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a b s t r a c t

L-proline-functionalized silica-coated Fe3O4 nanoparticle was synthesized and characterized using
Fourier Transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), field emission scanning electron
microscopy (FE-SEM), transmission electron microscopy (TEM), energy dispersive X-ray spectroscopy
(EDS), thermogravimetric analysis (TGA), Zeta potential and a vibrating sample magnetometer (VSM).
The Fe3O4@SiO2@L-proline nanoparticles in aqeous media have been used as a green avenue for the mild
and efficient multicomponent synthesis of new derivatives of benzoimidazo[1,2-a]pyrimidines and tet-
rahydrobenzo [4,5]imidazo-[1,2-d]quinazolin-1(2H)-ones in excellent yields. Furthermore, the recovery
and reuse of the catalyst was demonstrated 10 times without a detectible loss in activity. Eco-
friendliness, high purity of the desired products, short reaction time and easy workup can be
mentioned as the other advantages of this method.

© 2019 Published by Elsevier B.V.
1. Introduction

Benzoimidazo[1,2-a]pyrimidines are important biologically
active heterocyclic compounds, which possess pharmaceutical
properties such as antineoplastic [1], anticancer [2], antifungal [3],
anti-inflammatory [4], antiviral [5], antimicrobial [6], antituber-
cular [7], calcium channel blockers [8], parasitical activity [9],
benzodiazepine receptor agonists [10], potent P38 MAP kinase in-
hibitors [11], protein kinase inhibitor [12], TIE-2 and/or VEGFR2
inhibitory activities [13] and T cell activation [14].

There were several approaches to develop the benzimidazo[1,2-
a]pyrimidinones: the intramolecular substitution reaction of halide
with amines [15], the reaction of 2-amino benzimidazole with
propionic esters and a,b-unsaturated esters [16], the one-pot three-
component condensation reactions of b-dicarbonyl compounds,
aldehyde and 2-amino benzimidazole in the presence of catalyst
are@pnu.ac.ir (L.Z. Fekri).
[17,18], the reactions of 2-aminobenzimidazole with several elec-
trophiles, including nitrile, a,b-unsaturated carbonyl compounds,
cyanoacetate, acetylene-dicarboxylate [19] and the reaction of 2-
aminobenzimidazole with BayliseHillman adducts and their de-
rivatives [20].

However, most of these procedures have significant drawbacks
such as low yields, difficult work-up, long reaction times, harsh
reaction conditions and use of environmentally toxic reagents or
media. Thus, we need still a simple and general avenue for one-pot
synthesis of benzoimidazo[1,2-a]pyrimidine derivatives undermild
conditions.

Today, catalysts play a significant role in the production of
chemicals and nano catalysts have the potential for improving ef-
ficiency, selectivity and yield of the catalytic process. The higher
surface to volume ratio means that more catalyst actively partici-
pates in the reaction. The potential for cost saving in the scope of
material, equipment, labour and time are the other benefits of nano
catalysts. Higher selectivity means less waste and fewer impurities,
which could lead to safer and reduced environmental impact [21].
On the other hands, traditional heterogeneous catalysts are limited
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in the nature of their active sites and their reaction scope abilities.
Soluble organic catalysts can catalyse a variety of reaction more
than traditional solid catalysts but suffer from their inability (or
high degree of difficulty) to be recycled. For this reason, synthesis of
organic and inorganic hybrid composite to utilize the organic
moiety as the active site and the solid to provide avenue to recovery
and recyclability is attractive. These hybrids can be synthesized by a
number of methods: (i) adsorption of the organic species into the
pores of the support; (ii) construction of the organic molecule piece
by piece within the confines of cavities of the support (the “ship-in-
bottle” technique); (iii) attachment of the desired functionality to
the support by covalent bond formation; (iv) direct synthesis into
the final composite material. Here, we specifically address the use
of organic-inorganic hybrid materials based on nano Fe3O4 nano-
particles for use as catalysts [22].
2. Experimental

2.1. Materials and instruments

Chemicals were purchased from Merck and Fluka. All solvents
used were dried and distilled according to standard procedures.
Melting points were measured on an Electrothermal 9100 appa-
ratus. IR spectra were determined on a Shimadzu FT-IR 8600
spectrophotometer. 1H and 13C NMR spectra were determined on a
Bruker 300 DRX Avance instrument at 300 and 75MHz. Elemental
analyses were recorded on a Carlo-Erba EA1110CNNO-S analyser.
Nanostructures were detected using a Philips Xpert X-ray powder
diffraction (XRD) diffractometer (CuKa, radiation, l¼ 0.154056), at
a scanning speed of 2�/min from 10� to 80� (2q). Transmission
electron microscopy (TEM) measurements were carried out on a
Zeiss-EM10C-100 KV instrument. Thin layer chromatography (TLC)
was carried out with ethyl acetate: n-hexane 1:4 on TLC Silica gel
60 F₂₅₄.
2.2. Synthesis of Fe3O4 nanoparticles

First, FeCl3$6H2O and FeCl2$4H2O with molar proportion of 1:2
were dissolved in ethanol or deionized water and then NaOH so-
lution (3mol L�1) was added into the above solution using a peri-
staltic pump under constant magnetic stirring for 30min, and the
final pH was 10. Afterwards, the sodium citrate and oleic acid were
respectively added into the suspensions to modify the obtained
Fe3O4 MNPs for 12 h. The substance obtained were digested at
maintained temperature for 30min and cooled at room tempera-
ture. The resulting particles were magnetically separated and
washed repeatedly with deionized water and ethanol until pH was
7. The products were then dried at 60 �C in vacuum for 6 h for
further characterizations.
Table 1
Optimization of reaction condition.

