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In the current work, the design, synthesis, characterization, and catalytic

performance of a novel pseudopolymeric magnetic nanoparticles bearing urea

linkers were presented. After the synthesis of urea linker, it was applied for

the synthesis of pseudopolymeric magnetic nanoparticles. The structure of the

synthesized pseudopolymeric magnetic nanoparticles was confirmed by

applying different methods including Fourier transform infrared (FT-IR)

spectroscopy, energy dispersive X-ray (EDX) analysis, thermo gravimetric

analysis/differential thermal analysis (TG/DTG), transmission electron micros-

copy (TEM), scanning electron microscopy (SEM), vibrating sample

magnetometer (VSM), differential reflectance spectroscopy (DRS) and N2

adsorption-desorption isotherms. The catalytic performance of the titled

structure was tested towards the synthesis of tetrahydrodipyrazolopyridine

derivatives under mild reaction conditions.
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1 | INTRODUCTION

It has been made clear that non-covalent interactions
have an influential position in synthesis, catalytic
process, design and manufacture of medicines, material
and molecular recognition, biomimetic reactions, and
molecular biology.[1] One of the most important non-
covalent interactions is the capability of hydrogen bond
formation. Hydrogen-bonding attractive interactions are
the key element for the maintaining the three dimen-
sional structures of DNA and proteins as biological vital
molecules. Also, in the synthetic chemical processes,
scientists can utilize hydrogen-bonding interactions
for regulation of chemoselective, regioselective, and

stereoselective chemical bond formations.[2,3] Therefore,
it is no wonder that hydrogen-bonding organocatalysis as
a fascinating study topic expanded rapidly, and several
review articles deal with this area of catalysis.[4–10]

Recently, we have reviewed various aspects of urea and
its derivatives as powerful and influential H-bonding
catalytic active agents in a wide range of chemical
processes.[11]

Although homogenous catalytic systems represent
many practical benefits like high activity and selectivity,
but, due to the high costs and troubles in catalyst separa-
tion and recovering processes, the efficacious perfor-
mance of them is hindered. For overcome to these
limitations, several methods such as nanofiltration,
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liquid–liquid extraction, chromatography, and centrifuga-
tion have been developed. But none of these methods
yielded acceptable results. Therefore, chemists are
looking for finding new routes to heterogenization of
homogeneous catalysts. On the most interesting protocols
for this goal is the stabilization of active catalytic species
on the surface of suitable solid supports. Among the
applied solid supports such as silica, alumina, polymers,
carbon, and metal oxides, due to their response to an
applied magnetic field, their linking with magnetic mate-
rials have received considerable attention. Thus, stabiliz-
ing of catalytic active species on the surface of magnetic
nanoparticles leads to generation of heterogenous
catalysts that show high selectivity, activity, and easy
recovering and reusing process.[12–17]

Several practical benefits connected with mul-
ticomponent reactions including bond forming competence,

atom and step economy, omission of intermediary purifica-
tion process, low cost of the separation and purification pro-
tocol for achieving to pure target molecules, and scarce
waste formation in the course of reactions, solvents,
reagents, time, and energy conserving make this synthetic
strategy as an ideal tool in hands of chemists for the synthe-
sis of structurally complicated molecules.[18–21] In recent
years, due to abovementioned reasons, the effective applica-
tions of multicomponent reactions for the synthesis of valu-
able heterocyclic molecules have been well reviewed.[22–25]

Due to co-existence of two biological active moieties,
namely, pyrazole and 1,4-dihydropyridine within
the structure of tetrahydrodipyrazolopyridines, these
versatile molecules represent varied pharmaceutical
applications such as anxiolytic, antiallergic, and anti-
herpetic behavior.[26,27] Also, it is reported that they can
be applied as corrosion inhibitors in pickling process in

SCHEME 1 Synthetic route for the preparation of urea based ligand and corresponding pseudopolymeric magnetic nanoparticles

SCHEME 2 Synthesis of tetrahydrodipyrazolopyridine derivatives in the presence of a catalytic amounts of pseudopolymeric magnetic

nanoparticles
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industry.[28,29] Surveying in the literatures shows that a
number of protocols have been reported for the prepara-
tion of tetrahydrodipyrazolopyridine derivatives.[30–36]

Due to some drawbacks including use of unsafe reagents
and solvents, non-recyclable and toxic catalysts, harsh
workup protocol, and long reaction time with low
practical yield, all of these methods are restricted. As a
result, despite of the remarkable improvements, easy
and mild methods in the presence of recoverable
catalyst are highly demanded for the synthesis of
tetrahydrodipyrazolopyridines.

