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Abstract

Magnetically separable mesoporous poly-melamine—formaldehyde nanocomposite (Fe;0, @mPMF) has been synthesized and
characterized by FTIR spectroscopy, SEM, XRD spectroscopy and EDS. The magnetically separable Fe;0,@mPMF catalyst
had excellent efficiency for the synthesis a wide diversity of imidazo[1,2-a]pyridines by a three-component reaction of a
2-aminopyridine, aldehyde and isocyanide in good-to-excellent yields within a short reaction time, through an environmental
friendliness and straightforward procedure. The nanocomposite that is easily recoverable and also found to be reusable can
be recovered and reused when the reaction is completed for several times without distinct deterioration in catalytic activity.
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Introduction

The development of simple and low-cost protocols to
improve the preparation of important heterocyclic com-
pounds while combining economic and environmental
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aspects has been an active topic in the field of modern
organic chemistry [1, 2]. One approach to address this chal-
lenge involves the development of any operationally sim-
ple, green and practical multicomponent reactions (MCRs)
[3-11]. Among the known MCRs, those based upon the
reactivity of isocyanides play a pivotal role in organic syn-
thesis for their capacity to provide complex products from
simple reactants [12-23]. Due to the high biological activ-
ity of therapeutically relevant fused imidazoles bridge-
head nitrogen heterocyclic in a number of biologically or
pharmacologically important compounds, various meth-
ods have been reported for their synthesis via multicom-
ponent reactions [24-27]. Among the reported methods,
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three-component isocyanide-based reactions starting from
2-aminoazine, aldehydes and isocyanides catalyzed by
Lewis or Bronsted acids as well as ionic liquid are common
strategies [28-36].

Traditional homogenous catalysts consumed in large
amounts for a range of products in chemistry, pharmacy,
food, flavor and coatings sectors were the main sources of
pollution [37, 38]. On the other hand, magnetically sepa-
rable nanostructured catalysts showing the enhanced and
sustainable properties is receiving increasing attention as
an alternative reaction media that circumvent the problems
associated with many of the traditional catalysts [39, 40].

Porous organic polymers have recently attracted huge
research interest due to the regular pore structure and high
surface area, thereby proving potential applications in areas
of energy and environmental research, catalyst and supports
supercapacitors [41, 42]. Mesoporous poly-melamine—for-
maldehyde (mPMF) polymer is an interesting catalyst in the
context of green chemistry due to their unique properties,
such as a high surface area, good porosity and high density
of amine and triazine groups [43, 44]. In addition, by incor-
porating a functional group to the mPMF, it was possible to
make functional polymer, that provides more active reac-
tion sites, which was favorable for the catalytic applications
[45-49]. However, pure mPMF has usually some shortcom-
ings including a light density, low specific surface area, and
difficult to separate from the reaction mixture leading to a
fair obstacle in its applications. Therefore, it is necessary to
solve the above-mentioned issues, and coupling with mag-
netic Fe;O, nanoparticle is a feasible route and may offer
a convenient solution to catalytic recycling problem [49].

Experimental
General

All chemicals such as aldehydes, isocyanide, amine, Fe;O,,
melamine and paraformaldehydes were commercially avail-
able. Melting points were determined on Buchi 535 melt-
ing point apparatus. '"H NMR spectra were recorded on
500 MHz NMR spectrometer using DMSO-d, as solvent.
Solvents were distilled before use. FTIR spectra were deter-
mined on a Bruker Vector-22 infrared spectrometer using
KBr disks.

