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Coumarins, an important group of oxygen heterocycles,
well known both naturally' and synthetically,® are used as
additives to foods and cosmetics* and optical brightening
agents.’ 4-Hydroxycoumarin and its derivatives are known
for their anticoagulant,® antibacterial,” antifungal,’ antibiotic,®
antitumor®® and anti-HIV'® activities. They are also used as
agrochemicals'! and analytical reagents.'?> Biscoumarins (3),
the bridge substituted dimers of 4-hydroxycoumarin, have
enormous potential as anticoagulants®!'*!* and antioxidants'!
and some of them have also been found to be urease
inhibitors."® It may be mentioned here that 3,3'-methylene-
bis-4-hydroxycoumarin, commonly known as dicoumarol,
occurs naturally in moldy clover.! It is the hemorrhagic
agent responsible for the sweet clover disease of cattle and
has also been employed for the prevention and treatment of
thrombosis.'®

3,3"-Arylmethylene-bis-4-hydroxycoumarins (3), common-
ly known as biscoumarins, are usually synthesized by con-
densing 4-hydroxycoumarin (1) with various aldehydes (aro-
matic, heterocyclic, and o,B-unsaturated) 2 using different
catalysts and media.'*'>!"** Some of these methods require
long reaction time, use of expensive catalysts and organic
solvents and tedious work up.'*!>?* In four recent papers, the
said condensation has been reported to be performed in
water by employing molecular iodine,'” ruthenium(III)
chloride hydrate®* or surfactants like TBAB'® or DDS" as
catalyst. In two other papers, microwave irradiation, either
in ethanolic solution or over solid silica surface® or in
aqueous medium using sulfamic acid as catalyst,”! has been
reported to achieve this goal. All these seven groups of
workers claimed their methods as green. The current liter-
ature shows that there has been a growing tendency to
develop methodologies even by avoiding the use of any
catalyst or surfactant.”>?® Recently, a convenient, eco-friend-
ly and efficient method for synthesis of bis(3-indolyl)meth-
anes “on water” has been developed in our laboratory.” This
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method involves heating of the constituent components in
appropriate mole ratio with water for an appropriate time.
The same methodology has been applied by us for the
synthesis of biscoumarins also, and, to our delight, the target
compounds were obtained in very good to excellent yield. It
is known that the presence of an electrolyte in the aqueous
medium enhances the internal pressure of water and that in
turn increases the rates of reactions involving decrease of the
number of molecules.’® This encouraged us to study the
above reaction in a solution containing the commonest and
cheapest electrolyte NaCl. Thus, variation of the experi-
mental condition by replacement of pure water with 5 M
aqueous NaCl solution was rewarded with the results show-
ing almost the same yield within a much shorter time. All
these aspects are presented herein.

Results and Discussion

The present study started with the reaction between 4-
hydroxycoumarin (1) and benzaldehyde (2a) (mole ratio
2:1). When a suspension of the reactants in water was stirred
vigorously at 95 °C, a visual change took place within ca.
1 h and the reaction was complete within 5 h to produce the
target compound 3a in excellent yield. Replacing benz-
aldehyde with 14 other aldehydes, viz., 4-methylbenzaldehyde
(2b), 4-methoxybenzaldehyde (2c), 4-chlorobenzaldehyde
(2d), 4-bromobenzaldehyde (2e), 4-N, N-dimethylaminobenz-
aldehyde (2f), 3-nitrobenzaldehyde (2g), 4-nitrobenzaldehyde
(2h), piperonal (2i), vanillin (2j), furfural (2k), thiophene-2-
aldehyde (21), cinnamaldehyde (2m), 6-methylchromone-3-
aldehyde (2n) and 6-chlorochromone-3-aldehyde (20), ana-
logous results were obtained. When the reaction medium
was changed from pure water to the NaCl solution of differ-
ent concentrations, the reaction was found to be significantly
faster producing the same products in comparable yield
(Scheme 1, Tables 1 and 2). The optimum NaCl concent-
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Table 1. Synthesis of 3,3'-arylmethylene-bis-4-hydroxycoumarins
(3) from 4-hydroxycoumarin (1)