entry Reaction solvent temperature

1 Solvent-free rt
2 DMF rt
3 EtOH rt
4 CH3CN rt
5 H2OeEtOH (1:1) rt
6 toluene rt
7 H2O rt
8 H2O 60 �C
9 H2O rt
10 H2O rt
2.3. Synthesis of Fe3O4@SiO2@Cl MNPs

500mg Fe3O4 nanoparticles were dispersed into 50mL toluene
and sonicated for 20min, followed by the addition of 0.5mL (3-
chloropropyl)trimethoxysilane (CPTES). Then, the mixture was
refluxed at 110 �Cwith continuous stirring for 12 h under a nitrogen
flow. The resulting Fe3O4@SiO2-Cl MNPs was collected by magnetic
separation followed by washing with toluene and ethanol several
times and drying at 60 �C for 6 h.
2.4. Synthesis of Fe3O4@SiO2@L-proline

500mg Fe3O4@SiO2@Cl MNPs were dispersed into 50ml
toluene and sonicated for 30min, followed by the addition of 0.5 g
L-proline. Then, the mixture was refluxed at 110 �C with continuous
stirring for 12 h under a nitrogen flow. The resulting functionalized
Fe3O4@SiO2@L-proline was collected by magnetic separation fol-
lowed by washing with toluene and ethanol several times and
drying at 80 �C for 8 h.
2.5. General procedure for preparation of benzoimidazo[1,2-a]
pyrimidine and tetrahydrobenzo[4,5]imidazo [1,2-d]quinazolin-
1(2H)-one

A mixture of aldehyde 1 (1.0mmol), 2-aminobenazimidazole 2
(1mmol), indanedione 3 or dimedone 4 (1.0mmol) and 0.05 g
Fe3O4@SiO2@L-proline in 10mL water was stirred for the required
reaction time according to Table 2. After completion of the reaction,
as indicated by TLC (TLC Silica gel 60 F254, ethyl acetate: n-hexane 1:
4), the resulting mixture was filtered in the presence of an enor-
mous magnetic bar to separate the catalyst from product. The
catalyst was washed with hot distilled water (5mL) and ethanol
(3mL) two times and reused in the next run. The product needs no
more recrystallization or column chromatography for purification.
2.5.1. 12-(4-nitrophenyl)-5H-benzo[4,5]imidazo[1,2-a]indeno[1,2-
d]pyrimidin-13(12H)-one (5a)

m.p.: 202e204 �C; FT-IR (KBr) (vmax/cm�1): 3431 (N-H stretch-
ing), 3060 (aromatic C-H stretching), 2918 (aliphatic C-H stretch-
ing), 1745 (C]O stretching), 1608 (aromatic C]C stretching), 1570
(asymmetric NO2 stretching),1494 (aromatic C]C stretching),1388
(symmetric NO2 stretching), 1245 (C-N stretching) cm�1; 1 H NMR
(DMSO‑d6, 300MHz): dH (ppm) 5.39 (s, 1H), 7.15e7.21 (m, 2H), 7.25
(d, J¼ 7.5 Hz, 2H), 7.39 (d, J¼ 8.7 Hz, 3H), 7.49 (s, 2H), 7.57 (t,
J¼ 5.4 Hz, 2H), 7.63 (m, 1H) ppm. 13 C NMR (DMSO‑d6, 75MHz): dC
(ppm) 62.66, 111.12, 117.46, 119.23, 121.76, 125.09, 129.54, 130.02,
130.48, 131.45, 131.98, 133.09, 133.89, 134.95, 135.21, 139.07, 139.47,
140.14, 145.54, 158.67, 192.54 ppm. Anal Calc. for C23H14N4O3: C,
70.05; H, 3.58; N, 14.21. Found: C, 70.01; H, 3.55, N, 14.22.
Catalyst amount (g) Time (min) Yield (%)

0.05 10 94
0.05 90 72
0.05 60 83
0.05 300 56
0.05 45 81
0.05 600 trace
0.05 10 97
0.05 10 97
0.01 60 82
0.1 10 94



Table 2
Synthesis of benzimidazo [1,2-a]pyrimidinone and tetrahydrobenzo[4,5]imidazo-[1,2-d]quinazolin-1(2H)-one using Fe3O4@SiO2@L-proline MNPs.

Product Structure Time (min) Yield (%)a,b Mp (�C) Product Structure Time (min) Yield (%)a,b Mp (�C)

5a 10 97 202e204 6a 12 96 234e236

5b 12 96 234e236 6b 10 96 257e259

5c 12 96 237e239 6c 12 92 221e223

5d

 

15 90 276e277 6d 10 95 199e201

5e 12 95 256e258 6e 15 94 234e235

5f 17 90 189e190 6f 10 95 214e216

a Isolated yield.
b All of synthesized compounds are known and were characterized by mp, FT-IR, NMR and elemental analysis.
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2.5.2. 12-(4-bromophenyl)-5H-benzo[4,5]imidazo[1,2-a]indeno
[1,2-d]pyrimidine-13-(12H)-one (5b)

