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Abstract

Dengue fever is a mosquito-borne viral disease lthatbecome a major public health
concern worldwide. This disease presents with a&wahge of clinical manifestations,
from a mild cold-like illness to the more seriowentorrhagic dengue fever and dengue
shock syndrome. Currently, neither an approved diugan effective vaccine for the

treatment are available to fight the disease.

The envelope protein (E) is a major component ef ¥irion surface. This protein
plays a key role during the viral entry process)stibuting an attractive target for the
development of antiviral drugs. The crystal struetof the E protein reveals the
existence of a hydrophobic pocket occupied by tetementn-octyl-B-d-glucoside
(B-OG). This pocket lies at the hinge region betwekmmains | and Il and is
important for the low pH-triggered conformationa@arrangement required for the
fusion of the virion with the host’'s cell. Aiming ¢he design of novel molecules
which bind to Eand act as virus entry inhibitors, we undertookeanovo design
approach by “growing” molecules inside the hydrodpilosite 3-OG). From more
than 240000 small-molecules generated, the 2,4mgme scaffold was selected as
the best candidate, from which one synthesized camg displayed micromolar
activity. Molecular dynamics-based optimization vpesformed on this hit, and thirty
derivatives were designeiah silico, synthesized and evaluated on their capacity to
inhibit dengue virus entry into the host cell. F@ampounds were found to be potent
antiviral compounds in the low-micromolar range.eTlssessment of drug-like
physicochemical andh vitro pharmacokinetic properties revealed that compoteds
and 3h presented acceptable solubility values and weablestin mouse plasma,
simulated gastric fluid, simulated intestinal fluidnd phosphate buffered saline

solution.
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1. Introduction

Dengue fever is the most prevalent mosquito-borng disease and has become a
major public health concern worldwide in recentrge®engue virus (DENV) belongs
to the genus FlavivirusF{aviviridae), which are positive-sense single-stranded RNA
genome viruses, as several other human pathogesis & West Nile, Japanese
encephalitis and Zika viruses [1-3]. To date, feerotypes of DENV have been
described, i.e., DENV1 to DENV4. At present, DENY/ endemic in more than 100
countries worldwide [4]. The Americas, South-EasiaAand Western Pacific are the
most seriously affected regions. During 2016 serioutbreaks occurred worldwide,

with more than 2.3 million cases being reportetheAmericas [5,6].

Controlling DENV epidemic outbreaks remains difficiDengue vaccine (Dengvaxia)
developed by Sanofi Pasteur has been listed in thare10 countries to prevent dengue
fever [7-9]. However, vaccination requires a thdese regimen that is limited to
individuals aged 9-45 years old, and in seronegatndividuals provides modest
protection[10]. Currently, there is still no spéci@ntiviral to fight the disease Although
some drugs have been proposed for different DENw®teprs, such as the viral

polymerase and protease, none of them have beeovapf10,11].

The entry of viruses into the host cell is an earlg specific stage of infection of which
different viral or cellular targets are sensitigetherapeutic intervention. The entry of
DENV is initiated by the binding of the viral paife to receptors on the host cell’'s
plasma membrane, followed by internalization vieepor-mediated endocytosis of the
virion into the cytosol. The acidic conditions dietendosome compartment trigger a
conformational rearrangement of the viral envelgpeteins (E) which induces the
fusion of the viral and endosomal membranes crgatipore through which the viral
genome is released into the host cell’'s cytoplagd&13]. The crystal structure of
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DENV-2 E protein reveals a hydrophobic pocket oeed oy the detergemtoctyl-p-D-
glucoside §-OG). This pocket lies at the hinge region betweéemains | and Il of the E
protein. TheB-OG pocket is the region where the major conforamati changes occur
during membrane fusion. Several authors have peapothat small molecules
interacting with the E protein can block viral gntf13—15] The best pharmacological
evidence for the pocket as a suitable target wandighed by Wispelaeret al. The
authors demonstrated that pyrimidines analogs cahédxtracellularly to the E protein,
and prevent the infection by blocking E-mediatednbrane fusion during viral entry.
A resistance mutation, M196V, located adjacent lte §-OG pocket, reduces the
affinity and viral infectivity of the evaluated c@ound [14]. The aim of this work was
to identify new molecules that would bind to G pocket and inhibit DENV entry.
To this end, ade novo design strategy was employed and the selected amamaip
showed viral inhibition at micromolar concentrasoriThrough a lead optimization
process, several optimized derivatives were obthinghich displayed high
improvement in the antiviral activity and pharmaoekics in vitro properties

(solubility, logP, and stability).
2. Results and discussion
2.1. Chemistry

On the basis of thde novo design considerations (section 2.3), we prepanechge of
2,4-disubstituted pyrimidine analogs (Scheme 1} $Hnthesis of pyrimidine analogs
was based on previously described procedures [i6¢ desired compounds were
obtained through an®r reaction of anilines and amines with heteroahlbrides [17].
Compounds2a-f and 4a-d were obtained in high yield by selective substitatiin
position 4 with commercially available or syntheslzanilines and benzylamines in the
presence of DIPEA inn-butanol Qa-f) or ethanol 4a-d). Finally, the desired
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compounds Ja-v and 5a-e) were prepared through ay& from monosubstituted
pyrimidine, (2a-f and 4a-d) and the corresponding alkyl amines. Due to tlok laf
reactivity of the 2-position dil-4-pyrimidine derivatives, the reaction was carred in

sealed tube at reflux with a low yield.

Compound8, 11 and 12 were obtained as shown in scheme 2. The intertgedia
hydrazone {) was obtained by the condensation of 4-hydrazhati@ro pyrimidine 6)
with 2,4-dichlorobenzaldehyde. Compout@ was prepared by the condensation of 5-
(pyridin-2-yl)thiophene-2-carboxylic acid and 2-gtdpyrimidin-4-amine, in the
presence of EDCI.HCI and HOBt in NMP. Compoutizl was prepared via an8r

reaction of the compoun@d) with a sodium alkoxide in THF.
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Scheme 1. General procedure for synthesis of compouBaly and 5a-e. Reagents and conditions (a) Amines, DIPBAutanol, 110°C,

overnight. (b) Amines, DIPEAy-butanol, 190°C, sealed vial. (c) Benzylamines,EAPethanol, 90°C, overnight.
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Scheme 2. Synthesis of compounds 11 and12. Reagents and conditions (a) MNHH.,

TEA, methanol, rt, 2 h. (b) 2,4-Dichlorobenzaldedy@thanol, reflux, 1 h. (c) 4-(2-
Aminoethyl)morpholine, DIPEA, 190°C, sealed viall) NH,OH, 90°C, 5 h. (e) 5-
(Pyridin-2-yl)thiophene-2-carboxylic acid, EDCI-HEOBt, NMP, rt, overnight, () 4-

(2-Hydroxyethyl)morpholine, NaH, THF, 80°C, overhig

2.2. Antiviral activity

The antiviral activity was evaluated for each nedd#gigned compounds monitoring the
expression of the luciferase from a recombinanly féunctional reporter infectious

DENV-2 bearing a luciferase coding sequence. [18Af@r infection of cells in culture



with the reporter DENV, the luciferase activity geat 8 h as a result of the translation
of the incoming viral genome. Thus, luciferase\agtiat this time point reflects entry
of the reporter virus. After 24 h post-infectiohetgenome amplification by the viral
polymerase occurs, leading to an increase in thigehase activity, which accounts for
the synthesis of viral RNA. The luciferase actiwtgs measured at 8 h post-infection
with the reporter DENV in either untreated congod in cells treated with each of the
thirty compounds synthesized (Tables 1 andT®jo of the active inhibitors, that block
an early infection step, were further evaluatedtfeir antiviral activity against fully
DENV1-4 infectious viral particles by a virus yieldhibition assay [20]. Cells were
infected at a multiplicity of infection (m.o.i.) d.1 plague formation units per cell
(PFU/cell) and further incubated in the presencdifi&rent compound concentrations
during 24 and 48. Virus replication was inhibited by both composnid a dose-
dependent manner attaining a reduction higher 8@ in virus titres in the range of

concentrations 0.3-1;8M for all DENV serotypes (Table 3).

In parallel to antiviral activity, cell viability as measured after the treatment with
different concentrations of each compound usingstalri violet and the 3-(4,5-
dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromei (MTT) assay, as described

previously[21].
2.3.De novo design of DENV E protein inhibitors

Taking into account the crystal structure of thedmg site occupied bf-OG reported
by Modis et al. [22], we designed new small organic moleculeswite capacity to
bind the E protein like thep-OG ligand. Thep-OG pocket entrance contains some
hydrophilic amino acid residues that could establislectrostatically favorable
interactions with ligands (for example, Thr48, GQu45In200, GIn271, and Thr280).
Besides, several polar atoms present at the paakednce are suitable partners for
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energetically favorable hydrogen bond interactioffse hydrophobic pocket, which is
occupied by then-octyl chain of theB-OG ligand in the crystal structure, is large
enough to accommodate the hydrophobic groups présesmall molecule inhibitors

[14,23-27].