Herein, in pursuit of our previous investigations for
introducing reusable nanomagnetic catalysts[37–39]

also, in the light of biological importance of tetra-
hydrodipyrazolopyridine derivatives and persuasive
position of hydrogen-bonding in catalysis, we reported
the design, synthesis, characterization, and catalytic
performance of novel pseudopolymeric magnetic
nanoparticles with urea linkers (as a heterogeneous
catalyst with the hydrogen bond capability) towards the
synthesis of tetrahydrodipyrazolopyridines (Schemes 1
and 2).

FIGURE 1 Comparative study of the FT-IR spectra of Fe3O4 nanoparticles (a), urea based ligand (b), and desired catalyst (c)

FIGURE 2 EDX analysis of

the prepared novel

pseudopolymeric magnetic

nanoparticles
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2 | RESULT AND DISCUSSION

To the best of our knowledge, secondary interactions
such as inter and/or intra hydrogen bondings have major

roles in biochemical processes.[11] On the other hand,
H-bonding catalysts are needed for task-specific develop-
ment of biomimetic reactions. On the basis of the
abovementioned facts, we decided to design synthesis

FIGURE 3 Elemental mapping analysis of the prepared novel pseudopolymeric magnetic nanoparticles
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and application of novel H-bonding catalyst with
biological urea linkers. In initial attempt, we tried to
characterize the prepared novel pseudopolymeric mag-
netic nanoparticles. For this goal, several techniques
including FT-IR, EDX, elemental mapping, TGA/DTA,
SEM, TEM, and VSM analyses were applied. All of the
used technical skills verified the successful formation of
the catalyst. The details are discussed below.

By using FT-IR spectra, as depicted in Figure 1, the
existence of the characteristic functional groups within
the structure of desired catalyst and its related intermedi-
ates were confirmed. Broad peak from around
3000–3400 cm−1 verified the un-coated OH and NH func-
tional groups. Also, amide carbonyl groups can be
distinguished at 1634 cm−1. Fe–O stretching frequency
appeared at 593 cm−1.

All anticipated elements within the structure of the
novel pseudopolymeric magnetic nanoparticles can be
extracted from EDX analysis. The related data showed
that the catalyst consists of five elements including iron,
oxygen, silicon, carbon, and nitrogen (Figure 2). Also, ele-
mental mapping analysis data are in full compliance with
EDX analysis data and showing suitable dispersity of ele-
ments at the structure of synthesized catalyst (Figure 3).

As illustrated in Figure 4, in another investigation,
SEM images of the prepared catalyst were obtained. The
achieved data confirmed the nano sized structure of the
catalyst with mean diameter of about 44–102 nm. Also,
for more insight, the TEM images were provided. The
resulting data suggested a core-shell structure for
the novel pseudopolymeric magnetic nanoparticles
(Figure 5).

FIGURE 4 SEM images of the prepared novel pseudopolymeric magnetic nanoparticles

FIGURE 5 TEM images of the prepared novel pseudopolymeric magnetic nanoparticles
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The TG/DTG plots of the novel pseudopolymeric
magnetic nanoparticles were depicted in Figure 6. The
main weight loss at around 340�C states that the pre-
pared catalyst has a high thermal stability, and it is suit-
able for reactions requiring high operating temperatures.

The magnetic properties of novel pseudopolymeric
magnetic nanoparticles were also studied by VSM analy-
sis. The obtained data represent saturation at about
40 emu g−1 (decreased compared with the Fe3O4

nanoparticles[37]), which confirms the successful modifi-

FIGURE 7 VSM analysis of the prepared novel pseudopolymeric magnetic nanoparticles

FIGURE 6 TG/DTG plots of the prepared novel pseudopolymeric magnetic nanoparticles
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cation of the surface of Fe3O4 nanoparticles and ensures
easy separation of the catalyst from the reaction mixture
by applying a simple external magnet (Figure 7).

