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Abstract:

Tuberculosis (TB), caused by Mycobacterium tuberculosis, continues to pose a serious global
health threat, especially with the rise in drug-resistant strains. In an effort to discover new and
effective treatment options, this study focused on the design and computer-based (in silico)
evaluation of triazole derivatives for their potential anti-TB properties. The compounds were
tested through molecular docking techniques to explore how well they could bind to important
TB-related enzymes such as InhA and DprE1. The isoniazide was used as a reference, since its
crystallographic structure bound to oxidoreductase is available under PDB ID: 5JFO used and
retrieved from RCSB. The molecular modelling studies were performed using SYBYL X2.0
software (Tripos) running on a core-2 duo Intel processor workstation. The molecules to be
analysed were aligned on an appropriate template, which is considered to be common
substructure. Some of the designed molecules demonstrated strong binding potential and
promising safety profiles, making them good candidates for further development. Overall, the
study supports the value of using computational tools in the early stages of TB drug discovery.

1. INTRODUCTION

Tuberculosis (TB) remains one of the leading
causes of death from infectious diseases
worldwide, primarily caused by Mycobacterium
tuberculosis. Despite the availability of anti-TB
therapies, the emergence of multidrug-resistant
(MDR) and extensively drug-resistant (XDR)
strains  has  significantly = reduced the
effectiveness of existing treatment regimens.
This growing resistance highlights the urgent
need to discover and develop new, potent, and
safe anti-TB agents with novel mechanisms of
action. Heterocyclic compounds, particularly
triazoles, have attracted considerable attention in
medicinal chemistry due to their broad spectrum
of biological activities, including antimicrobial,

antifungal, anticancer, and anti-inflammatory
properties. The triazole moiety, known for its
metabolic stability and ability to interact with
various biological targets, has been incorporated
into several clinically useful drugs. Given their
pharmacological potential, triazole derivatives
are promising candidates for the development of
novel anti-TB agents. In recent years,
computational methods have played a crucial
role in drug discovery and development. In silico
approaches such as molecular docking,
pharmacokinetic  profiling, and ADMET
prediction enable rapid screening and
optimization of lead compounds, significantly
reducing time and cost compared to traditional
experimental techniques. These tools allow
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researchers to predict the binding efficiency of
small molecules with biological targets and
assess their drug-likeness early in the design
phase.

The present study focuses on the design and in
silico evaluation of novel triazole derivatives as
potential anti-TB agents. Molecular docking
studies were conducted against key enzymes
involved in M. tuberculosis survival and
replication, such as InhA and DprEl.
Furthermore, ADMET and drug-likeness
analyses were performed to identify promising
candidates for further synthesis and biological
testing. This integrated computational approach
aims to provide valuable insights for the
development of new anti-TB drugs.
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Figure 1: Alignment

3D-QSAR models (CoMFA and CoMSIA) were
generated using different grid spacings and
evaluated for steric, electrostatic, hydrophobic,
hydrogen bond donor, and acceptor fields.
Default probe atoms and grid parameters were
applied, with column filtering used to enhance
data quality.

Hologram QSAR (HQSAR) models were
developed  without requiring  molecular
alignment, using varying fragment distinctions
(A, B, C, Ch, H, D), fragment sizes (4-7), and
optimal component numbers.

Partial Least Squares (PLS) regression was used
to correlate molecular descriptors  with
biological activity, and model performance was
validated using cross-validation (q?), external
test set prediction (r’pred), and standard error
estimation. Contour maps were generated to
visualize key structure-activity relationships.

fall selected molecules

2. MATERIALS AND METHODS

the experimental phase of this study involved
molecular modeling and computational analysis
to identify potential triazole-based inhibitors
targeting the M. tuberculosis enoyl-acyl carrier
protein reductase (InhA), an essential enzyme in
mycolic acid biosynthesis.

A dataset of 46 known oxidoreductase inhibitors
was obtained from literature (Zhang et al.,
2017), and their ICso values were converted into
pICso for 3D-QSAR modeling.

The molecules were aligned using SYBYL-X
2.0 software, and structural optimization was
performed. The dataset was divided into training
(82 compounds) and test (28 compounds) sets
based on structural diversity and activity range

Al W\ﬁf

Molecular docking was carried out using
Schrodinger Maestro (2016) against the InhA
enzyme (PDB ID: 5JFO), and docking protocols
were validated by re-docking known inhibitors.
Docking interactions and binding affinities were
analyzed for all designed compounds.
Pharmacophore modeling was conducted using
GALAHAD, employing MMFF94 force fields
and genetic algorithms to derive models from
aligned datasets. Validation was performed
using internal test sets.

Based on SAR, QSAR, and docking results, 102
novel triazole derivatives were designed. These
compounds were further subjected to CoMFA,
CoMSIA, HQSAR, and docking analyses to
identify promising candidates. The most active
candidates exhibited high predicted pICso values
and favorable docking scores.
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Table 1: Designed Triazole analogues on the basis of computational studies with their  predicted
data:
Compoun | Compound structure Pred pICso
d CoMF | CoMSI | HQSA | Dockin
A A R g Score
1 g 4.3521 | 4.4758 4.282 4.5033
2 Q 4.3484 | 4.4751 5.03 3.8241
/O
3 g 4.3438 | 4.4782 4.328 3.6918
4 ;OCF 4.3534 | 4.4803 3.836 5.3139
\‘o\/[/\ §
—CO™
N/ o
5 F% ;OMe 4.3477 | 4.4731 4.696 5.4296
N
\\o\/[ /\ N
I
—
N o
6 azag ;OME 4.3456 | 4.4747 4915 3.0611
N
\\O\/[/\N
OZNA{]\‘\@" N
—
N o
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7 ;H 4.3488 | 4.4753 4.578 4.3919
N—N
A
N o
OZN‘{]\/D
_—
N o
8 ;CF3 4.3493 | 4.4782 4.447 4.9245
N—N
o AN
N o
OZNA{]\/D
—
N o
9 ;F 4.3486 | 4.4808 4.425 2.9629
—N
I\
O %
O
N/ o
10 OCFs 4.3502 | 4.4784 4.756 3.8114
—N
e Vi
O
N/ o
11 N¢N 43511 | 4.4776 4.503 2.3645
N—Et
=
o)
N—_
~ IO
S \N
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12 N%'\‘\ 4.3450 | 4.4755 4.518 5.3367

—

N

FBn

13

N Ph

4.3493 | 4.4778 4.341 5.9438

14 N;N\ CFa 4.3443 | 4.4748 4.594 4.8035
N N
Br

H

15

HC o o

43536 | 4.4984 5.123 6.0693

16

HsC o o)

43456 | 4.4717 4.597 2.7969

101 |Page




Shastri et al.

