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ABSTRACT

Efficient multicomponent one pot green synthesis of spiro[indoline-3,4-pyrazolo[3,4-e] [1,4]
thiazepine]dione s using Isatin, 2-mercaptoacetic acid and 3-methyl-1-phenyl-1H-pyrazol-5-amine in water by
using magnetically reusable 20 mol% nano copper ferrite (CuFe,04) catalyst at 100°C. This method was simple,
it involves easy workup, simple purification of products, and easy separation of magnetically recyclable
catalyst. The green synthesis of compounds 4a-4j were synthesized in good yields by this method.
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INTRODUCTION

Multi component reactions (MCR) are having important strategy in organic synthesis and medicinal
chemistry. Multi component reactions have several advantages that are efficient construction of complex
molecules in single step, no intermediate isolation and saving both solvents and reagents [1]. Thiazepine are
sulpher and nitrogen containing seven member cyclic compounds.1, 4 thiazepine containing heterocyclic
comounds are important targets in synthetic and medicinal chemistry because it is a key moiety in wide range
of natural and synthetic biological activity agents [2]. Various thiazepine derivatives exhibit angiotensin-
converting enzyme inhibition [3] which was important for the development of the drug Temocapril,[4] used for
the treatment of hypertension.

The spirooxindole system is one of the prominent heterocycles found in numerous natural and
synthetic products, with useful pharmaceutical activities [5-7]. For example, spirotryprostatin A, a natural
alkaloid isolated from the fermentation both of Aspergillus fumigatus, has been identified as a novel inhibitor
of microtubule assembly,[8] and pteropodine and isopteropodine have been shown to modulate the function
of muscarinic serotonin receptors[9]. They have been shown to exhibit local anesthetic properties. The unique
structural array and the highly pronounced pharmacological activity displayed by the class of spirooxindoles
have made them attractive synthetic targets. Thia-azaheterocycles gained prominence because of their
extensive biological and pharmacological activities [10-11]. Several methods have been reported for the
preparation of spirooxindole derivatives connecting the thioacid synthon [12-14]. Recently Shi et al., reported
novel heptacyclic spirooxindole derivatives by using p-TSA as a catalyst [15]. Despite the importance of these
reported protocols many suffer from drawbacks such as use of expensive reagents, harsh reaction conditions,
prolonged reaction times, cumbersome product isolation procedures, and low yields as well as more than
stoichiometric amount of catalyst. Hence, to explore a mild, efficient and environmentally benign recyclable
synthetic protocol for the Spiro [indoline-3,4-pyrazolo[3,4-e][1,4]thiazepine] diones is highly desirable. We
report a green, simple multicomponent on pot synthesis of spiro[indoline-3,4-pyrazolo[3,4-e][1,4]thiazepine]
dione derivatives from substituted isatins, 2-mercaptoacetic acid and 3-methyl-1-phenyl-1H-pyrazol-5-amine
in water by using nano copper ferrite catalyst (CuFe204). The synthesized compounds were characterized by IR,
H* NMR, C** NMR, and Mass spectral data.

MATERIAL AND METHODS

All chemicals and reagents were obtained from Aldrich (Sigma-Aldrich), St. Louis, MO, USA),
Lancaster (Alfa Aeser, Johnson Matthey Company, Ward Hill, MA, USA), and Spectrochem Pvt. Ltd.
(Mumbai, India) and were used without further purification. Reactions were performed by TLC
supported on silica gel glass plate containing 60 GF-254, and visualization was achieved by UV light or
iodine indicator. *H and *3C NMR spectra were determined in CDCls by using Varian and Avance
instruments (300 MHz). Chemical shifts are expressed in parts per million (3 in ppm) downfield from
TMS (internal reference) signal and coupling constants are expressed in Hz. 'H NMR spectroscopic
data are reported in the following order: multiplicity (s, singlet; brs, broad singlet; d, doublet; dd,
doublet of doublets; t, triplet; m, multiplet), coupling constants in Hz, number of protons. ESI mass
spectra were recorded on a Micro mass Quattro LC using ESI+ software with capillary voltage 3.98 kV
and an ESI mode positive ion trap detector.

