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Novel amide derivatives using substituted 2-aminothiophenes (1A—-12A) were synthesized by following a suitable
procedure. The synthesized compounds were characterized by physical and spectral data. The compounds were
screened for in-vitro antioxidant and anti-inflammatory activities with reference to the standard drugs, Ascorbic acid

and Ibuprofen respectively. The majority of the compounds showed good antioxidant activity in DPPH and hydroxyl
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radical scavenging assays. The synthesized compounds were also tested for in-vitro anti-inflammatory activity by
protein denaturation and HRBC membrane stabilization methods. Among all, the compounds 2A and 3A showed
significant in-vitro anti-inflammatory activity when compared with the standard drug Ibuprofen.

INTRODUCTION

Heterocyclic substances such as 2-aminothiophenes
are crucial to the synthesis of numerous medicinally important
substances. Based on Gewald’s investigation, the chemistry
of these molecules gained more attention by researchers [1].
The ability of the 2-aminothiophene skeleton to function as a
precursor for the creation of physiologically active compounds
is considered due to various biological activities, which
include anti-inflammatory [2], antimicrobial [3], antioxidant
and antibacterial [4], antifungal [5], antiproliferative [6], anti-
leishmanial [7], anticonvulsant [8], and antitumor activities
[9]. Many medicinally important drugs such as tinoridine,
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tiaprofenic acid, and tenidap contain the thiophene ring in their
structural frame work and they were used as anti-inflammatory
medications. The anti-inflammatory action of all these
commercially available medications is due to their capacity to
scavenge free radicals [10-12].

3,4-Dimethoxy cinnamic acid is naturally found in
coffee beans [13] and is chemically 3-(3,4-dimethoxyphenyl)
propenoic acid. 3,4-Dimethoxy cinnamamide derivatives have
gained significant attention in the field of medicinal chemistry
due to various biological activities including anti-inflammatory
and antioxidant [14], anticancer [15,16], fungicidal [17], and
neuroprotective activities [18]. It was reported that novel
3,4-dimethoxy cinnamic acid derivatives having N-benzyl
pyridinium showed higher cholinesterase inhibitory activity
than unsubstituted cinnamic acid derivatives [19]. The presence
of methoxy groups in 3,4-dimethoxy cinnamamides enhances
their biological activities because they participate in various
interactions, which are crucial for their binding affinity and
selectivity towards specific biological targets.
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Tranilast, N-(3',4'-dimethoxycinnamoyl)anthranilic
acid, a marketed drug commonly prescribed for the treatment of
bronchial asthma, allergic rhinitis, dermatitis, and other allergic
conditions. In addition, it has been investigated for its potential
use in the treatment of various inflammatory disorders such as
keloids and ocular inflammation. Various biological activities
of Tranilast reported [20] are depicted in Figure 1. Based on the
above observations in the present work new chemical entities
were designed to synthesize using molecular hybridization
technique. Two biologically active moieties 3,4-dimethoxy
cinnamic acid and substituted 2-aminothiophenes are coupled
to get novel amide derivatives. The present study aimed to
modify the structure of Tranilast by replacing anthranilic acid
with substituted 2-aminothiophenes. The study also aimed
to evaluate in-vitro antioxidant, in-vitro anti-inflammatory
activities of synthesized compounds.

MATERIALS AND METHODS

Reagents and instruments

All the chemicals (reagents and solvents) were
purchased from commercial suppliers (Merck and Avra
chemicals) and they were used as received without further
purification. The progress of the reactions was monitored by
thin-layer chromatography (TLC) on TLC Silica gel 60 F,,,
plates. Spots were visualized by ultraviolet light. Melting
points were determined by an electrical melting point apparatus
(Temp-SM1056) and were uncorrected. FT-IR spectra for
all the compounds were recorded on Bruker analyzer FT-IR
spectrophotometer (KBr pressed pellet technique). 'H and
BC NMR spectra were recorded on Bruker AMX-400 MHz
and 100 MHz spectrometers (chemical shifts in ppm) using
tetramethylsilane as an internal standard. The mass spectra
of the compounds were recorded on Agilent 6120 single
quadrupole LC-MS with ES-APCI.

Synthesis of substituted 2-aminothiophenes

Ketones like 2-butanone, cyclopentanone,
cyclohexanone, and cycloheptanone (0.01 mol), activated
nitriles such as ethyl cyanoacetate, cyanoacetamide, and
malononitrile (0.01 mol), and sulfur (0.01 mol, 0.32 g) in 20
ml of ethanol were stirred at 50°C. To this mixture morpholine
(0.025 mol, 2.16 ml) was added dropwise, and stirring
was continued for another 3 hours at ambient temperature.
Furthermore, the resultant solution was left overnight in the
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Figure 1. Various biological activities of tranilast.

refrigerator and the obtained crude compound was filtered,
dried, and recrystallized from absolute ethanol. Synthesized
substituted 2-aminothiophenes (1-12) were characterized by
reported reference melting points [21-23].

