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Abstract

Novel series of pyrimidine derivatives (9a-0) were synthesized and evaluated for their antiproliferative activity against human
colorectal carcinoma HCT-116, cervical carcinoma Hela and breast carcinoma MCF-7 cell lines. Compounds 9b, 9k and 9h were the most
active ones against HCT-116, HelLa and MCF-7 cell lines (IC5p=2.46 + 0.21,1.81 + 0.11and 3.83 + 0.27 pM, respectively) compared
to doxorubicin (IC50=2.39 + 0.16, 3.02 + 0.18 and 5.56 + 0.3 uM, respectively). Cell cycle analysis showed arrest at G;/S phase upon
treatment of HCT-116, HeLa cells with compounds 9b and 9k, respectively, and at G,/M phase upon treatment ofIMCF-Y with 9h.
Apoptotic effect of compounds 9b, 9k and 9h was showed through their pre G, early and late apoptotic effects. Besides, compounds 9h and 9e

displayed promising CDK2 and CDK9 inhibitory activities (IC5, values; 0.299 + 0.02 and 0.396 + 0.02 uM, respectively). Molecular docking
study showed similar binding modes of the studied compounds to that attained by the native ligands either for CDK2 and or for

CDK9 isoform. These findings recognized compound 9h as potent antiproliferative agents against MCF-7 cancer cells with pronounced

CDK2 inhibition activity.
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Introduction

Cancer represents one of the leading death causes worldwide [1].
Irrespective of the progresses gotten in cancer treatments, numerous
limitations still present as cancer tissues selectivity [2], side effects [3]
and the multiple-drug resistance through the cancer cells [4].
Accordingly, invention of new molecules that are active and selective
remain challenge [5,6]. Increasing the proliferation rate, together with
apoptosis “evading the programmed cell death”, that's linked to cell
cycle, are considered amongst the cancer hallmarks [7]. Cyclin-
Dependent Kinases (CDKs) are defined as the cell cycle main
regulators [8-10]. CDKs are activated when association with their
cyclins occurs, catalyzing the transfer of the phosphate group from
Adenosine Triphosphate (ATP) to serine or threonine residues in the
protein substrates. The phosphorylated proteins could modulate
many of cellular functions [11,12]. CDKs activity regulation is critical
for the cell growth and division. Any abnormality in CDKs activity has
been related to the human cancers molecular pathology [13]. Cyclin-
Dependent Kinase 2 (CDK2) is a guide for the G1/S cell cycle
transition phase, a regulator for the G,/M transition phase [14-17].
Cyclin-Dependent Kinase 9 (CDK9) complexed with its regulatory
partner cyclin Ty, is included in RNA transcriptional regulation

through the RNA polymerase Il phosphorylation [18]. Thus, inhibitors
of CDK2 and CDK9 activity could offer a strategy alternative for
cancer treatment [19].

Literature Review

Literature review supposes that pyrimidine scaffolds have gotten
an interest for its biological influence, especially their antitumor and
CDK2 and CDK9 enzyme inhibition activities. (Figure 1) shows some
representative examples for some reported pyrimidine analogues
with antitumor activity together with CDK2 and/or CDK9 inhibition
activity. BAY 1000394 (I) is a 2-anilinopyrimidine analogue that
inhibits the activity of CDK1, CDK2, CDK3, CDK4 and the
transcriptional CDKs; CDK7 and CDK9 with IC5; values range
ranging; 5-25 nM (Figure 1), consequently, BAY 1000394 is
considered a promising pan-CDKs inhibitor [20]. Likewise, TGO02 (Il), a
pyrimidine-based macrocycle, exhibits promising CDK2 and CDK9
inhibitory activities (IC5o=5 and 3 nM, respectively), together with its
anti-proliferative in various tumor cells [21] (Figure 1). Meriolin 3 (lll) is
another pyrimidine-containing potent CDK2 and CDK9 inhibitor
(IC5p values of 0.011 and 0.006 nM, respectively). In addition,
Meriolin 3 (Ill) inhibits potently the growth of the tumor in LS174T
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colorectal carcinoma and Ewing's sarcoma mouse xenograft cancer

models [22]. Also, CYC-116 (IV)is a derivative of 2-anilinopyrimidine
that exhibited inhibition activities against CDK2 and CDK9 (IC5=0.39
and 0.48 pM, respectively), and cytotoxic activity towards MCF7, Hela
and HCT-116 (IC5p=0.599, 0.590 and 0.340 pM, respectively)(Figure
1) [23]. Moreover, the pyrazolo [1,5-a] pyrimidine analog 4K (BS-194)
(V) exposed CDK2 and CDK9 inhibition activities (IC5;=3 and 90 nM,
respectively) together with its cytotoxic activity towards MCF7 and
HCT-116 (IC50=0.3 and 0.1 pM, respectively) [24]. Besides, Dinaciclib
(VI)which displayed promising CDK2 and CDK9 inhibitory activities

(IC5=1.0 and 4.0 nM) [25,26], has been assessed for various
indications of cancer in clinical trials [27].
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Figure 1. Structures of some lead antitumor pyrimidine
derivatives with reported CDK2 and CDK9 inhibitors I-VII and core

structure of the designed pyrimidine analogs 9a-o.

The pyrimidinone derivative VII revealed antitumor activity towards
MCF?7 cell line (IC5=1.4 uM), CDK2 inhibitory activity (IC5,=0.19 uM),
together with apoptosis induction and S and Gy/M phases cell cycle
arrest [28].

Inspired by these previous findings, our design strategy aimed at
the synthesis and investigation of some novel pyrimidine derivatives
as potential antitumor agents with expected CDK2 and CDK9
inhibition activity. The core structure of the designed pyrimidine
analogs is illustrated in (Figure 1). The anticipated compounds will be
screened for their growth inhibitory activity against human colorectal
carcinoma HCT-116, cervical carcinoma HelLa and breast carcinoma
MCF-7 cell lines, in addition to the CDK2 and CDK9 inhibitory activity.
The uppermost active compounds will be investigated for cell cycle
analysis, and apoptotic assay. A molecular docking study into CDK2
and also CDK9 was scheduled to gain insight into the possible
binding modes of the investigated compounds. Finally, ADMET
computational study will be considered to predict the pharmacokinetic
and toxicity aspects for the studied compounds (Figure 2).
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Figure 2: Graphical representation.
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Highlights

Novel pyrimidines were screened for their antiproliferative

activity.

Compound 9b, 9k, and 9h inhibits HCT-116, HeLa and MCF-7
growth; (ICs=2.46 + 0.21, 1.81#0.11 and 3.83 + 0.27
UM, respectively).

9b, 9k and 9h induce apoptosis and cell cycle arrest at G;/S and
Go/M phases.

9h and 9e are potent inhibitors for CDK2 and CDK9; (ICs values;
0.299 £ 0.02 and 0.396 + 0.02, respectively).

Molecular docking revealed comparable binding mode to that of
the native ligands.

