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ABSTRACT

The West Nile virus (WNV) has spread throughoutwloeld causing neuroinvasive diseases
with no treatments available. The viral NS2B-N$8tgase is essential for WNV survival and
replication in host cells and is a promising draigget. Through an enzymatic screen of the
National Institute of Health clinical compound By, we report the discovery of zafirlukast, an
FDA approved treatment for asthma as an inhibaotlie WNV NS2B-NS3 protease.
Zafirlukast was determined to inhibit the proteiseugh a mixed mode mechanism with an
ICso value of 32uM. A structure activity relationship study of zhfkast revealed the
cyclopentyl carbamate and N-aryl sulfonamide asctiral elements crucial for NS2B-NS3
protease inhibition. Replacing the cyclopentylhnatphenyl improved inhibition, resulting in an
ICso Of 22uM. Experimental and computational docking analgsigport the inhibition model

of zafirlukast and analogs binding at an allostsiie on the NS3 protein, thereby disrupting the
NS2B cofactor from binding, resulting in proteaskibition.

Ke;gwords: West Nile virus, NS2B-NS3 protease, Zafirluk@dlosteric inhibitor, Serine
protease

1. Introduction

The West Nile virus (WNV) is a species of the Havwilae family and has been a global
epidemic since the 1990’s. The virus’ mode of $rarssion is between birds and mosquitoes
with humans as accidental hosts via mosquito bloedls.[1] Most cases of WNV infections
are asymptomatic, but 20% of infections can manifeto mild symptoms of fever and

headaches.[2, 3] In serious cases, infections re@ssginto neurological diseases such as



meningitis and encephalitis that can be fatal.[2, There is currently no treatment or cure for

WNYV infections.

The WNV is an enveloped single-stranded, positerese RNA virus. The 11 kb genome is
transcribed into a single viral polyprotein thantans three structural and seven nonstructural
proteins required for WNV replication from hostldel host cell [1]. The structural proteins are
the envelope, capsid, and premembrane, while tmstnatural (NS) proteins are designated
NS1 to NS5 [4, 5]. The viral polyprotein is prosed by host cell furin and the WNV NS2B-
NS3 protease into the individual structural andstarctural proteins needed for viral replication

in the endoplasmic reticulum (ER) [6].

From a therapeutic standpoint, the NS3 proteirf imiterest due to its required functions for
WNYV infection and proliferation. The NS3 proteirarnc function as a 5’-triphosphatase,
nucleoside triphosphatase, RNA helicase, and serokease, which are all important for viral
replication [1]. The serine protease activity loé tNS3 protein requires the NS2B protein as a
cofactor [7]. The NS2B protein has three hydropb@nd one hydrophilic domain [8]. The
hydrophobic domains are integrated into the ER ntan#y while the hydrophilic domain non-
covalently binds to the NS3 protein to form the\acserine protease complex [1, 8]. The WNV
NS2B-NS3 protease active site has the typical egintease catalytic triad comprised of His51,
Asp75, and Serl35 near the N-terminus of the NS@epr [9, 10]. The WNV NS2B-NS3
protease is known to cleave the viral polyprotditasic residues, notably arginine and lysine

[10].

The NS2B-NS3 protease is a thoroughly studied tdoggopharmaceutical treatment of WNV
infections, due to the essential role of the predeia viral replication [11]. It has been shown

that mutating the NS3 protease into an inactiveyeezis deleterious for further WNV infection



[12]. Small molecules featuring a variety of soldt, [13-15] along with peptides[16-21] have

been investigated as WNV NS2B-NS3 protease inhtito

The National Institute of Health clinical compoultatary was screened in search of NS2B-
NS3 protease inhibitors. The library screen idexdifZafirlukast (Figure 1) as a promising

candidate for NS2B-NS3 protease inhibition.
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Figurel. Zafirlukast is a WNV NS2B-NS3 protease inhibitor

Zafirlukast commonly known as Accolate is an FDApmgved orally administered drug for
the effective inhibition of smooth muscle airwaylammation for the treatment of asthma [22].
It has also been reported to have antibacterialvigctagainst two oral infections,
Porphyromonas gingivalis andStreptococcus mutants [23]. Zafirlukast contains both a toluic
acid-N-aryl sulfonamide and cyclopentyl carbamabendins linked via an indole. The large
molecular size of zafirlukast provided an idealtstg point for structure activity relationship
(SAR) studies to probe WNV NS2B-NS3 protease irbibactivity. Here, we report the
inhibitor kinetic study of zafirlukast and the iaitSAR study for NS2B-NS3 protease inhibition.
In addition, computational docking analysis idaatifa possible binding site for zafirlukast on

the NS3 protein.

2. Results and Discussion

21  Inhibitor validation and Enzyme inhibitor kinetic study



The NS2B-NS3 protease activity was measured byardscence resonance energy transfer
(FRET) enzymatic assay. The assay involves a syintfeporter peptide that contains both
fluorophore and quencher molecules attached to@auids located across the peptide cleave
site [24]. As the WNV NS2B-NS3 cleaves the syrithpeptide an increase in fluorescence
from the fluorophore is measured and is proportitmanzymatic activity [24]. The assay was
used to identify the inhibitor, validate inhibitiodetermine the I (inhibitor concentration that
lower enzymatic activity by 50 %)

value and mode of inhibition. The A = CHAPS/DMSO
u CHAPS/ZAFIRLUKAST

ICso value of zafirlukast was 257

2.0 1

determined to be 32M for 15+

1.0

NS2B-NS3 protease. Zafirlukast °-§-
o 001 0.05 0.1 02

was validated by monitoring % CHAPS

RFU/s

. ey s . Brij35/DMSO
inhibition in the presence of  Brij35/ZAFRLUKAST

2.0
detergents at various (s
. - . . 1'0_
concentrations. The inhibitor 05
0
0.01 0.05 0.1 0.2

activity of zarfirlukast was

RFU/s

9% Brij 35

consistent with a range of Figure 2: Zafirlukast inhibition of NS2B-NS3
_ _ activity in the presence of various
concentrations (0-0.2 %) in both concentrations of CHAPS and Brij35

) _ detergents. The inhibitor activity was
CHAPS and Brij35 detergents (Figure consistent in the presence of detergents at

varying concentrations.
2). This experiment confirms that the

observed inhibitory effects of zafirlukast were gfie to the NS2B-NS3 protease and not caused

by non-specific aggregation.



In addition, an enzyme inhibitor kinetic study wesformed varying both the inhibitor and
substrate concentrations to generate a Lineweaw&elplot (Figure 3). Based on the plot,
zafirlukast inhibitors the protease through a mikgdbition mechanism. This mechanism is
further supported by a Michaelis-Menten plot (segpdementary data) at the various inhibitor

concentrations, which indicates a
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—— 30 M Zafirlukast increase in the appkof the

—+— 40 pM Zafirlukast

reaction as the concentration of

0.00004+
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zafirulkast is inhibiting the protease
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by binding at an allosteric site on
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or mixed inhibition modes [13, 25,
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on the NS3 protein and either alter

the conformation of the NS3 active



site or disrupts binding of the cofactor NS2B, éader the NS2B-NS3 protease catalytically

inactive.

