
Pharmaceutical Science Advances 2 (2024) 100023
Contents lists available at ScienceDirect

Pharmaceutical Science Advances

journal homepage: www.journals.elsevier.com/pharmaceutical-science-advances
Design, synthesis, characterization of ferulic acid and p-coumaric acid amide
derivatives as an antibacterial/antioxidant agent

Chandani G. Halpani, Satyendra Mishra *

Department of Biotechnology and Bioengineering, Institute of Advanced Research, Gandhinagar, 382426, India
A R T I C L E I N F O

Keywords:
Ferulic acid
p-Coumaric acid
Amide derivatives
Antioxidant
Antibacterial
* Corresponding author.
E-mail address: satyendramishra1@gmail.com (S

https://doi.org/10.1016/j.pscia.2023.100023
Received 7 July 2023; Received in revised form 13
2773-2169/© 2023 The Authors. Published by Else
creativecommons.org/licenses/by-nc-nd/4.0/).
A B S T R A C T

Ferulic acid and p-coumaric acid, cinnamic derivatives of phenolic acid, have antibacterial, prooxidant, and
antioxidant effects. In this study ferulic acid and p-coumaric acid amide derivatives were investigated for their
antibacterial and antioxidant properties are described in this communication. The most effective conjugates
against B subtilis were 5b (IC50: 215 � 1.3 μM) and 4d (IC50: 336 � 2.7 μM) and against P. aeruginosa were 4b
(IC50: 365 � 2.8 μM) and 5b (IC50: 341 � 3.6 μM), whereas the none of conjugates were more effective against
E. coli than reference Kanamycin. Conjugates 5b was the most effective against B subtilis of all the synthesized
conjugates, with IC50 values of (IC50: 215 � 1.3 μM). The free radical scavenging capacity of each compound was
determined using the DPPH and ABTS assays. Conjugates 4b (IC50: 53 � 3.6 μM), 4c (IC50: 58 � 1.3 μM), 4d (IC50:
57 � 2.5 μM), 5b (IC50: 29 � 1.5 μM) and 4a (IC50: 56 � 4.3 μM) have greater antioxidant capacity than ferulic
acid and ascorbic acid in the DPPH assay. Whereas in the ABTS assay, compounds 4b (IC50: 7 � 1.8 μM), 5b (IC50:
5 � 0.7 μM), 4a (IC50: 9 � 3.2 μM), 4g (IC50: 7 � 2.3 μM), and 5a (IC50: 8 � 4.3 μM) showed more antioxidant
activity than ferulic acid, p-coumaric acid and ascorbic acid. Thus, a large library of compounds derived from bile
acid can be easily synthesized for extensive structure-activity relationship studies in order to identify the most
appropriate antibacterial and antioxidant agents.
1. Introduction

Cinnamic acid, a naturally occurring aromatic carboxylic acid [1], is
found in a wide variety of plants, including honey, whole grains, vegeta-
bles, fruits, and herbs such as Panax ginseng and Cinnamomum cassia
(Chinese cinnamon). Cinnamic can be cis or trans depending on whether
an acrylic acid group on the phenyl ring is replaced, with the latter being
the more common of the two [2,3]. According to studies [4–6], cinnamic
acid has anti-inflammatory, anti-cancer, anti-cancer, anti-oxidant, and
anti-microbial properties. Cinnamic acid inhibits radical chain reactions
by providing electrons to radicals so that they can interact with one
another to produce stable products [7]. Cinnamic acids have been
discovered to be intriguing substances with anti-inflammatory, cytotoxic,
and antioxidant properties. Cinnamic acid derivatives have strong free
radical scavenging properties, especially those that combine hydroxyl
groups with the cinnamoyl moiety. The literature reports that acids, esters,
amides, hydrazides, and similar cinnamic acid derivatives have these
health benefits [8,9]. Particularly, p-coumaric acid or 4-hydroxy-trans-cin-
namic acid exhibits antioxidant activity, acting as a direct scavenger of
reactive oxygen species (ROS) by reducing LDL oxidation [10].
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Ferulic acid, a common phenolic compound of cinnamic acid, has a
wide range of biomedical activities [11]. It is a key component of many
fruits and vegetables, including oranges, tomatoes, carrots, sweet corn,
and rice bran. It has three distinct structural motifs that may contribute to
its free radical scavenging ability. Furthermore, this carboxylic acid
group serves as a Ferulic acid anchor, allowing it to bind to the lipid
bilayer and provide some protection against lipid peroxidation. It is
thought that ferulic acid provides hydrogen to free radicals with
phenol-OH groups, thereby providing antioxidant effects. Another
abundant phenolic secondary metabolite is p-coumaric acid (4-hydrox-
ycinnamic acid). It is abundant in many fruits, vegetables, and cereals. It
is widely used in the cosmetic, pharmaceutical, and food industries due
to its many biological activities [12]. Phenolic class compounds in the
food industry have increased due to their important roles as antioxidants
and free radical scavengers. It has also been reported that they protect the
human body from a variety of diseases, ranging from specific types of
cancer to cardiovascular diseases. Ferulic acid derivative has been shown
to reduce myocardial ischemia-reperfusion injury [13], protect human
endothelial umbilical cord vein cells from oxidative damage [14], pre-
vent Alzheimer's disease [15], induce nitric oxide synthase [16], protect
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against oxidative stress-related diseases caused by various reactive oxy-
gen species [17], neuroprotective effect against H2O2-induced cell death
in SH-SY5Y cells [18], antimicrobial activity [19], nonsteroidal
anti-inflammatory drug activity [20], tyrosine kinase activity [21]. Me-
dicinal plants have long been used to improve human health [22]. Ferulic
acid ethyl ester has been proposed as a potential agent in the treatment of
neurodegenerative disorders [23,24]. A wide range of cinnamic amides
have been synthesized and have a wide range of applications in medic-
inal chemistry [25]. To increase the corrosion resistance and blood
compatibility of magnesium alloy, a polydopamine/ferulic acid com-
posite coating was designed [26].

