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1.1 Introduction

Thienopyridine (4, 5, 6, 7-tetrahydrothieno [3, 2-c] pyridines) and their derivatives are important heterocyclic
compounds (figurel) that are widely distributed in nature. Many of these compounds contain thienopyridine
skeletons which were reported to have antibacterial[1], non-peptide GPIlIb/llla antagonists[2] platelet
aggregators and antithrombotic agents[3].The incorporation of benzylic or substituted benzylic groups on the
nitrogen of the thienopyridine ring can bring an extensive modification in the biological activities of parent
compound. Among the substitutions occurred at nitrogen of the thienopyridine moiety, increased the biological
activity of the parent moiety, showed good antithrombotic activity in Ticlopidine and with more increased
activity in Clopidogrel. Later on, the studies proved that the Prasugrel to be more efficient drug candidate than

the existing Clopidogrel by making the structural modifications to the parent thienopyridine moiety [4]. Hence,
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different substitutions at nitrogen of the thienopyridine moiety may bring extensive improvement in the

biological activity of the new chemical entities (NCEs). Biphenyl system is the key structural unit in most of
the sartans, non-peptide antagonists of angiotensin Il receptors. Along with their well-known antihypertensive
activity [5, 6], biphenyl substituent’s have also been demonstrated as stimulators of growth hormone release [7]
metallo protease inhibitors [8,9] antibiotics [10] and chloride channel blockers [11]. In this context, biphenyls
and its derivatives had received substantial attention as good therapeutics. Thienopyridine derivatives also
provide an antioxidant protective effect that may contribute to their pharmacological activities [12]. The
antioxidant properties of thienopyridine are known to be influenced to a greater extent by the aryl structures of
the substitutions on aryl rings. Especially, the free radical donor substituents were one of the key groups to
enhance greatly the antioxidant activity of thienopyridine mainly due to its easy conversion to phenoxy radicals

through the hydrogen atom transfer mechanism [13].

The intermolecular charge transfer complex (CTC) is formed between electron donor and electron acceptor. It
is a general phenomenon in organic chemistry and Mullikan considered bond between the components of the
complex being postulated to arise from the base to the empty orbital of the acceptor. The CTC have unique
absorption bands in ultra violet-visible region. 2, 3-Dichloro-5, 6-dicyano 1,4- Benzoquinone (DDQ) is a z-
electron acceptor often it forms highly colored electron donor-acceptor or CTC with the triethyl amine. The
molecular interactions between electron donors and acceptors are generally associated with the formation of
intensity colored CTC. The photometric methods based on molecular interactions are simple and suitable since
they result in the rapid formation of the complexes. Triethyl amine is a good n-electron donor and forms CTC
with m-acceptor. DDQ forms charge transfer complex and radical anions with a variety of electron donors

[14,15]. Thienopyridine derivatives may act as free radical scavengers due to their structural features.

Several methods are used for the estimation of antioxidant activity of synthetic or natural source [16-19]. In
order to develop simple and sensitive spectrophotometric method charge transfer concept is used. A CTC is

formed between DDQ and n-donor which was used to investigate their antioxidant activity.

The aim of the present work is to develop in vitro antioxidant property of thienopyridines by spectrometric
method. The in vitro free radical scavenging activities of thienopyridine derivatives may be quantitatively
estimated. Molecular modeling studies further help in understanding the various interactions between the
ligands and enzyme active sites, physicochemical parameters and type of substituents are responsible for high

antioxidant efficacy of thienopyridine derivatives.
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Figure 1 Structures of thienopyridine derivatives
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1.2. Experimental Methods

Antioxidant Bioassay

All the chemicals were used of analytical grade. A systronics UV -Visible PC Based double beam
spectrophotometer-2202 equipped with 1.0cm quartz cells with a fixed slit width (2nm) was used to record the

absorption spectra.

Antioxidant activity of thienopyridines was measured by using spectrophotometer. This method is based on the
charge transfer complex (CTC) which is formed between triethyl amine and DDQ. To the 10ml of 3x10*M CT
complex, 10ml of 10*M substituted thienopyridine was added. The mixture was allowed to stand 5 min at room
temperature and then the absorbance of colored solution was measured at 440nm.The capacity of freeradical

scavenging activity of thienopyridine was calculated using the following equation:
i- Af
%RSA = x100
Ai

RSA (radical scavenging activity) of thienopyridine, Ai initial absorbance of the CTC, Asis the absorbance of

the test/ standard compound.

The optical density was recorded as decrease in intensity of purple red color of CTC. The antioxidant activity
is expressed as 1Cso. (Table 1) [20]. The antioxidant activity was compared with ascorbic acid, used as a

standard.

