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Abstract 

Research for new drugs to combat drug resistance in tuberculosis 

bacilli is one of the solutions to overcome this disease. In this 

sense, we have designed, synthesized, and fully characterized the 

chemical structures of about 20 derivatives of 1,10-

phenanthrolinone. The evaluation of the antitubercular activities of 

Mycobacterium tuberculosis revealed that some of these 

compounds are highly active. Furthermore, the research of the 

structure-activity connection showed that the derivatives with the 

nitro group at C6, a carboxylic acid, ester, amide, or hydrazine-like 

function at C3, and a methyl or ethyl alkylated pyrrolic nitrogen 

atom at C3 had the best antitubercular activities. The QSAR studies 

undertaken showed that it is possible to establish a mathematical 

relationship between antitubercular activities and chemical 

structures. The obtained QSAR model highlighted that 

antitubercular activity was significantly affected by chemical 

softness (s), chemical hardness (η) and chemical potential (μ). In 

other words, substituents that increase the overall molecular 

reactivity of 1,10-phenanthrolinone will lead to good 

antitubercular activities. Furthermore, the prediction of ADMET 

properties showed that 1,10-phenanthrolinones possess good 

pharmacokinetic properties. Further, molecular docking confirmed 

the importance of the carboxylic acid chemical function in position 

3 and the nitro group in position 6 for a good affinity of 6-nitro 

1,10-phenanthrolinones with deazaflavin-dependent 

nitroreductase, chosen as a potential target. 

 

Keywords: 1,10-phenanthrolinone Antitubercular activities, 

QSAR, ADMET, Molecular docking 

Introduction  

The infectious illness known as TB is spread by mycobacteria of 

the tuberculosis complex, primarily Koch's bacillus or 

Mycobacterium tuberculosis. Tuberculosis has existed for more 

than 120 centuries, and in 2018, the number of people affected was 

estimated to be around 10 million, with a morbidity that varies 

from country to country, ranging up to more than 500 new cases 

per 100,000 inhabitants per year (Cardona, 2018; WHO, 2023a). 

In the same year, the number of deaths due to TB was estimated at 

1.2 million among HIV-negative people and 251,000 among HIV-

positive people (Cardona, 2018; WHO, 2023a). The drug treatment 

of tuberculosis is based on a combination of several specific 

antibiotics or antitubercular drugs for at least six months (WHO, 

2023a). However, although effective, TB treatment faces several 

obstacles, such as compliance, duration of treatment, adverse 

effects of TB drugs, management of latent tuberculosis with 

dormant bacilli, and the emergence of multidrug-resistant strains 

(Blanc et al., 2020; WHO, 2023a, 2023b). As stated by the World 

Health Organization (WHO), this drug resistance of bacilli to 

antitubercular drugs undermines the success of tuberculosis 

control (Blanc et al., 2020; WHO, 2023a, 2023b). In addition, the 

deadly combination of HIV and tuberculosis poses new diagnostic 

and therapeutic challenges. Faced with the emergence of 

multidrug-resistant strains and the drawbacks of current 

antitubercular drugs, WHO is encouraging the search for new 

compounds active on resistant strains and capable of sterilizing the 

sites where dormant bacilli persist while reducing the duration of 

treatment. It is in this context that we reported in a previous work 

the design, synthesis, and antitubercular activities of 1,10-

phenanthrolinone derivatives (Coulibaly et al., 2020). To create a 

serial molecular model of the antitubercular 1,10-

phenanthrolinones from the quantum descriptors using the DFT 

calculation method and the B3LYP/ 6-31+G (d,p) theory, we have 

conducted a quantitative structure-activity relationship (QSAR) 

study in this work. Additionally, Schrodinger's in silico qikprop 
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tool was used to assess the 24 compounds' in silico ADMET 

characteristics. Finally, the binding mode of the most potent 

compound was studied using molecular docking analysis. 