The chemical, physical, and pharmacological qualities of this
phenolic acid can reportedly be enhanced through derivatization with
other active substances. As a result, these developments might expand
the uses for phenolic acid in the food, cosmetic, and pharmaceutical
sectors. Due to the lack of effective antibacterial therapeutics, the current
status of antibiotic resistance is frightening. Through biomimetic syn-
thesis and structural modification of natural products, new potential
antibacterial agents based on natural products can be discovered. In this
work, we developed and synthesized a number of feruloyl and coumaroyl
amide derivatives. We discovered that ferulic amides can be exploited as
potential antibacterial agents in agriculture through published literature.
Several ferulic amides showed good antibacterial activity when
compared to commercially available substances [27,28]. Novel ferulic
amide Ac6c compounds have been described as insecticides, antifungals,
and antibacterials [29].

The application of ferulic amides as potential antibacterial agents was
discovered in the published literature. These results encourage us to
believe that altering the skeleton of molecules conjugated to ferulic acid
and p-coumaric acid will result in the development of novel lead com-
pounds with a substantial amount of biological activity. Hence, the
present study aims to evaluate the feasibility of ferulic acid and p-cou-
maric acid amide to demonstrate better antioxidant, antimicrobial ac-
tivity against a range of pathogenic bacterial strains. In order to confirm
the structure of the synthesized compound, its characteristics were
examined using 1HNMR, and 13C NMR methods. All of the synthesized
compounds were evaluated for their antioxidant and antibacterial
properties. We found that some ferulic acid and p-coumaric acid amide
demonstrated excellent antibacterial and antioxidant activity.

2. Experimental section

2.1. Materials and methods

All the reagents and chemicals were obtained from Sigma-Aldrich,
Alfa Acer, and were used without further purification. Solvents were
obtained from commercial sources, and were used without further pu-
rification unless otherwise noted. The reaction was tracked on the Merck
silica gel 60 F254 by a TLC plate. The synthesized compounds were pu-
rified by column chromatography using silica gel 230–400 mesh of
particle size. UV- Spectrophotometer UV-1900i on Shimadzu. 1H and 13C
NMR spectra of all synthesized conjugates were recorded on 300/400
MHz Bruker NMR spectrometers using TMS as the internal standard. The
chemical shift is expressed in ppm (δ) units and the coupling constant (J)
are in Hz. FTIR (ATR) spectra were recorded on Shimadzu IRSpirit FTIR
spectrophotometers. B. subtilis (ATCC 6633); P. aeruginosa (ATCC
27853), E. coli (ATCC 25922), B. megaterium (ATCC 14581) bacterial
strains were employed for antibacterial assays.

2.2. General synthesis procedure of feruloyl-amide and p-coumaroyl-amide
derivatives (4a-4g; 5a-5b)

Ferulic acid or p-coumaric acid (1 mM), triethylamine (1 mM), DCM
(3 ml), and ethyl chloroformate (1 mM) were combined and put to an
oven-dried round bottom flask with a stir bar. For 30 min, the reaction
mixture was stirred at 0�C. The reaction mixture was then supplemented
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with benzylamine (3a-g; 1.05 mM) while under cooling conditions. The
progress of the reaction was monitored by TLC. After the reaction was
completed, the reaction mixture was diluted with ethyl acetate and
washed with water and saturated brine. Compounds were purified by
column chromatography using EtOAc: Hexane (40:60).