2.2 Sructure activity relationship study

The binding of zafirlukast to the NS2B-NS3 proteases studied through a structure activity
relationship (SAR) study via chemical synthesis agrzymatic assays of the analogs.
Zafirlukast analogs were synthesized followingrétere procedures [27, 28] and all compounds
were examined by the FRET based enzymatic assagteymine the percent of NS2B-NS3
protease inhbition (Table 1) [24]. Zafirlukast tains a toluic acid-N-aryl sulfonamide domain
connected at the C-2 of the indole. Complete reahol/the N-aryl sulfonamidel] significantly
decreased inhibition. In addition, substituting gulfonamide for an amide linkeét) (resulted in
similar poor inhibition. These results indicatdlbthe aromatic ring and the sulfonamide group
are essential for inhibition. However, the methybup attached to the benzene of the N-aryl
sulfonamide was shown to have no significant e$f@ct inhibitor activity, as an analog without
the methyl group3) displayed comparable inhibition to zafirlukadihe sulfonamide can aid in
binding through hydrogen bonding and orientatingugss in a favorable position that cannot be
achieved with the amide. It is not clear if thedtggen bonding or directing ability of the

sulfonamide is the element responsible for infolpiti

The toluic acid contains a methoxy group at theanpetsition. Removal of the methoxd) (
lowers inhibitor activity, but not greatly. Thisowld indicate that either the methoxy is not in
close hydrogen bond distance to residues of theeipr@r the methoxy is donating electron
density to the aromatic ring, thereby increasing slrength ofr-stacking interactions between

the phenyl and nearby aromatic residues. Remdvtileomethoxy group would not result in



complete loss of the phenyl-residue interactiont would weaken it, which is observed

experimentally.
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at an inhibitor concentration of GV

Zafirlukast also contains a cyclopentyl carbamatenected at the C-5 of the indole. Removal
of the cylcopentyl carbamatb)(resulted in poor inhibition and replacement @& dylcopentyl to
an ethyl 6) gave similar poor inhibition & Substitution of the carbamate for an amigea{so
lowered inhibition. These results indicate the opeintyl group is occupying a hydrophobic
binding site. This particular binding site is abbeaccommodate the cyclopentyl group, which
suggests the site is relatively large. To furthesbe the size and hydrophobic nature of the
binding site the cyclopentyl was replaced with aemph @). This analog displayed better
inhibition than zafirlukast with an Kg of 22 uM. The phenyl group is larger than cyclopentyl,
however it is planer and can participate in pidsitag, which would increase interactions with
aromatic residues leading to improved binding antdbition. The carbamate functional group
was also revealed to be important for binding,eamaval of this group7) lowered inhibition.
The carbamate can patrticipate in hydrogen bondetgden the carbonyl of the carbamate and
polar residues in the active site. The amide @netuld also participate in the same interaction,
but at a lesser degree than the carbamate resiritiwgakened interactions leading to the lower

inhibition, which is observed experimentally.

The overall shape of zafirlukast was investigatedihhibitor activity (Table 2.). The toluic
acid-N-aryl sulfonamide moiety of Zafirlukast isroctected at the C-2 of the indole. The moiety
can also be connected at the N-1 of the indoleeteeate analogs with a different overall shape
but does not restrict molecular rotation. Simitarthe parent, when the toluic acid-N-aryl
sulfonamide moiety or the N-aryl sulfonamide arenoged @ and 10 respectively), there is

effectively no inhibition.  Interestingly when theluic acid-N-aryl sulfonamide domain is



attached to N-11@) the inhibitor activity is comparable to zafirlidta This would suggest that
the binding site occupied by zafirlukast is largel @an accommodate the cyclopentyl carbamate
and the toluic acid-N aryl sulfonamide domains ifiedent molecular shapes. This evidence
also supports the role of the indole core as aelirfr the two domains. This theory was
explored by synthesizing analogs that containecezéne linking the two domains. Two

analogs were

Table2. SAR of zafirlukast analog9{11)
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synthesized and examined for NS2B-NS3 proteaséitohiactivity. Both analogs substituted

the indole for a benzene with the cyclopentyl carate directly attached to the ring (Figure 4).
One analog did not contain the toluic acid moiety
(12) resulting in minimal inhibition, which is

o H OMe
>\.,N
E>70 O O H o . . . .
N.g consistent with previous experimental data.
/o
o O

Compound13 contained the toluic acid moiety

12: 30%
linked to the benzene at the meta position, with



moderate inhibition. It is concluded thE® was better able to inhibit the NS2B-NS3 protease
due to the spatial orientation of the two domawish the benzene connecting the two groups at
the meta position, resulting in an overall molecglzape similar to zafirlukast. However, in the
case ofl12, the benzene connects the two domains at the pesédion adopting a linear
molecular shape and also lacked the toluic acidetypvastly different from zafirlukast. The
experimental data indicates that the indole may betessential for inhibition, however the

overall molecular shape is vital for binding.

2.3 Molecular docking

To better understand how zafirlukast inhibits tiral\protease, computational docking studies
[29] of zafirlukst and binding to the NS3 protein (PDB #21JO) were cornddwia Autodock
Vina. Previously, researchers have proposed sn@éaules interacting with the NS3 protease
at allosteric sites that would dislocate the NS@2Baxtor from binding to the NS3 protein
resulting in protease inhibition [13, 25, 26]. Digtion of the NS2B-NS3 complex has been
experimentally proven to abate protease activifyd[d. In addition, mutation of NS2B residues
vital for binding to the NS3 protease also inadedacatalytic activity of the protease [31].
Therefore, the focus of our docking studies wasxqgore these allosteric sites on the NS3
protein to determine if they are viable bindingsifor zafirlukast anél. There are three
positions on the NS3 protein that have been idedtés NS2B binding sites. One region is at
the catalytic active site, another interface isated in proximity to GIn96 and the final binding
site is adjacent to Phel16 of the NS3 protein 28, Ihe initial docking simulations were
performed with the ligand binding site defined
as the entire molecular surface of the NS3

’ 4J protein to identify all favorable binding

~ ¥
Figure5. Lowest energy bindin

mode between zafirlukast and NS3
protein via Autodock Vina.




locations for zafirlukast. The results from thicking simulation revealed the lowest energy
complex is zafirulkast binding to the NS3 proteirproximity to Phell16 as determined by
AutoDock Vina scoring function (Figure 5). A viduaspection of this lowest energy binding
mode revealed zafirlukast interacting with two lngdpockets. One pocket is formed by
residues Phell6, Vall154 Gly153 and Thr118 intergatiith the phenyl sulfonamide (Figure
6A). In this pocket there is pi-stacking obserbetiveen the phenyl sulfonamide and Phel16.
In addition, there are other contacts between kteay sulfonamide and hydrophobic residues in
this pocket. The second pocket interacts withcifdopentyl carbamate and is composed of
Trp89, lle1l47, 1le165, lys88 and GIn167 (Figure 6Bhis binding site is hydrophobic with

many contacts between the cyclopentyl and hydrophekidues including the carbon side chain
of lys88. Based on a visual inspection, both biggockets could accommodate larger
hydrophobic groups, particularly aromatic systewisich may improve binding and overall
inhibition. The docking model also revealed Asn&S2a possible hydrogen bonding pattern for
the methoxy on the toluic acid. There is no hyerogonding observed in the docking complex,
however rotation of the toluic acid could induceltogen bonding formation, which would

explain the important of the methoxy group in t#RSstudy. The indole core has hydrophobic



contacts with lle123 and the overall shape of kdfast formed by the connection of toluic N-
aryl-sulfonamide and cylcopentyl carbamate domairike indole C-2 and C-5 respectively,
positions the domains into favorable binding sites.