Synthesis of (E)-3-(3,4-dimethoxyphenyl)acryloyl chloride

3,4-Dimethoxy cinnamic acid (0.01 mol, 2.26 g) and
thionyl chloride (0.04 mol, 3 ml) were refluxed at 80°C-90°C
for about 4 hours [24]. The unreacted thionyl chloride was
distilled off and the resultant precipitate was used for the next
step without any purification.

General procedure for the synthesis of novel 3,4-dimethoxy
cinnamamide derivatives containing substituted
2-aminothiophenes (1A-12A)

(E)-3-(3,4-Dimethoxyphenyl)acryloyl chloride in
10 ml acetone was added dropwise to a solution containing
substituted 2-aminothiophene (0.01 mol) and pyridine in
10 ml acetone, keeping the temperature at 0°C [25]. The
reaction mixture was stirred at room temperature for half an
hour until the completion of the reaction, monitored by TLC.
The obtained precipitate was filtered, dried, and recrystallized
by using absolute ethanol. Furthermore, all the synthesized
compounds were characterized by IR, '"H-NMR, *C-NMR, and
Mass spectra.

Ethyl  2-((E)-3-(3,4-dimethoxyphenyl)acrylamido)-4,5-dimeth-
ylthiophene-3-carboxylate (1A4)

Light brown color solid. IR [KBr film] cm™: 3232.77
(NH, str), 2840.09 (CH, str), 1782.41 and 1683.57 (C = O,
str), 1266.13 (asymmetric C-O-C, str), 1024.59 (symmetric
C-O-C, str). 'H-NMR [400 MHz, CDCl,] 6: 1.35-1.38 (t, 3H,
0-CH,CH,), 1.66 (s, 3H, CH,), 2.31 (s, 3H, CH,), 3.94 (s, 6H,
OCH,), 4.27-4.32 (g, 2H, O-CH,CH,), 6.32-6.36 (d, 1H, Ar-
H), 6.89-6.91 (d, 1H, CO-CH = CH), 7.100-7.104 (d, 1H, Ar-
H), 7.15 (s, 1H, Ar-H), 7.73-7.77 (d, 1H, CO-CH = CH), 11.56
(s, 1H, NH). "C-NMR [100 MHz, CDCL] 6: 12.3, 14.0, 14.8,
55.9,56.0,60.7,103.2,109.8, 116.4, 118.0, 119.9, 128.2, 129.4,
130.0, 143.3, 148.6, 148.7, 160.1, 162.1, 166.4. ES + APCI MS:
m/z390 M +H)".

2-((E)-3-(3,4-Dimethoxyphenyl)acrylamido)-4,5-
dimethylthiophene-3-carboxamide (2A)

Brown solid. IR [KBr film] cm™: 3329.57 and 3247.93
(NH, str), 2937.54, 2837.91 (CH, str), 1685.95 (C = O, str),
1267.89 (asymmetric C-O-C, str), 1023.34 (symmetric C-O-C,
str). '"H-NMR [400 MHz, CDCL,] é: 1.64 (s, 3H, CH,), 2.35 (s,
3H, CH,), 3.94 (s, 6H, OCH,), 6.33-6.36 (d, 1H, Ar-H), 6.89—
6.91 (d, 1H, CO-CH = CH), 7.10 (s, 1H, Ar-H), 7.15-7.17 (d,
1H, Ar-H), 7.72-7.76 (d, 1H, CO-CH = CH), 10.10 (s, 1H, NH).
PC-NMR [100 MHz, CDCL,] &: 12.2, 14.5, 56.0, 56.1, 103.1,
109.7, 116.2, 117.8, 119.7, 128.0, 129.2, 129.9, 143.1, 148.5,
148.6, 160.1, 161.9, 166.3. ES + APCI MS: m/z 361 (M + H) "

(E)-N-(3-Cyano-4,5-dimethylthiophen-2-yl)-3-(3,4-
dimethoxyphenyl) acrylamide (34)

Brown solid. IR [KBr film] cm™: 3365.78 (NH, str),
2933.01, 2843.72 (CH, str), 2194.24 (CN str), 1682.98 (C =
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O, str), 1262.36 (asymmetric C-O-C, str), 1024.46 (symmetric
C-0O-C, str). 'H-NMR [400 MHz, CDCL,] &: 1.64 (s, 3H, CH,),
231 (s, 3H, CH,), 3.95 (s, 6H, OCH,), 6.33-6.37 (d, 1H, Ar-H),
6.90-6.92 (d, 1H, CO-CH = CH), 7.10 (s, 1H, Ar-H), 7.15-7.17
(d, 1H, Ar-H), 7.74-7.78 (d, 1H, CO-CH = CH), 10.61 (s, 1H,
NH). "C-NMR [100 MHz, CDCL,] &: 12.3, 14.7, 56.2, 56.9,
102.2, 109.7, 112.4, 118.5, 123.1, 128.4, 128.8, 129.8, 130.7,
143.8, 148.4, 148.5, 162.1, 166.3. ES + APCI MS: m/z 343 (M
+H)".

