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1. Introduction

The pyrimidine structure is a key skeleton found in many
known drugs. Among them pyrimidine-fused
heterocycles such as pyrido-pyrimidines are important
derivatives of organic compounds that have various
biological and medicinal properties such as anti-tumor,
anti-viral, anti-oxidant, antifungal [1-10]. The indole
structure is also a well-known heterocycle that is found in
many natural and medicinal compounds [11].
Furthermore, the spiro-oxindole constitutes the essential
framework of various pharmacological agents and natural

alkaloids [12]. In addition, it has been observed that
incorporating the indole 3-carbon atom during the
creation of spiro oxindole derivatives can greatly enhance
their biological activity [13]. Also, spirocyclic
frameworks is found in many natural and medicinal
compounds [14]. In synthesis of this skeleton, chemists
often face serious challenges, as its synthesis requires
special design and strategy because there is a possibility
of rearrangement into other organic compounds [15]. For
this reason, the synthesis of these compounds has always
been of interest to chemists, and numerous reports have
been presented in this field [16-18].
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L-proline has been used as a useful catalyst in many
organic reactions due to its several structural features. L-
proline, due to its two functional groups, amine and acid,
behaves as both a Bronsted acid and a base in many
reactions, or exhibits both behaviors during the same
mechanism.

Also, the presence of amino and carboxylic acid
groups in the vicinity makes it an excellent chelating agent
and therefore forms metal chelates in metal-catalyzed
reactions. On the other hand, because it is chiral, it can be
used to synthesize chiral compounds with high
stereoselectivity [19].

Multicomponent reactions are recognized as very
powerful tools in synthetic organic and medicinal
chemistry for the synthesis of the complex products in a
single step from simple starting materials. The
combination  of  magnetic  nanocatalysts  and
multicomponent reactions will become an emerging
strategic research area and is an ideal blend for the
development of sustainable methods in green synthetic
chemistry [20-25].

Based on this, in this research and in continuing our
efforts to synthesize of spiro oxindole [26-28] and pyrido-
pyrimidine compounds [29], and synthesis of new nano-
catalyst for the synthesis of organic compound [30-34], as
well as the widespread use of proline as a catalyst in
organic reactions, We designed nano catalyst
Hercynite@SiO,-APTS-Proline as a novel and efficient
catalyst by immobilization of proline on the surface of
hercynite as a magnetic nanoparticle support.

Then, these nanoparticles were efficiently applied as
efficient and reusable catalyst for the synthesis of novel
spiro[indoline-3,5'-pyrido[2,3-d] pyrimidine] (SIPP) and
spiro[indoline-3,5"-pyrido[2,3-d:6,5-d"ldipyrimidine
(SIPDP) derivatives.

2. Materials and methods
2.1. Characterization

The chemicals and solvents used were purchased from the
Merck of Germany and domestic companies. The progress
of the reaction was monitored by TLC using silica gel 60,
F265 mercury-coated aluminum plates. The melting
temperature of the synthesized compounds was measured
by the electrothermal apparatus 9200.

Infrared spectra were recorded on a KBr tablet with a
spectrophotometer between the 8900 Shimadzu model
and the nuclear magnetic resonance spectra ('3C NMR, 'H
NMR) with a Broker device, 250 and 400 MHz in a
DMSO-ds solvent.

Chemical shifts (6) were measured in ppm relative to
the TMS internal reference. Elemental analysis was
carried out on a Thermo Finnigan Flash EA 1112 series
instrument.
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2.2. General procedure for synthesis of N-alkyl isatin

Isatin (1 mmol, 0.14 g) was dissolved in DMF (3 mL) and
potassium carbonate (1.3 mmol, 0.179 g) added to it and
mixed together. Then, alkyl halide (1.2 mmol) was added
to the reaction mixture and heated at 100 °C. After 75
minutes, the reaction mixture was passed through filter
paper while hot and then the filtered solution was cooled,
the precipitate formed was separated and washed several
times with water and at the end recrystallized by ethanol.