Journal of Drug Discovery and Therapeutics (JDDT)

17 R H 43462 | 4.4732 4725 4.5086
N
F N/ \N
N
g,
N
F
18 H F 43469 | 4.4785 4.691 4.7630
N
F N/ \N
N
g/
N :
F
19 =N ’@’C’/ 43495 | 4.4753 4.823 3.3900
20 > 43480 | 4.4792 4941 3.0896
3 N
(o]
N—N 2
/ /
() o0
N N
g\(’:/u?f/ o
N
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21 R__ 4.3461 44752 4.647 2.8599
o
N—N
o \\N
X X
(0) (0) o
22 0 43492 | 4.4802 4518 4.9646
J A\
— . N
_— R,
N/
N
23 43465 | 4.4702 4.866 6.6412
24 43452 | 4.4737 4.826 4.7953
o
25 / \ 43467 | 4.4783 4.742 5.2871
(0] R
o
N/N /
\ v
N
HN/
R
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26 N/NJ/R1 4.3453 | 4.4697 4.884 6.3892
\_J
OHC °©
27 N/NJ/R1 4.3514 | 4.791 4.373 8.2615
\_J
o
28 N/N\N . 4.3473 | 4.4783 4.293 5.4088
|
9s
29 AN b/ 4.3470 | 4.4761 4.939 6.3040
30 /D 4.3431 | 44754 4.775 4.8325
31 ~ 4.3454 | 4.4758 4.555 4.9260
J |
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32 b/ 4.3501 | 4.4743 4.859 6.5207
33 ~ 4.3520 | 4.4804 4.182 2.8665
34 b 4.3474 | 44771 4.624 1.5708
35 4.3503 | 4.4781 4.378 5.4090
R
o
N F
\\N/Y_@
36 4.3459 | 4.4740 4.876 5.8507
. H Bn\CI/
\\N/N OH ’<N\ X
H\N/ \N \N///
37 ? 4.3541 | 4.4793 4.745 2.9364
O
N
/™ ~
[ =
h=H Z R=CH
3

105 | Page




Shastri et al. Journal of Drug Discovery and Therapeutics (JDDT)

38 4.3471 4.4747 4.796 6.6970
o
cl N—{
HN
o _\—\
N
N/
\\N
39 S 4.3451 4.4759 5.016 3.3043
O\/\N B
| A N/”\/@
N F
40 o N4N\ ,—O’C' 4.3460 4.4796 4.654 3.7888
N
X N/Nw
N
N| =
41 a 4.3508 4.4800 4.947 5.4434
W=
N
~ N/NQ\/
N| =
42 o N¢N\ ‘o 4.3467 44778 4.883 5.0204
N 2
N N/N\ ~
N A
43 MeQ 4.3460 4.4735 4.876 2.9344
N
N N Nv\§/
H
N| _—
44 R 4.3436 4.4780 4.596 5.1306
N
N/ ‘ N/ \N
HO )‘\ \:—<
O N
R4
HO
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45 N NRR; 4.3466 | 4.4739 4.721 7.1182
‘S
AN
N
° X
N/
46 Ph 4.3453 | 4.4722 4.774 5.8317

47 AcQ Ohe 4.3496 | 4.4784 4.341 4.7399
AcO. O\)
O,
\ — OAc
(:@VN\N/N
48 O 4.3457 | 4.4786 4.138 6.8212
©/<\/\N =
N/ o
/

49 O 4.3492 | 4.4780 4.884 8.3985

/
N
N/ﬁ \ \N
k/” N//
50 N/\N o o o 43506 | 4.4769 4.617 8.8636
>¢N RO ><
o N "o
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51 R . 43534 4.4794 4.872 5.3914
\N—_N N
52 Ph cn 4.3452 4.4825 4.118 4.6358
N)E <//>
\\I\I———N A
‘ S
53 meg 4.3407 4.4767 4721 4.1250
54 4.3337 44715 4.019 4.3931
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55 o= 4.3493 | 4.4810 3.527 4.3762
56 4.3333 | 4.4741 4.387 3.6550
57 o 43369 | 4.4748 4.606 3.5770
58 4.3357 | 4.4788 4.269 4.6806
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59 4.3387 | 4.4799 4.137 5.0128
60 43391 | 4.4841 4.116 3.0643
61 4.3340 | 4.4757 4.447 3.5384
62 " 43432 | 4.4760 4.193 4.3641
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63 cHe 43346 | 4.4790 4.208 6.7577
64 43416 | 4.4826 4.032 7.5076
s,
N S Q
N\ N
N——N
L.

65 ™9 43332 | 44758 4.285 47628
66 43472 | 4.5061 4814 6.6691
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67 =N 4.3332 | 4.4738 4.288 3.4100
N = Q
\>\1—-—N N
68 I 4.3387 | 4.4736 4.415 4.0352
69 e 4.3325 | 44794 4.382 4.4156
70 4.3435 | 4.4735 4.514 3.2028
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71

4.3430 | 4.4741 4.631 2.4690

72 4.3355 | 44757 4.338 4.2828
N \ Q
VAN
73 o= 4.3354 | 44790 4.208 5.7021
74 I 43320 | 4.4763 4.556 5.7749
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75 cHa 43352 | 4.4732 4.517 5.6609
76 43348 | 4.4773 4.433 49471
<~ ()
\\—N N
77 HeC 43306 | 4.4757 4.575 4.3661
NE\ ),
\El-—‘N N
78 4.3350 | 4.4759 4428 6.7494
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79 oA 4.3378 4.4788 3.984 7.9638
NCH,CH,OH
N \ <:>
\>\1’N N
S
80 \ 4.3361 4.4719 4.629 7.1254
N \
81 e 4.3276 4.4733 4.466 8.7375
\\—N N
82 . 4.3353 4.4772 4.246 7.0280
@”\N
7
&3 4.3350 | 4.4776 4.55 6.0740
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&4

