
Londhe and Chabukswar, IJPSR, 2015; Vol. 6(5): 1943-1949.                 E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1943 

IJPSR (2015), Vol. 6, Issue 5                                                                          (Research Article) 

 
Received on 04 September, 2014; received in revised form, 13 November, 2014; accepted, 06 January, 2015; published 01 May, 2015 

MOLECULAR DOCKING ANALYSIS OF 3- SUBSTITUTED 5-HYDROXY COUMARIN 

DERIVATIVES AS VITAMIN K EPOXIDE REDUCTASE INHIBITOR 

Ashwini M. Londhe* and Anuruddha R Chabukswar 

Pharmaceutical Chemistry Department, Maeer’s Maharashtra Institute of Pharmacy, Ex-Serviceman 

Colony, Kothrud, Pune-411038, Maharashtra, India 

 

ABSTRACT:  Warfarin and coumarin containing drugs act on Vitamin K epoxide 

reductase to show its anti-coagulant activity. In this study, three different series of 5- 

hydroxy coumarin containing phenyl, furan and pyran substituents at third position 

were designed. Molecular docking studies were performed to determine binding 

modes and affinities of ligand molecule towards Vitamin K epoxide reductase. In 

docking studies pair wise linear potential (PLP score) was used as a scoring function 

and systematic search method to find out bio active conformer. Ligand 2B, 2C, 2D, 

2E, 3C, 3D has shown more negative binding energies, which reflects its affinity 

towards a vitamin K epoxide reductase. Ligand 1A, 1E, 3D has shown maximum 

hydrogen bond interactions as compared to warfarin. Tyr178, Thr72, Met111, 

Glu115amino acid residues were involved in the ligand-protein interactions. 

Hydroxy, methoxy, ethoxy and methyl substitutions has played major roles in the 

ligand-protein interaction. Therefore, 3-substituted -5-hydroxy coumarins could be 

served as good drug candidates for anticoagulant activity and additional 

experimental studies are warranted to locate their importance as anticoagulant. 

INTRODUCTION: Anticoagulants are the drugs 

which prevents the blood coagulation. Warfarin is 

major drug used as anticoagulant in the treatment 

of various disorders like stroke, pulmonary 

embolism, heart attack and arterial fibrillation 
1
. 

Warfarin belongs to the class of coumarins, which 

is an important nucleus in the design of new drug 

molecules because of its diverse pharmacological 

activities like anti-oxidant 
2
, anti-HIV 

3
, anti-

convulsant 
4
, anti-microbial 

5
, anti-cancer 

6 
and, 

analgesic 
7
. In addition, studies have shown that 

coumarins are rapidly and extensively absorbed 

through human, rat, and mouse skin, and the 

compounds remain metabolically unchanged during 

absorption 
8
. 
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The main objective of this study is to design novel 

3- substituted coumarin derivatives and to carry out 

its docking studies on Vitamin K epoxide reductase 

enzyme to determine its anticoagulant activity. 

 

Now a day’s researchers in pharmaceutical fields 

are using newer technologies for the effective 

production of new drug molecules. Molecular 

modeling is the new technique which consider 

molecule as model and predict its interactions with 

target molecules and its activity so that it will be 

time and cost effective. In case of molecular 

“docking” ligand molecule is dock inside cavity of 

protein so as to mimic natural course of interaction 

of ligand and receptor via lowest energy pathway 
9
. 

Docking is a method which predicts the preferred 

orientation of one molecule into another when 

bound to each other to form stable complex. 

Knowledge of the preferred orientation in turn may 

be used to predict the strength of association or 

binding affinity between two molecules using 

scoring function 
10

. 
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Pharmacological activities are mainly depends 

upon the pattern of substitution. We have design 3- 

substituted 5-hydroxy coumarin derivatives with 

substitution at third positions like phenyl, furan 

ring with ether linkage and pyrane ring with methyl 

linkage. Comparison was done based on its ligand-

receptor interaction, binding energy(ΔG), and PLP 

score.  

