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Abstract:

Most of the cinnamic acids, their esters, amides, aldehydes and alcohols, show significant growth inhibition
against one or several bacterial and fungal species. A series of cinnamic acid-amide hybrids was rationally
design and synthesized by reaction of (e)-3-(benzo d 1 3 dioxol-5-yl)acrylic acid with diversified biologycaly
active fragments. The synthesis of multitargeted molecule is easy by coupling cinnamic acid derivatives with
biologycally active piperidine derivatives by effiecient method with good to excellent yield. The identified and
multitarget molecule serve as a lead for the future research in connection of potent targets for bilogically
importantant applications such as anitmicrobial, antituberculasis and antifungal drug candidate. Synthesized
molecules were characterized by using analytical techniques such as *H-NMR, melting point and Mass.
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Introduction:

Hybrid molecules are the chemical entities with
two or more than two structural areas having
different biological purposes and dual activity
indicates that a hybrid molecule acts as two distinct
pharmacophores. Both entities of the hybrid
molecule are not necessarily acting on the same
biological target. These hybrid molecules should be
disorganized with prodrugs. When a drug candidate
has a weak bioavailability, the prodrug strategy is
highly convenient to correct the pharmacokinetic
and pharmacodynamic profiles of a valuable lead
[1].

Cinnamic acid, a natural aromatic carboxylic acid
is key chemical observed in plant like
cinnamomum cassia and panax ginseng [2]. The
presence of an acrylic acid group substituted on the
phenyl ring gives cinnamic in the form of cis or a
trans configuration[3,4]. Studies have reported that
cinnamic acid derivatives exhibit antioxidant [5],
anti-tuberculosis [6], antifungal [7], antimicrobial
[8, 9], anticancer [10], neuroprotective [11], anti-
inflammatory [12] and antidiabetic properties [13].
Cinnamic acid terminates the radical chain
reactions forming stable products [14]. It is also
used as a fragrant ingredient in toiletries,
flavourings cosmetics and detergents [3].

Cinnamic acid contains benzene ring and acrylic
acid group makes it possible to modify it resulting
in synthetic cinnamic acid derivatives [12].
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Cinnamic acid derivatives that have been reported
by researchers include ferulic acid, curcumin [11],
caffeic acid, p-hydroxycinnamic acid [15]
coumaric and chlorogenic acids [16]. These
cinnamic acid analogues are differentiated by the
presence of hydroxyl groups on the phenyl ring that
are either free or methoxylated [16].

Along with cinnamic acid derivative some hybrid
multitargeted molecule can be synthesis using
different linkers and spacers commonly used in
bioactive molecules. The most common linkers are
methylene, amine, acetoxy, oxy and sulphonamide.
benzylpiperazine derivatives ~ have  received
attention due to their significant anti-
inflammatory agent, inhibitor and antifungal
activities [17-18].  N-Phenyl-4-piperidinamine
derivatives having benzoyl piperidyl alkyl and
related compounds possessing tranquilizing, anti-
hypertensive and analgesic properties and a process
for the preparation thereof are described [19].

The most common linker connecting two rings
present in bioactive molecules is a simple
methylene group [20] was synthesis by various
synthetic route [21-23] for example as a linker
incorporated very successfully in kinase inhibitors.
[24, 25]. A range of synthetic strategies are
available for the preparation of derivatives
incorporating alkene linkers [26].

Sr. No. A B C D E F
. MH ) o
Active MH D—CNH NH I-h.—CHH osN NH
e
Fragments @ @
Kinase Antibacterial,
. Kinase inhibitor, Anticomvulsant,
Activities inhibitor, Anticonvulsani, Analgesic, Anti-
. Antimicrobial, Muscle relaxant,
with other Antimicrobial Antihypertensive, Antagonist, inflammatory,
L. . Anti- antitubercular, .
derivatives Anti- Muscle relaxant, antimicrobial Antagonist,
inflammatory Analgesic.
inflammatory Antifungal,

The most common aliphatic ring linkers are cyclic
amines - piperazine, piperidine, pyrrolidine and
azetidine - usual medicinal chemistry building
blocks [27]. This type of small aliphatic rings
introduces three dimensionalities into the molecule,
for their beneficial physicochemical properties and
applications as functional group bio isosteres [28].
Piperamide derivatives were synthesized by
treating different piperazine and piperidine
compounds with (E)-3-(7-methoxybenzo [d] [1,3]
dioxol-5-yl) acrylic acid. The compounds were
evaluated for their antibacterial, antifungal,
antidepressant, antioxidant activities and also for
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their mono amino oxidase A and B inhibitory
activity [29].