43416 | 4.4835 3.873 4.5000

&5

s 4.3405 | 4.4790 4315 3.5902

86 H3CH3CN N
[\
/

F;C

4.3422 4.4739 4.069 5.7215
(o)
S\(@

87

4.3419 | 4.4705 4.567 5.3869

88 COOEt N
/T \\N
7

FsC

4.3496 | 4.4736 4.436 3.5564
’\(}
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&9 i 4.3365 | 4.4738 4.487 4.6473
90 4.3331 | 4.4768 4.707 4.2689
91 4.3382 | 4.4187 4.467 2.5494
92 4.3362 | 4.4771 4.638 6.4184
93 4.3367 | 4.4758 4.574 5.6047
H o N4N\
~
o
HaCO
94 4.3361 | 4.4733 4.567 5.1769
cl 0 N¢N\N
~
0
al
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95 o N\N/Bn 4.3407 | 4.4840 4.287 3.3925
V4
T
96 ;\\ 43322 | 4.4787 4.412 6.3533
0
ﬂN\Q\N 0 N4N
A1
F
97 0 . \ N\> 4.3330 | 4.4742 4.465 4.6248
v N
[ijv\N J )
98 . S 43389 | 44815 4.032 6.7279
99 //’O 4.3357 | 44810 3.828 5.6288
N\ \>/s %
2
100 N 4.3427 | 4.4730 4.575 6.8900
L\
N
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101 <N\\\ 4.3413 | 4.4776 4.308 7.0763
N
N
102 /N\\\ 4.3509 | 4.4830 4.563 3.4315
N
N/
C
103 N 4.5241 | 4.1082 4.465 3.5404
N
N
CH3
104 A 4.3542 | 4.4651 4.638 6.6284
3
“.
105 _-N 4.6365 | 4.4742 4.542 5.6307
N\ \ O\
N
D
HN
- \(
N
N
Cl
106 i C‘ 43382 | 44187 | 4467 |2.5444
=~ S
HN—N\ N/\N
\
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107
= S

4.6262 | 4.4701 4.645 6.4544

108 N—N

4.5477 | 4.4958 4.530 5.5230

109 / )\
B e

4.5651 | 4.4745 4.677 5.1745

110 Cl N—N

43580 | 4.4654 4.547 2.5365

3. RESULT AND DISCUSISION

3.1 CoMFA and CoMSIA Results

To evaluate the quantitative structure—activity
relationship (QSAR) of triazole derivatives as a-
oxidoreductase inhibitors, 3D-QSAR studies
using CoMFA and CoMSIA models were
performed.

3.2 CoMFA Analysis

CoMFA models were developed based on
various charge calculation methods. Among
these, the MMFF94 charge model (Model 6)
yielded the best statistical performance. The
optimized CoMFA model, constructed using 45
molecules with plCso values ranging from

3.4661 to 5.2749, showed a cross-validated
correlation  coefficient  q2=0.787q"2 =
0.787q2=0.787,  suggesting the model’s
robustness. The non-cross-validated correlation
coefficient was r2=0.819r"2 = 0.819r2=0.819,
with a low standard error of estimation (SEE =
0.041), an F-value of 1316.074, and a high
predictive correlation coefficient
rpred2=0.996r"2 {\text{pred}} = 0.996rpred2
=0.996, indicating high reliability and predictive
power.  Steric and  electrostatic  field
contributions were nearly equal, at 0.507 and
0.493 respectively.
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Further analysis incorporating additional
descriptors such as clogP, CMR, CPSA, and
molecular properties under MMFF94 charge
conditions provided consistent models, with
Model 7 demonstrating strong statistical
parameters. The residual values between
experimental and predicted pICso values for
training and test compounds using this model are
presented in Table 1. The correlation between
actual and predicted pICso values is visualized.
3.3 CoMSIA Analysis

CoMSIA models were constructed using
different field combinations including steric (S),
electrostatic (E), hydrophobic (H), hydrogen

bond donor (D), and acceptor (A). The model
incorporating all five fields (Model 28) exhibited
the best results, with q2=0.805q"2 =
0.805q2=0.805, r2=0.831r"2 = 0.831r2=0.831,
SEE = 0.065, F-value = 520.302, and
rpred2=0.990r"2_ {\text{pred}} = 0.990rpred2
=0.990. The field contributions were: steric
(0.151), electrostatic (0.268), hydrophobic
(0.223), donor (0.234), and acceptor (0.124)
Model 29 (MMFF94) emerged as the optimal
CoMSIA model using the most appropriate
combination of field descriptors. The actual vs.
predicted plCso values and residuals for this
model.

Table 2 Residual values of Training set and Test set of molecules of the CoMFA model 7.

S No. ICso pICso Predicted pIC50 Residual ValuOe
1* 112.40 3.6579 3.8016 -0.1437
42.26 4.3639 3.8789 0.485
3 202.16 3.6213 3.8078 -0.1865
4% 303.52 3.4117 4.0432 -0.6315
5 204.44 3.6873 3.8829 -0.1956
174.21 3.7563 3.9741 -0.2178
7 35.75 4.4347 3.8897 0.545
8* 16.23 4.7392 4.0403 0.6989
9 64.52 4.1642 3.9498 0.2144
10 323.91 3.4661 3.9013 -0.4352
11 145.40 3.7534 39112 -0.1578
12% 364.41 3.3722 3.7974 -0.4252
13 181.70 3.7173 3.8383 -0.121
14 142.81 3.8362 3.8785 -0.0423
15 193.55 3.7132 3.8534 -0.1402
16* 99.16 4.0037 4.016 -0.0123
17 123.32 3.909 3.9062 0.0028
18 55.43 4.2563 3.8841 0.3722
19 226.32 3.6453 3.8988 -0.2535
20 175.72 3.7552 3.9677 -0.2125
21 46.39 4.3336 4.0258 0.3078
22 6.50 5.1871 4.9646 0.2225
23 10.23 4.9901 4.9235 0.0666
24 11.29 4.9473 5.0454 -0.0981
25 8.48 5.0716 4.9601 0.1115
26 11.22 4.95 5.0041 -0.0541
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27 6.97 5.1568 5.027 0.1298
28 5.55 5.2557 5.0047 0.251
29* 12.75 4.8945 4.9155 -0.021
30 15.09 4.8213 4.9923 -0.171
31 5.58 5.2534 5.0292 0.2242
32% 26.38 4.5787 4.983 -0.4043
33 7.12 5.1475 4.9941 0.1534
34 16.17 4.7913 5.0014 -0.2101
35 8.05 5.0942 5.0036 0.0906
36* 28.02 4.5525 4.9661 -0.4136
37 18.33 4.7368 5.0323 -0.2955
38 8.37 5.0773 5.0028 0.0745
39 8.07 5.0931 4.9718 0.1213
40 5.31 5.2749 4.968 0.3069
41 11.09 4.9551 4.9889 -0.0338
42 9.12 5.0357 4.9485 0.0872
43 53.34 4.2729 5.0297 -0.7568
44* 44.8 4.3487 4.9767 -0.628
45 11.85 4.9263 5.0492 -0.1229