m.p.: 234e236 �C; FT-IR (KBr) (vmax/cm�1): 3465 (N-H stretch-
ing), 3037 (Aromatic C-H stretching), 1737 (C]O stretching), 1608
(aromatic C]C stretching), 1552, 1483 (aromatic C]C stretching),
1386 (C-N) 1068 (C-Br Stretching) cm�1; 1 H NMR (DMSO‑d6,
300MHz): dH (ppm) 4.47 (s, 1H, C-H), 6.83e6.87 (m, 3H), 7.08e7.09
(m, 3H), 7.10 (dd, J¼ 3.6 Hz, J¼ 5.4 Hz, 3H), 7.29 (d, J¼ 8.4 Hz, 2H),
7.52 (dd, J¼ 2.1 Hz, J¼ 6.6 Hz,1H),11.29 (brs, NH,1H) ppm. 13 C NMR
(DMSO‑d6, 75MHz): dC (ppm) 62.59, 111.98, 119.39, 119.99, 120.43,
126.58, 129.06, 129.82, 130.36, 130.62, 130.86, 131.108, 131.71,
131.95, 132.19, 132.67, 139.47, 139.64, 141.75, 159.24, 191.46 ppm.
Anal Calc. for C23H14BrN3O: C, 64.50; H, 3.29; N, 9.81. Found: C,
64.51; H, 3.23, N, 9.84.
2.5.3. 12-(3-nitrophenyl)-5H-benzo[4,5]imidazo[1,2-a]indeno[1,2-
d]pyrimidine-13-(12H)-one (5c)

m.p.: 237e239 �C; FT-IR (KBr) (vmax/cm�1): 3400 (N-H stretch-
ing), 3091 (aromatic C-H stretching) 1726 (C]O stretching), 1606
(aromatic C]C stretching),1529 (asymmetric NO2 stretching),1348
(C-N stretching) cm�1; 1 H NMR (DMSO‑d6, 300MHz): dH (ppm)
5.23 (s, 1H), 7.21 (dd, J¼ 3.3 Hz, J¼ 6.0 Hz, 1H), 7.37 (dd, J¼ 3.2 Hz,
J¼ 5.7 Hz, 1H), 7.48e7.55 (m, 2H), 7.67 (brs, 1H), 7.74e7.79 (m, 2H),
7.83 (d, J¼ 7.8 Hz, 1H), 7.94 (s, 1H), 7.95e8.04 (m, 2H), 8.15 (d,
J¼ 9.3 Hz, 1H), 12.5 (brs, N-H, 1H) ppm. 13 C NMR (DMSO‑d6,
75MHz): dC (ppm) 59.14 (C-H), 111.82, 123.48, 123.72, 123.88,
124.21, 127.18, 127.50, 127.67, 130.08, 131.93, 132.25, 133.27, 134.45,
136.66, 136.74, 140.14, 140.25, 142.49, 142.71, 148.25, 156.72, 188.93
(C]O) ppm. Anal Calc. for C23H14N4O3: C, 70.05; H, 3.58; N, 14.21.
Found: C, 70.08; H, 3.53, N, 14.24.
2.5.4. 12-(2-chlorophenyl)-5H-benzo[4,5]imidazo[1,2-a]indeno
[1,2-d]pyrimidine-13-(12H)-one (5d)

m.p.: 276e277 �C; FT-IR (KBr) (vmax/cm�1): 3417 (N-H stretch-
ing), 1712 (C]O stretching), 1604, 1460 (aromatic C]C stretching),
1375 (C-N stretching), 1078 (C-Cl stretching) cm�1; 1 H NMR
(DMSO‑d6, 300MHz): dH (ppm) 5.01 (s, 1H), 6.94 (dd, J¼ 3.0 Hz,
J¼ 5.4 Hz, 2H), 7.10 (d, J¼ 8.7 Hz, 1H), 7.16e7.19 (m, 3H), 7.25e7.31
(m, 2H), 7.43e7.53 (m, 3H), 7.82e7.88 (m, 1H) ppm. 13C NMR
(DMSO‑d6, 75MHz): dC (ppm) 56.71, 111.90 (two peaks), 114.90,
120.49 (two peaks), 124.71, 125.63 (two peaks), 127.41 (two peaks),
132.28, 133.58, 136.76 (two peaks), 139.38, 142.47, 144.43, 144.96,
154.76 (two peaks), 156.93, 191.78 ppm. Anal Calc. for C23H14ClN3O:
C, 71.97; H, 3.68; N, 10.95. Found: C, 71.98; H, 3.63, N, 10.92.
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2.5.5. 12-(4-chlorophenyl)-5H-benzo[4,5]imidazo[1,2-a]indeno
[1,2-d]pyrimidine-13-(12H)-one (5e)

m.p.: 256e258 �C; FT-IR (KBr) (vmax/cm�1): 3392 (N-H stretch-
ing), 3089 (aromatic C-H stretching), 2866 (aliphatic C-H stretch-
ing), 1728 (C]O stretching) 1606 (aromatic C]C stretching), 1529,
1448 (aromatic C]C stretching), 1307 (C-N Stretching), 1097 (C-Cl
stretching) cm�1; 1H NMR (DMSO‑d6, 300MHz): dH (ppm) 5.10 (s,
1H, C-H), 7.39e7.48 (m, 2H), 7.57 (m, 1H), 7.59 (m, 2H), 7.65e7.66
(m, 3H), 7.70e7.79 (m, 2H), 7.80e7.89 (m, 2H) ppm. 13C NMR
(DMSO‑d6, 75MHz): dC (ppm) 61.34, 111.56, 114.66, 120.77, 123.18,
127.50, 129.01, 129.17, 130.21, 130.64, 131.56, 131.94, 132.33, 133.09,
133.37,135.87,139.45,145.66, 146.75,158.88,186.86 ppm. Anal Calc.
for C23H14ClN3O: C, 71.97; H, 3.68; N, 10.95. Found: C, 71.95; H, 3.65,
N, 10.90.

