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ABSTRACT

Catalytic asymmetric conjugate addition of nitroalkanes to R,β-unsaturated thioamides is promoted by a mesitylcopper/(R)-DTBM-Segphos
precatalyst, affording γ-nitrothioamides inmoderate to high syn-selectivity and excellent enantioselectivity. The intermediate Cu-thioamide enolate
functions as a soft Lewis acid/hard Brønsted base cooperative catalyst to drive the catalytic cycle efficiently under proton transfer conditions.

Catalytic enantioselective conjugate addition of carbon
nucleophiles offers a robust methodology for the produc-
tion of optically active building blocks via C�C bond
formation.1 Nitroalkanes are widely used pronucleo-
philes in organic synthesis due to the facile formation
of active nitronates and the masked amine nature of nitro
functionality.2 Although nitroalkanes 1 have been suc-
cessfully applied in catalytic asymmetric 1,2-addition

reactions,3 their use in catalytic asymmetric conjugate
addition is relatively less explored.4 Bothmetallic catalysts
and organocatalysts allow for enantioselective conjugate
addition of nitroalkanes 1 to R,β-unsaturated ketones,5
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aldehydes,6 and nitroalkenes.7 The analogous catalytic
asymmetric addition to R,β-unsaturated carboxylic acid
derivatives, however, is limited due to their low electro-
philicity, and to date, only one successful example using
R,β-unsaturated acylpyrazoles and nitromethane (1a) un-
der Ni complex/2,2,6,6-tetramethylpiperidine catalyst has
been reported.8 Our recent research focused on the use of
R,β-unsaturated thioamide 2 as a viable electrophile in the
carboxylic acid oxidation state that is chemoselectively
activated by a soft Lewis acid catalyst to overcome the
intrinsic low reactivity.9 In this context, we envisioned to
develop a catalytic asymmetric conjugate addition of
nitroalkanes 1 toR,β-unsaturated thioamides 2, promoted
by a soft Lewis acid/hard Brønsted base cooperative
catalyst.10 Divergent transformation of the thioamide
functionality of the product 3 highlights the synthetic
utility of the present protocol.
The soft Lewis acid/hard Brønsted base cooperative cata-

lyst offers a particularly effective strategy for stereoselective

C�C bond formation of soft Lewis basic substrates
under proton transfer conditions.11 A major drawback
to this strategy, however, is the tedious catalyst preparation.
A prototype catalyst required separate preparation of chiral
bisphosphine ligand/[Cu(CH3CN)4]PF6 (soft Lewis acid)
andLiOAr (hardBrønstedbase) just before use.Mechanistic
studies revealed that {phosphine/Cu-OAr and LiPF6}, gen-
erated in equilibrium with {phosphine/CuPF6 and LiOAr},
also acts as a soft Lewis acid and a hard Brønsted base
cooperative catalyst.12Onthebasis thataphosphine/Cu-base
fragment can deprotonate the pronucleophile, which is an
initial step to trigger proton transfer C�C bond formation,
we focused on the use of the reaction intermediate as a
catalyst to simplify the catalytic system (Scheme 1). In the
reaction using nitroalkane 1 and thioamide 2, the intermedi-
ate is a chiral phosphine/Cu-thioamide enolate 4, in which
the Cu and thioamide enolate would function as a soft Lewis
acid and a hard Brønsted base, respectively. Nitroalkane 1
and the precatalyst comprising a chiral phosphine ligand/
mesitylcopper13 generated Cu-nitronate via irreversible de-
protonation with concomitant generation of mesitylene, and
the subsequent coordination of thioamide 2 delivered com-
plex5.This is anentrypoint to the followingcatalytic cycle, in
which enantioselective C�C bond formation through 5

generates the intermediate 4 that promotes proton exchange
with nitroalkane 1 to regenerate 5. By this catalytic cycle, the
entry to 4

initiates an efficient proton transfer C�C bond-forming
catalysis, and this methodology would be applicable to
other carbon pronucleophiles bearing an acidic proton. An
(R)-DTBM-Segphos/mesitylcopper precatalyst quickly
emerged as a suitable precatalyst for the reaction of nitro-
methane (1a) andN,N-dimethylthiocinnamide (2a), afford-
ing γ-nitrothioamide 3aa in 93% yield and 99%ee after 1 h
of stirring at room temperature in toluene (eq 1). Initially,
mesitylcopper deprotonated 1a with a concomitant

