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Guanine stabilized on the surface of silica-modified magnetic nanoparticles, by the propyl group as a
linker, (Fe304@SiO,-n-(propyl)-guanine), was prepared, identified and used as a recyclable base in the
synthesis of novel spirooxindole compounds and highly substituted dihydro-2-oxopyrroles in aqueous
media. Fe;04@SiO,-n-(propyl)-guanine was characterized via some spectroscopic and microscopic tech-
niques such as Infrared spectroscopy (IR), X-ray diffraction spectroscopy (XRD), Energy dispersive X-ray
spectroscopy (EDX), Vibrating sample magnetometry (VSM), Scanning electron microscopy (SEM), High
resolution transmission electron microscopy (HR-TEM), Thermo-gravimetric analysis (TGA) and NMR-
detected hydrogen/deuterium (H/D) exchange technique. The synthesized nanocomposite was employed
as a new base catalyst for the synthesis of some novel spirooxindole compounds and highly substituted
dihydro-2-oxopyrroles in aqueous media with good to excellent yields. This heterogeneous base catalyst

Keywords:

Guanine

Bis-spirooxindoles
Heterogeneous base catalyst
Magnetic nanoparticles

“On water”

could be recycled and reused up to ten times without appreciable loss of activity.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

The development of economical and environmentally friendly
methods for the synthesis of organic compounds has received con-
siderable attention in recent years. Base-catalyzed condensation
and addition reactions are important in the industrial production
of drugs, fragrances, and chemical intermediates [1-6]. The po-
tential use of microporous and mesoporous base catalysts in fine
chemical production is enormous [6,7]. In addition, the applica-
tions of amine-based silica mesopores were reported in adsorption,
separation, and chromatography [8]. Moreover, solid base catalysts
are used not only for condensation reactions but also in particu-
lar for asymmetric organic syntheses [9,10], other organic synthe-
ses [11-18], solid-phase extraction and preconcentration of some
metal ions [19], and catalytic hydrothermal liquefaction of macroal-
gae [20]. So, incorporating base functionality into microporous and
mesoporous silicas also avoids the complex neutralization and sep-
aration steps needed to recover the homogeneous base catalysts
from the reaction mixture. These silicas are particular interest in
organic synthesis, green chemistry and industry because of their
high selectivity, high yields, and the environmentally advantageous
heterogeneity and reusability.
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In addition, replacement or removal of hazardous solvents with
green ones has been one of the targets of researchers in green
synthesis. Water, as a green reaction medium, has attracted sig-
nificant attention in view of extensive hydrogen bonding, cohesive
energy density, high heat capacity, and large dielectric constant.
In addition, the unique properties of water and its non-toxic na-
ture, cost-effectiveness and non-inflammability raised its applica-
bility [21-25].

Spirooxindole derivatives are an important class of heterocyclic
compounds that exist in many natural compounds and alkaloids
such as spirotryprostatins [26], horsfiline [27], pteropodine [28], al-
stonisine,[29] and gelsemine [30]. These compounds show a broad
spectrum of pharmacological and biological activity such as anti-
tumor [31], antifungal [32], antimicrobial [33], antimalarial [34],
antitubercular [35], and anti-HIV properties [36]. Given the im-
portance of such biological activities, green synthetic methods to
prepare of these compounds have drawn more and more atten-
tion of chemists. To date, various methods for the preparation of
spirooxindole scaffold has been widely developed under a variety
of catalysts such as NH4Cl [37], L-proline [38], p-TSA [39], amino-
functionalized SBA-15 type mesoporous silica [40], Nano Ag/kaolin
[41], Et3N [42], DBU [43], nanocrystalline MgO [44], silica-bonded
N-propyltriethylenetetramine (SBNPTT) [14], gluconic acid [45],
tetrabutylammonium fluoride (TBAF) [46], lipase [47], CaCl, under
sonication [48], NaCl under sonication [49], triethylbenzylammo-
nium chloride (TEBA) [50], sulfonic acid functionalized SBA-15 [51],
sulfated choline based heteropolyanion [52], MnFe,04 nanoparti-
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cles [53], piperidine under ultrasonic irradiation [54], ethylene-
diammonium diformate (EDDF) [55], Fe(lll)-montmorillonite un-
der ultrasonic irradiation [56], silica-bonded ionic liquids [57],
Si0,@g-C3N,4 [58], caffeinium hydrogen sulfate [59], double salt
of aluminum sulfate-sulfuric acid (Al4(SO04)s.(HSO4),.24H,0) [60],
cuprene [61], Fe3O4-np [62], FeNi3-SiO, magnetic nanoparti-
cles [63], Fe304@SiO,-imid-PMA" magnetic porous nanospheres,
[64] and Fe304/COS@B-CD-SOsH NPs [65]. However, most of these
procedures have several limitations in terms of long reaction time,
metal catalyst, environmentally hazardous, expensive reagents,
harsh reaction conditions, and use of homogeneous catalyst. In ad-
dition, some of them suffer from procedure complexity and gener-
ation of mixtures of unsaturated nitriles and pyrans.

In continuous of our research on the preparation and develop-
ment of amine-based silica as a stabilizing palladium nano parti-
cles [66-69], and also as green catalyst for the synthesis of many
organic products, [11-14,70-74] herein we report the Fe304-silica-
n-(propyl)-guanine as a new, eco-friendly, and solid base cata-
lyst for the synthesis of some mono- and novel bis-spirooxindoles
and highly substituted dihydro-2-oxopyrrole compounds in aque-
ous media.

2. Experimental section
2.1. General

All the reagents were purchased from Merck and Aldrich Chem-
ical Companies. The reaction monitoring was accomplished by TLC
on silica gel PolyGram SILG/UV254 plates. Melting points deter-
mined in open capillary tubes in a Barnstead Electrothermal 9100
BZ circulating oil melting point apparatus. The compounds were
visualized by 'H-NMR (400 MHz) and 3C-NMR (100 MHz), and
spectra were on recorded Bruker Avance instrument in DMSO-dg
solvent with tetramethylsilane (TMS) as internal standard. FT-IR
spectroscopy (Shimadzu FT-IR 8300 spectrophotometer) was em-
ployed for the characterization of the products. Mass spectra were
recorded on a FINNIGAN-MAT 8430 mass spectrometer operating
at 70 eV. X-ray diffraction (XRD) data were carried out using a
Bruker D8 Advance Theta-2theta diffractometer. Magnetic proper-
ties of catalyst were obtained by vibrating sample magnetome-
ter/Alternating Gradient Force Magnetometer (VSM/AGFM, MDK
Co, Iran, www.mdk-magnetic.com). TGA was performed on a ther-
mal analyzer with a heating rate of 20 °C min~! over a temper-
ature range of 30-600 °C under flowing compressed N,. SEM im-
ages were observed using Philips XL 30 and S-4160 instruments.
HR-TEM measurements were carried out at 200 kV (JEOL, JEM-
2100F). Energy dispersive X-ray (EDX) spectroscopy (SiriusSD, Eng-
land) was used for catalyst analysis.