After structural verification of pseudopolymeric mag-
netic nanoparticles (also see Figures S16–S19), we tried to
evaluate its catalytic performance for the synthesis of tet-
rahydrodipyrazolopyridine derivatives through a pseudo
six-component reaction. With this aim, we selected the

reaction between of benzaldehyde, ammonium acetate,
ethyl acetoacetate, and hydrazine hydrate as model reac-
tion. In order to choose the appropriate conditions,
effective parameters including amount of catalyst, tem-
perature, and solvent were investigated. The obtained
experimental data are listed in the Table 1. Based on the
obtained data, the maximum performance of the catalyst,
highest experimental yield was achieved when the

TABLE 1 Optimization of the reaction conditions for the synthesis of compound 1aa

Entry Solvent Catalyst loading (mg) Temperature (�C) Time (min) Yieldb (%)

1 C2H5OH 5 r.t. 90 73

2 C2H5OH 10 r.t. 30 90

3 C2H5OH 15 r.t. 30 90

4 C2H5OH 20 r.t. 30 91

5 C2H5OH 10 50 20 79

6 C2H5OH 10 Reflux 35 75

7 C2H5OH - r.t. 180 -

8 – 10 r.t. 60 Trace

9 H2O 10 r.t. 30 65

10 CH3OH 10 r.t. 60 59

11 CH3CN 10 r.t. 45 45

12 CH2Cl2 10 r.t. 120 -

13 EtOAc 10 r.t. 30 25

14 n-Hexane 10 r.t. 120 -

15 CHCl3 10 r.t. 120 -

aThe molar ratio of hydrazine hydrate (2 mmol, 0.100 g), ethyl acetoacetate (2 mmol, 0.260 g), benzaldehyde (1 mmol, 0.106 g), and ammonium acetate
(4 mmol, 0.308 g) is equal to 2:2:1:4.
bIsolated yield.

SCHEME 3 Possible products of the investigated reaction
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TABLE 2 Synthesis of tetrahydrodipyrazolopyridine derivatives in the presence of pseudopolymeric magnetic nanoparticlesa

aReaction condition: ethyl acetoacetate (2 mmol; 0.260 g), aldehyde (1 mmol), hydrazine hydrate (2 mmol, 0.100 g), ammonium acetate (4 mmol, 0.308 g),
catalyst (10 mg), C2H5OH, room temperature.

Isolated yields.

8 of 13 DASHTEH ET AL.



FIGURE 8 Recovery and reusing test of the prepared pseudopolymeric magnetic nanoparticles in the synthesis of target molecule 1a

SCHEME 4 Plausible reaction mechanism for the synthesis of target compounds 1a–w
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reaction accomplish in the presence of 10 mg of the cata-
lyst in EtOH at ambient temperature.

We think that three products may be produced via the
reaction between of benzaldehyde, ammonium acetate,
ethyl acetoacetate, and hydrazine hydrate as model reac-
tion (Scheme 3). Compounds 2a–w are our favorite
adducts, because they could be a puzzle piece of our
research interest for expanding of our new established term
entitled “cooperative vinylogous anomeric-based oxidation
mechanism.”[40] But the obtained spectral data did not
match with these structures. Further studies of the spectral
data revealed that the reaction was stopped at the
tetrahydrodipyrazolopyridines (see Figures S1–S12). The
rational reason for this fact can be explained by annellation
phenomenon.[41] Since these compounds are highly
valuable organic scaffolds, we decided to complete the
study and present a powerful method for their preparation.

According to the achieved satisfactory data from the
optimal reaction conditions for the synthesis of target
molecule 1a, we were convinced for the applying this
protocol for the synthesis of tetrahydrodipyrazolopyridine
derivatives. The obtained date are embedded in the
Table 2.

In a separate test, we examined the recovery and
reuse of the prepared catalyst. From the obtained data as
illustrated in the Figure 8, it can be deduced that the
catalyst has a very good capability for reusing test.