2.3. Preparation of Hercynite MNPs

Hercynite (FeAl,O4) MNPs were prepared by a chemical
coprecipitation process according to previous reported
method [35]. A mixture of FeCl,.. 4H,0O (4 mmol, 0.5 g)
and AI(NOs3)3. 9H,O (2 mmol. 0.5 g) was dissolved in
1000 mL of distilled water and stirred at 80 °C under
nitrogen gas. Then 10 mL of 0.2 M soda solution was
added to the reaction mixture until the pH of the reaction
mixture reached to 12. After stirring the mixture for 30
minutes, hercynite nanoparticles were collected with an
external magnet. It was washed several times with
deionized water and ethanol and then dried in an oven at
75 °C for 4 hours.

2.4. Preparation of proline supported on the surface
of hercynite ([Hercynite@SiO2-APTS-proline])

The SiO, shell was encapsulated on the surface of
prepared hercynite to obtain Hercynite@SiO, MNPs in
accordance with previously reported methods for FeAl,O4
surface modification [36]. Hercynite@SiO, MNPs were
functionalized with aminopropyl groups by mixing the
prepared Hercynite@SiO- MNPs (1g), 3-
aminopropyltrimethoxysilane (APTS; 5 mmol) and dry
toluene (40 mL) in a round-bottom flask. The mixture was
stirred for 24h at room temperature. Then, the
Hercynite@APTS-Proline was synthesized by refluxing a
mixture of proline, Hercynite@SiO,-APTS and
acetonitrile as solvent for 8h in the presence of
triethylamine. Finally, Hercynite@SiO,-APTS-Proline
MNPs were separated by a magnet (1.4 T) (Scheme 1).

2.5. General method for the synthesis of SIPP (4) and
SIPDP (5)

A mixture of 6-aminouracile (1 mmol. 0.127g), methyl
cyanoacetate or barbituric acid (1 mmol), isatin
derivatives (1 mmol) and Hercynite@SiO,-APTS-Proline
(0.07 g) as catalyst in 5 mL ethanol was
refluxed/sonicated. After the reaction is complete
(monitored by thin-layer chromatography), the 7'-amino-
2,2' 4'-trioxo-2',3",4',8'-tetrahydro-1'H-spiro[indoline-

3,5'-pyrido[2,3-d]pyrimidine]-6'-carbonitrile derivatives
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(4a-h) or  10',10a'-dihydro-1'H-spiro[indoline-3,5'-
pyrido[2,3-d:6,5-d"|dipyrimidine]
2,2'.4'6'8'(3'H,4a'H,7'H,9'H)-pentaone ~ (9a-¢)  were
precipitated. To isolate the Hercynite@SiO>-APTS-
Proline MNPs from the products, 10 mL of hot ethanol
was added into the mixture, which was subsequently
heated until the precipitate fully dissolved.

Following this, the magnetic nanocatalyst was
separated using a magnet (1.4 T), and the mixture
underwent filtration. The crude products were then
allowed to cool to room temperature, separated through
filtration, and crystallized from ethanol to yield the pure
compounds.

2.6. Spectroscopic data
2.6.1. Compound 4a

FT-IR (KBr): 3440, 3402, 3068, 2954, 1708, 1652, 1629,
1463 cm™'. 'TH NMR (400 MHz, DMSO-ds): 8: 11.26 (s,
2H, NH>), 7.81 (s, 1H, NH), 7.69 (s, 1H, NH), 7.42-7.31
(m, 4H, H-Ar), 6.61 (s, 1H, NH), 5.58 (s, 1H, NH), 3.82
(s, 3H, O-CH3) ppm. '*C NMR (100 MHz, DMSO-dy): 6:
164.5, 161.4, 159.9 153.9, 151.1, 144.7, 141.0, 138.8,
134.1, 128.0, 127.3, 124.7, 81.7, 79.1, 49.9, 46.2 ppm.
Anal. Calcd. for C16H13N50s: C, 54.09; H, 3.69; N, 19.71;
found: C, 54.11; H, 3.72; N, 19.69.

2.6.2. Compound 4b

FT-IR (KBr): 3400, 3242, 3199, 3170, 3064, 2950, 2869,
1724, 1701, 1658, 1610, 1521, 1463 cm™'. 'H NMR (250
MHz, DMSO-ds): 8: 11.58 (brs, 2H, NH), 7.36-7.02 (m,
SH, NH, H-Ar), 6.08 (s, 1H, NH), 5.09 (s, IH, NH), 3.21
(s, 3H, O-CH3), 2,85 (s, 3H, N-CH;) ppm. '3C NMR
(62.89 MHz, DMSO-dy): 6: 174.5, 163.1, 158.9, 150.6,
148.7, 147.7, 144.1, 130.5, 129.4, 126.9, 123.3, 113.8,
109.4, 90.0, 49.7, 43.8, 31.6 ppm. Anal. Calcd. for
C17H5N50s: C, 55.28; H, 4.09; N, 18.96; found: C, 55.25;
H, 4.11; N, 18.99.