Materials and Methods 

Synthetic Chemistry  

The chemical synthesis of 1,10-phenanthrolinone derivatives was 

performed in a previous work. The synthesis protocols, NMR 

spectra, mass spectra, IR spectra, LC-MS spectra, and melting 

points of all the obtained compounds have been described in this 

paper (Coulibaly et al., 2020). 

Evaluation of Antitubercular Activities  

At the end of the chemical synthesis, the 1,10-phenanthrolinone 

derivatives were evaluated for antitubercular activities on a strain 

of Mycobacterium tuberculosis on Sauton culture medium. This 

activity was performed in comparison to Rifampicin, Amikacin, 

and Ofloxacin by the resazurin reduction test at the Institut Pasteur 

from Paris. The protocols of the biological tests have been 

described in our previous article (Gicquel et al., 2019; Coulibaly 

et al., 2020). 

QSAR and Theoretical Calculations  

Level of Calculation  

The Gaussian 09 program was used to carry out the computations 

(Frisch et al., 2009). In QSAR investigations, DFT techniques are 

well recognized to produce a range of molecular characteristics 

(Parr et al., 1978; Chattaraj et al., 1995; De Proft et al., 1996a, 

1996b, 1996c; De Proft et al., 1997; Geerlings et al., 1998; Ayers 

et al., 2000). The B3LYP/6-31+G(d,p) level of theory optimization 

computation is used to identify all other descriptors, with the 

exception of lipophilicity, which was computed using 

KowWin/logP software. Regarding the modeling, XLSTAT 

(XLSTAT Version 19.5.47062 (64 bit) Copyright 1995-2018, 

2018) and Excel (Microsoft ® Excel ® 2013 (15.0.4420.1017) 

MSO (15.0.4420.1017) 64 Bits, 2013) were used to develop the 

multilinear regression approach.  

Quantic Descriptors  

Electronic energy (Eelectr), HOMO energy (EHOMO), LUMO 

energy (ELUMO), energy gap (ΔE), chemical hardness (ʳ), 

chemical softness (S), electrophilicity (ω), chemical potential (µP), 

dipole moment (µd), lipophilicity (logP), ionization potential (PI), 

and electronic affinity (AE) were among the twelve theoretical 

descriptors that were computed in order to develop the QSAR 

model. By combining three of these characteristics, we were able 

to create a useful model. In addition to chemical potential, we also 

have chemical softness (S) and chemical hardness (ʳ). One measure 

of a molecule's reactivity is its chemical softness (Chattaraj et al., 

1996). The stability of the molecule is indicated by its chemical 

hardness (ɳ) (Xavier et al., 2015). The tendency of a molecular 

system to draw electrons to itself is explained at the chemical 

potential level. These distinct descriptors are independent of one 

another, as indicated by the partial correlation coefficient between 

the examined descriptors being less than 0.70 (aij ̂ 0.70) 

(Vessereau, 1988). 

Estimation of the Predictive Capacity of a QSAR Model  

Several metrics, including the standard deviation S, the correlation 

coefficients of the cross-validation Q2CV, the Fischer coefficient 

F, and the coefficient of determination R2, are used to assess a 

model's quality. The fit of estimated and experimental values is 

shown by the statistical indices R2, S, and F. They enable 

measuring the accuracy of the computed values on the training set 

and explain the prediction capacity within the model's bounds 

)Snedecor & Cochran, 1967). Information on the model's 

predictive ability is provided by the cross-validation coefficient. 

The dispersion of the theoretical values around the experimental 

values is shown by R2. The closer the points are to the fitting line, 

the higher the model quality (Esposito et al., 2004). The coefficient 

of determination may be used to assess how well the points match 

the line. 