Similar to the reported papers,[30,31] a proposed mech-
anism for the preparation of compounds 1a–w is shown
in Scheme 4. At first, in the presence of catalyst, the reac-
tion between hydrazine hydrate and ethylacetoacetate
leads to the formation of compound A. In the next step,
the nucleophilic attack of the enol form of A, to activate
benzaldehyde, generates intermediate B. Afterwards,
intermediate B converted to intermediate C through the
reaction with second mole of enol form of compound
A. Next, intermediate D obtained from the reaction of
NH3 (in situ generated from thermal decomposition of

NH4OAc) with intermediate C. Finally, consecutive steps
of intramolecular nucleophilic attack (NH to C=O) and
dehydration process lead to produce of molecules 1a–w.
Unexpectedly, molecules 1a–w did not convert to their
corresponding pyridine derivatives 2a–w via a coopera-
tive vinylogous anomeric-based oxidations.[40,42]

Also, we compare our obtained date with some other
reported protocols for the synthesis of desired molecules.
As depicted in the Table 3, the novel prepared catalyst
shows acceptable results for the synthesis of target mole-
cules in comparison with other catalysts.

3 | CONCLUSION

In summary, we reported the design, synthesis, and char-
acterization of novel pseudopolymeric magnetic
nanoparticles bearing urea linkers. The structure of the
synthesized pseudopolymeric magnetic nanoparticles was
confirmed by various techniques including FT-IR, EDX,
TG/DTG, TEM, SEM, VSM, DRS and N2 adsorption-
desorption isotherms. The catalytic performance of the
prepared catalyst was successfully tested towards the syn-
thesis of tetrahydrodipyrazolopyridine derivatives under
mild reaction conditions.

4 | EXPERIMENTAL

4.1 | General

All the chemicals were purchased from Sigma-Aldrich,
Merck, or Exir chemical companies and were used with-
out further purification. The melting points were deter-
mined by Barnstead Electrothermal 9200 in in open
capillary tubes. The reaction progress and purity of the
prepared structures were monitored by TLC performed
with silica gel SIL G/UV 254 plates. The 1H (300 and

TABLE 3 Comparison of our obtained data with some other those reported protocols for the synthesis of desired molecules

Entry Reaction conditions Time (min.) Yield (%) Reference

1 Fe3O4@ KCC-1-npr-NH2 (0.1 mg), EtOH, Reflux 2–30 87–97 [36b]

2 KCC-1-NH2-DPA (0.1 g), EtOH, Reflux 30 89–95 [36c]

3 Nano-CdZr4(PO4)6 (0.6 mol%), EtOH, Reflux 40–50 80–94 [36d]

4 M (II)/Schiff base@MWCNT-Fe3O4/SiO2 (0.02 g),
Solvent free, r.t.

30–100 67–95 [30]

5 CuFe2O4@HNTs (5 mg), EtOH, r.t. 20 90–96 [31]

6 Fe3O4/KCC-1/IL/HPW (0.1 mg), water, r.t. 30 90–98 [32]

7 Pseudopolymeric magnetic nanoparticles (10 mg), EtOH,
r.t.

10–180 45–92 This work
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500 MHz) and 13C NMR (75, 125 MHz) spectra were
analyzed by Bruker instrument using TMS as internal
standard and DMSO-d6 as a solvent. FT-IR spectra were
analyzed by Perkin-Elmer FT-IR-17259 instrument by
KBr disks.

4.2 | General procedure for the synthesis
of urea based ligand and pseudopolymeric
magnetic nanoparticles

First, through the reaction of 1,4-phenylenediamine
(2.5 mmol, 0.270 g) and triethoxy(3-isocyanatopropyl)
silane (5 mmol, 1.237 g) under solvent-free conditions for
6 h at 60�C, a precipitate was obtained which thoroughly
washed with the mixture of n-hexane and dic-
hloromethane (20:1) (3 × 10 ml) to afford the urea-based
ligand. Then, according to the previously reported proce-
dure through the reaction of Fe3O4 nanoparticles

[43] with
obtained urea-based ligand under refluxing toluene, the
desired pseudopolymeric magnetic nanoparticles were
obtained.

