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a b s t r a c t

An efficient palladium-catalyzed protocol for the stereoselective synthesis of 3-(aminoarylmethylene)-
oxindoles has been developed. In this approach, Ugi-4-component reaction adducts were used as starting
materials for carbopalladative cyclization–Buchwald reaction sequences.

� 2011 Published by Elsevier Ltd.
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The design of new sequencing MCRs (multi-component reac-
tions) with subsequent transformations, including, for example,
cyclization, and formation of new functional groups is a very useful
procedure for developing molecular architectures.1 Meanwhile, the
sequencing of MCRs is a promising synthetic strategy for generat-
ing collections of molecules by DOS (Diversity Oriented Synthesis).
This is an emerging field involving the synthesis of combinatorial
libraries of diverse small molecules for biological screening.2

Oxindoles are an important class of heterocycles which are of-
ten found in bioactive molecules as the key substructure.3 Substi-
tuted 3-methylene-oxindoles which contain a heteroatom in the
exocyclic alkene also play important roles within the class of func-
tionalized oxindoles, for example, (Z)-3-(aminomethylene)-oxin-
doles have been identified as protein kinase inhibitors,4 and
include examples such as BIBF 1120,5 GW8510,6 and GW491619,7

and the recently identified Aurora B inhibitor, hesperadin8 (Fig. 1).
Furthermore, 3-(aminomethylene)-oxindoles are versatile pre-

cursors for further synthetic manipulations and have been em-
ployed widely in total syntheses of natural products, and for the
preparation of novel nonnatural compounds.9 There are several ap-
proaches for the synthesis of 3-(aminomethylene)-oxindoles,
including: (a) syn-aminopalladation of a,b-acetylenic amides using
phthalimide in the presence of palladium acetate and PhI(OAc)2;10

(b) cyclization of 2-alkynyl aryl isocyanates with amides, carba-
Elsevier Ltd.
mates or sulfonamides; (c) reaction of 3-chloroalkylidene-oxin-
doles with amines;12 (d) sequential carbonylation of 2-alkynyl-
anilines in the presence of CuCl2;13 (e) cyclization of 2-alkynyl iso-
cyanates in the presence of FeCl3 followed by nucleophilic addition
under microwave irradiation.14

Although a number of methods are available for the synthesis of
these oxindoles, the reported methods have some drawbacks,
including lack of generality, limited functional group tolerance,
lengthy synthetic sequences, and harsh reaction conditions. The
need for the development of a stereoselective and diversity oriented
approach for the synthesis of these compounds is of interest and a
considerable challenge for organic chemists. Our previous research
to develop novel reactions15 combined with the biological activities
of various 3-(aminoarylmethylene)-oxindoles has prompted us to
develop sequential reactions to access these heterocycles.

A retrosynthetic analysis suggested the formation of an exocy-
clic double bond in 3-(aminoarylmethylene)-oxindoles via ring-
closure of N-substituted 2-alkynylamides I (resulting from the
Ugi-4-component reaction of an aldehyde 1, a 2-haloaniline 2, a
propiolic acid 3, and an isocyanide 4), through a carbopalladative
cyclization–Buchwald reaction16 using a Pd-catalyst (Scheme 1).

Onthebasisofourrecentdevelopmentsonpost-functionalization
of multi-componentreaction (MCR) sequences, we designed a proce-
dure for the efficient conversion of Ugi-4MCR intermediates I into 3-
(aminoarylmethylene)-oxindoles as shown in Scheme 2. Palladium/
phosphine-catalyzed cyclization of N-substituted-2-alkynylamides
I with secondary amines produces the 3-(aminoarylmethylene)-
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Figure 1. Oxindole-based kinase inhibitors.
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oxindoles via sequential carbopalladative cyclization–Buchwald
reactions.

The Ugi reaction has several advantages such as wide scope,
high variability (four diversity points), generates multifunctional
adducts, and allows the possibility to carry out subsequent trans-
formations. Several post-transformations on Ugi products have
been reported, such as cyclocondensation,17 radical cyclization,18

SNAr,19 SN2,20 and SN20 reactions21 and metathesis reactions.22

In all cases various cyclic scaffolds were obtained. The combina-
tion of rich and diverse palladium-catalyzed chemistry with the Ugi
reaction has also been investigated.23 A number of medicinally active
heterocycles were synthesized using the Heck reaction, N-arylation,
C-arylation of a benzylic carbon, C–H functionalization, the Suzuki–
Miyaura reaction and Sonogashira coupling, on properly functional-
ized Ugi adducts.24 In most cases, the efficiency of these reactions de-
pends on the type of functionality in the Ugi-products. In the present
approach, N-substituted 2-alkynylamides I were synthesized via the
four-component reaction of benzaldehydes 1, 2-iodoaniline (2),
phenylpropiolicacid(3)andisocyanides4.15a Thereactionofsecond-
ary amines with N-substituted-2-alkynylamides I catalyzed by
Pd(OAc)2 in the presence of Cs2CO3 led to the formation of 3-(amino-
arylmethylene)-oxindoles. The results are summarized in Table 1.

