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Introduction

One of the most important goals of chemists is to produce catalysts with high activity and effi-
ciency, complete selectivity, the ability to separate and recover from the reaction mixture, low
energy consumption and long life."? Catalyst performance can be determined by controlling vari-
ables such as size, structure, spatial and electron distribution, surface composition, thermal and
chemical stability.3 With the introduction of nanotechnology into the catalyst industry, nanocata-
lysts have become more prominent. In most cases, these catalysts have shown remarkable proper-
ties and have found their way into industrial processes.*” Research in the field of nanocatalysts
has always been one of the most interesting topics in Nanochemistry and Green Chemistry.*®
Green Chemistry deals with healthy chemical reactions with safe products with maximum effi-
ciency, and minimum consumption of matter and energy.?"’\' Nanocatalysts can lead us t is
ideal. Today, magnetic nanoparticles have found a varieEpf applications due to properties such
as large specific surface area and simple separation with an external magnetic field.'"' The para-
[FAgnetic nature and insolubility of magnetic nanoparticles facilitate the separation of this catalyst
from the reaction mixture by an external magnet.ll'l?’ The physical and chemical properties of
magnetic nanoparticles largely depend on the method of synthesis and chemical structure.'* In
most cases, the particle size varies from 1 to 100 nanometers. In recent times, the utilization of
magnetic nanoparticles in particular Fe,;O, nanoparticles as support for catalysis have received
profound attention in orgpmic synthesis.'”'* A salient feature of magnetic nanoparticle-stabilized
catalysts isfhat they are easily separated from the reaction medium using an external magnetic
field, have high catalytic activity and exhibit a high degree of chemical stabilitjr.l?'m'11

Multi-component reactions (MCRs) are one of the most important methods in organic synthe-
sis and medicinal chemistry because of their wide range of applications and significant advantages
over conventional linear type syntheses’*** Compared with conventional methods of organic
synthesis, MCRs have the advantages such as high-selectivity, higher yield and diversity by vary-
ing reaction substrates and simple work-up procedures.”

Research on heterocyclic chemistry is one of the most important challenges in chemistry sci-
ence in particular in organic synthesis.’’* Synthesis of heterocyclic compounds has attracted
great interest due to their wide applicability in life and nature.”*** H substituted piperidines
and pyrano[2,3-d]pyrimidin@#Rre very important heterocyclic motifs in the realm of natural and
synthetic organic chemistry ﬁ to their interesting biological and pharmacolofill activities such
as antitumour, antibacterial, antiviral and anti-inflammatory activities.>* In this paper, we
describe the fabrication an@araetcriz:ﬂion of Fe;04-Phenanthroline-Zn nanomaterial and
evaluate its catalytic activity for the multicomponent esis of highly substituted piperidines
and pyrano[2,3-d]pyrimidines. In this method, the zinc complex immobilized on magnetic Fe;0,
nanoparticles as catalyst suggested a series of advantages such as magnetic separation, high stabil-
ity and excellent catalytic-activi =y o the best of our knowledge, it is the first report on the util-
ization of zinc nanomagnetic catalyst for the multicomponent synthesis of highly substituted
piperidines.

Result and discussion &
72
The novel zinc (II) complex immobilized on the surface of magnetic nanoparticles modified with

phenanthroline (Fe;0,-Phenanthroline-Zn) was easily prepared commercially available and
inexpensive reagents according to the procedure summarized in Scheme 1. As illustrated in
Scheme 1, the synthesis of a new heterogeneous nanocatalyst was described by functionalization
of Fe;O4 by AMPTS linker and attachment of phenanthroline to the obtained nano-substrate.
Ultimately, Fe;04 Phenanthroline-#@ nanocatalyst was prepared by using a stable interaction
between the zinc (II) acetate (that 15 a sift metal because of its stable electron configuration. The
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Scheme 1. Details of fabrication of Fe;0,-Phenanthroline-Zn nanomaterial.
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Figure 1. FT-IR spectroscopy of (a] Fes0s (b) FesO,@AMPTS, (0 Fes04-Phenanthroline and (d) Fe;O4-Phenanthroline-Zn
nanomaterial.

?Drbitals of zinc are completely filled and they cannot form metallic bonds. This is the reason
why zinc is a soft metal with nitrogenes in pyridine rings (that are bordgglime due to increased
polarizability imparted by the aromatic ring) in the heterogenized lig eme 1). The struc-
ture of Fe;04-Phenanthroline-Zn nanomaterial was characterized by a series of spectroscopic
techniques including FT-IR spectroscopy, SEM, TEM, EDX, XRD, VSM, TGA and ICP-OES.

Characterization of catalyst

FT-IR Spectroscopy of Fe;0,, Fe;0,@AMPTS, Fe;0,4-Phenanthroline and Fe;04-Phenanthrol

Zn nanomaterial is shown in Figure 1. As shown in Figure 1, a broad peak around 580cm ™~ is
related to the stretching of Fe-O bond.*® Te existence of Zn in the structure of the catalyst was
approved through stretching vibration of C=N bands that appeared at 1629 cm ', as this band




4 @ . RAYA ET AL.

SEM HV: 30,0 kY o; & MIRA3 TESCAN| 5 / .64 m) MIRAZ TESCAN

View fiekd: 1.48 um

OKao

Elt W%
6000 C 1.29

N 1.56
5000 o 2.06

Si 0.73
4000 Fe 91.85

in 2.51
3000

Feka
2000
Zan
1000 FeKp
ZnKp
0 10.00

Figure 3. EDX and SEM analysis of Fe;04-Phenanthroline-Zn catalyst.

shifts to lower frequency (1613 cm Y due to the grafting of Zn (II) complex on the surface of
Fe;0,4-Phenanthroline.

The morphology and size of Fe;0,-Phenanthroline-Zn catalyst were determined by SEM and
TEM analysis, as shown in Figures 2 and 3. Both the SEM and TEM images demonstrate that the
prepared magnetic nanoparticles are spherical, narrowly distributed and well dispersed with aver-
age size of less than 15nm in diameter.

The elemental analysis of Fe;O4-Phenanthroline-Zn catalyst was studied by Energy-Dispersive
X-ray spectroscopy (EDX). As shown in Figure 2, EDX spectrum of Fe;04-Phenanthroline-Zn
catalyst confirmed the presence of Fe, O, N, C, Si and Zn elements in the structure of the catalyst
and proved that the magnetic nanoparticle has been successfully synthesized.
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Figure 4. VSM analysis of the Fe,0,-Phenanthroline-Zn nanocatalyst.
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Figure 5. XRD analysis of (a) Fe;0,4 and (b) Fes04-Phenanthroline-Zn nanocatalyst.

The magnetic property of Fe;O,-Phenanthroline-Zn was checked using Vibrating Sample
Magnetometer (VSM) technique at room temperature. Magnetization curve of Fe;0y4-
Phenanthroline-Zn is illustrated in Figure 4. According to the magnetization curves, the satur-
ation of the Fe;O,-Phenan ine-Zn catalyst was about 51.12 emu/g. With superparamagnetic
property, the catalyst can be easily recovered by applying an external magnetic field.