2.6.3. Compound 4c

FT-IR (KBr): 3444, 3261, 3134 (N-H amine), 3095 (C-H
Aromatic), 2894 (C-H Aliphatic), 1731 (C=0O ester),
1674, 1605 (C=0 amide), 1600, 1517, 1465 (C=C) cm™'.
"H NMR (250 MHz, DMSO-dp): 8: 11.67 (brs, 2H, NH,),
7.62-6.80 (m, 9H, H-Aromatic), 6.40 (s, 1H, NH), 5.18 (s,
1H, NH), 4.90 (m, 2H, N-CH>), 4.84 (s, 1H, NH), 3.06 (s,
3H, O-CH3) ppm. *C NMR (62.89 MHz, DMSO-dy): §:
174.8, 163.1, 159.7, 159.0, 151.1, 150.7, 147.8, 144.8,
143.3, 137.6, 136.3, 130.4, 128.8, 127.2, 123.4, 121.8,
113.6, 110.1, 107.9, 91.0, 49.7, 44.1, 43.9 ppm. Anal.
Calcd. for Cy3Hi9gNsOs: C, 62.02; H, 4.30; N, 15.72;
found: C, 62.05; H, 4.28; N, 15.75.
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2.6.4. Compound 4d

IR (KBr): 3467, 3456, 3184, 3178, 3026, 2964, 1715,
1687, 1635, 1514, 1469, 746 cm™. '"H NMR (250 MHz,
DMSO-dy): 6: 11.73 (brs, 2H, NH>), 8.03-6.87 (m, 7H, H-
Ar), 6.25 (s, 1H, NH), 5.22 (s, 1H, NH), 5.20- 5.02 (m,
2H, CH,), 4.82 (s, 1H, NH), 3.07 (s, 3H, O-CH3) ppm. 1*C
NMR (62.89 MHz, DMSO-ds): 5: 175.0, 162.9, 159.1,
150.6, 147.8, 142.9, 133.3, 132.5, 130.7, 129.8, 129.4,
127.8, 126.9, 123.7, 113.7, 109.8, 89.8, 49.8, 43.9, 41.73
ppm. Anal. Caled. for C23H7CLLNsOs: C, 53.71; H, 3.33;
N, 13.62; found: C, 53.73; H, 3.35; N, 13.65.

2.6.5. Compound 4e

FT-IR (KBr): 3329, 3112, 3080, 2920, 1743, 1615, 1522,
1485, 771 cm™. "TH NMR (250 MHz, DMSO-dy): 6: 10.52
(s, 2H, NH,), 10.33 (s, 2H, NH), 7.21-7.02 (m, 4H,
Aromatic), 3.39 (s, 3H, O-CH3), 3.23 (s, 3H, N-CH3), 3.18
(s, 3H, N-CH3) ppm. 3C NMR (62.89 MHz, DMSO-
ds): 8: 170.8, 164.1, 151.3, 150.3, 144.6, 140.1, 137.2,
131.4,129.1,128.1,127.7,122.1,121.4,119.1, 56.0,45.2,
30.3, 28.4 ppm. Anal. Calcd. for CigHi7NsOs: C, 56.39;
H, 4.47; N, 18.27; found: C, 56.36; H, 4.50; N, 18.25.

2.6.6. Compound 4f

FT-IR (KBr): 3429, 3060, 2941, 1727, 1689, 1627, 1533,
1469, 744 cm™'. '"H NMR (250 MHz, DMSO-dp): 6: 11.13
(s, 1H, NH), 10.28-10.09 (2H, NH), 7.77-7.53 (m, 4H,
Aromatic), 3.53 (s, 6H, N-CH3), 3.33 (s, 3H, O-CH3), 2.99
(s, 3H, N-CH3) ppm. 3C NMR (62.89 MHz, DMSO-
ds): 6: 171.6, 165.8, 162.7, 161.5, 155.8, 154.6, 151.4,
150.3, 149.6, 139.1, 133.6, 130.5, 128.8, 111.4, 58.5, 58.0,
36.2, 32.5, 31.7 ppm. Anal. Calcd. for Ci9Hi9NsOs: C,
57.43; H, 4.82; N, 17.62; found: C, 57.45; H, 4.83; N,
17.65.

