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We previcusly reported that the Michael addition of diethyl malonate to
(+)-(R)-trans-R-styryl p-tolyl sulfoxide [(+)-I] in a usual condition (EtONa/
EtOH) resulted i1n the dominant formation of IIIa with respect to 1ts diastereo-

mer IIIb.1 By the reductive desulfurization of pure IIIa, (-)~(R)-diethyl
{1-phenylethyl)malonate [(-)-IV] was obtained in over 95% optical purity. We
have further investigated on the stereochemical course of the Michael addition
under various reaction conditions and found that the product ratio (IIIa : IIIb)
varies remarkably, depending upon the solvent used and the nature of the counter
cation (M+ in Scheme 1). In this letter, we would like to communicate our new
finding that either diastereomer IIIa or IITIb can be obtained preferentially
under the specified condition and the realization of the asymmetric synthesis of
both enantiomers (-)- and (+)-IV, starting from a single chiral compound (+)-I.
The stereochemical course of the reaction was studied by measuring the
ratio of the products IIIa and IIIb. The results were summarized 1n the Table.
In ethanol (M+ = K+, Na+), the ratio of IIIa : IITb was 8 : 2 (runs 1 and 2).
On the other hand, in THF, the ratio decreases with the decrease of the 1oniac
radius of the counter cataion (K+> Na+> L1+, runs 3, 4, and 5) and THF-L1+ system
afforded 1I1b predominantly, IIIa : IIIb being ca. 2 8 (runs 5 and 6).
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Table. The ratio (IIIa : IIIb)a) in the addition of M EH(COOEt)2 to I.b'c)
run solvent M* time (hr) % of 1119 IITa - IIIb
1 EtOH Na® 13 87 81 : 19
2 Kt 13 88 79 ¢ 21
3 THF k' 115 76 55 : 45
4 Nat 115 65 36 : 64
5 at 115 60 22 : 78
6 THF - n-hexane (3:2) L1t 156 63 21 79

a) The ratio was determined by the relative intensities of NMR signals for methyl protons 1in
the p-tolyl group. The use of a shift reagent, Eu(fod)3, was effective in differentiating
these signals

b) The lithiation was performed by the action of n-butyllithium The potassium and sodaum
salts were obtained by the use of the corresponding metal hydrides except for run 1 (EtONa)

¢) All reactions were carried cut under an argon atmosphere at reflux temperature

d) Yields based on the unrecovered I

The i1somer IIIb was 1solated and subjected to the reductive desulfurization to
give (+)-({S)-diethyl (l-phenylethyl)malonate [(+)}-IV] in the following manner.
A solution of diethyl lithiomalonate was prepared by adding a soclution of 3.9
mmol of n~butyllithium (1.3 M n-hexane seolution) to a solution of 6.0 mmol of
diethyl malonate in THF (4.5 ml) at -60°, To this, was added 2.0 mmol of (+)-1,
[a]é2 +159.5° (c 0 874, CHC13); optical purity of 97%, and the mixture was
refluxed for 6.5 days under an argon atmosphere. A usual work-up gave a mixture
of diastereomers IITa and IIIb (2 : 8) 1n 63% vield. Then, IIIb was 1solated by
column chromatography {on silica gel, eluted with CH2C12) and purified by
recrystallization from n-hexane-CCl, ITTb: mp 85-87°, [a]é2 +54 0° (c 1.305,
cicry) s sP13 0.99 (e, 3m), 122 (¢, 3W), 2.42 (s, 3W), 3.2-3.9 (m, 4H), 3.95
(g, 2H), 4.29 (g, 2H), 7.1-7.6 (m, 9H). The reductive desulfuriration of IIIb
with Raney N1 1n ethanol gave (+)-IV 1in 92% yield. (+)-IV: an o1l, [a]§3 +21.7°
(c 0.845, crcl,). %3

