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ABSTRACT

Given the importance of chromene moiety, which is an essential
pharmacophore in many antimicrobial, antiviral, antivascular, antifungal,
antioxidant, anti-inflammatory, estrogenic, anticancer and anti-HIV agents,
development of environmentally benign and practically simpler methods
are highly desirable. Unlike many base catalyzed synthesis of 3,4-
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dihydropyrano[ 3,2-c]chromenes by multicomponent reaction of al dehydes,
malononitrile, and 4-hydroxy coumarin which has potential to generate many
byproducts, we have reported herein a catalyst-free method so synthesize
the same. Comparison of two-component and three-component strategy
led us to conclude that three component reaction generated bis-coumarin
as byproduct while two-component reaction did not give any side reaction.
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INTRODUCTION

Chromeneisaninteresting scaffold that constitute
the basi ¢ backbone of many polyphenolswhich are
widdy foundinnatura akaoids, flavonoids, anthocya-
nins™ and many other biologicallyimportant compounds
(Figure 1).@ Many naturd and synthetic chromenede-
rivatives possess antimicrobial,® antiviral,
antivascular,®™ antifungd '@ antioxidant,™ anti-inflammea:
tory,[® estrogenic,® anticancer*® and anti-HIV™ ac-
tivities. Additiondly, dihydropyrano[ c]chromeneshave
found applicationinthetrestment of neurodegenerative
disorderssuch asAlzhemer’s disease, amyotrophic lat-
erd scleross, Huntington’s disease and Parkinson’s dis-
ease.[*? Nevertheless, they have found applicationsin
cosmetics, pigments*@ and photoactivematerid s[* As
aresult, development of new methodol ogy for the syn-

thesisof dihydropyrano| c]chromenesattractsinterests
from synthetic community.

Themost common route for the synthesis of 3,4-
dihydropyrano[ 3,2-c]chromenesisvia three compo-
nent reaction of adehyde 2, malononitrile or ethyl
cyanoacetate 3 and 4-hydroxycoumarin 4 (Scheme 1)
in the presence of a base catalyst. But there are too
many possibilitiesin abase catalyzed reaction that in-
clude (a) competitive Knoevenagd condensation of the
aldehyde with both malononitrile and 4-
hydroxycoumarin, and (b) competitive addition of both
malononitrile and 4-hydroxycoumarin to the
Knoevenagel productsto giveat | east two undesired
products (Figure2).

Thesynthesisof 3,4-dihydropyrano[c] chromenes
are known to be catalyzed by acid, base and ammo-
nium salts.*>21 While acid catalyzed synthesis 3,4-
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Scheme1: Synthesisof dihydropyran[c]chromenes

dihydropyrano[ c]chromenes can be accomplished at
room temperature, it leadsto formation of undesired
byproducts dueto competing Knoevenagd reaction of
4-hydroxycoumarin and mal ononitrilewith adehyde.
Heravi et al.[*! observed that selection of catalystis
very crucial to synthesize dihydropyranol3,2-
c]chromenesand avoid theformation of undesired bis-
coumarinsinthereaction of 4-hydroxycoumarin, ade-
hydes and ethyl cyanoacetate catal yzed by heteropoly
acids. Ontheother hand, base cataysisof thisreaction
requires high temperature possibly to avoid the
reversibility of the Knoevenagel product (Figure 3)
whichworksasMichael acceptor for incoming nucleo-
phile (inthiscase 4-hydroxycoumarin).

Khuranaand co-workers®reported the synthesis
of 3,4-dihydropyrano[ 3,2-c]chromenes 1 catalyzed by
1,8-diazabicyclo[5.4.0lundec-7-ene (DBU) in water
under reflux condition, whileBddaeand co-workerg®
used acata ytic amount (10 mol %) of diammonium hy-
drogen phosphate (DAHP) to achievethe sametrans-
formation at room temperature. Use of task-specific
ionicliquids(ILs),1*" and metd oxide nanoparticles®®
asacatalystsfor the synthesisof 3,4-dihyropyrano[c]
chromenes 1 by three-component condensation reac-
tion of ddehydes, ma ononitrileand 4-hydroxycoumarin
asorequired reflux temperature. Bihani et d.[*I recently
reported the use of Amberlyst A21 asaresin bound
reusable catalyst for green synthesis of
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pyrano[ c]chromenes derivatives at room temperature.
Giventhefact that most of the base catal yzed reactions
worked only at reflux temperatureand mechanisticaly,
they are proneto give other products, wewere curious
to know if addition of 4-hydroxy coumarin to the
Knoevenagd product intwo component fashion works
better to achieve 3,4-dihydropyrano[ 3,2-c] chromenes.
For that purpose, we carried out both three compo-
nent and two component synthesis 3,4-dihydropyrano
[3,2-c]chromeneswithout any baseat reflux conditions.
Our observationsare summerized inthe Scheme 1.