Based on the chemical features and critical intemas with thep -OG binding site of
the active compounds previously reported [27,28%, generated a virtual chemical
library using theBOMB program [29]. The library was grown startingflwNHs as the
core, which was positioned to form a hydrogen baitd the Thr48 carbonyl group. All
templates were designed to fulfill these key rezmients: (i) to deliver a hydrophobic
group into the hydrophobic pocket, as f®G octyl chain; (ii) to incorporate an NH to
the hydrogen bond with Thr48, and (iii) to incorgi@ polar substituents into the
channel entrance. An extensive conformational $ea@s performed for each ligand;
each conformer was optimally positioned and theitie lowest energy was scored as
output. The structure optimization was performethwhe OPLS-AA force field[30].
The prime parameters for the analysis were theeprdigand potential energy £B),
the desolvation energy and surface-area burightfigand, and the drug-like predicted
properties including solubility and cell permeatyil[31]. Around 240,000 molecules

were then built to form the PhxNH - Het - U motif, where NH is a core, U is a

solubilizing group, Het is a heterocyclic ring, aRbx is a substituted (X) phenyl ring
(Ph). The top-25 scoring analogs are dominateduayagoline and pyrimidine as Het.
The top 5-analogs have chlorine at 4- and 5- pheuogsgition (PhX) and 2-

morpholinoethanamine, and piperazine as solubgizgmoup (U). In the end, we
selected compoun@®a based on the high gk value, adequate drug-like predicted

properties and synthetic feasibility compared ®rist of the candidates.
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Next, we docke®a within the binding site and performed a 100 nseuolar dynamics
(MD) simulation to determine the stability of theegicted conformations by BOMB
and to explore the putative binding mode of thedel ligands with the E protein.
During the first 40 ns of the simulatioBa established a hydrogen bond interaction
between the NH at position 4 of the pyrimidine structure and @E of the Thr280
(Figure 1A). The interatomic distance and the tgpltydrogen bond angle were nearly
2 A and 160°, respectively (Figure S1). After estttilig this interaction, the ligand
moved slightly from the initial conformation to aher conformation that remained
stable for the rest of the simulation. No hydrodend interactions were detected

during that period.

Compound3a was synthesized and cytotoxicity was evaluated549 cell line. Also,
antiviral activity was tested by the luciferaseadgpr DENV assay mentioned above
[18,19]. This ligand displayed antiviral activitganst DENV-2 (EG, 23.6 utM) and no
cytotoxicity was observed at 50 puM. Although theiaral activity was moderate, it

was considered a good starting point for lead agatron.
2.4. Lead optimization

Initial analogs of 3a. A computer-aided drug optimization was carried ioubrder to
improve the antiviral activity o8a. For this purpose, we used a combination of design
using the BOMB software followed by docking/MD silations. In the first step, the
determination of the optimal substitution pattex) ¢f the Ph scaffold was performed
by BOMB. The best g scores were obtained by the introduction of volwum
substituents such as X= Ph group. Analogues wereldicked within the binding site,
followed by 100 ns MD simulations. We were thuseabd confirm that the close
contacts made by all the ligands and Ehprotein became stronger and more stable as
the size of the X chain increased. Furthermore, tftege voluminous ligands also
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established stronger and more stable H bond irttersc In particular, the MD
simulations of compoun8c and3d revealed that the biphenyl ring group fitted very
well in the hydrophobic pocket establishing an gatcally favorable hydrophobic
contact with Thr48, Vall30, Leul35, Metl96, lle2@nhd Phe279 side chains. In
particular, a strong hydrophobic interaction wasestsed between the terminal aromatic
ring of the biphenyl group and Phe193 at a distarice A. These ligands established
stable hydrogen bond interactions with the E protédoth of them presented a
moderate hydrogen bond between théd Nt position 4 of the pyrimidine with the
carbonyl O of the Thr48, (interatomic distances2df A and a bond angle of 150
(Figures S2 and S3). At the end of the simulatierfggmed with3d, this ligand was
found to move slightly from the initial conformatioto another conformation that
remained stable for the rest of the measuremeidyeand a new hydrogen bond was
formed between the O of the Ala50 and théiNat position 2 of the pyrimidine. The

interatomic distances and H bond angle werédla@d 160°, respectively (Figure S4).

During the second half of the simulation, anothdyddd was formed between the N3 of
3c and3d and the backbone amide H of Ala50 (interatomicasise of 2.2 A and a
bond angle of 160°) (Figures S5 and S6). For th&reersimulation period, the
morpholine group remained exposed to the solveigu(é 1B). The MD simulations
revealed a common pattern of interaction with @G pocket in the E proteinvhich

was in agreement with the interactions predictethlegle novo design.
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Figure 1. Predicted interaction of active compour8#s(A) and 3c (B) within the E

protein binding site (PDB ID 10KE) obtained by thelecular dynamics simulations.

Based on the outcome of the MD simulations, comde®a and 3d were synthesized
and evaluated in the early infection steps dengniieigals using an assay that allows
discriminating entry/translation and genome amgdifion. As expected, both
compounds were 3- and 13-fold more active thamptledecessoBa, respectively. The
influence of other substituents, at position 4 leé pyrimidine ring on the biological
activity was also investigated. Compour8land 11, whose aromatic rings were found
to fit well in the hydrophobic pocket were moreieetthan the reference compouBal
(Table 1, Figure S7). In addition, a pairwise congmm of the activities of compounds
3c and12 (EGso= 8.6vs. 39.7 uM) revealed the crucial role of the NH asipon 2 of

the pyrimidine for the biological activity.
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Table 1. Anti-DENYV activity and cytotoxicity of compounda-d, 8, 11 and12.

R1 EG50 CG50 Sld

Core structure Compound
P EM)* (M)

3a \©\ 23.621.2 89.6+2.3 4
cl

3b \©\ 21.3+1.6  >50 >2
CH;

B
3c O 8.6x1.1 59.0+1.8 7
Ri<
"“NH O

sUSE.
N
N” ﬂ/\/ J 3d O 18+1.0 102409 5
CHs
f;\N/ Cl
8 10.6+1.0 765+1.8 8

cl
N7 ‘
11 ST s AN 33+18 105+1.1 4
I
& \
Ri<

iy C
ﬁN K\O 12 39.7+1.1 ND ND

N/)\O/\/ N

®effective concentration 50%: concentration requited achieve a two-fold reduction of
luciferase activity compared to control. Resultpresent the mean from at least two

independent experiments analyzed by GraphPad Boftiuare.

PCytotoxic concentration 50 is defined as a conegioin required to reduce the viability of
A549 cells by 50%, as determined by MTT method.uRegepresent the mean from at least

two independent experiments.
°ND: Not determined.

9S1: selectivity index (St CCso/ECso).
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The next step in the study was to evaluate theenite of the terminal heterocyclic ring
on the antiviral activity. Therefore, we replacée ethylmorpholine scaffold a by
ethylpiperidine 8e), tetramethylpiperidine3f), methylpyridine 8m), methylpyridine
N-oxide @p), and 4-methyl andN-ethanolpiperazine3( and 3v, respectively). In
general, all the compounds were active within the micromolar range. These results
demonstrate that the activity is more dependerthersize of the X chain than on the
heterocyclic ring exposed to the solvent. In paftéic 3e and 3h exhibited higher
activity against DENV, as compared to the restarhpounds of the serie8q 3h, 3m,

3p, 3g and3v). (Table 2).

Analogs of 3h. Several3h derivatives (EG=0.8 uM) were synthesized and evaluated
against DENV. In general, all derivatives exhibitetivity in a low micromolar range,
including compound3g, which bears g-chlorophenyl group at position 4 of the
pyrimidine ring (EGy=1.9 pM). Compound8i and 3j, bearing a chlorine atom i
and m-position of the biphenyl group, were the most potmpounds of this series,
with EGso values of 0.1 uM and 0.5 pM, respectively. Theesults were also
corroborated by measuring intracellular viral RNé&vél after treatment with the

compounds for 48 h post infection (p.i.) by gRT-RCR

Taking into account the activity 8, the X chain appears to have less influence on the
biological activity, as compared to the rest of seeies (Tables 1 and 2). Further MD
simulations revealed the existence of a stablerelatic interaction between the NH
charged group of the tetramethylpiperidine scaffaldd Glu49 (Figure 2). The
contribution of this residue to the calculated Imgdfree energy was notably higher
than that of the other residues, which explains tgyinfluence of the X chain on the

ECso values is diminished.
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Table 2. Anti-DENYV activity and cytotoxicity of compounde-v and5a-e.

ECso CGsg

OCHj

12.5+0.9 18.3+1.2

Core Compound si
P R WM)° (M)
&
Ri< 3e 0.8:0.2 18.1#1.0 23
NH O
1
N/)\N/\/N O
H 3f O 1.1:0.3 14.3:08 13
cl
2 \©\ 190+10 18619 .
cl
&
. 08#0.2 17.3:08
] 0.18:0.1 9.8:1.1  ,
‘ cl
. 0.54+0.2 5.1+1.2
O =
~
N" N
H 3 151410 12.0:0.7 4
: CH;
JJJ"‘
50 \_@Q 18411 211413 12
5c WF 1.98+1.1 12.840.2 7
5d H<_©,CH3 4.90+1.0 15.2+0.5 3
5e “L@ )
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ECso

CGso

Core Compound R1 M (M) s
3 j\©\ 24.0¢1.1 ND° ND
cl
7.441.0  40+1.2 5
o ®
Ri~
SNH O
ﬁN 3n 41411 25.7+1.2 6
| ®
N~ N SN cl
H |/ é;
30 IC| 3.4+1.1 18.5+1.9 5
JJJ"‘
5a L@m 23.7¢1.6  ND ND
RisNH
SN
| 3p 0.1#1.0 30.2+1.5 3
P o
N~ N SN O
H |/
39 4.6+0.9 25.1+1.2 5
~NH 3r 3.3+0.9 23.5+1.2 5
ﬁN Cl
—
N N/\ &
K/N\ 3s IC| 29+1.1 153+08 5
3t 4.9+1.2 27.7+1.0 6

(@)
T
&
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R1 EC50 CCSO Sld

Core Compound
P WM)? (uM)°
3u 24.0+1.1 ND ND
3v 19.9+1.3 ND ND

®Effective concentration 50%: concentration requited achieve a two-fold reduction of
luciferase activity compared to control. Resultpresent the mean from at least two

independent experiments analyzed by GraphPad Boftmare.

®Cytotoxic concentration 50 is defined as a conegioin required to reduce the viability of
A549 cells by 50%, as determined by MTT method.uRegepresent the mean from at least

two independent experiments.
°ND: Not determined.

dST: selectivity index (SI = CC/ECs).

