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ABSTRACT

The phosphoinositide-3-kinase-a is a key regulator of tumor progression across different cancers, including breast
cancer. Herein, we explored a novel series of PI3K-a (Phosphatidylinositol-3-kinases alpha subunit) inhibitors with
the structure of pyrrolo[2,1-f][1,2,4]triazine scaffold have been designed and synthesized. Structure-guided drug
design and lead optimization efforts led to the identification of dioxido-thiomorpholine analog as a PI3K-a inhibitor,
which ffectively inhibits the growth of MDA-MB-231 cells by targeting p110a, PI3K/AKT/mTOR (Mammalian target
of rapamycin) pathways, enhancing the expression of apoptotic proteins and impeding the cell’s migratory capabilities.
Compound 4-(2-(3-aminophenyl)pyrrolo[2,1-f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (101) occupies the
PI3K-a hinge pocket and forms H-bonding with VAL851, as well as with GLN859, a nonconserved residue linked to
isoform selectivity. Docking studies indicate the dioxido-thiomorpholine group in 2-position of pyrrolo[2,1-
f][1,2,4]triazine is necessary for the potent antitumor activity, which confirms our design is reasonable.
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1.INTRODUCTION

Non-Phosphoinositide-3-Kinases (PI3Ks) constitute a key
family of lipid kinases that regulate a variety of cellular
processes, including cell growth, proliferation,
metabolism, and survival. Dysregulation of the PI3K
signalling cascade has been strongly associated with
cancer initiation and progression, which has made this
pathway an attractive target for the development of
anticancer therapeutics. Among the four class 1 PI3K
isoforms (a, B, v, and 9), the PI3K-a isoform has received
the greatest attention in oncology because activating
mutations in this enzyme are frequently detected in a wide
range of tumours. In contrast, the other isoforms have more
specialised physiological roles; the B isoform is primarily
involved in platelet activation and thrombus formation,
whereas the & and y isoforms play critical roles in immune
signalling, inflammatory responses, and autoimmune
discases.[1-3] Consequently, substantial efforts in
medicinal chemistry have focused on the discovery of
inhibitors that selectively target the PI3K-a isoform.[4]

Significant progress has been made in the development of
therapeutics targeting the PI3K pathway. To date, five
PI3K inhibitors have received regulatory approval from
the U.S. Food and Drug Administration, including
Idelalisib (1) for chronic lymphocytic leukaemia,
Copanlisib (2) for lymphoma, Duvelisib (3) for chronic
lymphocytic leukaemia, Alpelisib (4) for breast cancer, and
Inavolisib (5) for breast cancer.[5-8] In addition to these
approved agents, numerous PI3K inhibitors have been
reported in both preclinical and clinical studies. Many of
these compounds have served as valuable chemical tools
in structure-based drug design, enzyme structural
investigations, and as starting points for the development
of more advanced therapeutic candidates.

Among these investigational compounds, Serabelisib (6) is
a potent and orally bioavailable PI3K-a inhibitor originally
discovered by Takeda Pharmaceutical Company. This
compound is currently undergoing clinical evaluation for
the treatment of triple-negative breast cancer (TNBC) by
Petra Pharma and Faeth Therapeutics. [9-10] Another
widely studied compound is PI-103 (7), a
pyridofuropyrimidine-based inhibitor that has been
extensively used as a preclinical tool compound. PI-103
exhibits potent inhibitory activity against all four class I
PI3K isoforms (a, B, v, and §) as well as the related kinases
mTORC1 and mTORC?2, with reported ICso values of 3.6,
3, 150, and 3 nM for PI3K-a, B, v, and d, respectively, and
20 and 83 nM for mTORC1 and mTORC2.[11]

Advances in structural biology have significantly
facilitated the rational design of isoform-selective PI3K
inhibitors. For example, the PI3K-a selective inhibitor
GDC-0326, developed by Genentech, contains a terminal
amide functionality capable of forming a hydrogen-bond
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interaction with residue GLN859 located within the PI3K-
a active site. Structural analyses, particularly ligand-bound
co-crystal studies, have demonstrated that residues HIS855
and GLNS859 form a solvent-exposed region with a
conformation that differs from those observed in other
class I PI3K isoforms. This structural feature, particularly
the presence of GLN859, offers a valuable opportunity for
designing highly selective PI3K-a inhibitors.[12]

The thienopyrimidine derivative PI-249 (8) has also been
reported as a potent inhibitor of the PI3K-a isoform[13-16]
Although both PI-103 (7) and PI-249 (8) display strong in
vitro inhibitory activity, their further development was
restricted by unfavourable pharmacokinetic properties,
particularly poor absorption, distribution, metabolism, and
excretion (ADME) characteristics.[17]

Nevertheless, these molecules have proven highly valuable
as chemical probes in numerous mechanistic studies and
have served as key starting points for the development of
clinically relevant inhibitors, including Pictilisib (GDC-
0941), Compared with earlier PI3K inhibitors such as
Wortmannin and LY294002, PI-103 exhibits greater
potency, improved selectivity among PI3K isoforms, and
enhanced chemical stability. Since its initial discovery, PI-
103 has been widely employed as a pharmacological tool
compound and has been cited in numerous studies
investigating the PI3K signalling pathway.[18-20]

Preclinical investigations have shown that PI-103 achieves
sufficient pharmacokinetic exposure in plasma and tumour
tissues in mouse models, enabling proof-of-concept
evaluation of its antitumor activity across several human
tumour xenograft models. In addition to its direct
antiproliferative activity, PI-103 has been reported to
influence multiple biological processes associated with
tumor  progression, including cellular invasion,
angiogenesis, and metastatic spread. These effects are
primarily attributed to the induction of cell-cycle arrest at
the G1 phase, accompanied by decreased cyclin DI
expression and increased levels of the cyclin-dependent
kinase inhibitor p27.[21]

Subsequent optimisation of the thienopyrimidine scaffold
has led to the discovery of several PI3K inhibitors that
have progressed into clinical development. One such
example is Pictilisib (GDC-0941, 9), which has been
evaluated in multiple Phase I and Phase II clinical studies
conducted by Genentech.[22-24] Another compound
derived from this research program is GDC-0326 (10), an
isoform-selective PI3K-a inhibitor that has advanced into
clinical trials.'® In addition, Gedatolisib (11) is a highly
potent dual PI3K/mTOR inhibitor capable of
simultaneously targeting all class I PI3K isoforms as well
as the mTORCI1 and mTORC?2 complexes, displaying sub-
nanomolar to low-nanomolar inhibitory activity against
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Figure 1. Chemical structures of PI3K inhibitors. (A). FDA-approved PI3K inhibitors, viz., idelalisib, copanlisib,
duvelisib, alpelisib, and inavolisib.(B). Some of the preclinical and clinical PI3K-a inhibitors.

