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Abstract

Chemoselective; Recyclable; Nano silica chloride

Nano silica chloride (nano SiO,Cl) has been found to be an efficient, chemoselective and recyclable catalyst for
facile and simple condensation of 4-hydroxycoumarin with aromatic and heteroaromatic aldehydes into
bis(4-hydroxycoumarin)methanes in dry CH,Cl>. The products were obtained in high to excellent yields.
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Background

4-Hydroxycoumarin derivatives are of interest because
of their widespread biological activities [1,2]. These com-
pounds are used as anticoagulant and sustaining agents
[3-5]. They have also been reported as antibiotics [6]
and antitumor drugs [7]. Recently, for the preparation of
biscoumarins by the reaction of 4- hydroxycoumarin and
various aldehydes (one-pot Knoevenagel condensation and
Michael addition), a variety of Lewis acid catalysts
[8-12], phase transfer catalysts [13-18], microwave reactions
[19-22], and molecular iodine were utilized. Although these
methods may be effective, some of them have relatively
long reaction times and unsatisfactory yields. This finding
prompted us towards further investigation in search
for a cheap catalyst, which will carry out the synthesis
of biscoumarins under simpler experimental set-up and
easy workup. Thus, in continuation of our ongoing research
for the development of simple and efficient methods for the
synthesis of various compounds [23,24], herein we wish to
report a simple, economic, and efficient one-pot method
for the synthesis of bis(4-hydroxycoumarin)methanes in
CH,ClI, using nano silica chloride as the catalyst. One
such modified nano silica gel is nano silica chloride
(nano SiO,Cl). Our studies have shown that it was easily
prepared by the addition of thionyl chloride to the nano

* Correspondence: karimian.r@gmail.com

' Applied Biotechnology Research Center, Bagjyatallah University of Medical
Sciences, Tehran, Iran

Full list of author information is available at the end of the article

@ Springer

silica gel. Nano silica chloride was reported to be an effi-
cient catalyst for the synthesis of many organic compounds
such as amorphous silica chloride [25-27]. It must be noted
that the preparation of nano silica chloride is simple, clean,
and without workup procedure. Nano silica chloride can
be a useful, cheap, and chemoselective catalyst for the
synthesis of bis(4-hydroxycoumarin)methanes, which
was prepared by the readily available material and can
also be easily removed from the reaction mixture.

Results and discussion

First, the effective catalytic route for the synthesis of bis
(4-hydroxycoumarin)methanes is described. Amorphous
silicon dioxide (75 mg), amorphous silica chloride (75 mg),
nano silicon dioxide (75 mg), and nano silica chloride
(75 mg) catalyzed the synthesis of bis(4-hydroxycoumarin)
methanes. In order to show the applicability and efficiency
of this method, our results have been compared with
those of some of the same catalysts on the synthesis of bis
(4-hydroxycoumarin)methanes [23,24]. As you can see
in Table 1, nano silica chloride is superior to the other
catalysts.

In the continuation of our study, the reaction of
4-hydroxycoumarin with 4-chlorobenzaldehyde (2j) was
chosen as a model reaction in the presence of nano
SiO,Cl (55 mg) in dry dichloromethane at 40°C. The
corresponding product (3j) was obtained after 8 h (71%)
(Scheme 1; Table 2, entry 1). In a search for an even
higher yield, we varied the amount of nano silica chloride;
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Table 1 Comparison of results for the synthesis of
3,3"-((4-chlorophenyl)methylene)bis(4-hydroxycoumarin)
catalyzed by some silicon catalysts at same conditions

Entry Catalyst Time (h) Yield (%)
1 Sio, 12 88
2 Nano SiO, 55 92
3 SiO,Cl 9 87
4 Nano SiO,Cl 3 92

gratifyingly, a 92% vyield of 3j was obtained when 75 mg
was used (Table 2, entry 3). Finally, the reaction was
performed at different temperatures. When the reaction
was carried out at 25°C, 30°C, and 35°C, the product was
also obtained in low yields comparable to the reaction
performed at 40°C (Table 2, entries 4 to 6 vs. entry 3). Fur-
thermore, we kept the catalyst concentration constant, and
a number of different solvents such as toluene, THE, Et,O,
n-hexane, CH3CN, and CH,Cl, were also investigated. We
found that dichloromethane was better suited as solvent for
this purpose.

