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Enantioselective Synthesis of Quaternary Carbon Stereocenters:
Addition of 3-Substituted Oxindoles to Vinyl Sulfone Catalyzed by
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Abstract: A pentanidium-catalyzed highly enantioselective
conjugate addition of 3-alkyloxindoles to phenyl vinyl sulfone
has been demonstrated. This approach allows the construction
of 3,3-dialkyl-substituted oxindole frameworks with high yield
and excellent enantioselectivity (up to 99 %) under simple
phase-transfer conditions. A variety of oxindoles bearing all-
carbon quaternary stereogenic centers were obtained in the
presence of 0.25 mol% pentanidium. Meanwhile, practicality
was illustrated by a gram-scale asymmetric synthesis of two 3,3-
dialkyl-substituted oxindoles. The resulting adduct can be
smoothly transformed to the natural product analogue in
a short synthetic route.

Construction of small molecules bearing carbon atoms
bonded to four distinct carbon substituents remains a long-
standing challenge to catalytic enantioselective processes due
to the congested nature of quaternary carbons.[1] Such
important structural motif can be commonly found in many
natural products. Molecules incorporating quaternary stereo-
centers have promising applications in pharmaceuticals,
agrochemicals, and other areas.[2] During the last two decades,
impressive progress in the enantioselective generation of
quaternary stereogenic carbon centers has been achieved
using asymmetric catalysis. Among them, the catalytic
enantioselective synthesis of bioactive oxindole alkaloids[3]

(Figure 1) bearing a 3-position quaternary carbon stereocen-
ter has attracted increasing attention due to their important
and extensive applications.[4] Specifically, the direct function-

alization of 3-substituted oxindole by Michael reaction with
activated alkenes is an attractive strategy.[5]

Vinyl sulfones are conjugate addition acceptors that are
easily available from commercial sources.[6] The reaction
adducts with the sulfone moiety are also versatile compounds
with wide synthetic applicability by offering access to differ-
ent functionalities.[7] Recently, successful attempts toward the
catalytic asymmetric Michael addition of vinyl sulfone or
vinyl bis(sulfone) to 3-aryl- or 3-alkyl-substituted oxindoles
have been reported using organocatalysis, albeit with rather
high catalyst loading of about 20 mol%.[5c,h,6f, 8] Among these
works, there are limited examples of highly enantioenriched
3,3-dialkyl-substituted oxindoles.[4l, 8a] Therefore, further
development of an approach with low catalyst loading, easy
accessibility of catalyst, and broad substrate scope remains in
demand.

Recently, our group has developed several structurally
novel pentanidiums[9] as efficient phase-transfer catalysts[10]

for asymmetric transformations. To further investigate the
application of pentanidiums, variations of the catalyst are
prepared and their behavior is examined in a variety of
reactions. Herein, we report the highly enantioselective
conjugate addition of 3-alkyloxindoles to phenyl vinyl sulfone
catalyzed by previously unreported pentanidiums (Figure 2,
1b–e).

We began our investigation using pentanidium 1a as the
catalyst for conjugate addition of oxindole 2 to phenyl vinyl
sulfone 3 (Table 1). The initial attempt was performed with
0.25 mol% of 1a and K2CO3 as solid powder in toluene,
providing the desired Michael adduct 4a in moderate
enantioselectivity of 47% (Table 1, entry 1). Encouraged by
this result, we explored numerous reaction parameters such as
base, solvent, temperature, and pentanidium species to
improve the stereoselectivity. It was found that K3PO4

powder was a more appropriate choice of base in terms of
reaction rate and enantioselectivity (Table 1, entry 3). Further
investigation led to the discovery of cyclopentyl methyl ether
(CPME) as the best solvent for improving enantioselectivity

Figure 1. Bioactive oxindole alkaloid derivatives.

Figure 2. Various pentanidium salts.
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(entries 4–7). Overall, a moderate level of enantioselectivity
was obtained using pentanidium 1 a as catalyst (entry 9).
Gratifyingly, by installing different halogens to the two benzyl
R groups on the pentanidium structure, improvement in
enantioselectivity was achieved and a high level of enantio-
control was obtained with brominated pentanidium 1d or
iodinated pentanidium 1e, providing 3,3-dialkyl-substituted
oxindole 4a with 90 % ee (entries 13–14). It is noteworthy that
pentanidiums with four halogenated benzyl R groups would
lead to unsatisfactory outcomes in terms of reaction rate and
stereocontrol.[9c]

The substrate scope was explored by using the brominated
pentanidium 1d due to the relative ease of preparation
compared with iodinated pentanidium 1e. With 0.25 mol % of
pentanidium 1d, the reaction between a variety of 3-alkyl-
substituted oxindoles and phenyl vinyl sulfone proceeded
smoothly to afford the corresponding Michael adducts in
good yields and excellent enantioselectivities (Scheme 1).
Generally, the reaction can be completed within two days
(12–48 h).[5c,8b]

Compared with 3-aryl-substituted oxindoles, 3-alkyl-sub-
stituted oxindoles, especially 3-methyloxindole is less suc-
cessful when employed in the enantioselective organocata-
lytic Michael addition.[5b,c,f, 8b, 11] However, with this method-
ology, both the presence of either electron-withdrawing or
electron-donating groups on the aromatic rings is well
tolerated (4a–f). Meanwhile, the new phase-transfer method-
ology is also effective for other 3-alkyl-substituted oxindoles
with longer aliphatic chain (4g–i) as well as oxindoles bearing
allylic and propargylic substituents (4j–m). Moreover,
adducts (4n–q) bearing benzyl or furan-2-ylmethyl groups

were also achieved. Aiming to expand the synthetic applic-
ability of this transformation, more functional groups such as

