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ABSTRACT

A general method for the catalytic 1,2-addition of aryl and alkenyl boronic acids to isatins is described using a rhodium(I)/triphenylphosphite
catalyst. The application of this transformation allows the synthesis of a variety of 3-aryl-3-hydroxyoxindole building blocks in high yields. An
enantioselective version of this reaction using a rhodium(I)/phosphoramidite system is also presented.

3-Substituted 3-hydroxyoxindoles are encountered in a large
variety of natural products with a wide spectrum of biological
activities, such as convolutamydines,1a donaxaridines,1b,c

maremycins,1d dioxibrassinines,1e celogentin K,1f 3′-hydroxy
hydroxyglucoisatisins,1g and TMC-95A.1h Molecules that

include this structural unit constitute major targets in the
development of drug candidates. 3-Alkenyl- and 3-aryl-
substituted 3-hydroxyoxindoles,2 and derivatives thereof,3

have been used in a number of recent pharmaceutical studies.
Biological activities were found to be extremely sensitive
to the substitution pattern of the aryl substituent as well as
the absolute configuration of the stereogenic center. Until
now, no general synthetic procedure has been reported for
the preparation of this type of compound with a large variety
of aryl groups.4 Such a procedure, preferably in an enantio-
selective fashion, would be essential for its biological
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Péan, C.; Montaut, S.; Fauvel, M.-T.; Rollin, P.; Fouraste´, I. Tetrahedron
Lett. 2001,42, 9015. (h) Kohno, J.; Koguchi, Y.; Nishio, M.; Nakao, K.;
Kuroda, M.; Shimizu, R.; Ohnuki, T.; Komatsubara, S.J. Org. Chem.2000,
65, 990.

(2) (a) Hewawasam, P.; Meanwell, N. A.; Gribkoff, V. K.; Dworetzky,
S. I.; Biossard, C. G.Bioorg. Med. Chem. Lett.1997, 7, 1255. (b)
Hewawasam, P.; Erway, M.; Moon, S. L.; Knippe, J.; Weiner, H.; Biossard,
C. G.; Post-Munson, D. J.; Gao, Q.; Huang, S.; Gribkoff, V. K.; Meanwell,
N. A. J. Med. Chem.2002,45, 1487.

ORGANIC
LETTERS

2006
Vol. 8, No. 13
2715-2718

10.1021/ol0608101 CCC: $33.50 © 2006 American Chemical Society
Published on Web 05/26/2006



evaluation by systematic structural variation in a library
approach.

There are a number of recent reports on the catalytic
enantioselective formation of quaternary carbon centers at
the 3-position of oxindoles.5 However, the catalytic enanti-
oselective formation of a tertiary alcohol at this position has
been elusive until now.6 The formation of quaternary carbon
centers7 via addition of carbon nucleophiles to ketone
derivatives still constitutes a major challenge for synthetic
chemistry.8 Catalytic enantioselective synthesis ofR-hy-
droxycarbonyl compounds via addition of organometallic
nucleophiles toR-dicarbonyl substrates has so far been
limited to alkynylations9 and alkylation reactions using zinc
reagents.10 Inspired by the progress in the field of rhodium-
catalyzed additions of sp2-hybridized carbon nucleophiles to
a variety of electrophiles,11,12 we decided to investigate the

arylation and alkenylation of isatin substrates using a
combination of boronic acids13,14 and rhodium catalysts to
achieve the synthesis of 3-substituted 3-hydroxyoxindoles.

Experiments conducted with isatin1a and 2 equiv of
phenylboronic acid2a in the presence of a catalyst generated
in situ from 3 mol % of [(C2H4)2Rh(acac)] and 7 mol % of
P(OPh)3 lead to full conversion and 91% isolated yield of
3aafter 4 h at reflux temperature (Scheme 1). Although this

class of substrates represents highly activated carbonyl com-
pounds, to the best of our knowledge, this is the first report
of rhodium-catalyzed arylboronic acid addition to ketones.6,15

This reaction was applied to isatin substrates1a-cand a
variety of arylboronic acids2a-k (Table 1). As already
observed by Frost for the addition of arylboronic acids to
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Scheme 1. Rhodium/Triphenylphosphite-Catalyzed Addition
of Arylboronic Acids to Isatin

