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ABSTRACT

A novel catalytic synthesis of 3,3-(arylmethylene)-bis-(4-hydroxy-2H-chromene-2-one) derivatives from a tandem
condensation reaction of 4-hydroxycoumarin and aromatic aldehydes has been developed. The reaction occurs in water in the
presence of Melamine trisulfonic acid as catalyst to give the corresponding products in good to high yields. This green
approach has several advantages such as short reaction times, clean reaction profiles, and simple experimental and workup
procedures. Moreover, the catalyst can be easily recovered by filtration and used at |east seven times with only slight reduction
in its catalytic activity. The results of the presented protocol in comparison with the different available catalysts in
condensation reaction of benzal dehyde with 4-Hydroxycoumarin show that MTSA presented better results due to the structure
of MTSA.
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1. Introduction [9-21]. However, in spite of their potential utility and
effectiveness, some of these methods suffer from some

compounds. These compounds possess severa types ;jrawbackt_s or t_at least one I'm't?t'ofn’ efsluch a fr ela;tllvely
of pharmacological properties. For example, 4- ong reaction times, requirement of Tetilxing for nours
Hydroxycoumarin and its derivatives are known for ~ With theincreasing public concern over environmental
their various biological  activites such as  degradation, the use of environmentally benign
anticoagulant, anticancer, spasmolytic, antibacterial, ~ Solvents like water represent very powerful green
insecticidal, antihelminthic, hypnotic, antifungal, = chemica technology procedures from both the
phytoalexin, and HIV protease inhibition [1-4].  economical and synthetic points of view. They have
Biscoumarins,  3,3-(arylmethylene)-bis-(4-hydroxy- many advantages, such as reduced pollution, |ower
2H-chromene-2-ones), are the bridge substituted  cost, and simplicity in processing which are beneficial
dimers of 4-hydroxycoumarin and have enormous  to the industry as well as to the environment [22].
potential as anticoagulants and hemorrhagic agents in Moreover, these finding prompted us towards further
the spoiled clover disease of cattles [5-7]. A number of investigation in search for better and more efficient
biscoumarins have aso been found to be urease catalyst, which will cary out the organic
inhibitors [8]. Recently, a humber of methods have transformations (such as synthesis of biscoumarins)
been reported for the synthesis of biscoumarins by under simpler experimental set up and eco-friendly
reaction of 4-hydroxycoumarin and various aldehydes conditions. During the last decade many industrial
in organic solvents, use of expensive catalysts, tedious processes shifted towards using solid acid catalysts
work-up, and unsatisfactory yields. Thus, the search [23,24]. In contrast to liquid acids that possess well-
for better conditions (especially catalyst and solvent) is defined acid properties, solid acids may contain a

Coumarin derivatives form an important class of

still of practical importance. variety of acid dgtes [25]. Generaly they are

categorised by their Brognsted or Lewis acidity, the
"Corresponding author email: iravaninasirs6@gmail.com strength and number of sites, and the textura
Tel.: +987432334751; Fax: +987432332003 properties of the support (porosity and surface area)
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[26]. One of the efficient solid acid catalysts in
organic transformations is melamine trisulfonic acid
(MTSA), (Scheme 1) and in this article, we described
amild, efficient and environmentally friendly method
for the preparation of biscoumarin derivatives in the
presence of catalytic amounts of melamine trisulfonic
acid as catalyst and in water as a green solvent
[27-36].

2. Experimental

2.1. General

Aromatic adehydes and 4-Hydroxycoumarin were
obtained from Fluka and Merck and were used without
further purification. The IR spectra: Shimadzu 1R-460
and Perkin Elmer RXI FT-IR spectrometers with solid
cell; 'H and BCNMR spectra Bruker DRX-400
AVANC instrument; in CDClz or DMSO-ds a 400
MHz and 100 MHz, respectively, d in ppm, J in Hz;
Elemental analyses (C, H, and N) were performed with
a Heraeus CHN-O-Rapid analyzer. Méeting points
were determined using a Melting Point UK-Barnstead
Electrothermal 9100 BZ apparatus in open capillary
tubes and are uncorrected. All the products were
characterized by comparing their spectra (IR, *H and
1BC NMR), TLC, and physical data with those reported
in the literatures and obtained results showed that the
analyses data were in agreement with the proposed
structures [6,14-17,19,20].