Table 3: CoOMSIA on training set at different charges at MMFF94 charge

Sno | Name ¢ r SE NC
1 Model 24 S 0.784 0.813 0.266 1
2 Model 25 SE 0.794 0.825 0.258 1
3 Model 26 SHE 0.805 0.832 0.252 1
4 Model 27 SEHD 0.803 0.830 0.254 1
5 Model 28 SEHDA 0.805 0.831 0.253 1
Table 4: CoMSIA with MMFF94 Charge
Sno Model q r SE NC
1 Model 29 clogP 0.800 0.854 0.239 2
2 Model 30 CMR 0.793 0.845 0.247 2
3 Model 31 CPSA 0.792 0.838 0.252 2
4 Model 32 DM 0.779 0.855 0.238 2
5 Model 33 MP_Area 0.791 0.843 0.248 2
6 Model 34 MP_PSA 0.800 0.846 0.245 2
7 Model 35 MP PV 0.794 0.844 0.247 2
8 Model 36 MP Vol 0.790 0.845 0.247 2
9 Model 37 Mol-Wt 0.795 0.848 0.244 2
10 Model 38 Atom Count 0.788 0.844 0.247 2
11 Model 39 Bond Count 0.792 0.843 0.248 2
12 Model 40 Chiral 0.805 0.831 0.253 1
13 Model 41 Ring Count 0.796 0.853 0.240 2
14 Model 42 RotBonds 0.783 0.848 0.244 2
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3.4 CoMFA and CoMSIA Contour Map Analysis

Actual pICS0
* 0
B
%

PR

Predicted plCS0

Figur 1: Graph of actual versus predicted pICso values of the training set and the test set molecules of Model 7
(MMFF94) using the CoOMFA model.

R

Figure 2: Graph of actual versus predicted pIC50 values of the training set and the test set molecules of
Model 29 (MMFF94) using the CoMSIA model.

3.5 CoMFA Contour Maps

Figure 2: Contour map of Compound 36

\; A "

~

Figure 3: Contour map of Compound 13.

3.6: Reference compound 13 with contour for designing.
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Figure 4: Std* coeff contour maps of CoMSIA analysis with 2A grid spacing in combination with
compound 36 and 13. 5.4.1 — 5.4.10 shows Steric, electrostatic, hydrophobic, acceptor and donor.
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J

Figure 5 and 6: Contour map of Compound 36 and 13 Steric:

A
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<
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4

Figure 7 and 8: Contour map of Compound 36 and 13 electrostatic:
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Figure 10 and 11: Contour map of Compound 36 and 13 donor:

CoMFA contour maps were generated to
interpret the influence of steric and electrostatic
fields on biological activity. Compounds 28 and
40 were selected as reference structures. Green
contours indicate regions where bulky groups
enhance activity, observed at the Ist, 7th, and
8th positions of the benzoimidazole ring and
phenyl rings. Yellow contours near the 5th and
6th positions of the imidazole ring and adjacent
phenyl rings suggest steric hindrance is
unfavorable.

Electrostatic contours show blue regions—
favorable for electron-donating groups—at the
imidazole and phenyl ring positions. Red
contours, indicating preference for electron-

withdrawing groups, were observed on the C=0

group attached to the phenyl ring.

3.7 CoMSIA Contour Maps

The best CoMSIA model was visualized through

contour maps using compounds 36 and 13 as

references:

o Steric Fields: Green contours on phenyl
rings and azo groups indicate favorable sites
for bulky groups. Yellow contours around
the 5th and 6th positions of the imidazole
ring suggest bulky substitutions here are
detrimental.

. Electrostatic Fields: Blue contours on
the R: phenol ring and aldehyde group
denote beneficial electron-donating
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substitutions. Red contours on nitrogen-
attached aldehyde and phenol rings indicate
favorable electron-withdrawing groups.

Hydrophobic Fields: Yellow contours
indicate regions where hydrophobic groups
enhance activity, such as on the R: phenol
ring and imidazole-attached benzene. White
contours denote non-favorable hydrophobic
regions.

Acceptor Fields: Magenta contours
show where hydrogen bond acceptor groups
are favorable—particularly around nitrogen
linkages—while red contours mark regions
where such groups are not desirable.

Donor Fields: Cyan contours near
aldehyde-related nitrogen show favorable
hydrogen donor sites, whereas purple

contours on central benzene rings indicate

unfavorable regions for donor groups.
3.8 HQSAR Results
Hologram QSAR (HQSAR) models were
developed for a dataset of 46 compounds (37
training, 9 test). The best model demonstrated
excellent internal and external validation with
q2=0.800g"2 = 0.800q2=0.800 and r2=0.9431"2
= 0.943r2=0.943. The most predictive model
employed fragment distinction parameters
A/B/C/Ch and fragment size 2-6 with a
hologram length of 151 and six optimum
components.
Further statistical enhancements were achieved
by varying fragment size and distinction
combinations. These results underline HQSAR’s
strong predictive capability and its utility in
rational anti-diabetic drug design.

Table 5: The determination of statistical parameters for the models of the series based on different
distinct with default size 4-7.

