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Two series of novel 2,3,4,5-tetra-substituted thiophene derivatives containing diaryl urea or

N-Acylarylhydrazone scaffold were designed and synthesized to evauate their anticancer

activities
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Abstract

Using a rational design strategy for isoform-selecinhibition of PI3Ka, two series of novel
2,3,4,5-tetra-substituted  thiophene  derivatives taiomg either diaryl urea or
N-Acylarylhydrazone scaffold were designed and lsgsized. The most promising compound
12k was demonstrated to bear nanomolar RI3khibitory potency with 12, 28, 30, 196-fold
selectivity against isoform§, y, 6 and mTOR. Besides, it also showed good develapabil
profiles in cell-based proliferation against a gasfdhuman tumor cells as well as ADME assays.
We herein report on their design, synthesis, SARiential developability properties.
Keywords: PI3Ka; antiproliferative activities; synthesis; 2,3,4¢ira-substituted thiophene

derivatives
1. Introduction

Phosphatidylinositol-3-kinases (PI3Ks) play a distly important role in a variety of
downstream effectors mediating cellular processediding cell growth, proliferation, survival,
and differentiatiod™ According to sequence homology and substrate qgmede, PI3Ks can be
classified into classes |, Il and fil.The PI3K family in class | consists of four isafe @, B, v,
and ). Recently, activated PI3K B, andd signaling pathway has been increasingly related to
cancer, and these isoforms can be activated byivation of the tumor suppressor PTER and

direct somatic mutations in PIK3CA which encodes g11@ subunit of PI3K? The human
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tumor genetic data indicated that mutations in RI8&n prompt tumor growth” Furthermore, a
selective inhibitor that does not bind to P[BK, andy may reduce some treatment side effects
caused by preventing platelet aggregation and atwivi'™" inhibiting immune responses
mediated by T, B, and mast cefté and blocking anti-inflammatory signafs’ etc Giving these
observations, targeting PlaKpathway will be one of the most promising approactoe cancer
treatment.

Recently, notable success for PI3K-isoform selectitibitors had been achieved, Idelalisib
(1) ™3 previously called GS-1101 or CAL-101, was a firstlass, oral, potent, and selective
inhibitor of PI3K5. Also, AlpelisiB™®’(2), a selective PI3K inhibitor was approved by the FDA
on May 24, 2019, in Combination With Fulvestrantr fpatients with HR+, HER2-,
PIK3CA-mutated advanced breast cancer. Furthernseneeral class | selective PI3K inhibitors
were in various phases of clinical trials, incluglinF-49892163),*® and GDC-00324)1*°%"! for
PI13Ka/6 and AZD8186 5)[21] for PI3KB (Fig. 1). Among them, PF-4989216 exhibited potent and
selective inhibition against PI3K kinase activity preclinical small-cell lung cancer (SCLC)
models and was especially effective against thdif@ration of SCLCs harboring PIK3CA
mutation Among all four isoforms of PI3K, the importance ahih frequency of PIK3CA
mutation in most of the solid tumors aroused theceon about the selectivity development of
PI3Ka inhibitors. 2 Present work aims to design, synthesize, and @im
2,3,4,5-tetra-substituted thiophene derivativeschvican selectively bind to PI3KATP binding

site.

F o H

NH, NN

N FaC )

NN o s N
N N N N Q)

HN._N A_s F© oM
| 3 Wbl [l

N ~N N N F \\N
\_NH

Idelalisib(1) Alpelisib(2) PF-4989216(3)

ﬁw@(@ kS -

N
GDC-0032(4) AZD8186(5)

o
|

_°

F

Fig.1.Representative Structures of PI3K inhibitor

From the docking model of PF-4989216 with P#3frotein (PDB code 3ZIMFY the key



hydrogen-bonding interactions were formed by th24ttriazole moiety and the morpholino
group with residues in the ATP binding sited. 2). Through a detailed docking analysis, C-4
phenyl moiety did not generate any hydrogen-bondlitgractions with the residues directly or
indirectly. Therefore, appropriate groups in C-demyl moiety were introduced to explore
potential interactions with the residues in solveoihe in order to increase PI3kselectivity. In
our previous study, it was observed that the smalecules bearing the diaryl urea scaffold or
N-Acylarylhydrazone moiety showed superior anticaraegivity due to the presence of hydrogen
bond donors and acceptors as well as its flexiketon®* 2° Based on these findings, the diaryl
urea scaffold orN-Acylarylhydrazone moiety was introduced into C-#iepyl moiety on
PF-4989216. As a resulttwo series of novel 2,3,4,5-tetra-substituted thexe derivatives were
designed and synthesized. Compounds were screenttebir PI3K/mTOR inhibitory activity and
cytotoxicity in a panel of cancer cell lines. Adalitally, in Vitro ADME and Pharmacokinetics,

data for compoundi2k was also investigated.
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Fig. 2 The design strategy based on the docking study

2. Results and discussion

2.1. Chemistry

The general synthetic routes of the title compouwarasillustrated irBchemes 1-3The key
intermediate 2,3,4,5-tetrasubstituted thiophtheras achieved in 11 steps as showBd¢heme 1
Commercially available malononitrile was condenséth carbon disulfide in the presence of
K,CO; in DMSO at 0-20 °C for 2 h to obtain 2-(dimercap&thylene)malononitrile, followed by
methylated with iodomethane at 20 ©°C for another 20 to provide

2-(bis(methylthio)methylene)malononitrilé. Further, intermediatel was treated with ethyl



2-mercaptoacetate to generate ethyl 3-amino-4-cgafmoethylthio)thiophene-2-carboxylat@) (
%81 \which was then iodinated in the presence of isbaitrite in acetonitrile to yield intermediate
3. Oxidation of intermediat& with 30% HO, and sodium tungstate in acetic acid gave ethyl
4-cyano-3-iodo-5-(methylsulfonyl)thiophene-2-carplaxe@), which was reacted with
morpholine through any@ mechanism to generate intermediatsSubsequently, intermediabe
was subjected to palladium-catalyzed Suzuki-cogplin reaction with
4-(N-Boc-amino)phenylboronic acid pinacol ester in dimxane/toluene/kD (16:1:4, 95 °C) to
get a key intermediat® which was hydrolyzed to acitlby aqueous LiOH in MeOH:THF (1:2).
Treatment of7 with methyl chloroformate in the presence of\Eyielded anhydride intermediate,
which was converted to tert-butyl
(4-(2-carbamoyl-4-cyano-5-morpholinothiophen-3-pigpyl)carbamate 8 by ammonium
hydroxide. Then8 was condensed witN,N-dimethylformamide dimethyl acetal (DMF-DMA) at
110 °C for 2 h to affor®, which was treated with hydrazine hydrate in acatid at 60 °C for 2 h

to give intermediatd.0. The key intermediate 2,3,4,5-tetrasubstitutedpthémell was obtained

by the deprotection df0 in the presence of trifluoroacetic acid in £Hy at room temperature for

3 h.
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Scheme 1Reagents and conditions: (i) a) £&,CO;, DMSO, 20 °C, 2 h; b) iodomethane, 20 °C, 12ihethyl
2-mercaptoacetate, 4&t, EtOH, 20 °C, 12 h; (iii) isoamyl nitrite;, ICH;CN, 20 °C, 12 h; (iv) 30% }D,, sodium

tungstate, HOAc, 60 °C, 2 h; (v) morpholine, THE, B h; (vi) a) 444-Boc-amino)phenylboronic acid pinacol



ester, CsF, 1,4-dioxane;@ (4:1), r.t.,, 15 min; b) R@ba}, P(t-Bu) Toluene/dioxane, 95 °C, 12 h; (vii) LiOH,
MeOH:THF (1:2), r.t., 4 h; (vii) a) methyl chlorofmate, EfN, THF, r.t., 3 h; b) NB#H,O , rt., 1 h; (ix)
DMF-DMA, DMF, 110 °C, 2 h; (x) hydrazine hydrateQiAc, 60 ° C, 2 h; (xi) CRCOOH, CHCI,, r.t., 3 h.

The target compoundE2a-m were prepared, as illustrated Sitheme 2The commercially
available substituted isocyanatobenzene was traesiiddthe key intermediatdl in CH,Cl, at

room temperature for 12 h to afford the target conmuis12a-m

12a: Ar= 2.6-(CHa)o-Ph
12b: Ar= 4-CH3-Ph
= 12¢: Ar= 2-OCHg-Ph
HN=N NS N0  12d: Ar= 4-CN-Ph
o i § N/ 12e: Ar= 4-CF4-Ph
4\ ) S N —_— N \ / e: Ar= 4-CF3-
NG, 12f. Ar= 4-OCF4-Ph
AN 12g: Ar= 4-F-Ph
N N 12h: Ar= 2-F-Ph
N 12i: Ar=3-F-Ph
12j: Ar= 3-Cl-4-F-Ph
12k: Ar= 2-Cl-Ph
12I: Ar= 3-Br-Ph
12m:Ar= Ph

11 Ar—NH 12a-m

Scheme 2Reagents and conditions: (i) isocyanatobenzengCGH-t., 12 h.

As described irScheme 3the key intermediatdl was converted into amidds3 by the
treatment with phenyl chloroformaie dry acetone at ambient temperatime3 h; subsequently,
hydrazinolysis of13 with 80% hydrazine hydrate in refluxing 1,4-diogafor 2 h provided
semicarbazidd4, followed bycondensation with appropriate aldehydes in EtO8DatC for 5 h

with catalytic amount of acetic acid to give theget compound&5a-msuccessfully.
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Scheme 3Reagents and conditions: (i) phenyl chloroformdtg,acetone, r.t., 3 h.; (ii) 80% hydrazine hydrate
1,4-dioxane, reflux, 2 h; (i) aldehydes, acetidaEtOH, 80°C, 5 h.

The chemical structures of the target compound® wenfirmed with*H NMR, **C NMR,
and MS spectrum. Also, the configuration of the lleubond in the imine ofl5a-m was

determined. I"H NMR spectra, the —N=i@- signal was observed as a single peak for each



compound, indicating that only one isomer was gateelr To confirm the stereochemistry more
accurately, the NOESY experiment of compourtdl was performed. The result showed that a
single NOE signal was observed between the prdtetNeNH- (6 = 10.80 ppm) and the proton of
—N=CH- (6 = 8.46 ppm), which existed only in tBeisomer due to the appropriate intramolecular
H-H distance Fig.3. and see also Supporting information). Thus, thhigetacompounds were

unequivocally confirmed as theisomer.

