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Abstract: Pyrimidine-based scaffolds have been shown to have anticancer effect and to suppress BRAFV69E
kinase activity. Therefore, in this research, a new series of 2-oxo-tetrahydropyrimidine 2a-f was synthesized.
The structures of the newly synthesized compounds were validated using Fourier transform infrared (FT-IR),
Proton nuclear magnetic resonance *HNMR), Carbon-13 nuclear magnetic resonance (**CNMR), mass
spectroscopy and elemental analysis. In vitro testing was performed on all derivatives against BRAFV6E
enzyme, in comparison with Vemurafenib to determine their enzyme inhibitory activity. The results revealed
that all derivatives inhibited BRAFVE enzyme with variable values (ICso= 0.53£0.023 - 5.71740.242 uM).
Compound 2e was the most potent among the series showing moderate activity (1Cso=0.5340.023 uM) relative
to the reference drug (ICso= 0.052+0.003 uM). Furthermore, compound 2e was subjected to in vitro cytotoxicity
study against melanoma cell WM266.4. The cytotoxic study indicated that compound 2e has a reasonable
anticancer activity (ICso= 19.58+0.7 puM), relative to Vemurafenib (ICso= 7.681+.0.3uM). Molecular docking
analysis against BRAFV6%E kinase proved excellent fitting inside the binding site. Compound 2e could be
identified as a promising candidate for further research.
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1. INTRODUCTION

Finding new approaches to skin cancer treatment

and prevention is essential, due to the rise in skin cancer  and formation of the nevi. Nevi transforms into

cases worldwide®?. The rising number of skin cancer
cases seems to be related to skin excessive exposure to
UV radiation because of ozone depletion34.

The deadliest form of skin cancer is melanoma, it is
characterized by melanocyte proliferation and melanin
accumulation, resulting in pigmentation of the skin,
discoloration, and tumor growth. Melanoma exhibits a
high level of mutation, which has been associated with
DNA damage caused by ultraviolet radiation and/or
errors in DNA replication®®.

The progressive development of a malignant
melanocytic lesion begins with a starting trigger
mutation, this leads to normal melanocyte hyperplasia

intermediate lesions, which transform into in situ
melanoma with a high mutation degree. Finally,
primary melanoma progresses to the invasive stage and
develops into malignant melanoma’. Melanoma
treatment includes surgical removal of the tumor,
immunotherapy, radiotherapy and chemotherapy. The
surgical excision of lesions is effective in the treatment
of melanoma in its early stages. On contrary, metastatic
melanoma can be fatal, thus there is a significant
demand for targeted therapy.8.

The mitogen-activated protein kinase pathway
(MAPK; RAS-RAF-MEK-ERK), which directs vital
biological processes such as cell growth, differentiation
and proliferation, is overexpressed in melanoma®.
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Among the various mechanisms responsible for
abnormal over expression of MAPK pathway signaling
in melanoma is BRAF mutation that is the most
frequent genetic abnormality detected in melanoma®®.
Among BRAF mutations, BRAFV6%E was the most
well-established one and it was discovered in
approximately 50% of melanoma cells .This made
BRAFVS%E inhibitors one of the first choices for
targeted melanoma therapy*-12.

In recent years, diverse pharmacological effects of
tetrahydropyrimidine compounds were reported such
as anti-inflammatory, antiviral, calcium channel
blocking, antibacterial, antifungal and anticancer
propertiest®. Considering melanoma, drugs and lead
compounds bearing the pyrimidine scaffold are
proposed to be promising candidates, for their
prospective cytotoxic properties, due to inhibition of
BRAF. For example, Dabrafenib (Taflinar R), an
FDA-approved drug for the treatment of tumors
bearing mutant BRAFY“.  Another promising
BRAFVE0E inhibitor is, Encorafenib (Braftovi R), the
most recent FDA-approved drug directed for metastatic
melanoma treatment °. In addition, B1882370, is an
inhibitor that demonstrates a remarkable potency in
inhibition of BRAFY5%E kinase activity® (Figure 1).

