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A range of 3,3-disubstituted oxindoles accessed by para-quinone
methides derived from isatins with thiols was used for the
formation of unsymmetrical disulfides, and 3,3-disubstituted
oxindoles with chiral quaternary carbon center and unsymmetric
disulfides could also be directly obtained with high selectivities
catalyzed by chiral phosphines in one step.

Disulfide bonds, as important structural motifs, are present in
numerous natural products and bioactive molecules, which also
play a significant role in controlling the three-dimensional
structure of protein in biological systems.! Because disulfide
bonds can be reduced by glutathione and cysteine in cancer
cells, unsymmetrical disulfides have been widely applied in
controlled drug release and targeted drug delivery (Figure 1).2
Up to now, great efforts have been focused on the
development of efficient synthetic methods to prepare
unsymmetrical and symmetrical disulfides.> In particular,
nucleophile substitution reactions present an simple and
convenient approach for constructing disulfides, and many
sulfonation reagents, such as 1-chlorobenzotriazole, N-
trifuoroacetyl arenesulfenamides and R-S-S-OMe, have since
been developed over the past decades.®* Although great
advances have been made over the past decades, little
attention was paid to the construction of disulfide bonds in the
discovery of new reactions for simultaneously obtaining other
useful compounds. In 1988, Yoneda and co-workers found that
5-arylidene-1,3-dimethylbarbituric acid derivative | could be
efficiently reduced by thiols to generate 1,3-dicarbonyl
compound Il at high temperature, which can further react with
R-S-Cl and thiols to prepare unsymmetrical disulfides (Scheme
1a).> Recently, our group found that para-quinone methides
derived from isatins possess excellent properties to prepare 3,3-
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Fig. 1 Representative natural products and drugs containing unsymmetrical
disulfide bonds.
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Scheme 1. Synthesis of disulfides and chiral 3,3-disubstituted oxindoles.

disubstituted oxindoles,® which represent important structural
motifs widely existing in natural products.” In view of the similar
structures between | and IV (Scheme 1), we anticipated that it
will be an ideal method to construct unsymmetrical sulfides
using IV and simultaneously generate 3,3-disubstituted
oxindoles (Scheme 1b). Furthermore, chiral 3,3-disubstituted
oxindoles would be synthesized via asymmetric kinetic
resolution in one step, which would expand the applications of
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Scheme 2. Synthesis of disulfide bonds via the reduction of para-quinone
methides using thiols. The yields of the isolated products are given.
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Scheme 3. Substrate scope for the synthesis of unsymmetrical disulfides. All the
reactions were carried out with 1 (0.1 mmol) and 2 (0.2 mmol) in the presence of

K,CO3 (20 mol%) and TBAB (20 mol%) in toluene (2 mL) at r.t.. The yields of the
isolated products are given. TBAB: tetrabutylammonium bromide.

para-quinone methides derived from isatins in organic
synthesis.?

Initially, 1,6-conjugate addition reactions between IV and
BnSH were investigated under basic conditions, and the
reduced product 4 and 1,2-dibenzyldisulfane were detected in
high yield (Scheme 2a). While para-quinone methides derived
from aryl aldehydes were also examined, but no reduzates and
disulfides were observed, and only the addition product 4-
((benzylthio)(4-fluorophenyl)methyl)-2,6-di-tert-butylphenol
was obtained (see Supporting Information, Figure S1). Based on
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Chiral Amines (5 mol%):
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NO A S NH
1'a: 53% yield, -56% ee, 18 h
1'a: 95% yield, -3% ee, 18 h B ovie o ee
FaC CFs (DHQD),PHAL

1'a: 99% yield, 0% ee, 18 h 1'a: 63% vyield, -35% ee, 18 h

Chiral Phosphines (5 mol%) with Methyl Acrylate (1 pL):

ON i Bn O,N o Bn F;C i Bn
2, N [leN)\ L, B
EH H

H H
D PPh, PPh, F PPh;

1'a: 58% yield, 76% ee, 30 min 1'a : 44% yield, 86% ee, 30 min 1'a : 34% yield, 85% ee, 30 min

