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ABSTRACT

An efficient, two steps synthesis of p-coumaric acid amides was described. The key intermediate, 3-(4-hydroxyphenyl) acryloyl chloride (2) was
obtained by conversion of p-coumaric acid (1) to its acid chloride in presence of thionyl chloride. Further, coupling of different aminophenols and
substituted aminophenols by base condensation reaction affords p-coumaric acid amides (2a-e). The newly synthesized compounds were
characterized by spectral and elemental analysis data and studied for their antioxidant properties using 2,2-diphenyl-1-picryl hydrazyl (DPPH)
radical scavenging assay and inhibition on human Low-density lipoprotein (LDL) assay. All the compounds exhibited good potent activity dose
dependently. Butylated hydroxy anisole (BHA) was used as a reference antioxidant and also the comparative study with newly synthesized

compounds was done.
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INTRODUCTION

Numerous lines of evidence have indicated that free radicals play a
critical role in a variety of pathological conditions including the
processes of aging, cancer, multiple sclerosis, inflammation,
coronary heart and cardiovascular diseases, senile dementia,
arthritis and atherosclerosis!3. Primary sources of naturally
occurring antioxidants are whole grains, fruits and vegetables.
Plant sourced food antioxidants like vitamin C, vitamin E,
carotenes, phenolic acids, phytate and phytoestrogens have been
recognized as having the potential to reduce disease risk*5.
Recently, much attention has been focused on dietary natural
antioxidants capable of inhibiting reactive oxygen radical
mediated oxidative stress, which is involved in several
pathological diseases, such as cancer, atherosclerosis, diabetes,
inflammation, and aging ¢7. Particularly, superoxide and hydroxyl
radicals of reactive oxygen species are known to cause severe
oxidative damage to susceptible biomolecules, thereby eventually
contributing to deleterious biological effects, including
carcinogenesis, inflammation, mutagenesis, and cytotoxicity 89.
For these reasons, an extensive search for novel natural
antioxidants acting as radical scavenger was undertaken. Naturally
occurring hydroxycinnamic acid derivatives, such as p-coumaric
acid (CA), ferulic acid (FA), and caffeic acids, as anticancer??,
antiinflammation?o, antihepatoxicity!?, antibacterial'?,
antimutation!3, and antioxidation!#15. Particularly, several
hydroxycinnamic acids and their derivatives have been found to
possess strong antioxidant activities as radical scavengers against
reactive oxygen species!¢-19 and to have considerable tyrosinase
inhibitory activities 20-21 , Oxidation of low density lipoprotein
(LDL) has been suggested to play a key role in the development of
atherosclerosis and as a consequence an important role in the
prevention of LDL oxidation has been attributed to the
antioxidants contained within LDL and in plasma?2. It has been
suggested that oxidative modification of LDL may play a role in the
development of atherosclerosis?3. Such modification of LDL can be
inhibited by antioxidants?+26. p-Coumaric acid has antioxidant
properties and is believed to reduce the risk of stomach cancer2é
by reducing the formation of carcinogenic nitrosamines?’ and also
the radical scavenging activity of coumaric acid and thioamide was
recently reported?s. In light of the above observations, it was
thought worthwhile to synthesize a system that brings p-coumaric
acid and aminophenols together to furnish the corresponding
amides (2a-e) with the hope of developing some promising
antioxidant agents. However, their molecular characteristics
indicate that these compounds may serve as effective radical
scavenging agents. Owining to the widespread applications,
synthetic and biological activity evaluation of coumaric acid and
their derivatives has been a subject of intense investigations. In

this report, some conjugated amides of p-coumaric acid was
synthesized and reported to behave as efficient DPPH radical
scavenging activity and inhibition on human Low-Density
Lipoprotein oxidation.