Figure6. Zafirlukast docked to the NS3 protein. A: NS8tpin binding pocket interacting

with the phenyl sulfonamide and B: additional bmglpocket interacting with cyclopentyl
carbamate of zafirlukast.

on the NS3 protein.



Docking of8 to the NS3 protein resulted in a similar bindingdal as zafirlukast, which is
observed by superimposing the docked complex afzlehst and8 on the NS3 protein (Figure
7). Based on docking scores and supported by iexeetal inhibitor data3 is a better binder
than zafirlukast to the NS3 protein. The plandaureof the phenyl carbamate is better able to
bind in the pocket, which has also improved therenttions of toluic acid and phenyl
sulfonamide as both are interacting with Phell6¢kvis not observed in the zafirlukast
docking complexes. These increased interactiopsawed binding and also resulted in greater
disruption of NS2b binding. The docking modelzafirlukast and are consistent with
experimental data, indicating both domains are i@o for inhibitor activity. In both docking
models the phenyl sulfonamide would be in positmdisrupt NS2B binding resulting in NS2B-
NS3 protease inhibition (Figure 8). This supperperimental data implying that zafirlukast is

inhibiting through a mixed mode inhibition due tading at an allosteric site.

Figure8. Docking image of zafirlukast interfering with R®inding to the NS3.

3. Chemistry



The initial syntheses centered on creating zafadtilanalogs with variations of the alkyl
carbamate and N-aryl sulfonamide domains (Schemd&H¢ indole nitrogen was methylated
and underwent alkylation in the presence of sitbeade to givel7a-c [27]. The nitro group
was reduced to the amine and acylated to givedhHmmate or amide precursotsZ0a-d).
The methyl ester was hydrolyzed to the correspandarboxylic acid and reacted with either
the o-toluenesulfonamide, benzenesulfonamide aryb@mine to give the target compounds
2-4 and6-8. In addition5 and9 were synthesized following similar reactions dissat in
scheme 1.
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Scheme 1. Synthesis 01-9: a) Mel, acetone 40C; b) H,10 % Pd/C, THF, 24-48 hr; c) cyclopentyl
chloroformate, NaHC® THF/HO; d) AgO, dioxane, 6DC, 20 hr; g) cyclopentylacetic acid,
DMAP, EDC, DCM, 16 hr; g) ethyl chloroformate, NaB®¢ THF/HO; i) 2M NaOH agq.,
MeOH/THF, 60 C; j) benzylamine or o-toluene sulfonamide, DMAR)C, DCM, 16 h;

Table 3. Substitution pattern of compounti21.
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Analogs probing the molecular shape of zafirlukeete synthesized according to scheme 2.
Briefly, 14a was alkylated at the N-1 of the indole with methylbromomethyl)-3-
methoxybenzoate followed by catalytic hydrogenatibthe nitro to the corresponding amine
(23) [28]. The amine was acylated with cyclopentybcbformate (0) and the toluate was
hydrolyzed to toluic acid and coupled with o-tolasalfonamide under EDC/DMAP

conditions to givell.
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Scheme 2. Syntheses 010 and 11. a) methyl-4-(bromomethyl)-3-methoxybenzoate, NaH,
DMF, RT, overnight; b) K10 % Pd/C, THF, 24-48 h; c) cyclopentyl chlorofatsy NaHCQ,
THF/H,O; d) 2M NaOH ag., MeOH/THF, 80C; e) o-toluene sulfonamide, DMAP, EDC,
DCM, 16 h.

The final compounds substituted the indole for arpthas depicted in schemes 3 and 4.
Compoundl2 was synthesized beginning with a Suzuki couplB®] petween 3-
nitrophenylboronic acid and methyl-4-(bromometH3djpethoxybenzoate followed by
reduction of the nitro to an amingg). The amine was acylated with cyclopentyl

chloroformate and the ester hydrolyzed and coupitid o-toluene sulfonamide to give.

As indicated in scheme 4, methyl 4-aminobenzoates weaylated with cyclopentyl
chloroformate under basic conditions to give thel@yentyl carbamate3(). The ester was

hydrolyzed to the carboxylic acid and then coupigtth o-toluene sulfonamide to yieltB.
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Scheme 3. Synthesis of12. Reagents and conditions: a) methyl-4-(bromomgy
methoxybenzoate, CsGOPd(PPB)4, H.O/DME, 90-100 C, 24 h; b) H,10 % Pd/C, THF,
24-48 h; c) cyclopentyl chloroformate, NaHgGHF/H,O; d) 2M NaOH ag., MeOH/THF,
60° C e) o-toluenesulfonamide, DMAP, EDC, DCM, 16 h.
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Scheme 4. Synthesis of 13. Reagents and conditions: dppgatyl chloroformate, NaHC
THF/H,O; b) 2M NaOH ag., MeOH/THF, 80C; c) o-toluene sulfonamide, DMAP, EDC,
DCM, 16 h

4, Conclusion

In summary, we report the discovery of zafirlukastan inhibitor for the NS2B-NS3 protease.
Zafirlukast was determined to inhibit the proteasea mixed mode mechanism with andC
value of 32uM. The SAR study revealed the alkyl carbamateMntbluic acid-N-aryl
sulfonamide domains to be required for inhibitidubstituting the cyclopentyl with a phenyl

improved inhibition with an 16 value of 22uM. An in-silico model of zafirlukast anfl docked



to the NS3 protein indicated binding at an allastsite that disrupts formation of the NS2B-
NS3 protease complex, thereby inhibiting catalgttivity, which is supported by experimental
results. Future studies will continue to invedigne indole core and substitution of the indole
with other privileged scaffolds to better orienttite carbamate and toluic acid-N-aryl

sulfonamide domains for improved NS2B-NS3 proteak#vition.

5. Experimental section
5.1 Chemistry
5.1.1 Materials

All chemicals and reagents were obtained from FiSlogentific and used without further
purification. An authentic sample of zafirlukashisyourchased from Fisher Scientific. Column
chromatography was performed on a Teledyne IscoliFlash Rf+ with an EtOAc/Hex
gradient utilizing RediSep Rf silica columns. NMpestra was recorded utilizing a Bruker 400
MHz NMR operating at 400 MHz for proton NMR and 101z for carbon NMR in either
CDCl; or d-DMSO solvent as indicated. High resolution magssctra (HRMS) data was

collected by a Q Exactive Focus mass spectrometer.

5.1.2 Synthetic procedures

All compounds were prepared following schemes laded on literature procedures for the

synthesis of zafirlukast and analogs.

1-methyl-5-nitro-1H-indol€15a): KOH (5 eq.) was added to a solution of indoledd e

dissolved in acetone (5 mL/mmol of indole) at Ofg&glomethane (2 eq.) was added. Solution



was stirred at 40°C until disappearance of indgl&bC. Reaction was then cooled to room
temperature. DCM (33 mL/mmol of indole) was addzdeiaction and stirred for 30 minutes.

The solid was then filtered out and filtrate wassted 2 x HO, 1 x 1M HCI, and 2 x }D.

Organic layer was dried with M§O, and rotovapped. Crude product was recrystallietlow
solid; 65-100%*H NMR (CDCE): $8.61 (m, 1H), 8.16 (dd, 1H), 7.36 (dt, 1H), 7.231H),

6.70 (dd, 1H), 3.89 (s, 3H)*C NMR (CDC}): $139.43, 132.00, 127.63, 118.18, 117.27, 109.08,

103.86, 99.99, 33.32

Compoundd5b was synthesized following the procedure descibé 7a.