The structure of Fe;O,4-Phenanthroline-Zn nanocatalyst was investigated by X-Ray Difraction (XRD).
The XRD pattern of Fe;O,-Phenanthroline-Zn nanocatalyst is presented in Figure 5. This analysis
affirmed that the surface-modification and conjugation of the Fe;O4 nanoparticles did not lead to phase
change. Several characteristic peaks at 20 =35.1°, 41.2°, 50.6°, 63.2°, 67.3° and 746" were observed,
which are assigned to the (220), (311), (400), (422), (511) and (440) crystallographic faces of magnetite
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(in good agreement with the standard Fe;0, MNPs XRD spectrum reported in literature). Also, the
crystal size was calculated according to Debye-Scherrer formula and the mean crystal size of Fe304
NPs and Fe;O,4-Phenanthroline-Zn was obtained 1834 nm and 12.27 nm respectively.

order to determine the amount of Zn on the surface of the catalyst, the ICP-OES
(Inductively coupled plasma-optical emission spectrometry) analysis was used which indicated
that the exact the amount of Zn, stabilized on surface of Fe;O,-Phenanthroline-Zn, is found to
be 21.18 x 10 ° mol/g.

After the characterization of Fe;04-Phenanthroline-Zn nanomaterial, its catalytic activity was

uated in the multicomponent synthesis of highly substituted piperidines. The model reaction
of benzaldehyde (2mmol), ethyl acetoacetate mol), and aniline (2 mmol) was performed in
ethanol under reflux conditions. To establish the reaction conditions, the effects of the catalyst
loading, solvent and temperature on the rate and yield of this model reactiqgggrere investigated.
To illustrate the importance of the nanocatalyst in the reaction, the model reaction was carried
out in the absence of zinc nanomagnetic catalyst. As shown in Table 1, only a trace amount of
the model product was seen in the absence of catalyst after 120min (Table 1, Entry 1). As seen
in Table 1 (Entries 2-6), when the amount of catalyst increased, the reaction efficiency also
increased. But catalytic amount above 20mg of Fe;0,-Phenanthroline-Zn did not significa
affect the reaction progress (Table 1, Entry 7). Next, the influence of solvent and temperature on
the model reaction was evaluated; as shown in Table 1, the best results were seen in polar sol-
vents. After comprehensive experiments, 20mg of Fe;O,-Phenanthroline-Zn nanocatalyst in
EtOH/H,O (1/1) (80°C) was considered as the standardized conditions for the multicomponent
syﬁsis of highly substituted piperidines (Table 1, Entry 13).

er optimization of the reaction conditions, the scope and generality of the multicomponent
synthesis of highly substituted piperidines were illustrated with respect to various aromatic alde-
hydes, ethyl acetoacetate and aniline derivatives. The results of these experiments are listed in Table
2. As shown in Table 2, a library of aromatic aldehydes and amines bearing electron-rich and elec-
tron-poor groups at either orth eta- or para-positions of the aromatic ring smoothly partici-
pated in these reactions, and thc%’red products were prepared in good to excellent yields.

A sequential mechanistic pathway attributing to the formation of highly substituted piperidines
is outlined in Scheme 2. 35

Encouraged by these results, we decided to investigate the activity of this catalytic system In
the synthesis of pyrano[2,3-d]pyrimidines. The results of these experiments are listed in Table 3.
Under this ytic system, it could be seen that the reactions proceeded successfully and gave
the expected products in high to excellent yields in short reaction l@s.

A sequential mechanistic pathway attributing to the formation of pyrano[2,3-d]pyrimidines is
ouﬂ:ed in Scheme 3.

e reusability of the catalyst is one of the most important advantages and makes it beneficial
for commercial applications. Recycling and reusability of the Fe;O4-Phenanthroline-Zn catalyst
was also examined upon the synthesis of the model products 4a and 7a under the standardized
conditions. After completion of the reaction, the catalyst was separated easily and rapidly from
the product by exposure to an external magnet, and the reaction solution was decanted, magnet-
ically. The remaining nanomagnetic catalyst was washed several times with ethyl acetate and dried
to remove residual product, and subjected to the next ru he convenient separation using this
strategy minimizes the loss of catalyst during separation. The recovered catalyst could be reused
for seven successive times without any significant loss in catalytic efficiency (Figure 6).

Magnetization curve of reused Fe;O4-Phenanthroline-Zn after 7 runs is illustrated in Figure 7.
According to the magnetization curves, the saturation of the Fe;O4-Phenanthroline-Zn catalyst was
about 45.82emu/g. Scanning Electron Microscope (SEM) of Fe;O4-Phenanthroline-Zn nanocatalyst
catalyst after 7 runs is shown in Figure 7. The SEM image illustrate that these particles are of nearly
spherical morphology with a mean diameter of about 10-20nm. ICP-OES was employed to
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Table 1. Optimization of reaction conditions for synthesis of highly substituted piperidines.?

CHO H,N E l NH O
©/ R \© Catalyst NN
1a 0 o] 2a Solvent, temperature N
A, O

3a
p 4a
ntry Catalyst Catalyst (mg) Solvent (temperature) Time (min) Yielda"
1 - EtOH (reflux) 120 Trace
2 Fes0, 20 EtOH (reflux) 120 Trace
3 Fey04-Phenanthroline 20 EtOH (reflux) 120 Trace
4 Fe;0,-Phenanthroline-Zn 5 EtOH (reflux) 60 73
5 Fe;0,-Phenanthroline-Zn 10 EtOH (reflux) 50 82
6 Fes04-Phenanthroline-Zn 15 EtOH (reflux) 40 89
7 Fes04-Phenanthroline-Zn 20 EtOH (reflux) 30 95
8 Fe40,4-Phenanthroline-Zn 25 EtOH (Reflux) 30 95
9 Fe;0,-Phenanthroline-Zn 20 H;0 (reflux) 30 94
10 Fes04-Phenanthroline-Zn 20 CHLCN (reflux) 30 83
1 Fes04-Phenanthroline-Zn 20 THF (reflux) 30 49
12 Fe40,4-Phenanthroline-Zn 20 Toluene (reflux) 30 56
13 Fe;0,-Phenanthroline-Zn 20 PEG (100°C) 30 81
14 Fey04-Phenanthroline-Zn 20 Solvent-free (80°C) 30 a7
15 Fes04-Phenanthroline-Zn 20 EtOH/H,0 (1/1) (80°C) 30 98
14 Fe40,4-Phenanthroline-Zn 20 DMF (Reflux) 30 85
15 Fe;0,-Phenanthroline-Zn 20 EtOHM,0 (1/1) (80°0) 30 98
16 Fey04-Phenanthroline-Zn 20 EtOHM.0 (1) (70°0) 30 a5
17 Fes04-Phenanthroline-Zn 20 EtOH/M,0 (2/1) (B0°C) 30 94
18 Fe,0,-Phenanthroline-Zn 20 EtOH/M,0 (1/2) (80°C) 30 92
19 Pl es04-Phenanthroline-Zn - - (100°C) 30 -

“Reaction conditions: benzaldehyde (2 mmaol), ethyl acetoacetate (1 mmol) and aniline (2 mmal), catalyst, Solvent (3 ml).
®|solated yield.
Bold values signifies the optimized conditions.

determine the exact Zn content of nanomaterial (after 8 times), which was found to be
21.11 % 10 ° mol/g.

Hot-filtration test

A leaching experiment was conducted to determine the stability of the synthesized magnetic
Fe;04 Phenanthroline-Zn catalyst. Keeping the reaction parameters same, odel reaction was
catalyzed by Fe;O,-Phenanthroline-Zn, After 15min of the reaction, the catalyst was removed
from the reaction mixture via an external magnet and the yield of the product was found to be
71%. Thereafter, the reaction was continued for additional 15 min and the results revealed no sig-
nificant increment in yield, thus justifying that leaching of active metallic species has been

debarred during the course of the reaction.

