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Potentially bioactive 3-(anilinoarylmethylene)-2-oxindoles as Hesperadin analogoues have been syn-
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1. Introduction

Oxindoles occupy a key place among the various classes of
heterocyclic organic compounds' that possess a common basic
framework in natural products? and pharmaceutically active com-
pounds.® Tetrasubstituted 3-methylene-2-oxindoles bearing an
exocyclic double bond have shown promising biological activity.
Amongst them, 3-(aminomethylene)-2-oxindoles have recently
captured attention due to the utility of such structure in the de-
velopment of biologically active compounds and also new drugs.?

The small molecule Hesperadin, is one notable 3-(anilinoaryl-
methylene)-2-oxindole that has recently been identified as a Aurora
B kinase inhibitor themselves a family of mitotic serine/threonine
kinases. They are frequently over-expressed in human tumors and
also in cancer cells. Accordingly, Aurora kinase is an attractive target
and their small molecule inhibitors have received much attention,
especially in targeted cancer therapies.*~” Hesperadin and related
inhibitors, containing an aryl-substituted enamine linkage, is being
developed by Boehringer Ingelheim Pharma.*®

Other interesting derivatives similar to Hesperadin are com-
pound A, BIBF 1000,° and BIBF 1120.21%11 These are tumor

* Corresponding author. E-mail address: Balalaie@kntu.ac.ir (S. Balalaie).

angiogenesis inhibitors. They are in clinical trials for nonsmall cell
lung cancer and other tumor types.>!° (Fig. 1)

As a result, the development of a new approach for the synthesis of
3-(anilinoarylmethylene)-2-oxindoles is a highly demanded and con-
siderable challenge for the synthetic chemists. Significant effort has
been devoted to the development of efficient methods for the stereo-
selective synthesis of these Hesperadin analogoues. The most
straightforward routes to synthesizing this family of type A involves the
reaction of aniline derivatives with two compounds B and E (Scheme
1). Condensation of oxindoles C with activated acyl derivatives or
aryl ortho-esters'? and also intramolecular arylation of p-keto amides
D using copper catalysts'> are two approaches for the synthesis of 3-
acyl-oxindoles B. Another class of potential precursors to oxindoles of
type A are 3-(chloromethylene)oxindoles E, which have been prepared
by: chloropalladation—carbonylation of 2-alkynanilines F (cat. PdCl,
CuCl, in CO atmosphere)™ or by Iron trichloride-promoted cationic
cyclization of 2-alkynylaryl isocyanates G,' has also been described.

In continuation of our research program to find domino re-
actions'® and in view of the interesting biological activities of
Hesperadin family in addition to some drawbacks in some of the
reported methods, such as lack of generality, limited functional
group tolerance, multistep synthesis sequences, and harsh condi-
tion, we were motivated to utilize a two-step procedure for ster-
eoselective synthesis of Hesperadin analogoues.
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Fig. 1. Biologically active 3-(anilinoarylmethylene)-2-oxindoles.
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Scheme 1. Routes and starting materials to 3-(anilinoarylmethylene)-2-oxindoles.

In our retrosynthetic analysis, the formation of the exocyclic
double bond in 3-(anilinoarylmethylene)-2-oxindoles was in-
vestigated by ring-closure procedure of N-substituted 2-alkyna-
mides I resulting from the four-component reaction of aldehydes 1,
2-haloanilines 2, phenyl propiolic acid 3, and isocyanides 4 using Pd
catalyst (Scheme 2).
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Scheme 2. Retrosynthetic pathway for the synthesis of 3-(anilinoarylmethylene)-2-
oxindoles.

To further exploit the generality of the post-functionalization of
catalytic multicomponent reaction (MCR) sequences, herein we
wish to report a new procedure for the conversion of Ugi 4-MCR
intermediate I into 3-(anilinoarylmethylene)-2-oxindoles relying

on the palladium-catalyzed cyclization reaction of intermediate I
with aniline derivatives, which products 3-(anilinoarylmethylene)-
2-oxindoles (Scheme 3).

2. Results and discussions

Many methods have been developed by chemists in order to
facilitate the synthesis of complex natural products.”” Considering
these points, multicomponent reactions through a sequential ad-
dition procedure encompass a very broad scope of synthetic
transformations. In particular, the combination of structural and
functional diversity has initiated the quest of diversity oriented
synthesis. Designing molecules, which are capable of reacting in
tandem Heck/amination additions across alkynes for the synthesis
of heterocycles is an interesting subject in organic chemistry.'® The
Ugi four-component reaction can be used to assemble a complex
product from simple starting materials in one step with several
advantages, such as wide application scope, high variability, gen-
erating multifunctional adducts, and carrying out post-trans-
formation. Several post-transformations have been reported using
Ugi products, such as cyclocondensation,'® radical cyclization,?°
SNAr,2! and Sy2 reactions®?; in all cases various cyclic scaffolds
were obtained. The combination of rich and diverse palladium
catalyzed chemistry with the Ugi reaction has also been in-
vestigated.?> A number of medicinally relevant heterocycles were
synthesized using a combination of Ugi reaction product with Heck
reaction, N-arylation, C-arylation of benzylic carbon, the C—H
functionalization, the Suzuki—Miyaura reaction, and Sonogashira
coupling on the properly functionalized Ugi adducts.?*

In this approach, simple starting materials selected to generate
N-substituted-2-alkynamides I, which could be synthesized via four-
component reactions of benzaldehydes 1, 2-iodoaniline 2, phenyl
propiolic acid 3, and isocyanides 4. We were interested in using the
Ugi adduct, which contained an alkyne and also 2-haloaryl moieties to
form 3-(anilinoarylmethylene)-2-oxindoles. The reaction of in-
termediate I with aniline derivatives in the presence of Pd(OAc);
(5 mol %), CsyCO3 leads to form products (6a—o0) in good to high yields
(59—96%). The results are summarized in Table 1. The optimization of
the reaction conditions was carried out for the synthesis of compound
6g as a model substrate. Firstly, the Ugi-4MCR product from the re-
action of benzaldehyde, 2-iodoaniline, phenylpropiolic acid, and tert-
butyl isocyanide in MeOH, which led to N-substituted-2-alkynamide
Ig was chosen as an intermediate to screen for the second step
(domino Heck/Buchwald coupling reaction). The structure of com-
pound Ig was confirmed according to the spectral data. In this ap-
proach, Pd(OAc), as the catalyst, several bases and phosphine ligands
were examined to set up standard reaction conditions for the addition
of aniline to Ig in the presence of base. K,CO3, Cs,CO3, and NEt; were
used as bases in the same conditions and the best results were
obtained using Cs;CO3, whereas PPhs and tri(2-furyl)phosphine as
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Scheme 3. Stereoselective synthesis of 3-(anilinoarylmethylene)-2-oxindoles. (a) MeOH, rt, 24 h. (b) 5 mol % Pd(OAc),, 10 mol % rac-BINAP, 2 equiv Cs,COs, aniline derivatives,

toluene, reflux.

ligands led to low yields of the desired product, rac-BINAP as ligand
gave the desired product with good yield.

