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Sulfanilic acid functionalized mesoporous SBA-15: A water-tolerant
solid acid catalyst for the synthesis of uracil fused spirooxindoles
as antioxidant agents
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Abstract. Incorporating sulfanilic acid as a hydrophobic Brønsted acid inside the nanospaces of SBA-15
led to a water-tolerant solid acid catalyst, SBA-15-PhSO3H, which showed excellent catalytic performance in
synthesis of uracil-fused spirooxindoles in aqueous ethanol. The synthesized compounds were evaluated for
their antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging assay.
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1. Introduction

Multi-component reactions (MCRs) are an attractive

strategy to access complex structures in a single syn-

thetic operation from simple building blocks and they

offer high efficiency and atom economy.1 This reduces

time and saves both energy and raw materials. On the

other hand, the use of environmentally benign reagents

and solvents in combination with heterogeneous and

reusable catalysts in MCRs represents one of the more

powerful green chemical technology procedures.2 Solid

catalysts are generally preferable in catalysis because of

their easy separation, recyclability, high thermal stabil-

ity and low pollution effects.3 SBA-15 as a mesoporous

silica material is a promising candidate for the immo-

bilization of organocatalyst due to its high surface area,

porosity, uniform pore size distribution and hydrother-

mal stability.4 To achieve strong acidic sites, SO3H

groups have been functionalized on the surface of the

mesoporous walls, giving excellent catalytic properties

in a series of acid-catalyzed reactions.5–14

Spirooxindoles, as interesting N-heterocycles, have

attracted much attention because of their biological pro-

perties including antimicrobial,15 antitumoral,16 anti-

biotic agents,17 and inhibitors of human NK-1 receptor.18

Moreover, spirooxindole system is the core structure

of many pharmacological agents and natural alkaloids

(figure 1). For instance, spirotryprostatin B, a natural

alkaloid isolated from the fermentation broth of Asper-

gillus fumigatus, has been identified as a novel inhib-

itor of microtubule assembly,19 also pteropodine and

∗For correspondence

isopteropodine have been shown to modulate the func-

tion of muscarinic serotonin receptors.20

Owing to their pharmaceutical importance, various

synthetic methods for producing spirocyclic oxindoles

have been reported.21–31 Despite the efficiency of the

reported protocols, some of them suffer from drawbacks

such as long reaction time, harsh reaction conditions,

corrosiveness, toxicity, cost, as well as unreusability of

catalyst.

Thus, in continuation of our studies in developing

environmentally benign methodologies for the synthesis

of heterocyclic compounds,32–34 we herein report the

efficient synthesis of uracil fused spirooxindoles via

three component reaction of isatin derivatives with

cyclic 1,3-diketones and 1,3-dimethyl-6-amino uracil in

the presence of SBA-15-PhSO3H as a reusable hetero-

geneous acid catalyst in aqueous ethanol (scheme 1).

These spirooxindoles have also been screened for their

antioxidant potency by DPPH radical scavenging.

2. Experimental

2.1 Materials and apparatus

The chemical materials used in this work were pur-

chased from Merck or Aldrich and used without purifi-

cation. Mesoporous silica SBA-15 and sulfanilic acid

functionalized SBA-15 were synthesized according to

reported procedures in the literature.32,35 IR spectra

were recorded on a Bruker Tensor 27 spectrometer.

Elemental analyses were carried out on a Perkin-Elmer

2400II CHNS/O instrument. 1H and 13C NMR spectra

were recorded on a Bruker DRX-400 AVANCE spectro-
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Figure 1. Examples of natural products and pharmaceutical agents containing spirooxindole scaffold.
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Scheme 1. Synthesis of uracil fused spirooxindoles 4a-j using SBA-15-PhSO3H.

meter at 400.13 and 100.61 MHz, respectively. Chemical

shifts are given in parts per million (δ) relative to internal

tetramethylsilane standard, and coupling constants (J)

are reported in hertz. Thermogravimetric analysis (TGA)

was recorded on a Stanton Redcraft STA-780 (London,

UK). Transmission electron microscopy (TEM) images

were obtained using a Philips CM10 microscope oper-

ated at 200 kV. X-ray powder diffraction (XRD) patterns

were recorded by an X-ray diffractometer (XRD, GBC

MMA Instrument) with Be-filtered Cu Kα radiation.

Melting points were determined on a Thermo Scientific

IA9200.

2.2 Synthesis and functionalization of SBA-15

Mesoporous SBA-15 and (3-chloropropyl)trimethoxy-

silane modified SBA-15 (SBA-15-Cl) materials were

synthesized according to our previous report.32 Grafting

sulfanilic acid on SBA-15-Cl surface was as follow:35

1.0 g of SBA-15-Cl was dispersed in 30 mL dry toluene.