4.3 | General procedure for the synthesis
of tetrahydrodipyrazolopyridines by using
pseudopolymeric magnetic nanoparticles
as catalyst

A mixture of ethyl acetoacetate (2 mmol; 0.260 g), hydra-
zine hydrate (2 mmol), aldehyde (1 mmol), ammonium
acetate (4 mmol, 0.308 g), and pseudopolymeric magnetic
nanoparticles (10 mg) was subjected to the reaction in
C2H5OH at room temperature for appropriate time as
indicated in Table 2. After completion of the reaction as
monitored by TLC, C2H5OH was evaporated, and
mixture of acetone and methanol (10:1) was added to the
mixture to dissolve the precipitate. Then, the catalyst was
separated from the reaction mixture by applying an exter-
nal magnet. Finally, the desired products were obtained
by washing the reaction mixture by hot C2H5OH.

4.4 | Selected spectral data

4.4.1 | 1,10-(1,4-Phenylene)bis
(3-(3-(triethoxysilyl)propyl)urea) (urea-
based ligand)

Light purple solid, m.p.: 192–194; FT-IR (KBr): υ 3329,
2974, 1637, 1574, 1080 cm−1; 1H NMR (500 MHz, DMSO-
d6): δ 0.57 (t, 4H, J = 15 Hz, CH2), 1.17 (t, 18 H,
J = 10 Hz, CH3), 1.48 (quint, 4H, J = 10 Hz, CH2),

3.02–3.09 (m, 4H, CH2), 3.77 (q, 12H, J = 10 Hz, CH2),
6.07 (t, 2H, J = 10 Hz, NH), 7.23 (s, 4H, aromatic), 8.18
(bs, 2H, NH); 13C NMR (125 MHz, DMSO-d6): δ 7.9, 18.8,
24.0, 42.4, 58.3, 119.0, 134.9, 156.0 (see Figures S13–S15).

4.4.2 | 3,5-Dimethyl-4-phenyl-
1,4,7,8-tetrahydrodipyrazolo[3,4-b:40,30-e]
pyridine (1a)

Yellow solid; yield: 90%; m.p.: 240–242; FT-IR (KBr): υ
3405, 3210, 3049, 2929, 2748, 1610, 1509, 1439, 1372,
1268, 776, 610, 542 cm−1; 1H NMR (300 MHz, DMSO-d6):
δ 2.09 (s, 6H, –CH3), 4.84 (s, 1H, –CH), 7.14–7.25 (m, 5H,
J = 8.0 Hz, ArH), 11.37 (s, 3H, N–H); 13C NMR (75 MHz,
DMSO-d6): δ 10.86, 33.23, 104.71, 125.85, 127.93, 128.17,
140.27, 143.83, 161.58.

4.4.3 | 3,5-Dimethyl-
4-(2,6-difluorophenyl)-
1,4,7,8-tetrahydrodipyrazolo[3,4-b:40,30-e]
pyridine (1i)

Yellow solid; yield: 88%; m.p.: 282; FT-IR (KBr): υ 3296,
2986, 2966, 2762, 1699, 1597, 1519, 1435, 1387, 1090,
794, 570 cm−1; 1H NMR (500 MHz, DMSO-d6): δ 2.10
(s, 6H, –CH3), 4.85 (s, 1H, –CH), 6.77–7.01 (dd, 4H,
J = 8 Hz, ArH), 11.46 (s, 3H, N–H) ; 13C NMR (125 MHz,
DMSO-d6): δ 10.77, 33.27, 101.40, 103.93, 111.12, 140.82,
148.99, 149.11, 163.78, 163.72.

4.4.4 | 3,5-Dimethyl-4-(pyridin-3-yl)-
1,4,7,8-tetrahydrodipyrazolo[3,4-b:40,30-e]
pyridine (1n)

Yellow solid; yield: 84%; m.p.: 191–193; FT-IR (KBr): υ
3216, 3092, 2982, 2878, 1630, 1600, 1518, 1438, 1398,
1282, 1124, 997, 611 cm−1; 1H NMR (500 MHz, DMSO-
d6): δ 2.13 (s, 6H, –CH3), 4.93 (s, 1H, –CH), 7.25–7.29 (dd,
1H, J = 7.9 Hz, ArH), 7.54–7.59 (d, 1H, J = 7.9 Hz, ArH),
8.36 (dd, 2H, J = 7.9 Hz, ArH), 11.35 (s, 3H, N–H); 13C
NMR (125 MHz, DMSO-d6): δ 10.81, 31.18, 103.89,
123.36, 135.49, 139.49, 140.16, 149.53, 161.42.

