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ABSTRACT 

Several phenanthroline derivatives have been synthesized as anticancer agents; however, the 

physicochemical properties involved in the interaction of phenanthroline derivatives with 

some biomolecules involved in cancer cells, such as the Janus Kinase-3 protein, are not clear. 

Analyzing these data, in this study some pharmacophores were developed for phenanthroline 

derivatives (1-22) using LigandScout software. Besides, some physicochemical parameters 

such as HBD (hydrogen bond donor), HBA (hydrogen bond acceptor), HOMO (highest 

occupied molecular orbital), and LUMO (lowest unoccupied molecular orbital) were 

analyzed using Spartan software. 

On the other hand, some thermodynamic parameters involved in the interaction between 

phenanthroline derivatives and Janus Kinase-3 protein, such as inhibition constant (Ki), were 

determined using decernotinib and tofacitinib as controls in the DockingServer program. The 

results showed several pharmacophore models for compounds 1-22, which involve different 

HBA or HBD groups. Other data involved in phenanthroline derivative-protein complex 

formation displayed that Ki values for compounds 1, 6, and 8 were lower compared with 2-5, 

7, 9, and 11-22. Finally, Ki was lower for 22 compared with decernotinib; in addition, Ki for 

22 was similar compared with tofacitinib. All these results indicate that compound 22 could 

decrease cancer cells, and this phenomenon could depend on its physicochemical 

characteristics. 
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INTRODUCTION 

For several years, the synthesis of heterocyclic compounds with biological activity has been 

of great interest in both the organic chemistry and pharmacy fields
1-iv

. For example, the 

synthesis and evaluation of the anti-inflammatory activity of some phenothiazine 

derivatives
v
. Another report displayed the antibacterial activity of heterocyclic derivatives 

containing sulfonyl or sulfonamide and their structure-activity evaluation
vi

. Besides, other 

studies on structure-activity have shown that a heterocyclic-imidazol derivative may have 

biological activity against cancer using a theoretical model
vii

. Another report showed the 

structure-activity relationships for benzimidazol-2-ylidene derivative N-heterocyclic-carbene 

complexes as anticancer agents
viii

. Furthermore, a study displayed the structure-activity 

relationship of some imine-N-heterocyclic carbene ruthenium (II) complexes using A549 

cancer cells
ix

.  

On the other hand, there are some studies that indicate that other types of heterocyclic, such 

as phenanthroline and its derivatives, can produce biological activity in cancer cells. For 

example, a report showed the preparation of 1,10-phenanthroline and some 1,10-

phenanthroline Cooper derivatives, which decreased cancer using A-498 and Hep-G2 cell 

lines
x
. Other studies displayed that the salicylate-phenanthroline-copper (II) complex 

decreased growth cancer using MDA-MB-231 and BT-20 cell lines
xi

. Besides, a report 

showed the synthesis of a phenanthroimidazole derivative as an anticancer agent using a 

human esophageal tumor cell line (Eca-109)
xii

. In addition, a glucose-curcumin-biotinylated 

1,10-phenanthroline complex was prepared with biological activity against human breast 

cancer MDA-MB 231
xiii

. Another study displayed the preparation of 

Cu(benzim)2(phen)(MeOH)](ClO4)2 complex with biological activity on the cisplatin-

resistant breast cancer cell line (HCC1428)
xiv

. Furthermore, an experimental and theoretical 

study demonstrated the synthesis of the compound ethyl 11-(3,4-

dimethoxybenzoyl)pyrrolo[1,2-a][1,10]phenanthroline-9-carboxylate as an anticancer agent 

against the colorectal cancer cell line (COLO205); it is noteworthy that this study suggests 

that interaction with the tubulin surface could be via a hydrogen bond with the Asn101 

aminoacid residue
xv

. Besides, a 3-indolepropionic acid-Copper II-phenanthroline complex 

was synthesized as an anticancer agent against MCF-7 breast cancer cells, and their possible 

interaction with a proteosome was determined using a theoretical model
xvi

. All these data 

suggest that several phenanthroline derivatives can decrease the biological activity of some 

cancer strains; however, their chemical interaction with some biomolecules responsible for 

producing cancer is very confusing. To analyze these, the aim of this study was to evaluate 

the possible interaction of twenty-two phenanthroline derivatives (Figure 1) with Janus 

