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Abstract

Supported 3-(3-sulfamic acid imidazolium trifluoroacetate)propyl triethoxysilane
on magnetic nanoparticles as a novel nanocatalyst was synthesized and character-
ized by FT-IR, XRD, TGA, SEM, TEM and VSM techniques. The catalytic activity
of the magnetic catalyst was studied through one-pot synthesis of triazole quina-
zolinones and fused pyrimidine derivatives via one-pot multi-component reactions
under thermal conditions. This catalyst demonstrated excellent catalytic properties
with high percentage in short reaction times, low cost and easily separated using an
external magnet and reusable without significant loss of its catalytic efficiency.
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Introduction

Nanomaterials have attracted a great deal of interest in organic synthesis because
of their high surface-to-volume ratio, which are responsible for the higher catalytic
activity [1-3]. Surface functionalized iron oxide magnetic nanoparticles (MNPs) are
a sort of novel functional materials, which have been widely used in biotechnology
and catalysis [4—12]. Magnetic nanocatalysts can easily be separated and recovered
from the products by an external magnet [13].

Multi-component reactions (MCRs) have proven to be a worthwhile asset in
organic and medicinal chemistry [14, 15]. Such procedures can be used for drug
design and drug discovery because of their simplicity, efficiency and high selectiv-
ity [15, 16]. MCRs can reduce the number of steps and present advantages, such
as low energy consumption and minor to no waste production, leading to looked-
for environmentally friendly processes. Synthesis of bioactive and complex mole-
cules should be facile, fast and efficient with minimal check-up in this methodology
[14-16].

A method for the synthesis of these compounds is utilizing MRs. Among hetero-
cycles, quinazolinones and triazolo-pyrimidine have attracted a major deal of con-
sideration [17, 18] because of their therapeutic and pharmacological attributes in
anti-HIV [19], muscle relaxant [14], neuroleptic [20], hypnotic [21], antihistaminic
[22], anti-cancer [23]. There are many studies that have employed various catalysts
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Scheme 1 Synthesis of triazole quinazolinone derivatives by in the presence of TFA-SAI-PTES-MNPs
as a nanomagnetic catalyst
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Scheme 2 Synthesis of fused pyrimidine derivatives using TFA-SAI-PTES-MNPs nanoparticle as a
nanomagnetic catalyst

for synthesis of triazole quinazolinone and fused pyrimidine derivatives via MCRs,
such as HgP,W 3O, 18H,0 [24], molecular iodine [25], acetic acid [26], ionic lig-
uids [27], sodium lauryl sulphate (SLS) micelles [28] and hydrotalcite [29].

In this paper, we synthesized a novel supported 3-(3-sulfamic acid imidazolium
trifluoroacetate)propyl triethoxysilane on magnetic nanoparticles (TFA-SAI-PTES-
MNPs) as a new magnetic ionic liquid and inspected its catalytic application for
synthesis of triazole quinazolinone derivatives from three component reactions of
aldehyde, dimedone, 3-amino-1,2,4-triazole and preparation of fused pyrimidines
derivatives from three component reactions of 4-hydroxycoumarin, arylaldehyde
and 2-aminobenzothiazole via one-pot multi-component reactions (Scheme 1 and 2).

Chemicals and materials
An Electrothermal 9100 device was used for measuring melting points. In order to

characterize desired catalyst, X-ray diffraction (XRD) pattern was recorded on a Philips
PW 1830 X-ray diffractometer with CuKa source (1=1.5418 A) at 25 °C temperature.
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The morphology of the catalyst was tested using scanning electron microscopy model
VEGA//TESCAN KYKY-EM 3200 in acceleration voltage 26 kV. Fourier transform
infrared (FT-IR) spectrum was recorded with a FT-IR Bruker vector 22 spectropho-
tometer at room temperature in the range of 400-4000 cm™'. Transmission electron
microscopy (TEM) catalyst was performed on a Philips EM 208 electron microscope.
Magnetic measurements were taken using vibration sample magnetometer (VSM,
MDK and Model 7400). Bruker DRX-400 AVANCE instrument (300 MHz for 'H,
75.5 MHz for 1*C) was used for recording of NMR spectra using CDClIj as solvent.