Table 1. Antioxidant activity of thienopyridine derivatives

comp 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

%RSA 4173  42.60 44.7 50.8 [50.8 {439 [53.04 (48.26 (35.65 55.21 68.69 [76.95 [64.78 [71.73 [67.39 75.65

1Cso 1.19 1.17 111 (0.98 [0.98 [1.138 [0.942 [1.036 [1.40 090 073 065 [0.77 [0.697 [0.74 0.66

IAct 2.93 2.93 3.90 (3.01 3.01 .86 3.03 298 [2.85 304 314 (319 (311 [B16 [3.13 3.18

Comp = compound, %RSA = %Radical Scavenging Activity, Act = Activity

1.3. Computational Methodology

1.3.1Construction of molecular structures
A series of thienopyridine compounds tested for inhibitory activity was selected for the present study and the
program of window Hyperchem software Inc (http://www.warezdestiny.com/free-hyp)[21] was used in
modeling studies. The molecules were generated and the energy was minimized using molecular modeling pro.
The window version software SPSS10 (SPSS Software;Consult http://www.spss.com)[22] was used in the

regression analysis.
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1.3.2 Calculation of quantum chemical descriptors

All of the molecular structures of the compounds were initially optimized geometrically using the semi-
empirical method AM1 (Austin Model 1) and PM3 (Parameterization Model 3) [23]. The quantum chemical
descriptors (variables)[24-27] obtained for model building in this work include: energy of cation (Ecation), €nergy
of anion (Eanion), the electron affinity (EA)(calculated from Eneutra-Eanion), 10nization potential (IP) (calculated
from Ecation-Eneutral), electro negativity(y), hardness(), softness(S), electrophilic index (o), partition coefficient
(LogP), hydration energy (HE),chemical potential () and polarisability (Pol)were obtained for thienopyridine

derivatives.

1.3.3 Molecular Modeling Studies
QSAR technique was applied to the thienopyridine derivatives which were varied on aryl ring position. The
appropriate descriptors or parameters for the compounds were used as independent variables for deciding in

cyclo-oxygenase-2 (4COX) inhibitory activity.

Molecular docking methodologies ultimately seek to predict the best mode by which a compound fit into a
binding site of a macro molecular target. This predicts the best candidate providing an insight on substitution

and configuration for optimum receptor pit which leads to the development of best pharmacophore activity.

2.2.2.1. GOLD2.0 Software

The GOLD2.0 (Genetic Optimization for Ligand Docking) program uses a genetic algorithm (GA) to explore
the full range of ligand flexibility and the rotational flexibility of selected receptor hydrogens [28,29]. The
mechanism for ligand placement is based on fitting points. The program adds fitting points to hydrogen-bonding
groups on the protein and ligand and maps acceptor points in the ligand, on donor points in the protein and
vice versa. The docking poses are ranked based on a molecular mechanics like scoring function. There are two
different built in scoring functions in the GOLD program Gold Score and Chem score. The interaction of the
ligands with the receptor in the modeled complexes was investigated and observed for the fitness function ability
on protein of cyclo-oxygenase-2. The 3D structure of protein cyclo-oxygenase-2 (4COX) was selected from
PDB (Protein Data Bank) Bank RCSB with an X-ray resolution in the range of 2.90A° [30]. Cyclooxygenases
are enzymes that take part in a complex biosynthetic cascade that results in the conversion of polyunsaturated
fatty acids to prostaglandins and thromboxane(s)

. Their main role is to catalyze the transformation of arachidonic acid into the intermediate prostaglandin H2,
which is the precursor of a variety of prostanoids with diverse and potent biological actions.COX-2 plays a
major role in prostaglandin biosynthesis in inflammatory cells and in the central nervous system.
Prostaglandin synthesis in these sites is a key factor in the development of inflammation and hyperalgesia.
COX-2 inhibitors have analgesic and anti-inflammatory activity by blocking the transformation of arachidonic
acid into prostaglandin H2 selectively. The three-step mechanism explains behind the inhibitory effects of

selective COX-2 inhibitors. The first step accounts for the contact of the inhibitor with the gate
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of the hydrophobic channel (called the lobby region). The second step could account for the movement of the

inhibitor from the lobby region to the active site of the COX enzyme. The last step probably represents
repositioning of the inhibitor at the active site, which leads to strong interactions of the phenylsulfonamide or
phenylsulfone group of the inhibitor and the amino acids of the side pocket. It is directly inhibition to

postaglanding.

The fitness function that was implemented in GOLD consisted basically of H- bonding, complexing energy,
and ligand internal energy terms. The GOLD Score was calculated by defining the active site using the list of
atom numbers and retaining all the other default parameters. The docking studies are frequently used to predict
the binding orientations of small molecules of drug candidates to their protein targets in order to predict the
affinity of the small molecules viz;1-16. A population of possible docked orientations of the ligand is set up at
random. Each member of the population is encoded as a chromosome, which contains information about the
mapping of ligand H-bond atoms onto protein H-bond atoms, mapping of hydrophobic points, all the
conformation around flexible ligand bonds and protein OH groups. All docking runs were carried out using
standard default settings with a population size of 100, a selection pressure of 1.1, a maximum of 100000
operations, number of islands as 5, a niche size of 2, and a mutation and cross over rate of 95. Docking poses
were obtained by applying both Chemscore and Gold score. In the present study of the GOLD Program, the
performance of both Gold Score, Chemscore are found to be good. SPDBV3.7 software [31] was used for
preparation of protein-ligand complexes by adding hydrogen atoms, removing water molecules, co-
crystallization of inhibitors. Enzyme-inhibitor interactions within a radius equal to 15A centered on reported

bound inhibitors were taken into account.

