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ABSTRACT

The cobalt-rhodium heterobimetallic nanoparticle-catalyzed synthesis of oxindoles from 2-alkynylanilines in the presence of carbon monoxide
is described.

The transition-metal-catalyzed carbonylative cyclization of
unsaturated hydrocarbons using carbon monoxide1 is among
the most important and synthetically useful catalytic trans-
formations. Recently, considerable research efforts have
focused on the carbonylative cyclization to heterocycles.2

However, in some cases, the usefulness of the transition-
metal-catalyzed carbonylation is debased because of the
requirement for high temperatures, high carbon monoxide
pressure or specially designed ligands.3 It would be desirable
to develop new carbonylation catalysts that can be carried
out under mild reaction conditions.

Recently, transition metal nanoparticles have been widely
used as catalysts for organic synthesis because to their high
catalytic activity and recyclability.4 We recently found cobalt/
rhodium nanoparticles (Co2Rh2) derived from Co2Rh2(CO)12

to be useful catalysts in carbonylation related reactions.5 In
the context of our studies on the use of transition metal
nanoparticles in organic reactions, we found that Co2Rh2 was
quite effective for the carbonylative cycloaddition of 2-alky-
nylanilines. This reaction permits the formation of oxindoles,
which are versatile synthetic intermediates as well as
important structural units in a variety of biologically active
natural products.6 Many useful synthetic methods have been
published.7 Among them, one of the most popular methods
is based on a palladium-catalyzed arylation.8 A transition-
metal-catalyzed carbonylation is highly recommendable in
the synthesis of oxindoles. However, there has only been a
limited amount of research in this area until now.9-11 In

(1) For recent papers, see: (a) Matsuda, T.; Tsuboi, T.; Murakami, M.
J. Am. Chem. Soc. 2007, 129, 12596. (b) Harada, Y.; Nakanishi, J.; Fujihara,
H.; Tobisu, M.; Fukumoto, Y.; Chatani, N. J. Am. Chem. Soc. 2007, 129,
5766. (c) Tang, S.; Yu, Q.-F.; Peng, P.; Li, J.-H.; Zhong, P.; Tang, R.-Y.
Org. Lett. 2007, 9, 3413. (d) Duan, X.-H.; Guo, L.-N.; Bi, H.-P.; Liu, X.-
Y.; Liang, Y.-M. Org. Lett. 2006, 8, 3053.

(2) For recent reviews, see: (a) Zeni, G.; Larock, R. C. Chem. ReV. 2006,
106, 4644. (b) Csende, F.; Stajer, G. Curr. Org. Chem. 2005, 9, 1737. (c)
Nakamura, I.; Yamamoto, Y. Chem. ReV. 2004, 104, 2127. (d) El Ali, B.;
Alper, H. Synlett 2000, 161.

(3) (a) Church, T. L.; Getzler, Y. D. Y. L.; Byrne, C. M.; Coates, G. W.
Chem. Commun. 2007, 657. (b) Dı́az, D. J.; Darko, A. K.; Mc-Elwee-White,
L. Eur. J. Org. Chem. 2007, 4453. (c) Ragaini, F.; Cenini, S.; Gallo, E.;
Caselli, A.; Fantauzzi, S. Curr. Org. Chem. 2006, 10, 1479.

(4) (a) Lewis, L. N. Chem. ReV. 1993, 93, 2693. (b) Johnson, B. F. G.
Coord. Chem. ReV. 1999, 190-192, 1269. (c) Roucoux, A.; Schulz, J.; Patin,
H. Chem. ReV. 2002, 102, 3757. (d) Moreno-Mañas, M.; Pleixats, R. Acc.
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1995, Takahashi et al. reported9 a Rh6(CO)16-catalyzed
carbonylation of 2-alkynylanilines under water-gas shift
reaction conditions (100 atm of CO) to give oxindoles in
good yields along with a small amount of 2-quinolones. Here
we report the Co2Rh2-catalyzed cyclization of 2-alkynyla-
nilines in the presence of carbon monoxide to give oxindoles.
This is the first use of transition metal nanoparticles as
catalysts in the synthesis of oxindoles. The catalytic system
does not require any additives or promoters and can be
recycled several times without any significant loss of its
catalytic activity. For the catalytic synthesis of oxindoles,
the catalytic reaction can be carried out under relatively low
CO pressure (20 atm).

