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Abstract
A series of 13 novel cinnamamide-chalcone derivatives (2a-2m) were synthesized and evaluated for their
antiproliferative activity against MCF-7, K562, U373MG, and HT-29 cell lines by SRB assay. Considering
the activities on MCF-7 cell line, eight compounds were tested for the in-vitro CDK2 inhibition and four (2g,
2h, 2k and 2l) were found to possess good activity (IC50<10µM). These four compounds were tested on
EGFR kinase to assess the selectivity towards CDK2 and were found be nearly two times more selective.
To corroborate the in-vitro enzyme assay data with binding, the compounds were docked into the CDK2
and EGFR using Glide software. The docking studies reveal that all eight compounds form hydrogen
bonds with Lys33 (β-3 region) and Leu83 (hinge region) in CDK2 and the docking scores correlate well
with the IC50 values. The most active compounds on CDK2 when docked in EGFR had lower docking
scores. Only one compound interacts with Lys721 (β-3 region) and Met769 (hinge region). The stability of
interactions with CDK2 was assessed for 2k and 2l by molecular dynamics simulation using Desmond
software. In conclusion, three compounds possess excellent activity against MCF-7 cell line and good
activity against CDK2.

Introduction
In mammalian cells, mitotic cell division is a sequence of complex events dominated by multiple protein
kinase families [1]. Growth factor receptor kinases and Cyclin-dependent kinases (Cdks) regulate cell
cycle engagement, DNA synthesis and onset of mitosis. Cyclin-dependent kinase-2 (CDK2) is an
important cell cycle kinase involved in mitosis control. It is crucial in the transition from the G1 to the S
phase, as well as progression through the S phase [2, 3]. Excessive Production of CDK2 or a lack of
production of cyclin-dependent kinase inhibitor has been linked to cancer [4]. CDK2 inhibitors have been
extensively investigated for their effects on the cell cycle and their possible utility in cancer treatment [5].
As a result, there has been a lot of interest in developing inhibitors that target CDK2 for cancer treatment.

Flavonoids are polyphenolic in nature and consist of a phenyl benzopyrone structure (C6–C3–C6). They
are classi�ed into �avones, �avanols, iso�avones, �avonols, �avanones, �avanonols, and chalcones
based on the saturation frequency, C-ring substitution pattern, and central pyran ring opening [6].
Flavonoids are reported to block the cell cycle, induce apoptosis [7], disrupt mitotic spindle formation [8],
or inhibit angiogenesis [9]. These properties make them promising anti-cancer agents. Naturally occurring
�avonoids including genistein[6, 10], kampferol [6], apigenin[6, 11], and synthetic �avonoid such as
�avopiridol [12] are (shown in Fig. 1) reported as inhibitors of CDK2 in different cancers. Additionally,
some of the previous studies conducted in our laboratory on the evaluation of synthetic �avones as
CDK2 inhibitors were encouraging [13]. The in-vitro enzyme assay suggested that the synthetic �avones
possess good activity against CDK2 and molecular modeling studies indicated that Leu83 was critical in
binding of these �avones.

Apart from these, some naturally occurring compounds like curcumin [14] as well as coumarins [15] are
(shown in Fig. 1) also reported to bind to and inhibit CDK2. Chalcones such as isoliquiritigenin and
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licochalcone A (shown in Fig. 1), on the other hand, do not directly inhibit CDK2 but lead to G2/M arrest
via induction of p21 and p27 as well as attenuation of CDK2 and CDK4/6 [16].

Cinnamic acid is a part of plant-derived scents and �avourings that has a long history of human use. It's
an aromatic fatty acid with a phenyl ring substituted with an acrylic acid group, usually in the trans-
geometry. Cinnamic acid has an α, β-unsaturated carbonyl moiety, which acts as a Michael acceptor and
is a form of active moiety used in the development of anticancer drugs. Cinnamic acid and its derivatives
(shown in Fig. 1) display immunomodulatory effects, anti-in�ammatory, anticancer, and antioxidant
properties [16, 17]. They've been one of the most important sources of potential anticancer compounds.

All of these reports highlight the importance of both the α, β-unsaturated carbonyl moieties as well as
cinnamoyl moiety for CDK2 inhibition. Given these facts, we decided to design and synthesize cinnamoyl
chalcone derivatives (2a-2m), as shown in Fig. 2 and evaluate them for antiproliferative activity against
cancer cell lines. The compounds with promising antiproliferative activities were then evaluated for their
ability to bind to and inhibit the kinase activities CDK2. This was done using the enzyme inhibition
assays as well as in-silico methods such as docking and molecular dynamics simulation. Additionally,
four compounds with good activities against CDK2 were tested against EGFR kinase in an attempt to
understand the selectivity.

Results And Discussion
Synthesis

The synthetic route adopted for the synthesis of the new cinnamamide chalcone derivatives is depicted in
Scheme 1. The intermediate N-(3-acetylphenyl) cinnamamide (3) was prepared by re�uxing 3’-
aminoacetophenone (1) and cinnamoyl chloride (2) for 4 hours in acetone with potassium carbonate as
hydrogen chloride acceptor. Further, N-(3-acetylphenyl) cinnamamide (3) weas stirred with substituted
benzaldehydes (4) in presence of Lithium Hydroxide Monohydrate in ethanol and converted to the
cinnamamide (2a-2m) chalcones. All the synthesized compounds were characterized by Infrared (IR)
Spectroscopy, 1H-NMR, 13C-NMR, and melting point analysis.

All the synthesized compounds were characterized by Infrared (IR) Spectroscopy, 1H NMR, 13C NMR, and
melting point analysis. The synthesis of new cinnamamide chalcones was indicated in the FTIR spectra
by the presence of a singlet around 3300 (-NH- group) and 1650-1660 (-C=O group) cm−1 that were
assigned to cinnamamide group. The spectrum also showed another singlet at around 1612 cm−1

corresponding to ketone.  The NH amide proton appeared between δ10.20-10.50 ppm in the 1H-NMR
spectra and carbonyl amide carbon appeared around 164ppm in the 13C-NMR spectra. The appearance
of doublets at about δ 7.4-7.7ppm and 7.6-7.8 ppm with J values around 15-16Hz corresponding to trans-
coupling con�rmed presence of α, β–unsaturated ketone in chalcones. This is also supported by the
appearance of a peak around δ189.00ppm in 13C-NMR indicating the carbonyl carbon of α, β–
unsaturated ketone. The peak around δ164.00ppm in 13C-NMR indicates the presence of the carbonyl
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carbon belonging to the cinnamamide group. All the spectral details comply with usually reported values
[18]. The spectral data is provided in the Supplementary Material.

