Hamd and Al-Lami Iragi Journal of Science, 2023, Vol. 64, No. 7, pp: 3205-3217
DOI: 10.24996/ijs.2023.64.7.1

N/
Iraqi

Journal of

Science

ISSN: 0067-2904

Anti-Breast Cancer Activity of Some Synthesized Pyrazole Derivatives
Bearing Imidazo[1,2a]pyridine Moiety

Amera H. Hamd*, Naeemah Al-Lami
Department of chemistry, college of science, University of Baghdad, Baghdad, Irag

Received: 24/2/2022 Accepted: 14/10/2022 Published: 30/7/2023

Abstract

A novel series of pyrazole derivatives containing imidazo[1,2-a]pyridine D1-D8
moiety has been synthesized. The reaction of 2-aminopyridine with 4-phenylphenacyl
bromide and 4-bromophenacyl bromide gave the products A and Al, respectively.
These products then reacted with DMF and POCI; to obtain new aldehyde derivatives
B and B1. These two aldehydes were condensed with various acetophenone
substitutes to yield the corresponding chalcone derivatives C1-C10. Following this,
the cycloaddition reaction with hydrazine hydrate provided new pyrazole derivatives
D1-D8. The prepared compounds were verified by FT-IR, 'H NMR, and *C NMR
spectroscopy. Two of these derivatives (C5 and D1) were chosen to investigate their
cytotoxic efficacy against breast cancer using the MTT assay.
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1. Introduction
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Compounds with only a nitrogen-bridgehead fused heterocyclic bearing an imidazole ring
are bioactive important due to their flexibility of biological action, such as antibacterial [1],
anticancer [2], antimicrobial [3], anti-inflammatory [4], and anticorrosion inhibitors [5].
Imidazole[1,2-a]pyridines have proved to be more selective pharmacologically as sedative-
hypnotic (Zolpidem) and anxiolytic (Alpidem) agents [6]. Pyrazoles are a family of five-
membered heterocycles that are particularly valuable in chemical synthesis [7]. Among the
azole family, they are one of the most investigated classes of chemicals. Over the years, several
synthesis methods and synthetic analogues have been documented. The presence of the
pyrazole nucleus in various structures leads to a wide range of uses in technology [8], medicine,
and agriculture [9]. They are classified as protein glycation inhibitors [10], antibacterial,
antifungal [11], anticancer [12], antidepressant [13], anti-inflammatory [14], anti-tuberculosis
[15], antioxidant [16], and antiviral agents [17]. Chalcones and pyrazole have a wide range of
pharmacological effects [18], including anti-inflammatory [19], antimicrobial [20],
antihypertensive [21], analgesic, antitumor, antiviral, antibacterial, anti-HIV, anticancer, and
anticonvulsant properties [22]. Because of chaconne’s biodynamic activities and their
usefulness as good synthesizers for various components that are heterocyclic, it is beneficial to
develop a couple of new chalcones. It was decided to prepare some novel pyrazole and a,f3-
unsaturated carbonyl compounds, which could possess anticancer and antibacterial properties.
This will be accomplished by reacting 2-aminopyridine with 4-phenyl phenacyl bromide and
4-bromo phenacyl bromide in the presence of sodium bicarbonate, yielding
imidazo[1,2a]pyridine A and Al. The products B and B1 were then synthesized by reacting A
and Al with POCIz in the presence of DMF (Vilsmeier conditions) [23]. The research aims to
focus on the introduction of chemical diversity into the molecular framework in order to
synthesize therapeutic active molecules of various compositions.

2. Materials and methods
2.1. Instruments and chemicals

Melting points were measured using digital melting point equipment and are uncorrected.
All *H and C NMR spectra were recorded on a Bruker ultra-shield 400 MHz spectrometer
with DMSO-ds as an internal standard. The FT-IR spectral data were recorded on a Shimadzu
FT-IR spectrophotometer using potassium bromide discs. All chemicals used in this work were
supplied by FDC Limited, CDH, BDH, Fluka, and Merck.

