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Abstract.Coumarins and their derivatives have biological activities such as anti-microbial, anticancer, antioxidant and anti-
HIV properties.Molecular modeling using Quantitative Structure and Activity Relationship (QSAR) has been performed 
on a series of diiodocoumarin derivatives as effective antimicrobial agent. This research focus on a set of experimetally 
inhibition-zone diameter (mm/mg sample) value data of 5diiodocoumarin derivatives, that is 6,8-diiodocoumarin-3-
carboxylate, 6,8-diiodocoumarin-3-carboxylic acid, 6,8-diiodocoumarin-3-carbonylchloride, N-(4-(2-
Hydroxyethyl)phenyl)-6,8-diiodocoumarin-3-carboxamide, and N-(4-Hydroxyphenyl)-6,8-diiodocoumarin-3-
carboxamide. The mathematical method multi linear regression calculation was used to build the QSAR model. QSAR 
analysis was employed on fitting subset using log (1/inhibition-zone diameter) as dependent variable and atomic net 
charges, dipole moment and partition coefficient in n-octanol/water as independent variables. The parameterized Model 
number 3 (PM3) method was carried out to calculate the quantum chemical descriptors, chosen to represent the electronic 
descriptors of molecular structures. The relationship between log (1/inhibition-zone diameter) and the descriptors was 
described by resulted QSAR model. The resulted QSAR model for caffeic acid derivatives as anti-microbial is presented 
below: 

8.051+32.24C5+27.24O7+0.021 logP 
R = 1; R2 = 0.999; SE = 0.008; Sig = 0.038 

QSAR model for diiodocoumarin derivatives showed partition coefficient of n-octanol/water and atom charge in C5 and 
O7 gave significant effect as descriptors to the anti-microbial activity.N-(4-(2-Hydroxyethyl)phenyl)-6,8-diiodocoumarin-
3carboxamide and N-(4-Hydroxyphenyl)-6,8-diiodocoumarin-3-carboxamide have higher anti-microbial activity because 
the presence of hydroxyphenylgroup increases the electron density value of O7 and C5.The calculated PRESS (Predicted 
Residual Error Sum of Square) value was 7.13E-05 which indicates the calculated log (1/inhibition-zone diameter) using 
QSAR Hansch Model of diiodocoumarinderivativesis similar with experimental data. 

 

INTRODUCTION 

Anti-microbacterial is a compound that can inhibit the growth and kill microorganisms [1-2]. The higher 
concentration of antimicrobial substances can make the faster of the microorganism cells are killed or slowed its 
growth. Antibacterial activity can be divided into five groups, namely antibacterial which inhibits bacterial cell 
metabolism, inhibits bacterial wall synthesis, interferes with bacterial cell membranes, inhibits bacterial cell protein 
synthesis, and inhibits synthesis or destroys nucleic acids from bacteria [3]. Therefore, we need a compound that can 
inhibit bacteria such as coumarin compounds [4]. 

Coumarin is a lactone compound from an orthocoumaric phenolic compound (an ortho hydroxyl cinnamic 
compound). Simple coumarin is a phenylpropanoid containing C6 benzene ring with C3 aliphatic chain as side chains 
[5-7]. Coumarin compounds can be found in phytochemical (benzopyran) poisons found in plants, especially in high 
concentrations such as vanilla, apricots, woodruff, lavender, mullein, strawberries, cherries, tonks, cinnamon, sweet 
clover, licorice, and bison grass which have taste like vanilla [8-12]. 
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The derivative of Iodo-organic based compounds have been used extensively in the medical world, as amebicides 
and diagnostic-imaging drugs (such as iodixanol, diatrizoic acid, iopamidol, and iohexol) [13-15]. the importance of 
iodo-organic compounds in medical aplication is an opportunity for the development of advanced materials as 
pharmacological agents [16-19]. 

The new anti-microbacterial compounds can be found by a modeling approach using computational chemistry 
concepts [20]. One application of computational chemistry that can be applied is the study of Quantitative Structure-
Activity Relationship (QSAR) or quantitative relations of activity structure. QSAR studies quantitative correlations 
between molecular structure and the value of experimentally measured biological activities [21-25]. The research will 
analyze the relationship between the chemical structure and the bioactivity of 5 diiodocoumarin derivatives. In this 
study, QSAR analysis of diiodocoumarin derivatives was carried out by using antimicrobacterial activity studies 
(inhibition zone diameter of Staphyloccoccus aureus) as a function of electronic, hydrophobic, and steric variables. 

