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A novel reaction of isatins, 2-cyanoacetamide, and cyclic 1,3-diketones in ethanol was reported. The
reaction gave the unexpected spirooxindole ethyl carboxylates in excellent yields and the spirooxindole

carboxamide was not observed.
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INTRODUCTION

Multicomponent reactions (MCRs), in which several
reactions are combined into one synthetic operation have
been used extensively to form carbon—carbon bonds
[1-3]. Such reactions offer a wide range of possibilities
for the efficient construction of highly complex molecules
in a single step, thus avoiding complicated purification
operations and allowing savings of both solvents and
reagents. There has been tremendous development in
MCRs, and significant efforts continue to be made to
develop new MCRs [4-7]. In this context, spirooxindoles
show interesting features which make them attractive
targets for the synthesis via MCRs.

The heterocyclic spirooxindoles are attractive targets in
organic synthesis because of their highly pronounced bio-
logical activities as well as wide-ranging utility as synthetic
intermediates for alkaloids, drug candidates, and clinical
pharmaceuticals [8,9]. Therefore, searching for efficient
methods for the synthesis of these compounds is interesting
in organic synthesis, and numerous impressive successes
have been recorded for the synthesis of diversely structured
spirocyclic oxindoles over the past years [10,11]. Although
three-component reactions of malononitrile or cyanoacetic
esters, isatins, and 1,3-dicarbonyl compounds is the one of
the powerful methods for the synthesis of spirooxindoles
(Scheme 1) [12-19], utilization of 2-cyanoacetamide has
not been reported yet.

In continuation of our previous works on synthesis of
spirooxindoles [12-25], herein, we envisioned that the
use of 2-cyanoacetamide instead of malononitrile or cya-
noacetic esters in the three-component reaction with isatins
and 1,3-dicarbonyl compounds might be a novel method to
achieve new spirooxindole carboxamides 4 (Scheme 2).

RESULTS AND DISCUSSION

In a pilot experiment, the reaction of 3-hydroxy-1H-phe-
nalen-1-one 1, 2-cyanoacetamide 2, and isatin 3a in the
presence of Et;N (15 mol%) as an inexpensive and available
catalyst proceeded rapidly in refluxing ethanol. The progress
of the reaction was monitored by TLC. After completion of
the reaction after 10 h, the expected spirooxindole carboxa-
mide 4 was not observed; unexpectedly, ethanol acted as a
fourth reactant and afforded the corresponding spirooxin-
dole ethyl carboxylate 5a (Scheme 2).

Encouraged by this success, in order to improve the
yield, we performed the reaction using different quantities
of EtOH. The best result was obtained with a 1:1:1:3 ratios
of 3-hydroxy-phenalen-1-one, 2-cyanoacetamide, isatin,
and ethanol.

Then, we extended the reaction of 3-hydroxy-phenalen-
1-one 1 (1 mmol) and 2-cyanoacetamide 2 (1 mmol) with
various isatins 3 (I mmol) and alcohols (3 mmol).
Corresponding  alkyl ~ 10'-amino-2,7’-dioxo-7’H-spiro
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Scheme 1
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[indoline-3,8 -naphtho[1,8-gh]chromene]-9’-carboxylates
Sa—c¢’ were synthesized in good yields in the presence of
Et;N (15 mol%). The optimized results are summarized
in Table 1.

For the investigation of the reaction mechanism, it is nota-
ble that, when this reaction was carried out in the absence of
ethanol and in solvent-free conditions or in other solvent
such as CH;CN, CHCl;, CH,Cl,, and THF, the TLC and
"H-NMR spectra of the reaction mixture showed a combina-
tion of starting materials and numerous products. Also, alkyl
10’-amino-2,7’-dioxo-7'H-spiro[indoline-3,8"-naphtho[1,8-
gh]chromene]-9'-carboxylate 5 is the main product of the re-
action and other by-products (Fig. 1) were not identified. On
the other hand, it is known [17,18] that the reaction of isatins,
1,3-dicarbonyl compounds, and alkyl cyanoacetates gives
alkyl spirooxindole carboxylate derivatives.

According to the results, the selectivity in the synthesis of
S can be explained by the strict sequence of reactions in
Scheme 3. It is reasonable to assume that 5 results from fast
initial formation of intermediate isatylidene cyanoacetate 7
[12-18] by standard Knoevenagel condensation of the isatin
3 and alkyl cyanoacetate 6 (formed in situ by nucleophilic re-
action of 2 and alcohol). Then, the subsequent Michael-type
addition of 1 to the intermediate 7, followed by cyclization
and tautomerization affords the corresponding products 5.

To further explore the potential of this protocol, we in-
vestigated reaction of dimedone 6 with 2-cyanoacetamide
2, isatins 3, and alcohols and obtained alkyl 2-amino-7,7-

X
+ 7 OCN +

Z=CN or COOR

0O
Lo
N
R

Ref. 12-17

dimethyl-2’,5-dioxo0-5,6,7,8-tetrahydrospiro[chromene-
4,3'-indoline]-3-carboxylate 7 in good yields under same
reaction conditions (Table 2).

Compounds 5 and 7 are stable solids whose structures
were established by IR, "H-NMR, '*C-NMR spectroscopy,
and elemental analysis.

In conclusion, we have developed a new simple four-
component method for the synthesis of spirooxindoles via
the reaction of isatins, 2-cyanoacetamide, cyclic 1,3-dike-
tones, and alcohols. Prominent among the advantages of
this new method are novelty, operational simplicity, and
good yields of the products. We believe this method will
find useful applications in the growth of spirooxindole
chemistry.

EXPERIMENTAL

Melting points were measured on an Elecrtothermal 9100 ap-
paratus. Mass spectra were recorded on a FINNIGAN-MAT
8430 mass spectrometer operating at an ionization potential of
70 eV. 'H and '*C-NMR spectra were recorded on a BRUKER
DRX-300 AVANCE spectrometer at 300.13 and and 75.47
MHz, respectively. IR spectra were recorded using a Shimadzu
IR-470 apparatus. Elemental analyses were performed using a
Heracus CHN-O-Rapid analyzer.

General procedure for the preparation of spirooxindoles 5
or 7. A mixture of cyclic 1,3-diketone (1 mmol), 2-
cyanoacetamide (1 mmol), isatin (1 mmol), alcohol (3 mmol),
and EtN (15 mol%) was stirred at appropriate temperature
(Tables 1 and 2) for 10 h (the progress of the reaction was

Scheme 2
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Table 1
Synthesis of spirooxindole 5.
(0) OH
S 7
RN
xe
(2 0
1 + 2 Et;N(15 mol%) R'OOC
(0] -
X 10h, l HZN O
O +R'OH
N
R
3
i= Reaction temprature for MeOH= 50 °C and for other alcohol= 70 °C
Product 5 R X R’ Yield (%)
a H CH3 95
b H Br CH; 92
c Me Br CHj; 90
d Et Br CH; 87
e H NO, CH; 96
f Me H CH3 91
h H Br CH;CH, 94
i Me Br CH3CH2 85
j Et Br CH;CH, 83
k H NO, CH;CH, 95
1 Me NO, CH;CH, 86
m Me H CH;CH, 93
n H Me CH3CH2 88
o H H CH;CH,CH, 90
P Me Br CH;CH,CH, 84
q Et Br CH;CH,CH, 82
r H Br (CH3),CH 91
S H N02 (CH3)2CH 90
t Me H (CH3),CH 85
u H H CH3CH2CH2CH2 88
v H Br CH;CH,CH,CH, 90
w H NO, CH;CH,CH,CH, 93
X H H CH@CH2CH2CH2CH2 90
y H Br CH;CH,CH,>CH,CH, 91
z H N02 CH3CH2CH2CH2CH2 94
a’ H H CH;CH,CH (CH3)CH, 86
% H Br CH;CH,CH (CH;)CH, 87
¢ H NO, CH;CH,CH (CH3)CH, 89

monitored by TLC). After completion, H,O (5 mL) was added
and the reaction mixture was filtered and the precipitate washed
with H,O (5§ mL) and EtOH (5 mL) to afford pure product.