4 & 3 benzyl piperidines (A, B), 4-benzoylpiperid
-ines (D) [30] and 3-phenoxypyrrolidines (C) [31]
are the biological active fragments possess
anticonvulsant activities and muscle relaxant
activities [33]

By considering all these facts and finding in the

present invention we have synthesized a series of
Cinnamic acid amide hybrid derivatives.
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Results and discussion:

Cinnamic acid derivatives 3(a—j) were prepared by
treating of 3-Benzo [1,3] dioxol-5-yl-acrylic acid
with corresponding diversified biological active
spacers/linkers such as piperidine and piperazine
derivatives in the presence of activators and
coupling reagents at ambient temperature. (figure
2). Products were isolated by simple solvent
extraction and trituration to get pure targeted
molecule with order of moderate to excellent molar
yield. Isolated reaction condition was very
favorable as compared with previous methods.
especially those that need harsh reaction
conditions, large amount of organic solvent, special
reagents and column purifications. For process
optimization, screened various coupling reagents
and activators to get desired products and it is
observed that HATU and DIPEA serve as excellent
role. The current optimized process and
stichometry of amine, HATU and DIPEA gives
pure compound without column chromatography
for purification. The reaction progress was
monitored by TLC and isolated compound purity
was tested by HPLC chromatography (agilent),
product structure was confirmed by *H NMR and

Section A-Research paper

Mass spectra and Melting points. The isolated
hybrid target molecules were tested for
antimicrobial activities using E. Coli ATCC25922,
Pseudomonas aeruginosa ATCC27853,
Staphylococcus aureus ATCC25923 and Candida
species against gentamycin and nystatin.
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Figure-1: The attractive targeted hybrid molecule

1. Reaction scheme to synthesis of new target molecules:
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Figure-2: Synthetic route for intermediate and target molecules

2. Synthesized targeted hybrid molecules, active fragments, appearance and melting points:

Code Structure 3 (a-j)

Active fragments

Appearance Meting range

o
3a - NJK/\@S /O\©\ OH Pale yellow solid 122-124 °C
\©\N/Q o> N Y
H

o
3b ° - o \Q /O Off white solid
JORS AN s

120-123 °C

o i 0 NH
~ N~ NF 0, . .
3¢ \QHKQ )KACECQ Q(O Off white solid
o o

119-123 °C
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(o]
o]
3d 0 NM\QO ¢ Y Lightbrownsolid  124-127°C
1O g D
(0]
e N NW\C[O s Off white solid 122-124 °C
jcUshgesPRere
9 H
af  ° NW\C[O Meo " Brown color solid ~ 95-98 °C
\OJQ/\O o> Meom)
(0]
cl . . °
3g C'm%% Qo Off white solid ~ *125-129 °C
(6]
O
3h OJJ\/\@E% OH Off white solid *88-90 °C
O
(0]
3i Nk/\@[% \S//Oﬁ Off white solid 187-189 °C
i o 2N white soli - °
Htn 0 L
6] . ;
(\N)v\©:o P
3j "\\S%NJ J Qﬁﬁm Off white solid 168-169 °C
AT Q"

Where * Literature known melting range.

Table 1: Name, Structure of target hybrid molecules, Active fragments and molecular formula.

