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The class of pyrazolo [1,5 — a] pyridine-1,3,4-oxadiazole chalcones features a fused heterocycle aro-
matic ring system, an oxadiazole moiety as a linker, and an electronically tailorable o, B-unsaturated
carbonyl group. In this study, we sought to examine whether the anticancer effectiveness of 11a—j
compounds depends on aryl substituents’ electronics instead of merely on their lowest ICs, order.
The cytotoxicity matrix for MCF-7, A549, Colo-205, and A2780 was first converted into pICsg
parameters. Then, aryl patterns were coded in terms of the summed Hammett constant (X5). Relative
potency scores were estimated against etoposide and related to mechanism-discriminating laboratory
experiments. For the whole set of ten compounds, a very strong positive correlation of Xo with
the mean value of pICsy was detected both through Pearson’s » (r = 0.873; p = 9.84 x 10~%) and
Spearman’s p (p = 0.796; p = 5.84 x 1073). One-electronic descriptor accounted for 76.2% of
variance in pICsy scores within compounds. A similar trend persisted for each cell line individually:
MCF-7, A549, Colo-205, A2780. Compound 11j appeared the most effective in particular, among
AS549. Yet, its high potency comes along with dinitro substitution that requires further validation of

selectivity, redox, and target-binding.
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1. Introduction

The chalcones have been studied extensively in medicinal chemistry
due to their capacity to induce diverse biological activities, including
redox disturbance, alteration of signaling cascades, interference with
tubulin polymerization, and interaction with DNA damage-response
enzymes [1, 2, 3]. Such versatility presents challenges with respect
to interpreting activity trends in chalcones. It could result from selec-
tive targeting of a single biological process, electronically activated
Michael addition reactions, redox imbalance, assay-induced oxidative
or electrophilic stress, or other means. Therefore, any anticancer po-
tential should be assessed in the context of activity, potency, selectivity,
and mechanism-consistent assays.

In this regard, the series of pyrazolo[1,5-a]pyridine-1,3,4-oxadiazole
chalcones by Alapati et al. serves as an ideal case study [4]. Its
design entails the integration of pyrazolo[1,5-a]pyridine and 1,3,4-
oxadiazole moieties into a heteroaromatic system along with aryl-

substituted chalcones. Ten new compounds 11a—j were synthesized,
characterized with NMR and HRMS, and tested with MTT assay
in MCF-7 breast cancer, A549 lung cancer, Colo-205 colon cancer,
and A2780 ovarian cancer cells with etoposide serving as a positive
control [4]. As a consequence, the activity matrix reveals 11j as the
most potent analogue and suggests that 11a, 11b, 11g, 11i, and 11j
have higher activity compared to etoposide against specific cell lines.
From a chemical point of view, the next logical step would be to
determine the key factor underlying the activity trend — substitution
pattern, recognition motif, or generalized cytotoxic liability.

An assessment of electronic activity is warranted given the estab-
lished connection between potency and enone reactivity. Electron-
withdrawing substituents are expected to lower acceptor energy and
enhance electrophilicity, whereas the opposite applies for electron-
donating groups. Additionally, the electronic effect can drive a shift
in the target profile. A variety of methods allows quantifying the
extent of electronic activation. They include Hammett descriptors
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[5, 6], DFT-based frontier orbitals [7, 8, 9], and QSAR with a limited
set of electronic features. A distinction between broad-activity and
lineage-specific compounds will also help differentiate cytotoxicity
from selectivity. In particular, the most potent compound contains
two nitro groups, which might indicate additional redox activity and
normal-cell cytotoxicity [10, 11].

This paper makes four unique contributions. First, ICs( activity values
are transformed to pICs to facilitate quantitative analysis. Second,
a single-descriptor Hammett QSAR avoids overfitting in the limited
series while addressing an interpretable chemical hypothesis. Third,
fold-potency analysis distinguishes potency from superior performance
relative to etoposide. Fourth, a comprehensive suite of assays will eluci-
date whether the observed structure—activity trend reflects electrophilic
stress, redox reactivity, tubulin interference, or nonspecific cytotoxicity.
Ultimately, the prioritized compounds and analogues provide a solid
starting point for developing a mechanism-based chalcone scaffold.

