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Three-Component Reaction for Efficient Synthesis of
Functionalized Spiro[cyclopentane-1,3'-indolines]

Ma, Weiqing Han, Ying* Sun, Jin Yan, Chaoguo™
(College of Chemistry & Chemical Engineering, Yangzhou University, Yangzhou, Jiangsu 225002)

Abstract The three-component reaction of alkylisocyanide, dialkyl acetylenedicarboxylate (alkyl propiolate) and 3-phenacy-
lideneoxindole in refluxing toluene afforded the functionalized spiro[cyclopentane-1,3'-indolines] in satisfactory yields. How-
ever, the similar reaction of 3-phenacylideneoxindoles with unsubstituted NH group resulted in spiro[cyclopentane-1,3'-indo-
lines] with additional aza-buta-1,3-diene scaffold. On the other hand, the three-component reactions with 3-arylideneoxindolin-
2-ones only gave 2-(2-oxoindolin-1-yl)-3-((alkylimino)methylene)succinates. It was also interesting to find that the reaction of
free amino group in two kinds of functionalized 3-methyleneoxindoles with alkylisocyanide and dialkyl acetylenedicarboxylate
selectively gave C2-substituted 1-aza-buta-1,3-diene (C=C—C=NR) or C4-substituted 1-aza-buta-1,2-diene (C—C=C=
NR) scaffold in the molecules.

Keywords isocyanide; dialkyl acetylenedicarboxylate; 3-phenacylideneoxindole; spiro[cyclopentane-1,3'-indoline]; multi-
component reaction

rivatives. Consequently, the considerable works have been
paid to develop efficient synthetic methodologies for the
diversely structural spirooxindoles.”

Isocyanide is a functional group with outstanding reac-
tivity, including the ability to react with both electrophiles
and nucleophiles simultaneously.™ As a matter of fact, the
unique features of alkylisocyanide make them versatile

1 Introduction

The spirooxindole is one of the most privileged hetero-
cyclic rings, which not only exists in several naturally oc-
curring substances, but also is featured in many medici-
nally relevant compounds with wide applications as anti-
microbial and antitumor agents and inhibitors of the human

neurokinin receptors.l') Additionally, the construction of
diverse spirooxindoles is often accompanied with interest-
ing regio-, diastereo- and enantio-selectivity.?!

These properties have prompted many efforts toward the
multilateral investigations of various spirooxindoline de-

* Corresponding authors. E-mail: cgyan@yzu.edu.cn; hanying@yzu.edu.cn

synthons for the synthesis of the divergent types of heter-
ocycles.’! Furthermore, their compatibility with domino
and cascade reactions has paved the way for developing
novel atom and bond economic synthetic strategies.! Iso-
cyanide-based multicomponent reactions are powerful
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tools for the synthesis of a wide variety of organic com-
pounds.!”! Passerine reaction, Ugi reaction and Van Leusen
reaction are the most famous synthetic reactions by using
isocyanide as key substrate.’®! In this respect, the addition
of isocyanide to electron-deficient alkyne resulted in active
Huisgen’ 1,4-dipole, which can be trapped by various elec-
trophiles and nucleophiles to give versatile acyclic and
heterocyclic compounds.l’ Therefore, potential applica-
tions of the multicomponent reaction containing alkyli-
socyanide and electron-deficient alkynes have attracted
significant attention in organic synthesis.!'Y In recent
years, many domino or multicomponent reactions based on
the nucleophilic addition of alkylsocyanide and elec-
tron-deficient alkynes have been successfully devel-
oped.['""13 In continue our aim to develop more efficient
protocols for diverse spirooxindoles,!'*!3 herein we wish
to report the simple and efficient synthesis of spiro[cyclo-
pentane-1,3"-indoline] derivatives by three-component re-
action of alkylisocyanides, electron-deficient alkynes and
3-methyleneoxindoles.

2 Results and discussion

Initially, the reaction conditions were briefly examined
by using cyclohexylisocyanide, dimethyl acetylenedicar-
boxylate (DMAD) and 3-phenacylideneoxindole as stand-
ard reaction (Table 1). The three-component reaction in
methylene dichloride, acetonitrile and toluene gave the
spiro compound 1b in 34%, 36% and 42% yields, respec-
tively (Entries 1~3). However, no spiro compound was
formed when the reaction was carried out in tetrahydrofu-
ran, methanol and ethanol (Entries 4~6). The reaction in
refluxing tetrahydrofuran (THF) still did not produce the
spiro compound (Entry 7). When the reaction was carried
out in acetonitrile and toluene at the elevated temperature,
the yields of spiro compound 1b increased to 45% and
70% (Entries 8, 9). The reaction in refluxing toluene for
0.5 h gave the product 1b in 86% yield (Entry 10). When
the reaction was carried in refluxing toluene for 2 h, the
yield of 1b remained as 83% (Entry 11). Thus, the best
reaction conditions were carrying the reaction in refluxing
toluene for 0.5 h.

With the optimized reaction conditions in hand, the
scope of the substrates was developed. The results are
summarized in Table 2. Both cyclohexylisocyanide and
t-butylisocyanide were successfully used in the reaction.
Various 3-phenacylideneoxindoles reacted smoothly to
give the spiro[cyclopentane-1,3'-indolines] 1a~1i in sat-
isfactory yields. The substituents showed marginal effect
on the yields. On the other hand, the reaction with ethyl or
2-(2-oxoindolin-3-ylidene)acetates proceeded smoothly to
give the expected spiro compounds 1j~1m in good yields.
These results showed that this three-component reaction
has a widely variety of substrates. The substituents on the
alkylisocyanides and 3-methyleneoxindoles showed mar-
ginal effect on the yields. The chemical structures of the
spiro compounds la~1m were fully characterized by

Chin. J. Org. Chem. 2021, 41, 3180~3191

Table 1 Optimizing reaction conditions”

H3CO
e

NC COZCH3
Ol
CO,CH; O N
Bn
Entry Solvent Temp./  Time/h  Yield’/%
1 CH:Cl2 r.t. 12 34
2 MeCN r.t. 12 36
3 PhMe r.t. 12 42
4 THF r.t. 12 —
5 EtOH r.t. 12 —
6 MeOH r.t. 12 —
7 THF 60 12 —
8 MeCN 60 6 45
9 PhMe 60 2 70
10 PhMe 110 0.5 86
11 PhMe 110 2 83

@ Reaction conditions: alkylisocyanide (0.45 mol), DMAD (0.45 mmol),
3-methyleneoxindole (0.3 mmol), solvent (10.0 mL). ® Isolated yields

spectroscopy and were confirmed by the determination of
the single crystal structure of the compounds 1b (CCDC
2059918) and 1f (CCDC 2059919) (Figure 1).

Table 2 Synthesis of spiro[cyclopentane-1,3'-indolines] la~
1m“

ot H3CO,C

RING + Cozctst /  toluene R'HN O C%CHS

0110 °C R2 E
CO,CHs l\{ 30 min (0]
R® ks

Compd. R! R? R3 E Yield”/%
la  Cyclohexyl H Bn p-CH3Ce¢Hs 82
1b  Cyclohexyl ClI Bn p-CH30Ce¢Hs 86
1c  Cyclohexyl Cl Bn p-CH3CeHs 82
1d  Cyclohexyl F Bn p-CH3OCeHs 78
le  Cyclohexyl F Bn p-CH3C¢Hs 75
1f  Cyclohexyl F n-Bu C¢Hs 62
1g +Bu Cl Bn p-CH30CsHs 85
1h  #Bu Cl Bn p-CHsCeHs 80
li tBu F Bn p-CH3Ce¢Hs 72
1j #Bu Cl Bn OCH:CH; 75
1k #Bu CHs Bn OCH2CH3 71
11  #Bu H Bn OCH; 69
Im #Bu Cl Bn OCH; 78

© 2021 Chinese Chemical Society & SIOC, CAS

@ Reaction conditions: alkylisocyanide (0.45 mmol), DMAD (0.45 mmol),
3-methyleneoxindole (0.3 mmol), toluene (10.0 mL), 110 ‘C, 0.5 h.  Isolated
yields.

When 3-phencylideneoxindoles with free NH group
were sued in the three-component reaction, the spiro comp-
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Table 3 Synthesis of spiro[cyclopentane-1,3'-indolines] 2a~
2e”

Ar
CO,CH; 0
) / Toluene
R1NC + ‘ ‘ + R 110°C. 1h
CO,CH, N ©
H3CO,C
CO,CH,
R'HN O
R2 Ar
(L
CO,CHs
RIN™
H3CO,C
2a~2e
Yield?/?
Compd. R! R? Ar 1e. &
(Z:E)
2a Cyclohexyl CHs;  p-CHs0CsHs 63(1:9)
2b Cyclohexyl H p-CH3CeH4 59(1:9)
2¢ -Bu Cl p-CH3CeH4 70(1:9)
2d -Bu CHs  p-CICsHa 64(1:9)
2e -Bu F p-CH30C¢Hs 67(1:9)

Figure 1 Single crystal structures of the compounds 1b and 1f

ounds 2a~2e were successfully isolated in good yields
(Table 3). It can be seen that both the exocyclic C=C
bond and free NH group reacted with the in situ generated
1,4-dipole from the reaction of alkylisocyanide with
DMAD. The 'H NMR and '3C NMR spectra of the ob-
tained spiro compounds 2a~2e clearly showed that they
have two units of but-2-enedioate. The nucleophilic addi-
tion reaction of primary amine to DMAD usually resulted
in the mixture of Z/E-isomers of amino-substituted but-2-
enedioate, which could not be separated due to quick
isomerization in solution. The molecular ratios of the
Z/E-isomers were nearly 1 : 9 according to the '"H NMR
spectra. The single crystal structure of the compound 2a
was successfully determined by X-ray diffraction (CCDC
2059920, Figure 2). It can be seen that a polysubstituted
cyclopentadiene moiety was formed in the molecule. Addi-
tionally, the cyclic amino group connected to a 1-aza-buta-
1,3-diene (C=C—C=NR) scaffold at C2-position. The
two methoxycarbonyl groups exist on the trans-position of
the C=C bond in the C=C—C=NR scaffold.