2.1. Catalyst preparation

2.2.1. Preparation of silica-functionalized magnetite nanoparticles
(F€304@Si02)

Silica-coated magnetite nanoparticles were synthesized by a
chemical co-precipitation technique of ferric and ferrous ions in al-
kali solution [9]. FeCl3.6H,0 (5 mmol) and FeCl,.4H,0 (2.5 mmol)
salts were dissolved in 100 ml of deionized water under vigorous
stirring (800 rpm). Then NH4OH solution (25% w/w, 30 ml) was
added to the mixture at room temperature. The addition of NH4OH
solution followed to maintain the reaction pH between 11 and 12
at which a black suspension was formed. The resulting black dis-
persion was continuously stirred for 1 hour at room temperature
and then refluxed for another 1 hour. Coating of a layer of silica
on the surface of the Fe;04 nanoparticles was achieved by adding
ethanol (40 mL) to the purified nanoparticles and heating for 1
hour at 40 °C. Subsequently, tetraethyl orthosilicate (TEOS; 10 mL)
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was charged to the reaction vessel, the mixture was continuously
stirred for 24 hours. The silica coated nanoparticles (Fe304@SiO,)
were collected using a magnet, followed by washing five times
with EtOH and diethyl ether, respectively, and drying at 100 °C in
vacuum for 12 hours.

2.2.2. Modification of Fe30,@Si0, with propyl chloride
(Fe304@Si0,-n-(propyl)-Cl)

Fe304@Si0O, (1 g), prepared in the previous step, was dispersed
in toluene (50 mL) by an ultrasound bath for 15 minutes. Then,
to the mixture was added 3-Chloropropyl triethoxysilane (2 mL)
drop-wise, and it was refluxed at 110°C for 24 hours. Nanoparti-
cles were obtained through separation by a magnet, washed sev-
eral times with toluene, water and ethanol, respectively and drying
in an oven at 80 °C for 8 h.

2.2.3. Synthesis of magnetite nanoparticles
silica-functionalized-guanine (Fe304@SiO,-n-(propyl)-guanine)

Preceding synthesized Fe304@SiO,-n-(propyl)-Cl nanoparticles
(1 g) was added to a 100 mL balloon containing anhydrous
dimethyl sulfoxide (50 mL) and subjected to ultrasound for 15 min-
utes. Guanine (4 mmol) and triethylamine (5 mmol) were then
added to the mixture and refluxed for 48 h. The precipitate formed
was separated by a strong magnet and washed with water (3 x 30
mL) and finally dried in a vacuum oven.

2.3. General procedure for the synthesis of spirooxindoles 4a-t

A mixture of isatin derivatives (1 mmol), 1,3-dicarbonyl com-
pound (1 mmol), reactive methylene compound (1 mmol) and
Fe304@SiO,-n-(propyl)-guanine (0.02 g) in water (5 mL) was
stirred at 70°C and progress of the reaction was monitored by TLC.
After completion of the reaction, the mixture was cooled to room
temperature and the catalyst easily separated from the reaction
mixture by using an external magnet and washed twice with dis-
tilled water (2 x 5 mL), ethanol (2 x 5 mL), and acetone (2 x 5
mL) respectively. The precipitate formed in the reaction vessel was
filtered and dried, washing with distilled water at room temper-
ature. To obtain a pure product, the dried precipitate was recrys-
tallized using of ethanol 96%. All the products were known and
characterized by comparing their spectral (IR, 'H- and 13C-NMR),
TLC, and physical data with those reported in the literature. Spec-
tral information for some compounds is given below:

2-amino-2’,5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3’-
indoline]-3-carbonitrile (Table 2, 4a): White powder, m.p. 305-
308°C (Lit. [75]; 307-310°C). 'H-NMR (400 MHz, DMSO-d6) §
(ppm): 1.88-1.99 (m, 2H), 2.22-2.27 (m, 2H), 2.66-2.69 (m, 2H),
6.79 (d, ] = 8.0 Hz,1H), 6.90 (t, ] = 8.0 Hz, 1H), 7.02 (d, ] = 8.0
Hz,1H), 7.15 (d, ] = 8.0 Hz,1H), 7.25 (s, 2H, NH2), 10.42 (s, 1H, NH).
13C_NMR (100 MHz, DMSO-d6) § (ppm): 20.3, 27.2, 36.8, 47.3, 57.9,
109.6, 112.3, 117.9, 122.1, 123.7, 128.6, 135.0, 142.5, 159.1, 166.5,
178.6, 195.5.

2-amino-5’-methoxy-2’,5-diox0-5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carbonitrile (Table
2, 4b): White powder, m.p. 273-275°C. (Lit. [60]; 272-275°C). 'H-
NMR (400 MHz, DMSO-d6) § (ppm): 1.91-1.98 (m, 2H), 2.23-2.27
(m, 2H), 2.65-2.68 (m, 2H), 3.69 (s, 3H), 6.65 (d, ] = 2.1 Hz, 1H),
6.71-6.72 (m, 2H), 7.23 (s, 2H, NH,), 10.23 (s, 1H, NH). 3C-NMR
(100 MHz, DMSO-d6) § (ppm): 20.2, 27.2, 36.9, 47.8, 55.8, 58.1,
109.9, 110.8, 112.3, 113.0, 117.9,135.8, 136.3, 155.4, 159.1, 166.5,
178.5, 195.5.

