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Abstract- The incidence rate of hypertension continues a phenomenal rise and so, there is an
ever-increasing demand for the discovery of novel therapeutic agents that have increased
efficacy and decreased adverse effects. In these circumstances, benzimidazole was chosen as
a potential lead structure and subjected to hologram quantitative structure—activity
relationship (HQSAR), comparative molecular field analysis (CoMFA), and comparative
molecular similarity indices analysis (CoMSIA). In general, the findings of the QSAR
analysis indicate that the LOO cross-validated g2 and r2 values of the HQSAR, CoMFA, and
CoMSIA models are respectively 0.983, 0.178, and 0.416, and 0.991, 0.996, and 0.996.
HQSAR found that the hydrogen bond donor and acceptor play a big role in how well

benzimidazole derivatives work against high blood pressure.

1. Introduction

Cardiovascular diseases are a serious health problem worldwide. Uncontrolled blood pressure
is one of the main risk factors for cardiovascular diseases (CVDs) such as heart attacks and

stroke, and are responsible for one-third of total deaths in India. [2]

Hypertension, along with pre-hypertension and other hazardously high blood pressure, is
responsible for 8-5 million deaths from stroke, ischaemic heart disease, other vascular
diseases, and renal disease worldwide. Global scenario reveals that only cardiovascular
disease accounts one third of deaths of total and more than half cases among these

complications are due to hypertension. It is a major cause of premature death worldwide [1].

Hypertension is defined as increased systolic pressure, diastolic pressure, or both [3] The first

systolic represents pressure in blood vessels when the heart contracts or beats and second
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diastolic represents pressure in the vessels when the heart rests between beats. High blood

pressure is said to be present if it is persistently at or above 140/90 mmHg.

The incidence rate of hypertension continues a phenomenal rise [1] and so, there is a growing

need to identify novel therapeutic agents with improved efficacy and reduced side effects.

More people die each year from cardiovascular diseases than from any other cause. Over
three quarters of heart disease and stroke-related deaths occur in low-income and middle-

income countries.

An estimated 1.4 billion people worldwide have high blood pressure, but just 14% have it
under control. However, cost-effective treatment options do exist. More than 700 million
people with untreated hypertension, nearly half these people did not know they had
hypertension. In 2019, over one billion people with hypertension (82% of all people with

hypertension in the world) lived in low- and middle-income countries.[2]

According to WHO the number of people aged 30—79 years with hypertension doubled from
1990 to 2019, from 331 (95% credible interval 306—-359) million women and 317 (292-344)
million men in 1990 to 626 (584-668) million women and 652 (604—698) million men in
2019, despite stable global age-standardised prevalence [1].

The development of anti-hypertensive drugs represents one of the most important advances in
therapeutics both in the control or cure and treatment of blood pressure complications of

other therapeutic modalities such as cardiovascular disease [5].

Benzimidazole nucleus is the most important building block for several of compounds that
play important roles in the physiological function of various biologically as well as

physiologically important molecules [17].

For more than twenty years, computational methodologies and QSAR analysis have been
gained popularity in designing novel drug molecules. In the present work we have been
utilizing hologram quantitative structure—activity relationship (HQSAR), comparative
molecular field analysis (COMFA), and comparative molecular similarity indices analysis
(CoMSIA) [7-12] techniques for exploring structural constraints around the benzimidazole
ring, which may be helpful in designing new benzimidazole classes of anti hypertensive

drugs.
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2. Materials and methods
2.1 Dataset-

Total 52 structurally different benzimidazole derivatives in the dataset, which have been
shown to have activity against the hypertension, were used for 2D and 3D QSAR modelling.
The 1Cso values, which represent the inhibitor concentration (in M) that results in 50%
inhibition, were converted into plCso (log 1Cs) values and used as a dependent variable in
HQSAR, CoMFA, and CoMSIA analysis. According to the substitution at the R, R1, R2 and
R3 position on benzimidazole ring, 52 benzimidazole derivatives were randomly divided into
the training set (35 compounds) and test set (17 compounds). The test compounds were
selected considering the structural diversity and wide range of activity within the dataset.