Biological Assays

Antiproliferative activity by SRB assay

All the synthesized compounds were tested on MCF-7 and K562 cell line considering the involvement of
CDK2 in breast cancer [3, 4, 19] and leukaemia [3, 4, 20] by SRB assay. Adriamycin was used as a positive
control in this assay [21, 22]. The reason for including Adriamycin as a positive control was to ensure that
the cells respond to the standard antiproliferative treatment. Three compounds 2g, 2i, and 2k possess
excellent activity against MCF-7 cell line. Compounds 2e, 2h, 2j, and 2l were found to have moderate
activity while remaining compounds were weakly active. Most compounds were weakly active or inactive
on K562 cell line. Compounds with GI50 values less than 50 μM, viz. 2e, 2f, 2g, 2h, 2i, 2j, 2k, and 2l on
MCF-7 cell line were tested on two more cell lines viz. HT29 (colon cancer) and U373MG (glioblastoma)
[3, 4]. Compound 2i, 2k, and 2l were moderately active on HT29 cell line while compound 2j was weakly
active. Compounds 2e, 2f, 2g, and 2h were inactive. Compounds 2e, 2g, 2i, and 2l were moderately active
on U373MG while the other compounds were inactive.  The % Control Growth at different concentrations
of the compounds for these cell lines are shown in the Supplementary Material Fig. S1-S4.

CDK2 and EGFR Kinase Inhibition by ADP GloTM Assay

Considering the activities obtained in the SRB assay, compounds (2e, 2f, 2g, 2h, 2i, 2j, 2k, and 2l) with GI50

values less than 50μM on MCF7 cell line were further tested for the CDK2 inhibition by in-vitro assay.
Staurosporine was used as a positive control in this assay [23, 24]. Enzyme titration curve for CDK2 is
given in Supplementary Material Fig. S5. Compound 2g, 2h, 2k and 2l were found to exhibit good activity
against CDK2 while 2e, 2f, 2i, and 2j were moderately active. Only with an exception of compound 2l,
there seemed to be a good correlation between the CDK2 inhibition and antiproliferative effect on MCF7
cell line. However, such a correlation could not be established in case of the other cell lines.

Once we were able to demonstrate inhibition of CDK2, we decided to study the selectivity of these
compounds in inhibiting the CDK2. Kinase inhibitors are reported to show a variable cross reactivity with
other kinases. This is because of a common active site architecture of multiple kinases increasing the
cross-inhibition potential. Literature reports multiple scaffolds which act as both CDK2 and EGFR
inhibitors [25-29]. In order to explore the selectivity [30], we decided to test the most active CDK2
inhibitors, i.e. compounds with IC50 <10 μM in the CDK2 enzyme inhibition assay, for their ability to inhibit
another kinase, that is EGFR. Enzyme titration curve for EGFR is given in Supplementary Material Fig. S6.
The results of EGFR inhibition assay indicate that the compounds under study gave a selectivity score of
1.84-2.56. Straurosporine also gave a selectivity ratio of about 2.8.

Table 1 GI50 values from the SRB assay and IC50 values from in-vitro enzyme assay for the synthesized
compounds
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Compounds R MCF-
7

(μM)

K562

(μM)

U373MG

(μM)

HT-
29

(μM)

IC50

CDK2

(μM)

IC50

EGFR

(μM)

Selectivity for
CDK2

2a 3-OCH3 72 72.2 - - - -  

2b 4-OCH3 60.8 56.3 - - - -  

2c 3, 4-
OCH3

71.4 >100 - - - -  

2d 2, 5-
OCH3

77.4 >100 - - - -  

2e 2-F 26.2 48.3 28.8 >100 13.50 -  

2f 3-F 23.5 >100 >100 >100 10.59 -  

2g 4-F <0.1 52.4 26.9 >100 5.64 13.12 2.32

2h 2-Cl 30 >100 >100 >100 22.19 -  

2i 3-Cl <0.1 46.5 24.1 27.2 5.95 15.29 2.56

2j 4-Cl 23.6 93.3 >100 67.5 18.80 -  

2k 3,4-Cl <0.1 50.3 >100 16.9 4.07 7.94 1.95

2l 3-NO2 20.9 31.3 15.9 19.5 5.00 9.24 1.84

2m 4-NO2 59 >100 - - - -  

Adriamycin - <0.1 <0.1 <0.1 <0.1 - -  

Staurosporine - - - - - 0.74 2.11 2.85

Note: ‘-’ indicates Not Tested  

In-silico Computational Studies

Molecular docking

Our previous work on the selecting of the most suitable crystal structure for docking into CDK2 receptor
had indicated that 2WXV is the most suitable crystal structure for docking of chemically diverse ligands.
This prompted us to use this crystal structure for docking of CDK2 inhibitors [31].   The docking protocol
was validated by calculating RMSD values between the docked conformation of the inhibitor and native
conformation.  Thus, an RMSD value of 0.7685Å for 2WXV (CDK2) between the docked conformation of
the inhibitor and native conformation depicted the accuracy of the docking program (shown in
Supplementary Material Fig. S7). In order to assess the accuracy, the interactions produced on re-docking
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were checked with that of the interactions observed in native conformation for WXV (shown in
Supplementary Material Fig. S8).

Eight compounds were subjected to the docking studies for understanding their binding to CDK2 kinase.
The docking score and the 3D ligand interaction pose are given in the Supplementary Material Table S1.
The 2D ligand interaction diagram is shown in Fig. 3. Compound 2l docked in the CDK2 structure with the
highest dock score (-8.594 kcal/mol).  α, β-unsaturated carbonyl group acted as a hydrogen bond
acceptor from the backbone NH of Leu83. The carbonyl group from the cinnamamide also acted as a
hydrogen bond acceptor for the side chain NH from Lys 33. Additional, hydrogen bonding interactions
were seen between side-chain NH of Gln131 and 3-nitro group. Salt-bridge was seen with Asp86.

Compound 2k   was identi�ed as the most active compound in the in-vitro enzyme assay however; its
docking score was slighltly lower than compound 2l. Compound 2k binds into CDK2 (PDB id 2WXV) with
dock score -8.025 kcal/mol. α, β-unsaturated carbonyl group acted as a hydrogen bond acceptor from the
backbone NH of Leu83. The carbonyl group from the cinnamamide also acted as a hydrogen bond
acceptor for the side chain NH from Lys 33. Additionally, pi-pi interactions were made with the Phe80.

All compounds form hydrogen bonding interactions with Lys33 and Leu83 except compound 2j wherein
interactions between carbonyl group from cinnamamide and Leu83 were only formed. The pi-pi stacking
with Phe80 seems to be an important but not a compulsory interaction for the compounds to be active as
it was not observed in case of all compounds. The interactions observed in this study are consistent with
some of the other reported studies [13, 32, 33-37].

Further, all compounds except 2h, 2j, and 2l adopt a similar type of inverted “U-shaped”orientation in the
CDK2 active site. Compound 2e adopts an inverted “U-shaped” orientation however; the 2-chlorophenyl
ring orients slightly away from the Asp145 (DFG-motif) as seen in the other compounds. Compound 2j
adopts a “C-shaped” orientation in the active site which might be attributed to the absence of interactions
with Lys33. A slight difference is observed in the orientation of the compound 2l. Compound 2l has an
inverted “U-shaped” orientation but the position of the 3-nitrophenyl ring is slightly away from Leu83 than
observed in the other compounds. These differences in the orientation and interactions might be
responsible for the differences in the activity observed in the in-vitro assay and are provided in the Table
S1. Similar orientations have been previously reported for the protein kinase inhibitors [38, 39].