MATERIALS AND METHODS

DPPH was purchased from Sigma Aldrich, thionyl chloride,
triethylamine, ethyl acetate, n-hexane, tetrahydrofuran, anhydrous
potassium carbonate, methanol, chloroform, anhydrous sodium
sulphate and aminophenols like 2-aminophenol, 3-aminophenol, 4-
aminophenol, substituted aminophenols like 4-nitro-2-aminophenol
and 4-methoxy-2-aminophenol were all of analytical grade and
procured from Merck. TLC aluminum sheets -Silica gel 60 F2zs4+ was
also purchased from Merck. All the reagents were used as purchased
from commercial suppliers without further purification. Melting
points were determined by using an open capillary method and are
uncorrected. Thin layer chromatography (TLC) was performed with
aluminium sheets-Silica gel 60 Fzss+ purchased from Merck. The
compounds were purified by using column chromatography with
silica gel (60-120 mesh), using chloroform:methanol, 65:35 as
eluent. [R: Nicolet 5700 FT-IR spectrophotometer; 'H NMR: Bruker
250 MHz spectrometer; mass spectra were obtained by Waters-Q-
TOF ultima spectrometer. Micro analytical data were obtained by
Elemental-Vario EL-IIL.

Chemistry

p-coumaric acid was synthesized by applying known method?’. The
synthesis of p-coumaric acid amides obtained by conjugated with
aniline and substituted anilines were realized in two steps. First
step, the key intermediate 3-(4-hydroxyphenyl) acryloyl chloride (2)
was prepared in good yield by conversion of p-coumaric acid to its
acid chloride in the presence of thionyl chloride (Schemel).

Synthesis of 3-(4-hydroxyphenyl) acryloyl chloride (2)

To the well stirred solution of p-coumaric acid (2 mM) in 25 ml dry
THF, freshly distilled thionyl chloride (2.2 mM) in 10 ml dry THF
was added drop by drop for about 15 min. Then the reaction
mixture is stirred at 0 °C for about 6 hr. Progress of the reaction is
monitored by TLC using 5:5 n-hexane: ethyl acetate mixture as
mobile phase. Finally the reaction mixture was concentrated in
rotary evapourator at 80 °C, a light yellow solid product was
obtained upon recrystallization using acetonitrile.

Light yellow solid, yield 82%, m.p 190-192 °C . '"H NMR (250 mHz)
(CDCl3) 6 (ppm): & 6.2-7.4 (m, Ar-H, 4H), 9.4 (s, Ar-OH, 1H), 8.2 (m, 1H,
alkyl CH proton), 6.7 (m, 1H, alkyl proton). IR (KBr)vmax cm't: 3049-
2967 (Ar-H), 3278-3545 (phenolic-OH), 1683 (C=0). M+ 182.01.
Anal.Calcd for CoH7ClO2: C, 59.20; H, 3.86. Found C, 59.18; H, 3.84.
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Scheme 1: Synthetic pathway for the preparation of 3-(4-hydroxyphenyl)acryloyl chloride (2)

In the second step, coupling of respective amino phenols and substituted amino phenols to the key intermediate by based condensation reaction to

afforded novel p-coumaric acid amides (2a-e) (Scheme2).
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Compound R: R: R3 R4 Rs
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2e H H OH OCH3 H

Scheme 2: General reaction protocol for the synthesis of p-coumaric acid amides(2a-e)

General procedure for the synthesis of p-coumaric acid amides
(2a-€)

2-aminophenol (1.2 mM) in dry THF (10 mL) was treated with
K2CO3 (600mg). Later the solution of 3-(4-hydroxyphenyl) acryloyl
chloride (1 mM) in dry THF (10 mL) was added drop by drop for 30
min, under N2 atmosphere. The reaction mixture was refluxed for 6-
8 hr. The progress of the reaction mixture was monitored by TLC.
The reaction mixture was then desolventized in rotary evapourator
and the compound is extracted in ethyl acetate. The ethyl acetate
layer was washed with water and dried over anhydrous Na:SO4.
The brown semisolid product (2a) was obtained by further
desolventation in rotary evapourator at 50 °C. Other respective p-
coumaric acid amides were obtained by conjugated with 3-
aminophenol, 4-aminophenol, substituted aminophenols like 4-
nitro-2-aminophenol and 4-methoxy-2-aminophenol by following
the same procedure. The analogues were separated and purified by
column chromatography by using mixture of chloroform / methanol
= 85: 15. The products were characterized by IR, tH NMR, mass and
elemental analysis.