Kinase-3, which is involved in cancer cell growth, using some theoretical models.  
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Figure 1, Chemical structure of phenanthroline derivatives (1-22) 

 

1 = 1,7-Phenanthroline 

2 = 1,10-Phenanthrolin-5-amine 

3= 1,10-Phenanthroline-2,9-dicarbaldehyde 

4 = 1,10-Phenanthroline-4,7-diol 

5 = 1,10-Phenanthroline-5,6-dione 

6=1a,9b-Dihydrooxireno[2,3-

f][1,10]phenanthroline 

7=2-(5-fluoro-2-methyl-1H-indol-3-yl)-

1H-imidazo[4,5-f][1, 10]phenanthroline 

8 =2,9-Dimethyl-1,10-phenanthroline 

9=2,9-Dimethyl-4,7-diphenyl-1,10-

phenanthroline 

10 = 2-chloro-1,10-phenanthroline 

11=3,4,7,8-Tetramethyl-1,10-

phenanthroline 

12 = 4,7-Dimethyl-1,10-phenanthroline 

13 = 4,7-Diphenyl-1,10-phenanthroline 

14 = 4,7-Phenanthroline 

15 = 4,7-Phenanthroline-5,6-dione 

16 = 4-Methyl-1,10-phenanthroline 

17=4-oxo-1H-1,10-phenanthroline-3-

carboxylic acid 

18 = 5,6-Dimethyl-1,10-phenanthroline 

19 = 5-Bromo-1,10-phenanthroline 

20 = 5-Methyl-1,10-phenanthroline 

21 = 5-Nitro-1,10-phenanthroline 

22 = 5-Phenyl-1,10-phenanthroline 

 

 

2. Materials and Methods 

2.1 Pharmacophore model.  

3D pharmacophore model for phenanthroline derivatives (1 to 22) was evaluated using 

LigandScout 4.08 software
xvii

. 

 

2.2 Physicochemical properties 

HOMO, LUMO, dipole moment (μ) were determinate using Spartan´16 (v.2.7)
xviii

. The 

physicochemical parameters LogPO/W, TPSA (topological polar surface area) and MR (molar 

refractory) for phenanthroline derivatives was carried out using SwissAdme
xix

.  

 

2.2 Protein-Ligand 
The interaction of phenanthroline derivatives (1 to 22) with 3pjc    (PDB 

doi:https://doi.org/10.2210/ pdb3PJC/pdb) was determined using decernotinib and tofacitinib 

as controls in DockingServer program
xx

. 

 

2.4 pKa analysis 

The pKa for phenanthroline derivatives was determined using Chemaxon program
xxi

. 
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RESULTS AND DISCUSSION 

Physicochemical parameters 

Several phenanthroline derivatives have been prepared to treat cancer cells
xxii-xxv

; however, 

the physicochemical properties involved in the interaction with some biomolecules are not 

clear. Analyzing these data in this study, some physicochemical parameters involved in the 

coupling of twenty-two phenanthroline derivatives were determined using some theoretical 

models. The first stage involves the design of some pharmacophore models for each 

phenanthroline derivative using the LigandScout 4.0 software
xxvi

. It is noteworthy that the 

pharmacophore model is used to design new molecules with possible biological activity on 

some biomolecule
xxvii-xxix

. The results (Figures 2 and 3) showed several functional groups 

involved in the different phenanthroline derivatives, which could act as hydrogen-bonded 

acceptors (HBA) and hydrogen-bonded donors (HBD) on some biomolecule surfaces. This 

phenomenon could be translated as a possible interaction of phenanthroline derivatives with 

some biomolecule, resulting in changes in its biological activity. 