2.2.2.2 Argus Lab
Argus Lab 4.0.1[32] was used for molecular modeling studies, which is very flexible and can reproduce
crystallographic binding orientation. Argus lab provides a user-friendly graphical interface and uses shape dock
algorithm, to carry out docking studies. This helps to visualize the binding conformations of these analogues,

within the active site region of cyclo-oxygenase-2 protein.

2.2.2.3 Auto dock

Autodock4.0 [33] was used to estimate binding free energy and inhibition constant

(Ki).

2.3 Results and Discussions

2.3.2 Free radical scavenging activity

The photometric methods based on molecular interactions are simple and suitable since they result in the rapid
formation of the complexes. The CTC is formed between triethyl amine as n-donor (D) and DDQ as z-acceptor.
The Beer’s law is obeyed over the concentration ranges. The described method was successfully applied to the

determination of antioxidant activity. Lower absorbance of the reaction mixture indicates higher free radical
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scavenging activity. The Lower 1Cso value represents higher antioxidant activity. To accommodate the observed

results, the following reaction mechanism is proposed in Scheme-1.

Scheme-1:
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The CTC decomposes to give DDQ free radical which in turn forms R radical on abstraction of hydrogen from
thienopyridine (RH). The R' radical then undergoes further reactions which control the overall stoichiometry
i.e., the number of molecules DDQ reduced by RH. Mixing of DDQ solution to donor resulted in decrease in
intensity of color

i.e. shifted to shorter wave length (hypsochromic shift).

2.3.3 Linear regression model analysis

The biological activity data and the physicochemical properties IP, EA, o, EN, n, S, LogP, HE and Pol of the
thienopyridine derivatives are given in Table 2andTable 3. The data from these tables were subjected to
regression analysis. The correlation matrices were generated with sixteenth Thienopyridine derivatives. The
term close to 1 indicates high co-linearity, while the value below 0.5 indicates that no co-linearity exists between

more than the two parameters.

Table 2. Antioxidant activities and molecular descriptors values of thienopyridine derivatives in AM1 method

Eg-1 Eg-2 Molecular descriptors
Co Obs. HE
mpd  Act.  |predic  fresid  [Pred [Resid [IP (eV) [EA (eV) [EN (eV) n S (eV- Pol (A%
ted ual icted  |ual (eV) D) o | (Keal | LogP
/mol)

1 2.93 2.96 -.03 308 .16 8.87 |70 4.78 4.09 .12 2.80 -5.51 -.32 53.98
2l 2.93 2.90 .03 3.06 13 8.87 |54 4.71 4160 .12 2.66 -5.92 -.09 52.05
3 3.90 3.12 .78 322 -.68 8.65 |91 4.78 3.87 .13 2.96 -6.21 -.37 49.74
4 3.01 2.98 .03 311 A1 8.79 |68 4.74 405 .12 2.77 -5.64 1.28 50.22
5 3.01 3.01 .00 315 15 8.66 |63 4.65 402 .12 2.69 -2.49 149 47.09
6| .86 3.03 -216 - - 8.72 |73 4.72 399 .13 2.80 -5.66 151 43.42
7 3.03 3.05 -.02 317 .15 8.69 |76 4.72 3.960 .13 2.81 -3.29 .63 47.09
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8 2.98 2.95 .03 307 .08 8.93 |75 4.84 409 .12 2.86 -6.30 .59 45.26

9 285 2.89 -.04 305 .20 8.87 |52 4.69 418 .12 2.64 -5.92 -.09 41.59
10| 3.04 2.89 .16 305 .01 8.87 |51 4.69 418 .12 2.63 -5.92 .59 39.05
11 3.14 2.97 .16 311 -.03 8.79 |67 4.73 406 .12 2.76 -6.37 -.09 52.05
120 3.19 2.96 .23 307 -11 891 |74 4.83 409 .13 2.85 -6.30 -.61 40.47
13 3.11 2.58 .53 208 -13 8.64 |72 3.96 468 .11 1.67 -6.30 -.61 45.26
14 3.16 2.82 34 204 =21 9.21 |64 4.93 429 .12 2.83 -5.34 -1.07 47.09
15 3.13 3.46 -.33 360 A7 7.86 |88 4.37 349 .14 2.74 -6.21 -47 50.03
16/ 3.18 2.69 49 279 -39 9.69 |70 5.20 450 .11 3.00 -6.15 -.09 49.94

Table 3. Antioxidant activities and molecular descriptors values of thienopyridine derivatives in PM3 method

Eg-3 Eqg-4 Molecular descriptors
Com pdObs.
ACL. IPredi  [residual [Pred [Resid  [IP (eV) [EA (eV) [EN (eV) n [SeVvYH HE(K.c |Log P |Pol (A9
cted icted |ual (eV) o al/mol)

