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we discovered a novel anti-EV71 target—mTOR for the first time, and optimized
the structure of a potent anti-EV71 inhibitor, Torin2, to obtain potent activity and

better water solubility anti-EV71 agents.
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ABSTRACT

Due to the limitations of existing anti-EV71 targetve have been eager to discover a new
anti-EV71 agent based on mTOR (the mammalian tafyeapamycin), which is an important
target for finding antiviral agents based on hoslisc Torin2 is a second-generation ATP
competitive mTOR kinase inhibitor (4&0.25 nM). Our research team tested the anti-EV71
activity of Torin2in vitro for the first time. The result showed that Torihdad significant
anti-EV71 activity (1G=0.01 uM). In this study, thirty novel Torin2 derivativesere
synthesized and evaluated for anti-EV71 activitynghg them,11a 11b, 11d, 11eand11m
displayed similar activity to Torin21edisplayed the most potent activity, with arsd@alue of
0.027uM, which was closest to Torin2, and displayed poteMOR kinase inhibitory activity. A
molecular modeling study showed tHdte interacted with Val2240 and Lys2187 via hydrogen
bonds and had a good match with the receptor. Aahdily, a mechanism study showed that
most of the compounds had significant inhibitionttte mMTOR pathway substrates p70S6K and
Akt. The water solubility test of compounds withtguat activity revealed thdtlaand11lmwere
improved by approximately 5-15-fold compared toifidr These data suggest tidlaand11lm

may be potential candidates for anti-EV71 treatment

Keywords: mTOR; anti-EV71 Inhibitor.



1. Introduction

Hand-foot-and-mouth disease (HFMD) is an infectialisease caused by a variety of
enteroviruses (EVs) that can be transmitted byctimontact with the gastrointestinal and
respiratory systems. According to WHO statisticsvide range of HFMD epidemics have been
reported in various regions of the Western Pasifice 2010 [1, 2].

Enterovirus 71 (EV71) is the main pathogen thatseauHFMD. At present, there are no
effective antiviral drugs and preventive vaccingaiast EV71, and most of them are still in the
preclinical research stage. The idea of EV71 amtivherapy is mainly divided into two aspects.
On the one hand, it directly targets the EV71 infecprocess, and the targets are mainly EV71
RNA-dependent RNA polymerase, VP1, and nonstrucpnateins (2A, 2B, 2C, 3A, 3C and
3D). There are also some agents that block thécegjoin process of the virus by cutting off the
EV71 replication-related signaling pathways, inahgdsmall molecule agents, natural products,
and nucleotide therapy, but most of them lack ardgs clinical trial basis, and the mechanism
and effect need to be further clarified. Additidpathe long-term effects of certain drugs may
also trigger viral resistance mutations [3-11].

Due to the limitations of existing anti-EV71 virtergets, it is of particular importance to find
new targets for high-efficiency and low-toxicity agst EV71. The mammalian target of
rapamycin (MTOR) is a highly conserved serine/thim® protein kinase that belongs to the
phosphoinositide 3-kinase (PI13K)-related proteimakie (PIKK) family [12, 13InTOR is a key
element in the PI3K/Akt/mTOR signaling pathway tlzantrols cell growth in response to
energy, nutrients, growth factors and other envirental cues [14]. It exists in two functionally
distinct protein complexes, mMTORC1 and mTORC2. MiBORC1 complex is composed of
Raptor, LST8, PRAS40 and Deptor, and is responsgdsl@egulated protein synthesis through
phosphorylation of S6K1 and 4EBP1. The mTORC2 cemplonsists of Rictor, LST8, SIN1,
Deptor, and Protor, and regulates cell proliferatand survival through phosphorylation of
Akt/PKB. After the virus attaches and enters thetheell, it activates the PISK/Akt/mTOR
signaling pathway, upregulates the phosphoryldaeal of downstream functional factors S6K1
and 4EBP1 of mTOR, reduces the host cell apoptasised by a viral infection, and makes the
virus continue to infect the cell [15}. manuscript describing the mechanism of actiodistiis

in preparation and will be published elsewhere.



In recent years, studies to inhibit viruses by liting mMTOR of host cells have been widely
reported [16-28]We collected the existing mTOR inhibitors in theginical research stage and
tested their activities against the EVL vitro [29-41]. Our experimental data showed that
Torin2, which is a mTORC1 and mTORC2 dual inhibif#2], exhibits potent activity against
EV71 with an IGy of 0.01 puM. Although Torin2 showed high activity and suitable
bioavailability (F=51%), its water solubility is pa We measured its solubility in water as 1.29
ug/ml which is almost insoluble according to ChPhd&rmacopoeia of The People's Republic of
China). Moreover, as water solubility is an impatt@hysicochemical property affecting the
absorption of oral drugs, we considered to imprdve water solubility of Torin2 through
structural modification while maintaining high adty. To overcome these deficiencies, we
initiated a medicinal chemistry campaign that regiilin the identification of a highly potent
anti-EV71 agent targeting mTOR.

2. Results and Discussion
2.1. Chemistry

Based on the early studies [42, 43] and the armlgdi Torin2 and mTOR protein
cocrystallization, we optimized the structure ofrifi@ and obtained the preliminary structural
formula (') of the designed compounds. The heterocycle ABamehs an essential part of the
activity, and it needed to contain an electron-rsttucture to form a hydrogen bond with the
amino acid residue; a quinoline ring was selectetha core structure. Ring C was mainly used
to maintain its pharmacokinetic properties, andtafBioromethylphenyl was selected. Part D
filled the hydrophobic pocket region of the accepprimarily a five or six-membered aromatic
heterocyclic ring or a flexible long-chain subdibm. Therefore, we decided to retain the
qguinoline ring structure of Part A and B and theifldoromethylphenyl structure of Part C. We
redesigned Part D and Part E and investigatedfésteon the structure-activity relationship. We
designed series 1, 2 and 3 compounds and invesdighe effects of the lactam structure, the
oxazolone structure and the ketene side chaintateiof Part E on the activity. For Part D, we
chose aromatic rings, aromatic heterocycles, spigs, and chain substituents to investigate the

effect of different conjugated systems and diffésgratially oriented substitutions on activity.

Figure 1



6-bromo-4-((3-(trifluoromethyl)phenyl)amino)quinoé-3-carbaldehyde2] was synthesized
according to a method previously reported in therditure [42].The Horner-Wadsworth
-Emmons olefination reaction @ with ethyl 2-(diethoxyphosphoryl) acetate in thegence of
potassium carbonate provided the intermediatg¢44]. The Suzuki coupling reaction of
intermediate8 with different boronic esters in the presence a@ffPh),and potassium carbonate
provided the compoundéa-4b [42]. Intermediate3 reacted with different substituted aromatic

amines via a coupling reaction to afford compoufadd [45]. (Scheme L

Scheme 1

The oxidation reaction & with MCPBA in the presence of potassium carbopateided the
intermediateb, which was treated with NaOH (1N) to give internag¢el6. Then, intermediaté
reacted withN,N'-Carbonyldiimidazole via a condensation reactioafford intermediat§. The
Suzuki coupling reaction of intermediatewith different boronic esters in the presence of
Pd(PPh),and potassium carbonate provided the compo@aeBc [46]. Intermediate? reacted
with different enamides or olefins via a couplingaction to afford compounddd-8f [47].
(Scheme 2.

Scheme 2

Compound 2 reacted with 1-(triphenylphosphoranylidene)propasn2 via a coupling
reaction to afford intermedia@® The Suzuki coupling reaction of intermeditevith different
boronic esters in the presence of Pd@find potassium carbonate provided the compounds
10a-10e[48]. (Scheme 3.

Scheme 3

Finally, considering the excellent anti-EV71 adiyvof compounddb, a series of analogues,
11a110 were synthesized with different substitutionshat R, Rs and R-position via different

substituted pyridyl derivatives, such as alkyl, Inoty, fluoro, alkylamide, arylamide-substituted



pyridine, other ring-substituted pyridine and quam® to improve activity and pharmacokinetic
properties [42-44].cheme 4.

Scheme 4

2.2. Biology
2.2.1. Anti-EV71 Activities and the SARs

Starting from the lead-compound Torinkx-4d, 8a8f, and 10a10e were synthesized, and
their anti-EV71 activities were evaluated in RDI di@les. The results listed ifiable 1indicated
that compared to the compounds of series 2 andss8yithe series 1 compounds generally have

certain antiviral activities, of which compouddt displayed closer anti-EV71 activity to Torin2.

Table 1

To search for potential compounds that displayeetttivity and pharmacokinetic properties,
the reactions of intermediaBwith different substituted pyridine derivatives regerformed to
obtain compound&lallo In this series of analogues, we mainly investiddhe effects of the
location, size, electronegativity of different stitogions on pyridyl, and obtained some obvious
SARs. The results listed ihable 2 indicated that the position and size of the stltstn on
pyridine moiety was crucial for anti-EV71 activity.

Compoundlla, which contained -F at the C-2 {Roosition of the pyridine moiety displayed
some higher anti-EV71 activity compared to compolihld, which contains -F at the C-6 {R
position. Compound.1c, which contained -OCHat the C-2 (R position, lost activity (I >
200 pM). Moving the -OCH group from the C-2 position to the C-6 positiognsiicantly
increased the anti-EV71 activity (Compouhtld: 1Cs values of 0.041M). Therefore, when the
substitution was an electron-donating group andtéxt at the C-6 position, it displayed better
activity.

On the other hand, as shown in compourie11lo when the C-6 (F position was
substituted by a N derivative, the anti-EV71 atyivof the compound can be maintained.
Compoundlle 11f and 11h were all substituted by a linear amide group. Amémgm, the



propionamide-substituted compoutde displayed the best activity (¥¢values of 0.0271M)
close to the reference compound Torin2, but theviscgradually decreased with extension of
the length of the substitution. When a linear sttsdtn (compoundl11f) is replaced by a
branched substitution (compouridg), the activity significantly decreased. The adyivof
compoundl1i, which was obtained by replacing the terminal stisbin with a phenyl group,
was lower than that of compoudde Therefore, the SARs in the amide substituted aamgd
was that the chain substituted compounds were supty the aromatic ring substituted
compounds. The length of the chain substitution &adgnificant influence on the activity, the
shorter the substitution length was, the betteativity.

The compound. 1k substituted with an aryloxyamide displayed modekattivity, and when
the substitution was replaced by a benzyloxyammenpoundl1ll), the activity was greatly
lower. Similarly, when replaced with a t-butoxyamigroup, the activity of compountil]
decreased.

If R was a heterocyclic substitution, the compoddan, having a piperazine substitution,
displayed moderate activity, and if the piperazoiethe compoundllm was replaced by a
morphine (compoundl1n) or a pyrrolidine (compoundi1o), the activity would be significantly
reduced. Therefore, the SARs of the cyclic sulistittcompound was that the activity of the
six-membered ring-substituted compound was supetorthat of the five-membered
ring-substituted compound, and the activity of thmuble-N-ring-substituted compound was
superior to that of the single-N-ring-substitutemmpound. The SARs of all the synthesized

compounds are summarizedrigure 2.

