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The present study reports the synthesis of cinnamide derivatives and their biological activity as in-
hibitors of both cholinesterases and anticancer agents. Controlled inhibition of brain acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE) may slow neurodegeneration in Alzheimer’s diseases (AD). The
anticholinesterase activity of phenylcinnamide derivatives was determined against Electric Eel acetyl-
cholinesterase (EeAChE) and horse serum butyrylcholinesterase (hBChE) and some of the compounds
appeared as moderately potent inhibitors of EeAChE and hBChE. The compound 3-(2-(Benzyloxy)
phenyl)-N-(3,4,5-trimethoxyphenyl)acrylamide (3i) showed maximum activity against EeAChE with an
IC50 0.29 � 0.21 mM whereas 3-(2-chloro-6-nitrophenyl)-N-(3,4,5-trimethoxyphenyl)acrylamide (3k)
was proved to be the most potent inhibitor of hBChE having IC50 1.18 � 1.31 mM. To better understand the
enzymeeinhibitor interaction of the most active compounds toward cholinesterases, molecular
modelling studies were carried out on high-resolution crystallographic structures. The anticancer effects
of synthesized compounds were also evaluated against cancer cell line (lung carcinoma). The compounds
may be useful leads for the design of a new class of anticancer drugs for the treatment of cancer and
cholinesterase inhibitors for Alzheimer’s disease (AD).

� 2014 Elsevier Masson SAS. All rights reserved.
1. Introduction

Acetylcholine (ACh) is a cholinergic neurotransmitter, released
presynaptically by cholinergic terminals, and it interacts with
either nicotinic or muscarinic receptors thereby affecting function
of postsynaptic cells. Signalling action of ACh is terminated by the
action of acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) [1,2]. Both enzymes are widely distributed throughout the
body; however, AChE remains the major cholinesterase within the
human brain. All the brain parts that are innervated by cholinergic
transmission in a normal brain hold AChE and BChE activity [3].

Alzheimer’s disease is a long lasting neurodegenerative disorder
that brings about irreversible memory loss in elderly individuals.
Furthermore, this disease has not only been reported of having
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served.
defined accumulation of amyloid-b peptide plaques at extracellular
level but also characterized with the intracellular neurofibrillary
tangles (NFTs) in the brains of suffering patients. With the pro-
gression of disease, the prominent indications are the continuous
memory loss, confusion, petulance, anger and the lack of vigour in
body to function evenly which eventually become the ultimate
cause of death [4e6]. It is estimated that 24.3 million people were
suspected to have Alzheimer’s disease (AD) in 2005; also the pro-
jected number of individuals with AD at world level in 2020 and in
2040 would be 42.3 and 81.1 million, respectively [7]. In this situ-
ation, global escalating occurrence of AD has compelled researchers
to undertake studies on neurodegenerative disorders (NDDS) [8].

Cholinesterases belong to a family of serine hydrolases that split
acetylcholine into choline and acetic acid, an unavoidable step in
retaining the function of cholinergic neuron [9]. AChE has five
important regions within active site and these are important to
understand substrate and inhibitor binding pattern. These regions
are, 1) catalytic triad residues, 2) acyl pocket, 3) oxyanion hole, 4)
anionic site (AS), 5) and a peripheral anionic site (PAS) [10e15]. The
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Table 1
Inhibitory potential of phenylcinnamide derivatives against EeAChE and hBChE.

Compounds EeAChE hBChE

IC50 � aSEM (mM)/(%Inhibition)

3a 6.52 � 0.39 3.93 � 1.44
3b 4.98 � 0.27 (31.1)
3c 12.54 � 0.65 3.85 � 0.91
3d 12.61 � 1.48 (32.8)
3e 6.02 � 2.95 (31.1)
3f (33.6) (32.6)
3g (29.2) 1.25 � 0.08
3h 1.59 � 1.45 (27.2)
3i 0.29 � 0.21 (32.1)
3j (36.5) (37.4)
3k (34.2) 1.18 � 1.31
3l 12.77 � 1.06 (35.4)
3m 1.41 � 0.77 (24.8)
3n (36.4) (34.6)
3o 3.24 � 2.16 (26.2)
3p (31.2) (25.7)
3q 12.91 � 0.98 (41.8)
3r 6.22 � 0.33 5.19 � 0.78
3s 4.22 � 0.03 7.65 � 0.51
3t (30.3) (36.2)
3u (31.2) (41.2)
3v (36.6) (18.21)
3w (34.1) 1.32 � 0.15
3x 3.72 � 0.13 (33.5)
3y 6.69 � 4.0 (28.1)
Neostigmine 22.0 � 3.01 49.1 � 6.0
Donepezil 0.03 � 0.003 6.37 � 0.32

a SEM shows standard error of mean of three experiments.
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AChE binds to PAS resulting in the formation of amyloid-b peptide
plaques and acetylcholinesterase inhibitors (AChEIs) bind to the
PAS to prevent amyloid-b peptide plaques formation [16,17].
However, such treatment (using AChEIs) only relieves the symp-
toms for short term and do not eradicate the disease eternally [18].
The major role of acetylcholinesterase (AChE) is to catalyze the
hydrolysis of acetylcholine (ACh) in cholinergic synapses and
replacement of AChE function in Alzheimer’s brains [19]. Some of
the important cholinesterase inhibitors which are employed in the
treatment of AD are rivastigmine, galantamine, tacrine, ensaculin
and donepezil. Among these remedies the rivastigmine is broader
in its action as it non-specifically inhibits AChE as well as BChE,
whereas galantamine and donepezil specifically inhibit AChE thus
increasing ACh level at neuronal level and relieving AD symptoms
but they all cannot stop progress of dementia [20]. Various com-
pounds like carbamates (e.g., neostigmine and physostigmine etc),
organophosphates, coumarine and cinnamide derivatives are re-
ported in literature as inhibitors of cholinesterases [18,21,22]. Apart
from anticholinesterase and cytotoxic activity cinnamide de-
rivatives (N-(carboxyaryl)-phenylcinnamide) have shown their
activity against leukotriene B4 (LTB4), which is a metabolic product
of arachidonic acid and a potent inflammatory mediator [23,24].
LTB4 has important role in a range of diseases, like psoriasis, adult
respiratory distress syndrome, inflammatory bowel disease and
rheumatoid arthritis, it makes cinnamide derivatives as potent
therapeutic agents against inflammatory disorders [25e29].

The aim of the present study was to synthesize and investigate
phenylcinnamide derivatives as anticholinesterase as well as anti-
cancer agents.
2. Results and discussion

2.1. Chemistry

We envisioned that DoebnereKnoevenagel condensation was
the best available route to synthesize cinnamic acids derivatives (1)
(aey) [30,31]. It was subsequent one pot activation and coupling
which led to formation of corresponding amides with 2,4,6-
trichloro-1,3,5-triazine [32] that ultimately afforded the desired
products phenylcinnamide (3aey) in a good to excellent yield.
Gratifyingly, we came to know that cyanuric chloride (TCT) was
cost-effective and stable reagent for amide formation, more
importantly it was easily handled and transformation took place at
3a : R = 3-OCH2Ph 3n :
3b : R = 3-OCH3, 4-OOCCH3 3o :
3c : R = 4-NHOOCCH3 3p :
3d : R = 3-OCH3, 4-OCH2Ph 3q :
3e : R = 3-OCH2Ph, 4-OCH3 3r :
3f : R = 4-OCH2CHCH2 3s :
3g : R = 3-OOCCH3 3t :
3h : R = 2-OH, 4-OCH2Ph 3u :
3i : R = 2-OCH2Ph 3v :
3j : R = 4-OOCCH3 3w 
3k : R = 2-Cl, 6-NO2 3x :
3l : R = 2-OH, 6-NO2 3y :
3m : R = 2-OCH2CHCH2