\ ' S

/
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Figure 2. Predicted interaction of compourgh within the E protein -OG binding site,
obtained by molecular dynamics simulation. Thetebstatic interaction and hydrogen bond are

shown as violet and green dashed lines respectively

Since all DENV serotypes co-circulate simultanepugh several tropical and
subtropical areas, the antiviral activity agaimsectious virus particles of serotypes 1-4
was further evaluated. Based on the high conservati the residues involved in the
interaction between protein E and ligands, we etgqukactive compounds to display
antiviral activity against the four serotypes of M Compounds3e and 3h were
selected for evaluation because they presented pagency and better calculated
physicochemical properties (solubility, clogP). Agpected, both compounds were
found to be active against the four DENV serotypeish slight differences between

serotypes (Table 3).
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Table 3. Antiviral activity profile of 3e and3h against DENV serotypes.

Compound EG (LM)*
DENV-1 DENV-2 DENV-3 DENV-4
3e 0.87+0.1 0.85%0.2 0.56+0.2 2.5+1.1
3h 0.58+0.1 0.81+0.2 0.39+0.8 0.87+0.3

*Effective concentration 50% (E§ was calculated as the concentration requiredettuge
virus yield by 50% in the compoundreated cell cultures compared with untreated ahd$ h

p.i. All determinations were performed in triplieatValues represent the meastandard

deviation from triplicate independent tests.

2.5 Physicochemical and vitro pharmacokinetic properties of the selected comgsun

The physicochemical properties of the most prormgisiompounds3e and 3h) were
evaluatedn vitro in terms of solubility and stability. The solubjliwas tested at three
different pH values (1.2, 6.8, and 7.4) employirige tshake-flask method [32].
Solubility data are summarized in Table 3. All caapds presented acceptable
solubility values, which were within the range nattyp observed for oral drugs, i.e., 4-
4000 pg/mL (corresponding to S values ranging fttfi to 10° M for compounds
with a molecular weight of 400) [33]. The clogP wed for the listed compounds ranged
from 3 to 5, which are also within the range foalatrugs (0-5) [34]. Stability studies
were conducted in PBS (pH 7.4), simulated intebtihed (SIF, pH 6.8), simulated
gastric fluid (SGF, pH 1.2), and mouse plasma astth bompounds were proven to be

stable under all evaluated conditions.
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Table 4. Physicochemical and pharmacokineticsitro properties foBe and3h.

Cmpd Solubility (ug/mL) *cLogP £, (Min)°
SGF SIF PBS SGF SIF PBS
Plasma
(pH1.2) (pH6.8) (pH 7.4 (pH1.2) (pH6.8) (pH 7.4)
3e 506417  324+29 3246 4.7 > 120 >120 >120 >120

3h 7610 580+49  93+6 5.0 > 120 >120 > 120 > 120

*Experimental solubility at pH 1.2, 6.4 and 7.4. Mz are expressed as the mean + standard

deviation of two independent experiments run iplicate.
®cLog P: Predicted by the Qikprop software. [35]
°SGF, SIF, PBS and mouse plasma stability

3. Conclusions

On the basis of our hit identification and lead im@ation strategy, thirty new
molecules were synthesized. Four of the new dévestdisplayed significant anti-
DENV activity (EGo<1 pM) targeting the early steps of viral infectiofwo of the
most promising compound8d and 3h) proved to be active against the four DENV
serotypes. Both compounds showed adequate soyubiid high stability profiles in
different media. Taking all this into account wensiler that the pyrimidine analogs are

a good starting point for the development of narglvirals against DENV infection.

4. Experimental section

4.1.Chemistry

Column chromatography was carried out employingdesilica gel (Kieselgel 60, 63-

200 um). Precoated silica gel plates F-254 were used tham-layer analytical
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chromatography. NMR spectra were recorded on Br&kespin 600 MHz AVIII600,
Bruker advance Il 500 MHz and Bruker 300 MHz spmuieters at room temperature.
Chemical shiftsq) are reported in ppm and coupling constants (Hertz. The mass
spectrometer utilized was a Xevo G2S QTOF (Wateygp@ration, Manchester, UK)
with an electrospray ionization (ESI) source. Thasmspectrometer was operated in
positive and negative ion modes with probe capillaoltages of 2.5 and 2.3 kV,
respectively. The sampling cone voltage was 30 Ne Source and desolvation gas
temperatures were set to 120 and 350 °C, respBctiVee nitrogen gas desolvation
flow rate was 600 L H and the cone desolvation flow rate was 10"t ffhe mass
spectrometer was calibrated across the range/260-1200 using a 0.5 mM sodium
formate solution prepared in 2- propanol/water 190v/v). Data were drift corrected
during acquisition using a leucine encephalin egfee spray (LockSpray) infused at 2
puL min—-1. Data were acquired in the rangen@z 50-1200, and the scan time was set
to 1 s. Data acquisition and processing were chioig using MassLynx, version 4.1

(Waters Corp., Milford, MA, USA).

4.1.1. General procedure for synthesis of compo@aes To a pressure round-bottom
flask containing the mixture of 2,4-dichloropyrirmd (1) (2.0 mmol) and the

corresponding amine (2.0 mmol) mbutanol (5 mL), DIPEA was added (10.0 mmol)
slowly to the solution. The mixture was stirredla0 °C overnight. The products were
obtained as solids, which were filtrated from tle@ation mixture and recrystallized

from ethanol.

4.1.1.1. 2-chlordN-(4-chlorophenyl)pyrimidin-4-amine24). Yield: 0.224 g, 46%'H
NMR (600 MHz, CDCY) ¢ 8.16 (d,J = 5.9 Hz, 1H), 7.40 — 7.36 (m, 2H), 7.31 — 7.27

(m, 2H), 6.93 (br s, 1H), 6.55 (d= 5.9 Hz, 1H).
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4.1.1.2. 2-chlordN-(p-tolyl)pyrimidin-4-amine 2b). Yield: 0.380 g, 87% NMR
(300 MHz, CDC}) 6 8.11 (d,J = 5.9 Hz, 1H), 7.25 — 7.16 (m, 4H), 6.95 (s, 16ip4

(d,J=5.9 Hz, 1H), 2.29 (s, 3H).

4.1.1.3N-((1,1'-biphenyl)-4-yl)-2-chloropyrimidin-4-amineg). Yield: 0.350 g, 53%.
'H NMR (600 MHz, DMSO¢g) 8 10.14 (s, 1H), 8.19 (dl = 5.9 Hz, 1H), 7.73 — 7.64

(m, 6H), 7.46 (tJ = 7.7 Hz, 2H), 7.34 (1 = 7.4 Hz, 1H), 6.81 (d] = 5.9 Hz, 1H).

4.1.1.4. 2-chlordN-(4'-chloro-[1,1'-biphenyl]-4-yl)pyrimidin-4-amingd). Yield: 0.082
g, 40%).'"H NMR (600 MHz, CDC}) § 8.16 (d,J = 5.9 Hz, 1H), 7.62 — 7.57 (m, 2H),

7.53 — 7.49 (m, 2H), 7.44 — 7.39 (m, 4H), 7.011(), 6.65 (dJ = 5.9 Hz, 1H).

4.1.1.5. 2-chlordN-(3'-chloro-[1,1'-biphenyl]-4-yl)pyrimidin-4-aminge). Yield: 0.206
g, 86%."H NMR (500 MHz, CDCY) & 8.17 (d,J = 5.9 Hz, 1H), 7.60 (dJ = 8.7 Hz,

2H), 7.47 — 7.41 (m, 4H), 7.40 — 7.36 (m, 2H), 7(431H), 6.67 (dJ = 5.9 Hz, 1H).

4.1.1.6. 2-chlordN-(4'-methyl-[1,1'-biphenyl]-4-yl)pyrimidin-4-amingf). Yield: 0.069
g, 21%."H NMR (500 MHz, CDC}) & 8.15 (d,J = 5.8 Hz, 1H), 7.64 — 7.59 (m, 2H),
7.50 — 7.47 (m, 2H), 7.39 — 7.35 (m, 2H), 7.29 257m, 2H, signal overlapping with

CDCl), 7.00 (s, 1H), 6.65 (d,= 5.9 Hz, 1H), 2.41 (s, 3H).

4.1.2. General procedure for synthesis of compo@ads To a solution of alkyl amine
(3.0 mmol) and DIPEA (1.6 mmol) im-butanol (1 mL), the corresponding
monosubtituted pyrimidine (0.4 mmol) was added. Tiieture was stirred and heated
at 190°C in a sealed vial, and the reaction progress wasitored by TLC. The
reaction solution was poured into water and ex#dhotvith dichloromethane. The

organic layer was sequentially washed with brimgeddover anhydrous N&O, and
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concentrated invacuo. The crude product was purified by column chromgeiphy

(SiO,, dichloromethane/methanol).

4.1.2.1.N*(4-chloropheny)N*-(2-(morpholin-4-yl)ethyl)pyrimidine-2,4-diamine3d).
Yield: 0.028 g, 25%'H NMR (600 MHz, CDC}) § 7.94 (d,J = 5.7 Hz, 1H), 7.36 (d]

= 8.7 Hz, 2H), 7.32 — 7.28 (m, 2H), 6.56 (br s, 1598 (d,J = 5.7 Hz, 1H), 5.36 (br s,
1H), 3.74 — 3.70 (m, 4H), 3.49 (§= 5.7 Hz, 2H), 2.59 () = 6.1 Hz, 2H), 2.49 (br s,
4H). °C NMR (151 MHz, CDGJ) § 162.0, 161.0, 157.0, 137.4, 129.2, 128.9, 122.7,
95.2, 67.0, 57.3, 53.4, 37.7. HR-MS (ES) calcd @agH»:CINsO [M+1]" 334.1435,

found 334.1434.

