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ABSTRACT: The dual PI3Kα/ m TOR inhibitors represent a
promising molecularly targeted therapy for cancer. Here, we
documented the discovery of new 2,4-disubstituted quinazoline
analogs as potent dual PI3Kα/sm TOR inhibitors. Our structure
based chemistry endeavor yielded six excellent compounds 9e, 9f,
9g, 9k, 9m, and 9o with single/double digit nanomolar IC50 values
against both enzymes and acceptable aqueous solubility and
stability to oxidative metabolism. One of those analogs, 9m,
possessed a sulfonamide substituent, which has not been described for this chemical scaffold before. The short direct synthetic
routes, structure−activity relationship, in vitro 2D cell culture viability assays against normal fibroblasts and 3 breast cancer cell lines,
and in vitro 3D culture viability assay against MCF7 cells for this series are described.
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The human PI3K/Akt/mTOR signaling pathway is
implicated in vital processes such as cell proliferation,

survival, and metabolism. This central pathway receives growth
signals and then propagates them through a series of
phosphorylations and dephosphorylations of downstream
effectors.1 Phosphatidylinositol-3-kinases (PI3Ks) are lipid
k inases which cata lyze the phosphory la t ion of
phosphat idy l in isotol(4 ,5)-b iphosphate (PIP2) to
phosphatidylinositol(3,4,5)-triphosphate (PIP3). This secon-
dary messenger is the master key in signal transfer through the
activation of protein kinase B (Akt) and other downregulators
such as mammalian target of rapamycin (mTOR). According
to structural features and substrate specificity, PI3Ks are
divided into four classes, I (subclassified as IA and IB), II, III,
and IV. Class IV enzymes are also defined as phosphoinositide-
3-kinase related protein kinases (PIKKs), and they share a
conserved catalytic domain sequence to that of PI3Ks. PI3Kα
is an example of Class IA, while mTOR, a serine-threonine
kinase, belongs to Class IV.2,3

Dysfunction of the PI3K/Akt/mTOR signaling pathway has
been implicated in many human cancers such as breast,
ovarian, prostate, colorectal, and glioblastoma.4,5 Breast cancer
is the most common cause of death among women.
Approximately 12% of women may acquire breast cancer
over the period of their lifetime (www.breastcancer.org).
Generally, the pathological activation of this pathway is
thought to be due to amplification of proto-oncogenes (e.g.,
PI3KCA, Akt), silencing of tumor suppressor genes (e.g.,
phosphatase and tensin homologue deleted on chromosome
ten (PTENS):PIP3 phosphatase), and/or overexpression of

upstream regulator receptor tyrosine kinases (RTKs). Regard-
less of the mechanistic cause, the end result is tumorigenesis
and angiogenesis.6

Oncology drug discovery for these cancers targets key nodes
in this pathway to avoid the feedback of downstream effectors
and to gain expected synergistic suppression.7−9 Upregulation
of the PI3K pathway is a major mechanism of resistance to
many molecularly targeted cancer therapeutics.10 Therefore,
the design of small molecule ATP competitive dual PI3Kα/
mTOR inhibitors is an appealing approach which has been
underserved to date as there is only one approved drug on the
market. There are, however, some advanced candidates in
different phases of development (Figure 1). Pfizer is currently
performing Phase II clinical trials on gedatosilib (PKI-587, 1),
a potent selective triazine derivative, for the treatment of breast
cancer and acute myeloid leukemia.11 Sanofi-Aventis is
examining voxtalisib (XL-765, 2) in phase I studies for the
oral treatment of lymphoma and solid tumors.12,13 PI-103 (3)
was the first quinazoline analog reported to display PI3Kα
inhibitory activity.14 However, it did not enter clinical trials
because of its rapid in vivo metabolism.15 A trisubstituted
quinazoline derivative (4), exhibited a potent dual PI3Kα/
mTOR inhibition with good antiproliferative activity against
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the U937 cell line.16 And in 2019, the FDA approved the first
α-subtype specific PI3K inhibitor from Novartis, alpelisib
(Piqray, 5), for use in combination with endocrine therapy in
postmenopausal women with PI3Kα-mediated advanced breast
cancer.17

In 2017, we reported a series of pyridopyrimidine-based
ATP-competitive dual PI3Kα/mTOR inhibitors.18 Our dis-
ubstituted analogs demonstrated potent inhibitory activity
against both enzymes with selectivity toward PI3Kα over
mTOR. Compound A (Figure 2) was exemplified with PI3Kα