It seems that the existence of aliphatic substituent in the structure
of the products could add the lipophilicity as well as high permeability
of the target compounds. To achieve this goal, some aliphatic alde-
hydes were used. As a result, the yield of the products improved with
aliphatic aldehydes as compared to aromatic aldehydes.

The structures of the products 6a—o were characterized using as
asingle Z-stereo isomer in all cases. The Z-configuration of the product
was indicated by the signal at 6 5.98—6.08 ppm for the H-4 oxindole
proton. This unusual chemical shift is related to anisotropy of phenyl
ring. Also, The —NH protons are deshielded and the chemical shifts
were observed at 11.86—12.13 ppm. This result was not surprising due
to the intramolecular hydrogen bond that can exist between the
amino group and the carbonyl group in Z-stereo isomer.!>%>

Our control experiments indicated that this reaction proceeds
by two steps, namely: (i) Ugi 4-MCR between aldehydes, 2-iodoa-
niline, phenylpropiolic acid, and isocyanides leading to N-sub
stituted-2-alkynamides 1 (ii) Heck carbocyclization/Buchwald
coupling of intermediates I with aniline derivatives as a domino
insertion, coupling sequence to form the 3-(anilinoarylmethylene)-
2-oxindoles 6a—o. The proposed mechanism is shown in Scheme 4.

According to the known palladium chemistry, the reaction
procedure could be categorized, respectively, as follows: (1) oxi-
dative addition of haloarene I to Pd(0) generated Pd(II) species H (2)
insertion reaction to alkyne moiety and formation of intermediate J
(Carbopalladation) (3) amination with aniline derivatives and
subsequent (4) finally, reductive elimination to afford the products
6a—o with concurrent regeneration of Pd(0) species.

3. Conclusion

In conclusion, 3-(anilinoarylmethylene)-2-oxindoles as Hesper-
adin analogoues were stereoselectively synthesized through palla-
dium-catalyzed domino Heck/Buchwald reaction with Ugi-4MCR
adduct. In all of these compounds, a subtle interplay between steric
requirements, polarity and hydrogen-binding capability seemed to
be decisive for good potency. Also, suggesting that lipophilic sub-
stituents on the indolinone core, such as amido moiety with the
ability to form additional hydrogen bond represented the best
combination. High bond forming efficiency (BFE), good to high
yields, stereoselective synthesis with diversity oriented synthesis
(DOS), which could be used in combinatorial chemistry are advan-
tages of this process.

4. Experimental section
4.1. General

Commercially available materials were used without further puri-
fication. Melting points were determined on an Electrothermal 9100

apparatus and were uncorrected. IR spectra were obtained on an ABB
FT-IR FTLA 2000 spectrometer. '"H NMR and >C NMR spectra were run
on Bruker DRX-500 AVANCE spectrometer at 500 MHz for 'H NMR,
and 125 MHz for 3C NMR. CDCl; was used as solvent. HRMS was
recorded on Mass-ESI-POS (Apex Qe-FT-ICR instrument) spectrometer.

4.2. General procedure for the synthesis of N-substituted-2-
alkynamides Ia—o

2-lodoaniline (219 mg, 1 mmol), aldehyde (1 mmol), and MeOH
(5 mL) were stirred for 30 min. Then, phenyl propiolic acid (146 mg,
1 mmol) and, after 15 min, isocyanide (1 mmol) were added and
the mixture was stirred for 24 h. The progress of reaction was
monitored by TLC (eluent hexane/ethyl acetate 5:1). The mixture
was washed with saturated NaHCO3 (30 mL) and was extracted
with ethyl acetate (3x20 mL). Organic phase was dried with
NaySO04. The solvent was removed under reduced pressure.

4.2.1. N-((tert-Butylcarbamoyl)(phenyl)methyl)-N-(2-iodophenyl)-3-
phenylpropiolamide (Ig). Compound Ig (0.445 g, 83%) as a white
solid; mp 191192 °C; R (25% EtOAc/hexane) 0.75; vmax (KBr) 3427,
2204, 1647, 1625, 1556; 0y (300 MHz, CDCl3) (mixture of two
rotamers (87:13)) 1.30 (9H, s, 3CH3 of t-Butyl (minor)), 1.35 (9H, s,
3CH3 of t-Butyl (major)), 5.40 (1H, s, CH (minor)), 5.63 (1H, br s, NH
(major)), 5.90 (1H, s, CH (major)), 6.10 (1H, br s, NH (minor)), 6.90
(1H, td,J 7.7,1.6 Hz, Ar (major)), 7.0—7.6 (20H, m m, Ar mixture of two
rotamers), 7.62 (1H, dd, J 8.0, 1.4 Hz, Ar (major)), 7.86 (1H, dd, J 8.0,
1.4 Hz, Ar (minor)), 8.03 (1H, dd, J 9.0, 1.6 Hz, Ar (major)); éc (75 MHz,
CD(l3) (mixture of two rotamers) 28.6, 29.7, 51.8, 51.8, 60.4, 65.5, 69.0,
76.6, 82.9, 90.8, 91.4, 102.8, 104.2, 120.2, 120.3, 127.9, 128.3, 128.3,
128.6,128.7,128.8,129.2, 129.9, 129.9, 130.0, 130.1, 131.3, 132.1, 132.5,
132.6,133.2,135.5, 138.9, 139.4, 141.7,144.7,155.0, 155.4, 166.8, 168.4;
HRMS (FAB*): MH™ found 537.1011. Co7H26IN20; requires 537.1039.