Table 2

Figure 2

2.2.2.In vitro mTOR Kinase Inhibitory Activity
To elucidate whether the synthesized compoundettéihg mTOR kinase, the vitro mTOR
kinase inhibitory activities oBa, 10aand1le,which were the representative compounds of the

respective series, were evaluated in regard to tbkitively better anti-EV71 activities among



all the tested compounds. The inhibitory conceiunatthat inhibited the mTOR kinase by 50%
(ICs0) of compound$a, 10a andllewere 256.80, 7766, and 29.24 nM, respectivieéigure 3.

Figure 3

2.2.3. Molecular Modeling Study

Compoundlledisplayed the best anti-EV71 activity and effeetmTOR kinase inhibition in
the initial screening, and we then selected it les dptimized compound for the following
studies. To explore the binding modes of targetpmumds with the ATP-binding site of mTOR,
molecular docking simulation studies were carried by using the Libdock module of the
Discovery Studio 2.5. When docking compouria; Figure 4A shows that compountilecould
be docked in the ATP-binding site in a similar confation to that of the reference compound
Torin2 in the crystal structure (PDB ID code: 4JSSince numerous studies have suggested that
the interaction to the hinge region is crucial td@R inhibitory activity, the interaction with
Val2240 is essential to many kinds of mTOR inhitgt¢49-56].Compoundlle and Torin2
could overlap in the position of the ring structuf@e nitrogen atom on the quinoline group and
the oxygen atom on the carbonyl grouplde and Torin2, respectively, bond to Val2240 and
Lys2187 via a hydrogen bond. Moreover, the strectirquinoline inl1eand Torin2 is fixed on
the central hydrophobic region of the ATP-bindinite swith a n-n conjugation effect with
Trp2239. To elucidate the SARs that were concluffech the anti-EV71 activities above,
molecular docking was also performed to study timdibg mode of some representative
compounds. Comparing the docking resultsl@é and 8a (the representative compounds of
series 2), compoungia lost the hydrogen bond interaction with the Lys2{Bigure 4B), which
played a vital role in binding with the ATP-bindisge. Similarly, In comparison withle the
decrease in the anti-EV71 activity ®0a might be due to the loss of the hydrogen bond with
Lys2187 Figure 4C). Moreover, the structure dDawas reversed, and the interaction between
the ketene side chain and the hydrophobic cavity eexreased comparedltbe In comparison
with 11e compoundslld, 11h and11m formed the same hydrogen bonds with Val2240 and
Lys2187 in the ATP-binding site. This might explawhy their activity was close tdle
However, due to the increase in the size of theg lomain substitution of the compouddh

(Figure 4E) and the piperazine substitution of the compofifich (Figure 4F), it was more



easily exposed to the solvent environment. On therdhand, compared wittile we found the
activity decline of the -OCHsubstitutedL1d (Figure 4D) because the -OGHubstitution was
not enough to occupy the hydrophobic cavity. Traeefthe size of the substitution was critical
for activity.

Figure 4

2.2.4. Cell-based Enzyme Inhibition Assay

As reported in the references, ATP competitivebitbrs of mTOR inhibit both mTORC1 and
MTORC2 complexes and have a greater inhibitory tfancagainst mTORC2 than mTORC1
single inhibitors [57-59We performed a mTORC1 and mTORC2 cell-based assayaluate
inhibitory activity and the molecular mechanismtbé synthesized compounds in RD cells.
MTORCL1 activates the activity of P70S6K1 by phosplating the Thr389 site of P70S6K1,
MTORC?2 activates Akt by phosphorylating the Ser4it8 of Akt. Therefore, the degree of
phosphorylation of the Thr389 site of P70S6K1 drel$er473 site of Akt in the test cells can be
detected to reflect the inhibition of intracellul@TORC1 and mTORC2 by the compound. In
this study, both p70 and Akt phosphorylation levelsre evaluated in the mTORC1 and
MTORC2 pathways of the RD cell line with the treatthof 20 uM of the compounds in the
medium containing 167 nM of insulin for 2 h. Mearnlshthere were decreasing expression
levels of p70 phosphorylation due to the RapamyaiimTORC1 single inhibitor) treatment
under the same assay condition. The results amgrsimFigure 5. Based on these observations,
we concluded that compounds, 4b, 4c, 4d, 11a, 11b, 11d, 11e, 11f, 11g, 11h, 11j, 11k,
11l, 11m, 11nandl1locould downregulate p70 phosphorylation expressorls.Compounds
4b, 4c, 4d, 11a, 11b, 11d, 11e, 11f, 119, 11h, 1M, 11k, 11l, 11n,and 110 significantly
decreased the expression levels of phosphorylakédTAe assay results showed that most series
3 compounds had dual inhibition of the mTORC1 andORC2 pathways. However,
compoundsa and8d of series 2 and compourdda of series 3 can inhibit neither mTORCL1 nor
mTORC2, which was consistent with the lower mTORakke inhibitory activity of compounds
8aandl10a

Figure 5



2.2.4. Absorption Properties and Water Solubility

As the poor absorption properties of Torin2 arertten factors that restrict its druggability,
the absorption properties of compouridss 11b, 11d, 11e and11m, which displayed potent
activity, attracted our attention and were prediaising software ADMET Predictor version 8.5
(Simulations Plus Inc., Lancaster, CA, USA) [6Dhe computer simulation results listed in
Table 3revealed that the absorption properties of comgstiha 11b, 11d, 11eand11m were
all in a reasonable range, which suggested 1iaf 11b, 11d, 11e and 11m were excellent

candidates for potential anti-EV71 agents.

Table 3

As the poor absorption of Torin2 may be due tolithéed water solubility [42]We measured
the water solubility ofLl1a 11b, 11d, 11eand11m. The results are listed ifable 4. The water
solubility of 11b, 11d and11ewere worse than Torin2. However, compared to Wrihe water
solubility of 11a was improved by approximately 5-fold, of whidim was improved by
approximately 15-fold, which suggested thHeta and 11m may display better absorption
properties than Torin2 for potential anti-EV71 agemnd have the potential to become

candidates with good druggability.

Table 4

3. Conclusions

Due to the limitations of existing anti-EV71 targgit is especially urgent to find new safe and
efficient targets. The past few years witnessed rdmd development of the novel mTOR
inhibitors as antiviral agents. Torin2 analoguee ane of the most representative classes
displaying mTOR kinase inhibition. On the basisaf previous work, we focused the study on
the Torin2 derivatives derived from different cosguctures, including six-membered ring
compounds (series 1), five-membered ring compouysdses 2) and open-loop compounds
(series 3). The comprehensive and detailed SARacgeired might provide some information

for the design and synthesis of new anti-EV71 agyelnt the present work, we evaluated the



inhibitory activities of the newly synthesized 36ngpounds toward EV71 in RD cell lines.
Notably, compound ledisplayed the most poteint vitro anti-EV71 activity. To elucidate the
SARs, we conducted molecular docking studies omessmtative compounds. The docking
results displayed that compoudde showed the best anti-EV71 activity and effectivEO@R
kinase inhibition in the initial screening and mateted with Val2240 and Lys2187 via the
hydrogen bond, with a good match with the receptée. therefore conclude that the necessary
hydrogen bonding and appropriate substitution gizemoted the activity. To evaluate the
molecular mechanism of the compounds of the exanpl&kD cells, we performed mTORC1
and mTORC2 cell-based assays. Most compounds haldimhibition of the mTORC1 and
MTORC2 pathways. As water solubility is an impottphysicochemical property affecting the
absorption of oral drugs, and water solubilityhe tmain factor hindering Torin2’s druggability,
we predicted the absorption properties and meastledwater solubility of synthesized
compounds with potent activity. The results reveéalbat the absorption properties of the
compounds were all in a reasonable range, and gechpa Torin2, the water solubility dfla
and11m,which displayed similar anti-EV71 activity to ToBinwas improved by approximately
5-15-fold. All together, we developed anti-EV71 agebased on the mTOR target for the first
time, and found some potential candidates withebettater solubility and potent activity.
Research on these compounds is ongoing, and fuefifiets are in process to find excellent

candidates for potential anti-EV71 agents.

4. Experiment Section
4.1.Chemistry

All reagents and solvents were used as received ftommercial sourcesH-NMR and
¥*C-NMR spectra were recorded at 400 MHz and 100 MHza JNM-ECA-400 instrument
(JEOL Ltd., Tokyo, Japan) in DMSOgDChemical shifts are expressed dn(ppm), with
tetramethylsilane (TMS) functioning as the intermaference. Coupling constantd) (were
expressed in Hz. High-resolution mass spectra wetained using a TOF G6230A LC/MS
(Agilent Technologies, New York, NY, USA) with anSE source. Melting points were
determined using an RY-1 apparatus (Yutong Comp&hanghai, China). Reagents and
solvents were commercially available without furtperification. The*H-NMR, **C-NMR and

