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ABSTRACT: In this investigation, a series of thiophene-based flavone Schiff base derivatives
were synthesized starting from phloroglucinol. Initially, the acetophenone derivative of phloroglucinol,
2-hydroxy-4,6-di-O-methyl phloroglucinol (3) was prepared by acetylation followed by selective
O-methylation. Later, compound 3 was condensed with thiophene aldehyde to obtain respective
thiophene chalcone and was cyclized with 1,/DMSO to get the corresponding thiophene-based
Sflavones intermediate. In the final stage, the titled Schiff base derivatives were obtained by formylation

at the 8" position of the flavone skeleton followed by condensation with various amines. All the synthesized
compounds were tested for their antibacterial and anticancer activities. Among the tested compounds,
compound 8h (3-Cl, 4-NO>) showed good to excellent antibacterial activity on four microorganisms.
Further, the compounds were compared with corresponding Schiff’s base analogs of furan-flavone

Schiff's bases.

KEYWORDS: Thiophene flavones; 5-Membered heterocyclic aldehydes; Schiff bases; Anticancer;

Antibacterial.

INTRODUCTION

In 5-membered heterocycles, thiophene and its
substitutes were found to be important structural units
in many pharmaceutically active molecules [1-5]. On the
other hand, flavonoids are attractive targets in organic
synthesis due to their occurrence in a wide range of natural
products with potential biological significance[6]. Further,
they have been classified in the neutraceutical group and
are found in a broad range of plant species including
mango, kaju (Anacardium occidentale), custard apple
(Annona Reticulata), green tea, grapes, etc [7- 9].
Flavonoids show a wide range of biological activities

such as antiviral [10-12], anticancer [13,14], anti-
inflammatory  [15,16], antimicrobial [17-20], and
antioxidant [21,22] properties. Moreover, they are
structurally distinct and possess a variety of biological
activities [23-25]. These studies increased the interest of
medicinal chemists to further study flavonoids as lead
molecules to treat various diseases. Recently, researchers
are paying attention to flavonoid bioactivities like free
radicals’ scavenging ability and protection against
the peroxidation of lipids [26,27].

It has been established that flavonoids such as kaempferol,
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Scheme 1: Synthetic route for thiophene flavone Schiff base derivatives.
luteolin, apigenin, chrysin, and baicalein have the for column chromatography. Silica gel pre-coated plates

capability of inhibiting a-glucosidase activity [28,29].
Similarly, the Schiff base analogs generally formed by
condensation of a primary amine and an aldehyde [30,31]
were also well known for their biological activities [32-36].
In the search of our research towards biologically active
flavonoid group compounds [12,23-25,37], a new
structurally distinct chrysin analog was aimed here
by replacing the ring B of the flavone skeleton with five-
membered heterocyclic rings such as furan and thiophene.
Further, the 8™ position of the newly synthesized
heterocyclic flavones was methylated to develop Schiff’s
base moiety using various aromatic amines. In our recent
report [37], the work on furan-based flavone Schiff bases
towards potential antibacterial compounds was reported,
but as per the knowledge of the authors, the thiophene-
based flavone Schiff bases were not reported so far. So,
in this investigation, the authors aimed to undergo
the synthesis of thiophene flavone Schiff bases as shown
in Scheme 1, to study and compare the biological activities
of furan flavones.

EXPERIMENTAL SECTION
Materials and equipment

The *H NMR spectra were recorded on BrukerAvance
AV 400 MHz NMR spectrometer and **C NMR spectra
were recorded on BrukerAvance AV 100 MHz NMR
spectrometer. Mass studies were performed on LC-MS
system equipped with Agilent 1100 series LC/ MSD
detector and 1100 series Agilent HPLC pump. Normal
phase silica gel (ACME, 100-200 mesh) was used
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(AlugramSil G/UV254) were used for thin-layer
chromatography. The plates were eluted with a solvent
system containing hexane/ethyl acetate combination
and visualized by immersing the plate in sulfuric acid/methanol
reagent followed by heating at 110 °C. The solvents and
other chemicals used were of AR grade and were procured
from Qualigens Fine Chemicals, Mumbai (India).

Preparation of dimethyl phloroacetophenone (3)

A mixture of well-dried phloroglucinol (5g, 39.68 mmol),
anhydrous acetonitrile (7.3 mL, 139 mmol), diisopropyl
ether (16.76 mL, 119 mol), and finely powdered and fused
zinc chloride (0.99 g, 7.2 mmol) was cooled in an ice&salt
mixture at 0 °C under stirring for about 7 h, by passing dry
HCI gas. The flask was then allowed to cool in an ice chest
overnight in the refrigerator. Later decanting the diisopropyl
ether a bulky orange-yellow precipitate was separated and
the precipitate was washed with diisopropyl ether (25 mL).
The solid was transferred into a round bottom flask and
added 500 mL of distilled water and refluxed under stirring
for 2 h at 100 °C. Finally, the mixture was cooled to room
temperature and left overnight. Pale yellow needles
were observed and the product was filtered and dried under
a vacuum oven at 120 °C. The yield of compound 2 was
6.4 g and the product structure was confirmed with
literature data [36]. Later, a mixture of phloroacetophenone
(2) (6 g, 35.6 mmol), acetone (30 mL, 404 mmol), and
potassium carbonate (14.78 g, 107 mmol) was charged
under continuous stirring at room temperature. Further,
with the help of the addition funnel dimethyl sulfate
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(9.9 g, 2.2 eq, 78.4 mmol) was added dropwise at 10-15 °C

for about 3 h. TLC (20% EtOAc in hexane) showed no
traces of starting material but observed traces of
trimethoxyacetophenone, and after completion of the
reaction, the reaction mixture was poured into ice-cold water
(50 mL) and stirred for 3 h. A crude solid material was obtained
on filtration and washed with cold water and dried well.
The yield obtained from compound 3 was found to be 5.9
g and the product structure was confirmed in the literature
report [37].