Methyl 10’- amino -2,7’- dioxo -7’H - spiro[indoline-3,8’-
naphtho[1,8-gh]chromene]-9’-carboxylate (5a). Yellow
powder (95%); m.p.: 285-287°C. IR (KBr) (vmax/cm_l): 3443,
3404, 1731, 1679. MS (EL 70 eV) m/z: 424 (MY). 'H-NMR
(300 MHz, DMSO-dg): 8y (ppm) 3.33 (3H, s, OMe), 6.73-8.53
(10H, m, H-Ar), 8.05 (2H, bs, NH,), 10.39 (1H, s, NH).
13C-NMR (75 MHz, DMSO-de): 8¢ (ppm) 48.2, 50.7, 76.7,
108.7, 115.9, 121.1, 121.3, 123.2, 125.2, 127.3, 127.7,
127.8, 128.0, 130.3, 131.8, 133.7, 135.7, 136.2, 144.6.,
154.2, 159.4, 168.0, 180.4, 181.0. Analysis calculated for
C,5sH¢N,Os5: C, 70.75; H, 3.80; N, 6.60. Found: C, 70.65;
H, 3.74; N, 6.52.
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Methyl 10’-amino-5-bromo-2,7’-dioxo-7’H-spiro[indoline-
3,8’-naphtho[1,8-gh]chromene]-9’-carboxylate  (5b). Yellow
powder (92%); m.p.: 296-287°C. IR (KBr) (Vmax/em™): 3443,
3382, 1718, 1688. MS (EL 70 eV) m/z: 504 (M™), 502 (M"). 'H-
NMR (300 MHz, DMSO-dg): 8y (ppm) 3.33 (3H, s, OMe), 6.74—
8.54 (9H, m, H-Ar), 8.07 (2H, bs, NH,), 10.50 (1H, s, NH). '*C-
NMR (75 MHz, DMSO-dg): 8¢ (ppm) 48.4, 59.5, 75.9, 110.6,
112.7, 115.1, 121.4, 125.3, 126.0, 127.3, 127.6, 127.9, 130.5,
131.8, 133.8, 135.8, 138.9, 144.3, 154.5, 159.6, 167.8, 180.0,
181.2. Analysis calculated for C,5H;sBrN,Os: C, 59.66; H, 3.00;
N, 5.56. Found: C, 59.58; H, 3.07; N, 5.51.

Methyl 10’-amino-5-bromo-1-methyl-2,7’-dioxo-7'H-spiro
[indoline -3,8’- naphtho[1,8 - gh]chromene] - 9’- carboxylate (5c¢).
Yellow powder (90%); m.p.: 291-292°C. IR (KBr) (vmax/cm_l):
3299, 1726, 1683. MS (EIL, 70 eV) m/z: 518 (M*), 516 (M™).

DOI 10.1002/jhet
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Figure 1. Probable by-products of the reaction.

"H-NMR (300 MHz, DMSO-dg): 8y (ppm) 3.23 (3H, s, NMe), 3.37
(3H, s, OMe), 6.92-8.54 (9H, m, H-Ar), 8.13 (2H, bs, NH,). *C-
NMR (75 MHz, DMSO-ds): 8¢ (ppm) 26.9, 47.8, 51.1, 75.9,
109.5, 113.6, 114.9, 121.3, 125.3, 125.9, 127.3, 127.5, 12728,
128.0, 130.5, 130.8, 131.8, 133.9, 135.9, 137.7,145.4, 154.8, 159.5,
167.7, 178.5, 181.2. Analysis calculated for C,sH;7BrN,Os: C,
60.36; H, 3.31; N, 5.42. Found: C, 60.45; H, 3.38; N, 5.31.

Methyl 10’-amino-5-bromo-1-ethyl-2,7’-dioxo-7’ H-spiro[indoline-
3,8-naphtho[1,8-g/]chromene]-9’-carboxylate (5d). Yellow powder
(87%); mp.: 289-290°C. IR (KBr) (Va/em™): 3299, 1706, 1681. MS
(EL 70 eV) m/z: 532 (M"), 530 (M"). 'H-NMR (300 MHz, DMSO-dj):
8y (ppm) 1.27 (3H, bs, Me), 3.35 (2H, m, NCH,), 3.38 (3H, s, OMe),
6.95-8.55 (9H, m, H-Ar), 8.16 (2H, bs, NH,). “C-NMR (75 MHz,
DMSO-d): 8¢ (ppm) 11.7, 30.0, 35.2, 434, 109.5, 113.3, 114.2,1 209,
1212, 1257, 126.8, 127.3, 127.8, 1304, 131.8, 133.0, 134.0, 1359,
1420, 158.6, 159.1, 159.7, 164.3, 175.3, 180.7. Analysis calculated for
CyH;9BiN,Os: C, 61.03; H, 3.60; N, 5.27. Found: C, 60.91; H, 3.52; N,
5.18.

Methyl 10’-amino-5-nitro-2,7’-dioxo-7’H-spiro[indoline-3,8’-
naphtho[1,8-gh]chromene]-9’-carboxylate (Se). Yellow powder
(96%); m.p.: 289-291°C. TR (KBr) (vya/em™'): 3431, 3371, 1716,
1690. MS (EL 70 eV) m/z: 469 (M"). "H-NMR (300 MHz, DMSO-
ds): 8y (ppm) 3.37 (3H, s, OCH3), 6.98-8.56 (9H, m, H-Ar), 8.17
(2H, bs, NH,), 11.20 (1H, s, NH). >*C-NMR (75 MHz, DMSO-dj):
OS¢ (ppm) 48.3, 50.9, 75.7, 108.6, 114.5, 118.9, 121.2, 125.3, 125.8,
127.3, 127.5, 127.8, 128.2, 130.5, 131.8, 134.3, 136.3, 1374, 142.1,
151.5, 155.0, 159.5, 167.6, 181.1, 181.3. Analysis calculated for
C,sH5N304: C, 63.97; H, 3.22; N, 8.95. Found: C, 63.88; H, 3.14;
N, 8.84.

Methyl 10’-amino-1-methyl-2,7’-dioxo-7’H-spiro[indoline-
3,8’-naphtho[1,8-gh]chromene]-9’-carboxylate  (5f). Yellow

powder (91%); m.p.: 287-288°C. IR (KBr) (vmax/cm_l): 3299,
1708, 1681. MS (EL 70 eV) m/z: 438 (M*). "H-NMR (300 MHz,
DMSO-dg): dy (ppm) 3.18 (3H, s, NMe), 3.32 (3H, s, OMe),
6.82-8.58 (10H, m, H-Ar), 8.08 (2H, bs, NH,). ">*C-NMR (75
MHz, DMSO-dg): 8¢ (ppm) 26.9, 47.6, 51.0, 57.7, 76.5, 107.6,
115.7, 121.2, 121.9, 123.0, 125.3, 127.3, 127.6, 127.8, 128.2,
130.4, 131.8, 133.8, 135.2, 135.8, 145.9, 154.4, 159.4, 167.8,
178.8, 181.0. Analysis calculated for C,cH;sN,Os: C, 71.23; H,
4.14; N, 6.39. Found: C, 71.34; H, 4.08; N, 6.32.