We already obtained (-)-IV from (+)-I via IIIa Thus, asymmetric synthesis
of both enantiomers (-)- and (+)-IV from single chiral (+)-I was realized. To
our best knowledges, this 1s the first instance for the preferential creation of
eirther of (R)- and (S)-asymmetric centers using the same reagents and a single
chirality, but with the change of the reaction conditions 4

The selective formation of IIIb in THF-L1' system can be explained by the
following proposal Since this Michael addition is kinetically controlled and

1,5

the rate determining step 1s the formation of the anion IIa or Ilb, 1t 1s

reasonable to assume that the transition state 1s close proximity to the anion
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IIa or IIb, the stability of which determines the stereochemical course of the
reaction. The conformational stability of the carbanion adjacent to the chiral
sulfinyl group has been extensively studied and recent publications revealed
that, 1n polar protic sclvents, the maximum stability is attained when the
electron lobe of the carbanion is trans to the sulfinyl oxygenﬁ while, 1n THF—L1+
system, the conformer in which the electron lobe 15 gauche to the sulfinyl oxygen
is preferred.7 If one assumes that the W-shape conformation as shown 1n Scheme 1
1s the most stable for IIa or IIb, the electron lobe i1in IIa 1s trans and the lobe
in IIb 1s gauche to the sulfinyl oxygen Then, 1n polar protic sclvents, Ila 1s
the preferred conformation, whereas IIb 1s preferred in THF—Ll+ system. This
accounts well for the reason why IIla 1s predominantly formed in ethanol, and
the formation of IIIb 1s predominant in THF-L1t system.

We have further investigated the Michael addition of dimethyl malonate to
l-bromovinyl p-tolyl sulfoxide [{+)-V], which afforded, with the concomitant
dehydrobromination, dimethyl 2-(p-tolylsulfinyl)cyclopropane-1l,l-dicarboxylate
(VIIIa or VIIIb) as shown in Scheme 2. When the reaction was carried ocut in
methanol in the presence of sodium methoxide (1 equiv.), a diastereomeric mixture
of VIITa and VIIIb (84 : 16) was obtained in 75% yield. VIIIa: mp 107-109°;
&PCl3. 1,61 (a4 of 4, 1H, J=6 and 9 Hz), 2.32 (4 of d, 1H, J=6 and 7 Hz), 2.41
(s, 3H), 2.92 (d of 4, 1H, J=7 and 9 Hz), 3.74 (s, 3H), 3.84 (s, 3H), 7.2-7.6
(g, 4H).8 When the reaction was carried out in THF 1n the presence of sodium
hydride, 1t resulted in the exclusive formation of VIIIb (89%): mp 69-71°
6CDC13: 1.63 (@ of 4, 1H, J=6 and 9.5 Hz), 1.92 (4 of 4, 1H, J=6 and 7 H2Z), 2.41
(s, 3H), 3.19 (@ of 4, 1H, J=7 and 9.5 Hz), 3.75 (s, 3H), 3.89 (s, 3H), 7.3-7.7
(g, 4H).8 The absolute configurations of VIIIa and VIIIb were uneguivocally
established by X-ray diffraction analyses:9 (Rc, SS), (Sc, Rs) 1s for VIIIa and
(Rc, RS), (Sc, Ss) for VIIIb, and Scheme 2 shows (S_, RS)—VIIIa and (RC, RS)—
VIIIb.

Thus, by the use of the appropriate solvent, either VIIIa or VIIIb can be
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synthesized selectively. This 1s another example for the preferential induction
of either (R)- or (8)~asymmetric center from the same reagents with different
reaction conditions.

It should be noted that the present examples for the alteration of the
stereochemical course by changing the solvent and/or the counter cation can
hardly be explained by the simple "repulsive steric effect" and we assume that
the most important in the stereochemistry for this type of the reaction 1s the
stability and the reactivity of the carbanion adjacent to the chiral sulfinyl
group.
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