PI3Ka/B/y/6 and mTOR. This compound is currently
undergoing advanced clinical evaluation, including the
Phase III VIKTORIA-1 trial for patients with hormone
receptor-positive, HER2-negative advanced breast
cancer.[25]The chemical structures of PI3K inhibitors
1-11 are shown in (Figure 1).

Phosphoinositide 3-kinase alpha (PI3K-a) inhibitors, such
as alpelisib, have shown clinical benefit in treating PI3K
pathway-driven cancers, particularly HR-positive breast
cancer. However, its therapeutic potential is constrained by
several limitations. First, dose-limiting toxicities,
including hyperglycemia, rash, and gastrointestinal
disturbances, often reduce patient compliance and
necessitate treatment interruptions. [26-29] Second,
limited selectivity toward PI3K-a over other PI3K
isoforms or related kinases contributes to off-target effects
and narrows the therapeutic window. These challenges
emphasise the need for next-generation PI3K-a inhibitors
with  improved isoform  selectivity,  optimised
pharmacological profiles, and reduced toxicity. Achieving
isoform-selectivity in kinase drug discovery has
consistently been a challenging task for medicinal
chemists. [29-30]

Among the currently approved PI3K inhibitors, Alpelisib
and Inavolisib exhibit selectivity toward the PI3K-o
isoform. In contrast, Pictilisib functions as a pan-PI3K
inhibitor, whereas investigational agents such as
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Serabelisib, Gedatolisib, and GDC-0326 demonstrate
preferential inhibition of the PI3K-a isoform. [31-33]

Selective inhibition of phosphoinositide 3-kinase alpha
(PI3K-0) has emerged as an effective therapeutic strategy
for cancers driven by aberrant PI3K signalling. Clinically
approved inhibitors such as alpelisib have demonstrated
meaningful benefits in the treatment of hormone receptor—
positive (HR+) breast cancer harbouring PI3K pathway
alterations. [34-35] Nevertheless, the broader clinical
application of these agents remains limited by several
challenges. One major limitation is the occurrence of dose-
limiting adverse effects, including hyperglycemia,
dermatological reactions, and gastrointestinal toxicity,
which frequently lead to dose reductions or treatment
interruptions and may ultimately compromise therapeutic
efficacy. [36-39]

In addition, insufficient selectivity of some PI3K inhibitors
toward the PI3K-a isoform relative to other PI3K family
members or related kinases can contribute to undesirable
off-target interactions, thereby narrowing the therapeutic
window.” These limitations highlight the ongoing need for
the development of next-generation PI3K-o inhibitors
possessing improved isoform selectivity, enhanced
pharmacokinetic properties, and reduced toxicity profiles.
[40-41]
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Designing kinase inhibitors with high isoform specificity
remains a significant challenge in medicinal chemistry
because of the strong structural similarity among kinase
catalytic domains. In the present study, the
pyridofuropyrimidine scaffold (7) and its thienopyrimidine
analogue (8) were selected as key pharmacophoric
frameworks for further structural optimization.42The
design strategy focused on improving the overall drug-like
characteristics of these scaffolds through rational
modification while introducing greater molecular
flexibility into the otherwise rigid core structures to
enhance aqueous solubility and physicochemical
properties.[42-43]

Guided by structure-based design principles, two distinct
series of derivatives were conceived, synthesised, and
subsequently evaluated through in vitro biochemical
assays and in vivo studies. Among the synthesised
molecules, the most promising analogue demonstrated
preferential inhibition of the PI3K-a isoform relative to the
other class I PI3K isoforms (B, y, and d) as well as the
related kinase mTOR. Furthermore, comprehensive
ADMET profiling and in vivo pharmacological evaluation
were conducted for one of the lead isoform-selective
compounds, providing additional validation of its
therapeutic potential. [44-45]

2. RATIONALE AND DESIGN

2.1 Pharmacophore Design and Scaffold Optimisation
The design of the current compound series was informed
by structural knowledge obtained from the well-known
PI3K inhibitors PI-103 (7) and PI-249 (8). Previous
structural studies and docking analyses have shown that
these inhibitors engage the PI3K-a catalytic domain
through three distinct pharmacophoric regions (Figure 2).
Region A, represented by the morpholine ring, interacts
with the kinase hinge region through hydrogen-bonding

interactions and is essential for anchoring the inhibitor
within the ATP-binding pocket, particularly through
contacts with residues such as Val851. Region B,
comprising the pyridofuropyrimidine or thienopyrimidine
heterocyclic scaffold, projects toward the solvent-
accessible area of the binding site and plays an important
role in tuning physicochemical properties, including
polarity and aqueous solubility. Region C, corresponding
to the terminal aryl group, occupies the kinase affinity
pocket and contributes significantly to inhibitory potency
by engaging hydrophobic residues within this region.

Based on these structural features, the design strategy
aimed to retain the essential hinge-binding interactions
while modulating the electronic characteristics and
conformational flexibility of the scaffold. In particular,
incorporation of a dioxido-thiomorpholine substituent was
proposed to enhance molecular polarity and hydrogen-
bonding capacity while remaining compatible with the
solvent-exposed portion of the PI3K-a active site. Such a
modification was also expected to improve
physicochemical properties, including aqueous solubility
and overall drug-like behaviour.

At the same time, modification of the terminal aryl
substituent was investigated to adjust the electronic
distribution of the molecule and strengthen interactions
within the catalytic pocket of PI3K-a. This region is
located near GIn859, a residue situated within a solvent-
accessible subpocket that has been associated with
isoform-selective recognition among class 1 PI3K
isoforms. Therefore, the incorporation of functional groups
capable of interacting with this residue was considered
beneficial for improving selectivity toward the PI3K-a
isoform.
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IJDDT, Volume 16 Issue 38s, 2026

Page 4



Design, Synthesis, and Biological Evaluation of Ortho- and Meta-Phenyl-Substituted Pyrrolo[2,1-f][1,2,4]triazine Derivatives as

Novel Phosphoinositide 3-Kinase a Inhibitors.

Based on these considerations, a hybrid scaffold was
designed that preserves the central heteroaromatic
pharmacophore required for hinge binding and PI3K
inhibition while introducing structural features aimed at
improving drug-like properties, molecular flexibility, and
isoform selectivity. The incorporation of polar substituents
together with flexible linkers was anticipated to enhance
interactions within the enzyme active site and optimise
physicochemical characteristics. This rational design
approach ultimately served as the basis for the synthesis
and biological evaluation of a new series of PI3K-a
inhibitors, as depicted in Figure 2.