4.1.2.2.N*-(2-morpholinoethyl)N’-(p-tolyl)pyrimidine-2,4-diamine 3b). Yield: 0.013
g, 21%."H NMR (500 MHz, CDCJ) & 7.89 (d,J = 5.8 Hz, 1H), 7.22 (dJ = 8.1 Hz,
2H), 7.15 (dJ = 8.1 Hz, 2H), 6.61 (br s, 1H), 5.99 @z 5.8 Hz, 1H), 5.55 (br s, 1H),
3.71 (t,J = 4.6 Hz, 4H), 3.48 (q) = 5.8 Hz, 2H), 2.57 (t) = 6.2 Hz, 2H), 2.48 (br s,
4H), 2.33 (s, 3H)*C NMR (126 MHz, CDG)) & 162.1, 161.7, 156.7, 135.9, 134.2,
129.8, 122.5, 94.6, 67.0, 57.4, 53.4, 37.7, 20.R-MB (ES) calcd for GH24NsO

[M+1]* 314.1981, found 314.1984.

4.1.2.3. N*-((1,1-biphenyl)-4-yl)N’*(2-(morpholin-4-yl)ethyl)pyrimidine-2,4-diamine
(3c). Yield: 0.020 g, 26%-H NMR (600 MHz, CDC}) & 7.97 (d,J = 5.8 Hz, 1H), 7.60
— 7.56 (m, 4H), 7.47 — 7.42 (m, 4H), 7.36 — 7.31 {i), 6.58 (s, 1H), 6.08 (d,= 5.8
Hz, 1H), 5.46 (br s, 1H), 3.72 (,= 4.6 Hz, 4H), 3.52 (q] = 5.8 Hz, 2H), 2.60 (t) =
6.2 Hz, 2H), 2.50 (m, 4H)*C NMR (151 MHz, CDGJ) 5 162.4, 161.3, 157.5, 140.6,
138.3, 129.0, 128.0, 127.2, 126.9, 121.9, 67.15,%3.6, 37.9. HR-MS (ES) calcd for

CooHoeN50 [M"‘:I.]+ 376.2137, found 376.2140.

4.1.2.4.  N*(4-methyl-[1,1'-biphenyl]-4-yI]N*(2-morpholinoethyl)pyrimidine-2,4-

diamine 8d). Yield: 0.0145 g, 56H NMR (600 MHz, CDC}) § 7.94 (d,J = 5.8 Hz,
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1H), 7.56 (d,J = 8.2 Hz, 2H), 7.48 (d] = 7.8 Hz, 2H), 7.43 (d] = 8.1 Hz, 2H), 7.25 (d,
J=7.6 Hz, 2H), 6.71 (s, 1H), 6.07 @= 5.8 Hz, 1H), 5.61 (br s, 1H), 3.72 Jt= 4.6

Hz, 4H), 3.51 (gJ = 5.8 Hz, 2H), 2.60 (1) = 6.1 Hz, 2H), 2.49 (1] = 4.4 Hz, 4H), 2.39

(s, 3H).*C NMR (151 MHz, CDCI3p 162.2, 161.4, 157.0, 137.9, 137.7, 137.1, 137.0,
129.7, 127.7, 126.8, 122.1, 95.2, 67.1, 57.5, 53769, 21.2. HR-MS (ES) calcd for

CasH2/NsO [M+H]* 390.2294, found 390.2302; [M+Na}12.2113, found: 412.2113.

4.1.2.5. N*([1,1-biphenyl]-4-yl)N*(2-(piperidin-1-yl)ethyl)pyrimidine-2,4-diamine
(36). Yield: 0.025 g, 36%H NMR (600 MHz, CDC}) & 7.95 (d,J = 5.6 Hz, 1H), 7.60
— 7.55 (m, 4H), 7.48 — 7.41 (m, 4H), 7.33)t 7.3 Hz, 1H), 6.82 (br s, 1H), 6.09 (,

= 5.7 Hz, 1H), 5.64 (br s, 1H), 3.55 @= 5.6 Hz, 2H), 2.63 () = 6.1 Hz, 2H), 2.51
(br s, 4H), 1.66 — 1.61 (m, 4H), 1.46 (br s, 2HE NMR (151 MHz, CDGJ) § 162.3,
161.3, 157.2, 140.6, 138.4, 136.8, 128.9, 127.9,22126.9, 121.9, 95.3, 57.7, 54.5,

38.2, 25.7, 24.3. HR-MS (ES) calcd fogsBgNs [M+1]" 374.2345, found 374.2322.

4.1.2.6. N*(4'-chloro-[1,1"-biphenyl]-4-yIN?-(2-(piperidin-1-yl)ethyl)pyrimidine-2,4-
diamine @f). Yield: 0.014 g, 34%H NMR (600 MHz, CDCY) & 7.96 (d,J = 5.8 Hz,
1H), 7.53 (dJ = 8.6 Hz, 2H), 7.50 (d] = 8.5 Hz, 2H), 7.47 (d] = 8.3 Hz, 2H), 7.40 (d,
J=8.5Hz, 2H), 6.68 (s, 1H), 6.06 (H= 5.8 Hz, 1H), 5.65 (s, 1H), 3.52 (= 5.8 Hz,
2H), 2.60 (tJ = 6.2 Hz, 2H), 2.47 (s, 4H), 1.61 (b= 5.6 Hz, 4H), 1.45 (br s, 2H)’C
NMR (151 MHz, CDCJ) 6 162.3, 161.2, 157.3, 139.1, 138.7, 135.4, 13328.11
128.1, 127.8, 121.8, 57.7, 54.5, 38.3, 25.9, 2HR:-MS (ES) calcd for &H26CINs

[M+H]* 408.1955, found: 408,1955.

4.1.2.7. N*-(4-chlorophenyl)N*(2,2,6,6-tetramethylpiperidin-4-yl)pyrimidine-2,4-
diamine Bg). Yield: 0.0304 g, 41%H NMR (500 MHz, CDCJ) § 7.92 (d,J = 5.6 Hz,
1H), 7.44 (d,J = 8.3 Hz, 2H), 7.27 (m, 1H), 7.25 (m, 1H), 6.511sl), 5.93 (dJ = 5.7
Hz, 1H), 4.81 (br s, 1H), 4.35 — 4.25 (m, 1H), 2(6@,J = 12.7, 3.7 Hz, 2H), 1.31 (s,
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6H), 1.16 (s, 6H), 0.98 (] = 12.2 Hz, 2H).}*C NMR (151 MHz, CDG) & 161.8,
161.0, 157.5, 137.9, 129.2, 128.6, 122.2, 95.5,515.8, 43.9, 35.0, 28.81R-MS (ES)

calcd for GoH26CINs [M+H] " 360.1955, found 360.1951.

4.1.2.8. N*-([1,1-biphenyl]-4-y)N?*-(2,2,6,6-tetramethylpiperidin-4-yl)pyrimidine-2,4-
diamine h). Yield: 0.026 g, 16%'H NMR (600 MHz, CDC{) & 7.94 (d,J = 5.6 Hz,
1H), 7.57 — 7.55 (m, 6H), 7.44 @{,= 7.9 Hz, 2H), 7.33 (t) = 7.4 Hz, 1H), 6.70 (br s,
1H), 6.02 (dJ = 5.6 Hz, 1H), 4.94 (br s, 1H), 4.40 — 4.31 (m), 1206 (ddJ = 12.6,
3.7 Hz, 2H), 1.34 (s, 6H), 1.18 (s, 6H), 1.05J¢; 12.0 Hz, 2H)**C NMR (151 MHz,
CDCly) & 161.8, 161.2, 157.2, 140.7, 138.5, 136.6, 1290,8, 127.2, 126.9, 121.5,
95.7, 51.7, 45.6, 43.8, 34.9, 28.6. HR-MS (ES)@dtw CysHaiNs [M+H]* 402.2658,

found 402.2658.

4.1.2.9. N’-(4'-chloro-[1,1'-biphenyl]-4-yIN?*-(2,2,6,6-tetramethylpiperidin-4-
yl)pyrimidine-2,4-diamine ). Yield: 0.0035 g, 6%'H NMR (600 MHz, CDC}) &
7.90 (d,J = 5.4 Hz, 1H), 7.55 (d] = 8.5 Hz, 2H), 7.50 (d] = 8.3 Hz, 2H), 7.48 (d] =
8.4 Hz, 2H), 7.41 — 7.39 (m, 2H), 6.75 (br s, 161 (d,J = 5.7 Hz, 1H), 4.39-4.33
(m, 1H), 2.05 (dJ) = 3.7 Hz, 1H), 2.03 (s, 2H), 1.38 (s, 6H), 1.2344), 1.16 (tJ =
12.2 Hz, 2H)*°C NMR (151 MHz, CDGJ) § 161.3, 161.2, 139.0, 138.6, 135.4, 133.3,
129.1, 128.1, 127.7, 121.5, 95.8, 52.5, 45.0, 4%&2, 29.8, 28.1. HR-MS (ES) calcd
for CosHaoCINs [M+H]™: 436.2268, found 436.2266; [M+Na]458.2087, found:

458.2091

4.1.2.10. N’-(3'-chloro-[1,1"-biphenyl]-4-yI)N*-(2,2,6,6-tetramethylpiperidin-4-
yl)pyrimidine-2,4-diamine Jj). Yield: 0.0150 g, 11%'H NMR (600 MHz, CDCY) &
7.93 (d,J = 5.4 Hz, 1H), 7.57 — 7.50 (m, 5H), 7.45 — 7.41 {#), 7.36 (tJ = 7.8 Hz,
1H), 7.31 (dg)) = 8.0, 1.0 Hz, 1H), 6.66 (br s, 1H), 6.02 J& 5.5 Hz, 1H), 5.21 (br s,
1H), 4.38 — 4.33 (m, 1H), 2.08 — 2.03 (m, 2H), 1(896H), 1.25 (s, 6H), 1.18 — 1.14

27



(m, 2H).**C NMR (151 MHz, CDGJ) § 161.5, 161.1, 142.5, 139.0, 135.1, 134.9, 130.2,
127.9, 127.2, 127.0, 125.0, 123.1, 121.4, 95.8),483.6, 34.2, 29.8, 28.1. HR-MS (ES)

calcd for GsH3:CINs [M+H] " 436.2268, found 436.2279.