Time  Yield of 3

Entry 2 Ar (h) %) mp (°C)
1 2a CeHs- 5.0° 93¢ 231-232
0.5 92° [230-232]"7
2 2b  4-Me-C¢Hs- 4.0 96° 265-266
0.5" 91° [266-268]"
3 2 4-MeO-CeHs- 5.0 94¢ 244-245
0.5" 90" [246-248]"
4 2d  4-Cl-CeHs- 4.5 97¢ 257-258
0.5 96" [256-258]"
5 2e  4-Br-CeHs 5.0 96¢ 268-270
0.5° 94% [265-267]"
6 2f 4-MeN-CeHy- 4.5 954 225-227
0.5 91° [222-224]"7
7 2g  3-0:N-C¢Hy 5.0 96° 233-234
0.5° 92° [234-236]"
8 2h  4-ON-CeH, 4.5 98¢ 234-235
0.5" 95° [232-234]7
9 2 0@‘ 5.0° 92¢ 258-259
Ly 0.5 91° [2601"7
10 2j HOQ 5.0 94¢ 227-228
VoG 0.5 92
11 2k  2-Furanyl 4.5 924 204-205
0.5" 93° [202]"
12 21 2-Thiophenyl  4.5¢ 93¢ 213214
0.5 90° (21017
13 2m E-CéHsCH=CH-  5.0¢ 93¢ 232-233
0.5 90° [230-232]"7
14 2n /@p\ 5.0¢ 85 231-233
Me 0.5" 83"
o
15 20 /O/\OJ\ 5.0 87¢ 238-239
cl X 0.5 87"
0]

“Water, 95 °C; 5 M aq. NaCl solution, 90 °C

Table 2. Time of completion of reactions between 1 and 2 in NaCl
solution at different concentrations”

Concentration of M M 4M 5M 6M

NaCl
Time of completion /0 7 55 6 3540 30 30

(min.)

3291 3a-90 3a92 3a-92 3a9l

. 3¢90 3¢92 3¢90 3¢90 3¢9l

Y‘e(li )°f3 3h-93 3h-94 3h-93 3h95 3h-94

° 3j-91 3§92 3j-90  3j-92  3j-91

3k-92  3k91 3k91 3k93 3k-93

“This optimization study was done with five examples where the
aldehydes were 2a, 2¢, 2h, 2j and 2k.

ration was turned out to be 5 M, in which the reaction was
completed with all the aldehydes within 0.5 h. In all cases,
the precipitated solid product was found to be pure enough.
Simple crystallization or a rapid column chromatography of
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Figure 1. Intramolecularly H-bonded form of 3.

the material was sufficient to furnish 3 in perfectly pure
state. All the products 3 were characterized completely from
their spectral data.

In 'H NMR spectra of most compounds of the series 3, the
signals for the hydroxyl groups appeared at two different
positions (at ca. 8 11.30 and 11.50), indicating that these two
groups are nonequivalent. The same was the observation
with H-5 of the coumarin moieties (appearing at two positions
in the region & 7.95-8.11 in most cases). These interesting
features have not been pointed out in some of the earlier
reports.'”?! A very rational explanation for such observa-
tions is that 3 exists in the intramolecularly hydrogen bonded
form 3 (Fig. 1) so that one OH group and one H-5 become
close the aryl group while the other such group/atom are
away. Very recent studies of Zavrsnik et al. on the structural
aspects of 3,3"-arylmethylene-bis-4-hydroxycoumarins (3)
done by X-ray crystallography confirms this view.?> More-
over, Zavrsnik et al. reported the appearance of some of the
apparently similar carbon atoms of the two coumarinyl moieties
of 3 at two different positions. X-ray crystallographic studies
on 3,3'-arylmethylene-bis-4-hydroxycoumarins (3) reported
by Manolov et al.'* also support these structural features.

Although very good results were obtained from the exten-
sion of this “on water” reaction to the analogous condensa-
tion of dimedone, it came to our notice that this work has
been reported by Yu et al. only recently.! In this connection
we carried out the three component reaction involving an
aromatic aldehyde 2, 4-hydroxycoumarin (1) and dimedone
under similar reaction conditions. However, this reaction did
not show any selectivity in product formation and gave all
three possible products in almost equal yield as evident from
"H NMR spectra of the crude products. The components of
such crude products were not separable by silica gel column
chromatography.

Experimental Section

Melting points were recorded on a Kéfler block. IR spectra
were recorded on a Perkin Elmer FT-IR spectrophotometer
(Spectrum BX II) in KBr pellets. 'H and *C NMR spectra
were recorded in CDCl; on a Bruker AV-300 (300 MHz)
spectrometer. Analytical samples were routinely dried in
vacuo at room temperature. Microanalytical data were
recorded on a Perkin-Elmer 2400 Series I C, H, N analyzer.
Mass spectra were measured in the following ways:
ESIMS(+) [Waters Micromass Q-Tof micro™], FAB-MS
[Jeol the M Station JMS.700]. Column chromatography was
performed with silica gel (100-200 mesh) and TLC with
silica gel G made of SRL Pvt. Ltd. Petroleum ether had the
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boiling range 60-80 °C.

