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We have demonstrated three component reaction of isatin, enaminone and ethyl cyanoacetate leading to
sprirooxindole scaffold without catalyst in water. The synthetic protocol has several advantages like wide
substrate scope, atom-economy and operationally simple experimental procedures which provides rapid
access to library of compounds. The mechanistic details of the reaction has been investigated during the
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1. Introduction

Multicomponent reactions are widely explored as a synthetic
tool due to their atom economy, operationally simple procedures
and flexible substrate scope.' Such reactions create several covalent
bonds in one pot and provide a quick access to library of molecules
for combinatorial chemistry. These reactions also provide oppor-
tunity to create complex molecular structure with several contig-
uous stereocentres which otherwise require several steps in linear
synthesis. There has been major concerns in development of
multicomponent reactions with respect to reaction media partic-
ularly solvents.

Now a days, much attention is also being paid on the develop-
ment of synthetic methods using water as a reaction media in view
of the fact that many toxic solvents contribute to the environmental
pollution.” Water is a non-hazardous, non-toxic and inexpensive
solvent and despite having certain limitations like poor solubility of
organic substrates, many organic reactions have now been widely
demonstrated using water as a reaction media.®> Several metal
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catalyzed reactions which were initially considered difficult are
now also carried out in aqueous media for the synthesis of phar-
maceutically active ingredients.” It is also considered as near to
ideal green solvent due to its recyclability and environmental
benign reasons. Therefore, it is highly desirable to develop syn-
thetic processes that can be performed in aqueous media.

The nitrogen containing spirocyclic oxindoles are featured in a
number of natural products as well as medicinally active com-
pounds and exhibit a broad spectrum of bioactivities like antimi-
crobial, antibacterial and anti-inflammatory.” Particularly, the six
member nitrogen containing spirooxindoles have garnered
considerable interest due to their pharmaceutical applications as
well as structural complexity.®

For example Surugatoxin, having similar spirooxindole have
been found as ganglionic blocker of nicotinic acetylcholine re-
ceptors and cipargamin (NITD609) is an antimalarial drug
belonging to spiroindolone class (Fig. 1).”

The reaction of isatin with 1,3-cyclohexadione leading to spi-
rooxindoles® has been recently reported. However, the reaction of
isatin with enaminones have been shown to yield pyrrolo-
quinolones under cascade conditions.’ The three component re-
action of isatin, enaminone and ethyl cyanoacetate have not been
explored so far to the best of our knowledge.
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Fig. 1. Some biologically active spirooxindoles.

As a part of our research plan aimed at developing new syn-
thetic methodologies for the creation of biologically important
molecules,'” we inspired to investigate greener protocols for gen-
eration of dihydropyridine fused spirooxindoles. Along this line, we
wish to report the synthesis of 2,5'-dioxo-5",6/, 7, 8'-tetrahydro-
1'H-spiro [indoline-3,4’-quinoline]-3’-carboxylate by reaction of
isatin, ethyl cyanoacetate and enaminone using water as a solvent.

2. Results and discussion

The reaction of isatin (1a), enaminone (2a) and ethyl cyanoa-
cetate (3) was chosen as a model substrate using water as a reaction
media. The three substrates in equimolar ratio were heated at 80 °C
without catalyst. In the beginning, the colour of reaction mixture
was orange but after the few hours of reaction, the light yellow
solid precipitated out.

The solid precipitated in small amount was identified as product
(4a) by TLC. The aqueous layer was extracted with ethyl acetate
several times. The precipitated solid was further dissolved in
combined organic layer which was evaporated and purified by
silica gel column chromatography to afford product (4a) in 61% of
yield (Scheme 1). On structural characterization by NMR spectral
analysis, the product was identified as ethyl 2’-amino-2,5',6/, 7/, 8'-
tetrahydro-1’H-spiro [indoline-3,4’-quinoline]-3’-carboxylate (4a).

The reaction provided the expected product in good yield with
relatively shorter duration. To obtain the optimized conditions, the
reaction was screened in different solvents using model substrate.
It is quite evident from Table 1 that water acts as better solvent in
comparison to organic solvents like MeOH, EtOH, THF, CH3CN etc.
for this reaction. The yield of the reaction was found maximum in
water as compared to other solvents after six hours of reaction. The
reactions in other solvents were continued for even longer hours
(up to 24 h) but either reaction was not completed or degradation
happened. The yield is based on isolation of expected product after
6 h of reaction. The temperature of reaction was fixed based on
reflux temperature of particular solvent in order to keep optimal
conditions as at higher temperature decomposition was observed.