3-(4-hydroxyphenyl)acryloyl chloride (2)

Light yellow solid , yield 82%, m.p 190-192 °C . 'H NMR (250 mHz)
(CDCl3) 6 (ppm): & 6.6-7.4 (m, Ar-H, 4H), 9.4 (s, Ar-OH, 1H), 7.2 (m, 1H,
alkyl CH proton), 6.7 (m, 1H, alkyl proton). IR (KBr) vmax cm: 3049-
2967 (Ar-H), 3278-3545 (phenolic-OH), 1683(C=0). M+ 182.01.
Anal.Calcd for CoH7ClO2: C, 59.20; H, 3.86. Found C, 59.18; H, 3.84.

4-(4-hydroxyphenyl)-1-(4-hydroxyphenylamino)but-3-en-2-
one (2a)

Brown semi solid, yield 71%, 'H NMR (250 mHz) (CDCls) & (ppm): §
6.1- 7.1 (m, Ar-H, 4H), 9.3 (s, Ar-OH, 1H), 8.2 (m, 1H, alkyl CH
proton), 6.7 (m, 1H, alkyl proton), 9.0 (s, N-H, 1H), 6.7-7.3 (m, Ar-H
of aminophenol, 4H), 9.6 (s, phenolic -OH of aminophenol, 1H). IR
(KBr) vmax cmt: 3066-2898 (Ar-H), 3287- 3554 (phenolic-OH), 3316
(N-H); M+269.11; Anal.Calcd for C16H1sNO3: C, 71.36; H, 5.61; N,
5.20. Found C, 71.34; H, 5.60; N, 5.22.

4-(4-hydroxyphenyl)-1-(2-hydroxyphenylamino)but-3-en-2-
one (2b)

Brown semi solid, yield 73%, 'H NMR (250 mHz) (CDCl3) & (ppm): &
6.0-7.2 (m, Ar-H, 4H), 9.3 (s, Ar-OH, 1H), 8.2 (m, 1H, alkyl CH
proton), 6.7 (m, 1H, alkyl proton), 10.5 (s, N-H, 1H), 6.6-7.3 (m, Ar-H,
4H), 10.1 (s, phenolic -OH of aminophenol, 1H). IR (KBr) Vmax cm:
3039-2877 (Ar-H), 3283-3544 (phenolic-OH), 3341 (N-H). M+
269.11. Anal.Calcd for C16H1sNOs3: C, 71.36; H, 5.61; N, 5.20. Found
C,71.34; H,5.59; N, 5.18.

4-(4-hydroxyphenyl)-1-(3-hydroxyphenylamino)but-3-en-2-
one (2c)

Brown semi solid, yield 70%, 'H NMR (250 mHz) (CDCl3) & (ppm): §
6.4-7.6 (m, Ar-H, 4H), 9.2 (s, Ar-OH,1H), 8.2 (m, 1H, alkyl CH proton),
6.6-7.3 (m, Ar-H, 4H),6.7 (m, 1H, alkyl proton), 9.2 (s, N-H,1H), 9.6 (s,
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phenolic-OH of aminophenol, 1H). IR (KBr) vmax cm: 3086-2857
(Ar-H), 3213-3505 (phenolic-OH), 3331 (N-H). M+ 269.11 .
Anal.Caled for CisHi1sNOs : C, 71.36; H, 5.61; N, 5.20. Found: C,
71.34; H,5.62; N, 5.22.

1-(4-hydroxy-3-nitrophenylamino)-4-(4-hydroxyphenyl)but-3-
en-2-one (2d)

Brown semi solid, yield 68%, 'H NMR (250 mHz) (CDCl3) & (ppm): §
6.5-7.3 (m, Ar-H, 4H), 9.4 (s, Ar-OH, 1H), 8.2 (m, 1H, alkyl CH
proton), 6.7 (m, 1H, alkyl proton), 9.2 (s, N-H,1H), 6.8-7.1 (m, Ar-H of
aminophenol, 3H), 9.4 (s, phenolic -OH of aminophenol, 1H). IR
(KBr) vmax cmt: 3049-2827 (Ar-H), 3213-3504 (phenolic-OH), 3334
(N-H). M* 314.09. Anal.Calcud for C1¢H14N20s: C, 61.14; H, 4.49; N,
8.91.Found C, 61.16; H, 4.47; N, 8.89.

