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ABSTRACT

A highly efficient palladium-catalyzed synthesis of unsymmetrically substituted 3-(diarylmethylenyl)indolinones from readily accessible starting

materials is developed. The domino reaction involves a sequence of intermolecular carbopalladation, C
A plausible mechanistic pathway for the reaction is discussed on the basis of the kinetic isotope effect [

(intramolecular) = 2.7] as well as the electronic effect.

—H activation, and C —C bond formation.
Ku/Kp (intermolecular) = 1, Ku/Kp

3-Alkylideneoxindoles are attractive synthetic targets becausetransformations required the use of 2-iodoanilfdésor

of their significant biological activitigsas well as their 2-(alkynyl)phenylisocyanatéas starting materials. We have
proved utilities as valuable intermediates in the elaboration recently reported a synthesis of tetracyclic heterocycles by
of complex naturally occurring alkaloids and drug candi- a palladium-catalyzed domino sequence involving a key
dates: Whereas (3-arylidenyl)indolinone is easily accessible, C—H functionalization step.As a continuation of this
methods allowing a rapid and reliable access to stereochemi+esearch program, we report herein a novel and efficient

cally defined unsymmetrically substituted 3-(diarylmethyl-
enyl)indolinones 1) are scarcé.” Furthermore, the reported
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synthesis ofl that involves a palladium-catalyzed domino
intermolecular carbopalladation#t activation/C-C bond-
forming process (Scheme %)% Besides being conceptually
novel, this approach allows the use of anilidg} that are
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Scheme 1. Synthesis of 2-Oxindoles by a Sequence of
Carbopalladation/C—H Activation/C—C Bond Formation
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readily synthesized from cheap and easily accessible anilines*

and arylpropiolic acid.

The reaction betweeN-(4-methoxyphenyl)-N-methyl-3-
phenylpropiolamideZa, R= 4-MeO, R = Me, R, = Ph)}!
and 1-iodo-2-nitrobenzen8g) was initially examined. After
a brief survey of reaction conditions, it was observed that

the reaction was best performed under ligandless conditions

using Pd(OAg) as a catalyst and NaOAc as a base. DMF
was found to be a superior solvent to ethanol and toluene.
Overall, under optimized conditions [5 mol % of Pd(OAc)
NaOAc, DMF, 110°C, 3 h], reaction oRa and3a afforded

la (R = 4-OMe, Ar= 2-nitrophenyl, R = phenyl) in 82%
yield as a single stereoisomer (Figure 1). Haeonfiguration

Figure 1. X-ray structure of oxindolda.

13
of the tetrasubstituted double bond was deduced from NOE

studies and was unambiguously assigned by X-ray analysis
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Table 1. Synthesis of 3-Alkylideneoxindoles through Domino
Carbopalladation/ C—H Functionalizatin

entry aniline aryliodide product yield®
1 1laR=Me 82%
Ph NO,
MeO. Il 1 02N
2 O Meo A~ 1bR=H <10%
g o 3a o
3 R 1¢ R =SEM 93%
‘ &
mR=Me [ J,  wo Sl 1d 62%
be
MeO-
I OMe O
5 2aR=Me [J; e Swll le 64%
N0
bllle
OMe O
6 2aR=Me I\©3d MeOPh 1f 59%
o
Cl,
2aR=Me \©\C‘ MeO. S 18 61%
3e
LA
Me
e ()
8 2aR-Me '\@ MO _a” e 1h 62%
= e 0
3f Swe
Me
Me
N
1 NMeAc ME\\g O .
9 2aR=Me \©/3g MeO. O S i 68%
be
Ph
10 ! JL (O 1iR=Me 83%
y“o 3a 2N P~Ph
R
11 2e R=Me No 1kR=Bn 92%
2f R=Bn R
Ph O
H QN
12 3a s 11 81%
e (J
OMe Me 29 NTTo
OMe Me
Ph O
Il ON
MeOO\'{LO 3a O /~Ph 1m 64%
Me2h MeO’ l:l O
Me
Ph
OQN\@\ /It 02N c
14 o 3a OaN. O 7~ 1n 68%
e - N"o
2i e

aReaction conditions: aniline (1.0 equiv), iodoarene (1.1 equiv),
Pd(OAc} (5 mol %), and NaOAc (2.0 equiv), in DM Q.75 M), at 110
°C. PIsolated yield.c Both E- andZ-isomers were isolated in a 2.3:1 ratio.

The regioselective syn insertion of the arylpalladium species
to the triple bond of the propiolamide can account for the
observed double bond geometty.