4.4.5 | 3,5-Dimethyl-4-(p-tolyl)-
1,4,7,8-tetrahydrodipyrazolo[3,4-b:40,30-e]
pyridine (1w)

Pale yellow solid; yield: 91%; m.p.: 243–246; FT-IR
(KBr): υ 3313, 3199, 3096, 2926, 2762, 1699, 1602,
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1508, 1370, 1255, 1040, 844, 741 cm−1; 1H NMR
(300 MHz, DMSO-d6): δ 2.09 (s, 6H, –CH3), 2.25
(s, 3H, –CH3), 4.79 (s, 1H, –CH), 7.03 (m, 4H,
J = 7.9 Hz, ArH), 11.36 (s, 3H, N–H); 13C NMR
(75 MHz, DMSO-d6): δ 10.86, 21.01, 32.82, 104.85,
127.83, 128.74, 134.64, 140.19, 140.74, 161.57.

ACKNOWLEDGMENTS
We thank Bu-Ali Sina University and Iran National
Science Foundation (INSF) (Grant Number 98001912) for
financial support to our research groups.

AUTHOR CONTRIBUTIONS
Mohammad Dashteh: Investigation, Methodology,
Validation, Writing - Original Draft. Dr. M. Yarie: Inves-
tigation, Methodology, Validation, Writing - Original
Draft. Prof. M.A. Zolfigol: Conceptualization, Funding
acquisition, Project administration, Resources, Supervi-
sion, Writing - Review & Editing. Prof. Ardeshir
Khazaei: Conceptualization, Funding acquisition,
Project administration, Resources, Supervision, Writing -
Review & Editing. Mr. Sajjad Makhdoomi: Investiga-
tion, Methodology, Validation, Writing - Original Draft.

DATA AVAILABILITY STATEMENT
The data that supports the findings of this study are avail-
able in the supporting information of this article.

ORCID
Meysam Yarie https://orcid.org/0000-0002-7129-0776
Mohammad Ali Zolfigol https://orcid.org/0000-0002-
4970-8646
Ardeshir Khazaei https://orcid.org/0000-0001-7990-
2266

REFERENCES
[1] K. T. Mahmudov, A. V. Gurbanov, F. I. Guseinov, M. Fátima,

C. Guedes da Silva, Coord. Chem. Rev. 2019, 387, 32.
[2] T. N. C. Wells, A. R. Fersht, Nature 1985, 316, 656.
[3] Y.-N. Wang, L. Q. Lu, W. Xiao, Chem. – Asian J. 2018, 13,

2174.
[4] M. Zabka, R. Sebesta, Molecules 2015, 20, 15500.
[5] A. Franconetti, G. de Gonzalo, ChemCatChem 2018, 10, 5554.
[6] T. Gasperi, M. Miceli, J. Campagne, R. M. de Figueiredo, Mole-

cules 2017, 22, 1636.
[7] D. Herschlag, M. Pinney, Biochemistry 2018, 57, 3338.
[8] N. R. Mote, S. H. Chikkali, Chem. – Asian J. 2018, 13, 3623.
[9] J. M. Roberts, B. M. Fini, A. A. Sarjeant, O. K. Farha, J. T.

Hupp, K. A. Scheidt, J. Am. Chem. Soc. 2012, 134, 3334.
[10] A. A. Rodriguez, H. Yoo, J. W. Ziller, K. J. Shea, Tetrahedron

Lett. 2009, 50, 6830.
[11] B. Atashkar, M. Zolfigol, S. Mallakpour, Mol. Catal. 2018,

452, 192.

[12] L. M. Rossi, N. J. S. Costa, F. P. Silvaa, R. Wojcieszak, Green
Chem. 2014, 16, 2906.