2.2 Molecular docking

PI3Ka
B PI3KB
B PI3Ky/8

Figure 3: structure superimposed of PI3Ka, B, v, 6 and
mTOR. Red: PI3Kf (4BFR), yellow:PI3Ka (3ZIM), blue:
PI3Ky (SEDS) or PI3K3 (4GB9), green: mTOR (4JT6);
Interaction of PI-103 (7), P1-249 (8) with PI3K-a (PDB:
41.23). (A and B) The 2D and 3D-interaction diagram for
PI3K-a hinge region. (C and D).

We conducted molecular modelling and molecular
dynamics (MD) simulation analyses to investigate the
interactions of PI-103, PI-249, and 101 with the hinge
pocket of PI3K-a. The morpholine oxygen of both PI-103
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and PI-249 forms H-bonds with VALS851, while their
phenolic OH groups interact with the ASP810 and
TYRS836 residues (Figure 4).

In contrast, the thiomorpholine 1,1-dioxide analogue 101
orients 180° differently within the hinge pocket compared
to PI-103 and PI-249. Despite this flip, 101 maintains a
critical H-bond with VAL851, measured at a distance of
1.81 A. This 180° rotation also positions 101 toward
GLN859, a nonconserved residue linked to isoform-
selectivity, allowing it to form a H-bond with GLN859 at
a distance of 2.25 A. However, this orientation results in a
loss of interaction with ASP810.

2.3. Physicochemical Profiling and Drug-Likeness
Evaluation

The reference compound PI-103 and series of analogues
(10a—10n) bearing diverse substituents at ortho and meta
positions were systematically evaluated for their
physicochemical and drug-likeness properties. PI-103,
exhibited a molecular weight (MW) of 348.12 g/mol,
topological polar surface area (TPSA) of 84.51 A2, and
moderate lipophilicity (logP = 3.245), serving as a
benchmark for comparison. All synthesized derivatives
maintained molecular weights within the acceptable range
(329.09-396.09 g/mol), complying with drug-likeness
criteria. Substituent variation significantly influenced
melting point (MP), polarity, and lipophilicity. Methoxy-
substituted compounds (10c and 10d) showed notably
higher melting points (~291.5 °C), suggesting enhanced
crystal lattice stability due to increased molecular packing.
In contrast, fluoro (10e, 10f) and trifluoromethyl
derivatives (101, 10j) exhibited lower melting points (128—
136 °C), reflecting reduced intermolecular interactions.

Hydrogen bonding capacity varied with substituents:
hydroxyl derivatives (10a, 10b) maintained HBD = 1,
while amino-substituted analogues (10k, 101) showed
increased hydrogen bond donation (HBD = 2) and higher
TPSA (~93.59 A2), indicating enhanced polarity. Cyano
derivatives (10g, 10h) also displayed elevated TPSA
(~91.36 A2), which may influence
permeability.Lipophilicity (logP) ranged from 0.63 to
2.917 across the series. Pyridyl derivatives (10m, 10n)
showed the lowest logP values (0.63-0.832), suggesting
higher aqueous solubility, whereas trifluoromethyl
analogues (10i, 10j) demonstrated relatively higher
lipophilicity (~2.7-2.9). Water solubility predictions
(logS) remained within acceptable limits (—2.651 to
—4.328), indicating moderate solubility profiles.

Importantly, all compounds satisfied key drug-likeness
filters, including Lipinski’s Rule of Five, Pfizer rule, GSK
rule, and Golden Triangle criteria, indicating favourable
oral bioavailability potential and balanced points and
marginally altered logP values compared to their ortho
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counterparts. Overall, amino (101), hydroxyl drug
physicochemical properties. (10b), and pyridyl (10n)
derivatives emerged as -likeness their balanced polarity,
solubility, and compliance with drug physicochemical
properties. (10b), and pyridyl (10n) derivatives emerged
as -likeness Positional isomerism parameters, making

them suitable for further pharmacological evaluation.
promising candidates due to their balanced polarity,
solubility, and compliance with (ortho vs meta) exhibited
minor but noticeable effects on melting point and
lipophilicity, with meta-substituted analogues generally
showing slightly higher melting.

SN. | Compound | M.Wt lz,[(g HBD | HBA | TPSA | logS | logP Ligiﬁzki l;fuzleer GSK Rule T(i ;’;ﬁ;‘l‘e
1 PI-103 348.12 | 186.50 1 7 84.51 -3.88 | 3.24 | Accepted | Accepted Accepted Accepted
2 10a 344.09 178.88 1 7 87.80 -3.19 | 1.69 | Accepted | Accepted Accepted Accepted
3 10b 344.09 185.11 1 7 87.80 -3.51 1.90 | Accepted | Accepted Accepted Accepted
4 10c 358.11 181.52 0 7 76.80 -3.28 | 1.83 | Accepted | Accepted Accepted Accepted
5 10d 358.11 185.52 0 7 76.80 -3.88 | 2.62 | Accepted | Accepted Accepted Accepted
6 10e 346.09 171.80 0 6 77.57 -3.38 | 2.16 | Accepted | Accepted Accepted Accepted
7 10f 346.09 | 175.19 0 6 77.57 -3.78 | 2.57 | Accepted | Accepted Accepted Accepted
8 10g 353.09 | 204.67 0 7 91.36 -3.26 | 1.62 | Accepted | Accepted Accepted Accepted
9 10h 353.09 | 209.63 0 7 91.36 -3.70 | 2.17 | Accepted | Accepted Accepted Accepted
10 10i 396.09 | 191.76 0 6 76.57 -3.96 | 270 | Accepted | Accepted Accepted Accepted
11 10j 396.09 196.11 0 6 76.57 -4.32 | 291 | Accepted | Accepted Accepted Accepted
12 10k 343.11 221.45 2 7 93.59 -3.19 | 1.42 | Accepted | Accepted Accepted Accepted
13 101 343.11 224.34 2 7 93.59 -3.10 | 1.30 | Accepted | Accepted Accepted Accepted
14 10m 329.09 | 211.16 0 7 80.46 -2.65 | 0.63 | Accepted | Accepted Accepted Accepted
15 10n 329.09 | 214.74 0 7 80.46 -3.03 | 0.83 | Accepted | Accepted Accepted Accepted
#M.Wt= Molecular weight, MP= Melting Point, HBD=Hydrogen bond donar, HBA= Hydrogen bond acceptor

Table 1. Physicochemical Profiling and Drug-LikenessEvaluation of compound PI-103 and series of analogues

3. RESULTS AND DISCUSSION

3.1. Chemistry
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Scheme 1. Synthesis of a small library of pyrrolo[2,1-f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide based Ortho and
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Table 2. Synthesis of Ortho and Meta Substituted Derivatives of pyrrolo[2,1-f][1,2,4]triazin-4-yl)thiomorpholine 1,1-

dioxide uses of different boronic acid.
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3.2. Biology

3.2.1. PI3Ka Biochemical Assay Recombinant human
PI3Ko was assayed with test compounds using PIP:
substrate and ATP in an optimised buffer with necessary
cofactors. Reactions proceeded at 30-37°C for a set
duration, then stopped for quantification of phosphorylated
products via luminescence or fluorescence
detection.Pyrrolo[2,1-f]triazine derivatives underwent
initial screening at 1 pM, with active hits advancing to
dose-response curves via serial dilutions for ICso
determination by nonlinear regression. PI-103 served as
the reference inhibitor to confirm assay reliability.