A catalytic synthesis of oxindoles was studied using
2-alkynylaniline 1a as a model substrate and Co2Rh2 as a
catalyst. 2-Alkynylanilines were easily synthesized by the
palladium-catalyzed cross-coupling between 2-haloanilines
and acetylenes. The treatment of 1a (58 mg, 0.3 mmol) with
20 atm of carbon monoxide in the presence of Co2Rh2 (3
mol %, 15 mg) in 5 mL of toluene at 100 °C for 5 h gave
an oxindole 1b in 29% with the concomitant formation of
an indole 1c10 in 71% yield (eq 1).11 The formation of the
oxindoles was confirmed by 1H and 13C NMR and HRMS
studies. We were pleased to find that the desired product 1b
was obtained in 29% in the initial study.

Encouraged by the formation of 1b, we further optimized
the reaction conditions. The representative optimization
experiments are summarized in Table 1. The yield was highly

dependent upon the reaction temperature, the pressure of CO,
and the reaction solvent. The best yield of 1b was 90%.
Compound 1b was a mixture of E/Z isomers (ca. 10:1) with
a slightly different isomer ratio for each experiment. The
optimized reaction conditions were established as follows:
20 atm of CO, 90 °C, and 5 h.

To check for recyclability, the catalyst was separated and
reused several times. The catalyst maintained its high level

of activity even after being recycled six times (90%, 89%,
91%, 92%, 89%, and 91%, respectively). In order to recycle
the catalyst, it was filtered from the reaction mixture and
dried in vacuum. It could then be reused for further catalytic
reactions.

To examine the scope of the present reaction, various
2-alkynylanilines were screened under the optimized reaction
conditions. The results are summarized in Table 2, which

shows that oxindoles b were obtained in satisfactory yields
for all 2-alkynylanilines with an internal alkyne bearing a
hydrogen, alkyl, or aryl substituent on the amine moiety. In
addition to the formation of b, formation of c was observed
for all the cases with slightly different yields (ca. 10-20%).

Table 1. Screening of Catalyst Systems for the Formation of
1ba

entry CO (atm) solvent temp (°C) isolated yield of 1b (%)b

1 1 toluene 100 0 (>99)
2 5 toluene 100 0 (>99)
3 20 toluene 130 13 (87)
4 20 toluene 100 29 (71)
5 20 THF 100 71 (29)
6 20 THF 130 52 (48)
7 20 THF 90 90 (10)

a 0.3 mmol of 1a and 5 mL solvent were used. b The numbers in
parentheses are the isolated yields of the corresponding indole 1c.

Table 2. Co2Rh2-Catalyzed Synthesis of Oxindoles from
2-Alkynylanilinesa

a 0.3 mmol of a and 3 mol % of Co2Rh2 catalyst were used in 5 mL
THF for 5 h. b Isolated yield. c Decomposed.
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However, in the case of entries 2 and 5, 3c and 6c were
obtained in 48% and 42% yields, respectively. When
2-alkynylaniline with a terminal alkyne was used as a
substrate (entry 12), no characterizable compounds were
isolated. Several years ago, Gabriel and co-workers re-
ported12 a palladium-catalyzed oxidative carbonylation of
2-alkynylanilines to oxindoles. However, when the reaction
was applied to 2-alkynylanilines with internal triple bonds,
carbamates were obtained as a product. Very recently, Li
and co-workers reported13 the palladium-catalyzed carbo-
nylative annulation of 2-(1-alkynyl)benzenamines to 3-(ha-
lomethylene)indolin-2-ones under mild reaction conditions.
However, the N-substituted substrates were not suitable for
their reaction conditions. Thus, our reactions are unique and
can be used as a supplement to other methods.

Interestingly, treatment of 2-alkynylaniline (14a) with
bearing TMS under the opimized reaction conditions gave a
quite different result (eq 2). Instead of an oxindole derivative,
a quinolinone 14d was isolated in 52% with a concomitant
formation of indoles, 14c and 14c′. The formation of
quinolinone from 2-alkynylaniline was quite unusal observa-
tion.

It has been well reported14 that a transition-metal-catalyzed
carbonylation under water-gas shift reaction conditions (in
the presence of carbon monoxide, water, and an amine) leads
to a mixture of a carbonylated and a carbonylated/

hydrogenated product. Thus, a mixture of H2O/Et3N was
added to the reaction mixture. However, no reaction was
observed. Instead, when a wet THF was used a reaction
medium, a reduced oxindole and oxindole were isolated in
78% and 7% yields, respectively (Scheme 1). However, the

addition of water led to a slight decrease in the yield and a
lengthening of the reaction time to up to 18 h. The maximum
reusability of the catalytic system was not tested. The
catalytic system can be reused at least three times without
loss of catalytic activity.