On the other hand, sulfonamide moiety was found
in several approved BRAFV®%E targeted drugs, such as
Dabrafenib, Encorafenib, and Vemurafenib (Zelboraf
R) (Figure 1). Moreover, sulfonamide moiety was also
found in many ligands and investigated candidate as
B1882370%%7, Furthermore, sulfonate moiety is a
bioisostere of the sulfonamide one. They possess
significant pharmacological applications in
pharmaceutical research. Numerous reports have
focused on the anticancer effects of the compounds
with an aryl sulfonate moiety82°,

2. METHODS

2.1 Chemistry

In the supplementary data, all information
regarding the chemicals and various analysis tools
was provided. The staring aldehydes 1 a-c were
prepared according to the literature?.

2.1.1 Synthesis of 2-oxo-tetrahydropyrimidine
2a-f.

A mixture of acetoacetanilde or
ethylacetoacetate (5mmol), appropriate aldehyde la-
¢ (5mmol), urea (7.5mmol) and 5 drops of HCI was
stirred at 100 °C for 3 hrs. The formed solid mass was
rinsed with water (to get rid of excess urea) and the
product was crystallized from ethanol.

4-(6-methyl-2-oxo0-5-(phenylcarbamoyl)-1,2,3,4-
tetrahydropyrimidin-4-yl)phenyl
benzenesulfonate (2a).

IR (KBr) (cm™): 3254 (NH), 1667 (br., C=0), 1371,
1179 (S=0); *H NMR (DMSO-dg) 6 (ppm): 2.02 (s,
3H, CHj3), 5.36 (s, 1H, CH), 6.98 -7.83 (m, 15H, Ar-
H, NH), 8.75 (s, 1H, NH, D20 exchangeable ), 9.53
(s, 1H, NH, D0 exchangeable); **C NMR (DMSO-
ds) 0 (ppm): 17.06 (CHs), 54.51 (CH), 105.01,
119.60, 120.01, 121.94, 122.07, 123.15, 124.08,
127.94, 128.08, 128.50, 128.76, 129.76, 129.88,
134.95, 135.07, 138.61, 139.10, 143.51, 148.02,
150.17 (aromatic Cs and C=C), 152.36, 165.14 (2
C=0); MS m/z (%): 463.78 (M*, 31.87), 307.52
(100.00).

4-(6-methyl-2-oxo-5-(phenylcarbamoyl)-1,2,3,4-
tetrahydropyrimidin-4-yl)phenyl 4-
chlorobenzenesulfonate (2b).

IR (KBr) (cm™): 3367 (NH), 1663 (br., C=0), 1374,
1178 (S=0); *H NMR (DMSO-ds) 6 (ppm): 2.02 (s,
3H, CHg), 5.30 (s, 1H, CH), 7.00 -7.82 (m, 14H, Ar-
H, NH), 8.76 (s, 1H, NH, D,0 exchangeable ), 9.55
(s, 1H, NH, D0 exchangeable); **C NMR (DMSO-
ds) o (ppm): 17.16 (CHas), 54.71 (CH), 105.20,
119.81, 122.11, 122.25, 122.78, 123.39, 128.21,
128.54, 128.68, 129.55, 130.09, 130.16, 130.25,
138.58, 139.14, 140.19, 143.73, 148.05 (aromatic Cs
and C=C), 152.50, 165.34 (2 C=0); MS m/z (%):
497.62 (M*, 23.85), 327.91 (37.35), 330.0 (25.95),
89.85 (100.00).

4-(6-methyl-2-oxo-5-(phenylcarbamoyl)-1,2,3,4-
tetrahydropyrimidin-4-yl)phenyl 4-
methylbenzenesulfonate (2c).

IR (KBr) (cm?): 3361 (NH), 1667 (br., C=0),
1370, 1176 (S=0); *H NMR (DMSO-dg) 6 (ppm):
2.21 (s, 3H, CHs), 2.37 (s, 3H, SO,-Ph-CHs3), 5.36 (s,
1H, CH), 6.96 - 7.68 (m, 14H, Ar-H, NH), 8.74 (s,
1H, NH, D,0 exchangeable ), 9.53 (s, 1H, NH, DO
exchangeable); *C NMR (DMSO-ds) & (ppm):
17.08 (CHas), 21.18 (SO.-Ph-CHs), 54.59 (CH),
105.12, 119.57, 119.67, 121.94, 122.13, 122.64,
123.21, 127.93, 128.14, 128.23, 128.40, 128.91,
129.98, 130.20, 131.38, 131.50, 138.50, 139.13,
143.45, 145.75, 148.12 (aromatic Cs and C=C),
152.40, 165.21 (2 C=0); MS m/z (%0): 477.69 (M*,
27.67), 439.64 (100.00).
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.