2.6.7. Compound 4g

FT-IR (KBr): 3421, 3050,2931, 1729, 1670, 1635, 1560,
1502, 756 cm™. 'H NMR (400 MHz, DMSO-ds): 8: 9.06
(s, 1H, NH), 7.97-6.68 (m, 11H, H-Ar, NH,), 4.53 (dd,
2H, J=16.0 Hz, CH>), 3.73 (s, 3H, O-CH3), 3.38 (s, 6H,
N-CH3), 3.24 (s, 3H, N-CH3) ppm. *C NMR (62.89 MHz,
DMSO-dp): 6: 176.0, 162.8, 161.4, 158.6, 151.1, 143.9,
141.8, 134.3, 133.5, 133.3, 133.0, 130.6, 129.5, 129.4,
129.1, 128.2,124.9,123.1, 115.4, 114.8, 61.4, 56.1, 55.6,
28.9, 27.6 ppm. Anal. Calcd. for C2sH»3NsOs: C, 63.42;
H, 4.90 N, 14.79; found: C, 64.45; H, 4.89; N, 14.76.

2.6.8. Compound 4h

FT-IR (KBr): 3342, 3238, 3020, 2923, 1730, 1671, 1642,
1562, 1442, 797 cm™. '"H NMR (250 MHz, DMSO-dy):
6:10.41 (s, 1H, NH), 7.40-7.29 (m, 7H, Aromatic), 4.67
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(m, 2H, CH>), 3.76 (s, 3H, O-CH3), 3.71 (s, 3H, N-CHa),
3.59 (s, 3H, N-CH3) ppm. 3C NMR (62.89 MHz, DMSO-
ds176.4,160.9, 151.3, 147.1, 142.2, 139.5, 138.8, 136.8,
134.3, 134.2, 128.6, 128.5, 128.0, 127.7, 127.4, 126.4,
124.8, 124.6, 122.0, 114.0, 56.1, 56.0, 42.6, 29.3, 28.0
ppm. Anal. Caled. for C>sH21ClbNsOs: C, 55.36; H, 3.90;
N, 12.91; found: C, 55.39; H, 3.92; N, 12.93.

2.6.9. Compound 9a

FT-IR (KBr): 3440, 3234, 3116, 3060, 1726, 1691, 1649,
1612, 1539, 1510, 1431 cm™. 'H NMR (250 MHz,
DMSO-dp): 6:11.56 (s, 1H, NH), 10.60 (s, 1H, NH), 10.44
(s, 1H, NH), 9.08 (s, 1H, NH), 7.13-6.86 (m, 5H, NH, H-
Ar) ppm. 3C NMR (62.89 MHz, DMSO-dy): &: 181.7,
162.4, 157.3, 152.4, 151.5, 150.3, 146.5, 135.7, 128.6,
126.9, 123.6, 121.3, 116.6, 97.6, 82.5, 50.5 ppm. Anal.
Calced. for CigHioNgOs: C, 52.47; H, 2.75; N, 22.94;
found: C, 52.50; H, 2.78; N, 22.91.

2.6.10. Compound 9b

FT-IR (KBr): 3440, 3234, 3316, 3060, 2954, 1726,
1691,1649, 1539, 1510 cm™. "H NMR (250 MHz, DMSO-
de): 8:12.03 (brs, 2H, NH), 10.81 (s, 1H, NH), 10.21 (s,
1H, NH), 9.07 (s, 1H, NH), 7.12-6.82 (m, 4H, H-Ar), 3.07
(s, 3H, N-CH;) ppm. 3C NMR (62.89 MHz, DMSO-
ds): 6: 178.0, 161.4, 159.5, 150.4, 149.4, 145.3, 144 .4,
144.2,134.7, 128.2, 123.3, 121.7, 107.3, 89.1, 56.4, 30.4
ppm. Anal. Caled. for Ci7H12N6Os: C, 53.69; H, 3.18; N,
22.10; found: C, 53.71; H, 3.20; N, 22.08.