3. Screening of reagents and optimization of reaction to develop synthesis process for 3a:

0
b 0 HATU, DIPEA ~ F 0
0 ) - @ o N (O )
T 2030C N o

H

0
9 23 3a
Figure-3: Reaction scheme to synthesis 3a.
Screening the coupling reagent/ activators:

Sr. No Coupling reagents/activators Yield % mol

1 SOCl,, TEA 39%

2 T3P 44%

3 EDC, HCI 50%

4 HATU, DIPEA 65%

5 HOBT, DIPEA 60%

6 CDI, DIPEA 56%

Table 2: Screening of the various activators and coupling reagents
All above reagent screening experiments showed,

that all reagents work effective for acid -amine
coupling and obtained product with moderate to

Eur. Chem. Bull. 2023, 12(Special Issue 5), 206 — 213

good yields. The coupling using activator HATU
and DIPEA base showed good yield.
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4. Stichometry optimization of reagent in synthesis of 3a:

Sr. No. Stichometry (eq.) Temp Yield
2 2a HATU Amine (°C) (% mol)
1. 1.0 0.95 2.0 2.5 2545 63
2. 1.0 1.00 2.0 2.5 2515 75
3. 1.0 1.05 2.0 2.5 2515 70
4, 1.0 1.10 2.0 2.5 2515 80
5. 1.0 1.10 1.0 2.5 2515 60
6. 1.0 1.10 1.2 2.5 2515 70
7. 1.0 1.10 1.5 2.5 2515 82
8. 1.0 1.10 15 1.0 2545 60
9. 1.0 1.10 1.5 1.5 2515 80
10. 1.0 1.10 15 2.0 2515 82
11. 1.0 1.10 1.5 2.2 2515 83
12. 1.0 1.10 15 2.5 2545 83

Table 3: Optimization of reaction stichometry of the reagents.

Experimental:

All chemicals and reagent purchased from
commercial vendors like Spectrochem, Avra, and
Sigma Aldrich. Chemicals and reagents were used
without further purification. Melting points were
measured on an electrothermal digital melting point
apparatus and are uncorrected. *H NMR and *C-
NMR spectra were recorded using Brucker 300-
MHz instrument in CDCIls/DMSO solutions with a
tetramethyl silane (TMS) as the internal standard.
Reaction progress was routinely monitored by Thin
layer chromatography (TLC) was carried out on
silica gel 60 F254 pre-coated plates (0.25 mm,
Merck). TLC plates were visualised under UV
illumination at 254 nm. and the solvent for the
development of the plate was ethyl acetate: hexane
(1:1). The purity of synthesized target molecule
was checked by HPLC (Agilent). mass
spectrometry data were obtained from With the
SCIEX Triple Quad™ 3500 LC-MS/MS system.

1. Procedure A: to synthesis of 3-Benzo [1,3]
dioxol-5-yl-acrylic acid (2)

A solution of 3-Benzo [1,3] dioxol-5-yl-acrylic
acid methyl ester (19.4 mmol, 1.0 eq.) in 25%
methanol in THF (5.0 rel. volume) was treated with
Lithium hydroxide (38.80 mmol, 2.0 eq.) and water
at 25+5°C and stirred until the reaction deemed
complete after 4h by TLC. The reaction mass was
concentrated and diluted with water (6 rel.
volumes). The mass was cooled to 2+3°C, and
acidified with concentrated 2N hydrochloric acid
(2.25 rel. volumes) until the pH was 4+1. The
resulting mixture was stirred for 30+£20 min,
filtered, with the filter cake washed with water (2 x
2.0 rel. volumes) before the solid was dried under
vacuum to get dried as a light of white solid 3.72 g,
86% molar yield with HPLC purity of 99.4% area.,
Melting range-135-138°C, Mass m/z (M+H)
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193.75, 'H NMR (300 MHz, DMSO-d6): & ppm
12.23 (s, 1H), 7.54-7.48 (d, 1H), 7.38-7.37 (d, 1H),
7.18-7.15 (dd, 1H), 6.96-6.94 (d, 1H), 6.42-6.37 (d,
1H), 6.08 (d, 2H).

3. Procedure Synthesis of Cinnamic acid-amide
hybrids molecules 3(a-j).

General procedure: B

A solution of 3-Benzo [1,3] dioxol-5-yl-acrylic
acid (15.61 mmol, 1.0 eq.) in dimethyl formamide
(5 rel. volumes) was treated with HATU (23.42
mmol, 1.5 eq.) and DIPEA (34.34 mmol, 2.2 eq.)
dropwise at 0°C and stirred for 10 minutes.
Followed by addition of substituted amine R (17.17
mmol, 1.1 eq.) and stirred at room temperature until
reaction deemed complete after 6h by TLC. After
completion of the reaction, the reaction mass was
poured on cold water (25 rel. volumes), the solid
crushed out was filtered through Buckner funnel.
The obtained solid was slurred in sodium
bicarbonate solution, filter and wash with water and
Solid was dried under vacuum at 45+5°C. The
obtained crude triturated with hexane and dried
under reduced pressure to afford dried and pure
yellow solid.

