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ABSTRACT

Nano Al,O, efficiently catalyzed the one-pot, three-component reaction of 4-hydroxycoumarin,
aromatic aldehydes and malononitrile to yield 3,4-dihydropyrano[cJchromene derivatives in high yields.
The features of this procedure are mild, reaction conditions, short reaction time and operational

simplicity.
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INTRODUCTION

4H-Chromene and its derivatives have been
studied due to a variety of chemical and biological
significance’. The importance of chromenes as
biologically active compounds includes their use
as emetic?, anti-HIV?3, anti-tumor*, anti-cancer?,
anti-coagulant!, anti-alzheimer®, anti-bacterial®,
anti-malaria’, diuretic®, spasmolytic®, anti-
leukemic'®', anti-anaphylactic activities'. Moreover,
chromene derivatives such as 3,4-dihydropyrano[c]
chromenes are of importance as they have
various industrial, pharmaceutical and biological
applications'®. Therefore, the development of new
and efficient methodologies for the synthesis of

3,4-dihydropyrano[c]chromenes will be interesting
in both synthetic organic and medicinal chemistry.
3,4-Dihydropyrano[c] chromene derivatives are
generally synthesized via one-pot reaction of an aryl
aldehydes, malononitrile and 4-hydroxycoumarin in
the presence of several catalysts such as sodium
dodecyl sulfate (SDS)™, DBU', morpholine'®,
piperidine’, K,CO, under microwave irradiation'®,
sulfonic acid functionalized silica (SiO,PrSO,H),
trisodium citrate®, silica gel?', inorganic-organic
hybrid magnetic nanocatalyst??, nano Zn0O?,
KAI(SO,),.12H,0%, TBAB?®, TMGT?*, MgO¥,
diammonium hydrogen phosphate® and heteropoly
acids®. However, in spite of their potential utility,
some difficulties still exist, such as expensive or
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toxic reagent. Therefore, the development of new,
simple and cheap methods for the synthesis of
3,4-dihydropyrano[c] chromene derivatives is of main
importance. In continuation of our efforts to develop
novel synthetic routes using solid catalysts in organic
reactions®, and due to our interest in the synthesis

OH
A
+ CH,(CN), + ArCHO
0" Yo
1 2 3a-h
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of heterocyclic compounds®', herein, we wish to
report an efficient synthesis of 3,4-dihydropyrano[c]
chromenes by cyclocondensation reaction of
4-hydroxycoumarin, aryl aldehydes and malononitrile
using nano ALO, as a solid catalyst (Scheme 1).

Nano Al,04

Y

4a-h

Scheme 1: Synthesis of 3,4- dihydropyrano[c]chromene by nano AlLO,

EXPERIMENTAL

All of the chemical material used in this
work purchased from Fluka or Merk and without
further purification. Melting points were recorded on
an Electrothermal type 9100 melting point apparatus.
The IR spectra were obtained on a 4300 Shimadzu
spectrophotometer in KBr disks. The '"H NMR (500
MHz) spectra were recorded on a Bruker-Ac-500
spectrophotometer.

General procedure for the synthesis of
3,4-dihydropyrano[c]chromenes (4a-h).

A solution of 4-hydroxycoumarin 1(1 mmol),
malononitrile 2(1.5 mmol), an aromatic aldehydes
3a-h(1 mmol) and nano Al,O, (25 mol% based on
4-hydroxycoumarin) in EtOH (5 mL) was stirred
at room temperature for 5h. The progress of the
reaction was monitored by TLC. After completion of
the reaction, boiling ethanol (20 mL) was added and
catalyst was filtrated. The filtrate was concentrated
to give the solid product that washed with water, and
recrystallized in the ethanol to give pure products
(4a-h).The structures of the products were confirmed
by '"H NMR, IR spectroscopies and comparison with
authentic samples prepared by reported methods.

