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Quinidine was found to catalyze the Michael addition of un-
protected 3-substituted oxindoles to nitroolefins in excellent
yield and moderate to good diastereoselectivity. Bifunctional
quinidine derived thiourea catalyst 10 could catalyze this
reaction to afford the major diastereomer in up to 85% ee.

The catalytic asymmetric synthesis of oxindoles bearing a tetra-
substituted carbon stereocenter at the 3-position has received
much attention, because 3,3-disubstituted oxindole structural mo-
tif is widely presented in natural products, drugs and pharmaceuti-
cally active compounds.! Among the synthetic strategies developed
to date,? the catalytic asymmetric direct functionalization of 3-
substituted oxindoles is probably the most versatile method to
construct all-carbon or heteroatom-containing tetrasubstituted
carbon stereocenter at the C3 position, via alkylation,* Mannich,*
fluorination,® hydroxylation,® aldol,” amination® and Michael
addition reaction.” However, N-protected 3-substituted oxindoles
were used in most of these protocols, and only very limited
examples were based on the use of unprotected 3-substituted
oxindoles 1.#>7a-b:8a-b9b

The difficulty in the direct functionalization of unprotected 3-
substituted oxindoles 1 was possibly due to the high pK, value
of C-H bond at the C3 position, considering the pK, value
of oxindole is 18.2.2° To facilitate the deprotonative activation,
the introduction of electron-withdrawing protecting group to the
nitrogen moiety might lower down the pK, value, for example,
N-acetyl oxindole has a pK, value of 13.0, much lower than that of
oxindole.” Accordingly, N-Boc protected 3-substituted oxindole
2 is most commonly used for reaction design, allowing easier
deprotonative activation and better enantiofacial control owing to
the bulky shielding group. However, it took three steps to obtain
N-Boc protected oxindole 2 from isatins 4, with the sacrifice of one
more equivalent of (Boc),O (Scheme 1).!' The direct protection
of 3-substituted oxindole 1 with Boc group was reported to be
problematic due to the competitive O- and N-reactivity. Even
using the new method recently introduced by Trost er al,'* the
yield of the N-Boc 3-substituted oxindole is still moderate. Since
the oxindole moiety in most of the natural products, drugs and
bioactive compounds is without protecting groups, it is more
atom economical and convenient to use unprotected 3-substituted
oxindole 1 for reaction development.
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Scheme 1 The synthesis of N-Boc 3-substituted oxindole 2.

As part of a program directed at the synthesis of 3,3-
disubstituted oxindoles for biological evaluation, we have de-
veloped a highly enantioselective amination of unprotected 3-
substituted oxindoles 1.8 We also focused on the Michael addition
of unprotected oxindole derivative 1 to nitroolefins,'> because the
desired adducts are very useful in organic synthesis. During our
investigation, Barbas ITI** and Shibasaki® independently reported
the highly enantioselective Michael addition of N-Boc protected 3-
alkylsubstituted oxindole 2 to nitroolefins, respectively. Maruoka
reported chiral PTC-catalyzed base-free Michael addition of
N-Boc protected 3-arylsubstituted oxindole 2 to nitroolefins.*
Later, Luo and Cheng reported the Michael addition of
N-phenyl 3-substituted oxindole to nitroolefins.’® To the best of
our knowledge, the Michael addition of unprotected 3-substituted
oxindole to nitroolefins has not been reported. Here we wish to
report our preliminary results in this communication.

We began reaction development by optimizing reaction pa-
rameters for the Michael addition of 3-phenyloxindole 1b with
nitroolefin 7a. The solvent effect was first evaluated by treating
compound 1b and nitroolefin 7a in the presence of 10 mol%
of CD at 0 °C. As shown in Table 1, the reaction proceeded
well in all the screened solvents except cyclohexane (entries 1—
7), possibly due to poor solubility of oxindole 1b in cyclohexane.
Generally, the reaction could finish within two days, affording the
desired product 8a in moderate diastereoselectivity. The dr was
determined by 'H NMR analysis of the crude reaction mixture.
Since reaction in acetone afforded the best diastereoselectivity
(entry 3), the evaluation of different bases was carried out using
acetone as the solvent. Not only organic but inorganic bases
could serve as catalyst for this reaction, but the base obviously
influenced the dr of the product. K,CO; and Cs,CO; could readily
catalyze this reaction, but afforded the two diastereomers of
product 8a in almost equal amount (entries 8 and 9). Organic bases
such as triethylamine, DBU, i-Pr,NEt and TMEDA all afforded
inferior dr than cinchonidine (entries 10-13). To our delight, QD
could improve the dr to 5.0:1.0. We also tried the addition of
molecular sieves or lowering temperature to further improve the
diastereoselectivity, but no obvious improvement was obtained.
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Table 1 Reaction optimization
Ph - Ph‘—_ NO,
NO2  Base (10 moi%) =
@‘}0 * ﬁj Solvent , 0°C @Q/
1 H Ph 7a N s

Entry* Base Solvent Conv.? Dr*

1 CD CH,Cl, Full 2.1:1.0
2 CD Toluene Full 1.8:1.0
3 CD Acetone Full 2.7:1.0
4 CD t-BuOMe Full 2.1:1.0
5 CD CH;CN Full 1.8:1.0
6 CD THF Full 2.6:1.0
7 CD c-Hexane <10% 1.7:1.0
8 K,CO; Acetone Full 1.0:1.1
9 Cs,CO, Acetone Full 1.0:1.0
10 Et;N Acetone Full 2.0:1.0
11 DBU Acetone Full 1.2:1.0
12 i-Pr,NEt Acetone Full 2.0:1.0
13 TMEDA Acetone Full 2.3:1.0
14 QD Acetone Full 5.0:1.0

“Reaction scale: 0.1 mmol; ®* Monitored by TLC analysis and confirmed
by '"H NMR analysis of the crude reaction mixture; ¢ Determined by
'H NMR analysis of the crude reaction mixture. ¢ Abbreviations: CD
(cinchonidine), DBU (1,8-diazabicyclo[5,4,0lundec-7-ene), TMEDA (N,
N, N’,N’-tetramethylethylenediamine), QD (quinidine).