Ethyl  2-((E)-3-(3,4-dimethoxyphenylacrylamido)-5,6-dihydro-
4H-cyclopenta[b]thiophene-3-carboxylate (4A)

Light brown solid. IR [KBr film] cm™: 3179.01
(NH, str), 2955.59 (CH, str), 1745.29 and 1654.33 (C = O,
str), 1205.63 (asymmetric C-O-C, str), 1047.43 (symmetric
C-0O-C, str). 'H-NMR [400 MHz, CDCL,] &: 1.40-1.44 (t, 3H,
O-CH,CH,), 2.35-2.37 (t, 2H, CH,), 2.57-2.72 (t, 2H, CH,),
2.74-2.83 (m, 2H, CH,), 3.83 (d, 6H, OCH,), 4.35-4.59 (q, 2H,
0-CH,CH,), 6.53-6.59 (d, 1H, Ar-H), 7.10-7.11 (d, 1H, CO-
CH = CH), 7.41 (s, 1H, Ar-H), 7.58-7.59 (d, 1H, Ar-H), 7.76—
7.80 (d, 1H, CO-CH = CH), 11.75 (s, 1H, NH). *C-NMR [100
MHz, CDCL,] &: 14.8, 27.8, 27.8, 29.9, 55.2, 55.7, 60.1, 108.9,
109.0, 110.7, 119.9, 126.3, 127.7, 127.9, 129.5, 139.9, 147.8,
148.1, 159.9, 161.3, 165.7. ES + APCIMS: m/z 402 (M + H)".

2-((E)-3-(3,4-Dimethoxyphenyl)acrylamido)-5,6-dihydro-4H-
cyclopenta[b]thiophene-3-carboxamide (54)

Brown solid. IR [KBr film] cm™: 3454.15 and 3374.65
(NH, str), 2944.69 (CH, str), 1689.05 (C = O, str), 1270.93
(asymmetric C-O-C, str), 1028.41 (symmetric C-O-C, str).
'H-NMR [400 MHz, DMSO] &: 1.99-2.00 (t, 2H, CH,), 2.34—
2.38 (t, 2H, CH,), 2.45-2.48 (m, 2H, CH,), 3.79-3.80 (d, 6H,
OCH,), 6.41-6.45 (d, 1H, Ar-H), 6.97-6.99 (d, 1H, CO-CH =
CH), 7.19-7.21 (d, 1H, Ar-H), 7.30 (s, 1H, Ar-H), 7.50-7.54 (d,
1H, CO-CH = CH), 11.60 (s, 1H, NH). *C-NMR [100 MHz,
CDCl,] &: 27.7, 27.7, 29.8, 55.5, 55.9, 109.2, 109.3, 110.9,
120.2, 126.5, 127.9, 128.1, 129.8, 140.2, 148.0, 148.4, 160.1,
161.5,166.0. ES + APCI MS: m/z 373 (M + H)".

(E)-N-(3-Cyano-5,6-dihydro-4H-cyclopenta[b]thiophen-2-yl)-3-
(3,4-dimethoxyphenyl)acrylamide (6A)

Brown solid. IR [KBr film] cm™: 3322.99 (NH, str),
2935.17, 2840.19 (CH, str), 2124.12 (CN, str), 1682.46 (C =
0, str), 1262.10 (asymmetric C-O-C, str), 1024.12 (symmetric
C-0-C, str). 'H-NMR [400 MHz, DMSO] &: 1.96-2.00 (t, 2H,
CH,), 2.33-2.37 (t, 2H, CH,), 2.44-2.47 (m, 2H, CH,), 3.79—
3.80 (d, 6H, OCH,), 6.42-6.46 (d, 1H, Ar-H), 6.97-6.99 (d, 1H,
CO-CH = CH), 7.19-7.21 (d, 1H, Ar-H), 7.31 (s, 1H, Ar-H),
7.50-7.54 (d, 1H, CO-CH = CH), 10.79 (s, 1H, NH). *C-NMR
[100 MHz, CDCL,] &: 27.7, 27.7, 29.8, 56.2, 56.3, 95.3, 112.9,
115.3, 116.6, 118.7, 119.9, 128.8, 128.9, 139.7, 143.8, 146.5,
146.7, 161.6, 166.5. ES + APCIMS: m/z355 (M + H)".