Experimental
Procedure for the synthesis of spiro[indoline-3,4-pyrazolo[3,4-e][1,4]thiazepine]dione

Isatin (1mmol), 2-mercaptoacetic acid (Immol), and 3-methyl-1-phenyl-1H-pyrazol-5-amine (1Immol),
20 mol% of nano copper ferrite as catalyst and water as solvent were taken in round bottomed flask. The
reaction mixture was stirred under reflux at 100°c for 7 hours and monitored by Thin Layer chromatography.
After the completion of the reaction, catalyst was separated by using external magnet and compounds were
purified by column chromatography. Structures of compounds were confirmed by IR, H!, C* NMR and Mass
spectral analysis.
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RESULTS AND DISCUSSION

Initially a model reaction (scheme-2) was conducted using Isatin, 2-mercaptoacetic acid and 3-methyl-
1-phenyl-1H-pyrazol-5-amine without any catalyst under various conditions. It was observed that the reaction
did not proceed even after 12h (Table 1, entry 1-2).Whereas the same reaction was executed in the presence
of 10 mol% of CuFeNPs in water at room temperature and traces of the product were found (less than
10%)(Table 1, entry 3-6). Later, this reaction was carried out with different solvents under reflux conditions
and the desired transformation was observed furnishing the product in good yield (Table 1, entry 7-12).
Reaction optimization studies were conducted using 10, 15 and 20 mole % of the catalyst and were monitored
for 6-8 hours. It was observed that 20 mol% of the catalyst loading provided maximum vyield (80 %) in 7 hour
(Figure 1: Table 1, entry 13). An additional increase of the catalyst loading to 25% did not improve the yield.

Scheme-1. Optimization reaction
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Model reaction
Table-1: Optimization of reaction conditions
Entry Solvent Temperature (°C) (Crit;h;; Time (h) Yield® (%)
1 -- RT -- 12 --
2 -- RT 5 12 --
3 CHsCN RT 10 12 <10
4 Methanol RT 10 12 <10
5 Ethanol RT 10 12 <10
6 Water RT 10 12 <10
7 - 80 15 12 32
8 CHsCN 80 15 6 42
9 Methanol 80 15 6 60
10 Ethanol 80 15 6 62
11 Water 100 10 7 69
12 Water 100 15 7 71
13 Water 100 20 7 80
14 Water 100 25 8 80

With the optimized conditions in hand, the reaction was performed with different isatins (scheme-2)
to explore the scope and generality of the present protocol and the results of these observations are
summarized in Table 2. From the results, it can be concluded that the isatin with electron donating
substituents react well providing excellent to very good yields of the corresponding products(Table 2, entry 4e
& 4f). The isatin with electron negative groups such as a -Cl and -F substituents (Table 2, entry 4i-4j) reacted
smoothly providing moderate yields.
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Scheme-2. CuFe204 catalysed synthesis of spiro[indoline-3,4-pyrazolo[3,4 e][1,4] thiazepine] diones

|
N
RI-Z o 20 mol %
S nano CuFe,Oy4
=

1
o
+ R? Water,6-8 hrs
VA )\ R,
N NH
N 2
| HS COOH /
Ph 3 General reaction R 4(a-j)
2

Table-2 CuFez20scatalysed synthesis of spiro[indoline-3,4-pyrazolo[3,4-e][1,4]thiazepine]diones

S.no R! R? Time(hrs) Yield (%)
4a 5-H H 6.30 80
4b 5-H CHs 7 82
4c 5-CHs H 6 89
4d 5-CHs CHs 7.30 91
4e 5-OCHs H 8 93
af 5-OCHs CHs 7.30 96
4g 5-Br H 6 78
4h 5-Br CHs 6 74
4i 5-Cl H 6.30 71
4 5-Cl CHs 7 69

Reusability of the catalyst

The reusability of CuFeNPs is one of the most important advantages of this protocol that makes it
useful for practical commercial applications. We have examined the recyclability of CuFeNPs catalyst for the
model reaction. Interestingly, the recovered catalyst could be reused for up to six cycles under optimized
reaction conditions without leaching of the Cu and Fe metals which is evident from Table 3. The catalyst was
separated by using a external magnet after completion of the reaction, washed with water followed by
chloroform, dried in oven and reused for the next cycle.