MATERIALS AND METHODS 

Equipments 

This research, Intel (R) Celeron (C) CPU 1007U processor with 2048MB RAM was used as computer hardware. 
The Hyperchem 7.02 computational chemistry software waschosen for computational chemical calculations and SPSS 
16.020 for statistical analysis. The chemdraw Ultra 8.0 was used to create 2D molecular structures. 

 

FIGURE 1. Diiodocoumarin derivatives [10] 
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Materials 

The material in this study was antimicrobacterial activity (expressed in inhibition zone diameter) of diiodocoumarin 
derivative compounds obtained from the literature. The compound antimicrobacterial activity data were presented in 
table 1. The structure of the diiodocoumarin derivative compounds was shown in the following figure 1. 
 

TABLE 1. The experimental antimicrobacterial activity of diiodocoumaric derivatives[10] 

Compound Symbol 

antimicrobacterial activity 

Inhibiton zone diameter 

(mm/mg sample) 

Log Inhibiton zone 

diameter (mm/mg sample) 

6,8-diiodocoumarin-3-carboxylate DI1 15.3 -1.18 

6,8-diiodocoumarin-3-carboxylic acid DI2 16.5 -1.22 

6,8-diiodocoumarin-3-carbonyl chloride DI3 11.9 -1.08 

N-(4-(2-Hydroxyethyl)phenyl)-6,8-

diiodocoumarin-3carboxamide 

DI4 24.6 -1.39 

N-(4-Hydroxyphenyl)-6,8-

diiodocoumarin-3-carboxamide 

DI5 23.0 -1.36 

 

Research Procedure 

Determination of Descriptors. Determination of descriptors is an important step in determining the QSAR equation. 
The best QSAR equation will produce a pattern that can be used as a reference in predicting the structure with the best 
bioactivity. In this study there are several descriptorssuch as dipole moment (µ), atomic charge, and logarithmic 
partition coefficient (log P). Data descriptors and calculation methods for optimization are shown in table 2. The effect 
of each descriptor is determined through calculations by computational chemistry modelling with geometry 
optimization for each diiodocoumarin derivative structure. The 2D structure (two-dimensional structure) of the 
diiodocoumarin derivative is made using the Chemdraw Ultra 8.0 application. 2d structure is processed using 
Hyperchem with the addition of H atoms to produce 3D structures through the build menu. Atomic charge descriptors 
are analyzed on atoms with no. C4, C5, O7, C8, C9, C10. 

TABLE 2. Descriptors and Calculation method 
No Descriptor Unit Symbol Calculation Method 

1 The atomic charge of C4, C5, 

O7, C8, C9, C10 

Coulomb qC4, qC5, qO7, qC8, qC9, 

qC10 

Semiempirical method of 

PM3, Hyperchem, 

molecule optimization 

2 dipole moment  Debye µ  Semiempirical method of 

PM3, Hyperchem, 

molecule optimization 

3 Partition coefficient of n-

octanol/water 

- Log P  QSAR Properties, 

Semiempirical method of 

PM3, Hyperchem, 

molecule optimization 
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The position of the atoms was shownin Figure 2. The atomic charge was determined by the ratio between the 

positive charge (proton) and the negative charge (electron) held by the atom. Atoms with a high number of electrons 
had a negative charge and vice versa. The atomic charge indicated the electron density possessed by the atoms in a 
compound. The P log showed the hydrophobicity of the compound, while the dipole moment indicates the polarity of 
the molecule. Geometry structure optimization was done by minimizing molecular energy using the Polak-Ribiere 
algorithm method. Geometry structure optimization process was carried out to produce the most stable molecular 
conformation with the lowest energy. Optimization using PM3 semiempirical method was donewith a gradient value 
of 0.001 kcal/ Å. 
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FIGURE 2. The labelof selected the atomic charge 