Ethyl 10’-amino-2,7’-dioxo-7’H-spiro[indoline-3,8’-naphtho
[1,8-gh]chromene]-9’-carboxylate (5g). Yellow powder (92%);
m.p.: 291-293°C. IR (KBr) (Vnax/em™): 3360, 3261, 1688, 1623.
MS (EL 70 eV) m/z: 438 (M"). "H-NMR (300 MHz, DMSO-dy):
Sy (ppm) 0.86 (3H, bs, Me), 3.77 (2H, m, OCH,), 6.32-8.52 (10H,
m, H-Ar), 8.10 (2H, bs, NH,), 10.37 (1H, s, NH). *C-NMR (75
MHz, DMSO-dg): 8¢ (ppm) 13.7, 48.2, 59.4, 76.4, 108.7,115.9,
121.1, 121.3, 123.1, 1252, 127.3, 127.7, 127.8, 130.3, 131.8,
133.6, 135.77, 136.4, 1449, 154.2, 159.5, 168.0, 180.4, 181.1.
Analysis calculated for C,cHgN,Os: C, 71.23; H, 4.14; N, 6.39.
Found: C, 71.37; H, 4.06; N, 6.49.

Ethyl 10’-amino-5-bromo-2,7’-dioxo-7'H-spiro[indoline-3,8’-
naphtho[1,8-gh]chromene]-9’-carboxylate (Sh). Yellow powder
(94%); m.p.: 294-295°C. TR (KBr) (Vina/cm'): 3344, 3249, 1689,
1621. MS (Bl 70 eV) m/z: 518 (M"), 516 (M*). "H-NMR (300
MHz, DMSO-dg): 8y (ppm) 0.90 (3H, t, J = 7.1Hz, Me), 3.79-3.85
(2H, m, OCH,), 6.73-8.55 (9H, m, H-Ar), 8.17 (2H, bs, NH,), 10.56
(1H, s, NH). *C-NMR (75 MHz, DMSO-dy): 8¢ (ppm) 13.7, 484,
59.5, 759, 110.6, 112.7, 115.2, 1214, 125.3, 126.0, 127.3, 127.6,
127.9, 1304, 130.5, 131.8, 133.8, 135.8, 138.9, 144.4, 154.6, 159.6,
167.9, 180.0, 181.2. Analysis calculated for CycH;7BrN,Os: C,
60.36; H, 3.31; N, 5.42. Found: C, 60.25; H, 3.23; N, 5.51.

Scheme 3
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Table 2
Synthesis of spirooxindole 7.
(0]
NC\)}\ RN
o o , NH, 0
6 2 Et;N(15 mol%) R'OOC
B — e
X P 10h, i
H,N™ O
O +R'OH
N
R 7
3
i= Reaction temprature for MeOH= 50 °C and for other alcohol= 70 °C
Product 7 R X R’ Yield (%)
a H H CH; 90
b H Br CH; 89
c Me Br CH; 91
d H NO, CH; 85
[ H H CH';CHZ 91
f H Br CH;CH, 88
g Me Br CH;CH, 84
h H NO, CH;CH, 89
i H H CH;CH,CH, 87
j H Br CH3CH2CH2 85
k H NO, CH;CH-CH, 83
1 H H (CH3),CH 92
m H NO, (CH5),CH 89
n H Br (CH;),CH 86
0 H H CH;CH,CH,CH, 84
p H NOZ CH3CH2CH2CH2 90
q H H CH;CH2CH2CH2CH2 88

Ethyl 10’-amino-5-bromo-1-methyl-2,7’-dioxo-7’H-spiro[indoline-
3,8/-naphtho[1,8-gh]chromene]-9’-carboxylate (5i). Yellow powder
(85%); m.p.: 290-291°C. IR (KBr) (V,mx/CIIl_l)Z 3272, 1713, 1682. MS
(EL 70 eV) miz 532 (M"), 530 (M"). "H-NMR (300 MHz, DMSO-dj):
8y (ppm) 0.80 (3H, bs, Me), 3.20 (3H, s, NMe), 3.75 (2H, bs, OCHp),
6.92-8.50 (9H, m, H-Ar), 820 (2H, bs, NH,). Analysis calculated for
CyHoBrN,Os: C, 61.03; H, 3.60; N, 5.27. Found: C, 60.95; H, 3.53; N,
5.36. (Due to the very low solubility of product Si, we were unable to
obtain the “C-NMR spectrum).

Ethyl 10’-amino-5-bromo-1-ethyl-2,7’-dioxo-7’H-spiro[indoline-
3,8/-naphtho[1,8-gh]chromene]-9’-carboxylate (5j). Yellow powder
(83%); m.p.: 284-285°C. IR (KBr) (Vima/cm™): 3266, 1683, 1639. MS
(EL 70 eV) miz: 546 (M™), 544 (M"). "H-NMR (300 MHz, DMSO-d):
8y (ppm) 0.79 (3H, bs, Me), 1.31 (3H, bs, Me), 3.72 (3H, bs, NCH,),
3.83 (2H, bs, OCH,), 6.97-8.52 (11H, m, H-Ar and NH,). *C-NMR
(75 MHz, DMSO-dg): 8¢ (ppm) 12.5, 14.2, 35.0, 41.6, 59.2, 75.6,
1094, 1134, 115.6, 1260, 126.5, 127.3, 127.5, 1279, 130.5, 130.7,
131.8, 1339, 135.8, 138.2, 144.7, 154.6, 159.7, 167.7, 177.8, 180.4.
Analysis calculated for CygH,BiN,Os: C, 61.66; H, 3.88; N, 5.14.
Found: C, 61.77; H, 3.81; N, 5.23.

Ethyl 10’-amino-5-nitro-2,7’-dioxo-7’H-spiro[indoline-3,8'-
naphtho[1,8-gh]chromene]-9’-carboxylate (5k). Yellow powder
(95%); m.p.: 299-300°C. IR (KBr) (Vmud/em™'): 3409, 3266,
1793, 1734. MS (EL 70 eV) m/z: 483 (M"). "H-NMR (300 MHz,
DMSO-dg): 8y (ppm) 0.89 (3H, t, J = 7.0 Hz, Me), 3.77-3.84
(2H, m, OCH,), 6.98-8.55 (9H, m, H-Ar), 8.24 (2H, bs, NH,),
11.20 (1H, s, NH). Analysis calculated for C,cH;7N507: C, 64.60;

Journal of Heterocyclic Chemistry

H, 3.54; N, 8.69. Found: C, 64.48; H, 3.61; N, 8.59. (Due to the
very low solubility of product Sk, we were unable to obtain the
3C-NMR spectrum).

Ethyl 10’-amino-1-methyl-5-nitro-2,7’-dioxo-7' H-spiro[indoline-
3,8/-naphtho[1,8-gk]chromene]-9’-carboxylate (5I). Yellow powder
(86%); m.p.: 294-295°C. IR (KBr) (Vyadem™): 3294, 1722, 1683. MS
(EL 70 eV) m/z: 497 (MY). "H-NMR (300 MHz, DMSO-dg): 8y (ppm)
0.81 3H, t, J = 6.6 Hz, Me), 3.35 (3H, s, NMe), 3.75-3.78 (2H, bs,
OCH,), 7.21-8.58 (9H, m, H-Ar), 8.29 (2H, bs, NH,). *C-NMR (75
MHz, DMSO-dp): 8¢ (ppm) 14.2, 27.2, 47.5, 59.5, 74.1, 107.6, 1144,
1187, 1212, 1254, 1259, 127.3, 1274, 129, 1283, 130.6, 131.8,
134.2, 136.1, 136.6, 142.7, 152.2, 155.1, 159.9, 1674, 179.6, 181.4.
Analysis calculated for CxyH;gN3O7: C, 65.19; H, 3.85; N, 8.45.
Found: C, 65.27; H, 3.79; N, 8.52.