Thus, the best condition for the reaction was the use
of nano silica chloride (75 mg), 4-hydroxycoumarin
(1.0 mmol), and aldehyde (0.5 mmol) in dry CH,Cl, (5 ml)
at 40°C under air atmosphere (Scheme 2). This result
prompted us to investigate the scope and the generality of
this new protocol for various aromatic and heteroaromatic
aldehydes under optimized conditions (Table 3).

After the optimized reaction condition, several alde-
hydes were examined. The results of their reaction
with 4-hydroxycoumarin are summarized in Table 3.
Aromatic aldehydes both with electron-withdrawing
and electron-donating groups underwent smooth trans-
formation to the corresponding biscoumarins, without the
formation of any side products, in high to excellent yields.
However, synthesis could not be achieved in the absence
of the catalyst.

Using the same method, the catalytic system is cap-
able of selective condensation of bisaldehydes, as a
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Table 2 Optimization studies using 4-hydroxycoumarin
(1) and 4-chlorobenzaldehyde (2j)

Entry Si0,Cl (mg) Temperature (°C) Time (h) Yield® (%)
1 55 40 8 71
2 65 40 55 85
3 75 40 3 92
4 75 room temperature 12 69
5 75 30 9.5 73
6 75 35 55 83

®Reaction performed with aldehyde 2j (0.5 mmol), 4-hydroxycoumarin
(1T mmol), and product 3j as determined by GC based on the amount
of 4-hydroxycoumarin.

terephthaldehyde, to the corresponding 4-(bis(4-hydroxy-2-
oxo-2H-chromen-3-yl)methyl)benzaldehyde by controlling
the molar ratio of 4-hydroxycoumarin (Scheme 3). The
results showed that 83% (3v) would be achieved in the
presence of two equivalents of 4-hydroxycoumarin, whereas
a treatment using four equivalents of 4-hydroxycoumarin
with terephthaldialdehyde led to the occurrence of the
corresponding 3,3",3",3"'-(1,4-phenylenebis(methanetriyl))
tetrakis(4-hydroxy-2H-chromen-2-one) (three times).

This method is also a very good way for the
chemoselective conversion of aryl aldehydes in the
presence of aliphatic ketones and aliphatic aldehydes. For
example, when a 1:1 mixture of 4-chlorobenzaldehyde
and cyclohexanone was allowed to react with 4-
hydroxycoumarin in the presence of nano SiO,Cl,
it was found that only 4-chlorophenyl-3,3"-bis(4-
hydroxycoumarin)methane was obtained; there is no
corresponding product of cyclohexanone. Also, in an equi-
molar mixture of aryl aldehyde and aliphatic aldehyde, it
was found that the aryl aldehydes were chemoselectively
converted to the corresponding bis(4-hydroxycoumarin)
methane, but the aliphatic ones were converted slightly
(Scheme 4). The product was obtained in high yield
without the formation of any side reactions.

The formation of compound 3 can be explained by the
mechanism that is presented in Scheme 5. The reaction
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Scheme 1 The reaction of 4-hydroxycoumarin with 4-chlorobenzaldehyde (2j) and the corresponding product (3j).
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Scheme 2 Nano silica chloride-catalyzed synthesis of bis(4-hydroxycoumarin)methanes.

sequence is one-pot Knoevenagel condensation, Michael
addition, and tautomerization. 4-Hydroxycoumarin adds
easily to electron-poor alkenes in the Michael addition
fashion. Thus, cascade reactions of addition, elimination,
and addition could be achieved, but the intermediate alkenes
12 were not available even in 1:1 experiments according to
the present reaction conditions [22]. The electron-poor al-
kenes 12 are useful intermediates for Michael additions.
Inspection of the SEM and TEM images of a sample
catalyst from this reaction indicates the involvement of

silica chloride nanoparticles with a size distribution of
15 to 35 nm (average ~25 nm; Figures 1 and 2). After
the reaction, nano silica chloride can be easily separated
(by centrifuge and filtration) and reused without a
decrease in its activity. For example, the reaction of
4-hydroxycoumarin with 4-chlorobenzaldehyde afforded
the corresponding bis(4-hydroxycoumarin)methanes in
95%, 95%, and 91% isolated yield over three cycles. When
we carried out the reaction in CH,Cl,, the reaction
proceeded very slowly to give moderate yields.