HRMS spectra of the compounds in this article cafooind in Supporting Information.
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General Procedure for the Preparation of 4a4d, 8a8f, 10a10e and 11allo.
9-bromo-1-(3-(trifluoromethyl)phenyl)benzo[h][1,&phthyridin-2(1H)-one J) Intermediate
2 was synthesized according to a method previoegigrted in the literature [42]. To a solution
of compound? (3.95 g, 10 mmol), KCOs (4.15 g, 30 mmol) and ethyl 2-(diethoxyphosphoryl)
acetate (6.73 g, 30 mmol) in dry EtOH was addec fEsulting mixture was heated to 100°C
for 12 h before cooling to room temperature. Upemaval of the solvents under a vacuum, the
residue was diluted with water followed by extrantwith EtOAc. Purification of the residue by
ISCO (hexanes/EtOAc 5:1) provided compoudida yellow solid. (2.87 g, 68.6% vyieldH
NMR (400 MHz, DMSO-R) &(ppm): 9.19 (s, 1H), 8.34 (d,= 9.5 Hz, 1H), 8.07 (dd] = 9.3,
8.8 Hz, 2H), 7.95 (dd] = 17.2, 8.4 Hz, 2H), 7.86 — 7.79 (m, 2H), 6.98Xd, 9.5 Hz, 1H), 6.58
(d, J = 2.0 Hz, 1H)C NMR (101 MHz, DMSO-[) §(ppm): 162.92, 152.05, 148.04, 148.02,
141.58, 141.26, 140.64, 134.03, 133.15, 132.87,0p3231.70, 131.37, 127.70, 126.83, 122.86,
119.21, 118.84, 114.21. HR-MS (ESI) m/z: calcd. @pHioBrFN,O [M + H]*: 418.9929,
found: 419.0001. Mp 192-195 °C.
9-(2-oxoindolin-5-yl)-1-(3-(trifluoromethyl)pheny@nzo[h][1,6]naphthyridin-2(1H)-one 44)
To a solution of compoun@ (4.18 g, 10 mmol) in 1,4-dioxane at room tempergtwe
subsequently added Pd(RRI1.16 g, 1 mmol), KCO;(2.76 g, 20 mmol), and (2-oxoindolin-5
-yl)boronic acid (2.12 g, 12 mmol). After degassitite resulting mixture was heated to 80 °C
for 4 h before cooling to room temperature. Theisoh was extracted with EtOAc. The organic
layer was washed with water and brine, dried (MgSfitered, and evaporated to dryness as a
yellow solid. (3.89 g, 82.6% yieldH NMR (400 MHz, DMSO-B) &(ppm): 10.53 (s, 1H), 9.15
(s, 1H), 8.34 (dJ = 9.5 Hz, 1H), 8.13 (dd] = 25.1, 8.2 Hz, 3H), 8.05 — 7.87 (m, 2H), 7.83Xd,
= 7.9 Hz, 1H), 7.15 (dJ = 7.7 Hz, 1H), 6.98 (dd] = 22.7, 5.5 Hz, 2H), 6.64 — 6.47 (m, 2H),
3.51 (s, 2H)*C NMR (101 MHz, DMSO-[) §(ppm): 177.18, 163.10, 151.41, 148.69, 144.94,
142.53, 141.91, 140.81, 139.01, 137.60, 133.90,163431.99, 131.69, 131.42, 129.27, 127.01,
126.31, 125.01, 123.10, 122.90, 122.28, 120.36,811714.09, 107.60, 36.04. HR-MS (ESI)
m/z: calcd. for GiH1gF3N2O, [M + H]™: 472.1195, found: 472.1268. Mp 281-282 °C.
9-(6-(dimethylamino)pyridin-3-yl)-1-(3-(trifluorontieyl) phenyl)benzo[h][1,6]naphthyridin-2(
1H)-one @b) The title compound was obtained similarly4a The boronic acid was replaced
with (6-(dimethylamino)pyridin-3-yl)boronic acidyéllow solid, yield: 82.4%)*H NMR (400
MHz, DMSO-Ds) 8(ppm): 9.10 (s, 1H), 8.32 (d,= 9.5 Hz, 1H), 8.13 (s, 1H), 8.06 (dbs= 8.1,

11



3.5 Hz, 2H), 8.00 (dJ = 2.4 Hz, 1H), 7.96 (dd] = 8.7, 1.8 Hz, 1H), 7.90 (8 = 7.9 Hz, 1H),
7.80 (d,J = 8.0 Hz, 1H), 7.06 (dd} = 8.9, 2.6 Hz, 1H), 6.93 (§,= 5.6 Hz, 2H), 6.57 (d] = 8.9
Hz, 1H), 3.05 (s, 6H)*C NMR (101 MHz, DMSO-[Q) 8(ppm): 163.12, 158.83, 150.85, 148.29,
146.25, 142.17, 141.98, 140.82, 135.40, 135.28,8833.32.03, 131.59, 131.39, 131.26, 128.31,
127.14,126.64, 122.30, 122.18, 121.11, 117.99,081405.82, 38.10. HR-MS (ESI) m/z: calcd.
for CoeH1oFsN4O [M + H]™: 461.1511, found: 461.1585. Mp 220-222 °C.

General procedure for the preparation of 9-((3-aophenyl)amino)-1-(3-(trifluoromethyl)
phenyl)benzo[h][1,6]naphthyridin-2(1H)-ongf) To a solution of compoun® (4.18 g, 10
mmol) in 1,4-dioxane at room temperature, we subsetly added Pd(dba(0.23 g, 0.25 mmol),
CsCQ (4.88 g, 15 mmol), 1,3-phenylenediamineand (1.62 1§, mmol) and 4,5-Bis
(diphenylphosphino)-9,9-dimethylxanthene (0.14 250mmol). The resulting mixture was
heated to 100 °C for 2 h under a &tmosphere. The solution was extracted with EtOF®
organic layer was washed with water and brine,dd(idgSQ,), filtered, and evaporated to
dryness as a yellow solid. (3.52 g, 78.8% vyielt).NMR (400 MHz, DMSO-R) &(ppm): 8.85
(s, 1H), 8.22 (dJ = 9.5 Hz, 1H), 7.94 (s, 1H), 7.86 @@= 9.0 Hz, 1H), 7.78 (d] = 8.1 Hz, 1H),
7.63 (dd,J = 14.4, 6.4 Hz, 2H), 7.53 (d,= 7.9 Hz, 1H), 7.29 (dd] = 9.0, 2.4 Hz, 1H), 6.89 —
6.80 (m, 2H), 6.43 (d) = 2.3 Hz, 1H), 6.21 (ddl = 7.9, 1.3 Hz, 1H), 6.07 (§ = 2.0 Hz, 1H),
5.87 — 5.75 (m, 1H), 5.15 (s, 2HJC NMR (101 MHz, DMSO-) §(ppm): 163.08, 149.72,
147.18, 144.29, 142.66, 142.42, 140.96, 140.81,764033.62, 131.57, 131.43, 130.78, 130.47,
130.08, 125.39, 123.80, 122.80, 121.75, 118.98,251408.69, 107.17, 105.64, 105.16. HR-MS
(ESI) m/z: calcd. for @H17F3N4O [M + H]": 447.1354, found: 447.1427. Mp 217-218 °C.

9-((6-aminopyridin-2-yl)amino)-1-(3-(trifluoromethphenyl)benzo[h][1,6]naphthyridin-2(1
H)-one @d) The title compound was obtained similarly 4o 1,3-phenylenediamineand was
replaced with pyridine-2,6-diamine. (yellow soligjeld: 81.3%). 'H NMR (400 MHz,
DMSO-Ds) 8(ppm): 8.91 (s, 1H), 8.50 (s, 1H), 8.25 Jds 9.5 Hz, 1H), 7.95 (d] = 8.0 Hz, 1H),
7.87 (d,J = 9.0 Hz, 1H), 7.66 (dt) = 13.4, 7.8 Hz, 3H), 7.52 (dd,= 9.0, 2.3 Hz, 1H), 7.22 —
7.11 (m, 2H), 6.86 (d] = 9.4 Hz, 1H), 5.91 (d] = 7.9 Hz, 1H), 5.71 (t) = 14.5 Hz, 3H)**C
NMR (101 MHz, DMSO-R) 8(ppm): 163.02, 148.31, 141.68, 141.18, 140.71,1134131.40,
130.91, 130.87, 130.58, 125.83, 125.80, 125.66,682325.51, 125.11, 122.80, 122.05, 120.74,
118.47, 114.24, 114.22, 100.00, 97.26. HR-MS (E&B: calcd. for GsH16F3NsO [M + H]™
448.1307, found: 448.1380. Mp 259-261 °C.
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6-bromo-4-((3-(trifluoromethyl)phenyl)amino)quinoi8-yl formate %) To a solution of
compound? (3.95 g, 10 mmol) in DCM at room temperature, wdeatl3-chloroperoxybenzoic
acid (3.45 g, 20 mmol). The resulting mixture wésred at room temperature for 1 h. Upon
removal of the solvents, the residue was subjectedlumn purification (DCM/MeOH 10:1) to
furnish the desired compouridas a yellow solid. (3.25 g, 79.2% vyieldd NMR (400 MHz,
DMSO-Dg) 8(ppm): 9.07 (s, 1H), 8.85 (s, 1H), 8.03 — 7.87 8H), 7.79 — 7.75 (m, 1H), 7.70
(ddd,J = 4.5, 2.1, 1.0 Hz, 1H), 7.60 — 7.52 (m, 2H), 7(d0,J = 23.0, 6.1 Hz, 1H)**C NMR
(101 MHz, DMSO-R) 6(ppm): 166.63, 163.07, 148.84, 146.18, 142.35,8611133.26, 132.09,
131.44, 131.20, 130.20, 129.37, 128.46, 125.23,1824123.54, 122.24. HR-MS (ESI) m/z:
calcd. for G/H1BrFsN,O, [M + H]™: 410.9878, found: 410.9950. Mp 176-179 °C.

6-bromo-4-((3-(trifluoromethyl)phenyl)amino)quinoi8-ol @) A solution of compoundd
(4.10 g, 10 mmol) in NaOH (1 N) at room temperatwas heated to 50 °C for 4 h. After the
mixture was cooled to room temperature, a solubbAcOH (1 N) was added to neutralize the
solution followed by dilution with water and exttan with EtOAc. After the organic layer was
dried with NaSQ,, the solvents were removed and the residue wasigourby ISCO
(hexanes/EtOAc 5:1) to furnish compoudids a yellow solid. (3.27 g, 85.6% vyieldd NMR
(400 MHz, DMSO-R) 5(ppm): 10.47 (s, 1H), 8.68 (d,= 22.9 Hz, 2H), 8.25 — 8.14 (m, 1H),
7.93 —7.85 (m, 1H), 7.67 (dd= 8.9, 2.2 Hz, 1H), 7.37 (§,= 7.9 Hz, 1H), 7.07 (d] = 7.7 Hz,
1H), 6.98 (s, 1H), 6.92 — 6.83 (m, 14)C NMR (101 MHz, DMSO-[Q) §(ppm):145.27, 144.95,
144.83, 142.65, 131.99, 130.00, 129.71, 127.31,4524.26.30, 124.90, 123.60, 120.17, 119.17,
115.00, 111.79. HR-MS (ESI) m/z: calcd. forg10BrFN,O [M + H]": 382.9929, found:
383.0001. Mp 184-186 °C.