2.2. Catalyst preparation

A 250-mL suction flask charged with chlorosulfonic
acid (5mL, 75.2 mmol) was equipped with a gas inlet
tube for conducting HCl gas over an adsorbing
solution (i.e., water). Melamine (3.16 g, 25.07 mmol)
was added in small portions over a period of 30 min at
room temperature. HCI gas evolved from the reaction
vessel immediately. After completion of the addition

of melamine, the mixture was shaken for 30 min;
meanwhile, the residual HCl was removed by suction.
Melamine trisulfonic acid (7.9 g, 87%) was aobtained
as awhite solid, which was stored in a capped bottle.

2.3. General procedure for the synthesis of 3,3'-
(arylmethylene)-bis-(4-hydroxy-2H-chromene-2-ones)

A mixture of aromatic aldehyde (1 mmoal), 4-
Hydroxycoumarin (2 mmol), and MTSA (0.05 gr), in
H>O (15 ml) were added to aflask and then stirred and
heated on the il bath at 80 °C for the appropriate times
(Table 3). After completion of reaction, as indicated
by thin layer chromatography (TLC, silica gel
SILG/UV 254 plates, n-Hexane/AcOEt = 3:1), catalyst
was separated by filtration. The crude product was
collected from the filtration after cooling to room
temperature and for more purification was purified by
recrystalization from ethanol (95%) to give
compounds 6a-x in good to high yields. The recovered
catalyst was washed with diethyl ether, dried, and
reused in subsequent runs.

3. Results and Discussion

In continuation of our studies to introduce and
development of catalytic properties and new
applications of melamine trisulfonic acid, we report
herein an efficient, green, and environmentally benign
method for the synthesis of biscoumarin derivatives
from the reaction of aromatic aldehydes with 2
equivalents of 4-Hydroxycoumarin in the presence of
catalytic amounts of melamine trisulfonic acid as
catalyst and water as solvent (Scheme 2) [36].

As shown in Scheme 3, the 4-hydroxycoumarin
moieties are intramolecularly hydrogen bonded
between hydroxyl and carbonyl oxygen atoms in both
structures, thus two eight-membered rings can be
formed and more than two signals can be observed for
carbonyl groupsin more of products.

)N\H_ NHSO.H
A sat ~ 1
i i + 3 CISO;H nea - N i + 3HCI
HyN” "N~ “NH, rt. SO:HHN” "N~ NHSO:H
1 2 3
Scheme 1. Preparation of Melamine trisulfonic acid.
OH HO ' OH
0
zm 4 Ar)'\H MTSA (15 mol %) O = - O
0 N0 H,0. 80 °C 0” 00" 0
4 5 6

Scheme 2. Synthesis of biscoumarin derivatives catalyzed by MTSA.
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Scheme 3. Intramolecular hydrogen bonded between hydroxyl and carbonyl oxygen atoms.

In an initial attempt, in order to find optimum reaction
conditions (catalyst amount, solvent, and temperature),
a first we sudied the synthess of 3,3-
(phenylmethylene)- bis- (4-hydroxy-2H-chromene-2-
one) 6a from the condensation reaction of 4-
Hydroxycoumarin with benzaldehyde as the model
reaction and then different conditions were examined
in the model reaction (Table 1). The obtained results
clearly show that in the absence of MTSA the
condensation reaction proceeds slowly and gives very
low yield after 24h (Entry 1), and the best amount of
yield to prepare the products was achieved when
15 mol% of melamine trisulfonic acid was used in the
presence of H,O as solvent and at 80 °C temperature
(Entry 4). Although under presented conditions in

entries 3 and 8 this condensation was accomplished
however, 15 mol % (0.05 gr) of MTSA per Immoal of
benzal dehyde and 2 mmol of 4-Hydroxycoumarin was
optimum in terms of reaction time and isolated yield.
It isimportant to explain that because of the molecular
weight of MTSA is 365.94 gr.mol® and so on the
based on stoichiometric calculations 15 mol % of the
title catalyst was calculated to be 0.05 gr. Therefore,
after optimization of the reaction conditions, to prove
the general applicability of this method, we employed
the optimized conditions (0.15 mmol of MTSA in
water at 80 °C) for the condensation reaction of various
aromatic aldehydes with 4-Hydroxycoumarin into the
corresponding 3,3'-(phenylmethylene)-bis-(4-hydroxy-
2H-chromene-2-one) (Scheme 2).

Table 1. Condensation reaction of benzaldehyde with 4-Hydroxycoumarin in the presence of different conditions 2.