Preparation of magnetic mesoporous
poly-melamine-formaldehyde

The magnetic Fe;O, nanoparticle was synthesized using a
modified method reported in the literature [43]. Melamine
(0.378 g, 3 mmol), paraformaldehyde (1.8 eq. 0.162 g,
5.4 mmol) and Fe;0, (0.2 g) were mixed with 3.36 mL of
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dimethyl sulfoxide (DMSO) in a 25 mL Teflon container
secured in a steel reactor. The reaction mixture was heated
to 120 °C in an oven for 2 h. The reactor was then carefully
removed from the oven for stirring on a magnetic stirrer
plate to obtain a homogeneous solution. It was then heated to
170 °C in the oven for 72 h. The reaction was allowed to cool
to room temperature, and the obtained solid was crushed,
filtered and washed with acetone, ethyl acetate and CH,Cl,.
The resulting solid was dried under vacuum at 80 °C for
24 h (Scheme 1).

General procedure

A test tube, equipped with a magnetic stir bar, 2-amino-
pyridine (0.2 mmol), benzaldehyde (0.2 mmol), cyclohexyl
isocyanide (0.2 mmol) and magnetic mPMF(10 mg), was
added in EtOH (1 mL), respectively, and the resulting mix-
ture was stirred at 60 °C until the reaction was complete.
After completion of the reaction controlled by TLC, the
crude product was concentrated under reduced pressure,
and the solid residue was crystallized from ethyl acetate.
All synthesized compounds are known and were character-
ized by melting points found to be identical with the ones
described in literature. white powder, mp=176-178 °C, 'H
NMR (500 MHz, CDCl,): 6=1.22 (s, 3H, CH), 1.34 (d,
J=10 Hz, 2H, CH), 1.63 (s, 3H, CH), 1.69 (m, 2H, CH),
1.74 (d, J=Hz, 2H, CH), 2.98-3.01 (m, 1H, CH), 4.18-4.21
(br s, 1H, CH), 7.17 (m, 1H, H), 7.39-7.42 (m, 1H, CH),
7.46-7.50 (m, 3H, Ar-H), 8.17 (d, 2H, Ar-H) 8.21 (m, 1H,
Ar-H), 8.44 (d, J=5 Hz, 1H, Ar-H).

Results and discussion

This project is a part of our ongoing effort to develop green
chemistry toward several multicomponent reactions for the
synthesis of fused heterocycle compounds [50-53]. In con-
tinuation of this project, we now report a one-pot synthesis
of 3-aminoimidazo-fused heterocycles by a three-component
reaction of 2-aminopyridine, aldehyde and isocyanide in the
presence of magnetic mPMF as a promising recycle catalyst.
Magnetic mPMF was synthesized from the melamine pre-
cursors according to previous literatures [40]. Hydrothermal
reaction of the melamine and paraformaldehydes in the pres-
ence of Fe;0, produces the requisite magnetic mPMF in a
simpler manner (Scheme 1).

The morphology and structure of the Fe;0,@mPMF
were investigated by SEM, FTIR spectroscopy, XRD
spectroscopy and EDX spectroscopy. The FTIR spec-
tra exhibit the patterns of a high density of triazine and
aminal (-NH-CH2-NH-) functional groups present in
Fe;0,@mPMF that are shown in Fig. 1. FTIR spectrum
of shows broad peaks associated with —-NH-stretching and
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Scheme 1 Synthesis of magnetic mPMF
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Fig. 1 FTIR spectra of Fe;0,@mPMF
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physisorbed water molecules at 3429 cm™! together with
the band at 2998 cm™! (CH, stretching). Other characteris-
tic peaks around 1337 cm~! indicate that the triazine units
are efficiently incorporated in PMF sample. The charac-
teristic broad peak of Fe—O at 580-660 cm™! is attributed
to the existence of Fe;O, MNPs.

The chemical composition and percentage of Fe;0,@
mPMF were confirmed using energy-dispersive spectro-
scopic (EDS) analysis which clearly showed the presence
of C, N, Fe and O and confirmed that the Fe;O, nano-
particles were successfully introduced onto the surface of
PMF (Fig. 2).

