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ABSTRACT

The asymmetric Michael reaction involving a chiral imine derived from 2-methyltetrahydrothiophenone-3-one and enantiopure (R)-1-
phenylethylamine with a variety of electrophilic alkenes furnished 2,2-disubstituted tetrahydrothiophenone-3-ones with good yields and excellent
stereoselectivity.

Since its discovery in 1985, the asymmetric Michael reaction
involving chiral imines/secondary enamines derived from
enantiopure 1-phenylethylamine has played a paramount role
in organic synthesis, particularly for the stereoselective
construction of quaternary carbon centers.1 Besides outstand-
ing regio- and stereochemical outcomes and a great tolerance
regarding the nature of both reagents1 and4, this reaction
offers the advantage of using a simple experimental protocol
associated with mild operating conditions and an inexpensive,
readily available chiral auxiliary (Scheme 1).

Landmark examples of this reaction utilizingR-hetero-
substituted imines, closely related to our synthetic objective
detailed below, are reported in Scheme 2.2,3,4

As part of our program aimed at developing synthetic
applications of the present methodology, we recently became
interested in the stereocontrolled elaboration of 2,2-disub-
stituted tetrahydrothiophen-3-ones, which have become valu-

able intermediates in the synthesis of 17-thiasteroids,5

thianucleosides,6 and thiotetronic acids.7 Preliminary results
from this endeavor are reported herein.
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Scheme 1. Asymmetric Michael Reaction Involving Chiral
Imines
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We began our work with the preparation of chiral imine
13, starting from commercially available 2-methyltetra-
hydrothiophen-3-one12and enantiopure (R)-1-phenylethyl-
amine2 (cyclohexane, 100 h at 20°C, in the presence of a
mixture of 5 Å molecular sieves, basic Al2O3, and SiO2

1q).
Addition of crude imine13 to methyl acrylate (neat, 70 h at
45 °C) furnished, after hydrolytic workup (20% aqueous
AcOH, 20 °C), adduct (S)-14 in 63% overall yield. The ee
in 14 (g95%) was determined by1H NMR spectroscopy,
with addition of Eu(hfc)3 as a shift reagent, at the level of

theO-methyloxime derivative15 (prepared as a single (E)-
isomer by condensing14with MeONH3

+Cl- in the presence
of AcONa). The configuration of14 was founded on the
heuristic stereochemical rule we have proposed in this series.1

Conversion of14 into enone (S)-16, a potential intermediate
in the synthesis of thiotetronic acids was achieved smoothly
by subjecting14 to N-chlorosuccinimide (CCl4, 15 min at
20 °C, 83% yield). Condensation of13 with methyl vinyl
ketone (Et2O, 24 h at 20°C, then 20% aqueous AcOH) led
to adduct (S)-17 in 25% yield, along with a substantial
amount of side products. This disappointing result can be
interpreted by invoking a competitive retro-Michael process
that possibly affects the regio- and stereochemical features
of the reaction,1l an assumption reinforced by the fact that
the condensation of imine6, the oxygen counterpart of13,
with methyl vinyl ketone led to a three-component mixture
consisting of regioisomeric “monoalkylated” and “di-
alkylated” adducts.2 Cyclization of17 (3% KOH in MeOH,
2 h, 60 °C) next furnished bicyclic enone (S)-18, though
contaminated by minor impurities. In view of the cumber-
some separation of17 from byproducts, an alternative
synthetic route to18, a potential CD synthon for the
construction of 17-thiasteroids, was developed, starting from
keto ester (S)-14. Saponification of latter compound (NaOH,
MeOH then 2 N HCl) gave the corresponding keto acid,
which was then converted into enol lactone (S)-19 (Ac2O,
AcONa, 2 h at 120°C). Treatment of19 with 2 equiv of
LiCH2PO(OMe)2 (1 h, -78 °C, followed by 1 h at-20 °C,
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Scheme 2. Michael Additions ofR-Heterosubstituted Imines Scheme 3. Condensation of Imine13 with Methyl Acrylate
and Methyl Vinyl Ketonea