ReN S G ol

NN PN

HoH NN
G H

PPh, PPh, 1 " ppn,
1'a: 79% yield, 2% ee, 30 min  1'a: 78% yield, 8% ee, 30 min 1'a: 67% yield, 13% ee, 30 min

aUnless otherwise noted, all the reactions were carried out with 1a (0.1 mmol) in
the presence of chiral catalyst (5 mol%) in toluene (2.0 mL) at r.t.. The yields of the
isolated products are given, and the ee value was determined by HPLC analysis

these results and those of previous works,® we hypothesized
that 1,6-conjugate adduct 1 may be first generated, and then
another BnSH would react with 1 via the Sy2 reaction to furnish
the reduced product 4 under basic conditions. Subsequently, a
control experiment was performed using 1a and p-BrCgH;SH,
whereby 4a was successfully synthesized with 90% vyield, and
the unsymmetrical disulfide 3a was also obtained with 90%
yield (Scheme 2b). Notably, 4 could easily be oxidized by DDQ
to regenerate the para-quinone methides IV.

To explore the generality of the method for the construction
of unsymmetrical disulfides, a series of substituted oxindoles
and thiols were examined under mild conditions, aryl-thiols (or
selenol) and alkyl-thiols were all suitable for the catalytic system
to obtain various unsymmetrical disulfides. In addition, cysteine
and sugar derivatives could be easily functionalized via this
method (Scheme 3). Owing to the importance of chiral 3,3-
disubstituted oxindoles in natural products, we decided to
explore an enantioselective process for the above reaction via
asymmetric kinetic resolution. In this way, not only could chiral
3,3-disubstituted oxindoles be furnished, but unsymmetrical
disulfides could also be obtained in one step. First, many chiral
Brgnsted bases were carefully investigated,'® however, no high
ee values were obtained (Table 1). Recently, Zhao and
coworkers found that the cooperation of chiral phosphines and
methyl acrylate provided an excellent method for asymmetric
Mannich-type reactions.!! Inspired by this, the dual-reagent
catalytic system was then tested for the reaction. The urea
moiety of these catalysts seemed better than thiourea, and the
urea catalyst E bearing a 4-nitrophenyl group turned out to be
the optimum one for the reaction. Notably, the chiral skeleton

This journal is © The Royal Society of Chemistry 20xx
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derived from L-phenyl-alanine was found to be crucial for
improving the enantioselectivity of this reaction after several
catalysts were screened. Via the optimization of these catalysts,
chiral phosphine E showed to be the best choice with 86% ee
and 44% vyield.

With the optimized conditions in hand, the scope of the
enantioselective method for the generation of chiral 3,3-
disubstituted oxindoles and disulfides was then carefully
explored (Table 2). The substituents (5-Me, 5-Br, 6-Br) on the
benzene ring of the isatin skeleton were first examined, and all
gave excellent results with excellent enantioselectives in a short
time. In addition, the absolute configuration of 1’j was
determined by X-ray crystallographic analysis (CCDC
1906989).12 Moreover, different substituents on the “S” atom,
including benzyl thiols, allyl thiol, cysteine, glucoside thiol, were
all well tolerated in the reactions (up to >99% ee) (Table 3).
Afterwards, many substituted nucleophiles (aryl-thiols) were
then investigated, and were also found to be well tolerated with
high ee values. Notably, benzeneselenol was also examined in
this system, which gave the product 1’a with 96% ee.
Meanwhile, the alkyl-thiol 2g could also react with 1a furnishing
the product 1’a with moderate enantioselectivity.
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Table 3. Scope of thiols 2 in the asymmetric kinetic resolution.? View Article Qnline

DOI: 10.1039/C90BQ1065C

B”\s S
SH E (5 mol%) N Bn
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N R' methyl acrylate (1 uL) $ N
Me toluene, r.t. Me R' Me
1a 2 1'a 3 4a
Cr o o
F
2b 2c 2d

1'a: 46% yield, 80% ee, 40 min 1'a: 32% yield, 96% ee, 5 min 1'a: 42% yield, 90% ee, 30 min
3n: 35% yield, 40 min 30: 33% yield, 5 min 3p: 32% yield, 30 min
4a: 53% yield, 40 min 4a: 68% yield, 5 min 4a: 58% yield, 30 min

/©/SH Br\©/SH SLH
o COOMe

2e 2f 2g
1'a: 39% yield, 88% ee, 30 min 1'a: 439% yield, 86% ee, 30 min 1'3: 48% yield, 55% ee, 12 h
3q: 28% yield, 30 min 3r: 37% yield, 30 min 3s:23% yield, 12 h
4a: 61% yield, 30 min 4a: 57% yield, 30 min 4a: 52% yield, 12 h

3All the reactions were carried out with 1a (0.1 mmol) with 2 (0.2 mmol) in the
presence of E (5 mol%) and methyl acrylate (1 uL) at r.t.; Yields of isolated products
are given, and the ee value was determined by HPLC analysis.

