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ABSTRACT

A simple protocol for the efficient synthesis of dihydropyrano[ 3,2-c] chromene derivatives has been achieved by
refluxing aromatic aldehydes, malononitrile, 4-hydroxycoumarin and 4-chlorophenylboronic acid. Particularly
valuable features of this method include satisfactory yields of products and short reaction time.
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INTRODUCTION

The development of environmentally benign, effitieand economical methods for the synthesis ofolgichlly
interesting compounds remains a significant chghern synthetic chemistry [1]. Green chemistry dam
recognized as a pioneering approach, which widgprts intrinsic atom economy, energy savings, eveeduction,
easy workups, and the avoidance of hazardous chemical§ [#.3,4-Dihydropyrano[3,2-c]lchromenes derivatives
are an important class of heterocyclic compoundsngamportant pharmaceutical and biological attivirhe 3,4-
Dihydropyrano[3,2c]lchromenes and their derivatives are of consideratikerest as they possess a wide range of
biological properties, such as spasmolytic [3]reliic [4], emetic [5], anti-HIV [6], anti-tumor [7Janti-Alzheimer

[8], anti-bacterial [9] and anti-malarial activify0].

Therefore, the development of new and efficienthodblogies for the synthesis of 3,4-dihydropyrafeiiromenes
will be demanding in both synthetic organic and miedl chemistry. However, in spite of their potahtutility,
some difficulties still exist in the synthesis, buas expensive or toxic reagent. Therefore, theldpment of new,
simple and cheap methods for the synthesis of Biddopyrano€]chromene derivatives is of main importance. In
continuation of our efforts to develop novel sytitheoutes using catalysts in organic reactions| due to our
interest in the synthesis of heterocyclic compourtsein, we wish to report an efficient synthesfs3,4-
dihydropyrano]chromenes derivatives by cyclo-condensation reaatif 4-hydroxycoumarin, aryl aldehydes and
malononitrile using 4-chlorophenylboronic acid asatalyst and water as a solvent.

MATERIALSAND METHODS

General

All solvents were used as commercial anhydrousegmaithout further purification. The column chromgtaphy
was carried out over silica gel (80-120 mesh). Mgltpoints were determined in open capillary tulnel are
uncorrected’H spectra were recorded on a Bruker 300 MHz spewiter in DMSO-d6 solvent and TMS as an
internal standard.
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General procedurefor synthesis of dihydropyrano[c]chromenes:

In a dry 50 mL round bottom flask was charged vsittbstituted aromatic aldehydes (1 mmol), malonibmifd
mmol), 4-hydroxycoumarin (1 mmol), 4-chlorophenyiwic acid (20 mol%) and water (25 ml) and the tasu
mixture was stirred at 78C for 60-90 minutes. After completion of the reanti as indicated by Thin-layer
chromatography (TLC), the reaction mixture wasefiid. The residual product was dried. The reagii@maucts
were identified by comparing their physical datheTrude products were re-crystallized from alcamal weighed.

2-Amino-4-(4-nitrophenyl)-4,5-dihydr o-5-oxopyr ano[3,2-c] chr omene-3-car bonitrile 4b: mp 249°C,*H NMR
(400 MHz, DMSO-d6)s (ppm) 4.48 (s, 1 H), 7.28 - 7.34 (m, 2 H), 7.687%17(m, 2 H), 7.90 (dt, 1 HI1 = 8.1 Hz,
J2=1.19 Hz), 7.98 (dd, 1HI1 = 8.1 Hz,J2 = 1.18 Hz), 8.32 (d, 2 H] = 8.39 Hz). Elemental Analysis: C, 65.59;
H, 3.06; Cl, 9.91; N, 7.89; O, 12.98.

2-Amino-4-(4-chlor ophenyl)-4,5-dihydr o-5-oxopyr ano[ 3,2-c]chr omene-3-car bonitrile 4c: mp 251°C,*H NMR
(400 MHz, DMSO-d6)5 (ppm) 4.63 (s, 1 H), 7.11 (d, 2 Bl= 8.4 Hz), 7.58 (d, 2H] = 8.4 Hz), 7.15-7.21 (m, 2 H),
7.52 (t, 1 HJ=7.8 Hz), 7.91 (d, 1 HI = 8.0 Hz). Elemental Analysis: C, 63.76; H, 2.97;10.93; O, 22.34.