IC50 = 0.5 nM, mTOR IC50 = 104 nM, and excellent
antiproliferative activity against MCF7 with IC50 = 170 nM.
Docking studies with compound A and the crystal structures of
PI3Kα and mTOR revealed structural features of the C2
substituents that impacted on binding to both enzymes and
imparted selectivity for PI3Kα over mTOR. In this paper we
report our efforts to extrapolate those structural revelations to
the quinazoline scaffold.
Our first strategy was to simplify the structure by replacing

the diaryl urea moiety with substituted aryl, heteroaryl, or
substituted aromatic amines as depicted in Figure 2. We
wished to explore whether these substituents would mimic the
diaryl urea moiety in both the binding affinity and inhibitory
activity toward the two enzymes.

The syntheses of these compounds were accomplished
following the 2-step direct synthetic route shown in Scheme 1.

Nucleophilic displacement of the 4-chloro group on the
commercially available 2,4-dichloroquinazoline with morpho-
line under dry basic conditions gave intermediate 6. Under
microwave irradiation, this intermediate was coupled with
either boronic acids or pinacol esters under Suzuki−Miyaura
conditions to form compounds 7a−e or treated with
substituted anilines to yield 8a−g (Supporting Information).
The HotSpot radioisotope filter binding assay was used to

assess the in vitro enzymatic inhibitory activity for the novel
quinazoline derivatives at 10 μM concentration in the presence
of 10 μM ATP and using PI-103 as reference (Table S2).

Figure 1. Quinazolines as dual PI3Kα/mTOR inhibitors.

Figure 2. Initial strategy for designing 2-substituted-4-morpholino-
quinazolines.

Scheme 1. Synthesis of 4-Morpholinoquinazoline
Derivatives C2 Substituted by Aryl, Heteroaryl, and
Substituted Aromatic Aminesa

aReagents and conditions: (i) morpholine, triethyl amine, dry THF,
stir 3 h, rt; (ii) (Het)ArB(OH)2 or pinacolester, K2CO3, Pd(PPh3)4,
DME, 150 °C, 20 min microwave; (iii) aromatic amines, NaI, DMA,
160 °C, 15 min microwave.
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Inhibitory activity against human PI3Kα was assessed by
measuring the conversion of phosphatidylinisotol(4,5)-biphos-
phate to phosphatidylinositol(3,4,5)-triphosphate. The ability
to inhibit human mTOR was assessed by measuring the
phosphorylation of factor 4E-binding protein1 (4EBP1). In
this series, all the compounds showed a moderate inhibitory
activity at this concenteration. Consequently, the best three
compounds 7d, 8d, and 8e were subjected to a concentration−
response study to determine IC50 values against both enzymes.
Results are shown in Table 1 together with in vitro ADME

screening data measuring the maximum kinetic aqueous
solubility in 2% DMSO/phosphate-buffered saline (pH =
7.4) and metabolic stability in mouse liver microsomes,
expressed in t1/2 (min).
Unfortunately, the strategy of simplifying the structure

yielded weak dual PI3Kα/mTOR inhibitors with IC50 values in
the micromolar range. Representative data are shown in Table
1, and data for 7a−e and 8a−g are provided in Table S1.
Maximum kinetic aqueous solubility for these analogs, in
general, was better than that seen for PI-103 and t1/2 values in
mouse liver microsomes ranged from 2.1 min to >60 min, with
many analogs demonstrating superior stability to that seen with
PI-103 (t1/2 = 7.1 min). The results obtained in the kinase
inhibition assays highlighted the critical role of the phenylurea
moiety in this series of derivatives for potent dual enzyme
inhibition. Therefore, we reverted to our second optimization
strategy in which we kept the urea moiety intact and
substituted it with alkyl groups and aryl rings containing
hydrogen bond donating or accepting functional groups to
explore the structural requirements of the PI3Kα and mTOR
binding pockets as represented in Figure 3.

The syntheses of these substituted ureas were achieved
through the in situ conversion of 7e to the isocyanate by
reaction with triphosgene under dry conditions followed by
treatment with the appropriate amine/aniline to give 9a−u as
presented in Scheme 2.

