
Synthesis of novel pyridine and pyrazolyl pyridine conjugates with potent cytotoxicity 

against HepG2 cancer cells as PIM-1 kinase inhibitors and caspase activators 

Mohamed S. Nafie1.2, Ahmed Hamza2,3, Ahmed H. Moustafa4, Hassan A. El-Sayed4,5, Samir M. El Rayes2, 

Hesham A. Morsy 6 ,Ahmed Aboelmaged2

1Department of Chemistry, College of Sciences, University of Sharjah, (P. O. 27272) ,Sharjah, United Arab 

Emirates.
2Department of Chemistry, Faculty of Science, Suez Canal University, Ismailia, 41522 Egypt
3Department of Community Health, Community Health, Diwaniyah Technical Institute, Al-furat Al-Awsat 

Technical University, Kufa, Iraq
4Department of Chemistry, Faculty of Science, Zagazig University, Zagazig, 44519 Egypt
5 Alzahrawi university college, Karbala, Iraq
6Higher Institution of Engineering & Modern Technology, Elmarg, Cairo, Egypt

*Corresponding author: Mohamed S. Nafie; mohamed_nafie@science.suez.edu.eg Hassan A. El-Sayed; 
hasanneg@gmail.com, Ahmed H. Moustafa;  ah_hu_mostafa@yahoo.com

List of contents

1. Characterization of tested compounds using NMR and IR. 
2. Flow cytometry analysis of Annexin V/PI staining.

Supplementary Information (SI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2024

mailto:mohamed_nafie@science.suez.edu.eg
mailto:hasanneg@gmail.com
mailto:ah_hu_mostafa@yahoo.com


34
84

16
45

15
97

15
18

14
95

14
30

13
79

12
81

12
11

11
18

10
93

10
25 90

6
87

4
82

2
79

6
78

4
77

2
56

0
45

0

40

60

80

500100015002000250030003500
Wavenumber cm-1

                      

OH
O

N
H

O

Cl

N

4



OH
O

N
H

O

Cl

N

4



17
50

15
86

15
16

14
96

14
38

13
44

12
76

12
09

11
29

10
93

10
50

10
27 82

3
76

7
70

3
58

4
55

4
52

8
48

1
46

2

55

65

75

85

500100015002000250030003500

O
OEt

O

Cl

HO

ONC

N

5



O
OEt

O

Cl

HO

ONC

N

5

O
OEt

O

Cl

HO

ONC

N

5



16
46
.1
1

15
99
.5
9

15
18
.0
5

14
95
.2
5

14
29
.7
4

13
79
.3
5

12
81
.1
1

12
58
.1
9

12
11
.2
2

11
18
.5
9

10
93
.8
8

10
25
.2
1

90
6.

77

87
4.

47

82
2.

54

79
6.

70

78
4.

16

77
1.

82

55
9.

91

45
0.

26

50
0

100
0

150
0

200
0

250
0

300
0

350
0

30

40

50

60

70

80

90

N

NC O

HO

Cl

O
N

6



N

NC O

HO

Cl

O
N

6

N

NC O

HO

Cl

O
N

6



N

NC O

HO

Cl

O
N

6



N

NC O

HO

Cl

O
N

O
7

N

NC O

HO

Cl

O
N

O
7



200 180 160 140 120 100 80 60 40 20 0 pp
m

5
5
.

8
2

1
0
6
.

2
7

1
1
2
.

5
6

1
1
5
.

5
3

1
1
6
.

9
9

1
2
1
.

8
9

1
2
6
.

5
3

1
2
8
.

8
8

1
2
9
.

6
1

1
3
1
.

4
3

1
3
5
.

8
8

1
4
7
.

5
5

1
4
9
.

1
9

1
5
9
.

4
8

1
6
2
.

3
0

Current Data 
ParametersNAME     D-ahmed-39-

c13EXPNO                
10PROCNO                

1F2 - Acquisition 
ParametersDate_          

20221228Time               
2.44INSTRUM           

spectPROBHD   5 mm PABBO 
BB/PULPROG          

zgpg30TD                
65536SOLVENT            
DMSONS                 
2000DS                    

4SWH           24038.461 
HzFIDRES         0.366798 
HzAQ            1.3631488 
secRG               

