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a b s t r a c t

An efficient one-pot synthesis of spiro[indoline-3,40-pyrazolo[3,4-e][1,4]thiazepine] dione derivatives via
three-component reaction of 5-amino-3-methylpyrazole, isatin, and thioacid is described. This new
protocol produces novel heptacyclic spirooxindole derivatives in good yields in comparison to conven-
tional pentacyclic compounds. This method proceeds through a 3-(5-aminopyrazol-3-yl)-3-hydroxy-2-
oxindoline intermediate (BayliseHillman type adduct), unlike 3-indolylimine (the intermediate like
Shiff-Bases) as in conventional methods. The structure of one representative compound has been con-
firmed by X-ray diffraction analysis.

� 2011 Published by Elsevier Ltd.
1. Introduction

Multi-component reactions (MCRs) have been designed to
produce elaborate biologically active compounds and have become
an important area of research in organic, combinatorial, and me-
dicinal chemistry.1 Such reactions offer a wide range of possibilities
for the efficient construction of highly complex molecules in a sin-
gle procedure step, thus avoiding the complicated purification
operations and allowing savings of both solvents and reagents.
Thus, they are perfectly amenable to automation for combinatorial
synthesis.2 In the past decade there have been tremendous de-
velopment in three- and four-component reactions and great effort
continue to be made to develop new MCRs.3

Heterocycles containing the 1,4-thiazepinemoiety are important
targets in synthetic and medicinal chemistry because this fragment
is a key moiety in a wide number of natural and synthetic bi-
ologically active agents.4 Among them, aryl- and heteroaryl-fused
derivatives of this heterocycle represent an important group of
compounds with interesting pharmaceutical properties.5,6 In par-
ticular, different alkyl derivatives of 3,4-dihydro-5-oxo-1,4-
benzothiazepine were described as calcium channel antagonists,5a

HIV-1 enzyme integrase5b and reverse transcriptase5c inhibitors,
and antitumor agents.5d Several heteroannelated bioisosteric ana-
logues of this core fragment were described as potent inhibitors of
Herpes simplex virus type 1 (HSV-1) replication,6a compounds
possessing H1 antihistamine activity,6b selective antagonists of
.net (D. Shi).

Elsevier Ltd.
5-HT1A and dopamine D2 receptors,6c and vasoconstrictor agents.6d

Numerous methods for the synthesis of fused 1,4-thiazepine de-
rivatives in recent years have been reported with respect to their
different structures.7

The spirooxindole moiety is a core structure in many complex
natural products; such natural products often possess interesting
biological activities.8e10 This structure has also drawn the attention
of medicinal chemists because of its potential as an important
pharmacophore.11 Various spiro ring systems have been reported in
spirooxindole natural products, for example, communesin A and B,
which were isolated from a Penicillium fungus growing on the
marine alga Enteromorpha intestinalis.12 Communesins A and B
show cytotoxicity against P-388 lymphocytic leukemia cells with
moderate to potent activity (ED50¼3.5 mg/mL and 0.45 mg/mL, re-
spectively). Citrinadins A and B are recently isolatedmarine derived
pentacyclic spiroindolinone alkaloids, they both exhibit important
cytotoxic activities against various cancer cell lines with IC50’s in
the low micromolar range (Fig. 1).13,14

Thia-azaheterocycles have attracted considerable attention be-
cause of their wide biological and pharmacological activities.15

Therefore, a number of methods have been reported for the prepa-
ration of spirooxindole derivatives involving the synthon thioacid.16

However, all the above multi-component reactions involving isatin,
2-mercaptoacetic acid and aniline or heteroaniline afford spiro
[indoline thiazolidines], which is obtained by reacting
2-mercaptoacetic acid with 3-indolylimines (the intermediate like
Shiff-Bases formed by condensation of isatin and aniline) (Scheme
1a). In our previous work, we found 5-amino-3-methylpyrazoles 1
react with isatins 2 giving 3-(5-aminopyrazol-3-yl)-3-hydroxy-
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Fig. 1. Naturally occurring and biologically active spirocyclic oxindoles.
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Scheme 1. Synthesis of spirooxindole derivatives involving the synthon thioacid.

Table 1
Optimization of reaction conditions

Entry Solvent Temperature
(�C)

Catalyst Time (h) Isolated
yield (%)

1 CH3CN 80 d 24 Trace
2 CH3CN 80 CAN (30%) 12 54
3 CH3CN 80 FeCl3 (30%) 12 39
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2-oxindolines 7,17 we planned to synthesize novel heptacyclic spiro
[indoline thiazepines] 4 by reacting 7 with thioacids 3 (Scheme 1b).
Hence, in continuation of our earlier interest on the developments of
new routes to spirooxindole derivatives,18 we report herein for the
first time a facile one-pot synthesis of spiro[indoline-3,40- pyrazolo
[3,4-e][1,4]thiazepine]dione derivatives catalyzed by p-TSA (p-tol-
uenesulfonic acid).
4 CH3CN 80 HCl (30%) 12 63
5 CH3CN 80 p-TSA (30%) 12 86
6 CH3CN rt p-TSA (30%) 24 <10
7 AcOH 95 p-TSA (30%) 12 72
8 THF 65 p-TSA (30%) 12 79
9 DMF 95 p-TSA (30%) 12 68
10 EtOH 80 p-TSA (30%) 12 76
11 Water 80 p-TSA (30%) 12 65
2. Results and discussion