Of the 21 synthesized analogs, 16 afforded ≥90% inhibition
at 10 μM concentration against both PI3Kα and mTOR in the
Hotspot radioisotope filter binding assay (Table S2). IC50
values were determined for these 16 analogs (Table 2). The
type and size of the substituent directly influenced the
potencies for both enzymes. The newly synthesized derivatives
possessed low to excellent aqueous solubility in 2% DMSO/
phosphate buffered solution. Concerning the mouse micro-
somal metabolic stability, these new analogs demonstrated a
range from moderate (e.g., t1/2 = 23.5 min for 9s) to excellent
(many t1/2 value > 60 min) stability. Results of 9a−u are
shown in Table 2.
Initial SAR studies revealed that the replacement of the

phenyl urea ring with a short alkyl side chain such as methyl 9a
or ethylalcohol 9b caused an increase in selectivity for mTOR
over PI3Kα by 2-fold to 3-fold. Substitution of the alkyl group
with phenyl (9c) enhanced potency for PI3Kα and reduced
potency for mTOR, giving an analog that was 4-fold selective
for PI3Kα. Interestingly, incorporation of heteroatoms in that
phenyl ring (9d) eliminated PI3Kα selectivity (IC50 for PI3Kα
and mTOR = 114 nM and 115 nM, respectively).
In order to probe the size and electronic nature of the

binding pockets around the urea moiety, we prepared a series
of analogs with hydrogen bonding substituents on the phenyl
ring. These included hydroxymethyl in the para (9e) and meta
(9f) positions as well as the para-hydroxyethyl derivative (9g).
An increase in both PI3Kα and mTOR inhibitory potency was
realized with all three derivatives compared to the unsub-
stituted analog 9c, and the para-substitution pattern appeared
to be better tolerated. All three analogs displayed selectivity for
PI3Kα over mTOR, especially 9g which was 40-fold selective.
These results suggested the presence of a hydrogen bond
acceptor near the para-position of the phenyl ring and the
possibility that the binding pocket on PI3Kα may be somewhat
larger/longer than the pocket on mTOR.
Substituting structurally similarly sized groups with oxygen-

containing hydrogen bond acceptor moieties in the para
position (9h, 4-acetyl; 9i, 4-propanyl; 9j, 4-carboethoxy)
caused a loss in potency for both enzymes. However, a
significant increase in potency against PI3Kα was realized
when the strongly hydrogen bond accepting amide groups
(-NHCO-, -CONH-) were inserted in the para position of the
phenylurea ring (9k and 9l, PI3Kα IC50 = 0.7 nM and 2.5 nM,

Table 1. Kinase Inhibitory Activity, Solubility, and Mouse
Liver Microsomal Stability of 7d, 8d, and 8e

Figure 3. Second strategy for designing 4-morpholino-quinazoline
urea derivatives.

Scheme 2. Synthesis of 4-Morpholinoquinazoline−Urea
Derivatives Substituted by Alkyl (9a,b), Substituted Phenyl
(9c−l), and Substituted Benzenesulfonamides (9m−u)
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respectively). Both compounds maintained reasonable potency
against mTOR (IC50 = 114 nM and 59.1 nM, respectively).
However, the order of the atoms within the amide substituent
had opposite effects, with the switch from the acetylanilino
structure in 9k to the carboxamide structure in 9l resulting in a
loss of potency against PI3Kα and an increase in potency
against mTOR. Indeed, compound 9k was the most potent
PI3Kα inhibitor of all the analogs prepared for this study and
displayed the greatest selectivity for PI3Kα over mTOR (154-
fold) compared to other qunazolines within this series.
To further probe the PI3Kα and mTOR binding sites for

this series, we substituted the para-amide motif with
sulfonamide moieties. Compared to the corresponding
carboxamide derivative 9l, the unsubstituted sulfonamide
derivative 9m retained similar inhibitory potency for PI3Kα
but lost some potency against mTOR. Contrary to the amides
9l and 9k, when the order of the atoms for the sulfonamide
group in 9m was reversed to give 9n, a loss in both PI3Kα and
mTOR inhibitory potency was seen. Further derivatization of
the sulfonamide motif present in 9m resulted in several analogs
that lost PI3Kα potency but retained inhibitory potency for
mTOR. These included the guanidinylsulfonamide 9o, the
thiazolyl analog 9p, the pyridinyl derivative 9q, and especially
the pyrimidinyl compound 9r, which was the most potent
mTOR inhibitor of the compounds prepared for this study
with an mTOR IC50 value = 37.4 nM. Either hydrogen
bonding or the electronic nature of the ring appeared to play a

