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ABSTRACT

A new series of triarylpyrazole derivatives having different heterocycle terminal groups have been
designed and synthesised. Compounds 1h-j and 1l exhibited the highest mean percentage inhibition
against the 58 cancer cell lines at a concentration of 10 uM, and thus were next examined in 5-dose test-
ing mode to detect their IC5, value. The four compounds showed stronger antiproliferative activities upon
comparing their results with sorafenib as a reference compound. Among them, compounds 1j and 1l pos-
sessing N-ethylpiperazinyl and N-benzylpiperazinyl terminal moiety through ethylene linker showed the
greatest values of mean percentage inhibition (97.72 and 107.18%, respectively) over the 58-cell line panel
at 10 uM concentration. The ICso values of compound 1j over several cancer cell lines were in submicro-
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molar scale (0.26 ~0.38 uM). Moreover, the compounds 1j and 1l showed highly inhibitory activities

(99.17 and 97.92%) against V600E-B-RAF kinase.

Introduction

Cancer is considered as one of the dangerous world health prob-
lems. Statistics according to World Health Organization (WHO)
report shows that the global cancer burden is about 18.1 million
new cases and 9.6 million deaths in 2018, and the number of
deaths can increase to more than 13 million deaths in 2030".
Despite the remarkable achievements in the diagnostic and thera-
peutic techniques nowadays, cancer could be assessed as the
second leading cause of death globally, about 1 in 6 deaths is
due to cancer after cardiovascular diseases®>. Considering many
reports and publications on the synthesis of anti-cancer agents,
there is no medicine achieving 100% efficacy and potency.
Therefore, there is still a continuous need for more drug inven-
tions leading to more potent and efficient anti-cancer compounds
with new structures or novel mechanism of action to overcome
the adverse effects associated with present chemotherapeutics in
cancer treatment, such as toxicity and drug resistance.

Metastatic melanoma is among the serious types of cancer that
could lead to the limited survival time of less than one year®.
Melanoma is associated with important pathway RAS-RAF-MEK-
ERK®. One mutation that is most frequent in melanoma is mutated
BRAF kinase (V60OE-B-RAF)®. It is reported also that sorafenib
(Nexavar®) targets ERK signal transduction pathway that was also
involved in many cancer types including melanoma. Many

research articles have nowadays outlined the potential antiprolifer-
ative activity against melanoma would be through inhibition of
V600E-B-RAF which is so frequent in melanoma’. Imatinib
(Gleevec®, Figure 1) as an example of anticancer agents having
arylamides®™"" terminal moiety that is used for chronic myeloid
leukaemia (CML) treatment with minimised adverse effects'?. It
has been reported in clinical trials for the management of differ-
ent diseases like GIST, meningioma, ovarian cancer, non-small cell
lung cancer (NSCLC), thyroid cancer, and breast cancer along with
other drugs'>.

Furthermore, much consideration has been directed to the
chemistry and biological activities of 1,3,4-triarylpyrazole deriva-
tives. Diverse chemical entities having 1,3,4-triarylpyrazole nucleus
have been lately turned up as potent antiproliferative agents'*~'8,

In the current article, we outline the synthesis of a new series
of 1,3,4-triarylpyrazole nucleus bearing meta-amino group possess-
ing heterocyclic terminal moieties linked by methylene or ethyl-
ene carbonyl spacer. In this study, we have replaced the furan
ring of the lead compounds by its bioisosteric nucleus pyrazole,
and we have tried the meta substitution for comparison of the
para ones of the lead compounds. Our target compounds were
examined against NCI-58 cancer cell line panel of nine different
cancer type and their in vitro antiproliferative activities were
reported. The most active compounds were examined against
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Figure 1. Structures of the lead compound, imatinib, and the target compounds 1a-m.

V600E-B-RAF and JNK kinases for detecting their possible molecu-
lar mechanism of action (Figure 1).

Experimental
General

The synthesised compounds were purified using silica gel chroma-
tography of size (0.040-0.063 mm, 230-400 mesh) and solvents of
technical grade. Bruker Avance 400 spectrometer utilising tetrame-
thylsilane as an internal standard was used to record 'H NMR and
13C NMR spectra. Hypodermic syringes were used to transfer
Solvents and liquid reagents. All the made compounds were
examined by HPLC and found to have purity of >95%. All solvents
and reagents were commercially available and used without fur-
ther purification.