1 2.93 2.96 -.03 312 20 9.09 |33 471 4.38 A1 2.53 -5.78 |32 [53.98
2 293 2.95 -.02 313 i’ 9.08 |30 4.69 4.39 A1 2.50 -6.18 [-.09 [52.05
3 3.90 3.06 .84 314 R 8.98 |52 4.75 4.23 A2 2.67 -6.38 |37 49.74
4 3.0 2.98 .02 3.04 03 9.21 |54 4.88 4.34 A2 2.74 -5.78 [1.28 [50.22
5 3.0 3.22 -.22 326 RS 8.66 |.63 4.65 4.02 A2 2.69 -249 (149 47.09
6 .86 2.95 -2.09 - - 9.33 |55 4.94 4.39 A1 2.78 -5.34 (151 4342
7 3.03 2.30 12 299 12 1047 .77 4.85 5.62 .09 2.10 -2.78 |63 47.09
8 298 297 .02 311 20 9.11 |38 4.75 4.37 A1 2.58 -3.57 |59 45.26
9 2.85 3.01 -.16 3.05 07 9.18 |58 4.88 4.30 A2 2.76 -242 |-.09 4159
10 3.04 2.95 .09 311 06 9.11 |34 4.73 4.38 A1 2.55 -2.97 |59 39.05
11 314 319 | -05 | 4,0 ["° 8.79 |67 473 | 406 | 12 | 276 | 635 [.09 [52.05
12 319 300 | 19 | 400 % 9.23 |60 491 | 432 | 15 | 280 | 633 |61 (4047
13 3.111 2.93 18 3.08 -03 9.19 |36 4.78 4.42 A1 2.58 -5.65 |61 45.26
14 3.160 2.91 25 3.12 102 9.13 |23 4.68 4.45 12 2.46 720 | 1.07 47.09
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15 3.13 2.95 A7 310 09 9.12 |36 4.74 4.38 A3 2.57 -3.16 |47 [50.03

16 318 296 | 22 | 5.0 12 915 |40 477 | 438 | 11 | 260 | -247 L09 |49.94

The perusal of correlation matrix indicates that S and EA are the predicted parameters from AM1 method. The
enter, backward, forward, removed and stepwise regression methods are used. S and EA were found to be
explainable variable. The regression technique was applied through the origin using these explainable

parameters.

ACHIVItY = 24,054 (1307 ) > S @
N = 16; R = 0.979; R? = 0.958; R2adj=0.955; %EV = 95.80; SEE = 0.64; F= 341.566; Q =1.53;

In addition, the plot of observed activity versus predicted activity was not found to be satisfactory. Hence, the
predictive ability of the model is not good. Eq.1 shows that the values of %EV are less and to improve its value,
outliers were sought and eliminated.

After the elimination of the outlier (6), a second model was developed. Overall, there is an increase in R (0.979-

0.997) and %EV (95.80— 99.5) values, and a decrease in SEE (0.64 - 0.24).

Activity = 26.458(1.216) * S — 0.220 (0.0213) * EA )
N =15; R= 0.996; R2= 0.993; R?adj =0.992; %EV = 99.6; SEE = 0.2841; F =894.019; Q =3.5058;

Eq.2 is an improved model since it explains the biological activity to the extent of (99.5%). From the correlation
matrix table, it reveals S and EA are found to be explainable variables. A mono-parametric QSAR equation

with Soft and di-parametric QSAR equation with S and EA were generated in PM3 method also.

ACtIVIEY = 25.880(1.367) ™ S
=16; R = 0.980; R*= 0.960; R%adj =0.957; %EV = 96.0; SEE = 0.62; F = 358.871; Q = 1.56;

Eq.3 shows that the values of %EV is less and to improve its value, outliers were sought and eliminated, In
addition, the plot of observed activity versus predicted activity was not found to be satisfactory. Hence, the
predictive ability of the model is not good. After the elimination of the outlier (6), a second model was

developed.

Activity = 28.910%(0.910) * S — 0.540 (0.212) * EA (4)
N =15; R = 0.997; R? = 0.994; R%adj=0.994; %EV = 99.4; SEE = 0.2509; F = 1148.341; Q =3.9736;

In an attempt to investigate the predictive potential of proposed models, the cross- validation parameters (gcvand
PRESS) were calculated and used. The predictive power of the equations was confirmed by leave-one-out

(LOO) cross-validation method (table 2 and table 3).
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Eq.3 and 4 of AM1 and PM3 methods respectively give a good g2 value, which should be always smaller than
%EV. A model is considered to be significant when g%y = (>0.82). Another cross-validation parameter, PRESS
which is the sum of the squared differences between the actual and that predicted when the compound is omitted
from the fitting process, also supports the predictive ability of Eqgs.2 and 4. Its value decreases from Eq.1 to

Eq.3.