4.3. General procedure for the synthesis of 3-(anilinoarylme
thylene)-2-oxindoles 6a—o

The Ugi adduct was added to a flask, which contain toluene
(50 mL), Pd(OAc); (11 mg, 0.05 equiv), cesium carbonate (652 mg,
2 mmol), rac-BINAP (62 mg, 0.1 equiv), and aniline derivatives
(2 mmol). The mixture was heated under reflux condition for 7 h.
After cooling to room temperature, the reaction mixture was
washed with brine (2x30 mL) and organic phase was collected. The
combined organic layers were dried with sodium sulfate, concen-
trated to dryness in vacuo, and purification by column chroma-
tography on silica gel (hexane/ethyl acetate 10:3) to give 6a—o with
59-96%.

4.3.1. 2-((Z)-3-((Phenylamino(phenyl)methylene)-2-oxindolin-1-yl)-
N-cyclohexyl-2-phenylacetamide (6a). Compound 6a (0.411 g, 80%)
as a yellow solid; mp 255 °C (decomposed); Rf(25% EtOAc/hexane)
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Table 1
Synthesis of 3-(anilinoarylmethylene)-2-oxindoles

HO™ ~O | ‘ ‘ 5 mol% Pd(OAc),
10 mol%, rac-BINAP
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6h (92% yield)

6n (89% yield)

6i (89% yield)

60 (96% yield)

*In all cases, the yields are isolated yield for the final step.
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Scheme 4. Possible mechanism for the synthesis of 3-(anilinoarylmethylene)-2-oxindoles.

0.42; vmax (KBr) 3415, 3302, 1684, 1627 cm™!; 8y (500 MHz, CDCl5)
1.14-1.98 (10H, m, 5CH; of cyclohexyl), 3.92—3.93 (1H, m, CH of
cyclohexyl), 6.02 (1H, d, ] 7.8 Hz, Ar—Ha), 6.34 (1H, s, NCHCO), 6.50
(1H, d, J 7.7 Hz, CONHCH), 6.63—6.67 (1H, m, Ar), 6.78 (2H, d,
J8.1 Hz, Ar), 6.90—6.94 (2H, m, Ar), 6.99 (1H, t,] 7.4 Hz, Ar), 7.11 (2H,
t,J 7.7 Hz, Ar), 7.27—7.56(10H, m, Ar), 11.95 (1H, s, NHPh); dc 24.7,
24.8,25.5,32.7, 32.8, 48.7 (C-cyclohexyl), 59.1 (NCHCO), 97.1, 110.2,
118.8,121.2,123.1,123.5,124.1,124.5,128.0,128.6,128.8,129.4,130.1,
133.0, 135.2, 136.4, 138.7, 157.4, 167.4 (C=0), 169.2 (C=0); HRMS
(ESI): MH* found 528.2655. C35H34N30, requires 528.2657.

4.3.2. 2-((Z)-3-((Phenylamino(phenyl)methylene)-2-oxindolin-1-yl)-
N-cyclohexy-2-(4-(dimethylamino)phenyl)-acetamide
(6b). Compound 6b (0.451 g, 79%) as a yellow solid; mp 236 °C
(dec); Ry (25% EtOAc/hexane) 0.44; vmax (KBr) 3410, 3306, 1681,
1625 cm™'; 0y (500 MHz, CDCl3) 1.18—1.97 (10H, m, 5CHy of
cyclohexyl), 2.94 (6H, s, 2CH3), 3.87—3.97 (1H, m, CH of cyclohexyl),
5.99 (1H, d, J 7.8 Hz, Ar—Ha), 6.22 (1H, s, NCHCO), 6.41 (1H, d,
J 7.9 Hz, CONHCH), 6.61-6.64 (1H, m, Ar), 6.69 (2H, d, J 8.7 Hz, Ar),
6.77(2H, d, ] 7.9 Hz, Ar), 6.89—6.94 (2H, m, Ar), 6.97 (1H, t, ] 7.3 Hz,
Ar), 7.10 (2H, t, ] 7.7 Hz, Ar), 7.31 (2H, d, ] 8.7 Hz, Ar), 7.43—7.53 (5H,
m, Ar), 11.97 (1H, s, NHPh); ¢ (125 MHz, CDCl3) 24.8, 25.5, 32.8,
32.9 (C-cyclohexyl), 40.4 (2CH3), 48.6 (C-cyclohexyl), 59.0 (NCHCO),
97.4,109.1, 110.2, 112.5, 118.8, 119.0, 120.8, 120.9, 122.7, 123.0, 123.1,
1234, 123.6, 124.1, 124.3, 128.7, 128.8, 128.9, 129.0, 129.3, 130.0,
133.1, 136.8, 138.9, 150.2, 157.0, 168.0 (C=0), 169.3 (C=0); HRMS
(ESI): MH* found 571.3078. C37H39N40> requires 571.3079.

4.3.3. 2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-
yl)-N-cyclohexyl-2-(4-methoxyphenyl)acetamide  (6¢). Compound
6¢ (0.484 g, 87%) as a yellow solid; mp 211 °C (dec); Rr(25% EtOAc/

hexane) 0.33; ymax (KBr) 3410, 3281, 1684, 1622 cm™; 61 (500 MHz,
CDCl3) 1.13—1.98 (10H, m, 5CH; of cyclohexyl), 3.80 (3H, s, OCH3),
3.91-3.92 (1H, m, CH of cyclohexyl), 6.00 (1H, d, J 7.6 Hz, Ar—Ha),
6.27 (1H, s, NCHCO), 6.44 (1H, d, ] 7.9 Hz, CONHCH), 6.63—6.66 (1H,
m, Ar), 6.77 (2H, d, J 8.1 Hz, Ar), 6.87—6.93 (4H, m, Ar), 6.99 (1H, t,J
7.5Hz, Ar), 711 (2H, t, ] 7.7 Hz, Ar), 736 (2H, d, J 8.7 Hz, Ar),
7.43—7.55 (5H, m, Ar), 11.95 (1H, s, NHph); 6c (125 MHz, CDCl3) 24.7,
25.5, 32.8, 32.9, 48.7 (C-cyclohexyl), 55.3 (OCH3), 58.6 (NCHCO),
97.2,110.1, 114.1, 118.8, 121.1, 123.1, 123.5, 124.1, 124.4, 127.3, 128.8,
129.3, 1294, 130.1, 133.0, 136.4, 138.7, 157.3, 159.2, 167.6 (C=0),
169.2 (C=0); HRMS (ESI): MH" found 558.2763. C3gH3gN303 re-
quires 558.2763.