Sno | Fragment q 1 q*SE *SE Ensemble Best NC
Distinct length
1 A/B 0.792 0.946 | 0.286 0.150 0.948 151 6
2 A/B/H 0.771 0.955 0.300 | 0.141 0.939 353 6
3 A/B/C 0.800 0943 | 0.276 | 0.160 0.933 257 6
4 A/B/Ch 0.787 0.951 0.290 | 0.147 0.947 151 6
5 A/B/C/H 0.794 0.950 | 0.285 0.149 0.937 151 6
6 A/B/DA 0.797 0.941 0.278 0.163 0.937 257 6
7 A/B/C/DA 0.781 0.947 1 0.289 0.154 0.935 353 6
8 A/B/C/Ch 0.800 0.943 0.276 0.160 0.933 257 6
9 A/B/H/DA 0.793 0.932 ] 0.285 0.174 0.922 257 6
10 A/B/H/Ch 0.785 0.939 1 0.291 0.164 0.930 257 6
11 A/B/Ch/DA 0.796 0.937 10.276 0.168 0.933 353 6
12 A/B/C/H/DA 0.773 0.961 0.298 0.132 0.946 353 6
13 A/C/H/DA 0.783 0.951 0.292 0.148 0.939 257 6
14 A/C/H/Ch/DA 0.782 0.944 | 0.293 0.158 0.935 307 6
Table 6: For Test:
Pred R? SE Bond Length NC
0.938 0.166 307 6
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Table 7: The determination of statistical parameters for the model of the series based on different
fragment size fragment distinct A/B/C.

S no Name q 1 qQ*SE | *SE Ensemble | Best NC
length

1 2-5 0.800 | 0.907 | 0.276 | 0.204 0.903 97 6

2 3-6 0.800 | 0.921 | 0.277 | 0.188 0.917 307 6

3 4-7 0.800 | 0.943 | 0.250 | 0.160 0.933 257 6

4 5-8 0.785 | 0.953 | 0.286 | 0.144 0.945 307 6

5 6-9 0.786 | 0.952 | 0.290 | 0.146 0.946 151 6

6 7-10 0.781 | 0.957 | 0.293 | 0.138 0.951 257 6

7 8-11 0.779 | 0.959 | 0.299 | 0.135 0.956 307 6

8 2-6 0.801 | 0.920 | 0.276 | 0.189 0.917 151 6

9 3-7 0.799 | 0951 | 0.277 | 0.148 0.933 257 6

10 4-8 0.787 | 0.951 | 0.289 | 0.148 0.942 151 6

11 5-9 0.791 10.949 | 0.291 | 0.151 0.944 353 6

12 6-10 0.785 | 0.954 | 0.246 | 0.143 0.947 257 6

Table 8: Residual value of molecules of the HQSAR model
S. No. Actual Predicted | Residual Sno. | Actual Predicted | Residual
pIC50 pIC50

1* 3.6579 3.84 -0.1821 24 4.9473 5.03886 -0.09156
2 4.3639 4.31899 0.04491 25 5.0716 5.18102 -0.10942
3 3.6213 3.70718 -0.08588 26 4.95 4.98164 -0.03164
4% 3.4117 3.897 -0.4853 27 5.1568 5.05202 0.10478
5 3.6873 3.65625 0.03105 28 5.2557 5.17937 0.07633
6 3.7563 3.72401 0.03229 29* | 4.8945 5.034 -0.1395
7 4.4347 4.40343 0.03357 30 4.8213 4.82304 -0.00174
8* 4.7392 3.581 1.1582 31 5.2534 5.17144 0.08196
9 4.1642 3.97353 0.19067 32*% | 4.5787 4.882 -0.3033
10 3.4661 3.85838 -0.39228 33 5.1475 5.02115 0.12635
11 3.7534 3.68661 0.06679 34 4.7913 4.63785 0.15345
12* 3.3722 4.281 -0.9088 35 5.0942 5.05461 0.03959
13 3.7173 3.60906 0.10824 36* | 4.5525 5.275 -0.7225
14 3.8362 3.78962 0.04658 37 4.7368 4.9274 -0.1906
15 3.7132 3.85739 -0.14419 38 5.0773 5.31175 -0.23445
16* 4.0037 4.665 -0.6613 39 5.0931 5.13309 -0.03999
17 3.909 3.93422 -0.02522 40 5.2749 4.91999 0.35491
18 4.2563 4.10691 0.14939 41 4.9551 4.85028 0.10482
19 3.6453 3.99175 -0.34645 42 5.0357 4.96971 0.06599
20 3.7552 3.81998 -0.06478 43 4.2729 4.65657 -0.38367
21 4.3336 3.97848 0.35512 44 4.3487 4.588 -0.2393
22 5.1871 4.98552 0.20158 45 4.9263 5.10494 -0.17864
23 4.9901 5.09693 -0.10683 46 4.9539 4.89264 0.06126
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Table 9: Summary of the statistical parameters of HQSAR studies:

S. No | Statistical parameters Model (A/B/C) Model (A/B/C/Ch)
1 Fragment size 2-6 2-6

2 q 0.801 0.801

3 1 0.920 0.920

4 Ensemble 0917 0.917

5 SE 0.189 0.189

6 NC 6

7 Best Length 151 151

53 54 55 5.6 5.7

e 58
v,
= &
-] <
- 7 ”
g K3 t e
T
- § k2 B ‘
@
5 L

Predicted pIC30

Figure 12: Graph of actual versus predicted pIC50 values of the training set and the test set molecules of
Model A/B/C at 2-6 fragment size using the HQSAR.

3.9 Interpretation of HQSAR contours:

The contribution map obtained from the HQSAR
module implemented in SYBYL-X 2.0 uses
colour schemes to discriminate individual
atomic contribution to activity. The colour
encoded in structure fragment at the red end of
the spectrum (red, red-orange, orange) reflect
poor contribution, whereas colours encoded in
structure fragments at the green end (yellow,
green-blue and green) reflects favourable
contribution. Atoms with the intermediate or
moderate contribution on pharmacological
activity are coloured as white. The intermediate
contributor was helpful in maintaining the
common structure was helpful in maintaining the
common structure only but they are not
contributing more towards the activity.
Compound 40 and 28 are selected and their
contour obtained. A green colour at the 2" and
4" position of imidazole ring, yellow colour at
the 3" position, blue-green colour at the N atom
of the thiazole ring and benzene ring attached to
it, and nitrogen-nitrogen bond attached next to

aldehyde group are required for the enhanced
activity.

White colour of the on the Sulphur atom of
thiazole ring and phenol ring at R; position
shows intermediate activity. The contour of
compounds 40 and 28 are given in figure 5.4.6.
One more molecule named compound 43 was
taken as it is showing some negative
contribution with red colour on the benzene ring
attached at the R, position and the orange colour
on the nitrogen-nitrogen bond attached to the
aldehyde shown.