1-methyl-1H-indole {5b): Yellow oil; 50-100%:H NMR (DMSO0):57.66-7.56 (m, 1H), 7.47-
7.39 (m, 1H), 7.31 (d, J=3.2 Hz, 1H), 7.21 (ddB.256.9, 1.2 Hz, 1H), 7.16-7.02 (m, 1H),
6.51-6.41 (m, 1H), 3.77 (d, J=0.9 Hz, 3E}C NMR (DMS0):5136.89, 129.94, 128.58, 121.48,

120.81, 119.38, 110.07, 100.76, 32.83;

Methyl 4-[(1-methyl-5-nitroindol-3-yl)methyllbenzta(17a): Silver (I) oxide (1 eq.) was added
to a stirred solution of indole (1 eq.) and beriryimide (1 eq.) in dioxane (1 mL/mmol of
indole) in a microwave tube under nitrogen gas. fHaetion was sealed and stirred at 60°C for
20 hours. EtOAc (2 mL/mmol of indole) was addedh® reaction. The reaction was then
filtered through celite and the filtrate was rotppad. Product was purified by column
chromatography to give a yellow solid; 25-4584:NMR (DMS0):58.42 (d, J=2.3 Hz, 1H),

8.02 (dd, J=9.1, 2.3 Hz, 1H), 7.93-7.84 (m, 2H$O0/d, J=9.1 Hz, 1H), 7.44 (d, J=8.3 Hz, 3H),



4.21 (s, 2H), 3.83 (d, J=4.1 Hz, 6HIC NMR (DMSO0):5166.59, 147.18, 140.80, 140.05,

132.12, 129.82, 129.25, 127.93, 126.82, 116.99,2914.16.03, 110.86, 52.45, 33.30, 30.65

Compoundd 7b-c were synthesized following the procedure described7a.

Methyl 3-Methoxy-4-[(1-methyl-5-nitroindol-3-yl)mbyl]benzoate.(17b): Yellow solid; 20-
50%;'H NMR (DMSO0):88.51 (d, 1H), 8.02 (dd, 1H), 7.59 (m, 1H), 7.492H), 7.38 (s, 1H),
7.29 (d, 1H), 4.12 (s, 2H), 3.86 (M, 9KC NMR (d-DMSO): 5166.56, 157.16, 140.76, 139.90,
135.10, 132.08, 130.38, 126.93, 122.07, 116.41,561311.21, 110.81, 56.02, 52.57, 33.30,

24.94

Methyl 3-methoxy-4-[(1-methyl-1H-indol-3-yl)methyiénzoatd17c): Green oil; 40%*H NMR
(DMSO0):§7.57-7.31 (m, 4H), 7.24-7.04 (m, 3H), 6.98 (dddB.0=7.0, 1.0 Hz, 1H), 4.04 (s,

2H), 3.95-3.81 (m, 6H), 3.73 (s, 3HFC NMR (DMSO0):5166.64, 157.22, 137.14, 135.81,
130.17, 129.07, 128.31, 127.83, 121.92, 121.53,881919.07, 118.91, 111.91, 118.91, 111.91,

111.04, 110.05, 56.01, 52.51, 32.70, 25.17

1-methyl-1H-indol-5-amin€16): 10% Pd/C (.18 g/g of starting material) was aditea solution

of starting material dissolved in THF (54 mL/g tdrsing material). Reaction flask was sealed
and vacuum was used to remove air. A balloon flletth hydrogen gas was then attached to the
flask. The reaction was stirred at room temperdir@4 to 48 hours or until disappearance of
starting material was observed by TLC. The reacotian then filtered through celite. Filtrate was

rotovapped to give a brown solid; 1008 NMR (DMSO0):57.15-7.05 (m, 2H), 6.71 (dd,



J=3.0, 0.9 Hz, 1H), 6.57 (dd, J=8.5, 2.1 Hz, 1H}26dd, J=3.0, 0.9 Hz, 1H), 3.67 (s, 3HC
NMR (DMSO0):6141.30, 131.12, 129.49, 129.44, 129.41, 112.31,111004.21, 99.13, 32.86
Compoundd9a,19b, 23, 26 were synthesized following the procedure described6.

Methyl 4-[(5-amino-1-methyl-1H-indol-3-yl)methyl]lpeoate(19a): brown solid; 50-70%'H
NMR (DMSO):$7.90-7.82 (m, 2H), 7.41-7.33 (m, 2H), 7.11-7.03 (i), 6.96 (s, 1H), 6.56-
6.48 (m, 2H), 4.47 (s, 2H), 3.99 (s, 2H), 3.823(4), 3.63 (s, 3H)**C NMR (DMS0):5166.68,
148.24,141.51, 131.41, 129.63, 129.09, 128.55,9827127.56, 112.32, 110.69, 110.25, 102.27,
52.42, 32.69, 31.47

4-[(5-amino-1-methyl-1H-indol-3-yl)methyl]-3-methgxN-(2-
methylbenzenesulfonyl)benzamiti®b): A grey solid; 75%H NMR (DMSO0):$7.88 (dd,
J=7.7, 1.6 Hz, 1H), 7.50 (d, J=1.5 Hz, 1H), 7.38, @7.7, 1.5 Hz, 1H), 7.34-7.13 (m, 4H), 7.09
(dd, J=8.5, 0.6 Hz, 1H), 6.95 (d, J=7.7 Hz, 1H366(s, 1H), 6.65-6.52 (m, 2H), 5.60 (s, 3H),
3.84 (d, J=4.0 Hz, 7H), 3.62 (s, 3JC NMR (DMS0):5169.54, 156.54, 144.59, 139.82,
136.27, 131.75, 131.44, 130.39, 128.89, 128.12,292320.93, 112.50, 110.84, 103.40, 55.68,
32.68, 25.10, 20.57

Methyl 4-[(5-amino-1H-indol-1-yl)methyl]-3-methoxgmzoatg23). Brown oil; 70%;'H NMR
(CDCl): §7.59 (d, J=1.5 Hz, 1H), 7.49 (dd, J=7.8, 1.6 Hz), TH15-7.03 (m, 2H), 7.01-6.94 (m,
1H), 6.71-6.59 (m, 2H), 6.41 (dd, J=3.1, 0.9 Hz),1531 (s, 2H), 3.95 (d, J=23.7 Hz, 6H), 3.43
(s, 2H);**C NMR (CDCE): 5166.83, 156.41, 139.52, 131.56, 131.38, 130.46,542928.95,
127.35, 122.18, 112.70, 110.79, 110.24, 105.7948B0B5.61, 52.18, 45.16

Methyl 4-[(3-aminophenyl)methyl]-3-methoxybenzo26): Yellow oil; 55%;'H NMR

(DMSO): §7.55-7.45 (m, 2H), 7.20 (d, J=7.7Hz, 1H), 6.90 {t7.2, 1.6 Hz, 1H), 6.41-6.31 (m,