 

Along with Warfarin, other drugs like 

acenocoumarol, phenindionedabigatran and 

rivaroxaban are also used but last two are rarely 

prescribed as compared to Warfarin 
11

. Dabigatran 

and rivaroxaban mainly act on thrombin and 

prevent the formation of fibrin from fibrinogen 

which constitutes the framework of the blood clot 
12

. Older anticoagulants like Warfarin, 

acenocoumarol, and phenindione block the effect 

of Vitamin K which is needed to make some 

clotting factors like prothrombin (factor II), factor 

VII, IX, X. Deficiency of Vitamin K results in the 

formation of a defective prothrombin molecule. In 

the presence of calcium ions, normal prothrombin 

adheres to the surface of phospholipids vesicles and 

greatly increases the activity of clotting 

mechanism. A defective prothrombin formation has 

reduced calcium binding ability and it has no 

biological activity 
13

.  

 

Clotting factors are glycoproteins that have 

gamma-carboxyglutamic acid residues at N-

terminal end of the peptide chain. The enzyme 

involved in forming an active prothrombin is 

vitamin K-dependent carboxylase located in the 

microsomal fraction of liver cells. It has been 

suggested that Vitamin K drives the carboxylase 

reaction by abstracting a proton from the relatively 

unreactive methylene carbon of glutamyl residue, 

forming a 2, 3-epoxide. Figure 1 shows oral 

anticoagulants like warfarin interfere with the 

gamma-carboxylation of glutamic acid residues by 

preventing the reduction of Vitamin K to its 

hydroquinone formbased on this we have taken 

Vitamin K epoxide reductase enzyme as target 

molecule. 
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FIGURE 1: MECHANISM OF ACTION OF VITAMIN K AND SITE OF ACTION OF WARFARIN. 

 

MATERIAL AND METHODS: 

 

 
FIGURE 2: GENERAL STRUCTURE OF 3-SUBSTITUTED 5-HYDOXY COUMARIN DERIVATIVES. 

Fifteen coumarin derivatives were design for 

docking studies which are enlisted in Table 1 
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TABLE 1: LIST OF COUMARIN DERIVATIVES WITH THE SUBSTITUTION.  

Ligand R1 R2 Ligand R1 Ligand R1 

Series 1 (Phenyl derivatives) Series 2 (4-oxofuran derivatives) Series 3 (tetrahydropyran 

derivatives) 

1A 

2-hydroxy phenyl

•HC

OH

 

OC2H5 2A 

•O

O

O

tetrahydro-4-oxofuran-3-yloxy  

3A CH2•

O

tetrahydro-2H-pyran-2-yl-methyl

 

1B 

CH•

O

2-methoxy phenyl  

OC2H5 2B 

•O

O

O

tetrahydro-2,5-dimethyl-4-oxofuran-3-yloxy

 

3B 

•H2C

O

O

tetrahydro-4-methoxy-2H-pyran-2-yl-methyl

 

1C 
CH•

CH3

H3C

H3C

 

OC2H5 2C 

O•

O

O

O

O

tetrahydro-2,5-dimethoxy-4-oxofuran-3-yloxy

 

3C 

•H2C

O

HO

tetrahydro-4-hydroxy-2H-pyran-2-yl-methyl

 

1D 

3,4-dihydroxy phenyl

•HC

OH

OH

 

OC2H5 2D 

•O

O

O

OH

HO

tetrahydro-2,5-dihydroxy-4-oxofuran-3-yloxy

 

3D CH2•O

NO2

tetrahydro-4-nitro-2H-pyran-2-yl-methyl

 

1E 

C
H•

Br

4-bromo phenyl  

OC2H5 2E 

•O

O

O

Br

Br

tetrahydro-2,5-dibromo-4-oxofuran-3-yloxy  

3E 

•H2C

O

Cl

tetrahydro-4-chloro-2H-pyran-2-yl-methyl

 

Docking studies were performed using V-life MDS 3.7 molecular modeling Software.  

Preparation of protein molecule: 

Figure 3 shows Vitamin K epoxide reductase with 

its bound inhibitor ubiquinone, taken from the 

protein data bank (PDB code 3KP9). Ubiquinone 

was extracted from protein molecule and used as 

reference ligand in docking process. We have 

chosen ubiquinone binding site for our docking 

purpose and checked for all hydrogen and complete 

valency. Protein molecule was energy optimized 

using Merck Molecular Force Field (MMFF) 

parameter and energy was noted as energy of 

optimized protein ‘a’. Protein molecule contains  

 

eight cavities where ligands can bind. These 

cavities are shown in Figure 4. 