EXPERIMENTAL

M aterialsand methods

Thecommercidly avaladlechemicasand reagents
wereusad without further purification. Compoundswere
purified by crystallization using hot ethanol. Melting
pointswere determined by using open capillary tubeon
amelting point apparatusand are uncorrected. ThelR
spectrawere recorded on a Perkin EImer 983 spec-
trophotometer and thevaluesareexpressed asv, cn
1. IHNMR (400 MHz) and *CNMR (100 MHz) spec-
trawererecorded on an FT-NMR Bruker Avance |
400 MHz spectrometer using DM SO-d, assolvent and
TMSasinternd standard, unlessotherwisestated. Mass
spectra were obtained from Waters ZQ 4000 mass
spectrometer by the ESI method, whilethe e emental
andysesof thecompoundswere performed onaPerkin-
Elmer-2400 CHN/Sandyzer. Sllicagel G (Merck) was
used for thin-layer chromatography (TLC). TLC plates
werevisualized by putting the platein aniodine cham-
ber or UV or sulphuric acid spray followed by heating
on ahot plate.

General procedure for the synthesis of 4,5-
dihydropyrano[3,2-c]chromene(method a)

In a flamed dried 25 mL round bottom flask
equipped with amagnetic bar and condenser wasadded
adehyde (1 mmol) and maononitrile (1 mmol) in etha
nol (5mL) and stirred at refluxed temperature. Upon
formation of the a,a-dicyanoolefin asindicated inthe
TLC plate, it wasfiltered and recrystallized from etha-
nol to get almost quantitative yield. Then the o,a-
dicyanoolefin was added to a solution of 4-
hydroxycoumarin (1 mmol) inethanol (5mL) and stirred
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under refluxed temperature. The progress of thereac-
tionwasmonitored by TLC. Upon compl etion, there-
action mixturewas brought to room temperature. The
precipitate wasfiltered and purified by re-crystalliza-
tionfromethanal.

General procedure for the synthesis of 4,5-
dihydropyrano[3,2-c|chromene(method b)

In a flamed dried 25 mL round bottom flask
equi pped with amagnetic bar and condenser wasadded
aldehyde (1 mmol), malononitrile (1 mmol) and 4-
hydroxycoumarin (1 mmol) in ethanol (10 mL) and
stirred under refluxed temperature. Theprogressof the
reaction wasmonitored by TLC. Upon completion, the
reaction mixturewasbrought to roomtemperature. The
precipitate wasfiltered and purified by re-crystalliza-
tionfrom ethanal.

Spectral dataof thecompounds

2-Amino-4-(4-chlorophenyl)-5-o0x0-4,5-
dihydropyrano[ 3,2-c]chromene-3 carbonitrile, 1

White solid; m.p.= 261-263°C; IR (KBr): v 3383,
3303, 3191, 2190, 1712, 1675, 1606 cm*; *H NMR
(400 MHz, DMSO-d,): 6 4.48 (s, 1H), 7.20-7.30 (m,
4H), 7.45-7.54 (m, 4H), 7.71 (t, J = 7.6 Hz, 1H),
7.88 (d, J = 7.2 Hz, 1H); 3C NMR (100 MHz,
DMSO-d,): ¢ 35.70, 56.5, 103.06, 115.45, 117.01,
119.74, 122.90, 124.07, 127.58, 128.49, 128.93,
129.31, 130.99, 141.39, 152.45, 164.39, 167.70;
ESI-MS: m/z351 [M+1]*, 373[M+Na]*; Elemental
Anaysis for C ;H,,CIN,O, Calculated C 65.06, H
3.16, N 7.99; Found C 65.10, H 3.21, N 8.10.

