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ABSTRACT

A novel approach to the valuable quaternary 3-aminooxindole skeleton is reported on the basis of intramolecular arylation of enolates of
substituted amino acids. The reaction tolerates dialkyl- and arylalkylamines as well as a range of carbon substituents (primary and secondary
alkyl, aryl). The cyclization of N-indolyl-substituted substrates is accompanied by direct C-H arylation of the indole, leading to indolo-fused
benzodiazepines.

3,3-Disubstituted oxindoles constitute a valuable class of
biologically active molecules. Among these structures,
several quaternary 3-aminooxindoles have been promoted
as pharmaceutical candidates, including the potent gastrin/
CCK-B receptor antagonist AG-041R (1)1 and the vaso-
pressin VIb receptor antagonist SSR-149415 (2)2 (Figure 1).
Moreover, several members of the indole alkaloid family of
natural products contain skeleta that could potentially be
accessed synthetically via 3-aminooxindoles. Pertinent ex-
amples include the 3H-indole skeleton of the chartellines
(e.g., chartelline C, 3)3 and the hexahydropyrroloindole
skeleton of the immunosuppressant psychotrimine (4).4

Quaternary 3-aminooxindoles have previously been syn-
thesized by a variety of methods, including alkylation of

3-aminooxindoles,5 substitution of 3-chlorooxindoles by
amines,6 Mannich reactions7 and Staudinger [2 + 2] cy-
cloadditions8 of isatin imines, [3 + 2] cycloadditions of
isatin-derived azomethine ylides,9 radical addition10 and
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Figure 1. Bioactive quaternary aminooxindoles and indolines.
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cyclization reactions,11 reductive cyclization of SNAr-derived
nitroarylglycines,12 and aziridination of 3-methylideneoxin-
doles.13 However, these strategies lack generality in that a
given protocol cannot be commonly applied to diverse C3-
substituents (alkyl or aryl carbon substituents; alkyl or aryl
amine substituents) or can only provide access to spirocyclic
derivatives.8,9,13 The development of a novel method for the
synthesis of 3-aminooxindoles that enables complete control
of the C3-substituents would therefore be of significant value.
We report herein the first use of palladium-catalyzed enolate
arylation to achieve this goal.

The synthesis of oxindoles (including 3,3-disubstituted
variants) by palladium-catalyzed intramolecular arylation of
anilide enolates developed by Hartwig14 has received some
attention,15 and asymmetric variants14b,16 of the reaction with
usable (>90% ee) levels of enantioselectivity were recently
reported by Kündig.16d

The application of this reaction to the synthesis of
3-aminooxindoles is very appealing since the requisite anilide
substrates 5 can be readily accessed from commercially
available R-haloalkanoyl halides or amino acid methyl esters,
leading to diverse substitution in the product oxindoles 6
(Figure 2). The tolerance of the intramolecular enolate

arylation to heteroatom substituents has not been widely
probed, however; there has been only a single application
to a C3-oxygenated oxindole,14b and at the outset of this
work there were no examples of the synthesis of nitrogen-
substitutedoxindoles.Giventhepotentiallystrongmetal-ligand
interaction between an amine and the palladium catalyst, the
innocent behavior of the nitrogen substituent in the reaction
could not be guaranteed. We therefore set out to establish

reaction conditions for the efficient cyclization of substrate
5a, containing a basic pyrrolidinyl group as the nitrogen
substituent (Table 1).

Initial reactions were carried out (using conditions close
to Hartwig’s original report14) under conventional heating
(oil bath) in dioxane and toluene, with both systems giving
poor conversions (entries 1 and 2). In the reaction in dioxane,
some hydrodebromination of the starting material was also
observed, so toluene became the solvent of choice. On
moving to microwave-mediated heating (fixed temperature)
in a sealed vessel, complete consumption of the starting
material was observed and a 76% isolated yield of aminoox-
indole obtained (entry 3). Altering the stoichiometry or nature
of the base did not improve the process (entries 4-6), and
other phosphine ligands were less effective than tricyclo-
hexylphosphine (entries 7 and 8).

With optimized conditions identified, we next examined
the substrate scope of the reaction with respect to both the
nitrogen and carbon enolate substituents (Table 2).

The reaction shows remarkable tolerance to a range of
substituents with markedly different steric and electronic
properties. We first examined the influence of the nitrogen
substituent, keeping the (ethyl) carbon substituent constant
(entries 1-8). The reaction works equally well with cyclic
and acyclic dialkylamine substituents, and pleasingly, aro-
matic amines are also tolerated (entries 5 and 6). Cyclization
of the protected prolinol-containing substrate 5h was suc-
cessful but with no evidence for any stereocontrol in the
cyclization reaction from the existing asymmetric center
(entry 7). More readily deprotected N-Bn oxindoles can also
be prepared (entry 8). With respect to carbon substituents,
�-branched primary and secondary alkyl substituents have
little if any deleterious effect on yield (entries 9-11), while
substrates with aromatic substituents also cyclize effectively
(entries 12-14).

