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Abstract
This paper describes 3D-QSAR analysis and biological evaluation of 1,5-

benzodiazepine analogues. Benzodiazepine nucleus with its simple structure gives
a good opportunity for further modification regarding an increase of its antimicrobial
activity. We synthesized a series of benzodiazepine analogues from condensation
of various chalcones and halo substituted o-phenelynene diamines. All compounds
were assayed in vitro against, E. coli, P. aeruginosa, S. aureus. The models were
generated on the Vlife MDS 3.5; selected models showed a correlation coefficient
(r2) above 0.9 with cross-validated correlation coefficient (q2) above 0.8, respectively,
for all the selected organisms. The 3D-QSAR models generated were externally
validated for all models using a test set of 6 molecules for which the predictive r2

(r2-pred) was found to be above 0.45. The results of 3D-QSAR indicate that
contours can be used to design some potent antibacterial agents.
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1. Introduction
Diazepine ring is the backbone of several

antibacterial [1-6], antileishmanial [7] anti-
fungal [8], and anti-inflammatory [9] agents.
Considering the scope for further studies on
diazepine derivatives we have synthesized
some new 2,4-disubstituted -1, 5-
benzodiazepine derivatives and screened them
for antimicrobial activity. The process of
pharmaceutical drug design usually begins
the discovery of a lead molecules and followed

by its optimization which include its synthesis
and testing of thousands of derivatives of the
lead structure in order to find out the cilinically
usefull drug. Computational methodologics
have grown rapidly over the past few years and
played an important role in the development
of a number of drugs available in the market
or undergoing clinical trials. Scientists  have
used  quantitative structure-activity
relationships (QSAR) models  to predict the
activity of new molecules. In the recent past,
some efforts have been made to understand
three-dimensional quantitative structure-
activity relationships (3D QSAR) with respect
to antibacterial agents. In the present study,  we
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report 3D QSAR studies on several novel
2,4-disubstituted benzodiazepine derivatives
and a correlation to predict the antibacterial
activities with high degree of reliability. We
performed QSAR studies to relate the
minimum inhibitory concentration (MIC)
required to inhibit growth of E. coli
(NCIM27350), S. aureus (NCIM01065), P.
aeruginosa (NCIM501), with the 3D QSAR
descriptors. The QSAR model was developed
using multiple linear regression (MLR) and
validated using an external test set of
compounds.

2. Material and methods
2.1. Synthesis of 2,4 disubstituted 1,5 benzo-
diazepines (1-30)

A mixture of chalcone (0.01 mole),
substituted o-phenylenediamine (0.016 mole)
and glacial acetic acid (5 ml) in dimethyl
formamide (15 ml) was taken in a conical
flask and placed in a microwave and irradiated
for 5 min. The reaction mixture was allowed
to attain room temperature and treated with the
cold water. The solid separated was filtered,
washed with water and recrystalized from
methanol. IR, (KBr) cm-1: 3125.44 (NH
stretching); 2980.21 (CH-stretching); 1413
(C=N deformation); 790 (C-Cl deformation).

The IR (KBR) spectra of the synthesized
compounds were recorded on a Jasco- FTIR
4100 instrument. The 1H NMR spectra of

Figure 1. The alignment of all synthesised molecules. Figure 2. The field points for model A.

Table 1. Substitution of the 2,4-disubstituted-1,5-
benzodiazepine derivatives.
Comp code R R’       m. p. (°C)
1 H Cl 128-130
2 4-CH3 Cl 100-104
3 4-Br Cl 131-135
4 4-Cl Cl 122-124
5 4-NO2 Cl 136-138
6 3-NO2 Cl 118-120
7 4-OCH3 Cl 119-121
8 2,4 Cl Cl 126-128
9 3,4 Cl Cl 145-148
10 2,4 OCH3 Cl 130-134
11 2,5-OCH3 Cl 157-159
12 3,4-OCH3 Cl 117-120
13 4-OH Cl 175-179
14 2-OH Cl 105-108
15 3-OH Cl 193-194
16 H Br 140-142
17 4-CH3 Br 164-166
18 4-Br Br 132-136
19 4-Cl Br 161-166
20 4-NO2 Br 128-132
21 3-NO2 Br 158-160
22 4-OCH3 Br 124-126
23 2,4 Cl Br 134-138
24 3,4 Cl Br 152-156
25 2,4 OCH3 Br 142-144
26 2,5-OCH3 Br 160-162
27 3,4-OCH3 Br 162-166
28 4-OH Br 136-138
29 2-OH Br 180-184
30 3-OH Br 124-128
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the compounds were recorded on 400 MHz
Varian NMR, using DMSO as solvent. This
series was subjected to QSAR studies using
V life MDS 3.5 running on P-IV processor.