Scanning electron microscopy (SEM) revealed that
PMF formed a foam-like structure with interconnected
mesoporous networks (Fig. 3). After Fe;O, nanoparticles
were introduced and grafted onto the surface of PMF, the
morphological properties of PMF keep intact.

The crystal structure of the of Fe;O,@mPMF was meas-
ured by XRD, and the results are shown in Fig. 4. The XRD
pattern of Fe;O,@mPMF shows characteristic peaks and
relative intensity, which match well with the standard Fe;0,
sample. The broad peak at 26 of 27° and 45° are consistent
with an amorphous mPMF in the nanocomposite.

To explore the feasibility of Fe;O,@mPMF as recyclable
catalyst in the isocyanide-based multicomponent reaction,

Fig.2 EDS spectra of Fe;0,@ 1300
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Fig.3 FE-SEM images of Fe;0,@mPMF
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Fig.4 X-ray diffraction pattern of Fe;0,@mPMF

Table 1 Optimization of reaction conditions

X
PhCHO | _ Z =N
1a + ) Nz sovent (1.0 mL) CQP"
CeH11NC 120 min., 60 °C
4a HN—~CH,,s
3
Entry Fe;0,@mPMF Solvent Yields (%)*
(mg)

1 5 Ethanol 62
2 10 Ethanol 74
3 15 Ethanol 81
4 20 Ethanol 94
5° 20 Ethanol 48
6° 20 Ethanol 90
74 20 Ethanol 25
8 40 Ethanol 94

20 Water 68

10 20 Ethylacetate 70

11 20 CH;CN 74

12 20 THF 46

13 20 CH,Cl, 75

14 20 Methanol 94

[solated yields, "room temperature, “PMF as catalyst, ‘Fe;0, as cata-
lyst

the reaction of benzaldehyde (1a), 2-aminopyridine (2) and
cyclohexyl isocyanide (3) was selected as a model to find
out the optimal reaction conditions and the results are men-
tioned in Table 1. In our initial experiments, we evaluated
various trial reactions in the model reaction. The experimen-
tal process could be easily achieved with simple operation
under mild reaction conditions. Our studies revealed that
imidazo[1,2-a]pyridin 4a was formed in excellent yields
(94%) in the presence of Fe;O,@mPMF, and the reaction

was complete within 120 min furnishing 4a in 94% yield
(Table 1, entry 8). The optimal amount of the Fe;O,@mPMF
was 20 mg, beyond which further increase in the amount of
the catalyst did not increase the yield appreciably. The influ-
ence of reaction temperature on yield was investigated. The
results show that 60 °C is sufficient to carry out reaction
in the optimum yield and increase in temperature further
does not enhance the yield. Additionally, the influence of
various commercial aprotic and protic solvents like THF,
CH;CN, ethyl acetate, methanol and water on the reaction
yield was investigated and the results are given in Table 1
(entries 9-14). Control experiments performed using PMF
(Table 1, entry 6) and Fe;0, (Table 1, entry 7) did not offer
more than 94% of desired product.

With the optimized reaction conditions, we extended our
studies to one-pot multicomponent reaction of various sub-
stituted aldehydes, 2-aminopyridine and cyclohexyl isocya-
nide in the presence of 20 mg of Fe;0,@mPMF using etha-
nol as solvent to evaluate the scope of this methodology, and
the results are presented in Table 2. As shown in Table 2,
this procedure represents an efficient and general access to
imidazo[1,2-a]pyridines derivatives with any kind of dif-
ferent functional group, and all the corresponding products
were obtained in good-to-excellent yields. The electronic
nature of the aldehydes had an influence on the reaction
efficiency and benzaldehydes with an electron-withdrawing
group on the aryl ring like nitro, bromo and chloro which
afforded the corresponding imidazo-[1,2-a]pyridines in
excellent yields and with shorter reaction times. For benza-
ldehydes bearing an electron-donating group such as methyl
and methoxy, the product was obtained in moderate yield
with longer reaction times. Interestingly, some heteroaryl
aldehydes also underwent the multicomponent reaction in
good yields.

