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Synthesis of Biscoumarin and 3,4-Dihydropyrano[c]chromene Derivatives Catalysed by
Sodium Dodecyl Sulfate (SDS) in Neat Water
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A simple and efficient one-pot synthesis of biscauim and 3,4-dihydropyrano[c]chromene derivativesng catalytic
amounts of SDS in water medium is reported. Thalgsitcan be recovered by simple filtration andsesl
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INTRODUCTION

time, saving money, energy and raw materials [16,17
In recent years, many surfactants have been usetiase

Biscoumarins and dihydropyrano[c]jchromenes are ofransfer catalysts in a number of organic reactibasing

considerable interest as they possess a wide rafge

unigue capabilities to dissolve both organic andieags

biological properties [1-7]A number of methods have been solutions to enhance the reaction rate [18-22{hiswork, we

reported for the synthesis of biscoumarins [8-Hgwever,
comparatively fewer methods have been describedtHer
synthesis of 3,4-dihydropyrano[c]chromenes [11-Btme of
these procedures require refluxing for hours in aaig
solvents, use of expensive catalysts and tediouk-wo.

With the increasing public concern over environtaén
degradation, the use of environmentally benign extly like
water represent very powerful green chemical teldyyo
procedures from both the economical and synthetintp of
view.

They have many advantages, such as reduced palluti
lower cost, and simplicity in processing which a&eneficial
to the industry as well as to the environment [IHjere is
also another route to combine economic aspects thi¢h
environmental, that is, the multicomponent react{MCR).
This process consists of two or more syntheticsstelpich are
taken without isolation of any intermediatbus, reducing

*Corresponding author. E-mail: mehraby_h@yahoo.com

studied our reactions using SDS (Sodium dodecyat)las a
surfactant, since it forms micelles in water and dzoth
solubilize the organic compounds and catalyze #aztion.
Accordingly, we herein report the synthesis of 3,4-
dihydropyrano[cJchromene®) and biscoumarins4j by the
reaction of aromatic aldehydes, malononitrile and 4
hydroxycoumarin in the presence of 20 mol% SDS éatn
water (Schemes 1 and 2).

EXPERIMENTAL

All chemicals were purchased from Aldrich and Merc
chemical companies with high-grade quality, ancdusghout
any purification. All melting points were obtainedy
Bamslead Electrothermal 9200 apparatus and arermemted.
The reactions were monitored by TLC and all yielefer to
isolated productstH and**C NMR spectra were recorded in
DMSO on a Bruker 500 MHz spectrometer. Infraredctpe
were recorded on a Bruke-IR Equinax-55
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spectrophotometer in KBr with absorption in “tmaAll
products were characterized by their spectral angsipal
data.

General Procedure
A mixture of 4-hydroxycoumarin (1 mmol), malonaiié
(1 mmol), an aromatic aldehyde (1 mmol) and SD8 (fol,

Hz, Hy) ppm.*C NMR (125 MHz, DMSO-g): § = 36.26,
57.89, 103.76, 112.92, 115.11, 116.47, 119.02, 5R3.
129.59, 132.85, 139.45, 152.12, 153.36, 157.93,.4%59
160.23, 162.16 ppm

2-Amino-4,5-dihydr 0-4-(3,4-dimethoxyphenyl)-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (21). M.p.: 228-
230°C; IR (KBFr): vmax = 3406, 3326, 2196, 1710, 1672, 1609,

57.6 mg) in HO (3 ml) for the synthesis of 3,4-dihydropyrano 1517, 1378 cil, *H NMR (500 MHz, DMSO-g): § = 3.70

[c]lchromenes and 4-hydroxycoumarin (2 mmol), anreatic
aldehyde (1 mmol) and SDS (0.2 mol, 57.6 mg) 0 H3 ml)
for the synthesis of biscoumarins were stirred at 6@otGhe
appropriate times (Tables 2, 3). Upon completion thoé
reaction, monitored by TLC, the reaction mixturesvelowed
to cool to room temperature. The solid was filteodfl and
washed with water (2 x 20 ml) and purified by retajization
from ethanol.