General Procedure for Synthesis of 3,3'-Arylmethylene-
bis-4-hydroxycoumarins (3). A mixture of an aromatic
aldehyde (1 mmol) and 4-hydroxycoumarin (2 mmol) was
taken in 50 mL distilled water in a round bottomed flask.
Initially the reactants floated on the water surface owing to
their low solubility. The mixture was then subjected to
heating at 95 °C with vigorous stirring. After ca. 1 h of
stirring, the bulk of the suspended solid material was found
to increase significantly indicating the occurrence of some
change. Continuing the reaction for 4-5 h under the same
condition, it was found to be complete (Table 1). Then to the
reaction mixture solid sodium bicarbonate (1 g) was added
and the mixture was stirred and filtered. The residue was
dried and crystallized from dichloromethane-petroleum ether.
The cases where the residue was not sufficiently pure, it was
chromatographed over silica gel using petroleum ether-ethyl
acetate (9:1) as eluent when pure 3 was obtained.

Reactions of 1and2in 1 M, 2 M, 4 M, 5 M and 6 M aq.
NaCl solutions were performed exactly in the same way.

All the 3,3"-arylmethylene-bis-4-hydroxycoumarins (3)
synthesized were characterized from their physical, analy-
tical and spectral data. The spectral data of some selected
compounds are given below.

Spectral Data for Selected Compounds.

3,3'-Phenylmethylene-bis-4-hydroxycoumarin (3a):
Colourless crystalline solid, IR (KBr, cm™): 3069, 1660
(C=0), 1616, 1568, 1496, 1337, 1266, 1199 (OH), 1093,
902, 800, 757; '"H NMR (300 MHz, CDCl3) § 6.11 (s, 1H,
Ar-CH<), 7.21-7.43 (m, 9H), 7.63 (dt, 2H, J= 7.9 and 1.5
Hz), 8.01 (br d, 1H, J= 6.7 Hz), 8.07 (br d, 1H, J= 6.6 Hz),
11.30 (br s, 1H, OH), 11.53 (br s, 1H, OH); Anal. Calcd. for
CasH1606 C, 72.81; H, 3.91%; found C, 72.63 ; H, 4.02%.

3,3'-(4-Methoxyphenylmethylene)-bis-4-hydroxycou-
marin (3¢): Colourless crystalline solid, IR (KBr, cm™):
3440 (OH), 3072, 3002, 1668 (C=0), 1604, 1565, 1510,
1454, 1353, 1258, 1180 (OH), 1094, 907, 828, 768; 'H NMR
(300 MHz, CDCl;) & 3.80 (s, 3H, OCH3), 6.05 (s, 1H, Ar-
CH<), 6.85 (d, 2H, J = 8.7 Hz), 7.13 (d, 2H, J = 8.7 Hz),
7.30-7.42 (m, 4H), 7.63 (br t, 2H, J= 8.2 Hz), 8.03 (dd, 2H,
J=28.4Hz), 11.29 (brs,1H, OH), 11.51 (br s, 1H, OH); Anal.
Calcd. for Co6Hi1307 C, 70.58; H, 4.10%; found C, 70.37; H,
4.22%.

3,3'-(4-Chlorophenylmethylene)-bis-4-hydroxycoumarin
(3d): Colourless crystalline solid, IR (KBr, cm™): 3072,
2684, 2609, 1668 (C=0), 1617, 1603, 1490, 1454, 1351,
1311, 1266, 1182 (OH), 1094, 920, 908, 821, 790, 706; 'H
NMR (300 MHz, CDCl3) 6 6.04 (s, 1H, Ar-CH<), 7.15 (d,
2H, J=8.4 Hz), 7.29 (d, 2H, J = 8.6 Hz), 7.38-7.43 (m, 4H),
7.64 (dt, 2H, J=8.0 and 1.5 Hz), 8.00 (br d, 1H, J="7.3 Hz),
8.07 (br d, 1H, J=7.2 Hz), 11.31 (br s, 1H, OH), 11.53 (br s,
1H, OH); Anal. Calcd. for C,sH;5C1Os; C, 67.20; H, 3.38%;
found C, 66.96; H, 3.52%.