Synthesis of (E)-3-(benzo[d] [1,3] dioxol-5-yl)-1-
(4-((4-methoxyphenyl) amino) piperidin-1-yl)
prop-2-en-1-one (3a): Synthesis of this molecule
according to general procedure B, N-(4-
methoxyphenyl) piperidin-4-amine used as a
substituted amine R and obtained pale yellow color
solid with HPLC purity 99.6% purity. Melting
range 122-124 °C, Mass m/z (M+H) 381.48, 'H
NMR (300 MHz, DMSO-d6): 6 ppm 7.36-7.46 (m,
2H), 7.09-7.19 (m, 4H), 6.84-6.97 (m, 3H), 6.06 (s,
2H), 4.23-4.44 (m, 2H), 3.78 (s, 3H), 3.15 (m, 1H),
2.90-2.98 (m, 1H), 2.70-2.74 (m, 1H), 1.57-1.61
(m, 1H), 1.24-1.37 (m, 2H), 1.08-1.12 (m, 2H).
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Synthesis of (E)-3-(benzo[d] [1,3] dioxol-5-yl)-1-
(3-(p-tolyloxy) piperidin-1-yl) prop-2-en-1-one
(3b): Synthesis of this molecule according to
general procedure B, 3-(p-tolyloxy) piperidine used
as a substituted amine R and obtained off white
color solid with HPLC purity 99.8% purity.
Melting range 120-123 °C, Mass m/z (M+H)
366.33, 'H NMR (300 MHz, DMSO-d6): & ppm
7.34-7.47 (m, 2H), 7.10-7.14 (m, 2H), 6.84-6.94
(m, 4H), 6.69-6.80 (d, 1H), 6.07 (s, 2H), 4.27-4.30
(m, 1H), 4.13-4.17 (m,1H), 2.90-3.08 (m, 2H), 2.38
(s, 3H), 1.68-1.71 (m, 2H), 1.19-1.33 (m, 2H).

Synthesis of (E)-3-(benzo[d][1,3] dioxol-5-yl)-1-
(4-(4-methoxybenzoyl)piperidin-1-yl)prop-2-
en-1-one (3c): Synthesis of this molecule
according to general procedure B, (4-
methoxyphenyl)(piperidin-4-yl) methanone used
substituted amine and obtained off white color solid
with HPLC purity 98.8% purity and Melting range
119-123 °C. Mass m/z (M+H) 393.39, 'H NMR
(300 MHz, DMSO-d6): 6 ppm 8.00-8.03 (d, 2H),
7.39-7.48 (m, 2H), 7.06-7.17 (m, 4H), 6.92-6.95 (d,
1H), 6.07 (s, 2H), 4.33-4.47 (m, 2H), 3.86 (s,3H),
3.72 (m, 1H), 3.27 (m, 1H), 2.89-2.94 (m, 1H),
1.45-1.49 (m, 2H), 1.20-1.25 (m, 2H).

Synthesis of (E)-3-(benzo[d][1,3] dioxol-5-yl)-1-
(4-(benzo[d][1,3]dioxol-5-yImethyl)piperidin-1-
yl)prop-2-en-1-one (3d): Synthesis of this
molecule according to general procedure B, 4-
(benzo[d][1,3]dioxol-5-ylmethyl)piperidine  used
as a substituted amine R and obtained yellow color
solid with HPLC purity 99.6% purity. Melting
range 124-127 °C, Mass m/z (M+H) 378.51, 'H
NMR (300 MHz, CDCI3-d1): & ppm 7.61-7.56 (d,
1H), 7.28-7.00 (m, 2H), 6.83-6.59 (m, 5H), 6.61 (s,
2H), 6.01 (s, 2H), 4.71 (m, 1H), 4.11-4.07 (d, 1H),
3.06 (m, 1H), 2.63 (m, 1H), 2.51-2.49 (d, 2H), 1.77-
1.74 (m, 3H), 1.28-1.16 (m, 2H).