Scheme 1. Synthesis of substituted
ambient temperature. All of the synthesized compounds were
characterized with 1H and 13C NMR along with IR (Scheme 1).
2.2. In vitro inhibition studies of EeAChE and huBChE

In vitro inhibitory studies of synthesized phenylcinnamide de-
rivatives were carried out on EeAChE and hBChE. Inhibition potency
of compounds expressed as IC50 values is shown in Table 1. Among
the phenylcinnamide derivatives, 3i showed maximum inhibitory
activity against EeAChE because of its electron donating benzyloxy
(eOCH2Ph) group at ortho position, although the same group
attached to meta and para position showed little activity. However,
when eOCH2CHCH2 group was attached to the same ortho position
then a decrease in the activity of the compound (3m) was observed,
R = 3,4-dihydroxy
R = 3-NO2
R = 4-Cl
R = 3-OCH3
R = 2-OH, 3-OCH3
R = 3-OH, 4-OCH3
R = 2,5-dihydroxy
R = 2,3-dihydroxy
R = 2,4-dihydroxy

: R = 2-F,6-Cl
R =4-OCH2Ph
R = 3-NO2,4-OCH3

phenylcinnamide derivatives.
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same was the case when eOCH2CHCH2 group was attached to the
same para position (3f). In addition, the value of IC50 further
decreased when a eNO2 groupwas attached at themeta position to
the benzene ring (3o). Introduction of two hydroxy substituents to
benzene ring further decreased inhibition against the EeAChE for
3n, 3t, 3u and 3v. As for as the action of the phenylcinnamide de-
rivatives against the hBChE was concerned, 3k having eCl and e

NO2 groups at ortho positions exhibited maximum inhibitory po-
tency against hBChE. The attachment of the eOOCCH3 group
instead of eCl and eNO2 groups (3g) to the meta position slightly
reduced the inhibitory potency. Electronwithdrawing groups likee
Cl andeF simultaneously at ortho positions, as in case of compound
3w also resulted in potent inhibitor of hBChE but relatively less
potent than 3k and 3g.

2.3. Cytotoxicity of 3 (aey) against lung carcinoma (H157) cells

In the present study we investigated the toxic effects of these
compounds (in dose dependent manner) against lung carcinoma
(H157) cells through SRB assay in order to assess their behaviours.
The vincristine a standard anticancer drug was used as reference
for comparison to the test compounds. In the present study, at 1 mM
end concentration in the experiment, 3w and 3y demonstrated
almost 66% cytotoxicity, exhibiting highest antiproliferative activ-
ities. Compounds 3e and 3t were the next most potent compounds
showing about 61% and 60% cytotoxicity respectively at the same
concentration (1 mM). The Fig. 1 reveals the cytotoxic effects of
phenylcinnamide derivatives against lungs cancer cells. Anti-
proliferative activity of the positive control vincristine towards lung
carcinoma (H157) cell line was about 46% at final concentration of
100 mM, whereas the result revealed that these compounds were
many folds potent in comparison to positive control. Therefore, it is
shown that phenylcinnamide derivatives exhibited more cytotoxic
effects than standard anticancer drug (vincristine) even at lowest
tested concentration.
Fig. 1. Antiproliferative activity of the synthesized phenylcinnamide derivatives towards lun
drug (100 mM).
2.4. Docking and pose ranking

To investigate possible ligandeAChE interactions, docking
studies were performed to generate binding modes. For acetyl-
cholinesterase, the compounds were docked to TcAChE (Torpedo
californica PDB Code: 3I6Z) and for butyrylcholinesterase a high-
resolution crystal structure of 2.00 �A huBChE (human PDB Code:
1P0I) was selected for docking studies. The results of re-docking
experiments showed that the structures were well prepared and
the docking program reproduced the natively bound conformations
of the co-crystallized bound ligands. An RMSD of 1.80 �A was ob-
tained for the re-docked ligand (galantamine) of TcAChE that
indicated a good prediction by the docking program. However, the
re-docking experiment of using galantamine as a reference ligand
in huBChE did not produce satisfactory results in terms of RMSD,
however, the orientation of the predicted conformation of the re-
docked structure was flipped at 180� that resulted in larger RMSD
values of 8 �A and higher.

Similarly, the docking results for these compounds 3 (aey)were
obtained for both enzymes, which showed that therewere different
conformations (poses) predicted for each compound. Table 2 shows
the docking scores obtained with LeadIT and the rank number of
best pose obtained with NNScore algorithm for the compounds
screened against both TcAChE and huBChE enzymes. Docking
scores of the compounds range from�20 to�39 for both enzymes,
however, filtering the poses for the compounds by NNScore showed
there could be other conformations that might interact favourably
with the enzymes. The docking scores for the first conformation
and the selected conformation ranks are given in Table 2.

2.5. Binding mode analysis

A common binding mode was observed for the all these com-
pounds docked into both structures of TcAChE and huBChE en-
zymes. The compounds interact in a similar way like the reference
g carcinoma (H157) cell line at various concentrations. Vincristine was used as standard



Table 2
Docking scores and best pose ranks for the compounds screened against TcAChE and
huBChE.

Compound Docking scores (kcal/mol) Pose ranks in top 10

TcAChE huBChE TcAChE huBChE

3a �27.25 �35.69 10 2
3b �34.52 �25.07 6 7
3c �31.38 �39.34 9 8
3d �28.43 �25.75 4 8
3e �28.66 �31.62 9 3
3f �26.38 �22.25 7 7
3g �34.07 �28.15 10 6
3h �29.81 �26.19 3 1
3i �30.16 �25.57 1 4
3j �31.09 �27.63 10 8
3k �36.33 �29.52 7 6
3l �27.13 �21.52 7 2
3m �26.18 �28.91 6 3
3n �35.64 �30.99 6 4
3o �33.44 �39.59 3 1
3p �25.11 �20.57 6 2
3q �26.89 �25.72 2 10
3r �29.13 �27.03 4 4
3s �27.60 �26.89 8 1
3t �28.70 �28.24 5 5
3u �30.83 �28.80 10 10
3v �29.41 �26.19 10 10
3w �25.83 �24.31 5 3
3x �27.78 �28.05 7 9
3y �33.32 �32.67 5 4
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ligand galantamine as shown in Figs. 2 and 3. In both enzymes, the
predicted docked conformations of the compounds adapt similar
orientations and form exactly the same interactions with the active
site residues. As shown in Table 2, the poses with preferred binding
modes that are selected by the external scoring functions occupy
the active site of the enzyme and interact with the same residues in
both enzymes. Therefore, the preferred binding modes selected by
external scoring function were in accordance to the interactions
made by the reference ligand galantamine in the active site of
TcAChE as shown in Figs. 2 and 3. As it appears in Fig. 2, the tri-
methoxybenzoic moiety of the compounds is involved with
hydrogen bond interaction with Ser200, that is anchored between
Trp233 and Trp84 and the benzene ring is making aromatic
stacking interactions with Phe290. Tyr121 is involved in both
hydrogen bonding interactions as well as in aromatic interactions
with the phenyl moiety. The tails of the compounds are positioned
in the opening of the enzyme pocket and adapt flexible
Fig. 2. Preferred binding modes for the compounds docked into the active site pocket of TcAC
model. The reference ligand Galantamine (G6X) is shown in green. (Right): Predicted conform
shown in CPK model and the reference ligand Galantamine is shown in green colour. (For int
web version of this article.)
conformations and is involved in a variety of interactions in which
the interaction with Trp279 is common. The hydrogen bond net-
works formed by most of the compounds include hydrogen
bonding with Tyr70, Tyr121 and Ser200 in TcAChE.