1-(4-hydroxy-3-methoxyphenylamino)-4-(4-
hydroxyphenyl)but-3-en-2-one (2e)

Brown semi solid, yield 76%, 'H NMR (250 mHz) (CDCl3) & (ppm):
8 6.3-7.5 (m, Ar-H, 4H), 9.4 (s, Ar-OH,1H), 8.3 (m, 1H, alkyl CH
proton), 6.8 (m, 1H, alkyl proton), 9.4 (s, N-H, 1H), 7.1-7.8 (m, Ar-H
of aminophenol, 3H), 3.8 (s,-OCHs, 3H), 9.4 (s, phenolic -OH of
aminophenol,1H). IR (KBr) vmax cm1: 3049-2827 (Ar-H), 3214-3544
(phenolic-OH), 3371 (N-H). M* 299.12. Anal.Calcd for C17H17NO4: C,
68.21; H, 5.72; N, 4.68. Found C, 68.19; H, 5.70; N, 4.70.

Antioxidant activity

The newly synthesized p-coumaric acid amides were screened for
their potential over antioxidant activity by using two well
established invitro methods like DPPH radical scaveningng activity
ans inhibition of LDL oxidation activity. The compounds under
studies were dissolved in distilled ethanol (50 mL) to prepare 1000
UM solution. Solutions of different concentrations (10 uM, 50 pM,
100 uM, 200 pM and 500 uM) were prepared by serial dilution and
the free radical scavenging activity was studied.

DPPH radical scavenging activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging effect
was carried out according to the method first employed by Blois30.
Compounds at different concentrations were prepared in distilled
ethanol, 1mL of each compound solutions having different
concentrations (10 uM, 50 pM, 100 pM, 200 pM and 500 pM) were
taken in different test tubes, 4 mL of a 0.1 mM ethanol solution of
DPPH was added and shaken vigorously. The tubes were then
incubated in the dark room at RT for 20 min. A DPPH blank was
prepared without compound, and ethanol was used for the baseline
correction. Changes (decrease) in the absorbance at 517 nm were
measured using a UV-visible spectrophotometer and the remaining
DPPH was calculated. The percent decrease in the absorbance was
recorded for each concentration, and percent quenching of DPPH
was calculated on the basis of the observed decreased in absorbance
of the radical. The radical scavenging activity was expressed as the
inhibition percentage and was calculated using the formula:

Radical scavenging activity (%) = [(Ao - A1) / Ao x100]

Where A, is the absorbance of the control (blank, without
compound) and A is the absorbance of the compound. The radical
scavenging activity of internal standard BHA was also measured and
ICso values was calculated and compared with that of the newly
synthesized compounds.

Human LDL oxidation assay

Fresh blood was obtained from fasting adult human volunteers and
plasma was immediately separated by centrifugation at 1500 rpm
for 10 min at 4 °C. LDL (0.1 mg LDL protein/mL) was isolated from
freshly separated plasma by preparative ultra centrifugation using a
Beckman L8-55 ultra centrifuge. The LDL was prepared from the
plasma according to the method of 3. The isolated LDL was
extensively dialyzed against phosphate buffered saline (PBS) pH 7.4
and sterilized by filtration (0.2 pm Millipore membrane system,
USA) and stored at 4 °C under nitrogen. 1 mL of various
concentrations (10, and 25 pM) of compounds were taken in test
tubes, 40 pL of copper sulphate (2 mM) was added and the volume
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was made up to 1.5 mL with phosphate buffer (50 mM, pH 7.4). A
tube without compound and with copper sulphate served as a
negative control, and another tube without copper sulphate with
compound served as a positive control. All of the tubes were
incubated at 37 °C for 45 min. To the aliquots of 0.5mL drawn at 2, 4
and 6 hr intervals from each tube, 0.25 mL of thiobarbutaric acid
(TBA, 1% in 50 mM NaOH) and 0.25 mL of trichloro acetic acid (TCA,
2.8%) were added. The tubes were incubated again at 95 °C for 45
min and cooled to room temperature and centrifuged at 2500 rpm
for 15 min. A pink chromogen was extracted after the mixture was
cooled to room temperature by further centrifugation at 2000 rpm
for 10 min. Thiobarbituric acid reactive species in the pink
chromogen were detected at 532 nm by a spectrophotometer
against an appropriate blank. Data were expressed in terms of
malondialdehyde (MDA) equivalent, estimated by comparison with
standard graph drawn for 1,1,3,3-tetramethoxy-propane (Which
was used as standard) which give the amount of oxidation and the
results were expressed as protection per unit of protein
concentration (0.1 mg LDL protein/mL). Using the amount of MDA,
the percentage protection was calculated using the formula:

% inhibition of LDL oxidation = (Oxidation in control - Oxidation in
experimental / Oxidation in control) X 100

RESULTS AND DISCUSSION

p-coumaric acid was synthesized by applying known method?® by
converting coumarin to p-hydroxy-trans-cinnamic acid (p-
coumaric acid) by shaking with dilute alkali (NaOH) and freshly
precipitated mercuric oxide. p-coumaric acid amides was realized
in two steps. First step, the key intermediate 3-(4-hydroxyphenyl)
acryloyl chloride (2) was prepared by reaction of p-coumaric acid
with thionyl chloride, in good yield (Scheme 1). In the second step,
further coupling of respective aminophenols and substituted
amionophenols to the intermediate afforded novel p-coumaric acid
amides (2a-e). (Scheme 2). Structural conformation was done
using IR, 'H NMR, mass spectra and elemental analysis. The IR
spectrum of compound (2) showed characteristic absorption at
1683 cm! for carbonyl group. Aromatic stretching was observed
at 3049-2967 cm'l. From the 'H NMR spectra, the absent of
carboxylic -OH at 12 ppm conformed the conversion of p-coumaric
acid to its amides. The IR spectrum of all p-coumaric acid amides
(2a-e) reveals the presence of N-H stretching band at 3213-3354
cm? in all the analogues and showed broad phenolic stretching at
3210-3561 cm. All the aromatic (Ar-H) absorption band was
appeared at the expected regions. 'H NMR spectra of all p-
coumaric acid amides showed N-H proton as singlet at 9.8-10.5
ppm. The signal due to phenolic -OH in all the amides appeared as
singlet at about 9.4-10.1 ppm. In addition to phenolic -OH, -OCH3s
protons present in the compounds 2e resonated as a singlet at 3.8
ppm. Other aromatic protons were observed at expected regions.
Mass spectra of all newly synthesized compounds showed M+
peak, in agreement with their molecular formula. The newly
synthesized p-coumaric acid amides were evaluated for their
potential over antioxidant activity by using two well documented
assays manley DPPH radical scavenging assay and inhibition of
LDL oxidation assay.The evaluation study was carried out at
various concentrations and also comparative studies was done
with the standard antioxidant (BHA). DPPH radical scavenging
activity evaluation is a standard assay in antioxidant activity
studies and offers a rapid technique for screening the radical
scavenging activity of specific compounds or extracts. A freshly
prepared DPPH solution exhibits a deep purple colour with an
absorption maximum at 517 nm. This purple colour generally
fades/disappears when an antioxidant is present in the medium.
Thus, antioxidant molecule can quench DPPH free radical (i.e., by
providing hydrogen atoms or by electron donating, conceivable)
and convert them to a colorless/bleached product (i.e., 2,2-
diphenyl-1-picrylhydrazine, or a substituted analogues hydrazine),
resulting in a decrease in absorbance. Hence, more rapidly the
absorbance decrease, the more potent the antioxidant activity of
the compound.

Percentage activity (%) of ethanolic solutions of 3-(4-
hydroxyphenyl)acryloyl chloride (2) and p-coumaric acid amides
(2a-e) were examined and compared with the standard (Figure 1).
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Fig. 1: % DPPH activity of p-coumaric acid amides. Each values represents meanz SD (n=3)

Initially, compound (2) showed considerable DPPH activity, (electron donating group) addition to the phenolic moiety showed
Whereas coupling of amino phenols and substituted amino phenols dominant DPPH activity, where as compound 2d having nitro group
to key intermediate (2) exhibits increase in the antioxidant activity (electron withdrawing group) exhibit slightly less activity to that of
(Fig.1).Among the analogues compound 2e bearing methoxy group compound 2e. ICso for all the compounds were calculated (Table.1)

Table 1: 50% Inhibition of DPPH radical and human LDL oxidation by p-coumaric amides