To investigate further, the scope of reaction was explored with
different substituted isatin and enaminone. Firstly, the scope of
isatin substitution was examined on the course of reaction and to
our happiness all the isatins were found reactive towards the
optimized reaction conditions to provide good to excellent yield of
products (Scheme 2).

To extend the synthetic strategy, the scope of enaminone was
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Scheme 1. Three component reaction of isatin, enaminone and ethyl cyanoacetate.
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Optimization of condition®.
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Entry Solvent Temp. (°C) Time (h) Yield (%)°
1 MeOH 65 6 30
2 EtOH 75 6 35
3 DCE 80 6 20
4 CH5CN 80 6 45
5 DMF 120 6 50
6 H,0 80 6 61
7 Toluene 100 6 35

THF 60 6 50

2 Reaction conditions Isatin (1.36 mmol), Enaminone (1.36 mmol), ECA
(1.36 mmol).
b Isolated yield after silica gel chromatography.
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Scheme 2. Examples of three component reaction with 2a.

next studied. The enaminone with dimedone was prepared by our
recently developed protocol in water.'’° Consequently, the two
enaminones 2a (Scheme 2) and 2b (Scheme 3) were found
compatible with several isatins and provided expected product
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Scheme 3. Examples of three component reaction with 2b.
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with good yield (up to 75%).

Further to diversify the scope of reaction with enaminone, the
acetylacetone derived enaminone (2c) was also allowed to react
with isatin (1a) and ethylcyanoacetate (3) but unfortunately it
provided ethyl 2-cyano-2-(oxoindolin-3-ylidene) acetate (7) as
only product (Scheme 4).

Similarly, when isatin (1a) was allowed to react with 3-
aminocyclopent-2-en-1-one  (2d), synthesized from 1,3-
cyclopentadione and ammonium acetate, and ethyl cyanoacetate
(3) which provided the expected product (6) with yield of 55%
(Scheme 5). In order to attempt reaction with 3-aminocyclohept-2-
enone, several attempts were made for the synthesis of 3-
aminocyclohept-2-enone but unfortunately no desired product
was isolated.

Accordingly, two new series of ethyl 2’-amino-2,5,6/, 7/, 8'-tet-
rahydro-1'H-spiro [indoline-3,4’-quinoline]-3’-carboxylate 4 (a—h)
and ethyl 2’-amino-7',7'-dimethyl-2,5'-dioxo-5",6’, 7/, 8'-tetrahy-
dro-1’H-spiro [indoline-3,4’-quinoline]-3’-carboxylate 5 (a—g)
were synthesized and their structure were deduced by respective
spectral analysis ('"H NMR, 13C NMR and HRMS). The structure of
the one representative compounds 4b was further confirmed by X-
ray analysis (Fig. 2)."

The versatility of this method is that it is being performed in
sustainable reaction media like water without any catalyst. Most of
the developed synthetic methods for these kind of reactions
although use green solvent but the application of metal catalysts in
the reaction limits the scope and make an impact on environment.
This synthetic process also follows atom-economy principle as all
the substrates are incorporated into product with only loss of water.

After conducting entire experimental executions and taking
product structure into consideration, a plausible mechanism of
product formation is outlined in Scheme 6. There could be two
possible pathways for product formation. In first mechanism, the
Knoevenagel condensation happens between isatin (1a) and ethyl
cyanoacetate (3) to gives ethyl 2-cyano-2-(oxoindolin-3-ylidene)
acetate (8). Further, the enaminone (2a) attacks on double bond of 8
preferably from less hindered side. The internal nucleophilic attack
of amine on carbon of nitrile gives spiro annulation to form product
4a. In second mechanism, isatin (1a) and enaminone (2a) reacts to
provide 3-sunstituted-3-hydroxyindoline-2-ones (7) which is then
reacted with ethyl cyanoacetate (3) to give product 4a.

To support both the mechanism, we carried out set of different
control experiments. For first set of reaction, isatin (1c) was treated
with enaminone (2b) in water under similar conditions which
provided 3-sunstituted-3-hydroxyindoline-2-ones (7) as a single
product which is otherwise known to give pyrrolo-quinolone in
presence of catalyst as discussed earlier. When 7 was allowed to
react with ethyl cyanoacetate (3) in water it cleanly provided 5c as a
sole product.