Compounds 3 till 8 were synthesised as reported in the
literature'™"®,

3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-1-
yl)benzenamine (8)

"H NMR (400 MHz, CDCls) 6 8.52 (s, 2H), 8.06 (s, 2H), 8.32 (d, 1H,
J= 80Hz), 7.23-7.14 (m, 5H), 7.53-7.45 (m, 3H), 7.04 (brs, 2H),
6.98-6.95 (m, 1H), 6.44 (d, 1H, J= 4.8Hz), 6.31 (d, 1H, J= 7.6 Hz),
4.03 (brs, 2H), 3.78 (s, 3H); "*C NMR (100 MHz, CDCl5) 6 154.9,
149.9, 147.9, 1403, 132.3, 130.3, 127.5, 122.8, 122.6, 121.5, 119.8,
113.8, 112.3, 108.7, 105.9, 56.8; MS m/z: 377.2 (M™).

2-Chloro-N-(3-(3-(4-chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-
pyrazol-1-yl)phenyl)-acetamide (9a) or 3-chloro-N-(3-(3-(4-chloro
-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-1-yl)phenyl)
propanamide (9b)

To a cooled solution of compound 8 (0.5g, 1.325 mmol) in anhyd-
rous methylene chloride (15ml) at —10°C, triethylamine (148 mg,
1.4575 mmol) was added dropwise within 5min then either chlor-
oacetyl chloride or chloropropionyl chloride were added dropwise
keeping the reaction mixture temperature at —10°C for another
5min .To the reaction mixture, water (15ml) was added, then
reaction mixture was swirled then the organic layer was separated.

The water layer was further extracted with methylene chloride
once again. The combined organic layers were combined, washed
with brine and dried using anhydrous Na,SO,. Then evaporated
under reduced pressure to give the target compounds that were
used in the next step without further purification with yield 65%.
Compound 9a: 'H NMR (400MHz, DMSO-ds) & 8.85 (d, 1H,
J= 8.0Hz), 8.08 (brs, 2H), 7.76-7.53 (m, 6H), 7.29-7.16 (m, 3H), 4.13
(s. 2H), 3.86 (s, 3H); *C NMR (100 MHz, DMSO-ds) & 166.8, 159.5,
148.2, 141.2, 1404, 139.8, 139.7, 135.1, 131.7, 129.2, 128.8, 127.7,
125.9, 123.1, 120.5, 116.4, 115.1, 111.2, 105.7, 55.6; MS m/z: 453.2
(M* + 1). Compound 9b: "H NMR (400 MHz, DMSO-dg) 6 8.85 (d,
1H, J= 8.0Hz), 8.08 (brs, 2H), 7.76-7.53 (m, 6H), 7.29-7.16 (m, 3H),
4.13 (s. 2H), 3.86 (s, 3H); MS m/z: 466.5 (M* + 1).

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-2-(piperidin-1-yl)acetamide (1a)

To a solution of 9a (100 mg, 0.175 mmol) in anhydrous methylene
chloride (5ml), triethylamine (20mg, 0.193 mmol) was added at
0°C, stirred for 15 min, then morpholine (18.3 mg, 0.21 mmol) was
added dropwise. The reaction mixture was stirred for 24h at r.t.
Upon completion of the reaction, the mixture was dried and then
was partitioned between ethyl acetate and aqueous phase.
Followed by separation of the organic layer and extraction of the
aqueous layer with organic solvent (3 x 10 ml) was repeated. The
collected organic layers were washed with NaCl solution (5%) and
the organic solvent was evaporated under vacuum. The residue
was purified using column chromatography (silica gel, hexa-
ne:ethyl acetate 4:1 v/v) to give the required product. '"H NMR
(400 MHz, CDCls) 6 8.48 (d, 2H, J= 4.8Hz), 8.14(s, 1H), 7.45 (d, 1H,
J= 4.8Hz), 7.39 (d, 1H, J= 8Hz), 7.38 (t, 1H, /= 8Hz), 7.28 (d, 1H,
J= 8Hz), 7.19-7.18 (m, 2H), 7.07 (br s, TH), 7.01 (dd, 1H, J= 2.0,
8.0Hz), 3.74 (s, 3H), 3.22 (s, 2H), 2.65 (brs, 4H), 1.67 (t, 4H,
J= 5.2Hz2),1.47 (brs, 2H); *C NMR (100 MHz, CDCl5) § 170.6, 154.9,
150.0, 139.6, 139.3, 138.9, 132.1, 130.1, 130.1, 127.6, 122.9, 12238,
121.5, 1203, 117.9, 114.9, 1123, 110.2, 62.2, 56.3, 55.2, 25.7, 23.2;
MS m/z: 502.43 (M* + 1).