2. Materials and Methods

This study uses the activity data reported by Alapati et al. for ten
pyrazolo[1,5-a]pyridine-1,3,4-oxadiazole chalcone analogues 11a-j
[4]. All these analogues contain a heteroaromatic and oxadiazole scaf-
fold with a substituted phenyl ring on the position conjugated to the
chalcone carbonyl moiety. The analogues were prepared via Suzuki
coupling, iodination, Suzuki coupling, formation of nicotinaldehyde
from substituted pyrazolo[1,5-a]pyridine derivatives, and Claisen con-
densation. The biological readout used was the half-maximal inhibitory
concentration, ICs, against the cancer cells.

First, the ICs values were recorded as micromolar concentrations.
Entries described as inactive, not determined, and empty were omitted
from the analysis. For all compounds and active cell lines, the activity
was then transformed to pICs, as follows:

M
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where IC’;&/E’ . denotes the ICsq in micromolars of compound i against
cell line c. Eq. (1) is equivalent to the commonly used —log;,(ICs0)
and provides a normalized measure of potency proportional to ligand-
target interaction energy. The average transformed potency over the
active cell lines served as the principal activity measure of each com-
pound:
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where n; is the number of cell lines against which compound i was
active. Finally, a descriptive standard deviation of pICs; . values
allowed identifying broadly active versus lineage-specific analogues.
Fold comparison of potency was conducted with the original ICs
values, although it can also be based on transformed activity according
to the following relation:

1Cs0.p,c

=1 0(pIC50.ch 7PIC5017.(') X 3)
ICSOVa.,c

FOlda/b,C =

The assay concentrations were 0.5, 1, and 2 pmol/L. Consequently,
ICsq values greater than 2 umol/L need to be carefully analyzed be-
cause they might reflect the extrapolation of a sigmoidal curve beyond
the tested concentration range. The primary analysis included the
tabulated data regardless of whether the estimation was beyond fully
bracketed points, whereas mechanistic interpretation paid attention to
sub-umol/L activity exclusively. If dose—response absorbance or via-
bility data were available, they could serve for proper re-estimation of
the IC5( values, which should not exceed 2 pmol/L or pICs5, < 5.699.
A one-descriptor Hammett QSAR was developed to explore the as-
sociation between the potency and degree of electronic activation.

The substituted phenyl group conjugated with the chalcone carbonyl
moiety is considered a key contributor to activity, thus, approxi-
mate Hammett constant was assigned to its substituents: 6,(OMe) =
—-0.27, 6,(OMe) = 0.12, 6,(Me) = —0.17, 6,(Me) = —0.07,
0,(NMe, ) = —0.83, 6,(Cl) =0.23, 6,(Br) =0.23, 6,(NO,) = 0.78,
and 6,,(NOy) = 0.71 [5, 6]. The sum of substituent constants was
used to calculate the overall electronic effect:

m;
Oy = Z Oy, 4
k=1

where m; is the number of substituents on the phenyl ring of the i-th
compound. In this way, the most electron withdrawing analogue 11j
was coded as 11j = 26,(NO;) = 1.42. In turn, the least activating
11a had the descriptor value oy , = 26,,(OMe) + 6,(OMe) = —0.03.
Only one Hammett feature was chosen in order to reduce the risk of
overfitting in a series of ten analogues [12].

Next, the Hammett-based QSAR model was fitted using ordinary least
squares:

pICsp; = o+ Bi0s,i + &, 5)

where pICs); is the mean transformed potency, f3 is the intercept
term, B is the coefficient of the Hammett feature, and &; is the residue.
The Pearson correlation provided the initial measure of association
between the oy ; value and potency. Subsequently, it was confirmed by
the Spearman rank correlation test. Cross-validation with leave-one-
out technique ensured the internal reliability of the QSAR:

Y (PTCSO,i - Iﬁaso,i,—l) ’
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where 1;1650,,',7 ; represents the fitted response pICs ; without includ-

ing that compound in the training sample, while pICs, is the overall
average potency in micromolars. In addition, leverage and influen-
tial values were inspected to determine whether the association with
electronic activation depended on a single compound. Non-parametric
bootstrap at the compound level estimated the stability of the linear
association. Due to the small number of compounds in the study, sta-
tistical results were regarded as chemical hypothesis testing rather than
predictive modeling [13, 14, 12].