2.5.6. 12-(4-methoxyphenyl)-5H-benzo[4,5]imidazo[1,2-a]indeno
[1,2-d]pyrimidine-13-(12H)-one (5f)

m.p.: 189e190 �C; FT-IR (KBr) (vmax/cm�1): 3365 (N-H stretch-
ing), 3093 (aromatic C-H stretching), 2876 (aliphatic C-H stretch-
ing), 1731 (C]O stretching), 1614 (aromatic C]C stretching), 1556,
1446 (aromatic C]C stretching), 1323 (C-N Stretching), 1213 (C-O
stretching) cm�1; 1H NMR (DMSO‑d6, 300MHz): dH (ppm) 3.39 (s,
3H), 5.11 (s, 1H, C-H), 7.28 (d, J¼ 8.3 Hz, 2H), 7.46e7.73 (m, 3H), 7.64
(t, J¼ 8.3 Hz, 2H), 7.76e7.85 (m, 2H), 7.97 (d, J¼ 8.3 Hz, 2H),
8.07e8.12 (m, 1H) ppm. 13C NMR (DMSO‑d6, 75MHz): dC (ppm)
54.62, 61.14, 111.98, 114.09, 116.65, 119.18, 123.57, 126.21, 126.83,
128.31, 130.69, 131.43, 133.05, 135.08, 135.79, 136.29, 139.48, 141.05,
144.08, 155.78, 157.23, 186.86 ppm. Anal Calc. for C24H17N4O3: C,
75.97; H, 4.52; N, 11.08. Found: C, 75.95; H, 4.55, N, 11.05.

2.5.7. 3,3-dimethyl-12-phenyl-3,4,5,12-tetrahydrobenzo[4,5]
imidazo-[2,1-b]quinazolin-1(2H)-one (6a)

m.p.: 234e236 �C; FT-IR (KBr) (vmax/cm�1): 3412 (N-H stretch-
ing), 3065 (aromatic C-H stretching), 2986 (aliphatic C-H stretch-
ing), 1739 (C]O stretching), 1609 (aromatic C]C stretching), 1571,
1456 (aromatic C]C stretching), 1346 (C-N stretching) cm�1; 1H
NMR (DMSO‑d6, 300MHz): dH (ppm) 0.97 (s, 3H, CH3), 1.15 (s, 3H,
CH3), 2.21 (s, 2H, CH2), 2.49 (s, 2H, CH2), 4.65 (s, 1H, C-H), 7.21e7.34
(m, 2H), 7.45 (d, J¼ 8.2 Hz, 2H), 7.56e7.71 (m, 3H), 7.78 (t, J¼ 8.1 Hz,
2H), 11.31 (brs, N-H, 1H) ppm. 13C NMR (DMSO‑d6, 75MHz): dH
(ppm) 15.45, 27.12, 29.21, 33.31, 51.43, 113.82, 114.23, 116.18, 121.69,
123.06, 124.75, 127.18, 128.42, 132.76, 136.54, 146.14, 146.87, 150.32,
196.38 (C]O) ppm. Anal Calc. for C22H21N3O: C, 76.94; H, 6.16; N,
12.24. Found: C, 76.94; H, 6.16, N, 12.24.

2.5.8. 3,3-dimethyl-12-(4-nitrophenyl)-3,4,5,12-tetrahydrobenzo
[4,5]imidazo-[2,1-b]quinazolin-1(2H)-one (6b)

m.p.: 257e259 �C; FT-IR (KBr) (vmax/cm�1): 3403 (N-H stretch-
ing), 3041 (aromatic C-H stretching), 2958 (aliphatic C-H stretch-
ing), 1743 (C]O stretching), 1616 (aromatic C]C stretching), 1571
(NO2 stretching), 1463 (aromatic C]C stretching), 1363 (NO2
stretching), 1344 (C-N stretching) cm�1; 1H NMR (DMSO‑d6,
300MHz): dH (ppm) 0.91 (s, 3H, CH3), 1.05 (s, 3H, CH3), 2.12 (s, 2H,
CH2), 2.57 (s, 2H, CH2), 4.64 (s, 1H, C-H), 7.47 (dd, J¼ 4.8 Hz,
J¼ 6.9 Hz, 2H), 7.64 (d, J¼ 8.7 Hz, 3H), 8.11e8.16 (m, 3H), 11.31 (brs,
N-H, 1H) ppm. 13CNMR (DMSO‑d6, 75MHz): dC (ppm) 15.45, 27.02,
29.03, 32.35, 50.35, 113.82, 123.60 (two peaks), 124.09 (two peaks),
128.86, 129.97 (two peaks), 146.42 (two peaks), 146.42, 152.26,
163.91, 196.50 (C]O) ppm. Anal Calc. for C22H20N3O2: C, 68.03; H,
5.19; N, 14.42. Found: C, 68.05; H, 5.11, N, 14.44.

2.5.9. 12-(1H-indol-3-yl-1H)-3,3-dimethyl-3,4,5,12-
tetrahydrobenzo[4,5]imidazo-[2,1-b]quinazolin-1(2H)-one (6c)

m.p.: 221e223 �C; FT-IR (KBr) (vmax/cm�1): 3560, 3440 (N-H
stretching), 2945 (aliphatic C-H stretching), 1685 (C]O stretching),
1616, 1460 (aromatic C]C stretching), 1379 (C-N stretching),
1107 cm�1; 1H NMR (DMSO‑d6, 300MHz): dH (ppm) 0.99 (s, 6H),
2.11 (brs, 2H), 2.27 (brs, 2H), 4.75 (s, 1H, C-H), 7.00 (dd, J¼ 3.0 Hz,
J¼ 5.7 Hz, 4H), 7.19e7.63 (m, 5H) ppm. 13C NMR (DMSO‑d6,
75MHz): dC (ppm) 14.44, 28.18, 31.16, 32.55, 50.74, 64.53, 101.40,
109.27,110.14, 111.89, (two peaks), 116.14, 118.19, 121.12 (two peaks),
123.14 (two peaks), 123.14, 133.13, 133.94, 135.30, (two peaks),
153.79, 176.05 ppm. Anal Calc. for C24H22N4O: C, 75.37; H, 5.58; N,
14.65. Found: C, 75.39; H, 5.59, N, 14.68.