In addition, our green procedure was expanded from the
laboratory scale to the gram scale that is eco-friendly man-
ner for industrial preparation. The model reaction was car-
ried out in a 10 mL ethanol using 10 mmol of reactants in
the presence of 50 mg of Fe;0,@mPMF. After 200 min., 4a
was obtained in 90% yield.

An attractive feature of Fe;0,@mPMF as catalyst is being
facile, and rapid separation by using a magnet is highlighted
in Fig. 5. Further investigation involved the reusability of
the Fe;0,@mPMF for model reaction in the production of
4a under optimized conditions for 5 mmol scale (Table 2,
entry 1). Upon the completion of the reaction, Fe;O,@
mPMF was easily separated by using an external magnet.
The recovered Fe;O,@mPMF was washed with ethyl acetate
and dried under vacuum. The resultant residues were used
directly without further treatment for the next run after being
charged with fresh starting materials. Using this procedure,
Fe;0,@mPMF could be reused up to five times without any
significant loss of the initial catalytic activity (Fig. 5). The
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Table 2 Various kinds of imidazo[1,2-a]pyridines derivatives in the optimized conditions

O U0 O
-0 O o,
HN HN — HN —

(4a,150min, 94%) [54]

(4b,155min, 88%) [55]

(4¢,130min, 92%) [55]

Ow @v@ ©¢©

(4d,135m|n, 90%) [55]

AN =N O\
HN
~

(49,120min, 71%) [54]

MeO
AN\ =N
x N /

HN

A

(4j,180min, 81%) [54]
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Fig.5 Recycling results of the Fe;0,@mPMF

FTIR spectrum of recovered Fe;0,@mPMF suggested no
significant change in functionality. Furthermore, recycled
sample was prepared for the Fe;O, leaching study by flame
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(4e,170min, 92%) [56]

(4F,160min, 94%) [56]

Ow @Q{%

(4h,140min, 82%) [57]

(4i,160min, 78%) [58]

o& ow

(4k,190min, 84%) [54]

(4I,200min, 88%) [59]

atomic absorption spectrometer (FAAS) analysis. After
compilation of reaction, Fe;O0,@mPMF was magnetically
separated and the supernatant was analyzed in order to estab-
lish the leached quantity of total iron. The leaching of iron
was obtained below the detectable level.

Conclusion

In summary, novel Fe;0,@mPMF were synthesized and
investigated as a non-toxic and reusable catalyst in the syn-
thesis of fused imidazoles bridgehead nitrogen heterocyclic
compounds from the Ugi-type isocyanide-based multicom-
ponent reaction in a clean and efficient manner. The mild
reaction conditions, good-to-excellent yields, short reaction
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times and recyclability of the Fe;O,@mPMF are the out-
standing features of the current work [54-57].

Acknowledgements The financial support of this work provided by
Chemistry and Chemical Engineering Research Center of Iran and
Science and Research Branch of Islamic Azad University is gratefully
appreciated.

References

10.

11.

12.

13.

14.

15.

16.
17.

18.
19.
20.
21.
22.
23.

24.

A. Alizadeh, Q. Oskueyan, S. Rostamnia, Synthesis 17, 2637—
2640 (2007)

M.A.P. Martins, C.P. Frizzo, D.N. Moreira, N. Zanatta, H.G.
Bonacorso, Chem. Rev. 108, 2015 (2008)

A. Shaabani, A. Maleki, A.H. Rezayan, A. Sarvary, Mol. Divers.
15, 41-68 (2011)

S. Gupta, M. Lakshman, J. Med. Chem. Sci. 2, 51-54 (2019)

S. Sajjadifar, K. Pal, H. Jabbari, O. Pouralimardan, F. Divsar, S.
Mohammadi-Aghdam, I. Amini, H. Hamidi, Chem. Methodol. 3,
226-236 (2019)