2-amino-5’-methyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carbonitrile (Table
2, 4¢): White powder, m.p. 274-276°C. (Lit. [76]; 275-277°C). 'H-
NMR (400 MHz, DMSO-d6) § (ppm): 1.92-1.97 (m, 2H), 2.22-2.29
(m, 5H), 2.66-2.69 (m, 2H), 6.65 (d, ] = 8.0 Hz, 1H), 6.83 (s, 1H),


http://www.mdk-magnetic.com

D. Saberi, M. Bashkar, A. Rezaei et al.

6.95 (d, ] = 8.0 Hz, 1H), 7.22 (s, 2H, NH;), 10.31 (s, 1H, NH).
13C_NMR (100 MHz, DMS0-d6) § (ppm): 20.3, 21.2, 27.2, 36.9, 47.4,
58.2, 109.4, 1124, 117.9, 124.3, 128.9, 130.9, 135.1, 140.0, 159.1,
166.4, 178.6, 195.5.
2-amino-5’-nitro-2’,5-dioxo-5,6,7,8-tetrahydrospiro[chromene-
4,3'-indoline]-3-carbonitrile (Table 2, 4g): Bright yellow powder,
m.p. 306-308°C. (Lit. [77]; 306-307°C). 'H-NMR (400 MHz, DMSO-
d6) 8 (ppm): 1.90-2.05 (m, 2H), 2.26-2.29 (m, 2H), 2.69-2.72 (m,
2H), 7.03 (d, ] = 8.0 Hz, 1H), 7.47 (s, 2H, NH,), 8.05 (s, 1H), 8.17 (d,
] = 8.0 Hz, 1H), 11.20 (s,1H, NH). 3C-NMR (100 MHz, DMSO-d6) §
(ppm): 20.1, 27.3, 36.6, 47.5, 56.4, 109.8, 111.3, 117.6, 119.7, 126.2,
136.0, 142.9, 149.0, 159.4, 167.7, 179.2, 196.0.
2-amino-7,7-dimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carbonitrile (Table
2, 4h): White powder, m.p. 290-292°C. (Lit. [78]; 290-292°C). 'H
NMR (400 MHz, DMSO-d6) § (ppm): 1.00 (s, 3H), 1.04 (s, 3H), 2.10
(d, J] = 12.8 Hz, 1H), 2.18 (d, ] = 12.8 Hz, 1H), 2.54 (d, ] = 14.1
Hz, 1H), 2.59 (d, ] = 141 Hz, 1H), 6.79 (d, ] = 6.0 Hz, 1H), 6.89
(dt, ]; = 6.0 Hz, J, = 0.8 Hz, 1H), 6.98 (d, ] = 5.8 Hz, 1H), 7.14
(dt, J; = 6.2 Hz, ], = 0.8 Hz, 1H), 7.24 (s, 2H, NH,), 10.41 (s, 1H,
NH). 3C-NMR (100 MHz, DMSO-d6) § (ppm): 26.9, 27.5, 31.9, 46.7,
49.9, 574, 109.2, 110.7, 117.3, 121.6, 122.9, 128.1, 134.3, 142.0, 158.7,
146.1, 177.9, 194.8.
2-amino-5’-methoxy-7,7-dimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carbonitrile (Table
2, 4i): White powder, m.p. 270-272°C. (Lit. [60]; 270-272°C).
TH-NMR (400 MHz, DMSO-d6) § (ppm): 1.01 (s, 3H), 1.03 (s, 3H),
2.08-2.18 (m, 2H), 2.55 (m, 2H), 3.65 (s,3H), 6.60 (s, 1H), 6.68-6.70
(m, 2H),7.23 (s, 2H, NH,), 10.22 (s, 1H, NH). 3C-NMR (100 MHz,
DMSO0d6) § (ppm): 27.6, 28.0, 32.4, 47.7, 50.5, 55.8, 58.1, 110.0,
110.6, 111.2, 113.0, 117.9, 135.9, 136.2, 155.4, 159.2, 164.6, 178.4,
195.4.
2-amino-5’,7,7-trimethyl-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carbonitrile (Table
2, 4j): White powder, m.p. 276-279°C. (Lit. [78]; 279-280°C).
TH-NMR (400 MHz, DMSO0-d6) § (ppm): 1.01 (s, 3H), 1.03 (s, 3H),
2.09-2.14 (m, 2H), 2.20 (s, 3H), 2.55 (m, 2H), 6.67 (d, ] = 8.0 Hz,
1H), 6.78 (s, 1H), 6.93-6.94 (m, 1H), 7.21 (s, 2H, NH,), 10.29 (s,
1H, NH). 3C-NMR (100 MHz, DMSO0-d6) § (ppm): 21.2, 27.7, 27.9,
324, 47.3, 50.5, 58.1, 109.5, 111.3, 117.9, 124.1, 128.9, 130.9, 135.0,
140.1, 159.2, 164.5, 178.5, 195.4.
2-amino-7,7-dimethyl-5’-nitro-2’,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3’-indoline]-3-carbonitrile (Table
2, 4n): White powder, m.p. 302-305°C. (Lit. [79]; 302-304°C).
TH-NMR (400 MHz, DMSO-d6) § (ppm): 1.05 (s, 6H), 2.14-2.24
(m, 2H), 2.57-2.71 (m, 2H), 7.05 (d, ] = 8.0 Hz. 1H), 749 (s, 2H,
NH,), 7.98-7.99 (m, 1H), 8.17 (d, ] = 8.0 Hz, 1H), 11.20 (s, 1H, NH).
I3C_NMR (100 MHz, DMSO-d6) § (ppm): 27.5, 28.2, 32.5, 47.4, 50.3,
56.3, 109.9, 110.2, 117.6, 119.4, 126.3, 135.8, 142.9, 149.1, 159.6,
165.7, 179.1, 195.9.