RESULTSAND DISCUSSION

In order to find the most appropriate reaction é¢bols and to evaluate the catalytic efficiency &f
chlorophenylboronic acid, a model reaction study wanducted to determine the best conditions fersgmthesis
of 3,4-dihydropyranafjchromenes. The study of the effect solvent ancptrature on the reaction was studied and
summarized in the Table 1. The solvents CHCH;CN, ethanol and water were tested for condensatfof
chlorobenzaldehyde, 4-hydroxycoumarin and malonigmit The reaction was performed without any sotven
reaction was not proceeded even at°@Otemperature (Table 1, entry 1), then chloroforaswsed, the yield
obtained was very low at same temperature (Tabémtty 1). Then, more polar solvent Acetonitrilesneamployed
at same temperature but there was no significdettedn yield (Table 1, entry 3), next, polar salvevhich posses
hydrogen bonding was selected which trigger thetiaa but the yield obtained was poor (Table 1re4}. Finally,
water was selected as the solvent at same tempeifatund to be the best among all, because theeskigjield
obtained (Table 1, entry 5). The reaction was fotmgroceed smoothly at 7T in the presence of 20 mol% 4-
chlorophenylboronic acid catalyst in water.

Table1: Synthesis of Dihydropyrano[3,2-clchromene derivativesin different solvents

Sr. No. Solvent Temperature®C  Time(min)  Yied® %

1 Solvent free 70 150 None

2 CHCE 70 150 Trace

3 CH,CN 70 180 Trace

4 Ethanol 70 80 20

5 Water 70 60 91
4 solated yield.

We also evaluated the catalyst required for thethggis of compound 4b. Of the catalysts testedudivng
piperidine, morpholine, PTSA, catalyst free andhbmophenylboronic acid, among a all 4-chlorophboybnic
acid was the most efficient in terms of reactiondiand yield of product (Table 2, entries 1-5). idg\established
the reaction conditions for the multi-componentctim, the scope and limitations of the reactiothwdifferent
substituted aromatic aldehydes, malononitrile aiydroxycoumarin were investigated as summarizethiole 2.

Table?2 : Optimization of catalyst for synthesis of Dihydropyrano[3,2-c]chromenes

Sr. No. Catalyst Temperature®C  Time(min)  Yield® %
1 Piperidine 70 200 85
2 Morpholine 70 190 60
3 PTSA 70 210 67
4 No Catalyst 70 300 45
5 4-Chlorophenylboronic acid 70 60 91
4 solated yield.
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Table 3: Synthesis of dihydropyrano[3,2-c]chromene derivatives by using 4-chlorophenylboronic acid as a catalyst in water solvent

4-Cl PBA (20 Mol %),
< Reflux Stlmng
Water 70 °C

la-j 2 3 4a-j
Entry R Product Reaction time (min) Yiékb M. P. {C)
1 H 4a 60 94 248-250
2 4-NG, 4b 70 89 250-252
3 4-Cl 4c 60 91 252-254
4 4-OCH 4d 65 90 237-239
5 3-OCH-4-OH 4e 60 95 235-237
6 3,4,5-0CH af 60 89 269-271
7 3,4-OCH 49 70 89 281-283
8 3-Cl 4h 60 83 239-241
9 4-F 4 65 85 260-262
10 4-OH 4 60 90 265-267
?lsolated yield.
CONCLUSION

In conclusion, we have demonstrated a facile afidiexit method for the one-pot three-component lsgsis of
dihydropyrano[3,Z]chromene derivatives using 4-chlorophenylbororiitl s a catalyst at 70C. Boronic acids
are generally crystalline solids with high tolerario air and moisture. This study offers a advaetag, excellent
yield and cost-effective process for the synthesiihydropyrano[3,Z]chromene derivatives.
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