(9) (a) Ardill, H.; Dorrity, M. J. R.; Grigg, R.; Leon-Ling, M. S.; Malone,
J. F.; Sridharan, V.; Thianpatanagul, S. Tetrahedron 1990, 46, 6433, and
references thereinFor auxiliary-controlled asymmetric examples, see: (b)
Coulter, T.; Grigg, R.; Malone, J. F.; Sridharan, V. Tetrahedron Lett. 1991,
32, 5417.

(10) Miyabe, H.; Yamaoka, Y.; Takemoto, Y. J. Org. Chem. 2005, 70,
3324.

(11) (a) Beckwith, A. L. J.; Storey, J. M. D. J. Chem. Soc., Chem.
Commun. 1995, 977. (b) Jones, K.; Ho, T. C. T.; Wilkinson, J. Tetrahedron
Lett. 1995, 36, 6743. (c) Bella, A. F.; Slawin, A. M. Z.; Walton, J. C. J.
Org. Chem. 2004, 69, 5926.

(12) O’Connor, S. J.; Liu, Z. Synlett 2003, 2135.
(13) Loreto, M. A.; Migliorini, A.; Tardella, P. A.; Gambacorta, A. Eur.

J. Org. Chem. 2007, 2365.
(14) (a) Shaughnessy, K. H.; Hamann, B. C.; Hartwig, J. F. J. Org.

Chem. 1998, 63, 6546. (b) Lee, S.; Hartwig, J. F. J. Org. Chem. 2001, 66,
3402.

Figure 2. Enolate arylation strategy for the synthesis of quaternary
3-aminooxindoles.

Table 1. Optimization of Arylation Reaction Conditions

entry base ligand % cat. T (°C) yielda (%)

1 NaO-t-Bu HPCy3·BF4 10 100b 10c

2 NaO-t-Bu HPCy3·BF4 10 110b 12
3 NaO-t-Bu HPCy3·BF4 10 110 76
4 NaO-t-Bud HPCy3·BF4 10 110 61
5 LHMDS HPCy3·BF4 10 110 0
6 Cs2CO3 HPCy3·BF4 10 110 0
7 NaO-t-Bu DavePhos 10 110 28
8 NaO-t-Bu PPh3

e 10 110 8
9 NaO-t-Bu HPCy3·BF4 5 110 33
10 NaO-t-Bu HPCy3·BF4 10 130 70

a Isolated yield. b Conventional heating (oil bath). c Reaction carried
out in dioxane. d 2 equiv of base used. e Pd(PPh3)4 used as palladium/ligand
source.
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A further interesting class of substrates we wished to
examine was the N-indolyl-substituted substrates 5p,q.
These are of interest since the transformation could serve
as an approach to the 3-(N-indolyl)-substituted indole
alkaloids such as the kapakahines,17 the chetomin/cheto-
seminudin/chaetococcin family,18 and psychotrimine (4),4

the latter being the only subject to date of a published
synthetic approach.19 However, a survey of the literature
revealed limited examples of the enolate chemistry of
R-(N-indolyl)carboxyl substrates20 and only a sole example
leading to a quaternary center,20c raising concerns about
the viability of these species in the arylation process. In
the event, under our standard conditions, compound 5p
underwent efficient arylation to deliver the desired ary-
lation product 6p in 65% yield (Scheme 1). This com-

pound was accompanied by a small amount (3%) of what
appeared to be the indolo-fused benzodiazepinone 7a, the
product of a competing direct intramolecular C2-arylation
of the indole.21 The identity of the compound and its likely
mechanism of formation were established by repeating the
reaction under identical conditions, but utilizing only
sufficient base to liberate the free phosphine ligand. In
the absence of any base to promote enolate formation,
compound 7 was the sole product of the reaction, isolated
in a modest 26% yield. Interestingly, compounds with this
heterocyclic skeleton have been shown to have interesting
activity against hepatitis C virus,22 and further optimiza-
tion of this reaction may provide a useful approach to
this system. In this regard, when the N-benzyl-protected
substrate 5q was treated under the standard enolate
arylation conditions, the reaction afforded only the ben-
zodiazepinone 7b in an unoptimized 60% yield. This
suggests that the balance between enolate and direct indole
arylation can be engineered by modification of the
substrate structure as well as the reaction conditions.
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Table 2. Substrate Scope of Enolate Arylation Approach to
Quaternary Aminooxindoles

a Isolated yield. b 1:1 mixture of diastereoisomers.

Scheme 1. Arylation Reactions of Indole-Containing Substrates
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In summary, we have demonstrated that palladium-
catalyzed enolate arylation chemistry is tolerant of a wide
range of amine substituents on the enolate, leading to an
efficient and novel approach to the biologically interesting
3-aminooxindole structure. The substrates are readily pre-
pared from widely available amino acid or R-halocarbonyl
starting materials, greatly enhancing the synthetic potential
of the method. The development of asymmetric variants and
synthetic applications of the method are under evaluation,

as are further studies of the formation of benzodiazepinones
7 by direct arylation, and the results will be reported in due
course.
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