Table 3 Yields of the product with various cycles of the catalyst

Entry Reaction Cycle Yield (%)
1 1stcycle (Fresh run) 80
2 2" cycle 79
3 3" cycle 78
4 4t cycle 72
5 5% cycle 69
6 6" cycle 62

Spectral Data
3"-methyl-1'-phenyl-6',8' dihydrospiro[indoline-3,4'-pyrazolo[3,4 e][1,4]thiazepine]-2,7'(1'H)-dione (4a)

H NMR (300MHz, CDCl3+DMSO-ds, TMS) 6=11.61 (s, 1H), 8.26 (s, 1H), 7.49-7..59 (m, 4H), 7.29-7.35 (m, 1H),
7.27 (t, J = 8.3 Hz, 1H), 7.15 (d, J = 8.3 Hz, 1H), 6.83-6.93 (m, 2H), 3.91 (d, J = 15.8 Hz, 1H), 2.99 (d, J = 15.8 Hz,
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1H), 1.29 (s, 3H). 3C NMR (75MHz, CDCl3+DMSO-ds, TMS) & 169.7, 161.1, 141.6, 139.0, 136.9, 136.4, 131.5,
127.9,127.8,127.3,125.7, 123.7, 111.1, 110.9, 103.5, 39.1, 31..8, 21.7ppm. ESI-MS: 377 (M+H) * C20H17N402S.

3',6'-dimethyl-1'-phenyl-6',8'-dihydrospiro[indoline-3,4'-pyrazolo[3,4-e][1,4]thiazepine]-2,7'(1'H)-dione (4b)

H NMR (300MHz, CDCls+DMSO-ds, TMS) 6=9.87 (s, 1H), 8.72 (s, 1H), 7.64 (d, J = 7.9 Hz, 2H), 7.61 (t, J = 7.4 Hz,
2H), 7.56 (t, J = 7.4 Hz, 1H), 7.19 (t, J = 7.9 Hz, 1H), 6.99 (d, J = 7.4 Hz, 1H), 6.84 (t, J = 7.9 Hz, 2H), 4.12 (q, /= 7.0
Hz, 1H), 1.36 (s, 3H), 1.31 (d, J = 7.0 Hz, 3H) ppm. 3C NMR (75MHz, CDCls+DMSO-ds, TMS) & 187.9, 169.1,
143.9, 139.5, 137.8, 129.9, 129.6, 129.1, 129.0, 126.1, 124.9, 124.7, 117.6, 107.3, 101.3, 39.6, 29.5, 21.1,
16.7ppm. ESI-MS: 391 (M+H) * C21H19N40S.

3',5-dimethyl-1'-phenyl-6',8'-dihydrospiro[indoline-3,4"-pyrazolo[3,4-e][1,4]thiazepine]-2,7'(1'H)-dione (4c)

IR (KBr) 3346, 3021, 2912, 1756, 1693, 1295 cm™; H NMR (300MHz, CDCl3+DMSO-ds, TMS) 6=9.83 (s, 1H), 8.27
(s, 1H), 7.23-7.43 (m, 5H), 7.09 (d, J = 7.9 Hz, 1H), 6.99 (s, 1H), 6.57 (d, J = 7.9 Hz, 1H), 4.34 (d, J = 14.9 Hz, 1H),
2.99 (d, J = 14.9 Hz, 1H), 2.46 (s, 3H), 1.36 (s, 3H) ppm. 13C NMR (75MHz, CDCl3+DMSO-ds, TMS) & 181.8, 169.9,
149.8, 139.7, 138.9, 132.9, 129.9, 129.7, 128.0, 127.9, 125.7, 124.9, 121.9, 110.9, 101.9, 39.2, 31.8, 22.7& 19.8.
ESI-MS: 391 (M+H) * C21H1oN40O5S.