2.2. Antibacterial activity
All of the compounds were screened for

antibacterial activity against E. coli
(NCIM27350), S. aureus (NCIM01065), and
P. aeruginosa (NCIM501) by serial dilution
method. Ciprofloxacin used as standard drugs
for antibacterial activity. Test solutions at the
concentrations of 1000, 750, 500, 250, 125,
62, 31.5 μg/ml were added to the respective
cavity aseptically and labeled accordingly.
Standard was added in concentration of 100
g/ml. The plates were kept undisturbed for
at least 2 h at room temperature to allow
diffusion of the solution properly in the
nutrient agar medium. After incubation of
the plates at 37±1 °C for 24 h, the minimum
inhibitory concentration was determined.

2.3. Molecular alignment
The molecules of the dataset were aligned

by the atom-fit technique, using atoms
common with the structure of benzodiazepine.
The most active molecule was selected as a
template for alignment of the molecules. The
alignment of all the molecules on the template
is shown in Figure 1.

2.4. Descriptor calculation
Like many 3D QSAR methods, a suitable

alignment of given set of molecules was

performed using the Vlife MDS 3.5 Engine
[10]. 

2.5. Data set
The dataset was divided into a training

set and a test set molecules on the basis of
chemical and biological diversity using the
random selection method for generation of the
training and test set data. The molar inhibitory
concentration (pMIC) values for antifungal
activity were used for the present 3D-QSAR
study. The molecules which are selected for
QSAR analysis are shown in Table 1.

2.6. Full search multiple linear regression
method

A relationship between independent and
dependent variables (3D fields and biological
activities, respectively) were determined
statistically using regression analysis. Linear
regression is achieved by fitting a best-fit
straight line to the data using the least squares
method. The quality of fit for a regression
equation was assessed relative to its
correlation coefficient and standard deviation.
The F value represents the level of statistical
significance of the regression. Quality of
selected models was further ascertained to
select the best model from cross-validated
squared correlation coefficient (q2). 

2.7. Activity prediction 
To systematically assess a QSAR model,

a reliable validation is required. Usually, a
QSAR model is evaluated by the predictive
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Scheme 1. Reaction for the synthesis of 1,5-benzodiazepines.
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results for the given dataset. Selected models
having r2 above 0.7 were checked for their
external predictivity. The observed and the
predicted values for antibacterial activity are
shown in Table 3.

3. Results and discussion
The 2,4-disubstituted-1,5-benzodiazepine

were prepared by condensation of chalcones
with halo substituted o-phenylenediamine
(OPA) (scheme-I, table1). The first step was
synthesis of various substituted chalcones as
per reported procedure, the synthesized
chalcones were confirmed by physicochem-
ical analysis. In the second step, carbonyl
group of chacones was reacted with halo
substituted OPA in presence of glacial acetic
acid to form 2,4-disubstituted-1,5-
benzodiazepine. NMR data of the
2,4-disubstituted-1,5-benzodiazepine
derivatives is shown in Table 2. The use of
microwave irraditation augmented the yield
of the reaction upto 93-95% and also led to
decrease in reaction time to about 10 min.
Results of Infrared and NMR analysis
confirmed formation of the desired product.

IR spectrum of the compounds showed peaks
in the region 3070-3220 cm-1 (N-H
stretching), 1645-1655 cm-1 (C=N) as
diagnostic absorptions. The NMR spectrum
showed NH peak between 3.6-4.2 ppm
indicated cyclization to form diazepine ring. 