Entry Catalyst (mol %) Solvent Temperature (°C) Time (min) Yield (%) °
1 None H.O 80 24h 15
2 5 H20 80 35 80
3 10 H-O 80 28 95
4 15 H-20 80 20 95
5 20 H20 80 20 92
6 25 H-O 80 20 90
7 15 C2HsOH 80 38 88
8 15 CoHsOH:H0 80 30 93
9 15 CH30OH 80 45 87
10 15 CH:CN 80 120 70
11 15 H>O 25 180 <10
12 15 H20 40 70 46
13 15 H-O 60 40 78
14 15 H-O 100 20 89

aReaction conditions: benzaldehyde (1 mmol), 4-Hydroxycoumarin (2 mmol), solvent (15 ml).

blsolated yield.
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It should be mentioned that our efforts for the
synthesis of biscoumarins using aiphatic aldehydes
were unsuccessful. The problem with alkyl aldehydes
islikely due to their enolization during the reaction. In
order to show the superiority, efficiency and novelty of
our introduced method, the results of the presented
protocol in comparison with the different available
catalysts in condensation reaction of benzaldehyde
with 4-Hydroxycoumarin are shown in Table 2. The
information of this table show that MTSA presented
better results in comparison with the other methods in
this condensation reaction and probably, thisis due to
existing of three acidulous functions in the structure of
MTSA. Despite the other methods are clean and
efficient strategies, but sometimes it is not possible to
establish everywhere.

The results of this synthetic method are presented in
Table 3. As shown in thistable, all aromatic aldehydes
reacted with 4-Hydroxycoumarin to afford 3,3-
(arylmethylene)-bis-(4-hydroxy-2H-chromene-2-ones)
in excelent yields. On the other hand, benzaldehydes
with electron-donating groups such as 4b, 4j, and 4p or
electron-withdrawing groups such as 4f, 4l, and 4t
were condensed into the corresponding 3,3-
(arylmethylene)-bis-(4-hydroxy-2H-chromene-2-ones)
in high yields.

The proposed mechanism for the synthesis of bis-
coumarin is shown in Scheme 4. As shown in Scheme
4, at first proton activates carbonyl group of aromatic
aldehyde to give intermediate 7 and thus increases the
electrophilicity carbonyl carbon of adehyde.
Nuleophilic addition of 4-hydroxycoumarin to 7 to
give intermediate 8 and followed by loss of
H,O from 8 to afford intermediate 9, which is further
activated by proton. Another molecule of 4-
hydroxycoumarin is added to intermediate 9 to give
intermediate 10 which loss molecular MTSA to give
bis-coumarin 6. The reusability of catalyst isimportant
for the large scale operation and industrial point of
view. Therefore, the possibility of recycling the
catayst was examined using the reaction of
benzaldehyde and 4-Hydroxycoumarin under the
optimized conditions. Upon completion of reaction,
catalyst was separated by filtration. The recovered
catayst was washed with diethyl ether, dried, and
reused for subsequent runs. The recycled catalyst
could be reused seven times without any additional
treatment (Fig. 1).

4. Conclusions

In conclusion, we have prepared some 3,3-
(arylmethylene)-bis-(4-hydroxy-2H-chromene-2-ones)
by a tandem condensation reaction of aromatic
aldehydes with 2 equivalents of 4-Hydroxy coumarin
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in the presence of melamine trisulfonic acid in water
as solvent and at 80 °C. This catalyst synthetic method
seems facile, short times for reaction, good to high
yields, workup procedure is easy and gives pure target
compounds containing several potential centers for
further modification. Moreover, the catalyst can be
easily recovered by filtration and used at least seven
times with only dlight reduction in its catalytic activity.

Acknowledgment

We are thankful to the Gachsaran branch, Islamic
Azad University and the Research Council of Y asouj
University, for the partial support of this work.

References

[1] 1. Kostova, G. Momekov, M. Zaharieva, M.
Karaivanova, Eur. J. Med. Chem. 40 (2005) 542-551.

[2] JH. Lee, H.B. Bang, S.Y. Han, J.G. Jun, Tetrahedron
Lett. 48 (2007) 2889-2892.

[3] R.D.R.S. Manian, J. Jayashankaran, R.A. Raghunathan,
Tetrahedron Lett. 48 (2007) 1385-1389.

[4] H. Zhao, N. Neamati, H. Hong, H.A. Mazumder, S.
Wang, S. Sunder, G.W.A. Milne, Y. Pommier, T.R.
Burke, J. Med. Chem. 40 (1997) 242-249.

