Indian Journal of Heterocyclic Chemistry
Vol.25 - Number 3&4 (Jan-June 2016) 231-235

ISSN 0971-1627

GREEN SYNTHESIS OF 2,3-DIHYDRO-7-HYDROXY-2-ARYL-6-[(E)-3-
ARYL ACRYLOYL] CHROMEN-4-ONES AND THEIR ANTIMICROBIAL
ACTIVITY
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ABSTRACT A seriesof new 2,3-Dihydro-7-hydroxy-2-aryl-6-[ (E)-3-aryl acryloyl]chromen-4-ones(I1a-f) have been
synthesized by selective mono cyclization of 4,6-Dicinnamoyl resorcinols(la-f) with silicagel impregnated NaHSO,
under solvent-free conventional heating and microwave irradiation methods. The structures of the synthesized
compounds have been confirmed on the basis of elemental analysis, IR, *H NMR, *C NMR and mass spectral data.
The synthesized compounds were screened for their in vitro antimicrobial activity.
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INTRODUCTION

In recent years green and sustainable chemistry has
become a subject of intensive research and the studies in
this area have led to the development of cleaner and
relatively benign chemical processes. Among them, much
effort has been devoted towards microwave assisted
organic synthesis (MAOS).! Microwave assisted
synthesis leads to significant reduced reaction times,
enhanced conversions and environment friendly.
Flavanones (2,3-dihydro-2-phenyl-4H-1-benzopyran-4-
ones and derivatives), a type of flavonoids widely
distributed in nature, continue focusing attention due to
their ample range of biological activities such as anti-
inflammatory?, antioxidant?, antifungal®,
antimycobacterial®, antimycobacterial4, antiplasmodial®,
anti-inflammatory* and antibacterial*. Chalcones are
known to exhibit various biological activities such as anti-
inflammatory®, antimal arial®, antioxidant’, antileishmanial®,
antibacterial®, and anticancer’®. Motivated by the potential
bioactivity of flavanones & chalcones and also in
contribution to our work on green synthesis of

biologically important heterocycles, our aim isto selective
synthesis of mono flavanones having chalcone and
flavanone moiety i.e., 2,3-Dihydro-7-hydroxy-2-aryl-6-
[(E)-3-aryl acryloyl] chromen-4-ones (I1a-f). These have
been the potential intermediates for the synthesis of mixed
heterocyles. Our research group has made considerable
efforts to design and put into practice the innovative
synthetic protocols adopting more eco-sustainable
approaches.™® As a part of our research program on
green synthesis, herein we report the benign synthesis
of 2,3-Dihydro-7-hydroxy-2-aryl-6-[(E)-3-aryl acryloyl]
chromen-4-ones with a view to study ease of formation
under microwave irradiation method and to evaluate their
antimicrobial activity.

RESULTSAND DISCUSSION

Flavanones are generally synthesized by refluxing
the 2'-hydroxychalcones in acetic acid* or also in ethanol
or other suitable solvent, in the presence of an acid
catalyst such as sulphuric acid®®, polyphosphoric acid®,
or basic reagents such as pyridine® and 1,8-
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diazabicyclo[5.4.0]undec-7-ene (DBU) in microwave
irradiation'” & triethylamine (TEA) in microwave
irradiation®®, the most employed methods require for
prolonged reaction time at high temperature.
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The selective synthesis of compounds (I1a-f) has
been carried out by reacting 4,6-Dicinnamoyl resorcinols
(la-f) with silicagel impregnated NaHSO, under solvent-
free microwave irradiation. Silica/NaHSO, catalyst offers

HO o _Ar
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advantages over harsh catalysts and organic solvents.
In this reaction in addition to desired products (I1a-f)
small quantity of bisflavanones are aso formed, and are
characterized with authentic samples.

