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ABSTRACT

A novel and selective palladium-catalyzed carbonylative annulation process for the synthesis of 3-(halomethylene)indolin-2-ones was
demonstrated. In the presence of PdX 2 and CuX 2, 3-(halomethylene)indolin-2-ones were selectively obtained from the carbonylative annulations
of 2-(1-alkynyl)benzenamines with CO in moderate to good yields.

The indolin-2-one system is presented in many naturally
occurring and biologically active compounds and displays
various pharmacological activities and potential utilizations
in many major therapeutic areas, such as oncology, inflam-
mation, CNS, immunology, and endocrinology.1 The impor-
tance of indolin-2-ones has resulted in the development of
several synthetic methods for their construction.2-5 The
traditional transformation utilizes intermolecular condensa-

tion of an oxindole with a diaryl ketone.1,2 However, this
methodology is limited because of its low selectivity. An
alternative approach may involve a transition-metal-cata-
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lyzed, in particular palladium-catalyzed, domino reaction,
which has been recently shown to be an efficient and
selective tool for the construction of indolin-2-one frame-
works.3 Player and co-workers,3a for example, reported the
preparation of (E)-3,3-(diarylmethylene)indolinones by the
Heck carbocyclization/Suzuki coupling sequence ofN-(2-
iodophenyl)propiolamides using the Pd(PPh3)4 and CuTC
(copper(I) thiophene-2-carboxylate) catalytic system. How-
ever, the selectivity of the protocol is still undesirable.
Subsequently, Takemoto and co-workers3b have reported a
selective protocol for the synthesis of 3-alkylideneoxindoles
by Pd(OAc)2/PPh3-catalyzed Heck/Suzuki, Heck/Heck, and
Heck/carbonylation/Suzuki domino reactions withN-(2-
iodophenyl)propiolamides. Interestingly, Zhu and co-workers
have demonstrated a Pd(OAc)2-catalyzed domino carbopal-
ladation/C-H activation/C-C bond-forming process for
selectively synthesizing 3-(diarylmethylene)oxindoles.3c,d

However, to the best of our knowledge, no report on the
synthesis of 3-(disubstituted methylene)oxindoles via the Pd-
catalyzed carbonylative annulations of 2-(1-alkynyl)benzen-
amines has been described. Here, we wish to report a novel
and selective palladium-catalyzed carbonylative annulation
route for the preparation of 3-(halo(substituted)methylene)-
indolin-2-ones using 2-(1-alkynyl)benzenamines as the start-
ing materials. Furthermore, the method affords products with
a halomethylene (Cl or Br) at the 3-position, which provides
an attractive and useful route to introduce new groups for
the synthesis of new bioactive products (Scheme 1).

The reaction of 2-(2-phenylethynyl)benzenamine (1a) with
carbon monoxide was first conducted to screen the optimal
reaction conditions, and the results are summarized in Table
1. Initially, the solvent effect on the reaction was examined.
After a series of trials, a mixture of benzene/THF (10:1) as
the solvent provided the highest yield (entries 1-11). In the
presence of PdCl2 and CuCl2, substrate1a was treated with
CO in benzene/THF (10:1) to afford the corresponding
3-(chloro(phenyl)methylene)indolin-2-one (2a) in a 66%
yield (E/Z ) 1.7:1; entry 8). Some additives, including LiCl,
benzoquinone, O2, and Bu4NCl, were also tested, and the
results showed that they all disfavored the reaction to some
extent (entries 12-15). Unfortunately, a rather low yield of
3-(bromo(phenyl)methylene)indolin-2-one (3a) was isolated
from the reaction of substrate1awith CO, PdBr2, and CuBr2
(entry 16).

Prompted by these results, we decided to further explore
the scope of this protocol.6 As listed in Table 2, we initially

examined N-disubstituted substrates1b-d. Unfortunately,
these substrates were not suitable for the Pd-catalyzed
carbonylative annulation reactions with CO, PdCl2, and
CuCl2 (entries 1-3). Subsequently, the reaction of 2-eth-
ynylaniline (1e) was also tested, and only a trace amount of
the target product2ewas observed (entry 4). To our delight,
this methodology allows for efficient annulations of the other
N-monosubstituted 2-ethynylanilines1f-o with CO, PdX2,
and CuX2 to synthesize the corresponding 3-(halomethylene)-
indolin-2-ones in moderate to good yields (entries 5-15).
In addition, many products were obtained stereospecifically.
In the presence of PdCl2, CuX2, and CO, 2-ethynylanilines
1f-h, bearing electron-deficient and electron-rich aryl groups
at the terminal of alkyne, were reacted with CO, PdCl2, and
CuCl2 smoothly to afford a mixture of (E)- and (Z)-isomers.
2-(2-p-Tolylethynyl)benzenamine (1f), for instance, affords
a mixture of (E)- and (Z)-isomers (2f) in a 72% yield (E/Z
) 2.7:1; entry 5). The configuration and structures of the
products were determined according to the authoritative1H
NMR spectroscopy data3 and were unambiguously assigned
by X-ray analysis.7 Interestingly, substrates1i-k having
alkyl groups at the terminal of alkyne were shown to undergo
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Scheme 1