The Hammett QSAR calls for orthogonal electronic and biological
data layers. A quantum chemical descriptor layer consists in optimiz-
ing geometry at a dispersion-corrected hybrid density functional with
a minimal basis of 6-31+G(d,p) and checking the energy extremal-
ity of geometries by vibrational analysis. A polarizable continuum
model is recommended for solvent effects with either DMSO or water
representing the biological solvent depending on the type of exper-
iment. Key electronic descriptors include HOMO energy, LUMO
energy, HOMO-LUMO gap, dipole moment, global electrophilicity
index, natural populations or Hirshfeld charges at the beta-carbon,
condensed Fukui indices, carbonyl electronegativity, and maximum
absolute electrostatic potentials over the enone fragment. According
to the hypothesis, potent analogues will exhibit lower LUMO energy,
greater electrophilicity indices, and positive charges or electrostatic ex-
trema on the chalcone beta-carbon. Calculated values are not presented,
because structures and outputs are not part of the activity data.

The molecular docking technique was used for target ranking rather
than mechanism discovery. There are two plausible targets: the first
target class relates to topoisomerase II-DNA interactions, whereas the
second relates to the tubulin colchicine site, based on known topoiso-
merase poisoning and antimitotic activity of some chalcones [15, 16].
Targets were selected using the following criteria: protein structure
from the PDB database with acceptable resolution, presence of a
known co-crystallized ligand, full description of binding sites, and
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availability of the co-crystallized ligand. Docking includes preparation
of the target structure and co-crystallized ligands, prediction of their
protonation state, minimization, redocking of the known ligand, root-
mean square deviations check of the docked ligand, repeated docking
and interaction fingerprints calculation [17, 18, 19]. Docking scores
do not serve as the estimates of the affinity but help to assign a target
hypothesis based on the activity profile. A tubulin-mediated mech-
anism requires docking, G2/M phase arrest, and direct interference
with tubulin polymerization. In turn, topoisomerase II-related activity
should correlate with inhibition and DNA damage response.

Finally, mechanistically resolving assays allow assigning analogues to
the target classes based on the potency and activity spectrum. The focus
is made on the analogues contrasting in both the degree and nature of
the electronic activation: trimethoxyphenyl analogue 11a, mononitro
analogue 111, dinitro analogues 11j, and fluorine-substituted analogue
11g. Their cytotoxicity is confirmed with A549 and Colo-205 cell lines
using 8-10 point sigmoidal concentration—response curves covering
and extending above and below ICsq. A four-parameter logistic model
is used for curve fitting to provide the ICs( with confidence intervals
and fit statistics. The normal-cell cytotoxicity is determined in at least
one normal epithelial line, such as MCF-10A, BEAS-2B, FHC, or
ovarian surface epithelial cell line. Selectivity index is calculated as
follows:

o ICSO,normal

SI @)

ICSO,cancer

Mechanisms explored with the suite of assays include apoptosis mea-
sured by Annexin V/PI double-staining and caspase 3/7 activation
in three concentrations, DNA histogram of cell cycle measured via
propidium iodide and flow cytometry to determine whether there is
a G2/M arrest or apoptosis, ROS formation with DCFH-DA probe
and N-acetylcysteine rescue, and glutathione adducts formation with
LC-MS to detect Michael-acceptor activity. Other mechanistic assays
(topoisomerase II DNA decatenation and tubulin polymerization) are
performed if docking results indicate a target involvement. Thus, the
assay set distinguishes redox involvement, electrophilic stress, tubulin-
related mitosis interference, topoisomerase II binding, and nonspecific
mechanisms of cytotoxicity.

Statistical analysis was performed using pICsy measures. The rel-
atively small series was recognized as the key limiting assumption
for the hypothesis testing. For this reason, the analysis relied on one
electronic descriptor, used Pearson and Spearman correlation analysis,
included cross-validation, examined influential observations, did not
consider any multi-parameter models, and differentiated between the
calculation stage and experimental work. Consequently, the developed
QSAR was interpreted as a chemically valid hypothesis rather than as
a general predictive model.

3. Results

3.1. Cell-line activity profile

Table 1 provides a brief overview of the curated activity matrix and
transformed pICsg values. The pICsy metric facilitates quantitative
understanding of the magnitude of the difference in potency between
compounds. Compound 11j is the most potent analogue, having pICs,
values equal to 7.40 in MCF-7, 8.00 in A549, 6.92 in Colo-205, and
6.82 in A2780. Compound 111 is the next most consistent nitro ana-
logue, while 11a and 11g show balanced low-micromolar activity.
Methyl, dimethyl, and dimethylamino analogues show weaker activity,
and several entries are unavailable or inactive.