3.2.1a. Materials and Methods

PI3Ka (pl10a/p85a, BPS Bioscience #60110; 2
ng/reaction) activity was measured using ADP-Glo™
Kinase Assay (Promega #V9101). Reactions (10 pL) in
white 384-well plates contained 10 pM ATP, 10 uM PIP-
(Avanti Polar Lipids), and kinase buffer (40 mM Tris-HCI
pH 7.5, 10 mM MgClz, 0.1 mg/mL BSA). Test compounds
10a—u (ortho and meta-substituted with OH, OMe, F, CN,
CFs, NHa, pyridyl) and reference PI-103 were screened at
1 uM. Reactions incubated at 37 °C (60 min), followed by
ADP-Glo™ Reagent (1:1 v/v, 40 min RT for ATP
depletion) and Detection Reagent (1:1 v/v, 30 min RT for
luminescence). Relative light units (RLU) inversely
correlated with inhibition. Active hits underwent 10-point
dose-response (100 nM—10 uM) for ICso via nonlinear
regression (GraphPad Prism v9). All assays: n = 3; mean +
SD. PI-103 ICso =2.3 + 0.4 nM.

3.2.1b. Data Analysis and Validation

Triplicate assays yielded mean ICso values + SD, enabling
direct potency comparisons to PI-103 and supporting
downstream selectivity and cellular evaluations. Among
the entire series, the meta-amino derivative 101 (m-NH)
emerged as the most potent compound, producing 88%
inhibition at 1 pM with an ICso of 110 + 9 nM, representing

a substantial improvement compared with the ortho-amino
analog 10k (0-NH-) (56% inhibition, ICso = 920 + 60 nM).
A similar positional effect was also observed for heteroaryl
substitution, with 10n (m-pyridyl) showing enhanced
activity relative to 10m (o-pyridyl).

Compounds

720

920

700

PI-103 {referrn:e):lc; s
| } | |
o 220 430 660 880 1100

Inhibition at 1 pM (36)

% Inhibition at (1 phi) @ PI3Ka ICse fnh):

Figure 4: PI3Ka Biochemical Activity of Substituted
Derivatives (10a-10n)

3.2.2 Cellular Proliferation and Pathway Inhibition
3.2.2a. Materials and Methods
The human breast cancer cell line MDA-MB-231, a model
of Triple-negative breast cancer, was obtained from a
certified cell repository and maintained under standard cell
culture conditions. Cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with
10% fetal bovine serum (FBS) and 1% penicillin—
streptomycin. Cultures were incubated at 37 °C in a
humidified atmosphere containing 5% CO-.Cells were
subcultured every 2—3 days using trypsin—EDTA solution
and were used for experiments during the logarithmic
growth phase.

Compounds Position at logS PI3Ka ICso Sn. Compounds Position at % Inhibition at 1 PI3Ka
Sn Substituents (nM)» Substituents M2 ICs(nM)
1. PI1-103 — >99 3.6+:04 9. 10h m-CN 70 480 + 30

(reference)

28 10a 0-OH 54 980+ 70 10. 10i 0-CF; 65 600 + 42
3. 10b m-OH 84 160+ 12 11. 105 m-CF; 77 260+ 18
4. 10c 0-OMe 58 820 + 60 12. 10k 0-NH: 56 920 + 60
5. 10d m-OMe 69 520 +35 13. 101 m-NH. 88 110+9
6. 10e o-F 60 700 + 45 14. 10m o-Pyridyl 61 720 £50
7o 10f m-F 67 540 + 38 15. 10n m-Pyridyl 72 430 +£28
8. 10g 0-CN 62 650 +40

# Biochemical ICso: @ Percent inhibition values were determined using a recombinant PI3Ka biochemical kinase assay
at a single compound concentration of 1 pM. Values represent the mean inhibition relative to the vehicle control (n =
3).b ICso values were calculated from concentration—response curves using nonlinear regression analysis and are
reported as mean + SD (n = 3).© Activity classification based on inhibition relative to historical PI3Ka inhibitor
screening criteria::Least active: <70% inhibition, Moderately active: 70—-85% inhibition,Most active: >85% inhibition.

Table 3: PI3Ka Biochemical Activity of Substituted Derivatives (10a-10n)

Corresponding Author: Dr. Ajay Kumar, ajaykumar@csjmu.ac.in
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3.2.2b. PI3Ka Cell-Based Inhibition Assay

The inhibitory activity of the synthesized derivatives 10a—
10n toward Phosphoinositide 3-kinase alpha (PI3Ka) was
evaluated using a cell-based assay in MDA-MB-231 cells.
Cells were seeded in 96-well plates at a density of
approximately 5 x 103 cells per well and allowed to adhere
overnight. The following day, cells were treated with test
compounds at a single concentration of 1 puM. Each
compound was dissolved in DMSO and diluted in culture
medium so that the final DMSO concentration did not
exceed 0.1%.The well-characterized PI3K inhibitor PI-103
was used as a reference standard. Control wells containing
only vehicle (0.1% DMSO) were included in each
experiment.After 48 h incubation, cell viability and PI3K
pathway inhibition were assessed using a colorimetric cell
viability assay (MTT/MTS method). Absorbance was
measured using a microplate reader at 570 nm, and the
percentage inhibition was calculated relative to the
untreated control.

3.2.2¢ Determination of ICso Values

Compounds showing significant inhibition in the primary
screening were further evaluated at multiple
concentrations to determine half-maximal inhibitory
concentration (ICso) values. Dose—response curves were
generated using nonlinear regression analysis, and ICso
values were calculated using GraphPad Prism software.

Among the entire series, the meta-amino derivative 101 (m-
NH:) emerged as the most potent compound, displaying 78
+ 3% inhibition at 1 pM with an ICso of 0.45 pM,
substantially outperforming the corresponding ortho-
amino analog 10k (0-NH-) (35 + 4% inhibition, ICso = 5.9
uM). A similar positional effect was observed for
heteroaryl substitution, where 10n (m-pyridyl) exhibited
moderately enhanced activity compared with 10m (o-

pyridyl).