2.5.10. 3,3-dimethyl-12-(4-chlorophenyl)-3,4,5,12-tetrahydrobenzo
[4,5]imidazo-[2,1-b]quinazolin-1(2H)-one (6d)

m.p.: 199e201 �C; FT-IR (KBr) (vmax/cm�1): 3413 (N-H stretch-
ing), 3065 (aromatic C-H stretching), 2965 (aliphatic C-H stretch-
ing), 1767 (C]O stretching), 1606 (aromatic C]C stretching), 1571,
1478 (aromatic C]C stretching), 1344 (C-N stretching), 1021 (C-Cl
stretch) cm�1.1H NMR (DMSO‑d6, 300MHz): dH (ppm) 0.96 (s, 3H,
CH3), 1.15 (s, 3H, CH3), 2.24 (s, 2H, CH2), 2.67 (s, 2H, CH2), 4.84 (s, 1H,
C-H), 7.19e7.54 (m, 2H), 7.68 (d, J¼ 8.4 Hz, 3H), 8.01e8.26 (m, 3H)
11.31 (brs, N-H, 1H) ppm. 13C NMR (DMSO‑d6, 75MHz): dC (ppm)
18.76, 27.12, 28.13, 34.65, 51.55, 115.82, 120.60, 122.98, 125.01,
127.09, 129.87, 133.65, 145.12 (two peaks), 146.42, 147.56, 152.26,
167.01, 196.50 (C]O) ppm. Anal Calc. for C22H20 ClN3O: C, 69.93; H,
5.33; N, 11.12. Found: C, 69.95H, 5.35, N, 11.11.

2.5.11. 3,3-dimethyl-12-(4-methoxyphenyl)-3,4,5,12-
tetrahydrobenzo [4,5]imidazo-[2,1-b]quinazolin-1(2H)-one (6e)

m.p.: 234e235 �C; FT-IR (KBr) (vmax/cm�1): 3427 (N-H stretch-
ing), 3056 (aromatic C-H stretching), 2978 (aliphatic C-H stretch-
ing), 1746 (C]O stretching), 1610 (aromatic C]C stretching), 1485
(aromatic C]C stretching), 1344 (C-N stretching), 1211 (C-O
stretch) cm�1.1H NMR (DMSO‑d6, 300MHz): dH (ppm) 0.94 (s, 3H,
CH3), 1.15 (s, 3H, CH3), 2.32 (s, 2H, CH2), 2.76 (s, 2H, CH2), 3.54 (s, 3H,
OCH3), 4.98 (s, 1H, C-H), 7.34 (d, J¼ 7.9 Hz, 2H), 7.54 (d, J¼ 8.2 Hz,
3H), 8.14e8.45 (m, 3H), 11.31 (brs, N-H, 1H) ppm. 13CNMR
(DMSO‑d6, 75MHz): dC (ppm) 16.63, 27.12, 31.07, 35.35, 54.35,
58.12, 111.02, 123.60, 124.01, 124.09, 127.76, 128.86, 129.97, 132.78,
135.83, 148.42 (two peaks), 154.16, 165.98, 196.59 (C]O) ppm. Anal
Calc. for C23H23N3O2: C, 73.97; H, 6.21; N, 11.25. Found: C, 73.96; H,
6.24, N, 11.29.

2.5.12. 3,3-dimethyl-12-(2-furyl)-3,4,5,12-tetrahydrobenzo [4,5]
imidazo-[2,1-b]quinazolin-1(2H)-one (6f)

m.p.: 214e216 �C; FT-IR (KBr) (vmax/cm�1): 3409 (N-H stretch-
ing), 3068 (aromatic C-H stretching), 2978 (aliphatic C-H stretch-
ing), 1753 (C]O stretching), 1604 (aromatic C]C stretching), 1485
(aromatic C]C stretching), 1324 (C-N stretching), 1234 (C-O
stretch) cm�1.1H NMR (DMSO‑d6, 300MHz): dH (ppm) 0.96 (s, 3H,
CH3),1.43 (s, 3H, CH3), 2.32 (s, 2H, CH2), 2.65 (s, 2H, CH2), 4.96 (s,1H,
C-H), 7.26e7.64 (m, 3H), 7.74e7.91 (m, 2H), 8.11e8.25 (m, 2H), 11.33
(brs, N-H, 1H) ppm. 13CNMR (DMSO‑d6, 75MHz): dC (ppm) 15.82,
27.12, 31.07, 35.35, 54.35, 112.12, 121.40, 123.05, 125.00, 126.65,
127.06, 128.07, 130.08, 138.02, 141.09, 142.11, 154.16, 165.98, 196.59
(C]O) ppm. Anal Calc. for C20H19N3O2: C, 72.05; H, 5.74; N, 12.60.
Found: C, 72.06; H, 5.74, N, 11.59.