General procedure
Preparation of the magnetic Fe;0, nanoparticles (MNPs)

FeCl;.6H,0 (4.865 g, 0.018 mol) and FeCl,-4H,O (1.789 g, 0.0089 mol) were added
to 100 ml deionized water and sonicated until the salts dissolved completely. Then,
10 ml of 25% NH,OH (10 ml) was added quickly into the reaction mixture in one por-
tion under N, atmosphere at room temperature, followed by stirring about 30 min with
mechanical stirrer. The black precipitate was washed with doubly distilled water (five
times) (Scheme 3).

Preparation of 3-chloropropyl triethoxysilane functionalized Fe;0, nanoparticles
(CPTES-MNPs)

The obtained MNPs powder (1 g) was dispersed in 150 ml water solution by sonica-
tion for 30 min, and then, 2.5 ml of CPTES was added to the above mixture in which a
black suspension was formed. This suspension was then refluxed at 100 °C for 6 h, with
vigorous stirring. CPTES-MNPs nanoparticle was separated from the aqueous solution
by magnetic decantation, washed with distilled water several times and then dried in an
oven overnight (Scheme 4). Whole synthesis was done under N, atmosphere.

Preparation of imidazole supported on CPTES-MNPs nanoparticles (I-PTES-MNPs)

The obtained CPTES-MNPs powder (1 g) was dispersed in CH,Cl, (50 ml) solution by
sonication for 30 min, and then, 1 g imidazole was added to the above mixture in which
a black suspension was formed. This suspension was then refluxed for 12 h, with vigor-
ous stirring. HCI gas expelled from the reaction. I-PTES-MNPs nanoparticle was sepa-
rated from the aqueous solution by magnetic decantation, washed with distilled water
several times and then dried in an oven overnight (Scheme 4). Whole synthesis was
done under N, atmosphere.

Scheme 3 Preparation of Fe;0
nanoparticles o NH,4OH, N, @
! 0

80 °C, 30 min
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Scheme 4 Preparation of TFA-SAI-PTES-MNPs nanoparticles

Preparation of 3-(3-sulfamic acid imidazolium chloride)propyl triethoxysilane
functionalized Fe;0, nanoparticles (CSAI-PTES-MNPs)

The I-PTES-MNPs (0.75 g) were dispersed in dry CH,Cl, (10 ml) by ultrasonic bath
for 30 min. Eventually, chlorosulfuric acid (0.7 ml) was added dropwise over a period
of 25 min at room temperature. Hydrogen gas expelled from the reaction. Then, the
prepared functionalized MNPs nanoparticles were separated by magnetic field and
washed with dry CH,Cl, four times to remove the unattached substrates (Scheme 4).

Preparation of 3-(3-sulfamic acid imidazolium fluoroacetate)propyl
triethoxysilane functionalized Fe;0, nanoparticles (TFA-SAI-PTES-MNPs)

The CSAI-PTES-MNPs (0.5 g) was dispersed in dry CH,Cl, (10 ml) by ultrasonic bath
for 30 min. Eventually, trifluoroacetic acid (1 ml) was added dropwise over a period
of 30 min at room temperature. Hydrogen chloride was produced in the reaction and
expelled from the reaction. Then, the prepared functionalized MNPs nanoparticles
was separated by magnetic field and washed with dry CH,Cl, four times to remove the
unattached substrates (Scheme 4).
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General procedure for the synthesis of triazole quinazolinone derivatives
by TFA-SAI-PTES-MNPs nanoparticles as a new ionic liquid nanocatalyst

For the synthesis of the triazole quinazolinone derivatives, the reaction of aldehyde
1 (1 mmol), dimedone 2 (I mmol) and 3-amino-1,2,4-triazole 3 (1 mmol) was per-
formed at the presence of TFA-SAI-PTES-MNPs (15 mg) as ionic liquid nanomag-
netic catalyst with vigorous stirring in ethanol solvent under reflux conditions for
the appropriate time. After completion of the reaction, checked by TLC, the catalyst
was separated using an external magnet for separation of the catalyst, checking the
reusability. The solution containing the product was evaporated to give the solid.
The solid was recrystallized with ethanol to give the pure solid. All desired prod-
ucts were characterized by comparison of their physical data with those of known
compounds.

