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catalytic activity of MNP-[Dop-
OH]-CuBr2 nanocomposites: novel and stable
reusable nanocatalysts for the synthesis of
1,3,5-triazine derivatives†

Shouchun Feng,*a Jinwang Tan,a Yufan Maa and Li-Yuan Chang *b

In recent years, magnetic nanocatalysts have been recommended as one of the best catalysts by chemists.

Among magnetic nanoparticles, Fe3O4 nanoparticles are highly suitable due to their magnetic properties,

chemical stability and low toxicity. These catalysts can be separated via magnetic separation after the

chemical process is over and reused after regeneration. Owing to the importance of 1,3,5-triazine

derivatives in pharmaceutical and medicinal chemistry, the synthesis of these compounds is always one

of the important goals of organic chemists. In this research work, we first successfully synthesized CuBr2
immobilized on magnetic Fe3O4 nanoparticles functionalized with Dop-OH (prepared via the reaction of

MNP-dopamine with 2-phenyloxirane) nanocomposites and then investigated their catalytic application

in the synthesis of 1,3,5-triazine derivatives via an oxidative coupling reaction of amidine hydrochlorides

and alcohols in air. Recycling experiments clearly revealed that MNP-[Dop-OH]-CuBr2 nanocatalysts

could be reused for at least 8 times without much loss of catalytic activity.
Introduction

Due to the importance and various applications of catalysts in
the elds of oil, automobile, pharmaceutical and food indus-
tries, they signicantly relate fundamental and applied sciences
to new technologies.1–3 The modern science of chemistry,
especially in the eld of catalysis, involves the use of nano-
particles and nanomaterials in chemical reactions.4 With the
introduction of nano technology into the industry of catalysts,
nanocatalysts have gained much interest. In most cases, these
catalysts have shown remarkable properties and entered
industrial processes.5 Despite the high use of nanocatalysts, it is
not easy to separate these nanocatalysts from the reaction
mixture, and conventional separation methods such as ltering
are not effective due to the nano size of these catalysts.6–8 These
limitations hinder the use of these nanocatalysts economically.8

To overcome this problem, the use of magnetic nanoparticles
seems to be a suitable solution.9 In recent years, magnetic
nanocatalysts have been recommended as one of the best
catalysts by chemists. Magnetic nanoparticles are very suitable
supports for linking catalysts.10 These catalysts can be separated
via magnetic separation aer the chemical process is over and
in Renai Coll, Tianjin 301636, PR China.

Institute, Shanghai, China. E-mail:

tion (ESI) available. See DOI:

6090
reused aer regeneration.11 Among magnetic nanoparticles,
Fe3O4 nanoparticles are highly suitable due to their magnetic
properties, chemical stability, and low toxicity.12 During the last
decade, the immobilization of metallic catalysts such as copper,
palladium, nickel and zinc on the surface of Fe3O4 nano-
particles modied with ligands has been widely utilized as an
efficient and attractive catalytic strategy for the performance of
chemical reactions.13–15

Owing to the importance of heterocyclic compounds in
medicinal chemistry and the synthesis of pharmaceutical and
chemical compounds, the synthesis of these compounds is
always one of the important goals of organic chemists.16–18

Triazine cores are a very important part of antimicrobial, anal-
gesic and anti-inammatory drugs. 1,3,5-Triazines are a group
of antibacterial and antifungal compounds that have a wide
range of activities due to their low toxicity and high effective-
ness.19 A number of bioactive molecules and drugs with 1,3,5-
triazine cores are displayed in Fig. 1.20–22 Substituted 1,3,5-
triazines are usually synthesized in two different ways. The
classic method is based on the nucleophilic substitution of
chlorine atoms in the starting material 2,4,6-trichloro-1,3,5-
triazine, i.e., cyanuric chloride. Another approach to synthesis
is the sequential construction of a triazine ring. The best
synthetic methods for the generation of 1,3,5-triazine are the
transition metal-catalyzed condensation of 1,1-dibromoalkenes
or alcohols and biguanides under mild conditions.23 Consid-
ering the wide range of medicinal and biological applications of
1,3,5-triazine derivatives, various catalytic methods for the
© 2023 The Author(s). Published by the Royal Society of Chemistry

http://crossmark.crossref.org/dialog/?doi=10.1039/d3ra02261g&domain=pdf&date_stamp=2023-05-27
http://orcid.org/0009-0000-6084-8992
https://doi.org/10.1039/d3ra02261g
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra02261g
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA013024


Fig. 1 Several examples of bioactive molecules with 1,3,5-triazine
cores.