In conclusion, we demonstrated that Co2Rh2 can be used
as an effective catalyst in the carbonylative cycloaddition
of 2-alkynylanilines in the presence of carbon monoxide. This
reaction permits the formation of oxindoles, which are
versatile synthetic intermediates as well as important struc-
tural units in a variety of biologically active natural products.
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2007, 129, 12396. (b) Suŕez-Castillo, O. R.; Sánchez-Zavala, M.; Meléndez-
Rodríguez, M.; Castelán-Duarte, L. E.; Morales-Ríos, M. S.; Joseph-Nathan,
P. Tetrahedron 2006, 62, 3040. (c) Trost, M. B.; Frederiksen, M. U. Angew.
Chem., Int. Ed. 2005, 44, 308. (d) Hamashima, Y.; Suzuki, T.; Takano, H.;
Shimura, Y.; Sodeoka, M. J. Am. Chem. Soc. 2005, 127, 10164. (e) Marti,
C.; Carreira, E. M. Eur. J. Org. Chem. 2003, 2209. (f) Hawawasam, P.;
Erway, M.; Moon, S. L.; Knipe, J.; Weiner, H.; Boissard, C. G.; Post-
Munson, D. J.; Gao, Q.; Huang, S.; Gribkoff, V. K.; Meanwell, N. A. J. Med.
Chem. 2002, 45, 1487. (g) Tokunaga, T.; Hume, W. E.; Umezome, T.;
Okazaki, K.; Ueki, Y.; Kumagai, K.; Hourai, S.; Nagamine, J.; Seki, H.;
Taiji, M.; Noguchi, H.; Nagata, R. J. Med. Chem. 2001, 44, 4641.

(7) (a) Overman, L. E.; Watson, D. A. J. Org. Chem. 2006, 71, 2587.
(b) Kamijo, S.; Sasaki, Y.; Kawazawa, C.; Schubeler, T.; Yamamoto, Y.
Angew. Chem., Int. Ed. 2005, 44, 7718. (c) Mao, Z.; Baldwin, S. W. Org.
Lett. 2004, 6, 2425. (d) Hills, I. D.; Fu, G. C. Angew. Chem., Int. Ed. 2003,
42, 3921. (e) Arumugam, V.; Routledge, A.; Abell, C.; Balasubramanian,
S. Tetrahedron Lett. 1997, 38, 6473.

(8) Marsden, S. P.; Watson, E. L.; Raw, S. A. Org. Lett. 2008, 10, 2905.
(b) Ruck, R. T.; Huffman, M. A.; Kim, M. M.; Shevlin, M.; Kandur, W. V.;
Davies, I. W. Angew. Chem., Int. Ed. 2008, 47, 4711. (c) Kündig, E. P.;
Seidel, T. M.; Jia, Y.; Bernardinelli, G. Angew. Chem., Int. Ed. 2007, 46,
8484. (d) Zhang, T. Y.; Zhang, H. Tetrahedron Lett. 2002, 43, 1363. (e)
Glorius, F.; Altenhoff, G.; Goddard, R.; Lehmann, C. Chem. Commun. 2002,
2704. (f) Lee, S.; Hartwig, J. F. J. Org. Chem. 2001, 66, 3402.

(9) Hirao, K.; Morii, N.; Joh, T.; Takahashi, S. Tetrahedron Lett. 1995,
36, 6243.

(10) (a) Manera, C.; Tuccinard, T.; Martinelli, A. Mini-ReV. Med. Chem.
2008, 8, 370. (b) Teraasson, V.; Michaux, J.; Gaucher, A.; Wehbe, J.;
Marque, S.; Prim, D.; Campagne, J.-M. Eur. J. Org. Chem. 2007, 5332.
(c) Tang, Z.-Y.; Hu, Q.-S. AdV. Synth. Catal. 2006, 348, 846.

(11) Although a reviewer requested the inclusion of mechanistic detail,
we think it would be inappropriate to do so at this time because these
reaction conditions do not allow for information about the nanoparticles to
be obtained.

(12) Gabriel, B.; Salerno, G.; Veltri, L.; Costa, M.; Massera, C. Eur. J.
Org. Chem. 2001, 4607.

(13) Tang, S.; Y, Q.-F.; Peng, P.; Li, J.-H.; Zhong, P.; Tang, R.-Y. Org.
Lett. 2007, 9, 3413.

(14) (a) Shiba, T.; Zhou, D.-Y.; Onitsuka, K.; Takahashi, S. Tetrahedron
Lett. 2004, 45, 3211. (b) Yoneda, E.; Sugioka, T.; Hirao, K.; Zhang, S.-
W.; Takahashi, S. Tetrahedron Lett. 1998, 39, 5061.

Scheme 1. Reaction under Water-Gas Shift Reaction Condition
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