2-Amino-4-(3-chlorophenyl)-5-o0x0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile, 2

White solid; m.p.*> 242-243°C; IR (KBr): v 3371,
3310, 3193, 2200, 1710, 1650, 1601 cm™; *H NMR
(400 MHz, DMSO-d,): 6 4.47 (s, 1H), 7.21-7.33 (m,
3H), 7.47-7.58 (m, 5H), 7.69 (t, J = 7.6 Hz, 1H),
7.81 (d, J = 7.2 Hz, 1H); *C NMR (100 MHz,
DMSO-d,): ¢ 36.20, 57.22, 103.56, 113.32, 117.01,
119.45, 123.03, 125.20, 126.99, 127.56, 128.01,
130.76, 133.42, 133.60, 146.12, 152.51, 154.23,
15850, 160.13; ESI-MS: myz373[M +Na]*. Elementa
Anaysisfor C H,,CIN,O,: Calculated C 65.06, H
3.16, N 7.99; Found C 65.10, H 3.18, N 8.01.
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2-Amino-4-(4-bromophenyl)-5-o0x0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile, 3

Solid;m.p.* 253-255°C; IR (KBr): v 3390, 3303,
3191, 2196, 1712, 1672, 1619 cm'*; *H NMR (400
MHz, DMSO-d,): 6 4.46 (s, 1H), 7.22-7.35 (m, 2H),
7.44-7.50 (m, 6H), 7.71 (t, J=7.2 Hz, 1H), 7.8 (d, J
= 7.2 Hz, 1H); C NMR (100 MHz, DMSO-d,): §
36.34, 57.34, 103.28, 103.35, 115.62, 116.54,
119.064, 120.189, 122.47, 124.65, 129.00, 130.60,
132.98, 142.71, 157.88, 159.50, 164.47, 166.88,
ESI-MS: m/z395.19[M+]*, 418 [M+Na]*; Elemen-
td Analysisfor C H, BrN,O,: Caculated C57.74,H
2.81, N 7.09; Found C 57.79, H 2.86, N 7.12.

2-Amino-4-(4-nitrophenyl)-5-o0x0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile, 4

White solid; m.p.?” 257-259°C; IR (K Br): 3404,
3330, 3199, 2204, 1709, 1675, 1531 cm®; *H NMR
(400 MHz, DMSO-d,): 6 4.67 (s, 1H), 7.23-7.58 (m,
5H), 7.61 (s, 2H), 7.71-7.77(m, 1H), 7.90-7.94 (m,
1H), 8.18 (d, J=8.7 Hz, 2H); *C NMR (100 MHz,
DMSO-d,): ¢ 35.46, 58.25, 102.54, 112.78, 116.59,
119.41, 122.25, 123.31, 123.34, 124.57, 130.86,
133.50, 133.94, 145.55, 147.79, 151.33, 154.32,
158.02, 159.90; ESI-MS: m/z361[M+]*, 362 [M+1]*;
Elemental Analysis for C ;H, N.O,: Calculated C
63.16, H 3.07, N 11.63; Found 63.21, H 3.10, N 11.69.

2-Amino-4-(3-nitrophenyl)-5-0x0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile, 5

Whitesolid; m.p.?2 261-263°C; IR (KBr): v 3409,
3330, 3197, 2209, 1703, 1672, 1533 cm*; *H NMR
(400 MHz, DMSO-d,): 6 4.72 (s, 1H), 7.45- 7.52
(m, 3H), 7.55 (s, 2H), 7.62 (t, J= 7.6 Hz, 1H), 7.72
(t,J=7.6Hz, 1H), 7.80(d, J= 7.6 Hz, 1H), 7.90 (d,
J=6.8Hz, 1H), 8.11 (s, 1H); *C NMR (100 MHz,
DMSO-d,): ¢ 36.56, 56.85, 103.56, 113.78, 116.59,
119.21, 122.24, 123.31, 123.34, 124.69, 130.85,
133.50, 134.74, 145.45, 147.79, 152.23, 154.35,
158.08, 160.20; ESI-MS: m/z362 [M+1] *; Elemen-
tal Analysisfor C ;H, ,N.O,: Calculated C 63.16, H
3.07, N, 11.63; Found C 63.20, H 3.12, N 11.70.

