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Abstract 
___________________________________________________________________________________________________________________ 

The present report demonstrates an efficient use of bentonite clay to bring about multicomponent 
synthesis of substituted spirooxindoles 4a-h in Water/ ethanol solvent system under the mild reaction 
conditions. 
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INTRODUCTION 

One of the major current challenges is to develop synthetic 
methods that are less polluting. In particular, the field of 
heterogeneous catalysis has captivated the interest of 
researchers due to an increasing demand for more 
environmentally acceptable processes in the chemical 
industry.1 In recent years, the use of solid acid catalyst such as 
clays, ion-exchange resins and zeolites has received 
considerable attention in different areas of organic synthesis.2, 

3 Multicomponent reactions (MCR) have been proved an 
important tool for organic transformations due to their ability 
to incorporate three or more substrates into a single target in 
one operation.4 In recent years, these are widely used in drug 
discovery5 as well as in the total synthesis of natural 
products.6 The spirooxindole ring system is a widely 
distributed structural framework present in numerous 
pharmaceuticals and natural products7, including such 
cytostatic alkaloids as spirotryprostatins A, B, and 
strychnophylline.8 Due to the unique structural array and the 
highly pronounced biological activity, spirooxindoles have 
become attractive synthetic targets for many scientists and 
researchers.9 Among the oxygen-containing heterocycles, 4H-
chromenes heterocyclic scaffolds represent a “privileged” 
structural motif well-distributed in natural products with a 
broad spectrum of strong biological activities.10  Substituted 
4H-chromenes have received considerable attention due to 
their broad range of pharmacological properties, such as 
spasmolitic, diuretic, anticoagulant, anticancer and 
antianaphylactic activities.11, 12 

 Several methodologies have been reported in literature for 
the synthesis of spirooxindole fused 4H-chromenes13-16, but 

bentonite clay induced multicomponent synthesis of 
substituted spirooxindoles in water/ ethanol solvent system is 
still not fully explored.  

EXPERIMENTAL 

General: All chemicals were procured from Aldrich, USA, and 
E. Merck, Germany and used without further purification. TLC 
was carried out on SiO2 gel (HF254, 200 mesh). The solvent 
system employed was ethyl acetate: n hexane (2: 1) and the 
spots were identified by placing the plate in Iodine chamber. 
IR spectra were recorded on a PerkinElmer FT/IR version 
10.03.05 spectrometer. NMR spectra were run on a JEOL 
AL300 FTNMR spectrometer; chemical shifts are given in δ 
ppm, relative to TMS as internal standard. Elemental 
microanalysis was performed on Exeter Analytical Inc Model 
CE- 440 CHN Analyzer. Melting points were measured in open 
capillaries and are uncorrected.  

General procedure for synthesis of compounds 4a-h 

Dimedone 2 (0.01mol) and ethylcyanoacetate/malononitrile 
3a, b (0.01 mol) were added to a mixture of isatin derivatives 
(1a–g, 0.01 mol), bentonite clay (25 mol%) and H2 O / EtOH 
(v/v, 3:1, 20 mL). The reaction mixture was stirred at 60°C for 
80 min. The progress of the reaction was monitored by TLC. 
After completion of reaction   50 mL of acetone was added in 
order to dissolve the product; the catalyst was separated by 
filtration and then washed with several times by acetone 
(4×10 mL), dried at 100 θC  for 12 h and reuse again. The 
liquid portion was evaporated and dried in order to get crude 
product. The crude products were recrystallised from ethanol.  
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2-Amino-7,7-dimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carbonitrile 
(4a): White solid; 1H NMR (300 MHz, DMSO-d6): δH (ppm) 
0.99 (3H, s, CH3), 1.09 (3H, s, CH3), 2.11- 2.15 (2H, m, CH2), 
2.48-257 (2H, m, CH2), 6.80–7.27 (4H, m, ArH), 7.20 (2H, s, 
NH2), 11.10 (1H, s, NH). 13C NMR (75.45 MHz, DMSO-d6): δC 
(ppm) 27.8, 28.6, 32.1 ,47.6, 50.1, 56.8, 110.8, 111.3, 118.8, 
123.3, 124.5, 127.9, 135.8, 143.1, 160.2, 165.6, 177.1,196.3. IR 
(KBr), νmax,: 3401, 3245, 2859, 2208, 1715, 1669, 1247. Anal. 
Calcd for C19H17N3O3: C, 68.0; H, 5.16; N, 12.53. Found: C, 
67.90; H, 5.30; N, 12.61. 