[5] G. Appendino, G. Cravotto, S. Tagliapietra, S. Ferraro,
G.M. Nano, G. Palmisano, Helv. Chim. Acta 74 (1991)
1451-1458.

[6] I. Manolov, C.M. Moessmer, N.D. Danchev, Eur. J.
Med. Chem. 41 (2006) 882-890.

[7] H.A. Campbell, K.P. Link, J. Biol. Chem. 138 (1941)
21-33.

[8] K.M. Khan, S. Igbal, M.A. Lodhi, G.M. Maharvi, M.I.
Zia-u-Allah Choudhary, A.U. Rahman, S. Perveen,
Bioorg. Med. Chem. 12 (2004) 1963-1968.

[9] J. Wang, D.Q. Shi, Q.Y. Zhuang, X.S. Wang, S.J. Tu,
Chin. J. Org. Chem. 25 (2005) 926-929.

[10] M. Kidwi, V. Bansal, P. Mothsra, S. Saxena, R.K.
Somvanshi, S. Dey, T.P. Singh, J. Mol. Catal. A: Chem.
268 (2007) 76-81.

[11] JM. Khurana, S. Kumar, Tetrahedron Lett. 50 (2009)
4125-4127.

[12] S. Kadir, A.A. Dar, K.Z. Khan, Synth. Commun. 38
(2008) 3490-3499.

[13] G.X. Gong, J.F. Zhou, L.T. An, X.L. Duan, S.J. Ji, Syn.
Commun. 39 (2009) 497-505.

[14] P. Singh, P. Kumar, A. Katyal, R. Kalra, SK. Dass, S.
Prakash, R. Chandra, Catal. Lett. 134 (2010) 303-308.
[15] A. Davoodnia, Bull. Korean. Chem. Soc. 32 (2011)

4286-4290.

[16] H. Mehrabi, H. Abusaidi, J. Iran. Chem. Soc. 7 (2010)
890-894.

[17] M.M. Heravi, F. Nahavandi, S. Sadjadi, H.A. Oskooie,
F.F. Bamoharram, Synth. Commun. 40 (2010) 498-503.



Iravani / Iranian Journal of Catalysis 5(1), 2015, 65-71

Table 2. Condensation reaction of benzaldehyde with 4-Hydroxycoumarin in the presence of different catalysts®.

Catalyst loading

Entry Catalyst o 01% Time (min) Yield (%)? Ref.
1 MTSA 0.05 15 20 95° ThisWork
2 SDS¢ 0.06 20 150 90 [16]
3 TBAB® 0.03 10 25 92 [171]
4 [TBA]2[WeO19] 0.15 8 5 91 [15]
5 H1NaPsW300110)/SIO2 0.02 0.3 30 92 [17]
6 H1a[ NaPsW30O11] 0.02 0.3 40 88 [17]
7 [MIM(CH2)4SO3zH][HSO4] 0.04 0.15 30 92 [19]
8 NaHSO./Si O, 0.15 - 30 89 [20]
9 Indione 190 resin 0.15 - 30 92 [20]
10 SO, 0.05 - 60 95 [21]
4 solated yield.
bThis work.
¢Sodium dodecy! sulfate.
“Tetra butyl ammonium bromide.
Table 3. Synthesis of biscoumarin derivatives catalyzed by MTSA in water at 80 °C conditions.?
, . . m.p. (C
Entry [R® and/or Ar°] (5) Product (6)  Time (min) Yield 9 (%) Found p-( Répor o Ref.
1 CeHs- 6a 20 95 227-230  228-230  [20]
2 4-Me-CeHs- 6b 35 84 268-270  269-270  [20]
3 4-Cl-CeH.- 6C 23 90 259-261  258-259  [15]
4 2-Cl-CeHs- 6d 30 85 200-202 198-199 [15]
5 2,4-(Cl)2-CsHs- 6e 40 83 262-264 - -
6 4-NO2-CeHa- of 12 97 230-233 232-234 [20]
7 3-NO2-CeHa- 69 24 88 214-216 212-215 [15]
8 4-OH-CgHs- 6h 28 83 221-223 222-224 [20]
9 3-OH-CsHs- 6i 33 77 210-213 - -
10 3,4-(MeO),-CeHs- 6) 46 94 266-268 264-266 [16]
11 4-MeS-CeHs- 6k 38 86 238-241 - -
12 4-CN-CgHs- 6l 25 91 260-263 - -
13 2-OH-CgH4- 6m 22 78 229-231 230-232 [17]
14 4-F-CeHy- 6n 35 82 217-219 213-215 [16]
15 4-'Pr-CeHy- 60 42 75 244-247 245-247 [14]
16 4-MeO-CeHs- 6p 30 89 242-245 249-250 [20]
17 2-Br-CsHs- 6q 36 85 259-261 258 [20]
18 4-Br-CeHas- 6r 45 80 264-267 266-268 [20]
19 4-[N(Me);]-CeHa- 6s 25 92 219-220  222-224  [20]
20 4-Cl-3-NO;-CeHs- 6t 36 88 264-268  265-267 [6]
21 3,4,5-(MeO)s-CeHo- 6u 40 80 239-240  243-245  [6]
22 CeHs-CH=CH- 6v 30 88 261-264 - -
23 b-Naphthyl 6w 29 83 283-287 - -
aReaction conditions: aldehyde (1 mmol), 4-Hydroxycoumarin (2 mmol), MTSA (15 mol %), H20 (15 ml), 80 °C.
bFor aldehydes 5a-5u.
°For aldehydes 5v and 5w.