Results and Discussion

Chemistry

The key starting material enaminones 3a-e are prepared by the
reaction of methyl aryl ketones la-e with dimethylformamide-
dimethylacetal (2) in refluxing xylene [29-30]. Next, three-component
cyclocondensation reaction of enaminones 3a-e with with aldehydes
4a-¢ and urea/thiourea (5a, b) in refluxing acetic acid resulted in the
formation of 5-aroyl-4-aryl1-3,4-dihydropyrimidin-2(1H)-one 9a-i and
5-aroyl-4-aryl1-2-thioxo-1,2,3,4-tetrahydropyrimidine9j-o, respectively.
This Biginelli-like reaction [31-34] was assumed to proceed through
an initial condensation reaction of aldehydes 5a-¢ with urea/thiourea
5a, b to form the intermediates 6a-f followed by the addition reaction
to the double bond in enaminones 3a-e to give intermediate 8a-0
which cyclized by the elimination of dimethylamine to afford the
pyrimidines 9a-o0 as final isolable products. The 1H NMR spectra of
9a-0 revealed the up-field signal of pyrimidine H-4 around 6 5.50. The
D20 exchangeable signals of NH protons in positions 1 and 3 of
pyrimidine moiety appeared in the region § 7.30-10.73. The 13C NMR
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spectra of 3,4-dihydropyrimidin-2(1H)-ones 9a-i and 2- thioxo-1,2,3,4-

tetrahydropyrimidines 9j-0 showed the signal of pyrimidine C-4 in the
region & 49.58-54.88 and 48.47-53.67, respectively. It also showed
the signal of pyrimidine C=0 in the region & 150.87-152.74 and aroyl
C=0 in the region 6 182.78-194.08 for 9a-i whereas the signals of
C=S and C=0 of 9j-0 appeared in the region 6 177.11-174.34 and
180.39-180.88, respectively. In addition, the mass spectra of 9a-0
exhibited, in each case, a peak corresponding to their molecular ions.
The IR spectra of 9a-0 appeared the presence of the characteristic
2NH absorption bands in the region 3050-3400 cm! in addition to the
absorption bands of 2C=0 in the region 1589-1712 cm™ for 9a-i and
the absorption bands of C=0 and C=S in the region 1588-1651 cmL
for 9j-0.
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Biological screening

The synthesized pyrimidine derivatives (9a-0) were evaluated for
their antiproliferative activity against human
colorectal carcinoma HCT-116, cervical carcinoma HelLa and breast
carcinoma MCF-7 cell lines. Doxorubicin was used as a control for
comparison. The viability of the cells was assessed using the
MTT colorimetric assay [35]. The observed growth inhibitory
activity of the tested compounds against (9a-0) (Table 1)
demonstrates ICsy values in micromolar range against HCT-116,
HelLa and MCF-7 cell lines Compounds 9b, 9k and 9h were the most
active ones against HCT-116, HeLa and MCF-7 cell lines (IC5,=2.46

+ 021,181 + 011 and 3.83 * 0.35 pM, respectively)
compared to compared to doxorubicin (IC5,=2.39 + 0.16, 3.02 +

0.18 and 5.56 + 0.3 puM, respectively). Also, compound 9j is a potent
growth inhibitor for Hela cell line with ICgy value of 2.15+ 0.13 M.

Meanwhile, the rest of the tested compounds displayed near to
lower growth inhibitory activity against HCT-116, HelLa and

MCF-7 cell lines with ICsy ranges; 2.87 + 0.15-182 + 9.7, 7.52 %
0.44-96.6 *+ 564, and 6.5 * 0.35-153 + 8.16, respectively
in comparison with doxorubicin (Table 1).

Figure 3. Reagents and conditions: i) dry xylene/reflux 6h; i) glacial acetic acid/reflux 8 h.

Compound IC5o (uM)a
HCT-116 Hela MCF-7

9a 37.6+2.01 9.32 £+ 0.54 242 +1.29
9b 2.46 £ 0.21 13.8+0.8 13.0 £ 0.69
9c 23+1.23 96.6 + 5.64 7.2+0.38
9d 84.3+45 38 +222 34.7+1.85
9e 5.62+0.3 7.52 £ 0.44 8.97 £+ 0.48
of 16.7 £ 0.89 19.4+£1.13 122 + 6.51
9g 2.87 £0.15 7.78 £ 0.45 26.3 +1.41
9h 6.3 +0.34 486 +2.84 3.83£0.27
9i 143 £0.76 25+ 1.46 46.6 +2.49
9j 6.06 + 0.32 215+ 0.13 6.5+0.35
9k 182+ 9.7 1.81+0.11 59.9 +3.2
9l 12.6 £ 0.67 10.1 £ 0.59 15.4 +0.82
9m 5.28 +0.28 33.6+1.96 300+ 1.6
9n 36.7 £ 1.96 142 +0.83 153 + 8.16
90 5.87 £ 0.31 11.1+0.65 328+ 175
Dox 2.39+0.16 3.02+0.18 5.56 + 0.3

Table 1. Growth inhibitory activity (ICso uM) of the tested compounds and doxorubicin against HCT-116, HeLa and MCF-7 cancer cells.
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Relating the observed ICs, values against HCT-116 cell line of
compounds 9a-0 to their structural features revealed that the
thiophene aryl substitution (-Ar) is more favorable for the growth
inhibitory activity than the furan substitution. lllustrative examples are

compounds (9g vs. 9d: ICsq values, 2.87 vs. 84.3 uM), (9i vs. Of:
ICgq values, 14.3 vs. 16.7 puM), (9n vs. 9k: ICgq values, 36.7 vs.

182 pM), and (90 vs. 9i: ICg, values, 5.87 vs. 14.3 pM).
Additionally, the electronic characteristics of the substituent on

Aryl-1 moiety appear to have an influence. Whereby, the
electron-withdrawing  (Cl) substitution on para position led to
reduction in the growth inhibition activity compared to the un-
substitution. Examples are compounds (9h vs. 9g: ICs; values, 6.3
vs. 2.87 uM), (9k vs. 9j: ICsq values, 182 vs. 6.06 yM) and (9n vs.

9m: 1Cg, values, 36.7 vs. 5.82 yuM) except compound 9e. For the
observed growth inhibitory activity against HeLa cell line, bearing

the thioxo side chain group (X=S) attains better growth inhibition
activity than the carbonyl group (X=0). This can be exemplified

by compounds (9j vs. 9d: ICsq values, 2.15vs. 38 pM), (9k vs.
9e: IC5y values, 1.81 vs. 7.52 pM), (91 vs. 9f: ICsy values, 10.1
vs. 19.4 puM), (9n vs. 9h: IC50 values, 14.2 vs. 48.6 pM), and
(90 vs. 9i: ICgy values, 11.1 vs. 25 puM), except compound 9g.
Moreover, the %uran aryl substitution (-Ar) is more preferable here
for the growth inhibitory activity than the thiophene substitution; (9e
vs. 9h: ICsq values, 7.52 vs. 48.6 uM), (9f vs. 9i: ICgq values, 19.4
vs. 25 puM), (9j vs. 9m: ICsy values, 2.15 vs. 33.6 puM), and (9K vs.