Compounds 1b-g were synthesised from 9a and appropriate
amine derivatives as reported in the synthesis of 1a.
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N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-2-morpholino-acetamide (1b)

"H NMR (400 MHz, CDCls) 6 9.33 (s, 1H), 8.56 (d, 2H, J= 4.8Hz),
8.03(s, 1H), 7.57 (d, 1H, J= 7.6 Hz), 7.51-7.45 (m, 2H), 7.36 (d, 1H, J
= 8.4Hz), 7.29-7.27 (m, 2H), 7.14 (s, 1H), 7.09 (d, 1H, J = 8.0Hz),
3.80 (m, 7H), 3.23 (s, 2H), 2.69-2.67 (m, 4H); >*C NMR (100 MHz,
CDCl;) & 168.1, 154.6, 150.1, 149.7, 140.8, 139.9, 138.7, 132.2,
130.5, 130.2, 127.6, 122.9, 122.8, 122.2, 117.9, 114.9, 112.3, 110.2,
66.9, 62.4, 56.1, 50.8; MS m/z: 505.1 (M™ + 2).

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-2-(4-methyl-piperazin-1-yl)acetamide (1c)

"H NMR (400 MHz, CDCl3) & 9.28 (s, 1H), 8.58 (d, 2H, J = 8.4 Hz),
8.22 (d, 2H, J= 3.6Hz), 7.59-7.56 (m, 2H), 7.46 (t, 1H, J= 8.0Hz),
7.38 (d, 1H, J= 8.0Hz), 7.29-7.27 (m, 2H), 7.15-7.08 (m, 2H), 3.83
(m, 3H), 331 (s, 2H), 2.94-2.90 (m, 8H), 2.63 (s, 3H); MS m/z
517.42 (M* + 1).

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-2-(4-ethyl-piperazin-1-yl)acetamide (1d)

"H NMR (400 MHz, CDCls) & 9.29 (s, 1H), 8.58 (brs, 2H), 8.15 (d, 2H,
J= 5.2Hz), 7.59-7.56 (m, 2H), 7.47 (t, 1H, J = 8.0Hz), 7.38 (d, 1H,
J= 8.0Hz), 7.16-7.08 (m, 4H), 3.83 (m, 3H), 3.27 (s, 2H), 2.83-2.50
(m, 10H), 1.25 (t, 3H, J= 7.6Hz); *C NMR (100MHz, CDCl3) 6
169.0, 155.0, 150.1, 149.9, 139.9, 138.9, 132.1, 130.3, 130.0, 127.5,
122.3, 121.5, 120.3, 117.9, 114.8, 112.3, 110.2, 61.7, 56.1, 52.4, 52.2,
29.7; MS m/z: 531.0 (M* + 1).

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-2-(4-phenyl-piperazin-1-yl)acetamide (1e)

"H NMR (400 MHz, CDCl5) 6 8.48 (d, 2H, J = 4.8Hz), 8.13 (brs, 1H),
7.63 (brs, 1H), 7.51-7.28 (m, 3H), 7.28-7.18 (m, 6H), 7.06 (s, 1H),
6.98 (d,1H, J = 8.0Hz), 6.88-6.83 (m, 3H), 3.71 (s, 3H), 3.25-3.24
(m, 4H), 2.81 (s, 2H), 2.11-1.99 (m, 4H); '3C NMR (100 MHz, CDCl,)
0 170.7, 155.0, 149.6, 139.9, 138.1, 132.1, 130.9, 130.3, 130.0, 129.3,
128.9, 127.7, 123.0, 121.5, 120.3, 117.9, 116.5, 114.9, 112.3, 110.2,
61.7, 56.1, 52.4; MS m/z: 579.9 (M* + 2).

2-(4-Benzylpiperazin-1-yl)-N-(3-(3-(4-chloro-3-methoxyphenyl)-4-
(pyridin-4-yl)-1H-pyrazol-1-yl)phenyl)acetamide (1f)

"H NMR (400 MHz, CDCl5) § 8.57 (d, 2H, J= 5.6 Hz), 7.78-7.75 (m,
4H), 7.59-7.53 (m, 4H), 745 (t, 2H, J= 4.0Hz), 740 (d, 1H,
J= 8.4Hz), 7.14-7.07 (m, 2H), 3.84 (s, 3H), 3.31 (s, 2H), 3.10 (brs,
4H), 2.36 (brs, 4H), 2.32 (brs, 2H); MS m/z: 593.9 (M" + 2).

Compounds 1g-m were prepared from 9 b and appropriate
acid chloride as reported in the synthesis of 1a.