Table 3 Nano silica chloride catalyzed synthesis of bis(4-hydroxycoumarin)methanes

Entry ArCHO Product Time (h) Yield*®(%) Melting point (°C)
1 PhCHO 3a 25 85 231-234
2 2-OH PhCHO 3b 2 88 254-256
3 2-OMe PhCHO 3c 25 82 236-238
4 2-CI PhCHO 3d 3 93 224-226
5 2-Br PhCHO 3e 3 95 256-258
6 2-NO, PhCHO 3v 35 91 104-106
7 3-NO, PhCHO 3f 35 90 234-236
8 4-NO, PhCHO 39 35 85 232-234
9 4-CF3 PhCHO 3h 35 71 258-260
10 4-F PhCHO 3i 6 71 212-214
11 4-Cl PhCHO 3j 3 92 254-256
12 4-Br PhCHO 3k 35 91 266-268
13 4-Me PhCHO 3| 25 90 266-268
14 4-OMe PhCHO 3m 2 78 246-248
15 4-NMe, PhCHO 3n 1 95 222-224
16 4-OH PhCHO 30 25 90 222-224
17 34-(OMe), PhCHO 3p 2 88 263-265
18 2,6-Cl; PhCHO 3q 35 78 178-180
19 Furfural 3r 25 70 200-202
20 2-Thenaldehyde 3s 3 75 210-212
21 2-Formylpyrrole 3t 2 75 161-163
22 3-Formylindole 3u 55 68 238-240

Yields refer to crude product (isolated product).

PAll products were identified by comparing their physical and spectral data with those of authentic samples.
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Scheme 3 Selective condensation of dialdehyde with 4-hydroxycoumarin.

Conclusion

A facile and highly efficient method for the condensation
of 4-hydroxycoumarin with aromatic and heteroaromatic
aldehydes has been described using nano silica chloride
as a recyclable and chemoselective catalyst. The products
were obtained in high to excellent yields after stirring for a
few hours with operational simplicity.

Methods

Preparation of nano silica chloride

Nano SiO,Cl powder was prepared according to the
procedure reported [23,24]. To an oven-dried (120°C)
nano silica gel (5 g) in a round-bottomed flask (250 mL)

equipped with a condenser and a drying tube, thionyl
chloride (toxic and should be used with caution) (100 mL)
was added, and the mixture was refluxed for 1 week.
The excess thionyl chloride was distilled off. The resulting
white-grayish powder was flame-dried and stored in a
tightly capped bottle.

Typical experimental procedure

To a mixture of 4-hydroxycoumarin (1 mmol) and alde-
hydes (0.5 mmol) in CH,Cl, (5 mL), nano silica chloride
(75 mg) was added at 40°C. The mixture was stirred for
a specified period (Table 3). The progress of the reaction
was monitored by thin layer chromatography (TLC).

0
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Scheme 4 Chemoselectivity of aryl aldehyde reacting with 4-hydroxycoumarin in the presence of ketone and aliphatic aldehyde.
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Scheme 5 Mechanism of synthesis of bis(4-hydroxycoumarin)methane.

HCI

After the complete conversion of the starting material,
as indicated by TLC, the reaction mixture was filtered
and concentrated under reduced pressure. The obtained
product was filtered and recrystallized from ethanol to
get the pure product. The products were characterized
according to their 'H nuclear magnetic resonance (NMR),
IR, and melting point data. The representative spectral
(*H NMR and IR) data of bis(4-hydroxycoumarin)methane
derivatives 3a to 3u are given below.

Compound 3a. White solid; "H NMR (250 MHz, CDCls):
4 6.18 (s, 1H), 6.82 to 7.56 (m, 13H), 10.72 (brs, 20H); IR
(KBr disk): 3034, 1652, 1608, and 754.

Compound 3g. Yellow solid; 'H NMR (250 MHz,
CDCl3): 6§ 6.56 (s, 1H), 7.13 to 8.38 (m, 12H), 11.22

AccY Spot Magn
16.0kV 1.0 30000x SE

Det WD
182 Si02 Cl 19nm

500 nm

Figure 1 SEM image of silica chloride nanoparticle.

(brs, 20H); IR (KBr disk): 3033, 1652, 1615, 1529,
1347, and 761.

Compound 3m. White solid; "H NMR (250 MHz, CDCl,):
6 3.78 (s, 3H), 6.38 (s, 1H), 7.1 to 8.31 (m, 12H), 11.49
(brs, 20H); IR (KBr disk): 3388, 3026, 1666, 1605,
1255, 1050, and 768.