For developing the scope of the reaction, alkyl propio-
late was also used in the three-component reaction. The
reaction was carried out in refluxing toluene for 3 h. Both
methyl and ethyl propiolate reacted smoothly to give the

3182 http:/sioc-journal.cn/

4 Reaction conditions: alkylisocyanide (0.90 mmol), DMAD (0.90 mmol),
3-methyleneoxindole (0.3 mmol), toluene (10.0 mL), 110 ‘C, 1.0 h.  Isolated
yields.

expected spiro[cyclopentane-1,3'-indolines] 3a ~ 3h in
satisfactory yields (Table 4). The results showed that reac-
tivity of alkyl propiolate is relative lower than that of the
dialkyl acetylenediacarboxylate. The structures of the spiro
compounds were fully characterized by various spectros-
copy. The single crystal structure of compound 3a was also
successfully determined (CCDC 2059921, Figure 2),
which has similar structural character to those of the single
crystals 1b and 1f.

Table 4 Synthesis of spiro[cyclopentane-1,3'-indolines] 3a~
3h

Ar
O
COR*R? toluene
RINC + + O ...~
I 0w
l‘?“

Compd. R! RZ R} R* Ar Yield”/%
3a t-Bu Me F Bn p-CH30CsHs 88
3b t-Bu Me F Bn p-CH3CeéHs 83
3c t-Bu Me H Bn p-CH30C¢Hs 76
3d t-Bu Me H Bn p-CH3CeHs 72
3e t-Bu Me Cl Bn p-CIC¢Hs 82
3f t-Bu Me F n-Bu CeHs 65
3g t-Bu Et Cl Bn p-CH30CeHs 72
3h  Cyclohexyl Et Cl Bn p-CICeHs 76

© 2021 Chinese Chemical Society & SIOC, CAS

@ Reaction conditions: alkylisocyanide (0.45 mmol), alkyl propiolate (0.45
mmol), 3-methyleneoxindole (0.3 mmol), toluene (10.0 mL), 110 C, 3.0 h.
b Isolated yields.
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Figure 2 Single crystal structures of the compounds 2a and 3a

In order to demonstrate the synthetic values of this
three-component reaction, another kind of common 1,3-
dipolarophile, 3-arylideneindolin-2-one, was also em-
ployed in the reaction. The expected exocyclic C=C bond
in the substrate could not take part in the reaction at the
refluxing toluene for longer time or by employing larger
excess of alkylisocyanide and DMAD. However, the NH
unit of 3-arylideneindolin-2-ones anticipated in the reac-
tion to give 2-(2-oxoindolin-1-yl)-3-((alkylimino)methyl-
ene)succinates 4a~4e in high yields (Table 5). This result
clearly showed that the exocyclic C=C bonds in 3-aryli-
deneindolin-2-ones are not active in the reaction due to
lacking of the carbonyl group comparing to the 3-pheacyli-
deneoxindoles. The single crystal structure of the com-
pound 4a was determined by X-ray diffraction method
(CCDC 2059922). From Figure 5, it can be seen that the
exocyclic C=C bond has a Z-configuration, in which the
phenyl group and the carbonyl group in oxindolin-2-one
exist on cis-position. It should be pointed out that
3-arylideneoxindolin-2-ones were easy to be prepared as
an E/Z mixture with high ratio.l'’l Here, a single crystal
with Z-configuration was easily formed. The cyclic amino
group connected to a l-aza-buta-1,2-diene (C—C=C=
NR) scaffold at C4-position in the molecule 4a. Comparing
with the above single crystal structure 2a in Figure 2, in
which the amino group connected to an isomeric 1-aza-
buta-1,3-diene (C=C—C=NR) scaffold at C2-position in
the molecule. A literature survey indicated that the for-

Chin. J. Org. Chem. 2021, 41, 3180~3191

mation of 1-aza-buta-1,3-diene (C=C—C=NR) scaffold
was often observed in the reaction of the domino reaction
of isocyanide and electron-deficient alkynes,”'" while the
formation of 1-aza-buta-1,2-diene (C—C=C=NR) scaf-
fold was occasionally encountered.['®!

Table 5 Synthesis of functionalized indolin-2-ones 4a~4e*

CO,CHs CE@
Toluene
RINC + ||
rt., 4h

02CH3
CO,CHs H3CO2C
NR'
4a ~ 4e
Compd. R! Ar Yield®/%

42 tBu p-CH30CsHs 74
4  tBu p-CICsHy 79
4c t-Bu p-BrCeHa 75
4d t-Bu m-ClCsHs 68
4e Cyclohexyl p-CICsHa 77

© 2021 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: alkylisocyanide (0.30 mmol), DMAD (0.30 mmol),
3-arylideneindolin-2-one (0.3 mmol), toluene (10.0 mL), r.t., 4.0 h. ? Isolated
yields.

Figure 5 Single crystal structure of the compound 4a

In order to explain the formation of different spiro
compounds, a plausible reaction mechanism is proposed in
Scheme 1 on the basis of the previous reported works®'%
and the present experiments. At first, a nucleophilic addi-
tion of alkylisocyanide to DMAD results in a 1,4-dipolar
intermediate A. Secondly, Michael addition of the 1,4-
dipolar intermediate A to 3-phenacylideneoxindole gives
the adduct B. Thirdly, the intramolecular coupling of the
carbanion to the ammonium affords an imino-substituted
intermediate C. Then, the isolated spiro compound 1 or 3
is formed by 1,5-H shift process. In the case of 3-phena-
cylideneoxindole with a free NH group (R*=H), the fur-
ther reaction of free NH group with excess 1,4-dipolar in-
termediate A give the spiro compound 2. When 3-aryli-
deneoxindolin-2-one is employed in the reaction, the exo-
cyclic C=C bond is not active enough to react with the

http://sioc-journal.cn/ 3183
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1,4-dipolar intermediate A. Alternatively, the protonation
of intermediate A gives the intermediate D, while 3-aryli-
deneoxindolin-2-one converts to an amino anion E. Then,
Michael addition of the anion E to the intermediate D re-
sults in the adduct F, which in turn isomerizes to give the
isolated product 4 with a 1l-aza-buta-1,2-diene (C—C=
C=NR) scaffold.

3 Conclusions

In summary, we have investigated the three-component
reaction of alkylisocyanide, dialkyl acetylenedicarboxylate
(alkyl propiolate) and 3-phenacylideneoxindoles. This re-
action successfully provided an efficient synthetic protocol
for the functionalized spiro[cyclopentane-1,3'-indolines] in
satisfactory yields. It is interesting to find that the free NH
group in 3-phenacylideneoxindoles and 3-arylideneoxin-
dolin-2-ones could react with alkylisocyanide and dialkyl
acetylenedicarboxylate to give the scaffolds containing 1-
aza-buta-1,3-diene or 1-aza-buta-1,2-diene unit. The stere-
ochemistry of the various spiro compounds was confirmed
by determination of several single crystal structures. This
reaction not only provided efficient synthetic methodology
for biologically important spirooxindoles, but also devel-
oped the high efficiency and atom-economy of the multi-
component reaction. The potential applications of this mul-
ticomponent reaction in organic synthesis and medicinal
chemistry might be significant.

R1
R1
o
Il CO,CH ® //C)\/CO2CH3
®N _weeMs l\‘l/ C)
B l|J R'=H, CO,CH, t-Bu

4 Experimental section

4.1 General procedure for the synthesis of spiro-
[cyclopentane-1,3'-indolines] (1a~1m)

A mixture of alkylisocyanide (0.45 mmol), DMAD
(0.45 mmol) and 3-methyleneoxindole (0.3 mmol) in tolu-
ene (10.0 mL) was refluxed at 110 °C for 0.5 h. Then, the
solvent was removed by rotatory evaporation at reduced
pressure. The residue was subjected to column chromatog-
raphy with petroleum ether and ethyl acetate (V' . V=4
1) as eluent to give the pure product.

Dimethyl 1'-benzyl-2-(cyclohexylamino)-5-(4-methyl-
benzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-2,4-
diene-3,4-dicarboxylate (1a): Yellow solid, 82% yield.
m.p. 235~237 °C; '"H NMR (400 MHz, CDCl5) 6: 8.91 (d,
J=9.6 Hz, 1H, NH), 7.60 (d, J/=7.2 Hz, 2H, ArH), 7.39~
7.35 (m, 4H, ArH), 7.30 (d, J/=7.2 Hz, 1H, ArH), 7.21 (t,
J=28.0 Hz, 1H, ArH), 7.15~7.10 (m, 3H, ArH), 6.98 (t,
J=7.4 Hz, 1H, ArH), 6.84 (d, J=7.6 Hz, 1H, ArH), 5.05 (s,
2H, CH»), 3.71 (s, 3H, OCH3), 3.22 (s, 3H, OCH3), 2.75 (d,
J=10.0 Hz, 1H, CH), 2.33 (s, 3H, CH3), 1.71 (d, J=9.6
Hz, 1H, CH,), 1.35~1.26 (m, 3H, CH>), 1.17~1.14 (m,
1H, CH,), 1.01~0.92 (m, 2H, CH,), 0.88~0.78 (m, 2H,
CH>), 0.55 (d, J=10.0 Hz, 1H, CHy); '*C NMR (100 MHz,
CDCl3) 0: 188.9, 171.6, 170.9, 165.7, 165.1, 144.6, 141.4,
136.8, 135.7, 129.6, 128.9, 128.3, 128.3, 128.1, 127.8,
126.0, 123.1, 123.1, 110.0, 64.9, 53.9, 51.6, 51.1, 45.7,

Scheme 1 Plausible reaction mechanism for various products 1~4

3184 http:/sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 3180~3191



Chinese Journal of Organic Chemistry

33.9, 33.6, 24.8, 24.3, 24.2, 21.5; IR (KBr) v: 3244, 2935,
2855, 1753, 1717, 1665, 1602, 1551, 1459, 1336, 1213,
1082, 1039, 964, 799, 754, 707, 589, 549 cm !'; HRMS
(ESI) caled for C3H3N,Os [M+H]" 6052652, found
605.2648.