Fig. 2 FT-IR analysis of the preparation steps of MNP-[Dop-OH]-
CuBr2 nanocatalysts.
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synthesis of these compounds were reported in the literature,
but most of these methods used harsh conditions including
toxic solvents and catalytic species, required high temperatures
and generated low yields. In this regard, research on new and
efficient methods for the synthesis of these compounds is an
important priority among chemists.

In this research work, we rst successfully synthesized CuBr2
immobilized on magnetic Fe3O4 nanoparticles functionalized
with Dop-OH (prepared via the reaction of MNP-dopamine with
2-phenyloxirane) nanocomposites and then investigated its
catalytic application in the synthesis of 1,3,5-triazine derivatives
via an oxidative coupling reaction of amidine hydrochlorides
and alcohols in air.
Result and discussion

A general schematic of the preparation steps of MNP-[Dop-OH]-
CuBr2 nanocatalysts is shown in Scheme 1. First, magnetic iron
Scheme 1 General schematic of the preparation steps of MNP-[Dop-O

© 2023 The Author(s). Published by the Royal Society of Chemistry
nanoparticles and MNP-dopamine nanocomposites were
synthesized by previously reported methods. In the next step,
MNP-dopamine nanocomposites were reacted with 2-phenyl-
oxirane in nitro methane for 6 h, followed by the embolization
of copper(II) acetate for the preparation of the nal nanocatalyst
[MNP-[Dop-OH]-CuBr2]. The structure of MNP-[Dop-OH]-CuBr2
nanocatalysts was well characterized by a series of analyses such
as FT-IR spectroscopy, SEM, TEM, EDX spectroscopy, MAP,
TGA, VSM, XRD and ICP-OES.
H]-CuBr2 nanocatalysts.

RSC Adv., 2023, 13, 16078–16090 | 16079
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Fig. 3 SEM images of MNP-[Dop-OH]-CuBr2 nanocatalysts at different magnifications.

Fig. 4 TEM images of MNP-[Dop-OH]-CuBr2 nanocatalysts at different magnifications.
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FT-IR technique was used to detect the functional groups
xed on nanoparticles. An obvious peak in the region of
574 cm−1 indicates the presence of Fe–O bonding, and the
broad absorption peak in the region of 3350 cm−1 is also
attributed to the O–H stretching vibrations. In the spectrum of
MNP-dopamine and MNP-[Dop-OH] ligand, C–H stretching
vibrations appeared near 2700 cm−1; and the peak that
appeared in the region of 3400 cm−1 is related to the N–H group,
which overlaps with the O–H stretching vibrations. Moreover,
the peaks in the regions of 1200–1500 cm−1 conrm the
formation of C–N and C–O bonds in the non-catalyst structure.
In the infrared spectrum of MNP-[Dop-OH]-CuBr2 nano-
catalysts, it shows a peak in the region of 1623 cm−1 assigned to
the C–N stretching vibration of the copper complex (Fig. 2).15

SEM and TEM techniques were used to identify MNP-[Dop-
OH]-CuBr2 nanocatalysts, which show the nanocatalyst surface
at a very high magnication (Fig. 3 and 4). The SEM images
show that the nano-catalyst particles have been synthesized on
16080 | RSC Adv., 2023, 13, 16078–16090
a scale of less than 25 nm. Moreover, this image shows that the
nano catalyst particles were synthesized in uniform and equal
sizes and their shape was spherical.

Energy-dispersive X-ray analysis (EDX) was applied to study
the elements existing in the structure of the as-fabricated MNP-
[Dop-OH]-CuBr2 nanocatalyst. The presence of Fe, C, O, N and
Cu peaks conrmed the construction of MNP-[Dop-OH]-CuBr2
nanocatalysts (Fig. 5).

X-ray diffraction analysis was used to identify the crystal
structure of Fe3O4 MNPs and MNP-[Dop-OH]-CuBr2 nano-
catalysts. As shown in Fig. 6, the target nanocatalyst was
synthesized without changing the crystal structure of the Fe3O4

core, and the peaks observed in the X-ray diffraction pattern
conrmed this issue. The diffraction pattern includes peaks
(220), (311), (400), (422), (511) and (440), which indicates that
the structure of the magnetic Fe3O4 nanoparticle was not
destroyed during functionalization .12
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 VSM analysis of Fe3O4 MNPs and MNP-[Dop-OH]-CuBr2
nanocatalysts.

Fig. 8 TGA analysis of Fe3O4 MNPs and MNP-[Dop-OH]-CuBr2
nanocatalysts.

Fig. 5 EDX analysis of MNP-[Dop-OH]-CuBr2 nanocatalysts.