To this suspension, 1.5 g (8.6 mmol) of sulfanilic acid

was added and followed by 1.2 mL (8.6 mmol) of tri-

ethylamine acting as a base. The mixture was heated for

48 h at 110◦C to produce a brown solid. The product

was filtered off and washed with toluene, dichloro-

methane and finally with acidified ethanol. The sample

was dried at 110◦C for 24 h and ground to powder.

2.3 General procedure for the synthesis of uracil fused

spirooxindoles

A mixture of isatins (1.0 mmol), 1,3-dimethyl-6-amino

uracil (1.0 mmol), cyclic 1,3-diketones (1.0 mmol) and

SBA-15-PhSO3H (0.15 g, 10 mol%) in 4:1 water:ethanol

(5.0 mL) was stirred at 80◦C. After completion of the reac-

tion, as monitored with TLC, hot methanol (5.0 mL) was

added to the reaction mixture and filtered to separate the

catalyst which will be recycled for other reactions. Pure

products were afforded by evaporation of the solvent,

followed by recrystallization from ethanol. The prod-

ucts 4a-j were characterized on the basis of their ele-

mental analysis, 1H and 13C NMR, IR and mass spectra.

2.4 Selected spectral data

2.4a 1-Ethyl-1′,3′,8′,8′-tetramethyl-8′,9′-dihydro-1′H-

spiro[indoline-3,5′-pyrimido[4,5-b] quinoline]-2,2′,4′,

6′(3′H,7′H,10′H)-tetraone (4g): White powder; M.p.

>300◦C; IR (KBr cm−1)νmax: 3226, 3060, 2956, 1663,

1609, 1509, 1375, 1241, 1131 cm−1;1H NMR (400.13

MHz,DMSO-d6) δ: 0.90and1.01(2s,6H,2CH3), 1.21 (t,

J = 7.6 Hz, 3H, CH3), 1.91 and 2.10 (ABq, J = 16.0 Hz,

2H, CH2), 2.58 (s, 2H, CH2), 2.96 and 3.46 (2s, 6H,

2NCH3),3.60-3.70(m, 2H, CH2), 6.79-6.81 (m, 2Harom),

6.94(d, J = 6.8 Hz, 1Harom), 7.09 (t, J = 7.6 Hz, 1Harom),

9.13 (br s, 1H, NH) ppm; 13C NMR (100.6 MHz,

DMSO-d6) δ: 12.2, 26.9, 27.5, 28.0, 28.9, 29.7, 30.8, 32.3,

34.5,48.9 (Cspiro), 50.9, 90.2, 107.0, 111.0, 121.2, 123.1,

127.8,135.7,144.2,150.6, 159.7, 178.2, 193.7 ppm; MS

(EI,70eV)m/z:434.2(M+);Anal.CalcdforC24H26N4O4

(434.49): C, 66.34; H, 6.03; N, 12.89%. Found: C,

66.41; H, 6.09; N, 12.82%.

2.4b Ethyl 2-(1′,3′,8′,8′-tetramethyl-2,2′,4′,6′-tetraoxo-

2′ ,3′,4 ′,6 ′,7′,8′,9′,10′-octahydro-1′H-spiro[indoline-3,

5’-pyrimido[4,5-b]quinolin]-1-yl)acetate (4h): White
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powder; M.p. >300◦C; IR (KBr cm−1)νmax: 3231, 3062,

2956, 1662, 1614, 1499, 1373, 1202, 1107 cm−1; 1H

NMR (400.13 MHz, DMSO-d6) δ: 0.91 and 1.02 (2s,

6H, 2CH3), 1.22 (t, J = 7.2 Hz, 3H, CH3), 1.92 and 2.10

(ABq, J = 16.0 Hz, 2H, CH2), 2.60 (s, 2H, CH2), 2.96

and 3.47 (2s, 6H, 2NCH3), 4.12-4.17 (m, 2H, CH2),

4.36 and 4.38 (ABq, J = 16.8 Hz, 2H, CH2), 6.80 (d,

J = 7.6 Hz, 1Harom), 6.84 (t, J = 7.6 Hz, 1Harom), 6.96

(d, J = 6.4 Hz, 1Harom), 7.10 (t, J = 7.8 Hz, 1Harom),

9.06 (br s, 1H, NH) ppm; 13C NMR (100.6 MHz,

DMSO-d6) δ: 14.5, 26.9, 28.0, 28. 9, 30.9, 32.3, 43.1,

48.23 (Cspiro), 50.8, 61.0, 90.1, 108.1, 110.9, 121.9,

123.1, 127.8, 135.2, 144.2, 150.6, 159.6, 159.6, 168.4,

179.0, 193.5 ppm; MS (EI, 70 eV) m/z: 492.3 (M+);

Anal. Calcd for C26H28N4O6 (492.52): C, 63.40; H,

5.73; N, 11.38%. Found: C, 63.35; H, 5.81; N, 11.42%.