Selected spectra for three known and reported products are provided below

6,7-Dihydro-9-phenyl-6,6-dimethyl-[1,2,4]triazolo[5,1-b]quinazolin-
8(4H,5H,9H)-one (4a): white powder; yield (95%); mp=245-247 °C.; IR (KBr):
Vmax = 3369-3000, 2955, 2925, 1715, 1657, 1615, 1459 cm™'.; 'TH NMR (400 MHz,
DMSO-dg): 6=11.06 (1H, s, NH), 7.80 (1H, s, Ar), 7.05-7.17 (5H, m, Ar), 6.05
(1H, s, CH), 2, m.63-2.71 (2H, CH,), 2.21 (1H, d, J=8.3 Hz, CH,), 2.12 (1H, d,
J=8.3 Hz, CH,), 1.13 (3H, s, CH;), 0.92 (3H, s, CH;) ppm.; '*C NMR(100 MHz,
DMSO-di): 6=192.1 (C=0), 154.5 (C=N), 149.3 (C=N), 145.0 (CH,,), 142.1
(CH,,), 130.8 (CH,,), 128.3 (CH,), 108.2 (C-N), 57.4 (CH), 51.3 (CH,), 48.5
(CH,), 29.3 (CHy), 25.0 (CH;) ppm.
6,7-Dihydro-6,6-dimethyl-9-p-tolyl-[1,2,4]triazolo[5,1-b]quinazolin-
8(4H,5H,9H)-one (4b): Yellow powder; Yield (94%); mp=260-263 °C. IR (KBr):
Vax =3380-3022, 2957, 2922, 1711, 1610, 1461 cm™';'H NMR (400 MHz,
DMSO-dg): 6=11.05 (1H, s, NH), 7.70 (1H, s, Ar), 7.03 (4H, s, Ar), 7.03 (4H, s,
Ar), 6.09 (1H, s, CH), 2.62-2.70 (2H, m, CH,), 2.38 (1H, s, CH3), 2.24 (1H, d,
J=5.7 Hz, CH,), 2.17 (1H, d, J=5.7 Hz, CH,), 1.11 (3H, s, CH;), 0.98 (3H, s,
CH;) ppm.; '*C NMR(100 MHz, DMSO-dy): §=192.9 (C=0), 154.5 (C=N),
149.0 (C=N), 144.1 (CH,,), 143.6 (CH,,), 129.9 (CH,,), 128.6 (CH,,), 126.0
(CH,,), 108.1 (C-N), 57.2 (CH), 51.6 (CH,), 48.5(CH,), 29.2 (CHj;), 24.8(CHj),
22.3(CH;) ppm.
6,7-Dihydro-9-phenyl-6,6-dimethyl-[1,2,4]triazolo[5,1-b]quinazolin-
8(4H,5H,9H)-one (4e): white powder; yield (98%); IR (KBr): v,,,,=3352-3003,
2961, 2927, 1710, 1654, 1612, 1442, 1112 cm™'.;mp=299-300 °C.; 'H NMR
(400 MHz, DMSO-d,): 6=11.20 (1H, s, NH), 7.28 (1H, s, Ar), 7.44 2H, d, ] =74,
Ar), 7.35 (2H, d, J=7.4, Ar), 6.20 (1H, s, CH), 2.31-2.40 (2H, m, CH,), 2.20
(1H, d, J=6 Hz, CH,), 2.00 (1H, d, J=6 Hz, CH,), 1.14 (3H, s, CH;), 0.90 (3H,
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s, CH;) ppm.; 3*C NMR(100 MHz, DMSO-d,): 6=190.2(C=0), 155.4(C=N),
149.0(C=N), 146.3(CH,,), 142.2(CH,,), 135.3(CH,,), 130.2(CH,,), 128.0(CH,,),
111.9(C-N), 50.1(CH), 48.5(CH,), 47.1(CH,), 26.1(CH,), 25.7(CH;) ppm.