9n: ICsy values, 1.81 vs. 142 pM), except for 9d. Also,
compounds bearing an electron-withdrawing (CI) substituent on

para position of the Aryl-l moiety displayed better growth
inhibition activity than the un-substituted counterparts, as shown
via compounds 9e, 9k, 9n vs. 9d, 9j, 9m (ICsy values; 7.52, 1,81,
142 vs. 38, 2.15, 33.6 pM, respectively), except for 9h. For
the observed growth inhibitory activity against MCF7 cell line, the
thioxo side chain group (X=S) is preferable in case of compounds 9j
and 9l vs. 9d and 9f (ICs values; 6.5 and 15.4 vs. 34.7 and 122
UM, respectively). While the carbonyl side chain group (X=0) is
desirable in case of compounds 9e and 9h vs. 9k and 9n (ICg
values; 897 and 3.83 vs. 59.9 and 153 pM, respectively).

compounds 9¢, 9h and 9i vs. 9d, 9e and 9f (ICs values; 26.3, 3.83

and 46.4 vs. 34.7, 8.97 and 122 pyM). On the other hand, in case of
compounds 9j, 9k and 9l vs. 9m, 9n and 9o (ICs values; 6.5, 59.9

and 15.4 vs. 30.0, 153 and 32.8 pM, respectively), the furan aryl
substitution (<Ar) is more desirable. Also, the electron-withdrawing
substituent (Cl) on para position of the Aryl-1 is significant for the
growth inhibition activity than the un-substituted counterparts. This

could be observed in case of compounds 9e and 9h vs. 9d and 9g
(ICsp values; 8.97 and 3.83 vs. 34.7 and 26.3.uM, respectively ).

Cell cycle analysis and apoptosis detection

Compounds 9b, 9k and 9h showing the highest anti-
proliferative activity against HCT, MCF7 and Hela cell lines,
respectively, were chosen for further mechanistic investigation. Their
effect on cell cycle progress and apoptosis induction was
inspected. Analysis by flow cytometry using BD FASCC alibur
was done. This measures the cellular DNA content revealing
the cells distribution in the three phases of the cycle and
provides an opportunity to found apoptotic cells with fractional
DNA content [36]. Cells were treated with the previous
compounds at their ICsy concentrations, and 48 hincubated.

As presented in Table 2 and Figure 3, a high percentage of pre G
apoptosis (32.04%) was recorded after treatment of HCT wnﬁ

compound 9b (Control; 1.64%). Besides, a higher cell
accumulation (51.31 and 44.19%) was observed at Gy-G; and S

phases for compound 9b (Control; 46.59 and 42.18%) showing cell
cycle arrest at G¢/S phase. Similary, the treatment of Hela cells with
compound 9k led to pre G1 apoptotic peak (42.05%) compared to the
control; 1.43% (Table 3).

Cells accumulation was also observed at Gy-G; and S phases
(49.51 and 41.38%), (Control; 46.59 and 42.18%) indicating cell cycle
arrest at G;/S phase for compound 9k. Also, a great percentage of
pre G; apoptosis (28.04%) was shown after treatment of MCF7 with
compound 9h (Control; 2.15%). Moreover, a greater cell
accumulation (31.52%) was noticed at the G,-M phase for compound
9h (Control; 7.52%) indicating cell cycle arrest at G,-M phase. The

Furthermore, the thiophene aryl substitution (-Ar) is more results demonstrated that compounds 8b, 9k and 9h inhibit
preferable for the  growth inhibitory activity in case of  the proliferation of HCT, Hela and MCF7 cell lines, respectively,
and cause apoptotic DNA fragmentation (Figures 4 and 5).

Sample %Gg-Gy %S %Gy-M % pre G, apoptosis

HCT Control* 46.59 42.18 11.23 164

9bIHCT 51.31 44.19 45 32.04

Hela Control 4451 38.24 17.25 143

9k/Hela 49.51 41.38 9.11 42.05

MCF7 Control 53.72 38.76 7.52 2.15

9h/MCF7 43.52 24.96 31.52 28.04

Table 2. Cell cycle analysis after 48 h incubation with the tested compounds.
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Figure 4. Cell cycle analysis after 48 h incubation with the tested

compounds Apoptosis Assay
Sample Apoptosis induction analysis
Total Early Late
HCT Control* 1.64 0.54 0.14
9b/HCT 32.04 1.96 19.51
Hela Control 143 0.39 0.22
9k/Hela 42.05 2.59 25.85
MCF?7 Control 2.15 0.61 0.19
9h/MCF7 28.04 4.04 12.94

Table 3. Apoptosis induction analysis.

Results of HCT, MCF7 and Hela cells cell cycle analysis after for 48 h with 9b, 9k and 9h, respectively, and analyzed. Analysis of early

treatment with compounds 9b, 9k and 9h, respectively showed a pre- and late apoptosis shows the ability of compounds 9b, 9k and 9h to induce
G; peak (Table 2) which is an indication for apoptosis induction. To significant levels of apoptosis within the respective treated cells compared
validate the capability of the tested compounds to induce apoptosis, to the control cells. The results are summarized in Table 3 and

HCT, MCF7 and Hela cells were stained with Annexin V/PI, incubated represented graphically in Figure 6.
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Figure 6. Validation of the used docking protocol; (A) overlay
complexes and (B) 3D representation of superimposition of the

native ligand (green) and its redocked pose (red) in CDK2 isoform.

Cyclin Dependent Kinase 2/Cycline A2 Enzyme Inhibition

For further mechanistic investigation, all the target compounds 9a-0
were assessed for their in vitro CDK2/Cycline A2 enzyme inhibition

assay. R-Roscovitine has been chosen for comparison as a positive
control. The attained dose-response curves were used to calculate
ICsy values (uM) and are listed in Table 4. Analysis of the CDK2
inhibitory assay results showed that the pyrimidine derivative 9h is
the most potent CDK2 inhibitor (ICsq: 0.299 + 0.02 pM) compared to

R-Roscovitine (IC5;=0.321 + 0.02 yM). Also, compounds 9b, 9e, and
9m displayed near activity to the reference with I1C5, values of 0.687+

0.04, 0.392 £ 0.02, 0.62 + 0.03 pM, respectively. The remaining
tested compounds displayed lower inhibitory activity than R-

Roscovitine with I1Cs range (0.993 + 0.05-20.74 + 1.09 pM).

Cyclin Dependent Kinase 9/Cycline T; Enzyme Inhibition

All the target compounds 9a-0 were also assessed for their in vitro
CDK9/Cycline Ty enzyme inhibition assay. R-Roscovitine also has
been selected for comparison as a positive control. The attained
dose-response curves were used to calculate ICsy values (uM) and
are listed in Table 4. Results of the CDK9 inhibitory assay results
revealed that compound 9e is the most potent CDK9 inhibitor (ICs:
0.396 + 0.02 yM) compared to R-Roscovitine (IC5,=0.456 + 0.03).
Also, compounds 9h, 9m, and 9o displayed near activity to the
reference with 1C5, values of 0.659 + 0.04, 0.603 + 0.03, 0.496 +
0.03 pM, respectively. The remaining tested compounds displayed
lower inhibitory activity than R-Roscovitine with 1C5q range (1.013 +
0.06-18.52 + 1.02 pM).