8-bromo-1-(3-(trifluoromethyl)phenyl)oxazolo[5,4egjinolin-2(1H)-one ) To a solution of
compound 6 (3.82 g, 10 mmol) in dry THF at room temperature/e added
N,N'-Carbonyldiimidazole (2.43 g, 15 mmol). The resigtimixture was stirred at room
temperature for 4 h. Upon removal of the solvent® residue was subjected to column
purification (DCM/MeOH 10:1) to furnish the desiredmpound7 as a yellow solid. (3.10 g,
75.9% yield).'H NMR (400 MHz, DMSO-R) §(ppm): 9.18 (s, 1H), 8.31 (d,= 1.9 Hz, 1H),
8.15 (ddd,J = 8.6, 1.7, 0.6 Hz, 2H), 8.07 — 7.99 (m, 2H), 7(88,J = 9.1, 2.2 Hz, 1H), 7.65 (s,
1H).°C NMR (101 MHz, DMSO-BQ) §(ppm):153.07, 144.44, 137.15, 135.69, 135.17, 134.88,
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133.47,133.16, 132.17, 132.05, 131.92, 131.07,88271.26.17, 122.60, 120.55, 116.46. HR-MS
(ESI) m/z: calcd. for GHgBrFsN,O, [M + H]™: 408.9721, found: 408.9793. Mp 193-195 °C.
8-(6-methylpyridin-3-yl)-1-(3-(trifluoromethyl)phghoxazolo[5,4-c]quinolin-2(1H)-one 8§)
To a solution of compound (4.08 g, 10 mol) in 1,4-dioxane at room temperatwe
subsequently added Pd(RRh(1.16 g, 1 mmol), KCO; (2.76 g, 20 mmol), and
(6-methylpyridin-3-yl)boronic acid (1.64 g, 12 mmoAfter degassing, the resulting mixture
was heated to 80 °C for 4 h before cooling to raemperature. The solution was extracted with
EtOAc. The organic layer was washed with water ande, dried (MgS@), filtered, and
evaporated to dryness. As a yellow solid (3.5953% vield)."H-NMR (400 MHz, DMSO-R)
d (ppm): 9.36 (s, 1H), 8.82 (d,= 2.0 Hz, 1H), 8.42 — 8.35 (m, 2H), 8.28 (dd&; 15.9, 8.6, 4.5
Hz, 3H), 8.12 (d,) = 8.0 Hz, 1H), 8.03 () = 7.9 Hz, 1H), 7.93 (d] = 8.4 Hz, 1H), 7.29 (d] =
1.8 Hz, 1H), 2.77 (s, 3H)}*C NMR (101 MHz, DMSO-R) & (ppm): 154.29, 153.07, 143.94,
142.35, 140.01, 137.09, 135.01, 134.77, 133.92,4¥3333.21, 132.16, 131.37, 131.04, 130.01,
129.06, 128.13, 127.94, 126.13, 125.40, 119.51,111519.81. HR-MS (ESI) m/z: calcd. for
CasH14F3N30, [M + H]™: 422.1038, found: 422.1111. Mp 299-300 °C.
8-(5-methoxypyridin-3-yl)-1-(3-(trifluoromethyl)pmd)oxazolo[5,4-c]quinolin-2(1H)-one
(8b) The title compound was obtained similarly &. The boronic acid was replaced with
(5-methoxypyridin-3-yl)boronic acid. (yellow solidyield: 83.1%). 'H-NMR (400 MHz,
DMSO-Ds) 8(ppm): 9.17 (s, 1H), 8.38 (s, 1H), 8.28 Jds 2.7 Hz, 1H), 8.22 (d] = 8.9 Hz, 2H),
8.18 —8.11 (m, 3H), 8.01 d,= 7.9 Hz, 1H), 7.32 — 7.29 (m, 1H), 7.15 Jd; 1.8 Hz, 1H), 3.84
(s, 3H).*C NMR (101 MHz, DMSO-R) & (ppm): 156.10, 153.20, 145.50, 139.82, 138.08,
137.03, 135.46, 135.28, 134.94, 133.72, 132.94,123231.75, 131.42, 131.10, 128.13, 127.75,
126.40, 125.41, 118.26, 118.16, 115.49, 56.08. HR(EISI) m/z: calcd. for £H14F3N303 [M +
H]": 438.0987, found: 438.1060. Mp 257-258 °C.
8-(quinolin-3-yl)-1-(3-(trifluoromethyl)phenyl)oxalo[5,4-c]quinolin-2(1H)-one §c) The title
compound was obtained similarly ®a The boronic acid was replaced with quinolin-3
-ylboronic acid. (gray solid, yield: 82.2%H-NMR (400 MHz, DMSO-R) & (ppm):9.19 (s,
1H), 8.85 (dJ = 2.4 Hz, 1H), 8.44 — 8.40 (m, 2H), 8.30 — 8.23 &), 8.19 (d,J = 8.0 Hz, 1H),
8.08 — 8.02 (m, 2H), 7.96 (d,= 7.3 Hz, 1H), 7.83 — 7.78 (m, 1H), 7.71 — 7.67 ), 7.29 (s,
1H)**C-NMR (101 MHz, DMSO-BQ) 5 (ppm): 153.19, 148.99, 147.48, 145.45, 137.09,385
135.29, 134.94, 133.77, 132.96, 132.21, 131.94,8131.31.41, 131.09, 130.70, 129.23, 128.77,
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128.14, 128.03, 127.87, 127.80, 126.37, 125.47,321815.62. HR-MS (ESI) m/z: calcd. for
CaeH14F3N30, [M + H]™: 458.1038, found: 458.1111. Mp 242-244 °C.

(E)-1-(3-(2-0x0-1-(3-(trifluoromethyl)phenyl)-1,2hg¢drooxazolo[5,4-c]quinolin-8-yl)allyl)ur
ea @d) To a solution of compound (4.08 g, 10 mmol) in DMF at room temperature, wdeatd
Pd(OAc) (0.45 g, 2 mmol), 1-allylurea (2.00 g, 20 mmol}j(@-tolyl)phosphine (1.22 g, 4
mmol) and EiN(10.12 g, 100 mmol). The resulting mixture wastbdao 100 °C for 2 h under
N, atmosphere. The residue was diluted with watdovie@dd by extraction with EtOAc. The
organic layer was washed with water and brine,dd(idgSQ,), filtered, and evaporated to
dryness, yellow solid (3.64g, 84.9% yieldd NMR (400 MHz, DMSO-BR) 5(ppm): 9.06 (s,
1H), 8.30 (s, 1H), 8.17 — 8.09 (m, 2H), 8.05 — 7(86 2H), 7.86 (dJ = 9.1 Hz, 1H), 6.78 (s,
1H), 6.25 — 6.11 (m, 3H), 5.51 (s, 2H), 3.70)( 5.4 Hz, 2H)*C NMR (101 MHz, DMSO-[)
d(ppm): 158.96, 153.22, 145.27, 136.96, 135.64,2835.33.80, 133.40, 132.65, 132.21, 131.99,
131.07, 130.65, 128.48, 127.67, 126.85, 126.22,5P17115.55, 115.17, 113.65. HR-MS (ESI)
m/z: calcd. for GiH15FsN4O3 [M + H]™: 429.1096, found: 429.1169. Mp 158-160 °C.

(E)-4-(2-ox0-1-(3-(trifluoromethyl)phenyl)-1,2-ditpoxazolo[5,4-c]quinolin-8-yl)but-3-enen
itrile (8€) The title compound was obtained similarly &d. 1-allylurea was replaced with
acrylonitrile. (yellow solid, yield: 82.7%}H NMR (400 MHz, DMSO-[Q) (ppm): 9.16 (d,J =
3.0 Hz, 1H), 8.25 (s, 1H), 8.12 &= 8.1 Hz, 3H), 8.05 (dd} = 9.1, 1.7 Hz, 1H), 8.01 — 7.95 (m,
1H), 7.51 (d,J = 16.6 Hz, 1H), 7.09 (s, 1H), 6.42 @= 16.6 Hz, 1H)!*C NMR (101 MHz,
DMSO-Dg) d(ppm): 153.18, 149.82, 148.24, 146.64, 137.23, 485134.83, 133.26, 133.03,
132.43, 132.08, 131.74, 128.30, 127.76, 125.87,5023 22.53, 118.88, 115.22, 99.21. HR-MS
(ESI) m/z: calcd. for ggH10F3N30, [M + H]™: 382.0725, found: 382.0798. Mp 235-237 °C.

methyl(E)-3-(2-oxo-1-(3-(trifluoromethyl)phenyl2idihydrooxazolo[5,4-c]quinolin-8-yl)acr
ylate @f) The title compound was obtained similarly8idh 1-allylurea was replaced with methyl
acrylate. (yellow solid, yield: 82.3%) NMR (400 MHz, DMSO-R) 5(ppm): 9.17 (d,J) = 11.8
Hz, 1H), 8.31 (s, 1H), 8.15 (d,= 8.0 Hz, 2H), 8.11 (s, 2H), 8.01 {t= 7.9 Hz, 1H), 7.37 (d] =
16.0 Hz, 1H), 7.08 (s, 1H), 6.50 (d,= 16.0 Hz, 1H), 3.71 (s, 3H}3*C NMR (101 MHz,
DMSO-Ds) d(ppm): 166.73, 153.17, 146.48, 143.43, 137.17, 24835135.06, 133.39, 133.14,
132.67, 132.22, 132.14, 132.08, 131.63, 129.21,7627127.13, 121.89, 120.20, 115.33, 52.25.
HR-MS (ESI) m/z: calcd. for £H13FN,04 [M + H]™: 415.0827, found: 415.0900. Mp 243-245
°C.
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(E)-4-(6-bromo-4-((3-(trifluoromethyl)phenyl)amimpjinolin-3-yl)but-3-en-2-one 9§ To a
solution of compound 2 (3.95 g, 10 mmol) in DMSO, then
1-(triphenylphosphoranylidene)propan-2-one (3.1819, mmol) was added. The resulting
mixture was heated to 120 °C for 4 h before coolmgoom temperature. The residue was
diluted with water followed by extraction with Et@A Purification of the residue by ISCO
(hexanes/EtOAc 5:1) provided compoudas a yellow solid. (3.79 g, 87.3% yieldH NMR
(400 MHz, DMSO-R) 8(ppm): 9.46 (s, 1H), 9.13 (s, 1H), 8.47 {d 1.9 Hz, 1H), 7.94 (dt] =
8.9, 5.4 Hz, 2H), 7.45 (1] = 8.3 Hz, 1H), 7.35 (dJ = 16.5 Hz, 1H), 7.23 (d] = 7.7 Hz, 1H),
7.12 (d,J = 5.7 Hz, 2H), 6.89 (dJ = 16.5 Hz, 1H), 1.98 (s, 3H}>C NMR (101 MHz,
DMSO-Dg) 8(ppm): 198.15, 151.28, 148.24, 145.30, 144.10, 488134.00, 132.24, 132.07,
131.98, 130.76, 129.35, 129.24, 128.30, 126.43,782421.43, 120.32, 118.81, 27.19. HR-MS
(ESI) m/z: calcd. for gH14BrFsN,O [M + H]": 435.0242, found: 435.0313. Mp 115-119 °C.