2.6.11. Compound 9c

FT-IR (KBr): 3458, 3433, 3240, 3197, 3161, 3101, 3026
(C-H Aromatic), 2953 (C-H Aliphatic), 1687 (C=0),
1726, 1701, 1664, 1612, 1521, 1465, 757, 746 cm™'. 'H
NMR (250 MHz, DMSO-dp): 6: 10.30 (s, 1H, NH), 9.80
(s, 1H, NH), 8.10 (s, 1H, NH), 7.93-6.37 (m, 7H, H-Ar),
5.71 (brs, 2H, NH), 4.78 (dd, 2H, J = 17.4 Hz, CH>) ppm.
BC NMR (62.89 MHz, DMSO-dy): 8: 162.1, 159.7,
151.3, 143.9, 134.1, 132.9, 132.7, 130.7,128.9, 127.6,
123.5, 122.2, 107.3,42.3, 34.8 ppm. Anal. Calcd. for
Ca3H14CINgOs: C, 52.59; H, 2.69; N, 16.00; found: C,
52.58; H,2.71; N, 16.03.

FeCly. 4H,0 N )
. NaOH @ TEOS, EtOH %96
AlNO,),. 9H,0 N, atmospher NH_ OH, Water, r.t.
Proline @
—nToune __ |
Reflux, 8h

N, atmospher

2.6.12. Compound 9d

FT-IR (KBr): 3440, 3234, 3060, 2945, 1691, 1649, 1612,
1539, 1431, 754 cm’. 'H NMR (250 MHz, DMSO-dj):
8: 11.80 (s, 1H, NH), 9.25 (s, 2H, NH), 8.63-7.41 (m, 5H,
NH, H-Ar), 3.34 (s, 3H, N-CHj3), 2.99 (s, 3H, N-CH3)
ppm. 3C NMR (62.89 MHz, DMSO-dy): §:167.7, 164.0,
157.9, 153.9, 151.7, 149.9, 136.1, 134.8, 130.6, 129.1,
125.6, 123.2, 118.7, 108.4, 104.0, 53.9, 30.8, 27.4 ppm.
Anal. Calcd. for C1sH4NgOs: C, 54.82; H, 3.58; N, 21.31;
found: C, 54.80; H, 3.60; N, 21.28.

2.6.13. Compound 9e

FT-IR (KBr): 3433, 3055, 2970, 1658, 1604, 1527, 1461,
705 cm. "H NMR (250 MHz, DMSO-ds): &: 11.29 (s,
1H, NH), 9.30 (s, 2H, NH), 7.02-6.67 (m, 7H, H-Ar), 4.52
(d, 1H, J=16.0 Hz), 4.62 (d, 1H, J = 16.0 Hz), 3.16 (s,
3H, N-CH3), 3.30 (s, 3H, N-CH3) ppm. '*C NMR (62.89
MHz, DMSO-ds): 5:167.8, 166.0, 164.6, 162.9, 150.6,
147.8, 144.7, 142.9, 139.0, 133.3, 132.6, 130.7, 129.8,
129.3,127.8,126.9, 125.1,123.7,117.4,113.7,49.8,43.9,
31.7,28.2 ppm. Anal. Calcd. for C»sHi3ClNgOs: C, 54.26;
H, 3.28; N, 15.19; found: C, 54.29; H, 3.31; N, 14.21.

3. Result and discussion
3.1. Preparation and characterization of catalysts

Hercynite with the formula FeAl,O4 and the composition
of the percentage of elements 31% aluminum, 32 % iron
and 37% oxygen is a black oxide mixture with a spinel
structure that one out of the eight tetrahedral sites
occupied with Fe?" cations and one half of the octahedral
sites are occupied by AI*" cations [37]. Hercynite was
found in chromite but due to the difficulty of extracting
these pure types, in industry it is obtained through
synthesis. Among the properties of hercynite, high
temperature stability and chemical resistance against
alkalis and sulfates can be mentioned. In this research,
modified hercynite nanoparticles [Hercynite@SiO»-
APTS-Proline] were successfully prepared according to
the method presented in the experimental section, as
shown in Scheme 1.