2.6. Molecular dynamics simulations

In total, 50 individual molecular dynamics simulations were
conducted for all the selected poses of the compounds against both
enzyme structures of TcAChE and huBChE. Each enzymeeligand
complex was parameterized for the high-ranking pose filtered and
selected by the external scoring function NNScore. The pre-
equilibration steps of density and final equilibration results
(Figs. 4 and 5) showed that the complexes were equilibrated well,
and the proteineligand complexes can be further simulated to
obtain enough samples for computing free energy of binding values
as well as determine the stability of the bindingmodes. Fig. 6 shows
the RMSD deviations of ligand atoms in the production MD runs of
5ns simulation time. The ligand atoms of all compounds do not
show deviations during the simulation time and suggests that the
predicted docked conformations remain stable during the simula-
tion and the selected binding poses are favoured inside the active
site pockets of the enzymes.

2.7. Calculations of binding free energy

The binding free energies (DG) were estimated by using Me-
chanics/PoissoneBoltzmann Surface Area (MM/PBSA) method for
all compounds against both TcAChE and huBChE enzymes, the
values are given in Table 3. The estimated DG values showed that
the activities of compounds predicted against TcAChE are higher as
compared to huBChE enzyme for most of the compounds. However,
some of the compounds have similar binding energies estimated
for both enzymes. The observed correlation of estimated DG and
experimental DG is positive (i.e. 0.41) for TcAChE but no correlation
is observed between the experimental and estimated DG for huB-
ChE (i.e. correlation of 0.02). The reason for observing no correla-
tion in the case of huBChE enzyme may be the structural
differences between the horse BChE and human BChE enzymes.
These results show that MM/PBSA based method to systematically
evaluate free energy of binding for a series of compounds can
predict satisfactorily the relative binding free energies when the
modelling and experimental evaluation is performed on the same
structures.
hE. (Left): Predicted conformations of compounds 3e, 3f, 3g, 3h, 3i and 3j shown in CPK
ations of compounds 3p, 3q, 3r, 3s, 3t inside the active site of TcAChE. Compounds are

erpretation of the references to colour in this figure legend, the reader is referred to the



Fig. 3. Interaction diagrams of reference ligand (Galantamine, left) and compound 3f (right). Hydrogen bond interactions are shown with red dotted lines and hydrophobic
interacting residues are shown in the regions surrounding by green lines. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

Fig. 4. Density plots showing density equilibrations for all individual proteineligand complexes. Density plots for all compounds during pre-equilibration step for TcAChE com-
plexes (Left). Density plots for all compounds during pre-equilibration step for huBChE complexes (Right).

Fig. 5. Equilibration plots for all enzymeeligand complexes of TcAChE and huBChE. RMSD deviations in protein backbone atoms show that the complexes start to equilibrate after
2ns of MD simulation.
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Fig. 6. RMSD deviations of ligand atoms during production MD simulation. RMSD plots of ligand atoms during MD simulation of TcAChE complexes (Left). RMSD plots of ligand
atoms during MD simulation of huBChE complexes (Right).
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3. Conclusions

It is evident from the results of cholinesterase assays, cytotox-
icity assays andmolecular docking studies that some of synthesized
cinnamide derivatives are potent inhibitors of cholinesterases as
well as effective cytotoxic agents against cancer cell lines (H157).
The 3i demonstrated the best inhibitory potential against EeAChE
with the IC50 value of 0.29 � 0.21 mM and 3k showed promising
results against hBChE with the IC50 value of 1.18 � 1.31 mM. Since
phenylcinnamides are reported as effective cytotoxic agents and in
the current study we have also showed their anticholinesterase
activities therefore the compounds explored in the present
Table 3
Experimental and estimated binding free energy values calculated for all com-
pounds simulated with TcAChE and huBChE enzymes. Experimental free energy
values were computed from IC50 values and estimated was calculated by MM/PBSA.

Compound Experimental DG
(kcal/mol)

Estimated DG (kcal/mol) by MM/PBSA

TcAChE huBChE TcAChE huBChE

3a �7.00 �7.30 �16.5532 �16.206
3b �7.16 �6.08 �9.3075 �15.9281
3c �6.62 �7.31 �10.9926 �17.1146
3d �6.61 �6.05 �15.761 �13.2968
3e �7.05 �6.08 �14.6427 �13.1293
3f �6.04 �6.06 �9.5405 �14.6314
3g �6.12 �7.97 �9.2465 �9.1486
3h �7.82 �6.16 �12.4612 �15.1736
3i �8.82 �6.07 �22.6499 �19.7891
3j �5.99 �5.98 �12.8805 �12.0348
3k �6.03 �8.00 �19.776 �13.7864
3l �6.61 �6.01 �17.2056 �17.7713
3m �7.90 �6.22 �12.7105 �9.4361
3n �5.99 �6.02 �8.8962 �14.5672
3o �7.41 �6.18 �22.0334 �11.8747
3p �6.08 �6.20 �15.2873 �13.5464
3q �6.60 �5.91 �15.1877 �13.5457
3r �7.03 �7.13 �19.9598 �11.8196
3s �7.25 �6.91 �16.9283 �11.3597
3t �5.93 �5.99 �9.624 �13.9076
3u �6.08 �5.92 �15.8722 �4.8547
3v �5.99 �6.40 �4.5775 �7.7755
3w �6.03 �7.94 �17.6119 �13.7757
3x �7.33 �6.04 �11.2139 �10.0878
3y �6.98 �6.14 �15.8111 �7.5696
research would help in investigating novel drugs that would act
both as anticancer and anticholinesterases inhibitors.
4. Experimental

Butyrylcholinesterase (hBChE) (EC 3.1.1.8, from horse serum), S-
butyrylthiocholine chloride, acetylthiocholine iodide (ATCI),
acetylcholinesterase (EeAChE) (EC 3.1.1.7, type VI-S from electric
eel), 5,50-dithio-bis(2-nitrobenzoic acid) (DTNB), dimethylsulph-
oxide (DMSO) and neostigmine methylsulphate, donepezil hydro-
chloride, chloroform, magnesium sulphate were purchased from
SigmaeAldrich (St. Louis, MO,USA). TriseHCl, MgCl2, ZnCl2, RPMI-
1640, fetal bovine serum, glutamine, pyruvate, penicillin, strepto-
mycin, and HBSS (Hank’s Balanced Salt Solution) were purchased
from SigmaeAldrich, Steinheim, Germany. A lung carcinoma
(H157) cell lines were obtained from ATCC (ATCC CRL-5802).
Substituted benzaldehydes, malonic acid, pyridine, piperidine,
2,4,6-trichloro-1,3,5 triazine, triethylamine, 3,4,5-trimethoxy
aniline and ethyl acetate were purchased from Alfa Aesar (Karls-
ruhe, Germany).
4.1. General procedure for the synthesis of substituted
phenylcinnamide derivatives 3 (aey)

Substituted cinnamic acids (2aey) were synthesized by Knoe-
venagel condensation of corresponding aldehydes (0.01 mol) and
monoethyl malonate (0.01 mol) according to literature procedure
[30]. A stirred solution of the suitable cinnamic acid (0.01 mol) in
acetonitrile was treated with 2,4,6-trichloro-1,3,5-triazine
(0.01 mol) and Et3N (0.02 mol). A slight exotherm (1e2 �C) was
observed, and most of the solid was dissolved. The reaction
mixture thickened noticeably after 20e40 min. After the mixture
was stirred for further 1 h at ambient temperature, the amine
reagent (0.02 mol) was added, and a second exotherm of 2e4 �C
was noticed. The reaction mixture was stirred at 40 �C and on
completion (TLC examination) was cooled to room temperature
and filtered. The solid was washed with a minimal amount of
solvent; the filtrates were combined and washed with 1 M sodium
hydroxide solution and finally with water. The organic layer was
dried over sodium sulphate, and the solvent was removed by
vaporation under reduced pressure. The residue was dried under
vacuum to yield the amide product and recrystallized from
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ethanol to afford the products (3aey) in yields mentioned against
each.
4.1.1. 3-(3-(Benzyloxy)phenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3a)