For the current QSAR study, 24 molecules
were used in the training set (Table 1), with
the number of field grid points being not
more than four per model. To evaluate the
predictive ability of generated 3D-QSAR

Figure 3. Correlation plot of observed vs predicted activity for model A.

Figure 4. The field points for model B.
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models, a test set of six molecules with
regularly distributed biological activities was
used. A prerequisite for QSAR study is a
congeneric series of molecules, all having
the same mechanistic profiles with similar
functional properties. Congenericity is a
challenging task to define, though it is well-
documented that all molecules in a set should
have the same molecular framework with
structural variation in one or several positions.
On successful runs of MLS, different sets of
equations were generated by keeping the

chain length of equations to four, and these
equations were further analyzed statistically
to select the best model. As shown in Table 4,
two models were selected after screening
various combination of different descriptors.

3.1. Interpretation of QSAR model A
The model A describes the structural

features optimum for the antibacterial activity
against S. aureus. The steric and electrostatic
fields were calculated using the Merck
Molecular Force Field and Gasteiger-Marsili
charges. The model was selected on basis of
r2, q2, pred r2 and F values. The r2 value for
model A was 0.9032, q2 was 0.8116 and the
external predictivity of model A is found to be
0.5134. The points selected for the QSAR
equations are shown in Figure 3. The
contribution of points E-552 (electrostatic
interaction field, Blue points) and S-540 and
S-415 (steric interaction field, green points)
at lattice points 552, 540 and 415  along with
points H-502 (hydrophilic interaction field,
yellow points) at lattice point 502, imply that
these points are needed to be considered for
the structure-activity relationship. The
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Figure 5. Correlation plot of observed vs predicted activity for model B.

Figure 6. The field points for model C.
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negative contribution of the fields point
indicates that the addition of groups having
lower steric interaction at lattice point 540 and
415 (green point in Figure 2) and groups
having electrostatic interactions at lattice
points 552 (blue point in Figure 2) are required
for amplified activity against S. aureus. Along
with this the fields H-502 which contribute
negatively to the activity also need to be
taken into account. The hydrophilic
interactions at lattice point 502 (yellow point
in Figure 2) needs to be reduced. The
substitutions on the phenyl ring of the
benzodiazepine ring should show less steric
and hydrophobic interactions to show a better
activity against S. aureus.

3.2. Interpretation of QSAR model B
The model B describes antibacterial

activity against P. aeruginosa. The r2 value for
model B was 0.9455. The points that were
found optimum for the activity after the
QSAR study are shown in Figure 4. The
contribution of points S-743 which is  steric
and E-312, E-469, E-334 which are
electrostatic interaction fields (green and blue

points, respectively), imply that these points
are indeed significant for the structure-activity
relationship. The positive contribution of the
fields E-469 and E-334 and S-743 indicates
that the addition of groups having electrostatic
interaction at lattice point 469 and 334 (blue
point in Figure 4) and 742 (green point in
Figure 4) are required for amplified activity
against P. aeruginosa. Along with this the
fields E-312 which contribute negatively to
the activity also need to be taken into account.
Thus increasing the groups with electrostatic
interactions on the phenyl ring of
benzodiazepine will lead to better actvity.
While some groups with steric interactions at
the phenyl ring on second position of the
diazepine ring should augment activity. 

3.3. Interpretation of QSAR model C
The model C describes the properties

required for the activity against E. coli. The
r2 value for this model C was 0.9834. The F
test value was found to be 108.51 which is
considered for the selection of model. The
points that were found optimum for the
activity after the QSAR study are shown in

Figure 7. Correlation plot of observed vs predicted activity for model C.
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Table 2. Characterization data of synthesised compounds.
Comp. No. 1H NMR() 13C NMR