role in mTOR affinity as the corresponding phenyl
sulfonamide 9s and the electron-poor 2-fluorophenyl and
2,4-diphenyl derivatives 9t and 9u, respectively, also lost
potency against mTOR activity compared to the heteroaryl
analogs 9q and 9r. It should be noted that to our knowledge,
this is the first time that the sulfonamide substituent has been
examined as part of the SAR of this class of PI3Kα/mTOR
inhibitor.
Most of the urea analogs prepared for this study possessed

low to moderate maximum kinetic aqueous solubility in 2%
DMSO/phosphate buffered saline, although those solubilities
were comparable to that seen with the standard PI-103. The
exception to this trend was the alkyl analogs 9a and 9b, for
which 192 μM and 200 μM solutions, respectively, were
obtained. With the exception of methylurea derivative 9a, all of
the prepared analogs demonstrated superior stability to
oxidative metabolism in mouse liver microsomes compared
to PI-103. These data were not influenced by solubility
limitations since the concentration of test compounds used in
the microsomal stability assays was 1 μM.
To better understand our results, we performed docking

studies of compounds 9k (PI3Kα-selective) and 9r (mTOR-
selective) with human PI3Kα and mTOR using the published
cocrystal structures of these compounds with human PI3Kα
(PDB 4L23)19 and mTOR (PDB 4JT6)20 bound to PI-103.
Binding modes were predicted using Glide SP. Hydrogen bond
constraints were employed, followed by generalized energy

Table 2. Kinase Inhibitory Activity, Aqueous Solubility, and Mouse Liver Microsomal Stability of 9a−u

†Percent inhibition at a concentration of 10 μM.
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minimizations, to endure that the morpholino groups of 9k
and 9r were oriented similarly to the morpholino moiety of PI-
103 in the binding pockets. The results are presented in Figure
4.
In agreement with results on our18 and other21 analogous

pyrido-pyrimidines, our models indicated that both 9k and 9r
retained the essential hydrogen bond between the morpholino
oxygen and Val851 in the hinge region of PI3Kα and Val2240
in the hinge region of mTOR. The hydrogen bonds predicted
between the urea N−H groups and the aspartates in the
hydrophobic binding pockets (Asp810 for PI3Kα; Asp2357 for
mTOR) were also retained. One end of the binding pocket on
PI3Kα appears to be solvent-exposed, and a ridge of amino
acid residues is present at the distal end of the binding pocket
on mTOR that may make it more difficult for mTOR than for

PI3Kα to accommodate larger residues as predicted from the
SAR results.
The docking models do suggest reasons for the opposite

selectivity seen with 9k and 9r. For 9k (Figure 4A), two
additional hydrogen bonding interactions are predicted (the
acetimide -NH with Asp806 and the urea carbonyl oxygen with
Lys802), while 9k appears to form only one additional
hydrogen bond with mTOR (the acetimide -NH with
Gln2194) (Figure 4B). This could explain the selectivity for
PI3Kα over mTOR seen for 9k. Alternatively, the mTOR-
selective analog 9r appears to make 5 hydrogen bonding
interactions with mTOR (the three described above for 9k
plus two additional interactions between the urea carbonyl
oxygen and Glu2190 and the sulfonamide -NH and Asp2192
(Figure 4D) as opposed to 4 hydrogen bonds formed with

Figure 4. Docking of PI3Kα-selective inhibitor 9k and mTOR-selective inhibitor 9r with the crystal structures of human PI3Kα and mTOR
showing hydrogen bonds and surface maps. (A) 9k docked to PI3Kα with four critical hydrogen bonds shown; (B) 9k docked to mTOR with three
critical hydrogen bonds shown; (C) 9r docked to pI3Kα with 4 critical hydrogen bonds shown; (D) 9r docked to mTOR with 5 critical hydrogen
bonds shown.
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PI3Kα (the three described above for 9k plus an interaction
between the sulfonamide -NH and Asp805) (Figure 4C). This
discrepancy may explain the selectivity for mTOR seen with
9r, To confirm that our compounds act as dual PI3Kα/mTOR
inhibitors, we treated MCF7 cells with 9k at concentrations of
62.5 and 125 nM for 4 h and then analyzed cell lysates for
downstream targets of the two enzymes by Western blot. The
results are shown in Figure 5. Compound 9k dose-dependently
inhibited the production of the PI3Kα- and mTOR-associated
signaling components phospho-4EBP, phospho-P70SK6, and
phospho-AKT(473).