Dimethyl 1'-benzyl-5'-chloro-2-(cyclohexylamino)-5-(4-
methoxybenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3,4-dicarboxylate (1b): Yellow solid, 86% yield.
m.p. 199~201 C; '"H NMR (400 MHz, CDCl5) J: 8.93 (d,
J=10.4 Hz, 1H, NH), 7.57 (d, /=7.2 Hz, 2H, ArH), 7.49
(d, J=8.8 Hz, 2H, ArH), 7.37 (t, J=7.6Hz, 2H, ArH),
7.30 (t, J=7.2 Hz, 1H, ArH), 7.20~7.17 (m, 1H, ArH),
7.13 (d, J=1.6 Hz, 1H, ArH), 6.83 (d, /=28.8 Hz, 2H,
ArH), 6.76 (d, J/=8.4 Hz, 1H, ArH), 5.08~4.99 (m, 2H,
CH,), 3.81 (s, 3H, OCH3), 3.72 (s, 3H, OCH3), 3.30 (s, 3H,
OCHz3), 2.73~2.70 (m, 1H, CH), 1.72, (d, J/=9.2 Hz, 1H,
CH,), 1.45 (d, J=15.6 Hz, 1H, CH>»), 1.36 (d, /=13.2 Hz,
1H, CH,), 1.26~1.15 (m, 2H, CH,), 1.02(d, /=4.8 Hz,
2H, CH,), 0.81~0.60 (m, 2H, CH>), 0.62 (d, /=13.6 Hz,
1H, CH,); '3C NMR (100 MHz, CDCl;) J: 188.1, 171.3,
170.1, 165.6, 164.9, 162.2, 149.6, 143.2, 135.2, 131.9,
130.4, 129.5, 128.9, 128.5, 127.9, 127.9, 127.7, 126.6,
123.3,112.9,110.9,99.4, 64.7, 55.3, 54.1, 51.8, 51.2, 45.8,
33.9, 33.6, 24.7, 24.6, 24.2; IR (KBr) v: 2939, 2848, 1733,
1666, 1597, 1552, 1457, 1328, 1251, 1216, 1170, 1035,
798, 743, 699, 599 cm !; HRMS (ESI) caled for C37H34Cl-
N,O7 [M+H]" 655.2211, found 655.2199.

Dimethyl 1'-benzyl-5'-chloro-2-(cyclohexylamino)-5-(4-
methylbenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3,4-dicarboxylate (1¢): Yellow solid, 82% yield.
m.p. 219~221 C; '"H NMR (400 MHz, CDCl5) J: 8.96 (d,
J=10.4 Hz, 1H, NH), 7.57 (d, J=7.2 Hz, 2H, ArH),
7.39~17.35 (m, 4H, ArH), 7.32~7.29 (m, 1H, ArH),
7.20~7.18 (m, 1H, ArH), 7.13~7.12 (m, 1H, ArH), 6.76
(d, J/=8.0 Hz, 1H, ArH), 5.09~4.98 (m, 2H, CH,), 3.72
(s, 3H, OCHz3), 3.23 (s, 3H, OCH3), 2.73 (d, /=9.6 Hz,
1H, CH), 2.35 (s, 3H, CH3), 1.72 (d, J=12.4 Hz, 1H,
CH,), 1.45 (d, J/=13.2 Hz, 1H, CH>»), 1.36 (d, /=13.2 Hz,
1H, CHy), 1.26~1.15 (m, 2H, CH»), 1.05~0.99 (m, 2H,
CH,), 0.92~0.82 (m, 2H, CH»), 0.62 (d, /=13.2 Hz, 1H,
CH>); C NMR (100 MHz, CDCls) J: 188.8, 171.3, 170.3,
165.6, 164.9, 143.2, 141.5, 136.6, 135.2, 129.5, 128.9,
128.4, 128.3, 128.2, 127.9, 127.9, 127.8, 123.3, 110.9,
99.5, 64.6, 54.1, 51.7, 51.2, 45.8, 33.9, 33.5, 24.7, 24.4,
24.2, 21.5; IR (KBr) v: 3238, 2927, 2848, 1734, 1663,
1613, 1551, 1457, 1333, 1247, 1208, 1042, 826, 742, 701,
596 cm '; HRMS (ESI) caled for C37H36CIN2Os [M+H]"
639.2262, found 639.2250.

Dimethyl 1'-benzyl-2-(cyclohexylamino)-5'-fluoro-5-(4-
methoxybenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3,4-dicarboxylate (1d): Yellow solid, 78% yield.
m.p. 190~192 C; '"H NMR (400 MHz, CDCls) é: 8.93
(d, J/=10.0 Hz, 1H, NH), 7.58 (d, J=7.6 Hz, 2H, ArH),
749 (d, J=8.8 Hz, 2H, ArH), 7.37 (t, J=6.8 Hz, 2H,
ArH), 7.32~7.29 (m, 1H, ArH), 6.94~6.90 (m, 1H, ArH),
6.82 (d, J/=8.8 Hz, 2H, ArH), 6.78~6.74 (m, 1H, ArH),
5.09~5.00 (m, 2H, CH>»), 3.81 (s, 3H, OCH3), 3.72 (s, 3H,

Chin. J. Org. Chem. 2021, 41, 3180~3191
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OCHa), 3.29 (s, 3H, OCH3), 2.75 (d, /=10.4 Hz, 1H, CH),
1.73 (d, J=12.4 Hz, 1H, CH,), 1.46~1.35 (m, 2H, CH>),
126 ~1.15 (m, 2H, CHy), 1.05~0.98 (m, 2H, ArH),
0.95~0.82 (m, 2H, CH,), 0.61 (d, J/=13.2 Hz, 1H, CHy);
13C NMR (100 MHz, CDCl3) 6: 188.1, 171.4, 170.1, 165.6,
165.0, 162.2, 159.1 (d, J=241.3 Hz), 149.5, 140.7, 135.3,
131.9, 1304, 128.9, 1279, 127.9, 127.6, 127.5, 126.7,
1159 (d, /=23.3 Hz), 112.9, 111.1 (d, J/=25.1 Hz), 110.6
(d, J=8.0 Hz), 99.41, 65.06, 55.35, 54.01, 51.83, 51.20,
45.92, 34.00, 33.58, 24.73, 24.36, 24.18; IR (KBr) v: 3235,
3059, 2939, 2854, 1722, 1672, 1601, 1551, 1456, 1336,
1219, 1167, 1081, 1015, 927, 888, 792, 703, 606, 538
cm !'; HRMS (ESI) caled for Ci7H36FN,O; [M-l-H]+
639.2507, found 639.2488.

Dimethyl 1'-benzyl-2-(cyclohexylamino)-5'-fluoro-5-
(4-methylbenzoyl)-2'-oxospiro[cyclopentane-1,3'-indo-
line]-2,4-diene-3,4-dicarboxylate (1e): Yellow solid, 75%
yield. m.p. 185~187 “C; 'H NMR (400 MHz, CDCl5) ¢:
8.95 (d, /=10.8 Hz, 1H, NH), 7.58 (d, J=7.6 Hz, 2H,
ArH), 7.39~7.37 (m, 2H, ArH), 7.32~7.27 (m, 2H, ArH),
7.13 (d, J=7.2 Hz 2H, ArH), 6.94~6.90 (m, 2H, ArH),
6.77~6.74 (m, 1H, ArH), 5.09~4.99 (m, 2H, CH»), 3.72
(s, 3H, OCHz), 3.23 (s, 3H, OCHj3), 2.76 (d, J=10.0 Hz,
1H, CH), 2.34 (s, 3H, CH3), 1.73 (d, J=13.2 Hz, 1H,
CH,), 1.46~1.35 (m, 2H, CH,), 1.27~1.18 (m, 2H, CH>),
1.05~1.01 (m, 2H, CH>), 0.96~0.83 (m, 2H, CH>), 0.61
(d, J/=12.0 Hz, 1H, CH,); '*C NMR (100 MHz, CDCls) &:
188.9, 171.4, 170.3, 165.6, 164.9, 159.2 (d, J=241.5 Hz),
150.2, 141.5, 140.8, 136.6, 135.3, 128.9, 128.3, 128.2,
127.9, 127.9, 127.7, 127.6, 126.7, 115.9 (d, J=23.1 Hz),
111.1 (d, J=25.1 Hz), 110.6 (d, J=7.7 Hz), 99.5, 64.9,
54.1,51.7,51.2,45.9,33.9, 33.6, 24.7, 24.4,24.2, 21.5; IR
(KBr) v: 3232, 2936, 2857, 1728, 1664, 1600, 1542, 1491,
1457, 1341, 1250, 1216, 1157, 1083, 1040, 825, 791, 751,
705, 597 cmfl; HRMS (ESI) calcd for C37H36FN206 [M+
H]" 623.2557, found 623.2547.