Competitive study

As presented in Table 4, A comparative study of Fe;O4-Phenanthroline-Zn activity with the lit-
erature reports shows that the present study shows remarkable advantages over previously pub-
lished reports. High product yield, short reaction time, magnetic separability and recyclability up
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Table 2. Scope of the synthesis of highly substituted piperidines catalyzed by Fe;0,-Phenanthroline-Zn nanomaterial

Q,

CHO H;N Hc
R1‘©/ + \Q Fey0,4-Phenanthroline-Zn (20 mg) 0™
2
1ad O O 2ad EtOHIH,0 (1/1), 80 °C N
)]\)\Dﬂ Ej )
a-l
A~

Ry
R'Z
4
Q\NH o] \Q\NH o \Q\NH o]
o 0 OoMe 0
OMe
N N N
4b (45min, 95% ) de (60 min, 91%)

S S\ S

NH ©
o~ o > o~
0,N . NO, \ \
@ NC ij CN Br ij Br

4d (65min, 92 %) e (35 min, 98%) 4f (25 min, 99%)

S W L

NH 0
o> o> o
N N
O,N lij NO, MeO OMe
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U Ui
o o4 off

4j (25 min, 98%)

4a (30 min, 98%)

ohf
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4k (20 min, 95%) 41 (30 min, 98%)

Ylsolated Yields.
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Scheme 2. The plausible mechanistic pathway of the formation of highly substituted piperidines.

to seven consecutive runs are the fascinating attributes of this strategy that makes the protocol
economically viable and operationally facile.

Conclusion

In this paper, we showed that zinc (m complex supported magnetic nanoparticles Fe;O,
modified with phenanthroline [Fe;O,-Phenanthroline-Zn] is an efficient nanomagnetic catalyst
for the multicomponent synthesis of highly substituted piperidines and pyrano[2,3-d]pyrimidines.
FT-IR spectroscopy, SEM, TEM, EDX, XRD, VSM, and ICP-OES spectroscopic techniques were
used to characterize the structure of Fe;0,-Phenanthroline-Zn nanomaterial. Catalysis research
under green solvents makes also this synthetic protocol ideal and fascinating from the environ-
mental point of view. Interestingly, product separation was readily performed using an external
magnet, and the recovered catalyst was reused 7 runs without any notable loss in catalytic activ-
ity. To best of our knowledge, it is the first report on the utilization of zinc nanomagnetic
catalyst for the multicomponent synthesis of highly substituted piperidines.

Experimental

Chemicals were purchased from Fisher and Merck. The reagents and solvents used in this work
were obtained from Sigma-Aldrich, Fluka or Merck and used without further purification. The
infrared spectra (IR) of samples were recorded in KBr disks using a NICOLET impact 410
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Table 3. Scope of the synthesis of pyrano[23-d]pyrimidines catalyzed by Fe,0,-Phenanthroline-Zn nanomaterial.?
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Scheme 3. The plausible mechanistic pathway of the formation of pyrano[2,3-d]pyrimidines.
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Figure 6. Reusability of Fe;04-Phenanthroline-Zn nanomaterial in the synthesis of model products 4a and 7a.
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Figure 7. VSM and SEM analysis of Fe;04-Phenanthroline-Zn after 7 runs.
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Table 4. arison of Fe304-Phenanthroline-Zn catalyst with other catalysts in the synthesis of highly substituted piperi-
dines and pyrano[2,3-d]pyrimidines.

Entry Catalyst Time Yield Ref.

1 Highly substituted piperidines SBA-15/E-SMTU-Cu" 20 98 o

2 Highly substituted piperidines Fe@SiGu-Prs 20 96 2

3 Highly substituted piperidines Acetic acid 27 90 a

4 Highly substituted piperidines PbCr,Fe,,, 04 5 94 “

5 ly substituted piperidines Fe;04-Phenanthroline-Zn 30 98 This work
6 yrano[2,3-d]pyrimidines Nano-sawdust-050;H 15 94 +

7 Pyranol2,3-d]pyrimidines MGO-D-NH-{CH.),-50;H 15 95 1

8 Pyrano[2,3-d]pyrimidines Sn0,/5i0, 60 94 A7

9 Pyranol[2,3-d]pyrimidines [C4 (MIm),]-2HS0, 15 88 e

1 Pyrano[2,3-d]pyrimidines Fes;04-Phenanthroline-Zn 25 98 This work

7

spectrometer. 'HNMR and "*CNMR gectra were recorded with a Bruker D 0 spectrometer
at 400 and 100MHz respectively. Nanostructures were characterized using a Holland @ilips X,
pert X-ray powder diffraction (XRD) diffractometer (Co K, radiation= 0.154056nm)}, at a scan-
ning speed of 2° min ! from 10° to 80°, Scanning electron microscope (SEM) was performed on
an FEI Quanta 20@8EM operated at a 20 kV accelerating voltage. The thermogravimetric analysis
(TGA) curves are recorded usa PL-STA 1500 device manufactured by Thermal Sciences. The
magnetic measurements were carried out in a \-ribratjng sample magnetometer (VSM, BHV-55,
Riken, Japan) at room temperature.

Preparation of the magnetic Fe;04-nanoparticles

The mixture of FeCl;.6H,0 (5.838 g, 0.0216 mol) and FeCl,.4H,0 (2.147 g, 0.0108 mol) were dis-
solved in 100 mL of deionized water in a three-necked bottom (250mL) under N, atmosphere.
After that, under rapid mechanical stirring, 10mL of NH; was add
30 min with vigorous mechanical stirrin fter being rapidly stirred for 30 min, the resultant
black dispersion was heated to 80°C for 30 min. The obtained black precipitate was isolated by
magnetic decantation, washed with double-distilled water until neutrality, and further washed
twice with ethanol and dried at room temperature.

the solution within

Preparation of the Fe;0,05i0,

Then the obtained Fe;O, MNPs ) were ﬁpersed in 20mL of water by sonication for 30 min,
and then 2-propanol (200mL) was added to the reaction mixture. The reaction mixture was
stirred using a magnetic stirrer at room temperature. Under continuous stirring, PEG (5.36 g),
water (20mL), ammonia solution (10mL, 28 wt.%) and 2mL of tetraethyl D?)silicatc (TEOS)
were respectively added into the suspension and continuously reacted for 30h under stirring at
room temperature. Then the product (Fe;0,@510,) was isolated with an external magnet and
washed two times with ethanol and distilled water.

Preparation of Fe;0,APTMS

The obtained Fe;0,@Si0, nanoparticles (1.5g) were ersed in 250 mL ethanol/water (volume
ratio, 1:1) by sonication for 30min, and then APTMS (2.5 mL) was added to the mixture reaction.
The reaction mixture was stirred using mechanical stirring under N, atmosphere at 40 °C for 6 h.
then, the nanoparticles were re-dispersed in ethanol by sonication for 5 times and separated
through magnetic decantation. The nanoparticles product (Fe;0,05i0,-APTMS) was dried at
room temperature.
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Preparation of Fe3;0,Phenanthroline

The MNPs-amine (2.2g) was dispersed in EtOH (50mL) by ultrasonic ba or 10 min.
Potassium carbonate (1 mmol) and Phenanthroline (10 mmol, 1.8 g) were added and stirred at
reflux temperature for 18h r N, atmosphere. Then, the prepared Fe;0,-Phenanthroline
nanocomposite was separated by netic decantation and washed three times with ethanol to
remove the unattached substrates. The resulting product was dried at room temperature.