2.3. 1H NMR, 13C NMR spectrograms and FTIR spectrum of synthesized
amide derivatives (4a-4g; 5a-5b)

N-Benzyl-3-(4-hydroxy-3-methoxy-phenyl)-acrylamide (4a):
Yield (47%), mp 125�C;1H NMR (CDCl3, 400 MHz): 7.82–7.79 (m, 2H,
Ar, CH¼ CH), 7.63 (s, 1H, Ar), 7.45–7.31 (m, 2H, Ar), 7.24–7.14 (m, 2H,
Ar), 6.76 (d, 1H, J ¼ 8.0 Hz, CH ¼ CH), 4.78 (s, 1H, OH), 4.54 (s,
2H–N–CH2), 3.94 (d, 3H, J¼ 8.0 Hz,OCH3); 13C NMR (CDCl3, 100 MHz):
165.5 (CO–NH), 153.1, 151.3 (CH ¼ CH), 141.0, 137.3, 135.0, 134.0,
129.4, 127.9, 122.7, 121.0, 120.4 (CH ¼ CH), 111.5, 56.0 (OCH3), 43.6
(N–CH2). FTIR (ATR); 3226 (N–H str), 3060 (sp2 C–H str), 2928 (sp3 C–H
str), 1760 (C––O str), 1400–1522 (C––C str), 1240 (C–O str phe OH),
1050 (C–N str) cm�1.

3-(4-Hydroxy-3-methoxy-phenyl)-N-(4-methoxy-benzyl)-acryl-
amide (4b): Yield (55%), mp 120�C; 1H NMR (CDCl3, 400MHz): 7.68 (d,
1H, CH ¼ CH), 7.33–7.31 (m, 2H, Ar–H), 7.17–7.12 (m, 2H, Ar–H),
6.94–6.93 (m, 2H, Ar–H), 6.42–6.38 (m, 2H, Ar–H), 6.08 (br, s, 1H, NH),
4.56 (s, 1H, OH), 4.38–4.36 (m, 2H, N–CH2), 3.81 (s, 3H, OCH3), 3.86 (s,
3H, OCH3). 13C NMR (CDCl3, 100 MHz): 165.4(CO–NH), 159.0, 153.0,
151.3 (CH ¼ CH), 140.9, 140.3, 134.0, 129.2, 127.7, 121.1, 121.0 (CH ¼
CH), 120.4, 114.1, 114.0, 111.5, 111.4, 55.8 (OCH3), 55.3 (OCH3), 43.3
(N–CH2). FTIR (ATR); 3300 (N–H str), 3050 (sp2 C–H str), 2950 (sp3 C–H
str), 1710 (C––O str), 1560 (C––C str), 1200 (C–O str phe OH), 1050 (C–N
str) cm�1

3-(4-Hydroxy-3-methoxy-phenyl)-N-(4-methyl-benzyl)-acryl-
amide (4c): Yield (48%), mp 110�C; 1H NMR (CDCl3, 400 MHz):
7.71–7.68 (m, 2H, Ar–H, CH ¼ CH), 7.48 (s, 2H, Ar–H), 7.36 (s, 2H,
Ar–H), 7.16–7.14 (m, 3H, Ar–H, CH¼ CH) 6.44–6.41 (m, 2H, Ar–H), 6.13
(s, 1H, NH), 4.62 (s, 1H, OH), 4.40–4.339 (m, 2H, N–CH2), 3.94 (s, 3H,
OCH3), 2.27 (s, 3H, CH3); 13C NMR (CDCl3, 100 MHz):165.5 (CO–NH),
153.0, 151.3 (CH¼ CH), 141.0, 140.4, 137.3, 135.0, 129.4, 127.9, 122.7,
121.1, 120.9, 120.4 (CH ¼ CH), 111.6, 111.5, 56.0 (OCH3), 43.6
(N–CH2), 21.1 (CH3). FTIR (ATR); 3226 (N–H str), 3046 (sp2 C–H str),
2918 (sp3 C–H str), 1750 (C––O str), 1590 (C––C str), 1240 (C–O str phe
OH), 1026 (C–N str), 775 (Ar C–H bending) cm�1.

N-(4-Hydroxy-benzyl)-3-(4-hydroxy-3-methoxy-phenyl)-acryl-
amide (4d): Yield: (54%); mp 140�C; 1H NMR (CDCl3, 400MHz):7.94 (d,
2H, Ar–H), 7.81–7.72 (m, 2H, Ar–H, CH¼ CH), 7.53–7.40 (m, 1H, Ar–H),
7.40–7.31 (m, 3H, Ar–H), 7.20 (s, 1H, Ar–H), 7.05 (s, 1H, Ar–H), 4.59
4.37–4.36 (m, 2H, N–CH2), 3.92 (s, 3H, OCH3); 13C NMR (CDCl3, 100
MHz): 165.9 (CO–NH), 153.5, 151.7 (CH ¼ CH), 151.1, 141.4, 140.8,
135.5, 134.5, 128.3, 126.1, 123.2, 121.5, 121.4, 120.9 (CH ¼ CH),
111.9, 56.3 (OCH3), 44.0.1 (N–CH2). FTIR (ATR); 3280 (N–H str), 3020
(sp2 C–H str), 2910 (sp3 C–H str), 1720 (C––O str), 1560 (C––C str), 1190
(C–O str phe OH), 1048 (C–N str) cm�1.