Initially, the three-component reaction of 5-amino-1-phenyl-3-
methylpyrazole 1a, isatin 2a, and 2-mercaptoacetic acid 3a as
a simple model substrate was investigated to establish the feasi-
bility of the strategy and to optimize the reaction conditions
(Scheme 2). The effects of solvents and catalysts were evaluated for
this model reaction, and the results are summarized in Table 1. It
was found that when the reaction was carried out without any
catalysts only trace product was detected even after 24 h (Table 1,
entry 1). To improve the yields, we examined this reaction using
N
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Scheme 2. Model reaction.
different Brønsted and Lewis acids (Table 1, entries 2e5). Lewis
acids, such as CAN and FeCl3 can catalyze this reaction with low
yields (Table 1, entries 2 and 3). The use of Brønsted acid HCl led to
moderate product formation (Table 1, entry 4). However, p-TSAwas
identified as the optimal catalyst with 4a being isolated in 86% yield
(Table 1, entry 5). Performing the reaction in the presence of p-TSA
at room temperature led to low conversion of 4a even with pro-
longed time (Table 1, entry 6). Subsequently, we further turned to
testing the effect of solvents. AcOH, THF, DMF, EtOH or water
showed no superiority to CH3CN (Table 1, entries 7e11). Therefore,
CH3CN is the solvent of choice for this reaction.

The optimized reaction conditions were then tested for library
construction with two 5-amino-3-methylpyrazoles 1, seven isatins
2 and two thioacids 3. A series of spiro[indoline-3,40-pyrazolo[3,4-
e][1,4]thiazepine]dione derivatives 4 were obtained in good yields.
The results are summarized in Table 2. The protocol was effective
with isatins having either electron-withdrawing or electron-
donating groups, and also with different position substituted
isatins.
To further explore the potential of this protocol for synthesis of
spiro-heterocyclic compounds, we investigated reaction involving
acenaphthylene-1,2-dione 5 and obtained spiro[acenaphthylene-
1,40-pyrazolo[3,4-e][1,4]thiazepine]dione derivatives 6 (Fig. 2).

The structures of all products 4 and 6 were characterized by IR,
1H NMR, 13C NMR spectral data as well as HRMS analysis. The
structure of 4p was further confirmed by X-ray diffraction analysis.
The molecular structure of 4p is shown in Fig. 3.

Although the detailed mechanism of this reaction remains to be
fully clarified, a plausible mechanism of this three-component re-
action is presented in Scheme 3. The first step involves the for-
mation of a BayliseHillman type adduct 7 by the nucleophilic
addition of 5-amino-3-methylpyrazole 1 to isatin 2 as a key
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Synthesis of spirooxindole derivatives 4
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4 Ph H CH3 CH3 4d 12 85
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9 Ph 5-Cl H CH3 4i 24 74
10 Ph 5-Br H H 4j 24 75
11 Ph 6-Br H H 4k 24 78
12 Ph 6-Br H CH3 4l 24 76
13 CH3 H H H 4m 12 83
14 CH3 H H CH3 4n 12 83
15 CH3 H CH3 CH3 4o 12 85
16 CH3 5-CH3 H H 4p 12 87
17 CH3 5-CH3 H CH3 4q 12 82
18 CH3 5-F H CH3 4r 18 80
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20 CH3 6-Br H H 4t 24 79
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Fig. 2. Synthesis of spirocyclic acenaphthyleneones 6.
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intermediate, which might occur to afford 8. Then, 8 is attacked via
Michael addition of thioacid 3 to give the intermediate 9 followed
by cycloaddition, dehydration to form the desired product 4.

In order to prove themechanism, when the reaction of 5-amino-
1-phenyl-3-methylpyrazole 1a, isatin 2a, 2-mercaptoacetic acid 3a
Fig. 3. The crystal structure of compound 4p.
carried out for 1 h, the intermediate 3-(5-amino-3-methyl-1-
phenyl-1H-pyrazol-4-yl)-3-hydroxyindolin-2-one 7 was isolated
and characterized by spectroscopic methods. We were pleased to
find that the reaction of intermediate 7with 2-mercaptoacetic acid
3a in the presence of p-TSA under the same reaction conditions
proceeded smoothly giving the desired product 4a in a yield similar
to that obtained in the one-pot reaction (Scheme 4).

3. Conclusion

In summary, an efficient multi-component tandem reaction to
give spiro[indoline thiazepines] has been developed. Unlike con-
ventional pentacyclic spirooxindole products, this new procedure
described in this paper is a very facile and practical method for the
synthesis of novel heptacyclic spirooxindole derivatives. The one-
pot operational simplicity and the high efficiency nature make this
new heterocycle synthetic strategy highly attractive and promising
for the access of compounds of potential biological interest.

4. Experimental section

4.1. General

Melting points were determined in open capillaries and un-
corrected. IR spectra were recorded on a Varian F-1000 spectrom-
eter in KBr pellet. 1H NMR and 13C NMR spectra were obtained from
a solution in DMSO-d6 withMe4Si as internal standard using Varian
Invoa-400 MHz or Invoa-300 MHz spectrometer. HRMS analyses
were carried out using TOF-MS or GCT-TOF instrument.

4.2. General procedure for the synthesis of 4 and 6

A mixture of 5-amino-3-methylpyrazole (1 mmol), isatin or
acenaphthylene-1,2-dione (1 mmol), thioacid (1 mmol), and p-TSA
(30 mol %) in CH3CN (5 mL) was stirred at 80 �C for 12e24 h. After
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completion of the reaction confirmed by TLC (eluent acetone/pe-
troleum ether, 1:2), the reaction mixture was cooled to room
temperature. Then, the solvent was removed under vacuum. The
solid was recrystallizated from CH3CN and ethanol to afford the
pure 4 or 6 as a white or yellow powder.