In the next set of experiment, the isatin (1a) was treated with
ethyl cyanoacetate (3) in water under similar conditions which
yielded ethyl 2-cyano-2-(oxoindolin-3-ylidene) acetate (8). The
enaminone (2b) was then allowed to react with ethyl 2-cyano-2-
(oxoindolin-3-ylidene) acetate (8) which provided 5a in 69% yield
(Scheme 7). This two set of experiments clearly indicates that the
reaction follows both the proposed pathway as in Scheme 6.
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Scheme 4. Three component reaction with 2c.
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Scheme 7. Control reaction of isatin, enaminone, and ethyl cyanoacetate.

However, it is significant to note that the first pathway is faster than
second one.

3. Conclusions
To conclude, we have developed a novel and efficient one-pot

three component protocol for the synthesis of ethyl 2’-amino-
2,5',6', 7', 8-tetrahydro-1’H-spiro [indoline-3,4'-quinoline]-3’-
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carboxylate, ethyl 2’-amino-7',7’-dimethyl-2,5'-dioxo-5',6’, 7', 8'-
tetrahydro-1’H-spiro [indoline-3,4’-quinoline]-3’-carboxylate and
ethyl 2-amino-2’,5-dioxo-1,5,6,7-tetrahydrospiro [cyclopenta [b]
pyridine-4,3’-indoline]-3-carboxylate without any catalyst in wa-
ter. Operationally simple procedures, high yield and environmental
benign conditions make this protocol attractive and useful. The
mechanistic postulations have also been rationalized based on set
of control experiments. This method provides an easy entry into
pharmaceutically active spirooxindole derivatives for combinato-
rial purpose. The further exploration of synthetic method and
mechanistic studies is currently underway and will be reported
with due course.

4. Experimental
4.1. Typical procedure for synthesis of 4a-4h

A solution of 200 mg (1.36 mmol) of isatin (1a), 151 mg of 3-
aminocyclohex-2-enone (2a) (1.36mmol) and 0.144mL
(1.36 mmol) of ethyl cyanoacetate (3) was heated to 80 "C in H,0 for
6 h. After the TLC indicated the complete consumption of isatin, the
reaction mixture was extracted with ethyl acetate three times. With
few isatins, solid precipitate was obtained in reaction mixture in
small amount which was found as expected product by TLC. The
precipitated solid was dissolved in combined organic layer which
was evaporated to provide light yellow solid and purified by silica
gel column chromatography using hexane:ethyl acetate (6:4) as an
eluent to provide 4a as white solid (295 mg).

4.11. Ethyl 2’-amino-2,5 -dioxo-5 6,78 -tetrahydro-1H-spiro
[indoline-3,4 -quinoline]-3 -carboxylate (4a)

White solid, 61%, m.p.: 216—218°C, 'H NMR (300 MHz, DMSO-
dg) 6 ppm 10.12 (s, 1H) 7.83 (br s, 2H) 7.06—7.01 (m, 1H) 6.85—6.83
(m, 1H) 6.77—6.73 (m, 1H) 6.66 (br d, ] = 7.36 Hz, 1H) 3.71—3.68 (m,
2H) 2.64—2.62 (m, 2H) 2.24—2.14 (m, 2H) 1.87 (br s, 2H) 0.79 (br t,
J=6.99 Hz, 3H) 13C NMR (75 MHz, DMSO-dg) 6 ppm 194.74, 179.83,
167.64, 164.15, 158.97, 144.01, 136.09, 127.08, 122.39, 120.47, 114.23,
107.99, 76.39, 58.79, 46.71, 37.08, 26.92, 19.63, 13.07 HRMS (ESI) m/z
for C19H19N304 [M + H]+, calcd, 354.1453, found, 355.1271.

4.1.2. Ethyl 2’-amino-5-bromo-2,5 -dioxo-5,6',7',8 -tetrahydro-
1'H-spirofindoline-3,4 -quinoline]-3 -carboxylate (4b)

White solid, 62%, m.p.:222—224°C, TH NMR (300 MHz, DMSO-
de) 6 ppm 10.29 (s, 1H) 7.91 (br's, 2H) 7.23—7.20 (dd, ] = 8.21,1.98 Hz,
1H) 7.03 (s, 1H) 6.64—6.62 (d, J=8.12 Hz, 1H) 3.74—3.71 (m, 2H)
2.66—2.62 (m, 2H) 2.23—2.19 (m, 2H) 1.91-1.86 (m, 2H) 0.82 (t,
J=7.18 Hz, 3H) 3C NMR (75 MHz, DMSO-dg) 6 ppm 194.95, 179.45,
167.42,164.75, 159.04, 143.49, 138.60, 129.77,125.23, 113.58, 112.04,
109.88, 75.77, 58.93, 46.93, 36.97, 28.95, 26.93, 13.10HRMS (ESI) m/z
for C1gH1gBrN3O4 [M + H]™, caled, 432.0558, found: 433.0375.