Ethyl 1(0/-amino-1-methyl-2,7’-dioxo-7"H-spirofindoline-3,8'-naphtho
[1,8-ghlchromene]-Y-carboxylate (Sm). Yellow powder (93%); mp.
283-285°C. IR (KBI) (Ve ) 3299, 1710, 1679. MS (EL 70 &V) mi/z
452 (MY). 'THNMR (300 MHz, DMSO-dg): & (ppm) 0.79 GH, t, J = 69
Hz, Me), 323 (3H, s, NMe), 3.72-3.74 (2H, bs, OCH,), 6.81-8.54 (10H,
m, H-Ar), 8.16 2H, bs, NHo). “C-NMR (75 MHz, DMSO-dy): 8¢ (ppm)
140, 268, 476, 593, 76.1, 1075, 1157, 121.2,121.9, 1230, 125.3, 1273,
1276, 127.8, 1282, 1304, 131.8, 133.8, 1354, 135.8, 1460, 154.3, 1596,
1679, 1787, 181.1. Analysis calculated for C,yH,)N,Os: C, 71.67; H, 446,
N, 6.19. Found: C, 71.54; H, 440; N, 6.13.

Ethyl 10/-amino-5-methyl-2,7’-dioxo-7"H-spirofindoline-3,8'-naphtho
[1,8-gh]chromene]-9-carboxylate (Sn). Yellow powder (88%); m.p.: 296—
297°C. IR (KBr) (vVi/em™): 3360, 3244, 1688, 1627. MS (EI, 70 eV) mi/z:

DOI 10.1002/jhet
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452 (M™). "H-NMR (300 MHz, DMSO-dg): 8y (ppm) 0.90 (3H, t, J
=7.2 Hz, Me), 2.09 (3H, s, Me), 3.75-3.82 (2H, bs, OCH,), 6.64—
8.53 (9H, m, H-Ar), 8.10 (2H, bs, NH,), 10.28 (1H, s, NH). Bc-
NMR (75 MHz, DMSO-dy): 8¢ (ppm) 13.6, 21.0, 48.2, 59.5, 76.6,
108.5, 116.0, 121.4, 123.9, 125.3, 127.3, 127.6, 127.7, 127.8,
128.3,129.7, 130.3, 131.8, 133.6, 135.7, 136.4, 142.4, 154.1,
1594, 168.0, 180.3, 181.0. Analysis calculated for Cy7H,oN,Os:
C, 71.67; H, 4.46; N, 6.19. Found: C, 71.51; H, 4.38; N, 6.26.

Propyl 10/-amino-2,7’-dioxo-7’'H-spiro[indoline-3,8"-naphtho[ 1,8-
ghlchromene]-9’-carboxylate (S0). Yellow powder (90%); m.p. 254—
255°C. IR (KBr) (Vyna/em™): 3398, 3277, 1793, 1717. MS (EL
70 eV) m/z: 452 (M"). 'H-NMR (300 MHz, DMSO-d¢): 81 (ppm)
0.59 (3H, t, J = 7.4 Hz, Me), 1.26-1.35 (2H, m, CH,), 3.68-3.78
(2H, m, OCH,), 6.73-8.54 (10H, m, H-Ar), 8.12 (2H, bs, NH,),
10.37 (1H, s, NH). "*C-NMR (75 MHz, DMSO-d): 8¢ (ppm)
10.7, 21.5, 48.1, 65.3, 76.5, 108.8, 116.0, 121.1, 121.4, 123.2,
125.3, 127.3, 127.7, 127.8, 127.8, 130.3, 131.8, 133.6, 135.7,
136.3, 144.8, 154.1, 159.6, 168.2, 180.3, 181.0. Analysis
calculated for C»7H,oN>Os: C, 71.67; H, 4.46; N, 6.19. Found: C,
71.74; H, 4.39; N, 6.11.

Propyl 10’-amino-5-bromo-1-methyl-2,7’-dioxo-7’H-spiro[indoline-
3,8/-naphtho[1,8-gh]chromene]-9’-carboxylate (5p). Yellow powder
(84%); mp. 288-290°C. IR (KBr) (Vderm™): 3288, 1710, 1682. MS
(EL 70 eV) miz 546 (M), 544 (M. "HNMR (300 MHz, DMSO-d):
8y (ppm) 056 (3H, t, J = 7.3 Hz, Me), 1.16-1.29 (2H, m, CH,), 3.22
(3H, s, NMe), 3.72 (2H, t, J = 6.3 Hz, OCH,), 6.92-8.55 (9H, m, H-Ar),
822 (2H, bs, NH,). “C-NMR (75 MHz, DMSO-dy): 8¢ (ppm) 10.5,
21.8, 269, 4777, 652, 754, 109.6, 1136, 1150, 121.3, 1253, 1260,
1273, 1275, 127.8, 1280, 130.5, 1308, 131.8, 133.9, 135.9, 137.8, 1454,
154.6, 159.8, 167.8, 1784, 181.2. Analysis calculated for CogHo;N,Os: C,
61.66; H, 3.88; N, 5.14. Found: C, 61.54; H, 3.79; N, 5.05.

Propyl  10’-amino-5-bromo-1-ethyl-2,7’-dioxo-7’ H-spiro[indoline-
3,8'-naphtho[1,8-gh]chromene]-9’-carboxylate (5q). Yellow powder
(82%); mp. 290-292°C. IR (KBr) (Vypadem™): 3299, 1708, 1675. MS
(EL 70 eV) miz 560 (M"), 558 (M"). 'H-NMR (300 MHz, DMSO-dj):
8y (ppm) 051 GH, t, J = 74 Hz, Me), 1.12-124 (2H, m, CHy), 131
(3H, t, J = 6.7 Hz, Me), 3.61 (2H, m, NCH,), 3.84 (2H, m, OCH,), 6.95—
8.55 (9H, m, H-Ar), 821 (2H, bs, NH,). '*C-NMR (75 MHz, DMSO-dy):
8¢ (ppm) 104, 12.5, 21.8, 350, 47.8, 649, 75.5, 109.6, 1134, 115.0,
121.3, 1253, 126.1, 127.3, 127.6, 127.8, 128.0, 130.5, 130.7, 131.8, 133.9,
135.8, 138.1, 144.6, 154.6, 159.8, 167.8, 177.8, 181.2. Analysis calculated
for CooHp3N,Os: C, 62.26; H, 4.14; N, 5.01. Found: C, 62.19; H, 4.09; N,
5.07.

Isopropyl  10’-amino-5-bromo-2,7’-dioxo-7'H-spiro[indoline-3,8'-
naphtho[1,8-gh]chromene]-9’-carboxylate (5r). Yellow powder (91%);
mp. 294-295°C. IR (KBr) (Vplem ') 3297, 3199, 1719, 1687. MS (EL
70 eV) miz 532 (M), 530 (MY). 'HNMR (300 MHz, DMSO-dy): 8y
(ppm) 0.65 3H, d, J = 6.1 Hz, Me), 1.06 3H, d, J = 6.1 Hz, Me), 470~
4.73 (1H, m, OCH), 6.72-8.52 (9H, m, H-Ar), 8.18 (2H, bs, NH,), 10.52
(1H, s, NH). “C-NMR (75 MHz, DMSO-dy): 8¢ (ppm) 21.2, 21.6, 484,
66.6, 760, 110.6, 112.6, 115.1, 1214, 1253, 1260, 127.3, 127.6, 127.7,
1304, 131.8, 1338, 135.8, 139.2, 144.5, 154.5, 159.6, 167.5, 180.0, 181.2.
Analysis calculated for C;7H;9BiN,Os: C, 61.03; H, 3.60; N, 5.27. Found:
C,61.11; H, 3.65; N, 5.18.