[13] D. Wang, D. Astruc, Chem. Rev. 2014, 114, 6949.
[14] S. Payra, A. Saha, S. Banerjee, J. Nanosci, Nanotechnol 2017,

17, 4432.
[15] M. Mokhtary, J. Iran. Chem. Soc. 2016, 13, 1827.
[16] T. Cheng, D. Zhang, H. Li, G. Liu, Green Chem. 2014, 16, 3401.
[17] a) M. Duan, J. G. Shapter, W. Qi, S. Yang, G. Gao, Nanotech-

nology 2018, 29, 452001; b) M. A. A. El-Remaily, A. M. Abu-
Dief, Tetrahedron 2015, 71, 2579; c) M. A. A. El-Remaily,
A. M. Abu-Dief, R. M. El-Khatib, Appl. Organomet. Chem.
2016, 30, 1022; d) A. M. Abu-Dief, I. F. Nassar, W. H. Elsayed,
Appl. Organomet. Chem. 2016, 30, 917; e) A. A. Marzouk,
A. M. Abu-Dief, A. A. Abdelhamid, Appl. Organomet. Chem.
2018, 32, e3794.

[18] D. Zhang, W. Hu, Chem. Rec. 2017, 17, 1.
[19] M. Haji, Beilstein J. Org. Chem. 2016, 12, 1269.
[20] L. Levi, T. J. J. Muller, Chem. Soc. Rev. 2016, 45, 2825.
[21] C. Cimarelli, Molecules 2019, 24, 2372.
[22] E. M. de Marigorta, J. M. de Los Santos, A. M. O. de

Retana, J. Vicario, F. Palacios, Beilstein J. Org. Chem. 2019,
15, 1065.

[23] Q. Wang, D. X. Wang, J. Zhu, J. Acc. Chem. Res. 2018, 51,
1290.

[24] S. Sadjadi, M. Heravi, N. Nazari, RSC Adv. 2016, 6, 53203.
[25] B. H. Rotstein, S. Zaretsky, V. Rai, A. K. Yudin, Chem. Rev.

2014, 114, 8323.
[26] G. Yu, H. Mason, X. Wu, J. Wang, S. Chong, G. Dorough, A.

Henwood, R. Pongrac, L. Seliger, B. He, D. Normandin, L.
Adam, J. Krupinski, J. Macor, J. Med. Chem. 2003, 46, 457.

[27] C. Liu, Z. Li, L. Zhao, L. Shen, ARKIVOC 2009, Ii, 258.
[28] T. Kojima, Y. Asano, O. Kurasawa, Y. Hirata, Bioorg. Med.

Chem. 2018, 26, 2452.
[29] P. Dohare, M. A. Quraishi, C. Verma, H. Lgaze, R. Salghi,

E. E. Ebenso, Results Phys. 2019, 13, 102344.
[30] M. Lashanizadegan, K. Nikoofar, A. Aghaei, F. Mehrikaram,

H. Mirzazadeh, Solid State Sci. 2019, 95, 105937.
[31] A. Maleki, Z. Hajizadeh, P. Salehi, Sci. Rep. 2019, 9, 5552.
[32] S. M. Sadeghzadeh, RSC Adv. 2016, 6, 75973.
[33] N. Salehi, B. Mirjalili, Res. Chem. Intermed. 2018, 44, 7065.
[34] J. Safaei-Ghomia, H. Shahbazi-Alavi, Sci. Iran. 2017, 24, 1209.
[35] N. Shabalala, R. Pagadala, S. B. Jonnalagadda, Ultrason.

Sonochem. 2015, 27, 423.
[36] a) K. Zhao, M. Lei, L. Ma, L. Hu, Monatsh. Chem. 2011, 142,

1169; b) S. Azizi, J. Soleymani, M. Hasanzadeh, Appl.
Organomet. Chem. 2020, e5440; c) S. Azizi, N. Shadjou, M.
Hasanzadeh, Nano 2019, 5, 124; d) J. Safaei-Ghomi, H.
Shahbazi-Alavi, R. Sadeghzadeh, A. Ziarati, Res. Chem. Inter-
med. 2016, 42, 8143; e) R. R. Chinthaparthi, V. L. Chittiboena,
S. Jorepalli, C. S. R. Gangireddy, J. Heterocycl. Chem. 2021.
https://doi.org/10.1002/jhet.4241

[37] M. Torabi, M. Yarie, M. Zolfigol, Appl. Organomet. Chem.
2019, 33, e4933.

[38] F. Karimi, M. Zolfigol, M. Yarie, Mol. Catal. 2019, 463, 20.
[39] P. Ghasemi, M. Yarie, M. Ali Zolfigol, A. A. Taherpour, M.