Selected Spectroscopic Data
2-Amino-4-(4-fluor ophenyl)-4,5-dihydr o-5-oxopyrano
[3,2-c]chromene-3-car bonitrile (2d). M.p.: 260-262 °C; IR

(6H, s, 20CH), 4.40 (1H, s, CH), 6.75 (1H, d, J = 8.15 Hz,
Ha), 6.86 (2H, d, J = 8 Hz, ,7.31 (2H, br s, Ni), 7.38
(1H, d, J = 8.25 Hz, K), 7.43 (1H,t, J = 7.5 Hz, {), 7.64
(1H,t, J = 7.65 Hz, K), 7.88 (1H, d, J = 7.65 Hz,J) ppm.
3C NMR (125 MHz, DMSO-g): & = 36.51, 55.50, 55.56,
58.27, 104.08, 111.78, 111.96, 112.97, 116.40, 2P19.
119.67, 122.38, 124.47, 132.68, 135.82, 148.02,.5B48
152.05, 153.11, 157.93, 159.49 ppm.
3-((3-Chlorophenyl)(4-hydr oxy-2-oxo-2H-chromen-3-
ylYmethyl)-4-hydroxy-2H-chromen-2-one (4€). M.p.: 228-
230°C; IR (KBr): vmax= 3445, 3073, 1667, 1616, 1567, 1351,
764 cm', '"H NMR (500 MHz, DMSO-g): § = 6.32 (1H, s,

(KBI): vmax= 3378, 3292, 2194, 1716, 1677, 1605, 1507, 137€H), 7.10-7.92 (12H, m, k), 12.37 (2H, br s, OH) ppni’C

cm?, *H NMR (500 MHz, DMSO-¢): § = 4.47 (1H, s, CH),

7.07 (2H,t,J = 8.7 Hz, &), 7.31 (2H, t, J = 6.8 Hz, A3, 7.38

(2H, br s, NH), 7.41 (1H, d, J = 8.3 Hz, 4, 7.46 (1H, t, J =
7.6 Hz, Hy), 7.67 (1H,t, J = 7.5 Hz, &), 7.88 (1H,d,J=7.5

NMR (125 MHz, DMSO-¢): 6 = 36.04, 103.58, 115.89,

118.26, 123.58, 123.97, 125.49, 125.62, 126.48,.8029

131.78, 132.81, 143.51, 152.32, 164.56, 165.85 ppm.
4-Hydr oxy-3-((4-hydr oxy-2-oxo-2H-chr omen-3-yl)(p-

891


www.SID.ir

Synthesis of Biscoumarin and 3,4-Dihydropyrano[ojchene Derivatives

tolyl)methyl)-2H-chromen-2-one (4i). M.p.: 266-268°C; IR

from 70 to 85%. Using 20 mol% SDS in water was isight

(KBFr): vmax = 3445, 3073, 1671, 1618, 1606, 1565, 1351, 7630 push the reaction forward. Extra amounts ofghedactant

cm?, 'H NMR (500 MHz, DMSO-g): & = 2.23 (3H, s, CH),
6.20 (1H, s, CH), 7.01-7.89 (12H, maM 11.86 (2H, brs,
OH) ppm.*C NMR (125 MHz, DMSO-g): § = 20.45, 35.60,
104.16, 115.83, 118.05. 123.59, 123.84, 126.57,.5128
131.71, 134.29, 136.88, 152.17, 164.74, 165.32 ppm.

RESULTSAND DISCUSSION

In order to optimize the reaction conditions, wedged the
synthesis of 2-amino-5-oxo-4-phenyl-4H,5H-pyrand{3,
c]chromene-3-carbonitril?a from the condensation of 4-
hydroxycoumarin, benzaldehyde and malononitrile tie
presence of a variety of catalysts (Table 1).

We examined this reaction in the absence and pcesef
several catalysts. It was found that when the reaciccurred
without any catalysts, it resulted in poor yieldafle 1, entry
1). However, catalysts such as Al(H39surfactants Zn(D$)
(Zinc dodecyl sulfate), and Cu(DS)Cupper dodecyl sulfate)
could push the reaction forward with moderate E€ldble 1,
entries 7-9). But, when surfactant SDS was usedhia
reaction system, the yields of the products impdo{fable 1,
entries 2-5).

We also evaluated the amount of surfactant reduioe
this transformation. It was found that when we é&asred the
amount of the SDS from 5 to 20 mol%, the yieldsreased

did not improve the yields. Under the optimized ctam
conditions, a series of 3,4-dihyropyrano[c]chromene
derivative2 were synthesized (Scheme 1, Table 2).

