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Introduction imidazo(1,2-a)pyridine) derivatives with

propargyl bromide. Propargylamines are
widely used in organic synthesis to form
diverse heterocyclic compounds [11], natural
products, and bioactive compounds [12-14].
These compounds have a significant role in
many  pharmaceutical and  biological
applications, such as anti-cancer [15],
antibacterial [16], anti-fungal [17],
antiproliferative [18]. Conventional synthesis
methods of propargyl amines involve
amination of propargylic halides, phosphates,
or triflates [19-21] and the reaction of lithium
acetylides or Grignard reagents with imines
or their derivatives [22,23]. Multi-component
reactions are significant and desired because
they produce several bonds in a one-pot, have
a high atom economy, are gentle and simple

Heterocyclic compounds are of main interest
in medicinal chemistry. The most complex
branches of chemistry are normally
heterocyclic chemistry. Most synthetic
heterocyclic compounds act as a drug and are
used as anticonvulsants, hypnotics,
antineoplastic, antiseptics, antihistaminic,
antiviral, anti-tumor. Every year many
heterocyclic drugs are being introduced in
the pharmacopoeia [1-2]. Among the various
medical applications, heterocyclic compounds
have a significant active role as antiviral [3],
antibacterial [4-5], anti-inflammatory [6],
anti-fungal [7], and anti-tumor drugs [8-10].
propargyl amines were synthesized by the
reaction of disubstituted imidazo[1,2-
a]pyridine (2-aryl-3-pyridine-2-ylamino
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to perform, and are ecologically friendly. The
Strecker reaction, which was discovered in
1850 and was the first multicomponent
reaction (MCR), was one of the most
important reactions, especially in the life
science perspective [24].

Materials and methods
Experimental Instruments

A. Melting point was recorded using
electrothermal melting point apparatus.

B. The (*H and 33C NMR) spectra were
recorded on Bruker ultra-shield 500MHz
spectrometer using DMSOd6 as solvent as an
internal standard.

C. Chemical shift values are listed in 6 scale.
The IR spectra were recorded on

Schimadzu FTIR spectrophotometer by using
potassium bromide discs.

D. Cytotoxic effect of some compounds on HL-
60 cell line (human leukemia cell line) in
Vitro Using MTT Assay.

Synthesis of 2-aryl-3-(pyridine-2-
ylamino)imidazo[1,2-a]pyridines  (General
procedure ) (Figure 1)[25].

A mixture of acetophenones (0.005 mol)
and I; (0.01 mol) in DMSO (25 mL) was
heated under reflux at 100 °C for 3 h. After
that, 2- aminopyridine (0.0075 mol) was
added and then heated for an additional 3 h.
The resulting solution was cooled and poured
to crushed ice. The formed precipitate was
filtered and purified with the water for 3 h
and dry precipitate after that purified by
compounds. The
characterization data of the compounds are
given below (Table 1).

ethanol to obtain

2-Phenyl-N-(pyridin-2-yl)imidazo[1,2-
alpyridin-3-amine (al)

Elemental analysis was as follows: C1gH14N4

IR (KBr /cm): 3145(N-H), 3060 (Ar-H),
1600(C=N) imidazo, 1573(C=C). 'H-NMR
(DMSO0,500 MHZ) 6 (ppm): 6.78-8.45 (m, Ar-
H), § 10.18(s,1H, NH) 13C-NMR (DMSO, 500

A.Z. Hattab et al.

MHZ) §(ppm):154.1-134.8 (C=N) 129.2-107.1
(C=C).

2-(4-Bromophenyl)-N-(pyridin-2-
yl)imidazo[1,2-a]pyridin-3-amine (aZ2)

Elemental analysis was as follows: C1sH13BrNy
IR (KBr/cm): 3251(N-H), 3070(Ar-H),
1631(C=N)imidazo, 1595(C=C), 754(C-Br),
1H-NMR (DMS0,500 MHZ) §(ppm): 6.77-8.46
(m, Ar-H), § 10.18(s,1H, NH) 13C-NMR (DMSO,
500MHZ) 6(ppm):154.5-134.8(C=N), 132.1-
107.8(C=C),123.1(C-Br)

2-(4-Nitrophenyl)-N-(pyridin-2-
yl)imidazo[1,2-a]pyridin-3-amine (a3)

Elemental analysis was as follows: C1gH13N50:
IR (KBr/cm1): 3236(NH-), 3072(Ar-H),
1600(C=N) imidazo, 1575(C=C), 1519 and
1344(N0O2). 'H-NMR (DMSO,500 MHZ)
6(ppm): 6.71-8.41 (m, Ar-H), § 10.18(s,1H,
NH) and 13C-NMR (DMSO, 500 MHZ) §(ppm):
134.8-154.8(C=N), 107.3-138.3 (C=0),
147.9(C-NO2).