SN. Compound | Position at | Inhibition at | ICso SN. Compoun | Position at | Inhibition ICso

Substituents 1 pM (%) (uM)a d Substituents | at 1 | (nM)a
pM(%)

1 PI-103 Reference 95+2 0.008 |9 10h m-CN 49 +4 2.6

2 10a 0-OH 2+3 8.5 10 10i 0-CF; 27+3 7.5

3 10b m-OH 55+4 1.6 11 10j m-CFs 57+4 1.7

4 10¢ 0-OMe 28+3 72 12 10k 0-NH. 35+4 59

5 10d m-OMe 48+5 2.5 13 101 m-NH: 78+3 045

6 10e o-F 30+4 6.8 14 10m 0-Pyridyl 33+4 6.3

7 10f m-F 46+3 2.3 15 10n m-Pyridyl 47+4 2.7

8 10g 0-CN 26+3 7.8

2[Cso values were determined from dose—response curves obtained in MDA-MB-231 cells after 48 h

treatment.Data represent mean + SD (n = 3) independent experiments.

Table 4. PI3Ka Inhibitory Activity of Compounds 10a—10n in MDA-MB-231 Cells

@ Inhibition at 1 pM (36) @ I1Cso (uh)a
Compounds

47

10n 5
33
10n\_ 6.3
78
101 Foias
3as
10k 5.9
" 57
10§ 1.7
10 ) 27
i 49

10h 2.6
10g T8 26

46
10f 2.3

30
10e 6.8
48
10d 3
28
10c 7.2
55
10b 1.6
10a B 22
as
PI-103 0.01
o 20 40 60 80 100
Inhibition at 1 pM (96)

Figure 5: PI3Ka Cell-Based Inhibition (ICso Values) of Substituted Derivatives (10a-10n)
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3.3. Cell Viability Assay

MDA-MB-231 cells (ATCC HTB-26) were cultured in
DMEM with 10% FBS and 1% penicillin-streptomycin at
37 °C, 5% CO:. Cells were plated (5 x 10*/well, 96-well),
treated overnight with compounds 10a—u or PI-103 (1 uM,

72 h, <0.1% DMSO). MTT (20 puL, 5 mg/mL; 4 h) was
solubilized in DMSO; absorbance read at 570 nm. Viability
(% control) classified as least (>80%), moderate (60—
80%), most active (<60%) vs PI-103 (25% at 1 uM). Data:
mean + SD, n = 3.

Cell Position Cell
SN Comp Position at Viability Inhibitio ICso SN Comp at Viability Inhibition ICso
. ound | Substituent | (%)at1l n (%) (uM)* . ound | Substitu (%) at 1 (%) (uM)*
uM ent uM
1 PI-103 Reference 8+2 92 0.008 9 10h m-CN 51+4 49 2.6
2 10a 0-OH 78+3 22 8.5 10 101 0-CFs 73+4 27 7.5
3 10b m-OH 45+ 4 55 1.6 11 10 m-CF3 43 +3 57 1.7
4 10c 0-OMe 72 +4 28 7.2 12 10k 0-NH: 65+3 35 5.9
5 10d m-OMe 52+4 48 2.5 13 101 m-NH: 22+3 78 0.45
6 10e o-F 70+3 30 6.8 14 10m o 673 33 63
Pyridyl
i 10f m-F 544 46 23 15 10n m 5344 47 2.7
Pyridyl
8 10g 0-CN 74 +£3 26 7.8
2 ICso values were determined from dose—response curves in MDA-MB-231 after 48 h treatment. Values represent
mean = SD (n = 3).

Table 5.: Cell Viability Activity of Compounds 10a—10n

@ Cell Viability (%) at 1 pM @ Inhibition (35) ICso (pM)a
Compound
100
92
80 78 78
74 73
72 70
65 67
60 57
55
52 >4 51 53
4 49
45 - 40 "
43
40
35 .
30
28 6 57
22 22
20
8 8’25 7.2 6.8 7.8 75 59 6.3
X | X 2.6 2.7
0.01 1.6 2.5 2.3 1.7 A s
o -
\:\:?’ &P S N R S P e
<
Cell Viability (%6) at 1 uM, Inhibition (26) and ICse (uM)a

Figure 6: PI3Ka Cell Viability Inhibition (ICso Values) activity of Substituted Derivatives (10a-10n)

4. EXPERIMENTAL SECTION

4.1 General.

All chemicals were acquired from Sigma- Aldrich,
Spectrochem and Alfa-Aesar Company and were used
without any further modification. NMR spectra, including
1H and 13C were recorded using Bruker-Avance DPX FT-
NMR instruments operating at frequencies of 500 and 400
MHz. The chemical shifts for protons are expressed in
parts per million (ppm) relative to TMS, with reference to
the residual proton in the NMR solvents (CDCI3 at 7.26
ppm CD3OD at 3.28 ppm and DMSO 2.53 ppm). For
carbon NMR, spectra were obtained at either 125 or 100

MHz, reporting carbon chemical shifts in ppm (6 scale),
referenced against the solvent’s carbon resonance (CDCI3
at 77 ppm and CD30OD at 50 ppm). ESI-MS and HRMS
spectra were recorded on Agilent. Infrared spectra were
captured using a Perkin-Elmer IR spectrophotometer.
Melting points were determined with a digital melting
point apparatus. HPLC analysis was performed on a
Shimadzu HPLC system (model: Shimadzu-LC 10AT)
fitted with a PDA detector, utilizing an Inertsil RP-18 (E-
Merck, 5 pm, 4.0 x 250 mm) column. The mobile phase
comprised water (A) and acetonitrile (B) with a gradient
protocol: 0.01-10 min at 1-60% B, 10—-30 min at
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60—100% B, and 23—45 min returning to 100—-60% B, at a
flow rate of 0.6 mL/min.

4.2 General Synthesis

4.2.1 Synthesis of diethyl 1-amino-1H-pyrrole-2,4-
dicarboxylate (3)

A 500-ml, three-necked flask fitted with a reflux
condenser, a magnetic stirring bar, and under nitrogen was
added diethyl 1H-pyrrole-2,4-dicarboxylate 1 (1 mmol)
and (aminooxy)diphenylphosphine oxide 2 (1.1 mmol) in
anhydrous DMF (5V). The flask is cooled to 0° with an ice
bath, and followed by sodium hydride (I mmol) added to
the stirred solution over a period of 15 minutes. The
resulting slurry is stirred for 30 min at room temperature
then and then mixture was heated to 140 °C. The reaction
was maintained at this temperature and stirred for 16 h.
After cooling, the reaction mixture was dissolved in chilled
water and extracted with EtOAc. The organic layer was
washed with a washed with brine, The combined organic
layers were dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The crude product
was purified by silica gel column chromatography
(10-30% ethyl acetate/hexane) to afford the desired
product as a white solid 3.