2.5.13. 12-(1,3-diphenyl-1H-pyrazol-4-yl)-5H-benzo[4,5]imidazo
[1,2-a]indeno[1,2-d]pyrimidin-13(12H)-one (5g)

m.p.: 221e223 �C; FT-IR (KBr) (vmax/cm�1): 3416 (N-H stretch-
ing), 3098 (aromatic C-H stretching), 2978 (aliphatic C-H stretch-
ing), 1747 (C]O stretching), 1611 (aromatic C]C stretching), 1563,
1476 (aromatic C]C stretching), 1356 (C-N stretching) cm�1; 1 H
NMR (DMSO‑d6, 300MHz): dH (ppm) 5.35 (s, 1H), 6.86e6.96 (m,
3H), 7.15 (d, J¼ 8.3 Hz, 2H), 7.32e7.47 (m, 4H), 7.54 (d, J¼ 8.7 Hz,
3H), 7.61e7.68 (m, 3H), 7.78 (t, J¼ 8.2 Hz, 2H), 7.93 (s, 2H) ppm. 13
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CNMR (DMSO‑d6, 75MHz): dC (ppm) 62.81, 107.12, 109.42, 111.09,
113.42, 115.65, 117.42 (two peaks), 118.13, 119.95, 120.09 (two
peaks), 121.43, 123.34, 125.98, 130.02 (two peaks), 131.45, 133.19,
134.95 (two peaks), 135.11, 136.09, 138.90, 139.17, 141.17, 145.87,
195.73 ppm. Anal Calc. for C32H21N5O: C, 78.19; H, 4.31; N, 14.25.
Found: C, 78.16; H, 4.32, N, 14.26.
2.5.14. 12-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)-5H-benzo[4,5]
imidazo[1,2-a]indeno[1,2-d]pyrimidin-13(12H)-one (5 h)

m.p.: 254e256 �C; FT-IR (KBr) (vmax/cm�1): 3445 (N-H stretch-
ing), 3087 (aromatic C-H stretching), 2989 (aliphatic C-H stretch-
ing), 1783 (C]O stretching), 1604 (aromatic C]C stretching), 1587,
1487 (aromatic C]C stretching), 1343 (C-N stretching) cm�1; 1 H
NMR (DMSO‑d6, 300MHz): dH (ppm) 2.54 (s, 3H), 5.41 (s, 1H),
7.07e7.25 (m, 5H), 7.43 (d, J¼ 8.2 Hz, 2H), 7.54 (t, J¼ 8.1 Hz, 3H),
7.62e7.76 (m, 4H), 7.83 (brs, 3H), 7.89e7.96 (m, 1H) ppm. 13 C NMR
(DMSO‑d6, 75MHz): dC (ppm) 43.17, 62.98, 108.43, 110.02, 111.45,
113.58, 114.73, 117.42, 118.09, 119.16, 119.45, 120.54, 121.87, 122.45,
127.18, 130.12, 131.98, 132.87, 132.99, 133.55, 134.21, 135.09, 137.91,
138.46, 139.18, 145.17, 145.76, 195.73 ppm. Anal Calc. for C33H23N5O:
C, 78.40; H, 4.59; N, 13.85. Found: C, 78.43; H, 4.56, N, 13.86.
2.5.15. 12-(1,3-diphenyl-1H-pyrazol-4-yl)-3,3-dimethyl-3,4,5,12-
tetrahydro benzo [4,5] imidazo [2,1-b]quinazolin-1(2H)-one(6g)

m.p.: 211e212 �C; FT-IR (KBr) (vmax/cm�1): 3427 (N-H stretch-
ing), 3076 (aromatic C-H stretching), 2987 (aliphatic C-H stretch-
ing), 1747 (C]O stretching), 1609 (aromatic C]C stretching), 1555,
1487 (aromatic C]C stretching), 1348 (C-N stretching) cm�1;
1HNMR (DMSO‑d6, 300MHz): dH (ppm) 0.97 (s, 3H, CH3), 1.15 (s, 3H,
CH3), 2.54 (s, 2H, CH2), 2.59 (s, 2H, CH2), 4.76 (s, 1H, C-H), 7.09e7.23
(m, 2H), 7.34 (t, J¼ 8.2 Hz, 3H), 7.42e7.49 (m, 3H), 7.56-7.68 (m, 4H),
7.83 (brs, 3H), 11.31 (brs, N-H, 1H) ppm. 13C NMR (DMSO‑d6,
75MHz): dC (ppm) 20.12, 22.32, 28.53, 31.43, 52.12, 111.28, 114.89,
119.21, 121.09, 123.45, 124.09 (two peaks), 125.34, 127.81, 128.66,
128.99, 131.22, 135.62, 138.43, 139.11, 143.22 (two peaks), 146.42,
163.91, 196.50 (C]O) ppm. Anal Calc. for C31H27N5O: C, 76.68; H,
5.60; N, 14.42. Found: C, 76.67; H, 5.63, N, 14.41.
Scheme 1. Stepwise synthesis path
2.5.16. 3,3-dimethyl-12-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)-
3,4,5,12-tetrahydrobenzo[4,5 ]imidazo[2,1-b]quinazolin-1(2H)-one
(6 h)