Ethyl 2-((E)-3-(3,4-dimethoxyphenyl)acrylamido)-4,5,6,7-
tetrahydrobenzo[bJthiophene-3-carboxylate (7A)

Light brown solid. IR [KBr film] cm™: 3298.72 (NH,
str), 2939.08, 2854.81 (CH, str), 1742.36 and 1648.33 (C = O,
str), 1205.86 (asymmetric C-O-C, str), 1026.15 (symmetric

C-O-C, str). 'H-NMR [400 MHz, CDCL,] &: 1.33-1.37 (t, 3H,
O-CH,CH,), 1.58-1.59 (m, 4H, CH,-CH,), 2.39-2.41 (m, 4H,
CH,-CH,), 3.94 (s, 6H, OCH,), 4.35-4.40 (q, 2H, O-CH,CH,),
6.32-6.36 (d, 1H, Ar-H), 6.89-6.91 (d, 1H, CO-CH = CH),
7.095-7.099 (d, 1H, Ar-H), 7.14 (s, 1H, Ar-H), 7.72-7.76 (d,
1H, CO-CH = CH), 11.56 (s, 1H, NH). *C-NMR [100 MHz,
CDCL,] &: 14.3,22.5, 23.4, 24.2, 26.2, 56.3, 56.8, 60.5, 109.3,
109.5, 111.7, 119.5, 127.3, 128.1, 128.9, 130.1, 142.3, 148.4,
149.1, 160.1, 162.3, 166.7. ES + APCI MS: m/z 416 (M + H) "

2-((E)-3-(3,4-Dimethoxyphenyl)acrylamido)-4,5,6,7-
tetrahydrobenzo[bJthiophene-3-carboxamide (84)

Brown solid. IR [KBr film] cm™: 3405.61 and 3341.67
(NH, str), 2940.87, 2841.67 (CH, str), 1683.89 (C = O, str),
1264.01 (asymmetric C-O-C, str), 1025.19 (symmetric C-O-C,
str). '"H-NMR [400 MHz, DMSO] &: 1.57-1.58 (m, 4H, CH,-
CH,), 2.49-2.51 (m, 4H, CH,-CH,), 3.79-3.80 (d, 6H, OCH,),
6.42-6.46 (d, 1H, Ar-H), 6.97-6.99 (d, 1H, CO-CH = CH),
7.19-7.21 (d, 1H, Ar-H), 7.31 (s, 1H, Ar-H), 7.50-7.54 (d, 1H,
CO-CH=CH), 11.60 (s, 1H, NH). "C-NMR [100 MHz, CDCl,]
5:22.6,23.5,25.0,27.1, 56.1, 56.9, 109.9, 110.0, 112.7, 120.1,
126.9, 128.5, 129.9, 130.1, 142.3, 148.4, 149.2, 160.1, 162.3,
167.0. ES + APCI MS: m/z 387 (M + H)".

(E)-N-(3-Cyano-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-
(3,4-dimethoxy phenyl)acrylamide (9A4)

Brown solid. IR [KBr film] cm™: 3155.52 (NH, str),
2954.79 (CH, str), 2214.71 (CN, str), 1651.39 (C = O, str),
1267.01 (asymmetric C-O-C, str), 1027.57 (symmetric C-O-C,
str). '"H-NMR [400 MHz, DMSO] &: 1.54-1.58 (m, 4H, CH,-
CH,), 2.69 (s, 2H, CH,), 2.97 (s, 2H, CH,), 3.82 (s, 6H, OCH,),
6.45-6.48 (d, 1H, Ar-H), 6.96-6.99 (d, 1H, CO-CH = CH),
7.22-7.24 (d, 1H, Ar-H), 7.35 (s, 1H, Ar-H), 7.54-7.57 (d,
1H, CO-CH = CH), 10.99 (s, 1H, NH). *C-NMR [100 MHz,
DMSO] &: 27.1, 27.9, 28.0, 28.3, 56.0, 56.9, 99.1, 110.5, 113.9,
118.1, 123.5, 127.6, 131.4, 136.6, 143.1, 144.0, 149.4, 151.3,
163.1, 165.6. ES + APCI MS: m/z 369 (M + H) ™.