𝑅2 = 1 −
∑(𝑦𝑖,𝑒𝑥𝑝 − �̂�𝑖,𝑡ℎé𝑜)

2

∑(𝑦𝑖,𝑒𝑥𝑝 − �̅�𝑖,𝑒𝑥𝑝)
2  (1) 

𝑌𝑖,𝑒𝑥𝑝:  Experimental value of antitubercular activity 

�̂�𝑖,𝑡ℎé𝑜: Theoretical value of antitubercular activity 

�̅�𝑖,𝑒𝑥𝑝: Experimental mean value of antitubercular activity 

The greater the correlation between the theoretical and 

experimental values, the closer the R2 value is to 1. Furthermore, 

the connection 1 determines the variance σ2. 

𝜎2 = 𝑆2 =
∑(𝑦

𝑖,𝑒𝑥𝑝
− 𝑦

𝑖,𝑡ℎé𝑜
)2

𝑛 − 𝑘 − 1
 (2) 

N is the number of molecules in the test or training set, k is the 

number of independent variables (descriptors), and n-k-1 is the 

degree of freedom. The mean deviation another statistical indicator 

that is employed is S. It evaluates the model's accuracy and 

dependability. 

𝑆 = √
∑(𝑦

𝑖,𝑒𝑥𝑝
− 𝑦

𝑖,𝑡ℎé𝑜
)2

𝑛 − 𝑘 − 1
   (3) 

Additionally, the Fischer F coefficient is used to assess the model's 

degree of statistical significance, or the caliber of the descriptor 

selection that goes into the model. 

𝐹 =
∑(𝑦𝑖,𝑡ℎé𝑜 − 𝑦𝑖,𝑒𝑥𝑝)2

∑(𝑦𝑖,𝑒𝑥𝑝 − 𝑦𝑖,𝑡ℎé𝑜)2
∗

𝑛 − 𝑘 − 1

𝑘
 (4) 

The coefficient of determination of the cross-validation Q2
CV, 

assesses the accuracy of the prediction on the test set and is 

calculated using the following equation. 

The cross-validation Q2
CV coefficient of determination, which is 

determined using the following formula, evaluates how accurate 

the prediction was on the test set. 
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𝑄𝑐𝑣
2 =

∑(𝑦
𝑖,𝑡ℎé𝑜

− �̅�
𝑖,𝑒𝑥𝑝

)2 − ∑(𝑦
𝑖,𝑡ℎé𝑜

− 𝑦
𝑖,𝑒𝑥𝑝

)2

∑(𝑦
𝑖,𝑡ℎé𝑜

− �̅�
𝑖,𝑒𝑥𝑝

)2  (5) 

As stated by Eriksson et al. (2003), a model's performance is 

defined by a value of Q2CV ˃ 0.5 for a decent model and more 

than 0.9 for an exceptional model. If the acceptance criterion R2-

Q2CV ˂ 0.3 is satisfied, the model's training set will demonstrate 

good performance. The value of the ratio log (1/MIC) 

theo/log(1/MIC) exp of the test set may also be used to determine 

a model's predictive potency. The model is deemed appropriate 

when the ratio of theoretical to experimental activity tends to Eq. 

1.  

In Silico ADMET Prediction and Molecular Docking 

The druggable characteristics of the produced compounds were 

predicted using the Schrodinger suite's QikProp module. The 

pharmacokinetic characteristics and toxicity of the substances were 

evaluated. Additionally, the compounds were analyzed using 

Lipinski's rule of five. 

Glide of Schrodinger's SP mode was used for molecular docking 

investigations, and Schrodinger's SiteMap was used to estimate the 

binding location.  

Results and Discussion 

Pharmacochemistry Section 

The antitubercular results obtained are gathered in Table 1. 

 

Table 1. Antimycobacterial activities [MIC90 (µM)] of 1,10-phenanthroline-3-carboxylic acid derivatives, rifampicin, ofloxacin, and 

amikacin on M. tuberculosis. 