Dimethyl 2-benzoyl-1'-butyl-5-(cyclohexylamino)-5'-
fluoro-2'-oxospiro[cyclopentane-1,3'-indoline]-2,4-diene-
3,4-dicarboxylate (1f): Yellow solid, 62% yield. m.p.
163~165 °C; 'H NMR (400 MHz, CDCl;) J: 8.92 (d, J=
8.8 Hz, 1H, NH), 7.43~7.37 (m, 3H, ArH), 7.32~7.28
(m, 2H, ArH), 7.05~7.01 (m, 1H, ArH), 6.93~6.86 (m,
2H, ArH), 3.91~3.75 (m, 2H, CHa), 3.71 (s, 3H, OCH3),
3.19 (s, 3H, OCH3), 2.80 (d, /=10.4 Hz, 1H, CH), 1.86~
1.80 (m, 3H, CH»), 1.70 (s, 1H, CH,), 1.57~1.46 (m, 5H,
CH,), 1.26~1.20 (m, 1H, CH,), 1.07 (s, 1H, CH>), 1.02 (4,
J=17.2 Hz, 3H, CH3, CH»), 0.72 (d, /=8.4 Hz, 1H, CH,);
13C NMR (100 MHz, CDCI3) 6: 188.9, 170.8, 170.6, 165.6,
164.8, 159.0 (d, J/=241.1 Hz), 150.7, 140.9, 139.3, 130.8,
127.9, 127.7, 127.6, 126.3, 115.9 (d, J=23.2 Hz), 111.1
(d, /=249 Hz), 109.6 (d, J=28.0 Hz), 99.5, 64.8, 54.1,
51.6, 51.2, 41.2, 33.9, 33.7, 29.2, 24.8, 24.7, 24.5, 20.4,
13.7; IR (KBr) v: 3245, 3062, 2934, 2858, 1730, 1671,
1604, 1547, 1485, 1454, 1339, 1222, 1154, 1086, 1048,
997, 927, 891, 812, 781, 714, 656, 581, 549 cm !'; HRMS
(ESI) caled for C33H3FNOg [M+H]" 575.2557, found
575.2560.
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Dimethyl 1'-benzyl-2-(tert-butylamino)-5'-chloro-5-(4-
methoxybenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3,4-dicarboxylate (1g): Yellow solid, 85% yield.
m.p. 184~186 C; '"H NMR (400 MHz, CDCls) §: 10.00
(s, 1H, NH), 7.54 (d, /=7.2 Hz, 2H, ArH), 7.46 (d, J=8.4
Hz, 2H, ArH), 7.36~7.29 (m, 3H, ArH), 7.18~7.15 (m,
1H, ArH), 7.09 (d, J=2.0 Hz, 1H, ArH), 6.81 (d, /=8.4
Hz, 2H, ArH), 6.75 (d, J/=8.4 Hz, 1H, ArH), 5.01 (s, 2H,
CH,), 3.81 (s, 3H, OCH3), 3.72 (s, 3H, OCH3), 3.08 (s, 3H,
OCH3), 1.01 (s, 9H, CH3); *C NMR (100 MHz, CDCl;) &t
188.2, 171.7, 170.4, 166.1, 165.1, 162.3, 147.7, 143.6,
134.8, 132.1, 130.6, 129.6, 128.7, 128.4, 128.3, 128.3,
1279, 127.9, 123.6, 112.9, 111.2, 101.7, 65.4, 55.6, 55.4,
51.8,51.2,46.3, 30.6; IR (KBr) v: 2948, 1731, 1663, 1563,
1454, 1411, 1370, 1322, 1255, 1214, 1031, 916, 820, 781,
743, 697, 600, 548 cm ™ !; HRMS (ESI) caled for C3sH33Cl-
N,NaO; [M+H]" 651.1874, found 651.1872.

Dimethyl 1'-benzyl-2-(tert-butylamino)-5'-chloro-5-(4-
methylbenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3,4-dicarboxylate (1h): Yellow solid, 80% yield.
m.p. 201~203 C; '"H NMR (400 MHz, CDCls) §: 10.04
(s, 1H, NH), 7.55 (d, J/=7.2 Hz, 2H, ArH), 7.36~7.29 (m,
5H, ArH), 7.18~7.16 (m, 1H, ArH), 7.13~7.09 (m, 3H,
ArH), 6.75 (d, J=8.4 Hz, 1H, ArH), 5.01 (s, 2H, CH»),
3.71 (s, 3H, OCH3), 3.19 (s, 3H, OCH3), 2.34 (s, 3H, CH3),
1.01(s, 9H, CH3); '*C NMR (100 MHz, CDCI;) 6: 189.0,
171.8, 170.8, 166.1, 165.0, 148.5, 143.7, 141.6, 136.7,
134.8, 129.5, 128.8, 128.4, 128.4, 128.4, 128.3, 128.3,
127.9, 127.8, 123.6, 111.2, 101.8, 65.3, 55.7, 51.7, 51.3,
46.3, 30.5, 21.5; IR (KBr) v: 2947, 1731, 1664, 1614,
1559, 1454, 1405, 1370, 1323, 1259, 1214, 1081, 1033,
916, 822, 743, 697, 593, 548, cm " '; HRMS (ESI) calcd for
C35H33CIN;NaOs [M+Na]" 635.1925, found 635.1923.

Dimethyl 1'-benzyl-2-(tert-butylamino)-5'-fluoro-5-(4-
methylbenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3,4-dicarboxylate (1i): Yellow solid, 72% yield.
m.p. 202~204 C; '"H NMR (400 MHz, CDCls) §: 10.04
(s, 1H, NH), 7.55 (d, J/="7.6 Hz, 2H, ArH), 7.36~7.34 (m,
4H, ArH), 7.30 (d, J/=7.2 Hz, 1H, ArH), 7.11 (d, J=7.6
Hz, 2H, ArH), 6.93~6.87 (m, 2H, ArH), 6.77~6.74 (m,
1H, ArH), 5.02 (s, 2H, CH,), 3.72 (s, 3H, OCHz), 3.19 (s,
3H, OCH3), 2.34 (s, 3H, CH3), 1.02 (s, 9H, CH3); 3C
NMR (100 MHz, CDCls) ¢: 189.0, 171.9, 170.8, 166.1,
165.0, 159.1 (d, /=248.3 Hz), 148.4, 141.6, 141.2, 136.8,
1349, 128.7, 128.5, 128.4, 128.3, 128.1, 128.1, 127.9,
127.8, 115.9 (d, J/=23.4 Hz), 111.4 (d, J/=24.9 Hz), 110.9
(d, /=8.0 Hz), 101.8, 65.6, 55.6, 51.6, 51.2, 46.4, 30.5,
21.5; IR (KBr) v: 2955, 1728, 1656, 1610, 1561, 1485,
1452, 1397, 1324, 1261, 1216, 1033, 919, 819, 693, 637,
597, 558 cmfl; HRMS (ESI) calcd for C35H33FN2N306
[M-+Na]" 619.2220, found 619.2217.

5-Ethyl 3,4-dimethyl 1'-benzyl-2-(tert-butylamino)-
5'-chloro-2'-oxospiro[cyclopentane-1,3'-indoline]-2,4-
diene-3,4,5-tricarboxylate (1j): Yellow solid, 75% yield.
m.p. 189~191 °C; '"H NMR (400 MHz, CDCI;) 6: 9.97 (s,
1H, NH), 7.48 (d, J/=7.2 Hz, 2H, ArH), 7.36~7.29 (m,
3H, ArH), 7.24~7.21 (m, 1H, ArH), 7.02 (d, J=1.6 Hz,
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1H, ArH), 6.82 (d, /=8.2 Hz, 1H, ArH), 5.02 (d, J/=15.2
Hz, 1H, CH»), 4.83 (d, /=15.2 Hz, 1H, CH>), 4.06~3.98
(m, 1H, CH,), 3.89 (s, 3H, OCHj3), 3.76 (s, 3H, OCHz),
3.75~3.71 (m, 1H, CH»), 0.98 (s, 9H, CHz3), 0.95 (d, J=
7.2 Hz, 3H, CHs); 3*C NMR (100 MHz, CDCl3) 6: 1714,
170.6, 166.1, 165.8, 160.7, 149.9, 143.5, 134.7, 129.4,
128.7, 128.5, 128.4, 128.4, 128.1, 124.1, 116.7, 110.6,
100.9, 63.9, 60.1, 55.5, 52.3, 51.4, 45.8, 30.5, 13.8; IR
(KBr) v: 2976, 1718, 1657, 1572, 1453, 1405, 1365, 1312,
1256, 1215, 1177, 1120, 1024, 968, 806, 746, 694, 604,
546 cm™'; HRMS (ESI) caled for CsoHz CINoNaO; [M—+
Na]" 589.1717, found 589.1713.

5-Ethyl 3,4-dimethyl 1'-benzyl-2-(fert-butylamino)-5'-
methyl-2'-oxospiro[cyclopentane-1,3'-indoline]-2,4-diene-
3,4,5-tricarboxylate (1k): Yellow solid, 71% yield. m.p.
144~146 °C; 'H NMR (400 MHz, CDCls) é: 9.94 (s, 1H,
NH), 7.50 (d, J/=7.2 Hz, 2H, ArH), 7.35~7.28 (m, 3H,
ArH), 7.04 (d, J/=7.2 Hz, 1H, ArH), 6.84 (s, 1H, ArH),
6.78 (d, J/=8.0 Hz, 1H, ArH), 5.02 (d, /=12.8 Hz, 1H,
CH»), 4.79 (d, J=15.2 Hz, 1H, CH,), 4.03~3.96 (m, 1H,
CH»), 3.89 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 3.72~3.68
(m, 1H, CH>»), 2.23 (s, 3H, CH3), 0.96 (s, 9H, CH3), 0.89 (t,
J=7.2 Hz, 3H, CHs); 3C NMR (100 MHz, CDCls) &:
171.8, 171.5, 165.9, 160.8, 149.5, 142.5, 135.2, 132.8,
129.7, 128.6, 127.8, 126.5, 124.6, 109.4, 64.3, 59.9, 55.4,
52.2,51.2,45.7, 30.5, 20.8, 13.7; IR (KBr) v: 2975, 1748,
1709, 1656, 1573, 1496, 1455 1405, 1365, 1309, 1252,
1214, 1183, 1113, 1024, 969, 802, 696, 611 cm '; HRMS
(ESI) caled for C31H34N,NaO7 [M+Na]" 569.2264, found
569.2260.