The quality factor Q,[34] is defined as the ratio of regression constants (R) to the standard error estimation
(SEE), that is, Q = R/SEE. This indicates that the higher the value of R, and the lower the value of SEE, the
higher is the magnitude of Q and the better will be the correlation. In present case, Q increases from 1.53to

3.505 and 1.56 to 3.973(Eq. 1 to 4).

As softness of ligand increases the activity also increases. The activity decrease with increase in electron
affinity. Soft acids and bases can be explained on the HSAB principal. Softness of chemical species linked with
large atomic/ionic radius, low or zero oxidation state, high polarisability, low electro negativity. Soft bases have
HOMO of higher energy than hard bases, and soft acids have LUMO of lower energy than hard acids. The soft
molecules are more reactive than hard molecules if electron transfer or rearrangement is necessary for the
reaction. The softness is important in understanding the chemistry of large, delocalized molecules or ions [35].
The electron affinity is characterized by the susceptibility of the compound in relation to attacks by nucleophiles.
The electron affinity of an atom or molecule is defined as the amount of energy released when an electron is
added to a neutral atom or molecule to form an negative ion. In principle, any molecule can act as an electron
donor to all molecules with superior values to it. In the final AM1 and PM3 modelled Eg-2 and EQg-4,
contribution of the physicochemical parameters shown graphically in contribution charts (figure 2 and figure

3). The correlation between actual and predicted activity for the compounds are shown in table 2, table 3 and

figure 4-7.
Figure 2 Plot of observed activity Vs Figure 3 Plot of observed activity Vs predicted
activity predicted activity
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Figure 4 Plot of observed activity Vs EA Figure 5 Plot of observed activity Vs S
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5.3.3. Docking Analysis

Among all the compounds tested for docking study, showed good inhibitory activity values against cyclo-
oxygenase-2 (table 4 and table 5). The compound 12 and 15 showed high affinities with low energy of with
employed protein. It indicates the binding between 4COX and compound-12 indicates very good inhibition.
The compounds (1-16) showed good inhibition with affinity ranges. In the active site of 4COX, Thr212, Asn68,
Glu67, His388, Ser 530, Tyr355, Tyr 402, Asn 382, Thr70, Glu140, Asn144 amino acids play important role

and they are shown in figure 8.

Figure 8Active site amino acids of crystallographic protein 4COX

The docking results from the crystal structure of cyclooxegenase-2 (4COX) in the modeling study agreed well

with the observed in vitro data, which indicated that compound-12 (1Cs0=0.649) expected to be a potent inhibitor
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of cyclooxegenase-2.The docked score of compound-12 (55.19) indicates tight binding to the active site

cyclooxegenase-2 and it agreed with biological activity. The high score of compound-12 is due to the best fitting
of ligand containing electron releasing groups (-Cl) in the aromatic ring of thienopyridine derivatives with the
cyclooxegenase-2 protein. The second highest score for the compound-15 is due to electron releasing group (-
F) on aromatic ring of compound-15.The compounds 14, 11,10 and 2 have next highest score due to presence
of electron releasing groups on aromatic ring and highest score due to intra and inter molecular hydrogen
bondings with the electron releasing groups. The remaining compounds have medium gold docking score due
to presence of less capacity of electron donating groups present on the aromatic ring of thienopyridine

derivatives.

Table 4 Docking Values Obtained from Gold in Fitness Score with cyclo-oxygenase-2 (PDB ID = 4COX)

Compound Fitness S(hb_ext) S(vdw_ext)  S(hb_int)S(vdw _int)
1 46.39 0.00 37.80 0.00 -5.58
2 249.200.25 39.11 0.00 -4.83
3 45.71 0.16 38.43 0.00 -7.28
4 49.13 0.12 36.38 0.00 -1.01
5 545.520.21 36.57 0.00 -4.97
6 52.90 0.00 43.52 0.00 -6.94
7 46.76 0.18 38.31 0.00 -6.09
8 47.31 0.21 37.22 0.00 -4.08
9 44.57 0.00 33.26 0.00 -1.16
10 51.27 3.39 40.95 0.00 -8.43
11 52.00 4.48 41.78 0.00 -9.92
12 55.19 2.61 43.59 0.00 -7.35
13 46.23 0.30 37.52 0.00 -5.66
14 52.67 2.23 42.48 0.00 -7.97
15 53.73 0.78 43.71 0.00 -7.15
16 -20.330.24 40.03 0.00 -75.62

Table 5 Docking values obtained from GOLD in Chemscore function with cyclo- oxygenase-2 (PDB ID =
4COX)

Comp Score DG S(hbond) S(metal) S(lipo) DE(clash) DE(int)
120.17 -22.81 0.99 0.00 145.86 0.282.36
221.01 -24.32 0.99 0.00 160.01 0.203.10
321.23 -24.71 0.94 0.00 165.41 0.163.32
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421.09 -23.50 0.97 0.00 152.37 0.112.29