Yield: (75%); Rf: 0.71 (n-hexane:ethyl acetate, 8:2); m.p. 201 �C;
IR: (cm�1) 3250e2400 (COOH), 2971(sp2 CH),1685 (C]O), 1640
(C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.40 (m, 5H,
AreH), 7.16 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz AreH), 6.47 (s, 2H), 6.18 (dd,
1H, J¼ 8.1 Hz,1.2 Hz), 7.6 (pseudo triplet, 1H, J¼ 8.1 Hz), 7.45 (d,1H,
J ¼ 15.6 Hz), 6.30 (d, 1H, J ¼ 15.6 Hz), 5.16 (s, 2H), 4.10 (s, 9H); 13C
NMR (75 MHz, CDCl3): d165.3, 160.2, 156, 144.9, 137, 136.9, 135.0,
133, 129.36, 128.43, 127.48, 120.8, 116.5, 113.5, 100, 70.8, 60.2. Anal.
Calcd for C25H25NO5: C, 71.58; H, 6.01; N, 3.34%; Found: C, 71.54; H,
6.02; N, 3.30%.
4.1.2. 2-Methoxy-4-(3-oxo-3-(3,4,5-trimethoxyphenylamino)prop-
1-enyl)phenyl acetate (3b)

Yield: (73%), Rf: 0.66 (n-hexane:ethyl acetate, 8:2), m.p. 215 �C;
IR: (cm�1) 3270 (NH), (COOH), 3071(sp2 CH), 1685(C]O), 1470,
1590 (C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.48 (d,
1H, J ¼ 15.2 Hz), 7.30(s, H, AreH), 7.26(d, 1H, J ¼ 8.1 Hz), 7.13(d, 1H,
J ¼ 8.1 Hz), 6.47 (s, 2H), 6.40 (d, 1H, J ¼ 15.2 Hz), 4.10 (s, 9H), 3.95 (s,
3H), 2.10 (s, 3H); 13C NMR (75MHz, CDCl3): d165.3,169.2,156,151.9,
144.5, 142.9, 137, 133, 132.0, 129.36, 116.5, 110.9; 100, 60.2, 55.8,
22.5. Anal. Calcd for C21H23NO7: C, 62.84; H, 5.78; N, 3.49%; Found:
C, 62.82; H, 5.77; N, 3.51%.
4.1.3. 3-(4-(Acetoxyamino)phenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3c)

Yield: (78%), Rf: 0.71 (n-hexane:ethyl acetate, 8:2), m.p. 210 �C;
IR: (cm�1) 3240 (NH), 3106 (sp2 CH),1685 (C]O),1440,1633 (C]C),
1H NMR (300MHz, CDCl3): d 10.5 (s, 1H, NH), 7.70(d, 2H, J¼ 8.5 Hz),
7.45 (d, 1H, J ¼ 15.8 Hz), 6.58 (d, 2H, J ¼ 8.5 Hz), 6.47 (s, 2H), 6.40(d,
1H, J ¼ 15.8 Hz) 4.10 (s, 9H), 3.95 (s, 1H, NH), 2.10 (s, 3H), 13C NMR
(75MHz, CDCl3): d165.3,167.2,156,150.0,144.2,137,133,126.5,120.1,
116.5,100, 60.2, 26.2. Anal. Calcd for C20H22N2O6: C, 62.17; H, 5.74;N,
7.25%; Found: C, 62.14; H, 5.70; N, 7.26%.
4.1.4. 3-(4-(Benzyloxy)-3-methoxyphenyl)-N-(3,4,5-
trimethoxyphenyl)acrylamide (3d)

Yield:(77%), Rf: 0.70 (n-hexane:ethyl acetate, 8:2), m.p. 205 �C;
IR: (cm�1) 3227 (NH), 3020 (sp2 CH),1685 (C]O),1462,1594 (C]C),
1HNMR (300MHz, CDCl3): d 10.5 (s,1H, NH), 7.45(d,1H, J¼ 15.8 Hz),
7.40(m, 5H, AreH), 7.25 (s, 1H), 7.20(d, 1H, J ¼ 8.5 Hz), 6.80(d, 1H,
J ¼ 8.5 Hz), 6.47 (s, 2H), 6.28(d, 1H, J ¼ 15.8 Hz), 5.16(s, 2H), 4.10 (s,
9H), 4.00 (s, 3H); 13C NMR (75MHz, CDCl3): d165.3,156,155.5,150.2,
144.9,137,136.9,133,128.5,127.6,127.3,122.5,116.5,113.5,100, 71.8,
60.2, 55.3. Anal. Calcd for C26H27NO6: C, 69.47; H, 6.05; N, 3.12%;
Found: C, 69.44; H, 6.02; N, 3.09%.
4.1.5. 3-(3-(Benzyloxy)-4-methoxyphenyl)-N-(3,4,5-
trimethoxyphenyl)acrylamide (3e)

Yield: (72%), Rf: 0.45 (n-hexane:ethyl acetate, 8:2), m.p. 208 �C;
IR: (cm�1) 3233 (NH), 3178 (sp2 CH),1685 (C]O),1462,1588 (C]C),
1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.45(d, 1H,
J ¼ 15.8 Hz), 7.40(m, 5H, AreH), 7.25 (s, 1H), 7.20(d, 1H, J ¼ 8.5 Hz),
6.80(d, 1H, J ¼ 8.5 Hz), 6.47 (s, 2H), 6.28 (d, 1H, J ¼ 15.8 Hz), 5.16 (s,
2H), 4.10 (s, 9H), 4.01 (s, 3H), 13C NMR (75 MHz, CDCl3): d165.3, 156,
155.5, 150.2, 144.9, 137, 136.9, 133, 128.5, 127.6, 127.3, 122.5, 116.5,
113.5, 100, 71.8, 60.2, 55.3. Anal. Calcd for C26H27NO6: C, 69.47; H,
6.05; N, 3.12%; Found: C, 69.44; H, 6.02; N, 3.09%.
4.1.6. 3-(4-(Allyloxy)phenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3f)

Yield: (71%), Rf: 0.57 (n-hexane:ethyl acetate, 8:2), m.p. 220 �C;
IR: (cm�1) 3250 (NH),3070 (sp2 CH), 1685 (C]O),1428,1608 (C]C),
1H NMR (300MHz, CDCl3): d 10.5 (s, 1H, NH), 7.65(d, 2H, J¼ 7.5 Hz),
7.45 (d, 1H, J ¼ 15.0 Hz), 6.70 (d, 2H, J ¼ 8.1 Hz), 6.47 (s, 2H), 6.30 (d,
1H, J ¼ 15.0 Hz), 6.10(d, 1H, m), 5.40 (dd, 1H, J ¼ 8.1 Hz), 6.40 (d, 1H,
J ¼ 5.3 Hz), 4.60 (d, 2H), 4.10 (s, 9H); 13C NMR (75 MHz, CDCl3):
d165.3, 157.2, 156, 144.2, 137, 133.5, 133, 130.5, 126.5, 120.1, 116.5,
113.2, 100, 70.5, 60.2. Anal. Calcd for C21H23NO5: C, 68.28; H, 6.28;
N, 3.79%; Found: C, 68.30; H, 6.25; N, 3.74%.