(E)-4-(6-(6-aminopyridin-3-yl)-4-((3-(trifluoromey) phenyl)amino)quinolin-3-yl) but-3
-en-2-one{0a) To a solution of compoun® (4.34 g, 10 mmol) in 1,4-dioxane at room
temperature, Pd(PBh (1.16 g, 1 mmol), KCO; (2.76 g, 20 mmol), and (4-aminophenyl)
boronic acid (1.64 g, 12 mmol) were subsequenttjedd After degassing, the resulting mixture
was heated to 80 °C for 4 h before cooling to raemperature. The solution was extracted with
EtOAc. The organic layer was washed with water ande, dried (MgSQ), filtered, and
evaporated to dryness as a yellow solid (3.69 §%®2%ield)."H-NMR (400 MHz, DMSO-R) &
(ppm): 9.52 (s, 1H), 9.12 (s, 1H), 8.43 Jd; 1.6 Hz, 1H), 8.10 (d] = 8.7 Hz, 1H), 8.02 (dd} =
8.7, 1.8 Hz, 1H), 7.48 (d,= 4.1 Hz, 1H), 7.45 (d] = 4.4 Hz, 1H), 7.24 (d] = 7.8 Hz, 1H), 7.19
—7.14 (m, 3H), 6.98 (d| = 1.7 Hz, 1H), 6.94 — 6.88 (m, 2H), 6.65 (dd; 8.0, 1.4 Hz, 1H), 5.24
(s, 2H), 2.03 (s, 3H)*C NMR (101 MHz, DMSO-[) &(ppm): 198.13, 150.31, 149.74, 148.90,
145.80, 145.10, 140.66, 139.75, 138.83, 130.73,463030.12, 130.04, 127.79, 125.98, 123.54,
121.33, 118.50, 117.20, 115.32, 114.16, 113.82,96127.17. HR-MS (ESI) m/z: calcd. for
CaeH20F3N30 [M + H]™: 448.1558, found: 448.1632. Mp 183-185 °C.