Ethyl 2-((E)-3-(3,4-dimethoxyphenyl)acrylamido)-5,6,7,8-
tetrahydro-4H-cyclohepta[b]thiophene-3-carboxylate (10A4)

Light brown solid. IR [KBr film] cm®: 3170.11
(NH, str), 2928.51 (CH, str), 1762.68 and 1637.39 (C = O,
str), 1232.05 (asymmetric C-O-C, str), 1046.56 (symmetric
C-O-C, str). 'H-NMR [400 MHz, CDCl,] &: 1.41-1.45 (t, 3H,
0-CH,CH,), 1.63-1.69 (m, 4H, CH,-CH,), 1.81-1.87 (qu, 2H,
CH,), 2.57-2.60 (t, 2H, CH,), 2.75-2.77 (t, 2H, CH,), 3.96 (s,
6H, OCH,), 4.36-4.42 (q, 2H, O-CH,CH,), 6.48-6.52 (d, 1H,
Ar-H), 6.88-6.90 (d, 1H, CO-CH=CH), 7.09-7.11 (d, 1H, Ar-
H), 7.15 (s, 1H, Ar-H), 7.71-7.74 (d, 1H, CO-CH = CH), 11.42
(s, 1H, NH). "C-NMR [100 MHz, CDCl,] é: 14.3, 27.5, 28.0,
28.9, 29.2, 30.9, 57.3, 57.8, 61.9, 108.1, 109.4, 111.5, 119.4,
127.2, 128.0, 128.8, 129.9, 142.2, 148.3, 149.0, 160.0, 162.2,
166.6. ES + APCI MS: m/z 430 (M + H) "

2-((E)-3-(3,4-Dimethoxyphenyl)acrylamido)-5,6,7,8-tetrahydro-
4H-cyclohepta[b]thiophene-3-carboxamide (11A)

Brown solid. IR [KBr film] em™: 3242.15 and 3168.09
(NH, str), 2930.63, 2819.55 (CH, str), 1634.21 (C = O, str),
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1242.85 (asymmetric C-O-C, str), 1025.84 (symmetric C-O-C,
str). 'H-NMR [400 MHz, CDCl,] &: 1.69-1.72 (m, 4H, CH,-
CH,), 1.86-1.91 (qu, 2H, CH,), 2.72-2.79 (m, 4H, CH,-CH,),
3.76 (s, 6H, OCH,), 6.40-6.44 (d, 1H, Ar-H), 6.96-6.97 (d, 1H,
CO-CH = CH), 7.18-7.20 (d, 1H, Ar-H), 7.29 (s, 1H, Ar-H),
7.49-7.53 (d, 1H, CO-CH = CH), 11.12 (s, 1H, NH). B*C-NMR
[100 MHz, CDCL,] &: 27.4, 27.9, 28.8, 29.2, 30.9, 56.4, 56.7,
108.2, 109.4, 112.1, 120.0, 125.2, 128.1, 128.6, 130.0, 142.2,
148.3, 149.1, 160.0, 162.3, 166.7. ES + APCI MS: m/z 401 (M
+H)".

(E)-N-(3-Cyano-5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophen-
2-yl)-3-(3,4-dimethoxyphenyl)acrylamide (124)

Brown solid. IR [KBr film] cm™: 3259.27 (NH, str),
2936.83, 2859.38 (CH, str), 2257.58 (CN, str), 1652.71 (C =
0, str), 1210.75 (asymmetric C-O-C, str), 1051.49 (symmetric
C-0-C, str). 'H-NMR [400 MHz, DMSO] 6: 1.62—1.68 (m, 4H,
CH,-CH,), 1.81-1.86 (m, 2H, CH,), 2.56-2.57 (t, 2H, CH,),
2.73-2.75 (t, 2H, CH,), 3.73 (s, 6H, OCH,), 6.95-6.98 (d, 1H,

119

CO-CH = CH), 7.21-7.24 (d, 1H, Ar-H), 7.45-7.48 (d, 1H, Ar
-H), 7.69 (s, 1H, Ar-H), 7.95-7.97 (d, 1H, CO-CH = CH), 10.94
(s, IH, NH). "C-NMR [100 MHz, CDCL,] &: 27.4, 27.9, 28.8,
29.2,30.8, 56.4, 56.7, 99.7, 108.1, 109.3, 112.0, 119.9, 125.3,
128.1, 128.8, 129.9, 142.0, 148.1, 149.6, 161.2, 165.3. ES +
APCI MS: m/z 383 (M + H)".

Biological evaluation

In-vitro antioxidant activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging assay [26] and hydroxyl radical scavenging activity
[27] were carried out to assess the in-vitro antioxidant activity as
per the reference procedures for all the synthesized compounds
(1A-12A) in comparison with reference standard Ascorbic acid.

DPPH free radical scavenging assay

DPPH free radical scavenging ability of the
synthesized compounds (1A-12A) was carried out according to

H3CO
® H
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Scheme 1. Schematic representation for the synthesis of 3-(3,4-dimethoxyphenyl)acryl amido derivatives (1A-12A).
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Table 1. Physical data of novel 3,4-dimethoxy cinnamamide derivatives containing substituted 2-aminothiophenes (1A-12A).