, 4.0 (s, 1H, NH), 4.6 (d, 2H, CH), 6.5-6.9(d, 3H),7.45- 8.5 (m,
10H, Ar-H).
4.2 (s, 1H, NH), 4.8 (s, 1H, C3H), 6.7-7.1(m, 3H),7.85- 8.8
(m, 9H, Ar-H). 2.3 (s, 1H, CH3)
4.1 (s, 1H, NH), 4.9 (d, 2H, CH), 6.5-6.9(m, 3H),7.48- 8.7 (m,
9H, Ar-H).
4.3 (s, 1H, NH), 5 (d, 2H, CH), 6.5-6.9(m, 3H),7.48- 8.7 (m,
9H, Ar-H).
4.1 (s, 1H, NH), 5.1(d, 2H, CH), 6.3-6.7(m, 3H),7.4- 7.8
(m, 9H, Ar-H).
4.9 (s, 1H, NH), 5.1 (d, 2H, CH), 6.5-6.9(m, 3H),7.1- 8.22 (m,
9H, Ar-H).
3.9(s, 1H, NH), 4.2 (d, 2H, CH), 6.1-6.4(m, 3H),6.8-7.35 (m,
9H, Ar-H). 3.73 (s, 1H, OCH3)
4.1 (s, 1H, NH), 4.6 (d, 2H, CH), 6.5-6.7(m, 3H),7.48- 8.7 (m,
8H, Ar-H).
4.2 (s, 1H, NH), 4.4 (d, 2H, CH), 6.4-6.8(m, 3H),7.47- 8.5 (m,
8H, Ar-H).
3.8 (s, 1H, NH), 4.1 (d, 2H, CH), 6.1-6.4(m, 3H),6.89- 7.30
(m, 8H, Ar-H),3.73(m, 6H, OCH3)
3.6 (s, 1H, NH), 4.3 (d, 2H, CH), 6.2-6.6(m, 3H),6.88- 7.29
(m, 8H, Ar-H),3.72(m, 6H, OCH3)
3.4 (s, 1H, NH), 4.4 (d, 2H, CH), 6.2-6.4(m, 3H),6.86- 7.23
(m, 8H, Ar-H),3.71(m, 6H, OCH3)
4.0 (s, 1H, NH), 4.5 (d, 2H, CH), 6.5-6.9(m, 3H),6.85- 7.30
(m, 9H, Ar-H).5.0(s,1H, OH)
3.9 (s, 1H, NH), 4.2 (d, 2H, CH), 6.4-6.9(m, 3H),6.87- 7.31
(m, 9H, Ar-H).5.1(s,1H, OH)
4.2 (s, 1H, NH), 4.4 (d, 2H, CH), 6.5-6.7(m, 3H),6.85- 7.31
(m, 9H, Ar-H).5.0(s,1H, OH)
3.8 (s, 1H, NH), 4.4 (d, 2H, CH), 6.7-6.9(d, 3H),7.43- 8.1 (m,
10H, Ar-H).
4.3 (s, 1H, NH), 4.82 (s, 1H, C3H), 6.6-7.1(m, 3H),7.85- 8.3
(m, 9H, Ar-H). 2.34 (s, 1H, CH3)
4.7 (s, 1H, NH), 5.0 (d, 2H, CH), 6.6-6.7(m, 3H),7.48- 8.1 (m,
9H, Ar-H).
4.1 (s, 1H, NH), 5.3 (d, 2H, CH), 6.52-6.8(m, 3H),7.5- 8.73
(m, 9H, Ar-H).
4.5 (s, 1H, NH), 5.7(d, 2H, CH), 6.7-7.3(m, 3H),7.5- 7.83 (m,
9H, Ar-H).
4.8 (s, 1H, NH), 5.3 (d, 2H, CH), 6.3-6.6(m, 3H),7.0- 8.0 (m,
9H, Ar-H).
3.7 (s, 1H, NH), 3.8(d, 2H, CH), 6.0-6.4(m, 3H),6.6-7.25 (m,
9H, Ar-H). 3.63 (s, 1H, OCH3)

4.3 (s, 1H, NH), 4.8 (d, 2H, CH), 6.6-6.8(m, 3H),7.58- 8.8 (m,
8H, Ar-H).
4.4 (s, 1H, NH), 5.0 (d, 2H, CH), 6.4-6.8(m, 3H),7.47- 8.3 (m,
8H, Ar-H).
3.7 (s, 1H, NH), 4.3 (d, 2H, CH), 6.0-6.2(m, 3H),6.7- 7.34 (m,
8H, Ar-H),3.63(m, 6H, OCH3)