(E)-4-(6-(3-aminophenyl)-4-((3-(trifluoromethyl)pid)amino)quinolin-3-yl)but-3-en-2-onk(
Ob) The title compound was obtained similarly 26a The boronic acid was replaced with
(3-aminophenyl)boronic acid. (yellow solid, yiel84.7%).'H-NMR (400 MHz, DMSO-R)
8(ppm): 9.49 (s, 1H), 9.10 (s, 1H), 8.39 (s, 1HP&B(d,J = 8.7 Hz, 1H), 8.00 (dd] = 8.7, 1.5
Hz, 1H), 7.45 (ddJ = 15.8, 7.0 Hz, 2H), 7.22 (d,= 7.7 Hz, 1H), 7.13 (ddl = 7.9, 4.5 Hz, 3H),
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6.90 (dd,J = 24.7, 8.4 Hz, 3H), 6.61 (d,= 6.7 Hz, 1H), 5.22 (s, 2H), 2.01 (s, 3HC NMR
(101 MHz, DMSO-R) 6(ppm): 198.13, 150.33, 149.75, 148.88, 145.79,1M15140.64, 139.75,
138.80, 130.76, 130.46, 130.14, 130.04, 128.69,8227125.98, 123.54, 123.27, 121.31, 118.52,
117.21, 115.28, 114.14, 113.81, 112.92, 27.21. HR{KSI) m/z: calcd. for £H20F3N3z0 [M +
H]™: 448.1558, found: 448.1630. Mp 184-186 °C.
(E)-4-(6-(5-methoxypyridin-3-yl)-4-((3-(trifluorortteyl) phenyl)amino)quinolin-3-yl)but-3-en-
2-one (0c) The title compound was obtained similarlyltda The boronic acid was replaced
with (5-methoxypyridin-3-yl)boronic acid. (greenlis yield: 88.5%).'H-NMR (400 MHz,
DMSO-Dg) 8(ppm): 9.51 (s, 1H), 9.12 (s, 1H), 8.58 (dds 25.3, 1.4 Hz, 2H), 8.35 (d,= 2.7
Hz, 1H), 8.20 (ddJ = 8.7, 1.7 Hz, 1H), 8.12 (d,= 8.7 Hz, 1H), 7.74 — 7.65 (m, 1H), 7.53 —
7.38 (m, 2H), 7.26 (d) = 7.7 Hz, 1H), 7.18 (d] = 6.9 Hz, 2H), 6.89 (d] = 16.4 Hz, 1H), 3.92
(s, 3H), 2.01 (s, 3H)*C NMR (101 MHz, DMSO-[) §(ppm): 198.13, 156.14, 151.01, 149.16,
145.48, 145.31, 140.70, 138.79, 137.25, 136.10,2833.30.75, 130.44, 130.06, 127.88, 123.23,
123.16, 122.46, 122.03, 119.22, 118.13, 117.66,5014114.47, 56.25, 27.17. HR-MS (ESI)
m/z: calcd. for GsH0FsN30, [M + H]™: 464.1508, found: 464.1580. Mp 164-167 °C.
(E)-4-(4'-((3-(trifluoromethyl)phenyl)amino)-[3,®iquinolin]-3'-yl)but-3-en-2-one 10d) The
titte compound was obtained similarly tdéOa The boronic acid was replaced with
quinolin-3-ylboronic acid. (yellow solid, yield: 9®%). *H-NMR (400 MHz, DMSO-RQ)
d(ppm): 9.57 (s, 1H), 9.38 (d,= 2.1 Hz, 1H), 9.13 (s, 1H), 8.75 @= 7.3 Hz, 2H), 8.34 (d] =
8.6 Hz, 1H), 8.18 (d) = 8.7 Hz, 1H), 8.13 — 8.02 (m, 2H), 7.81Jt 7.7 Hz, 1H), 7.68 (1] =
7.5 Hz, 1H), 7.54 — 7.35 (m, 2H), 7.28 {d& 7.8 Hz, 1H), 7.22 (d]) = 1.9 Hz, 2H), 6.89 (d] =
16.4 Hz, 1H), 2.00 (s, 3H}*C NMR (101 MHz, DMSO-[) 5(ppm): 198.12, 151.01, 150.08,
149.07, 147.47, 145.48, 145.40, 138.91, 135.49,873332.53, 130.92, 130.78, 130.39, 130.14,
129.26, 128.95, 128.08, 127.85, 127.77, 125.96,352323.25, 122.47, 122.14, 118.04, 117.71,
114.58, 27.12. HR-MS (ESI) m/z: calcd. fogoB20FsN30 [M + H]*: 484.1558, found: 484.1631.
Mp 173-176 °C.
(E)-4-(6-(6-fluoropyridin-3-yl)-4-((3-(trifluoromdtyl)phenyl)amino)quinolin-3-yl)but-3-en-2-
one (L0e) The title compound was obtained similarlyl@@a The boronic acid was replaced with
(6-fluoropyridin-3-yl)boronic acid. (yellow solid,yield: 89.3%). *H-NMR (400 MHz,
DMSO-Dg) d(ppm): 10.22 (s, 1H), 9.08 (s, 1H), 8.87 — 8.71 @), 8.51 (tdJ = 8.3, 2.7 Hz,
1H), 8.24 (ddJ = 8.8, 1.8 Hz, 1H), 8.13 (d,= 8.7 Hz, 1H), 7.54 ({} = 7.8 Hz, 1H), 7.45 - 7.26
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(m, 4H), 7.20 (dJ = 16.4 Hz, 1H), 6.79 (dl = 16.4 Hz, 1H), 1.92 (d] = 3.9 Hz, 3H)*C NMR
(101 MHz, DMSO-R) 6(ppm): 197.97, 162.22, 149.07, 147.65, 146.57,446144.28, 141.27,
141.19, 138.71, 134.70, 133.55, 130.74, 128.03,8529.23.76, 123.14, 122.56, 122.46, 119.10,
116.46, 116.28, 110.51, 110.14, 26.83. HR-MS (ESB: calcd. for GsHi17FsN3O [M + H]™
452.1308, found: 452.1381. Mp 133-134 °C.
9-(2-fluoropyridin-3-yl)-1-(3-(trifluoromethyl)phgtbenzo[h][1,6]naphthyridin-2(1H)-one
(11a) The title compound was obtained similarly4a. The boronic acid was replaced with
(2-fluoropyridin-3-yl)boronic acid. (white solidjeld: 89.9%)."H NMR (400 MHz, DMSO-RQ)
d(ppm): 9.22 (s, 1H), 8.36 (d,= 9.5 Hz, 1H), 8.29 — 8.22 (m, 1H), 8.16 &5 8.7 Hz, 1H),
8.09 (s, 1H), 7.99 — 7.89 (m, 2H), 7.89 — 7.77 2M), 7.53 — 7.45 (m, 1H), 7.44 — 7.35 (m, 1H),
6.98 (dd,J = 9.5, 3.8 Hz, 1H), 6.89 (d] = 1.7 Hz, 1H).*C NMR (101 MHz, DMSO-[)
d(ppm): 163.07, 160.88, 158.52, 152.23, 148.89, A4 7147.57, 142.59, 141.67, 141.39, 140.79,
133.83, 132.02, 131.21, 130.99, 130.65, 126.98,5926.25.99, 122.94, 122.48, 122.26, 117.64,
114.15. HR-MS (ESI) m/z: calcd. forH13F4NsO [M + H]™: 436.0995, found: 436.1068. Mp
158-161 °C.
9-(6-fluoropyridin-3-yl)-1-(3-(trifluoromethyl)phstbenzo[h][1,6]naphthyridin-2(1H)-one
(11b) The title compound was obtained similarly4a. The boronic acid was replaced with
(6-fluoropyridin-3-yl)boronic acid. (white solidjgld: 87.6%)."H NMR (400 MHz, DMSO-[Q)
d(ppm): 9.19 (s, 1H), 8.36 (d,= 9.5 Hz, 1H), 8.15 (dJ = 8.7 Hz, 2H), 8.09 — 8.00 (m, 2H),
7.97 —7.86 (m, 2H), 7.84 (d,= 8.0 Hz, 1H), 7.69 (tdl = 8.2, 2.7 Hz, 1H), 7.23 (dd,= 8.5, 2.8
Hz, 1H), 6.96 (ddJ = 14.4, 5.6 Hz, 2H)"*C NMR (101 MHz, DMSO-R) §(ppm): 163.05,
151.97, 148.96, 145.77, 145.61, 142.48, 141.89,804140.60, 140.52, 134.08, 133.70, 133.13,
132.14, 131.75, 129.11, 127.14, 126.70, 123.55472217.79, 114.19, 110.36, 109.99. HR-MS
(ESI) m/z: calcd. for €&H13F4N3O [M + H]™: 436.0995, found: 436.1068. Mp 264—266 °C.
9-(2-methoxypyridin-3-yl)-1-(3-(trifluoromethyl)pmd)benzolh][1,6]naphthyridin-2(1H)-one
(11c) The title compound was obtained similarly 4a. The boronic acid was replaced with
(2-methoxypyridin-3-yl)boronic acid. (white solidyield: 88.2%). '"H NMR (400 MHz,
DMSO-Ds) 6(ppm): 9.18 (s, 1H), 8.35 (d,= 9.5 Hz, 1H), 8.17 (dd] = 4.8, 2.1 Hz, 1H), 8.11 —
8.05 (m, 2H), 7.96 — 7.88 (m, 2H), 7.87 — 7.76 2MH), 7.05 — 6.92 (m, 3H), 6.80 (= 1.7 Hz,
1H), 3.81 (s, 3H)*C NMR (101 MHz, DMSO-[) &(ppm): 163.10, 160.34, 151.69, 148.64,
147.02, 142.48, 141.86, 140.83, 138.76, 134.06,953331.99, 131.42, 131.11, 130.30, 126.99,
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126.49, 125.75, 123.11, 122.82, 122.24, 117.625117113.99, 53.90. HR-MS (ESI) m/z: calcd.
for CosH16FsN302 [M + H]™: 448.1195, found: 448.1268. Mp 272-275 °C.
9-(6-methoxypyridin-3-yl)-1-(3-(trifluoromethyl)pfmd)benzolh][1,6]naphthyridin-2(1H)-one
(11d) The title compound was obtained similarly4a. The boronic acid was replaced with
(6-methoxypyridin-3-yl)boronic acid. (white solidyield: 87.4%). '"H NMR (400 MHz,
DMSO-Dg) 6(ppm): 9.16 (s, 1H), 8.34 (d,= 9.5 Hz, 1H), 8.16 — 8.08 (m, 2H), 8.07 — 7.96 (m
3H), 7.89 (tJ = 7.9 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.28 (ddl = 8.7, 2.6 Hz, 1H), 6.94 (dd,
= 10.5, 5.6 Hz, 2H), 6.80 (ddl = 8.6, 0.4 Hz, 1H), 3.88 (s, 3H}*C NMR (101 MHz,
DMSO-Dg) d(ppm): 163.76, 163.08, 151.50, 148.67, 145.35, 3A2141.95, 140.81, 137.55,
134.32, 133.93, 132.12, 131.57, 131.28, 128.83,612827.20, 126.68, 125.58, 122.70, 122.34,
117.88, 114.13, 110.92, 53.90. HR-MS (ESI) m/zcaafor GsH16FsN3O; [M + H]™: 448.1195,
found: 448.1267. Mp 211-216 °C.
N-(5-(2-oxo-1-(3-(trifluoromethyl)phenyl)-1,2-digdbenzo[h][1,6]naphthyridin-9-yl)pyridin
e-2-yl) propionamidel(le) The title compound was obtained similarly4a The boronic acid
was replaced with (6-propionamidopyridin-3-yl)boioracid. (white solid, yield: 90.9%)H
NMR (400 MHz, DMSO-R) é(ppm): 10.64 (s, 1H), 9.18 (s, 1H), 8.35 Jd; 9.5 Hz, 1H), 8.07
(ddd,J = 16.3, 11.5, 5.5 Hz, 6H), 7.96 — 7.83 (m, 2H397(dd,J = 8.7, 2.5 Hz, 1H), 6.99 (dd,
= 22.2, 5.5 Hz, 2H), 2.43 (4, = 7.5 Hz, 2H), 1.08 (t) = 7.5 Hz, 3H)*C NMR (101 MHz,
DMSO-Ds) d(ppm): 173.64, 163.08, 152.34, 151.49, 148.56, M5142.49, 141.94, 140.82,
136.41, 134.14, 132.06, 131.63, 131.52, 131.31,0/3028.94, 128.78, 127.07, 126.56, 125.58,
122.44, 117.89, 114.14, 113.41, 29.80, 9.89. HR{MSI) m/z: calcd. for gH19FsN4O; [M +
H]™: 489.1460, found: 489.1533. Mp 249-250 °C.
N-(5-(2-ox0-1-(3-(trifluoromethyl)phenyl)-1,2-dilmpdbenzo[h][1,6]naphthyridin-9-yl)pyridin
-2-yl)butyramide 11f) The title compound was obtained similarly4a The boronic acid was
replaced with (6-butyramidopyridin-3-yl)boronic dciwhite solid, yield: 81.9%)}H NMR (400
MHz, DMSO-Ds) 6(ppm): 10.65 (s, 1H), 9.16 (s, 1H), 8.34 Jd; 9.5 Hz, 1H), 8.12 (d] = 8.8
Hz, 3H), 8.08 — 7.97 (m, 3H), 7.96 — 7.82 (m, 2AH19 (dd,J = 8.7, 2.5 Hz, 1H), 6.99 (dd,=
24.4, 5.5 Hz, 2H), 2.40 (8 = 7.3 Hz, 2H), 1.69 — 1.55 (m, 2H), 0.92 Jt= 7.4 Hz, 3H).C
NMR (101 MHz, DMSO-R) s(ppm): 172.82, 163.08, 152.30, 151.60, 148.78,9445142.37,
141.96, 140.82, 136.40, 134.08, 132.05, 131.68,3031.30.13, 128.87, 127.05, 126.54, 125.58,
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122.86, 122.41, 122.35, 117.88, 114.14, 113.4&1338.8.86, 14.13. HR-MS (ESI) m/z: calcd.
for CogH21F3N4O2 [M + H]™: 503.1617, found: 503.1689. Mp 279-280 °C.
N-(5-(2-ox0-1-(3-(trifluoromethyl)phenyl)-1,2-dilmpdbenzo[h][1,6]naphthyridin-9-yl)pyridin
-2-yl)isobutyramide 1g) The title compound was obtained similarly4a The boronic acid
was replaced with (6-isobutyramidopyridin-3-yl)bpio acid. (white solid, yield: 82.8%§H
NMR (400 MHz, DMSO-R) 6(ppm): 10.64 (s, 1H), 9.17 (s, 1H), 8.35 Jds 9.4 Hz, 1H), 8.17
—8.09 (m, 3H), 8.09 — 8.00 (m, 3H), 7.95 — 7.84 2iH), 7.48 (dd,) = 8.7, 2.5 Hz, 1H), 7.03 (d,
J=1.5Hz, 1H), 7.00 — 6.93 (m, 1H), 2.79 (@t 13.6, 6.8 Hz, 1H), 1.11 (d,= 6.8 Hz, 6H).
13C NMR (101 MHz, DMSO-Q) 8(ppm): 176.90, 163.09, 152.43, 151.62, 148.79, IM5.
142.39, 141.97, 140.83, 136.38, 134.17, 134.07,063231.70, 131.63, 131.30, 130.14, 128.88,
127.08, 126.56, 122.40, 120.17, 117.90, 114.14,5B134.97, 19.91. HR-MS (ESI) m/z: calcd.
for CogH21F3N4O2 [M + H]™: 503.1617, found: 503.1689. Mp 213-215 °C.
N-(5-(2-oxo-1-(3-(trifluoromethyl)phenyl)-1,2-dingdbenzo[h][1,6]naphthyridin-9-yl)pyridin
-2-yl)pentanamidel(lh) The title compound was obtained similarlydi@a The boronic acid was
replaced with (6-pentanamidopyridin-3-yl)boroniddagwhite solid, yield: 86.3%)™H NMR
(400 MHz, DMSO-DB) 6(ppm): 10.64 (s, 1H), 9.17 (s, 1H), 8.35 Jd; 9.5 Hz, 1H), 8.12 (dd]
= 8.5, 6.3 Hz, 3H), 8.08 — 7.97 (m, 3H), 7.96 -37(®, 2H), 7.49 (dd) = 8.7, 2.5 Hz, 1H), 7.03
(d,J=1.6 Hz, 1H), 6.96 (d] = 9.4 Hz, 1H), 2.42 (1) = 7.4 Hz, 2H), 1.63 — 1.51 (m, 2H), 1.32
(dg, J = 14.6, 7.3 Hz, 2H), 0.97 — 0.85 (m, 3HJC NMR (101 MHz, DMSO-Q) 5(ppm):
172.97, 163.08, 152.31, 151.62, 148.79, 145.95,394241.97, 140.83, 136.41, 134.15, 134.10,
132.06, 131.70, 131.62, 131.30, 130.14, 128.90,0627126.58, 122.43, 122.36, 117.90, 114.15,
113.46, 36.25, 27.56, 22.30, 14.29. HR-MS (ESI):ne&dcd. for GgHo3FsN4O> [M + H]™
517.1773, found: 517.1846. Mp 274-277 °C.
N-(5-(2-ox0-1-(3-(trifluoromethyl)phenyl)-1,2-dilmpdbenzo[h][1,6]naphthyridin-9-yl)pyridin
-2-yl)-2-phenylacetamidelqi) The title compound was obtained similarly4a The boronic
acid was replaced with (6-(2-phenylacetamido)pwriglyl)boronic acid. (white solid, yield:
83.7%).'"H NMR (400 MHz, DMSO-R) §(ppm): 10.94 (s, 1H), 9.17 (s, 1H), 8.34 {d= 9.5
Hz, 1H), 8.18 — 7.99 (m, 6H), 7.94 — 7.82 (m, 2H%9 (ddJ = 8.7, 2.5 Hz, 1H), 7.43 — 7.29 (m,
4H), 7.30 — 7.22 (m, 1H), 7.02 (d,= 1.7 Hz, 1H), 6.96 (d) = 9.4 Hz, 1H), 3.76 (s, 2HjC
NMR (101 MHz, DMSO-R) 8(ppm): 170.78, 163.08, 152.21, 151.64, 148.77,026142.41,
141.96, 140.83, 136.50, 136.23, 134.15, 134.01,073231.68, 131.30, 130.41, 129.77, 128.86,
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127.16, 127.08, 126.55, 125.58, 122.87, 122.49,3V2217.90, 114.14, 113.47, 43.44. HR-MS
(ESI) m/z: calcd. for gH21F3N4O, [M + H]™: 551.1617, found: 551.1689. Mp 143-145 °C.
Tert-butyl(5-(2-oxo-1-(3-(trifluoromethyl)phenyl)2tdihydrobenzol[h][1,6]naphthyridin-9-yl)
pyridin-2-yl)carbamate 11j) The title compound was obtained similarly4@ The boronic acid
was replaced with (6-((tert-butoxycarbonyl)amina)giy-3-yl)boronic acid. (white solid, yield:
85.6%).'"H NMR (400 MHz, DMSO-B) §(ppm): 10.02 (s, 1H), 9.16 (s, 1H), 8.35 & 9.5
Hz, 1H), 8.12 (ddJ = 11.2, 2.3 Hz, 3H), 8.04 (di,= 8.8, 4.4 Hz, 2H), 7.91 (§,= 7.8 Hz, 1H),
7.82 (dd,J = 17.8, 8.4 Hz, 2H), 7.33 (dd,= 8.8, 2.5 Hz, 1H), 6.98 (dd,= 14.7, 5.6 Hz, 2H),
1.50 (s, 9H)*C NMR (101 MHz, DMSO-[Q) &(ppm): 163.08, 153.22, 152.68, 151.55, 148.76,
146.11, 142.37, 141.94, 140.83, 136.10, 134.19,103432.07, 131.81, 131.65, 131.28, 129.32,
128.81, 127.09, 126.60, 122.89, 122.41, 117.91,1414112.28, 80.30, 28.54. HR-MS (ESI)
m/z: calcd. for GgH,3FsN4O3 [M + H]™: 533.1722, found: 533.1795. Mp 234-236 °C.
Phenyl(5-(2-oxo-1-(3-(trifluoromethyl)phenyl)-1,#ygdrobenzo[h][1,6]naphthyridin-9-yl) pyr
idin-2-yl)carbamate 11k) The title compound was obtained similarly4a The boronic acid
was replaced with (6-((phenoxycarbonyl)amino)pyri8iyl)boronic acid. (white solid, yield:
83.3%)."H NMR (400 MHz, DMSO-[Q) §(ppm): 10.98 (s, 1H), 9.19 (d,= 10.9 Hz, 1H), 8.35
(dt,J =11.1, 5.6 Hz, 1H), 8.22 — 8.10 (m, 3H), 8.08.628(m, 1H), 7.90 (ddd] = 14.7, 13.6,
7.7 Hz, 3H), 7.47 (ddd] = 11.5, 9.8, 5.8 Hz, 3H), 7.38 — 7.21 (m, 4H),37(0,J = 1.9 Hz, 1H),
6.97 (ddJ = 9.4, 1.3 Hz, 1H)}*C NMR (101 MHz, DMSO-[) &(ppm): 163.08, 152.54, 152.07,
151.66, 150.82, 150.60, 150.53, 148.83, 147.05,224842.41, 141.96, 140.83, 137.51, 136.51,
134.10, 132.10, 131.70, 130.30, 130.01, 128.87,182726.24, 122.57, 121.87, 117.91, 115.72,
114.16, 112.60. HR-MS (ESI) m/z: calcd. fori810FsN4Os [M + H]™: 553.1409, found:
553.1482. Mp 150-152 °C.
Benzyl(5-(2-oxo0-1-(3-(trifluoromethyl)phenyl)-1,Rydrobenzo[h][1,6]naphthyridin-9-yl) pyr
idin-2-yl)carbamate 111) The title compound was obtained similarly4@ The boronic acid was
replaced with (6-(((benzyloxy)carbonyl)amino)pyrieB-yl)boronic acid. (yellow solid, yield:
82.7%)."H NMR (400 MHz, DMSO-RQ) §(ppm): 10.49 (s, 1H), 9.19 (d,= 14.3 Hz, 1H), 8.35
(d,J=9.5 Hz, 1H), 8.27 — 7.94 (m, 5H), 7.94 — 7.73 8H), 7.61 — 7.19 (m, 6H), 7.08 — 6.88
(m, 2H), 5.21 (s, 2H):*C NMR (101 MHz, DMSO-[) §(ppm): 163.08, 153.99, 152.38, 151.60,
148.79, 148.72, 146.14, 142.39, 141.95, 140.82,01371.36.37, 134.10, 132.08, 131.67, 131.28,
129.74, 128.99, 128.84, 128.55, 128.38, 128.00,1127126.59, 122.54, 122.36, 117.91, 114.15,
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112.32, 66.44. HR-MS (ESI) m/z: calcd. fogB8,:F3N4Os [M + H]": 567.1566, found: 567.1639.
Mp 150-153 °C.
9-(6-(4-methylpiperazin-1-yl)pyridin-3-yl)-1-(3-{fiuoromethyl)phenyl)benzo[h][1,6]naphthy
ridin-2(1H)-one (1m) The title compound was obtained similarly4a The boronic acid was
replaced with (6-(4-methylpiperazin-1-yl)pyridiny8boronic acid. (yellow solid, yield: 85.1%).
'H NMR (400 MHz, DMSO-BR) 8(ppm): 9.12 (s, 1H), 8.33 (d,= 9.5 Hz, 1H), 8.12 (s, 1H),
8.09 — 8.02 (m, 2H), 8.02 — 7.94 (m, 2H), 7.9Q &, 7.9 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.11
(dd,J= 8.9, 2.6 Hz, 1H), 6.94 (dd,= 5.6, 3.8 Hz, 2H), 6.78 (d,= 8.9 Hz, 1H), 3.56 — 3.46 (m,
4H), 2.45 — 2.31 (m, 4H), 2.23 (s, 3HC NMR (101 MHz, DMSO-BQ) 5(ppm): 163.12, 158.84,
151.02, 148.40, 146.18, 142.22, 141.98, 140.83,7533.34.98, 133.97, 132.04, 131.61, 131.46,
131.28, 128.41, 127.09, 126.64, 123.77, 122.22,32117.98, 114.10, 107.06, 54.84, 46.35,
44.95. HR-MS (ESI) m/z: calcd. for,g24F3NsO [M + H]™: 516.1933, found: 516.2006. Mp
161-162 °C.
9-(6-morpholinopyridin-3-yl)-1-(3-(trifluoromethydhenyl)benzo[h][1,6]naphthyridin-2(1H)-
one (L1n) The title compound was obtained similarlydi@ The boronic acid was replaced with
(6-morpholinopyridin-3-yl)boronic acid. (yellow sd| yield: 84.2%).'H NMR (400 MHz,
DMSO-Dg) 8(ppm): 9.12 (s, 1H), 8.33 (d,= 9.5 Hz, 1H), 8.13 (s, 1H), 8.06 (dbF 8.2, 5.0 Hz,
2H), 8.03 — 7.95 (m, 2H), 7.90 = 7.9 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.15 (dd} = 8.9, 2.6
Hz, 1H), 6.94 (ddJ = 5.6, 3.9 Hz, 2H), 6.79 (d, = 8.9 Hz, 1H), 3.81 — 3.65 (m, 4H), 3.57 —
3.42 (m, 4H)*C NMR (101 MHz, DMSO-BQ) §(ppm): 163.11, 158.98, 151.06, 148.42, 146.13,
142.23, 141.98, 140.83, 135.80, 134.89, 133.95,063231.94, 131.46, 131.29, 128.44, 127.08,
126.61, 124.29, 122.23, 121.48, 117.97, 114.10,06066.42, 45.45. HR-MS (ESI) m/z: calcd.
for CogH21F3N4O2 [M + H]*: 503.1617, found: 503.1689. Mp 286-287 °C.
9-(6-(pyrrolidin-1-yl)pyridin-3-yl)-1-(3-(trifluoranethyl)phenyl)benzo[h][1,6]naphthyridin-2(
1H)-one (10) The title compound was obtained similarly4@ The boronic acid was replaced
with (6-(pyrrolidin-1-yl)pyridin-3-yl)boronic acid(yellow solid, yield: 83.3%)'H NMR (400
MHz, DMSO-Ds) 8(ppm): 9.10 (s, 1H), 8.32 (d,= 9.5 Hz, 1H), 8.13 (s, 1H), 8.10 — 7.98 (m,
3H), 7.98 — 7.85 (m, 2H), 7.79 (d~= 8.0 Hz, 1H), 7.02 (dd] = 8.8, 2.6 Hz, 1H), 6.92 (dd,=
10.8, 5.6 Hz, 2H), 6.36 (d,= 8.8 Hz, 1H), 3.40 () = 6.5 Hz, 4H), 1.95 (t) = 6.6 Hz, 4H)C
NMR (101 MHz, DMSO-R) é(ppm): 163.12, 156.77, 150.79, 148.24, 146.66,11512141.98,
140.83, 135.49, 135.13, 133.86, 132.03, 131.57,3731.31.24, 128.29, 127.15, 126.64, 122.16,
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122.07, 120.98, 118.01, 114.08, 106.46, 46.96, 258BR-MS (ESI) m/z: calcd. for
CogH21F3N4O [M + H]™: 487.1667, found: 487.1741. Mp 252-254 °C.
4.2. Biological Evaluations
4.2.1.1n vitro Antiviral Assay