2.2. Synthesis
General synthesis of  2-([1,1'-biphenyl]-4-yl)imidazo[1,2-a]pyridine and 2-(4-
bromophenyl)imidazo[1,2-a]pyridine (A and Al) [24].

A mixture of 2-aminopyridine (1 g, 1.0 mmol) / 4-bromophencyl bromide or 4-
phenylphencyl bromide (1.0 mmol) was dissolved in ethanol (25 mL). The mixture was then
refluxed for 8 hours. The solution was then cooled and basified with NaOH (1.0 M) until it gave
a pH of 9 as determined by pH paper. The resulting solution was cooled and poured over
crushed ice. The formed precipitate was filtered and purified by recrystallizing from ethanol to
obtain compounds.

Synthesis of 2-(4-substituted phenyl)imidazo[1,2-a]pyridine-3-carbaldehyde (B1 and B2) [23].

In a round-bottom flask, a mixture of DMF (600 [IL) and POCI3z (1 mL) at 10 °C, was stirred
vigorously for 10 minutes. Compound A (2.5 g, 9 mmol) / Al (2.45 g, 20 mmol) was then added
to the reaction mixture. The reaction mixture was heated at 60 °C for 12 hours. After allowing
the liquid to cool, it was poured over ice cubes. The solid-crude material was then filtrated and
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recrystallized from ethanol and thoroughly rinsed with water to afford the desired products B1-
B2.

Synthesis  of  3-(2(4-substituted  phenyl)imidazo[1,2-A]pyridine-3-yl)-1,(4-substituted
phenyl)prop-2-en-1-one (C1-C10)[25].

A solution of substituted acetophenones (1.6 mmol) in ethanol (10 mL) was added to a
solution of B1 (440 mg, 1.6 mmol) / B2 (430 mg, 1.6 mmol) in ethanol (10 mL). A solution of
KOH (1 mL, 40%) was then added to make the reaction mixture alkaline. The reaction mixture
was stirred at room temperature for 24 hours. The solid-crude material was isolated by filtration
and crystallized from ethanol to give the title products C1-C10 [22].

Synthetic of 2-([1,1'-subphenyl]-4-yl)-3-(3-(4-subphenyl)-4,5-dihydro-1H-pyrazol-5-
yl)imidazo[1,2-a]pyridine[26].

A mixture of chalcones (10 mmol) and hydrazine hydrate (2 mL, 40 mmol) was refluxed for
10-11 hours. The resulting solution was poured on crushed ice, and the solid-crude material
product was filtrated before recrystallization from ethanol to afford the desired products D1-
D8.

Table 1: Physical properties of compounds A-D8

N =N Ci9H14N> - 270.33 213-216 Yello 90
Co-0-0 w
©¢N C13H9BrN> - 273.13 192-194 Orang 92
h ) .

Z\ CooH14N-O - 298.34 199 White 70
CH-0-CO

ZN=N C14H9BIrN2O - 301.14 220 Brown 65
CHO
Z\ CasH20N20 = 400.47 157-158 Yello 60
. N w

NO 44547 173-175 Brown

Ao
0
Z NN
N N C2sH19N303 2 71

OH 416.47 167-169  Green 67

0
Z NN
\ N C2sH20N202

C2sHi1sN2OBr  Br 479.37 164-166 Off 69

0
NN f
S N white
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C2sH19N2OCl  ClI 434.92 163-165  Yello 64

68

=N =N C2H15N,OBr H 403.27 169-171 White
Z =N C22H14N3O03B NO 448.27 174-176 Off 70
N N\<>—<<:j>—3r r 2 white

~H

ZN=N CaoHisN2O:B OH  419.27 170-172  Yello 76
N N\<>——<::>}—Br r W
H0=C—C—4<::>FR
"6
ZN=N C2H14N2OBr  Br 482.17  188-191  White 60
Hc=C—C—4<::>FR
H
0