N

N

O

R'

O

R

X

 

MIC90 (µM) 

N° R R' X Sauton medium 

1 H OC2H5 H 23.99 

2 CH3 OC2H5 H 12.88 

3 C2H5 OC2H5 H 25.15 

4 H OC2H5 NO2 103.00 

5 CH3 OC2H5 NO2 0.39 

6 C2H5 OC2H5 NO2 0.11 

7 CH3 OC2H5 Cl 6.51 

8 C2H5 OC2H5 Cl 3.44 

9 CH3 OC2H5 Br 3.28 

10 C2H5 OC2H5 Br 3.73 

11 CH3 OC2H5 NH2 109.50 

12 C2H5 OC2H5 NH2 26.08 

13 CH3 OH H 13.13 

14 C2H5 OH H 25.25 

15 CH3 OH NO2 0.10 

16 C2H5 OH Br 13.04 

17 H OH H 27.00 

18 CH3 NHC6H5 H 101.00 

19 C2H5 NHC6H5 H 107.00 

20 CH3 NH2 NO2 0.42 

21 C2H5 NH2 NO2 0.39 

22 CH3 NHNH2 NO2 1.63 

23 C2H5 NHNH2 NO2 3.22 

24 C2H5 NHC6H5 NO2 13.38 

Rifampicine 0.76 
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Ofloxacine 3.46 

Amikacine 0.46 

 

The analysis of the antitubercular activities obtained (Table 1) and 

the structure-activity relationship studies undertaken make it 

possible to establish the extension of the number of rings of the 

quinolones by the addition of a third ring of the pyridine type. This 

led to compound 1 possessing intrinsic antitubercular activities 

with an MIC at 23.99 μM. The different structural variations 

undertaken around this compound 1 and the resulting 

antitubercular activities allow to establish that the presence of a 

nitro group in position 6 of compound 1 leads to a loss of 

antitubercular activities (compound 4). As for the presence of a 

methyl or ethyl group on the nitrogen in position 1 of compound 1, 

this leads to a slight improvement of the antitubercular activities 

sought (compounds 2 and 3). On the other hand, the concomitant 

presence of these two modulators, that is to say the nitro group in 

position 6 and the alkyl in position 1, leads to compounds with 

better antitubercular activities. Indeed, with respective MICs of 

0.39 and 0.11 μM, the N1-alkylated and 6-nitro derivatives 

(compounds 5 and 6) proved to be more efficient than compound 

3. The concomitant presence of these two modulators proves to be 

essential for the improvement of antitubercular activities. In order 

to verify the importance of the nitro group, it was reduced to an 

aromatic amine while maintaining the N1-alkylation by a methyl or 

ethyl group. The resulting 6-amino derivatives (compounds 11 and 

12) all exhibited low antitubercular efficiencies compared to the 

corresponding 6-nitro derivatives. Such a result reveals the 

importance of the nitro moiety as modulator of the antitubercular 

performance in the chemical series of 1,10-phenanthrolinones. 

Moreover, the replacement of the nitro by a bromine or chlorine 

atom (compounds 7- 10) generally leads to an improvement of the 

antitubercular efficacy compared to compound 1. As for the 

transformation of the ester function into carboxylic acid, it showed 

that the concomitant presence of a bromine atom in position 6 and 

a carboxylic acid function in position 3 leads to a decrease of the 

antitubercular activities (compound 16). On the other hand, with 

the 6-nitro and N1-alkylated derivatives, the hydrolysis of the ester 

function into carboxylic acid leads to an improvement or even a 

maintenance of the antitubercular activities (compounds 13 - 15). 

From our results, it appears that in a series of 6-nitro N1-alkylated 

derivatives, the transformation of the ester function into primary 

amide functions (compounds 20 and 21) leads to the maintenance 

or even to an improvement of the antitubercular efficiency. This 

antitubercular performance almost superposable to those of ester 

derivatives shows the amide function can be replaced by an ester 

one in the induction and maintenance of antitubercular activities. 