4.1.3. Ethyl 2’-amino-5-chloro-2,5 -dioxo-5 6,78 -tetrahydro-1H-
spiro[indoline-3,4 -quinoline]-3 -carboxylate (4c)

White solid, 75%, m.p.:218—220 °C, TH NMR (300 MHz, DMSO-
dg) 6 ppm 10.29 (s, 1H) 7.91 (s, 2H) 7.11-7.07 (dd, J = 8.12, 2.27 Hz,
1H) 6.94—6.93 (d, J=2.08 Hz, 1H) 6.68—6.66 (d, J=8.12 Hz, 1H)
3.76—3.70 (m, 2H) 2.67—2.63 (m, 2H) 2.21-2.19 (m, 2H) 1.92—1.89
(m, 2H) 0.83 (t, ] = 7.18 Hz, 3H) 13C NMR (75 MHz, DMSO-dg) 6 ppm
194.94,179.58,167.43,164.71,159.04, 143.08, 138.20, 126.90, 124.35,
122.58, 113.58, 109.25, 75.76, 58.92, 46.97, 36.98, 26.93, 19.54,
13.1010HRMS (ESI) my/z for C1gH1gCIN304 [M + H]™, calcd, 388.1064,
found: 389.0891.

4.14. Ethyl 2’-amino-5-iodo-2,5 -dioxo-5 ,6/,7',8'-tetrahydro-1 H-
spiro[indoline-3,4 -quinoline]-3 -carboxylate (4d)

White solid, 60%, m.p.:220—222 °C, H NMR (300 MHz, DMSO-
dg) 6 ppm 10.27 (s, 1H) 7.90 (br s, 2H) 7.39—7.36 (m, 1H) 7.15 (s, 1H)
6.54—6.52 (d, ] = 7.93 Hz, 1H) 3.74—3.71 (m, 2H) 2.66—2.62 (m, 2H)
2.20—2.19 (m, 3H) 1.90—1.86 (m, 2H) 0.82 (br t, ] = 7.08 Hz, 3H) 13C
NMR (75 MHz, DMSO-dg) 6 ppm 194.96, 179.24, 167.42, 164.70,
159.02, 143.97, 138.87, 135.67, 130.59, 113.63, 110.58, 82.90, 75.83,
58.93, 46.72, 36.98, 26.92, 19.53, 13.10 HRMS (ESI) m/z for
C19H1gIN304 [M + H], calcd, 480.0420, found: 481.0242.

4.15. Ethyl 2’-amino-5-methyl-2,5 -dioxo-5,6',7',8'-tetrahydro-
1'H-spirofindoline-3,4 -quinoline]-3 -carboxylate (4e)

White solid, 65%, m.p.:206—208 °C, '"H NMR (300 MHz, DMSO-
de) 6 ppm 10.01 (s, 1H) 7.82 (s, 2H) 6.85—6.82 (m, 1H) 6.66 (s, 1H)
6.56—6.54 (d, J=7.74Hz, 1H) 3.74-3.66 (q, J=718Hz, 2H)
2.66—2.62 (m, 2H) 2.15 (s, 3H) 1.91—1.86 (m, 2 H) 1.24—1.15 (m, 2H)
0.82 (t, /= 7.18 Hz, 3H) 13C NMR (75 MHz, DMSO-dg) 6 ppm 194.71,
179.79, 167.68, 164.05, 158.93, 141.60, 136.11, 128.99, 127.32, 123.12,
114.34, 107.74, 76.52, 58.81, 46.74, 37.11, 28.95, 20.62, 19.61, 13.05
HRMS (ESI) m/z for CyoH»1N304 [M + HJ|™, caled, 368.1610, found:
369.1435.