Compound 3r. Black solid; "H NMR (250 MHz, CDCls):
4 6.09 (s, 1H), 6.35 to 6.55 (m, 3H), 7.23 to 8.38 (m, 8H),
12.02 (brs, 20H); IR (KBr disk): 3038, 1668, 1615,
and 767.

Figure 2 TEM image of silica chloride nanoparticle.




Karimian et al. Journal Of Nanostructure in Chemistry 2013, 3:52
http://www.jnanochem.com/content/3/52

Competing interest
The authors declare that they have no competing interests.

Authors' contributions

RK and AAS have contributed to all experiments and has been supervised by
FP who supervised the project. SID has participated in the statistical analysis
and in the preparation of the manuscript. All authors read and approved the
final manuscript.

Authors' information

RK is an assistant professor of Organic Chemistry in Applied Biotechnology
Research Center at Bagjiyatallah University of Medical Sciences. FP is an
assistant professor of Organic Chemistry at University of Zanjan. AAS is an
assistant professor of Organic Chemistry at Islamic Azad University of Zanjan.
SJD is an assistant professor of Biology in Applied Biotechnology Research
Center at Bagjiyatallah University of Medical Sciences.

Acknowledgments
This research work is financially supported by Baqiyatallah University of
Medical Sciences and University of Zanjan.

Author details

! Applied Biotechnology Research Center, Bagjyatallah University of Medical
Sciences, Tehran, Iran. “Department of Chemistry, Faculty of Science, Zanjan
University, P.O. Box 45195-313, Zanjan, Iran. 3Departmen‘[ of Chemistry,
Faculty of Sciences, Zanjan Branch, Islamic Azad University, Zanjan, Iran.

Received: 6 March 2013 Accepted: 30 April 2013
Published: 15 July 2013

References

1. Okenne, R, Thomes, RD: Coumarins: Biology Application and Modes of
Action. Wiley, Chichester (1997)

2. Kostava, I, Manolov, |, Nicolova, I, Konstantonov, S, Karaivanova, M: New
lanthanide complexes of 4-methyl-7-hydroxycoumarin and their
pharmacological activity. Eur. J. Med. Chem. 36, 339-347 (2001)

3. Chohan, ZH, Shaikh, AU, Rauf, A, Supuran, CT: Antibacterial, antifungal and
cytotoxic properties of novel N-substituted sulfonamides from
4-hydroxycoumarin. J. Enzym. Inhib. Med. Chem. 21, 741-748 (2006)

4. Zhao, H, Neamati, N, Hong, H, Mazumdar, A, Wang, S, Sunder, S, Milne,
GWA, Pommier, Y, Burke, TR: Coumarin-based inhibitors of HIV integrase.

J. Med. Chem. 40, 242-249 (1997)

5. Stahmann, A, lkawa, M, Link, KP: US Patent, 2427578. Chem. Abstr.
1948(42), P603h (1947)

6. Murray, RDH, Mendez, J, Brown, SA: Natural coumarins. Wiley, Chichester (1982)

7. Hinman, JW, Hoeksema, H, Caron, EL, Jackson, WG: The partial structure of
novobiocin (streptonivicin). J. Am. Chem. Soc. 78, 1072-1074 (1956)

8. Sangshettia, JN, Nagnnath, D, Kokarea, B, Shinde, DB: Water mediated
efficient one-pot synthesis of bis-(4-hydroxycoumarin)methanes. Green
Chemistry Letters and Reviews 2, 233-235 (2009)

9. Chen, YL, Wang, TC, Tzeng, CC, Chang, NC: Geiparvarin analogues: synthesis
and anticancer evaluation of a-methylidene-y-butyrolactone-bearing
coumarins. Helv. Chim. Acta. 82, 191-197 (1999)

10. Yadav, JS, Reddy, BVS, Basak, AK, Visali, B, Narsaiah, AV, Nagaiah, K:
Phosphane-catalyzed Knoevenagel condensation: a facile synthesis of
a-cyanoacrylates and a-cyanoacrylonitriles. Eur. J. Org. Chem.