2.4. General procedure for the synthesis of bis-spirooxindoles 6a-i

Initially, bis(isatin) derivatives (5) have been synthesized ac-
cording to the previously reported procedure [80]. Briefly, NaH (55
mmol, 1.32 g) was added to a solution of isatin derivatives (50
mmol) in DMF 25 mL at 0 °C and resulting mixture was stirred at
that temperature for 0.5 h and then was warmed to room temper-
ature. After this time, O-bis(bromomethyl)benzene (25 mmol, 6.60
g) was added and resulting solution was stirred at 80 °C for 8h.
After completion, the reaction mixture was cooled to room tem-
perature and excess amounts of water (250 mL) was added and
resulting precipitates was filtered and dried. Crude products were
recrystallized from hot ethanol to obtain the pure ones. Bis(isatin)
compound (1 mmol) was added to a flask containing a mixture
of malononitrile (1mmol), 1,3-dicarbonyl compound (1 mmol) and
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Fe304@Si0,-n-(propyl)-guanine (0.02 g) in water (3 mL) and the
mixture stirred at 80°C. After completion, the reaction mixture was
cooled to room temperature, the catalyst easily separated from the
reaction mixture by using an external magnet and washed twice
with distilled water (2 x 5 mL), ethanol (2 x 5 mL), and ace-
tone (2 x 5 mlL) respectively. The crude product, formed in the
reaction vessel, was filtered and purified by recrystallization from
ethanol 96%. All the products (besides compounds 5f, 6h and 6i)
were known and characterized by comparing their spectral (IR, 'H-
and 3C-NMR, Mass), TLC, and physical data with those reported in
the literature. The spectra of new compound (5f, 6h and 6i) are
given in the supporting information file. Spectral information for
some compounds is given below:
1,1’-(1,2-Phenylenebis(methylene))bis(indoline-2,3-dione) (5a):
Orange powder, m.p. 243-248°C. (Lit [60]. 243-248°C). 'H-NMR
(400 MHz, DMSO-d6): § (ppm) 5.12 (s, 4H), 7.01 (d, 2H, ] = 8.0
Hz, Ar), 7.16 (t, 2H, ] = 8.0 Hz, Ar), 719-7.22 (m, 2H, Ar), 7.35-7.38
(m, 2H, Ar), 7.58-7.63 (m, 4H, Ar). 3C-NMR (100 MHz, DMSO-d6):
é (ppm) 41.3, 111.8, 118.5, 123.9, 125.0, 126.9, 128.0, 133.1, 138.3,
150.9, 159.1, 183.4; MS (El, 70 eV): m/z (%) = 397 (M* + 1, base
peak).
1,1’-(1,2-Phenylenebis(methylene))bis(5-methylindoline-2,3-
dione) (5b): Orange powder, m.p. 286-290°C. (Lit [60]. 286-290°C).
TH-NMR (400 MHz, DMSO-d6): § (ppm) 2.31 (s, 6H, 2 x CHj),
5.12 (s, 4H), 6.92 (m, 2H, Ar), 7.20-7.24 (m, 2H, Ar), 7.33- 7.35 (m,
2H, Ar), 7.36-7.47 (m, 4H, Ar); MS (EI, 70 eV): m/z (%) = 425 (M™,
50%), 304 (base peak).
1,1’-(1,2-Phenylenebis(methylene))bis(5-bromoindoline-2,3-
dione) (5¢): Orange powder, m.p. 273-276°C. (Lit [60]. 273-276°C).
TH-NMR (400 MHz, DMSO-d6): § (ppm) 5.13 (s, 4H), 6.98- 7.01
(m, 2H, Ar), 7.18-7.25 (m, 2H, Ar), 7.38-7.42 (m, 2H, Ar), 7.79-7.82
(m, 4H, Ar). BC-NMR (100 MHz, DMSO-d6): § (ppm) 41.3, 113.9,
115.6, 120.4, 126.8, 127.1, 128.0, 132.8, 139.9, 149.8, 158.8, 182.1;
MS (EIL, 70 eV): m/z (%) = 554 (MT + 2, 5%), 552 (M*,5%), 274
(base peak).
1,1’-(1,2-Phenylenebis(methylene))bis(5-chloroindoline-2,3-
dione) (5d): Orange powder, m.p. 250 > °C. 'H-NMR (400 MHz,
DMSO-dg): & (ppm) 5.13 (s, 4H), 7.05 (d, 2H, J = 8.0 Hz, Ar),
7.19-7.25 (m, 2H, Ar), 7.38-7.42 (m, 2H, Ar), 7.66-7.70 (m, 4H, Ar).
13C.NMR (100 MHz, DMSO-dg): & (ppm) 41.4, 113.5, 120.0, 124.4,
126.9, 128.0, 128.1, 132.9, 137.1, 149.4, 158.9, 182.3; MS (EI, 70 eV):
m/z (%) = 465 (M* + 1, base peak).
1,1’-(1,2-Phenylenebis(methylene))bis(5-nitroindoline-2,3-
dione) (5e): Orange powder, m.p. 215-220°C. (Lit [60]. 215-220°C).
TH-NMR (400 MHz, DMSO-d6): § (ppm) 5.26 (s, 4H), 7.20- 7.26
(m, 4H, Ar), 7.45-7.51 (m, 2H, Ar), 7.34-7.35 (m, 2H, Ar), 8.50-8.54
(m, 2H, Ar). 3C-NMR (100 MHz, DMSO-d6): § (ppm) 41.7, 112.2,
119.2, 119.5, 126.9, 128.0, 132.6, 133.1, 143.7, 155.2, 159.8, 181.2;
MS (EI, 70 eV): m/z (%) = 487 (M* + 1, 6%), 485 (70%), 191 (base
peak).
1,1’-(1,2-phenylenebis(methylene))bis(5-methoxyindoline-2,3-
dione) (5f): light red powder, m.p. 253-256°C. TH-NMR (400 MHz,
DMSO0-d6): § (ppm) 3.79 (s, 6H, OMe), 5.10 (s, 4H, CH,), 6.95 (d,
J = 6.0 Hz, 2H, Ar), 7.18-7.26 (m, 6H, Ar), 7.33-7.38 (m, 2H, Ar).
13C_.NMR (100 MHz, DMSO-d6): § (ppm) 41.2, 56.34, 109.7, 112.8,
118.9, 124.1, 127.0, 128.0, 133.2, 144.7, 156.31, 159.1, 183.7; MS (EI,
70 eV): m/z (%) = 457 (M* + 1, base peak).
1/,1'"-(1,2-Phenylenebis(methylene))bis(2-amino-7,7-dimethyl-
2/,5-dioxo-5,6,7,8 tetrahydrospiro[chromene-4,3’-indoline]-3-
carbonitrile) (Table 3, 6a): White powder, m.p. 303-304°C. (Lit
[60]. 303-304°C). umax (KBr) 3150, 2195, 1737, 1680, 1609 cm~!.
TH-NMR (400 MHz, DMSO-d6): § (ppm) 1.04 (s, 6H, 2 x CH3), 1.05
(s, 6H, 2 x CHj3), 2.13-2.26 (m,4H), 2.58-2.68 (s, 4H), 5.10 (s, 4H),
6.84-6.87 (m, 2H, Ar), 6.99-7.04 (m, 2H, Ar), 7.09-7.22 (m, 6H, Ar),
7.35 (s, 4H, 2 x NH,), 7.53-7.56 (m, 2H, Ar). 3C-NMR (100 MHz,
DMSO0-d6): § (ppm) 27.6, 28.1, 32.5, 41.5, 47.2, 50.4, 57.7, 109.7,
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Fig. 1. FT-IR spectra of a) Fe;04; b) Fe30,@SiO,; c) Fe304@SiO,-n-(propyl)-Cl; d) Fe;0,@SiO,-n-(propyl)-guanine

1111, 118.0, 123.2, 123.4, 126.7, 1274, 128.8, 133.6, 134.1, 1434,
159.4, 166.1, 177.3, 196.6; MS (EI, 70 eV): m/z (%) = 773 (M* + 1,
10%), 274 (basepeak).