Analyzing the hypothesis above mentioned and other data that suggest that molecular orbitals 

HOMO and LUMO can be used to predict the most reactive position in some electron 

systems on several types of reactions, which are translated as changes in the biological 

activity of some compounds
xxx

, In this study, both molecular orbitals HOMO and LUMO 

involved in the chemical structure of phenanthroline derivatives were determined; the results 

(Figure 4-7, Table 1) showed different HOMO and LUMO values, which could be related to 

different functional groups bound to the phenanthroline nucleus and different positions of 

nitrogen’s in the phenanthroline nucleus, and this phenomenon could also be conditioned by 

π orbitals that are localized in the phenanthroline nucleus. Besides, HOMO-LUMO gap 

values were determinate for phenanthroline derivatives; the results display that values for 

compounds 1 (10.03), 6 (10.27), and 8 (10.00) were higher compared with 2-5, 7, 9, and 11-

22, which could confer higher stability to phenanthroline derivatives.  
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Figure 2. Pharmacophores from phenanthroline derivatives (1-11) using the LigandScout 

4.08 program
xviii

.  

HBA = Hydrogen bond acceptors (red); HBD = Hydrogen bond donors (green). 
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Figure 3. Pharmacophores from phenanthroline derivatives (1-11). Visualized with 

LigandScout 4.08 program
xviii

. HBA = Hydrogen bond acceptors (red); HBD = Hydrogen 

bond donors (green); NI =  

 

. 
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Figure 4. HOMO and LUMO orbitals for phenanthroline derivatives (1-6). Visualized with 

Sartan-16.0 program. 

 

 

 
Figure 5. Visualization of HOMO and LUMO orbitals for phenanthroline derivatives (7-10) 

using Sartan-16.0 program. 
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Figure 6. HOMO and LUMO orbitals for phenanthroline derivatives (12-16). Visualized 

with Sartan-16.0 program. 

 

 

 
Figure 7. Visualization of HOMO and LUMO orbitals for phenanthroline derivatives (17-22) 

using Sartan-16.0 program. 
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Table 1.  Physicochemical properties of phenanthroline derivatives (1-22). 

Comp 

ound 

HBA HBD HOMO LUMO E-

gap 

μ MR TPSA LogPO/W PKa 

1 2 0 -8.20 1.83 10.03 2.33 57.04 25.78 2.42 3.11 

2 2 1 -7.32 1.96 9.28 3.65 61.45 51.80 1.78 3.17 

3 4 0 -8.68 0.71 9.36 8.82 67.82 59.92 1.75 -0.80 

4 4 2 -7.93 2.01 9.94 4.26 61.09 66.24 1.49 -

10.04 

5 4 0 9.46 0.29 9.75 2.50 56.13 58.82 1.01 -2.65 

6 3 0 -8.33 1.94 10.27 1.16 54.26 38.31 1.40 3.82 

7 4 2 -7.22 2.13 9.35 10.34 108.91 70.25 4.25 10.72 

8 2 0 -7.81 2.19 10.00 2.85 66.98 25.78 3.04 2.45 

9 2 0 -7.67 2.19 9.86 3.39 117.85 25.78 5.71 2.50 

10 2 0 -8.24 1.68 9.92 5.65 62.05 25.78 2.83 0.64 

11 2 0 -7.75 1.97 9.72 4.16 76.91 25.78 3.65 3.06 

12 2 0 -7.37 1-94 9.31 4.35 66.98 25.78 3.00 2.59 

13 2 0 -7.92 1.97 9.89 4.42 107.92 25.78 5.02 1.85 

14 2 0 -8.31 1.69 10.00 3.93 57.04 25.78 2.31 3.38 

15 4 0 9.44 0.43 9.87 9.78 56.13 59.92 1.02 1.69 

16 2 0 -7.98 1.95 9.93 4.10 62.01 25.78 2.54 2.35 

17 4 2 -8.16 1.29 9.45 7.04 66.83 83.05 1.62 6.55 

18 2 0 -7.78 2.07 9.80 4.35 66.98 25.78 2.98 2.40 

19 2 0 -8.20 1.60 9.80 2.25 64.74 25.78 2.97 0.79 

20 2 0 -7.94 2.00 9.94 4.06 62.01 25.78 2.67 2.12 

21 4 0 -8.90 0.06 8.96 3.09 65.87 71.60 1.72 -0.40 

22 2 0 -8.00 1.94 9.94 4.09 82.48 25.78 3.70 1.69 

 

 

 

Ligand-protein complex  

Some theoretical studies indicate that some phenanthroline derivatives may interact with 

some biomolecules involved in some cancer strains; however, this phenomenon is very 

confusing, perhaps due to the different experimental methods used
xv, xvi

.  