The transformed values are depicted in Figure 1 as a cell-line potency
fingerprint, which allows for separation of the maximum potency effect
from response breadth. The most potent A549 derivative 11j is still

very active in MCF-7 and A2780, but its activity advantage in Colo-
205 over etoposide is limited according to the means. Compound
11i shows relatively balanced activity with submicromolar ICsgs in
each cell line, whereas derivatives 11a and 11g fall between the highly
active group centered around 11j and 111, respectively.

Cell-line potency fingerprint

11a (3,4,5-trimethoxy) - 6.01 6.04 6.11 6.27
8.0
11b (3,5-dimethoxy) - 5.78 5.69 5.56 5.54
11lc (4-methoxy) - = 5.44 5.40 5.34 7.5
o
c
[
2 11d (4-methyl) - 5.24 5.33 — 5.20
=
8 7.0
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o
()
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Figure 1: Potency fingerprint for the chalcone series based on transformed
pICso values. The dashes represent missing or inactive entries; the figure
highlights diverse response patterns in the same scaffold.

3.2. Relative potency compared to etoposide

Fold-based normalization relative to etoposide produces a clearer in-
terpretation than raw ICs order ranking alone. Compound 11j is 52.8
times more potent than etoposide in MCF-7, 308 times more potent
in A549, 8.7 times more potent in A2780, but only 1.08 times more
potent in Colo-205. Compound 11i is 2.45, 7.16, and 3.97 times more
potent than etoposide in MCF-7, A549, and A2780 cell lines, respec-
tively, but less potent than etoposide in Colo-205. This pattern supports
selection of nitro analogues as hits while precluding the overly general
conclusion that the entire chalcone series outperforms etoposide in
each individual cell line.

3.3. Role of electronic factors in chalcone cytotoxicity

The summary of substituent electronics, mean response, and response
dispersion is provided in Table 2. The relationship between sub-
stituent electronics and cytotoxic potency is shown in Figure 2. The
one-parameter model in Eq. (5) yielded a positive slope of 0.918
pICso/Hammett units with 76.2% R-squared and explained vari-
ance of 0.907. Pearson coefficient of correlation is r = 0.873 (p =
9.84 x 10~*); Spearman coefficient is p = 0.796 (p = 5.84 x 1073).
Bootstrap sampling resulted in a median Pearson coefficient of 0.881
with an approximate 95% interval of 0.378—0.982. Leave-one-out
prediction gave a coefficient of determination of Q]%OO =0.510.

Cell-line-specific correlations also agreed well with the electronic
hypothesis. The correlations of Xo with cell-line pICs( are » = 0.88
(p =0.00434) for MCF-7, r =0.90 (p = 0.000947) for A549, r =0.86
(p = 0.00318) for Colo-205, and r = 0.81 (p = 0.0159) for A2780
(Table 3). These modest-sized but consistent correlations indicate the
electronic pattern reproducibility across the cell lines.
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Table 1: Curated ICs( and transformed pICsg values for compounds 11a-j.

ICsp (UM) Transformed pICs

Compound  Aryl substituent ~ MCF-7 A549 Colo-205 A2780 MCF-7 A549 Colo-205 A2780
11a 3,4,5-trimethoxy 0.98 0.91 0.78 0.54 6.01 6.04 6.11 6.27
11b 3,5-dimethoxy 1.65 2.03 2.77 291 5.78 5.69 5.56 5.54
11c 4-methoxy - 3.67 3.96 4.56 - 5.44 5.40 5.34
11d 4-methyl 5.82 4.73 - 6.32 5.24 5.33 - 5.20
1le 3,5-dimethyl - 6.11 527 - - 5.21 5.28 -
11f 4-dimethylamino 5.54 4.68 5.21 - 5.26 5.33 5.28 -
11g 4-chloro 1.29 1.13 1.58 1.03 5.89 5.95 5.80 5.99
11h 4-bromo 3.14 - 3.84 4.56 5.50 - 5.42 5.34
11i 4-nitro 0.86 0.43 0.57 0.33 6.07 6.37 6.24 6.48
11j 3,5-dinitro 0.04 0.01 0.12 0.15 7.40 8.00 6.92 6.82

Dashes indicate inactive, not determined, or absent values. pICsg values were calculated as 6 —log;(ICso um)-

Table 2: Summary of electronic effect and potency for the chalcone series.