Trimethyl 1'-benzyl-2-(tert-butylamino)-2'-oxospiro-
[cyclopentane-1,3'-indoline]-2,4-diene-3,4,5-tricarboxylate
(11): Yellow solid, 69% yield. m.p. 116~118 °C; '"H NMR
(400 MHz, CDCls) 6: 9.97 (s, 1H, NH), 7.51 (d, J/=7.2 Hz,
2H, ArH), 7.36~7.29 (m, 3H, ArH), 7.24~7.23 (m, 1H,
ArH), 7.02~6.96 (m, 2H, ArH), 6.91 (d, /=28.0 Hz, 1H,
ArH), 5.11 (d, J/=15.2 Hz, 1H, CH>), 4.76 (d, J/=15.2 Hz,
1H, CHy), 3.89 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 3.30 (s,
3H, OCH3), 0.97 (s, 9H, CH3); *C NMR (100 MHz,
CDCl3) 0: 171.8, 171.5, 165.9, 160.8, 149.5, 142.5, 135.2,
132.8, 129.7, 128.6, 127.8, 126.5, 124.6, 109.4, 64.3, 59.9,
55.4,52.2,51.2,45.7,30.5, 20.8, 13.7; IR (KBr) v: 2975,
1748, 1709, 1656, 1573, 1496, 1455 1405, 1365, 1309,
1252, 1214, 1183, 1113, 1024, 969, 802, 696, 611 cm ';
HRMS (ESI) caled for CyH3N;NaO; [M + Na] *
541.1951, found 541.1949.

Trimethyl 1'-benzyl-2-(fert-butylamino)-5'-chloro-2'-
oxospiro[cyclopentane-1,3'-indoline]-2,4-diene-3,4,5-
tricarboxylate (1m): Yellow solid, 78% yield. m.p. 220~
222 °C; '"H NMR (400 MHz, CDCI5) §: 9.99 (s, 1H, NH),
7.48 (d, J=7.2 Hz, 2H, ArH), 7.37~7.28 (m, 3H, ArH),
7.23~7.21 (m, 1H, ArH), 7.01 (d, /=2.0 Hz, 1H, ArH),
6.82 (d, /=8.4 Hz, 1H, ArH), 5.08 (d, /=15.2 Hz, 1H,
CH»), 4.77 (d, J/=15.2 Hz, 1H, CH>), 3.90 (s, 3H, OCH3),
3.76 (s, 3H, OCH3), 3.36 (s, 3H, OCH3), 1.00 (s, 9H, CHz);
13C NMR (100 MHz, CDCl3) 6: 171.4, 170.6, 166.1, 165.8,
161.1, 150.2, 143.4, 134.7, 129.5, 128.8, 128.5, 128.5,
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128.3, 128.1, 124.1, 116.4, 110.6, 100.9, 63.9, 55.6, 52.4,
51.4,51.3,45.7,30.5; IR (KBr) v: 2954, 1754, 1715, 1658,
1578, 1441, 1370, 1321, 1215, 1118, 1036, 925, 815, 744,
695, 602, 549 cm '; HRMS (ESI) caled for CasHaoCl-
N,NaO; [M+Na]® 575.1561, found 575.1552.

4.2 General procedure for the synthesis of spi-
ro[cyclopentane-1,3'-indolines] (2a~2e)

A mixture of alkylisocyanide (0.90 mmol), DMAD
(0.90 mmol) and 3-methyleneoxindole (0.3 mmol) in tolu-
ene (10.0 mL) was refluxed at 110 “C for one hour. Then,
the solvent was removed by rotatory evaporation at re-
duced pressure. The residue was subjected to column
chromatography with petroleum ether and ethyl acetate
(V2 V=2 1) as eluent to give the pure product.

Dimethyl 2-(cyclohexylamino)-1'-((1Z2)-1-(cyclo-
hexylimino)-4-methoxy-2-(methoxycarbonyl)-4-oxobut-
2-en-1-yl)-5-(4-methoxybenzoyl)-5'-methyl-2'-oxospiro-
[cyclopentane-1,3'-indoline]-2,4-diene-3,4-dicarboxylate
(2a): Yellow solid, 63% yield. m.p. 220~222 C; 'H
NMR (400 MHz, CDCl) ¢: 8.66 (d, /=9.2 Hz, 1H, NH),
798 (d, J=7.6 Hz, 1H, ArH), 7.45 (d, J=7.6 Hz, 2H,
ArH), 7.13~7.10 (m, 2H, ArH), 6.90 (s, 1H, CH), 6.79 (d,
J=17.2 Hz, 2H, ArH), 3.81 (s, 3H, OCH3), 3.80 (s, 3H,
OCH3), 3.68 (s, 3H, OCHj3), 3.59 (s, 3H, OCH3), 3.32 (s,
1H, CH), 3.24 (s, 3H, OCHz3), 2.98 (s, 1H, CH), 2.27 (s,
3H, CH3), 1.85~1.75 (m, 5H, CH»), 1.63~1.59 (m, 3H,
CHy), 1.52~1.46 (m, 3H, CH»), 1.34~1.28 (m, 4H, CH>),
1.15~1.09 (m, 1H, CHy), 0.96~0.90 (m, 4H, CH,); '*C
NMR (100 MHz, CDCls) ¢: 186.7, 171.3, 170.6, 165.6,
165.2, 164.1, 163.6, 162.1, 147.6, 144.1, 140.7, 137.9,
133.5, 131.8, 130.5, 129.9, 129.7, 127.8, 125.7, 122.7,
115.5, 112.8, 98.5, 64.9, 59.9, 55.3, 54.6, 52.6, 52.5, 51.7,
50.9, 34.2, 33.9, 33.5, 33.2, 25.8, 24.9, 24.8, 24.2, 23.9,
21.1; IR (KBr) v: 3442, 3246, 2937, 2855, 1735, 1667,
1598, 1553, 1489, 1460, 1332, 1249, 1170, 1093, 1042,
925, 821, 792, 700, 602, 546 cm ™ '; HRMS (ESI) calcd for
C44H49N3Na011 [N[‘f’N.’:lTr 8183265, found 818.3254.

Dimethyl 2-(cyclohexylamino)-1'-((1Z2)-1-(cyclohe-
xylimino)-4-methoxy-2-(methoxycarbonyl)-4-oxobut-2-
en-1-yl)-5-(4-methylbenzoyl)-2'-oxospiro[cyclopentane-
1,3"-indoline]-2,4-diene-3,4-dicarboxylate (2b): Yellow
solid, 59% yield. m.p. 209~211 C; 'H NMR (400 MHz,
CDCl;) o: 8.69 (d, J/=10.4 Hz, 1H, NH), 8.10 (d, J=8.0
Hz, 1H, ArH), 7.35~7.32 (m, 3H, ArH, CH), 7.11~7.03
(m, 5H, ArH), 3.82 (s, 3H, OCH3), 3.67 (s, 3H, OCHz),
3.59 (s, 3H, OCH3), 3.35~3.31 (m, 1H, CH), 3.17 (s, 3H,
OCH3), 2.96~298 (m, 1H, CH), 2.32 (s, 3H, CHj3),
1.85~1.76 (m, 5H, CH,), 1.64~1.58 (m, 4H, CH,),
1.53~1.45 (m, 3H, CHy), 1.35~126 (m, 4H, CH>),
1.15~1.07 (m, 1H, CHy), 0.95~0.85 (m, 3H, CH,); '*C
NMR (100 MHz, CDCls) ¢: 187.5, 171.3, 170.5, 165.6,
164.9, 164.1, 163.5, 148.2, 144.1, 143.1, 141.5, 137.8,
136.3, 130.0, 129.2, 1284, 128.2, 127.7, 125.8, 123.9,
122.2, 115.8, 98.7, 64.7, 59.9, 54.8, 52.6, 52.6, 51.6, 51.0,
34.2,33.9,33.5,33.1,25.8, 24.9, 24.8, 24.2, 23.9, 21.5; IR
(KBr) v: 3731, 3441, 2933, 2856, 1734, 1657, 1600, 1554,
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1463, 1357, 1308, 1255, 1216, 1156, 1087, 1049, 894, 792,
750, 707, 59, 512 cm ™ !; HRMS (ESI) caled for Ca3HasN;-
NaOjo [M+Na]" 788.3159, found 788.3161.