(E)-15d (2)-15d

Fig. 3. NOESY effect of the representative compodsd.

2.2. Bioactivity and discussion
2.2.1. PI3K/mTOR inhibition and SAR study of tag@hpounds

During the course of our SAR investigation, compbd@m with diaryl urea scaffold was
firstly synthesized and evaluated. We found compdi#m exhibited an IGof 116 nM in PI3k
assay (able 1), which was around 21-fold less potent comparedPke4989216. Next, we
assembled a focused collection of diaryl urea anade that could be readily synthesized; the
effect of substitute group at the 4-position wastfassessed. Introduction of electron-donating
group such as -CH -OCH; did not offer the potency benefilda to 12c vs 128). A strong
electron-withdrawing group such as -CN, ;CIOCF; proved to be deleterious to PI3igotency,
as a gradual decrease in potency was obseddit¢ 12f vs 12a). However, when the small
electron-withdrawing fluoride group was introducedmpoundl2g gained back some degree of
potency (3.8-fold increase 4a) but still around 6-fold less potent than PF-49882Through
scanning the 2-, 3-position of phenyl, it was die&émund that 3-position was not well tolerated
(12i vs 129; a similar trend was also observed for compodj (12j vs 12¢), whereas
ortho-fluoro substitute compound2h showed slightly enhanced PI8Kactivity. Further
replacement of fluoro with the chloro group ledgolation of the potent PI3Kinhibitor 12k with
an IGpyof 9.2 nM. These data suggested that a proper eeagrelectron density on the terminal

aromatic ring was beneficial to achieve betterbitbry activity.



In comparison, the SARs of compountisa-m bearingN-Acylarylhydrazone moiety were
conducted in the same way. Compouséd maintained a PI3& inhibitive activity similar to that
of 12a We found phenyl substitution such as halod&sb,(15¢ did not have a profound impact
on PI3Ko potency. However, a noticeable improvement wags séth a hydroxyl group at the
3-position (5d vs 15g8). Meanwhile, it was also noted that introductidrad,4-dihydroxyl5f or
3,5-dimethyl-4-hydroxy groufd5i led to a similar potency improvement Hsd. In contrast, the
introduction of electron-withdrawing trifluorometkypgroup eroded the PI3Kpotency 159 vs.
153). With SAR expansion, analogs with six or five-nimared heterocycled %k to 15m) were
also prepared. Notably, compouhfim, which exhibited an I§; of 6.9 nM against PI3i had

been optimized up to the similarly level of PF-4286.

Table 1. SAR studies of compound®a-mand15a-m

_N Linker
N )
/ o}
N
— N
g N H H
AN A 0
e~ | AF
] B \;NJ\N’N%
Linker H H
PI3Ka PI13Ka
Compd. Linker Ar Compd. Linker Ar
ICso(NM)? ICso(NM)?
12a A 2.6-(CH)-Ph 344 15a B Ph 76.6
12b A 4-CH;-Ph 95.8 15b B 4-F-Ph 75.5
12c A 2-OCH;-Ph 105 15¢ B 3-Br-Ph 89.8
12d A 4-CN-Ph 290 15d B 3-OH-Ph 17.7
12e A 4-CR-Ph 403 15e B 4-OCH;-Ph 72.0
12f A 4-OCR-Ph 835 15f B 3,4-(OH)-Ph 21.9
12g A 4-F-Ph 35.3 15¢g B 4-OCR-Ph 631

12h A 2-F-Ph 22.3 15h B 2,6-(Cly-Ph 323




12i A 3-F-Ph 151 15i B 3,5-(CH),-4-OH-Ph 20.3

12j A 3-Cl-4-F-Ph 407 15i B 3,4,5-(OCH)s-Ph 110
N

12k A 2-Cl-Ph 9.2 15k B w 9.4
-0,

121 A 3-Br-Ph 239 15l B T\/) 13.3
RN

12m A Ph 116 15m B n 6.5

PF-4989218 5.4 BYL-719(Alpelisib)® 3.9

3The average is indicated ¥2 independent experiment8)Jsed as a positive control.

Through the SAR investigation, novel thiophene \dgives were identified to bear decent
potency against PI3K Six representative compounds were selected fahdu profiling. The
inhibitory activities to other Class | PI3K isofasnf3, y, andd) and mTOR were evaluated. As
show inTable 2, all the tested compounds displayed more potdititgcagainst PI3k than the
rest of three isoforms as well as mMTOR. Additiopatbmpounds2g 12h, 12k) bearing diaryl
urea moiety displayed a higher level of selectivithan that of compounds with
N-Acylarylhydrazone scaffold, especially towards d3and mTOR, making it a promising
selective P13k inhibitor. We believed that the overall profilebtained from the enzyme assays

would contribute significantly to the further desigf more potent and selective inhibitors.

Table 2.Inhibitory effects of compounds afF-4989216BYL-719 against PI3Ks and mTOR

Compound ICs0 in NM?

PI3KB PI13Ky PI3KS mTOR
129 95 289 238 1662
12h 89 302 334 1589
12k 108 258 275 1802
15d 43 440 72 489
15l 74 204 74 598
15m 53 274 49 416
PF-4989216 124 60 15 4064

BYL-719(Alpelisib)® 1540 94 72 1461




3Data reported as the average of at least two Pudsed as a positive control.
2.2.2. In vitro Antiproliferative Activity

To investigate the functional consequence of itimyiPI3Ko in cells, compounds were also
tested in five different cancer cell lines for gsnsitivity in cell proliferation assays. Cell I;e
either harbor PIK3CA mutations or bear the PTENeti@h except for A549 were treated, and
growth was monitored. Interestingly, these selecf3K inhibitors were more sensitive with
human breast cancer and non-small cell lung caredelines that harbor PI3KCA mutations than
cell lines with the PTEN deletion, as shownTeble 3. Consistent with the potency against the
PI3K, compoundl2g 12h, 12k were moderately potent with at least single-digitatromolar
ICses across tumor cell originating from different tiss. Notably, compound2k potently
inhibited the proliferation of human breast canliee T47D and human lung adenocarcinoma
NCI-H460 with 1G, of 0.31 and 0.2QuM, respectively. However, an apparent disconnection
between the cell activity and the Pi8Khibition of compound45d, 15I, 15mwas observed. The
N-Acylarylhydrazone analogs are active in the PI3Kay but possess weak cytotoxicity in cells
probably due to their low membrane permeabilityiBw of this, compound2k was selected for
further profiling.

Table 3. Antiproliferative Effect of Compounds against a 8lasf Human Cancer Cell

ICsgin pM?
Compound U87MG® T47D° NCI-H1975" NCI-H460¢ A54F
129 3.35 0.52 2.04 0.59 5.52
12h 3.98 0.41 1.52 0.40 4.19
12k 2.86 0.31 1.06 0.20 3.84
15d 13.01 2.22 9.76 1.39 12.66
15l 12.29 2.68 12.89 1.22 19.36
15m 22.14 2.13 11.20 2.69 18.52
PF-4989216 2.31 0.34 0.94 0.12 3.58

& Cell viability was measured using a CellTiter-Gleas 72 h after treatmenfverage G, values (n = 3) are



shown.? Used as a positive contr§lTumor cell line with PTEN deletiorf. Tumor cell line harboring PIK3CA

mutation.® Tumor cell line harboring neither PIK3CA mutatiooriPTEN deletion.

2.2.3. Kinase selectivity profiling @2k

Given the fact that2k exhibited the desirable in vitro biochemical aityivagainst PI3Ks as
well as antiproliferative efficacy in cancer ceilhds, 12k was further chosen to examine its
kinome wide selectivity profile containing 97 kiess(scanEDGE KINOMEscan, DiscoverX) at a
compound concentration of @M. 12k proved to be highly selective &--4989216against the
panel, compound2k did not show any binding activity to this broachphof kinases except for
the PI3Ks, illustrating excellent kinase seleciiviior this thiophene chemotype. The results are
shown inFigure 4 and the complete profiling data b2k andPF-4989216on 97 kinases can be

found in Table S2 of the Supporting Information.
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Fig. 4. Percent inhibition profile (TREEspot Interaction pJan the DiscoverX ScanEDGE kinome scan for
compound12k and PF-4989216.S-score is a quantitative measure of compound seiigctit is calculated by
dividing the number of kinases that compounds bintly the total number of distinct kinases testedluding

mutant variants.

2.2.4. Western Blot



Activation of the PI3K pathway leads to phosphdipla of the Sef® of Akt and
subsequently to several downstream substratesoffiora that the newly synthesized compounds
were inhibiting PI3K signaling in celld,2k was further profiled for its ability to suppresslalar
biomarkers. After treatment with2k for 2 h, T47D cells were treated withuy/mL insulin to
activate the PI3K pathway. Consistent with expémtatfor a potent PI3&inhibitor, 12k strongly
suppressed phosphorylation of Akt at the serine #7& dose dependent manner. We also
compared the suppression of PI3K signalingl@% with PF-4989216 as shown irFigure 5.
Compoundl2k shows p-Akt reduction starting at Q4 and is complete at 3M. We concluded
that the anti-proliferative activity di2k against T47D cell line was attributed to its rekadte

capability to attenuate the PI3K signaling.

12k PF-4989216 DMSO

100% i Inhibition of p-AKT $473

909
3 1 03 01 3 1 0.3 0.1pM 86% 83%
78%
Insulin(l pg/ml) + 4+ + + o+ 4+ + + o+ - 80% 73%
65%
60% 59% 58%

p-AKTS3 — — — e S
40%

AKT Wil GlD WD GHP W Wy Gy = Oy
20%

GADPH amp aub eib cIb G eae oup oud GED S 0%

3pM 1pM 0.3pM 0.1pM
m12k ®=PF-4989216

Fig. 5. Effects of12k and PF-49892160n p-Akt>33 Akt. T4A7D cells were treated with various concentratién
12k or PF-4989216for 2 h, and then the PI3K pathway was activatedreégtment of Jug/mL insulin for 2 h.