Ethyl-2-amino-7,7-dimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carboxylate 
(4b): White solid; 1H NMR (300 MHz,DMSO-d6): δH (ppm) 
0.77 (3H, t, J= 6.5 Hz, CH3), 0.99 (3H, s, CH3), 1.05 (3H, s, CH3), 
2.04- 2.11 (2H, m,CH2), 2.61-2.65 (2H, m, CH2), 3.84 (2H, q, J= 
6.9 Hz, CH2), 6.66–7.06 (4H, m, ArH), 7.76 (2H, s, NH2), 10.54 
(1H, s, NH). 13C NMR (75.45 MHz, DMSO-d6): δC (ppm) 13.6, 
28.0, 28.7, 32.0, 47.7, 51.0, 58.9, 76.7, 108.8, 114.0, 122.0, 
123.6, 128.0, 137.1, 144.4, 160.0, 162.7, 168.3 , 180.1, 193.1. 
IR (KBr), νmax,: 3399, 3216, 2932, 1661, 1623, 1235. Anal. 
Calcd for C21H22N2O5: C, 66.00; H, 5.77; N, 7.3. Found: C, 65.80; 
H, 6.03; N, 7.65%. 

2-Amino-5-chloro-7,7-dimethyl-2',5-dioxo-5,6,7,8-
tetrahydrospiro[ chromene-4,3'-indoline]-3-carbonitrile 
(4c): White solid; 1H NMR (300 MHz, DMSO-d6) δ 0.94 (s, 3H, 
CH3), 1.10 (s, 3H, CH3), 2.13-2.20 (m, 2H, CH2), 2.52-2.57 (m, 
2H, CH2), 6.83 -7.25(3H, m, ArH), 7.27 (s, 2H, NH2), 11.00 (s, 
1H, NH). 13C NMR (75.45 MHz, DMSO-d6) δ: 28.2, 28.8, 32.9, 
49.1, 50.4, 57.3, 111.8, 111.9, 116.5, 124.4, 127.5, 128.6, 137.8, 
142.0, 160.9, 164.8, 170.9, 192.2. IR (KBr), νmax,: 3480, 3309, 
2959, 1691, 1630, 1241.  Anal. calcd. for C19H16ClN3O3: C, 
61.61; H, 4.45; N, 11.37. Found: C, 61.60; H, 4.48, N, 11.42. 

Ethyl-2-amino-5-chloro-7,7-dimethyl-2',5-dioxo-5,6,7,8- 
tetrahydrospiro[chromene-4,3'-indoline]-3-carboxlate 
(4d): White solid; 1H NMR (300 MHz, DMSO-d6) δ 0.90 (t, J = 
6.9 Hz, 3H, CH3), 0.99 (s, 3H, CH3), 1.12 (s, 3H, CH3), 2.15-2.22 
(m, 2H, CH2), 2.50- 2.59 (m, 2H, CH2), 3.70 (q, J = 7.2 Hz, 2H, 
CH2), 6.69- 7.15 (3H, m, ArH),  7.95 (s, 2H, NH2), 10.90 (s, 1H, 
NH). 13C NMR (75.45 MHz, DMSO-d6) δ 15.6, 29.0, 30.1, 31.8, 
46.2, 50.5, 60.5, 77.6, 110.4, 114.3, 122.1, 123.8, 128.8, 139.2, 
144.5, 160.9, 164.3, 168.4, 180.0, 195.5. . IR (KBr), νmax,: 3393, 
3263, 2995, 1699, 1621, 1265. Anal. calcd. For C21H21ClN2O5: 
C, 60.50; H, 5.10; N, 6.71. Found: C, 60.48; H, 5.18, N, 6.65. 