Synthesis of (E)-4-((1-(3-(benzo[d][1,3] dioxol-5-
yl)acryloyl)piperidin-4-yl)oxy)benzonitrile (3e):
Synthesis of molecule according to general
procedure B, obtained yellow color solid with
HPLC purity 98.4% purity. Melting range 122-124
°C, Mass m/z (M+H) 411.49, 'H NMR (300 MHz,
DMSO-d6): & ppm 7.34-7.54 (m, 6H), 7.14-7.19
(m, 2H), 6.93-6.95 (d, 1H), 6.07 (s, 2H), 4.76 (m,
2H), 4.01 (m, 1H), 3.53 (m, 1H), 2.00 (m, 1H), 1.59
(m, 2H).

Synthesis of (E)-3-(benzo[d][1,3] dioxol-5-yl)-1-
(3-(3,4-dimethoxybenzyl)piperidin-1-yl)prop-2-
en-1-one (3f): Synthesis of molecule according to
general procedure B, obtained yellow color solid
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with HPLC purity 98.4% purity. Melting range 95-
98 °C, Mass m/z (M+H) 411.49, H NMR (300
MHz, DMSO-d6): & ppm 7.36-7.46 (m, 2H), 7.09-
7.19 (m, 2H), 6.84-6.97 (m, 3H), 6.06 (s, 2H), 4.23-
4.44 (m, 2H), 3.78 (s, 3H), 3.60 (s, 1H), 2.90-2.98
(m, 1H), 2.70-2.74 (m, 1H), 1.57 (m, 1H),1.88-1.94
(m, 1H), 1.24-1.31 (m, 2H), 1.08-1.12 (m, 2H).

Synthesis of (E)-3-(benzo[d][1,3]dioxol-5-yl)-1-
(4-(4-chlorobenzyl)piperidin-1-yl)prop-2-en-1-
one (3g): Synthesis of molecule according to
general procedure B, N-(4-chlorophenyl)piperidin-
4-amine used as a substituted amine R and obtained
off white color solid with HPLC purity 98.4%
purity, Melting range 125-129 °C.

Synthesis of (E)-3-(benzo[d][1,3]dioxol-5-yl)-1-
(4-methyl piperidin-1-yl)prop-2-en-1-one (3h):
Synthesis of molecule according to general
procedure A, piperidine used a substituted amine R
and obtained off white solid with 98.3% a purity by
HPLC, melting range 88-90 °C.

Synthesis of (E)-3-(benzo[d][1,3] dioxol-5-yl)-1-
(4-(methylsulfonyl)piperazin-1-yl)prop-2-en-1-
one (3i):

Synthesis of molecule according to general
procedure B, 1-(methylsulfonyl)piperazine used as
a substituted amine R and obtained off white solid
with 99.8% a purity by HPLC, melting range 187-
189 °C. Mass m/z (M+H) 362.10, *"H NMR (300
MHz, DMSO-d6): & ppm 7.43-7.50 (m, 2H), 7.13-
7.18 (m, 2H), 6.93-6.96 (m, 3H), 6.08 (s, 2H), 3.68-
3.83 (m, 2H), 3.14 (m, 4H), 2.91 (s, 3H).

Synthesis of (E)-3-(benzo[d] [1,3] dioxol-5-yl)-1-
(4-((4-methoxyphenyl) sulfonyl) piperazin-1-yl)
prop-2-en-1-one (3j):

Synthesis of molecule according to general
procedure B, 1- ((4-methoxyphenyl) sulfonyl)
piperazine used as a substituted amine R and
obtained off white solid with 100% a purity by
HPLC, melting range 168-169°C. Mass m/z (M+H)
432.13, 'H NMR (300 MHz, DMSO-ds): & ppm
7.82-7.85 (t, 2H), 7.38-7.45 (t, 2H), 7.24-7.26
(m,1H), 7.06-7.15 (m, 2H), 6.92-6.95 (m, 3H), 6.08
(s, 2H), 3.90 (s, 3H), 3.61-3.74 (m, 4H), 3.16 (m,
4H).