Table 3: Correlations of chalcone cytotoxicity with substituent electronics.

Compound  Aryl substituent Yo  Mean pICsy  SD of pICsq profile Cellline  Active entries Pearsonr  pvalue  Spearmanp  p value
11a 3,4,5-trimethoxy  -0.03 6.11 0.12 MCEF-7 8 0.88 0.00434 0.79 0.0195
11b 3,5-dimethoxy 0.24 5.64 0.12 A549 9 0.90 0.000947 0.78 0.0125
11c 4-methoxy -0.27 5.39 0.05 Colo-205 9 0.86 0.00318 0.82 0.00679
11d 4-methyl -0.17 5.25 0.06 A2780 8 0.81 0.0159 0.75 0.0310
11e 3,5-dimethyl -0.14 5.25 0.05

11f 4-dimethylamino  -0.83 5.29 0.04

Hﬁ i:g?é?;g 8;; gié 882 chalcones and colchicine inhibitors [2, 20]. Therefore, compound 11a
11 4-nitro 0.78 6.29 0.18 can be regarded as a defining subseries that activates target recognition
11j 3,5-dinitro 1.42 7.29 0.54 through conformational fit rather than purely electronic means.

Yo is the summed Hammett substituent constant for the aryl
substituent pattern. Mean and SD values were computed using active
cell-line entries only.

Electronic control of mean cytotoxic potency

r=0.873
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Figure 2: Trend in the mean pICsq versus aryl substituent sum of Hammett
constants for the chalcone series. Deviations such as those for 11a and 11j are
of key interest for mechanism definition and validation.

3.4. Mechanistic considerations on notable analogues

The electronic trend was clear but partial. For example, 11a had almost
neutral electronics by Hammett parameters but showed high cytotoxic
activity, especially compared to the closely related 11b and 11c deriva-
tives. This deviation is significant because the 3,4,5-trimethoxyphenyl
moiety is known to form part of the active sites in many antimitotic

On the other hand, 11j can also be of special interest due to its unusu-
ally strong electronics (dinitro) combined with the highest mean pICsy.
Being significantly underpredicted by the one-parameter electronic
model in Figure 2, 11j is likely to possess some properties beyond
the scope of Hammett electronics, such as enhanced redox cycling,
different solubility, ability to produce electrophilic stress, or even non-
specific electrophilic reactivity (e.g., DNA alkylation or crosslinking).
As such, 11j can be considered a strong probe for further analysis.
Compound 11i is a useful comparator as it retains nitro substituents
but has a lesser alert profile.

3.5. Evidence map for mechanism discovery and confirma-
tion

The evidence map in Figure 3 connects all the steps required for
mechanism definition and confirmation: activity curation, electronic
QSAR analysis, DFT descriptors calculation, docking-based target
identification and ranking, and selective biological assays. Mecha-
nism was neither deduced from cytotoxicity alone nor from docking
alone; instead, it was viewed as the result of convergence between
the observed cytotoxic response and chemical characteristics. The
proposed mechanism discovery framework is important for separating
the unique properties of 11j from the trimethoxyaryl behavior of 11a
and electron-withdrawal without nitro substituents in 11g.

4. Discussion

This work revealed that electron-withdrawing aryl substituent is a
critical factor in cytotoxic activity of the pyrazolo[1,5-a]pyridine—
oxadiazole chalcone series. It was established that several compounds
from the series were active, with 11j showing the strongest activity
[4]. Electron-withdrawing effect provided additional structure to this
conclusion by confirming that the chalcone cytotoxicity is increasing
as the aryl substituent becomes more electronically demanding. This
effect was consistent with the concept of electronic activation of the
chalcone acceptor as a critical driver of biological response.
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Pyrazolo[1,5-a]pyridine-oxadiazole chalcones
Heteroaryl-oxadiazole-CO-CH=CH-Ar(R)

Activity matrix Hammett QSAR
ICs0 - pICso R2=0.762, Q> =0.510
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Figure 3: Proposed mechanism-resolving evidence map for the chalcone series.
It includes activity transformation, electronic QSAR, DFT descriptors, target
docking and scoring, cell-type-selective assays, and other steps required for
mechanism elucidation and confirmation.