(8}

LA 2 —0—817 ~" S,
24h, .t 3 ‘

Ny
(¢}

I

HN——/

Scheme 1. Synthesis of Hercynite@SiO,-APTS-Proline
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Fig. 1 shows the FT-IR spectra of Hercynite, Fig. 2 shows powder x-ray diffraction (P-XRD) of
Hercynite@SiOs, Hercynite@Si0,-APTS, and Hercynite and Hercynite@SiO>-APTS-Proline. As it can
Hercynite@Si0,-APTS-Proline  MNPs. In Fig. la, be seen, the successful synthesis of hercynite MNPs was

correspond to Hercynite (FeAl,O4) MNPs, absorption
tape at 580-600 cm! is related to Fe-O and Al-O
stretching vibrations. Moreover, bands at about 3420—
3450 cm™! are related to stretching vibrations of the
hydroxyl and interlayer water molecules [35,38]. In
Hercynite@SiO, spectrum (Fig. 1b), the characteristic
bonds at 1100 cm™! (Si—O) indicates silica coating on the
surface of the MNPs [39-41].

In the Hercynite@SiO,-APTS spectrum (Fig. 1c), the
appearance of a double band in the region of 3300-3400
cm! related to NH, group indicates the addition of APTS
to the Hercynite@SiO,. The spectrum of proline (Fig. 1d)
absorption band in the region of 1700 cm™! corresponds to
the carbonyl group and the broad peak in the region of
3000-3500 cm ™! corresponds to the carboxylic acid group.
Also, the peaks at 1356 and 1464 cm™! are related to the
bending vibration of N-H. Comparing Fig. Ile
(Hercynite@SiO,-APTS-Proline) with Fig. 1c and Fig. 1d
shows that the double band related to the amino group in
Fig le disappeared, in comparison with Fig. 1c, and the
carbonyl group in Fig.1d is weakened and moves the
absorption to a lower frequency show that the acidic group
of proline has reacted with the amino group of
Hercynite@SiO,-APTS and nano-catalyst
Hercynite@SiO,-APTS-Proline has been synthesized,
successfully.

justified by the XRD peak positions at 260 =30.59, 32.15,
35.99, 43.65,45.87, 54.11, 57.61, 63.27, 71.81, 74.65 and
75.70, which are related to (20 0),(03 1), (311),(400),
(110),(422),(111),(440),(620),(533)and(111)
reflections, respectively [35]. Also, the similarity of the
XRD pattern of Hercynite@SiO,-APTS-Proline with
hercynite, shows that it has an octahedral structure.
However, the two high order (0 3 1) and (1 1 0) diffraction
peaks disappeared, indicating the peak reflections
originating from the core magnetite.

Energy dispersive X-ray (EDX) analysis of
Hercynite@SiO,-APTS and Hercynite@SiO,-APTS-
Proline MNPs is shown in Fig 3. Presence of elements of
C(33.7w % O (26.6 w %),), Fe (23.4 w %), Si (7.1 w %),
N (6.1 w %) and Al (3.1 w %) in the structure of
synthesized Hercynite@SiO,- APTMS (Fig. 3a) and
existence of C (34.2 w % ), O (26.6 w %), Fe (22.2w %),
Si (6.1 w %), N (7.9 w %) and Al (3.0 w %) elements in
the structure of synthesized Hercynite@SiO,-APTS-
Proline MNPs confirms that the mentioned structures
have been successfully synthesized. The comparison of
Fig. 3a and 3b shows that the decrease in the percentage
of Fe, Si, Al elements and an increase percentage of
carbon and nitrogen elements in Hercynite@SiO,-APTS-
Proline is due to the binding of proline on the structure of
Hercynite@SiO,-APTS MNPs.
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Figure 1. FT-IR spectra of Hercynite (1a), Hercynite@SiO, (1b), Hercynite@SiO,-APTS (1c¢), Proline (1d) and Hercynite@SiO,-APTS-Proline MNPs (1e)
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Figure 3. Energy dispersive X-ray (EDX) analysis of Hercynite@SiO,-APTS (a) and Hercynite@SiO,-APTS-Proline (b)

Scanning electron microscopy (SEM) techniques
(Fig. 4), shows the spherical morphology for the hercynite
(Fig. 4a) and Hercynite@SiO»-APTS (Fig. 4b) which
consist of a series of regular particles having a mean
diameter of 29-78 nm. The transmission electron