2-(4-Chlorophenyl)-N-(pyridin-2-
yl)imidazo[1,2-a]pyridin-3-amine (a4)

Chemical Formula: C1gH13CIN4 IR (KBr/cm-1):
3245(N-H), 3099(Ar-H), 1623(C=N)imidazo,
1591(C=C), 744(C-Cl), H-NMR (DMSO0,500
MHZ) 6(ppm): 6.72-8.43 (m, Ar-H), &
10.18(s,1H, NH), 3C-NMR (DMSO, 500 MHZ)
S(ppm): 134.8-154.8(C=N), 107.3-138.3
(C=0), 134.3(C-Cl).

2-(4-Aminophenyl)-N-(pyridin-2-yl)
imidazo[1,2-a]pyridin-3-amine (a5)

Elemental analysis was as follows: C1gH1s5Ns
IR (KBr/cm1): 3396 and 3332 (NH2),
3226(NH), 3064(Ar-H), 1620(C=N)imidazo,
1593 and 1566(C=C) 'HNMR (DMSO0,500
MHZ) ©6(ppm): 6.51-8.60 (m, Ar-H), 6
10.18(s,1H, NH), 6 5.41(s, 2H, NH2). 13C-NMR
(DMSO, 500 MHZ) §(ppm): 134.8-153.8(C=N),
108.3-138.3 (C=C), 142.6(C-NHz).
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4-(3-(Pyridin-2-ylamino)imidazo[1,2-
apyridin-2-yl)phenol (a6)

Elemental analysis was as follows: C1gH14N4O
IR (KBr/cm1): 3429(0H), 3114(NH),
3080(Ar-H), 1604(C=N)imidazo, 1579(C=C);

Z =N
Nt
N

N

H
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1H-NMR (DMS0,500 MHZ) §(ppm): 6.82-8.26
(m, Ar-H), § 10.18(s,1H, NH), § 9.71 (s, OH).
13C-NMR (DMSO, 500 MHZ) §(ppm): 134.8-
158.8(C=N), 107.3-138.3 (C=C), 158.5(C-OH).

(a1- a6)
FIGURE 1 structural of 2-aryl-3-(pyridine-2-ylamino)imidazo[1,2-a]pyridine (al-a6)

TABLE 1 Physical properties of compounds (al-a6)

Compound Molecular
R

.No. Formula
al -H C13H14N4
a2 -Br C18H13BrNy
a3 -NO; C1g8H13N;502
a4 -Cl C18H13C1N4
a5 -NH2 C18H1sNs
a6 -OH C18H14N40

Synthesis of propargylamines compounds
(General procedure) (b1-b6) (Figure 2) [26]

To a mixture of compounds (al-a6) (0.003
mol) and K;COz (0.003 mol) in DMF (25 mL)
solvent for (1/2 - 1) h, propargylbromide no.
of moles (2-3 mL) and add from toluene (1.5-
2.5 mL) in that same time was added at (40 -
50) C® temperature. The reaction mixture was
refluxed for 24 h. After the reaction ended,
the mixture was poured into crushed ice and
The
precipitate was filtered and purified by
diethyl ether to obtain compounds, yield 60%
128-130C° properties. The
characterization data of the compounds are

stirred for 15 minutes. formed

and m.p
given below (Table 2).

Spectroscopy of prepared compounds was
as follows:

2-Phenyl-N-(prop-2-yn-1-yl)-N-(pyridin-2-
yl)imidazo[1,2-a]pyridin-3-amine (b1)

Melting point Yield
(€Y Color (%)
160-163 Brown dark 60
154-157 brown 70
128-130 brown 75
150-154 Brown dark 50
172-175 olive dark 80
130-133 brown 80

C21H1ieNs IR (KBr/cm’l): 3303(CEC-H),

2123(C=C), 1593(C=N) imidazo, 1508(C=C)
IH-NMR (DMSO0,500 MHZ) &(ppm): 8.83-
6.67(m, Ar-H), 4.67(s,2H, CH2), 3.08(s,1H,
C=C-H). 13C-NMR (DMSO, 500 MHZ) §(ppm):
161.3-134.4(C=N), 138.6-109.3(C=C), 78,
73(C=C), 43.3(CH2).