The compounds tested on EGFR in the in-vitro assay were also studied in the molecular docking studies.
The docking protocol for EGFR was valiadated by redocking the co-crystallized ligand AQ4 and the RMSD
was 0.2607Å (shown in Supplementary Material Fig. S9). The interactions for AQ4 are provided in the
Supplementary Material Fig. S10. The results of docking studies indicate that compounds dock with
scores lower than CDK2 kinase and are provided in Supplementary Material Table S2. The interaction
analysis for the compounds reveals that compounds 2g, 2i, 2k, and 2l interact with Met769 from the
hinge region. 2g interacts additionally via hydrogen bonding with Lys721 from β-3 region. In this case,
only compound 2g adopts a roughly inverted “U-shaped” orientation. Compound 2k adopts a “C-
shaped”orientation while 2l adopts an extended orientation. Compound 2i has an unspeci�ed shape.
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These different orientations might be due to the lack of interaction with Lys721. The mode of binding and
the interactions are different in case of EGFR than CDK2. These results corroborate well with in-vitro
assay results.

Molecular Dynamics Simulation

The docked complexes for 2l and 2k were validated for the stability of complex formation, implementing
a MD simulation using Desmond software. The production run was carried out for 20ns. The RMSD plots
for the protein (shown in Supplementary Material Fig. S11) showed no signi�cant increase in RMSD for
the protein viz. CDK2 until the completion of production run in case of both compounds. The ligand
RMSD values were calculated with respect to the docked pose (Lig �t on Prot shown in Fig. S11)
throughout the simulation and found to be stable during the most period of the production run. There
were some changes for brief period indicating changes in the interaction between the protein and ligand.
However, these values were lower than the RMSD values calculated for the protein indicating that the
ligands did not move away from the active site. Similarly, the RMSF plots (shown in Supplementary
Material Fig. S11) do not show any �uctuations for the protein where these compounds interact with
residues in regions including alpha-helices or beta-sheets. The only exception is the loop region where
usually the �uctuations are common due to the �exibility. These �ndings suggest a stable complex
formation for compound 2l and 2k with CDK2.

As the CDK2-2l interactions in the docked pose were slightly different than the other compounds, the
molecular dynamics simulation was performed for this complex primarily. Hydrogen bonding interactions
were observed for 64% and 86% of simulation time with Leu83 and Lys33; respectively. Gln85 and Gln131
also interact via hydrogen bonding but these are shortlived interactions. Pi-pi stacking interactions were
seen with Tyr15 for 58% time of the total duration. Interactions with Phe80 were also observed but were
for less than 20% of the time. Other hydrophobic interactions were seen with Ile10, Tyr15, and Leu134 for
more than 40% of the time. Some hydrophobic and pi-cation interactions were seen with other amino acid
residues for less than 30% of the time. These interactions are shown in Fig. 5. The molecular dynamics
simulation studies for compound 2l indicate that the hydrogen bonding between the ligand and Leu83 as
well Lys33 are important while Gln131 are not contributing much to the binding. Likewise, the ionic
interactions with Asp86 also doesn’t seem to be contributing towards the binding in any manner.

The CDK2-2k interactions were also monitored throughout the simulation. The histogram plot shows that
hydrogen bonding interactions were observed for 81% and 58% of simulation time with Leu83 and Lys33;
respectively. Similar interaction was seen with Asn132 only for less than 10% of the total simulation time.
For nearly and more than 40% of the simulation time, hydrophobic interactions were observed with Ile10,
Tyr15, Ala31, Phe82, and Leu134. Pi-pi stacking with Phe80 similar to the docked pose were observed but
for a less signi�cant period.  Pi-pi stacking interactions were observed with Tyr15 for 41% of the time.
This interaction was not seen in the docked pose and seems to be contributing to the stability. Water-
mediated hydrogen bonding was observed with Gln131 for 34% of the times.
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Overall, the molecular dynamics simulation studies indicates that the activity of these compounds
towards CDK2 can be attributed to the interactions with Lys33 and Leu83 majorly. Interactions with Tyr15
might also be responsible for the additional stability as seen in compound 2l.  In some cases, water-
mediated interactions might also be responsible for the stability as seen in case of compound 2k.

Conclusion
A series of Cinnamamide-chalcone derivatives (2a-2m) were designed as potential antiproliferative
agents and CDK2 inhibitors. They were synthesised and characterized using different spectroscopic
techniques. Their cytotoxic activities against four different cancer cell lines MCF-7, K-562, HT-29, and
U373MG. The synthesised compounds showed strong to moderate cytotoxic activities against MCF-7 cell
line. The most active compounds against MCF-7 were 2g, 2i, and 2k while on the other cell lines either the
compounds have moderate, weak, or no activity. Moreover, CDK2 inhibitory activities were determined for
the active and moderately active compounds. Compounds 2g, 2h, 2k and 2l showed good inhibitory
activity against CDK2 and these were also tested on EGFR. All four compounds were more selective for
CDK2. Docking studies of CDK2 indicate the hydrogen bonding interactions observed with Lys 33 and
Leu83 are critical for the binding. These were stable through simulation period for the most active
compound 2k and 2l. In case of EGFR, the docking studies show that the compound forms one hydrogen
bonding interaction with Met769 in three compounds while one compound interacts with Cys773. These
interactions might be a reason for the weaker activity on EGFR kinase and greater selectivity towards
CDK2. In conclusion, three compounds (2g, 2i, and 2k) were identi�ed with excellent activity against MCF-
7 cell line and good activity againd CDK2 in the present study. One compound (2l) possesses good
activity against CDK2 and MCF-7 cell line as well as better activity against the remaining cell lines. These
cinnamamide-substituted chalcone derivatives will be useful as lead molecules for the further structural
modi�cations and development of newer inhibitors of CDK2.

Materials And Methods
Materials

All chemicals and reagents used for synthesis were purchased from Loba Chemie, Sigma Aldrich, and SD
Fine Chemicals Pvt. Ltd, India. All the reactions were monitored using thin layer chromatography (TLC) on
pre-coated TLC plates (Silica gel GF254) using various solvent systems. Melting points were taken in
open capillary tubes using ANALAB μThermoCal10 melting point apparatus and were uncorrected. The
structures of the synthesized compounds were con�rmed by Infrared (IR) spectroscopy and Nuclear
Magnetic Resonance (NMR) spectroscopy. IR spectroscopy was carried out using KBr pellet method on
the Perkin Elmer Spectrum 10.4.2 and Shimadzu IRA�nity-1. NMR spectra were recorded on a Bruker
Avance 500 spectrophotometer operating at 500 MHz (1H and 13C NMR). Samples were dissolved
(20mg/ml) in hexadeuterated dimethylsulfoxide (DMSO-d6), and spectra were recorded at 323 K. Column
chromatography was carried out using silica gel (230/400 mesh).
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Methods

Synthesis of cinnamamide chalcones (2a-2m)

A mixture of 3-aminoacetophenone (0.01moles) and cinnamoyl chloride (0.01moles) was re�uxed under
acetone (20 ml) and potassium carbonate (0.001moles) for 4 h. The completion of the reaction was
monitored by TLC. The mixture was then decanted to remove potassium carbonate and then allowed to
stand overnight to obtain a white solid of N-(3-acetylphenyl) cinnamamide [40, 41]. It was then �ltered
under vacuum to obtain the dry intermediate of N-(3-acetylphenyl) cinnamamide.