QSAR analysis.The QSAR equation was used to determine the value of Inhibiton zone diameter (mm / mg sample) 
using multi-linear regression statistical analysis. Statistical analysis of multilinier regression was carried out using the 
SPSS application using data derived from molecular geometry optimization in the previous stage. Inhibiton zone 
diameter (mm / mg sample) was set as andependent variable and value combination of atomic charge, moment dipole, 
and partition coefficient in five derivatives of diiodocumarin compounds as independent variables. The final result 
was a regression equation using the QSAR approach as follows 
 
Log Inhibiton zone diameter (mm / mg sample) =  k1log P + k2qC1 + k3qC2 + k4qC3 + k5qC4 

+ k6qC5 + k7qC12 + k8µ + k9 
Multilinier regression equation was the result of these calculations supported by other statistical units such as 

standard deviations (SE), correlation coefficients r, r2, and significance values. The results of the multilinier regression 
equation will show descriptors that affect the biological activity of bioactive molecules. 
 

RESULTS AND DISCUSSION 

The Result of Descriptors calculation 

In this study, five diiodocoumarin compounds were analyzed, 6,8-diiodocoumarin-3-carboxylate (DI1), 6,8-
diiodocoumarin-3-carboxylic acid (DI2), 6,8-diiodocoumarin-3-carbonyl chloride (DI3) , N- (4- (2-Hydroxyethyl) 
phenyl) -6,8-diiodocoumarin-3 carboxamide (DI4), N- (4-Hydroxyphenyl) -6,8-diiodocoumarin-3-carboxamide (DI5) 
using the QSAR approach between Antimicrobacterial activity as a dependent variable (Table 1) with eight 
independent descriptors (Table 2). Table 3 shown the descriptor data obtained from the results of optimization of the 
geometry structure with hyperchem. The results shown that the longer side chains of the diiodocoumarin compound 
derivatives cause an increase in the octanol / water partition coefficient value and decrease the value of the dipole 
moment held by the compound. This indicate that the compound is becoming more non-polar. 

Changes in the value of the atomic charge have significant values on the C5, O7, and C10 atoms. A significant 
change in the value of atomic charges has the potential to influence the value of biological activity possessed by 
bioactive compounds. 
  

020020-4

Digital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


TABLE 3. Descriptor data as independent variables 

No 
Compound 

Symbol 

Atomic Charge (Coulomb) 
Dipole 
(deybe) 

Log 
P 

C4 C5 O7 C8 C9 C10 

1 DI1 0.1450 -0.1648 -0.1384 0.4088 -0.2213 0.0726 3.825 1.23 

2 DI2 0.1468 -0.1682 -0.1378 0.4087 -0.2200 0.0791 4.114 0.86 

3 DI3 0.1503 -0.1746 -0.1342 0.4064 -0.2823 0.0986 4.996 1.33 

4 DI4 0.1566 -0.1974 -0.1099 0.4197 -0.3605 0.0177 4.899 0.13 

5 DI5 0.1596 -0.1566 -0.1598 0.2691 -0.2286 0.0706 2.324 0.32 

The results of antimicrobial activity are shown as inhibitory zone diameter (mm / mg sample) of the 
diiodocoumarin compound listed in Table 1. Generally all compounds have good inhibitory activity against 
Staphylococcus aureus (NCTC-7447). The results showed DI4 produced the highest inhibitory activity compared to 
other diiodocoumarin derivative compounds. The DI1-DI3 compound exhibit a low biological activity value due to 
the absence of the benzene ring as a branch which reduces the stability of the molecule. In addition, the high electron 
density in the benzene branch chain causes electrons to be more attracted to the benzene branch so that the center of 
the inhibitory group, the carbonyl group, becomes more positive and is active as a bacterial inhibitor. The existence 
of a pull of electron density in both directions causes the compound to be more non-polar. This is consistent with 
geometry optimization results. 

Analysis of QSAR on Diiodocoumarin Derivatives 

Table 4 shown the best QSAR equation for diiodocoumarin derivatives. The descriptors dipol, logP, and net charge 
in C5, O7 have strong correlation to the antimicrobacterial activity. QSAR model for diiodocoumarin derivatives 
showed partition coefficient of n-octanol/water and atom charge in C5 and O7 gave significant effect as descriptors 
to the anti-microbial activity.N-(4-(2-Hydroxyethyl)phenyl)-6,8-diiodocoumarin-3carboxamide and N-(4-
Hydroxyphenyl)-6,8-diiodocoumarin-3-carboxamide have higher anti-microbial activity because the presence of 
hydroxyphenylgroup increases the electron density value of O7 and C5. The existence of a pull of electron density in 
both directions causes, the carbonyl group, becomes more positive and is active as a bacterial inhibitor. 