4.1.2.11. N’-(4'-methyl-[1,1"-biphenyl]-4-yIN*-(2,2,6,6-tetramethylpiperidin-4-
yl)pyrimidine-2,4-diamine k). Yield: 0.0062 g, 11%'H NMR (600 MHz, CDC}) §
7.91 (d,J = 5.6 Hz, 1H), 7.54-7.52 (m, 4H), 7.46 (= 7.8 Hz, 2H), 7.25 (d) = 7.8
Hz, 2H), 6.60 (br s, 1H), 6.01 (d,= 5.7 Hz, 1H), 5.14 (br s, 1H), 4.38-4.32 (m, 1H),
2.40 (s, 3H), 2.06 (d] = 3.7 Hz, 1H), 2.04 (d, J = 3.5 Hz, 2H), 1.3468l), 1.26 (s,
6H), 1.05 (t,J = 12.0 Hz, 2H)**C NMR. HR-MS (ES) calcd for fHas3Ns [M+H]*

416.2814, found 416.2818.

4.1.2.12. N*-(4-chlorophenyl)N((pyridin-3-yl)methyl)pyrimidine-2,4-diamine 3)).
Yield: 0.016 g, 26%'H NMR (600 MHz, CDCJ) & 8.62 (s, 1H), 8.52 (d] = 4.0 Hz,
1H), 7.97 (d,J = 5.7 Hz, 1H), 7.68 (dJ = 7.8 Hz, 1H), 7.29 — 7.24 (m, 5H, signal
overlapping with CDG), 6.44 (s, 1H), 6.01 (&, = 5.8 Hz, 1H), 5.35 (br s, 1H), 4.64 (d,
J = 6.0 Hz, 2H)."*C NMR (151 MHz, CDGJ) 6 162.2, 161.1, 157.6, 149.2, 148.8,
137.4,135.2, 135.1, 129.3, 125.8, 123.6, 122.9,. 4R-MS (ES) calcd for GH1sCINs

[M+1]* 312.1016, found 312.1018.

4.1.2.13. N*-([1,1'-biphenyl]-4-y)N?-(pyridin-3-ylmethyl)pyrimidine-2,4-diamine
(3m). Yield: 0.024 g, 27%*H NMR (500 MHz, DMSOsdg) 5 9.29 (s, 1H), 8.57 (s, 1H),
8.42 (ddJ = 4.70, 1.5 Hz, 1H), 7.88 (d,= 5.7 Hz, 1H), 7.74 (d] = 7.8 Hz, 1H), 7.63 —
7.61 (m, 3H), 7.53 (d,d = 6.5 Hz , 2H), 7.45 — 7.42 (m, 3H), 7.34 — 7.89 2H), 6.05
(d,J = 5.6 Hz, 1H), 4.51 (d) = 6.2 Hz, 2H).**C NMR (126 MHz, CDGJ) & 158.3,
154.3, 151.6, 140.9, 140.5, 135.1, 133.4, 128.8.812128.7, 127.6, 127.4, 127.2,
126.9, 126.7, 121.4, 104.9, 43.8. HR-MS (ES) cdtndCyHooNs [M+1]" 354.1719,
found 354.1722.
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4.1.2.14.  N*-(4'-chloro-[1,1-biphenyl]-4-yIN*(pyridin-3-ylmethyl)pyrimidine-2,4-
diamine @n). Yield: 0.010 g, 21%'H NMR (500 MHz, DMSO-g)  9.33 (s, 1H), 8.58
(s, 1H), 8.43 (dd) = 4.7, 1.6 Hz, 1H), 7.89 (d,= 5.7 Hz, 1H), 7.77 — 7.73 (m, 1H),
7.68 — 7.65 (m, 2H), 7.58 — 7.44 (m, 5 H), 7.363371m, 1H), 6.06 (d) = 5.6 Hz, 1H),
4.52 (d,J = 6.2 Hz, 2H)*C NMR (151 MHz, DMSO-¢) § 161.7, 160.4, 160.4, 156.2,
148.6, 147.6, 140.2, 138.7, 138.6, 136.1, 134.6,.613131.4, 128.7, 127.7, 126.6,
123.3, 123.2, 119.5, 41.9. HR-MS (ES) calcd fesHzsCINs [M+H] " 388.1329, found

388.1325

4.1.2.15.  N*(3-chloro-[1,1-biphenyl]-4-yIN*(pyridin-3-ylmethyl)pyrimidine-2,4-
diamine o). Yield: 0.013 g, 21%'H NMR (600 MHz, CDC}) 5 8.64 (br s, 1H), 8.52
(d, J = 4.6 Hz, 1H), 7.99 (d) = 5.8 Hz, 1H), 7.71 (d] = 7.8 Hz, 1H), 7.57 — 7.54 (m,
1H), 7.52 (d,J = 8.4 Hz, 2H), 7.45 (d] = 7.9 Hz, 1H), 7.42 (d] = 8.5 Hz, 2H), 7.36 (t,
J=7.9Hz, 1H), 7.30 (d) = 7.9 Hz, 1H), 7.28 — 7.24 (m, 1H, signal overlagpwith
CDCly), 6.58 (s, 1H), 6.11 (d, = 5.7 Hz, 1H), 5.40 (br s, 1H), 4.66 (= 6.1 Hz, 2H).
¥C NMR (151 MHz, CDGJ)) 6 171.8, 161.1, 157.3, 149.1, 148.6, 142.3, 13&5,3,
135.1, 135.0, 134.7, 130.0, 127.8, 127.1, 126.8,92123.4, 122.0, 121.7, 43.0. HR-

MS (ES) calcd for @H1oCINs [M+1]" 388.1329, found 388.1329.

4.1.2.16. 3-(((4-([1,1'-biphenyl]-4-ylamino)pyrimid2-yl)Jamino)methyl)pyridine  1-
oxide @p). Yield: 0.0071 g, 26%H NMR (600 MHz, CDGJ) § 8.31 (s, 1H), 8.11 (d]

= 6.3 Hz, 1H), 7.93 (dJ = 5.8 Hz, 1H), 7.59 — 7.53 (m, 4H), 7.44Jt= 7.6 Hz, 2H),
7.39 (d,J = 8.2 Hz, 2H), 7.34 () = 7.4 Hz, 1H), 7.28 (d] = 8.0 Hz, 1H), 7.22 () =

6.4 Hz, 1H), 6.84 (s, 1H), 6.14 (@= 5.8 Hz, 1H), 5.65 (br s, 1H), 4.60 (= 6.2 Hz,
2H). *C NMR (151 MHz, CDGJ) & 162.0, 161.9, 161.4, 157.2, 140.5, 140.0, 138.5,
137.9, 137.8, 137.2, 129.0, 127.9, 127.3, 127.6,81225.2, 122.2, 42.4. HR-MS (ES)

calcd for GoHooNsO [M+1]" 370.1668, found 370.1679.
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4.1.2.17. N-([1,1'-biphenyl]-4-yl)-2-(4-methylpiperazin-1-ylypimidin-4-amine 8q).
Yield: 0.019 g, 22%™H NMR (500 MHz, CDCJ) & 8.01 (d,J = 5.7 Hz, 1H), 7.60 —
7.56 (m, 4H), 7.46 — 7.41 (m, 4H), 7.33J& 7.4 Hz, 1H), 6.59 (br s, 1H), 6.05 (=
5.7 Hz, 1H), 3.85 (tJ = 5.1 Hz, 4H), 2.50 () = 5.1 Hz, 4H), 2.35 (s, 3H}*C NMR
(151 MHz, CDC}) & 161.9, 161.0, 157.3, 140.6, 138.4, 136.7, 128X.9, 127.2,
126.9, 121.7, 95.0, 55.1, 46.3, 43.8. HR-MS (E®)ccéor CrH24Ns [M+1]* 346.2032,

found 346.2151.

4.1.2.18. N-(4'-chloro-[1,1'-biphenyl]-4-yl)-2-(4-methylpipezan- 1-yl) pyrimidin-4-
amine @r). Yield: 0.0039 g, 23%'H NMR (600 MHz, CDCI3)s 8.02 (d, J = 5.7 Hz,
1H), 7.55 — 7.52 (m, 2H), 7.52 — 7.50 (m, 2H), 7-47.44 (m, 2H), 7.41 — 7.39 (m,
2H), 6.54 (br s, 1H), 6.03 (d, J = 5.7 Hz, 1H),63-83.81 (m, 3H), 2.49 (t, J = 5.1 Hz,
4H), 2.35 (s, 3H). 13C NMR (151 MHz, CDCI8)161.9, 160.8, 157.4, 139.1, 138.8,
135.3, 133.3, 129.1, 128.1, 127.7, 121.6, 95.11,,56.4, 43.9, 29.8. HR-MS (ES) calcd

for C51H2oCINg [M+H]+ 380.1642, found 380.1634.

4.1.2.19. N-(3'-chloro-[1,1'-biphenyl]-4-yl)-2-(4-methylpipeza-1-yl)pyrimidin-4-
amine. 8s). Yield: 0.0296 g, 49%'H NMR (600 MHz, CDCY) & 8.03 (d,J = 5.7 Hz,
1H), 7.58 — 7.52 (m, 3H), 7.49 — 7.44 (m, 3H), 7(86) = 7.8 Hz, 1H), 7.30 (dqg] =
7.9, 1.0 Hz, 1H), 6.61 (br s, 1H), 6.03 {ds 5.7 Hz, 1H), 3.84 (1] = 4.5 Hz, 4H), 2.48
(t, J = 5.0 Hz, 4H), 2.34 (s, 3H}*C NMR (151 MHz, CDGJ) 5 161.9, 160.8, 157.3,
142.5, 139.0, 135.0, 134.8, 130.2, 128.9, 127.9,24227.0, 126.9, 125.0, 121.5, 95.1,

55.1, 46.4, 43.%R-MS (ES) calcd for gH,3CINs [M+H] " 380.1642, found 380.1629.