10.57647/ijc.2026.1602.18

microscopy (TEM) images for the hercynite (Fig. 4c) and
Hercynite@SiO»-APTS (Fig. 4d) were studied and the
uniform spherical nanoparticles with a dark core
surrounded by a light shell in Fig. 4d confirmed the
presence of APTS-Proline shell on the core of hercynite.
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Figure 4. SEM and TEM images for Hercynite (a, ¢) and Hercynite@SiO,-APTS MNPs (b,d)
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Scheme 2. Synthesis of spiro[indoline-3,5'-pyrido[2,3-d] pyrimidine]

The magnetic hysteresis curves of the hercynite and
Hercynite@SiO,-APTS-Proline (Fig. 5) show that both of
them are superparamagnetic with distinct magnetic
properties at room temperature. The
magnetization  values for the hercynite and
Hercynite@Si0,-APTS-Proline are about 39 and 35 emu
g!, respectively. The decrease in magnetism in
Hercynite@SiO,-APTS-Proline due to the coating of
APTS and proline shell over the magnetic hercynite core.

Fig. 6 shows the TGA-DSC curve of Hercynite@SiO»-
APTS-Proline, with a total weight loss 12.96%. The
weight loss at below 150 and endothermic peak near 50 °C

saturation

10.57647/ijc.2026.1602.18

is related to the removal of water and other organic
solvents. Also, the weight lost in the region of 150-350
endothermic peak near 200 °C is related to the
decomposition of APTS-Proline. These results show
organic catalytic layer (APTS-Proline) grafted on
Hercynite@SiOs.

3.2. Catalytic studies
After synthesizing and confirming the structure of

Hercynite@SiO,-APTS-Proline, its efficiency as catalyst
was investigated for multicomponent reaction of 6-
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aminouracile, isatin and methylcyanoacetate. The
possibility of carrying out the desired reaction under two
conditions of reflux and ultrasound irradiation in the
presence of different amounts of catalyst was investigated
and compared with other catalysts (Table 1). The results
showed that in both methods, which are likely to consist
of products 4 and 5, compound 4 is the main product and
the catalyst causes the reaction to be carried out in a
regioselective manner (Scheme 2). Also, -catalyst
Hercynite@SiO,-APTS-Proline gives better results than
other catalysts in both reflux and ultrasound methods.

3.3. Reusability of catalysts
Also, reusability of Hercynite@SiO,-APTS-Proline

MNPs as catalyst was studied on the model reaction. After
the reaction is complete, the catalyst is separated (about

95% of the original amount) and washed several times
with ethanol and drying at 100 °C and reused to perform
the reaction five times. As shown in Fig. 7, with each
reuse of the catalyst, the reaction yield is slightly reduced,
but the amount of product obtained is acceptable (run 1,
92%; run 2, 90%; run 3, 87%; run 4, 83%; run 5, 81%)
which shows the stability of the catalyst after 5 recycles.
Also, comparison of FT-IR and XRD of the
Hercynite@SiO,-APTS-Proline before and after use for
the synthesis of 4a confirms that no changes were made to
the catalyst structure (Fig. 8, 9). After study of recycling
of Hercynite@SiO,-APTS-Proline MNPs, finally turn
over number (TON) and turn over frequency (TOF) of the
present catalyst were also calculated for the model
reaction based on the synthesis of 4a; they were found to
be 625.39 and 327.63 h!, respectively.

Table 1. Screening of reaction condition for the synthesis of 4a

entry  Catalyst Amount of Reflux Ultrasound (60 °C)
catalyst Time (min) Yield (%) Time (min) Yield (%)

1 Non-Cat - 480 - 120 -

2 CH3;COOH 0.5 mmol 240 58 140 62

3 Alum 0.5 mmol 200 74 120 64

4 AlCI3 0.5 mmol 220 43 120 43

5 Hercynite 0.5 mmol 180 45 120 56

6 L-Proline 0.5 mmol 180 58 60 70

7 FeAlLO4@Si0,-APTMS-proline 0.1g 120 85 30 93

8 FeAl,O4@SiO,-APTMS-proline 007g 120 82 30 92

9 FeAlL,O4@SiO,-APTMS-proline 005g 150 55 40 78

10 FeALO4@Si02-APTMS-proline 0.03¢g 170 45 50 55

100

Yield
U= = = !:FS

Figure 7. Reusability of catalyst for synthesis of 4a
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Figure 8. FT-IR of the Hercynite@SiO,-APTS-Proline before (8a) and after use (8b) for the synthesis
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Figure 9. XRD of the Hercynite@SiO,-APTS-Proline before (8a) and after use (8b) for the synthesis of 4a