TABLE 4. The result of the best correlation between descriptors and antimicrobacterial activity  
Equation 8.051+32.24C5+27.24O7+0.021 logP 

R 1  

R2 0.999 

SE 0.008 

Sig 0.038 

Table 5 showed the residual errors between experimental log P and calculated Log (1/inhibition-zone diameter) is 
ignorable with the value of 7.1297E-05. It indicates the calculation of calculated log (1/inhibition-zone diameter) using 
QSAR Hansch Model for diiodocoumarin derivatives has excellent agreement with experimental data of Log (1/IC50). 
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TABLE 5. Experimental log (1/inhibition-zone diameter), calculated log (1/inhibition-zone diameter), and PRESS value 

Compound 
Experimental 

Log (1/inhibition-
zone diameter) 

Calculated 
Log (1/inhibition-

zone diameter) 
Residual error [Residual error]2 

DI1 
-1 -1.0054 5.4158E-3 2.9331E-05 

DI2 -1.1139 -1.1082 -5.7211E3 3.2731E-05 

DI3 -1.2041 -1.2045 3.8017E4 1.4453E-07 

DI4 -1.3010 -1.3031 2.1258E3 4.5192E-06 

DI5 -1.3424 -1.3446 2.1379E3 4.5708E-06 

PRESS 7.1297E-05 

CONCLUSION 

Best QSAR model for diiodocoumarin derivatives shown partition coefficient of n-octanol/water, dipole moment, 
and atomic charge of C5 and O7 gave significant effect to the antimicrobacterial activity.  The resulted QSAR model 
for diiodocoumarin derivatives as antimicrobacterial is presented below: 

 
8.051+32.24C5+27.24O7+0.021 logP 

R = 1; R2 = 0.999; SE = 0.008; Sig = 0.038 
 

In the future study, this research suggest to design good partition coefficient of n-octanol/water and dipole moment 
caffeic acid derivatives giving excellent bio-activity. 

REFERENCES 

1. M. Bilal, T. Rasheed, H.M.N. Iqbal, H. Hu, W. Wang, X. Zhang, Int. J. Biol. Macromol103, 554–574 (2017). 
2. B. Zhang, Eur. J. Med. Chem168, 357–372 (2019). 
3. H.Z. Zhang, L.L.Gan, H. Wang, C.H. ZhouMini Rev. Med. Chem17, 122–166 (2017). 
4. V. L. Alla,S.B. Dmitry, O. Z. Danila, G. B. Liubov, S.F. Tatyana, G.T. Tatyana, V.S. Ilia, N.E. Alexander, I.S. 

Olga,and E.S. Elvira, Molecules24, 2126 (2019). 
5. S.A.Osadchii, E.E.Shul’ts, M.M.Shakirov,G.A.Tolstikov, Russ. Chem. Bull55, 375–379 (2006). 
6. A.V.Lipeeva, M.A.Pokrovsky, D.S.Baev, M.M.Shakirov, I.Y.Bagryanskaya, T.G.Tolstikova, A.G.Pokrovsky, 

E.E.Shults, Eur. J. Med. Chem100, 119–128 (2015). 
7. A.V., Lipeeva, D.S.Baev, M.P.Dolgikh, T.G.Tolstikova, E.E.Shults, Med. Chem13, 625–632 (2017). 
8. K.A. Yasameen, A.H.K. Abdul, A.A. Ahmed, B.M. Abu, Systematic Reviews in Pharmacy8(2017) 
9. M.S. Simone, D.M. Franco, and S. Artur,Jr. Z. Naturforsch60, 693-700 (2005). 
10. Ahmed M. EL-Agrody, Hany M. Mohamed, Ashraf H. F. Abd EL-Wahab, Mostafa M. Khafagy, 

Ahmed H. Bedair, Fathy A. Eid and Kamal A. Abd-EL-Rehem, Beilstein Journal of Organic Chemistry7, 1688–
1696 (2011). 

