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ABSTRACT 
 

Quantitative Structure Activity Relationship (QSAR) has important role in 
drug development that is improving efficiency on next research to determine new 
derivatives which are more potent, safer, and have good absorption when 
consumed. In this research we used  N’-Ethyl-N’-Phenyl-N-Benzoylthiourea and 
12 derivatives which have anticancer activity based on in silico test. Then, we 
conducted their relationship analysis of physicochemical properties (lipophilic, 
electronic, and steric) to in silico prediction of activity, toxicity, and bioavailability 
to obtain the best QSAR equation. QSAR equation was determined by linear and 
non linier regression using statistic program of SPSS 20.0. The result showed that 
activity prediction (Log 1/RS, from docking on RR receptor PDB ID: 2EUD) with 
the best QSAR equation: Log 1/RS = 0,118 Mw + 22,994 pKa + 0,022 tPSA2  – 
2,590 tPSA -270,960 (n = 13; R = 0,949; SE = 2,054; F = 18,150; Sig = 0,000), 
toxicity prediction (Log 1/LD-50, ACD/I-Lab prediction) with the best QSAR 
equation:  Log 1/(LD-50 Mouse oral) = - 4,527 Mw – 0,496 tPSA2 + 57,150 tPSA 
+ 744,724 (n = 13; R = 0,925; SE = 61,569; F = 17,846; Sig = 0,000), and 
bioavailability prediction (Log1/F, ACD/I-Lab prediction) with the best QSAR 
equation: Log 1/F = - 0,006 Mw - 0,003 tPSA – 2,554 (n = 13; R = 0,802; SE = 
0,132; F = 9,006; Sig = 0,006). Furthermore, all of the best equation can be used to 
develop new compounds as anticancer agent. 
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1. Introduction 

The development of new anticancer drugs is a very important need, 

given that cancer has become the leading cause of death worldwide after 

cardiovascular disease. The type of cancer that causes the highest death in 

Indonesian women is breast cancer (WHO, 2014). The high prevalence of 

cancer needs to be overcome with precautionary measures and prompt and 

appropriate treatment. Meanwhile, drugs that have long been used gradually 

become less effective (Kar, 2007) and there is a tendency for cancer cells to 

become resistant to anticancer drugs (Tibes and Mesa, 2011, Tartarone et 

al., 2013). 

Thiourea is a compound containing sulfur and nitrogen atoms whose 

chemical structure is similar to urea compounds that have been used as 

anticancer, including hydroxyurea, nitrosourea and 5-fluorouracil 

(Mutschler, 1999). Li (2010) has also synthesized urea and thiourea 

derivatives, and proved that phenyltiourea derivatives: N-(5-chloro-2-

hydroxybenzyl)-N-4-hydroxybenzyl)-N'-phenyltiourea have cytotoxic 

activity on MCF cells -7 (IC50 = 0.03 with a mechanism of action inhibiting 

EGFR (IC50 = 0.08  as well as HER-2 (IC50 = 0.35 ). Li's research results 

also concluded that thiourea compounds have more potent cytotoxic activity 

than urea. 

The results of several studies of thiourea compounds became the 

rationale for designing drug candidates by modifying the structure of N-

Ethyl-N-Phenyl-N'-Benzoylthiourea as a parent compound and substituting 

aromatic rings with various substituents using the Topliss approach model. 

The reagents used were N-Ethyl-N-Phenylthiourea and benzoyl chloride 

derivatives with varied substituents of 2-Cl; 3-Cl; 4-Cl; 2,4-diCl; 3,4-diCl; 



4-Br; 4-F; 4-NO2; 4-CH3; 4-OCH3; 4-CF3; 4-t-butyl and H as an effort to 

improve lipophic and electronic properties. 

Prediction of the interaction of pharmacophore groups with receptors 

was observed by in silico test so that it can be predicted the activity of the 

designed compound. Activity is indicated by the bond energy price / Rerank 

Score (RS). The smaller the price of bond energy shows the bond produced 

is more stable, so it is predicted that the activity will be greater (Hincliffe, 

2008). Another aspect that needs to be considered is the permeability aspect, 

namely the ability of compounds to penetrate biological membranes. 

Lipinski suggested the Rules of Five as a condition that compounds have 

good permeability and can penetrate cell membranes. To provide 

information about the biological activity of a compound by using a method 

that is the Quantitative Structure-Activity Relationship (HKSA). Physical 

and chemical properties parameters determined in the HKSA are log P, 

ClogP, and tPSA values that describe lipophilic properties. Etot and pKa 

values that describe electronic properties. MR and CMR values that 

describe steric properties. Toxicity Parameters: LD-50 value and 

Bioavailability Parameter: F value (Siswandono, 2016). 