General procedure for the synthesis of fused pyrimidines by TFA-SAI-PTES-MNPs
as a new ionic liquid nanocatalyst

The mixture of 4-hydroxycomarin 5 (1 mmol), arylaldehydes 6 (1 mmol), 2-amin-
obenzothiazole 7 (1 mmol) and 20 mg TFA-SAI-PTES-MNPs as ionic liquid nano-
magnetic catalyst in ethanol solvent under reflux conditions for the specific times.
After completion of the reaction, checked by TLC, the catalyst was separated by
using an external magnet for separation of the catalyst and checking the reusability.
The solution containing the product was evaporated to give the solid. The solid was
recrystallized with ethanol to give the pure solid. All desired products were charac-
terized by comparison of their physical data with those of known compounds.

Selected spectra for three known and reported products are provided below

7-phenylchromeno[4,3-d]benzothiazolo[3,2-a]pyrimidin-6(7H)-one  (8a):  white
powder; yield (94%); mp=200-201 °C.; IR (KBr): v,,=2955, 2892, 1690,
1602, 1459, 1120 cm™'.; '"H NMR (400 MHz, DMSO-dy): §=7.36-7.47 (4H, m,
Ar), 7.17-7.24 (5H, m, Ar), 7.00-7.06 (4H, m, Ar), 6.27 (1H, s, CH) ppm.; 1*C
NMR(100 MHz, DMSO-dg): 6=170.3(C=0), 168.8 (C=C), 164.8(C=C0C),
160.8(C=C), 146.3, 145.6, 135.6, 134.5, 133.8, 131.2, 130.4, 128.8, 127.6, 126.5,
123.8,122.5,117.8, 117.5, 116.3 (C-N), 105.8 (C-S), 88.5(CH) ppm.

7-(4-nitrophenyl)chromeno[4,3-d]benzothiazolo[3,2-a]pyrimidin-6(7H)-one (8i):
white powder; yield (93%); mp=292-295 °C.; IR (KBr): v, =2990, 2900, 1700,
1602,1550, 1459, 1362, 1119 cm™'.;'"H NMR (400 MHz, DMSO-d;): 6=8.17 (2 H,
d,J=6.7,Ar),7.78 2 H, d,J=6.4, Ar), 7.52 (2H, t,]=5.8, Ar), 7.33 (2H, q, ] =5.8,
Ar), 7.20-7.25 (4H, m, Ar), 6.14 (1H, s, CH) ppm.; '*C NMR(100 MHz, DMSO-
dg): 6=170.4 (C=0), 168.1 (C=C), 163.6 (C=C), 156.0 (C=C), 144.8, 135.9,
133.0, 132.6, 129.6, 129.4, 128.8, 128.3, 127.6, 127.3, 127.1, 125.2, 123.3, 121.9,
121.2 (C-N), 107.2 (C-S), 82.4(CH) ppm.

7-(4-chlorophenyl)chromeno[4,3-d]benzothiazolo[3,2-a]pyrimidin-6(7H)-one
(81): white powder; yield (93%); mp=194-197 °C.; IR (KBr): v,,,,=2962, 2872,
1691, 1611, 1459, 1110 cm™'.; 'H NMR (400 MHz, DMSO-d;): 6=7.86 (2 H, d,
J=9.5, Ar), 7.77 2 H, d, J=9.5, Ar), 7.42-7.48 (4H, m, Ar), 7.29 (1H, t, J=6.0,
Ar), 7.19 (1 H, d, J=6.7, Ar), 7.06-7.10 (2H, m, Ar), 6.33 (1H, s, CH) ppm.; 1°C
NMR(100 MHz, DMSO-d;): 6=172.6 (C=0), 168.8 (C=C), 163.4 (C=C), 159.6
(C=0C), 145.7, 144.1, 136.8, 136.0, 135.2, 133.3, 130.5, 129.7, 129.0, 128.7, 127.6,
126.5, 125.6, 112.1 (C-N), 104.6 (C-S), 81.9 (CH) ppm.
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Results and discussion

Characterization of the synthesized TFA-SAI-PTES-MNPs ionic liquid magnetic
nanoparticle