Fig. 6 XRD analysis of Fe3O4 MNPs and MNP-[Dop-OH]-CuBr2
nanocatalysts.
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Vibrating-sample magnetometry (VSM) analysis was used to
check the magnetic properties of the synthesized MNP-[Dop-
OH]-CuBr2 nanocatalyst. As shown in Fig. 7, the magnetic
property of MNP-[Dop-OH]-CuBr2 shows a slight decrease
compared to the magnetic property of iron nanoparticles, which
indicates the stabilization of organic groups and copper
complex on the surface of nanoparticles.

Thermogravimetric analysis (TGA) was used to detect the
percentage of organic groups xed on the surface of magnetic
iron nanoparticles. As shown in Fig. 8, the weight loss observed
at temperatures below 200 °C is related to surface absorbed
water and other solvents. The complete decomposition of
organic groups placed on magnetic iron nanoparticles is
observed in the temperature range of 250–550 °C, which is
approximately 20%. This conrms the fact that this nano-
catalyst can easily be used in organic reactions with and a high
temperature range should be used. The ICP-OES technique was
used to determine the amount of Cu coordinated on the
functionalized iron nanoparticles, and it was found that the
© 2023 The Author(s). Published by the Royal Society of Chemistry
amount of copper stabilized on the nanoparticles is 14.23 ×

10−5 mol g−1.
At the beginning of the laboratory works for the synthesis of

1,3,5-triazine derivatives, to obtain the optimal reaction condi-
tions, the oxidative coupling reaction of benzamidine hydro-
chloride with benzyl alcohol (product 3a) was selected as the
model reaction, and the effects of different parameters
including temperature, solvent, base and amount of catalyst
were investigated on this reaction. The results of these experi-
ments are listed in Table 1. To investigate the effect of the
amount of catalyst on the progress of the reaction, the model
reaction was carried out in the absence of the catalyst, and the
reaction failed under these conditions. By increasing the
amount of the catalyst, the reaction progressed signicantly,
but the amounts above 20 mg did not have much effect on the
reaction progress. Therefore, the amount of 20 mg was chosen
as the optimal amount for the reaction. A trace amount of the
model products were seen in the absence of bases. Amongst
tested bases, the best results were shown in the presence of
RSC Adv., 2023, 13, 16078–16090 | 16081
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Table 1 Optimization of reaction conditions for the reaction of benzamidine hydrochloride with benzyl alcohol (product 3a)

Entry Catalyst (mg) Base Solvent (tem. oC) Time (h) Yielda (%) TON TOF (h−1)

1 — K2CO3 DMF (reux) 24 — — —
2 MNPs-[Dop-OH]-CuBr2 (5) K2CO3 DMF (reux) 14 39 5414 386.7
3 MNPs-[Dop-OH]-CuBr2 (10) K2CO3 DMF (reux) 12 73 5069 422.45
4 MNPs-[Dop-OH]-CuBr2 (15) K2CO3 DMF (reux) 9 85 3990 399
5 MNPs-[Dop-OH]-CuBr2 (20) K2CO3 DMF (reux) 9 90 3169 352.1
6 MNPs-[Dop-OH]-CuBr2 (25) K2CO3 DMF (reux) 9 90 2500 277
7 MNPs-[Dop-OH]-CuBr2 (20) — DMF (reux) 24 Trace 0 0
8 MNPs-[Dop-OH]-CuBr2 (20) KOH DMF (reux) 9 42 1458 162
9 MNPs-[Dop-OH]-CuBr2 (20) KOAc DMF (reux) 9 94 3263 362.6
10 MNPs-[Dop-OH]-CuBr2 (20) Cs2CO3 DMF (reux) 9 86 2986 331.7
11 MNPs-[Dop-OH]-CuBr2 (20) KF DMF (reux) 9 53 1840 204.4
12 MNPs-[Dop-OH]-CuBr2 (20) NaOH DMF (reux) 9 29 1006 111.8
13 MNPs-[Dop-OH]-CuBr2 (20) Na2CO3 DMF (reux) 9 85 2951 327.9
14 MNPs-[Dop-OH]-CuBr2 (20) t-BuOK DMF (reux) 9 11 381 42.4
15 MNPs-[Dop-OH]-CuBr2 (20) NaHCO3 DMF (reux) 9 59 2048 227.6
16 MNPs-[Dop-OH]-CuBr2 (20) KOAc Water (reux) 9 68 2361 262.3
17 MNPs-[Dop-OH]-CuBr2 (20) KOAc DMSO (reux) 9 75 2604 289.3
18 MNPs-[Dop-OH]-CuBr2 (20) KOAc PEG (100 °C) 9 95 3298 366.5
19 MNPs-[Dop-OH]-CuBr2 (20) KOAc THF (reux) 9 69 2395 266.2
20 MNPs-[Dop-OH]-CuBr2 (20) KOAc Toluene (reux) 9 89 3090 343.3
21 MNPs-[Dop-OH]-CuBr2 (20) KOAc EtOH (reux) 9 53 1840 204.4
22 MNPs-[Dop-OH]-CuBr2 (20) KOAc Solvent-free (100 °C) 12 6 208 17.3
23 MNPs-[Dop-OH]-CuBr2 (20) KOAc PEG (90 °C) 9 89 3090 343.3
24 MNPs-[Dop-OH]-CuBr2 (20) KOAc PEG (110 °C) 9 96 3333 370.3
25 MNPs-[Dop-OH]-CuBr2 (20) KOAc PEG (120 °C) 8 98 3402 425.3
26 MNPs-[Dop-OH]-CuBr2 (20) KOAc PEG (130 °C) 8 98 3402 425.3
27 MNPs-[Dop-OH]-CuBr2 (20) KOAc PEG (140 °C) 8 96 3333 416.6
28 — KOAc PEG (120 °C) 8 Trace 0 0
29 Fe3O4 MNPs (20) KOAc PEG (120 °C) 8 27 937 177.1
30 CuBr2 KOAc PEG (120 °C) 8 34 1180 147.5