3-(4-Hydroxy-3-methoxy-phenyl)-N-(4-trifluoromethyl-benzyl)-
acrylamide (4e): Yield (59%) mp 110�C; 1H NMR (CDCl3, 400 MHz):
7.95–7.93 (d, 2H, J ¼ 8.0 Hz, Ar–H), 7.77 (m, 1H, J ¼ 8.0 Hz, CH ¼ CH),
7.36–7.29 (m, 3H, Ar–H), 7.27–6.92 (m, 2H, Ar–H, CH ¼ CH), 6.56 (s,
1H, Ar–H), 6.49 (s, 1H, Ar–H), 6.32 (s, 1H, Ar–H), 4.85 (s, 1H, OH),
4.56–4.51 (m, 2H, N–CH2), 3.89 (s, 3H, OCH3); 13C NMR (CDCl3, 100
MHz): 165.8 (CO–NH), 151.0, 149.2 (CH ¼ CH), 143.3, 131.0, 128.3,
122.7, 120.0 (CH ¼ CH), 113.9, 111.2, 110.2, 56.02 (OCH3), 43.4
(N–CH2). FTIR (ATR); 3226 (N–H str), 3046 (sp2 C–H str), 2934 (sp3 C–H
str), 1750 (C––O str), 1590 (C––C str), 1240 (C–O str phe OH), 1100 (C–F
str), 1026 (C–N str) cm�1.

3-(4-Hydroxy-3-methoxy-phenyl)-N-(4-nitro-benzyl)-acrylamide
(4f): Yield (59%) mp 135�C; 1H NMR (CDCl3, 400 MHz): 8.19 (d, 2H, J¼
4.0 Hz,Ar–H), 764–7.61 (m, 1H, Ar–H), 7.46 (d, 2H, J¼ 4.0 Hz, Ar–H, CH
¼ CH), 6.94–6.93 (m, 2H, Ar–H), 6.41–6.38 (m, 1H, Ar–HCH¼ CH), 6.06



Table 1
Antioxidant activity (IC50 μM � SD) of Cinnamoyl (Feruloyl/p-Coumaroyl)
Amide derivative (4a-4g; 5a-5b).

FA/p-CA Amide DPPH(IC50, μM � SD) ABTS(IC50, μM � SD)

4a 56 � 4.3 9 � 3.2
4 b 53 � 3.6 7 � 1.8
4c 58 � 1.3 10 � 1.3
4 d 57 � 2.5 10 � 2.5
4e 186 � 1.2 49 � 0.7
4f 156 � 0.5 30 � 1.0
4 g 84 � 0.8 7 � 2.3
5a 81 � 2.1 8 � 4.3
5 b 29 � 1.5 5 � 0.7
Ferulic acid 66 � 2.3 12 � 2.3
p-coumaric acid 89 � 1.23 16 � 0.4
Ascorbic acid 120 � 3.3 19 � 1.0
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(s, 1H), 4.48 (s, 1H, OH), 4.19–4.14 (m, 2H, N–CH2), 3.77 (s, 3H, OCH3)
13C NMR (CDCl3, 100 MHz): 165.5(CO–NH), 144.6, 143.9(CH ¼ CH),
135.9, 130.2, 129.6, 128.9, 122.7, 121.3 (CH ¼ CH), 116.4, 113.7,
55.67(OCH3), 43.68 (N–CH2). FTIR (ATR); 3326 (N–H str), 3076 (sp2

C–H str), 2928 (sp3 C–H str), 1696 (C––O str), 1524 (C––C str), 1344
(N––O str), 1200 (C–O str phe OH), 1050 (C–N str), 630 (Ar C–H
bending) cm�1.

(E)-N-(4-(tert-butyl)benzyl)-3-(4-hydroxy-3-methoxypenyl)
acrylamide (4g): Yield (56%) mp 120�C; 1H NMR (CDCl3, 400 MHz):
7.53 (d, 2H, J ¼ 12.0 Hz, Ar–H, CH ¼ CH), 7.19 (s, 2H, Ar–H), 7.02–6.97
(m, 3H, Ar–H), 6.25 (d, 2H, J ¼ 12.0 Hz, Ar–H, CH ¼ CH), 5.96 (s, 1H,
NH), 4.23 (s, 2H, N–CH2), 3.77 (s, 3H, OCH3), 1.30 (s, 9H. C(CH3)3). 13C
NMR (CDCl3, 100MHz): 165.4 (CO–NH), 153.0, 151.3, 150.6 (CH¼ CH),
141.0, 140.4, 135.0, 134.0, 127.7, 125.7, 122.7, 121.1 (CH¼ CH), 120.9,
120.4, 111.5, 111.4, 56.0 (OCH3), 43.5(N–CH2), 34.5 (C(CH3)3), 31.4
(C(CH3)3), FTIR (ATR); 3246 (N–H str), 3066 (sp2 C–H str), 2964 (sp3

C–H str), 1750 (C––O str), 1550 (C––C str), 1240 (C–O str phe OH), 1044
(C–N str), 768 (Ar C–H bending) cm�1.

