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Abstract: Magnetic nanocomposites are one of the best catalysts for organic reaction
because of their simple recoverable features. We can simply recover these catalysts from
reaction pot with one external magnetic field. A possible method simple separation and
recycling of the catalysts is immobilizing catalytically active species in the surface of
magnetic particles which can be separated from the reaction system by applying an
appropriate magnetic field. Cellulose, as an important and naturally abundant biopolymer,
can be easily functionalized with various organic groups for desired purposes like
applications as a support for heterogeneous catalysis, composites matrixes and
immobilization processes.

In this study, we have prepared a biopolymer-based magnetic nanocomposite via in situ
synthesis of maghemite (gamma-Fe,03) on cellulose and then its sulfonation. It has been
proven that sulfonated catalyst shows very good activities for one-pot three-component
synthesis of chromenes under mild reaction conditions. In general this catalyst is
recoverable, green, easy separation because of its magnetic feature, environmentally
friendly properties and good yield and low reaction time for this multicomponent reaction
as a very good strategy for the synthesis of medicinal and pharmaceutical compounds.
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1. Introduction

Chromenes are an important class of compounds belonging to the flavonoid group that occur
naturally in fruits, vegetables, nuts, seeds, flowers, and barks [1-3], They are an integral part of the
human diet and have been reported to exhibit a wide range of biological effects [4-11]. They also
demonstrate antioxidant [12], anti-inflammatory [13], antibacterial [14] and antitumor properties [15].
2-Amino-chromenes represent an important class of compounds being the main components of many
naturally occurring products, and have been of interest in recent years due to their useful biological
and pharmacological aspects [16], The most straightforward synthesis of this heterocyclic system
involves a three-component coupling of aromatic aldehyde, malononitrile and oxygen containing
systems such as dimedone, cyclohexadion, 1-naphtol and 2-naphtol. Traditionally, this reaction was
catalyzed by a basic catalyst such as piperidine [17]. Many homogeneous catalysts have been
employed for this condensation including ammonium salts [18], NaOH [19], K;COj3 [20], 12/K;CO3
[21], TIiCly [22], InCl; [23], heteropolyacid [24] and EtsN [25]. Most of these catalysts have
disadvantages such as low yield and long reaction time. In present study we wish to report a high yield
and effective synthesis of chromones by use of gamma-Fe,O3/SO3H as a heterogeneous catalyst

(Scheme 1).
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2. Results and Discussions

The synthesis reaction of 2-amino-4H-chromen derivatives can be done by combination of
dimedone, cyclohexandion, 1-naphtol , 2-naphtol with aromatic aldehyde and malononytrile. Reaction
screening in various condition shows that solvent should be ethanol and optimize amount of starting
material is 1 mmol 1-naphtol,1 mmol malononytrile,1 mmol 3-nitrobenzaldehyde in the peresence of
0.01g catalyst gamma-Fe,O3/SOsH@cellulose. After a few minutes monitoring by TLC shows that
reaction is complete. After optimazation of condition, reaction was done by various oxygen sources as
we mentioned them above. The result are shown in following table.in order to optimazation of catalyst
amount we use the facts on table 1. Obtained data shows that optimazation amount of catalyst for this
reaction is 0.08 g.

Table 1. Optimization of the catalyst amount for the Synthesis 2-amino-4-(3-nitrophenyl)-4H-
benzo[h]chromen-3-carbonitrile.®

Entry Catalyst amount (g) Time (min) Isolated yield (%)
1 0 120 trace
2 0.02 8 60
3 0.06 8 85
4 0.08 8 99
5 0.1 8 99

& Conditions: 1 mmol 3-nitrobenzaldehyde, 1 mmol malononitrile, 1 mmol 1-naphtol, 3 mL ethanol,
gamma-Fe,03/SOsH@cellulose.

The scope and generality of synthesis of 2-amino-4H-chromen derivatives are well showed with
structurally diverse benzaldehyde and oxygen source. The results are summarized in Table 2.

Table 2. Synthesis of 2-amino-4H-chromen derivatives in the presence of gamma-
Fe,03/SOsH@cellulose.

Entr O source RCHO Product Time Yield Mp (obsd) Mp (Lit.)
y (min) (%)
(°C) (°C)
1 OH O NH2 8 99 250-252 250-252
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3. Experimental
3.1. Materials and methods

All chemicals were purchased from Merck, Fluka and Sigma-Aldrich companies and were used
without further purification. All reactions and the purity of 2-amino-4H-chromen derivatives were
monitored by thin-layer chromatography (TLC) using aluminum plates coated with silica gel F254
plates (Merck) using ethyl acetate and n-hexane as eluents. Melting points were determined in open
capillaries using an Electro thermal 9100 instrument.