X-ray diffraction (XRD) analysis

X-ray diffraction was used to identify the crystal-line structure of synthesized
TFA-SAI-PTES-MNPs magnetic nanoparticle. The X-ray diffraction pattern
was observed and found that standard Fe;O, crystal has six diffraction peaks,
i.e., (220), (311), (400), (422), (511) and (440) at 26=30, 35.5, 43.5, 54, 57, 63
(Fig. 1). The average TFA-SAI-PTES-MNPs magnetic nanoparticle diameter was
calculated to be approximately 15 nm from the XRD results by Scherrer’s equa-
tion, D =kA/fcosd, where k is a constant (generally considered as 0.94), A is the
wavelength of Cu Ka (1.54 A), p is the corrected diffraction line full-width at
half-maximum (FWHM), and € is Bragg’s angle [30, 31].

Fourier transforms infrared (FT-IR) analysis

FT-IR spectrum of the TFA-SAI-PTES-MNPs magnetic nanoparticle is shown in
Fig. 2. The peaks at 585 and 448 cm™! were resulted from Fe-O stretching band
and 3426 cm™! corresponded to broad OH groups on magnetic surface of MNPs.
The peaks at 2855 and 2924 cm™! are the characteristic bands contributing to
the symmetric and asymmetric stretching of C—H bond in imidazolium fluoroac-
etate and propyl group unit of TFA-SAI-PTES-MNPs magnetic nanoparticle. The
vibration band occurred at 1635 cm™' represented the -C =0 functional group.
The peaks at 1180 and 1116 cm™! are due to the sulfonyl groups. Also, adsorption
bands at 1044 cm™! are due to the Si-O groups. So, here, FT-IR spectrum con-
firms prepared catalyst structure.

Counts

|

100 \

MWMMWM *WMM A Uﬁww

Position [° 2Theta] (Copper (Cu))

Fig. 1 XRD pattern of TFA-SAI-PTES-MNPs magnetic nanoparticle
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Fig.2 FT-IR spectrum of the TFA-SAI-PTES-MNPs magnetic nanoparticle

Thermogravimetric analysis (TGA)

Information about loading of magnetic nanoparticles with organic group is obtained
by thermogravimetric analysis (TGA). The results revealed that the TFA-SAI-
PTES-MNPs nanoparticles contain about 13% of organic moieties (volatile compo-
nents disappearing until a temperature of about 100 °C are neglected) (Fig. 3). The
mass weight loss about 6.2% between 100 and 300 °C is contributed to the thermal
decomposition of the sulfamic acid and fluoroacetate groups. The mass weight loss
of 6.8% between 300 and 860 °C is related to the breakdown of the 3-imidazolepro-
pyl silane group. It is concluded that the well grafting of 3-(3-sulfamic acid imida-
zolium fluoroacetate)propyl triethoxysilane on the Fe;O, nanoparticles is confirmed.

TEM analysis

Morphology of synthesized TFA-SAI-PTES-MNPs magnetic nanoparticle was Sur-
vey by TEM that shown in Fig. 4. The average size of nanoparticle circa 16 nm from
the TEM micrographs is in very good settlement with the crystallite size computed
from XRD at 15 nm.

Scanning electron microscope (SEM)

Scanning electron microscopy (SEM) is known as a primary tool for determining
the size distribution, surface morphology, particle shape and structural properties.
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Fig. 3 Thermogravimetric analysis of TFA-SAI-PTES-MNPs magnetic nanoparticles

Fig. 4 TEM micrographs of magnetic TEA-SAI-PTES-MNPs
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Fig.5 The SEM image of TFA-SAI-PTES-MNPs magnetic nanoparticle
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Fig.6 Room-temperature magnetization curves of MNPs, CPTES-MNPs, I-PTES-MNPs, CSAI-PTES-
MNPs and TFA-SAI-PTES-MNPs magnetic nanoparticle

The SEM image of the TFA-SAI-PTES-MNPs magnetic nanoparticle is presented in
Fig. 5. According to this image, size distribution is narrow and the mean size of the
nanomagnetic catalyst is about 15—30 nm.