4.1.7. 3-(3-Oxo-3-(3,4,5-trimethoxyphenylamino)prop-1-enyl)
phenyl acetate (3g)

Yield: (72%), Rf: 0.49 (n-hexane:ethyl acetate, 8:2); m.p. 224 �C;
IR: (cm�1) 3265 (NH), 3171(sp2 CH), 1685 (C]O), 1420, 1594 (C]C),
1H NMR (300MHz, CDCl3): d 10.5 (s,1H, NH), 7.6 (pseudo triplet,1H,
J ¼ 8.1 Hz), 7.45 (d, 1H, J ¼ 15.0 Hz), 7.38 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz),
7.28 (s, 1H), 7.18 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 6.47 (s, 2H), 6.30 (d, 1H,
J ¼ 15.0 Hz), 4.10 (s, 9H), 2.10 (s, 3H), 13C NMR (75 MHz, CDCl3):
d165.3, 169.2, 156, 152.3, 144.9, 137, 135.9, 133, 129.2, 128.5, 127.48,
120.8, 116.5, 113.5, 100, 60.2,20.8. Anal. Calcd for C20H21NO6: C,
64.68; H, 5.70; N, 3.77%; Found: C, 64.63; H, 5.67; N, 3.79%.

4.1.8. 3-(4-(Benzyloxy)-2-hydroxyphenyl)-N-(3,4,5-
trimethoxyphenyl)acrylamide (3h)

Yield: (74%), Rf: 0.69 (n-hexane:ethyl acetate, 8: 2), m.p.
2290 �C; IR: (cm�1) 3219 (NH), 3080 (sp2 CH), 1685 (C]O), 1525,
1620 (C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.60 (d,
1H, J ¼ 15.8 Hz), 7.50 (d, 1H, J ¼ 8.5 Hz), 7.40 (m, 5H, AreH), 7.25 (s,
1H), 6.90(d, 1H, J ¼ 8.5 Hz), 6.47 (s, 2H), 6.18 (d, 1H, J ¼ 15.8 Hz),
5.16(s, 2H), 5.0 (s, 1H,OH), 4.10 (s, 9H), 4.00 (s, 3H); 13C NMR
(75 MHz, CDCl3): d 171.5, 162.3, 159.5, 156, 141.9, 137, 136.2, 133,
130.9, 128.5, 127.6, 127.1, 116.5, 113.5, 103.5, 100, 71.8, 60.2. Anal.
Calcd for C25H25NO6: C, 68.95; H, 5.79; N, 3.22%; Found: C, 68.91; H,
5.77; N, 3.20%.

4.1.9. 3-(2-(Benzyloxy)phenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3i)

Yield: (79%), Rf: 0.63 (n-hexane:ethyl acetate, 8:2), m.p. 233 �C;
IR: (cm�1) 3258 (NH), 3031 (sp2 CH),1685 (C]O),1474,1600 (C]C).
1HNMR (300MHz, CDCl3): d10.5 (s,1H, NH), 7.60 (d,1H, J¼ 15.8Hz),
7.50(m, 4H), 7.40(m, 5H, AreH), 6.47 (s, 2H), 6.18 (d,1H, J¼ 15.8 Hz),
5.16(s, 2H), 4.10 (s, 9H); 13C NMR (75MHz, CDCl3): d165.3,155.2,156,
144.9, 137, 136.9, 135.0, 133, 129.36, 128.43, 127.1, 120.8, 116.5, 113.5,
100, 70.8, 60.2. Anal. Calcd for C25H25NO5: C, 71.58; H, 6.01;N, 3.34%;
Found: C, 71.54; H, 6.02; N, 3.30%.

4.1.10. 4-(3-Oxo-3-(3,4,5-trimethoxyphenylamino)prop-1-enyl)
phenyl acetate (3j)

Yield: (78%), Rf: 0.66 (n-hexane:ethyl acetate, 8:2), m.p. 205 �C;
IR: (cm�1) 3297 (NH), 3033 (sp2 CH),1685 (C]O),1500,1632 (C]C).
1H NMR (300MHz, CDCl3): d 10.5 (s,1H, NH), 7.70 (d, 2H, J¼ 8.1 Hz),
7.45 (d,1H, J¼15.0Hz), 7.30(d, 2H, J¼8.1Hz), 6.47 (s, 2H), 6.30(d,1H,
J ¼ 15.0 Hz), 4.10 (s, 9H), 2.10 (s, 3H); 13C NMR (75 MHz, CDCl3):
d169.2,165.3,160.3,156,144.2,137,133.5,133,130.5,126.5,116.5,100,
60.2, 20.5. Anal. Calcd for C20H21NO6: C, 64.68; H, 5.70; N, 3.70%;
Found: C, 64.72; H, 5.69; N, 3.67%.

4.1.11. 3-(2-Chloro-6-nitrophenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3k)

Yield: (75%), Rf: 0.47 (n-hexane:ethyl acetate, 8:2), m.p. 207 �C;
IR: (cm�1) 3287 (NH), 3089 1(sp2 CH), 1685 (C]O), 1450, 1595
(C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 8.00 (dd, 2H,
J ¼ 8.1 Hz, 1.2 Hz), 7.55 (d, 1H, J ¼ 15.0 Hz) 7.45 (pseudo triplet, 1H,
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J ¼ 8.1 Hz), 7.18 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 6.47 (s, 2H), 6.18 (d, 1H,
J ¼ 15.0 Hz), 4.10 (s, 9H); 13C NMR (75 MHz, CDCl3): d165.3, 156,
148.2, 145.3, 137, 136.2, 133.5, 133, 130.5, 121.5, 116.5, 100, 60.2.
Anal. Calcd for C18H17ClN2O6: C, 55.04; H, 4.36; N, 7.13%; Found: C,
55.07; H, 4.32; N, 7.14%.

4.1.12. 3-(2-Hydroxy-6-nitrophenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3l)

Yield: (62%), Rf: 0.82 (n-hexane:ethyl acetate, 8:2), m.p. 200 �C;
IR: (cm�1) 3257 (NH), 3142 (sp2 CH),1685 (C]O),1473,1588 (C]C),
1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 8.00 (dd, 2H,
J ¼ 8.1 Hz, 1.2 Hz), 7.55 (d, 1H, J ¼ 15.0 Hz), 7.35 (pseudo triplet, 1H,
J ¼ 8.1 Hz), 7.18 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 6.47 (s, 2H), 6.20(d, 1H,
J ¼ 15.0 Hz), 5.0 (s, 1H,OH), 4.10 (s, 9H); 13C NMR (75 MHz, CDCl3):
d165.3, 159.5, 156, 148.2, 145.3, 137, 136.2, 133, 117.2, 121.5, 116.5,
100, 60.2. Anal. Calcd for C25H25NO5: C, 57.75; H, 4.85; N, 7.48%;
Found: C, 57.70; H, 4.81; N, 7.46%.

4.1.13. 3-(2-(Allyloxy) phenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3m)

Yield: (77%), Rf: 0.44 (n-hexane:ethyl acetate, 8:2), m.p,
210 �C; IR: (cm�1) 3239 (NH), 3074 (sp2 CH), 1685 (C]O), 1500,
1609 (C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.65(d,
1H, J ¼ 7.5 Hz), 7.45 (d, 1H, J ¼ 15.0 Hz), 6.90 (2H, m), 6.70 (d, 1H,
J ¼ 8.1 Hz), 6.47 (s, 2H), 6.30 (d, 1H, J ¼ 15.0 Hz), 6.10(d, 1H, m),
5.40 (dd, 1H, J ¼ 8.1 Hz), 6.40 (d, 1H, J ¼ 5.3 Hz), 4.60 (d, 2H), 4.10
(s, 9H); 13C NMR (75 MHz, CDCl3): d165.3, 157.2, 156, 147.2, 137,
133.5, 133, 130.5, 125.2, 128.9, 120.1, 117.5, 116.5, 114.2, 100, 70.5,
60.2. Anal. Calcd for C21H23NO5: C, 68.28; H, 6.28; N, 3.79%;
Found: C, 68.25; H, 6.27; N, 3.77%.