 

Analyzing these data, in this investigation, some physicochemical parameters involved in the 

possible interaction of phenanthroline derivatives with Janus Kinase-3, which is a 

biomolecule involved in cancer growth
xxxi-xxxiii

, were determined using the DockingServer 

program. Besides, two Janus kinase-3 inhibitors, such as decernotinib
xxxiv

 and tofactinib
xxxv

, 

were used as controls. The results showed (Table 2) different amino acid residues in the 

interaction of phenanthroline derivatives with the 3pjc protein surface compared with the 

controls. This data could be due to differences in chemical structure, which can be translated 

as differences in lipophilicity degree (Table 1). However, it is important to mention that other 

studies suggest that several thermodynamic parameters could condition the interaction of 

some compounds with different biomolecules. 
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Table 2. Aminoacid residues involved in the coupling of phenanthroline derivatives 

(compounds 1-22), decernotinib and tofacitinib with 3pjc protein surface. 

Compound Aminoacid residues 

Decernotinib Leu828; Gly829; Phe833; Val836; Lys855;Met902; Cys909; Asp912; 

Arg953; Asn954; Leu956; Asp967 

Tofacitinib Leu828; Phe833; Val836; Ala853; Lys855; Glu871; Leu875; Leu900; Met902; 

Tyr904;Leu956 

1 Phe833; Val836; Lys855; Glu871; Leu875; Val884; Leu900; Met902; Ala966; 

Asp967  

2 Phe833; Lys855; Glu871; Leu875; Val884; Leu900; Met902; Leu956; Ala966; 

Asp967  
3 Leu828; Phe833; Val836; Ala853; Lys855; Met902; Leu956 

4 Leu828; Val836; Ala853;Tyr904; Leu905; Leu956 

5 Leu828; Val836; Ala853;Tyr904; Leu905; Leu956 

6 Phe833; Val836; Lys855; Glu871; Leu875; Val884; Leu900; Met902; Leu956; 

Ala966; Asp967 

7 Leu828; Phe833; Ala853; Lys855; Glu871; Leu875; Val884; Leu900; Met902; 

Tyr904; Cys909; Arg953; Leu956; Asp967 

8 Phe833; Val836; Lys855; Glu871; Leu875; Val884; Leu900; Met902; Leu956; 

Ala966; Asp967; Phe968 

9 Phe833; Ala853; Lys855; Glu871; Leu875; Val884; Met902; Leu956; Asp967 

10 Phe833; Val836; Lys855; Glu871; Leu875; Val884; Leu900; Met902; Arg953; 

Leu956; Ala966; Asp967 

11 Leu828; Val836; Ala853; Lys855; Glu871; Val884; Met902; Tyr904; Leu956; 

Asp967 

12 Leu828; Ala853; Tyr904; Leu905; Leu956 

13 Ala853; Met902; Tyr904; Leu905; Leu956; Ala966 

14 Phe833; Val836; Lys855; Glu871; Leu875; Val884; Met902; Asp967; Phe968 

15 Leu828; Phe833; Val836; Ala853; Tyr904; Leu905; Leu956 

16 Leu828; Val836; Ala853; Tyr904; Leu905; Leu956 

17 Leu828; Ala853; Tyr904; Leu905; Leu956 

18 Leu828; Val836; Ala853; Tyr904; Leu905; Leu956 

19 Leu828; Val836; Ala853; Tyr904; Leu905; Leu956 

20 Leu828; Val836; Ala853; Tyr904; Leu905; Leu956 

21 Leu828; Val836; Ala853; Tyr904; Leu905; Leu956 

22 Leu828; Phe833; Val836; Ala853; Glu871; Leu875; Val884; Leu900; Met902; 

Tyr904; Leu956; Ala966; Phe968 

 

 

 

The results showed (Table 2) different amino acid residues in the interaction of 

phenanthroline derivatives with the 3pjc protein surface compared with the controls. This 

data could be due to differences in chemical structure, which can be translated as differences 

in lipophilicity degree (Table 1). However, it is important to mention that other studies 

suggest that several thermodynamic parameters could condition the interaction of some 

compounds with different biomolecules
xxxvi

.  