IC5o (uM)a
Compound

CDK2/CyclinA2 CDK9/CyclinT1
9a 3.654 £ 0.19 5.954 £ 0.33n
9b 0.687 + 0.04 1.267 £ 0.07
9c 2.899 £ 0.15 1.024 + 0.06
9d 5.897 £ 0.31 4733+ 0.26
9e 0.392 £ 0.02 0.396 £ 0.02
of 9.803 £ 0.52 17.43 £ 0.96
98 1.275 + 0.07 2.837 £ 0.16
9h 0.299 £ 0.02 0.659 + 0.04
9i 7.071+0.37 5.977 £ 0.33
9j 1.317 £ 0.07 1.013 + 0.06
9k 13.07 £ 0.69 18.52 £ 1.02
9l 20.74 £ 1.09 7.746 £ 0.43
9m 0.62+ 0.03 0.603 + 0.03
9n 10.33 + 0.54 3.748 £ 0.21
90 0.993 £ 0.05 0.496 £ 0.03
R-Roscovitine 0.321 + 0.02 0.456 + 0.03

Table 4. CDK2 and CDK9 inhibitory activity (ICso uM) of the tested compounds and R-Roscovitine.

Page 6 of 14



Sara TAR, et al.

Med Chem, Volume 12:3, 2022

Cyclin Dependent Kinase 9/Cycline T; Enzyme Inhibition

All the target compounds 9a-0 were also assessed for their in vitro
CDK9/Cycline T; enzyme inhibition assay. R-Roscovitine also has
been selected for comparison as a positive control. The attained
dose-response curves were used to calculate ICsy values (uM) and
are listed in Table 4. Results of the CDK9 inhibitory assay results
revealed that compound 9e is the most potent CDK9 inhibitor (ICz:
0.396 + 0.02 pM) compared to R-Roscovitine (IC5,=0.456 + 0.03).
Also, compounds 9h, 9m, and 9o displayed near activity to the
reference with ICsy values of 0.659 + 0.04, 0.603 + 0.03, 0.496 *
0.03 uM, respectively. The remaining tested compounds
displayed lower inhibitory activity than R-Roscovitine with ICs
range (1.013 £ 0.06-18.52 + 1.02 uM).

Molecular modeling study

The obtained CDK2 inhibitory activity exerted by the target
compounds and their anti-proliferative activity inspired the
examination of the docking pattern into CDK2 enzyme binding site.
CDK2 crystal structure co-crystallized with R-Roscovitine was
downloaded from PDB and used in the docking investigation. Docking
protocol using MOE 2014.0901 molecular modeling program has
been applied for this study. A validation step comprising redocking of
the native ligand into the binding site is achieved. Validation
parameters e.g. RMSD=0.494 A°, and a similar binding mode to that
of the native ligand supported the validity of the applied docking
protocol (Figure 7). The binding modes revealed that R-Roscovitine
fills almost the ATP binding region, where the purine nucleus occupies
the adenine area. The interactions show two H bondings among
Leu83 amino acid and imidazole core N atom and NH side chain.
Moreover, other H-bond was displayed with Glu81 amino acid. The
benzyl moiety mediates -1 interaction with the residues; Phe82,
lle10, and His84 [37] (Figure 7).

Figure 7. 2D ligand interaction diagram of compound 9h with
CDK2 binding site.
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Consequently, docking procedures have been completed for the
studied compounds. The results demonstrate that most of the studied
compounds have similar binding modes with comparable docking
scores to that of the lead compound R-Roscovitine. A deep look
(Figure 7) on the binding mode of the most potent CDK2 inhibitor 9h
(1C50=0.299 * 0.02 pM) revealed it's binding through two H-bondings
to the essential residue Leu83. Also, extra H-bondings to Phe82,
GIn131 and Asnl32 residues were mediated. Additionally, m-H
hydrophobic interaction with lle10 residue was observed. The binding
affinity of compound 9h towards CDK2, represented with its low
docking score (S=-11.69 Kcal/mol), as well as its binding mode might
rationalize its remarkable CDK2 inhibition activity (Figure 8).
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Figure 8. Validation of the adopted docking protocol; (A) overlay
complexes and (B) 3D representation of superimposition of the
native ligand (green) and its redocked pose (red) into CDK9
isoform.

Molecular Docking into CDK9 Isoform.

Docking study into CDK9 isoform also was performed using MOE
2014.0901 molecular modeling program. structure of CDK9 co-
crystallized with the pyridine analogue AZD4573 was downloaded
from PDB and used in the docking investigation. Redocking of the
native ligand into the binding site was done resulted in RMSD=0.735
A°, together with a similar binding mode to that of the co-crystallized
ligand, whereby, AZD4573 binds via two hydrogen-bonds with
Cys106 through the pyridyl core N atom and the amidic NH group

[38] (Figure 9).
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Results of the ADME study are presented as BOILIED-EGG,
which is a 2D plot drawn using calculated TPSA and LogP

properties of the studied compounds; Figure 10. The white

region indicates the GIT passive absorption probability;
compounds 9a-d and 9f-0 are located in the white area. The

yellow region predicts the blood-brain barrier penetration probability;
@ compound 9e is located in the yellow area. Also, all the checked

compouds 9a-0 might not be substrates for the P-glycoprotein

(PGP-), appeared as Red dots, and consequently eliminating
the opportunity of its resistance by tumor cell lines through efflux
[45], Additionally, most of compounds predicted to show non inhibitory
activities on Cytochrome P450 isomers and accordingly are
expected to exert no drug-drug interactions upon administration

[46] LogKp values which is a interpreter for the skin
permeability, the more negative the log Kp (with Kp in cm/s), the
) giz less skin permeant is the molecule [47], ranging from -5.95 to -7.09
! & for the studied compounds. Bioavailability scores were also expected
based on compliance of the aimed compounds to Lipinski, Ghose,
Veber, Egan and Muegge rules for prediction of their ability to be
i o applied as oral drug candidates. A good oral bioavailability
scores were predicted for the compounds; 0.55 (Figures 10, 11 and
Tables 5).
- | T
[ | T
Figure 9. 2D ligand interaction diagram of compound 9e with
CDK9 binding site (Docking score “S"=-8.539 Kcal/mol). [ Remats |
The promising CDK9 inhibition activity of compound 9e (IC5;=0.396 !

o
cooa
o

-

+ 0.02 pM) might be explained via its docking pattern (Figure 10).
Whereby, its binding showed H-bonding interaction to the essential
Cys106 residue. Additional H-bondings to Gly28, and Thr29 residues
were also mediated. Furthermore, 1-H hydrophobic interaction with
Phe30 and Asp167 residues was observed. The rest of the docked '
compounds have also comparable binding modes and docking scores ,

to that of the co-crystallized ligand.

In Silicon ADMET Study

Predictions of pharmacokinetics and drug-likeness aspects of the
target compounds 9a-0 was done using the freely available web
server Swiss ADME Human gastrointestinal absorption (HIA),
blood-brain barrier (BBB) penetration, substrate or non-substrate for
glycoprotein (P-gp) permeability and, interaction of molecules with
cytochromes  P450 isomers (CYP) werepredicted.  Also,
bioavailability scores were calculated based on the following five
rule-based filters [39], Lipinski [40], Ghose [41], Veber [42], Egan
[43] and Muegge [44] rules.