Moreover, in the same series, the replacement of the primary amine 

function by a hydrazide function leads to derivatives (Compounds 

22 and 23), more efficient than compound 1 but less efficient than 

their corresponding ester and acid analogues. On the other hand, 

the replacement of the ester function by a secondary amide 

function (compounds 18 and 19) leads to an accentuated loss of the 

antitubercular efficiency independently of the nature of the N1-

alkylation of the nitrogen and of the nitration in position 6.  

QSAR Part and Theoretical Calculations 

Training and Validation Set 

 In Table 2 are gathered the molecular descriptors associated with 

the antitubercular activity of the 24 molecules. As for Table 3, it 

represents the values of the partial correlation coefficients of the 

descriptors. 

 

Table 2. Molecular descriptors associated with antitubercular activity 
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(e
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η
(e

V
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s(
E

v
-1

) 

ω
(e

V
) 

Δ
Ε

(e
V
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P
I(

eV
) 

A
E

(e
V

) 

1 4.61 -2400031.46 2.33 7.76 -6.31 -2.31 -4.31 2.00 0.50 4.65 4.00 6.31 2.31 

2 4.89 -2503205.34 2.88 7.99 -6.17 -2.20 -4.18 1.98 0.50 4.41 3.97 6.17 2.20 

3 4.59 -2606441.06 3.37 8.05 -6.14 -2.20 -4.17 1.97 0.51 4.41 3.94 6.14 2.20 

4 3.99 -2933235.46 2.15 8.07 -5.99 -5.27 -5.63 0.36 2.77 44.01 0.72 5.99 5.27 

5 6.41 -3040139.47 2.70 10.75 -6.70 -3.16 -4.93 1.77 0.56 6.86 3.54 6.70 3.16 

6 6.96 -2606496.63 3.19 7.64 -6.17 -3.16 -4.66 1.50 0.67 7.23 3.01 6.17 3.16 

7 5.19 -2296766.78 3.52 8.71 -6.26 -2.41 -4.34 1.93 0.52 4.87 3.86 6.26 2.41 

8 5.46 -2193592.95 4.01 8.24 -6.24 -2.41 -4.32 1.91 0.52 4.88 3.83 6.24 2.41 

9 5.48 -2833699.68 3.77 7.45 -5.47 -4.81 -5.14 0.33 3.05 40.30 0.66 5.47 4.81 

10 5.43 -2193592.95 4.26 8.76 -6.23 -2.41 -4.32 1.91 0.52 4.89 3.82 6.23 2.41 

11 3.96 -2647820.62 1.96 13.24 -5.63 -2.14 -3.88 1.75 0.57 4.31 3.50 5.63 2.14 
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12 4.58 -2751797.38 2.45 7.90 -5.66 -2.12 -3.89 1.77 0.56 4.26 3.55 5.66 2.12 

13 4.88 -2296766.78 2.10 8.41 -6.30 -2.30 -4.30 2.00 0.50 4.62 4.00 6.30 2.30 

14 4.6 -2193592.95 2.59 8.24 -6.45 -2.41 -4.43 2.02 0.50 4.87 4.04 6.45 2.41 

15 7 -2833699.68 1.92 10.56 -6.84 -3.26 -5.05 1.79 0.56 7.11 3.58 6.84 3.26 

16 4.89 -9150729.84 3.48 8.97 -6.35 -2.51 -4.43 1.92 0.52 5.11 3.84 6.35 2.51 

17 4.57 -2193592.95 1.55 8.24 -6.45 -2.41 -4.43 2.02 0.50 4.87 4.04 6.45 2.41 

18 4 -2851263.71 4.09 7.51 -6.08 -2.12 -4.10 1.98 0.50 4.25 3.96 6.08 2.12 

19 3.97 -2950812.89 4.58 10.30 -5.42 -4.85 -5.13 0.29 3.46 45.55 0.58 5.42 4.85 

20 6.38 -2781586.71 1.64 6.78 -6.86 -3.27 -5.06 1.79 0.56 7.14 3.59 6.86 3.27 

21 6.41 -2884822.90 2.13 6.94 -6.83 -3.25 -5.04 1.79 0.56 7.09 3.58 6.83 3.25 

22 5.78 -2926794.40 1.28 6.56 -6.57 -3.11 -4.84 1.73 0.58 6.77 3.46 6.57 3.11 

23 5.49 -3030020.59 1.77 6.78 -6.53 -3.09 -4.81 1.72 0.58 6.73 3.43 6.53 3.09 

24 4.87 -3030031.66 4.39 6.89 -6.55 -3.09 -4.82 1.73 0.58 6.73 3.45 6.55 3.09 

 