The generality of this novel domino transformation was
examined by varying the electronic and steric properties of
both reactants (Table 1). With respect to anilides, it was noted
that a tertiary amide has to be used to ensure the smooth
occurrence of the annulation reaction because the reaction

Org. Lett, Vol. 8, No. 21, 2006



of the secondary anilidéb (R; = H) afforded the corre-
sponding oxindold.b in less than 10% yield, most probably
for conformational reasons. The N-benzylated anili@és
participated in the reaction without the occurrence of
competitive C—H functionalization of the benzyl group that
would otherwise produce an isoquinolinone derivative. The
N-SEM protecting group is tolerated under these reaction
conditions providindlLcin 93% yield that is readily converted
to oxindole 1b with a free NH function. WhenN-(3-
methoxyphenyl)-N-methyl propiolamid#h was employed,
the 6-methoxy-3-alkylideneoxindole was obtained at the
expense of the 4-methoxy isomer (entry 13). Interestingly,
electron-pooiN-(4-nitrophenyl)N-methyl anilide participated
well in this reaction with3a to afford oxindoleln (entry
14). Interestingly, in this case, bolr andZ-isomers were
isolated in a ratio of 2.3:13 As far as aryl iodide ) was
concerned, the electron-poor aryl iodide tended to give better
results than the electron-neutral or electron-rich counterpart.
Reaction of 4-iodo-chlorobenzer@e with 2a is chemose-
lective leading to a chlorinated compouridyf that could in
principle be further functionalized by way of transition-metal-
catalyzed reaction of aryl chloridé.

Scheme 2. Proposed Reaction Mechanism
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A possible reaction scenario that accounts for the formation
of oxindole 1 is shown in Scheme 2. Oxidative addition of
aryl iodide to palladium(0) would give the arylpalladium-
(I) species 4) that would subsequently coordinate to the
triple bond of propiolamide. The syn carbopalladation would
then take place to afford vinylpalladium intermediétd he
high regioselectivity observed in this carbopalladation process
is somehow unexpected because it is well-known that the
regioselectivity of such a reaction is insensitive to electronic
effects and is predominantly affected by steric factéfs.
We reasoned that the observed selectivity is inherent to the
propiolamide structure and results from the combination of
coordination power and steric influence of the amide group.
Similar high regioselectivity is seen in Lu’s domino carbo-
palladation/intramolecular Heck reaction/anion capture se-
quencets
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Two benzenoid €H'’s, those of ring A and ring B in
intermediates, are available for activation. Activation of the
ring B C—H followed by vinyl to aryl migration of palladium
and cyclization according to Larotkwould produce a
fluorene derivatived) via an intermediate8). However, this
sequence did not take place even in the case of the reaction
betweer?aand 3-(N-methylN-acetyl)iodobenzengg wherein
ring A and ring B (R = m-acetamido) in the intermediate
(6) have a very similar electronic and steric environment.
The C—H activation of ring A occurred instead to provide a
six-membered palladacycle Reductive elimination would
then lead to the formation ol with the concomitant
regeneration of Pd(0).

To probe the reaction mechanism, we set out to examine
the kinetic isotope effect of this reaction. Toward this end,

Scheme 3. Synthesis of Deuterated Anilides
tBuLl, Et,0,
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Scheme 4. Electronic Effect on the Domino Process
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the deuterated anilide®e-D, and 2e-Ds were synthesized
(Scheme 3). Ortho lithiation dfl-Boc aniline10 followed

by quenching with CBOD afforded the deuterated derivative
11in 98% yield with 90% deuterium incorporation according
to theH NMR spectrum. A three-step sequence involving
N-methylation, removal ofN-Boc function, and DCC-
mediated amide formation provid@e-D, in excellent overall
yield. 2e-D; was synthesized from the commercially available
Dz-aniline (13) in two steps involving: (a) DCC-mediated
coupling with phenylpropiolic acid and (b) N-methylation.

A competitive experiment ofe and its pentadeuterated
derivative (2e-Ig) provided an intermoleculafy/Kp value
of 1. This result indicated that the-@1 functionalization
(from intermediateb to product) is not the rate-determining
step of this domino process. On the other hand, an intramo-
lecular isotope effect of 2.8 was obtaif®iuh the cyclization
of 2e-D; indicating that the mechanism of C—H activation
is incompatible with the SA\r mechanism.

We also designed an intramolecular competition experi-
ment using anilid&j as a substrate and found that electronic
effects influenced only weakly theegioselectivity of the
C—H functionalization step (Scheme 4). Actually, the
cyclization occurred preferentially at the electron-poor
benzene ringXd/1p = 1.5:1) that is again incompatible with

(16) (a) Xie, X.; Lu, X.Tetrahedron Lett1999, 40, 8415—8418. (b)
Xu, W.; Lu, X. J. Org. Chem2006,71, 3854—3858. See also: (c) Hay, L.
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1998,63, 5050—5058.
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Am. Chem. So2006,128, 581—590 and references cited therein.
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the SAr mechanism for the €H activation steg? Accord-

ing to these observations and in light of the recent compu-
tational studies, we think that proton abstraction via either
o—H bond metathesis (14) or formation of an agostieHC
intermediate (15) followed by H-transfer to palladium bond
acetate provided the best explanation for theHCactivation
mechanisni® Figure 2 shows a possible-& activation

A
H-X A 7o
L
AT SR
s l}l o H—\ | 2
R, N"0
14 15 Ry

Figure 2. Possible C—H activation mechanism.

mechanism.

In summary, we have disclosed a novel synthesis of
3-(diarylmethylenyl)indolinones (1) by developing a pal-
ladium-catalyzed domino carbopalladatior/& function-
alization process. Experimental data revealed that thelC
activation is not the rate-determining step and that it
proceeded most probably through a proton abstraction
mechanism.
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