m.p.: 287e288 �C; FT-IR (KBr) (vmax/cm�1): 3432 (N-H stretch-
ing), 3065 (aromatic C-H stretching), 2987 (aliphatic C-H stretch-
ing), 1753 (C]O stretching), 1602 (aromatic C]C stretching), 1548,
1464 (aromatic C]C stretching), 1346 (C-N stretching) cm�1; 1H
NMR (DMSO‑d6, 300MHz): dH (ppm) 0.99 (s, 3H, CH3), 1.11 (s, 3H,
CH3), 2.25e2.43 (m, 4H), 2.49 (s, 3H, CH3), 4.79 (s, 1H, C-H),
7.19e7.29 (m, 4H), 7.54 (s, 2H), 7.62e7.69 (m, 3H), 7.87 (d, J¼ 8.4 Hz,
3H), 8.01e8.21 (m, 2H) ppm. 13C NMR (DMSO‑d6, 75MHz): dC (ppm)
19.32, 27.16, 29.41, 32.63, 45.66, 51.14, 111.98, 112.21, 114.65, 117.75,
119.11, 120.11, 123.15, 123.87, 124.36, 126.11, 127.69, 131.43, 13.72,
136.69, 137.42, 139.12, 143.22, 145.75, 146.42, 163.91, 196.50 (C]O)
ppm. Anal Calc. for C32H29N5O: C, 76.93; H, 5.85; N, 14.02. Found: C,
76.97; H, 5.83, N, 14.03.
3. Results and discussion

3.1. Synthesis and structural characterization of L-proline
functionalized-propyl mediated nano magnetic (Fe3O4@SiO2@L-
proline)

In continuation of our research for the green synthesis of
organic compounds [23e31], herein, we wish to report the syn-
thesis of Fe3O4@SiO2@L-proline nano particles and their charac-
terization and application for the synthesis benzimidazo[1,2-a]
pyrimidinone and tetrahydrobenzo[4,5]imidazo-[1,2-d]quinazolin-
1(2H)-one and their derivatives bearing different functional groups
with significant convenience.

As shown in Scheme 1, the Fe3O4@SiO2@L-proline magnetic
nanoparticles were synthesized in three steps from commercially
available materials. Fe3O4 NPs were coated by silica using a solegel
process. The Fe3O4@SiO2 core-shell structures were then sequen-
tially treated with 3-chloropropyltrimethoxysilane. Next, it was
treated with L-proline to obtain the L-proline coated on the propyl
mediated nano magnetic.

The morphology and nanoparticle size of the synthesized
way of Fe3O4@SiO2@L-proline
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magnetic catalyst were characterized by transmission electron
microscope (TEM) and Field Emission Scanning Electron Micro-
scope (Fe-SEM) (Fig. 1). As shown in Fig. 1, TEM and Fe-SEM images
of the Fe3O4@SiO2@L-proline catalyst reveal that Fe3O4@SiO2@L-
proline nanoparticles are formedwith nearly spherical morphology
having a particle size of 8e13 nm. Furthermore, TEM images show
some aggregation, which was illustrated the successful grafting of
the polymer on magnetic nanoparticles.

XRD analysis of the Fe3O4@SiO2@L-proline catalyst in contract to
pure Fe3O4 [31] (powder form) confirms the formation of Fe3O4-
NPs. This pattern shows characteristic peaks at 20, 30, 35.2, 43.1,
56.9, 59.8, 62.7 and 74.3. These peaks are indicative of the pure
face-centred cubic structure of Fe3O4 (Fig. 2a). The characteristic
Fig. 1. a) Left: Fe-SEM and b) right: TEM ima

Fig. 2. a) left: XRD analysis of the Fe3O4@SiO2@L-prolin
peak of SiO2 and L-proline in the core shell structure is hidden
under a weak peak of Fe3O4 at 2q¼ 30 and 62.7, respectively.

The results of energy dispersive X-ray spectroscopy (EDX)
analysis of the synthesized Fe3O4@SiO2@L-proline MNPs proved
existence of Fe (32.08 w/w %), O (47.35 w/w %), Si (6.31 w/w %), N
(1.29 w/w %) and C (12.66 w/w %) atoms in the structure that
confirms the presence of Fe3O4 core in the structure of MNP. The
results are summarized in Fig. 2b.

FT-IR measurement of Fe3O4@SiO2@L-proline (Fig. 2c) was con-
ducted to identify the functional groups of the synthesized nano-
particles. The strong intense band at 1729 cm�1 corresponds to the
C]O stretching mode of carboxylic acid, which indicates the
presence of L-proline. The broad band at 3100-3600 cm�1 are
ge of synthesized Fe3O4@SiO2@L-proline

e, b) right: EDX analysis, c) down: FT-IR spectrum.



Fig. 4. Zeta potential of synthesized Fe3O4@SiO2@L-proline
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assigned to OH stretching vibrations of carboxylic acid moiety. The
band centred at 1039 and 786 cm�1 are associated with Si-O-Si
vibrations in SiO2 shell.

VSM measurements (Fig. 3a) were carried out at room tem-
perature by taking the solid sample on the tips of the vibrating rod
and analyzing in an applied magnetic field sweeping from �10 to
10 kOe. The curve confirms the magnetic property of the synthe-
sized nanoparticle is in agreement with the other studies [32].

In order to investigate the thermal stability of the synthesized
nano catalyst, thermal gravimetric and derivative thermal gravi-
metric analysis (TGA and DTG) of the Fe3O4@SiO2@L-proline MNPs
were carried out from 50 to 700 �C at a heating rate of 10 �C min�1

under air atmosphere (Fig. 3b). TGA plot for NPs can prove the
thermal stability of the synthesized nanoparticles. The thermal
stability is due to the presence of Fe3O4 and SiO2 in the coreeshell
system. TGA curve of Fe3O4@SiO2@L-proline MNPs showed a 12.5 %
weight loss from 25 to 700 �C. In DTG curve, with increasing the
temperature up to 200 �C, a little weight loss (7wt%) was observed
with a maximum in 123 �C (from DTG) that could be due to the
removal of physically adsorbed water and unreacted organic mol-
ecules which were adsorbed during the synthesis of nanoparticles.
Further increase in temperature from 250 to 450 �C, showed a
second weight loss (2.5wt %) due to the decomposition of L-proline
from the surface of silanol group (with the highest rate at 386 �C).
After increasing the temperature up to 700 �C, a further decrease in
weight (2.5 wt %) was observed between 450 and 700 �C that can be
related to the decomposition of propyl moiety from the surface of
MNPs.