Synthesis  of  3-(Thiophene)-2-yl-1-(2-hydroxy-4,6-
dimethoxyphenyl)-prop-2-en-1-one (5)

A solution of 1-(2-hydroxy-4,6-dimethoxy-phenyl)-
ethanone (3) [5.0g, 25.50mmol] and thiophenaldehyde
(28.05 mmol] (4) in ethanolic potassium hydroxide (2.8 ¢
in 6 mL ethanol, 50.10 mmol) were stirred for about 24 h
at room temperature and the progress of the reaction
was monitored by TLC. After completion of the reaction,
the reaction mixture was poured into ice-cold water (50 mL)
and neutralized with 4 M HCI, a yellow precipitate
was obtained. The precipitate was washed with water
repeatedly and filtered using a Buckner funnel to yield
compound 5.

1-(2-hydroxy-4,6-dimethoxyphenyl)-3-thiophene-2-
yl-pro-2en-1-one (5): Yield was 6.0 g, 81% and the
compound was characterized by spectral data. H
NMR(400 MHz, DMSO-dg)d: 13.62 (1H, s), 7.9 (1H, d, J
= 0.8 Hz) 7.56 (1H, d, J = 15.6 Hz),7.58 (1H, d, J = 15.6
Hz), 7.03 (1H, d, J = 3.6 Hz), 6.69-6.67 (1H,dd, J = 1.6
,3.2Hz),6.16 (1H, d, J=2.0 Hz), 6.13 (1H, d, J = 2.4 Hz),
3.82 (3H, s); ®CNMR(100 MHz, DMSO-de)d: 191.4,
165.7, 165.5, 161.8, 151.1, 146.2, 129.3, 124.0, 116.9,
113.0, 106.1, 93.9, 91.1, 56.1, 55.6; LC-MS (m/z): 291
(M+H).

Synthesis of 2-(thiophene)-2-yl-5,7-dimethoxychromen-4-
one (6)

A solution of thiophenylchalcone (5, 18.24 mmol)
in DMSO (10 mL), a catalytic amount of iodine was added.
The reaction mixture was stirred for 12 h at reflux
temperature. The reaction progress was monitored by TLC.
After completion of the reaction, the mixture was poured into
a solution of hypo and was extracted by using ethyl acetate
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(2x25 mL). The solvent was dried over anhydrous sodium
sulphate and concentrated under a vacuum.

The vyield of 2-thiophene-2-yl-5,7-dimethoxy
chromen-4-one (6) was 3.7 g, 70.56 % and the product
structure  was  confirmed by their  spectral
analysis."HNMR (400 MHz, CDCls) 4: 4.06 (3H, s), 4.08
(3H, s), 6.38 (1H, s), 6.56 (1H, s), 6.72 (1H, s), 7.18 (1H,
dd, J=3.6,4.4 Hz), 7.55 (1H, d, J = 4.8 Hz), 7.94 (1H, d,
J = 4.0 Hz); ¥*CNMR (100 MHz, CDClIz)s: 188.9, 164.3,
163.8, 162.6, 158.4, 146.3, 128.4, 123.2, 113.6, 108.4,
94.6,57.4, 56.2; LC-MS (m/z): 289.0 (M+H).

Synthesis of 2-(theiphene)-2-yl-5,7-dimethoxy-4-oxo-4H-
chromene-8-carbaldehyde (7)

A solution of 2-(Thiophene)-2-yl-5,7-dimethoxychromen-
4-one (6, 11.02 mmol) in trifluoroacetic acid (30 mL)
added hexamine (3.09 g, 22.04 mmol) and stirred for 24 h
at 110 °C. The reaction progress was monitored by TLC.
After completion of the reaction, the reaction mixture
was poured into ice water and extracted with ethyl acetate.
The organic layer was washed with 10% NaHCOs3;
solution, water, and brine solution. The organic layer
was dried over anhydrous sodium sulfate and
concentrated in a vacuum.

The yield of 2-thiophene-2-yl-5,7-dimethoxy-4-oxo-
4H-chromene-8-carbaldehyde (7) obtained was 2.04 g, 57.75 %,
and the product structure was confirmed by their spectral
analysis. 'HNMR(400 MHz, CDCl3) J: 4.06 (3H, s), 4.08
(3H, s), 6.38 (1H, s ), 6.56 (1H, s), 7.18 (1H, dd, J = 3.6,
4.4 Hz),7.55 (1H,d, J = 4.8 Hz), 7.94 (1H, d, J = 4.0 H2),
10.56 (1H, s); **C NMR(100 MHz, DMSO-dg)J: 194.8,
180.4, 163.2, 161.8, 160.3, 158.9, 147.2, 138.4, 129.7,
114.2,106.3, 94.7, 58.2, 57.6; LC-MS (m/z): 317 (M+H).

The general method for synthesis of thiophene flavone
Schiff base derivatives(8a-8i)

To a solution of 2-thiophene-2-yl-5,7-
dimethoxychromen-4-onecarbaldehyde (7, 1 mmol) in
methanol (5 mL) added amine (1 mmol). The reaction
mixture was allowed to stir for 48 h. The reaction
progress was monitored by TLC. After completion
of the reaction, the organic layer was subjected to
concentration and the crude compound was adsorbed
on silica gel and eluted through the column with ethyl
acetate-hexane in 1:4).
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Procedure for antibacterial activity

This was studied using the agar well diffusion method [38].
This bacterial culture 24 h old was used for analysis. About
0.3 mL of each bacterial suspension was added to sterile Petri
plates and to these plates molten state nutrient agar medium
was also poured by using the pour plate method. After
complete solidification, wells were bored with a sterile cock
borer of 6 mm in diameter. The present samples were
prepared by dissolving 500 xg in 1 mL DMSO. Wells
were filled with 100 uL of the sample. The plates were incubated
at 37 °C for 24 h. After incubation, the diameter of the zone
of inhibition was measured. For each sample and bacterial
species, triplicates were maintained. Streptomycin standard
antibiotic with a concentration of 10 ug/mL DMSO was used
as a positive control.