3.72 (s, 1H, NH), 4.1 (d, 2H, CH), 6.7-6.9(m, 3H),6.86- 7.21
(m, 8H, Ar-H),3.76(m, 6H, OCH3)

3.65 (s, 1H, NH), 4.5 (d, 2H, CH), 6.0-6.3(m, 3H),7.1- 7.22
(m, 8H, Ar-H),3.78(m, 6H, OCH)

4.2 (s, 1H, NH), 4.3 (d, 2H, CH), 6.6-6.8(m, 3H),6.85- 7.31
(m, 9H, Ar-H),5.1(s,1H, OH)
4.1 (s, 1H, NH), 4.4 (d, 2H, CH), 6.5-6.7(m, 3H),6.77- 7.28
(m, 9H, Ar-H),5.2(s,1H, OH)
4.0 (s, 1H, NH), 4.4 (d, 2H, CH), 6.5-6.9(m, 3H),6.80- 7.25
(m, 9H, Ar-H).5.4(s,1H, OH)

82.54 (d, NHCH=CH), 150.85 (d, NHCH=CH), 164.66 (d,
N=CH), 120.2-141 (m, Ar-C).
80.04 (d, NHCH=CH), 152.22 (d, NHCH=CH), 166.04 (d,
N=CH), 116.8-139.01 (m, Ar-C), 20.9 (s, Ar-4-CH3).
84.88 (d, NHCH=CH), 154.28 (d, NHCH=CH), 163.41 (d,
N=CH), 124.2-144 (m, Ar-C).
83.67 (d, NHCH=CH), 152.65 (d, NHCH=CH), 163.73 (d,
N=CH), 119.2-143.10 (m, Ar-C).
80.99 (d, NHCH=CH), 158.60 (d, NHCH=CH), 172.86 (d,
N=CH), 121.2-144.87 (m, Ar-C).
86.17 (d, NHCH=CH), 153.59 (d, NHCH=CH), 162.54 (d,
N=CH), 121.22-139.1 (m, Ar-C).
56.83 (s, OCH3), 82.59 (d, NHCH=CH), 152.61 (d, NHCH=CH),
162.16 (d, N=CH), 121.08-139.97 (m, Ar-C).
85.34 (d, NHCH=CH), 151.43 (d, NHCH=CH), 161.41 (d,
N=CH), 117.94 142.67 (m, Ar-C).
80.74 (d, NHCH=CH), 153.36 (d, NHCH=CH), 166.11 (d,
N=CH), 124.04 141.71 (m, Ar
55.29 (s, OCH3), 89.13 (d, NHCH=CH), 155.63 (d,
NHCH=CH), 160.11 (d, N=CH), 99.81-154.71 (m, Ar)
51.06 (s, OCH3), 88.43 (d, NHCH=CH), 149.83 (d, NHCH=CH),
162.01 (d, N=CH), 115.41-146.32 (m, Ar)
56.31 (s, OCH3), 82.74 (d, NHCH=CH), 154.00 (d, NHCH=CH),
158.71 (d, N=CH), 116.24-144.77 (m, Ar)
85.24 (d, NHCH=CH), 150.22 (d, NHCH=CH), 166.81 (d,
N=CH), 112.88-142.70 (m, Ar) 159..80 (s, CH-OH).
88.04 (d, NHCH=CH), 146.97 (d, NHCH=CH), 158.80 (d,
N=CH), 115.54-139.57 (m, Ar), 155.23 (s, CH-OH)
83.14 (d, NHCH=CH), 155.63 (d, NHCH=CH), 162.41 (d,
N=CH), 114.34 144.77 (m, Ar), 158.27 (s, CH-OH)
89.74 (d, NHCH=CH), 158.30 (d, NHCH=CH), 167.84 (d,
N=CH), 120.14- 144.57 (m, Ar)
24.64 (s, Ar-CH3), 85.34 (d, NHCH=CH), 154.63 (d,
NHCH=CH), 166.91 (d, N=CH), 119.42- 144.37 (m, Ar).
87.29 (d, NHCH=CH), 154.72 (d, NHCH=CH), 166.05 (d,
N=CH), 115.43-139.87 (m, Ar)
87.44 (d, NHCH=CH), 154.22 (d, NHCH=CH), 164.31 (d,
N=CH), 114.84- 144.37 (m, Ar)
83.74 (d, NHCH=CH), 151.23 (d, NHCH=CH), 162.10 (d,
N=CH), 118.74 141.27 (m, Ar), 149.69 (s, CH-NO2).
82.34 (d, NHCH=CH), 154.43 (d, NHCH=CH), 166.11 (d,