 

2-Amino-1’,7,7-trimethyl-2’,5-dioxo-1’,2’,5,6,7,8-
hexahydrospiro[chromene-4,3’-indole]-3-carbonitrile 
(4e): White solid; 1H-NMR (300 MHz, DMSO-d6) δH 1.08 (6H, 
s, 2 CH3),  2.26-2.32 (2H, m, CH2), 2.58-265 (2H, m, CH2), 3.94 
(3H, s, NCH3), 6.90–7.32 (4H, m, ArH), 7.50 (2H, s, NH2) ppm; 
δC (75.45 MHz, DMSO-d6) 23.0, 27.9, 27.9, 32.9, 41.0, 49.1, 
50.6, 57.8, 109.8, 110.7, 118.4, 122.3, 123.7, 129.5, 135.1, 
146.2, 161.5, 167.0, 176.9, 193.3 ppm. IR (KBr): νmax, 3460, 
3312, 3117, 2972, 2200, 1693, 1641, 1256 cm-1. Anal. Calcd for 
C20H19N3O3 calcd: C 68.70, H 5.53, N 12.03; found: C 68.65, H 
5.53, N 12.00. 

1’-Acetyl-2-amino-7,7-dimethyl-2’,5-dioxo-1’,2’,5,6,7,8-
hexahydrospiro[chromene-4,3’-indole]-3-carbonitrile 
(4f): White solid; 1H-NMR (300 MHz, DMSO-d6) δH 1.03 (3H, s, 
CH3), 1.13 (3H, s, CH3), 2.15–2.24 (2H, m, CH2), 2.54-2.59 (2H, 
m, CH2), 2.79 (3H, s, CH3CO), 7.01–7.30 (3H, m, ArH), 7.51 (2H, 
s, NH2), 8.18 (1H, d, J= 7.2 Hz, ArH) ppm; δC ( 75.45 MHz, 
DMSO-d6) 20.1, 27.2, 28.8, 32.6, 39.3, 46.9, 50.0, 58.1, 111.2, 
114.3, 120.1, 123.2, 126.9, 128.9, 132.5, 139.9, 160.5, 164.9, 
171.6, 180.8, 195.7 ppm. IR (KBr): νmax, 3407, 3264, 2828, 
2217, 1729, 1682, 1616, 1271 cm-1. Anal. Calcd for C21H19N3O4 

calcd: C 65.80, H 7.07, N 14.16; found: C 65.70, H 7.20, N 14.06. 

2-Amino-5-oxo-7,7-dimethyl-spiro[(4H)-5,6,7,8-
tetrahydrochromene-4,3’-(3’H)-1’-benzyl-indol]-(1’H)- 2’-
one-3-carbonitrile (4g): White solid; 1H NMR (DMSO-d6, 300 
MHz): 0.99 (s, 3H, CH3), 1.13 (s, 3H, CH3), 2.15-2.22 (2H, m, 
CH2), 2.58–2.64 (m, 2H, CH2), 5.10 (s, 2H, CH2) 6.80- 7.25 (m, 
4H, ArH), 7.39–7.49 (m, 5H, ArH, NH2), 7.68 (d, 2H, ArH). IR: 
3490, 3352, 3230, 2947, 2231, 1956, 1667, 1632, 1460, 1227 
cm-1. Anal. Calcd for C26H23N3O3: C, 74.38; H, 5.46; N, 8.88. 
Found: C, 74.30; H, 5.39; N, 8.80. 