Procedure for anticancer activity

The compounds were tested on HCT116 (humancolon
cancer cell line), PANC-1 (Pancreatic cancer cell line),
and SKBR3 (human breast cancer cell line)using MTT cell
proliferation assay method [39]. HCT116, PANC-land
SKBR3 cell line was obtained from National Centre for Cell
Science (NCCS), Pune (India) and cultivated in Dulbecco’s
modified Eagle’s medium (DMEM) (Sigma Life Science,
USA) containing 10 % fetal bovine serum (FBS). The cells
(2,000 cells per well) were seeded in a 96-well microplate
containing 100 uL of DMEM complete medium per well
and incubated at 37 °C with 5 % CO.. The cells were treated
with different concentrations of compounds for up to 72 h
for every 24-hour interval. Controls were maintained with
0.5 % DMSO. After 72 h of treatment, 5 puL of MTT
(3-(4,5-dimethyl- thiazol-2-yl)-2,5-diphenyltetrazolium
bromide) reagent (R&D Systems, USA) along with 45 pL
of phenol red-free DMEM (Sigma Life Science, USA)
without FBS was added to each well, and plates were incubated
at 37 °C with 5 % CO; for 4 h. Thereafter, 50 uL of
solubilization buffer (R&D Systems, USA) was added
to each well to dissolve the colored formazan crystals
produced by the reduction of MTT. After 24 h, the optical
density was measured at 550 nm using a microplate reader
(Bio-Rad, USA).

RESULTS AND DISCUSSION

The targeted compounds were synthesized (Schemel)
starting from phloroglucinol (1), following the
methodology reported by us recently for furan flavone
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Schiff base analogs [37]. Initially, the 2-hydroxy-4,6-O-
dimethylphloroglucinol (3) was prepared by acetylation
of phloroglucinol followed by selective methylation.
Acetophenone (3) and thiophene aldehyde (4) were
condensed in the presence of potassium hydroxide in
ethanol at room temperature overnight vyielding
corresponding chalcone (5) with good vyield. The
cyclization of chalcone was carried out using a catalytic
amount of iodine in dimethyl sulphoxide at 70 °C, which
yielded the corresponding flavone derivative (6). The
formylated flavone (7) was then synthesized by the
reaction of hexamine in trifluoroacetic acid and the
formylated flavones were condensed with different
aromatic amines in methanol at room temperatures to
yield flavone Schiff base derivatives (8a-8i). All the
synthesized compounds were well characterized with
their *H & *C NMR and mass spectral data. Further, the
formation of final compounds 8a-8i was clearly observed
in 'H NMR spectral data showing the disappearance of
the aldehydic proton of compound 7 at 8 10.56 ppm and
the imine-related peaks at ¢ 7-8 ppm which are
merged/overlapped with some aromatic protons.
Similarly, the aldehydic carbon of *3C also disappeared
in the *3C NMR spectra of compounds 8a-8i, and its imine
corresponding peak was observed at 6=160-165 ppm.
The structural details and yields of all the products were
summarized in Table-1.

In thiophene Schiff base derivatives compounds with
no substitution i.e simple aniline derivative (8a) yielded 83 %
and compounds with nitro substitution 8b, 8c, and 8h
yielded around 70-76%. The above results clearly indicate
that compounds with no substitution or with nitro
substituent gave high yields. In respect of furan flavones
Schiff base analogs, the percentage of yields obtained [37]
in the furan flavone Schiff base aromatic amine with no
substitution i.e. free aniline derivative also yielded a high
percentage 84 % as in thiophene analog (8a) and the
compound with substitutions 4-chloro-3-nitro yielded in 83
%. Compounds with 4-fluoro and 4-nitro derivatives also
yielded a moderate yield of > 75%. So, the yields were
almost similar in both analogs.

The present synthesized compounds were screened for
their antibacterial activity on three Gram-positive and
three Gram-negative organisms namely Escherichia coli
(MTCC 1687), Pseudomonas aeruginosa (MTCC 1688),
Proteus Vulgaris (MTCC 426), and Bacillus megaterium
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Table 1: Thiopheneflavone Schiff base derivatives.

Vol. 41, No. 8, 2022

/ C.No Amine Product Yield (%) \
NH,
8a @ 83
NH,
8b /@ 76
O,N
OCH30
OCH,
NO,
NH,
8c 72
OoN H3CO
OCHg
NH-
8d 68
H,CO
Cl
NH,
8e © 64
F
NH,
FsC
8f 62
Br
- /
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Table 1: Thiopheneflavone Schiff base derivatives. (Continuation).

f C.No Amine Product Yield (%) \
NH»
89 F F 60
OCH30
NO,
Cl
NH,
8h 70
Cl
NO,
NH,
8i 78
K OCH30 j

(MTCC 42), Streptococcus mutans (MTCC 497), and
Staphylococcus aureus (MTCC 737) by using the agar well
diffusion method [38], and results are summarized in Table
2.

The compound 8h (3-Cl, 4-NO;) showed good to
excellent antibacterial activity on four organisms namely
Escherichia coli MTCC 1687 (zone of inhibition
compound/streptomycin; 12.33/8.0 mm), Pseudomonas
aeruginosa MTCC 1688 (zone of inhibition
compound/streptomycin; 7.0/7.0 mm), Bacillus megaterium
MTCC 428 (zone of inhibition compound/streptomycin;
13.0/7.0 mm) and Staphylococcus aureus MTCC 737
(zone of inhibition compound/streptomycin; 7.33/6.0 mm)
when compared to the standard streptomycin. Compounds
with nitro substitutions 8b, 8c, and 8g also showed good
antibacterial activity on some tested organisms. The
compound 8e with para-Fluoro substitution also showed
significant activity against MTCC 428 strain. It is clearly
shown that thiophene Schiff base derivatives with nitro
functional group possess excellent to good antibacterial
activities.