Compound Code Compound Molecular Molecular Melting Point Percentage
P Structure Formula Weight (°C) Yield (%)
o
OCH3
HC 0/\
A e / \ i N - C,, H,,O, SN 389 235-237 68.12
© o]
o]
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CN
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the reference procedure. Solutions of synthesized compounds
at 100 uM concentration were added to 100 uM DPPH in
95% ethanol. The resultant solution was kept at an ambient
temperature for 20 minutes and absorbance was measured
at 517 nm. Ascorbic acid (100 uM) was used as a reference.
The percentage of DPPH free radical scavenging activity was
calculated as per the following formula:

Percentage of DPPH free radical scavenging = [(Control-
Test)/Control] x 100

Hydroxyl radical scavenging activity

Hydroxyl radical scavenging ability of the samples
was determined according to the reference procedure. Briefly,
individual test compounds (1 ml) at 100 uM concentration
were added to the reagent containing 1 ml FeSO, (1.5 mM),
0.7 ml H,O, (6 mM) and 0.3 ml sodium salicylate (20 mM) and
incubated for 1 hour at 37°C.The absorbance of the resulting
solution was measured at 562 nm. Ascorbic acid was used as
standard. The percentage scavenging was calculated according
to the following formula:

% Scavenging activity = [1 - (A1-A2)/A0] x 100
where AO is the control solution absorbance
(containing all reagents except the test compound), Al is the
test compound absorbance with sodium salicylate and A2 is
absorbance without sodium salicylate.

In-vitro anti-inflammatory activity

In-vitro anti-inflammatory efficacy of the synthesized
compounds 1A-12A was performed by using the Protein
denaturation method [28] and human red blood cells (HRBC)
Membrane stabilization method [29,30] in comparison with
Ibuprofen as the reference standard.

Protein denaturation method

The protein denaturation method was carried out by
preparing the reaction mixture (0.5 ml) consisting of 0.45 ml of
bovine serum albumin (5 % w/v aqueous solution) and 0.05 ml
of test samples of different concentrations (10, 25, 50, and 100
pg/ml). For the control solution, 0.05 ml distilled water was used
instead of the test sample, while the product control solution
lacked bovine serum albumin. The pH of the solutions was
adjusted to 6.3 using 1 N hydrochloric acid. The above solutions
were incubated at 37°C for 20 minutes and the temperature was
increased to 57°C for 3 minutes. After incubation, solutions
were allowed to cool and 2.5 ml of phosphate buffer saline was
added. Ibuprofen was used as the standard. The absorbance was
measured using a UV-Visible Spectrophotometer at 416 nm. The
percentage inhibition of protein denaturation was calculated as
per the following formula:

% Inhibition of protein denaturation = 100 — [(Optical density
of test solution — Optical density of product control)/Optical
density of test control x 100]

HRBC membrane stabilization method

In the HRBC membrane stabilization method, HRBC
suspension was prepared by collecting human blood from the

Table 2. In-vitro antioxidant activity of 1A-12A against DPPH and
Hydroxyl free radical scavenging assays.

P
% inhibition at 100 uM "o inhibition at 100 pM by

Compound by DPPH method" Hydroxyl radical fcavenging
method
1A 69.54 80.15
2A 78.44 85.29
3A 73.89 81.62
4A 58.85 69.12
SA 67.56 77.94
6A 66.47 72.79
TA 53.91 61.76
8A 60.83 68.38
9A 59.64 63.24
10A 47.18 54.41
11A 53.31 63.97
12A 51.34 59.56
Ascorbic acid 66.20 81.06

*Average of triplicate measurement.

volunteers and mixed with an equal volume of sterilized Alsever
solution (2 % Dextrose, 0.8 % Sodium citrate, 0.05 % Citric
acid, and 0.42 % Sodium chloride in water). The blood was
centrifuged at 3,000 rpm for 10 minutes and packed blood cells
were rinsed thoroughly using an isosaline solution thrice. The
volume of blood cells was measured and reconstituted as 10 %
v/v suspension with isosaline. The reaction mixture consists of
1 ml of phosphate buffer [pH 7.4, 0.15 M], 2 ml of hyposaline
[0.36 %], 0.5 ml of HRBC suspension [10 % v/v], and 1 ml
of test samples of various concentrations (10, 25, 50, and 100
pg/ml). Ibuprofen was used as standard. Instead of hyposaline,
2 ml of distilled water was used as a control to achieve 100
% hemolysis. All the test solutions were incubated at 37°C for
30 minutes and centrifuged at 3,000 rpm for 20 minutes. The
optical density of incubated solutions was measured at 560
nm. The percentage of HRBC membrane stabilization was
calculated using the following formula:

% Protection = 100 — [(Optical density of test sample/Optical
density of control) x 100]