3H), 4.94 (s, 2H), 3.88-3.77 (m, 8HJC NMR (DMS0):5166.62, 157.30, 149.11, 140.76,

135.73, 130.72, 129.26, 121.96, 116.86, 114.73,2¥1411.16, 56.03, 52.55, 35.66

Methyl 4-[(5-[27]-1-methyl-1H-indol-3-yl)methyl]-3nethoxybenzoatél): NaHCG (3.1 eq.)
and chloroformate (1.1 eq.) were added to a saiuf@amine (1 eq.) in THF (3.1 mL/mmol of
amine) and KO (3.1 mL/mmol of amine). The reaction was stiraédoom temperature until
disappearance of amine was observed by TLC. Tdwtiom was washed 3 x EtOAc. Combined
organic layer was dried with M§Q, and rotovapped. White oil; 60-90%§ NMR (DMSO):
§9.21 (s, 1H), 7.60 (s, 1H), 7.52-7.42 (m, 2H), 7(@73=8.6 Hz, 1H), 7.14 (d, J=7.8 Hz, 2H),
7.05 (s, 1H), 5.06 (td, J=6.0, 2.9 Hz, 1H), 3.94)l16.8 Hz, 5H), 3.83 (s, 3H), 3.69 (s, 3H),
1.85 (d, J=6.9 Hz, 1H), 1.67 (s, 4H), 1.57 (s, 3f; NMR (DMSO0):5166.65, 157.19, 154.14,
135.72,133.73, 129.95, 129.02, 128.93, 127.70902111.42, 110.93, 109.95, 76.68, 56.00,
52.51, 35.47, 32.82, 32.77, 25.14, 23.72, 23.40/IBRC,5H2sN 05 Calculated [M+H]:

437.2071 Observed: 437.2066

Compound$®, 10, 20a, 20b, 20d, 27 and 29 were synthesized following the procedure described

for 1.

Cyclopentyl-N-(1-methyl-1H-indol-5-yl)carbama®): Brown solid; 85%*H NMR (DMSO):
09.26 (s, 1H), 7.67 (s, 1H), 7.34-7.16 (m, 3H), 6&8, J=3.0, 0.8 Hz, 1H), 5.09 (tt, J=5.9, 2.8

Hz, 1H), 3.33 (s, 3H), 1.96-1.77 (m, 2H), 1.78-1(60 6H); **C NMR (DMSO):5154.20,



133.40, 131.83, 130.44, 128.38, 114.72, 109.87.44006.69, 32.94, 32.84, 23.75; HRMS:

C15H18N20, Calculated [M+H]: 259.1441 Observed: 259.1442.

Methyl 4-[(5-{[(cyclopentloxy)carbonyllamino}-1H-idol-1-yl)methyl]-3-methoxybenzoate

(10): Brown solid; 74%* NMR (CDCk): §7.73 (s, 1H), 7.58 (d, J=1.5 Hz, 1H), 7.48 (dd,
J=7.9, 1.5 Hz, 1H), 7.22-7.08 (m, 3H), 6.64 (d,.9=Hz, 1H), 6.57-6.49 (m, 2H), 5.34 (s, 2H),
5.24 (tt, J=6.1, 2.7 Hz, 1H), 3.97 (s, 3H), 3.913(d), 1.99-1.56 (m, 8H);°C NMR (CDCE):
5166.77, 156.44, 133.43, 131.16, 130.61, 130.57,3P2928.83, 127.36, 122.17, 110.86,
109.81, 101.70, 99.99, 77.74, 55.62, 52.18, 48281, 23.70; HRMS: £H,6N,0s Calculated
[M+H]: 423.1914 Observed: 423.1907

Methyl 4-[(5-{[(cyclopentyloxy)carbonyllJamino}-1-ntayl-1H-indol-3-yl)methyl]benzoate

(20a): Purple solid; 90%'H NMR (DMSO0):59.21 (s, 1H), 7.91-7.83 (m, 2H), 7.57 (s, 1H),
7.42-7.34 (m, 2H), 7.31-7.24 (m, 1H), 7.14 (d, J328z, 2H), 5.05 (tt, J=5.3, 2.5 Hz, 1H), 4.05
(s, 2H), 3.82 (s, 3H), 3.70 (s, 3H), 1.88-1.79 i), 1.69-1.53 (m, 6H)**C NMR (DMSO):
0166.66, 154.14, 147.87, 133.84, 129.69, 129.10,862827.66, 127.50, 112.17, 110.01, 76.67,
52.43, 32.83, 32.79, 31.28, 23.73

Methyl 4-({5-[(ethoxycarbonyl)amino]-1-methyl-1H-ilol-3-yl}methyl)-3-methoxybenzoate
(20b): Brown solid; 64%*H NMR (CDCL): §7.61-7.49 (m, 2H), 7.22-7.16 (s, 3H), 6.78 (s, 1H),
6.66 (s, 1H), 4.23 (g, J=7.1 Hz, 2H), 4.09 (s, 2H93 (d, J=11.0 Hz, 6H), 3.71 (s, 3H), 1.32 (t,
J=7.1 Hz, 3H)**C NMR (CDC}): 5167.23, 157.11, 154.36, 135.49, 134.35, 129.88,6529
129.03, 128.22, 128.06, 122.02, 115.37, 112.54,871010.41, 109.36, 60.92, 55.58, 52.03,

32.72, 25.24, 14.65



Methyl 3-methoxy-4-({1-methyl-5-[(phenoxycarbonyméno]-1H-indol-3-yl}methyl)benzoate
(20d): White solid; 46%*H NMR (CDCk): §7.69 (s, 1H), 7.55 (d, J=7.7 Hz, 2H), 7.45-7.35 (m,
2H), 7.31-7.13 (m, 5H), 6.97 (s, 1H), 6.81 (s, 14HD9 (s, 2H), 3.93 (d, J=9.6 Hz, 6H), 3.74 (s,
3H); °C NMR (CDCE): §167.22, 157.10, 150.88, 135.39, 129.60, 129.32,062928.41,
128.10, 125.43, 122.02, 121.72, 112.67, 110.87,50099.99, 55.59, 52.03, 32.76, 25.22
Methyl 4-[(3-{[(cyclopentyloxy)carbonyl]lamino}phertily3-methoxybenzoaté27): Yellow oil;
100%;*H NMR (DMS0):89.46-9.41 (m, 1H), 7.55-7.44 (m, 2H), 7.34-7.10 4i), 6.85-6.78
(m, 1H), 5.05 (tt, J=5.3, 2.4 Hz, 1H), 3.93-3.82 @Hl), 1.91-1.78 (m, 2H), 1.74-1.51 (m, 6H);
%C NMR (DMS0):5166.58, 157.34, 153.76, 140.83, 139.81, 135.23,743029.48, 129.05,
123.16, 122.03, 118.94, 116.42, 111.23, 77.03,%&D.57, 35.76, 32.76, 23.70

Methyl 4-{[(cyclopentyloxy)carbonylJamino}benzoa9): White solid; 80%:H NMR
(DMS0):59.98 (s, 1H), 7.92-7.81 (m, 2H), 7.64-7.55 (m, 251 (tt, J=5.9, 2.8 Hz, 1H), 3.81
(s, 3H), 1.94-1.80 (m, 2H), 1.77-1.54 (m, 6L NMR (DMSO0):5166.34, 153.61, 144.39,

130.76, 123.45, 117.82, 77.65, 52.27, 32.73, 23.71.