Molecular modeling of N-Ethyl-N-Phenyl-N'-Benzoylthiourea 

compounds and their derivatives by docking with the 2EUD code and 

Ribonucleotide Reductase (RR)  receptor  obtained from Protein Data Bank 

(www.rcsb.org/pdb/home/home.do). Ribonucleotida Reductase receptor (2 

EUD) was chosen because it is a receptor of gemsitabin (Xu, 2006). 

Gemsitabin is an anticancer drug whose mechanism of action is similar to 

Hydroxyurea (Avendano, 2008). As a comparison compound for the in 



silico test Hydroxyurea, an anticancer compound that has been used 

clinically 

From the results of predictions on the physical chemical properties 

(lipophilic, electronic, and steric), bioavailability, toxicity of the N-Ethyl-N-

Phenyl-N'-Benzoylthiourea compound and its 12 derivatives, then look for 

quantitative structure-activity relationships, both linear or non-linear by 

using SPSS software so that the HKSA equation is then obtained. The best 

HKSA equation can be used as a reference for the development of new 

anticancer drugs. 

 
2. Materials Research : 

Receptor Structure :  RR ( Protein Data Bank : 2EUD),  2D Structure  : N’-
ETHYL-N’-PHENYL-N-BENZOYLTHIOUREA and 12 derivatives 
(ChemBioDraw Ultra 12.0.2, CambridgeSoft®), 3D stucture : N’-ETHYL-
N’-PHENYL-N-BENZOYLTHIOUREA and 12 derivatives (ChemBio3D 
Ultra 12.0.2, CambridgeSoft®)  

3. Research Tools  

• Computer Intel Core i5-M430 2.27 GHZ, 2GB DDR 3, Windows 7 
32 bit.  

• Molegro Virtual Docker 5 (Molegro ApS) 

• ChemBioDraw Ultra 12.0.2 (CambridgeSoft ®) 

• ChemBio3D Ultra 12.0.2 (CambridgeSoft ®) 

• ACD/I-Lab (Https://ilab.acdlabs.com/iLab2/) 

• Statistic IBM SPSS® 21 (IBM Corp) 
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4. Result and Discussion 
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1 - - - - - - - - - - 2S 2S 6S 3S 2S 6S 3S 2S 2S - -

2 - - 3S - - 1S 3S 2S - - 5S 2S - 2S 4S 10S 5S - - - -

3 - - - 1S - - - - 4S - 1S 1S 2S 2S 1S 3S 3S - 3S - 5S

4 - 2H

3S

- - - - - - - - - 1S - - 2S 5S 1H5

S

- 2H2

S

5S -

5 4S 1S 1S - - - - - - - - 1S - 1S 2S 5S 3S - - 5S 1S

6 - - - 2S 3S - - - - - - - - - 5S 6S 9S - - - 4S

7 1S 1S 1S - - - - - - - - 2S 5S 1S 1S 4S 2S - - - 2S

8 - 1H

1S

2S - - - - - - 1S - 2S 5S 1S 1S 4S 2S - - - 2S

9 1S 1S - - - - - - - - - 2S 5S 1S 1S 4S 2S - - - 2S

10 - - - 1S - - - - - 1S - - 5S 1S 2S 5S 4S - - - 2S

11 - - - - - - - - - - - 2S 5S 1S 2S 4S 3S - 1S - 2S

12 4S 1S 4S - - 1S - - - - - 2S - 1S 1S 5S 2S - - 6S 5S

13 1S 1S 1S - - - - - - - - 2S 5S 1S 1S 4S 2S - - - 2S

Amino Acid Bonding with Ligan Compound

 