Table 1. Screening Reaction Conditionsa

entry additive solvent yield (%)b

1 - DCE 9 (8:1)
2 - benzene <5 (ND)
3 - MeCN 12 (ND)
4 - THF 10 (ND)
5 - benzene/DCE (20:1) 15 (ND)
6 - benzene/MeCN (20:1) 31 (2:1)
7 - benzene/THF (20:1) 39 (3:1)
8 - benzene/THF (10:1) 66 (1.7:1)
9 - benzene/THF (5:1) 23 (ND)

10 - DCE/THF (20:1) 49 (2.5:1)
11 - MeCN/THF (20:1) 21 (ND)
12 LiCl benzene/THF (10:1) 31 (ND)
13 benzoquinone benzene/THF (10:1) 11 (ND)
14c O2 benzene/THF (10:1) 65 (2:1)
15 Bu4NCl benzene/THF (10:1) 28 (ND)
16d - benzene/THF (10:1) 8 (3a) (ND)

a Reaction conditions:1a (0.5 mmol), PdCl2 (5 mol %), CuCl2 (3 equiv),
CO (1 atm, bubbling), and additive (1 equiv) in solvent (5 mL) at room
temperature for 12 h.b Isolated yield. Ratio of (E)-isomer vs (Z)-isomer
determined by1H NMR spectroscopy is given in parenthesis. ND) Not
determined.c O2 (1 atm, bubbling).d PdBr2 (5 mol %) and CuBr2 (3 equiv)
instead of PdCl2 and CuCl2. Other unidentified products were observed.
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the reaction selectively providing (E)-isomers alone (entries
8-11). For example, 2-(dec-1-ynyl)benzenamine (1j) un-
derwent the reaction with CO stereoselectively to offer the

corresponding (E)-3-(1-chlorononylidene)indolin-2-one (2j)
alone in an 82% yield (entry 9). TheE-configuration of the
tetrasubstituted double bond was determined according to
the authoritative1H NMR spectroscopy data.8 Note that (E)-
3-(1-bromononylidene)indolin-2-one (3j) can be obtained in
a 65% yield using the PdBr2/CuBr2 system instead of the
PdCl2/CuCl2 system (entries 10). Gratifyingly, the other
2-ethynylanilines1l-n bearing substitutes, such as chloro,
fluoro, and nitro, on the aromatic ring were perfectly tolerated
and gave the corresponding desired (E)-products exclusively
in moderate yields (entries 12-14). However, the carbon-
ylative annulation reaction of substrate1owas unsuccessful,
and another product, 5,7-dichloro-2-octyl-1H-indole (4o),
was isolated in an 83% yield (entry 15).10k

A working mechanism as outlined in Scheme 2 for the
palladium-catalyzed selective carbonylative annulation reac-
tion is proposed on the basis of the previously reported
mechanisms.9-11 First, the coordination of PdCl2 with the
triple bond and nitrogen affords intermediate4,11 followed
by cis- andtrans-halopalladation to generate intermediates
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Table 2. Selective Synthesis of
(E)-3-(Halomethylene)indolin-2-ones (2)a

a Reaction conditions:1 (0.5 mmol), PdCl2 (5 mol %), CuX2 (3 equiv),
and CO (1 atm, bubbling) in benzene/THF (10:1, 5 mL) at room temperature.
b The E/Z ratios were determined by1H NMR spectroscopy. ND) Not
determined.c Isolated yield.d 1-(3-Chloro-2-phenyl-1H-indol-1-yl)ethanone
was isolated in a 78% yield; see ref 10k.e Other unidentified products were
observed.f PdBr2 (5 mol %) instead PdCl2. g 5,7-Dichloro-2-octyl-1H-indole
(4o) was isolated in an 83% yield; see ref 10k.

Scheme 2. A Working Mechanism

Org. Lett., Vol. 9, No. 17, 2007 3415



5. The subsequent coordination and insertion of CO with
intermediate5 occurs to give intermediate6. Intermediate6
undergoes the reductive elimination readily to form the
desired products2 and a Pd(0) species. The active Pd(II)
species can be regenerated by the oxidation reaction of Pd-
(0) with CuX2 to start a new catalytic cycle. The (E)-isomer
obtained as the major product may be due to the presence
of less steric hindrance (intermediate5avs intermediate5b).

In summary, a novel and selective carbonylative annulation
method for the synthesis of 3-(halo(substituted)methylene)-
indolin-2-ones has been developed. In the presence of PdX2

and CuX2, a variety of 2-(1-alkynyl)anilines underwent the
carbonylative annulation reaction with CO smoothly to afford
the target products in moderate to good yields. Moreover, a
halomethylene (Cl or Br) at the 3-position of these products
provides an attractive and useful route to introduce new
groups for the synthesis of new bioactive products. Efforts

to study the mechanism and extend the application of the
palladium-catalyzed transformations in organic synthesis are
underway in our laboratory.
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