R,=H, Cl, CH;
R,= CONHPh, COOEt

J

Figure 2: Design of 2-oxo-tetrahydropyrimidine compounds containing benzene sulfonate moiety as
BRAFVS%E jnhibitors 2a-f.

2a; R,= H, R, CONHPh
2b; R,= Cl, R, CONHPh
2¢; Ry= CH3, R,= CONHPh
2d; R,= H, R,= COOEt
2¢; R;= Cl, R,= COOEt
2f; R;= CH3, R,= COOEt

Reagents and condition: (a) Tetrahydrofuran, triethylamine, reflux
(b) Urea, acetoacetanilide or ethylacetoacetate , HCI, stirring at 100°C

Scheme 1: The synthetic route of target compounds 2a-f.
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Table 1. Physical characters and elemental analysis of the new target compounds 2a-f.

Comp.no. Yield% M.P.(°C) Mol. Formula Elemental analysis [%0]
(M. Wt) Calcd.  (Found)
C H N
2a 42 138 -140  C24H21N30sS 62.19 4,57 9.07
(463.51) (62.26) (4.61)  (9.01)
2b 35 118 -120 C24H20CIN3OsS  57.89 4.05 8.44
(497.95) (57.95) (4.10) (8.48)
2c 30 128-130 C25H23N30sS 62.88 4.85 8.80
(477.54) (62.85) (4.92) (8.84)
2d 43 123- 125 C20H20N206S 57.68 4.84 6.73
(416.45) (57.71) (4.80) (6.77)
2e 38 120- 122 Ca0H19CIN206S  53.28 4.25 6.21
(450.89) (53.33) (4.21) (6.15)
2f 35 148- 150 C21H22N206S 56.49 5.15 6.51
(430.48) (56.57) (5.18)  (6.55)
Table 2: ICsp of the tested compounds 2a-f against BRAFV®%E enzyme.
Comp. No. Structure BRAFVY6E | Comp. | Structure BRAFV600E
1Cso (},LM) No. 1Cso (uM)
©\ . 1.581+0.067 C'\©\ 0.531+0.023
d 2e &
2a o o
w .]\i/© HN o™
o l:l 02\.\1
c'\©\ 5.717+0.242 \©\ 0.779+0.033
0 (o)
/
d 2f 0//5/0
2b .
HN ; (o)
07N HN O/\
7R
1.547+0.066 | Vemura \\\f:’ 0.052+0.003
fenib -
2cC
2.149+0.091
2d
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Ethyl6-methyl-2-oxo-4-(4-
((phenylsulfonyl)oxy)phenyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (2d).

IR (KBr) (cm?): 3311 (NH), 1705, 1675
(C=0) 1374, 1183 (S=0); *H NMR (DMSO-d¢) ¢
(ppm): 1.03 (t, 3H, CH3-CH: , J= 7.2 HZ), 2.23 (s,
3H, CHs), 3.95(0, 2H, CH3-CH,, J=7.2HZ),5.11 (s,
1H, CH), 7.02 — 7.57 (m, 4H, Ar-H), 7.66 — 7.88 (m,
6H, Ar-H, NH), 9.22 (s, 1H, NH, D,0 exchangeable
); BC NMR (DMSO-ds) J (ppm): 14.01 (CH3-CH>),
17.76 (CHs), 53.49 (CHs-CHy), 59.17 (CH), 98.71,
121.98, 127.97, 128.10, 128.15, 128.24, 129.68,
129.81, 134.05, 134.45, 135.00, 141.36, 147.95,
148.74 (aromatic Cs and C=C), 151.76, 165.12 (2
C=0); MS m/z (%): 416.45 (M*, 79.97), 293.23
(100.00).