4.2.1. 30-Methyl-10-phenyl-60,80-dihydrospiro[indoline-3,40-pyrazolo
[3,4-e][1,4]thiazepine]-2,70 (10H)-dione (4a). Mp: 256e257 �C. IR
(KBr) n: 3364, 3150, 1707, 1584, 1523, 1476, 1400, 1319, 1206, 1134,
757, 696 cm�1. 1H NMR (300 MHz, DMSO-d6): dH 1.46 (s, 3H, CH3),
3.11 (d, J¼15.0 Hz, 1H, CH2), 4.54 (d, J¼15.0 Hz, 1H, CH2), 6.96e7.04
(m, 2H, ArH), 7.15 (d, J¼7.2 Hz, 1H, ArH), 7.32 (t, J¼7.8 Hz, 1H, ArH),
7.40 (t, J¼6.9 Hz, 1H, ArH), 7.47e7.56 (m, 4H, ArH), 9.94 (s, 1H, NH),
10.89 (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6): dC 12.7, 30.8, 49.2,
106.5, 110.9, 123.4, 125.5, 125.6, 128.2, 129.0, 129.8, 130.7, 137.6,
139.0, 142.0, 147.2, 171.6, 178.5. HRMS [found: m/z 376.0993 (Mþ),
calcd for C20H16N4O2S: M, 376.0994].

4.2.2. 30,60-Dimethyl-10-phenyl-60,80-dihydrospiro[indoline-3,40-pyr-
azolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4b). Mp: 270e271 �C.
IR (KBr) n: 3232, 2975, 2926, 2884, 1712, 1617, 1522, 1473, 1378,
1264, 1209,1077, 917, 756, 692 cm�1. 1H NMR (400MHz, DMSO-d6):
dH 1.27 (d, J¼7.2 Hz, 3H, CH3), 1.49 (s, 3H, CH3), 4.73 (q, J¼7.2 Hz, 1H,
N
H
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Scheme 4. Two-step synthe
CH), 6.98e7.03 (m, 2H, ArH), 7.11 (d, J¼7.6 Hz, 1H, ArH), 7.33 (t,
J¼7.6 Hz, 1H, ArH), 7.41 (t, J¼7.2 Hz, 1H, ArH), 7.51 (t, J¼7.6 Hz, 2H,
ArH), 7.58 (d, J¼7.6 Hz, 2H, ArH), 9.98 (s, 1H, NH), 10.89 (s, 1H, NH).
13C NMR (75 MHz, DMSO-d6): dC 12.6, 15.9, 35.8, 49.9, 107.0, 110.9,
123.4, 125.4, 125.6, 128.1, 128.5, 129.7, 130.7, 137.6, 139.0, 142.0,
147.0, 173.4, 178.7. HRMS (ESI):m/z calcd for C21H18N4O2S: 391.1223
[MþH]þ, found: 391.1205.

4.2.3. 1,30-Dimethyl-10-phenyl-60,80-dihydrospiro[indoline-3,40-pyr-
azolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4c). Mp: 243e244 �C.
IR (KBr) n: 3222, 3123, 2989, 2920,1710,1607,1533,1491,1367,1126,
1086, 932, 751, 694 cm�1. 1H NMR (400 MHz, DMSO-d6): dH 1.38 (s,
3H, CH3), 3.15 (d, J¼15.2 Hz, 1H, CH2), 3.29 (s, 3H, CH3), 4.58 (d,
J¼14.8 Hz, 1H, CH2), 7.12 (t, J¼7.2 Hz, 1H, ArH), 7.19e7.24 (m, 2H,
ArH), 7.40e7.47 (m, 2H, ArH), 7.50e7.58 (m, 4H, ArH), 9.94 (s, 1H,
NH). 13C NMR (75 MHz, DMSO-d6): dC 12.7, 27.1, 31.0, 48.9, 106.4,
110.0, 124.1, 125.2, 125.6, 128.2, 128.3, 129.8, 130.8, 137.6, 139.0,
143.4, 147.1, 171.5, 176.8. HRMS (ESI): m/z calcd for C21H18N4O2S:
413.1043 [MþNa]þ, found: 413.1073.

4.2.4. 1,30,60-Trimethyl-10-phenyl-60,80-dihydrospiro[indoline-3,40-pyr-
azolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4d). Mp: 280e281 �C. IR
(KBr) n: 3308, 1707, 1606, 1524, 1497, 1368, 1259, 1129, 1080, 934,
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758, 693 cm�1. 1H NMR (400 MHz, DMSO-d6): dH 1.28 (d, J¼7.2 Hz,
3H, CH3), 1.40 (s, 3H, CH3), 3.29 (s, 3H, CH3), 4.75 (q, J¼7.2 Hz, 1H,
CH), 7.10 (t, J¼7.2 Hz, 1H, ArH), 7.18 (t, J¼8.0 Hz, 2H, ArH), 7.39e7.45
(m, 2H, ArH), 7.51 (t, J¼7.6 Hz, 2H, ArH), 7.58 (d, J¼8.0 Hz, 2H, ArH),
9.93 (s, 1H, NH). 13C NMR (100 MHz, DMSO-d6): dC 12.7, 15.9, 27.2,
36.0, 49.6, 107.0, 110.0, 124.1, 125.2, 125.6, 127.9, 128.1, 129.7, 130.8,
137.6, 139.0, 143.4, 146.8, 173.3, 177.1. HRMS (ESI): m/z calcd for
C22H20N4O2S: 427.1208 [MþNa]þ, found: 427.1199.