Preparation of the Fe;04-Phenanthroline-Zn catalyst

In last step, Zn(OAc), (6 mmol) was added to Fe;O,-Phenanthroline (2.5g) in absolute ethanol
(50mL) and the resultant mixture was stirred under reflux for 8h. Finally, the synthesized nanosolid
(Fe304-Phen line-Zn) was separated by magnetic decantation. The nanomagnetic catalyst
washed several times with absolute ethanol, and dried under vacuum at room temperature.

genem! procedure for the synthesis of highly functionalized piperidines

A mixture of aldehyde (2mmol), ethyl acetoacetate (1 mmol), aniline (2mmol) and Fe;04-

nanthroline-Zn (20 mg) in ethanol/water (1/1) (3 mL) was stirred at 80°C. Reaction progress
was monitored by TLC (acetone: n-hexane, 2:8). After completion of reaction, catalyst was
separated by external magnet and washed with ethyl acetate, and next, the product was extracted
with ethyl acetate (5mL x 4). The organic layer was dried over anhydrous Na,SO, (1.5g).
Finally, the organic solvents were evaporated, and the corresponding sulfoxides were washed with
ethanol and obtained in high to excellent yields.

genem! procedure for the synthesis of pyrano[2,3-djpyrimidines

mixture of aromatic aldehyde (1 mmol), malononitrile (1 mmol), barbituric acid (1 mmol) and
Fe;04 Phenanthroline-Zn (20mg) in ethanol/water (1/1) L) was stirred at 80°C. Reaction
progress was monitored by TLC (acetone: n-hexane, 2:8). After the completion of the reaction,
the catalyst was separated using an external magnet and washed with ethyl acctategqcn, the
solvent was evaporated and all products were recrystallized from ethanol. The pure pyrano[2,3-
d]pyrimidines derivatives were obtained in excellent yields.

Spectroscopic data

All the products reported here are known compounds and the spectroscopic data was matched
literature values. Data for the some of the compounds are given below.*~**

Acknowledgement

This work was supported by the Deanship of Scientific Research, Vice Presidency for Graduate Studies and
Scientific Research, King Faisal University, Saudi Arabia [Project No. GRANT721].

Esclusure statement

No potential conflict of interest was reported by the author(s).




14 @ I. RAYA ET AL.

References

1.

10.

1L

12.

13.

14.

15.

le.

17.

18.

19.

Z. Varzi, and A. Maleki, “Design and Preparation of ZnS-ZnFe,0, A Green and Efficient Hybrid
Nanocatalyst for the Multicomponent Synthesis of 2,4,5-Triaryl-1 H-Imidazoles,” Applied Organometallic
Chemistry 33 (2019): ¢5008. https://doi.org/10.1002/a0c.5008

D. Chakraborty, P. Malik, and V.K. Goda, “A New Methodology for the Oxidation of Sulfides with Fe(III)
Catalysts,” Applied Organometallic Chemistry 26, no. 1 (2012): 21-6. https://doi.org/10.1002/aoc. 1859

D.K. Jambhulkar, R.P. Ugwekar, B.A. Bhanvase, and D.P. Barai, “A Review on Solid Base Heterogeneous
Catalysts: Preparation, Characterization and Applications,” Chemical Engineering Communications. 209, no. 4
(2022): 433-84. https://doi.org/10.1080/00986445.2020.1864623

S.B. Kalidindi, and B.R. Jagirdar, “Nanocatalysis and Prospects of Green Chemistry,” Chemsuschem. 5, no. 1
(2012): 65-75. https://doi.org/10.1002/cssc.201100377

Mengbiao Duan, Longbo Jiang, Guangming Zeng, Dongbo Wang, Wangwang Tang, Jie Liang, Han Wang Di
He, Zhifeng Liu, Lin Tang, et al, “Bimetallic Nanoparticles/Metal-Organic Frameworks: Synthesis, Applications
and Challenges,” Applied Materials Today. 19 (2020): 100564. https://doi.org/10.1016/j.apmt.2020.100564

Suhelen Vésquez—Césp-edes, Rick C. Betori, Megan A. Cismesia, Janelle K. Kirsch, and Qiang Yang,
“Heterogeneous Catalysis for Cross-Coupling Reactions: An Underutilized Powerful and Sustainable Tool in
the Fine Chemical Industry?,” Organic Process Research ¢ Development 25, no. 4 (2021): 740-53. https://doi.
org/10.1021/acs.oprd. 1c00041

Qishun Liu, Yufen Lu, Pengli Bao, Huilan Yue, and Wei Wei, “Recent Progress in the Synthesis of N-
Substituted-1,2,3-Triazoles,” Chinese Journal of Organic Chemistry 40, no. 12 (2020): 4015-30. https://doi.
org/10.6023/cjoc202008042

Xinghui Yao, Xin Weng, Kaixuan Wang, Haifeng Xiang, and Xiangge Zhou, "Transition Metal Free
Oxygenation of 8-Aminoquinoline Amides in Water,” Green Chemistry 20, no. 11 (2018): 2472-6. https://
doi.org/10.1039/c8gc00191j

Mohammadreza Shokouhimehr, Kootak Hong, Tae Hyung Lee, Cheon Woo Moon, Seung Pyo Hong,
Kaigiang Zhang, Jun Min Suh, Kyoung Soon Choi, Rajender §. Varma, Ho Won Jang, et al, “Magnetically
Retrievable Nanocomposite Adomed with Pd Nanocatalysts: Efficient Reduction of Nitroaromatics in
Aqueous Media,” Green Chemistry 20, no. 16 (2018): 3809-17. https://doi.org/10.1039/c8gc01240g

M. Aqeel Ashraf, Z. Liu, Y. Yang, C. Li, and D. Zhang, "Magnetic Nanomaterials Catalyzed Synthesis of
Tetrazoles,” Synthetic Communications. 0 (2020): 1-18. https://doi.org/10.1080/00397911.2020.1783685

J. Bai, D. Liw, J. Yang, and Y. Chen, "Nanocatalysts for Electrocatalytic Oxidation of Ethanol,”
Chemsuschem. 12, no. 10 (2019): 2117-32. https://doi.org/10.1002/cssc.201803063

M.A. Zolfigol, M. Yarie, and 5. Baghery, “[44'-Bipyridine]-1,1'-Dijum Tricyanomethanide as a
Nanostructured Molten Salt and Its Catalytic Application in the Synthesis of Tetrahydrobenzo[b]Pyrans,
Amido and Aminoalkyl Naphthol Derivatives,” Journal of Molecular Liquids. 222 (2016): 923-32. https://doi.
org/ 10.1016/j.molliq.2016.07.132

Ardeshir Khazaei, Fatemeh Gholami, Vahid Khakyzadeh, Ahmad Reza Moosavi-Zare, and Javad Afsar,
“Magnetic Core-Shell Titanium Dioxide Nanoparticles as an Efficient Catalyst for Domino
Knoevenagel-Michael-Cyclocondensation Reaction of Malononitrile, Various Aldehydes and Dimedone,”
RSC Advances 5, no. 19 (2015): 14305-10. https://doi.org/ 10.1039/C4RA 163004

P. Beigzadeh, and F. Moeinpour, “Fast and Efficient Remaoval of Silver (I) from Aqueous Solutions Using
Aloe Vera Shell Ash Supported Ni0.5Zn0.5Fe,0, Magnetic Nanoparticles,” Transactions of the Nonferrous
Metals Society of China. 26, no. 8 (2016): 2238-46. https://doi.org/10.1016/51003-6326(16)64341-8
Altathusen Naikwade, Megha Jagadale, Dolly Kale, Shivanand Gajare, and Gajanan Rashinkar, “Magnetic
Nanoparticle Decorated N-Heterocyclic Carbene-Nickel Complex with Pendant Ferrocenyl Group for C-H
Arylation of Benzoxazole,” Catalysis Letters 148, no. 10 (2018): 3178-92. https://doi.org/10.1007/510562-018-2514-1
L. Shiri, and M. Kazemi, “"Magnetic FesO, Nanoparticles Supported Amine: A New, Sustainable and
Environmentally Benign Catalyst for Condensation Reactions,” Research on Chemical Intermediates 43, no. 8
(2017): 4813-32.