N-(3-acetylphenyl) cinnamamide in anhydrous ethanol (20 ml) was treated with lithium hydroxide
monohydrate (0.003 moles) under magnetically stirred condition for 15 min at room temperature. The
substituted benzaldehyde (0.01moles) was added to the stirring mixture [42]. Stirring was continued for 6
h. The reaction was con�rmed for completion by TLC. The reaction mixture was acidi�ed with 1%
aqueous HCl to give crude product. The resulting product was �ltered and recrystallized from ethanol.

1-(3’-cinnamaamidophenyl)-3-(3”-methoxyphenyl)-prop-2-en-1-one (2a)

White (pale) colored solid, yield (69.20%). mp:169°C; FTIR (KBr, cm-1): 3344.57 (N-H stretch of anilide),
1662.64 (C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1514.12 (aromatic
C=C stretch), 1251.8 (asymmetric C-O-C stretch, OCH3), 1033.85 (symmetric C-O-C stretch, OCH3); 1H NMR
(DMSO-d6, δ ppm): 10.299 (s, 1H, NH), 8.188 (s, 1H, H-2’), 7.904 (d, 1H, H-4’), 7.788 (d, 1H, H-6’), 7.734 (d,
1H, H-3), 7.598 (d, 1H, H-2), 7.503 (m, 3H, H-2’’’,6’’’,6), 7.427 (t, 1H, H-5’), 7.323 (m, 5H, H-3’’’,4’’’,5’’’,6’’,2’’),
7.252 (t, 1H, H-5’’), 6.905 (d, 1H, H-4’’), 6.716 (d, 1H, H-5), 3.686 (s, 3H, OCH3); 13C NMR δ ppm 189.580 (C-
1), 164.199 (C-4), 160.064 (C-3’’), 144.526 (C-3), 140.978 (C-6), 140.145 (C-1’), 138.549(C-3’), 136.429 (C-
1’’’), 135.014 (C-1’’), 130.348 (C-5’), 130.262 (C-5’’), 129.712 (C-4’’’,4’), 129.416 (C-3’’’,5’’’), 128.161 (C-2’’’,6’’’),
124.163 (C-6’), 122.863 (C-2), 122.377 (C-6’’), 121.881 (C-2’), 119.197 (C-5), 117.067 (C-4’’), 113.908 (C-2’’),
55.697 (-OCH3).

1-(3’-cinnamaamidophenyl)-3-(4”-methoxyphenyl)-prop-2-en-1-one (2b)

Yellow colored solid, yield (76.12%). mp:176°C; FTIR (KBr, cm-1): 3322.99 (N-H stretch of anilide), 1656.85
(C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1514.12 (aromatic C=C
stretch), 1251.8 (asymmetric C-O-C stretch, OCH3), 1033.85 (symmetric C-O-C stretch, OCH3); 1H NMR
(DMSO-d6, δ ppm): 10.286 (s, 1H, NH), 8.175 (s, 1H, H-2’), 7.883 (d, 1H, H-4’), 7.749 (d, 1H, H-6’), 7.704 (d,
2H, H-2’’’,6’’’), 7.582 (d, 1H, H-3), 7.575 (d, 1H, H-2), 7.501 (m, 3H, H-6,2’’,6’’), 7.410 (t, 1H, H-5’), 7.329 (m, 3H,
H-3’’’,4’’’,5’’’), 6.895(d, 1H, H-3’’,5’’), 6.713 (d, 1H, H-5), 3.682 (s, 3H, OCH3); 13C NMR δ ppm 189.362 (C-1),
164.187 (C-4), 161.832 (C-4’’), 144.558 (C-3), 140.956 (C-6), 140.095 (C-1’), 138.864(C-3’), 135.019 (C-1’’’),
131.121 (C-2’’,6’’), 130.268 (C-5’), 129.669 (C-4’’’), 129.424 (C-3’’’,5’’’), 128.162 (C-2’’’,6’’’), 127.642 (C-4’,1’’),
123.970 (C-6’), 122.397 (C-2), 120.009 (C-2’), 119.130 (C-5), 114.859 (C-3’’,5’’), 55.778 (OCH3).

1-(3’-cinnamaamidophenyl)-3-(3’’,4”-dimethoxyphenyl)-prop-2-en-1-one (2c)
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Yellow (bright) colored solid, yield (58.52%). mp:180°C; FTIR (KBr, cm-1): 3319.49 (N-H stretch of anilide),
1656.85 (C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1514.12 (aromatic
C=C stretch), 1251.8 (asymmetric C-O-C stretch, OCH3), 1033.85 (symmetric C-O-C stretch, OCH3); 1H NMR
(DMSO-d6, δ ppm): 10.290 (s, 1H, NH), 8.149 (s, 1H, H-2’), 7.901 (d, 1H, H-4’), 7.775 (d, 1H, H-6’), 7.622 (d,
1H, H-3), 7.581 (d, 1H, H-2), 7.501 (m, 3H, H-2’’’,6’’’,6), 7.420 (m, 2H, H-5’,2’’), 7.329 (m, 4H, H-3’’’,4’’’,5’’’,6’’),
6.899(d, 1H, H-5’’), 6.718 (d, 1H, H-5), 3.714 and 3.677 (s, 6H, OCH3); 13C NMR δ ppm 189.458 (C-1),
164.183 (C-4), 151.752 (C-3’’), 149.437 (C-4’’), 145.109 (C-3), 140.946 (C-6), 140.094 (C-1’), 138.933 (C-3’),
135.020 (C-1’’’), 130.257 (C-5’), 129.617 (C-4’’’), 129.418 (C-3’’’,5’’’), 128.158 (C-2’’’,6’’’), 127.858 (C-4’),
124.196 (C-1’’), 124.070 (C-6’), 123.930 (C-6’’), 122.407 (C-2), 120.179 (C-2’), 119.104 (C-5), 112.015 (C-5’’),
111.312 (C-2’’), 56.143 (3’’-OCH3), 55.998 (4’’-OCH3).