Compound DPPH activity LDL oxidation inhibition
ICs0 (uM/ml) ICs0 (1M /ml)

2a 14+£0.90 10£0.33

2b 17+£1.45 15+£0.23

2c 21+1.43 19+0.21

2d 15+0.67 12+0.39

2e 9+0.76 6+0.21

BHA 12+0.55 8+0.76

Each value represents means * SD (n=3)

Table 1 reveals the 50% inhibitory concentration towards DPPH may therefore reduce atherogenesis and coronary heart diseases
activity of newly synthesized compounds. The increasing order of 33, In general, oxidation of LDL follows a radical chain reaction
DPPH activity of newly synthesized analogues is as follows that generates conjugated diene hydroperoxides as its initial

products. It has been reported that inhibition of human LDL

2e> BHA> 2a> 2d> 2b> 2¢> 2
€ a ¢ oxidation may arise due to free-radical scavenging3*. The

Oxidation modification is known to play an important role in the antioxidant activity of p-coumaric acid amides (2a-e) against
pathogenesis of atherosclerosis and coronary heart diseases3? human LDL oxidation with different concentrations (10 uM and
and the dietary antioxidants that protect LDL from oxidation 25 pM) is shown in the Figure 2.
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Fig. 2: Percentage of inhibition of human LDL oxidation by p-coumaric acid amides and standards at different concentration at different
time interval. Each value represents means * SD (n=3)

The poly unsaturated fatty acid (PUFA) of human LDL were oxidized,
and the malonoldehyde (MDA) formed have been estimated by using
thiobarbituric acid (TBA) method. Initially the formation of
conjugated dienes due to copper-induced LDL oxidation was
unaffected by compound (2) showing less activity but coupling of
aminophenols and substituted aminophenols i.e.,, compound (2a-e)
effectively inhibited LDL oxidation showed good activity. The
average induction time for copper mediated LDL oxidation was
around 4 min without the addition of compounds. The compounds
protected LDL from oxidation as measured by the prolongation of
the induction time of the formation of conjugated dienes. Among the
synthesized compounds, 2e exhibited 66.74 and 76.25% protection
at the 10 and 25 pM levels at the end of 2 hr after the induction of
oxidation. Whereas, it was 87.65 and 95.25% protection at the end
of 6 hr showing dominant inhibition over LDL oxidation and also
comparable or slightly less protection with respect to the standards.
Compound (2) exhibited 5.34 and 7.43% protection at the 10 and 25
uM levels at the end of 2 hr after the induction of oxidation.
Whereas, it showed 8.87 and 12.43% protection at the end of 6 hr
showing less activity. ICso values are calculated and depicted in the
table 1. The results indicate a dose-dependent inhibition effect of
compounds against LDL oxidation.

CONCLUSION

In conclusion, a ray of p-coumaric acid amides were synthesized in
two steps in moderate to high yield. The antioxidant properties of the
new analogues were evaluated by DPPH free radical scavenging
activity and inhibition on human LDL oxidation. In both the assays,
initially 3-(4-hydroxyphenyl) acryloyl chloride (2) showed
considerable activity. Coupling of aminophenol and substituted
aminophenols to key intermediate enhance the antioxidant activities.
In contrast coupling of substituted aminophenols containing methoxy
group i.e.,, compound 2e revealed high antioxidant activity and even
more than the standard. The coupling of different aminophenol and
substituted aminophenols is the most important feature for the
significant antioxidant activitiy of the p-coumaric acid amides studied.
These effects may be useful in the treatment of pathologies in which
free radical oxidation plays a fundamental role.

Abbrevations
oC = centigrade
min = minute
hr = hour

mL = milli Liter

um = micro molar

% = percentage

ICs0 = 50 percent Inhibition concentration
nm = nano meter

mM = milli molar

M= molar

RT =room temperature

BHA = Butyrated hydroxyl anisole

DPPH = 2, 2-diphenyl-1-picrylhydrazyl
TLC = Thin layer chromatography

IR= Infrared

1H NMR= proton nuclear magnetic resonance
MP= melting point

KBr= potassium bromide

RSA= radical scavenging activity

LDL = Low density lipoprotein

TBA= Thiobarbituric acid
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