3.10: Pharmacophore Modelling:

Ten GALAHAD models were generated by
using training set compounds. Model 8 and 10
had high energy which is considered to be due to
steric clashes, leading to their exclusion from the
analysis. The other 20 models were generated
and evaluated successively by the test database
constructed previously. Table shows the
predictable results for each model. Model 8 with
the highest value was considered to be the best
model.
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Figure 14: Alignment of all test set compounds using pharmacophore modelling.

Table 10: The parameter values of Training set for each pharmacophore model:
NAME Specific. | N HITS | FEATS | PARETO | Energy | Steric | HBOND | MOL QRY
Model 001 | 3.818 -16 8 0 12.16 1344.7 | 328.5 102.39
Model 002 | 3.651 -16 9 0 11.05 1302.6 | 326.7 101.73
Model 003 | 3.812 -16 8 0 15.43 1431.7 | 326.1 103.38
Model 004 | 1.66 -16 9 0 8.05 1217.9 | 321.6 104.1
Model 005 | 3.823 -16 8 0 10.95 1338.4 | 320.8 104.34
Model 006 | 4.979 -16 8 0 17.59 1255.7 | 336 107.9
Model 007 | 3.814 -16 8 0 15.09 1308.6 | 325 107.49
Model 008 | 3.822 -16 8 0 10.95 1292.2 | 326.7 72.97
Model 009 | 3.8 -16 9 0 9.89 1340.7 | 322.1 66.9
Model 010 | 3.825 -16 8 0 8.36 1159.2 | 326.5 88.92
Table 11: The parameter value of Test set for each pharmacophore model:

NAME Specific. | N_HITS | FEATS | PARETO | Energ. | Steric HBOND | MOL _QRY
Model 001 | 3.710 0 14 0 791 1363.50 | 279.80 119.80
Model 002 | 3.774 2 13 0 11.75 | 1144.60 | 287.40 119.56
Model 003 | 3.391 9 12 0 11.12 | 1394.50 | 250.20 96.99
Model 004 | 3.405 8 12 0 12.78 | 1487.70 | 277.80 90.49
Model 005 | 3.710 0 14 0 15.08 | 1232.30 | 286.00 107.41
Model 006 | 3.767 1 13 0 21.92 | 1191.60 | 287.80 112.80
Model 007 | 3.398 9 12 0 14.83 | 1035.00 | 288.10 112.07
Model 008 | 3.477 9 11 0 11.15 | 1288.20 | 281.60 58.79
Model 009 | 2.399 9 12 0 16.15 | 1233.70 | 282.00 95.57
Model 010 | 2.371 9 13 0 180.71 | 1170.10 | 292.10 97.11
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3.11: Pharmacophore
interpretation:

The pharmacophore features of Model 8, where
cyan colour on the imidazole ring, a phenolic
ring attached to it and the phenolic ring attached
to the azo group showed the hydrophobes, green
colour on the nitrogen atom of imidazole ring
and the double bond O attached to the phenolic
ring showed the HB acceptors and magenta
colour on the azo group shows the HB donor.
The Model 8 includes seven pharmacophore
features: four hydrophobes, two HB acceptors
and one HB donor.

3.12: Docking Analysis:

All compounds of training set and test set were
selected for docking analysis in order to evaluate
their oxidoreductase inhibitor activity. For the

mapping

docking analysis PDB selected was 5JFO. Using
Schrédinger Maestro version 2016 and 5JFO
PDB docking was done and found that all
compounds were showing good docking score as
shown in table ......... for training set and test
set.

PDB descriptions: 1GAH PDB: 5JFO (M.
enoyl-reductase InhA in complex with
GSK625).

Name of Ligand: ACR

Chemical name of the ligand: N-{1-[(2-chloro-
6-fluorophenyl)methyl]-1H-pyrazol-3-yl}-5-
[(1S)-1-(3-me thyl-1H-pyrazol-1-yl)ethyl]-1,3,4-
thiadiazol-2-amine

Chemical Formula : C;H27N7014P>

Structure Ligand:

B

3

e
=
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n — a:.‘ e
. \O / - >
e M
= = 7
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%
o
=

=
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4 a6

Figure 15 and 16
3.13: Results of Docking studies and interaction points of Imidazole derivatives on 5JFO PDB:

Table 11: Docking score of all compounds:

Sno | Compound | Total Sno | Compound Total Sno. | Compound | Total
Score Score Score
1 20 8.75 16 28 6.49 31 3 5.33
2 22 8.58 17 27 6.48 32 25 5.18
3 7 7.87 18 11 6.47 33 23 5.03
4 46 7.67 19 13 6.46 34 33 4.93
5 26 7.56 20 17 6.43 35 36 4.89
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6 30 7.54 21 10 6.32 36 18 4.88
7 38 7.39 22 19 6.22 37 9 4.84
8 15 7.3 23 16 6.18 38 39 4.81
9 8 7.27 24 4 5.92 39 2 4.75
10 43 7.21 25 12 5.9 40 34 4.33
11 21 7.11 26 29 5.83 41 24 4.04
12 31 7.11 27 5 5.79 42 37 3.89
13 45 7.06 28 14 5.79 43 44 3.69
14 42 6.76 29 35 5.75 44 32 3.44
15 41 6.54 30 6 543 45 40 3.24

3.14: Docking pose view of the compound 36 and 13 based on SJFO PDB:

131 |Page




Shastri et al. Journal of Drug Discovery and Therapeutics (JDDT)

132 |Page




Shastri et al. Journal of Drug Discovery and Therapeutics (JDDT)

Figure 17, 18, 19, 20, 21 22, 23, 24,25, 26, 27, 28, 29: Full Docking view of all compounds on SJFO
PDB:
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Figure 30 and 31: Interaction point of compound 36:

3.15 Designing of Compounds:

Based on the CoMFA, CoMSIA, HQSAR,
Docking and Pharmacophore mapping studies,
compound 36 and 13, with the highest activity,
was taken as a template to design new
compounds.

A set of 110 new compounds with
approximately similar predicted activity were
designed and assessed.