Dimethyl 2-(tert-butylamino)-1'-((12)-1-(tert-butyli-
mino)-4-methoxy-2-(methoxycarbonyl)-4-oxobut-2-en-1-
yl)-5'-chloro-5-(4-methylbenzoyl)-2'-oxospiro[cyclopen-
tane-1,3'-indoline]-2,4-diene-3,4-dicarboxylate (2¢): Yel-
low solid, 70% yield. m.p. 212~214 ‘C; '"H NMR (400
MHz, CDCls) J: 9.99 (s, 1H, NH), 7.99 (d, /=8.4 Hz, 1H,
ArH), 7.30~7.28 (m, 3H, ArH, CH), 7.10~7.05 (m, 4H,
ArH), 3.83 (s, 3H, OCHa), 3.67 (s, 3H, OCH3), 3.60 (s, 3H,
OCHs), 3.15 (s, 3H, OCH3), 2.33 (s, 3H, CH3), 1.33 (s, 9H,
CH3), 1.11 (s, 9H, CH3); *C NMR (100 MHz, CDCI5) 6:
187.6, 171.1, 170.5, 166.1, 164.9, 164.4, 163.9, 147.1,
142.3, 141.7, 139.9, 139.4, 136.3, 129.7, 129.3, 128.8,
128.5, 128.2, 127.7, 122.8, 117.3, 100.9, 64.8, 57.0, 55.9,
52.5, 52.4, 51.6, 51.2, 30.6, 30.5, 30.5, 21.5; IR (KBr) v
3681, 3091, 2964, 1740, 1668, 1614, 1562, 1466, 1399,
1359, 1331, 1255, 1212, 1084, 1036, 909, 821, 770, 687,
594, 540 Cmil; HRMS (ESI) calcd for C39H42C1N3Na010
[M-+Na]" 770.2456, found 770.2445.

Dimethyl 2-(tert-butylamino)-1'-((12)-1-(tert-butyli-
mino)-4-methoxy-2-(methoxycarbonyl)-4-oxobut-2-en-1-
yl)-5-(4-chlorobenzoyl)-5'-methyl-2'-oxospiro[cyclopen-
tane-1,3'-indoline]-2,4-diene-3,4-dicarboxylate (2d): Yel-
low solid, 64% yield. m.p. 197~199 C; 'H NMR (400
MHz, CDCl;) J: 10.03 (s, 1H, NH), 7.93 (d, /=8.4 Hz,
IH, ArH), 7.33~7.29 (m, 3H, ArH, CH), 7.24 (s, 1H,
ArH), 7.12 (d, J/=8.0 Hz, 1H, ArH), 7.02(s, 1H, ArH),
6.87 (s, 1H, ArH), 3.83 (s, 3H, OCHa), 3.68 (s, 3H, OCHz),
3.58 (s, 3H, OCHs), 3.20 (s, 3H, OCH3), 2.27 (s, 3H, CH3),
1.34 (s, 9H, CH3), 1.09 (s, 9H, CH3); '3C NMR (100 MHz,
CDCl3) 0: 186.4, 171.7, 171.6, 166.0, 165.2, 164.3, 164.1,
147.7, 141.4, 140.1, 139.4, 137.6, 137.1, 133.4, 129.9,
129.8, 129.4, 128.1, 127.7, 125.7, 123.2, 115.9, 100.7,
65.2,56.9,55.9,52.5,52.4,51.7,51.2,30.5, 30.4, 20.9; IR
(KBr) v: 3685, 3087, 2957, 1737, 1673, 1559, 1460, 1398,
1359, 1320, 1255, 1220, 1186, 1083, 1024, 912, 813, 677,
536 Cmil; HRMS (ESI) calcd for C39H42C1N3Na010 [M+
Na]" 770.2456, found 770.2449.

Dimethyl 2-(tert-butylamino)-1'-((12)-1-(tert-butyli-
mino)-4-methoxy-2-(methoxycarbonyl)-4-oxobut-2-en-1-
yl)-5'-fluoro-5-(4-methoxybenzoyl)-2'-oxospiro[cyclopen-
tane-1,3'-indoline]-2,4-diene-3,4-dicarboxylate (2e): Yel-
low solid, 67% yield. m.p. 218~220 C; 'H NMR (400
MHz, CDCl3) d: 9.95 (s, 1H, NH), 8.04~8.01 (m, 1H,
ArH), 7.39 (d, /=8.8 Hz, 2H, ArH, CH), 7.05~7.04 (m,
1H, ArH), 7.01 (d, J=2.8 Hz, 1H, ArH), 6.80~6.77 (m,
3H, ArH), 3.83 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 3.68 (s,
3H, OCHz), 3.61 (s, 3H, OCH3), 3.21 (s, 3H, OCH3), 1.33
(s, 9H, CH3), 1.11 (s, 9H, CHs); 3C NMR (100 MHz,
CDCl) d: 186.8, 171.2, 170.3, 166.1, 165.1, 164.4, 163.9,
162.2, 159.2 (d, J=242.1 Hz), 146.3, 139.9, 139.8, 139.6,
131.7, 130.6, 129.5, 128.6, 127.3, 127.3, 117.3 (d, J=7.6
Hz), 115.9 (d, J/=22.7 Hz), 112.8, 110.2 (d, J=24.7 Hz),
100.9, 65.1, 56.9, 55.8, 55.3, 52.5, 52.4, 51.7, 51.1, 30.5,
30.5; IR (KBr) v: 3684, 3095, 2965, 1739, 1670, 1601,

http://sioc-journal.cn/ 3187



BIKE

MRILX

1565, 1472, 1451, 1402, 1361, 1312, 1255, 1214, 1176,
1078, 1033, 902, 829, 687, 598, 526 cm !; HRMS (ESI)
caled for C39H42FN3NaO|1 [NI‘“N&Tr 7702701, found
770.2689.

4.3 General procedure for the synthesis of spi-
ro[cyclopentane-1,3'-indolines] (3a~3h)

A mixture of alkylisocyanide (0.45 mmol), alkyl propi-
olate (0.45 mmol) and 3-methyleneoxindole (0.3 mmol) in
toluene (10.0 mL) was refluxed at 110 C for 3 h. Then,
the solvent was removed by rotatory evaporation at re-
duced pressure. The residue was subjected to column
chromatography with petroleum ether and ethyl acetate
(V2 V=2 1) as eluent to give the pure product.

Methyl 1'-benzyl-5-(tert-butylamino)-5'-fluoro-2-(4-
methoxybenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3-carboxylate (3a): Orange solid, 88% yield.
m.p. 192~194 °C; '"H NMR (400 MHz, CDCls) d: 7.59 (d,
J=8.8 Hz, 2H, ArH), 7.44 (d, J/=7.6 Hz, 2H, ArH), 7.35
(t, J=7.2 Hz, 2H, ArH), 7.30~7.29 (m, 1H, ArH), 6.86
(d, J/=8.4 Hz, 3H, ArH), 6.77~6.75 (m, 1H, ArH), 6.72~
6.69 (m, 1H, ArH), 5.50 (s, 1H, CH), 5.26 (d, J=15.6 Hz,
1H, CH»), 4.77 (d, J/=16.0 Hz, 1H, CH»), 3.82 (s, 3H,
OCHa), 3.67 (s, 1H, NH), 3.22 (s, 3H, OCH3), 1.24 (s, 9H,
CHs); 3C NMR (100 MHz, CDCls) d: 187.1, 172.1, 165 4,
162.2,160.4, 159.1 (d, J=228.6 Hz), 158.77, 151.9, 140.1,
135.9, 133.3, 130.9, 130.0, 128.9, 128.3, 128.2, 127.8,
127.5,115.8 (d,J=23.4 Hz), 113.4, 111.2 (d, /=24.8 Hz),
110.5 (d, J=8.2 Hz), 99.7, 68.7, 55.4, 52.5, 51.6, 44.6,
28.5; IR (KBr) v: 3398, 3065, 2981, 2943, 2842, 1722,
1601, 1529, 1489, 1451, 1360, 1256, 1142, 1073, 1022,
936, 901, 877, 849, 823, 794, 762, 742, 698, 619, 559, 523
cm !'; HRMS (ESI) caled for Cs3HzFNyOs [M-l-H]+
555.2295, found 555.2276.

Methyl 1'-benzyl-5-(tert-butylamino)-5'-fluoro-2-(4-
methylbenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3-carboxylate (3b): Orange solid, 83% yield.
m.p. 201~203 ‘C; '"H NMR (400 MHz, CDCl3) é: 7.49
(d, J=17.6 Hz, 2H, ArH), 7.45 (d, J=7.2 Hz, 2H, ArH),
7.35 (t, J=7.6 Hz, 2H, ArH), 7.31~7.29 (m, 1H, ArH),
7.17 (d, J=8.0 Hz, 2H, ArH), 6.91~6.86 (m, 1H, ArH),
6.77~6.75 (m, 1H, ArH), 6.73~6.69 (m, 1H, ArH), 5.49
(s, 1H, CH), 5.26 (d, J=15.6 Hz, 1H, CH,), 4.78 (d, J=
15.6 Hz, 1H, CH,), 3.71 (s, 1H, NH), 3.14 (s, 3H, OCH3),
2.35 (s, 3H, CH3), 1.24 (s, 9H, CH3); '3C NMR (100 MHz,
CDCl;) o: 187.9, 172.1, 165.4, 159.2, 159.2 (d, J/=240.3
Hz), 152.7, 141.7, 140.1, 140.1, 137.9, 135.9, 130.6, 128.9,
128.8, 128.5, 127.9, 127.8, 127.5, 115.8 (d, J=23.4 Hz),
111.1 (d, J=24.8 Hz), 110.5 (d, J=8.5 Hz), 99.7, 68.6,
52.5,51.5, 44.6, 28.5, 21.5; IR (KBr) v: 3397, 3063, 2976,
1725, 1607, 1525, 1491, 1451, 1362, 1327, 1210, 1142,
1076, 1033, 903, 876, 820, 794, 737, 699, 613, 560, 527
cm !'; HRMS (ESI) caled for Cs3H3FN,Oq4 [M-l-H]+
539.2346, found 539.2344.