Figure 10. Human intestinal absorption (HIA) and Blood Brain
Barrier (BBB) plot for all the studied compounds.
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Cpd. Pharmaco Drug

kinetics likeness

(#violatio
ns)

GIT BBB Pg-p CYP2D8  CYP3A4  Logkp skin Lipiniski  Ghose Veber Egan Muegge Bioavaila

Absorptio permeatio substrate ermeatio bility

n n P ! score

n (cm/s)

9a High No No No No -6.73 0 0 0 0 0 0.55
9b High No No No No -6.55 0 0 0 0 0 0.55
9c High No No No Yes -6.49 0 0 0 0 0 0.55
9d High No No No No -6.85 0 0 0 0 0 0.55
9e High Yes No No No -6.61 0 0 0 0 0 0.55
of High No No No No -7.09 0 0 0 0 0 0.55
9 High No No No No -6.52 0 0 0 0 0 0.55
9h High No No No Yes -6.28 0 0 0 0 0 0.55
9i High No No No No -6.75 0 0 0 0 0 0.55
9j High No No No Yes -6.52 0 0 0 0 0 0.55
9k High No No No Yes -6.29 0 0 0 0 0 0.55
9l High No No No Yes -6.76 0 0 0 0 0 0.55
9m High No No No Yes -6.19 0 0 0 0 0 0.55
9n High No No No Yes -5.95 0 0 0 0 0 0.55
90 High No No No Yes -6.42 0 0 0 0 0 0.55

Table 5. Computer aided ADME screening of the studied compounds:

Toxicity Prediction.

Cpd. | Mutagenic  Tumorigenic Irritant ﬂe”:::;ﬁ“

Oa s ) — L W The final compounds 9a-0 were additionally passed through one
more web server; Osiris Property Explorer to assess their

% _— -_— —_ == predicted toxicities.  Prediction  through  this program s

oc =5 = | =5 depending on the resemblance of the functional group of the
examined compound with the in vitro and in vivo studied compounds

9d = == E=—=u - comprised in its database. The output data are presented as

ge e = | == color-coded; red, green, and yellow. Whereby, green color
suggests low toxic potential, yellow proposes mild toxicity, and red

A color means high probability of toxicity [48,49]. The results presented

ks . L— — | | that all the examined compounds are predicted to be safe showing
no toxicity regarding tumorigenicity, mutagenicity, irritant effect,

i - - - - and effect on the reproductive system

9i R L— — | C—

9 i 3 — | ]

9k B =] ] F— ==

9l = — — "

9m — i F— g=

9n = = = =

S0 = == = =

_-'l-:rn Lo — Maderat ey towic -I'g'm' Lowic

Figure 11. Orisis calculated toxicity risks of the studied compounds.
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Chemistry

Melting points (°C, uncorrected) were determined using a Stuart
melting point apparatus. The IR spectra (KBr) were recorded on a
SHIMADZU FT/IR spectrometer. The NMR spectra recorded by
BRUKER 400 MHz NMR spectrometers use DMSO-d6 as solvent.
Chemical shifts were reported in parts per million (), and coupling
constants (J) expressed in Hertz. TMS was used as an internal
standard and chemical shifts were measured in d ppm. 1H and 13C
spectra were run at 400 and 100 MHz, respectively. Mass spectra
were measured on an Agilent Triple Quadrupole 6410 QQQ LC/MS
equipped with an ESI (electrospray ionization) source.

Synthesis of Enaminones 3a-e

To a solution of the appropriate ethenone la-e (20 mmol) in dry
xylene (30 mL), dimethylformamide-dimethylacetal (2) (2.38 g, 20
mmol), was added and then the reaction was refluxed for 7 h. The
solvent was distilled off and the product was triturated with diethyl
ether (20 mL). The resulting solid was filtered and washed with cold
petroleum ether to afford enaminones 3a-e, respectively. The
physical properties of 3a-e were identical to those reported.

Synthesis of 3,4-dihydropyrimidin-2(1H)-Ones 9a-0

A mixture of the appropriate enaminone 3a-f (10 mmol), aldehyde
4a-¢ (10 mmol), and urea/thiourea (5a, b) (0.60 g, 10 mmol) in glacial
acetic acid (25 mL) was refluxed for 6 h, then left to cool. The solid
product filtered off, washed with ethanol, dried and finally
recrystallized from EtOH/DMF to afford the corresponding 3,4-
dihydropyrimidin-2(1H)-ones 9a-o, respectively.

5-Benzoyl-4-(Thiophen-2-yl)-3,4-Dihydropyrimidin-2(1H)-

One (9a)

Pale yellow powder, 52% yield; mp 223-225°C; IR (KBr) vmax/cm
3291, 3152 (2NH), 3034 (CH aromatic), 2259 (CH aliphatic), 1637,
1608 (2C=0); 1H NMR 5.71 (s, 1H, H-4 of pyrimidine), 6.83 (d, J=4.0
Hz 1H, Ar-H), 6.89-6.90 (m, 1H, Ar-H), 7.15 (d, J=4.0 Hz, 2H, Ar-H),
7.29 (d, J=4.0 Hz, 1H, Ar-H), 7.50 (s, D20 exchangeable, 1H, NH),
7.51-7.52 (m, 2H, 1H, Ar-H and H-6 of pyrimidine), 7.55-7.57 (m, 2H,
1H, Ar-H and H-6 of pyrimidine), 9.39 (s, D20 exchangeable, 1H, NH);
13C NMR 049.81 (C-4 of pyrimidine), 116.19, 123.87, 124.58, 124.64,
12551, 127.24, 127.37, 128.52, 128.86, 131.34, 139.64, 139.94,
151.08 (C=0 of pyrimidine), 194.08 (C=0); MS n1z: 283 (M*).

5-(4-Methylbenzoyl)-4-(Thiophen-2-yl)-3,4-
Dihydropyrimidin-2(1H)-One (9b)

Pale yellow powder, 57% yield; mp 264-266°C; IR (KBr) vmax/cm-1
3239, 3144 (2NH), 3021 (CH aromatic), 2951 (CH aliphatic), 1654,
1652 (2C=0); 1H NMR  2.37 (s, 3H, CH3), 5.70 (s, 1H, H-4 of
pyrimidine), 6.81 (s, 1H, Ar-H), 6.88 (s, 1H, Ar-H), 7.14 (s, 2H, Ar-H),
7.27-7.30 (m, 3H, 2H of Ar-Hs and 1H, D20 exchangeable, NH), 7.43
(s, 2H, 1H, Ar-H and H-6 of pyrimidine), 9.37 (s, D20 exchangeable,
1H, NH); 13C NMR & 21.47 (CH3), 50.03 (C-4 of pyrimidine), 116.13,
123.79, 12458, 127.20, 128.71, 129.36, 136.89, 139.46, 141.33,

151.24 (C=0 of pyrimidine), 193.89 (C=0); MS m/z: 297 (M*).
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5-(4-CHLOROBENZOYL)-4-(thiophen-2-yl)-3,4-
Dihydropyrimidin-2(1H)-One (9¢)

Pale yellow powder, 55% yield; mp 236-238°C; IR (KBr) vmax/cm!
3235, 3158 (2NH), 3027 (CH aromatic), 2950 (CH aliphatic), 1665,
1607 (2C=0): 1H NMR 5.67 (s, 1H, H-4 of pyrimidine), 6.83 (s, 1H,
Ar-H), 6.89 (s, 1H, Ar-H), 7.16 (s, 2H, Ar-H), 7.53-7.56 (m, 3H, 2H, Ar-
H and 1H, D20 exchangeable, NH), 7.69 (s, 2H, 1H, Ar-H and H-6 of
pyrimidine), 9.54 (s, D20 exchangeable, 1H, NH); 13C NMR 549.78
(C-4 of pyrimidine), 116.12, 123.98, 127.28, 128.99, 129.40, 130.44,

132.30, 135.32, 136.11, 138.27, 138.81, 140.08, 150.80 (C=0O of
pyrimidine), 192.86 (C=0); MS m/z: 318 (M*).