4.2.5. 30,5-Dimethyl-10-phenyl-60,80-dihydrospiro[indoline-3,40-pyr-
azolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4e). Mp: 268e270 �C.
IR (KBr) n: 3219, 2916, 1715, 1621, 1490, 1398, 1345, 1196, 1107, 921,
811, 766, 692 cm�1. 1H NMR (400 MHz, DMSO-d6): dH 1.49 (s, 3H,
CH3), 2.24 (s, 3H, CH3), 3.12 (d, J¼14.8 Hz, 1H, CH2), 4.55 (d,
J¼14.8 Hz, 1H, CH2), 6.88 (d, J¼8.0 Hz, 1H, ArH), 7.00 (s, 1H, ArH),
7.13 (d, J¼8.0 Hz, 1H, ArH), 7.42 (t, J¼6.8 Hz, 1H, ArH), 7.50e7.57 (m,
4H, ArH), 9.92 (s, 1H, NH), 10.77 (s, 1H, NH). 13C NMR (75 MHz,
DMSO-d6): dC 12.7, 21.2, 30.9, 49.3, 106.6, 110.7, 125.6, 125.8, 128.2,
129.0, 129.8, 131.0, 132.5, 137.5, 139.0, 139.5, 147.3, 171.7, 178.5.
HRMS (ESI): m/z calcd for C21H18N4O2S: 413.1043 [MþNa]þ, found:
413.1036.

4.2.6. 30,5,60-Trimethyl-10-phenyl-60,80-dihydrospiro[indoline-3,40-
pyrazolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4f). Mp: 193e194 �C.
IR (KBr) n: 3383, 3220, 2979, 2925, 1706, 1593, 1495, 1373, 1255,
1194, 1073, 912, 814, 765, 693 cm�1. 1H NMR (400 MHz, DMSO-d6):
dH 1.26 (d, J¼6.0 Hz, 3H, CH3), 1.50 (s, 3H, CH3), 2.22 (s, 3H, CH3),
4.71e4.74 (m, 1H, CH), 6.87 (d, J¼7.6 Hz, 1H, ArH), 6.93 (s, 1H, ArH),
7.11 (d, J¼7.2 Hz, 1H, ArH), 7.41 (d, J¼6.8 Hz, 1H, ArH), 7.49e7.58 (m,
4H, ArH), 9.96 (s, 1H, NH), 10.75 (s, 1H, NH). 13C NMR (75 MHz,
DMSO-d6): dC 12.7, 15.9, 21.1, 35.8, 50.0, 107.1, 110.7, 125.5, 125.7,
128.1, 128.6, 129.7, 131.0, 132.5, 137.6, 139.1, 139.6, 147.1, 173.4, 178.6.
HRMS [found: m/z 404.1037 (Mþ), calcd for C22H20N4O2S: M,
404.1037].

4.2.7. 5-Fluoro-30-methyl-10-phenyl-60,80-dihydrospiro[indoline-3,40-
pyrazolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4g). Mp: 251e253 �C.
IR (KBr) n: 3381, 3155, 2921, 1708, 1587, 1486, 1402, 1289, 1178, 1126,
927, 859, 693 cm�1. 1H NMR (400 MHz, DMSO-d6): dH 1.50 (s, 3H,
CH3), 3.20 (d, J¼14.8 Hz, 1H, CH2), 4.51 (d, J¼14.8 Hz, 1H, CH2),
6.98e7.02 (m, 1H, ArH), 7.07e7.09 (m, 1H, ArH), 7.16e7.27 (m, 1H,
ArH), 7.42 (t, J¼6.8 Hz, 1H, ArH), 7.50e7.56 (m, 4H, ArH), 10.02 (s, 1H,
NH), 10.97 (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6): dC 12.7, 30.8,
49.7, 106.0, 112.0, 112.1, 112.7, 113.1, 117.1, 117.4, 125.7, 128.2, 129.8,
130.8, 131.0, 137.7, 138.2, 139.0, 147.1, 157.4, 160.6, 171.4, 178.4.
HRMS [found: m/z 394.0898 (Mþ), calcd for C20H15FN4O2S: M,
394.0900].

4.2.8. 5-Fluoro-30,60-dimethyl-10-phenyl-60,80-dihydrospiro[indoline-
3,40-pyrazolo[3,4-e][1,4] thiazepine]-2,70(10H)-dione (4h). Mp:
281e282 �C. IR (KBr) n: 3382, 3222, 3065, 2928, 2980, 1710, 1592,
1486, 1373, 1259, 1178, 1073, 913, 860, 765, 693 cm�1. 1H NMR
(400 MHz, DMSO-d6): dH 1.28 (d, J¼7.2 Hz, 3H, CH3), 1.53 (s, 3H,
CH3), 4.74 (q, J¼6.8 Hz, 1H, CH), 6.97e7.02 (m, 2H, ArH), 7.19 (t,
J¼8.8 Hz, 1H, ArH), 7.42 (t, J¼7.2 Hz, 1H, ArH), 7.51 (t, J¼7.6 Hz, 2H,
ArH), 7.57 (d, J¼7.6 Hz, 2H, ArH), 9.97 (s, 1H, NH), 10.91 (s, 1H, NH).
13C NMR (75 MHz, DMSO-d6): dC 12.7, 15.9, 35.8, 50.2, 106.4, 112.0,
112.1, 112.7, 113.0, 117.2, 117.5, 125.6, 128.1, 129.7, 130.1, 130.2, 137.7,
138.2, 139.0, 146.9, 157.3, 160.5, 171.6, 178.4. HRMS [found: m/z
408.1056 (Mþ), calcd for C21H17FN4O2S: M, 408.1056].