N-Benzyl-3-(4-hydroxy-phenyl)-acrylamide (5a): Yield (49%), mp
160�C; 1H NMR (CDCl3, 400 MHz): 7.81–7.80 (m, 1H, CH¼ CH), 7.54 (s,
1H, Ar–H), 7.7–7.10 (m, 2H, Ar–H), 6.97–6.89 (m, 4H, Ar–H), 6.64 (s,
2H, Ar–H), 6.55 (s, 1H, NH), 4.54 (s, 2H, N–CH2); 13C NMR (CDCl3, 100
MHz): 162.0 (CO–NH), 144.6, 143.9 (CH ¼ CH), 135.9, 130.2, 129.6,
128.9, 122.7, 121.3(CH ¼ CH), 116.4, 113.7, 43.3. FTIR (ATR); 3273
(N–H str), 3090 (sp2 C–H str), 2916 (sp3 C–H str), 1750 (C––O str), 1522
(C––C str), 1200 (C–O str phe OH), 970 (C–N str), 660 (Ar C–H bending)
cm�1.

3-(4-Hydroxy-phenyl)-N-(4-methoxy-benzyl)-acrylamide (5b):
Yield (47%), mp 165�C; 1H NMR (CDCl3, 400 MHz): 7.93 (d, 2H, J ¼ 8.0
Hz, CH ¼ CH), 7.76–7.72 (s, 1H, Ar–H), 7.42–7.35 (m, 2H, Ar–H),
7.20–7.16 (m, 2H, Ar–H), 6.91 (s, 1H, Ar–H), 6.71 (d, 2H, J ¼ 8.0 Hz, CH
¼ CH), 4.36–4.30 (m, 2H, N–CH2), 3.89 (s, 3H, OCH3); 13C NMR (CDCl3,
100MHz): 165.6 (CO–NH), 159.1, 153.2, 151.4 (CH¼ CH), 141.1, 140.4,
134.1, 129.4, 122.8, 121.4, 120.5 (CH ¼ CH), 114.2, 114.1, 111.6, 56.9
(OCH3), 43.4 (N–CH2). FTIR (ATR; 3325 (N–H str), 3090 (sp2 C–H str),
2916 (sp3 C–H str), 1700 (C––O str), 1500 (C––C str), 1220 (C–O str phe
OH), 1050 (C–N str) cm�1.

2.4. Determination of in vitro antimicrobial activity [33–35]

The whole-cell antimicrobial activity of the test compounds was
determined by broth-dilution method. Stock solutions of amide de-
rivatives were prepared in DMSO. Bacterial strains were grown to mid-
log phase in NB broth and then diluted to McFarland standard (0.5).
100 μL of this cell suspension were used to inoculate each tube containing
2 μL inhibitors. The tubes were incubated at 37�C for 12 h. Turbidity was
measured by the OD taken at a time gap of every 2 h at 595 nm. The
absorbance values were normalized to the solvent-treated control.
Kanamycin was used as reference antibiotic.

2.5. To determine zone of inhibition by Kirby–Bauer's method [36,37]

The zone of inhibition was calculated using Kirby-Bauer's method for
the antibacterial susceptibility test. On sterile filter discs, various con-
centrations of the ferulic/coumaric amide derivatives and kanamycin
were adsorbed. It was made and allowed to set up to become Mueller-
Hinton agar. One of these discs was kept antibiotic-free and used to
regulate growth. Using a sterile spreader, one mL of each bacterial cul-
ture broth was added to the Mueller-Hinton plates and distributed
evenly. Using sterile forceps, the filter paper discs that have inhibitors
adsorbed on them will be applied over the inoculated plates. The plate
will be incubated in a standing position at 37�C for 18 h. A scale was used
to measure the zone of inhibition.
3

2.6. DPPH assay

The DPPH assay was carried out in accordance with Gulcin38, with a
0.1 mM solution of DPPH prepared in ethanol and kept in the dark for 1 h
to stabilize the radical. The compound and standard were prepared in
ethanol at concentrations ranging from 200, 100, 50, 25, 12.5 to 6.25 μM.
80 μL of compounds and standard solution were mixed with 40 μL of
DPPH solutions. These solutions were thoroughly vortexes and kept in
the dark for 30 min. A half-hour later, the absorbance at 517 nm
decreased against blank samples lacking scavenger, indicating a change
in colour from dark pink to yellow. Each concentration was tested three
times.

Control solution: 80 μL of DPPH solutionmixed with 40 μL of absolute
ethanol and UV absorbance was measured after 30 min.