1/,1""-(1,2-phenylenebis(methylene))bis(2-amino-2’,5-dioxo-
5,6,7,8-tetrahydrospiro[chromene-4,3’-indoline]-3-carbonitrile)
(Table 3, 6b): White powder, m.p. 297-300°C. (Lit [60]. 297-300°C).
TH-NMR (400 MHz, DMSO-d6): § (ppm) 1.94-2.02 (m, 4H), 2.28-
2.33 (m, 4H), 2.71-2.75 (m, 4H), 5.11 (s, 4H), 6.85-6.88 (m, 2H, Ar),
7.03-7.05 (m, 2H, Ar), 712-7.22 (m, 6H, Ar), 7.36 (s, 4H, 2 x NH,),
7.57-7.58 (m, 2H, Ar). 3C-NMR (100 MHz, DMSO-d6): § (ppm)
20.3, 27.3, 36.8, 41.5, 47.3, 57.8, 109.5, 112.2, 118.0, 123.1, 123.6,
126.7, 127.4, 128.8, 133.6, 134.3, 143.3, 159.3, 167.0, 1774, 195.7;
MS (EIL, 70 eV): m/z (%) = 717 (M*™ + 1, 2%), 304 (base peak).

1,1”’-(1,2-phenylenebis(methylene))bis(7’-amino-2,2’,4’-trioxo-
1/,2",3’ 4’-tetrahydrospiro[indoline-3,5’-pyrano[2,3-d | pyrimidine]-
6’-carbonitrile) (Table 3, 6¢): White powder, m.p. 194-202°C. (Lit
[60]. 194-202°C). 'H-NMR (400 MHz, DMSO-d6): § (ppm) 5.14 (m
4H), 6.85-6.89 (m, 2H, Ar), 7.03-7.10 (m, 4H, Ar), 7.22-7.27 (m, 2H,
Ar), 7.32 (d, 2H, ] = 8.0 Hz, Ar), 7.50 (s, 4H, 2 x NH,), 11.26 (s, 2H,
NH), 12.44 (s, 2H, NH). 3C-NMR (100 MHz, DMSO-d6): § (ppm)
41.5, 471, 581, 871, 109.7, 117.6, 123.2, 124.2, 126.4, 127.3, 129.1,
133.3, 133.4, 143.4, 149.7, 154.1, 158.9, 162.1, 177.0; MS (EI, 70 eV):
m/z (%) = 749 (M* + 1, 5%), 274 (base peak).

1,1-(1,2-phenylenebis(methylene))bis(7’-amino-1’,3’-dimethyl-
2,2 4'-trioxo-1,2',3/ 4’-tetrahydrospiro[indoline-3,5’-pyrano[ 2,3-
d]pyrimidine]-6’-carbonitrile) (Table 3, 6d): White powder, m.p.
232-240°C. (Lit [60]. 232-240°C). vmax (KBr) 3200, 2200, 1737,
1723, 1689, 1611 cm~" 'H-NMR (400 MHz, DMSO-d6): § (ppm)
3.09 (s, 6H, 2 x CHs), 3.44 (s, 6H, 2 x CH3), 5.15 (m, 4H), 6.89-
6.90 (m, 2H, Ar), 7.03-7.10 (m, 2H, Ar),7.14-7.32 (m, 6H, Ar), 7.72
(s, 4H, 2 x NH,). 13C-NMR (100 MHz, DMSO-d6): § (ppm) 28.2,
29.9, 41.8, 47.8, 57.9, 874, 109.7, 117.6, 123.2, 124.2, 1271, 1275,
129.1, 133.4, 133.6, 143.5, 150.1, 152.7, 153.8, 160.1, 176.9; MS (EI
70 eV): m/z (%) = 804 (M+, 0.1%), 274 (base peak).

1/,1""-(1,2-phenylenebis(methylene))bis(2-amino-5’,7,7-
trimethyl-2’,5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3’-
indoline]-3-carbonitrile) (Table 3, 6e): White powder, m.p. 204-
209°C. (Lit [60]. 204-209°C). Umax (KBr) 3200, 2192, 1738, 1667,
1601 cm~'. 'H-NMR (400 MHz, DMSO-d6): § (ppm) 1.07 (s, 12H,
4 x CHgs), 2.19-2.31 (m, 10H, CH2, and CH3), 2.64 (s, 4H), 5.08 (s,
4H), 6.75 (d, 2H, ] = 8.0 Hz, Ar), 6.96-7.03 (m, 4H, Ar), 7.11-7.16
(m, 2H, Ar), 7.37 (s, 4H, 2 x NH,), 7.53-7.57 (m, 2H, Ar). 3C-NMR
(100 MHz, DMSO-d6): § (ppm)21.1, 27.8, 27.9, 32.5, 415, 47.3,
50.5, 57.9, 57.9,109.5, 111.2, 118.1, 124.1, 126.7, 127.3, 129.0, 1321,
133.7, 134.2, 1411, 159.4,165.0, 177.2, 195.6; MS (EI, 70 eV): m/z
(%) = 801 (M™ + 1, 10%), 304 (base peak).
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Fig. 3. XRD pattern of the Fe30,@SiO,-Cl, Fe30,@SiO,-n-(propyl)-guanine and the recovered Fe;0,@SiO,-n-(propyl)-guanine after ten consecutive runs

1,1"-(1 phenylenebis(methylene))bis(2-amino-5’-bromo-
7,7-dimethyl-2’,5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3’-
indoline]-3-carbonitrile,2-) (Table 3, 6f): White powder, m.p.
311-315°C. (Lit [60]. 311-315°C). 'H-NMR (400 MHz, DMSO-d6):
8 (ppm) 106 (s, 6H, 2 x CH3), 1.08 (s, 6H, 2 x CHj3), 2.18-2.30
(m, 4H), 2.56-2.71 (m, 4H), 5.13 (s, 4H), 6.83-6.86 (m, 2H, Ar),
713-7.16 (m, 2H, Ar), 7.41-7.54 (m, 10H, NH, and Ar). 3C-NMR
(100 MHz, DMSO-d6): § (ppm) 27.6, 28.1, 32.5, 47.4, 50.4, 57.0,
110.5, 111.7, 115.0, 117.9, 126.4, 126.5, 127.5, 131.5, 133.3, 136.5,
142.7, 159.6, 165.6, 177.0, 195.8; MS (EI, 70 eV): m/z (%) = 274
(base peak).