These molecules were aligned to the database
and their activities were predicted by the

Test Compound:

CoMFA, CoMSIA, HQSAR, Docking and
Pharmacophore mapping models previously
established. The chemical structures and
predicted pICso values of these compounds and
the graph of their predicted pICso values versus
the most active compound 40 and 28.

Most of the molecules show significant
improved predicted activities but not as much as
compared to compound 40 and 28. The results
validated the structure activity relationship
obtained by this study.
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Table 12: The structures and predicted pICso values of newly designed derivatives

Compoun | Compound structure Pred pICso
d CoMF | CoMSI | HQSA | Dockin
A A R g Score
1 S 43521 4.4758 4282 4.5033
2 "V g 43484 | 44751 | 5.03 3.8241
D
ozN%‘;\‘\/j,.\m \/CH
3 EF 43438 | 44782 4328 3.6918
o A
OZN_<;T\/jM» \/C{;
4 ;OCF3 43534 | 44803 3.836 5.3139
N
\\\\\\O\/[>
OZNg{j\/j H
N/ o
5 R PMe 43477 | 44731 4.696 5.4296
\\\\\\O\/[>
N¢l\
(o)
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6 ez Phe 43456 | 4.4747 4915 3.0611
N
\\\\\\O\/[ )
O
N/ 0
7 ! 43488 | 4.4753 4.578 4.3919
N
\\O\/A/NH
=
N/ o
8 £Fs 43493 | 44782 4.447 4.9245
N
\\O\/k/NH
OZNAQ/j‘
=
N 0
9 F 4.3486 | 4.4808 4.425 2.9629
N
\\O\/A/NH
OZN‘{j\/j‘\
N/ o
10 PCFs 43502 |4.4784 4.756 3.8114
N
\\\\\\o\/A/NH
0
N/
(6]

136 |Page




Shastri et al.

Journal of Drug Discovery and Therapeutics (JDDT)

11 HN/\ 43511 44776 4.503 2.3645
N Et
——
(0]
N—_
~< IO
S \N
12 HN/\ 4.3450 | 4.4755 4.518 5.3367
N FBn
—
(e}
N
=
13 i 4.3493 4.4778 4.341 5.9438
) AN
F3C, N
— P
I\ ° °
N\H Ph
14 HN cFs 4.3443 4.4748 4.594 4.8035
/\N
//K/\@
Br
C
N)
\N
/
H 0
15 43536 | 4.4984 5.123 6.0693
N
)
CHy >\—NH
S
X
HsC () o
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16 4.3456 44717 4.597 2.7969
H
N
Y .
\_
>\—NH
S
H,C o
CHg
17 R H 4.3462 4.4732 4.725 4.5086
N
@%Q
18 4.3469 4.4785 4.691 4.7630
F /\NH
19 4.3495 4.4753 4.823 3.3900
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20 > 4.3480 | 4.4792 4.941 3.0896
O o
'S (=<,
() T
(':‘)\,CU\\j = o
21 R__ 4.3461 | 4.4752 4.647 2.8599
AN/
T\
e
O O [¢]
22 ° 4.3492 | 4.4802 4.518 4.9646
J A\
/
NH /\Rz
N/
I
R—1L
I
/
(6] [0}
23 . 4.3465 | 4.4702 4.866 6.6412
HN/\ -
/@/O\/K/N
(<
N/
C&
24 N\ 4.3452 | 4.4737 4.826 4.7953
O
/ \ NH
HoN o F
o
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25 / \ 43467 | 44783 4.742 5.2871
[¢] R4
N / 0
C
\ H
HN/
Rz
26 y 4.3453 4.4697 4.884 6.3892
9
OHC 0
27 ¥ 43514 |4.791 4373 8.2615
s
(0]
28 HN/\N/D 4.3473 44783 4.293 5.4088
(T
29 N b/w 43470 | 44761 4.939 6.3040
~
30 HN/\N/@ 43431 4.4754 4775 4.8325
(L
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31 HN/\N/\@ 43454 [44758 [4555 [4.9260
O Br
32 HN/\N/\O/ 43501 | 44743 4859 [ 6.5207
Br
33 HN/\N/D 4.3520 | 4.4804 4.182 2.8665
O No,
(L
34 HN/\N/\Q\ 43474 [44771 [4.624 | 1.5708
O COOMe
L,
35 ? 4.3503 | 4.4781 4.378 5.4090
R
(0]
N F
\\N/Y_@
\’—NH
36 4.3459 | 4.4740 4.876 5.8507
. H Bn\c‘/
HN\/N OH ’<N\
N\N/ \N \N///
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37 4.3541 | 4.4793 4.745 2.9364
%°
38 43471 | 4.4747 4.796 6.6970
O
Cl
39 4.3451 | 4.4759 5.016 3.3043
40 i\ O 4.3460 | 4.4796 4.654 3.7888
\ /N\/\§/
F
41 ; 4.3508 | 4.4800 4.947 5.4434
| \ /N \ ~
F
42 O 4.3467 | 4.4778 4.883 5.0204
| AN /N N =
Z
43 4.3460 | 4.4735 4.876 2.9344
A N
| H
Z
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44 R 43436 | 44780 [4.596 |5.1306
N/ ‘ N/\NH
HO }\ \:-<
(@] N
R4
HO
45 N NRiR; 43466 | 4.4739 | 4.721 7.1182
N
—° X
F
46 Ph 43453 | 44722 | 4774 |5.8317
X _—
N NH
N ~"
47 43496 | 4.4784 | 4341 | 4.7399
]
AcO. O\}
\ — OAc
SOVs!
48 O 43457 | 44786 |4.138 | 6.8212
N X
N/ o
/
O Co
49 ‘ 43492 | 44780 | 4.884 | 8.3985
O SOzPh
50 /\N/w/\ 43506 | 4.4769 |4.617 | 8.8636
N O,
S A,gj x
o R
O,N
#—\0
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51 R « 4.3534 | 4.4794 4.872 5.3914
AN N
S
52 Ph o 4.3452 | 4.4825 4.118 4.6358
AN N
S
53 it 4.3407 | 4.4767 4.721 4.1250
HN \ Q
N N
54 4.3337 | 4.4715 4.019 4.3931
HN \N Q
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55 =N 4.3493 | 4.4810 3.527 4.3762
HN \ Q
\_N/ N
56 F% 4.3333 | 44741 4.387 3.6550
HN \ Q
N N
57 e 4.3369 | 4.4748 4.606 3.5770
)%( S
AN N
58 4.3357 | 4.4788 4.269 4.6806
HN \ <—;>
AN N
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59 P 43387 | 4.4799 4.137 5.0128
HN = Q
\_N/ N
60 4.3391 | 4.4841 4.116 3.0643
HN ™ Q
N N
61 OZN? 4.3340 | 4.4757 4.447 3.5384
HN = Q
\———N N
62 F 4.3432 | 4.4760 4.193 4.3641
HN s Q
\———N N
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63 e 4.3346 | 4.4790 4.208 6.7577
N N
64 43416 | 4.4826 4.032 7.5076
HN \ O
N N
65 9 4.3332 | 4.4758 4.285 4.7628
HN = <:>
N N
66 4.3472 | 4.5061 4.814 6.6691
HN \ @
AN N
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67 o= 4.3332 | 4.4738 4.288 3.4100
HN = Q
\_N/ N
68 F% 4.3387 | 4.4736 4.415 4.0352
HN S @
AN N
69 e 4.3325 | 4.4794 4.382 4.4156
AN N
70 4.3435 | 4.4735 4.514 3.2028
HN NS Q
AN N
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71 it 4.3430 | 44741 4.631 2.4690
HNE\ D
\———N N