2.4c 1-Benzyl-1′,3′,8′,8′-tetramethyl-8′,9′-dihydro-1′

H-spiro[indoline-3,5′-pyrimido [4,5-b]quinoline]-2,2′,

4′,6′(3′H,7′H,10′H)-tetraone (4i): White powder; M.p.

>300◦C; IR (KBr cm−1)νmax: 3185, 3065, 2958, 1705,

1662, 1610, 1513, 1376, 1181, 1105 cm−1; 1H NMR

(400.13MHz,DMSO-d6) δ:0.93and1.03(2s,6H,2CH3),

1.97and 2.16 (ABq, J = 15.6 Hz, 2H, CH2), 2.62 (s, 2H,

CH2),3.00and3.48(2s,6H,2NCH3),4.75and4.92(ABq,

J = 16.0 Hz, 2H, CH2), 6.40-7.65 (9Harom), 9.13 (br s,

1H, NH) ppm;13C NMR (100.6 MHz, DMSO-d6)δ:

26.9, 28.0, 28.9, 30.9, 32.4, 44.7, 47.8 (Cspiro), 50.9,

90.3, 107.9, 110.7, 121.7, 123.1, 127.2, 127.7, 128.6,

135.2, 137.7, 144.6, 150.6, 155.1, 159.8, 169.0, 171.1,

179.2, 193.8 ppm; MS (EI, 70 eV) m/z: 496.2 (M+);

Anal. Calcd for C29H28N4O4 (496.56): C, 70.15; H,

5.68; N, 11.28%. Found: C, 70.23; H, 5.74; N, 11.20%.

2.5 Antioxidant activity

Radical scavenging activity of the spirooxindoles 4a-j

was determined against stable DPPH radical spectro-

photometrically.36 A stock solution (1.0 mg mL−1) of

compoundswaspreparedindimethylsulfoxide(DMSO).

Then, 1.0 mL of each compound solution was added to

1.0 mL of a 0.004% methanol solution of the DPPH rad-

ical and shaken vigorously. After 30 min of incubation

in the dark at room temperature, the absorbance was

observed against a blank at 517 nm. The assay was

carried out in triplicate and the percentage of inhibition

was calculated using the following formula:

% inhibition =
(Ac − As)

Ac
× 100

Where Ac is the absorbance value of the control sample

and As is the absorbance value of the tested sample.

3. Results and Discussion

3.1 Synthesis and characterization of catalyst

SBA-15-sulfanilic acid was synthesized according to

the following procedure, by silylation/condensation of

SBA-15 with (3-chloro propyl)trimethoxy silane, which

was then reacted with sulfanilic acid to form sulfanilic

acid-functionalized SBA-15 material (scheme 2).

The catalyst structure was characterized by elemen-

tal analysis, Fourier-transform infrared spectroscopy,

thermogravimetric analysis, X-ray diffraction and trans-

mission electron microscopy (see Supplementary Infor-

mation). The amount of acid in SBA-15-PhSO3H was

evaluated by the nitrogen or sulfur content, 0.66

mmol/g, on the basis of elemental analysis (C: 7.28%;

H: 1.12%; N: 0.93%; S: 2.13%), which was in good

agreement with the result obtained from TG analysis.

The concentration of exchangeable proton on the SBA-

15-PhSO3H, which was determined by exchanging

the ionisable proton with excess Na+ (aqueous NaCl)

following by titrating the H+ liberated with standard

NaOH solution,35 was 0.45 ±0. mmol/g.

3.2 Catalytic study

To assess the catalytic activity of SBA-15-PhSO3H in

the synthesis of spirooxindole derivatives, the three-

component condensation of isatin 1a, dimedone 2a

and 1,3-dimethyl-6-mino uracil 3a in equimolar ratio

as model reaction was investigated. In this regard,

we attempted to determine the optimum conditions by

examining the influence of catalyst, solvent and tem-

perature variations on the progress of the trial reac-

tions. The results of the optimized conditions are sum-

marized in table 1. In our initial endeavor to synthesize
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Scheme 2. Synthesis of SBA-15-PhSO3H.
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Table 1. Optimization of reaction conditions for the synthesis of spirooxindole 4a.