Percentage of radical inhibition were calculated using formula,

% of inhibition¼
�
As� Ac

As

�
*100

Ac ¼ Absorbance of control.
As ¼ Absorbance of compound.
Ascorbic acid, gallic acid, curcumin were taken as positive control.
GraphPad Prism 8.0 software was used to calculate the IC50 value of

each compound, and the results are summarized in Table 1.
The IC50 concentration is defined as the concentration at which 50%

of the radical is scavenged. The values obtained in triplicate �SD –

Standard deviation.
2.7. ABTS assay

The procedure followed of Gulcin38 with some modification. ABTS.þ

solution were prepared by mixing equal quantity of 7.4 mM of ABTS
solution made in water with 2.4 mM of potassium persulphate in water.
This mixture was kept in dark for 16–18 h at room temperature to
complete oxidation of ABTS to radical cation form. Then solution was
diluted by mixing 1 ml of ABTS.þ to 14 ml of ethanol to obtained
absorbance 0.7 � 0.02 at 734 nm using spectrophotometer. All com-
pound with standard were made with concentration ranging from 100,
50, 25, 12.5 to 6.25 μM in ethanol. Working solution contained 80 μl of
compounds with 40 μl of radical solution mixed and vortexed and kept in
dark for 30 min at room temperature then the absorbance was taken at
734 nm with ethanol as blank. Each experiment were done with three
time to determine reproducibility. Percentage of radical inhibition was
calculate using following formula,

%inhibition¼Ac� As
Ac

*100
Values are means � SD of three different determinations.
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Where, Ac-absorbance of Control,
As-Absorbance of Compound and standards.
The IC50 value of each compound was calculated by the excel curve

software and the results are summarized in Table 1.
Linear regression analysis was carried out by using dose response

curve plotting between % inhibition verses concentration.
The IC50 value defined as the concentration at which 50% of radical is

scavenging.
The values obtained in triplicate �SD – Standard deviation.

3. Results and Discussion

3.1. Chemistry

Ferulic acid and p-Coumaric acid derivatives (4a-4g; 5a-5b) were
synthesized as shown in Fig. 1. Ferulic acid/p-coumaric acid is coupled
with substituted benzyl amines (3a-3g) in the presence of a coupling
agent to yield the feruloyl and coumaroyl amide derivatives. The syn-
thesis of a series of amide derivatives of ferulic acid (1) and p-coumaric
acid (2) was accomplished through simple condensation of ferulic acid/p-
coumaric acid with corresponding amines via two step coupling using
ethyl chloroformate to yield corresponding products between 40 and 60
%. The structures of all the newly synthesized compounds were
confirmed by the, 1H NMR, 13C NMR which were in full agreement with
Fig. 1. Synthesis of Cinnamoyl (Feruloyl/p-Cou

4

their structures. The structural information obtained from spectra has
properly supported the chemical structures assigned to the compounds
reported in the experimental section. The NH proton signals of the
relevant compounds were apparent at δ 4.5–4.8 ppm in the 1H NMR
spectra. The typical location was visible for all of the aryl groups. The
characteristic signal in the range of 165–166 ppm in the 13CNMR of the
synthesized compounds is attributed to the amide (CO–NH). The amide
derivatives were tested for their antioxidant activity using the DPPH and
ABTS tests, and their antibacterial activity against B. subtilis (ATCC
6633); P. aeruginosa (ATCC 27853), E. coli (ATCC 25922), B. megaterium
(ATCC 14581) were determined using the broth micro dilution method.
3.2. Antioxidant activity

The free radical scavenging capacity of each compound was deter-
mined using the DPPH and ABTS assays. DPPH is a highly stable free
radical that can be reduced by taking hydrogen from a hydrogen-
donating compound. The disappearance of the violate colour of DPPH
when it was reduced indicated the presence of free radical scavenging
compounds in the reaction mixture. In aqueous solution, the ABTS
radical cation can also be produced. ABTS radicals absorb light at 734 nm
and the reduction of green-blue colour used evaluates substance's radical
scavenging capacity. The IC50 values of each synthetic compound were
calculated to determine their ability to reduce DPPH and ABTS. The IC50
maroyl) Amide derivatives (4a-4g; 5a-5b).



Table 2
Antibacterial activity (IC50 μM � SD) of feruloyl and p-coumaroyl amide de-
rivatives (4a-4g; 5a-5b) against Gram positive (B. megaterium, B. subtilis) and
Gram negative (E. coli, P. aeruginosa).