520.51 -23.24 0.99 0.00 150.57 0.042.69
624.66 -27.85 1.00 0.00 191.04 0.712.48
720.44 -23.30 0.98 0.00 151.18 0.232.62
820.59 -24.62 0.93 0.00 163.39 1.632.40
92134 -2294 0.83 0.00 148.81 0.401.20
1019.93 -25.06 0.92 0.00 164.72 1.723.41
1121.26 -25.80 0.91 0.00 171.32 1.493.05
1222.02 -29.07 1.19 0.00 191.23 2.704.35
1321.06 -24.02 0.96 0.00 155.55 0.062.90
1421.97 -27.92 0.96 0.00 188.76 0.305.65
1521.63 -27.55 0.99 0.00 184.23 1.993.93
16 20.61 -24.53 0.95 0.00 159.31 0.263.66

Highest Occupied Molecular Orbital (HOMO) energy and Lowest Unoccupied Molecular Orbital (LUMO)
energy were constructed from of HQSAR (Hologram QSAR)[36].The theoretical calculations of molecular
properties such as the maps of Molecular Orbitals (HOMO, LUMO), Autodock and Argus lab binding energies
showed a good antioxidant activity of the title compounds (Table 6andFig.9.). The HQSAR maps show positive
(green) and negative (blue) contributions. The positive contributions of the most potent compounds-12, 14 and
15 indicate the importance of polar contacts for biological activity. The higher energy of the HOMO and lower
energy of the LUMO indicate the greater electron-donating ability and smaller resistant to accept electrons

respectively. Therefore, the HOMO and LUMO energies also support the QSAR and docking results.

Table 6 HOMO, LUMO, AUTODOCK and Argus Lab energies of thienopyridine derivatives

Argus B.Ein K
Compound | eyomo o Auto dock Kiin uM |Auto dock B.E in K g?rl]g?gls(g::%?]ssg)
cal/mol
1 -9.03 -0.45 68.56 -5.68 -15.99(7)
2 -9.02 -0.44 - +12.77 -14.19(8)
3 -9.03 -0.45 +40.59 - -15.91(6)
4 -9.03 -0.35 50.40 -5.86 -13.47(6)
5 -9.03 -0.41 +41.19 - -15.66(8)
6 -3.59 -0.22 +62.01 - -16.69(8)
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7 -9.02 -0.41 65.61 -5.71 -14.35(7)
8 -0.03 -0.42 99.25 -5.46 -14.34(6)
9 -9.26 -0.65 20.51 -6.40 -15.10(8)
10 -8.98 -0.40 124.59 -5.33 -16.09(8)
11 -0.14 -0.35 21.35 -6.37 -15.11(7)
12 -9.03 -0.43 152.95 -5.21 -14.82(6)
13 -9.12 -0.38 34.13 -6.09 -13.88(5)
14 -0.14 -0.63 82.14 -5.57 -14.46(8)
15 -9.01 -0.49 8.33 -6.93 -16.77(7)
16 -8.79 -0.61 - +227.44 -12.99(7)

Figure 9 Best docking poses of molecule 12,14 and 15. HOMO, LUMO energy maps of molecule (12,14 and

15) and green color indicate favorable regions, while blue color indicate unfavorable region for the activity.
«

Best pose molecule-15 HOMO structure of molecule-15 LUMO structure of molecule-15
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24 CONCLUSIONS

The antioxidant activity of thienopyridine derivatives was determined using CTC of DDQ. In our present study,
it was established the predictive QSAR models that are quite reliable to the experimental antioxidant activity of
thienopyridines. The main contribution of the high score compounds to the cyclo-oxygenase-2 enzyme is due
to hydrophobic interactions. These findings demonstrated that these compounds could be developed into
novel antioxidant pharmacophore. QSAR shows good predictive performance and has ability to provide some
insight into the relative importance of the individual compounds involved in determining the biologic activity.
Based on the activity data, from the series 12, 15, 14, 11, 10 and 2 serve as an important pharmacophore for the
design and development of new lead as antioxidant agent. Therefore, it gives insight into the pharmacophore
and residues of cyclo-oxygenase-2active site. The docking studies helped in understanding the various
interactions between the ligands and enzyme active sites. The QSAR studies revealed the indicative
physicochemical parameters and type of substituents are responsible for high antioxidant efficacy of

thienopyridine derivatives.

2.5 References

[1]. Srivastava B.K, Solanki M, Mishra B, Soni R, Jayadav S, Valani D, Jain M and Patel P.R., Synthesis and
antibacterial activity of 4,5,6,7-tetrahydro-thieno[3,2- c]pyridine quinolones.Bioorg. Med. Chem. Lett,17 (7):
1924-1929,(2007).

[2]. Katano K, Shitara E, Shimizu M, Sasai K, Miura T, Isomura Y, Kawagochi M, Ohuchi S and Tsuruoka T,
Synthesis and pharmacological evaluation of 5-[20- (1H-tetrazol-5-yl)-biphenyl-4-ylmethyl]-4,5,6,7-
tetrahydro-thieno[3,2-c]pyridine derivatives as platelet aggregation inhibitors Bioorg. Med. Chem. Lett, 6
(21):2601-2606, (1996).