4.1.2.20.  N-(4'-methyl-[1,1'-biphenyl]-4-yl)-2-(4-methylpipeza-1-yl)pyrimidin-4-
amine Bt). Yield: 0.0117 g, 49%'H NMR (600 MHz, CDC}J) & 8.01 (d,J = 5.7 Hz,
1H), 7.57 - 7.55 (m, 2H), 7.49 - 7.47 (m, 2H), 7-4841 (m, 2H), 7.26 — 7.24 (m, 2H),
6.50 (br s, 1H), 6.04 (dl = 5.7 Hz, 1H), 3.84 () = 5.2 Hz, 4H), 2.50 (t) = 5.2 Hz,
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4H), 2.40 (s, 3H), 2.35 (s, 3H)°C NMR (151 MHz, CDGJ) & 161.9, 161.0, 157.3,
138.1, 137.7, 137.0, 136.7, 129.7, 127.7, 126.8,8104.9, 55.2, 46.4, 43.8, 29.8. HR-
MS (ES)calcd for GoHasNs [M+H]* 360.2188, found 360.2188; [M+NaB82.2008,

found: 382.1991

4.1.2.21. 2-(4-(4-((4-chlorophenyl)amino)pyrimid2ayl)piperazin-1-yl)ethan-1-qiBu).
Yield: 0.020 g, 30%*H NMR (500 MHz, CDC}) § 8.00 (d,J = 5.7 Hz, 1H), 7.34 —
7.26 (m, 4H), 6.49 (br s, 1H), 5.95 (= 5.7 Hz, 1H), 3.80 (t) = 5.0 Hz , 4H), 3.66 (t,
J = 5.3 Hz, 2H), 2.60 — 2.55 (m, 6HFC NMR (126 MHz, CDGJ) 5 161.8, 160.8,
157.4, 137.7, 129.3, 128.8, 122.7, 95.0, 59.6,,55390, 44.0. HR-MS (ES) calcd for

C16H21CINsO [M‘|‘:|.]+ 334.1435, found 334.1488.

4.1.2.22. 2-(4-(4-(((1,1'-biphenyl)-4-yl)amino)pyridin-2-yl)piperazin-1-yl)ethan-1-ol
(3v). Yield: 0.017 g, 25%H NMR (600 MHz, CDC}) & 8.02 (d,J = 5.7 Hz, 1H), 7.60
—7.56 (m, 4H), 7.47 — 7.41 (m, 4H), 7.33)t 7.4 Hz, 1H), 6.72 (s, 1H), 6.05 (@ =
5.7 Hz, 1H), 3.84 (t) = 4.9 Hz, 4H), 3.68 (1) = 5.2 Hz, 2H), 2.61 — 2.56 (m, 7HfC
NMR (151 MHz, CDC}) & 161.9, 161.0, 157.3, 140.6, 138.3, 136.8, 129279
127.2, 126.9, 121.8, 95.0, 59.6, 57.9, 53.0, 4BR:MS (ES) calcd for &H2sNsO

[M+1]* 376.2137, found 376.2143.

4.1.3. General procedure for the synthesis of camge4a-d. DIPEA was added (3.6
mmol) to a round-bottom flask containing a mixtafe2,4-dichloropirimidine 1) (3.3
mmol) and the corresponding amine (3.3 mmol) iraeth (10 mL) at 0°C. The reaction
mixture was stirred for 5 minutes at@ and then refluxed at 80 overnight. The
solvent was evaporated in vacuo. The residue waksselved in a mixture of ethyl
acetate and dichloromethane and washed with a NaHsoition and brine. The

agueous layer was washed with ethyl acetate. Thebiced organic layer was dried
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over anhydrous N&O, and concentrated in vacuo. The products were rddans

solids, which were recrystallized from ethanol.

4.1.3.1. 2-chlordN-(4-chlorobenzyl)pyrimidin-4-amine44). Yield: 0.7436 g, 87%-H
NMR (600 MHz, CDCJ) 6 8.03 (d,J = 5.4 Hz, 1H), 7.33 (d] = 8.4 Hz, 2H), 7.25 (d]

= 8.3 Hz, 2H), 6.23 (d] = 5.6 Hz, 1H), 5.72 (br s, 1H), 4.53 (br s, 2H).

4.1.3.2. 2-chlordN-(4-fluorobenzyl)pyrimidin-4-aminedp). Yield: 0.5438 g, 68%-H
NMR (600 MHz, CDC}) 6 8.03 (d,J = 4.6 Hz, 1H), 7.31 — 7.27 (m, 2H), 7.05 {d+

8.5 Hz, 2H), 6.23 (d] = 5.7 Hz, 1H), 5.37 (br s, 1H), 4.53 (br s, 2H).

4.1.3.3. 2-chlordN-(4-methylbenzyl)pyrimidin-4-amine4¢). Yield: 0.5744 g, 73%H
NMR (600 MHz, CDC}) 6 8.00 (s, 1H), 7.20 (d] = 7.8 Hz, 2H), 7.17 (d] = 7.9 Hz,

2H), 6.23 (d,J = 6.0 Hz, 1H), 5.27 (br s, 1H), 4.49 (br s, 2HRL(S, 3H).

4.1.3.4. 2-chlordN-(4-methoxybenzyl)pyrimidin-4-aminedd). Yield: 0.3732 g, 56%.
'H NMR (600 MHz, CDC}) & 8.01 (s, 1H), 7.23 (d] = 8.4 Hz, 2H), 6.89 (d) = 8.6

Hz, 2H), 6.23 (dJ = 6.1 Hz, 1H), 5.22 (br s, 1H), 4.46 (br s, 2HB®(s, 3H).

4.1.4. General procedure for the synthesis of camg@ge5a-e. Compoundsba-e were

synthesized as described before for compoQaes

4.1.4.1N*(4-chlorobenzyl N (pyridin-3-ylmethyl)pyrimidine-2,4-diaminesg). Yield:
0.150 g, 39%H NMR (600 MHz, CDCJ) & 8.58 (s, 1H), 8.49 (d] = 3.7 Hz, 1 H),
7.84 (d,J = 5.3 Hz, 1H), 7.62 (d, J = 7.0 Hz, 1H), 7.28 267(m, 2H, signal
overlapping with CDG)), 7.23 — 7.18 (m, 3H), 5.74 (d~= 5.7 Hz, 1H), 5.32 (br s, 1H),
4.98 (br s, 1H), 4.58 (d,= 5.9 Hz, 2H), 4.47 (d] = 4.5 Hz, 2H).*C NMR (151 MHz,
CDCls) 6 163.0, 162.1, 156.4, 149.2, 148.5, 137.3, 13535,2, 133.2, 128.9, 128.8,
123.5, 44.4, 42.9. HR-MS (ES) calcd for78,,CINs [M+H]* 326.1172, found

326.1170.
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4.1.4.2. N’-(4-chlorobenzyl)N*(2,2,6,6-tetramethylpiperidin-4-yl)pyrimidine-2,4-
diamine Bb). Yield: 0.0228 g, 17%'H NMR (600 MHz, CDC})  7.81 (d,J = 5.3 Hz,
1H), 7.30 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 8.1 PH), 5.71 (dJ = 5.6 Hz, 1H), 4.97 (br
s, 1H), 4.83 (br s, 1H), 4.53 (br, 5,2 H), 4.26.234(m, 1H), 1.99 (dd] = 12.5, 3.2 Hz,
2H), 1.26 (s, 6H), 1.20 (s, 6H), 1.08Jt 10.2 Hz, 2H)>*C NMR (151 MHz, CDGJ) &
163.0, 161.8, 156.6, 137.6, 133.3, 128.9, 128.8,%B!.9, 45.7, 43.8, 34.9, 28.5. HR-

MS (ES) calcd for GH2oCINs [M+H]* 374.2111, found 374.2144.

4.1.4.3. N’-(4-fluorobenzyl)N*-(2,2,6,6-tetramethylpiperidin-4-yl)pyrimidine-2,4-
diamine 6c). Yield: 0.0243 g, 16%-H NMR (600 MHz, CDC}) & 7.81 (d,J = 5.6 Hz,
1H), 7.31 — 7.26 (m, 2H, signal overlapping with CIE), 7.04 — 6.96 (m, 2H), 5.70 (d,
J=5.7 Hz, 1H), 4.94 (br s, 1H), 4.82 (br s, IHp4— 4.51 (m, 2 H), 4.29 — 4.22 (m,
1H), 2.02 — 1.97 (m, 2H), 1.24 (s, 6H), 1.16 (s),6H01 — 0.97 (m, 2H)*C NMR (151
MHz, CDCk) 6 162.9, 161.5, 129.0, 128.9, 115.6, 115.4, 115818,2, 51.8, 45.3, 44.5,

43.6, 34.6, 28.2. HR-MS (ES) calcd fosoB829FNs [M+H] " 358.2407, found 358.2420.