Table 1: Optimization.[a]

Cat. Base
[x equiv]

Solvent T [88C] t [h] Yield
[%][b]

ee
[%][c]

1 1a K2CO3(5) toluene rt 4 80 47
2 1a Cs2CO3(5) toluene rt 24 90 51
3 1a K3PO4(5) toluene rt 1 90 54
4 1a K3PO4(5) toluene ¢20 24 76 63
5 1a K3PO4(5) m-xylene ¢20 24 70 68
6 1a K3PO4(5) MTBE ¢20 24 53 50
7 1a K3PO4(5) CPME ¢20 24 75 68
8 1a K3PO4(10) CPME ¢40 24 85 73
9 1a K3PO4(10) CPME ¢60 24 80 76
10 1b K3PO4(10) CPME ¢60 24 84 78
11 1c K3PO4(10) CPME ¢60 24 78 80
12 1d K3PO4(10) CPME ¢60 24 80 83
13 1d K3PO4(10) CPME/m-xylene (1:2) ¢60 48 80 90
14 1e K3PO4(10) CPME ¢60 24 85 90

[a] Reactions were performed with 2 (0.02 mmol) and phenyl vinyl
sulfone 3 (0.024 mmol) in the presence of 0.25 mol% pentanidium
1 with inorganic base in 0.4 mL of organic solvent. [b] Yield of isolated
product. [c] Determined by HPLC analysis. The absolute configuration of
4a was assigned to be S by single-crystal X-ray diffraction of 4 t.
MTBE= methyl tert-butyl ether; PTC =pentanidium.

Scheme 1. Substrate scope. Conditions: reactions were performed with
2 (0.05 mmol) and phenyl vinyl sulfone 3 (0.06 mmol) in the presence
of 0.25 mol% of pentanidium 1d with 10 equivalent of powder K3PO4

in a solvent mixture of CPME and m-xylene (1:2, 1 mL) at ¢60 88C.
[a] The reaction was conducted at ¢40 88C. [b] The reaction was
conducted at ¢20 88C. CPME=cyclopentyl methylether.
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ketone, nitrile, and ester are introduced into the substrate. To
our delight, substrates with an ester group can smoothly
undergo Michael addition to afford the desired adducts with
different substitution on the aromatic ring (4t–x) in excellent
enantioselectivity. Adducts containing ketone or nitrile were
produced, however, with slightly lower enantioselectivities
(4r–s). In most cases, the corresponding adducts can be
efficiently obtained within a reasonable time at ¢60 88C.
However, due to the electronic or steric effect of substituents,
the reaction temperatures of certain substrates were raised
without sacrificing the enantioselectivities (4 f, 4 l, and 4 v). As
far as we are aware, this approach provides an efficient way to
synthesize the widest range of 3,3-dialkyl-substituted oxin-
doles bearing a quaternary carbon stereocenter with very low
catalyst loading (0.25 mol%).[9a,c,12]

The absolute configuration of product 4 t was confirmed
to be S using single-crystal X-ray diffraction; thus, the
absolute configuration of all adducts was assigned by analogy
to 4t. Furthermore, the pentanidium phase-transfer-catalyzed
Michael addition can be easily scaled up, yielding gram
quantities of 4 x and 4y in excellent yields (Scheme 2).
Oxindole compounds 4x and 4 y were obtained with an
enantioselectivity of 96 % ee and in yields of 98% and 97 %,
respectively.

To further illustrate the synthetic utility of the adducts
such as 4x,[7] it is transformed to an analogue of the natural
product precursor esermethole (Scheme 3).[3h, 13] Amidation

of adduct 4x to amide 5 went smoothly using MeNH2. This is
followed by reductive cyclization using LiAlH4 to furnish
lactam 6. Subsequent reductive desulfonylation[8b, 14] mediated
by magnesium gave pyrroloindoline 7 with an ethyl junction
in a high yield and without erosion of enantioselectivity.
Reduction of 7 using LiAlH4 in refluxing THF led to the
construction of pyrroloindoline 8, an analogue of eser-
methole.[15] It is noteworthy that the attempt to achieve
desulfonylation of 4x was not successful (see the Supporting
Information).

In conclusion, we have described a highly enantioselective
conjugate addition of 3-alkyl-substituted oxindoles with
inexpensive phenyl vinyl sulfone. A broad substrate scope
was achieved with pentanidium as the phase-transfer catalyst.
The scalability (gram scale) and high efficiency (0.25 mol%
loading of catalyst) of this reaction reveals the practical
potential of this methodology. A variety of enantioenriched
oxindoles containing quaternary carbon stereocenters have
been obtained, which are potentially bioactive molecules and
core structures for diversity-oriented functionalization. Spe-
cifically, an asymmetric synthesis of the core structure of
pyrroloindoline derivatives[16] has been efficiently achieved
within several synthetic steps. Mechanistic insights into chiral
induction and high activity of pentanidiums in this reaction
are currently ongoing.

Keywords: conjugate addition · organocatalysis · pentanidium ·
quaternary carbon stereocenter · sulfones
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