The synthetic route to compounds Ila-f is shown in
Scheme 1. Our aim is to synthesize title compounds to
utilize them for the synthesis of bis-heterocyclic
compounds of biological interest. The reaction time has
been reduced from hours to minutes using microwave
assisted synthesis, with improved yields. The advantage
obtained by the use of microwave irradiation in relation
to a conventional heating method is demonstrated in the
present study (Table-3). All the compounds synthesized
were well characterized by IR, *H NMR, *C NMR and
mass spectral data.

The structures of products were elucidated by
spectral methods. In the IR spectrum of Ilc contained
three characteristic peaks at 1689 cm* (flavanone
corbonyl), 1633 cnmr? (cinnamoyl carbonyl) and 3246 cm?
(-OH) which indicates the formation of monocyclised
product. In *H-NMR spectrum of Ilc registered three
double doublets observed at d 2.9, J =17.2, 3.2 Hz, 3.1,
J=17.2, 13.2 Hz, and 5.45, J=13.2, 3.2 Hz, assigned to C,-
Hax, C,-Heq and C,-Hax respectively. In aliphatic region
two singlets at d 3.82 and 3.86 integrating for three protons
each were assigned to two methoxy protons. Two
doubletsat 7.55, J=16.1 Hz, and 7.93, J=16.1 Hz, integrating
for one porton each assigned to Ca-H and CR-H
respectively. In the “aromatic region two singlets at d
8.62 and 6.55 integrating for one proton each registered
were assigned to C,-H and C_-H respectively. A doublet
at 7.68 integrating for two protons was assigned to ortho
protons of cinnamoy! group. A doublet at 7.40 integrating

for two protons was assigned to ortho protons of
flavanone phenyl group. A doublet at 6.97 integrating for
four protons was assigned to ortho protons of cinnamoyl
group and flavanone phenyl group. A singlet registered
at d 13.8 integrating for hydroxyl proton. *H-NMR spectral
data clearly supports the formation of monocyclised
product. *C-NMR spectrum of I1c showed characteristic
peaks at 192.70, 189.79, 169.98, 166.54, 162.39, 160.30,
145.84, 130.98, 130.67, 130.34, 127.60, 127.43,117.40, 166.22,
114.67, 114.42, 114.08, 105.18, 105.13, 79.69, 79.63, 55.32
and 43.93. The mass spectra of 11c¢ contained the peak m/
z=431(100%) [M + H]".

Antimicrobial Activity

All the synthesized compounds were screened for
their antimicrobial activity against two strains of gram-
positive bacteria (Staphylococcus aureus, Bacillus
subtilis), two strains of gram-negative bacteria
(Echerichia coli, Pseudomonas aeruginosa), as well as
three strains of fungi (Aspergillus niger, Penicillium
italicum and Fusarium oxysporum). Standard antibiotic
drugs Amoxicillin for bacteria and Mycostatin for fungi
were used at a concentration of 100 mg/ml for
comparisons. The antimicrobial activity of these
compounds has been evaluated by filter paper disc
method®® after dissolved in DMF to attain a 100 mg/ml
solution. The inhibition zones of microbial growth
surrounding the filter paper disc (5 mm) were measured in
millimetres at the end of an incubation period of 3 days at
37 °C for Echerichia coli and at 28 °C for other bacteria
and fungi, DMF alone showed no inhibition zone. Among
the compounds screened Ilb, I11d and I1f shown good
antibacterial activity. Compounds llc, I1d and I1f shown
good antifungal activity (Table-1 & Table-2).
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Table-1: Antibacterial activity of Compoundsl| | a-f

Compound Gram Positive Gram Negative
No. Bacteria Bacteria
Staphylococcus Bacillus Pseudomonas Escherichia

aureus subtilis aeruginosa coli

lla n 07 06 16

llb 24 0¢) 8 %

llc 14 (074 (09) 14

ld 2 (0°) (0] 24

lle 14 (074 (09) 16

If ) 10 (0°) 24

Amoxicillin 0 2 10 K]