Research Article

All the synthesized compounds were also screened
for their anticancer activity on three cancer cell lines
namely HCT116 (human colon cancer cell line), PANC-1
(Pancreatic cancer cell line) and SKBR3 (human breast
cancer cell line). By using MTT cell proliferation assay
method [39]. The compounds were tested at 200 xg/mL
and the 1Cso values were estimated and are reported in
Table 3. Moreover, a series of furan flavones Schiff base
compounds (Fig. 1) were synthesized and confirmed as
per our recent report [37] and were also studied on the same
anticancer cell lines and reported in Table 3 for comparison.
Observing the activity results given in Table 3 on three
cancer cell lines it clearly indicated that compounds 6b and
6d-6i of furan flavone Schiff base derivatives showed
moderate anticancer activity upto 200 xg/mL, and
the remaining compounds did not show activity up to
200 pg/mL. Results obtained for the thiophene flavone
Schiff base derivatives 8d, 8f, and 8i showed moderate
activity, and the remaining thiophene derivatives
did not show ICso value up to 200 ug/mL. Among these
three compounds, 8i showed the highest activity on HCT-116,
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Table 2: Antibacterial activity results of the synthesized compounds.

Vol. 41, No. 8, 2022

f Zone of inhibition in mm at 10 pg/mL concentration \
Sample Escherichiacoli Pseudo_monas Prfteu.s BaciIIL_Js Streptococcus Staphylococcus

8a 2.00+0.00 4.33+0.57 0.00+0.00 2.00+0.00 0.00+0.00 0.00+0.00

8b 6.20+0.57 2.73+0.00 6.25+0.57 3.28+0.57 5.00+1.00 5.23+0.57

8c 5.60+0.57 6.38+0.57 6.10+0.57 3.30+0.57 4.00+£1.00 2.66+0.57

8d 2.33+0.57 3.33+0.57 0.00 +0.00 2.33+0.57 0.00+0.00 0.00+0.00

8e 6.25+0.57 4.40£1.00 3.91+0.57 7.00+1.00 4.21+1.00 3.63+0.57

8f 2.33+0.57 5.00+0.00 3.33+0.57 2.33+0.57 0.00+0.00 5.66+0.57

8g 6.34+0.57 6.52+1.00 5.60+1.00 4.035+0.57 3.80+1.00 5.50+0.57

8h 12.33+0.57 7.00£1.00 4.00+1.00 13.00£1.00 2.33+0.57 7.33+0.57

8i 2.62+0.57 5.23+0.57 3.00 £1.00 4.21+0.57 0.00+0.00 3.32+1.00
Qtreptomycin 8.00+0.00 7.00+0.00 7.00+0.00 7.00+0.00 8.00+0.00 6.00+0.00 /

-

6a-1

OMe O

6a: 0-NO,, p-Cl; 6b: p-NO,; 6¢: m,p-tri-F; 6d: p-F; 6e: p-CH3CO-; 6f: p-ClI;
\ 69: 0,p-di-Cl; 6h: 0-CF3, p-Br, 6i: 0-di-Cl; 6j: 0-OMe, m-NO,, 6k: o-di-F; 6I: Ph /

~

Fig. 1: Structures of furan-flavone analogs.

8f showed the highest activity on PANC-1 and 8d showed
promising inhibitory activity of cell growth on SKBR3 cell
line at 200 xg/mL (Fig. 2), Finally, analyzing the results
of both furan and thiophene flavone Schiff base derivatives
reveals that these compounds did not show potent activity
on tested anticancer cell lines. The moderate activity of
compounds prompted more potent molecules as earlier
reports were also confirmatory with the anticancer
potential of flavones in various cancer cell lines [40].

SAR studies

In thiophene analogs, the compounds with electron-
withdrawing groups —NO2 at m&p- positions (in 8b, 8c,
and 8h) increased the zone of inhibitions compared to the
simple phenyl group on the phenyl nucleus (8a). Moreover
compound 8h having p-Nitro and m-Chloro substitutions
showed a maximum zone of inhibitions on MTCC-
428(13.0+1) and MTCC-1687(12.33+0.53) compared to
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standard  streptomycin, followed by MTCC-737
(7.33£0.57) and MTCC-1688(7.00+1.00).

In the case of halogens at the p-position, the compound
8e with F-group at the p-position showed a reasonably
good zone of inhibitions compared to 8d and 8f with p-
Chloro and p-Bromin in most microorganisms. In
particular, compound 8e showed an equal zone of
inhibitions with standard streptomycin (7.00+1.00). The
compound 8g having two o-Fluorine atoms also showed
a good zone of inhibitions in most organisms except
MTCC-428 & 497.

However, as per our reported data [37], in the case of
furan analogs the compound with nitro substitution at p-position
of the amine group (6b) showed a better zone of inhibition
compared to nitro substitution in them-position along with
0-methoxy group (6j) towards MTCC-1688 and MTCC-426
compared to standard streptomycin. The other microorganisms
did not show much effect compared to the standard.
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Table 3:Anticancer activity results of all the synthesized compounds at different concentrations (200 ug/mL).

HCT116

/ Sample

PANC-1

SKBR3 \

ThiopheneflavoneSchiff base derivatives

8a >200 >200 >200
8b >200 >200 >200
8c >200 >200 >200
ad 162.6 150 157

8e >200 >200 >200
8f 162.3 135 172.2
89 >200 >200 >200
8h >200 >200 >200
8i 151.7 >140.4 148

FurfuralflavoneSchiff base derivatives*

6a >200 >200 >200
6b 165 153 170
6c >200 >200 >200
6d 157.4 160.5 151.3
6e 153.8 136.7 156
6f 163.1 174 176.1
69 167.1 122.3 185
6h 165.0 182.4 167.3
6i 179.2 171 189.3
6j >200 >200 >200
6k >200 >200 >200
6l >200 >200 >200
\ Paclitaxol 8.2 24.8 31.4 /

*Note: The compounds 6a-1 represent the furfural heterocyclic flavones Schiff bases synthesized as per Ref.37.

In the case of halogen substitutions, the compound 6a
with p-Chloro substitution along with o-Nitro substitution
showed a good zone of inhibition compared to
the p-Chloro compound (6f) towards MTCC-1687
and MTCC-428, but interestingly the zone of inhibition
is reversed in respect of the organisms MTCC-1688 and
MTCC-426. However, compound 6g having o-Chloro
substituent along with p-Chloro did not show many zones
of inhibition, but compound 6i with two o-Chloro
substituents showed equal zone of inhibitions with standard
and the others not. It is important to note that the compound
6d with p-Choloro substitution showed a good zone of
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inhibitions compared to 6c with trifluoro substitution
at m- and p- and 6k with two o-fluoro substitutions in
respect of organisms MTCC-1688, MTCC-426, and
particularly MTCC-737.