Chemical structures and their biological activities are represented in table 1.

\
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6a-6i 11b-11g, 12

S.no. Name n R pICso
1 11b 0 Ethyl 9.397
2 11c 0 n-Propyl 9.522
3 11d 0 Phenyl 8.408
4 1le 0 4-Methylphenyl | 8.309
5 11f 1 Phenyl 8.920
6 11g 2 Phenyl 10

7 12 0 Methoxy 9.154
8 6b 0 n-Butyl 7.886
9 6d 0 1-Piperidinyl 7.698
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10 6e 4- 7.408
Methylphynyl

11 6f Phenyl 8.522

12 69 4-Morpholinyl | 7.958

13 6i 4-Morpholinyl | 8

la-le
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LD
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2a-2¢e 3
S.no. Name R pICso
14 la Me 8.127
15 1b Et 8.737
16 1c n-Pr 9.443
17 1d n-Bu 8.583
18 le n-Pentyl 7.946
19 2a Methyl 8.083
20 2b Ethyl 7.884
21 2c n-Propyl 8.424
22 2d n-Butyl 8.651
23 2e n-Pentyl 9.036
24 3 / 8.469
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AN N
X N
/ N
= N
| (d
4a-4c 5a-5¢
S.no. Name R pICso
25 4a Ethyl 8.449
26 4b n-Propyl 8.327
27 4c n-Butyl 8.249
28 5a Ethyl 8.931
29 5b n-Propyl 8.485
30 5c n-Butyl 8.251

1A-1F 2A-2F
S.no. Name R1 R2 R3 pICso
31 1A Ethyl Methyl H 7.987
32 1B n-Propyl Methyl H 8.397
33 1C n-Butyl Methyl H 8.004
34 1D Ethyl H Methyl 7.917
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35 1E n-Propyl H Methyl 8.275
36 1F n-Butyl H Methyl 7.978
37 2A Ethyl Methyl H 7.920
38 2B n-Propyl Methyl H 8.356
39 2C n-Butyl Methyl H 7.970
40 2D Ethyl H Methyl 7.866
41 2E n-Propyl H Methyl 8.251
42 2F n-Butyl H Methyl 8.013
N\>7Rl
1b-1i, 2a-2b
S.no Compound | R1 R2 R3 pICso
name
43 1b -CH,CH,CF; | -COOH % /”‘T\ 8.148
v
44 1c -CH,CH,CF; | -COOH %{/N\O 8.136
A

45 1d -CH,CH,CF; | -CON(CHz), -COOH 8.318

46 le -CH,CH,CF3 | -CON(CH2CH3),; | -COOH 8.267

47 1f -CH,CH,CF;3 | - -COOH 8.283

CONH(CHy),CgHs
48 19 -CH,CH,CF3 4 -COOH 9.096
200
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2.2 Molecular modelling -

The three dimensional structures of benzimidazole were built using the sketch module of
SYBYL-X 2.1 and the energy minimized through MMFF94 (Merck molecular force field
94); the Gasteiger—Huckle charge was then added by SYBYL-X 2.1.

2.3 Molecular alignment for 3D-QSAR analysis-

One of the most crucial and sensitive 3D-QSAR parameters is molecular alignment. Aligning
molecules correctly was necessary for the CoMFA and CoMSIA to produce reliable 3D-
QSAR models.The molecules in the dataset were aligned using the maximum common
substructure method. In dataset's most active compound, compound 6 (ICsp =0.1, pICs =10),

served as a template for aligning the molecules in the training and test sets.

The DATABASE ALIGN option of SYBYL-X 2.1 was used to align the molecules over the
template molecule by rotation and translation so as to minimize the root mean square
deviation (RMSD) between atoms in the template and the corresponding atoms in the
analogues. The template compound 6 with maximum common substructure and aligned

molecules are shown in Figure 1
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Figure 1 Molecular alignment of all molecules over template molecule.
2.4 Calculation of hologram quantitative structure—activity relationship descriptors

HQSAR is an approach that may be used to determine the relationship that exists between the
structure of a molecule and the biological activity of that substance [8]. The ability to
generate molecular alignment and conformational specification without the necessity for a 3D
structure is one of the benefits of this technique. Other advantages include the choice to
calculate or measure physicochemical descriptors, as well as the flexibility to select those

characteristics.