2-(4-Bromophenyl)-N-(prop-2-yn-1-yl)-N-
(pyridin-2-yl) imidazo[1,2-a] pyridin-3-amine
—y3

Elemental analysis was as follows: C21H1sBrN4
IR (KBr/cm1): 3285(C=C-H), 2123 (C=(),
1637(C=N) imidazo, 1587 (C=C), 754 (C-Br)
IH-NMR (DMSO,500 MHZ) &(ppm): 8.43-
6.95(m. Ar-H), 4.69(s.2H, CH2), 3.02(s,1H,
C=C-H), 3C-NMR (DMSO, 500 MHZ) §(ppm):
162.2- 134.3(C=N), 138.7-109.4(C=C),
78.4,73.1(C=C), 43.3(CH2),123(C-Br).
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2-(4-Nitrophenyl)-N-(prop-2-yn-1-yl)-N-
(pyridin-2-yl)imidazo[1,2-a]pyridin-3-
amine......(b3)

Elemental analysis was as follows:
C21H15Ns02  IR(KBr/cm1):  3267(C=C-H),
2125(C=C), 1635(C=N)imidazo, 1598(C=C),
1431,1344(N0Oz), tH-NMR (DMSO0,500 MHZ)
S(ppm): 8.83-6.87(m. Ar-H), 4.67(s, 2H, CH2),
3.09(s. 1H, C=C-H), 3C NMR (DMSO, 500

MHZ) 8(ppm): 161.5-134.4(C=N),
137.9109.7(C=C),  77.9,73.3(C=C),148.5(C-
NO,).

2-(4-Chlorophenyl)-N-(prop-2-yn-1-yl)-N-
(pyridin-2-yl)imidazo[1,2-a]pyridin-3-amine

Elemental analysis was as follows: C21H15CIN4
IR (KBr/cm-1): 3245(C=C-H), 2183 (C=C(),
1616(C=N)imidazo, 1556,1514(C=C) 743(C-
Cl), tH-NMR (DMSO0,500 MHZ) &(ppm): 8.44-
6.59(m. Ar-H), 4.68(s.2H, CH2), 3.08(s,1H,
C=C-H), 3C-NMR (DMSO0, 500 MHZ) &(ppm):
161.2-134.3(C=N), 138.7-109.4(C=C),
78.4,73.1(C=C), 43.3(CH2),134.1(C-Cl).

Srate
G\, ~CH,-C=CH

(1b - 4b)

CHzC CH
N N\<\ ( j
N~GH,czcH
N
C

(5b)

A.Z. Hattab et al.

N-(prop-2-yn-1-yl)-2-(4-(prop-2-yn-1-
ylamino)phenyl)-N-(pyridin-2-yl)imidazo[1,2-
aJpyridin-3-amine (Equation 1)........ (b5)

Elemental analysis was as follows: C27H21Ns

IR (KBr/cm-1): 3284,(C=C-H), 2123(C=C(),
1610(C=N)imidazo, 1581 (C=C). H-NMR
(DMSO, 500 MHZ) 8(ppm): 8.35 - 6.51(m, Ar-
H), 4.68(s, 2H, CH2), 3.9(s, 2H, CH2), 3.09(s,

1H, C=C-H). 13C-NMR (DMSO, 500 MHZ)
5(ppm): 161.3-134.4(C=N), 138.2-
109.3(C=C), 765 7570.3(C=C), 483,

32.5(2CH2),149(C-NH).

N-(prop-2-yn-1-yl)-2-(4-(prop-2-yn-1-
yloxy)phenyl)-N-(pyridin-2-yl)imidazo[1,2-
ajpyridin-3-amine ......(b6)

Elemental analysis was as follows: C24H1sN4O
IR(KBr/cm-1): 3280(C=C-H), 2119(C=(Q),
1637(C=N)imidazo, 1595(C=C). !'H-NMR
(DMSO0,500 MHZ) &(ppm): 8.42-6.20(m, Ar-
H), 4.66(s, 2H, CH2) 3.52-3.09(s, 1H, C=C-H).
13C-NMR (DMSO, 500 MHZ) 6(ppm): 161.3-
139.2(C=N), 137.9-110(C=C), 78.7-71.3(C=C),
53.3,40.3(CH2).