N=CH), 116.43- 143.51 (m, Ar), 148.92 (s, CH-NO2)
58.85 (s, OCH3), 80.74 (d, NHCH=CH), 152.63 (d,
NHCH=CH), 166.97 (d, N=CH), 116.64 144.07 (m, Ar),
149. 83 (s,CH-OCH3)
83.04 (d, NHCH=CH), 150.23 (d, NHCH=CH), 162.45 (d,
N=CH), 116.82- 132.88 (m, Ar) 137.55 (s, CH-Cl)
82.39 (d, NHCH=CH), 154.61 (d, NHCH=CH), 166.87 (d,
N=CH), 113.94-133.77 (m, Ar), 135.88 (s, CH-Cl)
55.81 (s, OCH3), 84.74 (d, NHCH=CH), 152.83 (d,
NHCH=CH), 159.27 (d, N=CH), 109.94-133.43 (m, Ar),
160.28 (s, CH-OCH3) 
58.39 (s, OCH3), 82.04 (d, NHCH=CH), 150.63 (d,
NHCH=CH), 162.44 (d, N=CH), 116.90-141.77 (m, Ar),
155.81 (s, CH-OCH3)
56.33 (s, OCH3), 85.54 (d, NHCH=CH), 151.33 (d,
NHCH=CH), 162.21 (d, N=CH), 110.94-140.71 (m, Ar),
149.88 (s, CH-OCH3)
81.54 (d, NHCH=CH), 152.24 (d, NHCH=CH), 166.71 (d,
N=CH), 114.89-141.77 (m, Ar), 159.80 (s, CH-OH)
82.42 (d, NHCH=CH), 150.83 (d, NHCH=CH), 162.41 (d,
N=CH), 116.34-143.17 (m, Ar). 157.5 (s, CH-OH)
84.28 (d, NHCH=CH), 152.63 (d, NH CH=CH), 160.21 (d,
N=CH), 112.40- 141.17 (m, Ar), 157.4 (s, CH-OH)
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Figure 6, S-482, S-371 and S-460 which are
the steric interaction fields and along with
H-388 which is  the hydrophobic interaction
field (yellow  point) at lattice point 388, imply
that these points are important for the
structure-activity relationship. The positive
contribution of the fields S-482, S-371 and  S-
460 indicates that the addition of groups
having steric interaction (green point in figure
6) are required for amplified activity against
E. coli. Whereas the field H-388 which
contribute negatively to the activity should be
decreased to augment the activity.

4.Conclusion 
The 3D-QSAR models described in this

work show both good internal and external
predictivity and provide important
contribution to the field of designing novel
antibacterial agents. From the 3D QSAR
studies steric and electrostatic contour maps
we can conclude that electronegative groups
surrounding the bezodiazepine moiety are
related to improved potency. In addition, the
favorable steric contours suggest that aromatic
bulky groups at the bezodiazepine moiety
may increase ligand potency. The 3D QSAR
models should be useful for the design of
new structurally related potential antibacterial
having improved affinity and potency. 