In HQSAR, each molecule in the dataset is broken down into all of the possible structural
fragments, and the user is able to choose a minimum and maximum for the number of atoms
in each fragment. An individual integer is assigned to each one of the unique fragments. This
integer corresponds to a bin-in-an-integer array that has a predetermined holographic length
(HL), which is commonly between 50 and 500. A molecular hologram is formed as a result of
the arrangement of these pieces when they are put together. The most effective HQSAR
model was created by first sorting through the 12 default HL values, which were a collection
of 12 prime integers (53, 59, 61, 71, 83, 97, 151, 199, 257, 307, 353 and 401). Techniques
such as traditional partial least square (PLS) analysis, leave-one-out (LOO) cross-validation,
and LOO without cross-validation are utilised in order to estimate the amount of components
that will provide the best feasible predictive model. During the process of fragment creation,

the same fragments are repeatedly hashed to the same bin, which causes an increase in the

4031
Eur. Chem. Bull. 2023, 12 (Special Issue7), 4024-4046



HQSAR, CoMFA and CoMSIA analysis of benzimidazole derivatives as anti-hypertensive agents

Section A-Research paper
ISSN 2063-5346

corresponding occupancy of that bin. In this work, all 21 HQSAR studies were performed by
setting values of hologram length with all 153 odd integers ranging from 97 to 401. This was
done in order to reduce the possibility of collisions between identical or similar fragments .
The development of HQSAR models may be affected by the hologram length, fragment size,
and fragment distinction factors. When developing the HQSAR model, a number of different

permutations of these factors were considered and taken into account.
2.5 Calculation of comparative molecular field analysis descriptors

Both the CoMFA and the CoMSIA models were created with the help of the molecular
modelling programme known as SYBYL-X 2.1 [12]. For the purposes of the CoMFA
calculations, steric and electrostatic interactions were calculated using an sp3 hybridised
carbon atom with a Van der Waals radius of 1.52 and a +1 charge as steric and electrostatic
probes, respectively, and a Tripos force field with a distance dependent dielectric constant at
all intersections in a regularly spaced grid of two angstroms. The maximal steric and
electrostatic energy was determined to be 30 kcal/mol, and this value served as the cut-off.
The minimum column filtering was set to 2.0 kcal/mol in order to increase the signal-to-noise
ratio. This meant that lattice points with energy fluctuations that were smaller than this
threshold were omitted from the analysis.

2.6 Calculation of comparative molecular similarity indices analysis descriptors

An sp3 hybridised carbon probe atom with a radius of one and a +1 charge was used to
evaluate the five CoMSIA similarity index fields (steric, electrostatic, hydrophobic, H-bond
donor, and H-bond acceptor). These lattice points were located in the same grid region that
was used for COMFA calculations. A Gaussian type that depends on distance was utilised in
the region of the molecule that lay between the grid point and each atom. It was decided to
use the standard value of 0.3 for the attenuation factor. The minimal value for column

filtering was established at 1.0 kcal/mol.
2.7 PLS analysis

The PLS method was used to do the regression analysis. The LOO method was used to do the
cross-validation analysis. In this method, one compound is taken out of the dataset and its

activity is predicted by using the model made from the rest of the dataset.

The optimal number of components was found using the LOO method, and that number was

used in a final analysis that didn't involve cross-validation. The results were then looked at.
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The cross-validated correlation coefficient (q2) that led to the best number of components
and the lowest SEE was taken into account for further analysis and calculated using the

following formula.