2 N\eN O,CHZCECH
SN

N-CH,czcH

=

(6b)

FIGURE 2 Chemical structures of propargyl derivativs of imidazo pyridine

TABLE 2 Physical properties of compounds (b1-b6)

Compound Molecular
R

.No. Formula
b1 -H C21H16N4
b2 -Br C21H1sBI'N4
b3 -NO; C21H15Ns02
b4 -Cl C21H15CINg
b5 o C27H21Ns
b6 o - C24H1gN4O

Results and discussion

One-pot reaction was performed for

synthesis 2-aryl-3-(pyridine-2-

Melting point Yield
(€9) Color (%)
130-128 black 60
234-232 brown 65
179-175 Dark brown 80
oily brown 50
295-293 brown 80
184-182 brown 79

ylamino)imidazo[1,2- a]pyridine derivatives
(al1-a6) from the reaction of 2-aminopyridine
with different substituted acetophenones in
the prescience of I; and DMSO (Scheme 1).
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These compounds were identified by the
absence of the characteristic bands in the FT-
IR spectrum for one carbonyl group and one
NH; group and the appearance of new peaks
at (1600-1631 cm1) for (C=N) imidazo and at
(3100-3300 cm) for (NH) group. HNMR
spectrum showed multiple signals for (Ar-H,
NH) protons at (8.83-6.5 ppm) and
for(s,1H,0H) for (a6) compound 9.71 ppm.
Also, these compounds’ synthesis was
identified by 13CNMR spectrum that showed
signals at 169.3-147.1 ppm (C=N) and at
138.1-109.3 ppm(C=C).

QA H Q Hy
fo &
N ( v
R HI

0
R [ .
S R

R,1=-H
R, 2= -Br
R, 3=-N 02
R4=Cl R
R, 5=-NH,
R,6=-OH

AN (NH
/@)‘\/A_Ei
R \__/

o
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The second step was the synthesis of
propargylamines by the reaction of (al-a6)
compounds with propargylbromide as SN2
(Scheme 2). The
characteristic peaks of
propargylamines compounds in the FT-IR
spectrum were at (2183- 2119 cm-1) owing to
(C=C) and at (3277- 3224 cm-1) owing to
(C=C-H). *HNMR signals at 3.8-3.02 ppm (s,
1H, C=C-H). 13CNMR showed new signals at
78.4, 73, 72 ppm for (C=C), 56.3, 43.3, 30.5
ppm for (CHz).

reaction absorption

these

o H H Q
D . CHO S
5 e + HsC~ “CHs
é) -H
P S R

&
H,N Ne
)
Yﬁl B
(@)

C) N
R PT R ~_N /
N N
., Y NH

SCHEME 1 synthesis mechanism of compounds (al-a6)
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SCHEME 2 synthesis mechanism of compounds (b1 - b6)

Cytotoxic effect of (5a,5b) compound on HL-60
cell line (human leukemia cell line) in Vitro
Using MTT Assay

The test of 3-(dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was
accomplished to evaluate the cytotoxic effect
of (5a and 5b) compound on leukemia cancer
cell line (HL-60). MTT assay was performed
to calculate the cell viability and inhibition
rate on the tumor cell line using different
concentrations of (5a, 5b) compounds. The
percentage viability of treated cells was
calculated compared with normal cell line
WPL-68. The cytotoxic effect of (5a,5b)
compounds in concentration ranged from
6.25- 400 pg/mL on HL-60 cells (Tables 3 and
4), which showed a decreased in cell viability
in a dose-dependent pattern. The cell viability
was reduced by increasing the concentration
of (5a,5b) compounds.

In case (a5) compound, the decreasing in
HL-60 cell line viability (%) was noticed at
400 pg/mlL (39.35 + 4.78%) while the highest
HL-60 cell viability at 6.25 pg/mL reached
(95.95+0.53%).

An (a5) compound exhibited cytotoxic
activity with an IC50 value of 112.9 pg/mL
from the compound’s effect on the HL-60 cell
line. However, an IC50 value of 245.7 pg/mL
was obtained from the effect of (a5)
compound on the WRI-68 normal cell line
(Figure 3).

In case (b5) compound, the decreasing in
HL-60 cell viability (%) was noticed at 400
ug/mL (41.01+ 4.18%) while the highest HL-
60 cell viability at 6.25 pg/mL reached
(96.14+1.05%).