Vibrating sample magnetometer (VSM)

Curves related to magnetic properties of the nanoparticles of MNPs, CPTES-MNPs,
I-PTES-MNPs, CSAI-PTES-MNPs and TFA-SAI-PTES-MNPs are shown in Fig. 6.
Saturation magnetization of nanoparticles of MNPs, CPTES-MNPs, I-PTES-MNPs,
CSAI-PTES-MNPs and TFA-SAI-PTES-MNPs was about 91.6, 76.8, 72.3, 64.3
and 57.6 emu/g, respectively. As can be observed, there is a decrease in magnetic
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property which confirmed the adhering of functional groups to nanoparticles.
Decrease in magnetic property in TFA-SAI-PTES-MNPs than MNPs affirms adher-
ing of 3-(3-sulfamic acid imidazolium fluoroacetate)propyl triethoxysilane group to
this nanoparticle.

Catalytic application of TFA-SAI-PTES-MNPs magnetic nanocatalyst

First, to optimize the amounts of the catalyst and reactions conditions, the solvent-
free reaction of benzaldehyde (1 mmol), dimedone (1 mmol) and 3-amino-1,2,4-tri-
azole (1 mmol) in the presence of different amount of TFA-SAI-PTES-MNPs as cat-
alyst in ethanol was examined. The reaction was carried out with 10, 15 and 20 mg
of at room temperature, 50 °C and reflux (Table 1). As shown from Table 1, 15 mg
of TFA-SAI-PTES-MNPs at reflux conditions afforded 9-phenyl-6,6-dimethyl-
5,6,7,9-tetrahydro-4H-1,2,4-triazolo[5,1-b]quinazolin-8-one in 18 min with 95% of
yield (Table 1, entry 8).

In the following, three-component condensation reaction of the aromatic alde-
hydes 1, dimedone 2 and 3-amino-1,2,4-triazole 3, under optimum conditions for the
synthesis of the triazole quinazolinone derivatives, was studied. The wide ranges of
substituted different aldehydes with their corresponding products were synthesized
in good to high yields using the TFA-SAI-PTES-MNPs as magnetic nanocatalyst.
The presence of electron donating groups on the aromatic aldehydes afforded the
corresponding products in moderate yields, and the reaction was sluggish; however,
the presence of electron-withdrawing groups afforded the corresponding products in
shorter reaction times with higher yield (Table 2).

The proposed mechanism for the reaction using TFA-SAI-PTES-MNPs
is described for the preparation of 4a from benzaldehyde 1, dimedone 2 and
3-amino-1,2,4-triazole 3 in Scheme 2. According to the literature report [27, 32, 33],
2-benzylidene-5,5-dimethylcyclohexane-1,3-dione (I), containing the electron-poor
C—C double bond, is formed quantitatively by Knoevenagel addition of dimedone 2
to the benzaldehyde 1 in the presence of TFA-SAI-PTES-MNPs as magnetic nano-
catalyst and then subsequent Michael-type addition of 3-amino-1,2,4-triazole 3 to

Table 1 Effect of different

amounts of TEA-SALPTES- Entry Cata- Temperature ( ‘C) Time (min) Yield (%)*
- lyst (mol%)
MNPs as catalyst and various
temperatures on the reaction 1 10 25 60 Trace
benzaldehyde (1 mmol),
dimedone (1 mmol) and 2 15 25 60 Trace
3-amino-1,2,4-triazole (1 mmol) 3 20 25 60 15
in ethanol solvent 4 10 50 45 37
5 15 50 40 45
6 20 50 36 52
7 10 Reflux 20 80
8 15 Reflux 14 96
9 20 Reflux 14 97
“Isolated yield
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Table2 Synthesis of triazole quinazolinones in the presence of TFA-SAI-PTES-MNPs as magnetic
nanocatalyst

Entry Aldehydes Products Time(min)  Yield(%) MP(°C)

Found Reported

1 CeHjs 4a 14 95 245-247 248-250 [27]
2 4-MeC¢H, 4b 17 94 260263 264-269 [27]
3 4-OMeC¢H, 4c 22 93 295-297 >300[32]

4 4-NO,C¢H, 4d 9 97 293-295 >300 [32]

5 4-CIC¢H, 4e 10 98 299-300 307-309 [25]
6 4-OHC4H, 4f 27 92 298-300 304-306 [26]
7 3-NO,C¢H, 4g 13 96 260263 266-269 [33]

“Isolated yield

intermediate (II). Tautomerization converts intermediate (II) to intermediate (III).
After that, the intermediate (III) was cyclized by the nucleophilic attack of NH
group on the C=0 moiety and gave the intermediate (IV). Then, the elimination of
water gave their corresponding product 4a (Scheme 5).