Spectral data
8-((E)-(phenylimino)methyl)-2-(thiophene-2-yl)-5,7-
dimethoxy-4H-chromen-4-one (8a)

Yield 324 mg, 83 %; M.P: 172-174 °C; *HNMR (400
MHz, CDCls) 6:8.04 (1H, d, J = 3.6 Hz), 7.52 (1H, d, J =
4.4 Hz), 7.45-7.34 (5H, m), 7.23-7.19 (1H, m), 6.57
(1H, m), 6.38 (1H, m) 3.821 (3H, s); *3CNMR (100 MHz,
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[
HCT116
Control (DMSO 1%) 8i - 200pg/mL Paclitoxol - 100ug/m
. e S A NT
-_’ w oty . '_ -, 7
o CE T A .
- ; " - - -' ' - § ] o~ 3
PANC-1 g A - - : 3
8f - 200pg/mL Paclitoxol - 100pg/mL
SKBR3
\_ Control (DMSO 1%) 8d - 200pg/mL Paclitoxol - 100pg/mL Y,

Fig. 2: Inhibitory activity of compound 8d on cell proliferation at 200ug/mL, negative control (DMSO 1%),
positive control (Paclitaxol - 100ug/ml). The cell lines such as HCT 116, SKBR3 and Pancl were employed.

CDCly)s: 178.4, 164.7, 162.8, 161.2, 160.9, 159.7, 157.4
156.7, 130.2, 129.3, 128.7, 128.5, 118.93, 115.6, 106.6,
96.6, 93.2, 91.9, 56.2, 53.1; LC-MS(m/z):392 (M+H).

8-((E)-(3-nitrophenylimino)methyl)-2-(thiophene-2-yl)-
5,7-dimethoxy-4H-chromen-4-one (8b)

Yield 331 mg, 76 %; M.P: 194-195 °C; 'H NMR(400
MHz, CDCl3)d: 8.22 (1H, s), 8.05 (2H, m), 7.61-7.55 (1H,
m), 6.62-6.52 (2H, m), 6.41-6.38 (1H, s), 4.08 (3H, s), 4.01
(3H, s); *C NMR(100 MHz, CDCls) 6: 180.4, 163.2, 161.7,
160.3, 159.6, 153.6, 138.6, 134.4, 126.5, 124.2, 113.2, 112.5,
105.4,93.7,57.8, 57.4; LC-MS (m/z): 435 (M-H).

8-((E)-(3-nitro-4-methoxyphenylimino)methyl)-2-
(thiophene-2-yl)-5,7-dimethoxy-4H-chromen-4-one (8c)
Yield 335 mg, 72 %; M.P: 197-199 °C; *H NMR (400
MHz, CDCls)s: 8.04-7.90 (3H, m), 7.82-7.80 (3H, m),
7.67(1H, s) 6.64-6.56 (1H, m), 6.39 (1H, s), 4.08 (3H, s),
3.94(3H, s); 3C NMR(100 MHz, CDCls) §: 184.2, 165.2,
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163.6, 161.4, 160.3, 159.7, 147.4, 145.6, 144.52, 138.3,
119.69, 111.80, 106.8, 93.4, 58.1, 57.6, 56.2; LC-MS
(m/z): 465 (M-H).

8-((E)-(4-chlorophenylimino)methyl)-2-(thiophene-2-yl)-
5,7-dimethoxy-4H-chromen-4-one (8d)

Yield 289 mg, 68 %; M.P: 184-186 °C. 'H NMR (400
MHz, DMSO-ds) ¢: 8.58-8.25 (1H, m), 8.07-8.02 (1H, m),
7.55-7.37 (2H, m), 7.24 (1H, m), 7.06 (2H, s), 6.62(1H, s),
6.50-6.43 (1H, m), 3.96 (6H, s); *C NMR (100 MHz,
DMSO-ds) o 191.96, 164.1, 162.6, 161.2, 160.3, 157.5,
147.1,132.3,129.8, 123.2, 121.4, 114.8, 105.6, 92.8, 56.4,
56.2; LC-MS (m/z): 426.0 (M+H).

8-((E)-(4-fluorophenylimino)methyl)-2-(thiophene-2-yl)-
5,7-dimethoxy-4H-chromen-4-one (8e)

Yield 261 mg, 64 %; M.P: 188-189 °C. 'H NMR (400
MHz, DMSO-dg)d: 8.01-7.95 (1H, m), 7.70-7.60 (1H, m),
7.21-7.17 (3H, m), 6.86 (1H, s), 6.66-6.59 (1H, m),
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3.92 (3H, s), 3.82 (3H, s). C NMR (100 MHz, DMSO-
de)d: 185.38, 164.3, 163.2, 161.6, 160.1, 153.6, 142.3,
140.9, 130.8, 128.8, 125.0, 116.9, 116.73, 105.9, 88.3,
56.4, 56.1; LC-MS (m/z): 410.0 (M+H).

8-((E)-(2-trifluoromethyl-4-bromophenylimino)methyl)-2-
(thiophene-2-yl)-5,7-dimethoxy-4H-chromen-4-one (8f)

Yield 333 mg, 62 %;M.P: 208-210 °C.*HNMR (400
MHz, DMSO-dg) 6:8.05-7.96 (3H, m), 7.73-7.59 (2H, m),
7.33-7.00 (2H, m) 6.68-6.44 (1H, m), 5.76 (1H, s), 4.03
(6H, s); BCNMR (100 MHz, DMSO-ds)é: 185.94, 164.3,
164.2, 161.1, 160.3, 148.7, 141.3, 135.31, 130.52, 128.6,
117.6, 115.4, 107.2, 91.6, 56.4, 56.1; LC-MS (m/z): 540
(M+2H).