4.1.14. 3-(2,3-Dihydroxyphenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3n)

Yield: (76%), Rf: 0.76 (n-hexane:ethyl acetate, 8:2), m.p.
212 �C; IR: (cm�1) 3239 (NH), 3050 (sp2 CH), 1685 (C]O), 1467,
1634 (C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.45
(d, 1H, J ¼ 15.3 Hz), 7.35(d, 1H, J ¼ 7.5 Hz), 7.15(s, 1H), 6.65(d, 1H,
J ¼ 7.5 Hz), 6.47 (s, 2H), 6.30 (d, 1H, J ¼ 15.3 Hz), 5.0 (s, 1H,OH),
4.10 (s, 9H); 13C NMR (75 MHz, CDCl3): d165.3, 156, 147.5, 145.2,
144.3, 137, 133, 128.2, 124.3, 117.2, 116.5, 115.5, 100, 60.2. Anal.
Calcd for C18H19NO6: C, 62.60; H, 5.55; N, 4.06%; Found: C, 62.63;
H, 5.52; N, 4.00%.

4.1.15. (3-Nitrophenyl)-N-(3,4,5-trimethoxyphenyl)acrylamide (3o)
Yield: (78%), Rf: 0.26 (n-hexane:ethyl acetate, 8:2); m.p.

232 �C; IR: (cm�1) 3222 (NH), 3065 (sp2 CH), 1685 (C]O), 1494,
1598 (C]C). 1H NMR (300 MHz, Acetone-d6): d 10.5 (s, 1H, NH),
8.30 (s, 1H), 8.00 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 7.70 (pseudo triplet,
1H, J 7.55 (d, 1H, J ¼ 15.0 Hz)), 7.18 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 6.47
(s, 2H), 6.20(d, 1H, J ¼ 15.0 Hz), 4.10 (s, 9H); 13C NMR (75 MHz,
Acetone-d6): d165.3, 156, 147.5, 141.2, 137.2, 137, 134.5, 133, 129.2,
124.3, 123.5, 116.5, 100, 60.2. Anal. Calcd for C18H18N2O6: C, 60.33;
H, 5.06; N, 7.82%; Found: C, 60.30; H, 5.07; N, 7.83%.

4.1.16. 3-(4-Chlorophenyl)-N-(3,4,5-trimethoxyphenyl)acrylamide
(3p)

Yield: (75%), Rf: 0.31 (n-hexane:ethyl acetate, 8:2), m.p.
200 �C; IR: (cm�1) 3248 (NH), 3050 (sp2 CH), 1685 (C]O), 1453,
1612 (C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.60 (d,
2H, J ¼ 8.1 Hz),7.41 (d, 1H, J ¼ 15.0 Hz), 7.35 (d, 2H, J ¼ 8.1 Hz),
6.47(s, 2H), 6.30(d, 1H, J ¼ 15.0 Hz), 4.10 (s, 9H). 13C NMR
(75 MHz, CDCl3): d165.3, 156, 144.2, 137, 133.5, 133, 132.5, 129.5,
128.5, 116.5, 100, 60.2. Anal. Calcd for C18H18ClNO4: C, 62.16; H,
5.22; N, 4.03%; Found: C, 62.18; H, 5.20; N, 4.04%.
4.1.17. 3-(4-Methoxyphenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3q) [33]

Yield: (72%), Rf: 0.23 (n-hexane:ethyl acetate, 8:2), m.p. 199 �C;
IR: (cm�1) 3282 (NH), 3100 (sp2 CH),1685 (C]O),1510,1634 (C]C).
1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.60 (pseudo triplet,
1H, J ¼ 8.1 Hz), 7.55 (d, 1H, J ¼ 15.0 Hz), 7.30 (s, 1H), 7.25 (dd, 1H,
J ¼ 8.1 Hz, 1.2 Hz), 6.80 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 6.47 (s, 2H), 6.20
(d, 1H, J ¼ 15.0 Hz), 4.10 (s, 9H), 4.1 (s, 3H); 13C NMR (75 MHz,
CDCl3): d165.3, 160.5, 156, 141.2, 137.2, 137, 133, 129.2, 120.3, 116.5,
113.5, 112.5, 100, 60.2, 58.9. Anal. Calcd for C19H21NO5: C, 66.46; H,
6.16; N, 4.08%; Found: C, 66.43; H, 6.17; N, 4.05%.

4.1.18. 3-(2-Hydroxy-3-methoxyphenyl)-N-(3,4,5-
trimethoxyphenyl)acrylamide (3r)

Yield: (73%), Rf: 0.33 (n-hexane:ethyl acetate, 8:2), m.p, 195 �C:
IR: (cm�1) 3271 (NH), 3030 (sp2 CH),1685 (C]O),1447,1609 (C]C).
1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.55 (d, 1H,
J ¼ 15.0 Hz), 7.26 (pseudo triplet, 1H, J ¼ 8.1 Hz), 7.15 (dd, 1H,
J ¼ 8.1 Hz, 1.2 Hz), 6.80 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 6.47 (s, 2H), 6.20
(d, 1H, J ¼ 15.0 Hz), 4.10 (s, 9H), 4.1(s, 3H); 13C NMR (75 MHz,
CDCl3): d171.5, 156, 137, 133, 150.5, 148.6, 141.2, 122.2, 120.2, 116.5,
113.5, 112.5, 5100, 60.2,8.9. Anal. Calcd for C19H21NO6: C, 63.50; H,
5.89; N, 3.90%; Found: C, 63.48; H, 5.87; N, 3.88%.

4.1.19. 3-(3-Hydroxy-4-methoxyphenyl)-N-(3,4,5-
trimethoxyphenyl)acrylamide (3s)

Yellow solid (72%), Rf; 0.37 (n-hexane:ethyl acetate, 8:2), m.p,
222 �C; IR: (cm�1) 3269 (NH), 3120 (sp2 CH), 1685 (C]O), 1470,
1630 (C]C). 1H NMR (300 MHz, DMSO): d 10.5 (s, 1H, NH), 7.45 (d,
1H, J ¼ 15.3 Hz), 7.25 (d, 1H, J ¼ 7.5 Hz), 7.15(s, 1H), 6.65 (d, 1H,
J ¼ 7.5 Hz), 6.47 (s, 2H), 6.30 (d, 1H, J ¼ 15.3 Hz), 5.0 (s, 1H,OH), 4.10
(s, 9H). 13C NMR (75 MHz, DMSO): d165.3, 156, 148.5, 147.2, 144.3,
1137, 133, 28.2, 124.3, 117.2, 116.5, 115.5, 100, 60.2. Anal. Calcd for
C19H21NO6: C, 63.50; H, 5.89; N, 3.90%; Found: C, 63.53; H, 5.85; N,
3.91%.

4.1.20. 3-(2,6-Dihydroxyphenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3t)

Yield: (75%), Rf: 0.32 (n-hexane:ethyl acetate, 8:2), m.p, 242 �C;
IR: (cm�1) 3259 (NH), 3119 (sp2 CH),1685 (C]O),1470,1607 (C]C).
1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.55 (d, 1H,
J¼ 15.0 Hz), 7.35 (pseudo triplet, 1H, J¼ 8.1 Hz), 6.47 (s, 2H), 6.18 (d,
2H, J ¼ 8.1 Hz), 6.20 (d, 1H, J ¼ 15.0 Hz), 3.91(s, 6H); 13C NMR
(75 MHz, CDCl3): d165.3, 158.5, 156, 137.2, 137, 133, 129, 116.5, 106.8,
100, 60.2. Anal. Calcd for C18H19NO6: C, 62.60; H, 5.55; N, 4.06%;
Found: C, 62.62; H, 5.53; N, 4.04%.