3.2. Synthesis of gamma-Fe;03/SO3H@cellulose

The cellulose microcrystal (5.00 g) was added to 20 mL CHCI; and stirred under vigorus
magnettic. 1.00 g chlorosulfonic acid was added dropwise at 0 °C during 2h. When addition was
complete, the mixture was stirred for 2 h until HCI was removed from reaction vessel. Then, the



solution was filtered and washed with methanol (3*10 mL) and dried at room temperature to afford
cellulose sulfuric acid as white powder.

Agqueouse solution from NaOH, urea and H,O is prepared with material ratio 7:12:81 respectively
and that’s temperature is decreased to -12 °C by ice and salt, and then 4.0 g cellulose sulforic acid was
synthesized in the previous step dissolve directly in it. Then, 0.5 g FeCl,.4H,O and 1.0 g FeCls. 6H,0
was dissolved in 50 mL deionized water and then dropwise added to cellulose sulforic acid solution,
hereby gamma-Fe,O3 insitu synthesis on cellulose fiber. Thus the gamma-Fe,O3/SOsH@Cellulose
which is a new nanocomposite was synthesized.

3.4. General procedure for the synthesis of 2-amino-4H-chromen derivatives.

First, gamma-Fe,03/SOsH@cellulose (0.08 g) was added to a solution of 1-naphtol (1 mmol),
malononytrile (1 mmol) and benzaldehyde (1 mmol) in 3mL of ethanol under room temprature for 8-
10 min. After completion of reaction, as indicated by TLC (ethyl acetate/n-hexane 1/2), the catalyst
was removed by magnet then washed with acetone and after drying could be ready to use for the next
reaction without loss in activity. The crude product was filtered and recrystallized from ethanol to give
products in good to high yields.

4. Conclusion

In summary, we introduced a new nanocomposite system based on cellulose which due to the
presence gamma-Fe,O; and SO3H has very good catalytic activity. On the other, the magnetic
properties help us to separate it from reaction pot, simply. In the present work, we used this system for
synthesis of 2-amino-4H-chromen derivatives in high yield and very mild conditions.

Acknowledgements

The authors gratefully acknowledge the partial support from the Research Council of the Iran
University of Science and Technology.

Conflicts of Interest

The authors declare no conflict of interest.

References and Notes

1. Malikov, V. M.; Yuldashev, M. P. Phenolic Compounds of Plants of the Scutellaria Genus. Distribution,
Structure, and Properties. Chemistry of Natural Compounds 2002, 38(5) 473-519.

2. Huck, C. W., Huber, C. G., Ongania, K. H., and Bonn, G. K. Isolation and characterization of methoxylated
flavones in the flowers by liquid chromatography and mass spectrometry. Journal of Chromatography A
2000, 870(1), 453-462.

3. Nagao, T.; Abe, F.; Kinjo, J.; Okabe, H. Biological and Pharmaceutical Bulletin 2002, 7, 875.
Chan-Bacab, M. J.; Pena-Rodriguez, L. M. Natural Product Reports 2001, 18, 674.



o o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.
22.

23.
24.

25.

26.

27.
28.

Harborne, J. B. Natural Product Reports 1999, 16, 509.

(@) Rowley, D. C.; Hansen, M. S. T.; Rhodes, D.; Sotrier, C. A.; Ni, H.; McCammon, J. A.; Bushmanb, F.
D.; Fenicala, W.Bioorg. Journal of Medicinal Chemistry 2002, 10 3619; (b) Xu, H. X.; Wan, M.; Dong,
H.; But, P. P. H.; Foo, L. Y Biological and Pharmaceutical Bulletin 2000, 23 1072; (c) Wu, J. H.; Wang,
X. H.; Yic, Y. H.; Leeb, K. H.Bioorg. Medicinal Chemistry letters 2003, 13, 1813.

Perez-Vizcaino, F.; Ibarra, M.; Cogolludo, A. L.; Duarte, J.; Zaragoza-Arnaez, F.; Moreno, L.; Lopez-
Lopez, G.; Tamargo, J.J. Journal of Pharmacology and Experimental Therapeutics 2002, 301 66.

Sanchez, I.; Gomez-Garibay, F.; Taboada, J.; Ruiz, B. H. Phytotherapy Research 2000, 14 89; (b) Bae, E.
A.; Han, M. J.; Lee, M.; Kim, D. H. Y. Biological and Pharmaceutical Bulletin 2000, 23, 1122,

Matsuo, N.; Yamada, K.; Yamashia, K.; Shoji, K.; Mori, M.; Sugano, M. In Vitro Cellular &
Developmental Biology 1996, 106, 787.