(Yped - YEXP)Z

Win —Yoisa)

=
¢ =1-=
2

where ypred, yactual and ymean are predicted, actual and mean values of the target property
(pIC50), respectively. Equal weights for COMFA were assigned to steric and electrostatic
fields using the CoMFA_STD scaling option. To derive 3D-QSAR models, COMFA and
CoMSIA descriptors were used as an independent variable and plCso activity value as a

dependent variable.
2.8 Predictive coefficient of determination

17 compounds that were left out of the model development process served as a test set for the
QSAR models' prediction abilities. These 17 molecules were optimised for geometry and
energy minimization, just like the compounds in the training set discussed above. The model
created from the training set was used to predict the activity of these molecules. Based on the
molecules in the test set, the predictive coefficient of determination (r* pred) is determined

using the formula

where SD is the sum of the squared deviation bet ween the biological activity of the test set
molecules and the mean activity of the training set molecules. Predictive residual sum of
square (PRESS) is calculated by taking the difference in predicted and actual activity of the
test set molecules. For all conventional analysis (non-cross-validation) the ‘minimum sigma’

standard deviation threshold was set to 2.0 kcal/mol,
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3. Results and discussion
3.1 HQSAR analyses

The HQSAR model was developed using 53 structurally unique benzimidazole derivatives
and three separate parameters: fragment size, the hologram length, and the fragment type.
This was done on a set of benzimidazole derivatives (fragment distinction). In the beginning,
a total of 14 HQSAR models were developed employing a variety of fragment distinctions,
including A/B, A/B/C, A/B/C/H, A/B/C/Ch, A/B/C/H/Ch, AIC/DA, A/BIC/H/DA, A/B/H,
and A/B/H/DA, with fragment sizes ranging from 4—7. Because both hydrogen bond donor
and acceptor were included in the models that showed high cross-validated g values, it is
possible that hydrogen bond donor and acceptor play a major part in the regulation of the
antihypertensive action of benzimidazole derivatives.

Based on the hologram length of 353 and six components, we were able to produce the best
HQSAR model 07 (q° = 00983, r* =0.991, SEE =0.004) by employing
atoms/bonds/connection/hydrogen atoms/donor and acceptor as distinction information
(Table 2). To further examine the impact of length of fragment sizes, the best HQSAR model
06 employing A/B/C/H/DA was selected (2-5, 3-6, 4-7, 5-8, 6-9, 7-10 and 8-11). Model 20
with hologram length 257 and six components yielded the most favourable statistical
statistics (g° = 0.990, r* = 0.992, SEE = 0.003) when compared to the other models.
According to the findings, a larger fragment size has the potential to contribute to an

improvement in the HQSAR model. The key findings are outlined in Table 2.

Table 2. HQSAR analysis for various fragment distinctions using default fragment size (4—
7).

S.No. Components q° r° SEE HL n
1 A/B 0.976 0.990 0.004 307 6
2 A/B/IC 0.970 0.665 0.003 151 6
3 A/B/C/H 0.978 0.984 0.005 353 6
4 A/B/C/Ch 0.991 0.995 0.003 151 6
5 A/B/C/H/Ch 0.977 0.984 0.005 353 6
6 A/C/DA 0.985 0.992 0.003 199 6
7 A/B/C/H/DA 0.983 0.991 0.004 353 6
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8 A/B/H 0.976 0.984 0.005 307 6
9 A/B/H/DA 0.976 0.984 0.005 199 6
10 A/B/C/DA 0.978 0.993 0.003 353 6
11 A/B/Ch/DA 0.970 0.985 0.005 401 6
12 A/B/H/Ch 0.979 0.982 0.005 353 6
13 A/B/DA 0.972 0.986 0.005 199 6
14 A/B/Ch 0.977 0.992 0.003 257 6
15 A/B/C/H/Ch/DA | 0.975 0.987 0.004 353 6
g, cross-validated correlation coefficient; r’, non-cross-validated coefficient of

determination; SEE, standard error of estimate; n, number of statistical components; HL,
hologram length; A, atoms; B, bonds; C, connection; H, hydrogen atoms; Ch, chirality; DA,
donor and acceptor.

Table 3. HQSAR analysis for various fragment size using the best fragment distinction
(atoms/ bonds/connection/hydrogen atoms/donor and acceptor) and all of the 153 odd

numbers of hologram lengths from 97 to 401.