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-3-(piperidin-1-yl)propanamide (1 g)

'H NMR (400 MHz, CDCl3) & 8.59 (brs, 1H), 8.36 (s, 1H), 8.19 (s, 1H),
757 (d, 1H, J= 8.0Hz), 744 (t, 1H, J= 80Hz), 7.36 (d, 2H,
J= 8.0Hz), 7.32-7.29 (m, 3H), 7.17 (s, 1H), 7.10 (d, 1H, J= 7.6 Hz),
3.83 (s, 3H), 3.22 (s, 2H), 2.84-2.67 (m, 6H), 1.79-1.28 (m, 8H); '3C
NMR (100 MHz, CDCl3) 6 170.7, 154.9, 150.1, 149.9, 149.8, 140.1,
139.9, 132.6, 130.5, 130.2, 129.6, 127.6, 122.7, 120.5, 120.2, 117.7,

114.9, 112.2, 110.2, 56.1, 54.1, 53.6, 32.6, 25.7; MS m/z: 517.21 (M™"
+ 2).

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-3-morpholino-propanamide (1 h)

'"H NMR (400 MHz, CDCl3) § 9.33 (s, 1H), 8.56 (d, 2H, J= 4.8 Hz),
8.03(s, 1H), 7.57 (d, 1H, J= 7.6 Hz), 7.51-7.45 (m, 2H), 7.46 (d, TH,
J= 84Hz), 7.29-7.27 (m, 2H), 7.16 (s, 1H), 7.07 (d, 1H, J= 8.0H2),
3.75 (m, 9H), 3.23 (s, 2H), 2.69-2.67 (m, 4H); '*C NMR (100 MHz,
CDCl;) & 168.1, 154.6, 150.1, 149.7, 140.8, 139.9, 138.7, 132.2,
130.5, 130.2, 127.6, 122.9, 122.8, 122.2, 117.9, 114.9, 112.3, 110.2,
66.9, 624, 56.1, 50.8, 25.2; MS m/z: 518.43 (M + 1).

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-3-(4-methyl-piperazin-1-yl)propanamide (1i)

'"H NMR (400 MHz, CDCl5) & 8.49 (d, 2H, J= 6.4Hz), 829 (s, TH),
8.15 (s, TH), 7.49 (dd, 8H, J= 1.2, 8.0Hz), 7.36 (t, 1H, J= 8.0Hz),
7.28 (d, 1H, J= 4.8Hz), 7.21 (d, 2H, J= 6.4Hz), 7.07 (s, 1H), 7.03
(dd, 1H, J= 1.6, 8.0Hz), 3.73 (s, 3H), 2.73-2.51 (m, 12H), 2.31 (s,
3H); '*C NMR (100 MHz, CDCl5) & 170.7, 154.6, 149.9, 149.6, 140.6,
139.9, 139.8, 132.3, 130.1, 129.6, 127.6, 122.9, 122.6, 121.4, 120.1,
117.6, 114.1, 112.3, 110.2, 56.0, 55.1, 53.4, 53.1, 45.8, 32.5; MS m/z:
529.9 (M* + 1).

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-3-(4-ethyl-piperazin-1-yl)propanamide (1j)

"H NMR (400 MHz, CDCl5) 6 8.56 (d, 2H, J= 6.4Hz), 8.29 (s, TH),
8.15 (s, TH), 7.49(dd, 8H, J= 1.2, 8.0Hz), 7.36 (t, 1H, J= 8.0Hz),
7.28 (d, 1H, J= 4.8Hz), 7.21 (d, 2H, J= 6.4Hz), 7.07 (s, TH), 7.03
(dd, 1H, J= 1.6, 8.0Hz), 3.73 (s, 3H), 2.73-2.51 (m, 12H), 2.31 (s,
3H); "3C NMR (100 MHz, CDCl3) & 170.7, 154.6, 149.9, 149.6, 140.6,
139.9, 139.8, 132.3, 130.1, 129.6, 127.6, 122.9, 122.6, 121.4, 120.1,
117.6, 114.1, 112.3, 110.2, 56.0, 55; MS m/z: 545.9 (M™ + 2).

N-(3-(3-(4-Chloro-3-methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-
1-yl)phenyl)-3-(4-phenyl-piperazin-1-yl)propanamide (1k)

"H NMR (400 MHz, CDCl3) 6 8.58 (d, 2H, J= 6.0Hz), 8.34 (s, 1H),
821 (s, 1H), 758 (d, 1H, J= 7.2Hz), 743 (t, 1H, J= 8.0Hz),
7.35-7.28 (m, 2H), 7.14 (s, 1H), 7.08 (dd, 1H, J= 2.0, 8.0Hz),
6.96-6.93 (m, 6H), 3.79 (s, 3H), 2.96-2.65 (m, 12H); 3C NMR
(100 MHz, CDCl5) 0 169.7, 155.1, 151.9, 150.9, 150.8, 146.9, 142.9,
140.0, 132.0, 130.3, 129.3, 127.5, 123.1, 122.4, 121.5, 120.5, 120.3,
1176, 117.2, 116.4, 114.5, 112.2, 110.2, 56.1, 53.1, 52.4, 32.5; MS
m/z: 593.43 (M" + 1).