a Reagents and conditions: (a)2, catalyst, 20°C. (b) H2Cd-
CHCO2Me, 45 °C, then 20% AcOH (63% for two steps). (c)
MeONH3Cl, AcONa (90%). (d) NCS, CCl4 (83%). (e) MVK, 20
°C, then 20% AcOH (25%). (f) 3% KOH, MeOH, 60°C. (g) (i) aq
NaOH; (ii) 2 N HCl (quantitative). (h) Ac2O, AcONa (70%). (i) 2
equiv of LiCH2PO(OMe)2, THF, -78 °C (57%).
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then NH4Cl quench) furnished enone (S)-18 (ee> 95%) with
an overall yield of ca. 40%.8 An attempt to improve this
yield, adding 1 equiv of acetic acid according to the
procedure described by Aristoff, was unsuccessful (Scheme
3).9

Coupling of imine 13 with acrylonitrile, phenyl vinyl
sulfone, and methyl 2-acetamidoacrylate was also investi-
gated. Employing the operating conditions developed for
conversion [13 f 14] afforded the corresponding adducts
in good yield and excellent stereoselectivity: (S)-20 (69%
yield, 90% ee), (S)-21 (65% yield,>95% ee), and (2R,2′S)-
22 (58% yield,>95% de,>95% ee). The enantioselectivity
in these adducts was established by1H NMR spectroscopy
with addition of Eu(hfc)3; Eu(fod)3 was used to determine
the de of22 (Scheme 4).

The stereochemistry in compound22 was determined by
means of a single-crystal X-ray diffraction analysis,10,11

including the absolute configuration, on the basis of the
anomalous diffusion of the sulfur atom (Figure 1).12

As delineated below, the present Michael reaction involves
a highly ordered transition state associated with a pericyclic
process that ensures a predictable stereochemical course and
a high level of stereoselectivity. It may be safely assumed
that the nucleophilic partner implicated in these additions is
the more substituted secondary enamine23, in tautomeric
equilibrium with starting imine13. The remarkable stereo-
chemical outcomes observed can be interpreted by invoking
a syn approach between23 and the electrophilic alkene
partner and the related six-membered “aza-ene-synthesis-
like” transition state24. According to such a model, the
alkylation takes place predominantly on the less hindered
(Si) π-face of enamine23 (anti to the bulky phenyl group
of the chiral amine moiety, portrayed in its energetically
preferred conformation minimizing the A1,3 allylic strain,
namely, the H atom eclipsing the five-membered ring).13 This
secures the (S)-configuration at the newly created quaternary
carbon center in adducts25, which upon subsequent hydro-
lytic cleavage furnished products14, 17, and 20-22.
Stereochemical control at the asterisked tertiary carbon center
in adduct25 (R ) NHAc, EWG ) CO2Me), progenitor of
product (2R,2′S)-22, originates from a concerted transfer of
the proton borne by the N-atom of secondary enamine23 to
theR-carbon atom of methyl 2-acetamidoacrylate, the ester
group of the latter facing the nitrogen atom of the enamine
partner (endo arrangement) (Scheme 5).

In summary, we have shown that the asymmetric Michael
addition of chiral imine13 to electrophilic alkenes provides
a facile synthetic route to enantiopure 2,2-disubstituted
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Scheme 4. Condensation of Imine13 with Various
Electrophilic Alkenesa

a Reagents and conditions: (a) H2CdCHCN, 45°C, then 20%
AcOH (69%); (b) H2CdCHSO2Ph, 45°C, then 20% AcOH (65%);
(c) H2CdC(NHAc)CO2Me, 45 °C, then 20% AcOH (58%).

Figure 1. X-ray crystal structure of adduct22 with labeled
heteroatoms. All but hydrogen atoms attached to the tertiary carbon
and nitrogen centers have been omitted for clarity.

Scheme 5. Stereochemical Course of the Asymmetric Michael
Reaction
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tetrahydrothiophen-3-ones. Such densely functionalized ad-
ducts could serve as chiral building blocks useful for access
to a large variety of target molecules possessing biological/
pharmacological activity. Further investigations in this area,
including the study of the reactivity of imine13 toward
â-substituted Michael acceptors,1n are in progress.

Supporting Information Available: Preparation proce-
dures and characterization data for14, 16, 18, and20-22.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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