Methyl 1'-benzyl-5-(tert-butylamino)-2-(4-methoxyben-
zoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-2,4-diene-3-
carboxylate (3c): Orange solid, 76% yield. m.p. 178~
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180 ‘C; '"H NMR (400 MHz, CDCl3) 6: 7.60 (d, J=8.0
Hz, 2H, ArH), 7.46 (d, J=6.8 Hz, 2H, ArH), 7.36~7.29
(m, 3H, ArH), 7.19~7.15 (m, 1H, ArH), 7.00~6.98 (m,
1H, ArH), 6.95~6.94 (m, 1H, ArH), 6.85 (d, J/=7.8 Hz,
2H, ArH), 6.79 (d, J/=7.2 Hz, 1H, ArH), 5.50 (s, 1H, CH),
5.28 (d, J=15.6 Hz, 1H, CH,), 4.78 (d, J=15.6 Hz, 1H,
CH»), 3.82 (s, 3H, OCHa), 3.66 (s, 1H, NH), 3.21 (s, 3H,
OCH3), 1.22 (s, 9H, CH3); '3C NMR (100 MHz, CDCl;) &:
187.3, 172.3, 165.6, 162.2, 159.2, 151.6, 144.1, 136.3,
1334, 131.4, 130.0, 129.4, 128.8, 127.7, 127.5, 126.6,
123.2, 123.1, 113.3, 109.9, 99.4, 68.7, 55.4, 52.3, 51.6,
44.5, 28.5; IR (KBr) v: 3359, 2974, 2894, 1924, 1709,
1604, 1482, 1446,1405, 1379, 1313, 1265, 1088, 1049,
881, 875, 806, 745, 721, 671, 618, 572, 512 ¢cm '; HRMS
(ESI) caled for C33H3N,Os [M+H]" 537.2389, found
537.2384.

Methyl 1'-benzyl-5-(tert-butylamino)-5'-chloro-2-(4-
chlorobenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3-carboxylate (3d): Orange solid, 72% yield.
m.p. 183~185 C; '"H NMR (400 MHz, CDCl;) 6: 7.51 (s,
1H, ArH), 7.49~7.47 (m, 2H, ArH), 7.46 (s, 1H, ArH),
7.34 (t, J=7.2 Hz, 2H, ArH), 7.30~7.28 (m, 1H, ArH),
7.16~7.15 (m, 3H, ArH), 7.01~6.99 (m, 1H, ArH),
6.96~6.92 (m, 1H, ArH), 6.79 (d, J=7.6 Hz, 1H, ArH),
5.50 (s, 1H, CH), 5.28 (d, J=15.6 Hz, 1H, CH,), 4.79 (d,
J=15.2 Hz, 1H, CHy), 3.70 (s, 1H, NH), 3.13 (s, 3H,
OCHj3), 2.34 (s, 3H, CH3), 1.22 (s, 9H, CH3); *C NMR
(100 MHz, CDCls) o: 188.0, 172.3, 165.6, 159.6, 152.2,
144.2, 141.5, 138.0, 136.3, 131.2, 129.3, 128.8, 128.7,
127.9, 127.7, 127.5, 126.7, 123.2, 123.1, 109.9, 99.5, 68.6,
52.4,51.4,44.5,28.5, 21.5; IR (KBr) v: 3397, 3060, 2975,
2944, 1722, 1607, 1522, 1461, 1438, 1367, 1333, 1254,
1210, 1178, 1145, 1079, 1036, 970, 906, 852, 756, 701,
669, 626, 600, 556 cm '; HRMS (ESI) caled for Cs3Hs;s-
N,O, (IM+H]"): 521.2440, found 521.2437.

Methyl 1'-benzyl-5-(tert-butylamino)-5'-chloro-2-(4-
chlorobenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3-carboxylate (3e): Orange solid, 82% yield.
m.p. 226~228 °C; '"H NMR (400 MHz, CDCl5) : 7.52 (d,
J=28.4 Hz, 2H, ArH), 7.44 (d, /=72 Hz, 2H, ArH),
7.36~7.34 (m, 4H, ArH), 7.31~7.29 (m, 1H, ArH), 7.17
(d, J=8.0 Hz, 2H, ArH), 6.98 (s, 1H, ArH), 6.73 (d, J=
8.4 Hz, 1H, ArH), 5.50 (s, 1H, CH), 5.23 (d, J=15.6 Hz,
1H, CH»), 4.79 (d, J=15.6 Hz, 1H, CH»), 3.80 (s, 1H,
NH), 3.22 (s, 3H, OCH3), 1.24 (s, 9H, CHs); '3C NMR
(100 MHz, CDCls) o: 186.5, 171.8, 165.1, 160.1, 153.8,
142.7, 138.9, 137.3, 135.7, 129.6, 129.5, 129.2, 128.9,
128.5, 128.5, 128.4, 127.9, 127.5, 123.4, 110.9, 100.1,
68.1, 52.8, 51.7, 44.6, 28.4; IR (KBr) v: 3400, 3060, 2973,
1728, 1611, 1521, 1486, 1457, 1429, 1398, 1365, 1331,
1253, 1208, 1178, 1142, 1089, 1014, 902, 850, 817, 741,
699, 552, 521 cm'; HRMS (ESI) calcd for C3H20CLN,O4
[M+H]" 575.1504, found 575.1503.

Methyl 2-benzoyl-1'-butyl-5-(tert-butylamino)-5'-fluoro-
2'-oxospiro[cyclopentane-1,3'-indoline]-2,4-diene-3-car-
boxylate (3f): Orange solid, 65% yield. m.p. 176~178 C;
"H NMR (400 MHz, CDCl3) &: 7.55~7.52 (m, 2H, ArH),
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743~17.39 (m, 1H, ArH), 7.37~7.33 (m, 2H, ArH),
7.03~6.98 (m, 1H, ArH), 6.88~6.85 (m, 1H, ArH),
6.79~6.76 (m, 1H, ArH), 5.48 (s, 1H, CH), 3.83~3.79
(m, 3H, NH, CH,), 3.09 (s, 3H, OCH3), 1.82~1.75 (m,
2H, CH,), 1.49~1.43 (m, 2H, CH,), 1.26 (s, 9H, CHj3),
0.99 (t, J=7.6 Hz, 3H, CHs); '3C NMR (100 MHz, CDCl;)
o: 188.0, 171.8, 165.4, 159.5, 159.0 (d, /J=240.2 Hz),
153.1, 140.7, 140.6, 131.0, 130.4, 128.1, 127.7, 115.7 (d,
J=23.3 Hz), 111.1 (d, J=24.7 Hz), 109.7 (d, J/=8.0 Hz),
99.9, 68.5, 52.5, 51.4, 40.7, 29.0, 28.5, 20.2, 13.7; IR
(KBr) v: 3397, 3120, 2965, 1866, 1789, 1484, 1406, 1297,
1276, 1205, 1179, 1162, 1078, 1021, 956, 902, 841, 652,
585, 513 cmfl; HRMS (ESI) caled for C29H31FN2NaO4
[M-+Na]" 513.2166, found 513.2159.

Ethyl 1'-benzyl-5-(tert-butylamino)-5'-chloro-2-(4-
methoxybenzoyl)-2'-oxospiro[cyclopentane-1,3'-indoline]-
2,4-diene-3-carboxylate (3g): Yellow solid, 72% yield.
m.p. 202~204 °C; '"H NMR (400 MHz, CDCls) J: 7.56 (d,
J=8.8 Hz, 2H, ArH), 7.42 (d, /J=2.0 Hz, 1H, ArH),
7.32~7.30 (m, 2H, ArH), 7.27 (s, 1H, ArH), 7.25 (s, 1H,
ArH), 6.86~6.84 (m, 2H, ArH), 6.70 (d, /=28.8 Hz, 2H,
ArH), 6.21 (d, /=8.8 Hz, 1H, ArH), 5.37 (d, J/=2.0 Hz,
1H, CH), 5.30 (d, J/=16.0 Hz, 1H, CH>), 4.42 (d, J/=16.0
Hz, 1H, CH,), 4.33~4.28 (m, 2H, CH,), 3.79 (s, 3H,
OCHz3), 1.29 (t, J=7.2 Hz, 3H, CH3), 1.24 (s, 9H, CHj3);
3C NMR (100 MHz, CDCl3) 6: 194.1, 176.5, 167.1, 164.1,
163.6, 151.6, 141.5, 134.6, 132.6, 130.9, 130.3, 129.5,
128.6, 127.9, 127.7, 127.4, 126.8, 124.7, 113.6, 109.8,
62.8, 61.6, 57.4, 55.4, 55.0, 43.6, 30.8, 14.1; IR (KBr) v:
3429, 2971, 1722, 1672, 1647, 1598, 1512, 1485, 1458,
1430, 1351, 1270, 1229, 1173, 1151, 1101, 1023, 978, 888,
844, 811, 792, 741, 694, 669, 630, 585, 551, 506 cm ;
HRMS (ESI) caled for C34H34CIN,Os [M+H]" 585.2156,
found 585.2158.