H. Aghahosseini, A. Ramazani, N. Safarvand-Jalayer, Z. Ranj-
doost, A. Souldozi, K. Slepokura, T. Lis, Org. Lett. 21, 22-26
(2019)

A.K. Chakraborti, S. Rudrawar, K.B. Jadhav, G. Kaura, S.V.
Chankeshwara, Green Chem. 9, 1335 (2007)

A. Ramazani, Rezaei, Org. Lett. 12, 2852-2855 (2010)

H. Ahankar, A. Ramazani, K. Slepokura, T. Lis, S.W. Joo, Green
Chem. 18, 3582-3593 (2016)

H.C. Hu, Y.H. Liu, B.L. Li, Z.S. Cui, Z.H. Zhang, RSC Adyv. 5,
48675 (2015)

P.H. Li, B.L. Li, H.C. Hu, X.N. Zhao, Z.H. Zhang, Catal. Com-
mun. 46, 118 (2014)

I. Yavari, H. Djahaniani, F. Nasiri, Tetrahedron 59, 9409-9412
(2003)

Z. Arzehgar, S. Sajjadifar, M.H. Fekri, Chem. Methodol. 3, 251-
260 (2019)

A. Ramazani, M. Khoobi, A. Torkaman, F. Zeinali-Nasrabadi, H.
Forootanfar, M. Shakibaie, M. Jafari, A. Amiri, S. Emami, M.A.
Faramarzi, A. Foroumadi, A. Shafiee, Eur. J. Med. Chem. 78,
151-156 (2014)

H. Aghahosseini, A. Ramazani, K. glepokura, T. Lis, J. Colloid
Interface Sci. 511, 222-232 (2018)

1. Yavari, Ramazani, J. Chem. Res. 382-383 (1996)

R. Motamedi, F. Ebrahimi, G. Rezanejade-Bardijee, Asian J.
Green Chem. 3, 22-23 (2019)

Z. Arzehgar, S. Sajjadifar, H. Arandiyan, Asian J. Green Chem.
3,43-52(2019)

A. Shaabani, E. Soleimani, A. Maleki, Tetrahedron Lett. 47,
3031-3034 (2007)

E. Ruijter, R. Scheffelaar, R.V.A. Orru, Angew. Chem. Int. Ed. 50,
6234 (2011)

B.B. Toure, D.G. Hall, Chem. Rev. 109, 4439 (2009)

A. Shaabani, A. Maleki, Appl. Catal. A Gen. 331, 149-151 (2007)
A. Shaabani, A. Maleki, J. Moghimi-Rad, J. Org. Chem. 72,
6309-6311 (2007)

A. Domling, I. Ugi, Angew. Chem. Int. Ed. 39, 316831 (2000)

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.

38.
39.
40.
41.
4.
43.
44,
45.