Methyl 4-{[5-(2-cyclopentylacetamido)-1-methyl-1lddol-3-yllmethyl}-3-methoxybenzoate
(20c): Carboxylic acid (1 eq.), DMAP (1.5 eq.), EDC (1®)eand amine (1.2 eq.) were added
to DCM (10 mL/mmol of carboxylic acid) in that ord&he reaction was stirred at room
temperature for 16 hours. 2M HCI was added to ¢laetion. Organic layer was extracted 3 x
EtOAc. Combined organic layers were washed withéorDrganic layer was dried with MO,
and rotovapped. Product was purified by column etatmgraphyPink solid; 60%H NMR
(DMSO0):89.61 (s, 1H), 7.78-7.72 (m, 1H), 7.52-7.42 (m, ZHB3-7.22 (m, 2H), 7.13 (d, J=7.8

Hz, 1H), 7.06 (s, 1H), 3.98 (s, 2H), 3.93 (s, 38183 (s, 3H), 3.70 (s, 3H), 2.19-2.03 (m, 1H),



1.81-1.68 (m, 3H), 1.68-1.42 (m, 4H), 1.26-1.04 8i); °C NMR (DMSO0):8174.50, 170.64,
166.64, 157.20, 135.72, 134.00, 131.76, 129.93,082928.97, 127.57, 121.90, 115.43, 111.54,

110.93, 109.82, 109.70, 55.99, 52.51, 43.00, 3B@37, 32.78, 32.40, 25.15, 24.99

3-methoxy-4-[(1-methyl-1H-indol-3-yl)methyl]benzoacid (18): 2M NaOH (11.1 mL/mmol of
ester) was added to a solution of ester (1 ed)e®H (11.1 mL/mmol of ester) and THF (5.55
ML/mmol of ester). The reaction was stirred at 6@l disappearance of ester was observed
by TLC. 2M HCI (11.1 mL/mmol of ester) was addedhe reaction. The reaction was washed 3
x EtOAc. The combined organic layer was washed fiithe. The organic layer was then dried
with Mg,SO, and rotovapped. White solid; 7095§ NMR (DMS0):812.86 (s, 1H), 7.58-7.31

(m, 4H), 7.22-7.03 (m, 3H), 6.98 (ddd, J=9.0, 8.9, Hz, 1H), 4.01 (s, 2H), 3.90 (s, 3H), 3.73 (s,
3H); **C NMR (DMS0)8167.73, 157.12, 137.12, 135.26, 130.23, 130.07,212827.83,

122.04, 121.52, 119.09, 118.90, 112.07, 111.25,08]135.93, 32.70, 25.15

Compound®1a-21e, 24 28 and 30 were synthesized following the procedure described8

4-[(5-[27]-1-methyl-1H-indol-3-yl)methyl]-3-methoenzoic aciq21a) White solid; 40-75%;
H NMR (DMS0):812.03 (s, 1H), 9.22 (s, 1H), 7.61 (s, 1H), 7.55J6R.8 Hz, 1H), 7.51-7.41
(m, 1H), 7.31-7.23 (m, 1H), 7.13 (d, J=8.4 Hz, 2HP4 (d, J=2.5 Hz, 1H), 5.05 (d, J=5.0 Hz,
1H), 3.98-3.88 (m, 5H), 3.69 (t, J=2.1 Hz, 3H),4.(8, J=13.4 Hz, 2H), 1.66 (d, J=12.8 Hz, 4H),

1.57 (s, 2H)2C NMR (CDCb): $171.50, 157.13, 136.36, 134.32, 129.98, 129.69,3528



128.23, 128.05, 122.77, 112.38, 111.21, 109.39N9F4.16, 55.58, 35.49, 32.82, 32.71, 25.29,
23.67, 23.29.

4-[(5-{[(cyclopentyloxy)carbonyl]lamino}-1-methyl-1khdol-3-yl)methyl]benzoic acig21b):
Purple solid; 40%'H NMR (DMS0):512.73 (s, 1H), 9.21 (s, 1H), 7.89-7.80 (m, 2H)87(S,

1H), 7.39-7.32 (m, 2H), 7.28 (d, J=8.7 Hz, 1H),17(&, 1H), 5.06 (tt, J=4.9, 2.3 Hz, 1H), 4.04 (s,
2H), 3.70 (s, 3H), 1.84 (dd, J=12.1, 5.7 Hz, 2HJ01.53 (m, 6H)**C NMR (DMSO):

8167.74, 154.14, 147.33, 133.83, 129.84, 128.90,802827.52, 112.31, 109.99, 90.16, 76.68,
32.83, 32.78, 31.27, 23.73
4-({5-[(ethoxycarbonyl)amino]-1-methyl-1H-indol-3}ynethyl)-3-methoxybenzoic acifR1c):
Brown solid; 84%H NMR (CDCL): §7.74-7.56 (m, 2H), 7.32 (s, 1H), 7.32-7.17 (m, ZHD4

(d, 3=9.2 Hz, 1H), 6.84 (s, 1H), 4.12 (s, 2H), I943H), 3.79-3.60 (m, 5H), 1.69-1.54 (m, 3H);
13C NMR (CDCE): 6170.93, 157.12, 156.66, 135.86, 135.75, 129.77.802828.34, 128.02,
122.61, 121.61, 118.11, 112.92, 111.29, 109.58065%5.58, 32.76, 25.37, 14.66
4-{[5-(2-cyclopentylacetamido}-1-methyl-1H-indol-d}methyl}-3-methoxybenzoic aci(1d):
70%;H NMR (DMS0):812.80 (s, 1H), 9.62 (s, 1H), 7.79-7.73 (m, 1H) 17740 (m, 2H),
7.36-7.23 (m, 2H), 7.14-7.03 (m, 2H), 3.97 (s, 281 (s, 3H), 3.70 (s, 3H), 2.30-2.17 (M, 4H),
1.74 (dd, 11.6, 5.5 Hz, 2H), 1.67-1.45 (m, 4H) 01(@, J=12.3, 7.1 Hz, 1H}°C NMR
(DMSO0):6170.67, 167.76, 157.11, 135.18, 134.02, 131.76,243@29.76, 128.91, 127.61,
122.04,115.47, 111.74, 111.16, 109.78, 60.21,%3.8.02, 37.25, 36.48, 32.74, 32.42, 25.15,
25.01

3-methoxy-4-({1-methyl-5-[(phenoxycarbonyl)amindhdindol-3-yl}methyl)benzoic acid

(21e): Brown solid; 33%:H NMR (CDCk): §7.66-7.55 (m, 2H), 7.43 (s, 1H), 7.34-7.26 (m,

2H), 7.25-7.08 (m, 2H), 7.03 (s, 1H), 6.86 (d, JZ18z, 1H), 6.71 (s, 3H), 4.15 (s, 2H), 3.94 (s,



3H), 3.74 (s, 3H)**C NMR (CDCE): §157.15, 154.80, 151.54, 135.95, 132.99, 129.77,0629
128.54, 128.08, 125.09, 122.68, 121.68, 121.40,211812.95, 111.32, 109.70, 55.60, 32.79,
2541

4-[(5-{[(cyclopentyloxy)carbonyllamino}-1H-indol-34)methyl]-3-methoxybenzoic aci@4):
Purple solid; 65%'H NMR (CDCk): 57.72 (s, 1H), 7.64-7.52 (m, 2H), 7.21-7.08 (m, 36456
(d, J=7.8 Hz, 1H), 6.57-6.50 (m, 2H), 5.36 (s, Z5{27-5.20 (m, 1H), 3.98 (s, 3H), 1.99-1.59
(m, 8H);°C NMR (CDCk): $170.81, 156.46, 133.45, 132.14, 130.54, 129.67,3829.28.84,
127.40. 122.94, 128.84, 127.40, 122.94, 111.17,780901.80, 99.99, 55.63, 45.25, 32.81,
23.69