Table-2: Antifungal activity of Compoundsl | a-f

Compound Aspergillus niger Penicilliumitalicum Fusarium oxysporum

No

lla 06 0¢) 10

b (074 6 14

llc 1 18 2

Id 10 16 3

lle (074 (0°) 12

[If (0°) 17 2

Mycostatin 12 2 )

Table-3: Physical dataof thecompounds(l1a-f).
Compound m.p. (oC) Conventional method Microwaveirradiation method
Time(hr.) Yield (%) Time(min.) Yield (%)

lla 180 15 3 1 60

b 19% 2 4 1 65

llc 180 2 42 15 ¢ ]

ld 182 15 0 1 57

lle 180 2 41 15 %

[If 19% 2 4 15 50
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EXPERIMENTAL
Chemistry

Melting points were determined in open capillaries
and are uncorrected. The purity of the compounds was
checked routinely by the silica gel F,., (Merck). All the
reagents and solvents were reagent grade and used
without further purification. Technical grade ethyl acetate
and petroleum ether used for column chromatography
were distilled prior to use. Column chromatography was
carried out using silica gel (60-120 mesh) packed in glass
columns. Microwave irradiation reactions were carried
out in Milestone multi SYNTH microwave system. IR
Spectra were recorded on Shimadzu FTIR 8400s
spectrophotometer. NMR spectra were recorded on
Avance 300 spectrometer (300 MHz, instrument in DM SO-
d,, with TMS as internal standard). Mass Spectra were
recorded on Shimadzu mass spectrometer. Elemental
analysis was determined by using Thermofinnigan CHNS
analyzer.

General procedure for synthesis of 2,3-Dihydro-7-
hydr oxy-2-aryl-6-[(E)-3-aryl acryloyl] chromen-4-ones
(I1af).

a) Conventional heating method:

The4,6-Dicinnamoy! resorcinols (I a-f) (0.001mol) was
added to 4 gm of Silicagel impregnated with 2 gm sodium
hydrogen sulphate. It was mixed thoroughly and then
transferred in to round bottom flask and kept in oil bath
at 110°C for 1.5-2 h. The progress of reaction was
monitored by TLC. After completion of the reaction, it
was directly transferred into silica gel column and eluted
with EtOAc:hexane (1:4), the solvent was evaporated
under vacuum and recrystallized from ethanol to afford
pure 2,3-Dihydro-7-hydroxy-2-aryl-6-[ (E)-3-aryl acryloyl]
chromen-4-ones (11a-f) as white powder.

b) Microwaveirradiation method:

The4,6-Dicinnamoyl resorcinols(la-f) (0.001mol), was
added to 4 gm of silica gel impregnated with 2 gm sodium
hydrogen sulphate. It was mixed thoroughly and then
transferred into quartz tube and inserted into teflon vial
with screw capped and then subjected to microwave
irradiation at the constant temperature 110° C for 1-1.5
min. The progress of reaction was monitored by TLC.
After completion of the reaction, it was directly
transferred into silica gel column and eluted with
EtOAc:hexane (1:4v/v) the solvent was evaporated under
vacuum and recrystallized from ethanol to afford pure
2,3-Dihydro-7-hydroxy-2-aryl-6-[(E)-3-aryl acryloyl]
chromen-4-ones (11a-f) as white powder.

¢ Vol. 25, No. 3&4

Spectral Data:

6-Cinnamoyl-7-hydr oxy-2-phenylchroman-4-one(l1a): IR
(KBr, cm?): 3285 (OH), 1680(C=0), 1634(C=0) and 1620
(CH=CH). 'H-NMR (300 MHz, DMSO-d,) d 13.84 (s, 1H,
OH), 8.37 (s, 1H, H-5),7.70(d, 1H, J=16.2 Hz, C3-H), 7.48
(d, 1H, J=16.2Hz, C-H), 6.75-6.80 (m, 10H, Ar-H), 6.43 (s,
1H, H-8), 5.32(dd, 1H, J=13.1, 3.4 Hz, C -H), 2.89 (dd, 1H,
J=17.2,13.1Hz,C-H_), 2.83(dd, 1H, J=17.2,3.4 Hz,C-
H,)- ®*CNMR (75 MHz, DMSO-d,): d 199.9, 191.7, 171.8,
169.1, 149.2,142.7,138.2,130.8, 129.0, 128.7, 128.0, 127.7,
126.4,119.4,114.2,113.5, 106.5, 82.4 and 48. Found, %: C,
77.83;H,4.94.C_H, 0O,, Caculated, %: C, 77.82; H, 4.90.
M 371 [M+H]".

(E)-7-Hydroxy-2-(p-tolyl)-6-(3-(p-tolyl)acryloyl)
chroman-4-one (I1b): IR (KBr, cm?): 3210 (OH),
1682(C=0), 1638(C=0) and1625 (CH=CH). *H-NMR (300
MHz, DMSO-d,) d 14.12 (s, 1H, OH), 8.64 (s, 1H, H-5),
7.80(d, 1H,J=16.4Hz, C-H), 7.66 (d, 1H, )=16.4 Hz, C -H),
7.01-7.41 (m, 8H, Ar-H), 6.60 (s, 1H, H-8), 5.61(dd, 1H,
J=13.4,3.2Hz, C-H), 3.17 (dd, 1H, J=17.2, 13.4 Hz, C-
H,), 2.93 (dd, 1H, J=17.2, 32 Hz, C-H,), 2.45 (m, 6H,
CHS). BCNMR (75MHz, DM SO—ds): d200.1, 192.9,170.7,
162.7,149.2, 137.7 137.3, 136.5, 135.6, 129.7, 129.3, 129.0,
127.7,127.1,113.4,112.9,104.9, 82.2, 47.8 and 27.3. Found,
%: C, 78.39; H,5.59. C_H. O, Calculated, %: C, 78.37; H,

26 2274

5.57. M 399 [M+H]".

(E)-7-Hydroxy-2-(4-methoxyphenyl)-6-(3-(4-
methoxyphenyl)acryloyl)chroman-4-one (l1¢). IR (KBr,
cmr): 3246 (OH), 1689(C=0), 1633(C=0and1627 (CH=CH).
'H-NMR (300 MHz, DMSO-d,) d 13.81 (s, 1H, OH), 8.62
(s,1H,H-5),7.93(d, 1H, J=16.1Hz, C-H), 7.68 (d, 2H, Ar-
H), 7.55(d, 1H, J=16.1Hz, C -H), 7.40(d, 2H, Ar-H), 6.97 (d,
4H, Ar-H, ortho to OCH3), 6.55 (s, 1H, H-8), 5.45(dd, 1H,
J=13.2,3.2Hz,C-H),3.10(dd, 1H,J=17.2,132Hz,C-H_),
2.92(dd, 1H, J=17.2, 3.2 Hz, C-H,), 3.86 (s, 3H, OCH)),
3.82(s,3H,OCH,). ®*CNMR (75MHz, DMSO-d,): d 192.70,
189.79, 169.98, 166.54, 162.39, 160.30, 145.84, 130.98, 130.67,
130.34,127.60,127.43,117.40, 166.22, 114.67, 114.42, 114.08,
105.18, 105.13, 79.69, 79.63, 55.32 and 43.93. Found, %:
C, 72.58; H, 5.16. C_H. O., Calculated, %: C, 72.55; H,

26 226’