In vitro antitumor activity was initially evaluated by testing
the effects of the more potent dual PI3Kα/mTOR inhibitors
on the cellular viability using a luminescent CellTiter-Glo assay
(Promega, Madison, WI). Preliminary screening was carried
out in 2D cell culture using a single 10 μM concentration of
selected analogs against three breast cancer cell lines (MDA-
MB-468, MDA-MB-231, and MCF7). An approximation of
therapeutic index was determined by screening the compounds

in normal human dermal fibroblasts. Results are provided in
Table 3 as percent of viable cells.

The most prevalent effect on cancer cell viability by our
compounds was seen in the estrogen-sensitive, HER2-negative
MCF7 cell line. Four analogs, 9f, 9h, 9k, and 9m, also
demonstrated reasonable cytotoxic activity against the triple
negative cell line MDA-MD-468. Like the standard agent PI-
103, none of our quinazoline derivatives showed appreciable
cytotoxic activity in the claudin-low triple negative cell line
MA-MDB-231 that could not be attributed to overt cellular
toxicity. MDA-MB-231 cells are known to be less susceptible
to chemotherapy.22 Several of the quinazoline analogs (9b−f,
9l−m, 9o−p) demonstrated a therapeutic index for MCF7
cells over normal cells that was superior to that seen with PI-
103, and two derivatives (9f, 9m) also demonstrated a
therapeutic index for MDA-MB-468 cells over normal cells.
These result are in contrast to the results obtained with the
previously reported pyrido-pyrimidines,18 where only one
analog possessed a therapeutic index for MCF7 over normal
fibroblasts and none of the compounds demonstrated a
therapeutic index for cytotoxicity in the triple negative cell
lines over fibroblasts.
Compounds that displayed >50% cytotoxicity in MCF7 cells

(shaded in red in Table 3) and >80% viability in dermal
fibroblasts (shaded in green in Table 3) were examined for
their cytotoxic effects on MCF7 cells in 3D cell culture using
CellTiter-Glo 3D assay (Promega, Madison, WI). 3D cancer
cell culture is believed to more accurately reflect in vivo tumor
cell physiology and morphology as well as tumor architec-
ture.23 Dose response curves (Figure S1) were generated for

Figure 5. Western blot analysis of PI3Kα and mTOR targets.
Phosphorylation changes of phospho-4EBP, phospho-P70S6, and
phospho-AKT(473) in a dose-dependent treatment of MCF7 cells for
4 h with compound 9k.

Table 3. Percent of Cell Viability of 3 Breast Cancer Cell
Lines and Normal Skin Cells in the Presence of 10 μM
Compounds as Tested by CellTiter-Glo®2D
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the most promising analogs (9b−g, 9l−m, 9o−p). We also
examined compound 9k as the most potent PI3Kα inhibitor
and compound 9g as the most potent combined PI3Kα/
mTOR inhibitor. IC50 values are given in Table 4.

All of the analogs tested displayed potent cytotoxic activity
against MCF7 cells in 3D culture, with IC50 values ranging
from 0.2 μM to 1.8 μM. In general, IC50 values were in
agreement with the percent cytotoxic activity seen in the 2D
assay (Table 3). The exceptions to this were 9c, 9d, and 9p
which demonstrated IC50 values that were higher than those
obtained with the other analogs. The reasons for this are not
clear at this point. These compounds displayed somewhat
higher IC50 values against mTOR activity compared to other
analogs. However, other compounds with similar mTOR
inhibitory potency (e.g., 9f) were found to be potent cytotoxic
agents in the 3D cell culture model. One contributing factor
may be solubility limitations. The compounds with higher than
expected IC50 values in the 3D culture model seemed to hit a
ceiling effect (∼30% viability) at the 7.5 μM concentration,
with no further effect seen at 15 μM. Permeability in the 3D
system could also have played a role. While the logP values for
all tested analogs are within a range predicted to impart
reasonable cellular permeability (2.0−4.6),24,25 the logP values
of 9c (2.03), 9d (3.94), and 9p (4.37) fall near the outer limits
of that range.
Since PI3Kα and mTOR both possess serine/threonine