4.1.4.4.  N*-(4-methylbenzylN*(2,2,6,6-tetramethylpiperidin-4-yl)pyrimidine-2,4-
diamine 6d). Yield: 0.0243 g, 16 %H NMR (600 MHz, CDC}) § 7.76 (s, 1H), 7.23 -
7.18 (m, 2H), 7.16 — 7.10 (m, 2H), 5.70 §c= 5.9 Hz, 1H), 5.35 (br s, 1H), 5.01 (br s,
1H), 4.55 — 4.50 (M, 2 H), 4.30 — 4.24 (m, 1H),2(8,J = 9.0 Hz, 3H), 1.99 (dd] =
12.5, 3.6 Hz, 2H), 1.24 (d, = 4.7 Hz, 6H), 1.18 (dJ = 5.4 Hz, 6H), 1.07 — 1.02 (m,
2H). 3C NMR (151 MHz, CDGJ) § 144.7, 137.3, 136.7, 129.5, 129.3, 127.6, 125.1,
54.4, 52.2, 45.1, 43.6, 34.4, 28.1, 21.2. HR-MS)(E&lcd for GiHaNs [M+H]"

354.2658, found 354.2673.

4.1.4.5. N*-(4-methoxybenzylN*(2,2,6,6-tetramethylpiperidin-4-yl)pyrimidine-2,4-
diamine Be). Yield: 0.055 g, 35%'H NMR (600 MHz, CDCJ) & 7.78 (br s, 1H), 7.24
(d,J = 8.6 Hz, 2H), 6.88 (d] = 8.7 Hz, 2H), 5.71 (d] = 5.9 Hz, 1H), 4.92 (br s, 1H),
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4.48 (br s, 2H), 4.33 — 4.27 (m, 1H), 3.80 (s, 3MD2 (dd,J = 12.6, 3.4 Hz, 2H), 1.29
(br s, 6H), 1.21 (br s, 6H), 0.90 — 0.83 (m, 2K NMR (151 MHz, CDG)) § 164.2,
163.0, 161.8, 159.2, 156.5, 155.4, 128.9, 114.%5,58..5, 45.8, 43.8, 35.1, 29.9, 28.6.

HR-MS (ES) calcd for §Hs,NsO [M+H]* 370.2607, found 370.2633.

4.1.5. 2-chloro-4-hydrazinylpyrimidineg). A mixture of 2,4-dichloropyrimidinelj (70
mmol) and TEA (70 mmol) in methanol (5 mL) was @mbko 0-5 °C in an ice bath.
Hydrazine hydrate (80 mmol) was added slowly drgevio the cold reaction. Then, the
reaction mixture was allowed to stir at room tenapare for 2 h. The solid obtained was
filtered, washed with chilled water and dried undacuum overnight to afforél. Yield:

0.4 g, 40%.

4.1.6. €)-2-chloro-4-(2-(2,4-dichlorobenzylidene)hydraziypgrimidine @).
Compounds (0.76 mmol) was dissolved in EtOH (3 mL) and 2ightbrobenzaldehyde
(0.91 mol) was added to the mixture. The mixture wefluxed for 1 h and allowed to
stand at room temperature. The solid was filtekgdshed with EtOH and dried to
afford compound?. Yield: 0.3 g, 100%'H NMR (500 MHz, DMSOdg) & 12.15 (s,
1H), 8.46 (s, 1H), 8.31 (d,= 5.8 Hz, 1H), 8.10 (d] = 8.6 Hz, 1H), 7.73 (d] = 2.1 Hz,

1H), 7.51 (dd,) = 8.6, 2.0 Hz, 1H), 7.27 (s, 1H).

4.1.7. E)-4-(2-(2,4-dichlorobenzylidene)hydrazinyiH2-morpholinoethyl)pyrimidin-
2-amine 8). Compound8 was synthesized as described before for compo8ads
Yield: 0.09 g, 3%H NMR (500 MHz, CDCJ) 5 8.41 (br s, 1H), 8.11 — 8.06 (m, 2H),
7.98 (d,J = 8.6 Hz, 1H), 7.40 (d] = 2.0 Hz, 1H), 7.28 (dd] = 8.6, 2.0 Hz, 1H), 6.59
(d,J = 5.7 Hz, 1H), 5.57 (br s, 1H), 3.72 §t= 4.6 Hz, 4H), 3.49 — 3.44 (18H), 2.59
(t, J = 6.1 Hz, 2H), 2.49 (s, 4H}*C NMR (151 MHz, CDGJ) 5 161.9, 161.8, 157.8,
135.7, 133.9, 133.2, 130.5, 129.8, 127.9, 127.71,6597.4, 53.6, 37.8. HR-MS (ES)
calcd for G7H21CIoNgO [M+H]" 395.1154, found 395.1126.
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4.1.8. 2-chloropyrimidine-4-amin®). A suspension of 2,4-dichloropyrimidin&)((4.0
mmol) in ammonium hydroxide (4.0 mmol) was stir@d90°C for 5 h. The mixture
was cooled to room temperature and a white sokdipitated. The solid was filtered
out and washed with ethyl ether. Yield: 0.23 g,945'H NMR (600 MHz, CDC}) &

8.16 (d,J = 5.2 Hz, 1H), 6.66 (d] = 5.2 Hz, 1H), 5.21 (br s, 2H).

4.1.9. N-(2-chloropyrimidin-4-yl)-5-(pyridin-2-yl)thiophen&-carboxamide 10). In a
botton flask purged with nitrogen, 5-(pyridin-24yljophene-2-carboxylic acid (0.24
mmol) was added in portions to a mixture2¢0.27 mmol), EDCI-HCI (0.27 mmol)
and HOBt (0.12 mmol) in N-methylpyrrolidin-2-one if2L). The mixture was stirred at
room temperature overnight. Water (10 mL) and e#trgtate (10 mL) were added, and
the mixture was stirred for 10 min. The mixture vpastitioned, and the aqueous phase
was extracted twice with ethyl acetate. The combin@ganic extracts were
concentrated under vacuo. The produtd)(was obtained after purification by
preparative chromatography (Si@ichlorometane:methanol). The yellow solid praduc

was used in the next step without further purifwat Yield: 0.0088 g, 11%.

4.1.10. N-(2-((2-morpholinoethyl)amino)pyrimidin-4-yl)-5-(pigin-2-yl)thiophene-2-
carboxamide 11). Compoundll was synthesized as described before for compounds
3a-v. Yield: 0.004 g, 36%'H NMR (500 MHz, CDC}) 5 9.5, (s, 1H), 8.60 (d] = 4.8

Hz, 1H), 7.75 — 7.64 (m, 3H), 7.57 @= 3.9 Hz, 1H), 7.54 (d] = 3.9 Hz, 2H), 7.22
(dd,J = 7.2, 6.3 Hz, 1H), 6.64 (br s, 1H), 3.75Jt 4.6 Hz, 4H), 3.55 (q] = 5.5 Hz,

2H), 2.60 (t,J = 5.9 Hz, 2H), 2.51 (t) = 4.7 Hz, 4H)C NMR (151 MHz, CDG)) &
162.0, 161.4, 151.9, 149.9, 148.6, 139.4, 137.0,01.3124.8, 123.0, 119.3, 67.1, 57.1,

53.6, 29.9. HR-MS (ES) calcd forgoNeO,S [M+H]" 411.1603,
4.1.11. N-([1,1'-biphenyl]-4-yl)-2-(2-morpholinoethoxy)pyricin-4-amine {2). A
mixture of a NaH (0.46 mmol) and 4-(2-hydroxyethytypholine (0.46 mmol) in THF
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(1.5 mL) was stirred at 0°C. The reaction was aldwo warm at room temperature and
stirred for 30 minutes. After this period, compoud was added under nitrogen
atmosphere, the vial was sealed and the mixture stiaed and heated at 8C
overnight. The reaction solution was poured intotewaand extracted with
dichloromethane. The organic layer was sequentialghed with brine, dried over
anhydrous N0, and concentrated in vacuo. The crude product wagdigd by
column chromatography (SiQdichloromethane/methanol). Yield: 0.0171 g, 25%b.
NMR (600 MHz, CDCJ) & 8.10 (d,J = 5.8 Hz, 1H), 7.61 — 7.56 (m, 4H), 7.47 — 7.41
(m, 4H), 7.35 (tJ = 7.4 Hz, 1H), 7.15 (br s, 1H), 6.40 (M= 5.8 Hz, 1H), 4.47 () =
5.7 Hz, 2H), 3.71 (t) = 4.5 Hz, 4H), 2.79 () = 5.9 Hz, 2H), 2.57 (br s, 4HYC NMR
(151 MHz, CDC}) 6 165.2, 162.7, 158.1, 140.4, 137.8, 137.5, 12928.11 127.4,
127.0, 122.7, 99.0, 67.1, 64.8, 57.5, 54.1. HR-MS)(calcd for GHpsNO, [M+H]*

377.1978, found 377.1925.
4.2. Biological studies
4.2.1. Antiviral assay using DENV reporter

One day prior to infection, A549 or BHK-21 cells weseeded in a 24-well plate. The
next day, cells were infected with luciferase ré@omfectious DENV at MOI of 1 [36]

in the absence or presence of compounds to bedteStmtrols included uninfected
cells, infected cells, and DMSO-treated infectedlscePrior to infection, the viral

inoculum was incubated 30 min in the presence o @@mpound. The viral inoculum
was removed from the cells 1 h later, and incubatigd fresh medium containing the
compound. Luciferase activity was measured at Bch2a& h postinfection p.i. using the
Renilla luciferase assay system according to thaufaaturer’s protocol (Promega).

These time points allow discrimination between yeateps of viral infection (entry-
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translation of incoming genome) up to 8 h and, gemdRNA amplification, evident

after 24 h of infection [19].