a Isolated yield.
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KOAc as the base. To nd the medium reaction, the model
reaction was tested in different solvents. The maximum yield
and suitable time were observed in PEG at 120 °C aer 8 h. To
expand the scope of application of this synthetic method, the
oxidative coupling reaction of different amidine hydrochlorides
with a wide range of alcohols was studied under the standard-
ized conditions (Table 2). Under this catalytic system, a wide
range of aromatic alcohols with both electron-donating and
electron-withdrawing substituents were successfully reacted
with amidine hydrochlorides and the target products were
synthesized in good to excellent yields. It is noteworthy that
several functional groups, such as methyl, ethyl, isopropyl,
16082 | RSC Adv., 2023, 13, 16078–16090
methoxy, chloro, bromo, uoro and nitro were well tolerated. All
products are known and the physical properties of the corre-
sponding products are in good agreement with the reported
samples .20–24

Based on the literature search,24 we present a tentative
mechanism for the synthesis of 1,3,5-triazine derivatives via the
oxidative coupling reaction of amidine hydrochlorides and
alcohols catalyzed by MNP-[Dop-OH]-CuBr2 nanocomposites
under air conditions in Scheme 2.

The ability to recycle and reuse the catalyst is one of the
most important features of heterogeneous catalytic systems,
which makes these catalysts suitable for industrial
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Scope of the oxidative coupling reaction of amidine hydrochlorides and alcohols catalyzed by MNP-[Dop-OH]-CuBr2 nanocomposites
under air conditionsa

© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2023, 13, 16078–16090 | 16083
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Table 2 (Contd. )

a Isolated yield.

16084 | RSC Adv., 2023, 13, 16078–16090 © 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Suggested mechanism for the oxidative coupling reaction of amidine hydrochlorides and alcohols catalyzed by MNP-[Dop-OH]-
CuBr2 nanocomposites under air conditions.

Fig. 9 Reusability of MNP-[Dop-OH]-CuBr2 nanocatalysts in the
preparation of product 3a.
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applications. In this respect, the reachability of the MNP-[Dop-
OH]-CuBr2 nanocatalyst was studied in the synthesis of model
product 3a. At the end of the reaction, the separated catalyst
was washed with water and acetone using an external magnet.
As shown in Fig. 9, the MNP-[Dop-OH]-CuBr2 catalyst can be
recycled and reused for 8 runs without any signicant reduc-
tion in its catalytic activity. The ICP-OES analysis of the
recovered MNP-[Dop-OH]-CuBr2 catalyst (aer 8 times) showed
that the amount of copper stabilized on the nanoparticles is
14.12 × 10−5 mol g−1. Moreover, XRD and VSM techniques
revealed that the structure and magnetic property of the
recovered MNP-[Dop-OH]-CuBr2 catalyst was not changed aer
8 times (Fig. 10 and 11).
© 2023 The Author(s). Published by the Royal Society of Chemistry
As can be seen in Table 3, in order to evaluate how well MNP-
[Dop-OH]-CuBr2 functions as a catalyst for the oxidative
coupling reaction of amidine hydrochlorides and alcohols, the
acquired ndings were compared to those that had been
previously published for other catalytic systems in the scientic
literature. This was done so that the performance of MNP-[Dop-
OH]-CuBr2 could be evaluated. This has recently suggested that
the catalyst boasts a number of desirable qualities including
rapid reaction durations, the capability to be recovered, a high
reaction yield, the capability to be recycled through the use of
a straightforward ltration method, the availability of starting
materials that are both cheap and abundant, and non-toxicity.
Conclusion