4.1.21. 3-(2,3-Dihydroxyphenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3u)

Yield: (79%), Rf: 0.30 (n-hexane:ethyl acetate, 8:2), m.p, 234 �C;
IR: (cm�1) 3218 (NH), 3075 (sp2 CH), 1480, 1610 (C]C); 1H NMR
(300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.65 (d, 1H, J ¼ 15.0 Hz), 7.26
(pseudo triplet, 1H, J ¼ 8.1 Hz), 7.15 (dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 6.80
(dd, 1H, J ¼ 8.1 Hz, 1.2 Hz), 6.47 (s, 2H),6.20 (d, 1H, J ¼ 15.0 Hz), 4.10
(s, 9H), 3.95 (s, 6H); 13C NMR (75 MHz, CDCl3): d165.3, 156, 150.5,
148.6, 145.5, 141.2, 137, 133, 122.2, 120.2, 116.5, 113.5, 61.3, 100, 60.2,
58.9. Anal. Calcd for: C18H19NO6: C, 62.60; H, 5.55; N, 4.06%; Found:
C, 62.58; H, 5.53; N, 4.05%.

4.1.22. 3-(2,4-Dihydroxyphenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3v)

Yield: (75%); Rf: 0.45 (n-hexane:ethyl acetate, 8:2), m.p; 211 �C,
IR: (cm�1) 3254 (NH), 3133 (sp2 CH),1685 (C]O),1440,1570 (C]C).
1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.45 (d, 1H,
J ¼ 15.0 Hz), 7.15(d, 1H, J ¼ 8.1 Hz), 6.80 (d, 1H, J ¼ 8.1 Hz), 6.47 (s,
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2H), 6.20(d, 1H, J ¼ 15.0 Hz), 6.10 (s, 1H, AreH), 5.12 (s, 2H,OH), 4.10
(s, 9H); 13C NMR (75 MHz, CDCl3): d165.3, 160.5, 158.6, 156, 145.5,
137, 133, 131.2, 115.2, 116.5, 108.5, 103.5, 100, 60.2. Anal. Calcd for
C18H19NO6: C, 62.60; H, 5.55; N, 4.06%; Found: C, 62.63; H, 5.52; N,
4.00%.

4.1.23. (E)-3-(2-Chloro-6-fluorophenyl)-N-(3,4,5-
trimethoxyphenyl)acrylamide (3w)

Yield: (76%); Rf: 0.62 (n-hexane:ethyl acetate, 8:2), m.p.
231 �C; IR: (cm�1) 3209 (NH), 3090 (sp2 CH), 1685 (C]O), 1425,
1525 (C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.55(d,
1H, J ¼ 15.0 Hz), 7.15 (m, 3H AreH), 6.47 (s, 2H), 6.20(d, 1H,
J ¼ 15.0 Hz), 4.10 (s, 9H); 13C NMR (75 MHz, CDCl3): d165.3, 158.5,
156, 147.2, 137, 133, 132.8, 130.5, 125.8, 122.6, 116.5, 115.8, 100,
60.2. Anal. Calcd for C18H17ClFNO4: C, 59.11; H, 4.68, N, 3.83%;
Found: C, 59.13; H, 4.64, N, 3.81%.

4.1.24. 3-(4-(Benzyloxy)-3-methoxyphenyl)-N-(3,4,5-
trimethoxyphenyl)acrylamide (3x)

Yield: (77%); Rf: 0.55 (n-hexane:ethyl acetate, 8:2). m.p,
195 �C; IR: (cm�1) 3243 (NH), 3132 (sp2 CH), 1685 (C]O), 1495,
1603 (C]C). 1H NMR (300 MHz, CDCl3): d 10.5 (s, 1H, NH), 7.60(d,
2H, J ¼ 8.5 Hz), 7.45 (d, 1H, J ¼ 15.8 Hz), 7.40(m, 5H, AreH), 6.80
(d, 2H, J ¼ 8.5 Hz), 6.28 (d, 1H, J ¼ 15.8 Hz), 5.16 (s, 2H), 4.10 (s,
9H); 13C NMR (75 MHz, CDCl3): d165.3, 160.5, 156, 144.9, 137,
136.9, 133, 130.2, 128.5, 127.6, 127.3, 116.5, 115.5, 100, 70.8, 60.2.
Anal. Calcd for C25H25NO5: C, 71.58; H, 6.01; N, 3.34%; Found: C,
71.56; H, 6.01; N, 3.33%.

4.1.25. 3-(4-Methoxy-3-nitrophenyl)-N-(3,4,5-trimethoxyphenyl)
acrylamide (3y)

Yield: (76%); Rf: 0.56 (n-hexane:ethyl acetate, 8:2), m.p. 202 �C;
IR: (cm�1) 3278 (NH), 3121 (sp2 CH), 1421, 1610 (C]C). 1H NMR
(300 MHz, CDCl3): d 10.5 (s, 1H, NH), 8.15(s, 1H), 8.10(d, 1H,
J ¼ 7.5 Hz), 7.45 (d, 1H, J ¼ 15.3 Hz), 7.30 (d, 1H, J ¼ 7.5 Hz), 6.47 (s,
2H), 6.30 (d, 1H, J ¼ 15.3 Hz), 4.10 (s, 9H), 4.0 (s, 1H,CH3); 13C NMR
(75 MHz, CDCl3): d165.3, 156, 155.3, 149.5, 144.3, 137, 136.2, 133,
130.3, 121.2, 117.2, 116.5, 100, 60.3, 60.2. Anal. Calcd for C19H20N2O7:
C, 58.76; H, 5.19; N, 7.21%; Found: C, 58.74; H, 5.16; N, 7.22%.

4.2. In vitro inhibitory studies on EeAChE and hBChE

Ellman’s methodwas used to evaluate the inhibitory activities of
phenylcinnamide derivatives against EeAChE and hBChE [34]. The
compounds studied were first dissolved in DMSO (end concentra-
tion of DMSO was 1% in the assay) and studied at a 0.5 mM final
concentration for initial screening. The compounds exhibitingmore
than 50% inhibition were further tested by making eight to ten
serial dilutions in assay buffer (50 mM TriseHCl, 0.1 M NaCl and
0.02 M MgCl2, pH 8.0). Composition of the reaction mixture was:
20 mL assay buffer, 10 mL of test compound and 10 mL of enzymes
(0.5 and 3.4 U/mg of EeAChE or hBChE, respectively). A 10 min pre-
incubation of the reaction mixture at 25 �C was carried out. At the
end of the pre-incubation period, 10 mL of 1 mM acetylthiocholine
iodide or butyrylthiocholine chloride were added to the respective
EeAChE or hBChE enzyme solution to start the enzymatic reactions.
The mixtures were incubated for 15 min at 25 �C. The change in the
absorbance was measured at 405 nm to determine the amount of
the product using a microplate reader (Bio-Tek ELx800�).
Neostigmine and donepezil were used as standard inhibitors. As-
says were performedwith a blank containing all of the components
except enzyme or substrate in order to account for a non-enzymatic
reaction. Each concentration was analyzed in triplicate. Enzyme
dilution buffer consisted of 50 mM TriseHCl buffer containing 0.1%
(w/v) bovine serum albumin (BSA) and pH 8.0. The linear
regression parameters were determined for each curve and the IC50
values were measured. The computer program GraphPad Prism 5.0
(San Diego, CA, USA) was used to analyze the data.