2-Amino-4-(4-hydroxyphenyl)-5-ox0-4,5-
dihydropyrano[3,2-c]chromene-3-carbonitrile, 6

White solid; m.p.2264-265°C; IR (KBr): v 3416,
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3387, 3309, 3198, 2203, 1686, 1606, 1507 cm*; H
NMR (400 MHz, DMSO-d,): 6 4.31(s, 1H), 6.67 (d,
J= 8.4 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H), 7.33 (s,
1H), 7.423-7.702 (m, 2H), 7.68 (t, J = 7.6 Hz, 1H),
7.87(d,J=6.8Hz, 1H), 9.36 (s, 2H); *CNMR (100
MHz, DMSO-d,): 6 36.08, 58.29, 104.43, 112.95,
115.12, 116.47, 119.35, 122.33, 124.57, 128.64,
132.73, 133.65, 151.98, 152.90, 156.41, 157.82,
159.48; ESI-M S: m/z355[M+Na]*; Elementd Analy-
sisfor C H, N.O,: Calculated C 68.67, H 3.64, N
8.43; Found C 68.69, H 3.68, N 8.49.

2-Amino-5-oxo-4-phenyl-4,5-dihydr opyrano[ 3,2-
c]chromene-3-carbonitrile, 7

Whitesolid; m.p.%® 253-256°C; IR (KBr): v 3376,
3290, 3184, 2203, 1712, 1672, 1606 cm*; *H NMR
(400 MHz, DMSO-d,): 6 4.45 (s, 1H), 7.21-7.32 (m,
5H), 7.41-7.51 (m, 2H), 7.71 (t, J = 7.6 Hz, 1H),
7.91(d, J=7.4Hz, 1H), 8.3 (s, 2H); *C NMR (100
MHz, DMSO-d,): 6 36.90, 57.90, 103.93, 112.89,
116.50, 119.21, 122.42, 127.08, 127.58, 128.47,
132.87, 143.28, 152.07, 153.36, 157.92, 159.49;
ESI-MS: m'z317.12[M+1]*, 339[M+Na]*, Elementd
Andysisfor C H,,N,O,: Calculated C72.15,H 3.82,
N 8.86; Found C 72.18, H 3.89, N 8.90.

2-Amino-5-oxo-4-(p-tolyl)-4,5-dihydr opyrano[ 3,2-
c]chromene-3-carbonitrile, 8

Whitesolid; m.p.*223-225°C; IR (KBr): v 3389,
3309, 3189, 2198, 1712, 1670, 1617 cm?;
'HNMR (400MHz, DMSO-d,): 6 2.24 (s, 3H), 4.38
(s, 1H), 7.23-7.30 (m, 4H), 7.38 (s, 2H), 7.44-7.55
(m, 2H), 7.70(t,J=7.2Hz, 1H), 7.88(d, J=7.2 Hz,
1H); *C NMR (100 MHz, DMSO- d,): ¢ 20.43,
35.67, 47.22, 103.46, 115.40, 119.83, 122.88,
124.03, 126.48, 128.26, 130.89, 139.07, 142.22,
152.38, 153.44, 158.71, 159.43; ESI-MS: m/z 331
[M+1]*, 353 [M+Na]*; Elemental Analysis for
C,,H,N.O,: Caculated C 72.72, H 4.27, N 8.48;
Found C 72.76, H 4.31, N 8.50.

2-Amino-4-(4-methoxyphenyl)-5-ox0-4,5-
dihydr opyrano[3,2-c]chromene-3-carbonitrile, 9

Whitesolid; m.p.3 242-245°C; IR (KBr): v?3370,
3297, 3191, 2196, 1712, 1679, 1606, 1507 cm?; H
NMR (400 MHz, DMSO-d,): ¢ 3.70 (s, 3H), 4.38
(s,1H), 6.85 (d, J = 8.4Hz, 2H), 7.15 (d, J= 8.4 Hz,
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Scheme?2: One-step catalyst-free synthesisof dihydropyran[c]chromene

2H), 7.37 (s, 2H), 77.44-7.50 (m, 2H), 7.70 (t, J =
7.2Hz,1H),7.88(d, J=7.2Hz, 1H); B*CNMR (100
MHz, DMSO-d,): ¢ 36.11, 54.99, 58.11, 104.22,
111.91, 112.96, 113.79, 116.52, 119.26, 119.80,
122.40, 124.63, 128.71, 132.83, 135.35, 152.04,
153.04, 157.84, 158.26, 159.49; ESI-MS. m/z347.73
[M+1]"; Elementd Analysisfor C,;H,,N,O,: Calcu-

lated C 69.36, H 4.07, N 8.09; Found C 69 40, H
4.12, N 8.11.