Thermodynamic parameters 

For several years, different computational studies have been developed to predict some 

thermodynamic parameters involved in ligand-protein complexes formation
xxxvii, xxxviii

. 
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Analyzing the data, in this study some thermodynamic parameters involved in the interaction 

of phenanthroline derivatives with 3pjc protein surface were determinate using 

DockingServer program. The results showed displayed differences in the energy levels 

involved in the interaction of coumarin and its derivatives with 3pjc protein surface compared 

with both decernotinib and tofacitinib drugs (Table 3). Besides, inhibition constant (Ki) was 

lower for phenanthroline derivative (compound 22) compared with decernotinib and Ki was 

similar for tofacitinib.  

Table 3. Thermodynamic parameters involved in the interaction of phenanthroline 

derivatives (compounds 1-22), decernotinib and tofacitinib with 3pjcprotein surface using 

DockingServer program. 

Compound A B C D E F 

Decernotinib Leu828; Gly829; Phe833; Val836; 

Lys855;Met902; Cys909; Asp912; 

Arg953; Asn954; Leu956; Asp967 
 

-7.49 3.22 -8.24 0.03 -8.22  

Tofacitinib -7.69 2.30 -8.60 -0.09 -8.69 721.73 

       

1 -6.16 30.52 -6.12 -0.04 -6.16 492.68 

2 -6.77 10.97 -7.02 -0.05 -7.06 539.07 

3 -6.12 32.40 -6.69 -0.02 -6.70 543.12 

4 -5.22 148.52 -5.82 -0.02 -5.84 507.99 

5 -6.19 29.12 -6.18 -0.01 -6.19 496.13 

6 -6.16 30.46 -6.06 -0.10 -6.16 504.50 

7 -8.88 309.50 -9.18 0.01 -9.18 849.13 

8 -6.98 7.60 -6.90 -0.08 -6.98 547.06 

9 -8.46 629.41 -9.28 -0.02 -9.30 918.21 

10 -7.19 5.33 -7.12 -0.08 -7.19 519.38 

11 -7.23 5.04 -7.21 -0.02 -7.23 616.93 

12 -6.84 17.79 -6.47 -0.01 -6.48 546.64 

13 -8.75 386.18 -9.34 -0.01 -9.35 875.81 

14 -6.14 31.32 -6.22 0.08 -6.14 488.68 

15 -6.06 36.24 -6.09 0.03 -6.06 496.86 

16 -6.23 27.11 -6.22 -0.01 -6.23 523.83 

17 -6.15 31.10 -6.57 0.12 -6.45 523.18 

18 -6.67 12.84 -6.66 -0.01 -6.67 602.49 

19 -6.43 19.22 -6.43 -0.01 -6.43 476.38 

20 -6.30 23.94 -6.30 0.00 -6.30 505.25 

21 -6.75 11.19 -7.05 0.00 -7.05 513.86 

22 -7.63 2.54 -7.93 0.00 -7.93 646.80 

 

A = Est: Free Energy of Binding (kcal/mol); B = Inhibition Constant, Ki (mM); C = vdW + 

Hbond + desolv Energy (kcal/mol); D = Electrostatic Energy (kcal/mol); E = Total 

Intermolec. Energy (kcal/mol); F = Interact. Surface 

 

CONCLUSION 

This theoretical study suggests that several physicochemical parameters could be involved in 

the interaction of phenanthroline derivatives with JAK-3 protein, such as different functional 

groups (which may act as hydrogen-bonded acceptors or hydrogen-bonded donors), 

lipophilicity degree (LogP), and some thermodynamic factors that could condition the 

biological activity of JAK-3. In this way, the results indicated that the phenanthroline 
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derivative (compound 22) could decrease cancer growth. This data suggests that this 

phenanthroline derivative could be considered a good anticancer agent; however, it is 

important to mention that other types of biological experiments could be carried out to 

confirm this hypothesis. 
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