Table 1. Rhodium/Triphenylphosphite-Catalyzed 1,2-Addition
of Aryl- and Alkenylboronic Acids to Isatins

entrya isatin (R1) boronic acid product yieldb

1 1a (H) 2a 3a 91%
2 1b (Me) 2a 3b 79%
3 1c (Cl) 2a 3c 99%
4 1a (H) 2b 3d 99%
5 1a (H) 2c 3e 99%
6 1a (H) 2d 3f 99%
7 1a (H) 2e 3g 98%
8 1a (H) 2f 3h 87%
9 1a (H) 2g 3i 66%

10 1c (Cl) 2h 3j 62%
11 1a (H) 2i 3k 43%
12 1a (H) 2j 3l 54%
13 1a (H) 2k 3m 96%

a All reactions were performed on 0.2 mmol scale in 2 mL of acetone at
reflux for 4 h with 2 equiv of arylboronic acid (2) in the presence of a
catalyst generatedin situ from 3 mol % of [(C2H4)2Rh(acac)] and 7 mol %
of triphenylphosphite.b Isolated yields of3 after column chromatography.
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aldehydes,16 this 1,2-addition reaction is influenced by the
electronic substitution pattern of both reaction partners.
Electron-donating groups on the isatin substrate lower the
reactivity (entry 2), while electron-withdrawing substituents
cause an increase of reactivity (entry 3). Electron-donating
substituents on the boronic acid result in high yields (entries
4-8), while electron-withdrawing ones lead to moderate
values (entries 9-11). Steric hindrance of the boronic acid
does not influence the yield (compare entries 4-6). Phenyl
groups with electrophilic substituents, which are generally
not tolerated by organomagnesium or organolithium reagents,
were introduced here with success (entries 9-11).14 Also
ortho-fluorophenyl, for which the Grignard reagent is not
available, was successfully introduced (entry 11). An ad-
ditional advantage of the present strategy is the fact that it
proceeds without protecting the amide functionality of the
substrate.

In contrast with the initial report of Miyaura on the
rhodium-catalyzed arylboronic acid addition to aldehydes,17

our system does not require the presence of any added protic
source.18 Although the substrate is protic itself, similar
observations using aldehydes as substrates seem to indicate
that the alkoxy speciesC (Scheme 2) resulting from the

arylation of the carbonyl function is acting as a nucleophile
in the transmetalation step to regenerate the catalytic active
intermediateA.12d

In relation with previous studies12d,econducted in our group
on asymmetric 1,2-arylations using substrates with carbon-
heteroatom double bonds, we investigated an array of binol-
based phosphoramidite ligands,19 a class of cheap, easily
prepared ligands, successful in the rhodium-catalyzed con-
jugate addition of arylboronic acids to enones.12a-cThis led
to the discovery of moderate enantioselectivities using the
new phosphoramidite ligandL (Scheme 3).

In preliminary experiments, a series of chiral phosphora-
midite ligands was tested with model substrate1a and
phenylboronic acid2a. In the presence of a catalyst generated
from 3 mol % of [(C2H4)2Rh(acac)] and 9 mol % of ligand
L ,20 3-phenyl-3-hydroxyoxindole (3a) was obtained in virtu-
ally quantitative yield and 55% ee.21 Upon recrystallization
from 2-propanol, the supernatant gave the enantioenriched
product in 59% yield and 94% ee.

In conclusion, we have discovered the 1,2-addition of
arylboronic acids to isatin substrates based on a combination
of a rhodium(I) precursor and 2 equiv of triphenylphosphite.
This method represents a general procedure for the formation
of 3-aryl-3-hydroxyoxindoles in good to excellent yields.
Promising enantioselectivities are obtained in an asymmetric
version of this reaction employing a phosphoramidite ligand.
Further studies to expand this methodology to other classes
of substrates and to improve the enantioselectivity of the
asymmetric addition are currently in progress.
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Scheme 2. Proposed Mechanism of the Rhodium-Catalyzed
1,2-Addition of Arylboronic Acids

Scheme 3. Enantioselective Rhodium/
Phosphoramidite-Catalyzed 1,2-Addition of Arylboronic Acid to

Isatin
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