2-Amino-5-Chloro-7,7-dimethyl-spiro[(4H)-5,6,7,8-
tetrahydrochromene-4,3’-(3’H)-1’-benzyl-indol]-(1’H)- 2’-
one-3-carbonitrile (4h): White solid; 1H NMR (DMSO-d6, 300 
MHz): 1.12 (s, 3H, CH3), 1.35 (s, 3H, CH3), 2.50-2.56 (2H, m, 
CH2), 2.85–2.94 (m, 2H, CH2), 4.95 (s, 2H, CH2) 6.97- 7.35 (m, 
4H, ArH), 7.55–7.80 (m, 5H, ArH, NH2), 7.95 (d, 2H, ArH). IR: 
3458, 3317, 3185, 2923, 2251, 1850, 1672, 1624, 1451, 1241 
cm-1. Anal. Calcd for C26H22ClN3O3: C, 62.37; H, 4.16; N, 10.88. 
Found: C, 62.35; H, 4.22; N, 10.80. 

RESULTS AND DISCUSSION 

In light of the above, we report herein easy and efficient one-
pot synthesis of substituted spirooxindoles via bentonite clay 
catalyzed reaction between isatin derivatives 1a-g with cyclic 
1, 3-diketone 2 and malononitrile/ethylcyanoacetate 3a,b in 
water/ ethanol solvent system at 60 0C (Scheme 1, Table 1 ).
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Table 1: Synthesis of  spirooxindole derivatives (4a-h).  

Entry R R’ X % Yield  M P (Reported) 

      

4a H H CN 78  268–270 ( 268-270) [13] 

4b H H COOEt 80  258-260  (257-258) [13] 

4c H Cl CN 76 296 (293-295) [14] 

4d H Cl COOEt 77 290 (292-293 [14] 

4e CH3 H CN 74 251 (248-250) [15] 

4f CH2COOEt H CN 79 237 (233–234) [15] 

4g CH2Ph H CN 76 269-271(267-269) [16] 

4h CH2Ph H CN 79  323 

 

In order to find optimum reaction conditions, several 
parameters were investigated. Expectedly, efficiency of the 
catalytic system was affected by the catalyst amount. 
Therefore, a set of experiments using different amounts of 
bentonite clay was taken into account for the multicomponent 
reaction of isatin, dimedone and ethylcyanoacetate at 60 0C in 
water/ ethanol solvent system (3: 1). The synthetic route was 
drastically dependent on the presence of catalyst and only 
poor yield was observed in the absence of catalyst. It was 
found that product yield was increased with enhancing 
catalyst concentration. The best yield of 80% was obtained 
with 25 mol% of bentonite clay catalyst. However, further 
addition of catalyst concentration (> 25 mol%) did not 
improve the reaction rate and product yield. 

To investigate the effect of solvents, for the multicomponent 
reaction of isatin, dimedone and ethylcyanoacetate in various 
organic solvents at refluxing temperature using 25 mol% 
bentonite clay was carried out. About 58% of the expected 
product was obtained when the solvent was ethanol while in 
the case of water it was only 54%. It was observed further that 
when water/ ethanol solvent system was tried, the product 
yield was increased under mild temperature condition. This 
encourages us to investigate ethanol water solvent system for 
the model reaction. The best result was obtain when water/ 
ethanol was used in 3: 1 proportion at 60 0C.     

Under the optimized set of reaction conditions, isatin 
derivatives 1a-g were made to undergo smooth coupling with 
cyclic 1,3-diketone 2 and malononitrile/ethylcyanoacetate 
3a,b in the presence of bentonite clay in water/ ethanol 
solvent system at 60 0C to afford substituted spirooxindoles 
4a-h. 

Chemical structure of all synthesized compounds was fully 
established by their physical and spectral data. 