In this work, we have successfully fabricated CuBr2 immobilized
on magnetic Fe3O4 nanoparticles functionalized with Dop-OH
(prepared via the reaction of MNP-dopamine with 2-phenyl-
oxirane) nanocomposites and well characterized its structure by
a series of analyses such as FT-IR spectroscopy, SEM, TEM, EDX
spectroscopy, MAP, TGA, VSM, XRD and ICP-OES. The catalytic
behavior of the MNP-[Dop-OH]-CuBr2 nanocatalyst was evalu-
ated in the synthesis of 1,3,5-triazine derivatives via an oxidative
coupling reaction of amidine hydrochlorides and alcohols in
air. The experimental results clearly conrmed that the MNP-
[Dop-OH]-CuBr2 nanocomposite is a green, efficient and highly
reusable catalyst in the synthesis of 1,3,5-triazine derivatives
because both the target products were synthesized in high to
excellent yields and that the MNP-[Dop-OH]-CuBr2 nanocatalyst
could be reused for at least 8 times without much loss of cata-
lytic activity.
RSC Adv., 2023, 13, 16078–16090 | 16085
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Fig. 10 XRD analysis of MNP-[Dop-OH]-CuBr2 nanocatalysts after 8 runs.

Fig. 11 VSM analysis of MNP-[Dop-OH]-CuBr2 nanocatalysts after 8
runs.
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Experimental

Chemicals were purchased from Fisher and Merck. The
reagents and solvents used in this work were obtained from
Table 3 Comparison of the catalytic activity of MNP-[Dop-OH]-CuBr2

Entry Catalyst

1 Potassium tert-butoxide
2 1,10-Phenanthroline, cupric acetate
3 N-Iodosuccinimide
4 Bis(dichloro(h6-p-cymene)ruthenium)
5 Nitrogen-doped carbon supported nanocobalt
6 [Cp*IrI2]2/xantphos
7 MNPs-[Dop-OH]-CuBr2 (20)

a Isolated yields.

16086 | RSC Adv., 2023, 13, 16078–16090
Sigma-Aldrich, Fluka or Merck and used without further puri-
cation. The infrared spectra (IR) of samples were recorded
using a NICOLET impact 410 spectrometer with KBr disks.
1HNMR and 13CNMR spectra were recorded using a Bruker
DRX-400 spectrometer at 400 and 100 MHz respectively.

General procedure for the preparation of 1,3,5-triazine
derivatives catalyzed by MNP-[Dop-OH]-CuBr2

A MNP-[Dop-OH]-CuBr2 nanocomposite (20 mg) was added to
a mixture of alcohols (0.8 mmol), benzamidine hydrochlorides
(1.0 mmol), and K2CO3 (1.5 equiv.) in PEG (3 mL) in a ask, and
the reaction was stirred at 120 °C under air conditions for 8 h.
The progress of the reaction was monitored by thin layer chro-
matography (TLC). Then, the reaction was cooled down to room
temperature followed by the separation of the catalyst using an
external magnet. The resulting mixture was extracted several
times with EtOAc (10 mL) and brine (5 mL). The organic phases
were combined and dried with anhydrous Na2SO4 and evapo-
rated under vacuum. The crude product was puried by column
chromatography on the silica gel using petroleum ether/EtOAc
(100 : 1) as an eluent to obtain 1,3,5-triazine products.
nanocatalysts with existing catalysts

Time (h) Yielda (%) Ref.

8 69 25
24 89 26
16 88 27
16 85 28
16 51 29
20 85 30
8 98 This work

© 2023 The Author(s). Published by the Royal Society of Chemistry
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NMR data for 1,3,5-triazine products
2,4,6-Triphenyl-1,3,5-triazine (product 3a).

1H NMR (400.1 MHz, CDCl3): d = 8.33–8.31 (d, J = 7.4 Hz, 4H),
7.91 (s, 2H), 7.87–7.85 (d, J= 7.4 Hz, 2H), 7.67–7.34 (m, 7H). 13C
{1H} NMR (100.6 MHz, CDCl3): d = 167.6, 139.8, 139.2, 129.3,
129.1, 129.1, 128.8, 127.3, 127.3.

2-(4-Chlorophenyl)-4,6-diphenyl-1,3,5-triazine (product 3b).