Table 3. Antibacterial activity of synthesised compounds.
Comp S. aureus P. aeruginosa E. coli

Obsa Pre Res Obsa Pre Res Obsa Pre Res
1. 2.118 2.490 -0.372 2.568 2.561 0.007 2.553 2.745 -0.192
2. 2.226 2.348 -0.122 2.522 2.514 0.008 2.568 2.839 -0.271
3. 2.261 2.207 0.054 2.568 2.575 -0.007 2.568 2.639 -0.071
4. 1.909 1.948 -0.039 2.620 2.931 -0.311 2.568 2.613 -0.045
5. 1.971 2.074 -0.103 2.620 3.356 -0.736 2.522 2.222 0.300
6. 2.073 2.181 -0.108 2.522 2.547 -0.0250 2.602 2.480 0.122
7. 2.557 2.517 0.04 2.522 2.534 -0.012 2.602 3.150 -0.548
8. 2.198 2.112 0.086 2.568 2.619 -0.051 2.522 1.994 0.528
9. 2.300 2.293 0.007 2.568 2.592 -0.024 2.522 2.021 0.501
10. 2.592 2.563 0.029 2.522 2.540 -0.018 2.522 2.638 -0.116
11. 2.592 2.572 0.020 2.522 2.480 0.042 2.570 2.929 -0.359
12. 2.592 2.555 0.037 2.522 2.539 -0.017 2.570 2.907 -0.337
13. 2.339 2.371 -0.032 2.568 2.597 -0.029 2.570 2.582 -0.012
14. 2.239 2.347 -0.108 2.568 2.559 0.009 2.522 2.210 0.312
15. 2.229 2.312 -0.083 2.568 2.542 0.026 2.522 2.089 0.433
16. 2.473 2.512 -0.039 2.570 2.585 -0.015 2.568 2.838 -0.270
17. 2.389 2.334 0.055 2.522 2.526 -0.004 2.568 2.816 -0.248
18. 2.456 2.417 0.039 2.553 2.470 0.083 2.568 2.565 0.0030
19. 2.009 2.414 -0.405 2.602 2.828 -0.226 2.568 2.524 0.044
20. 1.920 1.880 0.040 2.602 3.042 -0.440 2.522 2.196 0.326
21. 2.522 2.390 0.132 2.522 2.426 0.096 2.620 2.693 -0.073
22. 2.607 2.665 -0.058 2.522 2.539 -0.017 2.620 3.231 -0.611
23. 2.144 2.212 -0.068 2.568 2.584 -0.016 2.522 2.414 0.584
24. 2.546 2.373 0.173 2.570 2.552 0.018 2.522 2.402 0.570
25. 2.638 2.564 0.074 2.522 2.485 0.037 2.522 2.500 0.022
26. 2.638 2.670 -0.032 2.522 2.538 -0.016 2.568 2.850 -0.282
27. 2.638 2.559 0.079 2.522 2.499 0.023 2.568 2.889 -0.321
28. 2.291 2.289 0.002 2.568 2.608 -0.040 2.568 2.545 0.023
29. 2.291 2.335 -0.044 2.568 2.590 -0.022 2.553 2.457 0.096
30. 2.291 2.338 -0.047 2.568 2.576 -0.008 2.568 2.430 0.138
aObs: Observed; Pre: Predicted; Res: Research.
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Table 4. Selected QSAR equations along with statistical parameters employed for model selection.
Model Equation r2 q2 Pred r2 F value
Model A pMIC50  = 4.5557 - 2.5231 (±0.2116) 0.9032 0.8116 0.5134 44.30
(S. aureus) H_502 - 0.0356 (± 0.0003) S_540  -0.8366 

(± 0.2079) S_415 - 0.0833 (±0.0024) E_552

Model B pMIC50 = 2.9422 - 0.0797 (±0.0007) 0.9455 0.9079 0.4573 82.32
(P. aeruginosa) E_312 + 0.0035 (±0.0001) E_469 + 0.9622

(±0.1407) S_743 + 0.0533 (±0.0016) E_334

Model C pMIC50  = 5.9692 - 2.6436 (±0.0654) 0.9834 0.9604 0.4927 108.51
(E. coli) H_388- 0.1386 (±0.0028) S_482 +1.5519 

(±0.2036) S_371+ 0.0037 (±0.0000) S_460
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