No. COMPOUNDS

LIPOPHILIC PARAMETERS
ELECTRONIC
PARAMETERS

STERIC
PARAMETERS

Log P C Log P tPSA
Etot

(kcal/mol)
pKa Mw CMR

1 EFBTU  
4,43 3,348 32,34 27,0427 8,5 284,38 8,72

2 4-OCH3 
4,3 3,267 41,57 28,0975 8,3 314,4 9,3369

3 2-Cl 
4,99 4,061 32,34 21,5375 8 318,82 9,2114

4 2,4-di Cl 
5,55 4,774 32,34 12,9038 7,9 353,27 9,7028

5 3-Cl 
4,99 4,061 32,34 16,6735 8,3 318,82 9,2114

6 4-NO2
2,88 3,091 84,15 58,7802 8,2 329,37 9,3315

7 3,4-di Cl 
5,55 4,654 32,34 25,611 8,2 353,27 9,7028

8 4-F 
4,59 3,491 32,34 24,0975 8,4 302,37 8,7355

9 4-CH3 
4,92 3,847 32,34 27,036 8,5 298,4 9,1838

10 4-Cl 
4,99 4,061 32,34 25,488 8,4 318,82 9,2114

11 4-CF3
5,35 4,231 32,34 52,3485 8,3 352,37 9,2303

12 4-Br 
5,26 4,211 32,34 26,1364 8,4 363,27 9,497

13 4-t butil 6,14 5,174 32,34 43,4906 8,5 340,48 10,5752

 

NO. COMPOUNDS
RS

(RERANK SCORE)

Toxicity LD‐50 
(mg/kg) Bioavailability

(F >70%) OralMouse 
(oral)

Rat 
(oral)

1 EFBTU -102.36 800 650 0,590
2 4-OCH3 -112.70 840 500 0,590
3 2-Cl -108.84 600 580 0,590
4 2,4-di Cl -107.49 500 790 0,205
5 3-Cl -106.04 600 580 0,205
6 4-NO2 -105.83 550 750 0,167
7 3,4-di Cl -104.80 570 320 0,205
8 4-F -102.34 670 340 0,590
9 4-CH3 -102.21 770 480 0,629
10 4-Cl -100.60 600 580 0,205
11 4-CF3 -97.76 390 300 0,205
12 4-Br -96.43 380 530 0,205
13 4-t butil -93.31 620 700 0,205

 



 

No Compound BM Log P H donor H aceptor
<500 <5 <5 <10

1 EFBTU  284,38 2,68 1 3
2 4-OCH3 314,40 3,48 1 4
3 2-Cl 318,82 3,48 1 3
4 2,4-di Cl 353,27 4,11 1 3
5 3-Cl 318,82 4,11 1 3
6 4-NO2 329,37 2,60 1 6
7 3,4-di Cl 353,27 4,74 1 3
8 4-F 302,37 3,53 1 3
9 4-CH3 298,40 3,77 1 3

10 4-Cl 318,82 4,07 1 3
11 4-CF3 352,37 3,58 1 3
12 4-Br 363,27 4,25 1 3
13 4-t butil 340,48 5,00 1 3

LIPINSKI RULE OF FIVELIPINSKI RULE OF FIVE

 

 

No.
Physico
chemical

Parameters
Correlation

Rerank
Score

LD-50 Mouse
Oral

LD-50 Rat 
oral

F > 70%

1 log P
Pearson Correlation 0,458 -0,293 -0,184 -0,234

Sig. (2tailed) 0,115 0,331 0,548 0,442

2 C log P
Pearson Correlation 0,418 -0,506 0,022 -0,541

Sig. (2tailed) 0,156 0,077 0,944 0,056

3 tPSA
Pearson Correlation -0,248 -0,033 0,371 -0,214

Sig. (2tailed) 0,414 0,915 0,211 0,482

4 Etot
Pearson Correlation 0,367 -0,227 -0,015 -0,297

Sig. (2tailed) 0,217 0,456 0,962 0,325

5 pKa
Pearson Correlation 0,602* 0,352 -0,242 0,196

Sig. (2tailed) 0,029 0,239 0,425 0,522

6 Mw
Pearson Correlation 0,282 -0,844** -0,033 -0,774**

Sig. (2tailed) 0,351 0,000 0,915 0,002

7 CMR
Pearson Correlation 0,338 -0,289 0,311 -0,547

Sig. (2tailed) 0,259 0,339 0,301 0,053

Correlation Matrix

 



Regression Analysis Result Dependent Variable : Rerank Score 

QSAR equation (1 parameter):  

Log 1/RS = 17,138 pKa – 245,378  

(n = 13; R = 0,602; SE = 4,44163; F = 6,253; Sig = 0,029)  

QSAR equation (2 parameters):  

Log 1/RS = 0,137 Mw + 24,362 pKa – 350,158  

(n = 13; R = 0,832; SE = 3,23804; F = 11,231; Sig = 0,003)  

QSAR equation (3 parameters):  

Log 1/RS = 0,118 Mw + 22,994 pKa + 0,022 tPSA2 – 2,590 tPSA –  
270,960   

(n = 13; R = 0,949; SE = 2,0598; F = 18,150; Sig = 0,000)  