Table 2 Substrate scope

R1
X C NG, QDb (10 mol%) X B A
mo ' R1/_J Acetone, 0°C \©\/NQ)/
. F 7 Ho g

Entry X R R" 8¢ Yield*(%) Dr*
1 H Ph Ph 8a 96 5.0:1.0
2 F Ph Ph 8b 87 43:1.0
3 Br Ph Ph 8 95 43:1.0
4 H 2-Naphthyl Ph 8d 92 5.0:1.0
5 H p-CICiH, Ph 8 95 4.7:1.0
6 H Ph p-CF,CsH, 8f 95 2.3:1.0
7 H Ph p-CIC¢H, 8g 92 45:1.0
8 H Ph 24-Cl,CH;, 8h 85 3.0:1.0
9 H Ph 2-Naphthyl 8i 92 4.8:1.0
10 H Ph 2-Thienyl 8 95 43:1.0
11 H Ph 2-Furanyl 8k 75 24:1.0
12 H Ph n-Bu 81 95 1.7:1.0
13 H Ph i-Bu 8m 78 3.0:1.0
144 H Ph Ph 8n 61 1.6:1.0

“Reaction scale: 0.25 mmol; ? Isolated yield; ¢ Determined by 'H NMR
analysis of the crude reaction mixture; ¢ At room temperature.

Based on the above optimization studies, we next examined
the substrate scope of different 3-substituted oxindole 1 and
nitroolefins 7 in acetone at 0 °C, using 10 mol% of quinidine
as catalyst (Table 2). All 3-aryloxindoles worked well to afford the
desired product in excellent yield. The substituents on C5 position
of oxindole or different aryl substituents on the C3 position had
small impact on the diastereoselectivity of the reaction, and all
afforded good diastereoselectivity (entries 1-5). The substituent
of nitroolefin 7 influenced the dr of the reaction to some extent.
In the case of substituted nitrostyrenes, the substituent on the
phenyl ring lowered the diastereoselectivity of the reaction, com-
pared with nitroolefin 7a (entries 6-8). Both 1-(2-napthyl)-2- and

1-(2-thienyl)-2-nitroethene afforded the desired products in good
dr and excellent yield (entries 9-10). However, product 8k derived
from 1-(2-furyl)-2-nitroethene was obtained in lower yield and
moderate dr (entry 11). Alkyl nitroolefins were also workable
under the reaction condition, but afforded the product in lower dr
(entries 12 and 13). Less reactive 3-alkyloxindoles were also tried.
For example, 3-benzyloxindole reacted with nitroolefin 7a at room
temperature for two days to afford product 8n in 61% yield with
moderate dr (1.6: 1.0, entry 14).

The relative configuration of the product 8a was assigned via
conversion to known compound 9.* By comparing the 'H NMR
data with the literature report, the relative configuration of the
product 8a was finally determined as shown in the eqn (1). It
should be noted that the stereochemistry shown in Table 1, 2
and eqn (1) was referred to relative configuration, not absolute
configuration. Those of other products 8b-81 were tentatively
assigned by analogy.

Ph
i Ph
g NO, = NO,

Ph, Ph
2 (Boc)20 (1.1 eq) i
@[g biwores @[C m
N CH.Cl, 1t 87% N g

H Ba \

(After recrystalization) Boc

We also tried to develop a catalytic asymmetric Michael addition
of unprotected oxindoles 1 to nitroolefins 7. Reaction optimization
revealed that the catalyst structure significantly influenced the
enantioselectivity of the product (see ESIT). Compared with other
quinidine derivatives examined, bifunctional cinchona alkaloid-
based thiourea catalyst 10 turned out to be the most enantiose-
lective catalyst,' which could promote the reaction of oxindole
1b and nitroolefin 7d to afford product 8h in up to 85% ee for
major diastereomer with moderate dr (2.2:1.0), using CH,Cl, as
the solvent at 0 °C. Unfortunately, only the enantiomeric excess of
product 8h could be analyzed by now, since we can not separate
the diastereomers and enantiomers of other Michael adducts (8a—
g and 8i-n) by chiral HPLC.

A H |

Ar=35-(CFa)LeH3

10 (10 mol%)
OMe

a cl CH,Cly, 0°C, 24h

d 95%, 2.2:1 dr, 85% e for major

In conclusion, we developed the first example of Michael
addition of unprotected 3-substituted oxindoles to nitroolefins.
Under the catalysis of quinidine, fourteen examples of 3,3-
disubstituted oxindole derivatives, with two adjacent quaternary-
tertiary carbon centers, were synthesized in excellent yield and
moderate to good diastereoselectivity. The simple and mild
reaction conditions including air-tolerance, together with the
usefulness of the product, make our method very useful. Initial
investigation revealed that alkaloid-based thiourea catalyst was a
highly enantioselective catalyst for this transformation, affording
the desired product in up to 85% ee with moderate diastereose-
lectivity. Based on the evaluation of the different catalysts derived
from cinchona alkaloids, the development of new bifunctional
chiral cinchona alkaloids catalyst might be promising to expand
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the substrate scope and to improve the diastereoselectivity and
enantioselectivity, which is now underway in our lab.
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