Ethyl 4-(4-(((4-
chlorophenyl)sulfonyl)oxy)phenyl)-6-methyl-2-
oxo0-1,2,3,4-tetrahydropyrimidine-5-carboxylate
(2e).

IR (KBr) (cm™): 3399 (NH), 1682 (br., C=0),
1375, 1178 (S=0); *H NMR (DMSO-ds) 5 (ppm):
0.98 (t, 3H, CHs-CHy, J=7.2 HZ), 2.21 (s, 3H, CH3),
3.93 (g, 2H, CH3-CHy, J= 7.2 HZ), 5.11 (s, 1H, CH),
6.99 (d, 2H, Ar-H, J= 8.8 HZ), 7.21 (d, 2H, Ar-H,
J=8.8 HZ), 7.69 (d, 2H, Ar-H), 7.84 - 7.86 (m, 3H,
Ar-H, NH), 9.16 (s, 1H, NH, D,0 exchangeable); *C
NMR (DMSO-dg) J (ppm): 14.27 (CHs-CH>), 18.06
(CHs), 53.84 (CH3-CHy), 59.68 (CH), 99.20, 122.35,
128.46, 130.36, 130.40, 133.44, 140.50, 144.53,
148.21, 149.06 (aromatic Cs and C=C), 152.22,
164.57 (2 C=0); MS m/z (%): 450.19 (M*, 16.01),
405.91 (52.24), 407.21(21.75), 354.94 (100.00).

Ethyl 6-methyl-2-oxo-4-(4-(tosyloxy)phenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (2f).

IR (KBr) (cm?): 3353 (NH), 1710, 1687
(C=0), 1376, 1171 (S=0); 'H NMR (DMSO-ds) &
(ppm): 1.03 (t, 3H, CHs-CHy, J= 6.8 HZ), 2.22 (s,
3H, CHa), 2.40 (s, 3H, SO.-Ph-CH3), 3.90 (q, 2H,
CH3-CH,, J= 6.8 HZ), 5.11 (s, 1H, CH), 6.96 (d, 2H,
Ar-H, J=8HZ),7.25 (d, 2H, Ar-H), 7.44 (d, 2H, Ar-
H, J= 8 HZ), 7.73 - 7.75 (m, 3H, Ar-H, NH), 9.20 (s,
1H, NH, D,0 exchangeable); *C NMR (DMSO-ds)
d (ppm): 14.06 (CHs-CH>), 17.84 (CH3), 21.25 (SO--
Ph-CHs), 53.59 (CHs-CHp), 59.31 (CH), 98.87,
122.07, 128.05, 128.22, 130.32, 131.62, 144.12,
145.87, 148.12, 148.81 (aromatic Cs and C=C),
151.89, 165.39 (2 C=0); MS m/z (%): 430.98 (M*,
58.12), 94.05 (100.00).

2.2. In vitro BRAFVSE jnhibition assay:

Using Vemurafenib as a reference drug, the
inhibitory activity of BRAFV%E was assessed using
a BRAFV600E kinase assay kit. See the supplemental
file for more information?L.

2.3 In vitro cytotoxic activity.

Utilizing MTT assay method??, the in vitro
cytotoxic activity of compound 2e toward human
melanoma cell line WM266.4 was evaluated as
explained in supplementary file.

2.4 Docking.

The molecular docking simulation of the most
potent compound 2e was performed against
BRAFVSE (PDB ID: 30G7) using MOE 14.0
software as outlined in supplementary file.

3. RESULT
3.1 Chemistry

In scheme 1, tetrahydropyrimidine derivatives
2a-f were obtained with a yield of 30-43 %, by
adopting the reported procedure®. Aldehydes la-c
were stirred with acetoacetanilide / ethylacetoacetate
and urea in the presence of hydrochloric acid. The
completion of the reaction was verified by TLC
follow-up.

3.2 Biology
3.2.1 BRAFV600E assay:
All  the newly  synthesized  2-oxo-

tetrahydropyrimidine derivatives 2a-f were assessed
toward BRAFYS%E  enzyme, compared to
Vemurafenib (Table 2). All target compounds
alleviated the enzyme activity in a moderate to weak
manner showing ICso values from 0.53 to 5.71 puM,
compared to the reference drug Vemurafenib (1Cso =
0.052 £+ 0.003 pM). Compound 2e was the most
potent among the series (ICso=0.52 + 0.023 pM).