Regression Analysis Result Dependent Variable : LD-50 Mouse Oral 

QSAR equation (1 parameter):  

Log 1/LD-50 Mouse oral = -4,867 Mw + 2197,306  

(n = 13; R = 0,844; SE = 78,7795 ; F = 27,200; Sig = 0,000)  

QSAR equation (2 parameters):  

Log 1/LD-50 Mouse oral = -4,527 Mw – 0,496 tPSA2 + 57,150 tPSA + 
744,724  

(n = 13; R = 0,925; SE = 61,56984; F = 17,846; Sig = 0,000)  

QSAR equation (3 parameters):  

Log 1/ LD-50 Mouse oral = -4,479 Mw – 0,518 Etot – 0,491 tPSA2 + 
56,889 tPSA +  746,808 



(n = 13; R = 0,926; SE = 64,99560; F = 12,030; Sig = 0,002 

Regression Analysis Result Dependent Variable : Bioavailability 

QSAR equation (1 parameter):  

Log 1/F = -0,006 Mw + 2,447 

(n = 13; R = 0,774; SE = 0,13352; F = 16,416; Sig = 0,002)  

QSAR equation (2 parameters):  

Log 1/F = -0,006 Mw – 0,003 tPSA – 2,554  

(n = 13; R = 0,802; SE = 0,13209; F = 9,006; Sig = 0,006)  

QSAR equation (3 parameters):  

Log 1/F = -0,007 Mw – 0,200 pKa – 0,003 tPSA + 4,434  

(n = 13; R = 0,819; SE = 0,13367; F = 6,118; Sig = 0,015)  

5. Conclusion 

The best QSAR equation (RS, LD-50, and F) :  

Log 1/RS = 0,118 Mw + 22,994 pKa + 0,022 tPSA2  – 2,590 tPSA -270,960     
(n = 13; R = 0,949; SE = 2,054; F = 18,150; Sig = 0,000)  

Log 1/(LD-50 Mouse oral) = - 4,527 Mw – 0,496 tPSA2 + 57,150 tPSA + 
744,724  

 (n = 13; R = 0,925; SE = 61,569; F = 17,846; Sig = 0,000)  

Log 1/F = - 0,006 Mw - 0,003 tPSA – 2,554  

(n = 13; R = 0,802; SE = 0,132; F = 9,006; Sig = 0,006)  
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ABSTRACT (OP-02) 

 

Quantitative Structure-Activity Relationship (QSAR) of N’-ethyl-N’-

phenyl-N-benzoylthiourea and Its Derivatives as Anticancer Compounds 

by In Silico Study  
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Quantitative Structure Activity Relationship (QSAR) has important role in drug development 

that is improving efficiency on next research to determine new derivatives which are more 

potent, safer, and have good absorption when consumed. In this research we used  N’-Ethyl-

N’-Phenyl-N-Benzoylthiourea and 12 derivatives which have anticancer activity based on in 

silico test. Then, we conducted their relationship analysis of physicochemical properties 

(lipophilic, electronic, and steric) to in silico prediction of activity, toxicity, and 

bioavailability to obtain the best QSAR equation. QSAR equation was determined by linear 

and non linier regression using statistic program of SPSS 20.0. The result showed that 

activity prediction (Log 1/RS, from docking on RR receptor PDB ID: 2EUD) with the best 

QSAR equation: Log 1/RS = 0,118 Mw + 22,994 pKa + 0,022 tPSA2  – 2,590 tPSA –270,960 

(n = 13; R = 0,949; SE = 2,054; F = 18,150; Sig = 0,000), toxicity prediction (Log 1/LD-50, 

ACD/I-Lab prediction) with the best QSAR equation:  Log 1/(LD-50 Mouse oral) = – 4,527 

Mw – 0,496 tPSA2 + 57,150 tPSA + 744,724 (n = 13; R = 0,925; SE = 61,569; F = 17,846; 

Sig = 0,000), and bioavailability prediction (Log1/F, ACD/I-Lab prediction) with the best 

QSAR equation: Log 1/F = – 0,006 Mw – 0,003 tPSA – 2,554 (n = 13; R = 0,802;                

SE = 0,132; F = 9,006; Sig = 0,006). Furthermore, all of the best equation can be used to 

develop new compounds as anticancer agent. 

 

Keywords: anticancer, in silico, N’-ethyl-N’-phenyl-N-benzoylthiourea, QSAR 
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