4-[(3-{[(cyclopentyloxy)carbonyllamino)phenyl)metiyB8-methoxybenzoic aci¢k8): White
solid; 40%;*H NMR (DMS0):512.88 (s, 1H), 9.44 (s, 1H), 7.53-7.45 (m, 2H) 377325 (m,
2H), 7.22-7.11 (m, 2H), 6.82 (dt, J=7.6, 1.4 Hz), 1506 (ddd, J=6.7, 5.1, 1.9 Hz, 1H), 3.87 (d,
J=19.3 Hz, 5H), 1.84 (dp, J=11.8, 8.3, 6.6 Hz, 3HJ4-1.51 (m, 5H)**C NMR (DMSO):
0157.24, 149.27, 140.99, 134.31, 130.58, 129.25,172322.15, 118.71, 116.11, 111.45,
107.54, 98.06, 77.03, 55.97, 35.40, 32.76, 23.71
4-{[(cyclopentyloxy)carbonylJamino}benzoic aci@0): Pink solid; 60%H NMR (DMSO):
$12.59 (s, 1H), 9.92 (s, 1H), 7.91-7.81 (m, 2H) 377653 (m, 2H), 5.11 (td, J=5.9, 2.9 Hz, 1H),
1.96-1.80 (m, 2H), 1.77-1.52 (m, 6HJC NMR (DMSO0):5167.43, 153.63, 144.00, 130.87,

124.62, 117.70, 77.58, 32.74, 23.7

Cyclopentyl N-[1-methyl-3-({4-[(2-methylbenzenesuiiyl)carbamoyl]phenyl}methyl)-1H-

indol-5-yljcarbamat€?2): Carboxylic acid (1 eq.), DMAP (1.5 eq.), EDC (1®)eand



amine/sulfonamide (1.2 eq.) were added to DCM (L&hmol of carboxylic acid) in that order.
The reaction was stirred at room temperature fandigs. 2M HCI was added to the reaction.
Organic layer was extracted 3 x EtOAc. Combinedniglayers were washed with brine.
Organic layer was dried with MO, and rotovapped. Product was purified by column
chromatography. Grey solid; 69%3i NMR (DMS0):512.53 (s, 1H), 9.20 (s, 1H), 8.02 (d,
J=7.9 Hz, 1H), 7.80 (d, J=8.0 Hz, 2H), 7.57 (t,.3=Hz, 2H), 7.48-7.23 (m, 5H), 7.13 (d, J=27.9
Hz, 2H), 5.10-5.01 (m, 1H), 4.03 (s, 2H), 3.693H), 2.60 (s, 3H), 1.88-1.82 (m, 2H), 1.66 (s,
4H), 1.56 (s, 2H)**C NMR (DMSO0):5165.65, 154.14, 147.78, 137.30, 133.81, 132.76,5731
130.82, 128.93, 128.88, 127.46, 126.61, 112.19,01106.68, 32.83, 32.81, 23.73, 20.06;

HRMS: GoH31N306S Calculated [M+H]: 562.2006 Observed: 562.2007

Compounds3-8 and11-13 were synthesized following the procedure described.

Cyclopentyl N-[3-({4-[(benzenesulfonyl)carbamoyljrf@ethoxyphenyl}methyl)-1-methyl-1H-
indol-5-ylJcarbamat€3): Grey solid; 42%*H NMR (DMSO0):512.46 (s, 1H), 9.20 (s, 1H),
8.05-7.95 (m, 2H), 7.77-7.56 (m, 4H), 7.48 (d, Iz, 1H), 7.38 (dd, J=7.8, 1.7 Hz, 1H), 7.32-
7.22 (m, 1H), 7.12 (dd, J=18.4, 8.1 Hz, 2H), 7.621H), 5.05 (it, J=5.2, 2.5 Hz, 1H), 3.92 (s,
3H), 3.68 (s, 3H), 1.84-1.57 (m, 8HJC NMR (DMS0):5165.46, 157.11, 154.14, 139.98,
135.80, 134.10, 133.72, 130.58, 129.81, 129.57,902828.12, 127.66, 121.19, 111.39, 110.53,
109.94, 76.68, 56.15, 32.82, 32.76, 25.13, 23.RVI8: G;;H33N3;0,4 Calculated [M+H]:

512.2544 Observed: 512.2545



Cyclopentyl N-[1-methyl-3-({3-[(2-methylbenzenesutiyl)carbamoyl]phenyl}methyl)-1H-
indol-5-yllcarbamaté4): Grey solid; 40% NMR (DMSO):812.61 (s, 1H), 9.20 (s, 1H), 8.04
(dd, J=8.0, 1.4 Hz, 1H), 7.80-7.68 (m, 2H), 7.58 (=7.3, 1.4 Hz, 2H), 7.54-7.35 (m, 4H), 7.27
(d, J=8.7 Hz, 1H), 7.17 (d, J=8.9 Hz, 1H) 7.061(3), 5.06 (ddd, J=7.0, 5.1, 2.0 Hz, 1H), 4.01
(s, 2H), 3.69 (s, 3H), 2.60 (s, 3H), 1.89-1.79 2id), 1.69-1.53 (m, 6H):°C NMR (DMSO):
5165.83, 154.16, 142.66, 138.00, 137.41, 134.00,8B3333.62, 132.82, 131.89, 131.57,
130.94, 128.97, 128.78, 128.72, 127.46, 126.67,302412.49, 110.00, 76.69, 32.83, 32.78,
30.98, 23.73, 20.04; HRMS:36H31N30sS Calculated [M+H]: 546.2057 Observed: 546.2049
3-methoxy-4-[(1-methyl-1H-indol-3-yl)methyl]-N-(2-ethylbenzenesulfonyl)benzami&:

Tan solid; 50%H NMR (DMSO0):812.56 (s, 1H), 8.05 (dd, J=7.9, 1.4 Hz, 1H), 7.6%87m,
8H), 7.22-7.04 (m, 2H), 6.97 (ddd, J=7.9, 7.0,Az) 1H), 4.01 (s, 2H), 3.91 (s, 3H), 3.35 (S,
3H), 2.51 (s, 3H)}*C NMR (DMS0):8165.29, 157.15, 138.04, 137.36, 137.12, 135.86,0134
132.83, 130.96, 130.57, 130.04, 128.29, 127.78,682421.52, 121.16, 119.06, 118.90, 111.89,
110.62, 110.05, 56.17, 32.69, 31.15, 25.15; HRM814&N,0,S Calculated [M+H]: 449.1530
Observed: 449.1522

Methyl 4-({5-[(ethoxycarbonyl)amino]-1-methyl-1H-ilol-3-yl}methyl)-3-methoxybenzoate

(6): Brown solid; 64%H NMR (CDCk): 7.61-7.49 (m, 3H), 6.78 (s, 1H), 6.66 (s, 1H), 4.23
(g, J=7.1 Hz, 2H), 4.09 (s, 2H), 3.93 (d, J=11.0 612), 3.71 (s, 3H), 1.32 (t, J=7.1 Hz, 3KC
NMR (CDCl): $167.23, 157.11, 154.36, 135.49, 134.35, 129.88,662929.03, 128.22,
128.06, 122.02, 115.37, 112.54, 110.87, 110.41,3609%0.92, 55.58, 52.03, 32.72, 25.24,
14.65; HRMS: GgH29N306S Calculated [M+H]: 536.1850 Observed: 536.1844