1/,1""-(1,2-phenylenebis(methylene))bis(2-amino-7,7-dimethyl-
5’-nitro-2’,5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3’-
indoline]-3-carbonitrile) (Table 3, 6g): White powder, m.p.
315-320°C. (Lit [60]. 315-320°C). 'H-NMR (400 MHz, DMSO-

d6): 6 (ppm) 1.07 (s, 6H, 2 x CHs3), 1.09 (s, 6H, 2 x CH3), 2.19-
2.33 (m, 4H), 2.58-2.78 (m, 4H), 5.30 (s, 4H), 7.13-7.19 (m, 4H,
Ar), 7.50-7.53 (m, 2H, Ar), 7.61 (s, 4H, Ar), 8.16-8.17 (s, 2H, NH;),
8.23-8.27 (m, 2H, Ar). 3C-NMR (100 MHz, DMSO0-d6): § (ppm)
275, 28.3, 32.6, 41.9, 47.3, 50.3, 56.2, 110.0, 110.1, 117.8, 119.3,
126.2, 126.3, 127.7, 132.9, 135.2, 143.7, 149.3, 159.8, 166.3, 178.0,
196.1; MS (EI, 70 eV): m/z (%) = 862 (M*, 0.1%), 139 (base peak).
1,1-(1,2-phenylenebis(methylene))bis(7’-amino-1’,3’-dimethyl-
2,2/ 4'-trioxo-1/,1""~(1,2-phenylenebis(methylene))bis(2-amino-5’-
chloro-7,7-dimethyl-2’,5-dioxo-5,6,7,8-tetrahydrospiro[chromene-
4,3'-indoline]-3-carbonitrile) (Table 3, 6h): White powder, m.p.
325-328°C. umax (KBr) 3250,3290, 2192, 1735, 1670 cm~!. TH-NMR
(400 MHz, DMSO-d6): § (ppm) 1.07 (s, 6H, CH3), 1.08 (s, 6H, CH3),
2.23-2.26 (m, 4H, CH,), 2.56-2.71 (m, 4H, CH,), 5.14 (s, 4H, CH,),
6.88-6.91 (m, 2H, Ar), 7.12-7.18 (m, 2H, Ar), 7.28-7.31 (m, 4H, Ar),
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Fig. 4. SEM image (a), and HR-TEM micrograph (b), of the catalyst and SEM image (c) of the recovered catalyst after ten consecutive runs. The histogram of nanoparticles
size by means of the TEM image (d) of the Fe30,@SiO,-n-(propyl)-guanine

123.8, 126.6, 127.3, 127.5, 128.7, 133.3, 136.1, 142.3, 159.6, 165.6,

Element Wt%
c 047 1771, 195.9; MS (EI, 70 eV): m/z (%) = 841 (base peak).
5000 N 9 1/,1'"-(1,2-phenylenebis(methylene))bis(2-amino-5’-methoxy-
o - 7,7-dimethyl-2’,5 -dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3’-
indoline]-3-carbonitrile) (Table 3, 6i): White powder, m.p. 200
g e <°C. Umax (KBr) 3301, 1738, 1690, 1601 cm~!. TH-NMR (400 MHz,
e DMSO-d6): § (ppm) 105 (s, 6H, CH;), 1.23 (s, 6H, CHs), 2.08 -
2000 e 2.27 (m, 4H, CH,), 2.54-2.73 (m, 4H, CH,), 3.68 (s, 6H, OMe), 5.04
(s, 4H, CH,), 6.74 - 6.76 (m, 4H, Ar), 7.09-7.12 (m, 2H, Ar), 7.35 (s,
4H, NH,), 7.50-7.54 (m, 2H, Ar), 7.68 - 7.72 (m, 2H, Ar). 3C-NMR
2000 (100 MHz, DMSO-d6): & (ppm) 27.6, 28.1, 32.7, 41.2, 47.7, 50.5,
55.7, 58.1, 110.0, 110.6, 111.2, 113.0, 117.9, 126.6, 127.6, 132.8, 135.2,
136.1, 155.5, 158.4, 164.9, 178.6, 195.4.
1000
Peta 3. Results and discussion
‘ FeKp
0 DAL L b As shown in Scheme 1, Fe304@SiO,-n-(propyl)-guanine was

10.

prepared in several steps (for details see Experimental section).
Fig. 5. EDX Pattern of the catalyst (Scheme 1).
Prepared catalyst was then characterized using various micro-
scopic and spectroscopic techniques such as FI-IR, XRD, VSM,
7.48-754 (m, 6H, NH, and Ar). 3C-NMR (100 MHz, DMSO-d6):  ICP, TGA, SEM, EDX, HRTEM and NMR. The FT-IR spectra of
S (ppm) 27.7, 28.1, 32.5, 41.6, 47.4, 50.4, 57.0, 110.5, 111.2, 118.0, the prepared Fe;04 Fe304@Si0;,, Fe;04@SiO,-n-(propyl)-Cl and
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Fig. 6. Magnetization curve of the Fe;0,@Si0O,, Fe30,@SiO,-n-(propyl)-guanine and the recovered Fe;0,@SiO,-n-(propyl)-guanine after ten runs

Fe304@Si0,-n-(propyl)-guanine is presented in Fig. 1. For the IR
spectrum of Fe304 nanoparticles (Fig. 1a), the absorption band ap-
peared at 562 cm~! which can be attributed to the stretching vi-
bration of Fe-O bonds. In the spectrum in Fig. 1b, corresponding
to the magnetite nanoparticles coated with silica, the signals at
562 and 1090 cm™! are assigned to the stretching vibration of Fe-
0 and Si-0-Si bonds, respectively. In addition, the peak related to
the silanol groups has appeared around 3100-3500 cm!. The FT-
IR spectrum of Fe;04@SiO,-n-(propyl)-Cl is shown in Fig. 1c. In
addition to the signals appearing in Fig. 1a and 1b, the peak re-
lated to the aliphatic C-H bond is visible around 2900-2950 cm~!.
In the IR spectra for Fe;04@SiO,-n-(propyl)-guanine (Fig. 1d), the
peak around 3117 and 3320 cm~! can be ascribed to the N-H band
stretching frequency.

Quantitative determination of the organic groups stabilized on
the surface of magnetite nanoparticles was studied by thermo-
gravimetric analysis (Fig. 2). The weight loss of the catalyst be-
tween 30-800 °C as a function of temperature was determined us-
ing TGA (total weight loss is about 26.3 %). A slight weight loss be-
low 250 °C corresponds to the removal of physically adsorbed wa-
ter and involved approximately weight loss 3.8 %. 21% weight loss
is observed in the temperature range of 250 to 550, which is re-
lated to the organic groups loaded on the surface of nanoparticles.
This weight loss is equivalent to loading approximately 1 mmol of
the organic group per gram catalyst.

Fig. 3 shows the XRD patterns of the Fe;04,@SiO,-Cl,
Fe304@Si0,-n-(propyl)-guanine and the recovered Fe304@SiO,-n-
(propyl)-guanine after ten consecutive runs to check the phase pu-
rity. As can be seen in this Figure, the peaks at 20 equal 30.1°,
35.4°,43.1°, 53.4°, 57.1° and 62.6°, which can be indexed as (220),
(311), (400), (511) and (440) lattice planes of cubic magnetite, re-
spectively (JCPDS 19-629). The absence of peaks in 26 = 21.2 (110)
and 26 = 33.1 (104) indicates that both goethite («-FeOOH) and
hematite («-Fe,03) are not present as impurities in the sample.