3-(4-Benzylpiperazin-1-yl)-N-(3-(3-(4-chloro-3-methoxyphenyl)-4-
(pyridin-4-yl)-1H-pyrazol-1-yl)phenyl)propanamide (11)

'H NMR (400 MHz, CDCl3) & 8.57 (d, 2H, J= 6.0Hz), 8.36 (s, 1H),
821 (s, 1H), 7.58 (dd, 1H, J= 1.2, 9.2Hz), 7.43 (t, TH, J= 8.0Hz),
7.33-7.29 (m, 5H), 7.16-7.11 (m, 2H), 3.79 (s, 3H), 3.58 (s, 2H),
2.81-2.58 (m, 12H); *C NMR (100 MHz, CDCl3) 6 170.9, 156.9,
150.9, 150.8, 146.9, 142.9, 140.0, 137.6, 132.5, 130.3, 129.1, 127.6,
123.0, 121.5, 120.2, 117.6, 114.3, 112.3, 110.2, 62.9, 56.1, 53.1, 52.3,
32.6; MS m/z: 608.1 (M* + 1).



3-(4-(4-Fluorobenzyl)piperazin-1-yl)-N-(3-(3-(4-chloro-3-
methoxyphenyl)-4-(pyridin-4-yl)-1H-pyrazol-1-yl)phenyl)
propanamide (1 m)

"H NMR (400 MHz, CDCl3) 6 8.49 (d, 2H, J= 6.0Hz), 8.26 (s, 1H),
8.09 (s, 1H), 7.48 (d, 1H, J= 8.0Hz), 7.36 (t, 1H, J= 8.0Hz), 7.26 (d,
1H, J= 8.0Hz), 7.19-7.17 (m, 5H), 7.05-7.01 (m, 2H), 6.92 (t, 3H,
J= 88Hz), 3.71 (s, 3H), 3.44 (s, 2H), 2.74-2.51 (m, 12H); '*C NMR
(100 MHz, CDCls) 8 170.7, 154.9, 149.9, 149.8, 140.6, 140.0, 133.2,
132.2, 130.6, 130.3, 127.1, 123.0, 122.7, 121.5, 120.3, 117.5, 115.3,
114.3, 112.3, 110.2, 61.9, 56.1, 53.4, 53.2, 32.5; MS m/z: 626.0 (M™
+ 2).

Cancer cell line screening at the NCI

Screening against the cancer cell lines was carried out at the
National Cancer Institute (NCI), Bethesda, MD, applying the stand-
ard protocol of the NCI'®.
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Antiproliferative assay against A375 human melanoma cell line

It was done as reported in our previous reports'’2%22,

Kinase profiling

Reaction Biology Corp. Kinase HotSpotSM service was used for
screening of compounds 1i, 1j, and 1l according to the reported
assay protocol®.

Results and discussion
Chemistry

Synthesis of the designed compounds 1a-m was carried out
using the reactions adopted in Scheme 1. The phenolic starting
material 2 was methylated using dimethyl sulfate in the presence
of potassium carbonate to yield the methoxy analogue,
which was further oxidised using potassium carbonate to 3-
methoxy-4-chlorobenzoic acid. Esterification of the 3-methoxy-4-
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Scheme 1. Reagents and conditions: (a) i) (CHs),SO4, K,CO;3, acetone, reflux, 1h; ii) KMnO4, CsHsN, H,O, 50°C, 24 h, then rt, 13 h; iii) acetyl chloride, CH;OH, rt, 15h;
(b) 4-picoline, LIHMDS, THF, rt, overnight; (c) DMF-DMA, rt, 18h; (d) hydrazine monohydrate, C;HsOH, rt, overnight; (e) 1-iodo-4-nitrobenzene, K,CO;, Cul, L-proline,
DMSO, 90°C, 8h; (f) Hy, Pd/C, THF, rt, 2h; (g) chloroacetyl chloride, or chloropropionyl chloride, TEA, CH,Cl,, —10°C, 15min; (h) appropriate amine derivative, TEA,