4.3.4. 2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-
yl)-N-cyclohexyl-2-p-tolylacetamide (6d). Compound 6d (0.465 g,
86%) as a yellow solid; mp 214 °C (dec); R(25% EtOAc/hexane) 0.42;
vmax (KBr) 3415, 3302, 1689, 1632cm™!; 6y (500 MHz, CDCl3)
1.14-1.97 (10H, m, 5CH; of cyclohexyl), 2.33 (3H, s, CH3), 3.91-3.93
(1H, m, CH of cyclohexyl), 6.01 (1H, d, J 7.8 Hz, Ar—Hy), 6.28 (1H, s,
NCHCO), 6.50, (1H, d,J 7.7 Hz, CONHCH), 6.63—6.67 (1H, m, Ar), 6.77
(2H, d, ] 8.0 Hz, Ar), 6.92 (2H, d, ] 4.2 Hz, Ar), 6.99 (1H, t, ] 7.5 Hz, Ar),
711 (2H, t,J 7.7 Hz, Ar), 7.15 (2H, d,] 7.9 Hz, Ar), 7.31 (2H, d,] 7.9 Hz,
Ar), 7.44-7.56 (5H, m, Ar), 11.95 (1H, s, NHPh); dc (125 Hz, CDCl3)
211 (CH3), 24.6, 24.8, 25.5, 32.7, 32.8, 48.6 (C-cyclohexyl), 59.0
(NCHCO), 97.2, 110.1, 118.8, 121.1, 123.0, 123.1, 123.5, 124.1, 124.4,
127.9,128.7,128.8,129.4,130.1,132.2,133.0,136.5, 137.7,138.7,157.3,
167.5 (C=0), 169.3 (C=0); HRMS (ESI): MH* found 542.2812.
C36H36N30; requires 542.2812.

4.3.5. 2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-
yl)-N-cyclohexyl-2-(4-(trifluoromethyl)phenyl)acetamide
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(6e). Compound 6e (0.351 g, 59%) as a light-red solid; mp 100 °C; Ry
(25% EtOAc/hexane) 0.45; rmax (KBr) 3410, 3286, 1694, 1632 cm™!;
dn (500 MHz, CDCl3) 1.10-1.93 (10H, m, 5CH; of cyclohexyl),
3.81-3.95 (1H, m, CH of cyclohexyl), 6.03 (1H, d, J 7.8 Hz, Ar—Hy),
6.39 (1H, s, NCHCO), 6.57 (1H, d, J 7.5 Hz, CONHCH), 6.69 (1H, t, J
7.6 Hz, Ar), 6.78 (2H, d, J 8.1 Hz, Ar), 6.88(1H, d, | 7.9 Hz, Ar), 6.94
(1H, t,J 7.8 Hz, Ar), 7.01 (1H, t, ] 7.4 Hz, Ar), 7.12 (2H, t, ] 7.8 Hz, Ar),
7.44—7.57 (7H, m, Ar), 7.59 (2H, d, J 8.1 Hz, Ar), 11.90 (1H, s, NHPh);
0c (125 MHz, CDCl3) 24.6, 24.7, 25.4, 29.3, 29.7, 48.9 (C-cyclohexyl),
58.3 (NCHCO), 96.7, 110.1, 118.9, 121.6, 123.2, 123.6, 124.1, 124,
1254, 125.5, 128.3, 128.7, 128.8, 128.9, 129.3, 129.4, 130.2, 131.8,
132.7, 135.7, 138.4, 139.1, 158.0, 166.7 (C=0), 169.1 (C=0); HRMS
(ESI): MH" found 596.2525. C3gH33F3N30, requires 596.2526.

4.3.6. 2-((Z)-3-((Phenylamino )(phenyl)methylene)-2-oxindolin-1-yl)-
N-cyclohexyl-2-(4-bromophenyl)  acetamide (6f). Compound 6f
(0.478 g, 79%) as a yellow solid; mp 186 °C; Ry (25% EtOAc/hexane)
0.55; vmax (KBr) 3410, 3291, 1689, 1627 cm™'; 6y (500 MHz, CDCl5)
1.10—1.95 (10H, m, 5CH; of cyclohexyl), 3.82—3.97 (1H, m, CH of
cyclohexyl), 6.02 (1H, d, J 7.8 Hz, Ar—Hg), 6.29 (1H, s, NCHCO), 6.53
(1H,d,J 7.9 Hz, CONHCH), 6.68 (1H, t,] 7.6 Hz, Ar), 6.77 (2H, d,] 7.9 Hz,
Ar), 6.87 (1H, d, J 7.9 Hz, Ar), 6.93 (1H, t, ] 7.7 Hz, Ar), 701 (1H, t, J
7.5 Hz, Ar), 712 (2H, d, ] 7.7 Hz, Ar), 7.28 (2H, d, ] 8.5 Hz, Ar), 7.44—7.57
(7H, m, Ar), 11.91 (1H, s, NHPh); oc (125 MHz, CDCls) 24.7, 24.8, 25.5,
32.8,48.8 (C-cyclohexyl), 58.3 (NCHCO), 96.8,110.1,118.9,121.5,122.0,
123.2,123.5,124.1,124.7,128.7,128.8,128.9, 129.3, 129.4, 129.7, 130.2,
131.7,132.8,134.2,135.8,138.5,157.8,166.9 (C=0), 169.1 (C=0); HRMS
(ESI): MH™ found 606.1762. C35H33BrN30; requires 606.1764.

4.3.7. 2-((Z)-3-((Phenylamino(phenyl)methylene)-2-oxindolin-1-yl)-
N-tert-butyl-2-phenylacetamide (6g). Compound 6g (0.416 g, 83%)
as a yellow solid; mp 190 °C; Rr(25% EtOAc/hexane) 0.49; vmax (KBr)
3420, 3302, 1699, 1627 cm™'; 6y (500 MHz, CDCl3) 1.39 (9H, s, 3CH3
of t-Butyl), 6.01 (1H, d, J 7.8 Hz, Ar—Hy), 6.26 (1H, s, NCHCO), 6.42
(1H, s, CONHC(CH3)3), 6.63—6.67 (1H, m, Ar), 6.77 (2H, d, ] 7.9 Hz,
Ar), 6.91 (2H, d, J 4.1 Hz, Ar), 6.99 (1H, t, ] 7.5 Hz, Ar), 711 (2H, t, ]
7.8 Hz, Ar), 7.33—7.56 (9H, m, Ar), 12.00 (1H, s, NHPh); 6c (125 MHz,
CDCl3) 28.6 (3CH3 of t-Butyl), 51.8 (C-t-Butyl), 59.6 (NCHCO), 97.2,
110.3,118.8,121.1,122.9,123.1,123.5,124.1,124.4,127.9,128.6, 128.7,
128.8, 129.3, 130.1, 132.9, 1354, 136.5, 138.7, 157.3, 167.5 (C=0),
169.2 (C=0); HRMS (ESI): MH' found 502.2499.C33H3;N30,
requires 502.2501.