We also investigated recycling of the TFA-SAI-PTES-MNPs as ionic liquid nano-
magnetic catalyst under ethanol solvent at reflux conditions using the model reac-
tion of benzaldehyde 1, dimedone 2 and 3-amino-1,2,4-triazole (Table 2, entry 4).
After completion of the reaction, the catalyst was separated by using an external
magnet for separation of the catalyst and checking the reusability for subsequent
experiments to check their reusability under similar reaction conditions. The results
showed that TFA-SAI-PTES-MNPs are a stable catalyst in reaction media and can
be reused several times without significant loss of catalytic activity (Figs. 7 and 8).

To exhibit the availability and applicability of the presented work, it can be com-
pared with several reported results in the other literature. The results demonstrated
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Scheme 5 The proposed mechanism for the preparation of 4a
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Fig.7 Image shows that TFA-SAI-PTES-MNPs as magnetic nanocatalyst can be separated by using
magnetic field. A reaction mixture in the absence (right) or presence of a magnetic field (left)
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Fig.8 The recycling of the TFA-SAI-PTES-MNPs as magnetic nanocatalyst

Table 3 Comparison of the results of TFA-SAI-PTES-MNPs with other catalysts in the synthesis of
compound 4a

Entry Catalyst Conditions Time (min) Yield(%)* [Ref]
1 Todine (10 mol%) CH;CN,reflux 10 84 [25]

2 acetic acid (5 ml) 60 °C 25 95 [32]

3 NH,SO;H(0.0 5 mmol) CH;CN(5 ml), 80 °C 30 95 [33]

4 TFA-SAI-PTES-MNPs (15 mg) Ethanol, reflux 14 96(Present work)

*Yields refer to isolated pure products

which the reactions were performed in low times and excellent yield in the presence
of TFA-SAI-PTES-MNPs than other catalysts with the same yields (Table 3).
Following, it synthesized fused pyrimidine derivatives with the TFA-SAI-
PTES-MNPs catalyst. For this purpose, at first, it optimized the amounts of the
catalyst and reactions conditions, the solvent-free reaction of 4-hydroxycomarin
(1 mmol), 4-methoxybenzaldehyde (1 mmol), 2-aminobenzothiazole (1 mmol)
and ethanol solvent in the presence of different amount of TFA-SAI-PTES-MNPs

@ Springer
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Table 4 Effect of different

Entry  Cata- T ture ('C)  Time (h)  Yield*(%

amounts of TFA-SAI-PTES- i é y emperature (- C) ime (h) ield*(%)
. lyst (mol%)

MNPs nanocatalyst and various
temperatures on the reaction of 1 10 25 10 Trace
4-hydroxycomarin (1 mmol),
4-methoxybenzaldehyde 2 20 25 10 Trace
(1 mmol) and 3 30 25 10 24
2-aminobenzothiazole in ethanol 4 10 50 6 50
solvent conditions 5 20 50 5 59

6 30 50 4.5 67

7 10 Reflux 2.5 81

8 20 Reflux 2 94

9 30 Reflux 2 95

Isolated yield

Table 5 Synthesis of fused pyrimidine derivatives in the presence of TFA-SAI-PTES-MNPs as magnetic
nanocatalyst in ethanol at reflux conditions

Entry Aldehydes Products Time (min) Yield (%)* MP ( °C)