4.2.9. 5-Chloro-30,60-dimethyl-10-phenyl-60,80-dihydrospiro[indoline-
3,40-pyrazolo[3,4-e][1,4] thiazepine]-2,70(10H)-dione (4i). Mp:
270e272 �C. IR (KBr) n: 3288, 3148, 2930, 1722, 1699, 1596, 1524,
1472, 1362, 1253, 1211, 1072, 912, 825, 767 cm�1. 1H NMR (400MHz,
DMSO-d6): dH 1.29 (d, J¼7.2 Hz, 3H, CH3), 1.54 (s, 3H, CH3), 4.71 (q,
J¼7.2 Hz, 1H, CH), 7.02 (d, J¼8.4 Hz, 1H, ArH), 7.10 (s, 1H, ArH), 7.20
(d, J¼7.6 Hz, 1H, ArH), 7.38e7.44 (m, 2H, ArH), 7.52 (t, J¼7.6 Hz, 2H,
ArH), 7.58 (d, J¼8.0 Hz, 2H, ArH), 9.91 (s, 1H, NH), 10.99 (s, 1H, NH).
13C NMR (75 MHz, DMSO-d6): dC 12.7, 15.9, 35.9, 50.0, 106.4, 112.6,
125.2, 125.6, 127.2, 128.2, 129.7, 130.6, 130.7, 137.8, 139.0, 140.9,
146.9, 173.2, 178.3. HRMS (ESI): m/z calcd for C21H17ClN4O2S:
411.0677 [MþH]þ, found: 411.0663.

4.2.10. 5-Bromo-30-methyl-10-phenyl-60,80-dihydrospiro[indoline-
3,40-pyrazolo[3,4-e][1,4] thiazepine]-2,70(10H)-dione (4j). Mp:
274e276 �C. IR (KBr) n: 3129, 2926, 1722, 1681, 1610, 1532, 1468,
1401, 1206,1162, 814, 766, 690 cm�1. 1H NMR (400MHz, DMSO-d6):
dH 1.51 (s, 3H, CH3), 3.22 (d, J¼14.8 Hz, 1H, CH2), 4.46 (d, J¼14.8 Hz,
1H, CH2), 6.98 (d, J¼8.4 Hz, 1H, ArH), 7.31 (s, 1H, ArH), 7.43 (t,
J¼7.2 Hz, 1H, ArH), 7.50e7.58 (m, 5H, ArH), 9.98 (s, 1H, NH), 11.09 (s,
1H, NH). 13C NMR (75 MHz, DMSO-d6): dC 12.7, 30.9, 49.5, 105.9,
113.1, 114.8, 125.7, 127.8, 128.3, 129.8, 131.8, 133.5, 137.7, 138.9, 141.2,
147.1, 171.4, 178.0. HRMS [found: m/z 456.0059 (Mþ), calcd for
C20H15

81BrN4O2S: M, 456.0079].

4.2.11. 6-Bromo-30-methyl-10-phenyl-60,80-dihydrospiro[indoline-
3,40-pyrazolo[3,4-e][1,4] thiazepine]-2,70(10H)-dione (4k). Mp:
260e263 �C. IR (KBr) n: 3165, 3124, 3040, 2923, 1709, 1601, 1448,
1405, 1314,1210,1133,1056, 953, 764, 687 cm�1. 1H NMR (400MHz,
DMSO-d6): dH 1.51 (s, 3H, CH3), 3.16 (d, J¼14.8 Hz, 1H, CH2), 4.50 (d,
J¼14.8 Hz,1H, CH2), 7.13 (d, J¼8.0 Hz,1H, ArH), 7.16 (s, 1H, ArH), 7.22
(d, J¼8.0 Hz, 1H, ArH), 7.42 (t, J¼7.2 Hz, 1H, ArH), 7.50e7.57 (m, 4H,
ArH), 9.93 (s, 1H, NH), 11.03 (s, 1H, NH). 13C NMR (100 MHz, DMSO-
d6): dC 12.7, 30.8, 49.0, 105.9, 113.8, 123.3, 125.6, 125.7, 126.1, 127.2,
128.4, 129.7, 137.7, 138.9, 143.5, 147.1, 171.4, 178.2. HRMS (ESI): m/z
calcd for C20H15BrN4O2S: 476.9991 [MþNa]þ, found: 377.0011.

4.2.12. 6-Bromo-30,60-dimethyl-10-phenyl-60,80-dihydrospiro[indo-
line-3,40-pyrazolo[3,4-e][1,4] thiazepine]-2,70(10H)-dione (4l). Mp:
280e282 �C. IR (KBr) n: 3385, 3230, 3058, 2928, 1726, 1679, 1606,
1479, 1445, 1373, 1258, 1195, 1060, 946, 910, 767, 684 cm�1. 1H NMR
(400 MHz, DMSO-d6): dH 1.28 (d, J¼7.2 Hz, 3H, CH3), 1.53 (s, 3H,
CH3), 4.70 (q, J¼7.2 Hz, 1H, CH), 7.06 (d, J¼8.0 Hz, 1H, ArH), 7.15 (s,
1H, ArH), 7.20 (d, J¼7.6 Hz, 1H, ArH), 7.41 (t, J¼7.2 Hz, 1H, ArH), 7.51
(t, J¼7.6 Hz, 2H, ArH), 7.58 (d, J¼7.6 Hz, 2H, ArH), 9.94 (s, 1H, NH),
10.99 (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6): dC 12.7, 15.9, 35.9,
49.7, 106.4, 113.8, 123.3, 125.6, 126.2, 127.3, 127.9, 128.7, 129.7, 137.7,
139.0, 143.6, 146.9, 173.3, 178.4. HRMS (ESI): m/z calcd for
C21H17BrN4O2S: 491.0148 [MþNa]þ, found: 491.0141.