kinase (STK) activity, we assessed the selectivity of compound
9k within the STK class of kinases in MCF7 cells using
Pamgene’s proprietary Pamchip microarray-based peptide
activity profile (Pamgene International, B.V., s’Hertogenbosch,
The Netherlands). The PamChip arrays generate relative
phosphorylation intensity data of peptides containing known
substrate recognition sites of STKs in the presence compound
9k and DMSO control. Using a differential upstream kinase
analysis of bait peptides, we predicted top STKs (n = 20)
whose activity was significantly inhibited by compound 9k at
the 1 μM concentration (1,300-fold higher than the IC50 for
PI3Kα inhibition; 10-fold higher than the IC50 for mTOR
inhibition) in comparison to DMSO control as shown in
Figure 6. The STK profile confirmed the PI3Kα and mTOR
inhibitory activity of 9k by demonstrating a decrease in levels
of phospho-P70S6K and phospho-NAUK1 (downstream
targets of mTOR) as well as phospho-AKTs (downstream
targets of PI3Kα). In addition, the STK profile demonstrated
the inhibitory effect of compound 9k on kinases activity
associated with the RAS, ErbB, and MAPK signaling pathways.
A list of effected kinases and downstream phosphorylated
peptides is provided in the Supporting Information.
In conclusion, straightforward synthetic routes were used to

synthesize novel disubstituted quinazolines as potent dual
PI3Kα/mTOR inhibitors that demonstrated superior ther-
apeutic indices for cytotoxic activity against breast cancer cell
lines compared to earlier pyrido-pyrimidine compounds.

Removal of the urea moiety within the scaffold yielded weak
dual inhibitors. On the other hand, combining the urea group
with different hydrogen bonding substituents resulted in
potent inhibitors that displayed a range of selectivity for
PI3Kα and mTOR. Substitution of the phenylurea ring with
short alkyl chains or 6-membered hetreoaryl/aryl sulfonamides
afforded analogs with selectivity toward mTOR over PI3Kα.
Alternatively, substituting the phenylurea ring with the
acetimide moiety provided 9k, a potent inhibitor of PI3Kα
(IC50 = 0.7 nM) with 154-fold selectivity for PI3Kα over
mTOR. The selectivity seen within this series could be
explained by differences in the number of hydrogen bonding
interactions made with the two enzymes as predicted by
docking studies performed with the X-ray crystal structures of
human PI3Kα and mTOR. Nine derivatives demonstrated
potent cytotoxic activity against MCF7 cells in 2D culture and
a good therapeutic index as assessed in normal dermal
fibroblasts. Two of these analogs also showed cytotoxic activity
against the triple negative breast cancer cell line MDB-MA-
468. Most of these analogs also displayed potent cytotoxic IC50
values against MCF7 cells grown in 3D cell culture, with
potency in this assay aligning with potency against PI3Kα and
logP values predicted to impart good cellular permeability. In
addition, we identified a new substituent motif that imparted
potent PI3Kα and mTOR inhibitory potency to the
morpholino-quinazoline scaffold, namely the sulfonamide, as
exemplified by compound 9m. This substituent has not been
reported previously for such compounds. Off-target kinase
inhibitory activity for a representative compound (9k)
included STKs within the RAS, ErbB, and MAPK signaling
pathways. All of these STK inhibitory activities could be

Table 4. IC50 Values for 9b−g, 9k, 9l−m, and 9o−p against
MCF7 Cells in 3D Cell Culture (CellTiterGlo®3)

Cpd. 9b 9c 9d 9e 9f 9g
IC50 (μM) 0.7 1.2 1.6 0.2 0.3 0.3

Cpd. 9k 9l 9m 9o 9p
IC50 (μM) 0.2 0.3 0.2 0.3 1.8

Figure 6. Kinome tree visualization of top predicted upstream serine/
threonine kinases (STKs) where kinase statistics values, encoded in
branch color and node color, indicate the overall change of the
peptide set that represents the kinase, with value <0 indicating lower
kinase activity in compound 9k (1 μM) treated MCF7 cells relative to
DMSO control. Kinase scores, encoded in node size, are used for
ranking kinases based on their significance and specificity in terms of
the set of peptides used for the corresponding kinase.
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contributing to the potent cytoxicity seen with 9k in MCF7
cell cultures. Based on pharmacological and in vitro ADME
properties, compounds 9e, 9f, 9g, 9k, 9m, and 9o will be
advanced to in vivo studies which will be the subject of future
reports.
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