Rui Liu, Yunlong Guo, Gleria Odusote, Fengli Qu, and Rodney D. Priestley, “Core-Shell Fe.O,
Polydopamine Nanoparticles Serve Multipurpose as Dirug Carrier, Catalyst Support and Carbon Adsorbent,”
ACS Applied Materials ¢ Interfaces 5, no. 18 (2013): 9167-71. https://doi.org/10.1021/am402585y

S-M. Zhou, G.-Z. Wang, H.-F. Chen, L. Feng, and D.-D. Wang, "Research Progress on Heterogeneous
Persulfate-Based Catalytic Materials,” Xiandai Huagong/Modern Chemical Industry 40 (2020): 20-5. https://
dolorg/10.16606/j.cnki.issn0253-4320.2020.10.005

Daonggi Tian, Hongyu Zhou, Heng Zhang, Peng Zhou, Junjie You, Gang Yao, Zhicheng Pan, Yang Liu, and
Bo Lai, “Heterogeneous Photocatalyst-Driven Persulfate Activation Process under Visible Light Irradiation:
From Basic Catalyst Design Principles to Novel Enhancement Strategies,” Chemical Engineering Journal and
the Biochemical Engineering Journal. 428 (2022): 131166. httpsi//dol.org/10.1016/j.cej.2021.131166




20.

21.

22,

23.

24,

25,

26.

27.

28.

29.

30.

3L

32,

33

34.

35.

36.

POLYCYCLIC AROMATIC COMPOUNDS @ 15

A. Gopinath, L. Pisharody, A. Popat, and P.V. Nidheesh, "Supported Catalysts for Heterogeneous electro-
Fenton Processes: Recent Trends and Future Directions,” Current Opinion in Solid State and Materials
Science. 26, no. 2 (2022): 100981. https://doi.org/10.1016/j.cossms.2022. 10098 1

D. Dutta, and B.M. Das, “Scope of Green Nanotechnology towards Amalgamation of Green Chemistry for
Cleaner Environment: A Review on Synthesis and Applications of Green Nanoparticles,” Environ
Nanotechnology, Monit Manag 15 (2021): 100418, https://doi.org/10.1016/j.enmm.2020.10041 8

Farid Moeinpour, Nadieh Dorostkar-Ahmadi, Arezoo Sardashti-Birjandi, Amir Khojastehnezhad, and Majid
Vafaei, “Multicomponent Preparation of 1-Amidoalkyl-2-Naphthols Using Silica-Supported Molybdenum
Oxide (Mo0O,/8i0,) as a Mild and Recyclable Catalyst,” Research on Chemical Intermediates 40, no. 8 (2014):
3145-52. https://doi.org/10.1007/s11164-013-1160-x

F. Moeinpour, and A. Khojastehnezhad, “An Efficient One-Pot Synthesis of 1,8-Dioxodecahydroacridines
Using Silica-Supported Polyphosphoric Acid (PPA-8i0:) under Sclvent-Free Conditions,” E-Journal of
Chemistry 9, no. 2 (2012): 504-9. https://doi.org/10.1155/2012/214231

H. Alinezhad, M. Tajbakhsh, B. Maleki, and F. Pourshaban Oushibi, “Acidic Ionic Liguid [H-NPJHSO,
Promoted One-Pot Synthesis of Dihydro-1H-Indeno[1,2-b]Pyridines and Polysubstituted Imidazoles,”
Polycyclic Aromatic Compounds 40, no. 5 (2020): 1485-500. https://doi.org/10.1080/10406638.2018.1557707
A. Jamshidi, F. Mohammadi Zonoz, and B. Maleki, “Synthesis and Characterization of a New Nano Ienic
Liquid Based on Dawson-Type Polyoxometalate and Its Application in the Synthesis of Symmetrical N,N'-
Alkylidene Bisamides,” Polycyclic Aromatic Compounds 40, no. 3 (2020): 875-88. https://doi.org/10.1080/
10406638.2018.1504094

Mohammad Rahimizadeh, Seyed Mohammad Seyedi, Mohsen Abbasi, Hossein Eshghi, Amir
Khojastehnezhad, Farid Moeinpour, and Mehdi Bakavoli, “Nanomagnetically Modified Ferric Hydrogen
Sulfate (NiFe,0,05i0,-FHS): a Reusable Green Catalyst for the Synthesis of Highly Functionalized
Piperidine Derivatives,” Journal of the Iranian Chemical Society 12, no. 5 (2015): 839—44. https://doi.org/10.
1007/s13738-014-0546-2

S. Allameh, A. Davoodnia, and A. Khojastehnezhad, “An Efficient and Eco-Friendly Synthesis of 14-Aryl-
14H-Dibenzo[a,j]Xanthenes Using H4[SiW12040] as a Heterogeneous and Reusable Catalyst under Solvent-
Free Conditions,” Chinese Chemical Letters 23, no. 1 (2012): 17-20. https://doi.org/10.1016/j.cclet.2011.10.003
Behrooz Maleki, Razieh Nejat, Heshmatollah Alinezhad, Seyed Mohsen Mousavi, Behnam Mahdavi, and
Maryam Delavari, “Nanostructural Cu-Doped ZnO Hollow Spheres as an Economical and Recyclable
Catalyst in the Synthesis of 1 H-Pyrazolo[1,2-b] Phthalazine-5,10-Diones and Pyrazolo[1,2-a] [1,2,4]Triazole-
1,3-Diones,” Organic Preparations and Procedures International 52, no. 4 (2020): 328-39. https://doi.org/10.
1080/00304948.2020.1765655

B. Maleki, H. Atharifar, O. Reiser, and R. Sabbaghzadeh, "Glutathione-Coated Magnetic Nanoparticles for
One-Pot Synthesis of 1,4-Dihydropyridine Derivatives,” Polycyclic Aromatic Compounds 41, no. 4 (2021):
721-34. https://doi.org/10.1080/10406638.2019.1614639

H. Mohammad Zaheri, 5. Javanshir, B. Hemmati, Z. Dolatkhah, and M. Fardpour, Magnetic Core-Shell
Carrageenan Moss/FesO4 A Polysaccharide-Based Metallic Nanoparticles for Synthesis of Pyrimidinone
Derivatives via Biginelli Reaction. Chemistry Central Journal 12 (2018):108. https://doi.org/10.1186/s13065-
018-0477-3

Wenlong Wang, Lifeng Cui, Peng Sun, Lijun Shi, Chengtao Yue, and Fuwei Li, “Reusable N-Heterocyclic
Carbene Complex Catalysts and beyond: A Perspective on Recycling Strategies,” Chemical Reviews 118, no.
19 (2018): 9843-929. https://doi.org/10.1021/acs.chemrev.8b00057