1-(3’-cinnamaamidophenyl)-3-(2’’,5”-dimethoxyphenyl)-prop-2-en-1-one (2d)

Yellow colored solid, yield (71.19%). mp:175°C; FTIR (KBr, cm-1): 3319.42 (N-H stretch of anilide), 1662.44
(C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1514.12 (aromatic C=C
stretch), 1251.8 (asymmetric C-O-C stretch, OCH3), 1031.92 (symmetric C-O-C stretch, OCH3); 1H NMR
(DMSO-d6, δ ppm): 10.473 (s, 1H, NH), 8.345 (s, 1H, H-2’), 8.053 (m, 2H, H-4’,3), 7.931 (m, 2H, H-6’,2), 7.666
(m, 3H, H-2’’’,6’’’,6), 7.583 (m, 2H, H-5’,3’’), 7.474 (m, 4H, H-3’’’,4’’’,5’’’,4’’), 7.071 (s, 1H, H-6’’), 6.879 (d, 1H, H-6),
3.870 and 3.811 (s, 6H, OCH3); 13C NMR δ ppm 189.721 (C-1), 164.300 (C-4), 153.719 (C-5’’), 153.290 (C-
2’’), 141.091 (C-6), 140.218 (C-3), 139.076 (C-1’), 139.038 (C-3’), 137.087 (C-1’’’), 135.089 (C-5’), 130.400 (C-
4’’’), 130.330 (C-4’), 129.526 (C-3’’’,5’’’), 128.290 (C-2’’’,6’’’), 124.144 (C-6’,2), 122.740 (C-2’), 122.467 (C-5),
119.212 (C-1’’), 118.589 (C-3’’), 113.412 (C-4’’,6’’), 56.629 (2’’-OCH3), 56.185 (5’’-OCH3).

1-(3’-cinnamaamidophenyl)-3-(2’’-�uorophenyl)-prop-2-en-1-one (2e)

White (pale) colored solid, yield (89.92%). mp:158°C; FTIR (KBr, cm-1): 3341.41 (N-H stretch of anilide),
1659.96 (C=O stretch of anilide), 1599.77 (C=O stretch of α, β unsaturated ketone), 1516.31 (aromatic
C=C stretch), 752.0 (C-F stretch) ; 1H NMR (DMSO-d6, δ ppm): 10.491 (s, 1H, NH), 8.383 (s, 1H, H-2’), 8.115
(t, 1H, H-5’), 8.059 (d, 1H, H-4’), 7.950 (m, 2H, H-6’,3), 7.866 (d, 1H, H-2), 7.666 (m, 3H, H-2’’’,6’’’,6), 7.596 (m,
2H, H-3’’,5’’), 7.489 (m, 3H, H-3’’’,4’’’,5’’’), 7.379 (m, 2H, H-4’’,6’’), 6.875 (d, 1H, H-5); 13C NMR δ ppm 189.356
(C-1), 164.235 (C-4), 162.368 (C-2’’), 141.026 (C-3), 140.225 (C-6), 138.288 (C-1’), 135.938 (C-3’), 135.010
(C-1’’’), 133.065 (C-5’), 130.286 (C-4’’), 129.820 (C-4’’’,6’’), 129.430 (C-3’’’,5’’’), 128.179 (C-2’’’,6’’’), 125.418 (C-
4’), 124.727 (C-5’’), 124.301 (C-6’), 124.103 (C-1’’), 122.612 (C-2), 122.351 (C-2’), 119.195 (C-5), 116.456 (C-
3’’).

1-(3’-cinnamaamidophenyl)-3-(3’’-�uorophenyl)-prop-2-en-1-one (2f)

Yellow colored solid, yield (93.52%). mp:155°C; FTIR (KBr, cm-1): 3340.15 (N-H stretch of anilide), 1662.49
(C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1514.12 (aromatic C=C
stretch); 1H NMR (DMSO-d6, δ ppm): 10.477 (s, 1H, NH), 8.376 (s, 1H, H-2’), 8.078 (d, 1H, H-4’), 7.971 (m,
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2H, H-2’’’,3), 7.856 (d, 1H, H-6’), 7.784 (d, 1H, H-2), 7.713 (d, 1H, H-6’’’), 7.674 (m, 3H, H-6,6’’,2’’), 7.588 (t, 1H,
H-5’), 7.535 (m, 4H, H-3’’’,4’’’,5’’’,4’’), 7.320 (t, 1H, H-5’’), 6.884 (d, 1H, H-5); 13C NMR δ ppm 189.427 (C-1),
164.214 (C-4), 161.920 (C-3’’), 142.989 (C-3), 140.988 (C-6), 140.184 (C-1’), 138.370 (C-1’’), 137.633 (C-3’),
135.021 (C-1’’’), 131.243 (C-5’), 130.228 (C-5’’), 129.701 (C-4’’’), 129.386 (C-3’’’,5’’’), 128.153 (C-2’’’,6’’’),
125.784 (C-4’), 124.309 (C-6’), 123.994 (C-6’’), 122.382 (C-2), 119.256 (C-2’), 117.738 (C-5), 115.152 (C-4’’),
114.977 (C-2’’).

1-(3’-cinnamaamidophenyl)-3-(4’’-�uorophenyl)-prop-2-en-1-one (2g)

Yellow (very light) colored solid, yield (79.13%). mp:168°C; FTIR (KBr, cm-1): 3344.52 (N-H stretch of
anilide), 3001.17 (aromatic C-H stretch), 1658.78 (C=O stretch of anilide), 1612.49 (C=O stretch of α, β
unsaturated ketone), 1514.12 (aromatic C=C stretch); 1H NMR (DMSO-d6, δ ppm): 10.469 (s, 1H, NH),
8.359 (s, 1H, H-2’), 8.057 (d, 1H, H-4’), 7.995 (m, 3H, H-2’’’,6’’’,6’), 7.867 (d, 1H, H-3), 7.793 (d, 1H, H-2), 7.664
(m, 3H, H-6,2’’,6’’), 7.583 (t, 1H, H-5’), 7.485 (m, 3H, H-3’’’,4’’’,5’’’), 7.346 (m, 2H, H-3’’,5’’), 6.876 (d, 1H, H-5); 13C
NMR δ ppm 189.421 (C-1), 164.198 (C-4), 162.835 (C-4’’), 143.275 (C-3), 140.969 (C-6), 140.153 (C-1’),
138.533 (C-3’), 135.013 (C-1’’’), 131.696 (C-5’), 131.579 (C-2’’,6’’), 131.516 (C-1’’), 130.241 (C-4’’’), 129.692
(C-4’), 129.398 (C-3’’’,5’’’), 128.153 (C-2’’’,6’’’), 124.137 (C-6’), 122.385 (C-2’,2), 119.197 (C-5), 116.430 (C-5’’),
116.257 (C-3’’).

1-(3’-cinnamaamidophenyl)-3-(2’’-chlorophenyl)-prop-2-en-1-one (2h)

Buff colored solid, yield (89.65%). mp:167°C; FTIR (KBr, cm-1): 3344.52 (N-H stretch of anilide), 3001.17
(aromatic C-H stretch), 1658.78 (C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone),
1514.12 (aromatic C=C stretch); 1H NMR (DMSO-d6, δ ppm): 10.308 (s, 1H, NH), 8.215 (s, 1H, H-2’), 8.043
(d, 1H, H-4’), 7.915 (m, 2H, H-2’’’,3), 7.799 (m, 2H, H-6’’’,2), 7.504 (m, 2H, H-5’,6’), 7.446 (m, 3H, H-6, 3’’,5’’),
7.363 (m, 5H, H-3’’’,4’’’,5’’’,4’’,6’’), 6.717 (d, 1H, H-5); 13C NMR δ ppm 189.291 (C-1), 164.215 (C-4), 141.016
(C-3), 140.215 (C-6), 139.049 (C-1’), 138.228 (C-3’), 135.002 (C-1’’’), 134.741 (C-2’’), 132.649 (C-5’), 132.437
(C-1’’), 130.460 (C-3’’), 130.276 (C-4’’), 129.787 (C-4’’’), 129.421 (C-3’’’,5’’’), 128.925 (C-6’’,4’), 128.164 (C-
2’’’,6’’’), 125.286 (C-5’’), 124.401 (C-6’), 124.283 (C-2), 122.342 (C-2’), 119.206 (C-5).

