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ABSTRACT: A simultaneous asymmetric Mannich reaction and
the construction of axially chiral sulfone-containing styrenes in one
pot from α-amido sulfones based on the waste−reuse strategy was
demonstrated. A series of chiral β-amino diesters and axially chiral
sulfone-containing styrenes with various functional groups were
synthesized in good to excellent yields and enantioselectivities
under mild conditions. In addition, this protocol has been
successfully applied to synthesize the anti-HIV drug Maraviroc
and chiral trichloro derivatives.

The development of efficient synthetic methods is one of
the central themes in chemistry. With the development of

synthetic chemistry, especially the demand for green
chemistry,1 the atom economy2 of a reaction becomes an
extremely important subject. Therefore, the design and
application of atom-economical and selective organic trans-
formations are important and challenging.
α-Amido sulfones3 as stable precursors of reactive N-

protected imine derivatives are widely used in Mannich
reactions4 for the synthesis of chiral nitrogen derivatives,
which can be readily transformed into valuable optically active
compounds, such as β-amino acids and β-lactams. In particular,
the instability of some primary aliphatic imines owing to rapid
imine−enamine tautomerization requires the in situ generation
of carbamate-protected alkyl imines from α-amido sulfones.
Undoubtedly, a number of useful catalytic asymmetric variants
with α-amido sulfones as substrates are available.5 However,
the limited application of existing catalytic methods is mainly
caused by the low atomic utilization of α-amido sulfones since
the sulfone groups are discarded in the form of metal sulfone
salts after the reaction. Generally, the atom efficiency of α-
amido sulfones in Mannich reaction is 50−60%. The sulfone
functionality itself is gaining increasing concern in synthetic
chemistry, especially in the synthesis of peptide-based
inhibitors.6 Therefore, it is necessary to develop a practical
method for the full utilization of α-amido sulfones. To our
knowledge, catalytic enantioselective reactions for the full
utilization of α-amido sulfones have not been reported to date
(Scheme 1).
During the last decades, the waste−reuse strategy7 has

emerged as a promising method for improving the synthesis
efficiency. Inspired by the works from O’Brien,7a Zhou,7b

Mandal,7c et al., we presumed that the use of a “waste−reuse
strategy” would address the above-mentioned problems of α-

amido sulfones. Before this conceptually simple idea is
addressed, the following three problems should be solved:
improving the reactivity of sulfinate salts in organic solvent, the
discovery of an asymmetric catalytic reaction involving
sulfinate salts, and a suitable catalytic system for both the
above reaction and Mannich reaction. Based on the
accomplishments of enantioselective Mannich reaction and
our recent achievements on vinylidene ortho-quinone methide
(VQM),8 we envisioned that if we could develop a catalytic
system for both enantioselective Mannich reaction and
nucleophilic addition of sulfinate salts to vinylidene ortho-
quinone methide then we would achieve the full utilization of
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Scheme 1. Asymmetric One-Pot Tandem Reactions of
Vinylidene ortho-Quinone Methide (VQM) and α-Amido
Sulfones
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α-amido sulfones in one-pot tandem reactions.9 Herein, we
reported our preliminary results on the strategy, which
provided facile access to axially chiral styrenes10 and valuable
chiral β-amino acid derivatives with excellent enantioselectiv-
ities and yields.
We initially investigated the envisioned tandem reaction as

follows (Table 1). The initial Mannich reaction of 1a and
CH2(COOBn)2 catalyzed by 10 mol % catalyst quinine-
derived thiourea catalyst A11 proceeded in CH2Cl2 at 0 °C.
After the consumption of 1a, as shown by TLC analysis, a
combination of 2a, H3BO3, and L-proline was added, and the
reaction was stirred for 48 h at 25 °C. According to the above
one-pot sequential protocol, various reaction conditions were
screened. First, several inorganic bases were investigated.
Among the tested inorganic bases, Na2CO3 gave the best result
in terms of yields and enantioselectivities of both 3a and 4h.
We then screened several bifunctional catalysts with different
backbones. Compared with quinine-derived thiourea catalyst
A, cinchonine-derived thiourea B afforded a comparable result
in terms of yields and enantioselectivities and the opposite
absolute configuration. In the presence of quinine-derived
squareamide catalyst C and cinchonine D, the desired products
were obtained in low yields and enantioselectivities. These
results emphasize the importance of the functionality of
thiourea catalysts. When the Takemoto catalyst E was
employed, the desired products were generated smoothly
with excellent enantioselectivities. However, phase transfer
catalyst F was proven to be completely ineffective in this one-

pot strategy. Finally, solvents were screened. The excellent
yield and enantioselectivity were achieved when the solvent in
the second step was changed to CHCl3.
After establishing the methodology, the asymmetric