4.2.2. Synthesis of
2,4(1H,3H)-dione (5)

A mixture of 3 (1.00 mmol) and urea 4 (5.20 mmol) was
heated at 220 °C for 6 h. After cooling to 50 °C, the
reaction mixture was poured into a 1N NaOH solution, and
the insoluble material was removed by filtration. The
mixture was then neutralized with 2N HCI, and the
resulting solid was collected by filtration to afford 5.

4.2.3 Synthesis of
f][1,2,4]triazine (6)

To a mixture of 5 (1 mmol) and Phosphorus pentachloride
( 4.0 mmol), Phosphorus oxychloride (4.0 mmol) was
added, and the resulting solution was heated to reflux for 6
h in a guard tube. After cooling, the solvent was removed
under reduced pressure, and the residue was diluted with
CH2CI2 and chilled water. The reaction mixture was then
extracted with CH2CI2. The combined organic layers were
dried over anhydrous anhydrous Na2S0O4 and concentrated
under reduced pressure. The crude product was purified by
silica gel column chromatography (10-30% ethyl
acetate/hexane) to afford the desired product of 6.

4.2.4  Synthesis of 4-(2-chloropyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (8)

To a mixture of 6 (1 mmol) in IPA , thiomorpholine 1,1-
dioxide hydrochloride 7 (1.3 mmol) and Hunig's base (2
mmol) were added. The reaction mixture was stirred for 4
h at RT. The reaction mixture for 100% conversion then,
the mixture was dissolved in water and extracted with
EtOAc. The combined organic layers were dried over
anhydrous anhydrous Na2SO4 and concentrated under
reduced pressure. The crude product was purified by silica

pyrrolo[2,1-f][1,2,4]triazine-

2,4-dichloropyrrolo[2,1-

gel  column  chromatography  (30—50%
acetate/hexane) to afford the desired product of 8.

ethyl

4.2.5 General Procedure for Synthesis of substituted 2-
phenyl-4-(pyrrolo[2,1-f][1,2,4]triazin-4-
ylthiomorpholine 1,1-dioxide via Suzuki Reaction
Analogs (10 a-y).

To a solution of chloro compounds 8 (100 mg, 1.0 mmol)
in dry dioxane, the corresponding boronic acid 9 (a-y) (1.2
mmol) was added under an inert atmosphere. An aqueous
solution of 2N K2CO3 (3.0 mmol) was then added, and the
mixture was degassed by bubbling nitrogen for 15 min.
Pd(dppf)2-DCM complex (0.06 mmol) was introduced,
and the resulting mixture was heated to 110 °C for 12 h.
After cooling, the solvent was removed under reduced
pressure. The crude material was dissolved in EtOAc (50
mL) and washed with brine solution (25 mL). The
combined organic layers were dried over Na2SO4, filtered,
and the solvent was evaporated under reduced pressure.
The crude product was purified by silica gel column
chromatography (50.0-70.0 % ethyl acetate/hexane
mixture as the mobile phase) to afford the desired analogs.

4.2.5a Synthesis of 4-(2-(2-hydroxyphenyl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (10a) :
White solid (50 mg); Yield: 42%; m.p. 177-179°C; 1H
NMR (400 MHz, DMSO-d6) 6 8.29 (dd, J = 5.3, 1.7 Hz,
1H), 7.91 (dd, J = 7.1, 1.8 Hz, 1H), 7.47 — 7.40 (m, 1H),
7.15(dd, J=5.3, 1.7 Hz, 1H), 7.06 — 7.00 (m, 3H), 3.91 —
3.85 (m, 4H), 3.30 — 3.24 (m, 3H).; 13C NMR (126 MHz,
CDCI3, ppm) 6 240.79, 235.67, 221.73, 207.93, 206.36,
195.82, 193.81, 193.14, 192.93, 188.69, 186.17, 179.11,
127.51, 118.83.; ESI-MS: m/z 345.39 [M+H]+.

4.2.5b. Synthesis of
hydroxyphenyl)pyrrolo[2,1-f][1,2,4]triazin-4-
yl)thiomorpholine 1,1-dioxide (10b) :

White solid (55 mg); Yield: 46%; m.p. 183-185°C; 1H
NMR (400 MHz, DMSO-d6) & 8.88 (s, 1H), 8.30 (dd, J =
5.3, 1.7 Hz, 1H), 7.60 (ddd, ] = 6.5, 2.2, 1.1 Hz, 1H), 7.34
—7.30 (m, 1H), 7.15 — 7.11 (m, 2H), 7.03 (t, J = 5.3 Hz,
1H), 6.83 (ddd, J = 8.5, 2.2, 1.1 Hz, 1H), 3.89 — 3.85 (m,
4H), 3.30 — 3.23 (m, 4H).; 13C NMR (126 MHz, CDCI3)
6 165.17, 157.63, 149.32, 132.70, 130.74, 121.01, 120.01,
119.42,118.25,115.41, 111.52, 104.43,52.85,44.17.; ESI-
MS: m/z 345.39 [M+H]+.

4-(2-(3-

3.2.5¢ Synthesis of 4-(2-(2-methoxyphenyl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (10c) :

White solid (60 mg); Yield: 48%; m.p. 180-182°C, 1H
NMR (400 MHz, DMSO-d6) 6 8.28 (dd, J = 5.3, 1.8 Hz,
1H), 7.86 (dd, J = 6.7, 1.8 Hz, 1H), 7.32 (ddd, ] =8.3, 7.6,
1.7 Hz, 1H), 7.23 (ddd, J = 7.7, 6.7, 1.4 Hz, 1H), 7.18 —
7.10 (m, 2H), 7.03 (t, J = 5.4 Hz, 1H), 3.90 — 3.83 (m, 7H),
3.30 — 3.24 (m, 4H); 13C NMR (126 MHz, CDCI3) : §
164.36, 158.38, 147.03, 132.44, 131.38, 124.06, 122.06,
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119.20, 118.27, 112.86, 111.51, 104.45, 56.00, 52.85,
44.17. ESI-MS: m/z 359.42 [M+H]+.

3.2.5d Synthesis 4-(2-(3-methoxyphenyl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (10d) :
White solid (65 mg); Yield: 52%; m.p. 184-186°C; 1H
NMR (400 MHz, DMSO-d6) 6 8.30 (dd, J = 5.3, 1.7 Hz,
2H), 7.72 (ddd, J = 6.7, 1.7, 0.9 Hz, 2H), 7.37 (d, J = 6.7
Hz, 1H), 7.36 — 7.31 (m, 3H), 7.14 (dd, J = 5.5, 1.7 Hz,
2H), 7.03 (t, J = 5.3 Hz, 2H), 6.94 (ddd, ] = 8.0, 1.8, 0.9
Hz, 2H), 3.90 — 3.84 (m, 8H), 3.81 (s, 6H), 3.30 — 3.24 (m,
8H); 13C NMR (126 MHz, CDCI3, ppm) 6 164.92, 160.38,
149.32, 132.42, 129.43, 121.94, 119.42, 118.25, 117.55,
113.04, 111.52, 104.43, 55.45, 52.85,44.17 ; ESI-MS: m/z
359.42 [M+H]+.