Compound B subtilis
(IC50 μM �
SD)

P. aeruginosa
(IC50 μM � SD)

E. coli
(IC50 μM
� SD)

B. megaterium
(IC50 μM � SD)

4a 450 � 3.2 540 � 4.0 885 � 4.2 nd
4 b 416 � 3.3 365 � 2.8 984 � 4.2 nd
4c 490 � 1.9 700 � 0.5 1175 �

2.4
nd

4 d 336 � 2.7 465 � 1.8 785 � 4.8 nd
4e 551 � 2.8 754 � 2.6 685 � 2.4 nd
4f 624 � 1.7 792 � 1.1 710 � 2.4 nd
4 g 587 � 0.8 621 � 3.2 1261 �

1.8
nd

5a 677 � 1.1 710 � 3.3 899 � 1.8 nd
5 b 215 � 1.3 341 � 3.6 743 � 1.3 nd
Ferulic acid 700 � 3.4 831 � 2.9 690 � 2.3 nd
p-Coumaric
Acid

652 � 3.3 790 � 3.8 630 � 1.1 nd

Kanamycin 440 � 1.8 380 � 2.0 131 � 1.8 288 � 1.3

Values are means � SD of three different determinations.
Nd ¼ not determined.
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values determined the sample concentration that can scavenge 50% of
the free radicals in the reaction mixture. A low IC50 value indicates that
the sample compound has high antioxidant activity.

The results are shown in Table 1. Ascorbic acid was used as a standard
antioxidant. Antioxidant study was carried out using synthetic conjugates
at various concentrations (200, 100, 50, 25, 12.5, and 6.25 μM). The
experiments were repeated three times in order to reproduce the ob-
tained results and statistical analyses. The experiments were carried out
in triplicate, and the findings were normalized by figuring out the geo-
metric means of the three replicated outcomes. It was discovered what
the geometric mean's error deviation and standard deviation were. The
GraphPad Prism 5.02 programme (La Jolla, California, USA: GraphPad
Software, Inc.) was used to conduct the statistical analyses.

The substitutions in the ferulic acid/coumaric acid framework may
impact antibacterial activity and antioxidant activity, according to the
data in Tables 1 and 2. In the DPPH assay, conjugates 4a, 4b, 4c, 4d, and
5b have higher antioxidant power (IC50: 56 � 4.3 μM, 53 � 3.6 μM, IC50:
58 � 1.3 μM, IC50: 57 � 2.5 μM, IC50: 29 � 1.5 μM, IC50: IC50: and 29 �
1.5 μM respectively) than parent ferulic acid (IC50: 66 � 2.3 μM), p-
coumaric acid (IC50: 89 � 1.23) and reference ascorbic acid (120 � 3.3
μM). These are compounds that have electron-donating substitutions
(OCH3, CH3, t-but) along with OH. Compounds 4e (IC50: 186 � 1.2 μM)
and 4f (IC50: 156 � 0.5 μM) found to possess poor antioxidant activity
due to the presence of NO2 and CF3 substitutions. Among all synthesized
derivatives compound 5b found to be most active molecules during
DPPH assay with IC50 value of IC50: 29 � 1.5 μM (Table 1).

Whereas in the ABTS assay, compounds 4a, 4b, 4g, 5a and 5b,
demonstrated higher antioxidant activity (IC50: 9 � 3.2 μM, 7 � 1.8 μM,
7 � 2.3 μM, 8 � 4.3 μM and 5 � 0.7 μM respectively) than ferulic acid
(IC50: 12 � 2.3 μM), p-coumaric acid (IC50: 16 � 0.4) and ascorbic acid
(IC50: 19 � 1.0 μM). While electron withdrawing substituted conjugates
4e (IC50: 49 � 0.7 μM) and 4f (IC50: 30 � 1.0 μM) demonstrated lower
activity than parent molecules and ascorbic acid (Table 1). Conjugates 4b
and 5b have higher DPPH and ABTS radical scavenging activity than
parent p-coumaric acid and ascorbic acid. As shown in Table 1. Trends in
antioxidant activity were found to be similar in both the DPPH and ABTS
assays. Compound 5b found to be four-fold better scavenging capacity in
DPPH and ABTS than Ascorbic acid. Additionally, we found a strong
association between the antioxidant activity of synthetic amides in the
DPPH and ABTS Assay. Conjugates with electron donating groups (4b,
4d and 5b) demonstrated good antioxidant activity in both DPPH and
ABTS assays than ferulic acid and ascorbic acid.

3.3. In vitro antibacterial activity

Due to their hydrocinnamic nature, ferulic/coumaric amide de-
rivatives exhibit antibacterial, antioxidant, and prooxidant properties
[30–32]. We used the microliter dilution method to assess the antibac-
terial activity of Kanamycin, Ferulic/coumaric amide derivatives, against
B. subtilis (ATCC 6633); P. aeruginosa (ATCC 27853), E. coli (ATCC
25922), B. megaterium (ATCC 14581). Synthetic ferulic and coumaric
acid conjugates inhibited Gram-positive and Gram-negative bacterial
strains differently (Table 2). Antibacterial study was carried out using
synthetic conjugates at various concentrations (2 mM, 1 mM, 750, 500,
250, 125, and 62 μM). Conjugates 4d and 5b were found to have good
activity against B subtilis and P. aeruginosa than ferulic acid, p-coumaric
acid, and kanamycin. They all the compounds are inactive against
B. megaterium. Conjugates 4b (IC50: 416 � 3.3 μM), 4d (IC50: 336 � 2.7
μM), and 5b (IC50: 215 � 1.3 μM) were found to have good activity
against B subtilis, whereas conjugates 4e (IC50: 551 � 2.8 μM), 4f (IC50:
624 � 1.7 μM) and 5a (IC50: 677 � 1.1 μM) were found to be less active.
Compounds 4b (IC50: 365 � 2.8 μM) and 5b (IC50: 341 � 3.6 μM)
exhibited more activity against P. aeruginosa than parent molecules.