3',5,6'-trimethyl-1'-phenyl-6',8'"-dihydrospiro[indoline-3,4'-pyrazolo[3,4-e][1,4]thiazepine]-2,7'(1'H)- dione
(4d)

IR (KBr) 3315, 2899, 2777, 1736, 1689, 1236 cm'’; *H NMR (300MHz, CDCl3+DMSO-ds, TMS) §=10.75 (s, 1H),
8.98 (s, 1H), 7.89 (s, 1H), 7.47-7.51 (m, 3H), 7.19 (d, J = 7.5 Hz, 1H), 6.98 (d, J = 7.5 Hz, 1H), 6.88-6.97 (m, 1H),
5.98 (d, J = 8.0 Hz, 1H), 4.63 (q, J = 7.0 Hz, 1H), 1.99 (s, 3H), 1.63 (s, 3H), 1.13 (d, J = 7.0 Hz, 3H) ppm. C NMR
(75MHz, CDCls+DMSO-ds, TMS) & 189.7, 181.3, 154.7, 143.9, 141.1, 139.2, 139.1, 130.9, 130.7, 130.1, 127.0,
125.3,125.1, 98.4, 50.3, 42.9, 31.9, 20.7, 19.3 ppm. ESI-MS: 405 (M+H) * C22H21N205S.

5-methoxy-3"-methyl-1'-phenyl-6',8'-dihydrospiro[indoline-3,4'-pyrazolo[3,4-e][1,4]thiazepine ] -2,7'(1'H)-
dione (4e)

IR (KBr) 3344, 3021, 2965, 1747, 1689, 1307 cm'%; 'H NMR (300MHz, CDCls, TMS) §=9.43 (s, 1H), 7.82 (s, 1H),
7.11-7.23 (m, 5H), 6.90-7.05 (m, 3H), 4.45 (d, J = 15.0 Hz, 1H), 3.32 (s, 3H), 3.17 (d, J = 15.0 Hz, 1H), 1.09 (s, 3H)
ppm. C NMR (75MHz, CDCls, TMS) & 182.4, 181.9, 164.6, 158.2, 146.9, 142.9, 140.2, 136.9, 130.5, 129.4,
119.6, 114.6, 109.9, 109.1, 99.6, 51.5, 39.4, 25.4, 19.7 ppm. ESI-MS: 407 (M+H) * C21H1oN4OsS.

5-methoxy-3',6'-dimethyl-1'-phenyl-6',8'-dihydrospiro[indoline-3,4'-pyrazolo[3,4-e][1,4]thiazep ine]-
2,7'(1'H)-dione (4f)

IR (KBr) 3209, 2924, 2850, 1710, 1660, 1340 cm™}; 'H NMR (300MHz, CDCl:+DMSO-ds, TMS) 8= 10.42 (s, 1H),
10.12 (s, 1H), 7.43-7.60 (m, 5H), 7.23-7.28 (m, 1H), 6.96 (d, J = 8.4 Hz, 1H), 6.12-6.25 (m, 1H), 4.16 (g, J = 7.1 Hz,
1H), 2.98 (s, 3H), 1.58 (s, 3H), 1.21 (d, J = 7.1 Hz, 3H), ppm. 3C NMR (75MHz, CDCl3+DMSO-ds, TMS) & 181.9,
180.2, 163.2, 155.7, 143.9, 135.0, 132.4, 130.9, 128.5, 126.5, 124.9, 119.7, 112.5, 109.9, 109.3, 66.5, 53.2, 29.0,
21.3, 12.6 ppm. ESI-MS: 421 (M+H) * C22H21N40sS.

5-bromo-3'-methyl-1'-phenyl-6',8"-dihydrospiro[indoline-3,4'-pyrazolo[3,4-e][1,4]thiazepine]-2,7'(1'H)-dione
(49)

14 NMR (300MHz, CDCl3+DMSO-ds, TMS) 6=9.62 (s, 1H), 9.23 (s, 1H), 7.42-7.69 (m, 4H), 7.30-7.39 (m, 2H), 7.27
(s, 1H), 6.87 (d, J = 8.4 Hz, 1H), 4.34 (d, J = 14.8 Hz, 1H), 3.11 (d, J = 14.8 Hz, 1H), 1.54 (s, 3H) ppm. 13C NMR
(75MHz, CDCls+DMSO-ds, TMS) & 182.7, 179.2, 142.6, 139.3, 137.9, 134.6, 131.3, 129.9, 127.9, 127.4, 125.1,
119.7,112.9, 112.1, 105.1, 59.5, 29.7, 13.4 ppm. ESI-MS: 457 (M+H) * CaoH16BrN4O5S.
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5-bromo-3',6'-dimethyl-1'-phenyl-6',8"-dihydrospiro[indoline-3,4'-pyrazolo[3,4e][1,4]thiazep  ine]-2,7'(1'H)-
dione (4h)