The reusability of bentonite clay was examined under 
optimized reaction conditions. The catalyst was separated by 
filtration, washed, dried and reused for a fresh reaction 
mixture up to run no. 4. The results showed that there is no 
appreciable decrease in product yield in subsequent reuse 
which proves the reusability and recyclability of the catalyst. 

CONCLUSIONS 

In conclusion, a novel and mild approach for the one-pot 
synthesis of substituted spirooxindoles has been achieved by 
using bentonite clay in water/ ethanol solvent system, 
employing isatin derivatives, cyclic 1,3-diketone and 
malononitrile /ethyl cyanoacetate at 60 0C in good to excellent 
yield. The advantage of proposed method is its facile reaction 
conditions, the product can be isolated very easily without the 

use of column chromatography and the catalyst is recyclable. 
The simplicity of the present protocol makes it an interesting 
alternative to other approaches. The catalyst is expected to 
contribute to the development of environmentally benign 
methods. 

Declaration of Interest: 

There is no conflict of interest among the authors. The authors 
alone are responsible for the content and writing of the paper. 

REFERENCES 

1. Nagendrappa G. Organic synthesis using clay catalysts: clays for 
'Green Chemistry'. Resonance. 2002 ;7:64-77. 
https://doi.org/10.1007/BF02836172 

2. Koohestani F, Sadjadi S, Heravi M. Composite of bentonite and 
cyclodextrin as an efficient catalyst for promoting chemical 
transformations in aqueous media. Scientific Reports. 
2021;11(1):5102. https://doi.org/10.1038/s41598-021-84349-9 
PMid:33658567 PMCid:PMC7930184 

3. Borah D, Brahma D, Roy S, Basak D, Agarwal S, Saikia H, Bentonite 
clay as a novel base heterogeneous catalyst in Knoevenagel 
Condensation of aldehydes with ethyl cyanoacetate in water , 
Results in Chemistry, 2024: 7:101238. 
https://doi.org/10.1016/j.rechem.2023.101238 

4. Tejedor D, Garcia-Tellado F. Chemo-differentiating ABB′ 
multicomponent reactions. Privileged building blocks. Chemical 
Society Reviews. 2007; 6(3): 484-91. 
https://doi.org/10.1039/B608164A PMid:17325787 

5. Blackwell HE. Hitting the SPOT: small-molecule macroarrays 
advance combinatorial synthesis. Current Opinion in Chemical 
Biology. 2006 ;10(3):203-12. 
https://doi.org/10.1016/j.cbpa.2006.04.026 PMid:16682247 

6. Toure BB, Hall DG. Natural product synthesis using multicomponent 
reaction strategies. Chemical reviews. 2009; 109(9):4439-86. 
https://doi.org/10.1021/cr800296p PMid:19480390 

7. Williams RM, Cox RJ. Paraherquamides, brevianamides, and 
asperparalines: laboratory synthesis and biosynthesis. An interim 
report. Accounts of chemical research. 2003; 36(2):127-39. 
https://doi.org/10.1021/ar020229e PMid:12589698 

8. Cui CB, Kakeya H, Osada H. Novel mammalian cell cycle inhibitors, 
spirotryprostatins A and B, produced by Aspergillus fumigatus, 
which inhibit mammalian cell cycle at G2/M phase. Tetrahedron. 
1996;52(39):12651-66. https://doi.org/10.1016/0040-
4020(96)00737-5 

9. Fischer C, Meyers C, Carreira EM. Efficient Synthesis of 
(±)‐Horsfiline through the MgI2‐Catalyzed Ring‐Expansion 
Reaction of a Spiro [cyclopropane‐1, 3′‐indol]‐2′‐one. Helvetica 
Chimica Acta. 2000 ; 83(6):1175-81. 