4.2.2. Cytotoxicity test

Cell viability was measured by two different assay3 T and crystal violet (CV). Vero
cell confluent cultures (African green monkey kignhATCC CCL-81) grown in Eagle's
minimum essential medium (MEM) (Gibco™ Thermo FisBeientific, Carlsbad, CA)
supplemented with 5% inactivated bovine serum eg&posed for 48 h to serial twofold
compound dilutions, three wells for each conceiunatand then viability was tested. In
the MTT method, 10 mL of MM containing MTT (finabncentration 0.5 mg/mL ) was
added to each well. After 2 h of incubation, thpesnatant was removed, ethanol was
added to each well and absorbance was measuré&bd aind. For CV assay, cells were
fixed with 10 % formaldehyde during 15 min. Thesll€ were washed with water and
stained with CV (0.05 % CV in 10 % ethanol) durB@min. After washing, colourant
was eluted with ethanol/acetic acid, 50/0.1% ansbdiance was recorded at 590 nm
[21]. The cytotoxic concentration 50% (6fC was calculated as the compound
concentration required to reduce the absorbancwlsity 50% compared to untreated

controls.

4.2.3. Viral infection in cells and quantificatiar viral titers. Virus stocks of DENV-1
(Hawaii), DENV-2 (New Guinea C), DENV-3 (H87) andENV-4 (8124) were
provided by Dr. A.S. Mistchenko (Hospital de NifiDs. Ricardo Gutierrez, Buenos
Aires, Argentina). All the stocks were preparedCi®/36 cells and titrated by a standard
plaque assay in Vero cells. For plague assay, [0etutions of samples containing
virus were added to monolayers of confluent Verliscat 37°C for 1 h. Following

incubation, the inoculum was removed, and monotayegre overlaid with inL of
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MEM containing 1% methylcellulose. The cells weneubated at 37°C for 7 days and
fixed using 4% formaldehyde. Finally, plaques wstiaganed with 0.1% crystal violet in

20% ethanol.

4.2.4 Virus yield reduction assay Vero cells growr24 well plates were infected at
m.o.i. 0.1 PFU/cell. After h adsorption at 4°C, cells were washed and refdad wi
maintenance medium containing or not serial twad fdlilutions of each tested
compound respectively. After 24 and H&®f incubation at 37°C, supernatant cultures
were harvested and extracellular virus yields wagtermined by a plaque assay. The
effective concentration 50% (k€ was calculated as the concentration required to
reduce virus yield by 50% in the compound treateluces compared with untreated

ones. All determinations were performed in tripieca

4.2.5.Virus RNA synthesis. Cells were infected atmeo.i. of 1. At 24 h p.i.,
extracellular medium was harvested to quantify s/ipproduction and cells were
processed for real time RT-PCR assays. Total RNA &dracted by using TRIZOL
(Invitrogen Life Technologies) according to the mfatturer’'s instructions. Then,
cDNA was generated by using murine reverse traosse M-MLV (100 UdL,
Invitrogen) and random primers. This cDNA was affigdi by real time PCR using
SYBRGreen (Roche) detection. The mix reaction vaumas 25ul including 2ulL of
cDNA, DNA polymerase GoTaq (5 WL, Promega) and specific primers to amplify all

DENYV serotypes: Sense 5 -TTGAGTAAACYRTGCTGCCTGTAGCTC-3’
Antisense 5 -GGGTCTCCTCTAACCTCTAGTCCT-3 . Real time PCR was

carried out with an initial incubation at 95°C dgi2 min, followed by 35 cycles of 30
s at 95°C, 1 min at 58°C, and 1 min at 72°C andnal fstep of 10 min at 72°C.

Amplification plots were analyzed with Opticon Mt 3.1 software and the

38



comparative threshold cycle (Ct) method was usedldtermine gene expression
relative to the cellular genactin. Statistical analyses were performed using GraphPa

Prism software. Comparison of means was testedngy way analysis of variance

(ANOVA) with Dunnett's posttest. Statistical sigo#nce was defined as¥0.05 (95%

confidence interval).

4.3. Molecular docking

Docking studies were performed on th&€OG binding site of the Dengue E protein
(PDB ID 10KE). The system was described in terindilvedral coordinates using the
ECEPP/3 force field [37] as implemented in the nmé Coordinates Mechanics (ICM)
program (version 3.7-2c, MolSoft LLC, La Jolla, CP38], and prepared in a similar
fashion as earlier works [23,39]: water moleculesevdeleted; hydrogen atoms were
added to the receptor structure; Asp and Glu araomds were assigned a —1 negative
charge, and Arg and Lys amino-acids a +1 chargstidihe tautomers were selected
based on the hydrogen bonding network. The rigogpeor:flexible-ligand docking
protocol as implemented in ICM was used. The reweptas represented by six
potential energy maps. The six rigid degrees oédoen and torsion angles were
considered flexible during the docking proceduned aubjected to a global energy
minimization protocol within the field of the redep using a Monte Carlo with

minimization protocol [38,40].

4.4. Molecular dynamics

MD simulations were performed using Amber16 and Anilools16 package [41] using
the Amber99SB force field [42]. The system was at@d with the TIP3P water model

in a truncated octahedric box, extending 10 A fithen protein, and neutralized adding
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sufficient Nd ions. Bond lengths were constrained using the SHBA#gorithm
allowing a 2 fs time-step. Long-range electrossainteractions were taken into account
using the particle-mesh Ewald (PME) approach. Ttwe Imonded cut-off for Coulomb
and Van der Waals interactions were both 8 A. Bneninimization was conducted
through the steepest-descent algorithm and theiets®d to conjugate gradient. Then an
equilibration of the whole system was performedirdurlO0 ps of NVT simulation
followed by 400 ps of NPT simulation. Temperatu@svkept constant at 300 K using a
Langevin thermostat [43] with a collision frequerafy2 ps. Constant pressure of 1 bar
was applied in all directions with a pressure rateon time of 1.0 ps.
Binding free energy was estimated with the MolecWgechanics/Generalized Born
Surface Area (MM/GBSA) method, using the MMPBSA[g¥] module implemented

in Amber analysis tools.
4.5. Shake-flask method for drug solubility testing

The shake-flask method was used as a referencg Esad7]. Test compounds (1.0
mg) were weighed into 2 mL glass vial, and 1 mLtleg medium (simulated gastric
fluid (SGF), simulated intestinal fluid (SIF) andgsphate buffered saline solution
(PBS)) was added. The vial contents were mixed@0 Xpm at 37C for 24 h and then
incubated at 37 °C for 24 h. The sample was filtgf@2 um, Sterile Acrodist 13,
GelmanScience) before analysis with UV3600 UV-VIERN Spectrophotometer.
Calibration curves were obtained from compounds eawride concentration range and
were constructed by plotting absorbance of the @umgs against the concentration.

All compounds were test in triplicate.
4.6. SGF, SIF and PBS stability

Stock solutions of test compounds were prepared abncentration of 10 mM in

DMSO. The stock solution was diluted in acetoretrib 1 mM. The reactions were
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initiated by the addition of the test compoundsthe medium (SGF, SIF and PBS)
(final concentration: 5QuM). Samples were incubated in a shaking water bai7°C
and conducted in triplicate. Samples (125 were taken at 0, 15, 30, 60, 90, 120 min
and 375uL of acetonitrile containing the internal standdwedarfarin) was added to
quench the reaction. The samples were vortexed forin and then centrifugated at
25°C for 15 min at 14000 rpm. The supernatant w#sated, diluted in methanol:water
(50:50) and analyzed by high performance liquidootatography-mass spectrometry
(HPLC-MS). The guantification was based on the paa&la ratio of the test compound

vs. the internal standard.

The HPLC-MS analysis was performed using a Watdlianke 2695 system fitted
with a Waters XBridge C18 (4.6 x 150 mm, 3u® particle size, Waters Corporation,
Milford, MA, USA), coupled to a Waters SQD2 singlaadrupole mass spectrometer
with an electrospray ionization (ESI) source. Geatlielution was utilized in the
chromatographic separation method using 60% adeateni4d0% water, 0.1% acetic
acid and 10 mM ammonium acetate (mobile phase AY6 9sopropanol, 10 %
acetonitrile, 0.1% acetic acid and 10 mM ammoniwetae (mobile phase B), with the
following program: 0-5 min 5% B; 5-13 min 5-95% B3-15 min 95%. The flow rate
was constant at 0.3 mL minAfter each sample injection, the gradient wasrred to
its initial conditions in 12 min. The injection wohe was QL. The column temperature
was 35°C. The mass spectrometer was operated itivpo®n mode with a probe
capillary voltage of 3.0 kV. The sampling cone agk was set to 45.0 V. The source
and desolvation gas temperatures were set at 180UC350°C, respectively. The
nitrogen gas desolvation flow rate was 600 t.dnd the cone gas flow rate was 107L h
! The mass spectrometer was calibrated acrossutige 10f m/z 20-2023 with a sodium

and cesium iodide solution. Data were acquiredcemsmode with a scan duration of
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0.2 sec, and in SIRmode with unit resolution. Datguisition and processing were

carried out using MassLynx, version 4.1 software.
4.7. Mouse plasma stability

Stock solutions of test compounds were prepared abncentration of 10 mM in
DMSO. The stock solution was diluted in DMSO to MmThe mouse plasma was
diluted to 80% with PBS. The reactions were ingthtby the addition of the test
compounds to the preheated plasma solution (fioacentration: 5QuM). Samples
were incubated in a shaking water bath at 37 °Ccanducted in triplicate. Samples (50
uL) were taken at 0, 15, 30, 60, 90, 120 min and |[200f cold acetonitrile containing
the internal standard (warfarin) was added to deprize the plasma. The samples were
vortexed for 1 min and then centrifugated at 4 €15 min at 14000 rpm. Enalapril
was used as positive control incubation. The swgtam was collected, diluted in
methanol: water (50:50) and analyzed by HPLC-M& fbantification was based on
the peak area ratio of the test compound vs. thernal standard. The HPLC-MS

analysis was performed as described before for SGFand PBS stability.
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Highlights

De novo design approach was used to identify new compounds against DENV E protein
Lead Optimization was performed via molecular dynamics

Several compounds displayed excellent potency against DENV

Compounds 3e and 3h were potent compounds of all four sero-types of DENV

3e and 3h showed acceptable in vitro pharmacokinetics profile.