The test compound and the positive compound wessollied in DMSO to 100 mM
depending on the mass and molecular weight ofdsiecompound and positive compound. The
test compound was diluted to a concentration of |@@0using a cell maintenance solution and
then diluted by a dilution factor of 3 times fotadal of 10 concentrations. The cell maintenance
medium (DMEM medium with 2% FBS) was used to sbridilute the positive drug Torin2 to
the same dilution as the compound to be tested.dllbeed compound was then added to a
white-walled clear bottom 96-well plate at pOper well. An equal volume of cell maintenance
medium was added to both the cell control group thedvirus control group. The EV71 virus
strains were removed from -80 °C and equilibratecbbm temperature. The virus was diluted to
100 TCIDso using the maintenance medium and was then addix @bove 96-well plate cells
at 50 ul per well. The cell control group was added with @qual volume of maintenance
medium. The RD cells were seeded at a concentrafidrx 10° / ml in a 96-well plate with a
white-walled clear bottom, 10d per well, and finally a volume of 200 per well, and the final
concentration of the drug was 0.25 times that efgfetreatment concentration. The plates were
cultured at 37 °C for 4 days. The buffer and sabstof the CellTiter-Glo® Chemiluminescent
Cell Viability Assay reagent (Promega) were mixadhe dark to prepare a working solution,
and cell viability assay were performed accordmg¢he manufacturer’s protocol. Thes§E50%
inhibitory concentration) was calculated usingwafte Origin 8.0.
4.2.2.mTOR Enzyme Assay

The mTOR kinase activities of all the compoundsenvdetermined using a LanthaScreen
Kinase Activity Assay (Invitrogen) following the mafacturer’s instructions, with compound
Torin 2 as a positive control. Briefly, the mTORzgme (0.5 pg/mL, Invitrogen), ATP (3 uM,
Sigma), GFP-4E-BP1 peptide (0.4 puM, Invitrogen) éest compounds were diluted in kinase
buffer (50 mM HEPES pH 7.5, 1 mM EGTA, 10 mM Ma( mM DTT and 0.01% Tween-20).
The reactions were performed in black 384-well pilates (PerkinElmer) at room temperature
for 1 h and stopped by adding EDTA to 10 mM. Th+BIEL (pThr46) antibody (Invitrogen)
was then added to each well to a final concentnadio2 nM, and the mixture was incubated at
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room temperature for 30 min. The intensity of tight emission was measured with an Envision
2104 reader (PerkinElmer) in TR-FRET mode (exotatit 340 nm and emission at 495 nm/520
nm). All of the compounds were tested in duplicated the results were expressed ag.IC
4.2.3.Western Blot Analysis

Cell lysates were prepared in loading buffer (Bewe) and heated at 100 °C for 10 min, and
proteins were then separated by gel electrophouessigy the NUPAGE Novex 4-12% Bis-Tris
gel system. Proteins were then transferred ontoV®H membrane using the Bio-Rad
transmembrane system. The PVDF membranes were pifedred with a rabbit anti-p70 S6
antibody (CST, 2708), a rabbit anti-phospho-p70a86body (CST, 9234), a rabbit anti-Akt
antibody (CST, 4691), a rabbit anti- phosphor-Aktilzody (CST, 4058), or a rabbit anti-Actin
antibody (CST, 4970) and visualized using the cpoading IRDye anti-rabbit antibody
(LI-COR, 926-32211). The membrane was then scansed) the LI-COR Odyssey.
4.2.4. Molecular Modeling

The molecular docking process was as follows: fisystal structures of mTOR were
downloaded from the RCSB Protein Data Bank (httpuit.rcsb.org). The selected protein Data
Bank (PDB) ID was mTOR (4JSV, resolution 3.5 A).xijehe water molecules in the crystal
were cleared, and hydrogen atoms and electric ebanggere added. Subsequently, molecule
structures of ligands were drawn by ChemBioDraw01{PerkinElmer) and introduced into
protein crystal cells. Finally, the molecular dotkiwas carried out by using the LIB-DOCK
module of the Discovery Studio 2.5 package. After tlocking process was finished, the best
conformation Figure 4) was selected and the hydrogen bonds were digplageording to the

docking result.
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Figure 1. Design strategy of Torin2 derivatives.