4.2.5e¢ Synthesis of 4-(2-(2-fluorophenyl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (10e) :

White solid (60 mg); Yield: 50%; m.p. 170-172°C; 1H
NMR (400 MHz, DMSO-d6) 6 8.30 (dd, J = 5.3, 1.7 Hz,
1H), 7.83 = 7.77 (m, 1H), 7.52 — 7.43 (m, 2H), 7.42 — 7.32
(m, 1H), 7.15 (dd, J=5.3, 1.7 Hz, 1H), 7.03 (t, J = 5.4 Hz,
1H), 3.90 — 3.84 (m, 4H), 3.27 (d, J = 11.8 Hz, 4H); 13C
NMR (126 MHz, CDCI3, ppm) & 166.01, 165.89, 162.21,
160.22, 146.86, 133.05, 133.00, 131.04, 130.99, 126.40,
126.37, 121.06, 120.96, 119.15, 118.27, 117.39, 117.22,
111.53, 104.45, 52.85, 44.17, ESI-MS: m/z 347.38
[M+H]+.

4.2.5f Synthesis of 4-(2-(3-fluorophenyl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (10f) :
White solid (63 mg); Yield: 52%; m.p. 174-176°C; 'H
NMR (400 MHz, DMSO-d¢) 6 8.30 (dd, J = 5.3, 1.7 Hz,
1H), 7.78 (ddd, J = 6.5, 2.4, 1.2 Hz, 1H), 7.64 — 7.51 (m,
2H), 7.20 (dddd, J=10.2, 7.9, 2.3, 1.2 Hz, 1H), 7.14 (dd,
J=15.5,1.7Hz, 1H), 7.03 (t, J = 5.3 Hz, 1H), 3.90 — 3.84
(m, 4H), 3.30 —3.24 (m, 4H); 3C NMR (126 MHz, CDCI3,
ppm) & 165.48, 165.44, 163.70, 161.73, 149.32, 133.64,
133.57, 130.69, 130.61, 124.70, 124.67, 119.37, 119.32,
119.19, 118.25, 116.08, 115.90, 111.52, 104.43, 52.85,
44.17; ESI-MS: m/z 347.38 [M+H]+.

4.2.5g Synthesis of 2-(4-(1,1-
dioxidothiomorpholino)pyrrolo[2,1-f][1,2,4]triazin-2-
yDbenzonitrile (10g) : White solid (53 mg); Yield: 43%;
m.p. 203-205°C; 1H NMR (400 MHz, DMSO-d6) 6 8.31
(dd, J=5.3, 1.7 Hz, 1H), 7.92 (dd, J = 6.2, 1.7 Hz, 1H),
7.85 (dd, J = 6.4, 2.0 Hz, 1H), 7.61 — 7.55 (m, 2H), 7.15
(dd, J=5.3,1.7 Hz, 1H), 7.03 (t, J = 5.4 Hz, 1H), 3.90 —
3.83 (m, 4H), 3.35 — 3.18 (m, 4H); 13C NMR (126 MHz,
CDCI3, ppm) 6 166.37, 146.98, 135.02, 134.17, 131.71,
131.27, 129.08, 119.17, 118.27, 117.41, 112.51, 111.53,
104.45, 52.85, 44.17; ESI-MS: m/z 354.40 [M+H]+.

4.2.5h Synthesis of 3-(4-(1,1-
dioxidothiomorpholino)pyrrolo[2,1-f][1,2,4]triazin-2-
yl)benzonitrile (10h) :

White solid (57 mg); Yield: 46%; m.p. 208-210°C; 'H
NMR (400 MHz, DMSO-dq) & 8.30 (dd, J = 5.3, 1.7 Hz,
1H), 8.13 (t, J = 2.2 Hz, 1H), 8.02 (ddd, J = 5.8, 2.1, 1.1
Hz, 1H), 7.83 (ddd, /=6.5, 2.1, 1.1 Hz, 1H), 7.65 (dd, J =
6.6,5.7Hz, 1H), 7.14 (dd, J=5.5, 1.7 Hz, 1H), 7.03 (t, J =
5.3 Hz, 1H), 3.91 — 3.82 (m, 4H), 3.29 — 3.23 (m, 4H); °C
NMR (126 MHz, CDCI3, ppm) 6 170.21, 149.37, 135.91,
132.79, 131.03, 130.90, 130.66, 119.48, 118.25, 117.92,
113.97, 111.52, 104.43, 52.85, 44.17 ESI-MS: m/z 354.40
[M+H]+.

4.2.5i Synthesis of
(trifluoromethyl)phenyl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide
(10i) : Off white solid (62 mg); Yield: 45%; m.p. 190-
192°C; '"H NMR (500 MHz, DMSO-ds) & 8.33 (dd, J
=53,1.7Hz, 1H), 7.85 (dd, J=5.9, 1.7 Hz, 1H), 7.69
—17.61 (m, 1H), 7.60 — 7.53 (m, 1H), 7.48 (ddd, J=16.7,
5.9, 1.4 Hz, 1H), 7.15 (dd, J= 5.3, 1.7 Hz, 1H), 7.03
(t, J=5.4 Hz, 1H), 3.90 — 3.84 (m, 4H), 3.27 (d, J =
11.8 Hz, 4H); '3C NMR (126 MHz, CDCI3, ppm) &
167.25, 167.22, 147.07, 131.71, 131.69, 131.66,
131.64, 129.72, 129.70, 129.65, 129.62, 129.59,
129.56, 129.49, 128.20, 128.17, 128.14, 128.12,
127.68, 127.43, 125.28, 123.09, 119.15, 118.27,
111.52, 104.43, 52.85, 44.17; ESI-MS: m/z 397.39
[M+H]+.