201.61DW               20.800 
usecDE                 6.50 
usecTE                

298.1 KD1           2.00000000 
secD11          0.03000000 
secTD0                   

11 
========

=======
=

 CHANNEL 
fSFO1        100.6228293 

MHzNUC1                
13CP1                10.00 

usecPLW1        50.00000000 
W=======

=
 CHANNEL 

f
2 

========SFO2        400.1316005 
MHzNUC2                 

1HCPDPRG[2        
waltz16PCPD2             90.00 

usecPLW2        10.39999962 
WPLW12        0.28889000 
WPLW13        0.23400000 
WF2 - Processing 

parametersSI                
32768SF          100.6128162 

MHzWDW                  
EMSSB      

0LB                 
1.00 HzGB       

0PC                 
1.40

N

NC O

HO

Cl

O
N

O
7



N

NC O

HO

Cl

O
N

8



N

NC O

HO

Cl

O
N

8



200 180 160 140 120 100 80 60 40 20 0 pp
m

1
8
.

5
5

2
1
.

0
4

4
8
.

5
9

5
5
.

8
1

5
6
.

0
2

1
1
2
.

5
5

1
1
5
.

5
2

1
1
6
.

9
8

1
2
1
.

8
8

1
2
6
.

5
2

1
2
8
.

8
8

1
2
9
.

6
1

1
3
5
.

8
7

1
4
7
.

5
5

1
4
9
.

1
8

1
5
9
.

5
0

1
6
2
.

2
9

Current Data 
ParametersNAME     D-ahmed-40-

c13EXPNO                
10PROCNO                

1F2 - Acquisition 
ParametersDate_          

20221228Time               
0.47INSTRUM           

spectPROBHD   5 mm PABBO 
BB/PULPROG          

zgpg30TD                
65536SOLVENT            
DMSONS                 
2000DS                    

4SWH           24038.461 
HzFIDRES         0.366798 
HzAQ            1.3631488 
secRG               

201.61DW               20.800 
usecDE                 6.50 
usecTE                

298.2 KD1           2.00000000 
secD11          0.03000000 
secTD0                   

11 
========

 CHANNEL 
f

=======
=SFO1        100.6228293 

MHzNUC1                
13CP1                10.00 

usecPLW1        50.00000000 
W2 

========
=======

=
 CHANNEL 

fSFO2        400.1316005 
MHzNUC2                 

1HCPDPRG[2        
waltz16PCPD2             90.00 

usecPLW2        10.39999962 
WPLW12        0.28889000 
WPLW13        0.23400000 
WF2 - Processing 

parametersSI                
32768SF          100.6128170 

MHzWDW                  EM
SSB      

0LB                 1.00 
HzGB       

0PC                 
1.40

N

NC O

HO

Cl

O
N

8



O
NHNH2

O

Cl

HO

ONC

N

9

O
NHNH2

O

Cl

HO

ONC

N

9



O
NHNH2

O

Cl

HO

ONC

N

9

O
NHNH2

O

Cl

HO

ONC

N

9



33
37

29
36

22
26

21
19

17
45

16
55

15
88

15
72

15
44

15
15

14
93

14
38

14
05

13
84

13
38

12
73

12
13

11
73

11
25

10
91

10
28

10
1197

4
93

0
89

9
86

5
82

2
78

3
76

5
73

3
70

5
65

6
63

1
60

0
55

3
52

8
48

6
45

1

50

70

90

500100015002000250030003500

O
N

O

Cl

HO

ONC

N

10

N



O
N

O

Cl

HO

ONC

N

10

N

O
N

O

Cl

HO

ONC

N

10

N



500100015002000250030003500

60

65

70

75

80

85

90

95

Tra
ns

mit
tan
ce 
[%]

O
N

O

Cl

HO

ONC

N

11

H
N O

O
N

O

Cl

HO

ONC

N

11

H
N O



O
N

O

Cl

HO

ONC

N

11

H
N O



17
53

16
52

15
87

15
72

15
42

15
17

14
95

14
65

14
39

14
03

13
85

13
69

13
57

13
45

13
10

12
78

12
61

12
12

11
72

11
31

10
93

10
52

10
30

10
1294

7
90

0
86

6
85

2
82

4
78

2
76

8
73

5
70

4
67

7
66

1
63

1
60

2
58

6
55

4
52

8
49

6
48

1
46

2
43

9

50

70

90

500100015002000250030003500

O
N

O

Cl

HO

ONC

N
H
N O

H2N

12



O
N

O

Cl

HO

ONC

N
H
N O

H2N

12



O
N

O

Cl

HO

ONC

N
H
N O

H2N

12



Fig. of flow cytometry results of apoptosis and necrosis assessment using Annexin V/PI staining. 