5-(Furan-2-Carbonyl)-4-Phenyl-3,4
(1H)-One (9d)

Brown powder, 70% yield; mp 202-204°C; IR (KBr) vmax/cm™ 3242,
3115 (2NH), 3020 (CH aromatic), 2921 (CH aliphatic), 1708, 1651
(2C=0); 1H NMR 5.40 (s, 1H, H-4 of pyrimidine), 7.23-7.27 (m, 2H,
Ar-H), 7.29-7.33 (m, 3H, Ar-H), 7.59 (s, 1H, H-6 of pyrimidine), 7.82 (s,
1H, Ar-H), 8.21 (s, 1H, Ar-H), 8.61 (s, 1H, Ar-H), 9.49 (s, D20
exchangeable, 1H, NH), 9.58 (s, D20 exchangeable, 1H, NH); 13C
NMR & 54.88 (C-4 of pyrimidine), 112.35, 113.62, 116.02, 117.31,
117.53, 122.59, 126.87, 127.87, 128.92, 140.43, 144.56, 146.57,
152.74 (C=0 of pyrimidine), 191.39 (C=0); MS m/z: 267 (M*).

Dihydropyrimidin-2

4-(4-Chlorophenyl)-5-(Furan-2-Carbonyl)-3,4
Dihydropyrimidin -2 (1H)-One (9¢)

Brown powder, 46% vield; mp 170-172°C; IR (KBr) vmax/cm™1 3250,
3122 (2NH), 3040 (CH aromatic), 2921 (CH aliphatic), 1699, 1652
(2C=0); 1H NMR 5.39 (s, 1H, H-4 of pyrimidine), 7.31-7.33 (m, 2H,
Ar-H), 7.39-7.42 (m, 2H, Ar-H), 7.59 (s, 1H, H-6 of pyrimidine), 7.84 (s,
1H, Ar-H), 8.21 (s, 1H, Ar-H), 8.60 (s, 1H, Ar-H), 9.78 (s, D20
exchangeable, 1H, NH), 10.61 (s, D20 exchangeable, 1H, NH); 13C
NMR 0 54.58 (C-4 of pyrimidine), 117.43, 122.58, 128.40, 128.81,
130.05, 131.66, 137.87, 140.69, 143.50, 146.67, 149.68, 152.65 (C=0

of pyrimidine), 192.60 (C=0); MS m/z: 301 (M").

5~(FURAN-2-Carbonyl)-4-(Thiophen-2-yl)-3,4-
Dihydropyrimidin-2(1H)-One (9f)

Brown powder, 58% yield; mp 188-1900C; IR (KBr) vmax/cm1 3248,
3118 (2NH), 3015 (CH aromatic), 3270 (CH aliphatic), 1712, 1652
(2C=0); 1H NMR 5.60 (s, 1H, H-4 of pyrimidine), 6.81 (s, 1H, Ar-H),
7.29 (s, 1H, Ar-H), 7.60 (s, 1H, H-6 of pyrimidine), 7.69 (s, 1H, Ar-H),
7.98 (s, 1H, Ar-H), 8.20 (s, 1H, Ar-H), 8.62 (s, 1H, Ar-H), 9.81 (s, D20
exchangeable, 1H, NH), 10.63 (s, D20 exchangeable, 1H, NH); 13C
NMR & 49.58 (C-4 of pyrimidine), 112.44, 115.35, 117.53, 122.58,
124.61, 125.41, 126.99, 133.19, 138.15, 146.74, 152.68 (C=0 of

pyrimidine), 191.03 (C=0); MS m'z: 273 (M*).

4-Phenyl-5-(Thiophene-2-Carbonyl)-3,4-
Dihydropyrimidin-2(1H)-One (9g)

Yellow powder, 65% vyield; mp 270-2720C; IR (KBr) vnax/cm-1
3270, 3093 (2NH), 3040 (CH aromatic), 2980 (CH aliphatic), 1674,
1645 (2C=0); 1H NMR 5.41 (s, 1H, H-4 of pyrimidine), 7.15-7.18 (m,
1H, Ar-H), 7.25-7.27 (m, 4H, Ar-H), 7.13-7.34 (m, 1H, Ar-H), 7.47-7.48
(m, D20 exchangeable, 1H, NH), 7.67 (s, 1H, H-6 of pyrimidine), 7.85
(s, 1H, Ar-H), 7.78-7.88 (m, 1H, Ar-H), 9.40 (s, D20 exchangeable,
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1H, NH); 13C NMR & 54.10 (C-4 of pyrimidine), 126.95, 127.93,
128.42, 128.96, 131.98, 132.70, 136.90, 140.38, 142.56, 143.88,

151.79 (C=0 of pyrimidine), 186.34 (C=0); MS m/z: 283 (M*).

4-(4-chlorophenyl)-5-(Thiophene-2-Carbonyl)-3,4-
Dihydropyrimidin-2(1H)-One (9h)

Yellow powder, 60% yield; mp 246-2480CIR [51] (KBr) vmax/cm-1
3288-3050 (2NH+CH aromatic), 2913 (CH aliphatic), 1672, 1649
(2C=0); 1H NMR 5.41 (d, J=8.0 Hz, 1H, H-4 of pyrimidine), 7.15-7.19
(m, 1H, Ar-H), 7.31-7.35 (m, 2H, Ar-H), 7.38-7.42 (m, 2H, Ar-H),
7.47-751 (m, 1H, NH), 7.66-7.70 (m, 1H, C-6 of pyrimidine),
7.87-7.90 (m, 2H, Ar-H), 9.45 (d, J=8.0 Hz, D20 exchangeable, 1H,
NH,); 13C NMR 053.59 (C-4 of pyrimidine), 112.13, 128.43, 128.88,
129.57, 132.07, 132.96, 136.91, 137.10, 140.66, 142.93, 143.39,

151.64 (C=0 of pyrimidine), 182.78 (C=0); MS m/z: 317 (M*).