All the aforementioned reactions (Table 2) deldger
excellent product yields and accommodated a widgeaof
aromatic aldehydes bearing both electro-donatirdyedectro-
withdrawing substituents.

Subsequently, the condensation of aldehydes with 4
hydroxycoumarin was carried out using SDS as thalyst
under the above optimized reaction condition. Adleaydes
reacted almost equally well to afford biscoumarmexcellent
yields (Scheme 2, Table 3).

Furthermore, we decided to study the catalytidvigtof
the recycled SDS in the synthesi2af After the separation of
products, the catalyst-containing aqueous medius neased
in the next run without further purification. Asahkin in Table
4, the reaction medium can be recycled at least fioes
without significant decrease of the yields. Theagldd yields
ranged from 80% to 85%.

In conclusion, we have demonstrated a simpleciefft
and green protocol for the synthesis of biscounsaaind 3,4-
dihydropyrano[c]chromenes in neat water. Partidyldine use
of SDS, as a green, non-toxic, inexpensive and atdas
catalyst, makes this method very efficient.

Table 1. Optimization of the Reaction Conditions in Neat @fat

Entry Catalyst Mol (%) Time (h) Yield (%)
1 Non - 24 25

2 SDS 5 3 70

3 SDS 10 3 72

4 SDS 15 2 74

5 SDS 20 2 85

6 SDS 25 2 85

7 Cu(DS) 20 5 62

8 Zn(DS) 20 6 57

9 Al(HSOy)3 20 8 51

Yields are related ttheisolated pure products.
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Table 2. Synthesis 08,4-Dihyropyrano[c]chromenes by Condensation ofellgtles, 4-Hydroxycoumarin
and Malononitrile Using SI20 mol%) as Catalyst in Neat Water alG0remperature

Entry Ar Product Time (h) Yield (%) Melting point (°C)/(lit.)
1 CeHs 2a 2.0 85 256-258(258-260)[12]
2 4-O,NCgH,4 2b 3.0 96 258-260(255-256)[12]
3 3-ONCeH, 2c 2.15 95 258-260(262-264)[13]
4 4-FGH, 2d 2.45 96 260-262

5 3-CIGsH, 2e 2.15 86 246-248(245-247)[11]
6 4-CIGH, 2f 2.30 88 256-258(258-260)[12]
7 4-BrGH, 2g 2.0 80 247-249(249-251)[14]
8 2-CHCsH, 2h 2.0 87 264-266

9 4- CHCgH, 2i 1.30 78 251-253(250-252)[11]
10 2,4-C}CeH3 2 2.45 83 258-259(257-259)[13]
11 4- CHOGH, 2k 2.30 95 238-240(232-234)[12]
12 3,4-(CHO),CsH3 2l 2.30 90 228-230

13 4-(CH),NCeH,4 2m 3.0 89 265-267(266-268)[11]

Yields are related ttheisolated pure products.

Table 3. Synthesis oBiscoumarindy Condensation of Aldehydes and 4-Hydroxycoumbising SDS
(20 mol%) as Catalyst iedxWater at 68C Temperature

Entry Ar Product Time (h) Yield (%) Melting point (°C)/(lit.)
1 CeHs da 2.30 90 230-232(228-230)[10]
2 4-OQ,NCgH4 4b 3.00 98 232-234(232-234)[10]
3 3-O:NCgH, 4c 2.45 95 234-236(220-224)[10]
4 4-FGH,4 4d 3.00 94 213-215
5 3-CIGH, de 2.45 92 228-230
6 4-CIGH, 4f 2.30 93 256-258(252-254)[10]
7 4-BrGsH, 4g 2.45 91 265-267(266-268)[11]
8 2-CHCsH, 4h 2.45 84 221-223(218-220)[10]
9 4- CHCgH,4 4 2.45 97 266-268
10 4- CHOCH, 4 3.00 97 246-248(242-244)[10]
11 3,4-(CHO),CeH3 4k 3.00 98 263-265(264-266)[11]
12 4-(CH),NCeH, 4 3.00 94 222-224

Yields are related to tlisolated pure produc

Table 4. Reusability of the Catalyst in the Model Reaction =~ ACKNOWLEDGMENTS
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