4.1.6. Ethyl 2’-amino-5-nitro-2,5 -dioxo-5,6,7',8 -tetrahydro-1 H-
spiro[indoline-3,4 -quinoline]-3 -carboxylate (4f)

White solid, 68%, m.p.:222—224°C, TH NMR (300 MHz, DMSO-
ds) 6 ppm 10.95 (s, 1H) 8.10—8.06 (m, 1H) 8.00 (s, 2H) 7.80 (d,
J=2.46Hz, 1H) 6.87 (d, J=8.69Hz, 1H) 3.73 (q, J= 711 Hz, 2H)
2.69-2.67 (m, 2H) 2.21-2.19 (m, 2H) 1.91-1.89 (m, 2H) 0.82 (t,
J =718 Hz, 3H) 3C NMR (75 MHz, DMSO-ds) 6 ppm 195.27, 170.27,
167.14, 165.43, 159.21, 150.83, 141.53, 137.20, 125.05, 117.99, 113.08,
107.98, 75.13,59.70, 46.73, 36.78, 28.94, 20.70, 14.03HRMS (ESI) m/z
for C19H1gN40g [M + H]™, calcd, 399.1304, found: 400.1155.

4.1.7. Ethyl 2’-amino-5-methoxy-2,5 -dioxo-5,6',7', 8 -tetrahydro-
1'H-spiro[indoline-3,4 -quinoline]-3 -carboxylate (4g)

White solid, 71%, m.p.:208—210 °C, TH NMR (300 MHz, DMSO-
dg) 6 ppm 9.95 (s, 1 H) 7.83 (br s, 2 H) 6.63—6.60 (m, 1H) 6.59—6.54
(m, 1H) 6.47—6.46 (m, 1H) 3.74—3.68 (q, ] = 7.11 Hz, 2H) 3.62 (s, 3H)
2.63-2.61 (m, 2H) 2.21-2.12 (m, 2H) 1.89—1.86 (m, 2H) 0.82 (br t,
J=6.99 Hz, 3H) '3C NMR (75 MHz, DMSO-dg) 6 ppm 194.71, 179.65,
167.68, 164.12, 158.92, 154.24, 137.63, 137.41, 114.15, 111.12, 110.01,
108.01, 76.40, 58.82, 55.22, 47.19, 37.12, 26.95, 19.60, 13.07 HRMS
(ESI) m/z for CygH1N30s [M + H]", calcd, 384.1559, found:
385.1376.

4.1.8. Ethyl 2’-amino-1-methyl-2,5 -dioxo-5,6',7',8'-tetrahydro-
1'H-spiro[indoline-3,4 -quinoline]-3 -carboxylate (4h)

White solid, 73%, m.p.:214—216 °C, TH NMR (300 MHz, DMSO-
dg) 6 ppm 7.89 (br s, 2H) 7.18—7.15 (m, 1H) 7.13—7.12 (m, 1H)
6.93—6.91 (m, 1H) 6.87—-6.82 (m, 1H) 3.69—-3.63 (dt, J=10.65,
3.66 Hz, 2H) 3.10 (s, 3H) 2.66—2.62 (m, 2H) 2.17—2.12 (m, 2H)
1.89—1.85 (m, 2H) 0.72 (t,] = 7.08 Hz, 3H) '*C NMR (75 MHz, DMSO-
ds) 6 ppm 194.82, 178.20, 167.48, 164.35, 159.12, 145.22, 135.13,
127.38, 122.20, 121.26, 114.13, 106.72, 75.94, 58.69, 36.98, 26.87,
26.04, 19.59, 13.4707 HRMS (ESI) m/z for CygH21N304 [M + H]|T,
calcd, 368.1610, found: 369.1439.

4.2. Typical procedure for synthesis of 5a-5g

A solution of 200mg (1.36 mmol) of isatin (1a), 190 mg
(1.36 mmol) of 3-amino-5,5-dimethylcyclohex-2-enone (2b) and
0.144 mL (1.36 mmol) of ethyl cyanoacetate (3) was heated to 80 "C
in H,O for 6 h. After the TLC indicated the complete consumption of
isatin (1a), the reaction mixture was extracted with ethyl acetate
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three times. With few isatins, solid precipitate was obtained in
reaction mixture in small amount which was found as expected
product by TLC. The precipitated solid was dissolved in combined
organic layer which was evaporated to provide light yellow solid
and purified by silica gel column chromatography using hex-
ane:ethyl acetate (6:4) as an eluent to provide 5a as white solid
(353 mg).