8-((E)-(2,6-difluorophenylimino)methyl)-2-(thiophene-2-
yD)-5,7-dimethoxy-4H-chromen-4-one (89)

Yield 256 mg, 60 %; M.P: 194-196 °C. *HNMR (400
MHz, CDCls)s: 8.95-8.61 (2H, m), 8.25-8.03 (1H, m),
7.57-7.51 (1H, m), 7.16-7.11 (1H, m), 6.93-6.89 (2H, m),
6.67-6.60 (1H, m), 6.45-6.35 (1H, m), 4.08 (3H, s), 4.01
(3H, m); *C NMR (100 MHz, DMSO-dg)d: 183.2, 164.3,
161.7, 160.9, 160.1, 158.1, 154.3, 143.2, 138.4, 135.3,
133.3, 133.2, 128.3, 125.4, 119.6, 118.3, 112.1, 108.4,
94.3, 56.155.9; LC-MS (m/z): 426 (M-H).

8-((E)-(3-chloro-4-nitrophenylimino)methyl)-2-(thiophene-2-
yl)-5,7-dimethoxy-4H-chromen-4-one (8h)

Yield 329 mg, 70 %; M.P: 206-208 °C. 'H NMR (400
MHz, CDCIs) o: 8.89 (1H, s), 7.84 (1H, s), 7.74 (1H, s),
7.58 (1H,d, J=8.0 Hz), 7.53 (1H, d, J = 2.8 Hz),7.42 (1H,
d,J=6.4Hz),7.13 (1H, s), 6.60 (1H, s), 6.44 (1H, s), 4.08
(3H, s) 4.06 (3H, s); 1*C NMR (100 MHz, CDCl3)d: 178.4,
164.6, 164.2, 157.67, 157.18, 156.19, 153.23, 134.73,
132.43, 130.28, 129.07, 128.41, 126.04, 117.29, 109.45,
107.61, 105.59, 91.18, 56.69, 56.45; LC-MS (m/z): 471.0
(M+H).

8-((E)-(4-benzylphenylimino)methyl)-2-(thiophene-2-yl)-
5,7-dimethoxy-4H-chromen-4-one(8i)

Yield 315 mg, 78 %; M.P: 176-178 °C. 'H NMR (400
MHz, CDCls) o: 8.85 (1H, s), 7.99 (2H, d, J = 3.6 Hz), 7.55
(1H, d, J = 4.4 Hz), 7.38-7.32 (5H, m), 7.30-7.28 (2H, m),
7.19-7.17 (1H, m), 6.52 (1H, s), 4.55-4.51 (2H, m), 3.82
(3H, s); 3C NMR (100 MHz, CDCls) J: 183.4, 163.2,
161.9, 161.4, 160.2, 158.4, 156.3, 145.3, 138.4, 134.2,
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128.5, 120.1, 117.1, 110.3, 107.4, 93.2, 56.4, 56.1, 47.2;
LC-MS (m/z): 406 (M+H).

CONCLUSIONS

In this report, structurally distinct heterocyclic flavone
Schiff base derivatives were synthesized by replacing ring
B of chrysin skeleton with thiophene (8a-i); further, also
synthesized furan analogs (6a-l; reported recently by us
[35] for comparative study. The yields of both analogs
were found to be almost similar. Further, the developed
heterocyclic flavones Schiff bases were screened for their
antibacterial and anticancer activity. Compound 8h (3-Cl,
4-NO;) showed excellent to good antibacterial activity
on four organisms tested; the remaining compounds also
showed good to moderate activity on tested organisms.
A comparative study was reported between furan and
thiophene analogs in respect of both antimicrobial and
anticancer activities. The concept may be utilized for the
study of other flavonoids with the same or other diverse
heterocyclic rings.

Acknowledgments

The authors are highly thankful to CSIR, New Delhi
for financial assistance (F.No.: 02(0198)/14/EMR-II dt.
17.11.2014); Dr.G.Trimurthulu, Lailalmpex R&D Center
for technical support and to Dr. V. Umamagheswara Rao,
Dept. of Microbiology, AcharyaNagarjuna University
for antimicrobial studies.

Received : Jul. 17, 2021 ; Accepted : Oct. 10, 2021

REFERENCES

[1] Shah R., Verma P.K., Therapeutic Importance of
Synthetic Thiophene, Chem. Cent. J., 12:137
(2018).

[2] Tehranchian S., Akbarzadeh T., Fazeli M.R,,
Jamalifar H., Shafee A., Synthesis and Antibacterial
Activity of 1-[1,2,4-triazol-3-yl] and 1-[1,3,4-
thiadiazol-2-yl]-3-methylthio-6,7-dihydrobenzo][c]
thiophen-4(5H)ones. Bioorg. Med. Chem. Lett.,
15:1023-1025 (2005).

[3] Pillai A.D., Rathod P.D., Xavier F.P., Padh H.,
Sudarsanam V., Vasu K.K., Tetra Substituted
Thiphenes as Anti-Inflammatory ~ Agents:
Exploitation of Analogue-Based Drug Design,
Bioorg. Med. Chem.,13: 6685-6692 (2005).

2625



Iran. J. Chem. Chem. Eng.

[4] Russell RK., Press J.B., Rampulla R.A., McNally J.J.,
Falotico R., Keiser J.A., Bright D.A., Tobia A,
Thiophene System. 9. Thioenopyrimidinedione
Derivatives as Potential Antihypertensive Agents,
J. Med. Chem., 31:1786-1793 (1988).

[5] Chen Z., Ku T.C., Seley K.L., Thiophene-Expanded
Guanosine Analogues of Gemcitabine, Bioorg. Med.
Chem. Lett., 25: 4274-4276 (2015).

[6] FerreiraD., Slade D., Oligomeric Proanthocyanidins:
Naturally Occurringo-heterocycles Nat. Prod. Rep.,
19: 517-541 (2002).

[7] Corder R., Mullen W., Khan N.Q., Marks S.C., Wood E.G.,
Carrier M.J., Crozier A., Oenology: Red Wine
Procyanidins and Vascular Health, Nature, 444: 566
(2006).

[8] Keen C.L., Chocolate: Food as Medicine /Medicine
as Food. J. Am. Coll. Nutr., 20: 436S-4395(2001).

[9] Ferreira D., Li X.C., Oligomeric Proanthocyanidins:
Naturally Occurring O-heterocycles Nat. Prod. Rep.,
17: 193-212 (2000).