1-(3’-cinnamaamidophenyl)-3-(3’’-chlorophenyl)-prop-2-en-1-one (2i)

White (pale) colored solid, yield (75.86%). mp:165°C; FTIR (KBr, cm-1): 3321.81 (N-H stretch of anilide),
1664.57 (C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1514.12 (aromatic
C=C stretch), 761.88 (C-Cl stretch); 1H NMR (DMSO-d6, δ ppm): 10.595 (s, 1H, NH), 8.489 (s, 1H, H-2’),
8.206 (m, 2H, H-4’,2’’’), 8.121 (m, 2H, H-6’’’,3), 7.980 (d, 1H, H-6’), 7.898 (d, 1H, H-2), 7.797 (m, 3H, H-6, 5’,6’’),
7.724 (t, 1H, H-5’’), 7.674 (m, 5H, H-3’’’,4’’’,5’’’,4’’,2’’), 7.010 (d, 1H, H-5); 13C NMR δ ppm 189.405 (C-1),
164.194 (C-4), 142.771 (C-3), 140.998 (C-6), 140.158 (C-1’), 138.345 (C-3’,1’’), 137.302 (C-1’’’), 135.007 (C-
3’’), 134.207 (C-5’), 131.110 (C-5’’), 130.583 (C-4’’), 130.280 (C-4’’’), 129.743 (C-4’), 129.430 (C-3’’’,5’’’),
128.368 (C-6’), 128.165 (C-2’’’,6’’’), 124.338 (C-2’’,6’’), 124.086 (C-2), 122.351 (C-2’), 119.220 (C-5).
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1-(3’-cinnamaamidophenyl)-3-(4’’-chlorophenyl)-prop-2-en-1-one (2j)

Brown (pale) colored solid, yield (82.75%). mp:182°C; FTIR (KBr, cm-1): 3429.43 (N-H stretch of anilide),
1656.85 (C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1514.12 (aromatic
C=C stretch), 750.31 (C-Cl stretch); 1H NMR (DMSO-d6, δ ppm): 10.379 (s, 1H, NH), 8.212 (s, 1H, H-2’),
7.901 (d, 1H, H-4’), 7.787 (m, 4H, H-2’’’,6’’’,6’,3), 7.616 (d, 1H, H-2), 7.500 (m, 3H, H-6,2’’,6’’), 7.422 (m, 3H, H-
5’,3’’,5’’), 7.326 (m, 3H, H-3’’’,4’’’,5’’’), 6.737 (d, 1H, H-5); 13C NMR δ ppm 189.432 (C-1), 164.227 (C-4),
143.027 (C-3), 140.921 (C-6), 140.205 (C-1’), 138.426 (C-3’), 135.535 (C-1’’’), 135.022 (C-5’), 134.009 (C-4’’),
130.916 (C-2’’,6’’), 130.260 (C-1’’), 129.723 (C-4’’’,4’), 129.411 (C-3’’’,5’’’,3’’,5’’), 128.163 (C-2’’’,6’’’), 124.235 (C-
6’), 123.301 (C-2), 122.433 (C-2’), 119.224 (C-5).

1-(3’-cinnamaamidophenyl)-3-(3’’, 4’’-dichlorophenyl)-prop-2-en-1-one (2k)

White (pale) colored solid, yield (63.49%). mp:180°C; FTIR (KBr, cm-1): 3340.84 (N-H stretch of anilide),
3064.64 (aromatic C-H stretch), 1651.7 (C=O stretch of α, β unsaturated ketone), 750.08 (C-Cl stretch); 1H
NMR (DMSO-d6, δ ppm): 10.472 (s, 1H, NH), 8.350 (s, 1H, H-2’), 8.069 (d, 1H, H-4’), 8.026 (m, 2H, H-2’’’,3),
7.904 (d, 1H, H-6’), 7.757 (m, 2H, H-6’’’,2), 7.661 (m, 4H, H-6,2’’,5’’,6’’), 7.592 (t, 1H, H-5’), 7.487 (m, 3H, H-
3’’’,4’’’,5’’’), 6.874 (d, 1H, H-5); 13C NMR δ ppm 189.248 (C-1), 164.188 (C-4), 141.654 (C-3), 140.979 (C-6),
140.176 (C-1’), 138.269 (C-3’), 135.913 (C-1’’’), 135.006 (C-1’’), 133.159 (C-5’), 132.237 (C-3’’), 131.371 (C-
4’’), 130.563 (C-4’’’,2’’), 130.252 (C-5’’), 129.699 (C-4’,6’’), 129.400 (C-3’’’,5’’’), 128.155 (C-2’’’,6’’’), 124.533 (C-
6’), 124.383 (C-2), 122.357 (C-2’), 119.207 (C-5).

1-(3’-cinnamaamidophenyl)-3-(3’’-nitrophenyl)-prop-2-en-1-one (2l)

White (pale) colored solid, yield (80.53%). mp:205°C; FTIR (KBr, cm-1): 3317.56 (N-H stretch of anilide),
1662.64 (C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1514.12 (aromatic
C=C stretch), 1346.31 (NO2 stretch); 1H NMR (DMSO-d6, δ ppm): 10.500 (s, 1H, NH), 8.801 (s, 1H, H-2’’),
8.383 (m, 2H, H-2’,4’’), 8.319 (d, 1H, H-4’), 8.146 (d, 1H, H-3), 8.085 (d, 1H, H-6’’), 8.041 (d, 1H, H-6’), 7.925 (d,
1H, H-2), 7.809 (t, 1H, H-5’’), 7.675 (m, 3H, H-2’’’,6’’’,6), 7.619 (t, 1H, H-5’), 7.503 (m, 3H, H-3’’’,4’’’,5’’’), 6.892 (d,
1H, H-5); 13C NMR δ ppm 189.382 (C-1), 166.270 (C-4), 148.921 (C-3’’), 142.051 (C-6,3), 140.243 (C-1’’),
138.212 (C-1’), 137.061 (C-3’), 135.503 (C-1’’’,6’’), 135.097 (C-5’), 132.286 (C-5’’), 130.864 (C-4’’’), 129.679
(C-4’), 128.935 (C-3’’’,5’’’), 128.223 (C-2’’’,6’’’), 125.684 (C-6’), 125.345 (C-2’’,4’’), 124.804 (C-2), 123.551 (C-2’),
120.673 (C-5).