4.2.1. Ethyl 2'-amino-7,7'-dimethyl-2,5 -dioxo-5,6',7',8'-
tetrahydro-1'H-spirofindoline-3,4 -quinoline]-3 -carboxylate (5a)

White solid, 69%, m.p.:214—216 °C, TH NMR (300 MHz, DMSO-
de) 6 ppm 1012 (s, 1H) 7.84 (s, 2H) 7.06—7.01 (td, ] = 7.55, 1.32 Hz,
1H) 6.85-6.81 (m, 1H) 6.78—6.75 (m, 1H) 6.68—6.66 (m, 1H)
3.72-3.69 (m, 2H) 2.18—2.12 (d, ] = 14.73 Hz, 2H) 1.24 (s, 2H) 1.01 (s,
3H) 0.95 (s, 3H) 0.80 (t, J — 7.08 Hz, 3H) 3C NMR (75 MHz, DMSO-
dg) 0 ppm 194.57, 179.74, 167.62, 162.34, 159.09, 144.01, 127.12,
122.18, 120.48, 113.09, 108.09, 76.34, 58.79, 50.63, 46.60, 31.49,
27.75, 26.85, 13.07 HRMS (ESI) m/z for C51Hy3N304 [M + H]", calcd,
382.1766, found: 383.1596.

4.2.2. Ethyl 2'-amino-5-bromo-7,7'-dimethyl-2,5 -dioxo-5 ,6/,7',8'-
tetrahydro- 1 H-spiro[indoline-3,4 -quinoline]-3 -carboxylate (5b)

White solid, 72%, m.p.:218—220°C, TH NMR (300 MHz, DMSO-
ds) 6 ppm 10.29 (s, 1H) 7.91 (s, 2H) 7.24—7.20 (dd, ] = 8.12, 2.08 Hz,
1H) 7.00 (d,J=2.08 Hz, 1H) 6.65—6.63 (d, ] = 8.12 Hz, 1H) 3.77—3.69
(m, 2H) 2.11-2.08 (m, 2H) 1.23—1.15 (m, 2H) 1.01 (s, 3H) 0.97 (s, 3H)
0.82 (t, ] = 715 Hz, 3H) '*C NMR (75 MHz, DMSO-dg) 6 ppm 194.80,
179.35, 16741, 162.86, 159.17, 143.52, 138.49, 129.81, 125.02, 112.48,
109.97, 75.68, 58.94, 50.56, 46.84, 31.53, 27.38, 27.09, 13.11 HRMS
(ESI) m/z for Cy1H22BrN3O4 [M + H]T, calcd, 460.0871, found:
461.0700.

4.2.3. Ethyl 2'-amino-5-chloro-7,7'-dimethyl-2,5 -dioxo-5,6/,7',8'-
tetrahydro- 1 H-spirofindoline-3,4 -quinoline]-3 -carboxylate (5c)

White solid, 75%, m.p.:212—214°C, TH NMR (300 MHz, DMSO-
de) 6 ppm 10.29 (s, 1H) 7.91 (s, 2H) 7.11-7.07 (dd, ] = 8.12, 2.27 Hz,
1H) 6.91-6.89 (m, 1H) 6.69 (d, J=8.12 Hz, 1H) 3.77—3.69 (m, 2H)
2.12—2.08 (m, 2H) 1.23—1.14 (m, 2H) 1.01 (s, 3H) 0.98 (brs, 3H) 0.82
(t, J=7.08Hz, 3H) 3C NMR (75 MHz, DMSO-dg) 6 ppm 194.79,
179.49, 167.43, 162.85, 159.19, 154.42, 143.13, 138.11, 126.96, 124.38,
122.36, 109.35, 75.70, 58.93, 50.57, 46.90, 31.52, 27.41, 27.08, 13.11
HRMS (ESI) m/z for C21H2>CIN304 [M + H]™, caled, 416.1377, found:
417.1198.

4.24. Ethyl 2'-amino-5-iodo-7,7'-dimethyl-2,5 -dioxo-5,6/,7',8'-
tetrahydro- 1 H-spirofindoline-3,4 -quinoline]-3 -carboxylate (5d)

White solid, 63%, m.p.:220—222 °C, TH NMR (300 MHz, DMSO-
des) 6 ppm 10.28 (s, 1H) 7.91 (s, 2H) 7.40—7.37 (dd, J = 8.03, 1.79 Hz,
1H) 7.12 (d, J=1.70Hz, 1H) 6.53 (d, J=7.93 Hz, 1H) 3.77—3.69 (m,
2H) 2.11-2.10 (m, 2H) 1.26—1.17 (m, 2H) 1.01 (s, 3H) 0.97 (s, 3H)
0.82 (t, ] = 7.08 Hz, 3H) *C NMR (75 MHz, DMSO-dg)  ppm 194.80,
179.14, 167.41, 162.82, 159.14, 143.99, 138.76, 135.70, 130.47, 112.54,
110.67, 82.79, 75.74, 58.94, 50.56, 46.62, 31.53, 27.39, 27.04, 13.10
HRMS (ESI) m/z for C21H22IN304 [M + H]™, calcd, 508.0733, found:
509.0551.