RESULTS AND DISCUSSION

Chemistry

In present work, 3,4-dimethoxy cinnamic acid
was converted into (E)-3-(3,4-dimethoxy phenyl)acryloyl
chloride using thionyl chloride and condensed with substituted
2-aminothiophenes (1-12) in the presence of acetone and
pyridine as illustrated in Scheme 1 to get various novel
3,4-dimethoxy cinnamamide derivatives (1A-12A) in good
yield. The physical data is depicted in Table 1. Structures of
all synthesized compounds (1A-12A) were deduced from
FT-IR, 'H-NMR, '3C-NMR, and Mass spectral analysis. The
FT-IR spectra of compounds revealed the absence of amine
and carboxylic acid peaks. The appearance of the amide peak
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Figure 2. Comparative percentage inhibition values of 1A—12A by DPPH free
radical scavenging assay.
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Figure 3. Comparative percentage inhibition values of 1A-12A by Hydroxyl
radical scavenging activity.

confirms the formation of the amide compounds. The absorption
bands due to NH stretching and carbonyl stretching of the
amide functional group appeared in the range of 3454-3155
cm! and 1689-1634 cm™, respectively. The absorption band at
1782—1742 cm™ in compounds 1A, 4A, 7A, and 10A confirmed
the presence of carbonyl carbon in the ester functional group. A
sharp band at 22572124 cm™' in compounds 3A, 6A, 9A, and
12A confirmed the presence of a nitrile functional group. Proton
NMR spectra of synthesized compounds revealed the presence
of a 3,4-dimethoxyphenyl acrylamido group connecting with
substituted thiophene moiety. In "H-NMR spectra, protons of
3,4-dimethoxyphenyl acrylamido group appear in the following
ranges, NH protons appear as a singlet at 6 10.10-11.79 and
protons of CH = CH of acryloyl groups shows doublet at &
7.49-7.97 and 6 6.88-6.99. Two aromatic hydrogens appeared
as two doublets at & 6.32-7.24 and 7.09-7.48; one aromatic
hydrogen shows a singlet at 6 7.10-7.69 and protons of two
methoxy groups appears as a singlet at 8 3.73-3.95; The protons
of substituted thiophene ring appears in the following ranges,
CH, of compounds 1A, 2A, and 3A appears as singlet at & 1.64—
2.35; CH, of fused cyclic rings in compounds 4A-12A appears
as multiplet between 6 1.54 and 2.97; Methyl groups in ethyl
ester of compounds 1A, 4A, 7A, and 10A shows triplet at &
1.33-1.45 and the adjacent CH, shows quartet at 5 4.27-4.42.
In ®C-NMR spectra, amide carbonyl carbon signal
appears between & 160.0 and 160.1, acryloyl carbon signal
appears at & 118.1-144.0, and aromatic carbons appeared in
the range of 6 109.2-151.3. Methoxy group carbons appear
between 6 55.2 and 57.8. Thiophene ring carbons appear in
the range of 6 95.3-167.0, whereas ester carbonyl carbon
shows the signal at & 159.9-160.1 and nitrile carbon signal

varies between & 108.1 and 113.9. Aliphatic carbon signals
appeared in the range of 6 14.0-61.9. Mass spectra of all the
synthesized compounds showed [M + H]* peak equivalent to
their molecular weight.

Biological evaluation

In-vitro antioxidant activity

The DPPH free radical scavenging assay of the
synthesized compounds (1A-12A) was carried out at a
concentration of 100 pM and the results are presented in
Table 2. All the compounds exhibited good antioxidant activity,
among all 2A, 3A, 1A, 5A, and 6A exhibited the highest
percentage inhibition of DPPH free radical, greater than
standard drug Ascorbic acid. The substituent group at the third
position of the thiophene ring of synthesized compounds played
a greater effect on the DPPH scavenging ability. On observation
of data, modification of 4,5-dimethyl groups on thiophene to
cyclic analogs resulted in a reduction of antioxidant activity.
An increase in the ring size of cyclic derivatives decreased
antioxidant activity. The Comparative percentage inhibition
at 100 uM concentration of synthesized compounds and the
standard was depicted in Figure 2.

Hydroxyl radical scavenging activity results revealed
that all the evaluated compounds showed scavenging activity
towards hydroxyl radical, the data presented in Table 2 and the
comparative results depicted in Figure 3. All the compounds
showed better antioxidant activity in this model. Among
all, 2A and 3A compounds exhibited greater activity and 1A
compound showed equal scavenging activity towards hydroxyl
radical when compared with standard Ascorbic acid. The effect
of substituent groups over the thiophene ring followed a similar
pattern of antioxidant activity when compared with the results
of DPPH free radical scavenging.