 
FIGURE 3: 3D STRUCTURE OF 3KP9 ENZYME. 
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FIGURE 4: CAVITY INSIDE PROTEIN VIT-EPOXIDE 

REDUCTASE (3KP9). 

 

Preparation of ligand molecules: 

Three dimensional structure of coumarin 

derivatives were drawn by using Chemsketch 

software. Energy of each ligand was optimized 

using MMFF and energy was noted as energy of 

ligand ‘b’. Conformers were generated for each 

optimized ligand using systematic search method. 

Number of conformer generated mainly depends 

upon the torsion angle and number of rotatable 

bonds 
14

. 

 
Where n is no of rotatable bond. 

 

Gripe docking method: 

Gripe docking was performed and docked solutions 

were ranked by PLP score. Selected conformers for 

each compound with minimum energies were 

docked inside cavity of target molecule and its PLP 

score was compared with ubiquinone (reference 

ligand). Conformer with a minimum PLP score was 

merged in a cavity of target molecule and their 

interactions like hydrogen bond, hydrophobic, van 

der Waal, pi stacking were analysed.  Finally, 

energy of a merged molecule was calculated using 

MMFF and noted as the energy of optimized 

aggregate (c). 

 

Binding energy (ΔG) was calculated by using 

following formula for each ligand molecule 
15

. 

Binding energy (ΔG) kcal/mol= energy of 

optimized aggregate (c) – [energy of ligand (b) + 

energy of optimized protein (a)] 

 

RESULT AND DISCUSSION: 

For each docked ligand-protein complex, PLP 

score, binding energy and crucial ligand protein 

interactions were analyzed and their values were 

listed in Table 2.  

TABLE 2 DOCKING ANALYSIS OF 3-SUBSTITUTED 5-HYDROXY COUMARIN DERIVATIVES. 

Coumarin 

derivatives 

PLP score ΔG Binding 

energy 

hydrogen 

bond 

hydrophobic 

interaction 

van der Waal 

interaction 

Pi stacking 

interaction 

Series 1 

1A 39.47 34.21 3 11 113 1 

1B 48.83 48.01 1 28 156 - 

1C 36.87 106.88 - 26 164 1 

1D 0.00 1828.12 1 37 227 1 

1E 0.14 981.26 3 27 196 1 

Series 

2A -2.92 20.51 1 19 106 1 

2B 19.29 -21.78 1 23 136 - 

2C 22.08 -18.49 1 26 114 1 

2D 0.95 -10.20 1 17 110 1 

2E -5.88 -7.64 1 16  - 

Series 3 

3A 21.81 72.00 2 33 135 - 

3B 0.13 2241.08 2 63 195 2 

3C 4.15 -2.70 2 36 141 1 

3D -3.510 -80.012 3 26 130 1 

3E 4.48 250.69 1 24 122 1 

Warfarin 67.64 703.987 2 17 176 1 

 

Docking results such as PLP score, binding energy 

and ligand protein interactions were compared with 

warfarin as standard. It has been identified that 

hydrogen bond and hydrophobic interactions are 

important for activity, because hydrogen bonds are 

responsible for the selectivity towards target while 

hydrophobic interactions are the major driving 
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force for the ligand binding 
16

. Hydrogen bonding of ligand molecules is enlisted in Table 3. 
 

TABLE 3: HYDROGEN BOND INTERACTIONS OF COUMARIN DERIVATIVES. 