Isopropyl 10’-amino-5-nitro-2,7’-dioxo-7’H-spiro[indoline-
3,8’-naphtho[1,8-gh]chromene]-9’-carboxylate (5s). Yellow
powder (90%); m.p. 297-299°C. IR (KBr) (Vmadem™h): 3349,
3272, 1727, 1686. MS (EL 70 eV) m/z: 497 (M"). "H-NMR (300
MHz, DMSO-dg): 8y (ppm) 0.63 (3H, d, J = 6.0 Hz, Me), 1.07
(3H, d, J = 6.3 Hz, Me), 4.70-4.74 (1H, m, OCH), 6.98-8.55
(11H, m, H-Ar and NH,), 11.19 (1H, s, NH). *C-NMR (75
MHz, DMSO-dg): 8¢ (ppm) 21.2, 21.6, 25.9, 48.2, 66.7, 75.4,
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108.7, 114.5, 118.9, 121.3, 125.7, 127.3, 127.5, 127.9, 128.1,
130.5, 131.8, 134.0, 1359, 137.8, 142.0, 151.8, 155.0, 159.8,
167.2, 181.1, 181.4. Analysis calculated for C,;H;9N;O7: C,
65.19; H, 3.85; N, 8.45. Found: C, 65.29; H, 3.77; N, 8.52.

Isopropyl  10/-amino-1-methyl-2,7’-dioxo-7'H-spiro[indoline-3,8'-
naphtho[1,8-gh]chromene]-9’-carboxylate (5t). Yellow powder (85%),
mp. 293-294°C. IR (KBr) (Vpgdem): 3249, 1707, 1678. MS (EL 70
eV) miz: 466 (M¥). '"H-NMR (300 MHz, DMSO-d): &y (ppm)
0.59 (3H, d, J = 6.0 Hz, Me), 1.05 (3H, d, J = 6.1 Hz, Me), 3.27
(3H, s, NMe), 4.69—4.73 (1H, m, OCH), 6.81-8.57 (10H, m, H-
Ar), 8.10 (2H, s, NH,). Analysis calculated for C,gH,,N,Os: C,
72.09; H, 4.75; N, 6.01. Found: C, 71.98; H, 4.67; N, 5.93. (Due
to the very low solubility of product 5t, we were unable to obtain
the '3C-NMR spectrum).

Butyl 10’-amino-2,7’-dioxo-7’H-spiro[indoline-3,8’-naphtho[1,8-
ghlchromene]-9’-carboxylate (Su). Yellow powder (88%); m.p. 260~
262°C. IR (KBr) (Vina/em™h): 3368, 3255, 1695, 1633. MS (EL, 70
eV) miz: 466 (MY). '"H-NMR (300 MHz, DMSO-dy): 84 (ppm)
0.75 (3H, t, J = 7.0 Hz, Me), 0.83-1.01 (2H, m, CH,), 1.21-1.31
(2H, m, CH,), 3.69-3.85 (2H, m, OCH,), 6.73-8.53 (10H, m, H-
Ar), 8.21 (2H, bs, NH,), 10.37 (1H, s, NH). >*C-NMR (75 MHz,
DMSO-dg): 8¢ (ppm) 14.1, 18.9, 30.2, 48.1, 63.3, 76.4, 108.8,
115.9, 121.0, 121.4, 123.2, 125.3, 127.3, 127.7, 127.8, 130.3,
131.8, 133.6, 135.7, 136.3, 144.8, 154.1, 159.6, 168.2, 180.3,
181.0. Analysis calculated for C,sH,,N,Os: C, 72.09; H, 4.75; N,
6.01. Found: C, 71.96; H, 4.68; N, 5.90.

Butyl  10’-amino-5-bromo-2,7’-dioxo-7’H-spiro[indoline-3,8’-
naphtho[1,8-gh]chromene]-9’-carboxylate (5v). Yellow powder
(90%); m.p. 254-256°C. IR (KBr) (Vpadem™'): 3371, 3261, 1706,
1690. MS (EI, 70 eV) m/z: 546 (M"), 544 (M. 'H-NMR (300 MHz,
DMSO-dg): 8y (ppm) 0.76 3H, t, J = 6.9 Hz, Me), 0.83-1.02 (2H, m,
CH,), 1.12-1.32 (2H, m, CH.,), 3.69-3.91 (2H, m, OCH,), 6.73-8.54
(9H, m, H-Ar), 8.13 (2H, bs, NH,), 10.53 (1H, s, NH). *C-NMR (75
MHz, DMSO-dp): 8¢ (ppm) 14.1, 18.9, 30.3, 484, 63.3, 75.8, 110.6,
112.7, 115.2, 1214, 125.3, 126.0, 127.3, 127.6, 127.8, 1304, 130.5,
131.8, 133.8, 135.8, 1389, 144.3, 154.5, 159.7, 168.0, 180.0, 181.2.
Analysis calculated for CygH,BrN,Os: C, 61.66; H, 3.88; N, 5.14.
Found: C, 61.72; H, 3.80; N, 5.08.

Butyl 10’-amino-5-nitro-2,7’-dioxo-7'H-spiro[indoline-3,8'-
naphtho[1,8-gh]chromene]-9’-carboxylate (5w). Yellow powder
(93%); m.p. 251-252°C. IR (KBr) (Vpa/em™"): 3454, 3327, 1733,
1683. MS (EI, 70 eV) m/z 511 (M%). 'H-NMR (300 MHz,
DMSO-dg): 8y (ppm) 0.74 (3H, t, J = 7.1 Hz, Me), 0.85-1.01
(2H, m, CH,), 1.15-1.30 (2H, m, CH,), 3.72-3.88 (2H, m,
OCH,), 6.98-8.93 (9H, m, H-Ar), 8.31 (2H, bs, NH,), 11.20 (1H,
s, NH). >C-NMR (75 MHz, DMSO-d): 8¢ (ppm) 14.0, 18.9,
30.3, 48.2, 63.4, 75.2, 108.7, 118.9, 121.3, 125.4, 125.7, 127.3,
127.5, 127.8, 128.2, 130.5, 131.8, 134.0, 136.0, 137.6, 142.2,
151.6, 154.9, 159.9, 167.8, 181.0, 181.3. Analysis calculated for
CyosH,1N305: C, 65.75; H, 4.14; N, 8.22. Found: C, 65.83; H,
4.07; N, 8.11.

Pentyl  10’-amino-2,7’-dioxo-7’H-spiro[indoline-3,8’-naphtho
[1,8-gh]chromene]-9’-carboperoxoate (5x). Yellow powder (90%);
m.p. 238-239°C. IR (KBr) (Viadem™): 3365, 3255, 1684, 1635. MS
(EL 70 eV) m/z: 480 (M™*). "H-NMR (300 MHz, DMSO-d): 81 (ppm)
0.783H, t, J = 74 Hz, CH3), 0.85-1.30 (6H, m, 3CH,), 3.66-3.83
(2H, m, OCH,), 6.74-8.53 (12H, m, H-Ar), 8.13 (2H, bs, NH,), 10.38
(IH, s, NH) BC-NMR (75 MHz, DMSO-dg): 8¢ (ppm) 14.2, 22.3,
27.8, 279, 48.1, 63.6, 764, 108.8, 115.9, 121.0, 121.4, 123.2, 125.2,
127.3, 127.7, 1279, 130.3, 131.8, 133.6, 135.7, 136.3, 144.8, 154.1,
159.6, 168.2, 180.3, 181.0. Analysis calculated for CyoHpN,Os: C,
72.49; H, 5.03; N, 5.83. Found: C, 72.55; H, 4.96; N, 5.76.
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Pentyl 10’-amino-5-bromo-2,7’-dioxo-7’H-spiro[indoline-3,8’-
naphtho[1,8-g/]chromene]-9’-carboperoxoate (Sy). Yellow powder
91%); mp. 250-252°C. IR (KBr) (Viudem™): 3360, 3277, 1708,
1688. MS (EI, 70 eV) m/z: 560 (M"), 558 (M*). "TH-NMR (300 MHz,
DMSO-dg): 8y (ppm) 0.78-0.83 (SH, m, Me and CH,), 1.11-1.18
(2H, m, CH,), 1.21-1.31 (2H, m, CH,), 3.66-3.81 (2H, m, OCH,),
6.72-8.53 (9H, m, H-Ar), 8.20 (2H, bs, NH,), 10.54 (1H, s, NH). '*C-
NMR (75 MHz, DMSO-dg): 8¢ (ppm) 14.3, 23.0, 27.9, 28.0, 484,
63.3, 75.8, 110.6, 112.8, 1152, 1214, 1253, 126.1, 127.3, 127.6,
1279, 1304, 130.5, 131.8, 133.8, 135.8, 138.9, 144.3, 154.5, 160.0,
168.0, 180.0, 181.2. Analysis calculated for CyoHp3BiIN,Os: C, 62.26;
H, 4.14; N, 5.01. Found: C, 62.33; H, 4.23; N, 4.96.