2

2

S.No. Components | q r SEE HL n
15 2-5 0.975 0.983 0.005 307 6
16 3-6 0.976 0.981 0.005 257 6
17 4-7 0.979 0.984 0.005 353 6
18 5-8 0.980 0.986 0.004 353 6
19 6-9 0.985 0.991 0.004 307 6
20 7-10 0.990 0.992 0.003 257 6
21 8-11 0.981 0.995 0.054 257 6
g°,cross-validated correlation coefficient; r 2, non-cross-validated coefficient of

determination; SEE, standard error of estimate; n, number of statistical components; HL,
hologram length; A, atoms; B, bonds; C, connection; H, hydrogen atoms; Ch, chirality; DA,
donor and acceptor.

HQSAR provides information about the individual atomic contribution to the biological
activity by use of different colour codes. Fragment colours in yellow and green reflect its
positive contribution while white-coloured fragments reflect an intermediate contribution.
The contribution of different fragments for antihypertensive activity can be explained by

compound 6, the most active in the dataset. The fragment contribution map (Figure 2)
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showed that the benzimidazole scaffold represented by the green, yellow and white colour
code in compound 6 (pICsp = 10) showed its positive contribution to antihypertensive

potency.

Figure 2. HQSAR contribution map of the most active compound 06.
3.2 Analyses of the COMFA

The results of PLS analysis showed the cross-validation of the steric and electrostatic
CoMFA fields produced a g* value of 0.778 with four components, a non-cross-validated r®
value of 0.996, and a standard error of estimation (SEE) value of 0.0467. The contribution of
the electrostatic field is 29.70 percent, whereas the contribution of the steric field is 70.30
percent.

3.3 Analyses of the CoMSIA

There was a total of twelve distinct CoOMSIA models produced by utilising a variety of
different molecular field combinations. Therefore, the combination of steric (S), electrostatic
(E), hydrophobic (H), hydrogen bond donor (D) and hydrogen bond acceptor (A) fields was
selected as the best model.

The models that included the combination of steric, electrostatic, hydrophobic, and hydrogen-
bond donor and acceptor fields produced the greatest g° (0.776) with an optimized four
components, and they produced the highest r? (0.990) with a standard error of estimation of
0.0466. The respective contributions of steric, electrostatic, hydrophobic, hydrogen-bond
donor and acceptor fields were 21.00 percent, 19.00 percent, 16.10 percent, 22.60 percent,
and 21.30 percent, respectively. Tables 4 and 5 provide a summary of the statistical
parameters used for calculating CoMSIA and CoMFA, respectively. All the results indicate
that the CoMSIA model is also fairly predictive.
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T

S.No. CoMSIA | q* SEE n
field
1 SIEEHD/A | 0.776 0.996 0.04664 4
2 SEHD 0.716 0.994 0.05513 4
3 SEH/A 0.318 0.996 0.04399 4
4 SHD/A 0.415 0.995 0.03577 4
5 SED/A 0.402 0.995 0.05002 4
6 EHD/A 0.442 0.996 0.04393 4
7 SEH 0.23 0.993 0.05687 4
8 SED 0412 0.992 0.06101 4
9 EHD 0415 0.995 0.04819 4
10 EH/A 0.352 0.996 0.04405 4
11 SHD 0.411 0.996 0.04650 4
12 SH/A 0.267 0.993 0.06015 4

3.4 Validation of QSAR models
The predictive ability of the HQSAR (r* pred = 0.991), COMFA (r* pred = 0.996) and

CoMSIA (r? pred = 0.996) models were found acceptable and the results are shown in Table

5. However, the statistical result and plot of the experimental and predicted pICsy values of
HQSAR, CoMFA and CoMSIA are reported in Table 6 and Figure 4.