46.
47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

J. Zhu, Eur. J. Org. Chem. 1133 (2007)

H. Bienayme, K. Bouzid, Angew. Chem. Int. Ed. 37, 2234 (1998)
N. Devi, R.K. Rawal, V. Singh, Tetrahedron 71, 183 (2015)

S. Rostamnia, A. Hassankhani, RSC Adv. 3, 18626 (2013)

S. Rostamnia, K. Lamei, M. Mohammadquli, M. Sheykhan, A.
Heydari, Tetrahedron Lett. 53, 5257-5260 (2012)

S. Vidyacharan, A.H. Shinde, D.S. Sharada, Green Chem. 16,
1168 (2014)

J. Lu, X.T. Li, E.Q. Ma, L.P. Mo, Z.H. Zhang, Chem. Catal. Chem.
6, 2854 (2014)

S. Swami, N. Devi, A. Agarwala, V. Singh, R. Shrivastava, Tetra-
hedron Lett. 57, 1346 (2016)

M. Adib, M. Mahdavi, M.A. Noghani, P. Mirzaei, Tetrahedron
Lett. 48, 7263 (2007)

M. Zhang, J. Lu, J.N. Zhang, Z.H. Zhang, Catal. Commun. 78, 26
(2016)

E. Gross, J.H. Liu, FE.D. Toste, G.A. Somorjai, Nat. Chem. 4, 947
(2012)

G. Kyriakou, M.B. Boucher, A.D. Jewell, E.A. Lewis, T.J. Lawton,
A.E. Baber, Science 335, 1209 (2012)

M. Jakuttis, A. Schonweiz, S. Werner, R. Franke, K.D. Wiese,
M. Haumann, P. Wasserscheid, Angew. Chem. Int. Ed. 50, 4492
(2011)

K.S. Palla, T.J. Hurlburt, A.M. Buyanin, G.A. Somorjai, M.B.
Francis, J. Am. Chem. Soc. 139, 1967 (2017)

P. Puthiaraj, Y. Lee, S. Zhang, W.S. Ahn, J. Mater. Chem. A 4,
16288 (2016)

T. Blasco, Chem. Soc. Rev. 39, 4685 (2010)

D. Schwarz, J. Weber, Polymer 155, 83 (2018)

D. Schwarz, J. Weber, Macromol. Mater. Eng. 300, 531 (2015)
D. Yang, P. Liu, N. Zhang, J. You, H. Wang, ChemCatChem 6,
3434 (2014)

R.A. Molla, M. A. Iqubal, K. Ghosh, S.M. Kamaluddin, RSC Adv.
4,48177 (2014)

M.X. Tan, Y.N. Sum, J.Y. Ying, Y. Zhang, Energy Environ. Sci.
6, 3254 (2013)

M.X. Tan, Y. Zhang, J.Y. Ying, Chemsuschem 6, 1186 (2013)
M.X. Tan, L. Gu, N. Li, J.Y. Ying, Y. Zhang, Green Chem. 15,
1127 (2013)

Y. Song, R. Ma, C. Jiao, L. Hao, C. Wang, Q. Wu, Z. Wang,
Microchim. Acta 185, 19 (2018)

N. Azizi, F. Ebrahimi, E. Aakbari, F. Aryanasab, M.R. Saidi, Syn-
lett 2797 (2007)

N. Azizi, A. Khajeh-Amiri, H. Ghafuri, M. Bolourtchian, M.R.
Saidi, Synlett 2245 (2009)

B. Mirmashhori, N. Azizi, M.R. Saidi, J. Mol. Catal. A Chem.
247, 159 (2006)

N. Azizi, Z. Manocheri, Res. Chem. Intermed. 38, 1495 (2012)
M. Bolourtchian, M.M. Hashemi, Monatshefte fur Chemie 140,
1471 (2009)

T. Sanaeishoar, H. Tavakkoli, F. Mohave, Appl. Catal. A 470,
56-62 (2014)

M.L. Bode, D. Gravestock, S.S. Moleele, C.W. Westhuyzen, S.C.
Pelly, Bioorg. Med. Chem. 19, 4227-4237 (2011)

D.B. Salunke, E. Yoo, N.M. Shukla, R. Balakrishna, S.S. Malladi,
V.W. Day, X. Wang, J. Med. Chem. 55, 8137-8151 (2012)

A. Shaabani, E. Soleimani, A. Maleki, J. Moghimi-Rad, Synth.
Commun. 38, 1090-1095 (2008)

@ Springer



	Magnetic mesoporous poly-melamine–formaldehyde: an efficient and recyclable catalyst for straightforward one-pot synthesis of imidazo[1,2-a]pyridines
	Abstract
	Graphic abstract
	Introduction
	Experimental
	General
	Preparation of magnetic mesoporous poly-melamine–formaldehyde
	General procedure

	Results and discussion
	Conclusion
	Acknowledgements 
	References