2-Amino-4-(4-(dimethylamino)phenyl)-5-oxo-4,5-
dihydropyrano[3,2-c] chromene-3-car bonitrile, 10

Solid; m.p.=° 224-226°C; IR (KBr): v 3380, 3287,
3189, 2198, 1716, 1677, 1606, 1509 cm?; *H NMR
(400 MHz, DMSO- d,): 6 2.84 (s, 6H), 4.29 (s, 1H),
6.63 (d, J= 8.8 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H),
7.31 (s, 2H), 43-7.49 (m, 2H), 7.69 (t, J = 7.2 Hz,
1H), 7.88 (d, J = 8 Hz,1H); *C NMR (100 MHz,
DMSO- d,): § 35.95, 40.12, 58.37, 104.60, 112.32,
112.97, 116.48, 119.40, 122.35, 124.61, 128.15,
130.86, 132.72, 149.51, 151.95, 152.72, 157.83,
159.51; ESI-MS: m/z 359 [M+]*, 382 [M+Na]*; El-
ementa Analysisfor C, H,_N.O,: Caculated C70.18,
H 4.77, N 11.69; Found C 70. 21 H 4.80, N 11.71.
2-Amino-4-(3,4-dimethoxyphenyl)-5-oxo-4,5-
dihydropyrano[3,2-c|chromene-3-car bonitrile, 11:

Solid; m.p.32225-227°C; IR (KBr): v 3330, 3220,
3176, 2190, 1715, 1666, 1606, 1513 cm?; *H NMR
(400 MHz, DMSO-d,): 6 3.45 (s, 6H), 4.14 (s, 1H),
6.48 (dd, J=1.6,8Hz, 1H), 6.58-6.62 (m, 2H), 7.11
(s, 2H), 7.17-7.23 (m, 2H), 7.41-7.45 (m, 1H), 7.63
(d, J=7.2 Hz, 1H); *C NMR (100 MHz, DM SO-
d): 0 36.39, 55.41, 58.07, 104.00, 111.48, 111.78,
112.89, 116.47, 119.29, 119.56, 122.50, 124.65,
132.88, 135.75, 147.85, 148.39, 152.00, 153.16,
157.87, 159.62; ESI-MS: m/z377 [M+1]*; Elemental
Andysisfor C, H, N, O,: Calculated C67.02,H 4.28,

21" 16

N 7.44; Found C 67. 08 H 4.32, N 7.49.

TABLE 1: Solvent effect on thesynthesisof dihydropyran|c]
chromenevia Scheme 12

Time Yield %°
Entry Solvent ) One-step Two-step
method method
1 HO 24 - -
2 CHJCl, 16
2 CHCN 24 - -
3 THF 24 - -
4 MeOH 24 16 35
5 Ethanol 16 80 80
3,32 -(4-Chlorophenyl)methylenebis-(4-

hydroxycoumarin), 1a

White crystalline solid; mp 251-254 °C%; IR
(KBr): 3030, 1671, 1602, 1092 and 768 cm™; *H
NMR *H NMR (400 MHz, DMSO-d,): ¢ 6.12 (s,
1H) and 7.28-8.22 (m, 12H); *C NMR (100 MHz,
DMSO-d,): 9 16.46, 90.44, 105.53, 107.24, 115.29,
117.89, 123.44, 125.60, 126.22, 126.92, 129.63,
130.59, 133.15, 139.62, 163.37 and 166.82; Elemen-
tal Analysisfor C.H,.ClO,: Caculated C 67.20, H,
3.38; Found C 67.18; H, 3.40.