72 4.3355 | 44757 4.338 4.2828

NCH,CH,OH
w5
AN

73 4.3354 | 4.4790 4.208 5.7021

74 43320 | 4.4763 4.556 5.7749
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75 o 4.3352 | 4.4732 4.517 5.6609
Ji -,
AN N
76 4.3348 | 4.4773 4.433 4.9471
HN \ Q
AN X
77 "9 4.3306 | 4.4757 4.575 4.3661
HN =~ <_:_>
78 4.3350 | 4.4759 4.428 6.7494
HN s <:>
AN N
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79 =N 4.3378 | 4.4788 3.984 7.9638
AN Q
(L
80 1 4.3361 | 4.4719 4.629 7.1254
HN I (
éi )
81 o 4.3276 | 4.4733 4.466 8.7375
AN, N
82 “ 4.3353 | 44772 4.246 7.0280
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&3 q 4.3350 | 4.4776 4.55 6.0740

84 A 43416 | 4.4835 3.873 4.5000

&5 o 4.3405 | 4.4790 4315 3.5902

86 H3CHaCN 43422 | 4.4739 4.069 5.7215
SISt
@

87 43419 | 4.4705 4.567 5.3869

FsC
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88 COOEt NH 4.3496 | 4.4736 4.436 3.5564
[ ) i
N

&9 : 43365 | 4.4738 4.487 4.6473

90 4.3331 | 4.4768 4.707 4.2689
91 43382 | 4.4187 4.467 2.5494
92 43362 |4.4771 4.638 6.4184
93 4.3367 | 4.4758 4.574 5.6047
H o HN/\
N
S

H3CO
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94 4.3361 | 4.4733 4.567 5.1769
cl 0 M\
N
—
o
Cl
95 5 e 4.3407 | 4.4840 4.287 3.3925
HN/\
O‘ by
96 9 4.3322 | 44787 4.412 6.3533
0
Dy
[
\/K/N\)
F
97 q o \> 4.3330 | 4.4742 4.465 4.6248
[j/?\)\/( J )
L
98 Z__ > 4.3389 | 4.4815 4.032 6.7279
KC T
99 ///@ 4.3357 | 4.4810 3.828 5.6288
N\%S Y
o )N\\\
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100

4.3427 | 44730 4.575 6.8900

101

43413 | 4.4776 4.308 7.0763

102 23 43509 | 4.4830 4.563 3.4315
N
C
103 <"‘j 4.5241 | 4.1082 4.465 3.5404
N
CH3
104 N 43542 | 4.4651 4.638 6.6284
)
N
105

4.6365 4.4742 4.542 5.6307
N \ o
\ \
\
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106 4.3382 | 4.4187 4.467 2.5444
=
HN—N \/j,
107 4.6262 | 4.4701 4.645 6.4544
HN—N /\
108 3\ 4.5477 | 4.4958 4.530 5.5230
{ j/ \N
109 HN\N 4.5651 | 4.4745 4.677 5.1745
Br N S
il \
NO,
110 cl HN 43580 | 4.4654 4.547 2.5365

4 SUMMARY AND CONCLUSION:

The present work describes successfully applied
QSAR study to characterize set of triazole
derivatives and to identify essential structural
requirements in 3D chemical space for the
modulation and optimization of oxidoreductase
inhibitor activity. The CoMFA, CoMSIA and
HQSAR models showed meaningful statistical
significance results in internal validation (q?),

external validation (r*) and predicted 1* for
triazole and 1,2,3-triazole and 1,2,4-triazole
derivatives. The models generated through three
layered QSAR approach exhibited reliable, ease
correlative and predictive abilities. The explored
CoMFA and CoMSIA models provided
information about favorable and unfavorable
region while HQSAR provides information
about positive, negative and intermediate
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contribution of  sub-structural  fingerprint
requirements for imparting the biological
activity. The CoMFA, CoMSIA and HQSAR
contour maps revealed sufficient information to
understand the structure-activity relationship
(SAR) and to recognize structural features
influencing inhibitory activity. Based on the
SAR study generated by molecular modelling
analysis, one hundred and two novel
oxidoreductase inhibitor derivatives were
successfully designed exhibiting moderate
predicted activities in all three applied
computational approaches.

The binding mode of the 1,2,3-triazole and

1,2,4-triazole analogues was clarified by the

flexible docking method and Hydrogen bonding
interaction and hydrophobic interaction were
found to be important for the 1,2,3-triazole and
1,2,4-triazole analogues binding on PDB. Using
the conformation generated from the docking
study, highly predictive CoMFA and CoMSIA
models were developed on 1,2,3-triazole
analogue. The best derived CoMFA and

CoMSIA model showed a predictive g value for

oxidoreductase inhibitor activity and the

activities of compounds in the training set and
test set were predicted with good accuracy.

The pharmacophore model developed helped us

to obtain the common active pharmacophore

regions along with the hydrophobe, donor and
acceptor regions. All selected 1,2,3-triazole and
1,2,4-triazole analogues showed good alignment.
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