Table 5. Summary of HQSAR, CoMFA and CoMSIA models results

Component HQSAR CoMFA CoMSIA
q° 0.992 0.178 0.776
re 0.990 0.996 0.996
Fpred 9.998 10.00 9.97
N 6 4 4
HL 257 - -
SEE - 0.467 0.0466
Steric - 0.703 0.210

Eur. Chem. Bull. 2023, 12 (Special Issue7), 4024-4046
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Electrostatic - 0.297 0.190
Hydrophobic - - 0.161
Donor - - 0.226
Acceptor - - 0.213

g% LOO cross-validated correlation coefficient; r? non-cross-validated coefficient of

determination; r* pred, predictive coefficient of determination, number of components used in
the PLS analysis; SEE, standard error of estimate; HL, hologram length

CoMFA contour map analysis

In order to view the effects of the field on the target features, the best COMFA and CoMSIA
models are chosen to be used in the construction of the contour maps. All the contours
showed the default level of contribution, which was 80% for favourable regions and 20% for
unfavourable regions. The only exception to this was the figure of hydrogen bond donor
contour maps, which showed 70% and 30% level contributions. The maps showed regions
where differences in molecular fields are associated with differences in biological activity.
The steric contour maps of the CoMFA are displayed in Figure 3a. The steric interaction is
shown by the contours in green and yellow, whereas the electrostatic interaction is shown by
the contours in red and blue. A large green contour was found near the substituent group of
phenylene position indicating that bulky substituents were preferred in this region and near

the carboxylic group (Figure 3a).

A Figure 3b presents the COMFA electrostatic contour maps for the compounds. On the other
hand, the positively charge-favoured regions of the electrostatic contour map are defined by
the blue contour, while the negatively charge-favoured regions are shown by the red contour.
A blue contour in the CoMFA electrostatic map (Figure 3b) indicates that the presence of an
electron-donating group at this position, such as an alkyl group, favours antihypertensive
activity and the existence of two red contours indicates that negatively charged groups at this

position are favourable for antihypertensive activity.

Figure 3. COMFA steric/electrostatic contour maps for compound 6:
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CoMFA Steric 3a

CoMFA Electrostatic 3b

3.5 CoMSIA contour map analysis

In steric and electrostatic CoMSIA study the green colour and blue color is favoured

while the yellow and red coloured is disfavoured. (a) In steric fields, green contours show

where bulky groups or substituents are needed and more active, while yellow contours

show where they are less active. (b) In Electrostatic fields: blue contours close to the

phenyl ring indicates the need of electrons with a positive charge are more active and red

contours show where electrons with a negative charge are more active. Under the

framework of the (c) hydrophobic interaction, the yellow contours and white contours

indicate places in which an increase in lipophilicity and hydrophilicity will result in an

increase in activity. (d) The H-bond donor contour map. The cyan contour shows areas

with higher hydrogen-bond donor group activity. () H-bond acceptor contour map; the

magenta contour shows places with increased activity of hydrogen-bond acceptor groups.

Eur. Chem. Bull. 2023, 12 (Special Issue7), 4024-4046
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COMSIA (a) Steric

COMSIA (b) Electrostatic

COMSIA (c) Hydrophobic

CoMSIA (d) Donar

CoMSIA (e) acceptor

Table 6. Experimental and predicted pIC50 values of training and test set compounds.

Eur. Chem. Bull. 2023, 12 (Special Issue7), 4024-4046

Compound Experimental HQSAR COMFA COMSIA
Predicted | Residual | Predicted | Residual | Predicted | Residual
1. = 9.397 9.399 -0.002 9.40 -0.003 9.38 0.017
2. 9.522 9.519 0.003 9.45 0.072 9.21 0.312
3. 8.408 8.410 -0.002 8.40 0.008 8.34 0.068
4. 8.309 8.308 0.001 8.31 -0.001 8.40 -0.091
5. 8.920 8.918 0.002 8.96 -0.04 8.96 -0.04
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6. 10.00 9.998 0.002 10.00 0 9.97 0.03

7. 9.154 9.149 0.005 9.17 -0.016 |9.27 -0.116
8. 7.886 7.885 0.001 7.90 -0.014 7.90 -0.014
9. 7.698 7.688 0.01 7.70 -0.002 [ 7.77 -0.072
10. 7.408 7.406 0.002 7.44 -0.032 7.38 0.028
11. 8.522 8.519 0.003 8.44 0.082 8.51 0.012
12 7.958 7.956 0.002 7.99 -0.032 7.88 0.078
13. 8.000 8.030 -0.03 8.00 0 7.94 0.06