4-(Thiophen-2-yl)-5-(Thiophene-2-carbonyl)-3,4-
Dihydropyrimidin-2(1H)-One (9i)

Yellow powder, 40% yield; mp 260-2620C; IR (KBr) vmax/cm-1
3408-3093 (2NH), 3040 (CH aromatic), 2955 (CH aliphatic),
1695-1589 (2C=0); 1H NMR 5.65 (s, 1H, H-4 of pyrimidine), 6.78 (s,
1H, Ar-H), 6.84 (s, 1H, Ar-H), 7.20-7.21 (m, 2H, Ar-H), 7.24 (s, D20
exchangeable, 1H, NH), 7.33-7.34 (m, 1H, H-6 of pyrimidine), 8.20 (s,
1H, Ar-H), 8.43 (s, 1H, Ar-H), 9.55 (s, D20 exchangeable, 1H, NH);
13C NMR 850.94 (C-4 of pyrimidine), 115.73, 124.13, 127.09, 128.43,
129.72, 131.99, 132.85, 138.10, 142.55, 143.63, 150.78 (C=0 of

pyrimidine), 184.90 (C=0); MS m/z: 289 (M*).

5-(Furan-2-Carbonyl)-4-Phenyl-2-Thioxo-1,2,3,4-
Tetrahydropyrimidine (9j)

Brown powder, 48% yield; mp 240-2420C; 3266, 3177 (2NH), 3080
(CH aromatic), 2974 (CH aliphatic), 1640-1598 (C=S); 1H NMR 5.41
(s, 1H, H-4 of pyrimidine), 7.27-7.29 (m, 3H, Ar-H), 7.33-7.36 (m, 2H,
Ar-H), 7.68 (s, 1H, H-6 of pyrimidine), 7.96 (s, 1H, Ar-H), 8.21 (s, 1H,
Ar-H), 8.60 (s, 1H, Ar-H), 9.49 (s, D20 exchangeable, 1H, NH), 9.58
(s, D20 exchangeable, 1H, NH); 13C NMR 0 53.67 (C-4 of
pyrimidine), 112.64, 113.12, 118.15, 122.58, 127.05, 129.10, 133.19,
137.87, 143.33, 147.24, 149.68, 151.51, 177.11 (C=S), 180.88 (C=0);

MS m/z: 284 (M*).

4-(4-chlorophenyl)-5-(furan-2-Carbonyl)-2-Thioxo-1,2,3,4-
Tetrahydropyrimidine (9Kk)

Brown powder, 41% vyield; mp 227-2290C; 3264-3117 (2NH), 3045
(CH aromatic), 2974 (CH aliphatic), 1651-1588 (C=0+C=S); 1H NMR
5.40 (s, 1H, H-4 of pyrimidine), 7.29-7.30 (m, 2H, Ar-H), 7.59-7.60 (m,
2H, Ar-H), 7.69 (s, 1H, H-6 of of pyrimidine), 7.96 (s, 1H, Ar-H), 8.21
(s, 1H, Ar-H), 8.60 (br s, 1H, Ar-H), 9.80 (s, D20 exchangeable, 1H,
NH), 10.67 (s, D20 exchangeable, 1H, NH); 13C NMR 853.10 (C-4 of
pyrimidine), 112.66, 113.62, 118.25, 122.59, 128.98, 129.11, 130.51,
133.18, 137.87, 147.32, 149.69, 151.51, 177.00 (C=S), 180.39

(C=0); MS m/z: 318 (M*).
5-(Furan-2-Carbonyl)-4-(Thiophen-2-yl)-2-Thioxo-1,2,3,4-
Tetrahydropyrimidine (91)
Brown powder, 55% yield; mp 175-1770C; 3268-3175 (2NH), 3020
(CH aromatic), 2950 (CH aliphatic), 1645-1595 (C=0+C=S); 1H NMR

5.65 (s, 1H, H-4 of pyrimidine), 6.85 (s, 1H, Ar-H), 7.27 (s, 1H, Ar-
H), 7.59 (s, 1H, Ar-H), 7.66 (s, 1H, H-6 of pyrimidine), 7.99 (s, 1H, Ar-
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H), 8.21 (s, 1H, Ar-H), 8.60 (s, 1H, Ar-H), 9.91 (s, D20 exchangeable,
1H, NH), 10.73 (s, D20 exchangeable, 1H, NH); 13C NMR & 48.74
(C-4 of pyrimidine), 112.71, 118.30, 122.59, 125.17, 127.39, 137.87,

146.79, 147.37, 149.69, 152.24, 176.73 (C=S), 180.57 (C=0); MS m/
Z: 289 (M),

4-Phenyl-5-(Thiophene-2-Carbonyl)-2-Thioxo-1,2,3,4-
Tetrahydropyrimidine (9m)

Pale yellow powder, 45% yield; mp 255-2570C; 3183-3093 (2NH),
3072 (CH aromatic), 2962 (CH aliphatic), 1645-1618 (C=0+C=S); 1H
NMR 5.42 (s, 1H, H-4 of pyrimidine), 7.19 (s, 1H, Ar-H), 7.28-7.30
(m, 1H, Ar-H), 7.31-7.34 (m, 3H, Ar-H), 7.73 (s, 1H, H-6 of
pyrimidine), 7.91-7.93 (m, 2H, Ar-H), 8.43 (s, 1H, Ar-H), 9.76 (s, D20
exchangeable, 1H, NH), 10.54 (s, D20 exchangeable, 1H, NH); 13C
NMR 0 54.19 (C-4 of pyrimidine), 113.43, 127.16, 128.34, 128.62,
129.58, 132.47, 133.57, 136.20, 138.62, 142.55, 142.70, 143.22,

174.34 (C=S), 183.10 (C=0); MS m/z: 300 (M*).

4-(4-Chlorophenyl)-5-(Thiophene-2-Carbonyl)-2-Thioxo-
1,2,3,4Tetrahydropyrimidine (9n)

Pale yellow powder, 63% yield; mp 208-2100C; 3440-3150 (2NH),
3077 (CH aromatic), 2988 (CH aliphatic), 1644-1619 (2C=0); 1H
NMR 5.56 (s, 1H, H-4 of pyrimidine), 6.79-7.31 (m, 2H, Ar-H), 7.76
(s, 1H, H-6 of pyrimidine), 7.71-7.96 (m, 2H, Ar-H), 8.0-8.12 (m, 2H,
Ar-H), 9.60 (s, D20 exchangeable, 1H, NH), 10.72 (s, D20
exchangeable, 1H, NH); 13C NMR & 53.58 (C-4 of pyrimidine),
113.74, 115.48, 117.74, 122.73, 124.48, 125.84, 127.23, 134.42,

138.29, 146.03, 174.83 (C=S), 182.57 (C=0); MS m/z: 333 (M*).

4-(Thiophen-2-yl)-5-(Thiophene-2-Carbonyl)-2-Thioxo-
1,2,3,4-Tetrahydropyrimidine (90)

Yellow powder, 43% vyield; mp 260-262°C; IR (KBr) vmax/cm
3424-31120 (2NH), 3093 (CH aromatic), 2970 (CH aliphatic), 1645,
1636 (C=0+C=S); 1H NMR 5.66-5.68 (m, 1H, H-4 of pyrimidine),
6.97-7.02 (M, 2H, Ar-H), 7.21-7.24 (m, 1H, Ar-H), 7.31-7.34 (m, 1H,
Ar-H), 7.43-7.46 (m, 1H, Ar-H), 7.74-7.76 (m, 1H, H-6 of pyrimidine),
7.91-7.98 (m, 1H, Ar-H), 9.90 (d, J=8.0 Hz, D20 exchangeable, 1H,
NH), 10.66 (d, J=8.0 Hz, D20 exchangeable, 1H, NH); 13C NMR &
49.19 (C-4 of pyrimidine), 113.65, 125.35, 126.32, 127.47, 128.69,
132.56, 133.70, 136.12, 142.47, 146.73, 174.63 (C=S), 182.76 (C=0);

MS m/z: 305 (M*).