CompoundL2k decreased the phosphorylation of Zktin a dose-dependent manner.
2.2.5. In Vitro ADME and Pharmacokinetics for Compd12k

In vitro ADME properties and pharmacokinetic paréeng of compoundl2k were also
determined. Caco-2 bidirectional permeability assegnfirmed that 12k had moderate
permeability and was not a substrate for P-glycigimo (efflux ratio of 1.08). From the
multispecies liver microsomal stability study, cayopd 12k showed acceptable stability with
clearance rate of 24.8, 32&/min/mg in human and rat liver microsomes, respebtt. Also,
three cytochrome P450 (CYP1A2, 2D6 and 3A4) enzynmamonly metabolizing exogenous
chemicals were used to test the direct inhibitibrcampoundl12k. As listed inTable 4, the
compound showed favorable metabolic propertiesh@snhibition ratio for three CYPs was less
than 30%, even at the concentration oM With these in vitro effects and preliminary ADNIE

profiling, further intravenous pharmacokinetic paeders for 12k were performed by



Sprague—Dawley rats at a dose of 5 mgiik exhibited a moderate half-life of 1.98 £ 0.17 ldan
achieved a maximum concentration,{@¢ of 2.57 + 0.32ug/mL. The area under the curve
(AUC(0—==)) was 1622 + 89 ng-h/mL. It is worth noting thatpound12k exhibited relatively
high plasma clearance (52.36 + 3.32 mL/min/kg).aiffn compoundl2k was found to be safe
(ICs0 > 30uM, seeFig. S2 when tested in a hERG Qpatch assay for asseBBR@-associated

cardiotoxicity.

Table 4.In Vitro ADME and Pharmacokinetics for Compoutizk

Permeability assay (10°cm/s)?

Caco-2 PapgA to B) PappB to A) Efflux ratio
- 7.8 8.4 1.08

Metabolic stability °

Species T2(min) CL (uL/min/mg) Remaining (T=60min)
RLM 447 32.8 42.6%
HLM 58.3 24.8 47.8%

CYP450 inhibition ©

isozyme CYP1A2 CYP2D6 CYP3A4

% inhibition at 1gM 27.8 28 1.5

Pharmacokinetics®

Crax(rg/mL) ty2 (h) Vq (L/Kg) CL (mL/min/kg) AUC 00 (ngeh/mL)

2.57+0.32 1.98+0.17 8.6+1.33 52.36+3.32 1622489

#The permeation was assessed over 2 h wjthl Zoncentration incubation at 37+1°C and 5%,Mh saturated
humidity. ® No NADPH regenerating system was added to the lsatngplaced by buffer) during the 60 min
incubation.© Performed at 1QuM concentration.a-Naphthoflavone (CYP1A2), squinidine (CYP2D6), and
ketoconazole (CYP3A4) were used as the positiverclsnf Determined from intravenous dosing to male SD

rats at a dose of 5 mg/kg (n=6).



2.2.6. Binding model analysis

The better understand the isoform selectivity 2k against PI3Ks, the affinity of compound
12k for each PI3K isoform was calculated by applyihg Cheng-Prusoff equation. Compound
12k exhibited Ki values of 5.1nM, 89 nM, 193 nM, 248 mgainst P13k, PI3KB, PI3Ky, PI3K3,
respectively (see Table S1 for details). The bigdimodes between tHek and PI3Ks were then
proposed by molecular simulation. The structureRI8Ko (PDB ID code: 3ZIM), PI3R (PDB
ID code: 2Y3A), PI3K (PDB ID code: 3DBS) and PIZK(PDB ID code: 2WXP) were selected
as the docking models.
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Fig. 6. Predicted binding models fd2k with PI3Ks. (A) Predicted binding conformation fb2k in the binding
site cavity of PI3K (PDB 3ZIM). (B) Binding to PI3R (PDB 2Y3A). (C) Binding to PI3IK (PDB 3DBS). (d)
Binding to PI3KS (PDB 2WXP). Hydrogen bonds are indicated by yelldashed lines. Images generated using
PyMol.

As shown inFig. 6A, compoundl2k occupied the kinase domain in a similar manner to
PF-4989216. Six hydrogen-bond interacted vliftk and PI3ky: the morpholine moiety formed
one hydrogen bond with Val 851; meanwhile, the4tilazole group formed two hydrogen bonds
with Tyr 863 and Asp 810. Besides, the urea padashpoundl2k could form three hydrogen
bonds with Asp 805, Asp 933 and Ser 774, validatimg rationality of our design. We also
performed the docking analysis of compourad binding top (PDB 2Y3A) Fig. 6B) andy (PDB

3DBS) (ig. 6C) isoforms. Six hydrogen-bond interactions withidass of PI3§ were noticed:



Val 848, Asp 807, Asp 931, Lys 799 and Ser 775. fher binding of12k to PI3Ky, four
hydrogen-bond interactions with the residues wedécated: Val 882, Asp 836, Asp 950 and Lys
833. The analysis of compountlk with PI3KS showed that this compound formed four
hydrogen-bond interactions with Val 828, Asp 915pA782 and Ser 754. Also, compoutizk
was in a reversed pose in PBKompared to PF-498921€i¢. 7), which indicated compound
12k could not fit well into the cavity of PI3Kisoform, thus resulted in a decrease of inhibitory
activity against PI3B. Furthermore, molecular dynamics calculations baen implemented to
verify the stability of ligand-protein complexes the proposed model. The MD simulation
undertaken for the two compounds bound to BI3thowed the overall stability of the
ligand/target adducts over the testech85seeFig. S3. In general, the docking results further

confirm the rationality of our design strategy.

/828
N
.

Fig 7. Overlapping images of compound 12k (blue) and P892%6(green) complexed with PI8KHydrogen
bonds are indicated by blue lines.
3. Conclusions

In this study, two series of novel potent Pt3khibitors bearing the diaryl urea scaffold or
N-Acylarylhydrazone moiety based on PF-4989216 wiesigned. The PI3K enzymatic activity
assays identified compountizk as a selective PI3K inhibitor with 12, 28, 30, 196-fold
selectivity over isoforms3, y, 86 and mTOR. Compound2k also showed potent cytotoxic
activities with 1G, values of 0.31uM and 0.20uM against human breast cancer T47D and
non-small cell lung cancer H460 cell lines, respett. To evaluate its druggability, compound
12k was submitted to in vitro ADME and in vivo Pharrakinetics assay. The pharmacokinetic
properties of the compouri®k are suboptimal and are the focus of a medicinaht$try e- ort
to improve its oral bioavailability while maintaing its potency and selectivity. This will be the

focus of a future publication.



4. Experimental
4.1. Chemistry

Unless otherwise specified, reagents and solvertge wbtained from commercial sources
and used without further purification. Reactiomsieé and purity of the products were monitored
by TLC on FLUKA silica gel aluminum cards (0.2 mhickness) with fluorescent indicator 254
nm. All melting points were obtained on a Bichi Me Point B-540 apparatus (Buchi
Labortechnik, Flawil, Switzerland) and were uncotee. Flash chromatography was performed
using silica gel (200—300 mesh) from Qingdao oc€aemicals (Qingdao, Shandong, China).
PF-4989216 and BYL-719 were purchased from Targe{8Bloanghai, China). Mass spectra (MS)
were taken in ESI mode on Waters e2685.NMR and**C NMR spectra were recorded on
Bruker ARX-400, 400 MHz spectrometers (Bruker Biesce, Billerica, MA, USA) with TMS as

an internal standard.
4.2. Synthesis of the key intermeditte

4.2.1. Preparation of 2-(bis(methylthio)methylenalpnonitrile(l)

A suspension of ¥CO; (17.3 g, 125.0 mmol) in DMSO (75 mL) at 20 was treated with
malononitrile (7.5 g, 113.7 mmol) in one portiorhelreactor was cooled to°C, and C$% (7.5
mL, 125.0 mmol) was added at 18-Z2. The mixture was stirred at 2Q for 2 h and then cooled
to 0 °C. lodomethane (14.1 mL, 227.3 mmol) was added pithtemperature below &. The
reaction was warmed to 2@ and stirred for 12 h. The reaction mixture wasrpd into ice-water
(75 mL), and the resulting precipitate was filterecshed with HO (20 mL) and dried under
reduced pressure to afford producas a yellow solid (18.2 g, 93.9%H NMR (400 MHz,
CDCl) & 2.69 (s, 6H). HRMS (ESI) calculated fogHGN,S, [M + H]" m/z 170.2480, found
170.2482.

4.2.2. Preparation of ethyl 3-amino-4-cyano-5-(nyéithio)thiophene-2-carboxylate

At 0 °C, 2-(Bis(Methylthio)methylene)malononitrite (15.0 g, 88.2 mmol) was added to a
solution of ethyl 2-mercaptoacetg@®8 mL, 88.2 mmol) in EtOH (75 mL), thensNt(12.2 mL,
88.2 mmol) was added dropwise to the solution ainekd for 12 h at 20 °C. The reaction mixture

was filtered, washed with EtOH (20 mL) and dried@nreduced pressure to afford proddies a



white solid (15.5 g, 72.6%JH NMR (400 MHz, CDCJ) & 5.79 (s, 2H)4.28 (q,J = 7.2 Hz, 2H)
2.64 (s, 3H) 1.34 (t) = 7.1 Hz, 3H). HRMS (ESI) calculated forH;iN,0,S, [M + H]" m/z
243.0264, found 243.0266.

4.2.3. Preparation of ethyl 4-cyano-3-iodo-5-(médithig)thiophene-2-carboxylat8)

A suspension of ethyl 3-amino-4-cyano-5-(methylthimphene-2-carboxylat (7.5 g, 31.1
mmol) in acetontrile (75 mL) was treated with(6.0 g, 62.0 mmol) then heated to ®, and
isoamyl nitrite (6.3 mL, 62.0 mmol) was added aate to maintain the pot temperature between
60°C and 7C°C. Then the mixture was cooled to ZD and stirred for 12 h. Upon cooling t60,
the reaction mixture was filtered, and washed waithtonitrile (10 mL) , the solid was redissolved
in 60 mL ethyl acetate, washed with saturated sodhiosulfate (15 mixX2) and then brine. The
organic layer was dried over pBO,, filtered, and concentrated under reduced presswtedried
under reduced pressure to afford prodiies a yellow solid (6.9 g, 63.0%H NMR (400 MHz,
CDCl) 6 4.31 (q,J = 7.1 Hz, 2H) 2.63 (s, 3H) 1.34 (= 7.1 Hz, 3H). HRMS (ESI) calculated
for CoHgINO,S, [M + H] " m/z 353.9119, found: 353.9110.