https://doi.org/10.1007/BF02836172
https://doi.org/10.1038/s41598-021-84349-9
https://doi.org/10.1016/j.rechem.2023.101238
https://doi.org/10.1039/B608164A
https://doi.org/10.1016/j.cbpa.2006.04.026
https://doi.org/10.1021/cr800296p
https://doi.org/10.1021/ar020229e
https://doi.org/10.1016/0040-4020(96)00737-5
https://doi.org/10.1016/0040-4020(96)00737-5


Bajpai et al.                                                                                                                                 Journal of Drug Delivery & Therapeutics. 2024; 14(8):119-122 

ISSN: 2250-1177                                                                                            [122]                                                                                            CODEN (USA): JDDTAO 

https://doi.org/10.1002/1522-2675(20000607)83:6<1175::AID-
HLCA1175>3.0.CO;2-D 

10. Bella M, Kobbelgaard S, Jørgensen KA. Organocatalytic Regio-and 
Asymmetric C-Selective SNAr Reactions Stereoselective Synthesis 
of Optically Active Spiro-pyrrolidone-3, 3 '-oxoindoles. Journal of 
the American Chemical Society. 2005; 127(11):3670-1. 
https://doi.org/10.1021/ja050200g PMid:15771481 

11. Alcaide B, Almendros P, Rodríguez-Acebes R. Efficient entry to 
diversely functionalized spirocyclic oxindoles from isatins 
through carbonyl-addition/cyclization reaction sequences. The 
Journal of Organic Chemistry. 2006; 71(6):2346-51. 
https://doi.org/10.1021/jo0525027 PMid:16526783 

12. DeSimone RW, Currie KS, Mitchell SA, Darrow JW, Pippin DA. 
Privileged structures: applications in drug discovery. 
Combinatorial chemistry & high throughput screening. 2004 
;7(5):473-93. https://doi.org/10.2174/1386207043328544 
PMid:15320713 

13. Dabiri M, Bahramnejad M, Baghbanzadeh M. Ammonium salt 
catalyzed multicomponent transformation: simple route to 

functionalized spirochromenes and spiroacridines. Tetrahedron. 
2009; 65(45):9443-7. https://doi.org/10.1016/j.tet.2009.08.070 

14. Wu C, Shen R, Chen J, Hu C. An efficient method for 
multicomponent synthesis of spiro [4H-pyran-oxindole] 
derivatives catalyzed by magnesium perchlorate. Bulletin of the 
Korean Chemical Society. 2013; 34(8):2431-5. 
https://doi.org/10.5012/bkcs.2013.34.8.2431 

15. Elinson MN, Ilovaisky AI, Dorofeev AS, Merkulova VM, Stepanov 
NO, Miloserdov FM, Ogibin YN, Nikishin GI. Electrocatalytic 
multicomponent transformation of cyclic 1, 3-diketones, isatins, 
and malononitrile: facile and convenient way to functionalized 
spirocyclic (5, 6, 7, 8-tetrahydro-4H-chromene)-4, 3′-oxindole 
system. Tetrahedron. 2007; 63(42):10543-8. 
https://doi.org/10.1016/j.tet.2007.07.080 

16. Meshram HM, Kumar DA, Prasad BR, Goud PR. Efficient and 
convenient polyethylene glycol (PEG)-mediated synthesis of 
spiro-oxindoles. Helv. Chim. Acta.; 93(648):10-02. 
https://doi.org/10.1002/hlca.200900273

 

 

https://doi.org/10.1002/1522-2675(20000607)83:6%3C1175::AID-HLCA1175%3E3.0.CO;2-D
https://doi.org/10.1002/1522-2675(20000607)83:6%3C1175::AID-HLCA1175%3E3.0.CO;2-D
https://doi.org/10.1021/ja050200g
https://doi.org/10.1021/jo0525027
https://doi.org/10.2174/1386207043328544
https://doi.org/10.1016/j.tet.2009.08.070
https://doi.org/10.5012/bkcs.2013.34.8.2431
https://doi.org/10.1016/j.tet.2007.07.080
https://doi.org/10.1002/hlca.200900273