Jain, A.; Martin, M. C.; Praveen, N.; Khan, N. U.; Parish, J. H.; Hadi, S. Phytotherapy Research 1999, 13,
609.

Yamada, J.; Tomita, Y. Bioscience, Biotechnology, and Biochemistry 1994, 58, 2197.

Grassmann, J.; Hippeli, S.; Elstner, E. F.Plant Physiol. Biochemical Journal 2002, 40, 471. (b) Miura, S.;
Watanabe, J.; Sano, M.; Tomita, T.; Osawa, T.; Hara, Y.; Tomota, |. Biological and Pharmaceutical
Bulletin 1995, 18 1.

Shivji, G. M.; Zielinska, E.; Kondo, S.; Mukhtar, H.; Sander, D. N.J. Journal of Investigative Dermatology
1996, 106, 609.

(@) Xu, H. X.; Lee, S. F. Phytotherapy Research 2001, 15, 39; (b) Hamiltonmiller, J. M. T.Antimicrob.
Antimicrobial Agents and Chemotherapy 1995, 39, 2375.

(@) Han, C. Cancer Letters 1997, 114 , 153; (b) Birt, D. F.; Hendrich, S.; Wang, W. Journal of
Pharmacology and Experimental Therapeutics 2001, 90 157.

Hafez, E. A. A.; Elnagdi, M. H.; Elagemey, A. G. A. Heterocycles 1987, 26, 903.

Elagemey, A. G. A. Indian Journal of Chemistry 1990, 29 885.

Ballini, R.; Bosica, G.; Conforti, M. L.; Maggi, R.; Mazzacanni, A.; Righi, P.; Sartori, G. Tetrahedron
2001, 57, 1395-1398.

Zhang, A.-Q.; Zhang, M.; Chen, H.-H.; Chen, J.; Chen, H.-Y. Catalysis Communications 2007, 37, 231.
Kidwai, M.; Saxena, S.; Rahman Khan, M. K. Thukral, S. S. Bioorganic & Medicinal Chemistry Letters
2005, 15, 4295.

Ren, Y.; Cai, C. Catalysis Communications 2008, 9, 1017.

Kumar, B. S.; Srinivasulu, N.; Udupi, R. H.; Rajitha, B.; Reddy, Y. T.; Reddy, P. N.; Kumar, P. S. Journal
of Heterocyclic Chemistry 2006, 43 1691.

Shanthi G.; Perumal, P. T. Tetrahedron Letters 2007, 48, 6785.

Heravi, M. M.; Bakhtiari, K.; Zadsirjan, V.; Bamoharram, F. F.; Heravi, O. M. Bioorganic & Medicinal
Chemistry Letters 2007, 17, 4262.

Shaabani, A.; Ghadari, R.; Ghasemi, S.; Pedarpour, M.; Rezayan, A. H.; Sarvary, A.; Weng, S. Journal
of Combinatorial Chemistry 2009, 11, 956.

Yi, Y.; Hongyun, G.; Xiaojun, L. Journal of Heterocyclic Chemistry 2011, 48, 1264.

Abdolmohammadi, S.; Balalaie, S. Tetrahedron Letters 2007, 48, 3299-3303.

Khurana, M. J.; Nand, B.; Saluja, P. Tetrahedron 2010, 66, 5637-5641.



29.
30.
31.
32.
33.
34.
35.

36.

37.

Mehrabi, H.; Kazemi-Mireki, M. Chinese Chemical Letters 2011, 22, 1419-1422;

Behbahani, F.; Sadeghi , M. Journal of the Korean Chemical Society 2013, 57(3), 357 —360.

Shaterian, H.; Yarahmadi, H.; Journal of Chemical Research 2012, 36(1), 49-51.

Khan, T. A .; Lal, M.; Ali, S.; Khan, M. M. Tetrahedron Letters 2011, 52, 5327-5332.

Albadi, J.; Darvishi-Paduk, M.; Mansournezhad, A. Chinese Chemical Letters 2013, 24(3), 208-210.
Boulcina, R.; Debache, A.; Nemouchi, S.; Carboni, B. Comptes Rendus Chimie 2012 15(5), 394-397.
Kumar, D.; Reddy, V. B.; Dube, U.; Kapur, S.; Sharad, S. European Journal of Medicinal Chemistry 2009
44(9), 3805-38009.

13 Zhi-Min, A.; Rui-Yun, G.; Hong-Xia, L.; Li-Ping, M.; Rui-zhi, W.; Shu-Xia, W.; Zhan-Hui, Z. ACS
Combinatorial Science 2013, 15(11) 557- 563.

Golzar, N.; Hasaninejad, A.; Shekouhy, M.; Zare, A.; Doroodmand, M. M. Applied Catalysis A: General
2011, 402(1-2), 11 - 22.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