4.2.4. Preparation of ethyl 4-cyano-3-iodo-5-(méghifonyl)thiophene-2-carboxylat)(

30% HO, (37.5 mL) was added to a solution of ethyl
4-cyano-3-iodo-5-(methylthio)thiophene-2-carboxglai(3.8 g, 10.7 mmol) and sodium tungstate
(0.3 g, 1.1 mmol) in acetic acid (75 mL). The migtwvas stirred at 6€0C for 2 h. After Cooling
to room temperature., the reaction mixture wasréitl, washed with 40 (20 mL) and dried under
reduced pressure to afford proddas a white solid (3.9 g), which was carried inte tiext step
whithout further purification.

4.2.5. Preparation of ethyl 4-cyano-3-iodo-5-morjdmathiophene-2-carboxylatg)

Ethyl 4-cyano-3-iodo-5-(methylsulfonyl)thiophenezarboxylate4 (3.9 g, 10.7 mmol) was
added to THF (60 mL), and then the mixture wasedéd 0°C, morpholine (4.8 mL, 55.1 mmol)
was added with pot temperature below °@@ The reaction was stirred at 26 for 8 h. The
reaction mixture was poured into ice-water (30 rahyl the resulting precipitate was filtered and
dried under reduced pressure to abfaias a white solid (3.2 g, 75.5%H NMR (400 MHz,
CDCl;) 6 4.34 (9,J = 7.2 Hz, 2H) 3.96-3.83 (m, 4H), 3.70-3.54 (m, 4HB6 (t,J = 7.1 Hz, 3H).
HRMS (ESI) calculated for GH14N-OsS[M + H] " m/z 392.9770, found: 392.9762.

4.2.6. Preparation of ethyl 3-(4-((tert-butoxycanytyamino)phenyl)-4-cyano-5-morpholin-



othiophene-2-carboxylaté)

Ethyl 4-cyano-3-iodo-5-morpholinothiophene-2-cardate 5 (2.6 g, 6.6 mmoal),
4-(N-Boc-amino)phenylboronic acid pinacol este2(g, 6.6 mmol), Pgdba} (0.18g, 0.2 mmol)
and CsF (3.0 g, 19.8 mmol) were added to a solutbril,4-dioxane and # (30 mL,
1,4-dioxane:HO = 4:1). The reactor was flushed with, N°(t-Bu) (0.4 mL of a 1M solution in
Toluene, 0.4 mmol) was added via syringe to thetunixand stirred for 12 h at 95 °C. Upon
completion, Water (30 mL) was added followed byrastion with EtOAc (10 mIX3). The
organic layer was decolored with 5% active carbod then filtered through a Celite pad. The
filtrate was concentrated to dryness and ttréarated with MeOH to obtain6é as a white solid
(2.4 g, 78.9%)'H NMR (400 MHz, CDC})) § 7.43 (d,J = 8.4 Hz, 2H), 7.36 — 7.29 (d,= 8.4 Hz,
2H), 6.59 (s, 1H), 4.14 (d,= 7.1 Hz, 2H), 3.90 — 3.83 (m, 4H), 3.65 — 3.58 4iiH), 1.52 (s, 9H),
1.16 (t,J = 7.1 Hz, 3H). HRMS (ESI) calculated fop4,eNz0sS[M + H]" m/z 458.1750, found:
458.1751.

4.2.7. Preparation of 3-(4-((tert-butoxycarbonyl)am)phenyl)-4-cyano-5-morpholino-thiophene
-2-carboxylic acidQ)

A solution of LIOH (1.6 g, 66 mmol) in BD (15 mL) was added to a solution of
3-(4-((tert-butoxycarbonyl)amino)phenyl)-4-cyana¥®rpholin-othiophene-2-carboxylateé (6.0
g, 13.2 mmol) in MeOH (30 mL) and THF (60 mL). Timeture was stirred for 4 h at 25 °C. The
reactor was concentrated under reduced pressunecameld into water (30 mL). The solution was
adjusted to pH=5 with 2N HCI, and then the resglimmecipitate was filtered, washed withH
(20 mL) and a minimal amount of MeOH, dried undedluced pressure to afford prod8cas a
white solid (4.4 g, 71.4%). HRMS (ESI) calculated €,;H,,N3:OsS[M - H] m/z 430.1437, found:
430.1442.

4.2.8. Preparation of tert-butyl(4-(2-carbamoyl-gano-5-morpholinothiophen-3-yl)phenyl)
carbamateg)

A suspension of 3-(4-((tert-butoxycarbonyl)amin@pyl)-4-cyano-5-morpholino-thiophene
-2-carboxylic acid7 (5.4 g, 12.6 mmol) in THF (120 mL) was treatedmitN (2.4 mL, 18.9
mmol) in one portion. The reactor was cooled tdQ) and methyl chloroformate (1.8 g, 18.9
mmol) was added drop-wise. The mixture was stiae85°C for 3 h and then cooled to°C.

NH3-H,O (27 mL) was added to the solution. The reactias warmed to 25C and stirred for 1



h. The mixture was concentrated under reduced ynessd poured into water (50 mL), and the
resulting precipitate was filtered, washed witfOH20 mL) and dried under reduced pressure to
afford produc® as a yellow solid (4.7 g, 86.1%H NMR (400 MHz, DMSO#dg) & 9.61 (s, 1H),
7.59 (d,J = 8.7 Hz, 2H), 7.29 (d] = 8.7 Hz, 2H), 3.80 — 3.72 (m, 4H), 3.56 — 3.50 4id), 1.49

(s, 9H). HRMS (ESI) calculated for,E,sN0,S[M + H] " m/z 429.1597, found: 429.1603.

4.2.9. Preparation of tert-butyl (E)-(4-(4-cyano{Zdimethylamino)methylene)carbamoyl)-5-
morpholinothiophen-3-yl)phenyl)carbamedi(

DMF-DMA (3.0 g, 25.2 mmol) was added to a stirringplution of tert-butyl
(4-(2-carbamoyl-4-cyano-5-morpholinothiophen-3-pigpyl)carbamateé (5.4 g, 12.6 mmol) in
DMF (40 mL) and heated to 110 °C for 2 h. Afterrigecooled to room temperature, the mixture
was concentrated under reduced pressure and pmioeide-water (30 mL). The precipitate was
filtered, washed with fO (10 mL) and MeOH (5 mL), dried under reduced gues to afford
product9 as a yellow solid (4.4 g, 71.4%). HRMS (ESI) cadtet! for G,H3zoNsO,S[M + H]" m/z
484.2019, found: 484.2020.

4.2.10. Preparation of tert-butyl (4-(4-cyano-5-mbolino-2-(1H-1,2,4-triazol-3-yl)thiophen-3-yl)
phenyl)carbamatdQ)

80% hydrazine hydrate (15 mL) was added drop-wiseat solution of tert-butyl
(E)-(4-(4-cyano-2-(((dimethylamino)methylene)carlmgi-5-morpholinothiophen-3-yl)phenyl)ca
rbamate9 (3.0g, 6.2 mmol) in HOAc (30 mL). The mixture wasred at 60 °C for 2 h. Upon
cooling to room temperature, the solvent was remawaler vacuum, and then® (30 mL) was
added to the mixture. The resulting precipitate Viltsred and dried under reduced pressure to
afford 10 as a white solid (2.4 g, 85.5%). HRMS (ESI) cadted] for GoHysNgO:S[M + H]" m/z
453.1709, found: 453.1710.

4.2.11. Preparation of 4-(4-aminophenyl)-2-morphots-(1H-1,2,4-triazol-3-yl)thiophene-3-
carbonitrile(11)
tert-Butyl(4-(4-cyano-5-morpholino-2-(-1,2,4-triazol-3-yl)thiophen-3yl)phenyl)carbamate
10 (3.0 g, 6.6 mmol) was added to &H, (60 mL), and then the mixture was cooled t6Q)
CRCOOH (3.1 mL, 22.0 mmol) was added to the solutlorp-wise. The mixture was stirred at
25°C for 3 h. The solvent was removed under vacuum,then HO (30 mL) was added to the

mixture. The solution was adjusted to pH=8 withNgtand then the resulting precipitate was



filtered and dried under reduced pressure to affowdhite solid (1.7 g, 80.0%JH NMR (400
MHz, DMSOg) 6 8.37 (s, 1H), 7.04 (dl = 8.4 Hz, 2H), 6.58 — 6.48 (d,= 8.4 Hz, 2H), 5.24 (s,
2H), 3.85 — 3.71 (m, 4H), 3.52 — 3.41 (m, 4H). HRKESI) calculated for GH,7NgOS[M + H]*
m/z 353.1185, found: 353.1170.

4.3. Synthesis of the target compouh2sm

4.3.1. General procedure for preparation of thegetrcompound$2a-m

A mixture of different substituted isocyanate (14rBmol), CHCI, (40 mL) and
4-(4-aminophenyl)-2-morpholino-5-(1H-1,2,4-triaZdlyl)thiophene-3-carbonitrilél (9.3 mmol)
was stirred at 23C for 12 h. The resulting precipitate was filterald recrystallization from
CHsCN to afford target producti?a-m
4.3.1.1.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4- g 5-yl)thiophen-3-yl)phenyl)-3-(2,6-dimeth
ylphenyl)urea(2a)

White solid; Yield: 70.1%'H NMR (400 MHz, DMSO) 13.99 (s, 1H), 9.25 (s, 1H), 8.45 (s,
1H), 8.08 (s, 1H), 7.47 (d, = 8.4 Hz, 2H), 7.25 (d] = 8.0 Hz, 2H), 7.11-7.00 (m, 3H), 3.84 —
3.76 (m, 4H), 3.55 — 3.48 (m, 4H). 2.22 (s, 6H)p.mM217.8 — 219.8C. HRMS (ESI) calculated
for CoeHoeN70.S[M + H] " m/z 476.1869, found: 476.1866.
4.3.1.2.
1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4-triazol-5yliophen-3-yl)phenyl)-3-(p-tolyl)ured Zb)