Pentyl 10’-amino-5-nitro-2,7’-dioxo-7’ H-spiro[indoline-3,8'-
naphtho[1,8-gh]chromene]-9’-carboperoxoate (5z). Yellow powder
(94%); m.p. 240-242°C. IR (KBr) (Vimadem™): 3481, 3332, 1740,
1685. MS (EL, 70 eV) m/z 525 (M*). 'H-NMR (300 MHz,
DMSO-dg): &y (ppm) 0.73 (SH, t, J = 7.3 Hz, Me), 0.81-1.42
(6H, m, 3CH,), 3.34-3.71 (2H, m, OCH,), 6.93-8.57 (9H, m, H-
Ar), 8.21 (2H, bs, NH,), 11.21 (1H, s, NH). Analysis calculated
for C,oH»3N307: C, 66.28; H, 4.41; N, 8.00. Found: C, 66.18; H,
4.34; N, 7.91. (Due to the very low solubility of product 5z, we
were unable to obtain the '*C-NMR spectrum).

2-Methylbutyl ~ 10’-amino-2,7’-dioxo-7’H-spiro[indoline-3,8’-
naphtho[1,8-gh]chromene]-9’-carboperoxoate (5a’).  Yellow
powder (86%); m.p. 207-209°C. IR (KBr) (Viax/em™): 3387,
3299, 1799, 1726. MS (EL 70 eV) m/z: 480 (M"). '"H-NMR (300
MHz, DMSO-dg): dy (ppm) 0.54-1.08 (8H, m, 2Me and CH,),
1.41 (1H, m, CH), 3.62 (2H, m, OCH,), 6.75-8.51 (10H, m, H-
Ar), 8.22 (2H, bs, NH,), 10.36 (1H, s, NH). *C-NMR (75 MHz,
DMSO-dy): 8¢ (ppm) 11.4, 16.5, 25.6, 33.7, 68.0, 68.4, 76.4,
108.9, 116.0, 121.1, 121.3, 123.2, 125.2, 127.3, 127.7, 127.8,
130.3, 131.8, 1327, 133.6, 135.6, 1362, 144.6, 154.0,
159.7,168.3, 180.2, 181.0. Analysis calculated for Co0H,4N>Os: C,
72.49; H, 5.03; N, 5.83. Found: C, 72.37; H, 5.12; N, 5.71.

2-Methylbutyl 10’-amino-5-bromo-2,7’-dioxo-7'H-spiro[indoline-
3,8'- naphtho [1,8 - gh]chromene] - 9’- carboperoxoate (5b’). Yellow
powder (87%); m.p. 256-258°C. IR (KBr) (Vma/em™): 3476,
3365, 1720, 1685. MS (EI, 70 eV) m/z: 560 (M™), 558 (M*). 'H-
NMR (300 MHz, DMSO-dg): 8y (ppm) 0.62-0.95 (8H, m, 2Me
and CH,), 1.39 (1H, m, CH), 3.64 (2H, m, OCH,), 6.73-8.53 (9H,
m, H-Ar), 820 (2H, bs, NH,), 10.52 (1H, s, NH). Analysis
calculated for C,9H,3B1N,Os: C, 62.26; H, 4.14; N, 5.01. Found:
C, 62.12; H, 4.06; N, 5.11. (Due to the very low solubility of
product 5b’, we were unable to obtain the '*C-NMR spectrum).

2-Methylbutyl 10’-amino-5-nitro-2,7’-dioxo-7’H-spiro[indoline-
3,8’-naphtho[1,8-gh]chromene]-9’-carboperoxoate  (5¢/). Yellow
powder (89%); m.p. 248-250°C. IR (KBr) (v,mx/cm_l): 3327, 1741,
1687. MS (ElL, 70 eV) m/z: 525 (M"). 'H-NMR (300 MHz,
DMSO-dg): 8y (ppm) 0.51-1.05 (8H, m, 2Me and CH,), 1.41
(1H, m, CH), 3.67 (2H, m, OCH,), 6.98-8.55 (9H, m, H-Ar), 8.27
(2H, bs, NH,), 10.18 (1H, s, NH). Analysis calculated for
CooH»3N305: C, 66.28; H, 4.41; N, 8.00. Found: C, 66.37; H,
4.47; N, 7.91. (Due to the very low solubility of product 5¢’, we
were unable to obtain the '*C-NMR spectrum).

Products 7a, 7b, 7e, and 71 are known compounds [18] and
were characterized by IR and NMR spectroscopic data and their
melting points are compared with reported values.

Methyl  2-amino-5’-bromo-1’,7,7-triimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3'-indoline]-3-carboxylate  (7c). White
powder (91%); m.p.: 257-258°C. IR (KBr) (V/em ™) 3251, 3115,
1710, 1701, 1663. MS (EL 70 eV) m/z: 462 (M"), 460 (M*). "H-NMR
(300 MHz, DMSO-dy): 8y (ppm) 0.82 (3H, s, Me), 0.93 (3H, s, Me),

Journal of Heterocyclic Chemistry

Vol 50

1.95 and 2.11 (2H, ABq, J = 13.6 Hz, CH,), 2.31 (2H, bs, CH,), 321
(3H, s, NMe), 3.63 (3H, s, OMe), 6.60 (1H, d, J = 8.5 Hz, H-Ar), 7.76
(1H, bs, H-Ar), 7.73 (1H, bs, H-Ar), 7.88 (1H, bs, H-Ar), 8.01 (2H, bs,
NH,). *C-NMR (75 MHz, DMSO-d): 8¢ (ppm) 27.2, 285, 315, 369,
469, 512, 652, 76.1, 109.9, 113.0, 119.6, 121.8, 127.1, 1359, 144.0,
158.6, 162.3, 180.1, 195.2. Analysis calculated for C,;H,;BiN,Os: C,
54.68; H, 4.59; N, 6.07. Found: C, 54.57; H, 4.52; N, 6.16.