5.15. M 431 [M+H]".

(E)-2-(2-Chlor ophenyl)-6-(3-(2-chlor ophenyl) acryloyl)-
7-hydroxychroman-4-one(l1d). IR (KBr,cm): 3250 (OH),
1678(C=0), 1640 (C=0) and 1635 (CH=CH). *H-NMR (300
MHz, DMSO-d,) d 13.94 (s, 1H, OH), 8.69 (s, 1H, H-5),
7.79(d, 1H, J=16.6 Hz, C-H), 7.65(d, 1H, J=16.6 Hz, Ca-
H), 7.10-7.61 (m, 8H, Ar-H), 6.75 (s, 1H, H-8), 5.86 (dd, 1H,
J=13.4,3.1Hz, C-H),3.13(dd, 1H,J=17.2,13.4Hz,CH_),
2.92 (dd, 1H, J=17.2, 3.1 Hz, C-H_). *C NMR (75 MHz,
DMSO-d,): d200.9,172.7,170.1, 166.8, 149.2, 140.4, 133.1,
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132.5,131.2,130.8,129.4,129.1, 128.8, 128.6, 127.8, 127.1,
126.8,123.4,114.2, 1135, 106.5, 71.9.and 44.2. Found, %:
65.65; H, 3.68. C,H,.C,0, Calculated, %: C, 65.62; H,

3.67. M 439 [M+H]".

(E)-2-(3-Chlor ophenyl)-6-(3-(3-chlor ophenyl) acryloyl)-
7-hydroxychroman-4-one(l1e). IR (KBr, cm™): 3230 (OH),
1680(C=0), 1645(C=0) and 1625 (CH=CH). H-NMR
(300MHz, DMSO-d,): d 14.01 (s, 1H, OH), 8.16 (s, 1H, H-
5),7.90(d, 1H, J=16.4Hz, C -H), 7.56 (d, 1H, J=16.4 Hz, C -
H), 7.02-7.15 (m, 8H, Ar-H), 6.51 (s, 1H, H-8), 5.52 (dd, 1H,
J=13.1,32Hz, CH),3.16(dd, 1H, J=17.2,13.1Hz,C-H_),
2.94 (dd, 1H, J=17.2, 32 Hz, C,-H_). *C NMR (75 MHz,
DMSO-d): d196.9, 189.7,166.8, 164.1, 145.2 142.1, 136.5,
134.5,134.2,130.8,130.4, 130.1, 128.1, 127.8,127.0, 126.5,
125.3,124.5,121.4,114.2,113.5,102.5, 78.5, and 43.0. Found,
%: C, 65.66; H, 3.67.C_H. C_O,. Calculated, %: C, 65.62;

24" "16 12747

H, 3.67. M 439 [M+H]".

(E)-2-(Furan-2-yl)-6-(3-(furan-2-yl)acryloyl)-7-
hydr oxychroman-4-one (11f). IR (KBr, cm?): 3250 (OH),
1682 (C=0), 1640 (C=0) and 1620 (CH=CH). H-NMR
(300 MHz, DMSO-d,): d 13.82 (s, 1H, OH), 8.76 (s, 1H, H-
5),8.01(d, 1H, J=16.1Hz, C -H), 7.66 (d, 1H, J=16.1Hz, C -
H), 7.01-7.30 (m, 2H, Ar-H), 6.79 (s, 1H, H-8), 6.76 (d, 1H,
3 -H, furyl), 6.71 (d, 1H, ’'-H, furyl), 6.63 (d, 1H, -H,
furyl), 6.36 (d, 1H, -H, furyl), 5.52 (dd, 1H, J=13.2, 3.4 Hz,
C,-H),3.14(dd, 1H,J=17.4,13.2Hz, C-H_), 2.93 (dd, 1H,
J=17.4,34Hz,C-H, ). ®*CNMR (75 MHz, DMSO-dy): d
194.2,181.2,170.8,168.1, 151.5, 147.2, 145.4,141.8, 139.8,
139.2,130.6,127.4,124.7,124.5, 114.2, 113.5, 110.8, 102.5,
76.7 and 43.5. Found, %: C, 68.60; H, 4.05. C,H,,O

200 '1476°

Calculated, %: C, 68.57; H, 4.03. M 351 [M+H]*.
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