9 solated yield.
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Scheme 4. Proposed mechanism for the synthesis of biscoumarin derivatives catalyzed by MTSA.
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Fig. 1. Recyclability of MTSA (15 mol %, 0.05 gr) in the reaction of benzaldehyde (1 mmol) and 4-Hydroxy coumarin (2
mmol) in HxO (15 ml), at 80 °C. Series 1: Yield (%), Series 2: Time (min).

[18] N. Hamdi, M.C. Puerta, P. Vaerga, Eur. J. Med. Chem.
43 (2008) 2541-2548.

[19] N. Tavakoli-Hoseini, M.M. Heravi, F.F. Bamoharram,
A. Davoodnia, M. Ghassemzadeh, J. Moal. Lig. 163
(2011) 122-127.

[20] V. Padalkar, K. Phatangare, S. Takae, R. Pisal, A.
Chaskar, J. Saudi. Chem. Soc. (2012)
Doi:10.1016/j.jscs.2011.12.015.

[21] S. Khodabakhshi, M. Bagherngjad, Iran. J. Catal. 3
(2013) 67-71.

[22] R.A. Sheldon, J. Mal. Catal. A Chem. 107 (1996) 75-
83.

70

[23] JH. Clak, D.J. Macquarrie, Handbook of Green
Chemistry and Technology, first ed., Wiley-Blackwell,
Oxford, 2002.

[24] JH. Clark, Acc. Chem. Res. 35 (2002) 791-797.

[25] K. Wilson, D.J. Adams, G. Rothenberg, J.H. Clark, J.
Mol. Catal. A: Chem. 159 (2000) 309-314.

[26] A.A. Kiss, A.C. Dimian, G. Rothenberg, Adv. Synth.
Catal. 348 (2006) 75-81.

[27] F. Shirini, M.A. Zolfigol, J. Albadi, Synth. Commun.
40 (2010) 910-914.

[28] F. Shirini, M.A. Zolfigol, A.R. Aliakbar, J. Albadi,
Synth. Commun. 40 (2010) 1022-1028.



Iravani / Iranian Journal of Catalysis 5(1), 2015, 65-71

[29] F. Shirini, J. Albadi, Bull. Korean. Chem. Soc. 31
(2010) 1119-1120.

[30] F. Shirini, M.A. Zolfigol, J. Albadi, J. Iran. Chem. Soc.
7 (2010) 895-899.

[31] F. Shirini, M.A. Zolfigol, J. Albadi, Chin. Chem. Lett.
22 (2011) 318-321.

[32] W. Ma, X. Wang, F. Yan, L. Wu, Y. Wang, Monatsh.
Chem. 142 (2011) 163-167.

71

[33] M.F. Mehrjardi, K. Ghanemi, Jordan. J. Chem. 7
(2012) 393-399.

[34] F. Shirini, S. Sarvi Beigbaghlou, S.V. Atghia, Iran. J.
Catal. 2 (2012) 157-163.

[35] L. Wu, Y. Yan, F. Yan, Phosphorus Sulfur Silicon
Relat. Elem. 187 (2012) 149-154.

[36] N. Iravani, J. Albadi, H. Momtazan, M. Baghernejad, J.
Chin. Chem. Soc. 60 (2013) 418-424.