Biological Screening

All biological screenings were performed at the Diagnostic and
Confirmatory lab in the Holding Company for Biological Products and

Vaccines (VACSERA), Giza, Egypt.

Anti-Proliferative Activity

The method defined was used for the evaluation of the anti-
proliferative activity towards HCT-116, HeLa and MCF-7 cancer cell
lines. The cell lines were gotten from American Type Culture
Collection (ATCC, USA). Cells were cultured into 96-well
microplates (cells density 1.2-1.8). 10,000 cells/well were used,
and culturing was performed using Dulbecco’s modified Eagle’s
medium (DMEM; Invitrogen/Life Technologies) supplemented with
10% FBS (Hyclone), 10 pg/ml of insulin (Sigma), and 1% penicillin-
streptomycin at 37°C in a 5% CO, incubator. Cells then were
incubated for 24 h at 37°C in a humidified 5% CO, atmosphere.
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Then the cells were exposed for 48 h to different concentrations of
the compounds or doxorubicin. Then, the treated cells viability

was determined via the MTT technique as follows: i) media
were removed, i) MTT solution (M-5655, Sigma Aldrich) was
added, and incubated for an additional 4 h for metabolizing the dye
to colored-insoluble formazan crystals. The remaining MTT
solution was cast-off from the wells, and formazan crystals
were solubilized. The plate was shaken at r.t. Absorbance was
measured via a ROBONIK P2000 Elisa Reader at 570 nm. The
cell viability was expressed as a concentration that exerts 50%

of maximum inhibition of cell proliferation (ICs)) and it was

determined via Graph Pad Prism version 5 software (Graph Pad
software Inc, CA).

Cell Cycle Analysis

HCT-116, HeLa and MCF-7 cell lines were treated with the most
potent compounds 9b, 9k and 9h, respectively at their ICs,
concentrations for 48 h. After treatment, the cells were suspended in
0.5 mL of PBS, centrifuged for collection, and fixed in ice-cold ethanol
(70% vlv), washed with PBS, resuspended with RNase, and stained
with propidium iodide. Analysis was then performed by flow cytometry
using FACScalibur (Becton Dickinson). Phoenix Flow Systems and
Verity Software House were used for the calculation of the cell cycle
distributions [50].

Apoptosis Assay

HCT-116, HeLa and MCF-7 cell lines were treated with the most
potent compounds 9b, 9k and 9h, respectively at their ICsg
concentrations for 48 h. After that, the cells were suspended in PBS,
centrifuged, and fixed in ice-cold ethanol (70% v/v). Then, the ethanol
suspended cells were centrifuged, suspended PBS, centrifuged
again, and resuspended with PE Annexin V and PI staining solution
according to the manufacturer's guidelines. At the end, analysis by
flow cytometry using FACS Calibur (Becton Dickinson) was
performed. Phoenix Flow Systems and Verity Software House were
used for the cell cycle distributions calculations [51].

Cyclin Dependent Kinase 2/Cycline A2 Enzyme Inhibition

The in vitro CDK2/cyclin A2, and CDK9/cyclin T; enzyme inhibition
assays were performed using the Promega Corporation CDK2 and
the BPS Bioscience CDK9 luminescence kinase assay kits as
described [53,53]. The assays were carried out at room temperature.
The target compounds were dissolved and added to the reaction
mixture at variant concentrations. Continuous kinetic monitoring of

the enzyme activity was performed on Tecan-spark READER. The
percent inhibition of the enzyme activity was calculated for all the
compounds at four different concentrations, ICsy values were
calculated via Graphpad prism, and each value represents the mean
+ SD from triplicate determinants.

Molecular Modeling Study

Molecular docking study was performed using the Molecular
Operating Environment (MOE 2014.0901) program. All minimization
in docking procedures were achieved with MOE until RMSD gradient
of 0.05 Kcal.mol-1 A-1 with MMFF94 forcefield. Partial charges were
automatically calculated. Triangle Matcher placement method and dG
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scoring function were utilized as a docking protocol. The X-ray crystal
structures of the CDK2 enzyme co-crystallized with R-Roscovitine
(PDB code: 3ddq) and CDK9 co-crystallized with the pyridine
analogue AZD4573 (PDB code: 6z45) were downloaded from the
protein data bank in PDB format and prepared for the docking study
as follow.

For 3ddq protein

« Removal of chains C, D, E, water molecules and ligands that are
not involved in the binding.

+ Protonate 3D protocol with default options in MOE.
For 6z45 protein;

« Removal of chain A, water molecules and ligands that are not
involved in the binding.

+  Protonate 3D protocol with default options in MOE.
The studied compounds were built in 3D format using MOE and

exposed to the following: i) structure 3D protonation. ii)
Conformational analysis through systemic search. iii) Choosing the
least energetic conformer. iv) Running the same docking protocol
used with the native ligand.

In Silicon ADMET Study

SMILES notations of the studied compounds were nourished into
the Swiss ADME web server to predict the pharmacokinetics and
drug-likeness characteristics of the checked compounds. Another
computational tool (Osiris Property Explorer was used to estimate of
the possible toxicities like mutagenicity, tumorigenicity irritant and
reproductive effect.

Conclusion

Novel series pyrimidines was synthesized, structurally elucidated,
and evaluated for their anti-proliferative activity against human
colorectal carcinoma HCT-116, cervical carcinoma HelLa and breast
carcinoma MCF-7 cell lines. Compounds 9b, 9k and 9h were the
most active ones against HCT-116, HeLa and MCF-7 cell lines

(ICs0=2.46 + 0.21,1.81 + 0.11 and 3.83 + 0.27 pM, respectively)

compared to doxorubicin (IC5=2.39  0.16, 3.02 + 0.18 and 5.56 *
0.3 pM, respectively). Potential anti-proliferative activity mechanisms

were explored for the most potent compounds 9b, 9k and 9h. Cell
cycle analysis showed that 9b, and 9k arrested the cell cycles of the
treated HCT-116, and Hela cells at G4/S phase, while 9h arrested
the MCF-7cell at G2-M phase. Also, compounds 9b, 9k and 9h are
good apoptotic inducers within HCT-116, HeLa and MCF-7 cells,
respectively. Moreover, compounds 9h and 9e dislayed
promising CDK2 and CDK9 inhibitory acivities with ICso values of
0.299 + 0.02 and 0.396 = 0.02, respectively. Molecular docking
study showed similar binding modes of the studied compounds to
that attained by the co-crystallized ligand either for CDK2 and or
for CDK9 isoform. ADMET computational study predicted the
good pharmacokinetic aspects for the studied compounds.
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