1-(3’-cinnamaamidophenyl)-3-(4’’-nitrophenyl)-prop-2-en-1-one (2m)

Buff colored solid, yield (83.89%). mp:207°C; FTIR (KBr, cm-1): 3329.14 (N-H stretch of anilide), 1664.57
(C=O stretch of anilide), 1612.49 (C=O stretch of α, β unsaturated ketone), 1510.26 (aromatic C=C
stretch), 1344.38 (NO2 stretch); 1H NMR (DMSO-d6, δ ppm): 10.320 (s, 1H, NH), 8.223 (s, 1H, H-2’), 8.159
(d, 2H, H-3’’,5’’), 8.025 (d, 2H, H-2’’,6’’), 7.928 (m, 2H, H-4’,3), 7.826 (d, 1H, H-6’), 7.707 (d, 1H, H-2), 7.501 (m,
3H, H-6, 2’’’,6’’’), 7.444 (t, 1H, H-5’’), 7.327 (m, 3H, H-3’’’,4’’’,5’’’), 6.716 (d, 1H, H-5); 13C NMR δ ppm 189.393 (C-
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1), 164.215 (C-4), 148.518 (C-4’’), 141.624 (C-3), 141.509 (C-6), 141.025 (C-1’’), 140.215 (C-1’), 138.137 (C-
3’), 134.987 (C-1’’’,5’), 130.269 (C-4’’’), 130.209 (C-2’’,6’’), 129.813 (C-4’), 129.430 (C-3’’’,5’’’), 128.167 (C-
2’’’,6’’’), 126.566 (C-6’), 124.508 (C-2), 124.355 (C-3’’,5’’), 122.322 (C-2’), 119.229 (C-5).

Biological Assay

Antiproliferative activity by Sulforhodamine B (SRB) assay

The in-vitro anticancer activity was measured for synthesized new compounds on breast cancer (MCF-7),
chronic myelogenous leukemias (K562), glioblastoma (U373MG), and colon cancer (HT-29) using the
Sulforhodamine-B stain (SRB) assay. The cell lines were grown in RPMI 1640 medium containing 10%
fetal bovine serum and 2 mM L-glutamine. For the screening experiment, cells were inoculated into 96
well microtiter plates in 100 µL at plating densities as shown in the study details above, depending on the
doubling time of individual cell lines. After cell inoculation, the microtiter plates were incubated at 37°C,
5% CO2, 95% air and 100% relative humidity for 24 h prior to addition of experimental compounds. After

24 h, one 96 well plate containing 5×103cells/well was �xed in situ with trichloroacetic acid (TCA), to
represent a measurement of the cell population at the time of drug addition (Tz). Experimental
compounds were initially solubilized in DMSO at 100 mg/ml and diluted to 1 mg/ml using water and
stored frozen prior to use. At the time of addition, an aliquot of frozen concentrate (1 mg/ml) was thawed
and diluted to 10-6, 10-5, 10-4 and 10-3 μg/ml with complete medium containing test compounds. Aliquots
of 10 µl of these different compound dilutions were added to the appropriate microtiter wells already
containing 90 µl of medium, resulting in the required �nal concentrations i.e.10-7, 10-6, 10-5, 10-4 M. After
the addition, plates were incubated at standard conditions for 48 h and assay was terminated by the
addition of cold TCA. Cells were �xed in situ by the gentle addition of 50 µl of cold 30 % (w/v) TCA (�nal
concentration, 10 % TCA) and incubated for 60 min at 4°C. The supernatant was discarded; plates were
washed �ve times with tap water and air dried. SRB solution (50 µl) at 0.4 % (w/v) in 1 % acetic acid was
added to each of the wells, and plates were incubated for 20 min at room temperature. After staining,
unbound dye was recovered and the residual dye was removed by washing �ve times with 1 % acetic
acid. The plates were air dried. Bound stain was subsequently eluted with 10 mM trizma base, and the
absorbance was read on a plate reader at a wavelength of 540 nm with 690 nm reference wavelength.
Percent growth was calculated on a plate-by-plate basis for the test wells relative to the control wells, and
expressed as the ratio of average absorbance of the test wells to the average absorbance of the control
wells × 100 [43, 44].

Using the six absorbance measurements [time zero (Tz), control growth (C), and test growth in the
presence of drug at the four concentration levels (Ti)], the percentage growth was calculated at each of
the drug concentration levels. Percentage growth inhibition was calculated as:

[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which Ti>/=Tz (Ti-Tz) positive or zero

[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz. (Ti-Tz) negative
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CDK2 and EGFR Kinase Inhibition Assay by ADP GloTM Assay

Kinase activities were performed using CDK2/CyclinA2 Kinase (Promega; Catalog #V2971), EGFR Kinase
(Promega; Catalog #V3831), and ADP-Glo Kinase Assay kit (Promega; Catalog #V9101). Kinase enzyme
kit contained Active enzyme, substrate, Reaction Buffer A (5X) and DTT solution (0.1M). Additionally,
MnCl2 solution (2.5M) in EGFR kinase system. Reaction Buffer A (5X) was composed of 200mM Tris-HCl,
pH 7. 5, 100mM MgCl2 and 0.5mg/ml BSA. ADP Glo kinase kit contained UltraPure ATP (10mM), ADP-Glo
Reagent, Kinase Detection Buffer and Kinase Detection Substrate.

ADP-Glo Reagents were thawed at room temperature. Kinase Detection Reagent was prepared by mixing
Kinase Detection Buffer with the Lyophilized Kinase Detection Substrate. Components of CDK2 and EGFR
enzyme systems were thawed on ice. 2X buffer was prepared from Reaction Buffer A as given in protocol
i.e. 1ml of 2X Buffer by combining 400μl Reaction Buffer A, 1μl DTT and 599μl of distilled H2O for CDK2
system. Similarly, 2X buffer was prepared from the Reaction Buffer A for EGFR system in the following
manner:1 ml of 2X Buffer by combining 400μl Reaction Buffer A, 1μl DTT, 1.6μl MnCl2and 597.4μl of
distilled H2O. Further, 1X buffer was prepared for both the systems by diluting corresponding 2X buffer
with distilled water in 1:2 ratio. 1ml of 250μM ATP Assay Solution was prepared by adding 25μl ATP
solution (10mM) to 500μl of 2X Buffer and 475μl of distilled H2O.

Reactions were performed in solid white 96-well polystyrene �at-bottomed plates in a �nal volume of
100µL. First step was to optimize the enzyme concentration. Different concentrations of enzymes were
prepared in 1X Buffer. Reaction mixtures contained 10µL of diluted Active enzyme, 5µL of 1mg/ml stock
solution of enzyme substrate ((Poly (Glu4, Tyr1) peptide substrate for EGFR system and Histone H1
substrate for CDK2 system) and 5µL of 2X Buffer. Further, 5μl of 250μM ATP assay solution was added
in each well. After addition of ATP solution, the plates were incubated at 30°C for 15 minutes. The
reactions were terminated by adding 25μl of ADP-Glo Reagent. Plates were shaken and then incubated
for another 40 minutes at room temperature. After incubation, 50μl of the Kinase Detection Reagent was
added, followed by incubation for another 30 minutes at room temperature. Luminescence was read
using Microplate luminometer. The conversion curve (RLU vs log10[Enzyme concentration], ng) was
plotted and corresponding signal-to-background ratio (SB) was calculated.