3.4. The hot filtration test

The hot filtration test is used for the determination of
leaching proline from the catalyst. In the presence of
Hercynite@Si0,-APTS-Proline, synthesis of 4a was done
in the optimization condition in halftime of the reaction.
The yield of product was 64%. Simultaneously, the
synthesis of 4a was done in the same condition, with the
difference that the nanocatalyst was removed from the
mixture in the halftime of reaction and the reaction was

10.57647/ijc.2026.1602.18

continued. Finally, the yield of reaction was 69%. This
result confirmed that the leaching of proline from the
heterogeneous catalyst has not been happened.

3.5 A plausible mechanism

According to the proposed mechanism (Scheme 3), the
proline part of the catalyst acts as a Schiff base and
activates the carbonyl group of isatin to react with uracil
and obtain the intermediate 6.
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Then, methylene group of methyl cyanoacetate reacted

with 6 through the Michael addition to afford intermediate
7.

Then, intermediate 7 during the cyclization process
and then the tautomerization gives the desired product 4a.
After specifying the optimal reaction conditions on the

H
H CcoOOMe

HN P
HN
O%N [ Nbo " D
H NH; ¢ COOMe O~ "N (ONH
N H
7 6

NH

model reaction, the efficiency of catalyst for the synthesis
of SIPP (4a-h) and SIPDP (9a-¢) derivatives through the
reaction of 6-aminouracil with isatin derivatives and ethyl
cyanoacetate or barbituric acid under ultrasonic condition

was evaluated and the results are shown in Scheme 4 and
Table 2.

ON
o
HN
h‘\+
07 "N TNH,
2

Scheme 3. Proposed mechanism for the synthesis of 4a in the presence of catalyst Hercynite@SiO,-APTS-Proline
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Scheme 4. Synthesis of SIPP (4a-h) and SIPDP (9a-¢) derivatives
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Table 2. Synthesis of SIPP (4a-h) and SIPDP (9a-e) derivatives

Entry Products Reflux Ultrasound M.P
Time yield Time yield (°C)
(min) (%) (min) (%)
4a 120 82 30 92 300-302
4b 155 80 35 89 340-342
4c 160 78 40 72 305-307
4d 155 85 35 90 342-344
4e 150 80 35 92 301-304
4f 180 72 40 86 342-345
200 60 60 70 307-310
4g

10.57647/ijc.2026.1602.18
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Table 2. Synthesis of SIPP (4a-h) and SIPDP (9a-e) derivatives (continued)

Entry Products Reflux Ultrasound M.P
“°C)
Time yield Time yield
(min) (%) (min) (%)
cl cl
180 85 45 90 344-347
4h
190 70 120 76 324-326
9a
190 65 90 75 372-375
9b
9¢ 250 70 110 87 366-368
9d 260 65 170 70 327-330
Cl
9e 220 70 80 80 368-371

Cl

4. Conclusion

In this research, for the first time, a facile method for the
synthesis of Hercynite@SiO>-APTS-Proline as a novel

10.57647/ijc.2026.1602.18

magnetic nano particle was successfully designed. The
structure and composition of the prepared magnetic nano
particle were completely characterized by FT-IR, XRD,
EDX, SEM, TEM, TGA and VSM techniques. Moreover,
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the catalytic activity of this nanocomposite was
investigated for the synthesis of SIPP (4a-h) and SIPDP
(9a-¢) derivatives. High surface area, convenient
recoverability, reusability for several times without any
significant loss of catalyst activity, the use of a
commercially available materials, operational simplicity,
ease of separation by simple filtration, cheap and
chemically stabile reagents, good reaction times, simple
practical methodology and ease of use make the prepared
catalyst a promising candidate for potential applications
in some organic reactions. The possibility of forming a
complex with metals and organic pigments and removing
them is one of the other features of this synthesized

nanoparticle.
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