4.3.8. 2-((Z)-3-((Phenylamino(phenyl)methylene)-2-oxindolin-1-yl)-
N-cyclohexyl-3-methylbutanamide (6h). Compound 6h (0.454 g,
92%) as a yellow solid; mp 219 °C (dec); Rf(25% EtOAc/hexane) 0.45;
vmax (KBr) 3429, 3304, 1684, 1638 cm™!; 6 (500 MHz, CDCl3) 0.79
(3H, d, J 6.6 Hz, CH3CH3CH), 1.02—1.14 (3H, m, H-cyclohexyl)), 1.17
(3H, d, J 6.6 Hz, CH3CH3CH), 1.20—-1.96 (7H, m, H-cyclohexyl),
2.90-3.15 (1H, m, CHCH3CH3), 3.72—3.78 (1H, m, CH of cyclohexyl),
4.55 (1H, br s, CONHCH), 5.96 (1H, s, NCHCO), 5.99 (1H, d, ] 7.8 Hz,
Ar—Hy), 6.66 (1H, t,] 7.7 Hz, Ar), 6.77 (2H, d,] 7.9 Hz, Ar), 6.99 (2H, t,
J 7.5Hz, Ar), 712 (2H, t, ] 79 Hz, Ar), 7.27 (1H, d, J 7.5 Hz, Ar),
7.44—7.55 (5H, m, Ar), 12.00 (1H, s, NHPh); ¢ (125 MHz, CDCl3) 19.3
(CH3CH3CH), 20.3 (CH3CH3CH), 24.6, 24.7, 25.6 (C-cyclohexyl), 27.2
(CHCH3CH3), 32.8, 48.3 (C-cyclohexyl), 74.2 (NCHCO), 97.2, 110.0,
118.7, 121.1, 122.8, 123.6, 123.8, 124.4, 128.8, 128.9, 129.4, 130.1,
132.9, 138.8, 157.3, 168.8 (C=0), 169.6 (C=0); HRMS (ESI): MH"
found 494.2810.C33H36N30, requires 494.2810.

4.3.9. 2-((Z)-3-((4-Isopropylphenylamino )(phenyl)methylene)-2-0x-
indolin-1-yl)-tert-butyl-2-phenyl acetamide (6i). Compound 6i
(0.484 g, 89%) as a yellow solid; mp 135 °C; Ry (25% EtOAc/hexane)
0.62; vmax (KBr) 3410, 3302, 1689, 1622 cm™; 6y (500 MHz, CDCl3)
116 (6H, d, J 6.9 Hz, CH3CH3CH), 1.40 (9H, s, 3CHs of t-Butyl),
2.74—2.84 (1H, m, CHCH3CH3), 5.98 (1H, d, J 74 Hz, Ar—Hy), 6.23

(1H, s, NCHCO), 6.48 (1H, s, CONHC(CH3)3), 6.63—6.66 (1H, m, Ar),
6.69 (2H, d.J 8.5 Hz, Ar), 6.90—6.92 (2H, m, Ar), 6.96 (2H, d, ] 8.5 Hz,
Ar), 7.30-7.53 (10H, m, Ar), 11.95 (1H, s, NHPh); dc (125 MHz,
CDCl3), 23.8 (CH3CH3CH), 28.7 (3CHj3 of t-Butyl), 33.4 (CH3CH3CH),
51.8 (CHCH3CH3), 59.6 (NCHCO), 96.7,110.3,118.7,121.1,122.7,123.2,
124.2, 126.7, 127.8, 127.9, 128.6, 128.7, 129.3, 130.0, 133.1, 1354,
136.3, 136.4, 145.1, 157.5, 167.6 (C=0), 169.1 (C=0); HRMS (ESI):
MH" found 544.2964. C3gH3gN30; requires 544.2965.

4.3.10. 2-((Z)-3-((4-Methoxyphenylamino )(phenyl)methylene)-2-0x-
indolin-1-yl)-N-cyclohexyl-2-phenylacetamide (6j). Compound 6j
(0.474 g, 85%) as a yellow solid; mp 135 °C; Ry (25% EtOAc/hexane)
0.31; vmax (KBr) 3420, 3291, 1684, 1628 cm ™ '; éy (500 MHz, CDCl3)
113-1.95 (10H, m, 5CH; of cyclohexyl), 3.71 (3H, s, OCHz),
3.90-3.95(1H, m, CH of cyclohexyl), 5.99 (1H, d, J 7.8 Hz, Ar—Hg),
6.33 (1H, s, NCHCO), 6.54 (1H, d, ] 7.9 Hz, CONHCH), 6.63—6.67 (3H,
m, Ar), 6.75 (2H, d, ] 8.9 Hz, Ar), 6.90 (2H, d, ] 4.0 Hz, Ar), 7.30—7.51
(10H, m, Ar), 11.82 (1H, s, NHPh); dc (125 MHz, CDCl3) 24.7, 24.8,
25.5, 32.7, 32.8, 48.7 (C-cyclohexyl), 55.3 (OCH3), 59.1 (NCHCO),
96.1, 110.1, 114.0, 114.8, 116.4, 118.6, 121.1, 123.1, 124.3, 125.2,
127.9,128.0, 128.6, 128.8, 128.9, 129.2, 129.3, 130.0, 131.5, 133.0,
135.3, 136.1, 156.9, 158.3, 167.5 (C=0), 169.2 (C=0); HRMS (ESI):
MH™ found 558.2756. C3gH36N303 requires 558.2757.