Ethyl 1'-benzyl-5'-chloro-2-(4-chlorobenzoyl)-5-(cyclo-
hexylamino)-2'-oxospiro[cyclopentane-1,3'-indoline]-2,4-
diene-3-carboxylate (3h): Yellow solid, 76% yield. m.p.
166~168 °C; 'H NMR (400 MHz, CDCl3) §: 9.93 (d, J=
7.2 Hz, 1H, NH), 7.59 (s, 1H, ArH), 7.34~7.28 (m, 4H,
ArH), 7.02~6.98 (m, 3H, ArH), 6.82 (d, /=2.0 Hz, 1H,
ArH), 6.65 (d, /=8.4 Hz, 2H, ArH), 6.25 (d, /=8.4 Hz,
1H, CH), 5.02 (d, J/=15.6 Hz, 1H, CH>), 4.14~4.06 (m,
2H, CH,), 3.85~3.77 (m, 1H, CH), 3 71 (d, J=15.6 Hz,
1H, CH,), 3.65~3.62 (m, 1H, CH), 1.89~1.87 (m, 2H,
CH,), 1.71~1.67 (m, 1H, CHy), 1.51~1.46 (m, 2H, CH>),
1.33~1.26 (m, 3H, CH»), 0.88 (t, /=6.8 Hz, 3H, CHz);
3C NMR (100 MHz, CDCl3) 6: 189.3, 173.5, 163.7, 160.9,
147.1, 142.6, 139.4, 136.3, 135.1, 133.8, 129.5, 128.6,
128.2, 127.8, 127.7, 127.5, 126.7, 122.8, 110.7, 110.1,
61.3, 54.2, 44.8, 34.2, 33.8, 25.1, 24.5, 13.7; IR (KBr) v
3428, 2968, 1688, 1664, 1621, 1578, 1496, 1489, 1432,
1366, 1285, 1206, 1165, 1131, 1087, 1024, 992, 863, 838,
809, 787, 744, 702, 668, 627, 558, 536, 505 cm '; HRMS
(ESI) caled for C3sH33CLN,O4 [M+-H]" 615.1817, found
615.1812.
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4.4 General procedure for the synthesis of function-
alized oxindolin-2-ones (4a~4e)

A mixture of alkylisocyanide (0.30 mmol), DMAD
(0.30 mmol) and 3-arylideneindolin-2-one (0.3 mmol) in
toluene (10.0 mL) was stirred at room temperature for 4 h.
Then, the solvent was removed by rotatory evaporation at
reduced pressure. The residue was subjected to column
chromatography with petroleum ether and ethyl acetate
(V. V=4 _ 1) as eluent to give the pure product.

Dimethyl (Z)-2-((tert-butylimino)methylene)-3-(3-(4-
methoxybenzylidene)-2-oxoindolin-1-yl)succinate ~ (4a):
Yellow solid, 67% yield. m.p. 164~166 C; 'H NMR
(400 MHz, CDCls) ¢: 8.39 (d, /=8.8 Hz, 2H, ArH), 7.51
(d, J/=7.6 Hz, 1H, ArH), 7.48 (s, 1H, CH), 7.24~7.23 (m,
1H, ArH), 7.06~7.01 (m, 2H, ArH), 6.94~6.92 (m, 2H,
ArH), 591 (s, 1H, CH), 3.86 (s, 3H, OCH3), 3.74 (s, 3H,
OCHs3), 3.70 (s, 3H, OCH3), 1.37 (s, 9H, CHs); *C NMR
(100 MHz, CDCl3) o: 170.1, 168.7, 165.7, 164.7, 161.6,
139.9, 137.5, 134.6, 128.2, 127.0, 124.9, 122.7, 121.8,
118.5,113.7,109.2, 62.3, 61.1, 55.4, 52.9, 51.8, 51.0, 29.9;
IR (KBr) v: 3437, 3088, 2951, 2841, 2074, 1753, 1664,
1586, 1555, 1508, 1469, 1433, 1383, 1315, 1262, 1174,
1107, 1022, 921, 845, 783, 747, 677, 645, 596, 546 cm™ };
HRMS (ESI) caled for CyHysNoNaOs [M + Na] *
499.1845, found 499.1845.

Dimethyl (Z)-2-((tert-butylimino)methylene)-3-(3-(4-
chlorobenzylidene)-2-oxoindolin-1-yl)succinate (4b): Yel-
low solid, 79% yield. m.p. 168~170 C; 'H NMR (400
MHz, CDCls) 6: 7.73 (s, 1H, ArH), 7.57 (d, J=8.4 Hz, 3H,
ArH, CH), 7.44 (d, /=8.4 Hz, 2H, ArH), 7.29 (d, J=7.6
Hz, 1H, ArH), 7.07 (d, J=7.6 Hz, 1H, ArH), 6.89 (t, J=
7.6 Hz, 1H, ArH), 5.84 (s, 1H, CH), 3.76 (s, 3H, OCH3),
3.71 (s, 3H, OCH3), 1.45 (s, 9H, CHs); 3*C NMR (100
MHz, CDCls) 6: 170.1, 168.3, 167.7, 164.1, 142.5, 135.7,
133.8, 131.9, 130.8, 130.2, 127.2, 123.7, 122.8, 121.9,
120.9, 109.8, 62.5, 60.6, 53.1, 51.8, 51.5, 30.0; IR (KBr) v:
3684, 3081, 2983, 2949, 2063, 1740, 1687, 1593, 1465,
1370, 1311, 1264, 1179, 1104, 1018, 919, 868, 752, 706,
671, 601, 539 cm™!; HRMS (ESI) calcd for CasHasCIN,-
NaOs [M+Na]" 503.1350, found 503.1344.

Dimethyl (Z)-2-(3-(4-bromobenzylidene)-2-oxoindolin-
1-yl)-3-((tert-butylimino)methylene)succinate (4¢): Yellow
solid, 75% yield. m.p. 177~179 C; 'H NMR (400 MHz,
CDCl3) o: 7.71 (s, 1H, ArH), 7.61~7.56 (m, 3H, ArH,
CH), 7.50 (d, /=8.4 Hz, 2H, ArH), 7.30~7.28 (m, 1H,
ArH), 7.07 (d, /=8.0 Hz, 1H, ArH), 6.88 (t, /=8.0 Hz,
1H, ArH), 5.83 (s, 1H, CH), 3.76 (s, 3H, OCHz), 3.71 (s,
3H, OCH3), 1.45 (s, 9H, CH3); '*C NMR (100 MHz,
CDCl3) 0: 170.1, 168.3, 167.7, 164.1, 142.5, 135.7, 135.4,
133.3, 130.6, 130.2, 128.9, 127.1, 122.7, 121.9, 120.9,
109.8, 62.5, 60.7, 53.0, 51.8, 51.5, 30.0; IR (KBr) v: 3685,
3069, 2947, 2063, 1740, 1687, 1593, 1467, 1370, 1310,
1262, 1179, 1112, 1071, 1014, 919, 868, 830, 751, 702,
668, 601, 542 cm !; HRMS (ESI) caled for CyeHasBr-
N>NaOs [M+Na]" 547.0845, found 547.0842.

Dimethyl (Z)-2-((tert-butylimino)methylene)-3-(3-(3-
chlorobenzylidene)-2-oxoindolin-1-yl)succinate (4d): Yel-
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low solid, 68% yield. m.p. 171~173 “C; 'H NMR (400
MHz, CDCl;) o: 7.72 (s, 1H, ArH), 7.60 (s, 1H, CH),
7.55~7.50 (m, 2H, ArH), 7.40 (s, 2H, ArH), 7.30~7.27
(m, 1H, ArH), 7.08 (d, J/=7.6 Hz, 1H, ArH), 6.89 (t, J=
7.2 Hz, 1H, ArH), 5.84 (s, 1H, CH), 3.77 (s, 3H, OCH3),
3.71 (s, 3H, OCH3), 1.45 (s, 9H, CH3); '3C NMR (100
MHz, CDCl) 6: 170.1, 168.3, 167.6, 164.1, 142.6, 136.7,
135.3, 134.6, 130.3, 1299, 129.4, 128.9, 127.7, 127.2,
122.9, 122.1, 120.8, 109.8, 62.5, 60.6, 53.1, 51.8, 51.5,
30.0; IR (KBr) v: 3675, 3323, 2974, 2894, 2071, 1924,
1751, 1705, 1603, 1564, 1455, 1380, 1265, 1186, 1084,
1050, 882, 784, 679, 603 cm '; HRMS (ESI) calcd for
C26HasCIN;NaOs [M+Na] " 503.1350, found 503.1347.

Dimethyl (Z)-2-(3-(4-chlorobenzylidene)-2-oxoindolin-
1-yl)-3-((cyclohexylimino)methylene)succinate (4e): Yel-
low solid, 77% yield. m.p. 181~183 “C; 'H NMR (400
MHz, CDCl) 6: 7.73 (s, 1H, ArH), 7.57 (d, J=8.0 Hz, 3H,
ArH, CH), 7.44 (d, /=8.4 Hz, 2H, ArH), 7.30~7.28 (m,
1H, ArH), 7.08 (d, J=8.0 Hz, 1H, ArH), 6.89 (t, J=7.2
Hz, 1H, ArH), 5.85 (s, 1H, CH), 3.89 (s, 1H, CH), 3.76 (s,
3H, OCH3), 3.70 (s, 3H, OCH3), 2.07~1.97 (m, 2H, CH>),
1.77 (s, 2H, CHy), 1.68~1.63 (m, 2H, CH»), 1.37~1.32
(m, 3H, CH,), 1.26 (s, 1H, CH,); *C NMR (100 MHz,
CDCl;) 0: 170.1, 168.4, 167.8, 163.8, 142.5, 135.7, 135.4,
133.3, 130.6, 130.1, 128.9, 127.2, 122.7, 121.9, 120.9,
109.7, 77.3, 77.0, 76.7, 60.7, 59.1, 53.1, 51.7, 51.6, 33.1,
33.0, 25.2, 23.9; IR (KBr) v: 2935, 2852, 2073, 1750,
1708, 1683, 1634, 1605, 1465, 1437, 1401, 1369, 1302,
1261, 1190, 1110, 1010, 882, 836, 747, 716, 675, 609, 583,
541 cm™'; HRMS (ESI) caled for CagHp7CINoNaOs [M—+
Na]" 529.1506, found 529.1503.

Supporting Information The copies of the 'H NMR,
and '*C NMR spectra for all new products. The Supporting
Information is available free of charge via the Internet at
http://sioc-journal.cn
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