Entry Catalyst (mol%) Solvent Temp (◦C) Time (h) Yield (%)a

1 – H2O 100 24 trace
2 SBA-15 (0.2 g) H2O 100 24 trace
3 Nano-SiO2(0.2 g) H2O 100 24 trace
4 Nano-TiO2(10) H2O 100 24 trace
5 Nano-MgO (10) H2O 100 24 trace
6 DABCO (10) H2O 100 24 trace
7 L-proline (10) H2O 100 24 20
8 Sulfanilic acid (10) H2O 100 18 30
9 SBA-15-PrSO3H (10) H2O 100 18 65
10 SBA-15-PhSO3H (10) H2O 100 18 92
11 SBA-15-PhSO3H (10) CH3CN 80 18 15
12 SBA-15-PhSO3H (10) MeOH 70 18 20
13 SBA-15-PhSO3H (10) EtOH 80 18 65
14 SBA-15-PhSO3H (10) EtOH/H2O 80 5 94
15 SBA-15-PhSO3H (15) EtOH/H2O 80 5 95
16 SBA-15-PhSO3H (5) EtOH/H2O 80 18 45
17 SBA-15-PhSO3H (10) EtOH/H2O 60 10 70
18 SBA-15-PhSO3H (10) EtOH/H2O 25 24 –

a Yields refer to isolated products

uracil fused spirooxindoles, the model reaction was car-

ried out in water in the absence of any catalyst under

reflux. It was observed that, the reaction did not proceed

to completion even after 24 h and only a trace

amount of the desired product 4a was formed (table 1,

entry 1).

To explore the suitable reaction conditions, the above

model reaction was performed in the presence of various

catalysts such as SBA-15, nano SiO2, nano MgO,

nano TiO2, DABCO, L-proline, sulfanilic acid, SBA-

15-PrSO3H, and SBA-15-PhSO3H in water under reflux

conditions (table 1, entries 2-10). From the results, it

is obvious that SBA-15-PhSO3H demonstrates superior

catalytic activity in green synthesis of spirooxindole

and is the best catalyst among those examined (table 1,

entry 10). The higher efficacy of SBA-15-PhSO3H

might be attributed to the high surface area of ordered

SBA-15 and hydrophobic character of phenyl moiety

in close proximity to sulfonic acid group as a catalyst

active center. Incorporating sulfanilic acid, hydrophobic

Brønsted acid, inside the nanospaces of SBA-15 could

provide enough hydrophobicity for a fast mass trans-

fer of starting materials over the catalyst and expel out

the water which is formed during the reaction from the

catalyst surface.11

To investigate the effects of solvent, the condensa-

tion reaction of the model substrates was examined in

different solvents including CH3CN, MeOH, EtOH and

solvent system 4:1H2O-EtOH mixture using 10 mol%

SBA-15-PhSO3H under reflux conditions (table 1,

entries 11-14). Although H2O is superior to organic

solvents, even in H2O-EtOH mixture due to better

solubility of reactants, a good yield of desired product

was obtained in shorter reaction time (table 1, entry 14).

Therefore, 4:1 H2O: EtOH mixture was selected as the

reaction solvent in the following investigation.

We also evaluated the amount of catalyst required for

this transformation. The amount of SBA-15-PhSO3H,

which afforded the best yields, was 10 mol%. Increas-

ing the amount of catalyst did not change the yield dra-

matically (table 1, entry 15), whereas reduction of it

significantly decreased the product yield (table 1, entry

16). To further optimize the reaction conditions, the

same reaction was carried out in 4:1 H2O:EtOH at tem-

peratures ranging from 25 to 80◦C. We observed that,

the reaction failed completely at room temperature even

after 24 h (table 1, entry 18), and the yield of product

4a was improved and the reaction time was shortened

as the temperature was increased to 80◦C.

To explore the extent and limitations of this reaction,

we applied SBA-15-PhSO3H (10 mol%) in the reac-

tion of various substituted isatins 1a-g with cyclic 1,3-

diketones 2a and 2b, and 1,3-dimethyl-6-amino uracil

3a or 6-amino thiouracil 3b in 4:1 H2O: EtOH at 80◦C,

furnishing the respective uracil fused spirooxindoles

4a-j in good yields. The yield of products and time

taken for maximum conversion of the substrates in each

case, are listed in table 2.