Mannich reaction and the construction of axially chiral
sulfone-containing styrenes in one pot from α-amido sulfones
have been subsequently studied (Scheme 2). A variety of α-
amido sulfones were applicable to this reaction based on 1-
(phenylethynyl)naphthalen-2-ol 2a. The aromatic, heteroar-
omatic, secondary alkyl, and primary alkyl α-amido sulfones
were tested according to this protocol under the optimum
reaction conditions in the presence of 10 mol % of the thiourea
catalyst A. Excellent enantioselectivities (86−96% ee) and
yields (31−98%) of desired β-amino diesters were obtained
(Scheme 2). For the aromatic α-amido sulfones, the electronic
properties of the substituents at the aromatic ring did not show
the significant impact on the reactivity or selectivity (85−98%
yields and 87−95% ee, Scheme 2, 3a−3k). The opposite
isomer of 3g could be obtained with catalyst B. It is commonly
difficult for the alkyl substrates to provide the high
enantioselectivity in asymmetric catalysis. Gratifyingly, in our
cases, all the alkyl α-amido sulfones including primary alkyl
and secondary alkyl could successfully deliver the correspond-
ing β-amino diesters with excellent enantioselectivies (86−96%
ee) and good yields (Scheme 2, 3l−3t). It is noteworthy that
the corresponding 4h has been furnished with moderate yields
and enantioselectivities (87−99% ee) in all the above cases.
Moreover, the scopes of the α-amido sulfones bearing various

Table 1. Optimization of Reaction Conditionsa

solvent 3a 4h

entry catalyst step 1 step 2 base yield (%)b ee (%)c yield (%)b ee (%)c

1 A CH2Cl2 CH2Cl2 Na2CO3 (0.1 M) 95 95 75 99
2 A CH2Cl2 CH2Cl2 K2CO3 (0.1 M) 85 42 65 85
3 A CH2Cl2 CH2Cl2 Cs2CO3 (0.1 M) 90 76 90 45
4 A CH2Cl2 CH2Cl2 KF (0.1 M) 60 49 85 99
5 B CH2Cl2 CH2Cl2 Na2CO3 (0.1 M) 90 −95 70 −99
6 C CH2Cl2 CH2Cl2 Na2CO3 (0.1 M) 60 85 75 74
7 D CH2Cl2 CH2Cl2 Na2CO3 (0.1 M) 90 80 65 70
8 E CH2Cl2 CH2Cl2 Na2CO3 (0.1 M) 90 93 70 98
9 F CH2Cl2 CH2Cl2 Na2CO3 (0.1 M) 85 −17 <5 -
10 A CH2Cl2 CHCl3 Na2CO3 (0.1 M) 95 95 90 99
11 A CH2Cl2 acetone Na2CO3 (0.1 M) 95 93 50 92
12 A CH2Cl2 THF Na2CO3 (0.1 M) 90 90 55 98
13 A CH2Cl2 EtOAc Na2CO3 (0.1 M) 90 92 65 98
14 A CH2Cl2 1,4-dioxane Na2CO3 (0.1 M) 90 93 60 95

aReaction conditions: 1a (0.2 mmol, 1.0 equiv), dibenzylmalonate (0.2 mmol, 1.0 equiv), and catalyst (10 mol %) in CH2Cl2 (0.4 mL) at 0 °C
were added into chilled base solution (0.1 M, 2.0 mL, 1.0 equiv) in one portion. The resulting biphasic reaction mixture was stirred at 0 °C for 24
h. Then the reaction mixture was concentrated under the reduced pressure. Compound 2a (0.2 mmol, 1.0 equiv), catalyst (10 mol %), L-proline
(10 mol %), and H3BO3 (1.5 equiv) were dissolved in solvent (2.0 mL) and stirred at 25 °C for 48 h. bIsolated yield. cThe ee value was determined
by HPLC analysis.
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substituted groups on sulfone were also investigated. Both the
para-substituted groups on the aromatic ring and alkyl-
substituted groups of the sulfone group were perfectly
compatible with the reaction conditions, and the correspond-
ing products with 65−90% yields and 96−99% ee (Scheme 2,
4a−4g) were obtained. Next, 1a was selected as the precursor
of sodium sulfinate and N-carbamoyl imine. A series of
substrates with different substituents could be converted
enantioselectively into the desired axially chiral styrenes.
First, the substrates with substituents on the 2-aryl moiety
were examined. The electron-donating groups including
methyl, tert-butyl, and trifluoromethoxyl were perfectly