Scheme 1.Synthesis of4a-4d®. ® Reagents and conditions: (a) ethyl 2-(diethoxyphosy)
acetate, KCOs;, EtOH, 100 °C; (b¥a4b: boronic ester, BCO;, Pd(PPh)4, 1,4-dioxane, 100°C;
4c-4d: Pd(dbayg, CsCQ, 4,5-Bis(diphenylphosphino)-9,9-dimethylxanthebd-dioxane, 100°C
Scheme 2.Synthesis 0f8a-8f°. “Reagents and conditions: (c) MCPBA;GO;, DCM, rt; (d)
NaOH (1N), 60 °C; (e) di(1H-imidazol-1-yl)methanon€&HF, rt; (f) 8a-8c. boronic ester,
K2COs, Pd(PPB)4, 1,4-dioxane, 100 °QBd-8f: Pd(OAc), enamide, Tri(o-tolyl)phosphine, 4,
DMF, 100 °C.

Scheme 3Synthesis ol 0a10€. ®*Reagents and conditions: (g) 1-(triphenyl-15-ph@sph
-lidene), DMSO, 120 °C; (h) boronic esterCGOs, Pd(PPh)4, 1,4-dioxane, 100 °C.

Scheme 4Synthesis ofl1a-11d". Reagents and conditions: (i) boronic esteiC&s, Pd(PPB)a,
1,4-dioxane, 100 °C.

Table 1.Anti-EV71 activities o4a-4d, 8a-8f, and10a10e

Table 2. Anti-EV71 activities ofl1a110

Figure 2. Summarized SARs of the synthesized compounds.

Figure 3.In vitro mTOR kinase inhibitory activity.

Figure 4. Molecular docking results of the superimposed con&dgion for the optimized
compounds (A) Torin2 (shown in purple) ahdle (shown in blue); (BJl1e and8a (shown in
yellow); (C) 11eand10a (shown in green); (Dl1leand11ld (shown in pink); (Eflleand11lh
(shown in orange); (F1eandll1lm (shown in brown) with the mTOR kinase complex (PIDB
code: 4JSV).

Figure 5. Western blot test results for the compounds

Table 3. Absorption properties dfla 11b, 11d, 11leand11lm

Table 4. Water solubility ofl1a 11b, 11d, 11eandl1lm
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Table 1. Anti-EV71 activities ofda-4d, 8a-8f, and10a10e

i
e oI,
|

8a: Ry=

10a: Ra=

HoN

N
KJ\/
5 Lo d & L
4b: Rq= NN P N 10b: Rg= ’
R, N ‘ Kj\/ R, N\/<o 8c: Rp= @LN%/ ©\/
\/ 4c: Ry= @HNFK m ~ W 10c: Rs= J\N)\/
. N HzN/ \ 8N 8 Rp= NV\;‘j o N
4d Ry= {:N\fHN;f H 10 R @L)y
HoN 8e: Ry= NC/\;’/ 100: K8 F\E\‘jy
8f. Ro= \0)0\/\/
Compd. R R Rs ICso(uM)*  CCso(uM)”
H
4a o,{j@ - 7.40+0.18  10.27+7.81
|
4b /NKN/'L - 0.27+0.05 0.17+0.06
4Ac ] p”’“\ - 0.89+0.07 7.58+0.23
2
7\ HN
4d LN - 2.47+0.11 5.19+0.08
2!
8a - ) ; 4.78+0.14  16.88+5.46
~0
8b ; ‘ ; >200 68.52+0.42
N
8c ] @@L ] >200 68.88+0.13
(@]
8d ; HNA N ; 48.90+1.26  66.64+1.17
86 _ NG ] >200 >200
8f - NN - >200 71.99+0.78
10a ] HQN@ 5.14+0.54 5.14+1.92
NH,
10b ; @ >200 >200
10c i " ® >200 >200
10d ; w >200 0.68+0.21
10e . A >200 2.2310.08
Torin2 - - 0.01+0 0.04+0
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& The compound concentration required to reducevthes-induced cell death by 50% was

defined as 1G. ® The compound concentration required to reduce¢Heviability to 50% of the

tested control culture was defined assgC
Table 2. Anti-EV71 activities ofLl1a110

11a:R4=F;Rg=Rg=H
11b:Re=F;R,=Rs=H
11¢:R4=OCH3;Rs=Rs=H
11d:Rg=OCH3;:R,=Rs=H

11j:Rg=(CH2)3CO(CO)NH:R ,=Rs=H
11k: R6=06H5OOCNH, R4=R5=H
111:Rg=CgHsCH,00CNH:R,=Rs=H
11m:R6=\N/\ R,=Rz=H

\,N 4~ N5

11e:Rg=CH3CH,(CO)NH;R,=Rs=H ~
11f:Rg=CH3(CH,)»(CO)NH;R4,=R5=H 11n:Rg= @\1 R4=Rs=H
1 1gR6=(CH3)QCH(CO)NH,R4=R5=H h

11Re=CHy(CHo)5(CONHRA=Re=H 110Re= (7, Ry=R=H
11i:Rg=CgH5CH,(CO)NH;R4=Rz=H >

Compd. R Rs Rs ICso(uM)*  CCsoluM) °
11a H 0.059+0 1.23+1.20
11b H F 0.07+0.01 0.230.33
11c OCH; H >200 >200
11d H H OCH; 0.0420.01 0.13+0.03
1le H H CHyCH,(CO)NH 0.027+0.02 0.0420.02
11f H H CHs(CH,)o(CO)NH 0.1740.01 0.75£0.36
119 H H (CHs),CH(CO)NH 0.82+0.12 0.4620.03
11h H H CHs(CH,)s(CO)NH 0.20£0.02 0.70£0.48
11] H H CeHsCHA(CO)NH 0.5620.08 0.7420.72
11] H H (CHs)s:CO(CO)NH 2.47+0.13 0.69+0.50
11k H H CsHsOOCNH 0.09+0.01 0.20£0.09
111 H H CeHsCH,00CNH 23.7241.02 1.00£0.81
11m H H L 0.09+0.02 0.18+0.15
11n H H &N 2.63:0.14 2.91+1.16
110 H H CA 2.47+0.09 1.79+0.67

Torin2 - - - 0.01+0 0.04+0
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& The compound concentration required to reducevthes-induced cell death by 50% was
defined as 1G. ® The compound concentration required to reduce¢Heviability to 50% of the
tested control culture was defined ass6:C

Table 3. Absorption properties dfla 11b, 11d, 11eand11m

Property of Absorption
Compd. MlogP? S+logP S+Peff S+MDCK?  Absn_Risk
1la 4.024 4.346 7.883 1344.773 2.012
11b 4.024 4.422 8.009 1302.577 2.088
11d 3.744 4.381 6.418 1252.891 2.214
lle 3.707 4.001 4.058 977.619 1.334
11m 3.754 4.473 3.366 1282.295 1.683
Torin2 3.541 3.499 3.433 892.816 1.167

%0il-water partition coefficient, suggested value$:0 < MlogP < 4.15. "Oil-water partition
coefficient, suggested values: -£®+logP< 5.0.°Effective permeability in the human jejunum,
suggested values: S+Peff-1.0. %Apparent permeability coefficient in the Madin-Dgrtanine
kidney cell model, suggested values: S+MDGEK30. ®Druggability risk about absorption,
suggested values: Absn RisiB.

Table 4. Water solubility ofl1a 11b, 11d, 11eand11m

Compd. Torin2 lla 11b 11d lle 11m

Water solubility
(ng/ml)

1.29 5.88 0.42 0.61 0.39 18.64
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Figure 5. Western blot test results for the compounds
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Scheme 1Synthesis ofta-4d®

7 CFa CFs
| Qb
Y N N
a b
Br AN —>Br X R1 N
N7 68.6% P Te%-s26% -
2 3 .
N
NN
4b: R1= - =~ |
A
4c: Ry= @HN};
HN
/N
4d: R,= QHN?E
HN

®Reagents and conditions: (a) ethyl 2-(diethoxyphosy) acetate, BCOs, EtOH, 100°C; (b)
4a4b:  K,CO;, Pd(PPR4, 1,4-dioxane, 100°C; 4c4d: Pd(dbay, CsCQ,
4,5-Bis(diphenylphosphino)-9,9-dimethylxanthend-dioxane, 100°C.
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Scheme 2Synthesis 08a-8f*
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®Reagents and conditions: (c) MCPBA,GO;, DCM, r.t.; (d) NaOH (IN), 60°C; (e)
N,N-Carbonyldiimidazole, THF, r.t.; (fBa-8c. K,CO;, Pd(PPh)4, 1,4-dioxane, 100°C8d-8f:
Pd(OACc), Tri(o-tolyl)phosphine, BN, DMF, 100°C.
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Scheme 3Synthesis of0a10€'
CF3 CF3
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®Reagents and conditions: (g) 1-(triphenylphosphgidene)propan-2-one, DMSO, 120°C; (h)
K,CO;s, Pd(PPH)4, 1,4-dioxane, 100°C.
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Scheme 4Synthesis ofl1a11d
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11b:R6=F;R4=R5=H 11k:R6=CBH5OOCNH;R4=R5=H
1 1C:R4=OCH3;R5=R6=H 1 I:R6=06H5CHzoOCNH;R4=R5=H
11C|:R6=OCH3;R4=R5=H 11m:R6=\N/\ R4=R5=H
11e:Rg=CHsCH,(CO)NH:R,=Rs=H NS
1 1fR6=CH3(CH2)2(CO)NH,R4=R5=H 1 1n:R6= O\//\N R4=R5=H
11g:Rg=(CH3),CH(CO)NH;R ;=R5=H >
11h:R=CH3(CHz)s(CONH:Rs=Rs=H 110:R,= G\J R4=Rq=H
11i:Rg=CgH5CHy(CO)NH;R,=R5=H ~

®Reagents and conditions: (iy®0s;, Pd(PPb)4, 1,4-dioxane, 100°C.



Highlights

*  Synthesis of novel Compd targeting mTOR for anti-EV 71.

*  Preliminary explore the new mechanism of anti-EV 71 based on mTOR.