Ligand Hydrogen 

bond 

Amino acids Atom 

acid atom 

Group of ligand 

involved 

Distance (A°) 

Warfarine 2 Gly76 

Met118 

H 

O 

4-OH 

C=O 

2.399 

2.554 

Series 1 

1A 3 Tyr178 H 

O 

H 

C=O 

OH (phenyl) 

OH (phenyl) 

2.460 

2.017 

2.030 

1B 1 Tyr178 H OCH3(phenyl) 2.274 

1C - - - - - 

1D 1 Phe114 H OCH3(phenyl) 2.060 

1E 3 Met111 

Glu115 

Glu115 

S 

H 

H 

5-OH 

-O- 

OC2H 5 

1.791 

2.244 

1.375 

Series 2 

2A 1 Tyr178 H C=O 1.908 

2B      

2C 1 Thr72 H C=O 2.094 

2D 1 Tyr178 H OH (furan) 1.594 

2E 2 Met111 

Glu115 

O 

H 

5-OH 

5-OH 

1.510 

2.592 

Series 3 

3A 2 Thr72 

Tyr178 

H 

O 

5-OH 

5-OH 

1.994 

1.768 

3B 2 Val75 

Glu115 

N 

H 

5-OH 

OCH3(phenyl) 

2.552 

1.723 

3C 2 Ala65 

Thr72 

N 

H 

5-OH 

5-OH 

2.403 

2.230 

3D 2 Met111 

Thr174 

O 

H 

5-OH 

NO2 

2.492 

1.439 

3E 1 Glu115 H 5-OH 2..385 

In the first designed series (1A-1E), phenyl ring 

with the substitutions like OH, OCH3, (CH3)3, 

(OCH2), Br and C2H5 substitution at 8
th

 position 

were used. Compound 1Ehas formed three 

hydrogen bond interactions as shown in Figure 5. 

Hydrogen atom of a hydroxyl group has formed 

one hydrogen bond with Met111A at a distance of 

1.79Å.  

 
FIG. 5: HYDROGEN BOND INTERACTIONS OF 1E. 

Etheral oxygen of coumarin ring and oxygen atom 

of ethoxy group has formed hydrogen bond with 

Glu115A amino at a distance of 2.24 Å and 1.37 Å 

respectively. Compound 2D with a hydroxy 

substitution of furan ring has involved in the 

hydrogen bonding with Tyr178A at a distance of 

1.59 Å as shown in Figure 6. Compound 1D 

interacted through the hydrophobic interactions 

with the amino acid residues such Ile, Thr, Val, 

Leu, Ser, Ala, Met, Phe, Gluwhich is depicted in 

Figure 7. 

 
FIG. 6: HYDROGEN BOND INTERACTIONS OF 2D. 
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Compound 3B containing methyl substitution on a 

pyrane ring has formed two hydrogen bonds, one is 

between hydroxy group and Glu115A and another 

between methoxy and Val75A at a distance of 

1.72Å and 2.55Å respectively as shown in Figure 

8. Two pi stacking interactions were observed 

between Phe67A, Phe14A and aromatic ring of 3B 

as shown in Figure 9. 

 
FIGURE 8 HYDROGEN BOND INTERACTIONS OF 

3B. 

 
FIGURE 9 PI-STACKING INTERACTIONS OF 3B. 

 

CONCLUSION: Three different series of 5-

hydroxy coumarin derivatives were designed with 

the substitution at third position. Each ligand 

molecule has shown favourable hydrogen and 

hydrophobic interactions with the Vitamin K 

epoxide reductase. Tyr178, Thr72, Met111, 

Glu115, amino acids were found to be important 

for hydrogen bond interactions. 

 

First series of coumarin derivatives containg phenyl 

ring at third position has shown good interaction 

and oxygen containing substituents had played 

major role in it so phenyl ring with hydroxy, 

methoxy and ethoxy substituents can effectively act 

as Anti-coagulant based on molecular docking 

studies. 

 

Pyrane series also shown considerable bonding but 

as such pyrane ring was not involved in hydrogen 

bonding which is responsible for specificity 

towards target molecule (Except compound 3D). In 

second series, furan ring with its substituents were 

involved in hydrogen, hydrophobic interactions 

with minimum ΔG and PLP score. Between these 

three series of 5- hydroxy coumarin derivatives 

with phenyl and furan substitute at third position 

shown better result as compared to pyran ring 

substituted compounds.  

 

Ring substitution like hydroxy, methoxy, ethoxy 

will increases the no of interactions and overall 

potency/affinity towards target molecule. From the 

result of docking studies, 3- substituted-5-hydroxy 

coumarin scaffold could be effectively optimized 

into a drug candidate as anticoagulant agent.  
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