4.3.11. 2-((Z)-3-((4-Nitrophenylamino)(phenyl)methylene)-2-oxindo-
lin-1-yl)-N-cyclohexyl-2-(pyridine 3-yl Jacetamide (6k). Compound 6k
(0.481 g, 84%) as a light-red solid; mp 140—142 °C; Ry (50% EtOAc/
hexane) 0.22; ymax (KBr) 3409, 3215, 1648, 1581 cm™'; 6y (500 MHz,
CDCl3) 1.11-1.67 (10H, m, 5CH; of cyclohexyl), 3.85—3.95 (1H, m, CH
of cyclohexyl), 6.08 (1H, d, J] 7.8 Hz, Ar—Hgy), 6.31 (1H, d, ] 79 Hz,
CONHCH), 6.35 (1H, s, NCHCO), 6.68—6.75 (3H, m, Ar), 6.88 (1H, d,
7.9 Hz, Ar), 6.98 (1H, t,] 7.8 Hz, Ar), 7.27—7.68 (6H, m, Ar), 7.82 (1H, d,J
7.9 Hz, Ar),7.96 (2H, d,] 9.1 Hz, Ar), 8.55 (1H, d, ] 4.3 Hz, Ar), 8.63 (1H, 5,
Ar),12.13 (1H, s,NHPh); 6c (125 MHz, CDCl3) 24.7,24.8,25.3,32.7,32.8,
49.1 (C-cyclohexyl), 56.4 (NCHCO), 100.4, 110.5, 119.9, 120.7, 122.2,
123.2,123.4,124.9,125.1,128.5,130.1, 130.2, 130.8, 131.0, 132.2, 136.2,
136.4,143.1,144.9,149.1,149.3,154.8,166.0 (C=0),169.2 (C=0); HRMS
(ESI): MH found 522.31207. C34H40N30; requires 522.31218.

4.3.12. 2-((Z)-3-((4-Fluorophenylamino)(phenyl)methylene)-2-o0x-
indolin-1-yl)-N-benzyl-4-methyl pentanamide (6l). Compound 61
(0.512 g, 96%) as a yellow solid; mp 78—80 °C; Rr(25% EtOAc/hexane)
0.52; vmax (KBr) 3416, 3317, 1680, 1648 cm™'; 6y (500 MHz, CDCl5)
0.92 (3H, d, J 6.6 Hz,CH3CH3CH), 1.02 (3H, d, J 6.6 Hz, CH3CH3CH),
1.48-1.51 (1H, m, CH3CH3CH), 2.21-2.28 (2H, m, CHCH,CH), 4.46
(2H, d, ] 5.8 Hz, CHyPh), 5.30—5.50 (1H, m, NCHCO), 6.02 (1H, d, J
7.8 Hz, Ar—H,), 6.46—6.67 (1H, m, CONHCHy), 6.70 (1H, t, ] 79 Hz,
Ar), 6.75—7.03 (6H, m, Ar), 7.15 (2H, d, ] 7.0 Hz, Ar), 7.21-7.27 (3H, m,
Ar), 736 (1H, d, ] 74 Hz, Ar), 743—7.55 (4H, m, Ar), 11.86 (1H, s,
NHPh); dc (125 MHz, CDCl3) 21.8 (CH3), 23.2 (CH3), 25.1 (CH3CH3CH),
36.9 (CHCH,CH), 43.4 (CH,Ph), 53.4 (NCHCO), 97.0, 110.0, 115.6 (d,
2Jc_p 22.7 Hz), 1189, 121.3, 123.7, 124.0, 125.2 (d, 3Jc_r 8.2 Hz), 127.3,
127.5,128.5,128.7,128.9,129.4, 130.2, 132.5, 134.6, 135.6, 138.1, 157.7,
159.8 (d, 'Jc_F 243.5 Hz), 169.3 (C=0), 170.5 (C=0); HRMS (ESI): MH*
found 534.2559. C34H33FN30, requires 534.2561.

4.3.13. 2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-
yl)-N-cyclohexyl heptanamide (6m). Compound 6m (0.474 g, 91%)
as a yellow solid; mp 117—119 °C; Rf(25% EtOAc/hexane) 0.51; vmax
(KBr) 3420, 3327,1627,1683 cm™'; 6y (500 MHz, CDCl3) 0.83 (3H, t,
J 7.0 Hz, CH3CHy), 0.86—2.41 (18H, m, CH3(CH>)4, 5CH> of cyclo-
hexyl), 3.73—-3.85 (1H, m, CH of cyclohexyl), 5.10-5.22 (1H, m,
NCHCO), 6.02 (1H, d, J 7.8 Hz, Ar—H4), 6.10 (1H, br, CONHCH),
6.67—6.70 (1H, m, Ar), 6.78 (2H, d, J 7.8 Hz, Ar), 6.96—7.01 (3H, m,
Ar), 712 (2H, t, ] 7.8 Hz, Ar), 7.41-7.57 (5H, m, Ar), 11.98 (1H, s,
NHPh); dc (125 MHz, CDCl3) 13.9 (CH3CHj), 22.4 (CH3CHy), 24.7,
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24.8, 25.5 (C-cyclohexyl), 26.1 (CH3CH,CH3), 28.1 (CH,CH,CH), 31.4
(C-cyclohexyl), 32.8 (CHpCH,CH), 48.5 (C-cyclohexyl), 55.4
(NCHCO), 96.9, 110.0, 118.8, 121.2, 123.0, 123.5, 1241, 124.5, 128.7,
128.8, 128.9, 129.3, 129.4, 130.1,132.9, 135.6, 138.7, 157.3, 169.2
(C=0),169.5 (C=0); HRMS (ESI): MH* found 522.3121. C34H40N30;
requires 522.3122.

4.3.14. 2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-
yl)-N-benzyl hexanamide (6n). Compound 6n (0.458 g, 89%) as
a yellow solid; mp 56—59 °C; R{ (25% EtOAc/hexane) 0.52; vmax
(KBr) 3417, 3322,1685, 1627 cm™ '; 6y (500 MHz, CDCl3) 0.88 (3H, t,
J 7.0 Hz, CH3CHy), 1.26-2.45 (6H, m, CH3(CHa)3), 4.46 (2H, d, J
6.0 Hz, CHpPh), 5.18—5.25(1H, m, NCHCO), 6.01 (1H, d, J 7.8 Hz,
Ar—Hy), 6.46—6.65 (1H, m, CONHCH,), 6.68—6.71 (1H, m, Ar), 6.76
(2H, d, ] 8.0 Hz, Ar), 6.96—7.01 (2H, m, Ar), 711-7.56 (13H, m, Ar),
11.95 (1H, s, NHPh); dc (125 MHz, CDCl3) 13.9 (CHsCHy), 22.3
(CH3CHp), 28.1 (CH3CH,CHj), 28.5 (CHCH), 43.5 (CHyPh), 55.3
(NCHCO), 96.8, 109.9, 118.9, 121.3, 123.0, 123.6, 124.1, 124.5, 127.3,
127.5,128.5,128.8,129.4,130.1,132.6, 132.9, 138.1, 138.6,139.3, 157.4,
169.4 (C=0), 170.3 (C=0); HRMS (ESI): MH" found 516.2652.
C34H34N30, requires 516.2653.