Biological Evaluation:

Synthesized Cinnamic acid hybrid molecules were
evaluated at Metropolis laboratory Nasik against
gentamycin and nystatin for E. Coli ATCC25922,
Pseudomonas aeruginosa ATCC27853, Staphyloc-
occus aureus ATCC25923 and Candida species and
result showed synthesized molecule were
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unfavorable for antimicrobial activities for these
bacteria except 3i and 3j which shows moderate
activity  against  Pseudomonas  aeruginosa
ATCC27853.

Conclusions:

The present synthesis gives screened and optimised
reaction condition will help chemist to synthesis of
cinnamic acid-amide hybrid molecules using
different biological active fragments. The
synthesized hybrid molecule unfavourable for
antibacterial activity on tested bacteria except 3i
and 3j which shows moderate activity against
Pseudomonas aeruginosa ATCC27853. Molecules
like 3i and 3j will help researcher to study other
activities like antimicrobial, antifungal, anticancer
activities and designing newer targets. We hope
that this will help to all researcher for the synthesis
of multi bioactive cinnamic acid-amide hybrid
molecules using different bioactive molecules. This
synthesis also helps chemists to better understand
the relationship between linkers and make rational
decisions in selecting spacers in their project and
ultimately make the quest for novel bioactive
molecules slightly more efficient.

Acknowledgments:

Author would like to thanks for the Department of
Chemistry, student and colleagues of Dr. A.P.J.
Abdul Kalam University, Indore for their support.

References:

1. Ettmayer, P., Amidon, G. L., Clement, B.,
Testa, B., Lessons learned from marketed and
investigational prodrugs, J. Med. Chem. 2004,
47, 2393-2404.

2. Chandra S., Roy A., Jana M., Pahan K.,
Cinnamic Acid Activates PPARa to Stimulate
Lysosomal Biogenesis and Lower Amyloid
Plaque Pathology in an Alzheimer’s Disease
Mouse Model. Neurobiol. Dis.2019;124: 379—
395.

3. Yilmaz S., Sova M., Ergiin S., Antimicrobial
Activity of Trans-Cinnamic Acid and
Commonly Used Antibiotics against Important
Fish Pathogens and Nonpathogenic Isolates. J.
Appl. Microbiol. 2018; 125:1714-1727.

4. Rodrigues M.P., Tomaz D.C., Angelo de Souza
L., Onofre T.S., Aquiles de Menezes W.,
Almeida-Silva J., Suarez-Fontes A.M., Rogéria
de Al meida M., Manoel da Silva A., Bressan
G.C. Synthesis of Cinnamic Acid Derivatives
and Leishmanicidal ~ Activity  against
Leishmania  Braziliensis.  Eur.J.  Med.
Chem. 2019;183:1-14.

Eur. Chem. Bull. 2023, 12(Special Issue 5), 206 — 213

Section A-Research paper

5. Olawale H., Oladimeji, Aniekeme E. Essien,
Arthur J. Sheriff and Taiwo E. Alemika,
Antioxidant activity of cinnamic acid and
derivatives, Eur. Chem. Bull. 2019, 8(7), 224-
226.

6. Guzman J.D., Mortazavi P.N., Munshi T.,
Evangelopoulos D., McHugh T.D., Gibbons S.,
Malkinson J., Bhakta S. 2-Hydroxy-substituted
cinnamic acids and acetanilides are selective
growth  inhibitors  of Mycobact-  erium
tuberculosis. Med Chem Comm. 2014;5:47-50.

7. Korosec B., Sova M., Turk S., Krasevec N.,
Novak M., Lah L., Stojan J., Podobnik B., Berne
S., Activity Zupanec N., et al. Antifungal of
Cinnamic Acid Derivatives Involves Inhibition
of Benzoate 4-Hydroxylase (CYP53) J. Appl.
Microbiol. 2014;116:955-966.

8. Guzman J.D., Natural Cinnamic Acids,
Synthetic Derivatives and Hybrids with
Antimicrobial Activity. Molecules.
2014;19:19292-19349.

9. Juan David Guzman, Natural cinnamic acids,
synthetic  derivatives and hybrids with
antimicrobial activity. Molecules 2014 Nov
25;19(12):19292-349.