CH,Cl, 1t, 1h.
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chlorobenzoic acid with methanol in the presence of acetyl
chloride gave the corresponding methyl ester 3. Activation of
the ester with strong base as lithium bis(trimethylsilyl)amide
(LIHMDS) then dropwise addition of 4-picoline produced the pyr-
idyl intermediate 4. Cyclisation to the pyrazole compound 6 was
carried out by treatment of 4 with dimethylformamide dimethyl
acetal (DMF-DMA) to produce compound 5, and subsequent
addition of hydrazine monohydrate. Heating of 3,4-driarylpyazole
compound 6 with 3-iodonitrobenzene at 90°C in DMSO to get

Table 1. Structures of the target amide compounds 1a-m and their yield percent.

the 3-nitrophenyl derivative 7. The nitro derivative 7 underwent
reduction with Pd/C giving the amine compound 8. Compound
8 was reacted with either chloroacetyl chloride or chloropro-
pionyl chloride giving chloroacetamide or chloropropionamide
derivatives 9a,b, respectively. The reaction of the terminal alkyl
halide moiety of compounds 9a,b with substituted or unsubsti-
tuted aliphatic cyclic amines yielded the target compounds
1a-m. Structures of the target compounds and their yield per-
centages are illustrated in Table 1.

Compound
n R Yield %?
No.
1a 0 =] 55
1b 0 —N/\:/\o 46
1c 0 N N-Me 48
__/
1d 0 N et 49
__/
/ \
le 0 fNuN@ 60
—N/_\N
1f 0 - 65
1g 1 =] 62
1h 1 . —N/\:/\o 58
1i 1 v—N N-Me 56
__/
1j 1 —N/—\N—Et 61
___/
1k 1 fNCN@ 67
11 - N
1 - 71
Im . —N/\:/\N
1 68

?Yield of the last step.
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Figure 2. Mean percentage inhibition of target compounds against NCI-58 cancer cell line panel.

In vitro antiproliferative activity

Single-dose testing

The designed compounds’ structures were submitted to the
National Cancer Institute (NCl), Bethesda, MD, and nine of them
were chosen for testing their antineoplastic activity. The selected
compounds shown in Figure 2 were in vitro tested over 58 cancer
cell lines of nine different tissues (blood, lung, colon, CNS, skin,
ovary, kidney, prostate, and breast). They were examined at a sin-
gle-dose concentration of 10 uM, for detecting growth inhibition
percentages over the 58 tested cell lines. Figure 2 illustrates the
mean percentage inhibition of each tested compound against the
NCI-58 cancer cell line panel. The NCI results as well as representa-
tive '"H NMR, '>3C NMR, and MS spectra are depicted in the
Supplementary File.

The outcome data expressed that the 1,3,4-triarylpyrazole deriva-
tives possessing ethylene spacer (compounds 1g-j and 1l) showed
better activity than those derivatives with methylene spacer in com-
pounds 1a-d. They also exhibited higher mean % inhibition values
than those of methylene. This could be attributed to better com-
pound fitting and stronger affinity at the receptor site, or by even
increasing its lipophilicity. These effects would enable optimal drug
interaction in the enzyme active site, and therefore better antiproli-
ferative activity.

Regarding the effect of terminal moiety on the activity, it was
found that substitution with morpholine (1b,h) achieved better
mean % inhibition than that of piperidinyl derivatives (1a,g). This
may be due to the presence of the oxygen atom making more
hydrogen bond or enhancing the hydrophilic/aqueous solubility
properties hence more compound fitting inside the receptor. It
was also found that replacing morpholine with N-substituted
piperazinyl derivatives as methyl, ethyl, phenyl, and benzyl with
both shorter and longer spacer had made great enhancement of
activity which may be caused by nitrogen atom instead of oxygen
and protrusion of the substituent group; methyl, ethyl, phenyl, or
benzyl exhibited higher mean percentage inhibition than those
analogues without protrusion with lipophilic moiety leading to
either more fitting of the compound within the receptor site or
through enhancing its lipophilicity resulting in extra cell perfor-
ation and so, better cytotoxic activity (for methylene linker com-
pounds 1c,d gave higher mean percentage inhibition than
compounds 1a,b) and (for ethylene linker compounds 1i-m gave
higher mean percentage inhibition than 1g and 1h. So it could be
concluded that ethylene spacer and substituted piperazine deriva-
tives at the terminal position of the aminophenyl ring of the

pyrazole are optimum for activity. As expressed in Figure 2, we
can see compound 1l exhibited 107.21% mean inhibition percent-
age at 10 uM concentration and compounds as Th-j showed 72,
81, and 97%, respectively, as mean percentage inhibition.
Moreover, they exerted greater than 100% inhibition over many
cancer cell lines. For example, compound 1j exhibited 185.46,
169.25, and 163.6% against UACC-257, COLO 205, and MALME-3M
cancer cell lines, respectively. Other compounds have also
achieved broad-spectrum activity and better inhibition values of
more than 100% inhibition over various cancer cell lines as shown
in Figure 3.