[10] Gerdin B., Srensso E., Inhibitory Effect of the
Flavonoid O-(beta-hydroxyethyl)-rutoside on
Increased Microvascular Permeability Induced by
Various Agents in Rat Skin, Int. J. Microcir. Clin.
Exp., 2: 39-46 (1983).

[11] Zandi K., Teoh B.T., Sam S.S., Wong P.F., Mustafa M.R.,
Abubakar S., Antiviral Activity of Four Types of
Bioflavonoid Against Dengue Virus Type-2, Vir. J.,
8: 560 (2011).

[12] Babu A.V., Ramesh N., Trimurtulu G., Babu B.H.,
Synthesis of C-methyl Chalcones as HIV-Integrase
Inhibitors-Computational Approach, Med. Chem.
Res., 23: 877-881 (2014).

[13] Lamson D.W., Brignall M.S., Antioxidants and
Cancer, Part 3: Quercetin, Altern. Med. Rev., 5: 196-
208 (2000).

[14] Maheep K.C., Neelu S., Mahabeer P.D., Yogesh C.J.,
Flavonoids: A Versatile Source of Anticancer Drugs,
Pharmacogn. Rev., 5: 1-12 (2011).

[15] Serafini M., Peluso I., Raguzzini A., Flavonoids as
Anti-Inflammatory Agents, Proc. Nutr. Soc., 69: 273-
278 (2010).

[16] Pan M.H., Lai C.S., Ho C.T., Anti-Inflammatory
Activity of Natural Dietary Flavonoids, Food. Funct.,
1: 15-31 (2010).

2626

Bollikolla H.B. et al.

Vol. 41, No. 8, 2022

[17] Cushnie T.P.T., Lamb A.J., Antimicrobial Activity of
Flavonoids, Int. J. Antimicrob. Agents., 26: 343-356
(2005).

[18] Pepeljnjak S., Kaladera Z., Zovko M., Antimicrobial
Activity of Flavonoids from Pelargonium radula(Cav.)
L Herit, Acta. Pharm., 55: 431-435 (2005).

[19] Gorniak 1., Bartoszewski R., Kroliczewski J.,
Comprehensive Review of Antimicrobial Activities
of Plant Flavonoids. Phytochemistry Reviews, 18:
241-272 (2019).

[20] Kayode L.A., Isaac A.B., Adebayo O.O. Synthesis,
Characterization, and Antibacterial Activities of New
Fluorinated Chalcones, Chemistry Africa, 2: 47-55 (2019).

[21] Heim K.E., Tagliaferro A.R., Bobilya D.J., Flavonoid
Antioxidants: Chemistry, Metabolism and Structure-
Activity Relationships, J. Nutr. Biochem., 13: 572-
584 (2002).

[22] Kukic J., Petrovic S., Niketic M., Antioxidant
Activity of Four Endemic Stachys Taxa.Biol. Pharm.
Bull., 29: 725-729 (2006).

[23] Babu A.V., Rambabu A., Giriprasad P.V., Rao R.S.C.,
BabuB. H. Synthesis of (£)-Pisanivanone and Other
Analogs as Anti-Tubercolosis Agents, J. Chem., 1-9
(2013).

[24] Rambabu A., Jadav S.S., Babu A.V., Ahsan M.J.,
Babu B.H., Synthesis of New C-dimethylated
Chalcones as Potent Antitubercular Agents, Med.
Chem. Res., 27: 1690-1704 (2018).

[25] Kumari K.J., Jadav S.S., Durga T.V., Rani G.U., Babu A.V.,
Narayana K.J., Jayaprakash V., Ahsan M.J., Babu B.H.,
Synthesis, Characterization, Docking and Study of
Inhibitory Action of Some Novel C-alkylated
Chalcones on 5-LOX Enzyme, Chem. Sele., 2: 8771-
8778 (2017).

[26] Xu J.D., Zhang L.W., Liu Y.F., Synthesis and
Antioxidant activities of Flavonoids Derivatives,
Troxerutin and 3°, 4°,7-triacetoxyethoxyquercetin,
Chin. Chem.Lett. 24: 223-226 (2013).

[27] Zheng J.B., Zhang H.F., Gao H., Investigation
on Electrochemical Behavior and Scavenging
Superoxide Anion Ability of Chrysin at Mercury
Electrode, Chin. J. Chem., 23:1042-1046 (2005).

[28] Nishioka T., Kawabata J., Aoyama Y., Baicalein,
An o-Glucosidase Inhibitor from Scutellaria
Baicalensis, J. Nat. Prod., 61: 1413-1415 (1998).

Research Article


https://www.ncbi.nlm.nih.gov/pubmed/21776454
https://link.springer.com/journal/11101
https://link.springer.com/journal/42250
https://www.sciencedirect.com/science/article/abs/pii/S100184171300017X
https://www.sciencedirect.com/science/article/abs/pii/S100184171300017X
https://www.sciencedirect.com/science/article/abs/pii/S100184171300017X
https://onlinelibrary.wiley.com/doi/abs/10.1002/cjoc.200591042
https://onlinelibrary.wiley.com/doi/abs/10.1002/cjoc.200591042
https://onlinelibrary.wiley.com/doi/abs/10.1002/cjoc.200591042
https://onlinelibrary.wiley.com/doi/abs/10.1002/cjoc.200591042
https://pubmed.ncbi.nlm.nih.gov/9834167/
https://pubmed.ncbi.nlm.nih.gov/9834167/
https://pubmed.ncbi.nlm.nih.gov/9834167/

Iran. J. Chem. Chem. Eng.

[29] Ryu HW., Lee B.W., Curtis-Long M.J., Jung S.,
Ryu Y.B., Lee W.S., Park K.H., Polyphenols from
Broussonetia Papyrifera Displaying Potent a-
Glucosidase Inhibition, J. Agric. Food. Chem., 58:
202-208 (2010).

[30] Khashi M., Beyramabadi S.A., Gharib A., Novel
Schiff Bases of Pyrrole: Synthesis, Experimental and
Theoretical Characterizations, Fluorescent Properties
and Molecular Docking, Iran. J. Chem. Chem. Eng.
(IJCCE), 37: 59-72 (2018).