4.3. Cell lines and cultures

Lung carcinoma (H157) cell lines (ATCC CRL-5802) were kept in
RPMI-1640 [having heat-inactivated fetal bovine serum (10%)
glutamine (2 mM), Pyruvate (1 mM), 100 U/mL penicillin and
100 mg/mL streptomycin] in T-75 cm2 sterile tissue culture flasks in
a 5% CO2 incubator at 37 �C [35]. 6-well plates were used for
growing H157 cells by inoculating 104 cells per 100 mL per well. For
experiments, H157 were grown in 96-well plates by inoculating
104 cells/100 mL/well, and plateswere incubated at 37 �C in a 5% CO2
incubator. Within 24 h, a uniform monolayer was formed which
was used for experiments.

4.3.1. Cytotoxicity analysis by sulforhodamine B (SRB) assays
To perform cytotoxicity assay with H157 cells, a previously

described method by Skehan et al. [36] was adopted with some
modifications. Briefly, H157 cells were cultured in different 96 well
plates for 24 h. The compounds in different concentrations (100, 50,
25 and 1 mM) were inoculated in test wells while control and blank
wells were also prepared containing standard drug (VCN) and
culture media with cells respectively. The plates were then incu-
bated for 48 h. After that cells were fixed with 50 mL of 50% ice cold
TCA solution at 4 �C for 1 h. The plates were washed 5 times with
PBS and air dried. Fixed cells were further treated with 0.4% w/v
sulforhodamine B dye prepared in 1% acetic acid solution and left at
room temperature for 30 min. After that the plates were rinsed
with 1% acetic acid solution and allowed to dry. In order to solu-
bilize the dye, the dried plates were treated with 10 mM Tris base
solution for 10 min at room temperature. Absorbance was
measured at 490 nm subtracting the background measurement at
630 nm [37].

4.4. Molecular modelling studies of cholinesterases

4.4.1. Structure selection and preparation
Molecular modelling studies were conducted to observe the

interactions and selectivity of the compounds against both AChE
and BChE enzymes. In order to perform efficient modelling studies,
high-resolution structures of both enzymes were selected from the
Protein DataBank [38] and prepared for the modelling. A high-
resolution crystal structure of 2.19 �A from T. californica (PDB
Code: 3I6Z) was selected for acetylcholinesterase (TcAChE) and a
high-resolution crystal structure of 2.00�A from human (PDB Code:
1P0I) was selected for human butyrylcholinesterase (huBChE). Both
structures have well defined binding sites, as the X-Ray structures
for both enzymes are co-crystallized with bound inhibitors. The
TcAChE was co-crystallized with Galantamine (PDB ID: G6X) and
huBChE was co-crystallized with bound ligands Butanoic acid (PDB
ID: BUA) and Glycerol (PDB ID: GOL) that occupy the binding site of
the enzyme.

Before studying the proteins in molecular modelling experi-
ments, the structures of enzymes and compounds were prepared.
The enzyme structures were protonated with Protonate3D [39]
algorithm implemented in the molecular modelling tool MOE
[40]. Missing atoms of some residues were completed with utility
programs built-in in AmberTools-1.5 [41] package. The structures
were energy minimized using Amber99 force field with all the
heteroatoms and solvent molecules present in the protein. The
backbone atoms were restrained with a small force in order to
avoid collapse of the binding pockets during energy minimization
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calculations. After minimization, the co-crystallized ligands and
solvent molecules were removed.

4.4.2. Compounds preparation
The 3D structural coordinates of the compoundswere generated

for all the compounds using MOE followed by assignment of pro-
tonation and ionization states in physiological pH range by using
the “wash” module. Afterwards, the compounds’ structures were
energy minimized with the MMFF94x force field for the docking
studies. For molecular dynamics simulations, the compound
structures were prepared by using antechamber program present
in AmberTools, to derive AM1-BCC charges and force field param-
eters for the individual compounds.

4.4.3. Docking studies
For the docking studies, the binding sites of both enzymes were

defined by including residues surrounding the co-crystallized
ligand in 7.5 �A radius. The default docking and scoring parame-
ters were chosen for the docking calculations and the top 10 docked
conformations based on docking scores were retained for analyzing
the interactions and binding modes. In order to make sure that the
protein structure is prepared well for docking, the co-crystallized
bound ligands were re-docked and the same binding modes were
reproduced with an RMSD less than 1.8 �A for the 7th ranking
conformation for galantamine re-docked to TcAChE. A re-docking
experiment was also performed with huBChE by first aligning its
X-ray structure to that of TcAChE and then using galantamine as a
reference ligand in huBChE.

4.4.4. Pose ranking
The docked poses of each compound were evaluated for

favourable interactions with the enzymes and pose ranking and
selection for each docked conformation of the compound was
performed by using an external scoring function, NNScore that
evaluates and predicts the most favourable conformation (pose)
among a set of different poses of the same ligand.

4.4.5. Molecular dynamics simulations
Molecular dynamics (MD) simulations were performed on the

ligand-docked structures of TcAChE and huBChE inhibitor com-
plexes. The aim of MD studies was to evaluate the stability of the
docked binding modes as well as to determine the free energies of
binding for the docked conformations of the compounds. The
protonated enzyme structures were subsequently parameterized
for MD simulations. The force field charges for the protein struc-
tures were derived by using Amber [41] force field ff99SB. The force
field charges and parameters for the compounds were derived
using Antechamber module of Amber. AM1-BCC charges were used
for the ligands calculated by the Antechamber and the parameters
for the ligands were adapted from the general amber force field
(GAFF) library. The docked enzymeeligand complexes were sol-
vated using the LeaP module of Amber by using an octahedron box
of the TIP3Pwatermodel with a distance of 8�A between the edge of
the box and the protein. The solvated complexes were neutralized
by using counter chloride or sodium ions to neutralize the nega-
tively charged proteineligand complexes. Each individual
enzymeeligand solvated complex system was minimized with
2500 steps of conjugate gradient minimization followed by 2500
steps of steepest decent minimization.

After minimization, the proteineligand complex systems were
equilibrated before running the MD simulations to avoid any
instability during the production MD runs. The equilibration steps
included 50ps of gradual heating (from 0 to 300 K temperature)
with NMR option, 50ps of density equilibration with weak re-
straints on the complex atoms followed by 5ns of constant pressure
equilibration at 300 K. The equilibration process was carried out
using Sander program of Amber12 package. Molecular dynamics
simulations were performed by using Particle Mesh Ewald (PME)
MD program of Amber12 package on the equilibrated complexes.
With a step size of 2fs, the production MD simulations were per-
formed for 5ns time scale and atomic coordinates after each 500
step were recorded. The SHAKE algorithmwas applied to constrain
bonds involving hydrogen atoms with 8 �A van der Waals cut off
using the PME method.

4.4.6. Calculation of binding free energy
The binding free energies were estimated by using Mechanics/

PoissoneBoltzmann Surface Area (MM/PBSA) and Molecular Me-
chanics/Generalized Born Surface Area (MM/GBSA) calculations.
MM/PBSA and MM/GBSA based energies were calculated for the
snapshots extracted from the 5ns MD trajectories that included
5000 snapshots recorded at 1ps time interval. The interaction en-
ergies and salvation free energies were computed for the complex,
receptor and ligand at each 5th snapshot in the trajectory to obtain
statistically significant results. In order to correlate the estimated
binding energy values, the experimental IC50 values were first
transformed to DG by the following formula:

DG ¼ �RTln Ki

where R is gas constant, T is temperature in Kelvin (295 K) and Ki (in
nM) is the experimental affinity value. A comparison of estimated
binding energy values calculated by both MM/PBSA and MM/GBSA
methods with that of experimental DG values for the compounds
was carried out to observe correlation between the predicted and
experimentally determined values.
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