3.2.2. In vitro cytotoxic activity: WM266.4 human
melanoma cancer cells were used in the MTT assay
to test the cytotoxic activity of compound 2e, the
most effective derivative against BRAFV6%°E kinase.
(Table 3).

3.3. Docking study

2-Oxo-tetrahydropyrimidine derivatives binding
modes were investigated against BRAFY5%E, The co-
crystallized ligand was employed as reference. The
docking procedure was validated by re-docking the
original ligand vemurafenib, generating RMSD
value of 155 A. The results of docking
investigations revealed a good affinity of 2e toward
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the target enzyme compared to the reference
molecule (Table 4).

Table 3. Cytotoxic activity of the most active
compound 2e against WM266.4 cell line.

4. DISCUSSION

4.1 Chemistry

The chemical structure of the target compounds
2a-f was ascertained through spectral data and
elemental analyses. The 'HNMR (DMSO-d6)
spectra of compounds 2a-f, displayed two
characteristic singlets at a range of 6 2.02 — 2.23 and
85.11 —5.36 ppm assigned to CHzand H6 protons of
the tetrahydropyrimidine ring,  respectively.
Additionally, the *HNMR (DMSO-d6) spectrum of
2e, showed the triplet - quartet pattern at 5 .098, 3.85
ppm corresponding to ethyl ester protons, a singlet at
8 2.21 ppm attributed to tetrahydropyrimidine -CHs
and a singlet at & 5.11 ppm assigned to
tetrahydropyrimidine-Hs. *CNMR spectrum of 2e
depicted signals at 0 14.27, ¢ 18.06, § 53.84 and ¢
59.68 ppm attributed to ethyl-CHs;, CH3, CH; and
CH, respectively. In addition to two characteristic
signals at 6152.22 and 164.57 ppm assigned to 2
C=0. Finally, its IR spectrum showed strong
absorption bands at 3399, 1682, 1375 and 1178 cm™
ascertaining the presence of NH, C=0 and S=0O
groups, respectively.

4.2 Biology
4.2.1. BRAFV®%E inhibitory activity.

The main biological screening aimed to test the
ability of the target compounds to inhibit BRAFV60E
enzyme. ICso values were determined for each
compound, as mentioned in the results part. It was

found that compounds having the ethyl ester moiety
at tetrahydropyrimidine-C5, 2d-f offered better
enzyme inhibition (ICsp= 0.53 — 2.14 pM) than those
containing phenyl carbamoyl one 2a-c (ICsp= 1.54 —
5.71 uM). This finding was seen with derivatives, 2b,
2c, 2e and 2f that contain substituted benzene
sulfonate moiety (R1= Cl, CHs). The contrary for the
plain benzene sulfonate derivatives (Ri= H), the
phenyl carbamoyl containing derivative 2a has better
activity than the ethyl ester containing one 2d.
Focusing on tetrahydropyrimidine derivatives with
ester moiety, substitution of benzene ring with
electron withdrawing chlorine atom (R;= Cl) in 2e or
electron donating CHs (R1= CHj5) in 2f enhanced the
activity compared to their unsubstituted analogue 2d.
On the other hand, regarding compounds containing
the phenyl carbamoyl moiety, introduction of
chlorine atom (R;= CI) in 2b dropped the activity
(about 4-fold), while substitution with the CH3 group
in 2c doesn’t have a significant effect, relative to 2a,
(Figure 3).

4.2.2. In vitro anticancer activity.

The most effective derivative against BRAFV60E
kinase, 2e, was chosen to test its cytotoxic activity
against WM266.4 human melanoma cell line. 2e
showed moderate cytotoxic activity against the tested
human melanoma cell WM266.4 (ICsp =
19.58+0.7uM), compared to Vemurafenib reference
drug (ICso = 7.68+0.3 pM).