The morphology of the catalyst was investigated by SEM and
HRTEM images (Fig. 4). Both images showed that the nanoparticles
were present as uniform particles and the size of them was less
than 15 nm. The obtained histogram (Fig. 4d) confirmed the fact
that the size of distribution for 61 observed nanoparticles was a
narrow normal one with an 8 nm average value. The HR-TEM im-
age clearly shows that the catalyst support is core-shell and a layer
of silica gel with approximately 2 nm thick covers the magnetic

nanoparticles. The SEM image shown in Fig. 4c is of a recovered
catalyst after ten consecutive runs. From the appearance of the im-
age, it is clear that the size and morphology of the nanoparticles
have been preserved.

The iron, silicon, oxygen, nitrogen and carbon atoms in the cata-
lyst structure are well seen in the energy-dispersive X-ray analysis
(EDX) (Fig. 5). Based on the data obtained from the EDX analysis
and taking into account the nitrogen atom, the amount of organic
group charged on the surface of magnetite nanoparticles is 0.99
mmol per gram catalyst, which is in good agreement with the re-
sult obtained from the TGA analysis.

Magnetic hysteresis measurement for the Fe304@SiO,-n-
(propyl)-guanine was done in an applied magnetic field at r.t., with
the field sweeping from —8000 to 8000 Oersted. As shown in
Fig. 6, the M (H) hysteresis loop for the sample was completely
reversible, showing that the nanoparticles exhibited superparam-
agnetic characteristics. The hysteresis loops reached saturation up
to the maximum applied magnetic field. The magnetic saturation
value of the Fe30,@Si0O, was 48 emu g~! at r.t. which was reduced
to 32 emu g~! after being coated with organic groups. In addition,
there was no noticeable change in the magnetic saturation of the
recovered catalyst after ten consecutive runs (Fig. 6¢).

NMR-detected hydrogen/deuterium (H/D) exchange technique
was used to determine the binding site of guanine to the propy-
Itrimethoxy silane group. As shown in Fig. 7, the hydrogen at-
tached to the nitrogen atom in a six-membered as well as the ones
attached to the amino group have been removed in the H/D ex-
change spectrum and the binding site is the nitrogen atom in 5-
membered ring.

After characterization of the Fe;0,4@SiO,-n-(propyl)-guanine, its
catalytic activity was investigated for synthesis of some spirooxin-
dole compounds in water (Scheme 2).

Initially, the multi-component reaction of dimedone (1a), mal-
ononitrile (2a), and isatin (3a) was selected as a model reaction
to optimize the reaction time and efficiency by changing parame-
ters such as solvent, catalyst, and reaction temperature (Table 1).
The low efficiency of the product in the absence of catalyst and
in water as solvent at 70°C showed that the presence of a cata-
lyst was necessary to perform this reaction (Table 1, entry 1). The
model reaction was then examined in the presence of different
amounts of catalyst, and by using 0.02 g of it, the product 4a was
obtained with an excellent efficiency of 99% after 20 minutes of
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Fig. 7. H/D exchange method to determine the binding site of guanine to the trimethoxy silane propionate group.
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Scheme 2. Synthesis of some spirooxindole compounds in the presence of Fe;0,@SiO,-n-(propyl)-guanine

Table 1

Optimization of the reaction conditions for the synthesis of spirooxindole 4a.?

Yield (%)b Temp. (°C)  Time (min) Catalyst (mol%)  Solvent Entry
Trace 70 300 - H,0 1
75 70 20 0.5 H,0 2
88 70 20 1 H,0 3
94 70 20 1.5 H,0 4
99 70 20 2 H,0 5
99 70 20 2 H,0 6
84 50 20 2 H,0 7
67 r.t. 20 2 H,0 8
96 70 20 2 EtOH/H,0 (1:1) 9
92 70 20 2 EtOH 10
89 70 20 2 DMSO 11
82 70 20 2 Toluene 12
88 70 20 2 PEG-400 13
79 reflux 60 2 DCM 14
84 reflux 60 2 MeOH 15

aReaction conditions: dimedone (1a) (1 mmol), malononitrile (2a) (1 mmol), isatin (3a) (1
mmol), Fe30,@Si0,-n-(propyl)-guanine as the catalyst, solvent (5 mL). *Isolated yields. ¢ Gua-
nine as the catalyst.
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Table 2
The structures of the synthesized spirooxindoles 4a-ta. See Ref. [81].

v 0
- R
; X_ CN
NS N Vo N O Cat. (2 mol%), H,0 (5 mL)
H 70 °C, 20 minutes
1 2 3 4
Me\
NH o) NH Me F NH
0
e e e
0~ "NH, 0~ "NH, 0" NH,
4a, 99%, m.p.305-308 4b, 98%, m.p. 272-275 4c, 93%, m.p. 274-276 4d, 93%, m.p. 283-286
(Lit. [75]; 307-310) (Lit. [60]; 272-275) (Lit. [76]; 275-277) (Lit. [81]; 283-284)
O,N NH
0
0
) CN
0~ "NH,
4e, 96%, m.p. 290-294 41, 96%, m.p. 290-292 4g,91%, m.p. 306-308  4h, 99%, m.p. 290-292
(Lit. [76]; 293-294) (Lit. [78]; 290-292) (Lit. [77]; 306-307) (Lit. [78]; 290-292)

4i, 99%, m.p.270-272 4j, 95%, m.p. 276-279 4k, 97%, m.p.273-275 41, 98%, m.p. 285-288
(Lit. [60]; 270-272) (Lit. [78]; 279-280) (Lit. [81]; 293 (dec.) (Lit. [76]; 288289)

Cl NH
o)
0
HN B CN
O)\N 0~ NH,
H
4m, 97%, m.p. 307-309 4n, 94%, m.p. 302-305 40, 88%, m.p. 275-276 4p, 87%, m.p. 235-239
(Lit. [78]; <300) (Lit. [79]; 302-304) (Lit. [14]; 276-278) (Lit. [14]; 237-240)
O,N NH
o)
0
HN B CN
O)\N 0~ NH, Me
H ! 0~ "NH,
Ph
4q, 84%, m.p. 285-288 4r, 81%, m.p. 236-238. 4s, 91%, m.p. 256-259 4t, 94%, m.p. 233-235
(Lit. [14]; 286-288) (Lit. [14]; 235-237) (Lit. [43]; 258-260) (Lit. [81]; 242 (dec.))