RESULTSAND DISCUSSION

For the pilot reaction, we stirred a mixture of
malononitrile (1 mmol) and 4-chlorobenzal dehyde (1
mmol) in 10 mL ethanol at reflux temperatureto afford
thedectrondeficient ol€fin, o,a-dicyanoolefins injust 5
min. ThecrystalineKnoevenagel product wasrecrys-
tallized from ethanol and added to a solution of 4-
hydroxycoumarin (1 mmol) at reflux temperatureand
complete conversonwasobserved in 16 h. After cool-
ing, the solid precipitate wasfiltered to get the crude
product which wasre-crystallized from ethanol to af-
fordapurewhitesolid product 1in80%yidd. Whena
stoichiometric mixture of al thethreereactantswere
stirred together in ethanol at reflux temperaturefor 16
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Yield® (%)
Entr R Product t/h
y Method A Method B
NH,
CN
[
1 u@wo O X O 16 80 58
(@] @] Cl
1
NH,
0 CN
) Qwo O X O cl 17 79 55
Cl (@] (@]
2
NH,
CN
[
3 si—{ _H—cro O = O 10 8 >
(0] e} Br
3
NH,
CN
[
4 AN 15 79 60
OZN@CHO O O
o~ o NO,
4
NH,
CN
[
5 QCHO O N O NO2 15 75 56
O,N o” o
5
NH,
07X CN
@ O = O 16 85 52
6 HO CHO
(@] (@] OH
6
NH,
07X CN
22 70
7 @CHO O X O 58
(@] (@]
6
NH,
0 CN
8 < > cHO O AN O 24 77 55
(o] C

® 0
I
%)
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9
MeO CHO

10 Me,N CHO

¢

MeQ,

Full Peaper

NH,

CN
O 24 63 60

X 16 74 49
CLL T
o™ Yo

OMe
11 >: O AN O 26 50 47
MeO CHO

Method A: a,e-dicyanoolefins (1 mmol), 4-hydroxycoumarin (1 mmol) at reflux in ethanol; ®"Method B: aldehydes (1 mmol),
malononitrile (1 mmol), and 4-hydroxycoumarin (1 mmol) at reflux in ethanol; °Yield of the recrystallized product.

h, weweresurprised to find asmany asthreebyproducts
along with the desired dihydropyran[c]chromenein
58% yield. After analysing the major byproduct ob-
tained by employing thethree-component protocol with
IR, 'THNMR, *CNMR and d ementd andys's, wecould
confirm theformation of bis-coumarinin8%yieldin
thepilot reaction.

In order to study the effect of solvent onthereac-
tion, we screened out the pil ot reaction with various
solvents at reflux temperature (TABLE 1) under
stepwise and one step conditions. Keeping greener
context in mind, weinitialy tried the reaction of p-
chlorobenza dehyde (1 mmol), maononitrile (1 mmol)
and 4-hydroxycoumarin (1 mmol) in water, but reac-
tion did not work under either one step or stepwise
conditionseven at reflux temperature. Ascan be seen
fromthe TABLE 1, the solvent our initial choice, i.e
ethanol, was found to be the solvent of choice asit
gavethebestyield.

Todraw out agenera conclusion regarding reac-
tivity and efficiency of one-step and two-step methods,
we explored the substrate scope of both the protocols
(TABLE 2) using various substituted a dehydes having
€l ectron withdrawing and el ectron donating substitu-
entsonthephenyl ring. Whilereactionworked extremey
well inall the casesfor two-step reaction, yield of the
products obtained in one-step protocol were compara:

tively lower. Theyieldsof thereactionin one-step pro-
tocol could not beincreased by increasing thereaction
time. Thearyl ddehydeswith strong +M-effect (entries
9 and 11) took longer timefor compl ete conversion
andwereinferior onyied. Incidentally, wedid not come
acrossformation of any bis-coumarin product inthe
two-step protocol.

CONCLUSIONS

Inconclusion, wehavereported acatd yst-freeand
green method for the synthesis of 4,5-
dihydropyrano[ 3,2-c]chromenederivativesviaatwo-
component reaction of an dectron deficient alkene, o,,0-
dicyanoolefins, and 4-hydroxycoumarin and compared
theyield with three component reaction of aldehydes,
mal ononitrile, and 4-hydroxy coumarin. Whilethree-
component strategy gave bis-coumarin as one of the
byproducts, two component synthesiswasdistinctly
superior with better yields and no byproducts. Use of
green approach by not employing any hazardous and
expendvecatayst, no chromatographic purification, no
hazardous solvent makeour protocol highly applicable.
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