AM. Salaheldin, AMF. Oliveira-Campos, and LM. Rodrigues, “Heterocyclic Synthesis with Nitriles:
Synthesis of Pyrazolopyrimidine and Pyrazolopyridine Derivatives,” Synthetic Communications. 39, no. 7
(2009): 1186-95. https://doi.org/10.1080/003979108025178 14

Z. Hosseinzadeh, A. Ramazani, and N. Razzaghi-Asl, “Anti-Cancer Nitrogen-Containing Heterocyclic
Compounds,” Current Organic Chemistry 22, no. 23 (2018): 2256-79. https:y//doi.org/10.2174/
13852728226661 81008 142138

M. Nasrollahzadeh, Z. Nezafat, N.5.S. Bidgoli, and N. Shafiei, “Use of Tetrazoles in Catalysis and Energetic
Applications: Recent Developments,” Molecular Catalysis 513 (2021): 111788, https://doiorg/10.1016/j.mcat.
2021.111788

S.5. Karbasaki, G. Bagherzade, B. Maleki, and M. Ghani, “Fabrication of Sulfamic Acid Functionalized
Magnetic Nanoparticles with Denderimeric Linkers and Its Application for Microextraction Purposes, One-
Pot Preparation of Pyrans Pigments and Removal of Malachite Green,” Journal of the Taiwan Institute of
Chemical Engineers. 118 (2021): 342-54. https://doi.org/10.1016/jjtice.2020.12.025

Fatemeh Adibian, Ali Reza Pourali, Behrooz Maleki, Mehdi Baghayeri, and Amirhassan Amiri, “One-Pot
Synthesis of Dihydro-1H-Indeno[1,2-b] Pyridines and Tetrahydrobenzo[b] Pyran Derivatives Using a New
and Efficient Nanocomposite Catalyst Based on N-Butylsulfonate-Functionalized MMWCNTs-D-NH2,”
Polyhedron 175 (2020): 114179, https://doi.org/10.1016/j.poly.2019.114179




16 @ I. RAYA ET AL.

37.

38.

39.

40.

41

42,

43,

44,

45,

46.

47.

48,

49,

50.

51.

52.

53

A. Khojastehnezhad, B. Maleki, B. Karrabi, and E.R. Seresht, “Synthesis of Highly Functionalized Piperidines
Using Polyphosphoric Acid Supported on Silica-Coated Magnetic Nanoparticles,” Organic Preparations and
Procedures International. 49, no. 4 (2017): 338-45. https://doi.org/10.1080/00304948.2017.1342505

Hua-Feng Zhang, “InBr3-Catalyzed Deoxygenation of Sulfoxides and Carboxylic Acids with a Hydrosilane,”
Journal of Synthetic Chemistry 1, no.1 (2022): 42-47. https://doiL.org/10.22034/jsc.2022.149233

Xiang Tan, Putla Sudarsanam, Jinyu Tan, Anping Wang, Heng Zhang, Hu Li, and Song Yang, “Sulfonic
Acid-Functionalized Heterogeneous Catalytic Materials for Efficient Biodiesel Production: A Review,”
Journal of Environmental Chemical Engineering. 9, no. 1 (2021): 104719. https://doi.org/10.1016/j.jece.2020.
104719

Ajmal R. Bhat and Sunit §. Gupta, “InBr3 Catalyzed the Rapid and Scale-Up Asymmetric Biginelli Synthesis
of Pyrido([2,3-D]Pyrimidines Under Solvent-Free Conditions,” Journal of Synthetic Chemistry. no.1, 1 (2022):
27-36. https://doi.org/10.22034/j5¢.2022.149221

R. Jahanshahi, and B. Akhlaghinia, “Cu (II)-Grafted SBA-15 Functionalized S5-Methylisothiourea Aminated
Epibromohydrin (SBA-15/E-SMTU-Cu") : A Novel and Efficient Heterogeneous Mesoporous Catalyst,” New
Journal of Chemistry 41, no. 15 (2017): 7203-19. https://doi.org/10.1039/CTNJ00849]

Hossein Eshghi, Amir Khojastehnezhad, Farid Moeinpour, Shima Rezaeian, Mehdi Bakavoli, Mohsen
Teymouri, Amin Rostami, and Kamahldin Haghbeen, “Nanomagnetic Organic-Inorganic Hybrid (Fe@Si-
Gu-Prs): a Novel Magnetically Green Catalyst for the Synthesis of Tetrahydropyridine Derivatives at Room
Temperature under Solvent-Free Conditions,” Tetrahedron 71, no. 3 (2015): 436-44. https://doi.org/10.1016/
jtet.2014.12.010

U. Balijapalli, 5. Munusamy, KN. Sundaramoorthy, and S.K. Iyer, “Metal-Free, One-Pot, Rapid Synthesis of
Tetrahydropyridines Using Acetic Acid as Solvent and Catalyst at Room Temperature,” Synthetic
Communications. 44, no. 7 (2014): 943-53. https://doLorg/10.1080/00397911.2013.838266

Ali Sobhani-Nasab, Abolfazl Ziarati, Mehdi Rahimi-Nasrabadi, Mohammad Reza Ganjali, and Alireza Badiei,
“Five-Component Domino Synthesis of Tetrahydropyridines Using Hexagonal PbCr x Fel2—x 019 as
Efficient Magnetic Nanocatalyst,” Research on Chemical Intermediates 43, no. 11 (2017): 6155-65. https://doi.
org/ 10.1007/s11164-017-2982-8

B. Sadeghi, M. Bouslik, and M.R. Shishehbore, “Nano-sawdust-OSO3H as a New, Cheap and Effective
Nanocatalyst for One-Pot Synthesis of Pyrano[2,3-d]Pyrimidines,” Journal of the Iranian Chemical Society
12, no. 10 (2015): 1801-8. https://doi.org/10.1007/513738-015-0655-3

H. Alinezhad, M. Tarahomi, B. Maleki, and A. Amiri, “So 3 H-Functionalized nano-MGQO-D-NH 2:
Synthesis, Characterization and Application for One-Pot Synthesis of Pyrano[2,3-d]Pyrimidinone and
Tetrahydrobenzo[b]Pyran Derivatives in Aqueous Media,” Applied Organometallic Chemistry 33 (2019):
ed661. https://doi.org/10.1002/a0c.4661

AA Yelwande, and M.K. Lande, “An Efficient One-Pot Three-Component Synthesis of 7-Amino-2, 4-
Dioxo-5-Aryl-1,3,4,5-Tetrahydro-2 H-Pyrano[2,3-d] Pyrimidine-6-Carbonitriles  Catalyzed by Sn02/5102
Nanocomposite,” Research on Chemical Intermediates 46, no. 12 (2020): 5479-98. https://doi.org/10.1007/
s11164-020-04273-x

Z. Sharifi, N. Daneshvar, M.5.N. Langarudi, and F. Shirini, "Comparison of the Efficiency of Two Imidazole-
Based Dicationic Ionic Liquids as the Catalysts in the Synthesis of Pyran Derivatives and Knoevenagel
Condensations,” Research on Chemical Intermediates 45, no. 10 (2019): 4941-58. https://doi.org/10.1007/
s11164-019-03874-5

Ahmed H. Shamroukh, Magdi E.A. Zaki, Eman M.H. Morsy, Faiza M. Abdel-Motti, and Farouk M.E.
Abdel-Megeid, “Synthesis of Pyrazolo[4',3":5,6] Pyrano[2,3-d]Pyrimidine Derivatives for Antiviral Evaluation,”
Archiv Der Pharmazie 340, no. 5 (2007): 236-43. https://doi.org/10.1002/ardp.200700005