aReaction conditions: 1 (1 mmol), 2 (1 mmol) and 3 (1 mmol), catalyst (0.02 g), H20 (5mL), 70 °C. The yields refer to the isolated pure products.
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Table 3
The structures of the synthesized bis-spirooxindole derivatives 6a-ia

R R
a

o CN Cat. (2mol%) .~~~

+2 0 2 —

N N NS CN H,0,70°C,6h  °

o o o
o o
5 1

2 6
Me_ Me j)]\
_0 _0 HN NH0
'Q OQ N 'S OQ N o7 /@ N
~ X X
H,N N N SV N N N Ve N N N o N2
NC NC NC
6] Y o 0 o o)
z z o
o o HN TNH
Me Me le)
62, 97%, m.p. 303-304 6b, 94%, m.p. 298-300 6¢, 93%, m.p. 196-200
o Me_ Me Me. Me
Me- /U\ Me
N° N _0 Me Br
S o S O X °
o _0 CN 0\ CN O\ -0 CN
~
H,N N N X NH, H,N N N, SN NH, H,N N N SN NH,
NC NC NC
O =0 O 0 lo) =0
o
0 N Me¢ Br o~
MC/N\H/ “Me
0 Me Me Me Me
6d, 90%, m.p. 233-237 6e, 93%, m.p. 204-208 6f, 96%, m.p. 212-215
Me_ Me Me_ Me Me Me
Mg
NO, Cl 0
B o X C()) A o
O\ -0 CN 0\ CN 0 0 CN
~
N N N LU AN N N SLLE TN N N e VH2
NC NC NC 2
0 O 0 A0 % 0
O,N o~ cl 0~ 0
Me
Me Me Me Me Mé Me
6g, 87%, m.p. 316-318; 6h, 91%, m.p. 325-328 6i, 95%, m.p. >200

aReaction conditions: 1 (2 mmol), 2 (2 mmol) and 5 (1 mmol), catalyst (2 mol%), H20 (5 mL), 70 °C, 6 h. The yields refer to the isolated pure products.
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Fig. 8. Reusability results of the catalyst in the preparation of product 4a
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Scheme 3. Synthesis of bis-spirooxindole derivatives
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Scheme 4. A plausible reaction mechanism

the reaction time (Table 1, entries 2-5). The model reaction was
also tested in the presence of guanine (0.02 g, 0.13 mmol) in wa-
ter at 70°C and the corresponding product was obtained in ex-
cellent yield (99% yield), but the reaction in the presence of the
Fe304@Si0,-n-(propyl)-guanine was cleaner and the product eas-
ier to separate. At the same time, the catalyst was easily sepa-
rated from the reaction mixture, by applying an external magnet

1

and reused (Table 1, entry 6). As the temperature dropped, the effi-
ciency of the product also decreased. These results showed that the
temperature played an effective role in reaction efficiency (Table 1,
entries 7-8). In another effort, the model reaction was carried out
in various solvents such as EtOH/H,0 (1:1), EtOH, DMSO, toluene,
PEG-400, CH,Cl,, and MeOH (Table 2, entries 9-15). In all cases,
the efficiency was good, although there was the highest efficiency
in water solvent.

With the optimized reaction conditions in hand, the scope and
efficiency of this protocol was explored by employing different
isatin derivatives, malononitrile and dicarbonyl compounds and the
results were summarized in Table 2. As shown in this table, a
series of differently substituted isatins with electron withdraw-
ing and electron donating groups reacted with malononitrile and
1,3-cyclohexanedione or dimedone and the desired products were
obtained in excellent yields (products 4a-n). Also, the other car-
bonyl compounds such as barbituric acid (products 40-q) and thio-
barbituric acid (product 4r) were easily transformed into the cor-
responding products in good yields. The product of the reaction
between dimedone, isatin, and ethyl cyanoacetate was also iso-
lated by 91% efficiency. Moreover, when the 5-methyl-2-phenyl-
2,4-dihydro-3H-pyrazol-3-one reacted with malononitrile and 5-
fluoroisatin, the corresponding product 4t was isolated with 94%
yield. All isolated products were known and gave satisfactory phys-
ical and spectral data (melting points, FI-IR, and 'H and 3C NMR)
compared with those reported in the literature.

The structures of the synthesized bis-spirooxindoles are shown
in Table 3. Generally speaking, some 1,3-dicarbonyl compounds
(namely dimedone, 1,3-cyclohexanedione, barbituric acid, and
dimethyl barbituric acid) were treated with bis(isatin) and its
derivatives and malononitrile to give the corresponding products
in good yields (Table 3, products 6a-i).

A plausible reaction mechanism for the synthesis of compounds
4 or 6 in the presence of Fe304,@SiO,-n-(propyl)-guanine is shown
in Scheme 4. At first, the malonitrile derivatives 2 is converted to
the corresponding carbanion nucleophile in the presence of the
catalyst followed by the fast Knoevenagel condensation between
isatine derivative 3 and carbanion compound 2 to produce the
olefin 7. Then, Michael addition of olefin 7 with 1,3-dicarbonyl
compound 1 followed by proton transfer and tautomerization pro-
vides the corresponding mono or bis-spirooxindoles 4 or 6.

Easy separation by external magnet and reusability up to ten
times are prominent features of our catalytic system. Reusability of
the catalyst was studied in the preparation of compound 4a. After
completion of the reaction in the first run, the catalyst was easily
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Fig. 9. FT-IR spectra of recovered Fe;0,4@SiO,-n-(propyl)-guanine after ten consecutive runs

separated from the reaction mixture by using an external magnet;
it was washed with distilled water (2 x 5 mL), ethanol (2 x 5 mL),
and acetone (2 x 5 mL) respectively, dried at ambient temperature
and immediately used in the next step. The reaction was repeated
for up to ten consecutive runs without significant change in the
efficiency of the reaction (Fig. 8). As mentioned above, and based
on the recorded analyzes of the recovered catalyst after ten con-
secutive runs, the size, morphology and magnetic properties of the
catalyst did not change much.

Fig. 9 also shows the FT-IR spectrum of the recovered catalyst.
As can be seen, it does not differ from the spectrum of the orig-
inal catalyst, and all the functional groups in the structure of the
catalyst are clearly visible.

In summary, the Fe30,@SiO,-n-(propyl)-guanine was used as
an efficient and recyclable catalytic system for the one-pot syn-
thesis of spirooxindole derivatives in aqueous media using read-
ily available starting materials. This heterogeneous and magneti-
cally separable catalyst was used for ten consecutive runs with-
out any noticeable reduction in efficiency. The advantages of the
presented methodology are its simplicity, short reaction times, re-
coverable catalyst, high yields, easy work-up, aqueous media and
environmentally benign mild reaction conditions.
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