Methyl 2-amino-5-nitro-7,7-dimethyl-2",5-dioxo-5,6,7.8-tetrahydrospiro
[chromene-4,3'-indoline]-3-carboxylate (7d). Cream powder (85%); m.p.:
261-263°C. IR (KBr) (Vyydeni ™) 33.87, 3267, 3110, 1714, 1706, 1659. MS
(L, 70 eV) milz 413 (M. "HNMR (300 MHz, DMSO~dg): 8 (ppm) 091
(3H, s, Me), 1.01 3H, s, Me), 196 and 2.14 2H, ABgq, J = 133 Hz, CH,),
2.35 (2H, bs, CHy), 364 (3H, s, OMe), 669 (1H, d, J = 89 Hz, H-Ar), 7.79
(1H, bs, H-Ar), 792 (1H, bs, H-Ar), 811 (2H, bs, NH,), 1093 (1H, bs, NH).
Analysis calculated for CyHioN;0;: C, 58.11; H, 4.63; N, 10.16. Found: C,
5824; H, 454; N, 1007. (Due to the very low solubility of product 7d, we
were unable to obtain the “C-NMR spectrum).

Ethyl 2-amino-5’-bromo-7,7-dimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3/-indoline]-3-carboxylate (7f). White
powder (88%); m.p.: 270-272°C. IR (KBr) (Vimadem™h): 3368, 3259,
1706, 1698, 1657. MS (EI 70 eV) m/z: 462 (M"), 460 (M"). '"H-NMR
(300 MHz, DMSO-dg): 8y (ppm) 0.81 (3H, t, J = 7.4 Hz, Me), 0.94
(3H, s, Me), 0.98 (3H, s, Me), 1.88 and 1.86 (2H, ABq, J = 12.9 Hz,
CH,), 2.37 (2H, bs, CHy), 3.60-367 (2H, m, OCHy), 6.64 (1H, d, J =
7.8 Hz, H-Ar), 7.56 (1H, bs, H-Ar), 7.64 (1H, bs, H-Ar), 7.92 (2H, bs,
NH,), 1035 (1H, s, NH). *C-NMR (75 MHz, DMSO-dg): 8¢ (ppm)
14.1, 27.0, 284, 319, 45.8, 51.2, 654, 769, 1084, 1134, 119.1,
121.3, 1263, 135.1, 1442, 158.2, 161.3, 180.2, 195.1. Analysis
calculated for C,H,BrN,Os: C, 54.68; H, 4.59; N, 6.07. Found: C,
54.60; H, 4.53; N, 5.97.

Ethyl 2-amino-5’-bromo-1’,7,7-trimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene - 4,3'- indoline] -3- carboxylate (7g).
White powder (85%); m.p.: 262-263°C. IR (KBr) (Vanafem™):
3243, 1708, 1695, 1643. MS (EL 70 &V) nilz: 476 (M), 474 (M. 'HNMR
(300 MHz, DMSO-dg): 8 (ppm) 0.76 GH, t, J = 7.1 Hz, Me), 091 (3H, s,
Me), 096 (3H, s, Me), 191 and 2.08 (2H, ABgq, J = 13.3 Hz, CH,), 242 (2H,
bs, CHy), 333 (3H, s, NMe), 362-371 (2H, m, OCH,), 6.86 (1H, d, J=7.1
Hz, H-Ar), 7.52 (1H, bs, H-Ar), 7.74 (1H, bs, H-Ar), 7.81 (2H, bs, NHp). “C-
NMR (75 MHz, DMSO+dy): 8¢ (ppm) 14.2, 273, 279, 32.5, 358, 46.7, 51.3,
66.1, 763, 1090, 1126, 1203, 121.8, 1260, 134.7, 14377, 1592, 161.8, 1799,
194.8. Analysis calculated for C,H»BMNOs: C, 5559; H, 4.88; N, 5.89.
Found: C, 5547, H, 479; N, 5.78.

Ethyl 2-amino-5-nitro-7,7-dimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene - 4,3’-indoline]-3 - carboxylate (7h).
Cream powder (89%); m.p.: 280-282°C. IR (KBr) (Vimax/em ™
34.01, 3267, 1716, 1709, 1663. MS (El, 70 eV) m/z: 427 (M*).
"H-NMR (300 MHz, DMSO-dy): 8y (ppm) 0.84 GH, t, J = 7.7
Hz, Me), 0.97 (3H, s, Me), 1.11 (3H, s, Me), 1.96 and 2.12 (2H,
ABq, J = 13.7 Hz, CH,), 2.45 (2H, bs, CH,), 3.61-374 (2H, m,
OCH,), 6.91 (1H, d, J = 6.8 Hz, H-Ar), 7.63 (1H, bs, H-Ar), 7.86
(1H, bs, H-Ar), 7.90 (2H, bs, NH,), 11.01 (1H, s, NH). '*C-NMR
(75 MHz, DMSO-ds): 8¢ (ppm) 14.5, 27.9, 28.2, 31.7, 46.9, 51.0,
67.3,77.7, 108.2, 112.9, 121.6, 122.5, 126.3, 135.2, 143.7, 159.7,
161.2, 180.4, 195.3. Analysis calculated for C,Hy;N;O7: C,
59.01; H, 4.95; N, 9.83. Found: C, 58.90; H, 4.89; N, 9.78.

Propyl 2-amino-7,7-dimethyl-2’,5-dioxo-5,6,7,8-tetrahydrospiro
[chromene-4,3'-indoline]-3-carboxylate (7i). White powder (87%); m.
p.: 232-234°C. IR (KBr) (Viudem™'): 3312, 3243, 1715, 1703, 1638.
MS (EL 70 eV) m/z: 396 (M*). '"H-NMR (300 MHz, DMSO-dj): 8y
(ppm) 0.52 (3H, bs, Me), 091 (3H, s, Me), 0.99 (3H, s, Me), 1.21 (4H,
bs, 2CH,), 1.98 and 2.14 (2H, ABq, J = 14.8 Hz, CH,), 3.61 (2H, bs,
OCH,), 6.66-7.01 (4H, m, H-Ar), 7.86 (2H, bs, NH,), 10.12 (1H, s,
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NH). "*C-NMR (75 MHz, DMSO-dy): 8¢ (ppm) 10.6, 21.3, 27.1, 2822,
319, 470, 51.1, 652, 76.8, 108.7, 113.6, 121.0, 122.7, 127.7, 136.3,
1444, 1596, 162.83, 168.3, 1802, 195.1. Analysis calculated for
CyHyN,Os: C, 66.65; H, 6.10; N, 7.07. Found: C, 66.57; H, 6.04; N,
7.17.

Propyl 2-amino-5’-bromo-7,7-dimethyl-2’,5-diox0-5,6,7,
8-tetrahydrospiro[chromene -4,3’-indoline]-3-carboxylate (7j). White
powder (85%); m.p.: 237-239°C. IR (KBD) (Vadem™): 3334, 3254,
1711, 1700, 1644. MS (EI, 70 eV) m/z: 476 (M"), 474 (M"). "H-NMR
(300 MHz, DMSO-dy): 8y (ppm) 0.55 (3H, bs, Me), 0.95 (3H, s, Me),
0.99 (3H, s, Me), 1.23 (4H, bs, 2CH,), 2.08 (2H, bs, CH,), 3.66 (2H, bs,
OCH,), 6.62 (1H, bs, H-Ar), 7.01 (1H, bs, H-Ar), 7.19 (1H, bs, H-Ar),
794 (2H, bs, NHy), 1031 (1H, s, NH). *C-NMR (75 MHz, DMSO-
de): 8¢ (ppm) 10.7, 214, 275, 279, 32.0, 473, 51.0, 652, 76.1, 110.6,
1126, 1129, 125.5, 130.3, 1389, 1439, 159.7, 163.3, 168.1, 179.8,
195.3. Analysis calculated for CHxBrN,Os: C, 55.59; H, 4.88; N,
5.89. Found: C, 5549; H, 4.81; N, 5.96.