Table 3. Values of the partial correlation coefficients of the descriptors 

 μ(eV) s(Ev-1) η(eV) 

μ(eV) 1 0.336 0.486 

s(ev-1) 0.336 1 -0.967 

η(eV) 0.486 -0.967 1 

Between the descriptions, the partial correlation aij is less than 

0.70. This demonstrates the descriptors' independence inside the 

model.  

Validation of the QSAR Model 

The sign of a descriptor's coefficient and its own sign both affect 

how much it contributes to TB activity with respect to other 

descriptors in the regression equation. The biological activity is 

enhanced by the descriptor when the sign and its coefficient are the 

same. Conversely, the descriptor reduces the activity if their signs 

are opposite. Based on the information in Table 2, the optimal 

model is shown in Eq. 6 below.  

𝑙𝑜𝑔 (
1

𝐶𝑀𝐼
) = 2.45 − 3𝜂 − 2.21𝜇 − 2.51𝑆 (6) 

η and μ en (eV); S en (eV-1) 

R2 = 0.900; 𝑄2 = 0.786; F= 36.18; S= 0.343; N= 16; 𝑅2 - 𝑄2
𝐶𝑉 = 

0.114 

Chemical softness, chemical potential, and chemical hardness are 

the three (03) characteristics that are elevated in this model. The 

cross-validation coefficient (Q2CV), Fischer's coefficient (F), and 

R2-Q2CV values demonstrate that the model in Eq. 6 is 

appropriate. In order to validate the model externally, chemicals 7, 

8, 10, 12, 19, 21, and 24 were used. 

A strong connection between the theoretical and experimental TB 

activity of the molecules under study is shown by the 

Log(1/c)Theo/Log(1/c)exp ratio values being near 1. Figure 1 

displays the regression line between the test set's (red dots) and 

training set's (blue dots) experimental and theoretical TB activity.
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Figure 1. Plot between actual and predicted biological activity for the entire training and model validation set. 

Analysis of the Contribution of Descriptors in the Model 

The Figure 2 below presents the coefficients (sign and importance) 

assigned to these descriptors. 

 

 

 

 

Figure 2. Coefficients defining the contributions of the three descriptors in antitubercular activity in the model. 

 

Softness (s), hardness (η), and chemical potential (μ) are 

characteristics that show how reactive molecules are overall. The 

capacity of a chemical entity to give or receive electrons is 

expressed by its hardness (η) and softness (s), while its chemical 

potential (μ) indicates its propensity to attract electrons. A soft 

molecule will therefore have limited kinetic stability and strong 

chemical reactivity. Stated differently, molecules with a high 

hardness are stable and, as a result, less reactive chemically. 

Additionally, the chemical hardness and chemical potential are 

important markers of a molecule's overall reactivity since they 

show how well it can take in electrons (Abdel-Hadi et al., 2022;  

Elshorbagy et al., 2022; Nakagawa et al., 2022; Radhi et al., 2022; 

Rohmani et al., 2022). The characteristics of a good electrophile 

are low chemical hardness and high chemical potential. Because 

the coefficients of hardness (η) and softness (s) in our chemical 

series are negative, large values of these will enhance biological 

activity. Additionally, the low values of the chemical potential (μ) 

will help to increase biological activity. These results reveal that 

the 1,10-phenanthrolinone derivatives that exhibited the best 

antitubercular activities are those with better chemical reactivity. 