RESULTS AND DISCUSSION

In order to optimize the reaction conditions,
including solvents and temperature, the reaction
was conducted under various conditions and
the results are listed in Table 1. In an optimized

reaction conditions, 4-hydroxycoumarin (1 mmol),
malononitrile (1.5 mmol), and 3-nitrobenz aldehyde
(1 mmol) in ethanol (5 mL) was mixed in the presence
of nano Al,O, (25 mol%) as catalyst for 5h. The
reaction proceeds very cleanly at room temperature
and was free of side products. After completion of the
reaction (monitored by TLC), a simple workup affords
the products in high yields (Scheme 1). Among the
solvents tested, the reaction in H,0, CH,CN and
CHCI, using 25 mol% of the catalyst gave a moderate
yield of the desired product at room temperature.
However in the EtOH relatively high yield of product
is obtained at room temperature after 5h. Without
catalyst, in refluxing EtOH, H,0, CHCI, and CH,CN
or at room temperature in this solvents the reaction
times are prolonged and the yields are poor. In the
solvent-free conditions, even in the presence of 35
mol% of the catalyst at room temperature, 60 °C,
70 °C, 80 °C and 90 °C, the yields are moderate.
The results are summarized in Table 1. We also
evaluated the amount of nano AlLO, required for this
transformation. It was found that the yield of product
was affected by the catalyst amount. Increasing the
amount of the catalyst up to 25 mol% in the EtOH at
room temperature increased the yield of the product.
Further increase in the catalyst amount did not
increase the yield noticeably.

In order to show generality and scope of this
new protocol, we used various substituted aromatic
aldehydes and the results obtained are summarized
in Table 2. In all cases, aromatic aldehydes with
substitutes carrying either electron-donating or
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electron- withdrawing group reacted successfully
and gave the expected products in high yields. The
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type of aldehyde had no significant effect on the

reaction.

Table 1: Effect of nano Al,O, amount on the model reaction?

Entry Catalyst (mol%) Solvent Condition Time (h) Yield (y)°
1 - EtOH Reflux 18
2 - H,O Reflux 15
3 - CHCI, Reflux 12
4 - CH,CN Reflux 12
5 - EtOH r.t -
6 - H,O r.t -
7 - CHCI, r.t -
8 - CH,CN r.t -
9 35 - r.t 45
10 35 - 60 °C 43
11 35 - 70 °C 40
12 35 - 80 °C 35
13 35 - 90 °C 32
14 20 EtOH r.t 72
15 25 EtOH r.t 88
16 30 EtOH r.t 85
17 35 EtOH r.t 82
18 25 H,O r.t 65
19 25 CHCI, r.t 55
20 25 CH,CN r.t 45
21 25 EtOH Reflux 85
22 25 H,O Reflux 70
23 25 CHCI, Reflux 68
24 25 CH,CN Reflux 65

2 4-Hydroxycoumarin (1mmol), 3-nitrobenzaldehyde (1 mmol) and malononitrile (1.5 mmol).® Isolated yields.

Table 2: Synthesis of 3,4-dihydropyrano[c]chromenes (4a-h)?

Entry Ar Product  Yield(%)® m.p(°C)
Found Reported

1 3-NO,C.H, 4a 88 260-261 257-258 [22]
2 4-CICH, 4b 80 263-265 260-262 [15]
3 3-C|C6H4 4c 75 245-247 242-243 [15]
4 CH, 4d 84 259-260 256-258 [15]
5 4-NO,CH, 4e 89 263-265 259-261 [21]
6 4-MeOCGH4 af 82 247-248 248-250 [15]
7 4-MeCH, 49 77 250-252 253-255 [15]
8 3-MeOCGH4 4h 87 246-248 242-244 [19]

21 mmol 4-hydroxycoumarin, 1 mmol 3-nitrobenzaldehyde, 1.5 mmol malononitrite and 25 mol%
nano Al,O, in the EtOH after 5h. ® Isolated yields.
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CONCLUSIONS

In conclusion we have successfully

demonstrated the catalytic activity of nano Al,O,
in the synthesis of 3,4-dihydropyrano[c]chromene
derivatives. Easy simple work-up and high yields of
products are some advantages on this method.
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