Torabi, ACS Omega 2020, 5, 3207.
[40] a) M. Yarie, Iran. J. Catal. 2017, 7, 85; b) M. Yarie, Iran.

J. Catal. 2020, 10, 79.

12 of 13 DASHTEH ET AL.

https://orcid.org/0000-0002-7129-0776
https://orcid.org/0000-0002-7129-0776
https://orcid.org/0000-0002-4970-8646
https://orcid.org/0000-0002-4970-8646
https://orcid.org/0000-0002-4970-8646
https://orcid.org/0000-0001-7990-2266
https://orcid.org/0000-0001-7990-2266
https://orcid.org/0000-0001-7990-2266
https://doi.org/10.1002/jhet.4241


[41] M. B. Smith, J. March, March's Advanced Organic Chemistry,
Reactions, Mechanisms, And Structure, Sixth ed., John Wiley &
Sons, Inc., Hoboken, New Jersey 2007.

[42] a) F. Jalili, M. Zarei, M. A. Zolfigol, S. Rostamnia, A. R. Moosavi-
Zare, Microporous and Mesoporous Mater. 2020, 294, 109865;
b) S. Babaee, M. Zarei, H. Sepehrmansourie, M. A. Zolfigol, S.
Rostamnia, ACS Omega 2020, 5, 6240; c) J. Afsar, M. A. Zolfigol,
A. Khazaei, M. Zarei, Y. Gu, D. A. Alonso, A. Khoshnood, Mol.
Catal. 2020, 482, 110666; d) F. Karimi, M. A. Zolfigol, M. Yarie,
Mol. Catal. 2020, 489, 110924; e) F. Karimi, M. A. Zolfigol, M.
Yarie, Mol. Catal. 2020, 497, 111201; f) F. Karimi, M. A. Zolfigol,
M. Yarie, RSC Adv. 2020, 10, 25828; g) M. Torabi, M. Yarie, M. A.
Zolfigol, S. Rouhani, S. Azizi, T. O. Olomola, M. Maazacd,
T. A. M. Msagati, RSC Adv. 2021, 11, 3143.

[43] S. Qu, H. Yang, D. Ren, S. Kan, G. Zou, D. Li, M. Li, J. Colloid
Interf. Sci. 1999, 215, 190.

SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Dashteh M, Yarie M,
Zolfigol MA, Khazaei A, Makhdoomi S. Novel
pseudopolymeric magnetic nanoparticles as a
hydrogen bond catalyst for the synthesis of
tetrahydrodipyrazolopyridine derivatives under
mild reaction conditions. Appl Organomet Chem.
2021;35:e6222. https://doi.org/10.1002/aoc.6222

DASHTEH ET AL. 13 of 13

https://doi.org/10.1002/aoc.6222

	Novel pseudopolymeric magnetic nanoparticles as a hydrogen bond catalyst for the synthesis of tetrahydrodipyrazolopyridine ...
	1  INTRODUCTION
	2  RESULT AND DISCUSSION
	3  CONCLUSION
	4  EXPERIMENTAL
	4.1  General
	4.2  General procedure for the synthesis of urea based ligand and pseudopolymeric magnetic nanoparticles
	4.3  General procedure for the synthesis of tetrahydrodipyrazolopyridines by using pseudopolymeric magnetic nanoparticles a...
	4.4  Selected spectral data
	4.4.1  1,1-(1,4-Phenylene)bis(3-(3-(triethoxysilyl)propyl)urea) (urea-based ligand)
	4.4.2  3,5-Dimethyl-4-phenyl-1,4,7,8-tetrahydrodipyrazolo[3,4-b:4,3-e]pyridine (1a)
	4.4.3  3,5-Dimethyl-4-(2,6-difluorophenyl)-1,4,7,8-tetrahydrodipyrazolo[3,4-b:4,3-e]pyridine (1i)
	4.4.4  3,5-Dimethyl-4-(pyridin-3-yl)-1,4,7,8-tetrahydrodipyrazolo[3,4-b:4,3-e]pyridine (1n)
	4.4.5  3,5-Dimethyl-4-(p-tolyl)-1,4,7,8-tetrahydrodipyrazolo[3,4-b:4,3-e]pyridine (1w)


	ACKNOWLEDGMENTS
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