It seems that the N-alkylation of the nitrogen atom in position 1 

and the C6 substitution of the tricycle by electron-withdrawing 

groups of nitro (NO2) or halogen (bromine and chlorine) type leads 

to an improvement of the chemical reactivity of the 1,10-

phenanthrolinone tricycle. Moreover, the nitro group being more 

electron-withdrawing than the halogen atoms, this translates 
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biologically into better antitubercular activity of the 6-nitro 

derivatives. In view of the above, one could think that a good 

reactivity of 1,10-phenanthroline derivatives is essential to 

establish the necessary interactions (van der Waals or hydrogen 

bonds or ionic bonds...) at the level of the biological target of 

Mycobacterium tuberculosis. Indeed, biological targets being of 

peptide nature, a good ligand-target or ligand-receptor interaction 

is conditioned by a good chemical reactivity of the ligand towards 

its target (Graham, 2017).  

In Silico ADMET Prediction 

Using the Schrodinger suite's QikProp module, the ADMET 

characteristics of the 24 1,10-phenanthrolinones with 

antitubercular activity were predicted (Table 4). The permissible 

ranges for blood-brain barrier permeability (QplogBB) and water 

solubility (QplogS) are all met by all compounds. The majority of 

compounds exhibited superior permeability to MDCK cells. The 

cardiac toxicity of compounds 13–17 was modest (QPlogHERG). 

The 24 compounds' overall oral absorption percentage in humans 

varied between around 55 and 100 percent. There were no 

compounds that broke Lipinski's criterion of five.  

Table 4. ADMET properties of the 1,10-phenanthrolinone derivatives with antitubercular activities. 

Compounds QPlogS1 QPlogHERG2 QPlogBB3 QPPMDCK4 Percent Human Oral Absorption5 Rule of Five 

1 -3.319 -5.21 -0.69 327.867 90.473 0 

2 -3.139 -5.153 -0.385 717.691 96.189 0 

3 -3.38 -5.151 -0.45 720.066 100 0 

4 -3.039 -4.935 -1.544 44.237 71.31 0 

5 -3.044 -4.884 -1.241 96.832 77.319 0 

6 -3.1 -4.888 -1.313 97.153 78.869 0 

7 -3.754 -5.047 -0.23 1637.931 100 0 

8 -4.011 -5.059 -0.298 1640.597 100 0 

9 -3.862 -5.07 -0.219 1761.39 100 0 

10 -4.119 -5.081 -0.287 1764.281 100 0 

11 -3.549 -5.021 -0.956 201.944 83.92 0 

12 -3.735 -5.02 -1.025 202.612 85.621 0 

13 -2.385 -2.701 -0.738 53.043 74.15 0 

14 -2.987 -2.823 -0.819 54.882 76.558 0 

15 -2.105 -2.437 -1.526 7.157 54.987 0 

16 -3.7 -2.731 -0.673 130.37 79.198 0 

17 -2.565 -2.76 -1.016 24.232 68.433 0 

18 -4.504 -6.382 -0.381 789.241 100 0 

19 -4.746 -6.38 -0.442 802.741 100 0 

20 -2.743 -4.262 -1.569 22.438 62.009 0 

21 -3.003 -4.378 -1.661 23.583 64.138 0 

22 -2.961 -4.503 -1.922 12.36 56.646 0 

23 -3.197 -4.608 -2.017 12.991 58.713 0 

24 -4.465 -6.118 -1.341 108.308 87.136 0 

1 Predicted aqueous solubility in mol/L (acceptable range -6.5–0.5). 
2 log HERG, HERG K+channel blockage (concern below -5) 
3 Predicted blood brain barrier permeability (acceptable range -3–1.2). 
4 Predicted apparent MDCK cell permeability in nm/s (acceptable range in nm/s (acceptable range: <25 is poor and >500 is great). MDCK cells are a good model for 

the blood–brain barrier 
5 Percentage of human oral absorption (acceptable range: <25 is poor and >80% is high. 