Cl 437.72 176-178  Yello 69

= N—=N
N N\%—QBr C22H14N,OCI W
Br

HC=C—$IJ R
O

C23H21N502 NO 459.50 190 Yello 64
N 2 w

R

HN—
CsHzN,O OH 43050 188  Yello 61
HN— N
_N CxHaNBr  Br 49340 180  White
S, O W,
/ R
HN—N
CxHaNCl  Cl 448.95 off 65
N N 176 white
HN— N
/

szHleNsozB NO 462.30 190 Yello 64
\ N / Br r 2 w

/R
HN—N

ZN=N C22H17N4OBr  OH  433.30 188 Yello 61
NN Qii» Br w
ava

HN—N
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= N=N C22H15N4BI'2 Br 496.20 180 White 62
SV
ava
HN—N
ZN=N C22H16N4Cl Cl 451.75 176 Off 65
N/ Qii» Br Br white
ava
HN—N

3. Cytotoxic effect of compounds C5 and D4 on the MCF-7 cell line (breast cancer) in vitro
using the MTT assay

The 3-(dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test was used to
investigate the cytotoxic effects of compounds C5 and D4 on a breast cancer cell line (MCF-
7). The cell viability and inhibition rate of the tumor cell line were assessed by the MTT test
using a range of concentrations for compounds C5 and D4. The proportion of live cells was
determined by comparing treated cells to the untreated cell line WRL-68. In concentrations
ranging from 12.5 to 400 g/mL, compounds C5 and D4 were cytotoxic to MCF-7 cells [26]
(Tables 5 and 6).

4. Results and discussion
4.1. Chemistry

The synthesis of pyrazole derivatives D1-D8 was achieved by the cycloaddition reaction of
chalcones C1-C10 with hydrazine hydrate. The Claisen-Schmidt reaction was used to prepare
a,B-unsaturated carbonyl derivatives by treating aldehyde with acetophenone derivatives. The
structure of the products C1-C10 was confirmed by FT-IR spectroscopy, which showed
absorptions for the =C-H group between 2781 and 2966 cm™. The *H NMR showed signals
from 8.69 to 6.68 ppm belonging to the protons of the a,B-unsaturated ketone at C1-C10. The
FT-IR spectral data of compounds D1-D8 confirms the presence of the NH of the pyrazole ring
at 3319-3180 cm™. Furthermore, C-H stretching vibrations of the a,B-unsaturated ketone
disappeared, which is considered good evidence for the formation of the pyrazole moiety. The
'H NMR spectra showed signals between 8.15 and 8.21 ppm attributed to the NH proton of the
pyrazole ring.
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Scheme 1: Chemical synthesis of intermediate and target compounds

2: The FT-IR spectral data (cm™) of all
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O 3033 2866 1602 OH
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N N 3062 2921 - 1631 1560
NN O B O 1596 N-H
O 3313

AN =N O 3068 2998 - 1627 1512
NN O Br H 1608 N-H

P

Y
w
s
(o]
o

HN—N
NN Br 3037 2921 - 1633 1500
SN O Br 1575 N-H
3371
R
HN—N
NN Cl 3099 2977 - 1639 1413
SN/ O Br 1558 N-H
O 3286
R
HN—N

Table 3: The 'H NMR spectral data (8, ppm) of compounds A-D5

- 6.89-8.44 - - -

NN . 6.86-8.26 . .
AP

- 7.27-8.3 9.62 - -

Y - 6.86-8.69 9.75 ; ;
N N\%_@ Br
CHO
AN NO, 6.90-8.51 8.7 :
\ N 84
HC=CH- c
OH 6.68-8.30 7.91 - 945
8.23
HC=CH- c
cl 6.82-7.76 8.29 ; ;
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NN OH 6.65-7.73 4.88 8.2 -
0-0=C0)
=
HN-N
Z =N NO; 6.67-8.13 4.20 8.1 -
-0=0) .
O
HN—N