T. Farahmand, S. Hashemian, and A. Sheibani, “Efficient One-Pot Synthesis of Pyrano[2,3-d]Pyrimidinone
and Pyrido [2,3-d] Pyrimidine Derivatives by Using of Mn-ZIF-8@ZnTiO3 Nanocatalyst,” Journal of
Molecular Structure. 1206 (2020): 127667. https://doi.org/10.1016/j.molstruc.2019.127667

K. Kacprzak, I. Skiera, M. Piasecka, and Z. Paryzek, “Alkaloids and Isoprenoids Modification by Copper(I)-
Catalyzed Huisgen 1,3-Dipolar Cycloaddition (Click Chemistry): toward New Functions and Molecular
Architectures,” Chemical Reviews 116, no. 10 (2016): 5689-743. https://doi.org/10.1021 /acs.chemrev.5b00302
Nikita R. Agrawal, Sandeep P. Bahekar, Prashant B. Sarode, Sanjio 5. Zade, and Hemant 5. Chandak, “L-
Proline Nitrate: A Recyclable and Green Catalyst for the Synthesis of Highly Functionalized Piperidines,”
RSC Advances 5, no. 58 (2015): 47053-9. https://doi.org/10.1039/c5ra08022¢

]. Aboonajmi, M.T. Maghsoodlou, N. Hazeri, M. Safarzaei, M. Shirzaei, “Multicomponent Preparation of
Highly Functionalized Piperidines Using FeCl,.6H,0 as an Efficient Catalyst,” Iranian Journal of Catalysis 5
(2015): 33-9.




rization_of_a_Novel_and_Efficient_Zinc_Nanomagnetic_Cat...

ORIGINALITY REPORT

20, 126 144 4da

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

byjus.com

Int{-rlnetSource 1%

www.thieme-connect.com 1
Internet Source %

ubmed.ncbi.nlm.nih.gov

Irr)]ternetSource g 1%
Submitted to VIT Universit

Student Paper y <1 %

www.derpharmachemica.com <1
Internet Source %
Agnieszka Z. Wilczewska, lwona

ﬂ 5 <1 %

Misztalewska. "Direct Synthesis of
Imidazolinium Salt on Magnetic
Nanoparticles and Its Palladium Complex
Application in the Heck Reaction",
Organometallics, 2014

Publication

Fatemeh Ghassempour Nikfarjam, <1 o
Mohammad Mahmoodi Hashemi, Ali °
Ezabadi. " Design, Preparation, and

Characterization of a Novel |IL-Based

Catalyst, [(Et N) SOJ[HSO ], as an Efficient



and Recyclable Catalyst in Biginelli Reaction
under Solvent-Free Conditions ", Polycyclic
Aromatic Compounds, 2019

Publication

B Bagheri, Samira, and Nurhidayatullaili Muhd <1 o
Julkapli. "Modified iron oxide nanomaterials: ’
Functionalization and application", Journal
of Magnetism and Magnetic Materials,

2016.
Publication
Submitted to Boston Universit

n Student Paper y <1 %
Submitted to Victoria Universit

Student Paper y <1 %
libres.uncg.edu

Internet Source g <1 %

Ghodsi Mohammadi Ziarani, Zohreh <1 o
Kheilkordi, Fatemeh Mohajer, Alireza Badiei, ’
Rafael Luque. "Magnetically recoverable
catalysts for the preparation of pyridine
derivatives: an overview", RSC Advances,

2021
Publication
Submitted to Universitas Airlangga

Student Paper gg <1 %
doczz.net

Internet Source <1 %

N
03

wicri-demo.istex.fr

Internet Source



<1%

Dong Wang, Didier Astruc. "The Golden Age <1 o
of Transfer Hydrogenation", Chemical °
Reviews, 2015
Publication

Jaimy Scaria, P.V. Nidheesh. "The role of 1

. . < | %
non-radical pathway in heterogeneous
activation of persulfate and H202 by
superparamagnetic magnetite-reduced
graphene oxide nanocomposite",
Separation and Purification Technology,
2022
Publication
nanoscalereslett.springeropen.com

Internet Source p g p <1 %
research.asu.edu.e

Internet Source g <1 %
ru.scribd.com

Internet Source <1 %
www.intechopen.com

Internet Source p <1 %

i Abhijeet Mulik, Pravin Hegade, Dayanand <1 o
Patil, Ganpatrao Mulik, Suresh Salunkhe, ’

Madhukar Deshmukh. "Efficient, rapid

avenue for synthesis of highly substituted

piperidines using polystyrene sulfonic acid",

Research on Chemical Intermediates, 2016

Publication

B



23

Bruno R. Facin, Marina S. Melchiors,
Alexsandra Valério, J. Vladimir Oliveira,
Débora de Oliveira. "Driving Immobilized
Lipases as Biocatalysts: 10 Years State of
the Art and Future Prospects", Industrial &
Engineering Chemistry Research, 2019

Publication

<1%

Florian Seeliger, Stefan T. A. Berger,
Grygoriy Y. Remennikov, Kurt Polborn,
Herbert Mayr. "Electrophilicity of 5-
Benzylidene-1,3-dimethylbarbituric and -
thiobarbituric Acids", The Journal of Organic
Chemistry, 2007

Publication

<1%

Goutam Brahmachari, Suvankar Das.
"Bismuth nitrate-catalyzed multicomponent
reaction for efficient and one-pot synthesis
of densely functionalized piperidine
scaffolds at room temperature”,
Tetrahedron Letters, 2012

Publication

<1%

James H. Clark. "Solid Acids for Green
Chemistry", Accounts of Chemical Research,
2002

Publication

<1%

Rui Liu, Yunlong Guo, Gloria Odusote, Fengli
Qu, Rodney D. Priestley. " Core-Shell Fe O
Polydopamine Nanoparticles Serve
Multipurpose as Drug Carrier, Catalyst

<1%



Support and Carbon Adsorbent ", ACS
Applied Materials & Interfaces, 2013

Publication

Submitted to Universiti Malaysia <1 o
Terengganu UMT
Student Paper
Yun Ma, Changtao Qian, Limin Wang, Min <1
) . %
Yang. "Lanthanide Triflate Catalyzed
Biginelli Reaction. One-Pot Synthesis of
Dihydropyrimidinones under Solvent-Free
Conditions", The Journal of Organic
Chemistry, 2000
Publication
jgpt.co.in
-Ilr§elrcr)net Source <1 %
A. B. A. El-Gazzar, M. |. Hegab, S. A. Swelam, <1
: . . . %
A. S. Aly. "Studies with Polyfunctionality
Substituted Heterocycles: Novel Syntheses
of Thienopyrimido-1,2,4-triazoles",
Phosphorus, Sulfur, and Silicon and the
Related Elements, 2002
Publication
Anthony R. Porcari, Roger G. Ptak#, <1 o

Katherine Z. Borysko, Julie M. Breitenbach,
John C. Drach, Leroy B. Townsend.
"Synthesis and Antiviral Activity of 2-
Substituted Analogs of Triciribine",
Nucleosides, Nucleotides and Nucleic Acids,
2003

Publication




Shiro lkegami, Hiromi Hamamoto. "Novel <1
Recycling System for Organic Synthesis via %
Designer Polymer-Gel Catalysts", Chemical
Reviews, 2009
Publication
Submitted to Universiti Teknologi Malaysia

Student Paper g y <1 %
Submitted to University of KwaZulu-Natal

Student Paper y <1 %
Www.Hindawi.Com

Internet Source <1 %
www.journalppw.com

Internet SJource pp <1 %

Jaesang Lee, Urs von Gunten, Jae-Hong Kim. <1 o
"Persulfate-Based Advanced Oxidation; ’
Critical Assessment of Opportunities and
Roadblocks", Environmental Science &