3,3'-(4-Bromophenylmethylene)-bis-4-hydroxycoumarin
(3e): Colourless crystalline solid, IR (KBr, cm™): 3446 (OH),
3071, 2729, 2610, 2361, 1668 (C=0), 1618, 1604, 1561,
1488, 1351, 1309, 1266, 1182 (OH), 1094, 908, 820, 766; 'H
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NMR (300 MHz, CDCls) 8 6.01 (s, 1H, Ar-CH<), 7.10 (d,
2H, J= 8.2 Hz), 7.32-7.45 (m, 6H), 7.64 (dt, 2H, J= 8.0 and
1.5 Hz), 7.99 (br d, 1H, J= 7.7 Hz), 8.06 (br d, 1H, J="7.8
Hz), 11.31 (br s, 1H, OH), 11.54 (br s, 1H, OH); Anal.
Calcd. for C,5H;sBrOs; C, 61.12; H, 3.08%; found C, 61.21;
H, 3.24%.
3,3'-(4-Nitrophenylmethylene)-bis-4-hydroxycoumarin
(3h): Colourless crystalline solid, IR (KBr, cm™): 3440 (OH),
3072, 2361, 1660 (C=0), 1618, 1601, 1566, 1519, 1494,
1348, 1309, 1265, 1182 (OH), 1109, 909, 826, 765; '"H NMR
(300 MHz, CDCl3) 8 6.12 (s, 1H, Ar-CH<), 7.40-7.45 (m,
6H), 7.67 (br t, 2H, J= 7.8 Hz), 8.01 (br d, 1H, J= 7.6 Hz),
8.11 (brd, 1H, J=7.2 Hz), 8.19 (d, 2H, J= 8.9 Hz), 11.37 (s,
1H, OH), 11.57 (s, 1H, OH); Anal. Calcd. for C,sH;sNOg; C,
65.65; H, 3.31; N, 3.06% found C, 65.38; H, 3.22; N, 3.20%.
3,3'-(4-Hydroxy-3-methoxyphenylmethylene)-bis-4-hydr-
oxycoumarin (3j): Colourless crystalline solid, IR (KBr,
ecm™): 3457 (OH), 2360, 1668 (C=0), 1616, 1604, 1515,
1451, 1352, 1270, 1212, 1187 (OH), 1093, 909, 799, 766; 'H
NMR (300 MHz, CDCls3) & 3.75 (s, 3H, OCH3), 5.58 (br s,
1H, OH), 6.06 (s, 1H, Ar-CH<), 6.67 (1H, s), 6.72 (d, 1H, J
=8.4 Hz), 6.86 (d, 1H, 8.3 Hz), 7.36-7.42 (m, 4H), 7.63 (br t,
2H, J= 7.6 Hz ), 8.03 (br peak, 2H, wi» = 23.9 Hz), 11.28
(brs, 1H, OH), 11.51 (br s, 1H, OH); *C NMR (300 MHz,
CDCl3) 6 146.70, 144.56, 132.83, 126.85, 124.89, 124.36,
119.51, 116.64, 114.46, 109.44, 56.10 (OCHj3), 35.79 (Ar-
CH); FABMS: 458.3 (M+); Anal. Calcd. for C6H;50s; C,
68.12; H, 3.96%; found C, 67.95; H, 4.11%.
3,3'-(6-Methylchromone-3-yl-methylene)-bis-4-hydroxy-
coumarin (3n): Colourless crystalline solid, IR (KBr, cm™):
3050, 2729, 1668 (C=0), 1616, 1567, 1509, 1353, 1267,
1182 (OH), 1094, 908, 800, 761. '"H NMR (300 MHz, CDCl;)
5 2.40 (s, 3H, CH3), 6.00 (s, 1H, 3-Chr-CH<), 7.33-7.39 (m,
SH), 7.46 (dd, 1H, J= 8.5 and 1.9 Hz), 7.60 (dt, 2H, J= 8.1
and 1.2 Hz), 7.87-7.89 (br t, 2H, J= 1.5 Hz), 8.01 (br s, 1H),
8.03 (brs, 1H), 11.49 (br s, 2H, 2 x OH); HRMS (TOF MS
ES"): 517.0903 (M+Na)" Calcd. 517.0900); Anal. Calcd. for
Cx9Hi30s; C, 70.44; H, 3.67% found C, 70.27; H, 3.81%.
3,3'-(6-Chlorochromone-3-yl-methylene)-bis-4-hydroxy-
coumarin (30): Yellow crystalline solid, IR (KBr, cm™):
3440 (OH), 2729, 2603, 2360, 1665, 1615, 1566, 1467,
1320, 1210, 1190 (OH), 1096, 1070, 912, 802, 766; "H NMR
(300 MHz, CDCl3) 6 5.98 (s, 1H, 3-Chr-CH<), 7.36-7.43
(m, 5H), 7.59-7.64 (m, 3H), 7.89 (d, 1H, J= 1.4 Hz), 8.03-
8.06 (m, 3H), 11.49 (br s, 2H, 2 xOH); '*C NMR (300 MHz,
CDCl3) 6 175.73, 168.10, 164.49, 154.53, 153.54, 152.28,
133.99, 132.93, 131.19, 125.35, 124.95, 124.37, 124.29,
119.71, 118.85, 116.68, 116.56, 103.70, 30.51 (Chr-CH<);
Anal. Calcd. for CosH5C10g C, 65.32; H, 2.94%; found: C,
65.41; H, 3.17%.

Conclusions

We have developed an electrophilic substitution reaction
of 4-hydroxycoumarin “on water” for synthesis of 3,3'-aryl-
methylene-bis-4-hydroxycoumarins without use of any cata-
lyst or surfactant.
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