As can be seen from table 2, the presence of electron

withdrawing substituents on the aromatic ring accelerated the

reaction rate. The nature of substituents did not affect

the reaction yields. The structure of products 4a-j was

characterized on the basis of their elemental analysis,
1H and 13C NMR, IR and mass spectroscopic data.
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To evaluate the recyclability and stability of our

catalyst, we designed a set of experiments by con-

ducting successive condensation of model substrates

using recovered SBA-15-PhSO3H under optimized con-

ditions. After the completion of the first reaction run,

hot methanol was added to the reaction mixture and

then filtered to separate the catalyst. The catalyst was

thoroughly washed with ethanol and finally dried at

80◦C for 3 h. It was found that the recycled catalyst

could be used directly for at least five reaction cycles

without noticeable drop in the product yield and its cat-

alytic activity (figure 2). It is obvious that the amount of

recycled catalyst is reduced after each cycle; therefore,

the reactants were taken with respect to the amount of

the catalyst recovered after each reaction cycle.

The proposed mechanism for the synthesis of uracil

fused spirooxindoles 4 can be described as shown in

scheme 3.30,31 SBA-15-PhSO3H acts as a protonic acid

which increases the electrophilicity of the carbonyl car-

bon of isatin so that undergoes reaction with dime-

done 2, leading to the formation of the intermediate 5

(established through isolation). Intermediate 5 on fur-

ther reaction with aminouracil 3 in the presence of

the mesoporous solid Brønsted acid catalyst forms the

adduct 6, which undergoes cyclization with the elimi-

nation of water molecule to give the spirooxindole 4.

It is believed that while the hydrophobic nature of the

catalyst affords paths for ecient mass transfer of starting

materials to the active sites, at the same time, it can also

increase the conversion of substrates to the product by

removing the water formed during the reaction from the

catalyst surface.

3.3 In vitro antioxidant activity

In vitro antioxidant activity for uracil fused spirooxin-

doles 4a-j was evaluated by use of the DPPH radical-

scavenging method36 and the results are presented in

Figure 2. Reusability of SBA-15-PhSO3H for the synthe-
sis of 4a. [Reaction conditions: isatin (1.0 mmol), dimedone
(1.0 mmol) and 1,3-dimethyl-6-amino uracil (1.0 mmol) in
4:1 H2O: EtOH (5.0 mL); SBA-15-PhSO3H (10 mol%);
temperature: 80◦C; reaction time (5 h)].

Table 2. SBA-15-PhSO3H catalyzed synthesis of spirooxindoles 4a-j in aqueous ethanol.
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Entry Product R1 R2 R3 R X Time (h) Yield (%)a Mp (◦C) Ref.

1 4a H H Me Me O 5 94 >300 31

2 4b H H H Me O 5 92 >300 31

3 4c Cl H Me Me O 4 91 >300 31

4 4d Cl H H Me O 4 90 >300 31

5 4e Br H H Me O 4 93 >300 31

6 4f NO2 H Me Me O 3 90 >300 31

7 4g H Et Me Me O 5 92 >300 b
8 4h H CH2CO2Et Me Me O 4 91 >300 b
9 4i H Bn Me Me O 5 89 >300 b

10 4j H H Me H S 5 90 >300 31

Note: Reaction conditions: reactants 1, 2 and 3 (1.0 mmol); catalyst: SBA-15-PhSO3H (10 mol%); solvent: 4:1 H2O: EtOH
(5.0 mL); temperature: 80 ◦C.
aYields refer to isolated products.
b The new compounds synthesized in this work.
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figure 3. Antioxidant compounds scavenge DPPH radi-

cals by the process of either hydrogen or electron dona-

tion and the purple color from the DPPH radical assay

solution becomes light yellow which can be quanti-

fied by the decrease of absorbance at a wavelength

517 nm. Spirooxindoles 4a-j showed good antioxidant

activity (67–96%), which can be attributed to their N-

H groups.37,38 As illustrated in figure 3, compounds

4a, 4c, 4f, 4g and 4j exhibited a high percentage inhi-

bition of DPPH radical activity (85.3 ±0.9%, 82.7

±0.8%, 92.5 ±1.4%, 89.4 ±1.0%, and 96.2 ±1.5%,

respectively) and were the most effective DPPH radical

scavengers.

4. Conclusion

In conclusion, we have designed a highly powerful

and water-tolerant Brønsted solid acid catalyst that

shows remarkable catalytic activity for synthesis of

uracil fused spirooxindoles as antioxidant agents. Envi-

ronmental acceptability, high yield of product, simple

workup, easy removal and recyclability of the cata-

lyst are the important features of this atom economical

protocol.

Supplementary Information

All additional information relating to characterization

of the catalyst using FT-IR, TGA, XRD and TEM tech-

niques (figures S1–S4), 1H NMR and 13C NMR spec-

tra for compounds 4a-j (figures S5-S24) are available in

the supplementary information, which is available free

of charge at www.ias.ac.in/chemsci.
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