14, 8.127 8.124 0.003 8.14 -0.013 8.14 -0.013
15. 8.737 8.728 0.009 8.73 0.007 8.78 -0.043
16. 9.443 9.440 0.003 9.47 -0.027 |9.48 -0.037
17. 8.583 8.580 0.003 8.61 -0.027 8.60 -0.017
18. 7.946 7.942 0.004 7.98 0034 |[7.95 -0.004
19. 8.083 8.079 0.004 8.11 --0.027 |8.08 0.003
20. 7.884 7.879 0.005 7.83 0.054 7.84 0.044
21. 8.424 8.420 0.004 8.50 0076 | 851 -0.086
22. 8.651 8.649 0.002 8.51 0.141 8.51 0.141
23. 9.036 9.039 -0.003 9.06 -0.024 9.06 -0.024
24. 8.469 8.461 0.008 8.47 -0.001 | 847 -0.001
25. 8.449 8.440 0.009 8.36 0.089 8.34 0.106
26. 8.327 8.320 0.007 8.39 -0.063 8.38 -0.053
27. 8.249 8.241 0.008 8.31 -0.061 |8.36 -0.111
28. 8.931 8.929 0.002 8.96 -0.029 |[892 0.011
29. 8.485 8.475 0.01 8.44 0.045 8.44 0.045
30. 8.251 8.244 0.007 8.24 0.011 8.33 -0.079
31. 7.987 7.961 0.026 7.98 0.007 8.02 -0.033
32. 8.397 8.356 0.041 8.33 0.067 8.38 0.017
33. 8.004 7.999 0.005 7.95 0.054 7.97 0.034
34. 7.917 7.910 0.007 7.92 -0.003 7.92 -0.003
35. 8.275 8.265 0.01 8.34 -0.065 |8.33 -0.055
36. 7.978 7.937 0.041 7.98 -0.002 |7.93 0.048
37. 7.920 7.919 0.001 7.93 -0.01 7.91 0.01
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38. 8.356 8.346 0.010 8.32 0.036 8.34 0.016
39. 7.970 7.965 0.005 8.00 -0.03 7.99 -0.02

40. 7.866 7.860 0.006 7.94 -0.074 7.88 -0.014
41. 8.251 8.240 0.011 8.25 0.001 8.30 -0.049
42. 8.013 8.00 0.013 7.98 0.033 7.96 0.053
43. * 8.148 8.144 0.004 8.19 -0.042 8.12 0.028
44, * 8.136 8.130 0.006 8.03 0.106 8.13 0.006
45, 8.318 8.310 0.008 8.28 0.038 8.27 0.048
46. 8.267 8.260 0.007 8.27 -0.003 8.30 -0.033
47. 8.283 8.234 0.049 8.29 -0.007 8.29 -0.007
48. 9.096 9.088 0.008 9.10 -0.004 9.11 -0.014
49. 8.481 8.422 0.059 8.47 0.011 8.47 0.011

50. * 8.346 8.246 0.1 8.37 -0.024 8.35 -0.004
51 * 8.638 8.630 0.008 8.58 0.058 8.59 0.048
52. * 8.251 8.240 0.011 8.26 -0.009 8.26 0.009

Figure 5. Graph of predicted versus Experimental pIC50 values for the training and
test set compounds. (a) HQSAR; (b) CoMFA; (c) CoMSIA.
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Conclusion-

In conclusion, we have effectively utilised HQSAR, CoMFA, and CoMSIA approaches to
develop highly predictive 2D- and 3D-QSAR models for 52 structurally distinct
benzimidazole derivatives. The accuracy of these QSAR models was shown by the strong
connection between experimental and predicted activity for test and training set compounds.
In addition, the QSAR models were validated using internal LOO cross-validation techniques

and external test set techniques. The antihypertensive activity of benzimidazole is
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significantly influenced by atoms, bonds, connections, hydrogen atoms, donor and acceptor

descriptors, as revealed by HQSAR.

As a result, we using the data derived from the results of the HQSAR fragment contribution

map, as well as the CoMFA and CoMSIA contour maps.

The results of CoMFA, CoMSIA and HQSAR provide adequate information to understand
the structure—activity relationship and to identify structural features affecting

antihypertensive potency.
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