4.2.13. 10,30-Dimethyl-60,80-dihydrospiro[indoline-3,40-pyrazolo[3,4-
e][1,4]thiazepine]-2,70(10H)-dione (4m). Mp: 252e254 �C. IR (KBr) n:
3338, 3164, 3063, 2974, 2889, 2825, 1683, 1578, 1473, 1369, 1319,
1226, 1173, 1092, 1048, 889, 741, 673 cm�1. 1H NMR (400 MHz,
DMSO-d6): dH 1.35 (s, 3H, CH3), 3.08 (d, J¼14.8 Hz, 1H, CH2), 3.66 (s,
3H, CH3), 4.37 (d, J¼14.8 Hz, 1H, CH2), 6.95e7.01 (m, 2H, ArH), 7.11
(d, J¼7.2 Hz, 1H, ArH), 7.30 (t, J¼7.6 Hz, 1H, ArH), 10.18 (s, 1H, NH),
10.85 (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6): dC 12.4, 30.4, 36.3,
49.1, 104.9, 110.8, 123.2, 125.3, 129.1, 130.5, 137.7, 142.0, 144.7, 171.8,
178.6. HRMS [found: m/z 314.0835 (Mþ), calcd for C15H14N4O2S: M,
314.0837].

4.2.14. 10,30,60-Trimethyl-60,80-dihydrospiro[indoline-3,40-pyrazolo
[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4n). Mp: 181e183 �C. IR
(KBr) n: 3217, 3160, 2937, 2817, 1704, 1536, 1472, 1377, 1225, 1174,
1070, 998, 747, 672 cm�1. 1H NMR (400 MHz, DMSO-d6): dH 1.24 (d,
J¼6.8 Hz, 3H, CH3), 1.38 (s, 3H, CH3), 3.66 (s, 3H, CH3), 4.53 (q,
J¼7.2 Hz, 1H, CH), 6.94e7.00 (m, 2H, ArH), 7.05 (d, J¼7.2 Hz, 1H,
ArH), 7.29 (t, J¼7.6 Hz, 1H, ArH), 10.11 (s, 1H, NH), 10.75 (s, 1H, NH).
13C NMR (75 MHz, DMSO-d6): dC 12.4, 15.9, 35.4, 36.2, 49.8, 105.4,
110.8, 123.3, 125.3, 128.7, 130.5, 137.7, 142.0, 144.5, 173.6, 178.7.
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HRMS (ESI): m/z calcd for C16H16N4O2S: 329.1067 [MþH]þ, found:
329.1081.

4.2.15. 1,10,30,60-Tetramethyl-60,80-dihydrospiro[indoline-3,40-pyr-
azolo[3,4-e][1,4]thiazepine]-2,70 (10H)-dione (4o). Mp: 276e278 �C.
IR (KBr) n: 3237, 3175, 3067, 2980, 2943,1698,1611,1570,1471,1367,
1347, 1273, 1127, 1085, 924, 754, 690 cm�1. 1H NMR (400 MHz,
DMSO-d6): dH 1.25 (d, J¼7.2 Hz, 3H, CH3), 1.28 (s, 3H, CH3), 3.26 (s,
3H, CH3), 3.66 (s, 3H, CH3), 4.55 (q, J¼7.2 Hz, 1H, CH), 7.04e7.12 (m,
2H, ArH), 7.15 (d, J¼7.6 Hz, 1H, ArH), 7.40 (t, J¼7.6 Hz,1H, ArH), 10.13
(s, 1H, NH). 13C NMR (75 MHz, DMSO-d6): dC 12.4, 15.9, 27.1, 35.6,
36.2, 49.5, 105.4, 109.9, 124.0, 125.1, 128.0, 130.7, 137.7, 143.4, 144.4,
173.5, 177.2. HRMS (ESI): m/z calcd for C17H18N4O2S: 343.1223
[MþH]þ, found: 343.1231.

4.2.16. 10,30,5-Trimethyl-60,80-dihydrospiro[indoline-3,40-pyrazolo
[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4p). Mp: 260e262 �C. IR
(KBr) n: 3296, 2989, 2939, 1710, 1572, 1528, 1491, 1378, 1300, 1233,
1127,996,870,813,676cm�1.1HNMR(400MHz,DMSO-d6):dH1.36 (s,
3H, CH3), 2.21 (s, 3H, CH3), 3.06 (d, J¼14.8 Hz, 1H, CH2), 3.66 (s, 3H,
CH3), 4.37 (d, J¼15.2 Hz, 1H, CH2), 6.84 (d, J¼8.0 Hz, 1H, ArH), 6.92 (s,
1H,ArH), 7.09 (d, J¼8.0Hz,1H,ArH),10.12 (s,1H,NH),10.68 (s,1H,NH).
13CNMR (75MHz,DMSO-d6): dC 12.5, 21.1, 30.5, 36.3, 49.1,105.1,110.6,
125.7,129.1,130.8,132.4,137.7,139.5,144.8,171.9,178.7.HRMS(ESI):m/
z calcd for C16H16N4O2S: 351.0886 [MþNa]þ, found: 351.0892.