[3]. Esanu, Andre, Thienopyridine Derivatives And Anti-thrombotic Compositions Containing The Same - US
PATENT, U.S 4681888. (1987).

[4]. Hiruyoki K, Fumitoshi, A, Atsuhiro S, Tomio K, Teruhiko I, Shigeyoshi N and Yasunori T, The new
tetrazole derivatives (3a—k) were screened for their in vitro activity as ... to the parent thienopyridine moiety,US
Patent 5288726,(1994).

[5]. Smith R.D, Sweet C.S, Goldberg A and Timmermans P.B.M.W.M., Losartanpotassium (Cozaar (TM) + a
nonpeptide antagonist of angiotensin-Il,. Drugs Today, 32: 1. (1996).

[6]. Dickstein K, Timmermans P.B.M.W.M and Segal R., Losartan: A Selective Angiotensin Il Type 1 (AT1)
Receptor Antagonist for the Treatment of Heart Failure,” Expert Opinion on Investigational Drugs, 7(11):1897-
1914, (1998).

[7]. Smith R.G, Cheng, K, Schoen W.R , Pong S.S, Hickey G, Jacks T, Butler B, Chan W.W.S, Chaung, L.Y.P,
Judith F, Taylor J, Wyvratt M.J and Fisher M.H, A Nonpeptidyl Growth-Hormone Secretagogue,” Science, 260
(5114): 1640-1643.

JETIR2203117 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ b144


http://www.jetir.org/

© 2022 JETIR March 2022, Volume 9, Issue 3 www.jetir.org (ISSN-2349-5162)
(1993).

[8]. Green B.G, Toney J.H, Kozarich J.W and Grant S.K, Inhibition of Bacterial Peptide Deformylase by
Biaryl Acid Analogs,” Archives of Biochemistry and. Biophysics, 375(2): 355-358, (2000).

[9]. Toney J.H, Cleary K.A, Hammond G.G, Yuan X, May W.J, Hutchins S.M, Ashton

W.T and Vanderwall, D.E, Structure-activity relationships of biphenyl tetrazoles as metallo-beta-lactamase
inhibitors,Bioorg Med Chem Lett.18:2741-2746, (1999).

[10]. Toney, J.H., Fitzgerald, P.M.D., Grover-Sharma, N., Olson, S.H., May, W.J., Sundelof, J.G., Vanderwall,
D.E., Cleary, K.A,, Grant, S.K., Wu, J.K., Kozarich, JW., Pompliano, D.L., Hammond, G.G., Antibiotic
Sensitization Using Biphenyl Tetrazoles as Potent Inhibitors of Bacteroides Fragilis Metallo-Beta-Lactamase,
Chemistry & Biology, 5(4): 185-196, (1998).

[11]. Christophersen, P. and Dahl, B.H. WO Patent 0024707. (2000).

[12]. A. Gawron-Skarbek, J. Chrzczanowicz, J. Kostka, D. Nowak, W. Drygas, A. Jegier, T. KostkaFactors
determining the total serum antioxidant capacity in men with coronary heart disease — The powerful effect of
treatment with thienopyridines. Nutrition, Metabolism and Cardiovascular Diseases (Available online 1 March
(2014). (Article in press).

[13]. Rezk B. M, Haenen G.R. M. M, Van der Vijgh W. F. F, and Bast A. The antioxidant activity of phloretin:
the disclosure of a new antioxidant pharmacophore in flavonoids, Biochim. Biophys. Res. Commun, 9:
295,(2002).

[14]. Hesham, Salem. Spectrophotometric determination of B-adrenergic blocking agents in pharmaceutical
formulations, Journal of Pharmaceutical and Biomedical Analysi., 29(3): 527-538, (2002).

[15]. Arunapriya L, Srimai V and Parthasarathy T, Novel invitro antioxidant estimation of phenolic
compounds and molecular modeling studies, Int.Res. J. Pharm,4(9), 148-158,(2013).

[16]. Winyard P.G, Moody C.J ,and Jacob C. Oxidative activation of antioxidant defence.Trends in Biochemical
Sciences,30(8): 453-461, (2005).

[17]. Devasagayam,T.P, and Sainis, K.B, Indian Journal of Experimental Biology,40;639.(2002).

[18]. EtsuoN.Free Radical Biology & Medici., 49:503.(2010).

[19]. Suvarna Shenvi, KrishnaKumar, Kaushik S, Hatti K, Rijesh, Latha Diwakar, Chandrasekara ReddyG.
European Journal of Medicinal Chemistry, 62:435- 442.(2013).

[20]. Manuela Silval M, Marta R. Santos1, Gongalo Carogol, Rui Rochal, Gongalo Justinol and Lurdes Mira
structure-antioxidant Activity Relationships of Flavonoids: A Re-examination, Free Radical Research,
36(11):1219-1227,(2002).