For screening of enzyme inhibitors, drugs were initially solubilized in dimethyl sulfoxide (DMSO) and
diluted using distilled H2O. Three different concentrations were prepared viz. 1μM, 3μM and 10μM
(concentration of DMSO in an assay does not exceed 2%). 5μL of different drug concentrations were
added to the initial reaction mixture instead of 2X Buffer and reaction was carried out as done during
enzyme optimization. Using the relative light units [RLUs] in the presence of drug at three different
concentration levels, the percentage enzyme activity was calculated at each concentration of the
compound tested. The IC50 values were calculated from a plot of the percentage enzyme activity vs. log
concentration of the compounds [32, 45].

In-silico Computational Studies
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Molecular docking

Molecular docking studies were done using Glide version 5.9 software [46, 47] in Schrodinger suite 2017-
1. The crystal structure used for the studies were downloaded from protein data bank. These included
PDB 2WXV for CDK2 [31] and PDB 1M17 for EGFR [48, 49]. These are complexed with inhibitor with
ligand identi�er WXV and AQ4; respectively. The protein structures were re�ned using the protein
preparation wizard. All the water molecules that did not form any interactions or were not a part of the
active site were deleted. Hydrogen atoms were added to the protein which included the protons necessary
to de�ne the correct ionization and tautomeric states of the amino acid residues. The protein structure
was energy minimized using the impact re�nement module. The steric clashes existing in the structures
were removed using OPLS 2005 force �eld [50]. After protein prepartion, the receptor grids were generated
using the receptor grid generation panel for CDK2 and EGFR, individually. The protein structures for CDK2
and EGFR were included as workspace entries and their ligands WXV and AQ4 were picked to be excluded
from receptor grid generation using the ‘receptor’ tab. Default vdW scaling factor of 1.0 and charge scale
factor of 0.25 were used. The centroid of co-crystallized ligand was used for the grid generation and the
size for the ligands to be docked should be similar to the co-crystallized ligand. According to these
speci�cations for the center and size the �nal grid was generated. No constraints were used [51]. The
docking protocol was validated for both CDK2 and EGFR by removing the inhibitors from their complexes,
re-docking, and calculating root mean square deviation (RMSD). The ligands were prepared using ligprep
module [52] of Schordinger at pH 7.4 and then used for docking. The 2D ligand interaction diagrams for
the docked complexes were visualized using the Maestro in Schrodinger suite 2016-4.

Molecular Dynamics Simulation

System Building

All molecular dynamics (MD) simulations were performed using the Desmond software [53, 54]. The
initial coordinates for the MD simulations were taken from the docked complexes for compounds 2l and
2k with CDK2. The orthorhombic box with dimensions10 Å×10 Å ×10 Å approximately was used to apply
the periodic boundary conditions. The TIP3P water molecules [55] were then added and the system was
neutralized to balance the net charge of the system. Equilibration of the system was carried out using the
default protocol provided in Desmond Software with OPLS2005 force �eld [56]. The equilibration
consisted of a series of restrained minimizations that slowly relax the system without deviating
substantially from the initial protein coordinates.

Simulation Details

Force �eld parameters for the protein–ligand systems were assigned using the OPLS-2005 force �eld.
Heavy atom bond lengths with hydrogens and the internal geometry of water molecules were constrained
using the SHAKE algorithm [57]. Periodic boundary conditions and a 9.0Å cut-off for non-bond
interactions was used, with electrostatic interactions treated using the particle mesh ewald method. A
default six-stage relaxation protocol was employed prior to the MD production run: (i) 2000 steps limited-
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memory Broyden–Fletcher–Goldfarb–Shanno (LBFGS) minimization (�rst 10 steps steepest descent
algorithm) with the solute restrained and a loose convergence criterion of 50 kcal mol-1 Å-1; (ii) 2000 steps
LBFGS minimization (�rst 10 steps steepest descent) with residues beyond 15 Å of ligands restrained
and a convergence criterion of 5 kcal mol-1 Å-1. (iii) a short 12 ps simulation in the NVT ensemble using a
temperature (T) of 10 K (thermostat relaxation constant = 0.1 ps) with non-hydrogen solute atoms
restrained; (iv) a 12 ps simulation in the NPT ensemble using T = 10 K (thermostat relaxation constant =
0.1 ps) and pressure P = 1 atm (barostat relaxation constant= 50 ps) with non-hydrogen solute atoms
restrained; (v) a 24 ps simulation in the NPT ensemble (T = 300 K; thermostat relaxation constant= 0.1 ps;
P = 1 atm; barostat relaxation constant= 50.0 ps) with solute non-hydrogen atoms restrained; and (vi) a
24 ps simulation in the NPT ensemble (T = 300 K; thermostat relaxation constant = 0.1 ps; P = 1 atm;
barostat relaxation constant= 2.0 ps) with residues beyond 15 Å of the ligands restrained. For all of the
aforementioned atomic restraints, a 50 kcal mol-1 Å-1 2 restraint force constant was used, whereas target
temperatures and pressures were controlled using Berendsen thermostat and barostat, respectively. For
the dynamics, a multiple time step RESPA integration algorithm was used throughout, with time steps of
2, 2, and 6 fs for bonded, “near” non-bonded and “far” non-bonded interactions, respectively. Following
the relaxation, a 20 ns MD run in the NPT ensemble was performed for each system using a Nose–
Hoover thermostat and Martyna–Tobias–Klein barostat (T = 300 K, thermostat relaxation time = 1.0 ps; P
= 1 atm; barostat relaxation time = 2.0 ps). Energy and trajectory atomic coordinate data were recorded at
every 1.2 and 20.0 ps; respectively. An approximate number of 1000 frames were recorded [58, 59].
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Figure 1

Compounds reported in the literature with potential activity on CDK2
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Figure 2

Design Strategy for the Cinnamamide-chalcone Derivatives
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Figure 3

2D ligand interaction diagram for the docking of synthesized compounds in CDK2 active sites where (a)
compound 2e, (b) compound 2f, (c) compound 2g, (d) compound 2h, (e) compound 2i, (f) compound 2j,
(g) compound 2k, and (h) compound 2l. Solid pink arrow indicates backbone hydrogen bond, dashed pink
arrow indicates side-chain hydrogen bond, and green line indicates pi-pi stacking. Red-blue line indicates
salt-bridge.
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Figure 4

2D ligand interaction diagram for the docking of synthesized compounds in EGFR active sites where (a)
compound 2g, (b) compound 2i, (c) compound 2k, and (d) compound 2l. Solid pink arrow indicates
backbone hydrogen bond and dashed pink arrow indicates side-chain hydrogen bond.
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Figure 5

2D ligand interaction diagram and histogram plot for the fraction of interactions with the amino acid
residues in the CDK2 active site for the synthesized compounds. (a) 2D ligand interaction for compound
2l, (b) 2D ligand interaction for compound 2k, (c) histogram plot for compound 2l, and (d) histogram plot
for compound 2k.
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