11. Ferreira, S.Z.,Carneiro, H.C., Lara, H.A., Alves, R.B.,Resende, J.M., Oliveira, H.M., Silva, L.M., Santos, D.A., 
Freitas, R.P.,ACS Med. Chem. Lett6, 271–275 (2015). 

12. Al-Amiery AA, Kadhum AAH, Mohamad AB, Musa AY, Li CJ.,Materials6(12):5466-5477 (2013). 
13. Hwang YH, Cho WK, Jang D, Ha JH, Ma JY.,Pharmacogn Mag10(37):34-9 (2014).  
14. Al-Amiery AA, Al-MajedyKadhum AAH, Mohamad A.,Sci Rep.5:11825 (2015). 
15. Al-AmieryAA, Kadhum AAH, Mohamad AB, Molecules17:5713-5723 (2012). 
16. Kusanur RA, Kulkarni MV.,Indian J Chem Section B44:591-594 (2005). 
17. Kudale SD, DeodharMN.,E-Journal of Chemistry9(4):2493-2500 (2012). 
18. Govori S, Spahiu S, Kalaj V, Leci O, Haziri A, Ibrahimi H.,Am J of Biochem and Biotech6(4):275-278 (2010). 

020020-6

Digital Repository Universitas Jember

https://doi.org/10.1016/j.ijbiomac.2017.05.071
https://doi.org/10.1016/j.ejmech.2019.02.055
https://doi.org/10.2174/1389557516666160630120725
https://doi.org/10.3390/molecules24112126
https://doi.org/10.1007/s11172-006-0263-6
https://doi.org/10.1016/j.ejmech.2015.05.016
https://doi.org/10.2174/1573406413666170601114527
https://doi.org/10.1515/znc-2005-9-1006
https://doi.org/10.3762/bjoc.7.199
https://doi.org/10.1021/ml500393q
https://doi.org/10.3390/ma6125466
https://doi.org/10.4103/0973-1296.126656
https://doi.org/10.1038/srep11825
https://doi.org/10.3390/molecules17055713
https://doi.org/10.1155/2012/953564
https://doi.org/10.3844/ajbbsp.2010.275.278
http://repository.unej.ac.id/
http://repository.unej.ac.id/


19. Zavrsnik D, Halilovic SS, Softic D. PeriodicumBiologorum113(1):93-97 (2011). 
20. ShahzaibAhamad, Asimul Islam, Faizan Ahmad, NeerajDwivedi, Md. Imtaiyaz Hassan, Computational Biology 

and Chemistry78: 398–413(2019). 
21. Prasanna A. Datar, Journal of Computational Medicine 765457 (2014). 
22. Krupka, M., Rowlett, V.W., Morado, D., Vitrac, H., Schoenemann, K., Liu, J., Margolin,W., Nat. 

Commun8(2017). 
23. Li, Y., Hsin, J., Zhao, L., Cheng, Y., Shang, W., Huang, K.C., Wang, H.W., Ye, S., Science341, 392–395 (2013). 
24. Tessema, B., Nabeta, P., Valli, E., Albertini, A., Collantes, J., Lan, N.H., Romancenco, E.,Tukavdze, N., 

Denkinger, C.M., Dolinger, D.L., J. Clin. Microbiol55 (2017). 
25. Wagstaff, J.M., Tsim, M., Oliva, M.A., García-Sanchez, A., Kureisaite-Ciziene, D., Andreu,J.M., Löwe, J., 

mBio8,00254–00217 (2017). 
26. Zhou, C.H., Wang, Y., Curr. Med. Chem19, 239–280 (2012). 

 

020020-7

Digital Repository Universitas Jember

https://doi.org/10.1016/j.compbiolchem.2018.12.017
https://doi.org/10.1038/ncomms15957
https://doi.org/10.1038/ncomms15957
https://doi.org/10.1126/science.1239248
https://doi.org/10.1128/JCM.01662-16
https://doi.org/10.1128/mBio.00254-17
https://doi.org/10.2174/092986712803414213
http://repository.unej.ac.id/
http://repository.unej.ac.id/