4.3.15. 2-((Z)-3-((Phenylamino )(phenyl)methylene)-2-oxindolin-1-
yl)-N-benzyl-4-methyl pentanamide (60). Compound 60 (0.495 g,
96%) as a yellow solid; mp 76 °C; Ry (25% EtOAc/hexane) 0.45; vmax
(KBr) 3435, 3280, 1674,1632 cm™'; 6y (500 MHz, CDCl3) 0.94 (3H, d,
6.6 Hz,CH3CH3CH), 1.04 (3H, d, ] 6.6 Hz, CH3CH3CH), 1.50—1.53 (1H, m,
CH3CH3CH), 2.23-2.30 (2H, m, CHCH,CH), 446 (2H, d, ] 40Hz,
CHyPh), 5.29-5.51 (1H, m, NCHCO), 6.04 (1H, d, J 7.8 Hz, Ar—Hy),
6.41-6.67 (1H, m, CONHCH), 6.69—6.72 (1H, m, Ar), 6.78 (2H, d, J
7.9 Hz, Ar), 6.99—7.04 (3H, m, Ar), 712 (2H, t,] 7.9 Hz, Ar), 717 (2H, d, ]
6.8 Hz, Ar), 7.21-7.28 (3H, m, Ar), 7.41 (1H, d,J 7.5 Hz, Ar), 7.48—7.50
(4H, m, Ar), 11.98 (1H, s, NHPh); ¢ (125 MHz, CDCl3) 21.8 (CH3), 23.2
(CH3), 25.2 (CH3CH3CH), 369 (CHCH,CH), 43.6 (CH,Ph), 534
(NEHCO), 97.0,110.0,118.9,121.3,123.1,123.7,124.2,124.5,127.3,127.5,
128.6,128.9,129.4,130.1,132.9, 135.7, 138.1, 138.6, 157.4, 169.3 (C=0),
170.6 (C=0); HRMS (ESI): MH™ found 516.2652. C34H34N305 requires
516.2653.

Acknowledgements

S.B and M.B. gratefully acknowledge Iran National Science
Foundation (INSF) for their financial support. We are also grateful to
Prof. R. Gleiter for his invaluable comments. We also express our
gratitude to Kimia Exir Company (Mr. M. Jalilevand) for chemical
donations and financial support.

Supplementary data

Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.tet.2011.02.005.

M. Bararjanian et al. / Tetrahedron 67 (2011) 2644—2650

References and notes

1

10.

11

12.

13.
. Tang, S.,; Yu, Q. F; Peng, P,; Li, ]. H.; Zhong, P.; Tang, R. Y. Org. Lett. 2007, 9, 3413.
15.

16.

17.

18.

19.

20.

. (a) Cristau, P.; Vors, J. P.; Zhu, ]. Org. Lett. 2001, 3, 4079; (b) Spatz, ]. H.; Um-

22.

23.

24.

25.

(a) Chen, M. H.; Pollard, P.; Patchett, A.; Cheng, K.; Wei, L.; Chan, W. S.; Buttler,
B.; Jacks, T. M.; Smith, R. G. Bioorg. Med. Chem. Lett. 1999, 9, 261; (b) Behara, R.
K.; Behara, A. K.; Pradhan, R.; Pati, A.; Patra, M. Synth. Commun. 2006, 36, 3729.

. (a) Marti, C.; Carreira, E. M. Eur. J. Org. Chem. 2003, 2209; (b) Millemaggi, A.;

Taylor, R. ]. K. Eur. J. Org. Chem. 2010, 4527.

. (a) Millemaggi, A.; Taylor, R. J. K. Eur. J. Org. Chem. 2010, 4527 and references

cited therein; (b) Zaveri, N. T.; Jiang, F.; Olsen, C. M.; Deschamps, J. R.; Parrish,
D.; Polgar, W.; Toll, L. J. Med. Chem. 2004, 47, 2973.

. Hauf, S.; Cole, R. W.; Laterra, S.; Zimmer, C.; Schnapp, G.; Walter, R.; Heckel, A.;

Van Meel, J.; Reider, C. L.; Peters, ]J. M. J. Cell. Biol. 2003, 161, 281.

. Carvajal, R. O.; Tse, A.; Schwartz, G. K. Clin. Cancer Res. 2006, 12, 6869.
. Keen, N.; Taylor, S. Nat. Rev. Cancer 2004, 4, 927.
. Sessa, F.; Mapelli, M.; Ciferri, C.; Tarricone, C.; Areces, L. B.; Schneider, T. R.;

Stukenberg, P. T.; Musacchio, A. Mol. Cell 2005, 18, 379.

. Walter, R.; Grell, W.; Heckel, A.; Himmelsbach, F.; Eberlein, W.; Roth, G.; Van

Meel, J.; Redemann, N.; Spevak, W.; Tontsch-Grunt, U.; Vonruden, T. Chem.
Abstr.; Boehringer Ingelheim: 2000; 132; 265083e.

. Roth, G. J.; Heckel, A.; Colbatzky, F.; Handschuh, S.; Kley, J.; Lehmann-Lintz,

T.; Lotz, R.; Tontsch-Grunt, U.; Walter, R.; Hilberg, F. ] Med. Chem. 2009, 52,
4466.

Hilberg, F.; Roth, G. ].; Krssak, M.; Kautschitsch, S.; Sommergruber, W.; Grunt,
U.T.; Chesa, P. G.; Bader, G.; Zoephel, A.; Quant, J.; Heckel, A.; Rettig, W. ]. Cancer
Res. 2008, 68, 4774.

Merten, J.; Linz, G.; Schnaubelt, J.; Schmid, R.; Rall, W.; Renner, S.; Relchel, C.;
Schiffers, R.; W02009071523 A1, 2009.