4.2.5. Ethyl 2'-amino-5-methyl-7,7'-dimethyl-2,5 -dioxo-5,6,7',8 -
tetrahydro- 1 H-spiro[indoline-3,4 -quinoline]-3 -carboxylate (5e)
Isolated as a white solid, 60%, m.p.:216—218°C, 'H NMR
(300 MHz, DMSO-dg) 6 ppm 10.01 (s, 1H) 7.83 (s, 2H) 6.85—6.82 (m,
1H) 6.64 (s, 1H) 6.57—6.54 (m, 1H) 3.74—3.67 (q, /= 7.18 Hz, 2H)
2.15—2.11 (m, 2H) 2.05—1.98 (m, 3H) 1.23 (s, 2H) 1.01 (s, 3H) 0.96 (s,
3H) 0.82 (t, J=7.18 Hz, 3H) 3C NMR (75 MHz, DMSO-ds) 6 ppm
194.56, 179.71,167.67, 162.23, 159.05, 141.63, 136.02, 129.02, 127.36,
113.19, 107.81, 76.46, 58.83, 50.67, 46.65, 31.51, 27.63, 26.84, 20.62,

13.06 HRMS (ESI) m/z for C33Hy5N304 [M + H]T, caled, 396.1923,
found: 397.1750.

4.2.6. Ethyl 2'-amino-5-nitro -7 ,7'-dimethyl-2,5 -dioxo-5,6',7',8'-
tetrahydro-1'H-spiro[indoline-3,4 -quinoline]-3 -carboxylate (5f)

White solid, 65%, m.p.:218—220°C, 'H NMR (300 MHz, DMSO-
ds) 6 ppm 10.96 (s, 1H) 8.10—8.07 (m, 1H) 8.01 (s, 2H) 7.76—7.75 (m,
1H) 6.89 (d, ] =8.69 Hz, 1H) 3.77—-3.70 (q, /] = 718 Hz, 2H) 2.12—-2.11
(m, 2H) 1.23 (s, 2H) 1.01 (s, 3H) 0.97 (s, 3H) 0.82 (t, ] = 7.08 Hz, 3H)
13C NMR (75 MHz, DMSO-dg) 6 ppm 189.14, 180.38, 167.13, 163.53,
159.35, 150.88, 141.53, 137.12, 125.12, 117.66, 112.03, 108.09, 75.04,
59.71, 59.10, 50.38, 46.64, 31.59, 28.95, 27.21, 13.14 HRMS (ESI) m/z
for C21H22N406 [M + H]™, caled, 427.1617, found: 428.1428.

4.2.7. Ethyl 2'-amino-5-methoxy-7,7'-dimethyl-2,5 -dioxo-
5,6',7',8 -tetrahydro-1H-spiro[indoline-3,4 -quinoline]-3 -
carboxylate (5g)

White solid, 70%, m.p.:214—216 °C, TH NMR (300 MHz, DMSO-
ds) 6 ppm 9.95 (s, 1H) 7.84 (s, 2H) 6.63—6.61 (m, 1H) 6.65—6.60 (m,
1H) 645 (d, J=2.27Hz, 1H) 3.75-3.68 (m, 2H) 3.61 (s, 3H)
220-2.12 (m, 2H) 1.23—1.15 (m, 2H) 1.01 (s, 3H) 0.96 (s, 3H) 0.82 (t,
J=7.26 Hz, 3 H) 3C NMR (75 MHz, DMSO-ds) § ppm 194.56, 179.57,
167.67, 162.32, 159.05, 154.27, 137.65, 137.31, 113.04, 111.27, 109.73,
108.13, 76.35, 58.83, 55.23, 50.68, 47.10, 31.49, 27.74, 26.72, 13.08
HRMS (ESI) m/z for Co3HasN30s [M + H|™, caled, 412.1872, found:
413.1727.

4.3. Typical procedure for synthesis of 6

A solution of 200mg (1.36 mmol) of isatin (1a), 132 mg
(1.36 mmol) of 3-aminocyclopent-2-en-1-one (2d) and 0.144 mL
(1.36 mmol) of ethyl cyanoacetate (3) was heated to 80 “C in H,0 for
8 h. After the TLC indicated the complete consumption of isatin
(1a), the reaction mixture was extracted with ethyl acetate three
times and the combined organic layer was dried and evaporated to
provide brown solid. The reaction mixture was purified by silica gel
column chromatography using hexane:ethyl acetate (4:6) as an
eluent to provide 6 as white solid (253 mg).