While the effect of electron-withdrawing substituents was strong, it
does not imply that increasing electron withdrawing power enhances
the medicinal potential. On the contrary, the dinitro substituent in
compound 11j makes it an effective probe of the cytotoxic response
but not necessarily a good lead. For example, dinitro compounds
can cause mutagenesis [10, 11]. Compound 11j is a potent chalcone
but is unsuitable until the selectivity and underlying mechanism are
known. Compound 11i provides a valuable comparative probe due
to its mononitro substituents that retain strong activity. Compound
11a remains important due to the trimethoxyaryl motif which might
suggest some antimitotic activity. Compound 11g allows comparing
non-nitro, electron-withdrawing derivatives to nitro derivatives.
These suggestions follow directly from limitations of cytotoxicity-
only analysis and call for additional assays that allow discrimination
between selective cytotoxicity and metabolic effects such as interfer-
ence, solubility effects, mitochondrial dysfunction, etc. The proposed
activity profiling assay set would distinguish selective mechanisms
(e.g., topoisomerase inhibition) from broad metabolic interference.
It includes repeated measurement of dose-response with multiple
concentrations and controls, apoptosis, cell-cycle profile and G2/M
accumulation, ROS/glutathione metabolism testing, and target-specific
assays such as topoisomerase II or tubulin inhibition.

The DFT analysis is the computational component complementing the
Hammett electronics analysis. Assuming the validity of the correlation
shown in Figure 2, one expects that active compounds 11i and 11j
would have low LUMO energies and high global electrophilicity index.
Moreover, active compounds 11i, 11j should have increased acceptor
property of the beta carbon. On the other hand, if the electronic QSAR
did not apply, DFT could help understand what distinguishes active
analogues from inactive analogues beyond their electronics.
Similarly, docking should not be interpreted as the evidence of bio-
logical response and mechanism. While docking provides hypotheses
about plausible targets, docking scores are not sufficient to establish
mechanism. The docking procedure has to be validated by redocking,
followed by interaction fingerprint comparison and consistency with
experimental data (e.g., apoptosis, ROS, tubulin inhibition, etc.). In
case of the trimethoxy derivative 11a, G2/M phase arrest and tubulin
binding become critical. For nitro derivatives 11i and 11j, topoiso-
merase II inhibition should be the most important. ROS rescue would

point to electrophilic stress mechanism in 11i and 11j.

It was assumed that with only ten molecules in the dataset, a multi-
parameter QSAR might be overfit. The one-parameter electronic model
was therefore limited in scope but robust enough (with internal Qfoo =
0.510) to confirm the substituent effect and provide the basis for further
research. Further, the model should be validated and expanded by
generation of novel derivatives. Such new derivatives should substitute
nitro groups with other electron-withdrawing moieties (e.g., cyano,
trifluoromethyl, sulfinyl, sulfonyl, etc.) and determine whether the
nitro substituent plays a critical role or not.

5. Implications for next-generation analogue de-
sign

Several suggestions can be made based on the obtained results. First,
11j is a promising molecule for further mechanism probing but is too
extreme in terms of substituent electronics to use as a lead. Second, 11i
has a reasonable substituent electronics while retaining the nitro sub-
stituent and therefore provides the optimal balance. Third, 11a shows
activity and represents an interesting direction for further antimitotic
investigation. Fourth, halogenated or non-nitro electron-withdrawing
analogues are needed to decouple substituent effect from nitro substi-
tution. Such analogues include, in particular, 4-cyano, 3,5-dicyano,
4-trifluoromethyl, 3,5-bis(trifluoromethyl), 4-sulfonyl, and others.

6. Conclusions

The pyrazolo[1,5-alpyridine—1,3,4-oxadiazole chalcone scaffold pos-
sesses an unambiguous electronic feature which cannot be identified
by ICsq ordering alone. Activity matrix analysis confirms that electron-
withdrawing aryl substituents show a correlation with increased tox-
icity, which is consistent with the electronic effect on activation of
the acceptor chalcone moiety. While compound 11j is the most active
derivative, its presence of two nitro groups means that selectivity, redox
property, electrophilicity and binding to biological target need to be
directly evaluated before declaring it as a potential lead. Nitro effect-
driven activation, target hypothesis with trimethoxy aryl derivatives
and electronic effect without nitro groups can be clearly distinguished
using compounds 11i, 11a and 11g, respectively. DFT descriptor,
docking validation, apoptosis assay, cell cycle, ROS/glutathione assay,
topoisomerase II inhibition, tubulin polymerization and normal cell
selectivity experiments will be useful in this direction.
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