(a) True, M.; Guertler, U.; Karner, T.; Kraemer, O.; Quant, JJ.; Zahn, S.K.
WO02008152013 A1, 2008. (b) True, M.; Mantoulidis, A.; Tontsch-Grunt, U.
WO02007122219 A1, 2007. (c) Burgdorf, L.T.; Bruge, D.; Greiner, H.; Kordowicz,
M.; Sirrenberg, C.; Zenke, F. W02006131186 A1, 2006. (d) Rall, W.; Pfrengle, W.;
Schnaubelt, J.; Hammon, H.; W02009092580 A1, 2009.

Lu, B.; Ma, D. Org. Lett. 2006, 8, 6115.

Cantagrel, G.; de Carné-Carnavalet, B.; Meyer, C.; Cossy, J. Org. Lett. 2009, 11,
4262.

(a) Bararjanian, M.; Balalaie, S.; Rominger, F.; Movassagh, B.; Bijanzadeh, H. R. J.
Org. Chem. 2010, 75, 2806; (b) Bararjanian, M.; Balalaie, S.; Movassagh, B.; Bi-
janzadeh, H. R. Tetrahedron Lett. 2010, 51, 3277.

(a) Ho, T. L. Tactics of Organic Synthesis; Wiley: New York, NY, 1994; (b) Nicolaou,
K. C.; Montagnon, T.; Snyder, S. A. Chem. Commun. 2003, 551.

(a) Mukhopadhyay, R.; Kundu, N. G. Synlett 2001, 1143; (b) Larock, R. C.; Yum, E.
K.; Refvik, M. D. J. Org. Chem. 1998, 63, 7652; (c) Barluenga, J.; Valdes, C. Chem.
Commun. 2005, 4891.

Corres, N.; Delgado, ]. J.; Garcia-Valverde, M.; Marcaccini, S.; Rodriguez, T.; Rojo,
J.; Torroba, T. Tetrahedron 2008, 64, 2225.

El Kaim, L.; Grimaud, L.; Vieu, E. Org. Lett. 2007, 9, 4171.

kehrer, M.; Kalinski, C.; Ross, G.; Burdack, C.; Kolb, ].; Bach, T. Tetrahedron Lett.
2007, 48, 8060.

(a) Ugi, L.; Schmid, T. J. Prakt. Chem. 1997, 339, 625; (b) de Greef, M.; Abeln, S.;
Belkasmi, K.; Doemling, A.; Orru, R. V. A.; Wessjohann, L. A. Synthesis 2006,
3997; (c) Banfi, L.; Basso, A.; Guanti, G.; Kielland, N.; Reppeto, C.; Riva, R. J. Org.
Chem. 2007, 72, 2151.

Muller, T.; Brase, S. In Mizoroki—Heck Reaction; Oestreich, M, Ed.; Wiley: New
York, NY, 2009; pp 215—258.

(a) Erb, W,; Neuville, L.; Zhu, J. J. Org. Chem. 2009, 74, 3109 and references
cited therein; (b) Bonnaterre, F.; Bois-Choussy, M.; Zhu, J. Org. Lett. 2006, 8,
4351; (c) Salcedo, A.; Neuville, L.; Zhu, ]. J. Org. Chem. 2008, 73, 3600; (d)
Bonnaterre, F.; Bois-Choussy, M.; Zhu, ]. Beilstein J. Org. Chem. 2008, 1-11; (e)
Kalinski, C.; Umkehrer, M.; Ross, G.; Kolb, ].; Burdack, W. Tetrahedron Lett.
2006, 47, 3423; (f) Kalinski, C.; Umkehrer, M.; Schmidt, ].; Ross, G.; Kolb, ].;
Burdack, C.; Hillerb, W.; Hoffmann, S. D. Tetrahedron Lett. 2006, 47, 4683.
Bramson, H. N.; Corona, ].; Davis, S. T.; Dickerson, S. H.; Edelstein, M.; Frye,
S. V.; Gample, R. T.; Harris, P. A.; Hassel, A.; Holmes, W. D.; Hunter, R. N.;
Lackey, K. E.; Lovejoy, B.; Luzzio, J.; Montana, V.; Rocque, W. J.; Rusnak, D.;
Schewchuk, L.; Vael, J. M.; Walker, D. H.; Kuyper, L. E. J. Med. Chem. 2001, 44,
4339.


http://dx.doi.org/doi:10.1016/j.tet.2011.02.005

	Palladium catalyzed stereoselective synthesis of 3-(anilinoarylmethylene)-2-oxindoles as Hesperadin analogoues
	Introduction
	Results and discussions
	Conclusion
	Experimental section
	General
	General procedure for the synthesis of N-substituted-2-alkynamides Ia–o
	N-((tert-Butylcarbamoyl)(phenyl)methyl)-N-(2-iodophenyl)-3-phenylpropiolamide (Ig)

	General procedure for the synthesis of 3-(anilinoarylme	thylene)-2-oxindoles 6a–o
	2-((Z)-3-((Phenylamino(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl-2-phenylacetamide (6a)
	2-((Z)-3-((Phenylamino(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexy-2-(4-(dimethylamino)phenyl)-acetamide (6b)
	2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl-2-(4-methoxyphenyl)acetamide (6c)
	2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl-2-p-tolylacetamide (6d)
	2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl-2-(4-(trifluoromethyl)phenyl)acetamide (6e)
	2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl-2-(4-bromophenyl) acetamide (6f)
	2-((Z)-3-((Phenylamino(phenyl)methylene)-2-oxindolin-1-yl)-N-tert-butyl-2-phenylacetamide (6g)
	2-((Z)-3-((Phenylamino(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl-3-methylbutanamide (6h)
	2-((Z)-3-((4-Isopropylphenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-tert-butyl-2-phenyl acetamide (6i)
	2-((Z)-3-((4-Methoxyphenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl-2-phenylacetamide (6j)
	2-((Z)-3-((4-Nitrophenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl-2-(pyridine 3-yl)acetamide (6k)
	2-((Z)-3-((4-Fluorophenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-benzyl-4-methyl pentanamide (6l)
	2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-cyclohexyl heptanamide (6m)
	2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-benzyl hexanamide (6n)
	2-((Z)-3-((Phenylamino)(phenyl)methylene)-2-oxindolin-1-yl)-N-benzyl-4-methyl pentanamide (6o)


	Acknowledgements
	Supplementary data
	References and notes