4.3.1. Ethyl 2-amino-2',5-dioxo-1,5,6,7-tetrahydrospiro[cyclopenta
[b]pyridine-4,3'-indoline]-3-carboxylate (6)

White solid, 55%, m.p.:204—206 °C, TH NMR (400 MHz, DMSO-
ds) 0 ppm 10.31 (s, 1H) 8.05 (br s, 2H) 7.11-7.07 (m, 1H) 6.98—6.97
(m, 1H) 6.82—6.79 (m, 1H) 6.74—6.73 (m, 1H) 3.73 (q, ] = 7.11 Hz, 2H)
2.92-2.88 (m, 2H) 2.09-2.05 (m, 2H) 0.73 (t, J=7.03 Hz, 3H) 1C
NMR (100 MHz, DMSO-dg) 6 ppm 200.06, 176.22, 169.42, 168.17,
143.65, 135.20, 127.98, 123.20, 121.44, 117.46, 108.93, 75.48, 59.37,
49.32,33.60, 31.75, 13.53. HRMS (ESI) m/z for C1gH17N304 [M + H]™,
calcd., 340.1297, found:340.1294.

4.4. Typical procedure for synthesis of 7

A solution of 200 mg (1.10 mmol) of 5-chloroisatin (1c), 153 mg
(1.10 mmol) of 3-amino-5,5-dimethylcyclohex-2-enone (2b) was
heated to 80 “C in H,0 for 6 h. After the TLC indicated the complete
consumption of 5-chloroisatin (1c), the reaction mixture was
extracted with ethyl acetate three times. The combined organic
layer was dried over NaSO4 and evaporated on rotatory evaporator
to provide light yellow solid which was purified by silica gel column
chromatography using hexane:ethyl acetate (2:8) as an eluent to
provide 7 as white solid (239 mg).

4.4.1. 3-(2-amino-4,4-dimethyl-6-oxocyclohex-1-en-1-yl)-5-
chloro-3-hydroxyindolin-2-one (7)
White solid, 68%, m.p.:174—176°C. 'TH NMR (300 MHz, MeOH-
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ds) 6 ppm 7.18—7.17 (m, 1H) 7.15—7.14 (m, 1H) 6.82—6.80 (m, 1H)
2.54-2.48 (m, 1H) 2.38—2.28 (m, 1H) 2.18—2.12 (m, 2H) 1.99—1.92
(m, 1H) 1.09 (s, 3H) 0.99 (s, 3H).3C NMR (75 MHz, MeOH-d,) 6 ppm
195.24,168.25, 142.55, 136.88, 129.92, 128.15, 124.76, 112.19, 106.34,
79.79, 50.90, 45.74, 3329, 29.04, 27.50.HRMS (ESI) m/z for
C16H17CIN203 [M+H]™, calcd., 321.1005, found: 321.1003.

4.5. Typical procedure for synthesis of 8

A solution of 200 mg (1.36 mmol) of isatin (1a) and 0.144 mL
(1.36 mmol) of ethyl cyanoacetate (3) was heated to 80 “C in H,0 for
5h. After the TLC indicated the complete consumption of isatin
(1a), the reaction mixture was extracted with ethyl acetate three
times. The combined organic layer was dried over Na;SO4 and
evaporated on rotatory evaporator to provide red solid which was
purified by silica gel column chromatography using hexane:ethyl
acetate (7:3) as an eluent to provide 8 as a red solid (269 mg).

4.5.1. (E)-ethyl 2-cyano-2-(2-oxoindolin-3-ylidene) acetate (8)

White solid, 82%, m.p.:174—176 °C. 'TH NMR (400 MHz, CDCl3)
6 ppm 8.31 (d, J = 8 Hz, 1H) 8.12 (br, s 1H) 7.42 (t, J = 8 Hz, 1H) 7.03
(t,J=8Hz, 1H) 6.90 (d, J=8Hz, 1H) 4.46 (dd, ]=4Hz, 8 Hz, 2H)
1.43 (t, J=8.25 Hz, 3H) '3C NMR (100 MHz, CDCl3) 6 ppm 161.48,
156.24,144.75, 143.81,130.86, 130.29, 123.26, 119.30, 113.99, 110.72,
63.46, 13.99. HRMS (ESI) m/z for Ci3H1gN203 [M + H]*, calcd,,
243.0769, found:243.0764.
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