4.3 Docking study.

In this study, the ligand Vemurafenib and the
most potent compound 2e were placed into the
binding region of BRAFYS®E enzyme using the
MOE-2014 program to perform a molecular docking
simulation analysis. Vemurafenib was re-docked to
confirm the docking procedure (Figure 4). The root-
mean-squared-error (RMSD) was then calculated
(1.55 A®), demonstrating that the docking technique
used yielded accurate positions.

BRAFVSE X-ray structure bound to Vemurafenib
(PDB; 30G7) showed the important interactions of
the ligand with the enzyme binding region .

The X-ray structure indicated that Vemurafenib
binds to the kinase active site through the hinge
region at the ATP-binding site in the cleft between
the N and C lobes. The azaindole moiety forms two
hydrogen bonds with the hinge residues, Cys532 and
GIn530. The chlorophenyl moiety is oriented
towards the solvent region, whereas the difluoro
phenyl moiety is positioned in a hydrophobic pocket.
Two H-bonds are formed between the sulfonamide
group oxygens, Lys 483 and Gly 596 of the DFG
sequence, as shown in Figure 4. Finally, the propyl
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group is directed into the RAF selectivity pocket,
which is a small pocket unique to the Raf family.
Examining the docking results, compound 2e showed
promising affinity for BRAFV®E and exhibited a
preferred binding mode with docking score = 7.52
kcal/mol, compared to Vemurafenib, as proposed in
Figure 3. The tetrahydropyrimidine core of 2e
occupies the adenine pocket, creating two hydrogen
bonds with the hinge residues GIn530 and Cys532.
Tetrahydropyrimidine moiety and its connected
phenyl ring also formed hydrophobic interactions
with key residues Val471, Ala 481, Thr529 and
Trp531.

Furthermore, two oxygen atoms from the sulfonate
moiety accepted two H-bonds from Asp594, the first
residue in the DFG sequence, this interaction is
thought to confer inhibitor specificity to the mutant
kinase 242°, Furthermore, the 4-chloro-phenyl moiety
was positioned in the RAF selectivity pocket,
forming additional hydrophobic interactions with
key residues Phe 468, Leu 514 and Phe 583. (Figure
5).

Table 4: The binding energies and interactions of compound 2e and Vemurafenib in BRAFY6%°E binding site.

Comp. no. Docking score  Amino acid residues Atom of
(kcal/mol) (Bond length A% compound
2e -7.52 kcal/mol GIn 530 (2.89) NH of pyrimidine ring
Cys 532 (2.91) NH of pyrimidine ring
Asp594 (3.14) O of sulfonate group
Asp594 (2.53) O of sulfonate group
Vemurafenib -6.33 kcal/mol GIn 530 (2.95) NH of azaindole ring
Cys 532 (3.02) N of azaindole ring
Lys 483 (3.77) O of sulfonamide group
Gly 596 (2.59) O of sulfonamide group
(e e e e ————
| For Ry, COOEt > CONHPh 5 For Ry= CONHPh —»=H ~ CH; > Cl|
SR LE EE EE P PP e - 'For Ry= COOEt—C1>CH; >H |
R,
AN
: 2D E
Solvevt exposed / E E : E
C,H:0! : i 5
N pTe e
'_©_ _@_ cl Hydrophobic
: part 1l
_/
v ~— triphospate The most potent compound,2e,
hetero aromatic . like moiety ~ (ICso= 0.53 £ 0.023 pM)
(adeninebinding) Hydrophobic DFG binding
partl
(.
Fiaure 3. SAR and the nronosed bindina mode of the taraet comnounds 2 a-f.
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Figure 5. 2D and 3D binding mode of compound 2e docked into BRAFV6%E active site.

5. Conclusions

Novel 2-oxo-tetrahydropyrimidine BRAFV600E
inhibitors were synthesized and evaluated as
BRAFVS%E kinase inhibitors. The structures of the
newly synthesized compounds were validated using
IR, 'HNMR, BCNMR, mass spectroscopy and
elemental analysis. All derivatives inhibited
BRAFVSE in enzyme assay and cytotoxicity tests
against the WM266.4 cell line. Compound 2e
showed good inhibitory activity, compared to
Vemurafenib. Molecular docking analysis showed
that Compound 2e fits well in the binding site of
BRAFV80E kinase, making it a promising candidate
for further research.
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