Table 4. Scope of the 3-arylthio-3-aryl-oxindoles 1.2

Table 2. Scope of the 3-alkylthio-3-aryl-oxindoles 1.2
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I
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R X + + X o
0o methyl acrylate (1 uL) X 9] Z N

N toluene, r.t.
Br

Me
1'a: 44% yield, 86% ee, 30 min  1'b: 42% yield, 81% ee, 30 min 1'c: 35% yield, 96% ee, 15 min
3a: 29% yield, 30 min 3a: 30% yield, 30 min 3a: 28% yield, 15 min
4a: 56% yield, 30 min 4b: 57% yield, 30 min Cl  4c: 65% yield, 15 min

Br

Me
. . , M
1'd: 39% yield, 95% ee, 15 min  1re: 40% yield, 94% ee, 30 min 1'F: 45% i

\

M
i

eﬁi, 76% ee, 30 min
3i: 33% yield, 30 min 3j: 27% yield, 30 min
4a: 59% yield, 30 min 4a: 54% yield, 30 min
CO,Me MeO,C

NHBoc \\ >

3a: 32% vyield, 15 min
4d: 60% yield, 15 min

e
1'g: 38% yield, 86% ee, 15 min
3k: - yield, 15 min?
4a: 60% yield, 15 min

OAc

AcO
OA

e

Me Me
1'h: 30% yield, >99% ee, 5 min  1'i: 21% yield, 98% ee, 5 min
3c: 31% yield, 5 min 31: 33% yield, 5 min
4a: 70% yield, 5 min 4a: 79% yield, 5 min

o
17 (cCDC

1906989)

N

Me
1'j: 37% yield, 99% ee, 5 min
3m: 23% yield, 5 min
4a: 60% yield, 5 min

aAll the reactions were carried out with 1 (0.1 mmol) with 2a (0.2 mmol) in the
presence of E (5 mol%) and methyl acrylate (1 pL) atr.t.; Yields of isolated products
are given, and the ee value was determined by HPLC analysis; Supplementary
crystallographic data for 1j can be found in CCDC 1906989.

Ar\S
E (5 mol%)
A
X+r O methyl acrylate (1 pL)
Z N p-BrCgH4SH
PG toluene, -40 °C
1 1

Entry Ar X PG Time 1 (yield, ee)°
1 4-BrCe¢H, 5-Br Me 1.3h 1Tk 34%, 94%
2 4-BrCe¢H,4 5-1 Me 1.3h 17l 38%, 94%
3 4-BrCeH,4 H PMB 12h ’'m  39%, 94%
4 4-FCeH, H Me 11.5h 1'n  42%,90%
5 4-BrCe¢H,4 H Me 12h 10 40%, 92%
6 4-MeCgH, H Me 12h 1p  34%,95%
7 4-EtCgH, H Me 18 h 1'q  42%, 86%
8 3-BrCsH, H Me 12h 1'r 30%, 92%
9 2-MeCgHs; H Me 12h 1's 30%, 90%

aAll the reactions were carried out with 1 (0.1 mmol) with 2a (0.2 mmol) in the
presence of E (5 mol%) and methyl acrylate (1 pL) at —40 °C. "Yields of isolated
products are given, and the ee value was determined by HPLC analysis.

This journal is © The Royal Society of Chemistry 20xx

To further expand the generality of this reaction, 3-arylthio-
3-aryl-oxindoles were then investigated under the dual-reagent
catalytic system (Table 4). In virtue of their instability under
basic conditions, the reactions were carried out at -40 °C. Then,
a range of substituted 3-arylthio-3-aryl-oxindoles 1 was
screened, and all the reactions performed well and gave the
desired products with excellent enantioselectivities.

In summary, we developed an enantioselective method for
preparing unsymmetrical disulfides and chiral 3,3-disubstituted
oxindoles in one step. Many substituted thiols and 3,3-
disubstituted oxindoles were well tolerated, and produced high
yields and enantioselectivities under mild conditions, which
enriched the disulfide bond chemistry and open new avenues

J. Name., 2013, 00, 1-3 | 3
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to the synthesis of unsymmetrical disulfides and chiral 3,3-
disubstituted oxindoles.
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