To investigation the surface charge of MNPs and their stability in
solution, zeta potential values were measured using the Zeta sizer
instrument. This value can be explain tendency to aggregate in
solution. In the present study, the zeta potential and mobility were
measured as �45.3 mv and �2.50 mmcm/Vs, respectively at 298 K
with count rate of 94.4 kcps (Fig. 4). The large zeta potential ob-
tained in this study predicts amore stable dispersion of synthesized
MNPs.

3.2. Catalytic studies

The activity of the catalyst was then investigated by employing
it in the multicomponent synthesis of benzimidazo [1,2-a]pyr-
imidinone and tetrahydrobenzo[4,5]imidazo-[1,2-d]quinazolin-
1(2H)-one using multicomponent reaction of various benzalde-
hyde, dimedone or indandione and 2-aminobenzimidazole in
aqeous media at room temperature (Scheme 2).

To find the best conditions, the reaction between 4-
Fig. 3. a) Left: VSMmeasurements of Fe3O4@SiO2@L-proline MNPs, b) right: Thermogram of
in this figure legend, the reader is referred to the Web version of this article.)
nitrobenzaldehyde, indanedione and 2-aminobenzimidazole was
chosen as a model reaction, for which the influences of various
parameters as reaction temperature, solvent, amount of catalyst
were examined to obtain the best possible combination (Table 1).
Initially, a series of solvents, including H2O, DMF, EtOH, CH3CN,
H2OeEtOH (1:1), toluene and in the absence of solvent (solvent-
free condition) were studied in the presence of 0.05 g of prepared
catalyst. The best result was obtained in aqueous media (Table 1,
entry 7). Next, the effects of catalyst loading under the aqueous
condition and the effect of temperature on themodel reactionwere
examined. The results were summarized in Table 1. The best results
were gained with 0.05 g catalyst in aqueous media at room tem-
perature. The rising of temperature and the addition of more
catalyst amount didn't lead to better results (reaction time and
yield).

The scope of the reaction was then expanded to various benz-
aldehydes including a range of eletron-releasing or electron-
withdrawing elements (Table 2). As shown in Table 2 both
electron-donating and electron withdrawing groups lead to the
corresponding products in excellent yields.

A plausible mechanism was proposed in Fig. 5. Initially,
Fe3O4@SiO2@L-proline activates benzaldehydes, then the conden-
sation reaction of indanedione 3 with activated aldehydes and
dehydration produced chalcone 9. Then, the Michael reaction of
chalcone with 2-aminobenzimidazole and dehydration lead to
product 5.

The reusability of the catalyst is another important factor from
economic and environmental points of view. After completion of
reaction, the nano catalysts were isolated from the mixture of the
reaction by simple filtration in the presence of an enormous mag-
netic bar and reused ten times after washing with ethanol and
drying. The results of recycling of the catalyst for 5a were
TGA (green colour) and DTG (blue colour). (For interpretation of the references to colour



Scheme 2. Multicomponent synthesis of benzimidazo [1,2-a] pyrimidinone and tetrahydrobenzo[4,5]imidazo-[1,2-d]quinazolin-1(2H)-one using Fe3O4@SiO2@L-proline MNPs.
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summarized in chart. The TEM image and XRD analysis of recycled
nano catalyst was shown in Fig. 6.

In continuation of our effort to synthesize pyrazolyl moiety of
these compounds, we concentrated for the synthesis of 5g, 5h, 6g
and 6h as shown in Fig. 7.

In order to demonstrate the potential application of this route,
the reactionwas carried out on a gram scale. As shown in Scheme 3,
when 1.51 g of 4-nitrobenzaldehyde was used under the standard
conditions, the product 5a was obtained in 97% yield with the re-
action time prolonged to 13min, indicating that this route could be
scaled up to a preparing scale.
Fig. 5. Proposed mechanistic pathway for the synthesis of benzim
4. Conclusion

This paper introduces a novel nano magnetically Brønsted acid
catalyst Fe3O4@SiO2@L-proline and evaluates its efficiency for the
multicomponent synthesis of benzoimidazo[1,2-a]pyrimidine and
tetrahydrobenzo [4,5]imidazo[2,1-b]quinazolin-1(2H)-one using
aldehyde, dimedone or indanedione and 2-aminobenzimidazole in
simple condition. It has also been demonstrated that Fe3O4@-
SiO2@L-proline can be employed as a green, reusable and efficient
heterogeneous nano catalyst in these transformations. This proto-
col has several advantages including simple reaction conditions,
idazo [1,2-a]pyrimidinone using Fe3O4@SiO2@L-proline MNPs.



Fig. 7. Synthesis of new category of synthesized pyrazolyl moiety compounds.

Scheme 3. The gram scale estimation of this avenue for 5a.

Fig. 6. up) left: The reusability of synthesized catalyst, right: Fe-SEM image of recycled nanocatalyst, down) XRD analysis of recycled nanocatalyst after ten cycles.
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simplicity of operation, short reaction times, practicability, good to
high yields and using an eco-friendly, commercially available,
cheap and chemically stable catalyst. Recyclability through
applying an external magnetic field and excellent chemoselectivity
are the other advantages of this avenue.
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