Compounds 4b and 5b had comparable antibacterial activity against
B. subtilis and P. aeruginosa. However, the IC50 of the P. aeruginosa strain
was lower than that of B. subtilis. Conjugates 4e (IC50: 685 � 2.4 μM)
5

exhibited better activity against E. coli among all the synthesized con-
jugates but none of the synthesized conjugates showed better activity
than reference drug. All of the synthesized conjugates inactive against
B. megaterium. At higher doses also conjugates and precursors did not any
activity against B. megaterium. Synthesized conjugates showed better
activity against Gram-positive bacteria rather than Gram-negative bac-
teria. Furthermore, compounds 4b and 5b demonstrated the highest
antibacterial activity among all compounds examined.

Minimal inhibitory concentration of synthesized compounds was also
performed by diameter measurement of size of zone of inhibition in mm.
The zone of inhibition results showed that the majority of the tested
compounds demonstrated variable inhibitory effects on the growth of the
tested Gram-positive and Gram-negative bacterial strains. For zone of
inhibition, only the best antibacterial compounds (4b and 5b) were used.
The antimicrobial screening of these compounds reveals that compound
(5b) exhibited a promising activity against B. subtilis (zone of inhibition is
about 16 mm) and P. aeruginosa (zone of inhibition is about 14 mm)
whereas kanamycin showed zone of inhibition 14 mm against B. subtilis
and 12 mm against P. aeruginosa at the identical concentration. The SAR
analysis of these compounds reveals that type of structural diversities in
feruloyl and p-coumaroyl amide derivatives influence zone of inhibition
to the greater extend.

Conjugates with electron donating groups and þ I effect (4b, 4d and
5b) demonstrated good antibacterial activity against B subtilis and (4b
and 5b) P. aeruginosa. Conjugates 4c, 4e, 4g, 4f, 5a, and 5b had lower
antibacterial activity against B subtilis and P. aeruginosa than active
compounds 4b, 4d and 5b. Furthermore, compounds 5b and 4d
demonstrated the highest antibacterial activity against B subtilis and
P. aeruginosa when compared to all tested compounds, as well as better
inhibitory activity than the standard drug kanamycin. The findings
validate the significance of feruloyl and coumaroyl amide derivatives.

4. Conclusion

In order to develop high-efficiency alternative therapies, the synthesis
of hybrid molecules of biologically active compounds has emerged as an
expanding approach. We aim to synthesize ferulic acid and p-coumaric
acid amide in consideration of this and using current ferulic acid and p-
coumaric acid amide conjugates as our starting point. Ferulic acid and p-
Coumaric acid is an essential natural lead molecule in the design of
compounds of biological interest. By structural modification with a va-
riety of aromatic amines, we were able to synthesize a diverse range of
amide derivatives of Ferulic acid and p-Coumaric acid. Based on natural
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compounds, synthetic compounds could serve as a new therapeutic
approach in the medical field. Compounds 4a, 4b, 4c, 4d, and 5b
demonstrated higher antioxidant activity in both DPPH and ABTS assays
than ferulic acid and ascorbic acid. Compound 5b with a phenolic group
performed excellent than the parent molecules. A low IC50 value of some
of the synthesized conjugates indicates that the sample compound has
high antioxidant activity. Conjugates with electron donating groups and
þ I effect (4b, 4d, and 5b) demonstrated good antibacterial activity
against B subtilis and P. aeruginosa. Conjugates 4a, 4c, 4e, 4f, 4g, and 5a
had lower antibacterial activity against B subtilis and P. aeruginosa than
active compounds 4b, 4d and 5b. As a result, ferulic acid and p-coumaric
acid could become effective antibacterial agents. Based on our research,
these lead compounds might be interesting therapeutic discovery can-
didates. Thus, an extensive set of compounds produced from ferulic acid
and p-coumaric acid can be easily synthesized for comprehensive
structure-activity relationship investigation, leading to the selection of a
more suitable therapeutic choice. On the basis of the current findings,
additional research on these conjugates on different bacterial strains is
necessary. Some insights on its future optimization for increased activity
are provided by the current study.

Analytical statistics

Each experiment was carried out three times. The average and stan-
dard deviation (SD) of all the data were used to express them. One-way
ANOVA analysis was used to determine the significance of the results.
A significant difference is shown by the value p < 0.05.
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