10.Giebel J.M., Loesche A., Hoenke S., Csuk R., In
Search of New Cinnamic Acid Derived
Flavours and Fragrances. . Results
Chem. 2019;1:1-8.

11.Lan J.S., HouJW., Liu Y., Ding Y., Zhang Y.,
Li L., Zhang T., Design, Synthesis and
Evaluation of Novel Cinnamic Acid Derivatives
Bearing N-Benzyl Pyridinium Moiety as
Multifunctional Cholinesterase Inhibitors for
Alzheimer’s Disease.. J. Enzyme Inhib. Med.
Chem. 2017;32:776—788.

12.Zhang W.X., Wang H., Cui H.R., Guo W.B.,
ZhouF., Cai D.S., Xu B., Jia X.H., Huang X.M.,
Yang Y.Q., Design, Synthesis and Biological
Evaluation of Cinnamic Acid Derivatives with
Synergetic Neuroprotection and Angiogenesis
Effect. Eur. J. Med. Chem. 2019;183:1-16

13.Adisakwattana S., Pongsuwan J., Wungcharoen
C., Yibchok-Anun S., Effects of Cinnamic Acid
Derivatives on Protein Tyrosine Phosphatase
1B. In Vitro.J. Enzyme Inhib. Med.
Chem. 2013;28:1067-1072.

14.Ugazio E., Carlotti M.E., Sapino S., Trotta M.,
Vione D., Minero C., Photodegradation of
Cinnamic Acid in Different Media. J. Dispers.
Sci. Technol. 2008;29:641-652.

15.Hu S., Yang X., Xue J., Chen X., Bai X.H., Yu
ZH, Graphene/Dodecanol Floating
Solidification Microextraction  for  the
Preconcentration of Trace Levels of Cinnamic

212


https://pubmed.ncbi.nlm.nih.gov/?term=Guzman%20JD%5BAuthor%5D

“Design, Synthesis And Evaluation Of Some Biological Important Cinnamic Acid-Amide Hybrid Molecules”

Acid Derivatives in Traditional Chinese
Medicines. J. Sep. Sci. 2017; 40: 2959-2966.
16.Mancilla-Montelongo G., Castafieda-Ramirez
G. S., de Jesus Torres-Acosta J.F., Sandoval-
Castro C.A., Borges-Argéez R., Evaluation of
Cinnamic Acid and Six Analogues against Eggs
and Larvae of Haemonchus Contortus. Vet.

Parasitol. 2019;270:25-30.

17.V. Jayashree, L. Karthick, N. Thenmozhi,
Sangeetha., Evaluation of Anti-Inflam- matory
effect of 4-Benzylpiperidine using Membrane
Stabilization Method — an Invitro Study
Research J. Pharm. and Tech. 10(1): January
2017

18.Jo Alen, Markus Schade, Markus Wagener,
Frank Christian, Sonja Nordhoff, Beatrix Merla,
Torsten R. Dunkern, Gregor Bahrenberg, and
Paul Ratcliffe., Fragment-Based Discovery of
Novel Potent Sepiapterin Reductase Inhibitors,
Journal of Medicinal Chemistry (2019), 62(13),
6391-6397.

19.Helsley et. al.. us patent US4046,900 to study
and synthesis of benzoyl piperidyl alkylinoles.

20.Mondal S., Panda G., Synthetic methodologies
of achiral diarylmethanols, diaryl and
triarylmethanes (TRAMs) and medicinal
properties of diaryl and triarylmethanes-an
overview. RSC Adv. 2014;4(54):28317-28358.

21.Burns MJ, Fairlamb 1JS, Kapdi AR, Sehnal P,
Taylor RJK. Simple Palladium (I1) Precatalyst
for Suzuki—Miyaura Couplings: Efficient
Reactions of Benzylic, Aryl, Heteroaryl, and
Vinyl  Coupling  Partners. Org  Lett.
2007;9(26):5397-5400.

22.Roughley SD, Jordan AM. The Medicinal
Chemist’s Toolbox: An Analysis of Reactions
Used in the Pursuit of Drug Candidates. J Med
Chem. Published online 2011:29.