Scheme 1. Catalyst Design and Application to the Reaction of
Nitroalkanes and R,β-Unsaturated Thioamides
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liberation of mesitylene, and subsequent enantioselective
addition to 2a activated by the (R)-DTBM-Segphos/Cu
complex through a soft�soft interaction gave 4, which
drove the following catalytic cycle. Both mesitylcopper
and (R)-DTBM-Segphos are commercially available.14

The scope of the catalytic asymmetric addition of nitro-
methane (1a) to R,β-unsaturated thioamides 2 is summar-
ized in Table 1. A n-hexane/toluene binary solvent system
proved best to produce maximum catalyst efficiency, com-
pleting the reaction in 1 h with 5mol% of catalyst loading,
and affording 3aa in 95% yield and 99% ee (entry 1). The
electronic nature of the β-substituent of thioamides had
only a marginal impact on reactivity, and excellent enan-
tioselectivity was observed (entries 2�4). Thioamide bear-
ing a β-methyl substituent was also applicable, exhibiting
high enantioselectivity (entry 5). The catalytic efficiency
was not relevant to the substituent on the nitrogen, and N,
N-dibenzylthioamide 2f servedas a suitable substrate to give
the corresponding product 3af with high enantioselectivity
(entry 6), and the thioamide functionality canbe regardedas
a masked primary amine and is of synthetic value.
Our next focus was diastereoselectivity (Table 2), which

remained a formidable challenge in this important trans-
formation.15 In the reaction using nitroethane (1b) and
thioamide 2a, the use of n-hexane as a solvent enhanced
the catalytic efficiency, and high yield and enantioselec-
tivity were observed, albeit with moderate syn-selectiv-
ity. An inverted configuration at the R-carbon of the
nitro group in the minor anti-isomer, as well as the
transition state model depicted in Figure 1, suggested that
the steric bulk of nitroalkane is a dominant factor for
diastereoselectivity in this catalytic system.Consistentwith

this assumption, bulkier nitroalkanes 1c and 1d exhibited
higher diastereoselectivity (entries 2 and 3). The reaction
with 4-nitro-1-butene (1d) and various R,β-unsaturated
thioamides 2 provided a series of products bearing a
pendant allyl group (entries 4�15). The amount of 1d

Table 2. Catalytic Asymmetric Conjugate Addition of Ni-
troalkane 1 to R,β-Unsaturated Thioamides 2a

nitroalkane

1 thioamide 2

entry R3 R1 R2 product

time

(h)

yieldb

(%)

syn/

antic
ee (%)

(syn)

1 Me 1b Me Ph 2a 3ba 1 95 81/19 99

2 Et 1c Me Ph 2a 3ca 1 96 93/7 99

3 allyl 1d Me Ph 2a 3da 2 95 89/11 99

4 allyl 1d Me 4-MeC6H4 2b 3db 2 94 88/12 99

5 allyl 1d Me 4-ClC6H4 2c 3dc 2 90 88/12 99

6d allyl 1d Me 4-ClC6H4 2c 3dc 6 81 84/16 99

7e allyl 1d Me 4-ClC6H4 2c 3dc 20 45 86/14 99

8 allyl 1d Me 4-

MeOC6H4

2d 3dd 6 63 84/16 99

9 allyl 1d Me 2-furyl 2g 3dg 2 91 75/25 99

10 allyl 1d Me 2-thienyl 2h 3dh 2 72 72/28 99

11 allyl 1d Me (E)-CHd

CHCH3

2i 3di 2 89 80/20 99

12 allyl 1d Me Me 2e 3de 1 91 81/19 99

13 allyl 1d Bn Ph 2f 3df 1 90 79/21 99

14 allyl 1d Bn 4-ClC6H4 2j 3dj 1 86 80/20 99

15 allyl 1d Bn Me 2k 3dk 1 90 77/23 98

a 1: 2.0mmol, 2: 0.4mmol. b Isolated yield. cDetermined by 1HNMR
of the crudemixture. d 2.0 equiv of 1dwas used. e 2mol%of catalyst was
used.