4.2.17. 10,30,5,60-Tetramethyl-60,80-dihydrospiro[indoline-3,40-pyrazolo
[3,4-e][1,4]thiazepine]-2,70 (10H)-dione (4q). Mp: 260e261 �C. IR
(KBr) n: 3195, 2973, 2929, 1702, 1625, 1573, 1538, 1492, 1373, 1236,
1067, 815, 764, 704 cm�1. 1H NMR (400 MHz, DMSO-d6): dH 1.23 (d,
J¼7.2 Hz, 3H, CH3), 1.38 (s, 3H, CH3), 2.20 (s, 3H, CH3), 3.65 (s, 3H,
CH3), 4.51 (q, J¼7.2 Hz, 1H, CH), 6.84 (d, J¼8.0 Hz, 1H, ArH), 6.87 (s,
1H, ArH), 7.08 (d, J¼8.0 Hz, 1H, ArH), 10.16 (s, 1H, NH), 10.69 (s, 1H,
NH). 13C NMR (100 MHz, DMSO-d6): dC 11.8, 15.3, 20.5, 34.8, 35.6,
49.4, 105.0, 110.0, 125.1, 128.1, 130.2, 131.8, 137.1, 138.9, 144.0, 173.1,
178.2. HRMS (ESI): m/z calcd for C17H18N4O2S: 343.1223 [MþH]þ,
found: 343.1238.

4.2.18. 5-Fluoro-10,30,60-trimethyl-60,80-dihydrospiro[indoline-3,40-
pyrazolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4r). Mp: 300-
202 �C. IR (KBr) n: 3267, 3118, 3069, 2988, 2934, 2862, 1697, 1571,
1485,1374,1258,1185,1065,1002, 811, 680 cm�1. 1HNMR (400MHz,
DMSO-d6): dH 1.25 (d, J¼7.2Hz, 3H, CH3),1.41 (s, 3H, CH3), 3.66 (s, 3H,
CH3), 4.53 (q, J¼7.2Hz,1H, CH), 6.92 (d, J¼6.8Hz,1H, ArH), 6.95e6.98
(m,1H, ArH), 7.14 (t, J¼8.8 Hz,1H, ArH),10.15 (s,1H, NH),10.81 (s,1H,
NH). 13C NMR (75 MHz, DMSO-d6): dC 12.4, 15.9, 35.4, 36.3, 50.1,
104.9, 111.8, 111.9, 112.6, 112.9, 117.0, 117.3, 130.3, 130.4, 137.8, 138.2,
144.5, 157.3, 160.5, 173.5, 178.7. HRMS (ESI): m/z calcd for
C16H15FN4O2S: 347.0973 [MþH]þ, found: 347.0986.

4.2.19. 5-Bromo-10,30-dimethyl-60,80-dihydrospiro[indoline-3,40-
pyrazolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4s). Mp: 220e
222 �C. IR (KBr) n: 3248,1709,1575,1472,1403,1312,1221,1169,1131,
1057, 865, 816, 709 cm�1. 1H NMR (400 MHz, DMSO-d6): dH 1.39 (s,
3H, CH3), 3.14 (d, J¼14.8 Hz, 1H, CH2), 3.67 (s, 3H, CH3), 4.30 (d,
J¼14.8 Hz,1H, CH2), 6.94 (d, J¼8.4 Hz,1H, ArH), 7.24 (d, J¼2.0 Hz,1H,
ArH), 7.48e7.50 (m, 1H, ArH), 10.15 (s, 1H, NH), 10.98 (s, 1H, NH). 13C
NMR (100MHz,DMSO-d6): dC 12.3, 30.3, 36.2, 49.0,104.1,112.7,114.5,
127.6, 131.5, 133.1, 137.7, 141.0, 144.4, 171.4, 178.0. HRMS (ESI): m/z
calcd for C15H13BrN4O2S: 393.0015 [MþH]þ, found: 393.0026.

4.2.20. 6-Bromo-10,30-dimethyl-60,80-dihydrospiro[indoline-3,40-
pyrazolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4t). Mp: 296e
298 �C. IR (KBr) n: 3228, 3162, 3045, 2925, 1708, 1677, 1608, 1574,
1480,1447,1371,1315,1223,1056, 993, 860, 806, 684 cm�1. 1H NMR
(400 MHz, DMSO-d6): dH 1.39 (s, 3H, CH3), 3.11 (d, J¼15.2 Hz, 1H,
CH2), 3.67 (s, 3H, CH3), 4.33 (d, J¼14.8 Hz,1H, CH2), 7.07 (d, J¼8.0 Hz,
1H, ArH), 7.13 (s, 1H, ArH), 7.18 (d, J¼7.6 Hz, 1H, ArH), 10.15 (s, 1H,
NH), 10.97 (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6): dC 12.5, 30.4,
36.4, 48.9, 104.3, 113.7, 123.1, 126.0, 127.1, 128.5, 137.8, 143.5, 144.6,
171.6, 178.4. HRMS [found: m/z 391.9945 (Mþ), calcd for
C15H13N4O2S79Br: M, 391.9943].