23.23.Talele TT. Acetylene Group, Friend or Foe
in Medicinal Chemistry. J Med Chem.2020;
63(11):5625-5663.

24.Liu X, Kung A, Malinoski B, Prakash GKS,
Zhang C., Development of Alkyne-Containing
Pyrazolopyrimidines To Overcome Drug
Resistance of Bcr-Abl Kinase. J Med Chem.
2015;58(23):9228-9237.

25.Kaitsiotou H., Keul M., Hardick J., Inhibitors to
Overcome Secondary Mutations in the Stem
Cell Factor Receptor KIT., et al. J Med Chem.
2017;60(21):8801-8815.

26.Jagtap S., Inhibitors to overcome secondary
mutations in the stem cell factor receptor KIT,
Heck Reaction—State of the Art. Catalysts.
2017;7(9):267

27.Roughley S.D., Jordan A.M., The Medicinal
Chemist’s Toolbox: An Analysis of Reactions

Eur. Chem. Bull. 2023, 12(Special Issue 5), 206 — 213

Section A-Research paper

Used in the Pursuit of Drug Candidates. J Med
Chem. Published online 2011:29

28.Bauer MR, Fruscia PD, Lucas SCC, et al, Put a
ring on it: application of small aliphatic rings in
medicinal chemistry... RSC Med Chem.
2021;12(4):448-471.

29.0lawale H., Oladimeji, Aniekeme E. Essien,
Arthur J. Sheriff and Taiwo E. Alemika,
Antioxidant activity of cinnamic acid and
derivatives, Eur. Chem. Bull. 2019, 8(7), 224-
226.

30.Boswell, Robert F., Jr. Helsley, Grover
C, Duncan, Robert L., Jr. Funderburk, William
H.,Johnson, David N. anticonvulsant
phenoxypiperidine muscle relaxant Journal of
Medicinal Chemistry (1974), 17(9), 1000-8.

31.R. L. Duncan, Jr., G. C. Helsley, W. J. Welstead,
Jr. J. P. DaVanzo. W. H. Funderburk. and C. D.
Lunsford. J. Med. Chem., 13, | (19 70).

32.W. J. Welstead. Jr. G. C. Helslev. R. L. Duncan.
Jr. A. D. Cale, Jr. C. R. Taylor, J. P. DaVanzo,
B. V. Franko, and C. D. Lunsford, J. Med.
Chem., 12,435 (1969).

33.G. C. Helsley, R. L. Duncan, Jr., W. H.
Funderburk, and D. N. Johnson, J. Med. Chem.,
12,1098 (1969).

34.Roghayeh Heiran, Aliasghar Jarrahpour, Elham
Riazimontazer, Ahmad Gholami, Azza Troudi,
Carole Digiorgio, Jean Michel Brunel, and
Edward Turos, Piperazine Moiety as Potential
Anti-inflammatory  Agent with  Promising
Antibacterial Activity. Chemistry Select 2021,
6, 5313 -5319

213


https://scifinder-n.cas.org/navigate/?appId=523e2ba5-0f40-4c28-ab3e-6a871624a85b&metricsResultType=reference&metricsSourceUri=substance%2Fpt%2F31252423&ordinal=0&resultType=reference&resultView=DETAIL&state=searchDetail.reference&suppressNavigation=true&uiContext=369&uiSubContext=1759&uriForDetails=document%2Fpt%2Fdocument%2F54157591
https://scifinder-n.cas.org/navigate/?appId=523e2ba5-0f40-4c28-ab3e-6a871624a85b&metricsResultType=reference&metricsSourceUri=substance%2Fpt%2F31252423&ordinal=0&resultType=reference&resultView=DETAIL&state=searchDetail.reference&suppressNavigation=true&uiContext=369&uiSubContext=1759&uriForDetails=document%2Fpt%2Fdocument%2F54157591
https://scifinder-n.cas.org/navigate/?appId=523e2ba5-0f40-4c28-ab3e-6a871624a85b&metricsResultType=reference&metricsSourceUri=substance%2Fpt%2F31252423&ordinal=0&resultType=reference&resultView=DETAIL&state=searchDetail.reference&suppressNavigation=true&uiContext=369&uiSubContext=1759&uriForDetails=document%2Fpt%2Fdocument%2F54157591