[31] Madhu K., Synthesis of Schiff Bases: A Glimpse on
Recent Literature,Carib. J. Sci. Tech., 9:7-9(2021).

[32] Da Silva C.M., da Silva D.L., Modolo L.V., Alves R.B.,
Martins C.V.B., de Resende, M.A., Fatima A., Schiff
Bases: A Short Review of Their Antimicrobial
Activities. J. Adv. Res., 2: 1-8 (2011).

[33] Aziz AN., Taha M., Ismail N.H., Anouar E.H.,
Yousuf S., Jamil W., Awang K., Ahmat N., Khan K.M.,
Kashif S.M., Synthesis, Crystal Structure, DFT
Studies and Evaluation of the Antioxidant Activity of
3,4,-dimethoxybenzamine Schiff Bases, Molecules,
19: 8414-8433 (2014).

[34] Kajal A., Bala S., Kamboj S., Sharma N., Saini V.,
Schiff Bases: A Versatile Pharmacophore, J. Catal.,
1: 893512 (2013).

[35] Imran S., Taha M., Ismail N.H., Khan K.M., Naz F.,
Hussain M., Tauseef S., Synthesis of novel
Bisindolylmethane  Schiff Bases and Their
Antibacterial Activity, Molecules, 19: 11722-11740
(2014).

[36] Iglesias A. L., Miranda-Soto V., Pompa-Monroy D. A,
Martinez-Ortiz J. G., Diaz-Trujillo G. C., Villarreal-
Gomez L. J. Biological Activity of New Schiff Base
Compounds  Derived  from  Substituted  3-
aminopyrazoles, The Role of Pyrazole on Bioactivity,
Indian J. Pharm Sci.,81: 333-343 (2019).

[37] Babu, B.H., KrishnaK.B.M., Synthesis and
Biological Evaluation of SchiffBaseDerivatives of
Furfural Based Heterocyclic Flavones, Int.J. Adv.
Sci. Eng. Tech., 6(spl.3): 42-43 (2018)
(International Conference Proceedings, Thailand,
2018).

[38] Sharief Md.N., Rao V.U.M., Antibacterial Activity of
Stem and Root Extracts of Avicenniaofficinalis L.,
Int. J. Pharm. Appl., 2: 231-236 (2011).

Research Article

Synthesis of Thiophene Based Flavone Schiff Base...

Vol. 41, No. 8, 2022

[39] Plumb J.A., Milroy R., Kaye S.B., Effects of the pH
Dependence of  3-(4,5-dimethlthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide-formazanAbsorption
on Chemosensitivity Determined by a Novel
Tetrazolium-Based Assay, Cancer. Res., 49: 4435-
4440 (1989).

[40] Murti, Y.; Mishra, P. Synthesis and Evaluation of
Flavanones as Anticancer Agents, Indian J. Pharm.
Sci.,76: 163-166 (2014).

2627


https://pubs.acs.org/doi/10.1021/jf903068k
https://pubs.acs.org/doi/10.1021/jf903068k
https://pubs.acs.org/doi/10.1021/jf903068k
https://www.ijcce.ac.ir/article_29358.html
https://www.ijcce.ac.ir/article_29358.html
https://www.ijcce.ac.ir/article_29358.html
https://www.ijcce.ac.ir/article_29358.html
http://caribjscitech.com/article/synthesis-schiff-bases-glimpse-recent-literature
http://caribjscitech.com/article/synthesis-schiff-bases-glimpse-recent-literature
https://www.sciencedirect.com/science/article/pii/S2090123210000603#!
https://www.sciencedirect.com/science/article/pii/S2090123210000603#!
https://www.sciencedirect.com/science/article/pii/S2090123210000603#!
https://www.sciencedirect.com/science/article/pii/S2090123210000603
https://www.sciencedirect.com/science/article/pii/S2090123210000603
https://www.sciencedirect.com/science/article/pii/S2090123210000603
https://www.sciencedirect.com/science/journal/20901232
https://pubmed.ncbi.nlm.nih.gov/24950444/
https://pubmed.ncbi.nlm.nih.gov/24950444/
https://pubmed.ncbi.nlm.nih.gov/24950444/
https://www.hindawi.com/journals/jcat/2013/893512/
https://pubmed.ncbi.nlm.nih.gov/25102118/
https://pubmed.ncbi.nlm.nih.gov/25102118/
https://pubmed.ncbi.nlm.nih.gov/25102118/
https://www.ijpsonline.com/articles/biological-activity-of-new-schiff-base-compounds-derived-from-substituted-3aminopyrazoles-the-role-of-pyrazole-on-bioactivity-3625.html
https://www.ijpsonline.com/articles/biological-activity-of-new-schiff-base-compounds-derived-from-substituted-3aminopyrazoles-the-role-of-pyrazole-on-bioactivity-3625.html
https://www.ijpsonline.com/articles/biological-activity-of-new-schiff-base-compounds-derived-from-substituted-3aminopyrazoles-the-role-of-pyrazole-on-bioactivity-3625.html
http://ijaseat.iraj.in/paper_detail.php?paper_id=13393&name=Synthesis_and_Biological_Evaluation_of_Schiff_Base_Derivatives_of_Furfural_based_Heterocyclic_Flavones
http://ijaseat.iraj.in/paper_detail.php?paper_id=13393&name=Synthesis_and_Biological_Evaluation_of_Schiff_Base_Derivatives_of_Furfural_based_Heterocyclic_Flavones
http://ijaseat.iraj.in/paper_detail.php?paper_id=13393&name=Synthesis_and_Biological_Evaluation_of_Schiff_Base_Derivatives_of_Furfural_based_Heterocyclic_Flavones
javascript:void(0)
javascript:void(0)
https://cancerres.aacrjournals.org/content/49/16/4435
https://cancerres.aacrjournals.org/content/49/16/4435
https://cancerres.aacrjournals.org/content/49/16/4435
https://cancerres.aacrjournals.org/content/49/16/4435
https://cancerres.aacrjournals.org/content/49/16/4435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4023286/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4023286/