4.2.21. 6-Bromo-10,30,60-trimethyl-60,80-dihydrospiro[indoline-3,40-
pyrazolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (4u). Mp:208e210 �C.
IR (KBr) n: 3236, 2933, 2813, 1712, 1610, 1577, 1480, 1450, 1374, 1314,
1273, 1237, 1173, 1059, 991, 929, 805, 682 cm�1. 1H NMR (400 MHz,
DMSO-d6): dH 1.24 (d, J¼7.2 Hz, 3H, CH3), 1.41 (s, 3H, CH3), 3.66 (s, 3H,
CH3), 4.49 (q, J¼6.8 Hz, 1H, CH), 7.00 (d, J¼7.6 Hz, 1H, ArH), 7.12 (s, 1H,
ArH), 7.17 (d, J¼8.0 Hz,1H, ArH), 10.14 (s, 1H, NH),10.94 (s, 1H, NH). 13C
NMR (75 MHz, DMSO-d6): dC 12.5, 15.9, 35.4, 36.3, 49.6, 104.8, 113.7,
123.1,126.0,127.1,128.0,137.8,143.6,144.4,173.5,178.5.HRMS(ESI):m/z
calcd for C16H15BrN4O2S: 428.9991 [MþNa]þ, found: 428.9988.

4.2.22. 30-Methyl-10-phenyl-60,80-dihydro-2H-spiro[acenaphthylene-
1,40-pyrazolo[3,4-e][1,4] thiazepine]-2,70(10H)-dione (6a). Mp:
258e260 �C. IR (KBr) n: 3229, 3110, 2990, 2915, 1683, 1582, 1410,
1252, 1144, 997, 932, 862, 778, 696 cm�1. 1H NMR (DMSO-d6,
400 MHz): d 1.14 (s, 3H, CH3), 3.20 (d, J¼14.8 Hz, 1H, CH2), 4.48 (d,
J¼14.4 Hz, 1H, CH2), 7.43 (t, J¼6.8 Hz, 1H, ArH), 7.52e7.62 (m, 5H,
ArH), 7.75 (t, J¼7.2 Hz, 1H, ArH), 7.94 (t, J¼7.6 Hz, 1H, ArH), 8.10 (d,
J¼7.6 Hz, 1H, ArH), 8.18 (d, J¼6.4 Hz, 1H, ArH), 8.40 (d, J¼8.0 Hz, 1H,
ArH), 10.04 (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6): dC 13.2, 32.0,
53.9,106.9,123.0,125.1,125.6,126.8,128.2,129.8,129.9,130.0,130.3,
130.7,133.4,137.8,137.9,139.0,139.8,147.3,171.3,198.8. HRMS (ESI):
m/z calcd for C24H17N3O2S: 434.0934 [MþNa]þ, found: 434.0934.

4.2.23. 10,30-Dimethyl-60,80-dihydro-2H-spiro[acenaphthylene-1,40-
pyrazolo[3,4-e][1,4]thiazepine]-2,70(10H)-dione (6b). Mp: 268e270 �C.
IR (KBr) n: 3239, 3177, 3055, 2945, 1678, 1572, 1450, 1367, 1256,1450,
1367, 1256, 1144, 1000, 894, 782, 676 cm�1. 1H NMR (DMSO-d6,
400MHz): d 1.03 (s, 3H, CH3), 3.15 (d, J¼14.8 Hz, 1H, CH2), 3.72 (s, 3H,
CH3), 4.27 (d, J¼14.4 Hz, 1H, CH2), 7.50 (d, J¼5.6 Hz, 1H, ArH), 7.72 (t,
J¼6.8 Hz, 1H, ArH), 7.93 (d, J¼6.8 Hz, 1H, ArH), 8.07 (d, J¼7.6 Hz, 1H,
ArH), 8.13 (d, J¼6.0 Hz, 1H, ArH), 8.37 (d, J¼7.6 Hz, 1H, ArH), 10.24 (s,
1H, NH). 13C NMR (75MHz, DMSO-d6): dC 13.0, 31.6, 36.4, 53.8, 105.2,
122.9, 124.9, 126.7, 129.9, 130.0, 130.1, 130.6, 133.3, 136.0, 139.7, 144.9,
171.5, 199.1. HRMS (ESI): m/z calcd for C19H15N3O2S: 372.0777
[MþNa]þ, found: 372.0782.

4.3. Procedure for preparation of intermediate 7

A mixture of 5-amino-1-phenyl-3-methylpyrazole 1a (2 mmol),
isatin 2a (2 mmol), 2-mercaptoacetic acid 3a (2 mmol), and p-TSA
(30mol %) in CH3CN (5 mL) was stirred at 80 �C for 1 h. The reaction
mixture was cooled to room temperature. Then, the precipitated
product was filtered, dried, and washed by 10 mL hot ethanol to
afford the pure 7 as a white powder.

4.3.1. 3-(5-Amino-3-methyl-1-phenyl-1H-pyrazol-4-yl)-3-
hydroxyindolin-2-one (7). Mp: 235e236 �C. IR (KBr) n: 3439, 3361,
3135, 3073, 2832, 1713, 1619, 1516, 1386, 1187, 1115, 1049, 934, 747,
692 cm�1. 1H NMR (300 MHz, DMSO-d6): dH 1.42 (s, 3H, CH3), 5.28
(s, 2H, NH2), 6.61 (s, 1H, OH), 6.84 (d, J¼7.8 Hz, 1H, ArH), 6.97 (t,
J¼7.5 Hz, 1H, ArH), 7.21e7.30 (m, 3H, ArH), 7.45 (t, J¼7.5 Hz, 2H,
ArH), 7.55 (d, J¼7.5 Hz, 2H, ArH), 10.35 (s, 1H, NH). HRMS (ESI): m/z
calcd for C18H16N4O2: 321.1346 [MþH]þ, found: 321.1347.
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