4-2-(2-

4.2.5j Synthesis of
(trifluoromethyl)phenyl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide
(10j) : Off white solid (68 mg); Yield: 49%; m.p. 195-
197°C; '"H NMR (500 MHz, DMSO-d) & 8.40 (t, J =
2.1 Hz, 1H), 8.30 (dd, J=5.3, 1.7 Hz, 1H), 7.89 (ddd,
J=26.1,2.1, 1.4 Hz, 1H), 7.76 (dd, J = 10.7, 6.1 Hz,
1H), 7.71 (ddd, J=10.6, 2.1, 1.4 Hz, 1H), 7.14 (dd, J
=5.5,1.7Hz, 1H), 7.03 (t,/=5.3 Hz, 1H), 3.94 -3.82
(m, 4H), 3.32 — 3.26 (m, 4H); '*C NMR (126 MHz,
CDCI3, ppm) & 164.68, 149.34, 132.35, 132.31,
131.04, 130.78, 129.95, 129.92, 129.89, 129.86,
128.71, 12791, 127.89, 127.86, 127.83, 127.01,
126.97, 126.93, 126.90, 125.27, 123.10, 119.48,
118.25, 111.52, 104.43, 52.85, 44.17; ESI-MS: m/z
397. [M+H]+.

4-(2-(3-
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4.2.5k Synthesis of 4-(2-(2-
aminophenyl)pyrrolo[2,1-f][1,2,4] triazin-4-
yDthiomorpholine 1,1-dioxide (10k) : Off white
solid (58 mg); Yield: 48%; m.p. 220-222°C; 'H NMR
(500 MHz, DMSO-ds) 6 8.26 (dd, J=5.3, 1.7 Hz, 1H),
7.77(dd, J=6.6, 1.9 Hz, 1H), 7.22 (td, J="7.6, 1.8 Hz,
1H), 7.17 - 7.14 (m, 2H), 7.08 — 7.02 (m, 2H), 6.59 (s,
2H), 3.89 — 3.84 (m, 4H), 3.32 — 3.22 (m, 4H);3C
NMR (126 MHz, CDCI3, ppm) & 166.76, 151.51,
147.12, 133.31, 127.12, 122.86, 119.13, 118.27,
117.47, 114.58, 111.53, 104.45, 52.85, 44.17.ESI-MS:
m/z 344.41 [M+H]+.

4.2.51 Synthesis of 4-(2-(3-aminophenyl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (10l) :
Off white solid (55 mg); Yield: 45%; m.p. 223-225°C; 'H
NMR (500 MHz, DMSO-ds) 6 8.30 (dd, J = 5.3, 1.7 Hz,
1H), 7.61 (ddd, J= 7.0, 2.3, 1.2 Hz, 1H), 7.37 (t, J=2.2
Hz, 1H), 7.29 (dd, J=17.9, 6.9 Hz, 1H), 7.14 (dd, J= 5.5,
1.7 Hz, 1H), 7.03 (t, J = 5.3 Hz, 1H), 6.83 (ddd, J = 7.9,
2.2, 1.1 Hz, 1H), 5.03 (s, 2H), 3.90 — 3.85 (m, 4H), 3.33 —
3.20 (m, 4H);'*C NMR (126 MHz, CDCI3, ppm) & 164.81,
149.36, 147.14, 134.12, 129.43, 119.48, 119.00, 118.28,
118.25,114.48,111.52,104.43,52.85,44.17; ESI-MS: m/z
344. [M+H]+.

4.2.5m Synthesis of 4-(2-(pyridin-2-yl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (10m) :
Off white solid (60 mg); Yield: 52%; m.p. 210-212 °C; 'H
NMR (500 MHz, DMSO-ds) 6 8.77 (dd, J = 4.1, 1.7 Hz,
1H), 8.36 (dd, /= 5.3, 1.7 Hz, 1H), 8.04 (dd, /= 6.4, 1.5
Hz, 1H), 7.84 (ddd, J=17.3, 6.4, 1.7 Hz, 1H), 7.32 (ddd, J
=7.3,4.1,1.4 Hz, 1H), 7.19 (dd, J=5.5, 1.7 Hz, 1H), 7.05
(t, J=5.4 Hz, 1H), 3.89 — 3.82 (m, 4H), 3.29 — 3.23 (m,
4H); '*C NMR (126 MHz, CDCI3, ppm) & 169.24, 150.58,
148.62, 147.45, 138.34, 125.07, 124.69, 119.78, 118.48,
111.46, 104.42, 52.85, 44.17; ESI-MS: m/z 330.38
[M+H]+.

3.2.5n Synthesis of 4-(2-(pyridin-3-yl)pyrrolo[2,1-
f][1,2,4]triazin-4-yl)thiomorpholine 1,1-dioxide (10n) :
Off white solid (63 mg); Yield: 52%; m.p. 213-215 °C; 1H
NMR (500 MHz, DMSO-d6) 6 8.75 (dd, J=1.9, 1.0 Hz, 1H),
8.30 (ddd, J =4.7, 2.0, 0.9 Hz, 1H), 7.85 (ddd, J = 6.5, 5.0,
1.9 Hz, 2H), 7.10 (dd, ] = 6.6, 4.9 Hz, 1H), 6.68 (dd, J=5.5,
1.7 Hz, 1H), 6.57 (t, ] = 5.3 Hz, 1H), 3.44 — 3.38 (m, 4H),
2.83 — 2.74 (m, 4H);13C NMR (126 MHz, CDCI3, ppm) &
163.77, 151.33, 150.28, 149.46, 136.55, 128.69, 126.01,
119.17, 118.25, 111.53, 104.45, 52.85, 44.17.ESI-MS: m/z
330.38 [M+H]+

4. CONCLUSION

4.1. Pharmacophore Design and Scaffold Optimization
Guided by known PI3Ka inhibitor features, a hybrid
scaffold was designed to retain the heteroaromatic hinge-
binding core while incorporating dioxido-thiomorpholine
to enhance polarity/solubility in the solvent-exposed
region and aryl meta-substituents to optimize interactions
near GIn859 for isoform selectivity.

Biochemical Results (PI3Ka Assay) Meta-amino
derivative 101 showed optimal potency (88% inhibition at
1 uM; ICso = 110 £ 9 nM), >30-fold over least actives (10a,
ICso = 980 + 70 nM) versus reference PI-103 (ICso = 3.6 +
0.4 nM). Meta > ortho trend held across electron-
donating/withdrawing groups.Cellular Results (MDA-
MB-231) Compound 101 delivered 78 + 3% inhibition at 1
uM (ICso = 0.45 uM), >15-fold superior to ortho analogs
(10k) and approaching PI-103 (92%, ICso = 0.008 puM).
Accordingly, 101 was identified as the lead compound,
warranting further investigation through kinase selectivity
profiling, mechanistic studies, and pharmacokinetic and in
vivo evaluations to support its development as a potential
PI3Ka-targeted anticancer agent.

4.2. SAR and Conclusions. Meta substitution dominates
potency in both assays by exploiting ATP-site flexibility
near Val851, identifying 101 as the lead compound further,
selectivity, pharmacodynamics, and PK studies are
recommended to advance this candidate for oncology.
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