3, 546-551 (2004)

11, Narsaiah, AV, Nagaiah, K: An efficient Knoevenagel condensation catalyzed by
LaCl37H,0 in heterogeneous medium. Synth. Commun. 33, 3825-3832 (2003)

12. Lehnert, W: Verbesserte variante der knoevenagel-kondensation mit
TiCly/THF/pyridin(l). Alkylidenund arylidenmalonester bei 0-25°C.
Tetrahedron Lett. 11, 4723-4724 (1970)

13.  Karimi-Jaberi, Z, Nazarifar, MR, Pooladian, B: Tris(hydrogensulfato) boron as a
solid heterogeneous catalyst for the rapid synthesis of a, a-benzylidene bis
(4-hydroxycoumarin) derivatives. Chin. Chem. Lett. 23, 781-784 (2012)

14. Mehrabi, H, Abusaidi, H: Synthesis of biscoumarin and 3,4-dihydropyranolc]
chromene derivatives catalysed by sodium dodecy! sulfate (SDS) in neat
water. J. Iran. Chem. Soc. 7, 890-894 (2010)

15. Jang, DO: Hypophosphorous acid mediated dehalogenation in water.
Tetrahedron Lett. 37, 5367-5368 (1996)

Page 6 of 6

16.  Yorimitsu, H, Shinokubo, H, Oshima, K: Radical cyclization reaction using a
combination of phosphinic acid and a base in aqueous ethanol. Chem. Lett.
2, 104-105 (2000)

17. Kita, Y, Nambu, H, Ramesh, NG, Anilkumar, G, Matsugi, M: A novel and
efficient methodology for the C—C bond forming radical cyclization of
hydrophobic substrates in water. Org. Lett. 3, 1157-1160 (2001)

18. Khan, TA, Tripoli, R, Crawford, JJ, Martin, CG, Murphy, JA: Diethylphosphine
oxide (DEPQ): high-yielding and facile preparation of indolones in water.
Org. Lett. 5, 2971-2974 (2003)

19. Lang, S, Corr, M, Muir, N, Khan, TA, Schonebeck, F, Murphy, JA, Payne, AH,
Williams, AC: First organophosphorus radical-mediated cyclisations to afford
medium-sized rings: eight-membered lactones and seven- and
eight-membered lactams. Tetrahedron Lett. 46, 4027-4030 (2005)

20. Cravotto, G, Nano, GM, Palmisano, G, Tagliapietra, S: The reactivity of
4-hydroxycoumarin under heterogeneous high-intensity sonochemical
conditions. Synthesis 8, 1286-1291 (2003)

21, Deb, ML, Bhuyan, PJ: Uncatalysed Knoevenagel condensation in aqueous
medium at room temperature. Tetrahedron Lett. 46, 6453-6457 (2005)

22. Bansal, KM, Mothsra, P, Saxen, S, Somvanshi, RK, Dey, S, Singh, TP: Molecular
jodine: a versatile catalyst for the synthesis of bis(4-hydroxycoumarin)
methanes in water. J. Mol. Catal. A: Chem. 268, 76-81 (2007)

23, Karimian, R, Piri, F, Karimi, B, Moghimi, A: Silica chloride nano particle catalyzed
synthesis of 2,2-(arylmethylene)bis(5,5-dimethylcyclohexane-1,3-dione)
derivatives. Croat. Chem. Acta 84, 111-115 (2011)

24, Karimian, R, Piri, F, Karimi, B, Moghimi, A: Silica chloride nano particle
catalyzed ring opening of epoxides by aromatic amines. Chin. J. Chem.

29, 2421-2427 (2011)

25.  Firouzabadi, H, Iranpoor, N, Hazarkhani, H, Karimi, B: Reactions of silica
chloride (SiO,Cl)/DMSO, a heterogeneous system for the facile regeneration
of carbonyl compounds from thioacetals and ring-expansion annelation of
cyclic thioacetals. J. Org. Chem. 67, 2572-2576 (2002)

26.  Kamitori, Y, Hojo, M, Masuda, R, Kimura, T, Yoshida, T: Selective protection of
carbonyl compounds. Silica gel treated with thionyl chloride as an effective
catalyst for thioacetalization. J. Org. Chem. 51, 1427-1431 (1986)

27. Sathe, M, Gupta, AK, Kaushik, MP: An efficient method for the esterification
of phosphonic and phosphoric acids using silica chloride. Tetrahedron Lett.
47,3107-3109 (2006)

doi:10.1186/2193-8865-3-52

Cite this article as: Karimian et al: One-pot and chemoselective
synthesis of bis(4-hydroxycoumarin) derivatives catalyzed by nano silica
chloride. Journal Of Nanostructure in Chemistry 2013 3:52.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Results and discussion
	Conclusion
	Methods
	Preparation of nano silica chloride
	Typical experimental procedure

	Competing interest
	Authors' contributions
	Authors' information
	Acknowledgments
	Author details
	References