Found Reported
1 H 8a 2 94 200-201 200-202 [29]
2 4-OEt 8b 2 93 262-264 264-267 [29]
3 4-OMe 8c 2.5 94 231-235 236-239 [29]
4 3-OMe 8d 2.5 94 245-248 249-252 [29]
5 2-C1 8e 2 93 229-231 232-235 [28]
6 2-Br 8f 2 92 213-216 216-219 [28]
7 4-Me 8g 2.5 93 248-251 248-251 [28]
8 4-OH 8h 2.5 92 278-281 281-282 [28]
9 4-NO, 8i 2 93 292-295 296-298 [28]
10 3-NO, 8j 2.5 90 262-266 266-269 [28]
11 4-CN 8k 2.5 91 265-267 268-272 [28]
12 4-Cl 81 2 93 194-197 198-202 [28]
13 4-Br 8m 2.5 93 241-244 247-250 [28]

isolated yield

as ionic liquid nanomagnetic catalyst. The reaction was carried out with 10,
20 and 30 mg of at different temperature (25 °C, 50 °C and reflux) conditions
(Table 4). As it was shown from Table 2, 20 mg of TFA-SAI-PTES-MNPs in
ethanol at reflux conditions afforded 7-(4-methoxyphenyl)chromeno[4,3-d]
benzothiazolo[3,2-a]pyrimidin-6(7H)-one in 2 h with 94% of yield (Table 4,
entry 8).

Next, the substrate scope of the reaction was then evaluated using a variety of
structurally diverse aldehydes. As shown in Table 5, the reactions with the aro-
matic aldehydes including electron-donating or electron-withdrawing substituents
afforded the desired products in high to excellent yields (Table 5).
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According to literature reported [29], in the beginning, mechanism involves
the Knoevenagel condensation of the 4-hydroxycoumarin 5 and 4-methoxy ben-
zaldehyde 6 in the presence of TFA-SAI-PTES-MNPs as nanocatalyst to giv-
ing intermediate (I). The basic sites of the catalyst abstract an acidic proton of
hydroxyl group, and then, subsequent attack on the carbonyl group furnishes con-
densed product. This is followed by Michael addition of 2-aminobenzothiazole
(3) to the C=C bond of intermediate (II) and form intermediate (III) through tau-
tomerization. Then, an intramolecular cyclic condensation of the amino and the
carbonyl groups of the Michael adduct (III) occurs to afford intermediate (IV),
which afford the desired compounds (8) on dehydration (Scheme 6).

The recycling of the TFA-SAI-PTES-MNPs as nanocatalyst was studied using
the model reaction 4-hydroxycomarin, 4-methoxybenzaldehyde and 2-aminoben-
zothiazole in ethanol solvent at reflux conditions (Table 2, Entry 3) (Experimen-
tal section). The recovered catalyst was reused four runs without any loss of its
activities (Fig. 9).

In order to show the accessibility of the present work, it was compared with
other reported results in the literature in Table 6. The results show that the reac-
tion in the presence of TFA-SAI-PTES-MNPs as ionic liquid nanomagnetic cata-
lyst was carried out in short times and high yields (Table 6).
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Scheme 6 The proposed mechanism for the preparation of 8c in the presence of TFA-SAI-PTES-MNPs
as nanocatalyst
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Fig.9 The recycling of the TFA-SAI-PTES-MNPs in the reaction of 4-hydroxycomarin, 4-methoxyben-
zaldehyde and 2-aminobenzothiazole

Table 6 Comparison the results of TFA-SAI-PTES-MNPs with other catalysts in the synthesis of com-
pound 8a

Entry  Catalyst Conditions Time (h)  Yield(%)* [Ref]
1 sodium lauryl sulphate (SLS) (10 mol%)  water(10 ml), r.t 5 95 [28]

2 hydrotalcite (100 mg) 70 °C, solvent-free 2 95 [29]

3 TFA-SAI-PTES-MNPs (20 mg) Ethanol, reflux 2 94

(Present work)

#Yields refer to isolated pure products

Conclusions

We synthesized TFA-SAI-PTES-MNPs as an ionic liquid nanomagnetic catalyst
characterized by XRD, EXD, FT-IR, TEM, SEM and VSM techniques. Size eval-
uation via various techniques shows the size of TFA-SAI-PTES-MNPs magnetic
nanocatalyst around 26-37 nm. The most interesting features of the this work
include stability as well as efficient catalytic activity for synthesis of triazole
quinazolinones and fused pyrimidines derivatives via one-pot multi-component
reactions under thermal conditions. The attractive features of this procedure are
simple process, inexpensive work up, ease of handling, high yields of products
and use of recyclable nanomagnetic catalyst.
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