White solid; Yield: 67.8%;H NMR (400 MHz, DMSOdg) & 13.99 (s, 1H), 8.95 (s, 1H),
8.81 (s, 1H), 8.46 (s, 1H), 7.46 @= 8.3 Hz, 2H), 7.35 (d] = 8.3 Hz, 2H), 7.28 (d] = 8.3 Hz,
2H), 7.09 (d,J = 8.2 Hz, 2H), 3.84 — 3.74 (m, 4H), 3.55 — 3.48 4H), 2.24 (s, 3H)"*C NMR
(101 MHz, DMSOs) 6 175.0, 166.3, 156.3, 153.0, 144.2, 140.2, 13B%,2L(2C), 130.7, 129.6
(2C), 127.3, 118.8 (2C), 117.9 (2C), 117.1, 118m9, 65.8 (2C), 51.0 (2C), 20.8. m.p.: 231.4 —
232.3°C. HRMS (ESI) calculated for4gH»/N-,0,S[M + H]" m/z 486.1712, found: 486.1711.
4.3.1.3.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4- i 5-yl)thiophen-3-yl)phenyl)-3-(2-methoxyp
henyl)urea {2c)

White solid; Yield: 66.2%H NMR (400 MHz, DMSOdg) & 13.98 (s, 1H,), 9.46 (s, 1H),
8.46 (s, 1H), 8.29 (s, 1H), 8.15 @= 7.8 Hz, 1H), 7.47 (d] = 8.3 Hz, 2H), 7.29 (d] = 8.1 Hz,
2H), 7.03 (dJ = 7.4 Hz, 1H), 6.98-6.93 (m, 1H), 6.90 It= 7.7 Hz, 1H), 3.89 (s, 3H), 3.84 —

3.74 (m, 4H), 3.55 — 3.48 (m, 4HJC NMR (101 MHz, DMSOds) 5 166.3, 153.8, 152.9, 148.2,



140.3, 130.7 (2C), 129.1, 127.2, 123.6, 123.2,3,2121.0, 118.8, 117.7 (2C), 117.1, 116.1, 111.2,
90.9, 65.8 (2C), 56.2, 51.0 (2C). m.p.: 222.3 —223. HRMS (ESI) calculated for £H,4N703S

[M + H]"m/z 502.1661, found:502.1655.
4.3.1.4.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4-itd-5-yl)thiophen-3-yl)phenyl)-3-(4-cyanophe
nylurea (L2d)

White solid; Yield: 72.5%H NMR (400 MHz, DMSOsdg) & 13.99 (s, 1H), 9.31 (s, 1H),
9.02 (s, 1H), 8.47 (s, 1H), 7.74 @= 8.8 Hz, 2H), 7.66 (d] = 8.8 Hz, 2H), 7.50 (d] = 8.7 Hz,
2H), 7.32 (d,J = 8.2 Hz, 2H), 3.83 — 3.78 (m, 4H), 3.55 — 3.48 4H). *C NMR (101 MHz,
DMSO-dg) 6 175.0, 166.2, 152.5, 144.6, 144.3, 139.5, 1333,(230.7 (2C), 128.0, 123.6, 123.2,
119.8, 118.5 (2C), 118.3 (2C), 117.1, 103.7, 9638 (2C), 51.0 (2C). m.p.: 198.7 — 2063
HRMS (ESI) calculated for £H,1:NgO.S[M + H]*m/z 497.1508, found: 497.1510.
4.3.1.5.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4-wtd-5-yl)thiophen-3-yl)phenyl)-3-(4-(trifluoro
methyl)phenyl)ureal@e)

White solid; Yield: 67.8%H NMR (400 MHz, DMSOsdg) & 13.98 (s, 1H), 9.19 (s, 1H),
8.95 (s, 1H), 8.47 (s, 1H), 7.71 —7.62 (m, 4H)37%57.47 (d,) = 8.6 Hz, 2H), 7.32 (d] = 8.3 Hz,
2H), 3.84 — 3.76 (m, 4H), 3.56 — 3.48 (m, 4HC NMR (101 MHz, DMSQd) 5 175.0, 166.2,
152.7, 143.9, 134.0, 130.7 (2C), 126.55XgF = 3.6 Hz, 2C), 126.4, 123.7, 123.6, 123.2, 122.2
(9, Jc-r = 31.0 Hz, 2C), 118.3 (2C), 118.2, 117.1, 11609965.8 (2C), 51.0 (2C). m.p.: 228.5 —
230.1°C. HRMS (ESI) calculated for£H»;FsN;0,S[M + H] " m/z 540.1430, found: 540.1432.
4.3.1.6.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4-itd-5-yl)thiophen-3-yl)phenyl)-3-(4-(trifluoro
methoxy)phenyl)ured 2f)

White solid; Yield: 66.2%'™H NMR (400 MHz, DMSOds) & 13.98 (s, 1H), 9.32 (s 1H), 9.22
(s, 1H), 8.43 (s, 1H), 7.64 — 7.55 (b= 9.3 Hz, 2H), 7.53 — 7.47 (d,= 8.6 Hz, 2H), 7.35 — 7.25
(m, 4H), 3.85 — 3.76 (m, 4H), 3.55 — 3.48 (m, 4HC NMR (101 MHz, DMSOd,) & 166.3,
153.8, 153.0, 143.0, 140.7, 140.0, 139.6, 130.7%,(227.4, 123.6, 123.2, 122.2 (2C), 120.4X%q,

F = 253.5 Hz), 119.7 (2C), 117.9 (2C), 117.1, 9688 (2C), 51.0 (2C). m.p.: 208.8 — 2161
HRMS (ESI) calculated for £H»1FsN;03S[M + H]" m/z 556.1379, found: 556.1385.
4.3.1.7.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4-atd 5-yl)thiophen-3-yl)phenyl)-3-(4-fluorophe
nylurea (L2g)

White solid; Yield: 65.9%H NMR (400 MHz, DMSOdg) § 13.99 (s, 1H), 9.17 (s, 1H),



9.07 (s, 1H), 8.46 (s, 1H), 7.58 (= 8.9 Hz, 2H), 7.48 (d] = 8.3 Hz, 2H), 7.29 (d] = 8.4 Hz,
4H), 3.84 — 3.76 (m, 4H), 3.55 — 3.48 (m, 4HC NMR (101 MHz, DMSQOd,) & 166.2, 159.0,
156.6, 155.0 (dJc_r = 247.8 Hz), 153.1, 144.3, 140.1, 139.5, 130.7)(24Q7.5, 123.6, 123.2,
120.4 (d,Jc_F = 7.6 Hz, 2C), 118.0 (2C), 117.1, 115.7 Jd.r = 22.0 Hz, 2C), 90.9, 65.8 (2C),
51.0 (2C). m.p.: 244.5 — 245%&. HRMS (ESI) calculated for £H»FN;O,S[M + H]* m/z
490.1461, found:490.1456.

4.3.1.8.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4-id 5-yl)thiophen-3-yl)phenyl)-3-(2-fluorophe
nyl)urea (2h)

White solid; Yield: 58.7%;H NMR (400 MHz, DMSOdg) & 14.04 (s, 1H), 9.65 (s, 1H),
8.80 (s, 1H), 8.46 (s, 1H), 8.16 {t= 7.7 Hz, 1H), 7.49 (d] = 8.0 Hz, 2H), 7.30 (d] = 7.9 Hz,
2H), 7.27-7.18 (m, 1H), 7.14 {,= 7.6 Hz, 1H), 7.08 — 6.95 (m, 1H), 3.83 — 3.76 4i), 3.55 —
3.48 (m, 4H). m.p.: 244.5 — 245°C. HRMS (ESI) calculated for £gH,;FN;O,S[M + H]* m/z
490.1461, found:490.1464.
4.3.1.9.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4-td5-yl)thiophen-3-yl)phenyl)-3-(3-fluorophe
nyl)urea (2i)

White solid; Yield: 81.2%H NMR (400 MHz, DMSOdg) 'H NMR (400 MHz, DMSO#dg) &
13.98 (s, 1H), 8.99 (s, 1H), 8.88 (s, 1H), 8.461(3), 7.54 — 7.45 (m, 3H), 7.33 — 7.25 (m, 3H),
7.16 — 7.12 (m, 1H), 6.82 — 6.75 (m, 1H), 3.83 Z63(m, 4H), 3.55 — 3.48 (m, 4H)°C NMR
(101 MHz, DMSOség) 6 175.0, 162.9 (d)c_r = 239.2 Hz), 153.8, 152.8 144.3, 142.1, 142.0,8,30
130.7 (2C), 123.6, 123.2, 118.1 (2C), 117.1, 1161@,4 (dJc_r = 2.6 Hz), 108.6 (d)c_r = 21.3
Hz), 105.3 (dJc_r = 26.5 Hz) 90.9, 65.8 (2C), 51.0 (2C). m.p.: 223.2 — 2Z&£0HRMS (ESI)
calculated for GH».FN;O,S[M + H]"m/z 490.1457, found:490.1457.
4.3.1.10.1-(3-chloro-4-fluorophenyl)-3-(4-(4-cyaBemnorpholino-2-(1H-1,2,4-triazol-5-yl)thioph
en-3-yl)phenyl)ureal@))

White solid; Yield: 72.1%;H NMR (400 MHz, DMSOdg) & 14.02 (s, 1H), 9.57 (s, 1H),
9.41 (s, 1H), 8.46 (s, 1H), 7.81 @= 7.5 Hz, 1H), 7.47 (d] = 8.4 Hz, 2H), 7.34 (s, 1H), 7.31 (d,
J = 8.6 Hz, 2H), 7.28 (s, 1H), 3.83 — 3.76 (m, 4BLK5 — 3.48 (m, 4H)**C NMR (101 MHz,
DMSO-tg) 6 174.9, 166.3, 153.8, 152.9, 152.8 Jd.r = 247.8 Hz), 151.6, 137.5 (decr = 2.9

Hz), 134.6, 130.7 (2C), 123.4 (@_r = 44.0 Hz), 120.0 (2C), 119.6 (@_r = 18.2 Hz), 119.0 (d,



J=6.8 Hz), 118.2, 117.3 (d¢_r = 36.1 Hz), 117.2, 116.0, 90.9, 65.8 (2C), 510)(2n.p.: 238.7
— 240.4°C. HRMS (ESI) calculated for £H,CIFN;0,S[M + H]" m/z 524.9777, found:524.1204.
4.3.1.11.1-(2-chlorophenyl)-3-(4-(4-cyano-5-morphoi2-(1H-1,2,4-triazol-5-yl)thiophen-3-yl)p
henyl)ureaf2k)