Five dose testing

Compounds Th-j and 1l that have shown encouraging results in
single-dose testing were further selected for a five-dose testing
mode, to detect their IC5y values over 58 different cancer cells.
Table 2 illustrates the mean ICso values of these 4 compounds
over the nine cancer types.

The tested compounds exerted high activity with sub-micromo-
lar to one-digit micromolar 1Csy scale against all the nine cancer
subpanels. Compounds 1i,j, and 1l exerted superior potencies
compared with sorafenib (Table 2). Table 3 illustrates the 4 tested
compounds’ ICso data in five-dose testing mode over the most
perceptive cell line of each subpanel. Compounds 1h-j and 1l
exerted superior potencies against the most perceptive cell line of
each cancer subpanel as contrasted with sorafenib. Most of their
ICso values were in the sub-micromolar range. Among them, com-
pound 1j possessing ethylene spacer and N-ethylpiperazinyl ter-
minal moiety was the most potent.

A375 melanoma cell line screening

In addition to the 58 cancer cell lines, 10 of our target compounds
that were promising were tested also against A375 human melan-
oma cell line. The ICsq values are summarised in Table 4. The most
potent compound of the previous series with para substitution was
also reported for comparison?’. Sorafenib was used as a reference
standard. From Table 4, we can see that compounds exerted better
activity against sorafenib. They all exhibited lower ICso values than
that of sorafenib. Compounds with ethylene spacer (compounds
Th-m) were more active than those with methylene linker (com-
pounds Th-d and 1f). It was also found that substituted piperazinyl
derivatives with both methylene and ethylene spacer compound
1c-g and 1i-m were active than morpholino derivatives 1b,h,
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through the cell reaching its molecular target(s). We have also found

add to the compound’s lipophilicity so it may penetrate better
that compounds with N-methyl, ethyl, or benzyl piperazinyl
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Figure 3. Inhibitory effects of compounds 1h-j and 11 against the NCI-58 cancer cell line panel. (a) 1h, (b) 1i, (c) 1j, and (d) 11.

respectively, which may be attributed to presence of aliphatic or
aromatic substitution on piperazinyl moiety that may make more fit-

ting in the receptor through lipophilic interaction within it or even
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Table 2. Mean ICs, values (uM) of the tested compounds over in vitro subpanel cancer cell lines®.

Subpanel cancer line®

| Il n % v Vi Vil Vil IX
No. of cell lines in each subpanel 5 8 7 6 9 7 8 2 6
1h 2.25 3.12 2.35 248 1.44 2.81 297 2.1 2.25
1i 1.15 1.67 1.00 1.29 0.94 241 1.67 0.99 2.32
1j 0.41 0.85 0.54 0.55 0.71 1.16 0.80 0.44 0.74
1l 0.72 1.48 0.68 1.58 1.03 2.02 1.51 1.13 2.06
Sorafenib 243 225 2.19 233 1.87 2.88 2.94 2.58 217

®Mean ICsq values were calculated by dividing the summation of 1Cso values of the compound over cell lines of the same cancer type by the number of cell lines in
the subpanel. BI: Leukemia; II: non-small cell lung cancer; llI: colon cancer; IV: CNS Cancer; V: melanoma VII: ovarian cancer; VII: renal cancer; VIII: prostate cancer; IX:
breast cancer. Bold figures indicate superior potency than the reference drug, Sorafenib.

Table 3. 1Csq values (uM) of the tested compounds over the most sensitive cell line of each subpanel.

Cancer cell line

Compound no. SR HOP-92®  NCI-H522°  HCT-29°  SW-620°  SNB-75¢  SK-MEL-5°  OVCAR-3"  UO-319 pC-3" MDA-MB-468'
1h 0.68 2.06 0.44 1.90 1.56 0.82 0.62 0.64 1.69 1.74 0.63
1i 0.47 0.67 0.28 0.37 0.44 0.59 0.53 0.36 138 1.00 0.35
1j 0.43 0.78 0.27 0.38 0.34 0.39 0.51 0.35 0.92 0.45 0.27
1l 0.39 0.79 0.36 0.32 0.49 1.55 1.10 0.39 0.89 0.71 0.39
Sorafenib 3.16 1.58 1.99 1.99 251 3.16 1.58 251 251 1.99 1.99

3Leukemia cell line; ®non-small cell lung cancer cell line; “colon cancer cell line; 4CNS cancer cell line; ®melanoma cell line; fovarian cancer cell line; Srenal cancer cell
line; Mprostate cancer cell line; 'breast cancer cell line. Bold figures indicate superior potency than the reference compound, Sorafenib.