A (b5) compound exhibited cytotoxic activity
with IC50 value of 104.3 pg/mL from the
compound’s effect on the HL-60 cell line.
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However, an IC50 of 121.3 pg/mL was WRI-68 normal cell line (Figure 4).

obtained from the effect of (b5) compound on
Br

= /N ¥: 7z /N S
~ N\/(\ < > NH; > SN/ NH
b K,CO; DMF , 24h \
\\ ~ —=
N
Y \ /N
as b5

EQUATION 1 Synthesis of propargyl derivatives

TABLE 3 Cytotoxicity effect of (a5) compound on HL-60 and WRI-68 cells after 24 h incubation

at 37 oC

. Viable cell count of HL-60 cell Viable cell count of WRL-68
Concentration of (5a)

compound pg/mL line cell line
p HE Mean £ SD Mean £ SD
400.00 39.35+4.78 70.41+2.86
200.00 48.03+2.55 84.80+1.20
100.00 71.49+3.40 93.60+2.10
50.00 90.70+3.18 94.17+1.57
25.00 95.72+0.81 95.22+0.82
12.50 95.18+1.28 95.18+0.41
6.25 95.95+0.53 95.29+1.05
100
80
=S IC5, 245.7
= 60
=
T
5 404 ICs5q 112.9
-- HL-60
20 -~ WRLG68
0 L T L} 1 1
0.5 1.0 1.5 2.0 2.5 3.0

Log Concentration ng mL"

FIGURE 3 Cytotoxic effect of (a5) compound on HL-60 and WRL-68 cells after 24 h incubation at
37 <C

Archive of SID.ir



Archive of SID.ir

Page |229 E i
ge ) sam Marssrl

Communications

A.Z. Hattab et al.

TABLE 4 Cytotoxicity effect of (b5) compound on HL-60 and WRI-68 cells after 24 h incubation

at 37 °C

Viable cell count of HL-60 cell

Concentration of (5b)

Viable cell count of WRL-68

compound pg/mL celljine
p Mg Mean + SD Mean + SD
400.00 41.01+4.18 65.70+3.65
200.00 48.26+4.63 70.60+6.47
100.00 66.05+2.41 84.16+2.72
50.00 75.15+£5.10 91.94+4.48
25.00 83.22+1.33 95.80+0.88
12.50 95.41+1.41 94.91+2.20
6.25 96.14+ 1.05 96.10+0.48
100
80
B ICso 121.3
2 60- b
=
)
S 404 ICg50 104.3
-o- HL-60
20 -- WRLG6S8
o ] L] | T 1
0.5 1.0 1.5 2.0 2.5 3.0

Log Concentration ng mL"?

FIGURE 4 Cytotoxic effect of (b5) compound on HL-60 and WRL-68 cells after 24 hours

incubation at 37 °C
Conclusion

In this work, a variety of imidazo [1,2- a]
pyridine derivatives have been synthesized
from  2-aminopyridine and  different
substituted  acetophenones  synthesized
compounds (al..a2..a3..a4..a5...a6)

As shown in the first scheme while in
scheme two 2-aryl-3-(pyridine-2-
ylamino)imidazo[1,2-a]pyridines derivatives
with propargylbromide synthesized
compounds (b1..b2..b3..b4..b5..b6).

An (a5) compound exhibited cytotoxic
activity with IC50 value of 112.9 pg/mL from
the effect of the compound on the HL-60 cell
line, While A (b5) compound exhibited
cytotoxic activity with IC50 value of 104.3

react

ug/mL from the effect the compound on the
HL-60 cell line.

An (a5) compound exhibited cytotoxic
activity with 1C50 value of 245.7 pg/mL from
the effect of the compound on the WRL-68
cell line, While A (b5) compound exhibited
cytotoxic activity with IC50 value of 121.3
pug/mL from the effect the compound on the
WRL-68 cells cell line.

From the previous results, it was possible
to conclude that the values of IC50 play a
critical role in determining the effect of the
compounds on cancer cells since compound
(b5) has a lower IC50 value therefore it has
the best Cytotoxic activity on cancer cells line
compared to compound (a5) which has a
higher IC50 value. Moreover, compound (a5)
is considered less toxic to normal cells since it
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gave a high value of IC50 compared to (b5).
Based on these results, (a5) compound was
considered better than (b5) as cytotoxic
activity.
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