IR (KBr) 3335, 3114, 3012, 1745, 1678, 1313 cm}; *H NMR (300MHz, CDCl3+DMSO-ds, TMS) 6=10.23 (s, 1H),
10.01(s, 1H), 7.39-7.45 (m, 3H), 7.33-7.36 (m, 3H), 7.26 (s, 1H), 7.01 (d, J = 8.4 Hz, 1H), 4.70 (q, J = 7.1 Hz, 1H),
3.22 (s, 3H), 1.58 (s, 3H), 1.29 (d, J = 7.1 Hz, 3H), ppm. 13C NMR (75MHz, CDCls+DMSO-ds, TMS) & 186.7, 182.9,
160.1, 150.1, 136.9, 136.1, 135.1, 130.7, 129.6, 128.3, 124.9, 124.8, 120.8, 109.7, 109.4, 48.9, 33.7, 13.9, 11.7
ppm. ESI-MS: 471 (M+H)* C21H1sBrN4O2S.

5-chloro-3'-methyl-1'-phenyl-6',8'-dihydrospiro[indoline-3,4'-pyrazolo[3,4-e][1,4]thiazepine]-2,7'(1'H)-dione
(4i)

'H NMR (300MHz, CDCl3+DMSO-ds, TMS) 6= 9.23 (s, 1H), 8.01 (s, 1H), 7.29-7.35 (m, 5H), 7.24 (t, J = 6.9 Hz, 2H),
6.93 (d, J = 8.9 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 3.45 (d, J = 14.8 Hz, 1H), 1.62 (s, 3H) ppm. 3C NMR (75MHz,
CDCl3+DMSO-ds, TMS) 6 183.7, 181.9, 152.9, 140.1, 138.1, 130.2, 129.6, 129.3, 128.1, 127.3, 126.1, 125.3,
124.9, 109.1, 108.3, 56.9, 29.6, 13.6 ppm. ESI-MS: 411 (M+H) * C20H16CIN4O2S

5-chloro-3',6'-dimethyl-1'-phenyl-6',8'-dihydrospiro[indoline-3,4'-pyrazolo[3,4-e][1,4]thiazepine]-2,7'(1'H)-
dione (4j)

!H NMR (300MHz, CDCl3+DMSO-ds, TMS) 8= 9.01 (s, 1H), 7.98 (s, 1H), 7.37-7.44 (m, 4H), 7.11-7.23 (m, 3H),
7.01 (d, J = 7.9 Hz, 1H), 4.34 (q, J = 7.1 Hz, 1H), 1.43 (s, 3H), 1.39 (d, J = 7.1 Hz, 3H) ppm. 33C NMR (75MHz,
CDCls+DMSO-ds, TMS) & 182.5, 180.1, 153.0, 140.1, 140.0, 139.3, 130.1, 129.3, 128.6, 127.4, 125.7, 125.2,
124.3,109.1, 103.1, 45.6, 32.1, 19.7, 13.7 ppm. ESI-MS: 425 (M+H) * C21H1CIN4O5S.

CONCLUSION

In conclusion, we have described a novel, efficient, three component one pot green synthetic method
for the preparation of spiro[indoline-3,4-pyrazolo[3,4-e][1,4]thiazepine]dione derivatives in water by using
nano copper ferrite catalyst. The novelty and synthetic utility of this method was demonstrated in the efficient
synthesis of spiro[indoline-3,4-pyrazolo[3,4-e][1,4] thiazepine]diones. The advantages of this method include
its simplicity of operation, cleaner reaction, and good yields. Further, the purification of the product is simple
involving filtration. The catalyst is easily separated by using external magnet and is reusable up to six cycles.
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