Figure 1. Proposed transition state model for diastereo- and
enantioselectivity.

Table 1. Catalytic Asymmetric Conjugate Addition of Nitro-
methane (1a) to R,β-Unsaturated Thioamides 2a

thioamide 2

entry R1 R2 product yieldb (%) ee (%)

1 Me Ph 2a 3aa 95 99

2 Me 4-MeC6H4 2b 3ab 93 99

3 Me 4-ClC6H4 2c 3ac 92 99

4 Me 4-MeOC6H4 2d 3ad 82 99

5 Me Me 2e 3ae 75 98

6 Bn Ph 2f 3af 97 99

a 1a: 2.0 mmol, 2: 0.4 mmol. b Isolated yield.

(15) Examples with low diastereoselectivity (dre3/1), see: refs 5d, 5e,
5h, 5i, 5k, 6a�6c, and 6f. Examples exhibiting moderate to high
diastereoselectivity using silyl nitronate (ref 6h), nitroethanol (ref 6e),
and homochiral nitroalkane (ref 6g) are reported; however, there is no
example of general diastereo- and enantioselective addition of nitroalk-
anes to R,β-unsaturated carbonyl compounds.
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could be reduced to 2.0 equiv with an extended reaction
time (entry 6), whereas the reaction with 2 mol % of
catalyst loading resulted in a significantly decreased reac-
tion efficiency (entry 7). Thioamides bearing a heteroaro-
matic ring produced lower diastereoselectivity, albeit with
excellent enantioselectivity (entries 9 and 10). Exclusive
1,4-addition was observed with the diene-conjugated
thioamide 2i (entry 11). The reaction with β-methyl-sub-
stitutedR,β-unsaturated thioamide proceeded smoothly to
afford a yield and stereoselectivity comparable to those
obtained with β-aryl substrates (entry 12). The substituent
on the thioamide nitrogen was not relevant to either the
reactivity or stereoselectivity, andN,N-dibenzylthioamides
also served as suitable substrates (entries 13�15).
The chemoselective nature of the present catalysis was

evidenced by the following competition experiments
(Scheme 2). In the reaction of nitroethane (1b) with thioa-
mide 2a in the presence ofR,β-unsaturated amide 6, ester 7,
and even R,β-unsaturated ketone 8, which exhibits intrinsi-
cally higher electrophilicity than the corresponding thioa-
mide 2a, only 3ba was produced and 6�8 were recovered
unchanged. The high fidelity in chemoselectivity was ex-
ploited for the sequential conjugate additionusing 2l, where
the enantioselective conjugate addition of 1a, followed by
the intramolecular conjugate addition of Cu-thioamide
enolate 4 to unsaturated ester, furnished indane derivative
3al having three consecutive stereogenic centers as a single
diastereomer in 75% yield and 99% ee (eq 2).

The divergent transformation of the thioamide func-
tionality is useful for further synthetic manipulations

(Scheme 3). The product 3df was transformed into the
corresponding amide 9 by treatment with TFAA.16

S-Methylation with MeOTf followed by hydride reduc-
tion in acidic medium allowed desulfurization to give
dibenzyl-protected amine 10.17 Thioamide moiety of the
product 3ac was converted to thioester 11 by MeI with
TFA in wet THF.18 The subsequent hydrolysis delivered
the corresponding carboxylic acid, which can be trans-
formed to (R)-baclofen in a single step, a therapeutically
useful GABAB receptor agonist.19,20

In summary, we developed a catalytic asymmetric con-
jugate addition of nitroalkanes to R,β-unsaturated thioa-
mides promoted by mesitylcopper/(R)-DTBM-Segphos
precatalyst. The intermediate Cu-thioamide enolate func-
tioned as a soft Lewis acid/hard Brønsted base cooperative
catalyst to drive the catalytic cycle via efficient proton
transfer between substrates. Divergent transformation of
the thioamide functionality is advantageous for further
manipulations. Studies of the application of the present
mesitylcopper/chiral phosphine catalysis to other pronu-
cleophiles are currently underway.
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Scheme 2. Competitive Reaction: Highly Chemoselective Con-
jugate Addition to R,β-Unsaturated Thioamide 2a

Scheme 3. Transformation of the Products
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