[21]. EI-Sayed O. A, Al-Turki T. M, Al-Daffiri H. M, Al-Bassam B. A, Hussein M. E, Boll.Gakhar G, Ohira,
T, Shi A, Hua D. H and NguyenT. A, Drug Dev. Res, 69:526. (2009).

[22]. Al-khalil S, Atkofahi A, EI-Eisawi D and Al-shibib A, Transtorine, a new Quinoline alkaloid from
Ephedra fransitoria J. Nat. Prod. Feb, 61(2): 262-283, (1998).

JETIR2203117 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ b145


http://www.jetir.org/

© 2022 JETIR March 2022, Volume 9, Issue 3 www.jetir.org (ISSN-2349-5162)
[23]. Mauro, Reis, Benedito, Lobato., Jeronimo, Lameira., Alberdan Santos and Cla’udio Alves N European

Journal of Medicinal Chemistry. 42: 440 (2007).

[24]. Kawase M. Shah A, Gaveriya H, Motohashi N, Sakagami H and Molnar A.V, 3,5-Dibenzoyl-1,4-
dihydropyridines: synthesis and MDR reversal in tumor cells. Bioorg. Med. Chem, 10: 1051-1055. (2002).b)
Mannhold R, Jablonka B, Voigdt W, Schoenafinger K and Schravan K, Eur. J. Med. Chem, 27: 229, (1992).
[25]. Heravi M. M, Behbahani F. K, Oskooie H. A and Shoar R. H, Tetrahedron Lett,46: 2775, (2005).
[26]. Borovic S, Tirzitis G, Tirzite D, Cipak A, Khoschsorur G. A, Waeg G, Tatzber F, Scukanec-Spoljar M,
Zarkovic N, Eur. J. Pharmacol., 537:12,(2006).

[27]. Shanthi V ,Ramesh M, Srimai V .Srinivas P and Parthasarathy T, QSAR, Docking and in vitro antioxidant
study of novelchromone derivatives. Modern Chemistry, 1(1): 8-17,(2013).

[28]. (a) Jones G,Willett P and Glen R. C. Molecular recognition of receptor sites using a genetic algorithm
with a description of desolvation, J Mol Biol., 245, 43. (1995).

(b) Jones, G.; Willett, P.;Glen, R. C.; Leach, A. R.; Taylor, R. Development and validation of a genetic
algorithm for flexible docking,J Mol Biol., 267, 727-748

(1997). (c) Nissink, J. W. M.;Murray, C.; Hartshorn, M.; Verdonk, M. L.; Cole, J. C.; Taylor, R.,A new test set
for validating predictions of protein-ligand interaction, Proteins: Structure Function Bioinformatics., 49(1):
457-471,(2002).

[29]. Srimai V, Ramesh M, Satyaparmeshwar K and Parthasarathy T, Computer aided design of selective
cytochromep450 inhibitors and docking studies of alkyl resorcinol derivatives, Med Chemistry Research,22(
11): 314-5323, (2013).

[30]. http://www.rcsb.org/pdb.

[31]. Verdonk, M. L.; Cole, J. C.; Hartshorn. M. J.; Murray. C.W.; and Taylor, R. D. Improved protein-ligand
docking using GOLD, Proteins: Structure Function Bioinformatics. 52(4): 609-623, (2003).

[32]. Thompson MA ,Molecular docking using ArgusLab, an efficient shape-based search algorithm and the
AScore scoring function. ACS meeting, Philadelphia 172 CINF 42 PA,(2004).

[33]. Trott O and Olson A.J Auto dock vina: improving the speed and accuracy of docking with a new scoring
function, efficient optimization and multithreading, J Comp Chem, 31:455-461,(2010)

[34]. Rameshwar N, Krishna K, Ashok Kumar B and Parthasarathy T, QSAR studies of N1-(5- chloro-2-
pyridyl)-2-{[4-(alkyl methyl)] amino}-5-chlorobenzamide analoges, Bio.org.Med.Chem, 14:319-325. (2006).
[35]. Yang W and Parr, R. G, Hardness, softness, and the fukui function in the electronic theory of metals
and catalysis, Proc. Natl. Acad. Sci. USA 82: 6723- 6726,(1985).

[36]. Vinicius G, Maltarollo,Danielle C, Silvaand Kathia M and Hondrio. Advanced QSAR Studies on PPARd
Ligands Related to Metabolic Diseases, J. Braz. Chem. Soc., 23(1): 85-95, (2012).

JETIR2203117 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ b146


http://www.jetir.org/
http://www.rcsb.org/pdb

© 2022 JETIR March 2022, Volume 9, Issue 3 www.jetir.org (ISSN-2349-5162)
Acknowledgment

Shirish Kumar Kodadi is thankful to the Head, Department of Humanities & Sciences, and Fund for
improvement of S&T Infrastructure in Universities and Higher Educational institutions (FIST), Vignana
Bharathi Institute of Technology, Hyderabad, India, and Head, Department of Chemistry, Osmania University,

Hyderabad, India, for providing the facilities to carry out the work in the Department.

JETIR2203117 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ b147


http://www.jetir.org/