Optimization of the reaction conditions was carried out for the
synthesis of compound 6a as a model substrate. The Ugi-4MCR prod-
uct Ia from the reaction of benzaldehyde (1a), 2-iodoaniline (2), phe-
nylpropiolic acid (3) and cyclohexylisocyanide (4a) in MeOH, was
chosen to screen the domino carbopalladative cyclization–Buchwald
coupling reaction. Pd(OAc)2 as the catalyst precursor, several bases
and phosphine ligands were examined to establish standard reac-
tion conditions for the addition of morpholine. K2CO3, Cs2CO3 and
Et3N were used under identical conditions and the best results were
obtained using Cs2CO3. Whereas PPh3 as the ligand led to low yields,
the reaction with tri(2-furyl)phosphine and racemic-BINAP gave the
desired product in good yield. Tri(2-furyl)phosphine was chosen as
the preferred ligand due to it being more cost-effective.

We were pleased to find that under the optimized conditions
reaction of N-[(cyclohexylcarbamoyl) (phenyl)methyl]-N-(2-iodo-
phenyl)-3-phenylpropionamide (Ia) (1 mmol), morpholine (5a)
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Scheme 1. Retrosynthetic pathway for the synt
(2 mmol, 2 equiv), tri(2-furyl)phosphine (0.1 mmol, 0.1 equiv),
Pd(OAc)2 (0.05 mmol, 0.05 equiv), and Cs2CO3 (2 mmol, 2 equiv)
in toluene (20 mL) under reflux for 12 h, yielded 80% of the desired
product (6a) (Table 1). Gratifyingly, we found that this transforma-
tion was general for compound I derived from a wide range of
benzaldehydes, isocyanides, and secondary amines providing an
easy access to highly substituted 3-(aminoarylmethylene)-2-oxin-
doles 6a-k with Z-configuration (Table 1).

The Z-configuration of the products was confirmed using 1H
NMR spectroscopy with a diagnostic signal for the Z-isomer ob-
served at d 5.56–5.64 (H-4 of the oxindole). This unusual high-field
shift is related to the aromatic ring current of the phenyl ring. For
an indication of the stereoselectivity of this reaction, the chemical
shifts of the H-4 proton were compared with those of the reported
analogues.14 NOE experiments on compound 6g further confirmed
the structure as the Z-isomer.

According to known palladium chemistry, the domino carbopal-
ladative cyclization–Buchwald reaction can be categorized as fol-
lows: (1) oxidative addition of haloarene I to Pd(0); (2) insertion
of palladium on the alkyne moiety (carbopalladation); (3) nucleo-
philic addition of the secondary amine; (4) reductive elimination to
afford the 3-(aminoarylmethylene)-oxindoles 6a–k with regenera-
tion of the Pd(0) species.

In conclusion, an efficient approach for the stereoselective syn-
thesis of (Z)-3-(aminoarylmethylene)-oxindoles has been devel-
oped via palladium-catalyzed Ugi-carbopalladative cyclization–
Buchwald reaction sequences. Overall these reactions accomplish
both intramolecular C–C bond formation and intermolecular C–N
bond formation across a carbon–carbon triple bond in a regioselec-
tive fashion. High bond forming efficiency (BFE), good yields, and
stereoselective syntheses of 3-(aminoarylmethylene)-oxindoles
via diversity oriented synthesis (DOS) have been established.

General procedure for the synthesis of 3-(aminoarylmethylene)-
oxindoles 6a–k: 2-Iodoaniline (2) (219 mg, 1 mmol), benzaldehyde
1 (1 mmol), and MeOH (5 mL) were stirred for 30 min. Then,
phenyl propiolic acid (3) (146 mg, 1 mmol) and, after 15 min, iso-
cyanide 4 (1 mmol) were added, and the mixture stirred at ambi-
ent temperature for 24 h. The progress of the reaction was
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Scheme 2. Stereoselective synthesis of (Z)-3-(aminoarylmethylene)-oxindoles through sequential reactions.