compatible with the reaction conditions, and the correspond-
ing products were obtained with 85−91% yields and 98−99%
ee (Scheme 2, 4i−4k). The electron-withdrawing groups such
as fluoro and chloro could successfully deliver the desired
products with excellent enantioselectivies and E/Z selectivities
(99% ee, E/Z > 99:1) (Scheme 2, 4l−4n). In addition, the
naphthyl was also tolerated in this protocol, and the product
4o was obtained in 85% yield and 99% ee. Furthermore, the
substrate with the electron-rich heterocyclic ring, such as
thienyl, smoothly gave the axially chiral sulfone-containing
styrene with excellent to near-perfect enantioselectivity
(Scheme 2, 4p). Subsequently, the substituent at the naphthol

Scheme 2. Substrate Scopea

aReaction conditions: 1 (0.2 mmol, 1.0 equiv), dibenzylmalonate (0.2 mmol, 1.0 equiv), and cat.-A (10 mol %) in CH2Cl2 (0.4 mL) at 0 °C were
added into chilled Na2CO3 solution (0.1 M, 2.0 mL, 1.0 equiv) in one portion. The resulting biphasic reaction mixture was stirred at 0 °C for 24 h.
Then the reaction mixture was concentrated under the reduced pressure. The compound 2 (0.2 mmol, 1.0 equiv), cat.-A (10 mol %), L-proline (10
mol %), and H3BO3 (1.5 equiv) were dissolved in CHCl3 (2.0 mL) and stirred at 25 °C for 48 h. bThe reaction was carried out with cat.-B. cThe
reaction was carried out in Cs2CO3 solution (0.1 M, 2.0 mL, 1.0 equiv) at 0 °C for 24 h.

Scheme 3. Synthesis of Maraviroc
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moiety of 1-(phenylethynyl)naphthalen-2-ol was further
evaluated. For example, the bromo group on the ring of the
naphthol successfully afforded the corresponding product 4q in
80% yield and 99% ee. It is noteworthy that the corresponding
β-amino diesters 3a/3g have been furnished with excellent
yields and enantioselectivities (90−96% yields, 90−95% ee) in
all the above cases.
The synthetic applicability of chiral Mannich adducts

obtained by this one-pot reaction from α-amido sulfones
through the waste−reuse strategy was highlighted by the
asymmetric synthesis of the anti-HIV drug Maraviroc12

(Scheme 3). Maraviroc (UK-427,857) is a CCR-5 receptor
antagonist developed and discovered by Pfizer and was
approved by the FDA in 2007 for the treatment of HIV.
Maraviroc is the first small-molecule CCR5 antagonist, and
now it is commercially available as Selzentry.
Since the introduction of Maraviroc as a potent anti-HIV

agent, diverse synthetic routes have been developed in recent
years. Our approach toward the synthesis of Maraviroc started
from the chiral β-amino diester 3g, followed by a series of
reactions including debenzylation, decarboxylation, methyl-
ation, and reduction to give the corresponding amino aldehyde
5. After reductive amination between the amino aldehyde 5
and amine 10 and subsequent deprotection of the Boc group,
the key intermediate amine 11 was obtained in 60% yield. The
acylation reaction of 11 with a toluene solution of the acid
chloride 7, which was converted from commercially available
ethyl 4,4-difluorocyclohexanecarboxylate 6 through simple
chemical transformations, afforded Maraviroc under modified
Schotten−Baumann conditions.
To show the synthetic utility of this newly developed

protocol, the transformation of axially chiral styrenes was
carried out. The trichloro derivatives could be obtained with
moderate yields and enantioselectivities. Moreover, the
structure and absolute configuration of the product were
further confirmed by X-ray crystallography (please see
Supporting Information for details).
In summary, we demonstrated a simultaneous asymmetric

Mannich reaction and the construction of axially chiral sulfone-
containing styrenes in one pot from α-amido sulfones based on
the waste−reuse strategy and synthesized a series of chiral β-
amino diesters and axially chiral sulfone-containing styrenes
with various functional groups in good to excellent yields and
enantioselectivies under mild conditions. In addition, the chiral
β-amino diester was successfully applied to synthesize the anti-
HIV drug Maraviroc, verifying the synthetic applicability of this
protocol. Furthermore, the axially chiral sulfone-containing
styrenes could be easily converted into chiral trichloro
derivatives through asymmetric chlorinative dearomatization.
Further applications of this reaction are in progress in our
laboratory.
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