1H NMR (400.1 MHz, CDCl3): d = 8.31–8.09 (d, J = 7.3 Hz, 4H),
7.92–7.85 (d, J = 8.5 Hz, 2H), 7.77–7.75 (s, 2H), 7.59–7.46 (m,
6H). 13C{1H} NMR (100.6 MHz, CDCl3): d = 167.6, 166.2, 150.4,
139.4, 138.9, 138.0, 135.2, 129.2, 129.2, 129.1, 128.9, 128.8,
128.5, 127.2, 127.2, 117.4, 116.8.

2-(4-Bromophenyl)-4,6-diphenyl-1,3,5-triazine (product 3c).

1H NMR (400.1 MHz, CDCl3): d = 8.22 (d, J = 7.1 Hz, 2H), 8.18
(d, J = 8.6 Hz, 2H), 7.92 (s, 1H), 7.87 (s, 1H), 7.78–7.74 (d, J =
6.9 Hz, 2H), 7.66–7.64 (d, J= 8.6 Hz, 2H), 7.56–7.26 (m, 4H). 13C
{1H} NMR (100.6 MHz, CDCl3): d = 169.7, 167.3, 150.4, 140.5,
138.9, 139.5, 132.9, 130.3, 130.2, 130.2, 128.8, 128.8, 127.3,
126.2, 123.6, 118.5, 117.8.
© 2023 The Author(s). Published by the Royal Society of Chemistry
2-(4-Fluorophenyl)-4,6-diphenyl-1,3,5-triazine (product 3d).

1H NMR (400.1 MHz, CDCl3): d = 8.33–8.31 (d, J = 7.4 Hz, 2H),
7.89 (s, 2H), 7.58–7.28 (m, 9H), 7.20–7.16 (m, 1H). 13C{1H} NMR
(100.6 MHz, CDCl3): d = 165.7, 163.2, 157.8, 150.0, 142.5 (d, J =
7.8 Hz), 140.5, 131.8 (d, J = 8.3 Hz), 130.3, 129.9, 128.3, 126.4,
124.0 (d, J= 2.8 Hz), 118.0, 117.0 (d, J= 21.1 Hz), 116.9, 113.3 (d,
J = 22.4 Hz).

2,4-Diphenyl-6-(4-(triuoromethyl)phenyl)-1,3,5-triazine
(product 3e).

1H NMR (400.1 MHz, CDCl3): d = 8.36 (d, J = 8.3 Hz, 2H), 8.23
(d, J = 7.0 Hz, 2H), 7.97 (s, 1H), 7.93 (s, 1H), 7.79–7.76 (m, 2H),
7.59–7.47 (m, 6H). 13C{1H} NMR (100.6MHz, CDCl3): d= 158.8,
156.9, 151.5, 143.0, 140.3, 139.8, 130.9 (q, J= 32.3), 129.4, 129.3,
129.3, 128.9, 127.5, 127.3, 127.2, 125.7 (q, J = 3.8 Hz), 124.4 (q, J
= 272.0 Hz), 119.9, 118.4.

2-(4-Nitrophenyl)-4,6-diphenyl-1,3,5-triazine (product 3f).

1H NMR (400.1 MHz, CDCl3): d = 8.14 (d, J = 7.5 Hz, 2H), 7.70
(d, J = 7.5 Hz, 1H), 7.67 (s, 1H), 7.54–7.29 (m, 10H), 13C{1H}
NMR (100.6 MHz, CDCl3): d = 169.7, 163.8, 161.4, 141.8, 141.5,
139.3, 134.5, 130.1, 129.7, 129.6, 129.6, 129.6, 129.4, 128.1,
127.7, 125.0, 121.7.
RSC Adv., 2023, 13, 16078–16090 | 16087
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2,4-Diphenyl-6-(p-tolyl)-1,3,5-triazine (product 3g).

1H NMR (400.1 MHz, CDCl3): d = 8.09 (d, J = 7.4 Hz, 2H), 8.03
(d, J = 7.4 Hz, 2H), 7.63–7.53 (m, 4H), 7.51–7.43 (m, 5H), 7.41–
7.40 (m, 2H), 13C{1H} NMR (100.6 MHz, CDCl3): d = 166.2,
161.0, 153.9, 143.2, 139.2, 138.2, 134.2, 133.8, 129.5, 127.9,
127.8, 127.7, 127.4, 127.4126.0, 124.8, 23.1.

2-(4-Ethylphenyl)-4,6-diphenyl-1,3,5-triazine (product 3h).

1H NMR (400.1 MHz, CDCl3): d = 8.17 (d, J = 7.5 Hz, 2H), 7.72
(d, J = 7.5 Hz, 1H), 7.63 (m, 3H), 7.55–7.41 (m, 8H), 13C{1H}
NMR (100.6 MHz, CDCl3): d = 170.7, 164.8, 162.4, 141.8, 141.5,
139.3, 134.5, 130.1, 129.7, 129.6, 129.6, 129.6, 129.4, 128.1,
127.7, 124.0, 120.7, 22.4, 14.9.

