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ABSTRACT: The first effective example of asymmetric
conjugate addition−protonation reactions of thiols to α-
substituted vinyl ketones by chiral primary amine catalysis is
reported. A simple chiral primary−tertiary diamine catalyst
derived from L-phenylalanine was found to promote the sulfa-
Michael addition−protonation reactions with good to excellent
enantioselectivity.

Asymmetric sulfa-Michael addition (SMA) of thiol
nucleophiles to electron-deficient alkenes is one of the

most versatile and reliable methods for the synthesis of chiral
sulfur-containing compounds that are of significant potential in
pharmaceuticals.1 Despite tremendous progress on catalytic
asymmetric sulfa-Michael addition reactions over the decades,2

enantioselective sulfa addition to α-substituted vinyl carbonyls
that feature stereogenic protonation steps remains a challenging
transformation.3 Since the seminal work by Pracejus et al. in
1977,4a much effort has been devoted to the enantioselective
protonation of enolates in sulfa-Michael addition.4,5 However,
notable advances have only been achieved lately by catalysis
with thioureas,4d squaramides,4e or strong basic guanidine4g

derivatives. In these cases, the substrates have been limited to
carboxylic acid derivatives such as acrylamide or acrylates
wherein the appropriate choice of prochiral templates has been
found to be critical to control the enolate configurations
(Scheme 1). Effective asymmetric catalysis with α-substituted
vinyl ketones has not been achieved so far. In two of the
previous studies, the use of acyclic α-substituted vinyl ketones
has been attempted but with unfortunately rather poor
enantioselectivity, pinpointing the difficulties with this type of
substrate.5b,c

Recently, we have developed chiral primary−tertiary
diamines as effective catalysts for the iminium activation of α-
substituted acroleins and vinyl ketones with good activity and
high enantioselectivity.6 These reactions feature enamine
protonation as the key stereogenic step. Meanwhile, our
detailed mechanistic studies have disclosed a Curtin−Hammett
control in the C−C bond formation step for the reactions of α-
substituted vinyl ketones, which infers that successful
extensions to other nucleophiles in the reactions with vinyl
ketones can be readily achieved.6e Recently, this idea has been
successfully verified by using azoles as nucleophiles.6f Herein,
we document the first highly enantioselective sulfa-Michael

addition−enamine protonation reactions with α-branched vinyl
ketones.
Our initial studies on sulfa-Michael addition−protonation

reactions were carried out with odorless thiol 4a using chiral
primary−tertiary diamines as the catalysts. Results from this
investigation led to the identification of 3g/TfOH as the
optimal catalyst. In the presence of 10 mol % 3g/TfOH, the
reaction gave the desired product 6a with 94% isolated yield
and in 85% ee (Table 1, entry 9). When we decreased the
concentration of the reaction mixture from 0.25 to 0.10 M, the
enantioselectivity can be slightly improved to 91% ee (Table 1,
entries 10 and 11). However, further optimization with
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Scheme 1. Organocatalytic Asymmetric Sulfa-Michael
Addition−Protonation Reaction
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variations on the proton additives or solvents did not result in
noticed improvements in the enantioselectivity (Table 1,
entries 12−14).
With the optimized conditions in hand, the scope of the

catalytic system was examined. An array of α-substituted vinyl
ketones were tested in this reaction, resulting in high yields of
products 6a−r with good to excellent enantioselectivity
(Scheme 2). Aromatic α-substituted vinyl ketones were
identified as one class of preferred substrates, and phenyl
groups bearing either electron-rich (6b, 6c) or electron-
deficient (6d−6f, 85−99% yields, 93−94% ee) substituents
are equally applicable. Additionally, it was found that increasing
the bulkiness of the α-substituent led to better enantioselec-
tivity (Scheme 2, 6g−6l). When the α-substituted group was
changed to a bulky cycohexyl moiety, the enantioselectivity can
reach up to 96% ee (Scheme 2, 6k). However, when changing
the α-substituted group to phenyl, the enantioselectivity
dropped to 70% ee (Scheme 2, 6m). Additionally, different
types of aliphatic enones, such as methyl, ethyl, benzyl, and n-
butyl vinyl enones, can also be well applied to this reaction
system with good enantioselectivity (Scheme 2, 6n−6r).
The scope of the reaction with respect to different types of

sulfur sources were also investigated (Scheme 3). As seen from
the results in Scheme 3, the use of other types of protecting
groups on 2-aminoethanethiol led to some loss of enantiose-
lectivity, but the reactions still proceeded smoothly to furnish
the desired products with good activity and enantioselectivity
(Scheme 3, 7a−7c). Meanwhile, thioglycolate and its analogues
were good alternative sulfur sources for this catalytic system,
affording the desired adducts with good yields and
enantioselectivity (Scheme 3, 7d−7f). Benzylthiol and
thiophenol can also be applied in the reactions; however, the

enantioselectivity with benzylthiol was poor due to significant
background reactions (Scheme 3, 7g and 7h).
To evaluate the practicality of this catalytic process, a gram

scale synthesis of 6a using 3g/TfOH as the catalyst was
performed, and the reaction furnished the desired product with
a 95% yield and 93% ee [eq 1 in Scheme 4]. Product 6a can be
conveniently hydrogenated to the chiral alcohol 8 without
erosion of the enantioselectivity [eq 2 in Scheme 4]. Cleavage
of the trifluoroacetyl group of 8 at this stage can be readily
achieved, maintaining the same enantioselectivity [eq 3 in
Scheme 4]. Meanwhile, the asymmetric sulfa-Michael addition
protonation products can be selectively oxidized to the

Table 1. Optimization of the Reaction Conditionsa

entry amine additive yield (%)b ee (%)c

1 1 none trace −
2 2 none trace −
3 3a none 78 −10
4 3b none 85 −37
5 3c none 87 34
6 3d none 90 38
7 3e none 89 58
8 3f none 87 54
9 3g none 94 85
10d 3g none 94 88
11e 3g none 98 91
12e 3g PhCOOH (0.1 equiv) 75 87
13e 3g BHT (0.1 equiv) 93 90
14e 3g iPrOH (0.1 equiv) 87 85

aGeneral conditions: 4a (0.15 mmol), 5a (0.30 mmol), amine/TfOH
(10 mol %) in CHCl3 (0.25 M) at 40 °C, 12 h. bIsolated yield.
cDetermined by HPLC analysis. dCHCl3 (0.15 M). eCHCl3 (0.10 M).

Scheme 2. Substrate Scope for α-Substituted Vinyl Ketonesa

aGeneral conditions: 4a (0.15 mmol), 5 (0.30 mmol), 3g/TfOH (10
mol %) in CHCl3 (0.10 M) at 40 °C, 12−50 h.
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corresponding sulfones under mild conditions [eq 4 in Scheme
4]. Finally, the absolute configuration of sulfone 10f was
determined by X-ray analysis. The configurations of the sulfa-
Michael addition products were tentatively assigned to be R
accordingly.7

In summary, we have developed highly efficient conjugate
addition−protonation reactions of thiols to α-substituted vinyl
ketones by chiral primary amine catalysis. This is the first highly
efficient method for the asymmetric sulfa-Michael addition
reaction using simple α-substituted vinyl ketones as the Michael
acceptors. Odorless thiols easily prepared from 2-amino-
ethanethiol can be well applied in this reaction system.

Furthermore, thioglycolate and its analogues which are
relatively cheap and less toxic are also good alternative sulfur
sources for this catalytic system. Additional investigations into
the mechanism of the asymmetric induction and the extension
of the methodology to other types of additions are ongoing.8
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