Technology, 2020
Publication
Jing Yu. "Green Synthesis of Pyrano[2,3 - d 1
o L R <I1%
] - pyrimidine Derivatives in lonic Liquids",
Synthetic Communications, 12/1/2005
Publication
Maryam Shokoohian, Nourallah Hazeri, <1 o

Malek Taher Maghsoodlou, Mojtaba
Lashkari. "Design and Synthesis,
Antimicrobial Activities of 1,2,4-Triazine
Derivatives as Representation of a New



Hetrocyclic System", Polycyclic Aromatic
Compounds, 2020

Publication

igeb.springeropen.com
JIr%ernet SoFl)Jrce g p <1 %
ndltd.ncl.edu.tw
Internet Source <1 %
Ajeet A. Yelwande, Madhukar E. Navgire, <1 o

Manoj Palve, Harshal S. Patil, Mazahar
Farooqui, Jaysing M. Dinore. "One-pot
multicomponent synthesis approach for
tetrahydropyridines using polyaniline-
zirconium oxide composites", Synthetic
Communications, 2022

Publication

Ali Maleki, Fereshte Hassanzadeh-Afruzi, <1 o
Zahra Varzi, Mir Saeed Esmaeili. "Magnetic ’
dextrin nanobiomaterial: An organic-

inorganic hybrid catalyst for the synthesis of
biologically active polyhydroquinoline

derivatives by asymmetric Hantzsch

reaction", Materials Science and

Engineering: C, 2020

Publication

Ghodsi Mohammadi Ziarani, Mahdieh
Khademi, Fatemeh Mohajer, Sangeeta
Yadav, Ravi Tomar. "Recent Advances in the
Application of Barbituric Acid Derivatives in
Multicomponent Reactions", Current
Organic Chemistry, 2022

<1%



Publication

Khazaei, Ardeshir, Ahmad Reza Moosavi- <1 y
Zare, Fatemeh Gholami, and Vahid ’
Khakyzadeh. "Preparation of 1,2,4,5-
tetrasubstituted imidazoles over magnetic

core-shell titanium dioxide nanoparticles :

Catalytic application of titanium dioxide
nanoparticles", Applied Organometallic

Chemistry, 2016.

Publication

47

Submitted to Texas Christian University <’] o
0

Student Paper

B
00

Tong - Shou Jin, Ai - Qing Wang, Zhao - Li
Cheng, Jian - She Zhang, Tong - Shuang Li. "
A Clean and Simple Synthesis of 6 -

Amino - 4 - Aryl - 5 - Cyano - 3 - Methyl -

1 - Phenyl - 1,4 - Dihydropyrano[2,3 -
]Pyrazole in Water ", Synthetic
Communications, 2005

Publication

<1%

Zahra Abdi Piralghar, Mohammad M.
Hashemi, Ali Ezabadi. "Synthesis and
Characterization of Bronsted Acidic lonic
Liquid Based on Ethylamine as an Efficient
Catalyst for the Synthesis of Xanthene
Derivatives under Solvent-Free Conditions",
Polycyclic Aromatic Compounds, 2019

Publication

<1%

ioes.um.edu.my <1 o/
0

Internet Source




m\g’sﬂ:fnomat'com <1 o
ﬁﬂ&?ﬂ?ocr}emres.org <1 o
Ankita Chaudhary. "Multicomponent <1 o
Approach for the Sustainable Syntheses of
Pyrido[2,3-d]pyrimidine Scaffold", Current
Organic Chemistry, 2021
Publication
Chongwei Zhu, I\/I“eiling Yi,. D.onghu.i \{'\/ei, <1 o
Xuan Chen, Yangjie Wu, Xiuling Cui.
Copper-Catalyzed Direct Amination of
Quinoline -Oxides via C-H Bond Activation
under Mild Conditions ", Organic Letters,
2014
Publication
Hiroharu Matsuoka, Nobuhiro Ohi, <1 o
Masahiko Mihara, Hiroshi Suzuki et al. °
"Antirheumatic Agents: Novel Methotrexate
Derivatives Bearing a Benzoxazine or
Benzothiazine Moiety", Journal of Medicinal
Chemistry, 1997
Publication
Jairton Dupont, Roberto F. de Souza, Paulo <1 o

A. Z. Suarez. "lonic Liquid (Molten Salt)
Phase Organometallic Catalysis", Chemical
Reviews, 2002

Publication




Parisa BEIGZADEH, Farid MOEINPOUR. "Fast
and efficient removal of silver (I) from
aqueous solutions using aloe vera shell ash
supported Ni0.5Zn0.5Fe204 magnetic
nanoparticles", Transactions of Nonferrous
Metals Society of China, 2016

Publication

<1%

R. Jahanshahi, B. Akhlaghinia. " Cu( )-grafted
SBA-15 functionalized S-methylisothiourea
aminated epibromohydrin (SBA-15/E-SMTU-
Cu ): a novel and efficient heterogeneous
mesoporous catalyst ", New Journal of
Chemistry, 2017

Publication

<1%

Thomas W. Lyons, Melanie S. Sanford.
"Palladium-Catalyzed Ligand-Directed C-H
Functionalization Reactions", Chemical
Reviews, 2010

Publication

<1%

Zheng, Rui, Sheng Wang, Ye Tian, Xinguo
Jiang, Deliang Fu, Shun Shen, and Wuli Yang.
"Polydopamine-Coated Magnetic Composite
Particles with Enhanced Photothermal
Effect", ACS Applied Materials & Interfaces

Publication

<1%

2
—

backend.orbit.dtu.dk

Internet Source

<1%

62

chemistry-europe.onlinelibrary.wiley.com

Internet Source

<1%




B
w

dergipark.org.tr <1 o
0

Internet Source

ouci.dntb.gov.ua 1
Internet Source < %
sioc-journal.cn 1
Internet Source < %
wjgnet.com 1
E Internet Source < %
www.scinapse.io 'I
Internet Source < %
E WWW.SCipress.com <1

Internet Source %
E www.semanticscholar.org <1
Internet Source %

Bl
o

Zohreh Kheilkordi, Ghodsi Mohammadi
Ziarani, Fatemeh Mohajer, Alireza Badiei,
Rajender S. Varma. "Waste-to-wealth
transition: application of natural waste
materials as sustainable catalysts in
multicomponent reactions"”, Green
Chemistry, 2022

Publication

Didier Astruc, Feng Lu, Jaime Ruiz Aranzaes. <1

" H . %
Nanoparticles as Recyclable Catalysts: The

Frontier between Homogeneous and

Heterogeneous Catalysis", Angewandte

Chemie International Edition, 2005

Publication




Shu-Wei Chen, Zhi-Cheng Zhang, Miaofeng <1 o
Ma, Chong-Min Zhong, Sang-gi Lee.
"Supported Ruthenium-Carbene Catalyst on
lonic Magnetic Nanoparticles for Olefin
Metathesis", Organic Letters, 2014
Publication
Xie, Yijun, Bin Yan, Haolan Xu, Jian Chen, <'I o

Qingxia Liu, Yonghong Deng, and Hongbo
Zeng. "Highly Regenerable Mussel-Inspired
Fe304@Polydopamine-Ag Core-Shell
Microspheres as Catalyst and Adsorbent for
Methylene Blue Removal", ACS Applied
Materials & Interfaces

Publication

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