Table 1
Synthesis of (Z)-3-(aminoarylmethylene)-oxindoles via Ugi-carbopalladative cyclization–Buchwald reaction sequences
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rt , 24 h

5 mol% Pd(OAc)2
10 mol% P(2-furyl)3

2 eq Cs2CO3, toluene, reflux, 12 h

n
6a-k5

H4

I+ + +

Product Ar R X n Yielda (%)

6a C6H5 Cyb O 2 80
6b C6H5 Cy CH2 2 78
6c C6H5 t-Bu N–CH2CH2OH 2 70
6d C6H5 t-Bu N–Me 2 85
6e C6H5 t-Bu O 2 83
6f C6H5 t-Bu CH2 2 80
6g C6H5 t-Bu CH2 1 76
6h 4-NC–C6H4 Bn O 2 63
6i 4-Me2N–C6H4 Cy O 2 84
6j 4-MeC6H4 Cy O 2 77
6k 4-MeOC6H4 Cy O 2 82

a Isolated yield.
b Cy = cyclohexyl.
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monitored by TLC (eluent: hexane/EtOAc, 5:1). Upon completion,
the mixture was diluted with saturated NaHCO3 solution (30 mL)
and extracted with EtOAc (3 � 20 mL). The combined organic
phase was dried over Na2SO4 and the solvent removed under re-
duced pressure. The crude Ugi adduct was added to a flask contain-
ing toluene (20 mL), Pd(OAc)2 (11 mg, 0.05 equiv), Cs2CO3 (652 mg,
2 mmol), tri(2-furyl)phosphine (23 mg, 0.1 equiv) and the second-
ary amine (2 mmol). The resulting mixture was heated at reflux for
12 h. After cooling, the mixture was washed with brine (2 � 30 mL)
and the organic phase collected. The organic layer was dried over
Na2SO4, filtered and concentrated in vacuo. Purification by column
chromatography on silica gel (hexane/EtOAc) gave products 6a–k
in 63–85% yield.

N-Cyclohexyl-2-{(Z)-3-[morpholino(phenyl)methylene]-oxin-
dolin-1-yl}-2-phenylacetamide (6a) 0.416 g, 80%; mp: 206 �C
(decomposed); IR (KBr, cm�1): 3277, 2934, 1687, 1637, 1555; 1H
NMR (500 MHz, CDCl3): d 1.12–1.93 (m, 10H, Hcyclohexyl), 3.60 (br
s, 4H, CH2O), 3.86–3.90 (m, 5H, CH2N and Hcyclohexyl), 5.63 (d, 1H,
J = 7.8 Hz, HAr), 6.31 (s, 1H, CH), 6.53 (m, 1H, HAr), 6.64 (d, 1H,
J = 6.5 Hz, NH), 6.81 (m, 2H, HAr), 7.25–7.55 (m, 10H, HAr); 13C
NMR (125 MHz, CDCl3): d 24.5, 24.6, 25.5, 32.7, 32.8, 48.4, 52.8,
59.2, 67.6, 97.9, 109.8, 119.0, 120.5, 122.7, 126.6, 127.6, 127.8,
128.4, 129.5, 129.6, 130.3, 130.6, 131.2, 135.2, 135.6, 137.0,
161.6, 165.0, 167.8; mass: HR-MS (ESI) calcd for C33H36N3O3

[M+1]+ 522.27516, found 522.27512.
N-Cyclohexyl-2-{(Z)-2-oxo-3-[phenyl(piperidin-1-yl)methylene]

oxindolin-1-yl}-2-phenylacetamide (6b) 0.405 g, 78%; mp: 273 �C
(decomposed); IR (KBr, cm�1): 3263, 2930, 1683, 1635, 1560; 1H
NMR (500 MHz, CDCl3): d 1.12–2.00 (m, 16H, Hcyclohexyl and HPiper-

idyl), 3.45–3.64 (m, 4H, 2CH2, CH2N), 3.86–3.92 (m, 1H, Hcyclohexyl),
5.63 (d, 1H, J = 7.7 Hz, H4, HAr), 6.33 (s, 1H, CH), 6.53 (t, 1H,
J = 7.5 Hz, HAr), 6.78 (d, 1H, J = 7.5 Hz, HAr), 6.82 (t, 1H, J = 7.7 Hz,
HAr), 6.88 (br s, 1H, NH), 7.23–7.60 (m, 10H, HAr); 13C NMR
(125 MHz, CDCl3): d 23.8, 24.5, 24.6, 25.6, 27.4, 32.7, 48.3, 53.1,
59.3, 97.1, 109.5, 118.7, 120.4, 122.1, 127.0, 127.4, 127.7, 128.3,
129.2, 129.3, 130.2, 130.5, 131.0, 135.9, 136.0, 136.6, 162.8,
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165.0, 168.1; mass: HR-MS (ESI) calcd for C34H38N3O2 [M+1]+

520.29589, found 520.29585.
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