In-vitro anti-inflammatory activity

Protein denaturation is a well-documented method for
this analysis. Percentage inhibition by protein denaturation was
measured for all the synthesized compounds (1A-12A) and the
data is given in Table 3. The comparative results are presented
in Figure 4. The results revealed that all the compounds showed
good activity, among all the compounds 2A, 3A, and 1A were
more active at all concentrations tested and noticed the highest
inhibition percentages 86.51, 85.34, and 83.87, respectively,
at 100 pg/ml. The activity of these compounds is comparable
with the known standard Ibuprofen (85.04 % at 100 pg/ml).
In the HRBC membrane stabilization method percentage
protection was measured for all the synthesized compounds,
and the data is given in Table 4 and the comparative results are
depicted in Figure 5. The evaluation of results revealed that
compounds 2A and 3A were more active and showed 82.23
and 80.28 percentage protections respectively at 100 pg/ml.
In general, the percentage protection increased with increasing
concentration of test compound. The data also revealed the
importance of amide and nitrile substitution over thiophene
ring. 4,5-dimethyl substitution on thiophene ring increases in-
vitro anti-inflammatory activity and modification of methyl
groups to cyclic analogues reduced the activity.
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Table 3. In-vitro anti-inflammatory activity of 1A-12A by protein
denaturation method.

% Inhibition of protein denaturation at different

Compound concentrations
10 pg/ml 25 pg/ml 50 pg/ml 100 pg/ml
1A 77.42 80.06 81.52 83.87
2A 78.30 82.99 83.87 86.51
3A 75.66 76.25 79.77 85.34
4A 72.43 74.49 76.83 78.59
SA 73.61 74.19 79.18 80.65
6A 75.66 71.71 79.47 80.35
7A 72.43 73.61 74.49 76.25
8A 72.73 74.78 75.95 78.30
9A 73.31 75.07 75.66 76.54
10A 67.74 69.79 71.55 73.02
11A 73.90 74.78 75.37 77.71
12A 70.67 71.85 72.14 74.19
Ibuprofen 80.94 82.11 83.87 85.04
100
80
£ 60
;g 40 m 10 pg/mL
E 20 W25 pg/mL
§ 0 50 pg/mL
WA FF A T T 100 pg/mL
o
Final compounds (1A to 12A)

Figure 4. Comparative percentage inhibition values of 1A-12A by protein
denaturation method.

Table 4. In-vitro anti-inflammatory activity of 1A-12A by HRBC
membrane stabilization method.

% Protection at different concentrations

Compound
10 pg/ml 25 ng/ml 50 pg/ml 100 pg/ml

1A 70.80 72.44 76.19 79.57
2A 75.74 76.38 78.47 82.23
3A 73.73 75.50 77.59 80.28
4A 70.20 72.02 75.15 77.16
SA 70.71 73.24 76.19 79.44
6A 72.45 73.99 75.55 77.53
7A 61.27 65.05 68.18 71.50
8A 70.18 72.25 74.56 76.92
9A 65.70 68.54 71.82 72.47
10A 56.59 59.94 61.68 64.57
11A 59.60 64.02 69.23 73.41
12A 62.57 64.09 66.67 69.43

Ibuprofen 76.24 78.26 80.57 85.25

100

80
10 pg/mL
W 25 pg/mL
0 50 pg/mL
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I S S S S - S S AR AN G ¢ ¢
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Figure 5. Comparative /n-vitro anti-inflammatory activity of 1A-12A by HRBC
membrane stabilization method.

CONCLUSION

A series of thiophene analogs of Tranilast was
prepared with slight modification by replacing anthranilic acid
with substituted 2-aminothiophenes. Investigation of in-vitro
antioxidant and anti-inflammatory evaluation data revealed
that all the synthesized compounds, 3-(3,4-dimethoxyphenyl)
acryl amido derivatives of substituted thiophenes, showed
good scavenging ability against DPPH and hydroxyl radicals.
The compounds 2A and 3A exhibited significant in-vitro anti-
inflammatory activity by protein denaturation and HRBC
membrane stabilization methods. This is due to the presence of
amide or nitrile functionality at the third position and methyl
groups at the fourth and fifth position on thiophene ring. A similar
pattern of activity was also observed for cyclic compounds having
amide or nitrile functionality. The present research concludes that
the in-vitro anti-inflammatory activity indicated the importance
of structural components of evaluated compounds and offers
a fresh perspective for the development of potential lead.
Furthermore, in-vivo anti-inflammatory activity and the safety of
tested compounds needed to be determined by the carrageenan
rat paw edema method and acute toxicity studies.

LIST OF ABBREVIATIONS

'"H-NMR, Proton nuclear magnetic resonance;
BC-NMR, Carbon-13 nuclear magnetic resonance; HRBC,
Human red blood cells; IR, Infrared; TLC, Thin layer
chromatography.
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