2-(4-Methoxyphenyl)-4,6-diphenyl-1,3,5-triazine (product 3i).

1H NMR (400.1 MHz, CDCl3): d = 8.15 (d, J = 7.6 Hz, 2H), 7.75–
7.70 (m, 2H), 7.67 (s, 1H), 7.56–7.41 (m, 9H), 13C{1H} NMR
(100.6 MHz, CDCl3): d = 169.6, 164.2, 161.7, 142.6, 141.4, 139.5,
130.6, 129.9, 129.7, 129.7, 129.6, 128.2, 128.0, 128.0, 128.1, 12.0,
121.1, 58.1.
16088 | RSC Adv., 2023, 13, 16078–16090
2-(4-Isopropylphenyl)-4,6-diphenyl-1,3,5-triazine (product 3j).

1H NMR (400.1 MHz, CDCl3): d = 8.16 (d, J = 7.2 Hz, 2H), 7.92
(s, 1H), 7.83 (s, 2H), 7.78 (d, J = 7.0 Hz, 2H), 7.58–7.47 (m, 7H),
13C{1H} NMR (100.6 MHz, CDCl3): d = 166.8, 164.3, 160.1,
159.9, 144.3, 139.5, 137.9, 128.2, 128.2, 127.8, 126.3, 126.2,
118.0, 116.2, 33.2, 23.1.

2,4-Diphenyl-6-(pyridin-3-yl)-1,3,5-triazine (product 3k).

1H NMR (400.1 MHz, CDCl3): d = 8.23 (d, J = 8.3 Hz, 2H), 7.63
(s, 1H), 7.54–7.43 (m, 9H), 7.36 (t, J = 7.4 Hz, 1H), 7.23 (d, J =
8.5 Hz, 1H), 13C{1H} NMR (100.6 MHz, CDCl3): d = 164.5,
162.3, 159.4, 139.7, 139.5, 137.3, 135.4, 128.2, 127.9, 127.8,
127.8, 127.6, 127.1, 127.0, 126.6, 125.2, 125.9, 123.9, 120.0.

2-(3-Chlorophenyl)-4,6-diphenyl-1,3,5-triazine (product 3l).

1H NMR (400.1 MHz, CDCl3): d = 8.15 (d, J = 8.6 Hz, 2H), 8.09
(d, J= 8.6 Hz, 2H), 7.88 (s, 2H), 7.76 (d, J = 6.9 Hz, 2H), 7.67 (d, J
= 8.6 Hz, 2H), 7.63–7.47 (m, 4H). 13C{1H} NMR (100.6 MHz,
CDCl3): d= 156.6, 156.5, 150.8, 138.8, 138.4, 137.9, 135.5, 132.0,
129.4, 129.3, 129.1, 128.8, 128.5, 127.3, 123.8, 117.3, 117.2.
© 2023 The Author(s). Published by the Royal Society of Chemistry
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2-(3-Methylphenyl)-4,6-diphenyl-1,3,5-triazine (product 3m).

1H NMR (400.1 MHz, CDCl3): d = 8.29 (d, J = 7.5 Hz, 2H), 7.93
(s, 2H), 7.68 (d, J = 7.7 Hz, 2H), 7.58–7.53 (m, 4H), 7.48 (t, 2H),
7.38 (d, J = 7.7 Hz, 2H), 13C{1H} NMR (100.6 MHz, CDCl3): d =
167.5, 160.1, 140.8, 140.1, 137.2, 129.9, 128.1, 127.8, 126.2,
126.1, 118.0, 22.3.

2-(3-Nitrophenyl)-4,6-diphenyl-1,3,5-triazine (product 3n).

1H NMR (400.1 MHz, CDCl3): d = 8.75–8.70 (t, 1H), 8.68 (s,
1H), 8.25 (d, J = 7.3 Hz, 2H), 8.02 (s, 1H), 7.89–7.84 (m, 3H),
7.58–7.51 (m, 4H), 7.49–7.46 (m, 2H), 13C{1H} NMR (100.6
MHz, CDCl3): d = 167.3, 166.5, 166.4, 160.4, 140.2, 140.0,
138.9, 137.0, 128.2, 128.1, 128, 127.9, 127.4, 126.2, 124.9,
122.6, 118.6, 116.7.

2-(3-Methoxyphenyl)-4,6-diphenyl-1,3,5-triazine (product 3o).