Table 4. 1Cso values of the tested compounds against A375 human melanoma
cell line.

Compound no.

ICsp (LM)?

4.46+0.35
4.24+0.25
4.02+0.26
4.37+0.36
262+1.21
0.96+0.13
0.82+0.15
1.64+0.23
1.24+0.38
1.66 +0.31
1.82+0.13

Sorafenib 5.60+0.52

®The 1Cs values are expressed as means of triplicate assays + SEM. The most
potent compound of para series.

moieties showed better IC5q on A375 melanoma cell line than that
of morpholino, phenyl, and fluorobenzyl piperazinyl moieties.
Compound 1¢,d with methylene spacer are more potent than 1f,b
and compounds 1i,j, and 1l with ethylene spacer are more potent
than compounds Tk,m. It was also found that the most potent com-
pound of meta series 1j exerted higher activity with 1Cs, value of
0.82 uM relative to that the most potent one of para series with ICsg
1.82 uM against A375 human melanoma cancer cell line.

In vitro kinase screening

In order to investigate the mechanism of action of these target com-
pounds at molecular level that showed promising results against
the cancer cell lines, the most potent compounds 1i, 1j, and 1l were
chosen to be examined at a single-dose concentration of 10 uM
over two types of kinases V600E-B-RAF which is over-expressed in
A375°° and some other cell lines from NCI panel such as SK-MEL-5,
and JNK kinases which is not overexpressed in such cell lines trying
to deduce their possible mechanism of action. As shown in Figure 4,
the three compounds showed stronger inhibitory effect over V60OE-

% Inhibition at 10 uM

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%
1i

1j 1l

mJNK-1 mBRAF(V600E)
Figure 4. Inhibitory effect of compounds 1i, 1j, and 11 on JNK-1 and V600E-B-RAF kinases.
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B-RAF kinase than JNK-1 kinase at 10 uM. Compound 1j exhibited
almost 100% inhibition against V600E-B-RAF kinase. The two other
compounds gave 86.57 and 97.92% against V600E-B-RAF, but 7.57
and 25.04% against JNK-1 kinase. This indicates that there is about 3
folds more selectivity against V600E-B-RAF kinase than that corre-
sponding to JNK-1 kinase. Compound 1j showed high activity over
several cancer cell lines in which V600E-B-RAF is over-expressed
such as COLO 205, HT 29 colon cancer cell lines, and SK-MEL-5 mel-
anoma cell line®. As explained previously, V600E-B-RAF is over-
expressed in diverse cancer types. So we can deduce from the
inhibitory effect of compound 1j on V600E-B-RAF kinases is, at least
in part, considered as a possible mechanism of its antiprolifera-
tive effect.

Conclusions

In this investigation, a series of new 1,3,4-triarylpyrazole analogues
having morpholino and substituted piperazinyl terminal moieties
were synthesised. Out of the thirteen submitted compounds, nine
were examined at single dose in vitro antiproliferative test over NCI-
58 cancer cell line panel of nine different cancer tissues, and four
promising compounds were selected for five dose testing mode.
The compounds were also tested against A375 human melanoma
cell line. These four compounds 1h-j and 1l with ethylene linker
and N-substituted piperazinyl showed higher mean percentage
inhibition of 72.18, 81.8, 97.68, and 107.21%, respectively, and com-
pound 1j possessing N-ethylpiperazinyl moiety attached to 1,3,4-tri-
arylpyrazole ring through ethylene linker showed the most
promising results at five-dose testing. It was also found that many
compounds with meta substitution of this nucleus has exerted
higher activity against A375 than that of para series. It showed ele-
vated potency and broad-spectrum antiproliferative activities over
several different cell lines of different cancer types higher than sora-
fenib. It has also exerted tremendous percentage inhibition against
V600E mutant B-RAF kinase of 99.17%. So N-substituted piperazinyl
moiety, ethylene spacer, and meta-disubstitued phenyl at N7 of the
core pyrazole ring are optimal for activity of these compounds. They
could express antiproliferative activity through inhibition of V600E-
B-RAF. Further modifications of this series in order to optimise the
scaffold and to improve their anticancer activities are in progress.
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