White solid; Yield: 77.1%;H NMR (400 MHz, DMSOdg) & 14.03 (s, 1H), 9.84 (s, 1H),
8.49 (s, 1H), 8.46 (s, 1H), 8.17 @= 8.2 Hz, 1H), 7.51 (d] = 8.3 Hz, 2H), 7.46 (d] = 8.0 Hz,
1H), 7.32 (s, 1H), 7.29 (d, = 7.0 Hz, 2H), 7.03 (t) = 7.6 Hz, 1H), 3.84 — 3.76 (m, 4H), 3.55 —
3.48 (m, 4H)*C NMR (101 MHz, DMSQds) 5 166.2, 156.3, 152.6, 144.3, 139.8, 139.4, 136.4,
130.8, 129.7, 128.1 (2C), 127.8, 123.8, 122.5,82117.9 (2C), 117.1, 115.0, 90.9, 65.8 (2C),
51.0 (2C). m.p.: 232.5 — 233%C. HRMS (ESI) calculated for £H,:CIN;O,S[M + H]" m/z
506.1166, found: 506.1170.
4.3.1.12.1€3-bromophenyl)-3-(4-(4-cyano-5-morpholino-2-(1H4-triazol-5-yl)thiophen-3-yl)p
henyl)urel2l)

White solid; Yield: 68.1%H NMR (400 MHz, DMSOdg) & 13.99 (s, 1H), 9.14 (s, 1H),
9.06 (s, 1H), 8.46 (s, 1H), 7.87 (s, 1H), 7.47)(&,8.4 Hz, 2H), 7.33 (d] = 8.7 Hz, 1H), 7.30 (d,
J=8.3 Hz, 2H), 7.24 () = 8.0 Hz, 1H), 7.15 (dl = 7.9 Hz, 1H), 3.84 — 3.76 (m, 4H), 3.55 — 3.48
(m, 4H). m.p.: 245.6 — 247.8C. HRMS (ESI) calculated for £H»BrN;O0,S[M + H]* m/z
550.0661, found: 550.0660.
4.3.1.13.1-(4-(4-cyano-5-morpholino-2-(1H-1,2,4#dl-5-yl)thiophen-3-yl)phenyl)-3-phenylurea
(12m)

White solid; Yield: 62.7%;H NMR (400 MHz, DMSOdg) & 14.00 (s, 1H), 9.26 (s, 1H),
9.05 (s, 1H), 8.57 (s, 1H), 7.91 @z 8.2 Hz, 2H), 7.58 (d] = 8.3 Hz, 2H), 7.47-7.36 (m, 3H),
7.32 — 7.26 (m, 2H), 3.84 — 3.76 (m, 4H), 3.56 483(m, 4H).m.p.: 229.1 — 231.8C. HRMS
(ESI) calculated for §H»N;O,S[M + H]" m/z 471.1467, found: 471.1462.

4.4. Synthesis of the target compouthsiso
4.4.1. Preparation of phenyl (4-(4-cyano-5-morphei2-(1H-1,2,4-triazol-3-yl)thiophen-3-yl)
phenyl)carbamatdg)

Phenyl chloroformate (2.3 mL, 18.0 mmol) was addep-wise to a solution of intermediate
11 (4.2 g, 12.0 mmol) in acetone (80 mL). The mixtwas stirred at 25 °C for 3 h. The solvent

was evaporateph vacuo The mixture was diluted with GBI, (30 mL) and washed with @ (2



x 10 mL). The organic phase was dried with,®@, and evaporateth vacuoto afford13 as a
white solid (4.1 g, 73.2%). HRMS (ESI) calculatemt €,4H,:N¢OsS[M + H]" m/z 473.1318,
found: 473.1316.

4.4.2. Preparation of
N-(4-(4-cyano-5-morpholino-2-(1H-1,2,4-triazol-3tliophen-3-yl)phenyl)hydrazinecarboxamid
e(14)

80% NHNH,-H,O (1.0 mL, 12.0 mmol) was added drop-wise to atsmiuof intermediate
13 (2.8 g, 6.0 mmol) in 1, 4-dioxane (50 mL). The rahet was stirred at 100 °C for 2 h. The
resulting precipitate was filtered and dried undEtuced pressure to affofidt as a white solid
(2.1 g, 85.3%). HRMS (ESI) calculated forgB1oNgO,S [M + H]" m/z 411.1273, found:
411.1276.

4.4.3. General procedure for preparation of thegetrcompoundgba-m

A mixture of intermediatel4 (5.0 mmol) and different substituted aldehydes ¢&r@ol) in
EtOH (10 mL) and HOAc (1 mL) was stirred at 80 ¥ 5 h. Upon cooling to room temperature,
the resulting precipitate was filtered, washed vE#OH and dried under reduced pressure to
afford target products5a-m
4.4.3.1(E)-2-benzylidene-N-(4-(4-cyano-5-morphelaflH-1,2,4-triazol-3-yl)thiophen-3-yl)phe
nyl)hydrazine-1-carboxamidé%a)

White solid; Yield: 64.5%H NMR (400 MHz, DMSOdg) & 14.00 (s, 1H), 10.80 (s, 1H),
9.03 (s, 1H), 8.46 (s, 1H), 7.97 (s, 1H), 7.86 Jd; 6.9 Hz, 2H), 7.68 (dJ = 8.3 Hz, 2H),
7.47-7.36 (m, 3H), 7.32 (dl = 8.1 Hz, 2H), 3.84 — 3.76 (m, 4H), 3.56 — 3.48 @hi). *°C
NMR(101MHz, DMSOsdg) & 166.2, 156.3, 153.5, 144.3, 141.4, 139.5, 13%4,8L.(2C), 130.4,
129.9 (2C), 129.1, 128.2, 127.5 (2C), 119.7 (2@).1, 114.9, 90.8, 65.7 (2C), 51.0 (2C). m.p.:
241.8 — 243.6°C. HRMS (ESI) calculated for gH,aNgO,S[M + H]" m/z 499.1665, found:
499.1659.
4.4.3.2. (E)-N-(4-(4-cyano-5-morpholino-2-(1F4-triazol-3-yl)thiophen-3-yl)phenyl)-2-
(4-fluorobenzylidene)hydrazine-1-carboxamidgh)

White solid; Yield: 74.2%H NMR (400 MHz, DMSOds) & 13.99 (s, 1H), 10.90 (s, 1H),
9.08 (s, 1H), 8.47 (s, 1H), 8.02 (s, 1H), 7.99(), 7.66 (dJ = 8.3 Hz, 2H), 7.41 (d] = 8.3 Hz,

2H), 7.32 (d,J = 8.3 Hz, 2H), 3.84 — 3.76 (m, 4H), 3.56 — 3.48 @H).°C NMR(101MHz,



DMSO-dg) & 166.2, 163.2 (dJc_r = 247.2 Hz), 156.3, 153.6, 144.3, 140.2, 139.9.3,3139.4,

131.5, 131.4, 130.4 (2C), 129.6 (4. = 8.2 Hz), 128.2, 119. 8 (2C), 117.1, 116.0)dr = 21.7

Hz), 114.9, 90.9, 65.8 (2C), 51.0 (2C). m.p.: 239.240.7°C. HRMS (ESI) calculated for
CasH20FNgO,S[M + H] " m/z 517.1570, found: 517.1562.

4.4.3.3. (E)-N-(4-(4-cyano-5-morpholino-2-(1H-1Ziazol-3-yl)thiophen-3-yl)phenyl)-2-
(3-bromobenzylidene)hydrazine-1-carboxamitis)

White solid; Yield: 75.2%*H NMR (400 MHz, DMSOdg) & 13.99 (s, 1H), 10.91 (s, 1H),
9.14 (s, 1H), 8.45 (s, 1H), 8.18 (s, 1H), 7.931(3), 7.78 (dJ = 7.8 Hz, 1H), 7.66 (d] = 8.5 Hz,
2H), 7.56 (dJ = 8.0 Hz, 1H), 7.38 (t) = 7.8 Hz, 1H), 7.31 (d] = 8.3 Hz, 2H), 3.82 — 3.77 (m,
4H), 3.54 — 3.49 (m, 4H). m.p.: 240.1 — 2435 HRMS (ESI) calculated for gH,,BrNgO,S[M
+ H]*m/z 577.0770, found: 577.0763.
4.4.3.4. (E)-N-(4-(4-cyano-5-morpholino-2-(1F4-triazol-3-yl)thiophen-3-yl)phenyl)-2-
(3-hydroxybenzylidene)hydrazine-1-carboxamitssl)

White solid; Yield: 61.5%H NMR (400 MHz, DMSOds) 5 13.99 (s, 1H), 10.72 (s, 1H),
9.54 (s, 1H), 8.98 (s, 1H), 8.46 (s, 1H), 7.881(), 7.66 (d,J = 8.5 Hz, 2H), 7.31 (d] = 8.4 Hz,
2H), 7.27 — 7.19 (m, 3H), 6.81 @@= 7.4 Hz, 1H), 3.82 — 3.77 (m, 4H), 3.54 — 3.49 4iH). *°C
NMR (101MHz, DMSO€dg) 6 166.2, 158.0, 156.3, 153.5, 144.3, 141.6, 13%86,11 130.4, 130.1
(2C), 127,5, 119.6, 119.2, 118.7, 117.1 (2C), 1,113.8, 90.9, 65.8 (2C), 51.0 (2C). m.p.: 241.7
— 242.5°C. HRMS (ESI) calculated for@H,3NgOsS[M + H] " m/z 515.1614, found: 515.1602.
4.4.3.5. (E)-N-(4-(4-cyano-5-morpholino-2-(1H-3#Zriazol-3-yl)thiophen-3-yl)phenyl)-2-
(4-methoxyphenyl)benzylidene)hydrazine-1-carboxarfiik)