Table 4: The 13C NMR spectral data (8 ppm) of compounds (A-D5

127,128,129  145.1,130,1

"
: - 126,128,129 145,134,113 - -
/
- 114,126,131,1 153 188 -
N N 29

CHO
114,126,128,1 145 198 -

HC:CH—(I}@»R
0
A\ N OH 114,127,128,1 145.1 189 C-OH
. 29 164

HC= CHC

114,117,124, 144.8 - C-NH

@r 128,129 455
(C-N)

150

4.2. Biological act|V|ty

Cell viability was reduced by increasing the concentration of compounds C5 and D4, which
showed a decrease in cell viability in a dose-dependent pattern. In the case of compound C5,
the decrease in MCF-7 cell line viability (%) was noticed at 400 pg/mL (34.73 £ 0.93%), while
the highest MCF-7 cell viability at 12.5 ug/mL was reached (95.14 + 2.31%). Compound C5
exhibited cytotoxic activity with an 1C50 value of 90.97 ug/mL from the compound’s effect on
the MCF-7 cell line. However, an 1C50 value of 147.8 ug/mL was obtained from the effect of
compound C5 on the WRI-68 normal cell line (Figurel). In terms of compound D4, the
decrease in MCF-7 cell viability (%) was noticed at 400 ug/mL (55.29 = 1.82%), while the
highest MCF-7 cell viability at 12.5 ug/mL reached 94.83 + 1.01%. Compound D4 exhibited
cytotoxic activity with an 1C50 value of 111.0 ug/mL of the compound’s effect on the MCF-7
cell line. However, an IC50 value of 115.2 ug/mL was obtained from the effect of compound
D4 on the WRI-68 normal cell line (Figure 2).

Table 5: Cytotoxicity effect of compound C5 on MCF-7 and WRI-68
MCF-7 WRL68
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Concentration Mean + SD
Mean = SD
34.73+0.93 72.65+1.96
41.81+0.41 80.21+3.11
61.96+4.39 85.65+3.32
73.23+2.72 94.17+0.77
84.14+0.83 96.18+0.23
95.14+2.31 94.29+2.98
100
80 -
32 ICs50 147.8
= 60-
=
©
= ICs, 90.97
-~ MCF-7 50 ¥%-
20+ - WRL68
0 L] L] L] 1
1.0 1.5 2.0 2.5 3.0

Log Concentration ng mL"

Figure 1: Cytotoxic effect of compound C5 on MCF-7 and WRL-68 cells

Table 6: Cztotoxicitx effect of comEound D4 on MCF-7 and WRI-68 cells

MCF-7 WRL68

Concentration Mean + SD Mean + SD
400.00 55.29+1.82 71.95+0.81
200.00 64.99+3.32 76.70+2.61
100.00 75.36+2.23 84.34+2.66
50.00 92.48+3.82 86.07+1.92
25.00 94.71+0.44 95.22+0.82
12.50 94.83+1.01 95.95+1.03
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100

80+
ICs0 115.2

60+
ICs0 111.0

Viability %

404
-~ MCF-7

20+ - WRL6ES

1.0 1.5 2.0 2.5 3.0
Log Concentration ng mL""

Figure 2: Cytotoxic effect of compound D4 on MCF-7 and WRL-68 cells

5. Conclusion

In this work, a variety of pyrazole-bearing imidazo[1,2-a]pyridine derivatives have been
synthesized. Two of these derivatives (C5 and D1) were investigated. Two chlorine-containing
compounds (C5 and D4) were selected for testing the cytotoxic efficacy against breast cancer
using the MTT assay. As shown in Tables 5 and 6, is possible to conclude that the values of
IC50 play a critical role in determining the effect of the compounds on cancer cells since
compound C5 has a lower 1C50 value. Therefore, it has the best activity on cancer cell lines
compared to compound D4, which has a higher IC50 value. Moreover, compound C5 is
considered less toxic to normal cells since it gave a high value of IC50 compared to compound
D4. Based on these results, compound C5 was considered better than compound D4 for
cytotoxic activity.
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