 

Molecular Docking Studies 

In order to identify the hypothetical binding modes of the most 

potent molecule 15, the molecule was anchored in the binding 

cavity of the deazaflavin-dependent nitroreductase from 

Mycobacterium tuberculosis (PDB ID: 3r5L) using Schrodinger's 

2021 suite.  
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The choice of this nitroreductase is justified by the fact that it is 

involved in the bioactivation of pretomanid, an antituberculosis 

agent that is also nitrous like the phenanthrolinones. The protein 

was prepared using Schrodinger's protein preparation assistant. As 

there is no ligand co-crystallized with the protein, the binding 

cavity was predicted using Schrodinger's SiteMap, which 

displayed a high site score and Dscore of 0.99 and 0.81, 

respectively, as shown in Table 5. This binding site contains amino 

acid residues that have previously been reported in the binding of 

3r5L and PA-824, confirming the reliability of the predicted 

binding cavity 

 

Table 5. Binding cavity site parameters predicted using SiteMap. 

Site SiteScore Size Dscore volume residues 

Site 1 0.99 119 0.806 242.844 

Chain E: 

17,46,53,54,55,56,60,62,63,64,65,76,77,78,79,86,87,88,90,91,130,133,136,154,161,168,315,383,

413,415,420 

The docking study of the most active molecule 15 revealed a good 

fit in the binding site with four hydrogen bonding interactions with 

the amino acids LYS79 and MET87 and water in the active site. In 

addition, this compound formed hydrophobic interactions in the 

binding site. In addition, the compound exhibited high negative 

scores of -6.210 kcal/mol, indicating good binding affinity to 

deazaflavin-dependent nitroreductase. Furthermore, docking 

confirmed the importance of the carboxylic acid chemical function 

in position 3 and the nitro group in position 6. These seem to be 

essential for a good affinity of the 6-nitro 1,10-phenanthrolinones 

with the biological target.  

Conclusion 

The leading cause of infectious-origin death worldwide is 

pulmonary TB. In this instance, Mycobacterium tuberculosis is the 

bacillus that causes it. In addition to the lengthy course of 

treatment, the bacilli's resistance to the majority of medications 

makes therapeutic management of this illness more difficult. A 

synergistic combination of many antitubercular medications has 

been suggested as a control method to deal with this. However, the 

hunt for novel and more potent compounds is crucial given the rise 

of ultra-resistant strains. It is in this context that we have designed, 

prepared, and evaluated new 1,10-phenanthrolinone derivatives as 

potential new antitubercular drugs. Antibacillary screening of the 

latter on Mycobacterium tuberculosis revealed excellent 

antituberculosis activities for some of them, especially those 

nitrated at position 6. Indeed, with activities ranging between 0.10 

and 0.42 μM, the 6-nitro-phenanthrolinones proved to be 

particularly effective on Mycobacterium tuberculosis. There was a 

strong agreement between the theoretical and experimental 

antitubercular activity of the molecules, according to QSAR 

studies conducted to relate the antitubercular activities to the 

chemical profile of 1,10-phenanthrolinones. Consequently, 

improved antitubercular activities are a result of increased 

chemical softness (S), chemical hardness (η), and chemical 

potential (μ), all of which indicate improved total molecular 

reactivity. Finally, using the example of electron-withdrawing 

groups, QSAR demonstrated that substituents in position 6 of the 

tricycle can be used to predict and, in particular, increase the 

antitubercular activities of 1,10-phenanthrolinones by increasing 

the molecules' overall reactivity. QikProp analysis of the 24 

compounds' pharmacokinetic properties demonstrated the hit 

compounds' drug-like characteristics. Moreover, molecular 

docking studies revealed key hydrogen bonding interactions 

between the most active compound 15 and Deazaflavin-dependent 

nitroreductase of Mycobacterium tuberculosis. 
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