Propyl 2 - amino - 5'- nitro - 7,7 - dimethyl - 2’,5 - dioxo - 5,6,7,8-
tetrahydrospiro[chromene-4,3'-indoline]-3-carboxylate  (7k).  White
powder (83%); mp.: 241-243°C. IR (KBr) (Vilem™): 3358, 3267,
1719, 1711, 1661. MS (EL 70 eV) m/z: 441 (M"). "TH-NMR (300 MHz,
DMSO-d): 8y (ppm) 0.54 (3H, t, J = 6.6 Hz, Me), 0.82 (3H, s, Me), 0.95
(3H, s, Me), 1.14-130 2H, m, CH,), 1.38 and 1.2 (2H, ABgq, J = 89 Hz,
CH,), 2.04-2.10 (2H, m, CH,), 3.65 (2H, m, OCH,), 6.88 (1H, d, J = 8.7
Hz, H-Ar), 7.76 (1H, s, H-Ar), 8.04 (1H, bs, H-Ar), 8.08 (2H, bs, NH,),
10.97 (1H, s, NH). Analysis calculated for C;o0H»N;0+: C, 59.86; H, 5.25;
N, 9.52. Found: C, 59.77; H, 5.32; N, 10.03.

Isopropyl 2 - amino - 5 nitro -7,7- dimethyl -2’,5 - dioxo -5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carboxylate (7m). Cream
powder (89%); m.p.: 257-258°C. IR (KBr) (Vmax/crn_l): 3351,
3276, 1711, 1695, 1643. MS (EL 70 eV) m/z: 441 (M"). "H-NMR
(300 MHz, DMSO-dg): 8y (ppm) 0.72 (3H, d, J = 6.4 Hz, Me),
0.97 (3H, d, J = 6.2 Hz, Me), 1.01 (3H, s, Me), 1.08 (3H, s, Me),
2.10 (2H, bs, CH,), 2.64 (2H, bs, CH,), 3.76 (1H, m, OCH), 6.88
(1H, d, J = 9.2 Hz, H-Ar), 7.75 (1H, d, J = 2.5 Hz, H-Ar), 8.05
(1H, bs, H-Ar), 8.07 (2H, bs, NH,), 10.97 (1H, s, NH). Analysis
calculated for C,,H»3N305: C, 59.86; H, 5.25; N, 9.52. Found: C,
59.79; H, 5.17; N, 9.47. (Due to the very low solubility of product
7m, we were unable to obtain the '*C-NMR spectrum).

Isopropyl 2 - amino - 5’- bromo -7,7- dimethyl -2’,5-dioxo-
5,6,7,8-tetrahydrospiro[chromene-4,3’-indoline]-3-carboxylate
(7n). White powder (86%); m.p.: 241-242°C. IR (KBr) (Vpa/
em™Y): 3334, 3261, 1713, 1702, 1657. MS (EL 70 eV) m/z 476
(M), 474 (M™). "TH-NMR (300 MHz, DMSO-~dj): 8 (ppm) 0.68
(3H, d, J = 6.0 Hz, Me), 0.86 (3H, d, J = 6.4 Hz, Me), 0.92 (3H,
s, Me), 1.02 (3H, s, Me), 2.09 (2H, bs, CH,), 2.57 (2H, bs, CH.,),
3.70 (1H, m, OCH), 6.62 (1H, bs, H-Ar), 6.99 (1H, s, H-Ar), 7.21
(1H, bs, H-Ar), 7.93 (2H, bs, NH,), 10.29 (1H, s, NH). '*C-NMR
(75 MHz, DMSO-dg): 8¢ (ppm) 14.1, 18.8, 27.1, 28.3, 30.1, 31.9,
47.0, 51.1, 63.2, 76.7, 108.7, 113.6, 120.9, 122.6, 127.6, 136.3,
144.3, 159.6, 162.8, 168.3, 180.2, 195.1. Analysis calculated for
Cy,H»3BrN,Os: C, 55.59; H, 4.88; N, 5.89. Found: C, 55.71; H,
4.94; N, 5.80.

Butyl 2 - amino -7,7- dimethyl -2',5 - diox0-5,6,7,8-tetrahydrospiro
[chromene-4,3'-indoline]-3-carboxylate (70).  White powder (88%); m.
s 227-228°C. IR (KBr) (Vpmdem™): 3341, 3261, 1714, 1701, 1657. MS
(EL 70 eV) miz: 424 (M"). '"HNMR (300 MHz, DMSO-de): & (ppm)
0.73 (3H, t, J = 74 Hz, Me), 0.81-0.94 (2H, m, CH,), 0.96 (3H, s, Me),
1.01 (3H, s, Me), 1.18-1.24 (4H, m, 2CH,), 2.52 (2H, bs, CH,), 3.61-
379 (2H, m, OCH,), 6.78 (1H, d, J = 89 Hz, H-Ar), 7.12 (1H, s, H-Ar),
8.04 (1H, s, H-Ar), 8.09 (2H, bs, NH,), 10.67 (1H, s, NH). “C-NMR (75
MHz, DMSO-d): 8¢ (ppm) 14.0, 18.6, 27.1, 28.3, 303, 32.7, 48.3, 51.1,

Journal of Heterocyclic Chemistry

634, 764, 1084, 112.8, 120.8, 122.1, 1279, 1329, 144.3, 159.1, 162.6,
168.7, 1804, 195.3. Analysis calculated for C;3HyN,Os: C, 67.30; H,
6.38; N, 6.82. Found: C, 67.19; H, 6.32; N, 6.74.

Butyl  2- amino -5'- nitro -7,7 - dimethyl - 2’5 - dioxo -5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carboxylate (7p). White
powder (90%); m.p.: 234-236°C. IR (KBr) (Vmaem™): 3356, 3289,
1708, 1687, 1665. MS (EL 70 eV) m/z 455 (M"). "H-NMR (300
MHz, DMSO-de): 81 (ppm) 0.69 3H, t, J = 7.0 Hz, Me), 0.83-1.24
(2H, m, CHy), 095 3H, s, Me), 1.06 3H, s, Me), 1.26-129 @H, m,
2CH,), 2.55 (2H, bs, CH,), 3.67-3.75 (2H, m, OCH,), 6.88 (1H, d, J
=9.1 Hz, H-Ar), 7.76 (1H, s, H-Ar), 8.04 (1H, s, H-Ar), 8.11 (2H, bs,
NH,), 1097 (1H, s, NH). Analysis calculated for Cy3H,sN;07: C,
60.65; H, 5.53; N, 9.23. Found: C, 60.74; H, 5.60; N, 9.13.

Butyl  2-amino-7,7-dimethyl-2’,5-dioxo-5,6,7,8-tetrahydrospiro
[chromene-4,3'-indoline]-3-carboxylate (7q). White powder (84%); m.
p.: 223-225°C. IR (KBr) (Viudem™): 3354, 3271, 1711, 1706, 1645.
MS (EL 70 eV) miz: 410 (MY). 'THNMR (300 MHz, DMSO-dy): &
(ppm) 0.76 3H, t, J = 7.2 Hz, Me), 0.85-1.30 (6H, m, 4CH,), 0.95 (3H,
s, Me), 1.03 (3H, s, Me), 2.51 (2H, bs, CHy), 3.62-3.74 (2H, m, OCH,),
6.79 (1H, d, J = 8.1 Hz, H-Ar), 7.17 (1H, s, H-Ar), 801 (1H, s, H-Ar),
8.11 (2H, bs, NHy), 10.54 (1H, s, NH). “C-NMR (75 MHz, DMSO-
ds): 8¢ (ppm) 14.3, 19.7, 275, 283, 30.7, 32.5, 33.1, 48.3, 51.1, 634,
765, 108.1, 1129, 121.5, 1224, 1276, 1332, 1447, 158.7, 1629,
167.9, 180.1, 195.0. Analysis calculated for Co4HxsN;Os: C, 67.91; H,
6.65; N, 6.60. Found: C, 67.88; H, 6.57; N, 6.52.
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