White solid; Yield: 77.3%H NMR (400 MHz, DMSOds) 5 14.00 (s, 1H), 10.67 (s, 1H),
8.98 (s, 1H), 8.47 (s, 1H), 7.92 (s, 1H), 7.80(d,8.7 Hz, 2H), 7.68 (d] = 8.5 Hz, 2H), 7.32 (d,
J = 8.5 Hz, 2H), 6.99 (d] = 8.8 Hz, 2H), 3.81 (s, 3H), 3.82 — 3.77 (m, 48ip4 — 3.49 (m, 4H).
%C NMR (101MHz, DMSOdg) & 166.2, 160.8, 156.3, 153.6, 144.3, 141.3, 13%8,41(2C),
129.1 (2C), 128.1, 127.5, 119.6 (2C), 117.1, 114195 (2C), 91.0, 65.8, 55.7 (2C), 51.0 (2C).
m.p.: 255.6 — 257.7C. HRMS (ESI) calculated for £H,sNgOsS[M + H]" m/z 529.1770, found:
529.1761.
4.4.3.6. (E)-N-(4-(4-cyano-5-morpholino-2-(1H4-triazol-3-yl)thiophen-3-yl)phenyl)-2-

(3,4-dihydroxybenzylidene)hydrazine-1-carboxamid) (



White solid; Yield: 77.2%*H NMR (400 MHz, DMSOdg) & 13.96 (s, 1H), 10.52 (s, 1H),
9.43 (s, 1H), 9.12 (s, 1H), 8.90 (s, 1H), 8.43L#), 7.79 (s, 1H), 7.66 (d,= 8.5 Hz, 2H), 7.30 (d,
J=8.5Hz, 2H), 7.26 (d] = 1.6 Hz, 1H), 7.05 (dd] = 8.2, 1.7 Hz, 1H), 6.77 (d,= 8.1 Hz, 1H),
3.82 — 3.77 (m, 4H), 3.54 — 3.49 (m, 4H). m.p.: .846 248.5°C. HRMS (ESI) calculated for
CasH2aNgO4S[M + H] " m/z 531.1563, found: 531.1556.
4.4.3.7.(E)-N-(4-(4-cyano-5-morpholino-2-(1H-1, 2ri&zol-5-yl)thiophen-3-yl)phenyl)-2-(4-(trifl
uoromethoxy)benzylidene)hydrazine-1-carboxaniiég)(

White solid; Yield: 85.5%H NMR (400 MHz, DMSOds) 5 13.99 (s, 1H), 10.90 (s, 1H),
9.08 (s, 1H), 8.46 (s, 1H), 8.01 (@ 8.8 Hz, 2H), 7.99 (s, 1H), 7.67 @ 8.5 Hz, 2H), 7.41 (d,
J = 8.3 Hz, 2H), 7.32 (dJ = 8.3 Hz, 2H), 3.83 — 3.76 (m, 4H), 3.55 — 3.49 4H). °C NMR
(101MHz, DMSOse) § 166.2, 165.2, 153.5, 149.3, 144.3, 139.7, 1343,9, 130.4, 130.1 (2C),
130.0, 129.3 (2C), 121.6 (2C), 121.3, 120.5Xgr = 256.4 Hz), 119.8 (2C), 117.1, 115.0, 91.0,
65.8 (2C), 51.0 (2C). m.p.: 254.6 — 256@ HRMS (ESI) calculated for fH,,FsNgOsS[M +
H]* m/z 583.1488, found: 583.1481.
4.4.3.8.(E)-N-(4-(4-cyano-5-morpholino-2-(1H-1, 2ri&zol-5-yl)thiophen-3-yl)phenyl)-2-(2,6-dic
hlorobenzylidene)hydrazine-1-carboxamidbh)

White solid; Yield: 76.5%H NMR (400 MHz, DMSOds) 5 13.98 (s, 1H), 11.16 (s, 1H),
8.79 (s, 1H), 8.45 (s, 1H), 8.19 (s, 1H), 7.59&,8.1 Hz, 4H), 7.43 () = 8.1 Hz, 1H), 7.29 (d]
= 8.2 Hz, 2H), 3.83 — 3.76 (m, 4H), 3.55 — 3.49 4iH). °C NMR (101MHz, DMSOds) & 166.2,
156.3, 153.1, 152.1, 144.3, 139.4, 139.1, 136.4,42C), 131.3, 130.6 (2C), 129.7, 129.4, 128.3,
119.0 (2C), 117.1, 115.0, 90.9, 65.8 (2C), 51.0)(2@.p.: 269.7 — 271.4C. HRMS (ESI)
calculated for GH».ClLNgO,S[M + H]*m/z 567.0885, found: 567.0879.
4.4.3.9.(E)-N-(4-(4-cyano-5-morpholino-2-(1H-1, 2ri&zol-5-yl)thiophen-3-yl)phenyl)-2-(4-hydr
oxy-3,5-dimethylbenzylidene)hydrazine-1-carboxar(ifig

White solid; Yield: 82.4%H NMR (400 MHz, DMSOdg) & 13.99 (s, 1H), 10.55 (s, 1H),
8.90 (s, 1H), 8.63 (s, 1H), 8.47 (s, 1H), 7.811(8), 7.68 (dJ = 8.5 Hz, 2H), 7.41 (s, 2H), 7.31 (d,
J = 8.5 Hz, 2H), 3.83 — 3.76 (m, 4H), 3.55 — 3.49 @Hl), 2.20(s, 6H)**C NMR (101MHz,
DMSO-ds) 4 166.2, 156.3, 152.1, 144.3, 139.4, 139.1 (2C),4.82C), 131.3, 130.6 (2C), 129.7
(2C), 129.4, 128.3, 119.1 (2C), 117.1, 115.0, 9698 (2C), 51.0 (2C). m.p.: 258.7 — 2661

HRMS (ESI) calculated for GH,7Ng0sS[M + H] " m/z 543.1927, found: 543.1920.



4.4.3.10.(E)-N-(4-(4-cyano-5-morpholino-2-(1H-12Zidzol-5-yl)thiophen-3-yl)phenyl)-2-(3,4,5-
trimethoxybenzylidene)hydrazine-1-carboxamiti)(

White solid; Yield: 77.9%H NMR (400 MHz, DMSOdg) & 13.98 (s, 1H), 10.81 (s, 1H),
9.04 (s, 1H), 8.47 (s, 1H), 7.89 (s, 1H), 7.66)¢&,8.5 Hz, 2H), 7.32 (d] = 8.5 Hz, 2H), 7.15 (s,
2H), 3.86 (s, 6H), 3.83 — 3.76 (m, 4H), 3.70 (s),3Bi55 — 3.49 (m, 4H)"*C NMR (101MHz,
DMSO-dg) 8 166.2, 156.3, 153.6 (2C), 144.3, 141.3, 139.5,4.82C), 139.2, 130.5, 130.4 (2C),
128.2, 119.8 (2C), 117.1, 115.0, 104.9, 91.0, 68085 (3C), 56.5 (2C), 51.0 (2C). m.p.: 274.0 —
275.9°C. HRMS (ESI) calculated forgH,gNgOsS[M + H]" m/z 589.1982, found: 589.1976.
4.4.3.11.(E)-2-((1H-pyrrol-2-yl)methylene)-N-(4-¢¢ano-5-morpholino-2-(1H-1,2,4-triazol-5-yl)t
hiophen-3-yl)phenyl)hydrazine-1-carboxamideék)

White solid; Yield: 59.2%H NMR (400 MHz, DMSOds) & 14.00 (s, 1H), 11.51 (s, 1H),
10.56 (s, 1H), 9.03 (s, 1H), 8.47 (s, 1H), 7.76Lt), 7.63 (dJ = 8.4 Hz, 2H), 7.33 (d] = 8.4 Hz,
2H), 7.01 (s, 1H), 6.38 (s, 1H), 6.12 (dds 5.4, 2.4 Hz, 1H), 3.83 — 3.76 (m, 4H), 3.55493(m,
4H). *C NMR (101MHz, DMSOd,) § 166.3, 165.2, 153.6, 139.6, 134.0, 133.3, 1303,(230.1,
130.0, 128.2, 121.7, 117.2, 119.3 (2C), 112.4,3,01.2, 65.8, 63.3 (2C), 51.0 (2C). m.p.: 258.1
— 259.9°C. HRMS (ESI) calculated for@H,:NgO,S [M + H]" m/z 488.1617, found: 488.1611.
4.4.3.12.(E)-N-(4-(4-cyano-5-morpholino-2-(1H-1;2Zzol-5-yl)thiophen-3-yl)phenyl)-2-(furan
-2-ylmethylene)hydrazine-1-carboxamid8l
White solid; Yield: 66.8%H NMR (400 MHz, DMSOdg) & 14.01 (s, 1H), 10.76 (s, 1H), 8.81 (s,
1H), 8.46 (s, 1H), 8.18 (s, 1H), 7.63 (&= 5.0 Hz, 1H), 7.61 (d] = 8.2 Hz, 2H), 7.44 (] = 3.1
Hz, 1H), 7.30 (dJ = 7.7 Hz, 2H), 7.12 (ddl = 4.9, 3.7 Hz, 1H), 3.83 — 3.76 (m, 4H), 3.54 483.
(m, 4H)."3C NMR (101MHz, DMSOde) & 166.2, 156.3, 153.3, 150.1, 144.9, 144.3, 13%9,3,
131.8 (2C), 130.5, 128.1, 119.3, 117.1, 115.0,6112C), 112.2, 91.0, 65.8 (2C), 51.0 (2C). m.p.:
247.4 — 249.1°C. HRMS (ESI) calculated for /8H,:NgOsS [M + H]" m/z 489.1457, found:
489.1448.
4.4.3.13.(E)-N-(4-(4-cyano-5-morpholino-2-(1H-1Ziézol-5-yl)thiophen-3-yl)phenyl)-2-(pyridi
n-2-ylmethylene)hydrazine-1-carboxamid®n)

White solid; Yield: 59.2%H NMR (400 MHz, DMSO#dg) 13.99 (s, 1H), 10.97 (s, 1H), 9.10 (s,
1H), 9.01 (s, 1H), 8.57 (d = 3.8 Hz, 1H), 8.47 (s, 1H), 8.32 (@= 7.9 Hz, 1H), 7.99 (s, 1H),

7.67 (d,J = 8.4 Hz, 2H), 7.45 (dd] = 7.8, 4.8 Hz, 1H), 7.32 (d,= 8.4 Hz, 2H), 3.83 — 3.76 (m,



4H), 3.54 — 3.48 (m, 4H). m.p.: 245.8 — 2472 HRMS (ESI) calculated for GH2Ng0,S [M +

H]*m/z 500.1617, found: 500.1598.
4.5. Pharmacology
4.5.1. In vitro enzymatic assays

