1, could be used for
the preparation of enantiopureR-substitutedR-hydroxy
acids.6 As a result, we decided to explore the diastereo-
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selective Michael addition of enolates derived from2a and
2b to R,â-unsaturated esters. The results are reported herein.
A concise and highly enantioselective synthesis of (+)-
crobarbatic acid employing this methodology is also de-
scribed.

At the outset, we investigated the diastereoselectivity of
the addition of enolate derived from2a to methyl crotonate
(eq 1). Treatment of2awith lithium diisopropylamide (LDA)

in tetrahydrofuran (THF) at-100 °C followed by addition
of methyl crotonate in 3 h at-78 °C gave compound3 in
92% yield as the sole product, as judged by 400 MHz1H
NMR measurement of the crude mixture (Table 1, entry 1).

The stereochemistry of Michael adduct3 was confirmed by
X-ray crystallographic analysis. The excellent facial selectiv-
ity of the enolate of2 is exemplified again.6 To expand the
scope of this diastereoselective Michael addition, we inves-
tigated the possibility of stereoselective variants at C1′ of
Michael adduct3. When the reaction was conducted in a
similar manner with the addition of additive prior to enolate
formation7 (Table 1, entries 2-6), Michael adduct3 was

obtained as the sole product in a slightly lower yield. Thus,
it is reasonable to assume that the Michael addition of the
enolate of2a to methyl crotonate did not proceed through a
chelated transition structure in all cases.9

On the basis of the above preliminary survey, several (E)-
monosubstitutedR,â-unsaturated esters were treated with the
lithium enolates derived from2a or 2b in THF at-100 °C
without additives (eq 2). After 3 h at -78 °C, the corre-

sponding products were obtained with very high diastereo-
selectivities and yields (Table 2). The stereochemistry of

Michael adducts was confirmed by X-ray crystallographic
analysis for 3 and 5g10 and nuclear Overhauser effect
experiments.11 Interestingly, the enolate of2a gave Michael
adduct4, whereas the enolate of2b gave Michael adduct5.
It is not clear if Michael addition of the enolates of2a and
2b to theR,â-unsaturated esters took place on different faces
(Si andRe, respectively) of the double bond. The reason is
currently under investigation.
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Table 1. Diastereoselective Michael Addition of2a with
Methyl Crotonate

entry additive T (h) yield (%) de (%)a

1 3 92 >98
2 HMPA (2 equiv) 3 86 >98
3 HMPA (6 equiv)b 3 84 >98
4 12-crown-4 ether (2 equiv) 2.5 88 >98
5 ZnCl2 (1.5 equiv) 2.5 89 >98
6 SnCl2 (1.5 equiv) 2.5 86 >98

a No second isomer has been detected by 400 MHz1H NMR spectroscopy
on the crude mixture.b See ref 8.

Table 2. Diastereoselective Michael Addition of2a and2b
with R,â-Unsaturated Esters

entry R1 R2 product yield (%) 4:5a

1 Me H a 88
2 Me Ph b 78 >99:1
3 Me Pr c 88 >99:1
4 Me iPr d 84 >99:1
5 H H e 76
6 H Me f 82 <1:99
7 H Ph g 77 <1:99

a No second isomer has been detected by 400 MHz1H NMR spectroscopy
on the crude mixture.
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To extend this methodology further, the synthesis oftrans-
crobarbatic acid812 is explored.trans-Crobarbatic acid8 is
the hydrolysis product of crobarbatine6 and represents the
cyclic form of necic acid7. Crobarbatic acid has been shown

to bear two trans methyl groups. However, its absolute
configuration is still unknown.13 Our synthesis commenced
with the removal of chiral auxiliary by heating3 with 2 N
sodium hydroxide in methanol (Scheme 1). The resulting

solution was acidified to give a mixture ofR-hydroxy glutaric
acid 9 and γ-lactone8, (+)-crobarbatic acid,14 and chiral
auxiliary was recovered in 94% yield. The mixture was
completely converted to (+)-8 in CH2Cl2 utilizing p-
toluenesulfonic acid as catalyst12a,15 in 86% yield from3.

The structure of (+)-8 was unambiguously determined by
X-ray crystallographic analysis.10 Similarly, trans-3,4-disub-
stitutedγ-lactones10a-c were synthesized in high yield and
enantiopurity (eq 3). To avoid epimerization of the tertiary

R-carbon, hydrolysis and lactonization of5f were achieved
by heating with anhydrous hydrochloride in methanol to give
lactone11 (eq 4).16

In conclusion, the lithium enolates ofR-hydroxy acid
derivatives2a and2b underwent diastereospecific Michael
addition. It also provided a concise synthetic route to (+)-
crobarbatic acid8 and enantiopuretrans-3,4-disubstituted
γ-lactones.
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