1H NMR (400.1 MHz, CDCl3): d = 8.24 (d, J = 7.8 Hz, 2H), 8.21
(d, J = 8.8 Hz, 2H), 7.86 (s, 1H), 7.85 (s, 1H), 7.78 (d, J = 7.2 Hz,
2H), 7.55–7.43 (m, 6H), 13C{1H} NMR (100.6 MHz, CDCl3): d =
161.7, 158.5, 158.2, 151.2, 139.8, 138.3, 133.4, 129.2, 129.1,
129.0, 128.8, 128.5, 127.3, 127.2, 117.6, 117.4, 115.2, 56.5.
© 2023 The Author(s). Published by the Royal Society of Chemistry
2-(2,4-Dichlorophenyl)-4,6-diphenyl-1,3,5-triazine (product 3p).

1H NMR (400.1 MHz, CDCl3): d = 8.71 (d, J = 4.0 Hz, 1H), 8.61–
8.58 (m, 2H), 7.97 (t, 1H), 7.87–7.82 (m, 3H), 7.58 (s, 1H), 7.53–
7.43 (m, 3H), 7.32 (dd, J = 5.0 Hz, J = 6.5 Hz, 1H), 7.26 (d, J =
3.3 Hz, 1H), 13C{1H} NMR (100.6 MHz, CDCl3): d = 156.4,
156.1, 154.3, 150.1, 149.4, 149.2, 143.3, 138.5, 136.8, 129.1,
129.0, 127.1, 123.9, 121.5, 117.3, 116.4, 112.2, 108.9.

2-(2-Chlorophenyl)-4,6-diphenyl-1,3,5-triazine (product 3q).

1H NMR (400.1 MHz, CDCl3): d = 8.71 (d, J = 3.7 Hz, 1H), 8.51
(d, J = 7.9 Hz, 1H), 8.22 (d, J = 7.2 Hz, 2H), 7.92 (s, 1H), 7.88 (s,
1H), 7.73 (d, J = 6.9 Hz, 2H), 7.55–7.41 (m, 6H). 13C{1H} NMR
(100.6 MHz, CDCl3): d = 159.0, 156.0, 151.6, 150.1, 147.6, 139.2,
137.7, 135.1, 134.6, 129.4, 129.3, 127.9, 126.2, 126.2, 123.6,
116.8, 116.1.

2-(4-Bromophenyl)-4,6-di-p-tolyl-1,3,5-triazine (product 3t).

1H NMR (400.1 MHz, CDCl3): d = 8.22 (d, J = 7.4 Hz, 2H), 7.88
(s, 1H), 7.55–7.50 (m, 4H), 7.46–7.43 (m, 3H), 7.33 (d, J = 7.6 Hz,
1H), 7.27–7.25 (m, 1H), 13C{1H} NMR (100.6 MHz, CDCl3): d =
161.3, 158.6, 151.1, 141.6, 139.7, 131.3, 129.1, 127.8, 126.2,
118.7, 116.2, 113.3, 112.1, 25.5.
RSC Adv., 2023, 13, 16078–16090 | 16089
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23 E. Havránková, J. Csöllei and P. Pazdera,Molecules, 2019, 24,
3586.

24 C. Zhang, M.-T. Ban, K. Zhu, L.-Y. Zhang, Z.-Y. Luo,
S.-N. Guo, D.-M. Cui and Y. Zhang, Org. Lett., 2017, 19,
3947–3949.

25 F. Wang, Z. Deng, Y. Wang, F. Yuan, X. Zhang, G.-P. Lu, N. Fu
and Y. Lin, Tetrahedron, 2022, 123, 132985.

26 Q. You, F. Wang, C. Wu, T. Shi, D. Min, H. Chen and
W. Zhang, Org. Biomol. Chem., 2015, 13, 6723–6727.

27 A. R. Tiwari, T. Akash and B. M. Bhanage, Org. Biomol. Chem.,
2015, 13, 10973–10976.

28 F. Xie, M. Chen, X. Wang, H. Jiang and M. Zhang, Org.
Biomol. Chem., 2014, 12, 2761–2768.

29 X. Zhang, H. Liu, X. Sheng, X. Mai, S. Hou, B. Li, X. Chen,
Y. Li and F. Xie, J. Catal., 2022, 408, 227–235.

30 G. Shi, F. He, Y. Che, C. Ni and Y. Li, Russ. J. Gen. Chem.,
2016, 86, 380–386.
© 2023 The Author(s). Published by the Royal Society of Chemistry

https://doi.org/10.1002/slct.202103900
https://doi.org/10.1002/slct.202200531
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra02261g

	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...

	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...
	Research on the catalytic activity of MNP-[Dop-OH]-CuBr2 nanocomposites: novel and stable reusable nanocatalysts for the synthesis of 1,3,5-triazine...