The in vitro enzymatic assays of target compourmts PI3Ks were evaluated by
Kinase-Glo™ assay and ADP-Glo™ Kinase Assay. Brigfle compound, PI3K enzyme (PI8K
from Invitrogen, PIK3@ from Millipore, PIK3Cy from Invitrogen, and PIK3&from Millipore),
the PIP2 (Life) substrate, and ATP (281, Sigma) were diluted in kinase buffer to the aated
concentrations. The assay plate was covered amnthated at room temperature (PtBKPI3KS,
and PI3K for 1 h and PI3K for 2 h). Then, the Kinase-Glo reagent (Promegad added to the
PI3Ka plate to stop the reaction and shaken for 15 rRor. the PI3K, PI3KB, and PI3K
inhibition assay, ADP-Glo reagent 1(Promega) wateddnd shaken slowly for 40 min, followed
by the addition of ADP-Glo reagent 2 (Promega)kehafor 1 min, and equilibrated for 60 min,
while mTOR inhibition of compound were evaluated lbgnce Ultra Assay. Briefly, mTOR
enzyme (from Millipore), the ULight-4E-BP1 (Thr3B¥Peptide (Promega), and ATP ({LBI,
Sigma) were diluted in kinase buffer to the indéchtoncentrations. The assay plate was covered
and incubated at room temperature for 1h. Thend#tection solution of kinase quench buffer
(EDTA, Sigma) and Eu-anti-phospho-4E-BP1 (Promegay added to the plate to stop the
reaction, shaken for 15 min and equilibrated fom@0. The data were collected on Envision and

presented in Excel. Kgvalues were calculated from the inhibition curves.
4.5.2. Cell proliferation assays

All target compounds were evaluated for antiprodifze potency against USB7MG, T47D,
H1975, H460 and A549 tumor cell lines using a AeETGlo® Luminescent Cell Viability Assay.
The human tumor cell lines used were obtained fileenATCC. All the mediums and FBS were
Gibco. T47D, H1975 and H460 tumor cells were cedum RPMI1640 medium supplemented
with 10% FBS. U87MG were cultured in DMEM mediumpplemented with 10%FBS. A549
were cultured in Ham's F12K medium supplementedh W?%FBS. The day before treatment

with compounds, cells were seeded at a density ©f1® in each well of a 96-well plate. The



tumor cells were then treated with 3-fold seriduidid compound or DMSO control in the
incubator at 37 °C and 5% GQor 3 days, prior to the addition of CellTiter-Gleagents
(Promega) and reading of luminescence using a fgrkier Envision plate reader. JCvalues

were determined by curve fitting using XLfit prograf Excel software (Microsoft, USA).
4.5.3.Kinase Competition Binding Assays

KINOMEscan competition binding assays (www.kinong@scom) were performed as
described previousK!! Kinases were produced displayed on T7 phage or Xpyession in
HEK-293 cells and tagged with DNA. Binding reacBowere performed at rt for 1 h, and the
fraction of kinase not bound to test compound weterthined by capture with an immobilized
affinity ligand and quantitation by quantitative RCEach kinase was tested individually against

each compound.
4.5.4. Western Blot Analysis

Cells were treated with2k andPF-4989216at the indicated concentrations for 2 h at 37 °C
before stimulated with jfuig/mL insulin for 2 h, then the cells were harvestgdshed in ice-cold
PBS, and lysed with RIPA bier, protease inhibitors, phosphatase cocktails dABnand PMSF
(1 mM). Protein concentration was determined byBIi@A Kit. The samples were subjected to
SDS- PAGE and then transferred onto PVDF membrdhi#pore). The membranes were
incubated overnight at 4 °C with the primary antipqanti-AKT(CST#4691T), anti-pAK¥™"?
(CST#4060T)in 5% BSA/TBST bter with gentle shaking, then washed with 1 x TB$fimes,
followed by incubation with secondary antibodiglye 680RD Goat anti-Rabbit antibody; from
Licor, Cat. No. 926-68021, 1:10000 dilution), déddtin PBST, for 1 hour at RT. The target blots

were detected with Li-Cor Odyssey imager system.
4.5.5. Caco-2 permeability assay

Caco-2 cells purchased from ATCC were seeded oolgethylene membranes (PET) in
96-well Insert plates at 1 x 1@ells/ cnd, and refreshed medium every 4~5 days until to2thet
to 28th day for confluent cell monolayer formatiofest compound was tested atu®/i
bi-directionally in duplicate. Digoxin was testet 20 uM bi-directionally in duplicate, while

nadolol and metoprolol were tested au® in A to B direction in duplicate. Final DMSO



concentration was adjusted to less than 1%. The plas incubated for 2 hours in €@cubator

at 37+1°C, with 5% C@at saturated humidity without shaking. And all péas after mixed with
acetonitrile containing internal standard were Grged at 3200xg for 10 min. Subsequently,100
ML supernatant solution was diluted with 100 pLtillésl water for LC/MS/MS analysis.
Concentrations of test and control compounds irtistasolution, donor solution, and receiver
solution were quantified by LC/MS/MS methodologiesing peak area ratio of analyte/internal
standard. After transport assay, lucifer yellovectipn assay was applied to determine the Caco-2
cell monolayer integrity. The apparent permeabitibgefficient Papp (cm/s) was calculated using
the equation: Papp = (dCr/dt) x Vr / (A %)CWhere dCr/dt is the cumulative concentration of
compound in the receiver chamber as a functiomud {LLM/s); Vr is the solution volume in the
receiver chamber (0.075 mL on the apical side, hR%on the basolateral side); A is the surface
area for the transport,o@ the initial concentration in the donor chamherj. The efflux ratio

was calculated using the equation: Efflux Raticap(B-A) / Papp (A-B)

4.5.6. Liver Microsomal Stability Assay

Two parallel determinations in microsomes, with amithout the NADPH regenerating
system, were performed for selected compoundsflgriee compounds were preincubated with
microsomes (human microsome, CORNING Gentest, t7831001; rat microsome, Xenotech,
Lot No. 1310030) (0.5 mg/mL) atd@M for 10 min at 37 °C in potassium phosphate bufi€0
mM at pH 7.4 with 10 mM MgG). The reactions were initiated by adding prewarmoeictors
(2 mmol NADPH). After incubation for different tireg0, 5, 10, 20, 30, and 60 min) at 37 °C,

cold acetonitrile was added to precipitate theginotThen, the samples were centrifuged, and the

supernatants were analyzed by+i@S/MS.

4.5.7. Cytochrome P450 Inhibition Assay

Cytochrome P450 inhibition was evaluated in huniaer Imicrosomes (0.25 mg/mL) using
three specific probe substrates (CYP1A2,ubM phenacetin; CYP2D6, 81 dextromethorphan;
and CYP3A4, 21M midazolam) in the presence of multiple conceiuret of the test compound
10 uM). After preincubation at 37 °C for 10 min, theacdion was initiated by the addition of 20

uL of NADPH to a final concentration of 10 mM. Thexture was incubated at 37 °C for 10 min,



and the reaction was terminated by the additiod@d pL of cold stop solution (200 ng/mL

tolbutamide and 200 ng/mL labetalol in acetoni}rilafter the reactions were terminated, the

plates were centrifuged, and the supernatants averyzed by L& MS/MS.

4.5.8. In vivo pharmacokinetics

Formulations of compoundl2k were administered intravenously via gavage to
Sprague-Dawley rats in full compliance with the @uifor the Care and Use of Laboratory
Animals. After intravenous injection with the comnymal (5 mg/kg), blood samples were collected
in heparin-containing tubes at predetermined timiatp (0.083, 0.25, 0.5, 1, 2, 4, 6, 8, 12 and 24
h) and centrifuged immediately at 4 °C and 4000 rfon 20 min. Noncompartmental

pharmacokinetic parameters were fitted using DAB2€ed on the LC-MS/MS quantitation data.
4.5.9. hERG QPatch Assay

The CHO-hERG stable cell line used in these expamrisr was obtained from Sophion
Bioscience, Denmark. hERG currents were recordedaah temperature on the Sophion Qpatch
48 HTX (Sophion Biosciences). All experiments wpegformed in single-hole mode. The cells
were voltage clamped at a holding potential of 8@ mhe hERG current was activated by
depolarizing at +20 mV for 5 sec, after which therent was taken back to 50 mV for 5 sec to
remove the inactivation and observe the deactigat#il current. The K tail current through
HERG channels observed during this step was allotwedtabilize under continuous bath
perfusion. Cells were then superfused with drug atgady state block was achieved. Steady state
was considered reached when three consecutive-sapesable current records were collected.
At this point, cells were once again superfusechvektracellular solution until the current
amplitude returned to values close to those medsilefore application of drug. More
concentrations of drugs were tested on each c#il washout in between each drug application.
Cisapride was used in the experiments to ensurandheal response and good quality of the

hERG cells.
4.5.10. Molecular docking

The protein coordinates (PDB: 3ZIM; 2Y3A; 3DBS; 2WX downloaded from the Protein Data



Bank (http://www.rcsb.org/pdb/), were chosen asplates to compare the docking mode among

12k bound to PI3l&, PI3KB, PI3Ky and PI3K. Molecular docking calculations were conducted
using the Dock6 protocol in Yinfo Cloud Platformtt¢h//cloud.yinfotek.com/). The structure of
compound was built with energy minimization in MM¥force field, and PI3Ks was assigned
hydrogen atoms and partial charges in Amber ff148Be field and partial charges in Chimera.
The binding pocket of the crystal ligand was asglitoebe analogous to that b2k in PI3Ks. The
box center and the dimensions were thus set. ThEKD6.7 program was utilized to conduct
semiflexible docking with 1000 different orientations generated. Then, thel-Based score was

calculated for each pose. The image files were rgéed by Pymol.
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Highlights

. Two series of novel 2,3,4,5-tetra-substituted thiophene derivatives containing
diaryl urea or N-Acylarylhydrazone scaffold were designed and synthesized as
selective PI3K o inhibitors.

. Compound 12k demonstrated nanomolar PI3Ka inhibitory potency with 12, 28,
30, 196-fold selectivity against isoforms 3, v, 8 and mTOR.

. Compound 12k showed potent antiproliferative activity against T47D, H460,
H1975, A549 and U87MG cell lines with 1Csg values of 0.31uM, 0.20uM, 1.06uM,
3.84uM and 2.86uM, respectively.

Compound 12k showed acceptable profiles in ADME and pharmacokinetic

assays.
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