4-{[5-(2-cyclopentylacetamido}-1-methyl-1H-indol-#}methyl}-3-methoxybenzoic acifr):



Grey solid; 70%*H NMR (DMS0):512.80 (s, 1H), 9.62 (s, 1H), 7.79-7.73 (m, 1H).177540

(m, 2H), 7.36-7.23 (m, 2H), 7.14-7.03 (m, 2H), 3(972H), 3.91 (s, 3H), 3.70 (s, 3H), 2.30-2.17
(m, 4H), 1.74 (dd, 11.6, 5.5 Hz, 2H), 1.67-1.45 4H), 1.20 (dt, J=12.3, 7.1 Hz, 1HfC NMR
(CDCly): 8171.50, 157.13, 136.36, 134.32, 129.98, 129.69,382828.23, 128.05, 122.77,
112.38, 111.21, 109.34, 99.99, 74.16, 55.58, 3R24R2, 32.71, 25.29, 23.67, 233281RMS:
Cs2H35N30sS Calculated [M+H]: 574.2370 Observed: 574.2371

Phenyl N-[3-([2-methoxy-4-[(2-methylbenzenesulfoegrbamoyl]phenyl}methyl)-1-methyl-
1H-indol-5-yl]Jcarbamaté8): Grey solid; 20%H NMR (DMSO0):612.57 (s, 1H), 9.94 (s, 1H),
8.03 (dd, J=8.0, 1.4 Hz, 1H), 7.67-7.53 (m, 2H357¢7.30 (m, 7H), 7.29-7.04 (m, 7H) 3.93 (d,
J=21.3 Hz, 6H), 3.71 (s, 3H), 2.51 (s, 2H NMR (DMS0):5165.36, 157.11, 152.44, 151.25,
138.16, 137.33, 135.66, 134.00, 132.80, 130.91,883029.83, 129.79, 129.16, 127.69, 126.66,
125.62, 122.43, 121.14, 114.92, 111.60, 110.55,191009.08, 56.16, 32.81, 25.10, 20.04,
HRMS: GoH29N306S Calculated [M+H]: 584.1850 Observed: 584.1841

Cyclopentyl N-[1-({2-methoxy-4-[(2-methylbenzenefulyl)carbamoyl]phenyl}methyl)-1H-
indol-5-ylJcarbamat€11): White solid; 5%:'H NMR (DMS0):512.61 (s, 1H), 9.24 (s, 1H),
8.02 (d, J=7.7 Hz, 1H), 7.68 (s, 1H), 7.61-7.50 2i), 7.48-7.32 (m, 4H), 7.24 (d, J=8.8 Hz,
1H), 7.16-7.09 (m, 1H), 6.66 (d, J=7.9 Hz, 1H),06(d, J=3.1 Hz, 1H), 5.35 (s, 2H), 5.07 (dt,
J=6.4, 3.4 Hz, 1H), 3.93 (s, 3H), 2.59 (s, 3H)111755 (m, 8H)**C NMR (DMS0):5156.74,
154.19, 132.80, 132.05, 130.27, 128.55, 127.92,602421.17, 110.81, 110.23, 101.33, 76.71,
56.28, 44.73, 32.28, 23.74, 20.05; HRM$HG::N306S Calculated [M+H]: 562.2006 Observed:
562.2000

Cyclopentyl N-[3-({2-methoxy-4-

[(2methylbenzenesulfonyl)carbamoyl]phenyl}methykgplyllcarbamat€12): White solid; 35%



'H NMR (DMS0):812.60 (s, 1H), 9.43 (s, 1H), 8.08-8.01 (m, 1H)477655 (m, 1H), 7.53-7.37
(m, 4H), 7.27 (d, J=13.5 Hz, 2H), 7.22-7.10 (m, 26480 (d, J=7.6 Hz, 1H), 5.06 (dt, J=5.9 Hz,
2.6 Hz, 1H), 3.86 (d, J=9.9 Hz, 5H), 2.62 (s, 3HR4 (d, J=8.7 Hz, 3H), 1.66 (s, 3H), 1.57 (t,
J=5.7 Hz, 2H)**C NMR (DMSO0):5165.22, 157.27, 153.76, 140.81, 139.80, 138.00,3737
135.27, 134.03, 132.85, 130.98, 130.95, 130.62,082926.70, 123.15, 121.27, 118.93, 116.44,
110.82, 77.04, 56.21, 35.74, 32.76, 23.70, 20.GIS: GogH3oN,06S Calculated [M+H]:

523.1897 Observed: 523.1889

Cyclopentyl N-{4-[(2-methylbenzenesulfonyl)carbaniphenyl}carbamatg13): White solid,;
35%;*H NMR (DMSO0):§12.60 (s, 1H), 9.43 (s, 1H), 8.08-8.01 (m, 1H) 477655 (m, 1H),
7.53-7.37 (m, 4H), 7.27 (d, J=13.5 Hz, 2H), 7.2207(m, 2H), 6.80 (d, J=7.6 Hz, 1H), 5.06 (dt,
J=5.9 Hz, 2.6 Hz, 1H), 3.86 (d, J=9.9 Hz, 5H), A€§2H), 1.84 (d, J=8.7 Hz, 2H), 1.66 (s, 3H),
1.57 (t, J=5.7 Hz, 2H)*C NMR (DMSO0):5165.22, 157.27, 153.76, 140.81, 139.80, 138.00,
137.37,135.27, 134.03, 132.85, 130.98, 130.95,6£3029.04, 126.70, 123.15, 121.27, 118.93,
116.44,110.82, 77.04, 56.21, 35.74, 32.76, 220M4; HRMS: GgH30N20S Calculated

[M+H]: 521.1752 Observed: 521.1692

Methyl 4-[(5-nitro-1H-indol-1-yl)methyl]-3-methoxynzoatg22): NaH (1.08 eq.) was added
dropwise to indole (1 eq.) dissolved in DMF (4 miAai of indole) at 0°C. The solution was
stirred for 30 minutes at room temperature. Thedbgll eq.) was added portionwise at 0°C. The
solution was then stirred overnight at room tempeea The reaction was then washed 3 x

EtOAc. The combined organic layer was then washiédlwine. Organic layer was dried with



Mg,SO;s and rotovapped. Product was purified by colummetatography. Tan solid; 50%
NMR (DMS0):$8.60 (d, J=2.3 Hz, 1H), 8.01 (dd, J=9.1, 2.3 Hz), TH74-7.60 (m, 2H), 7.56-
7.44 (m, 2H), 6.89 (d, J=7.9 Hz, 1H), 6.82 (dd,.2=8.8 Hz, 1H), 5.54 (s, 2H), 3.93 (s, 3H),
3.84 (s, 3H)**C NMR (DMS0):5166.30, 157.07, 141.35, 139.34, 133.64, 131.03.9530

128.52, 127.89, 122.08, 118.08, 117.07, 111.42111104.53, 56.72, 52.71, 45.34

Methyl 4-[(3-nitrophenyl)methyl]-3-methoxybenzodf5): CCO; (2 eq.) was dissolved in

H,0 (2 mL/mmol halide) and degassed. Halide (1 &jPPh)4 (.2 eq), and boronic acid (1
eq.) was added in that order to DME (4 mL/mmol alide) in a microwave tube under argon
gas. CsCOy/H,0 was then added to the solution. The microwave s then sealed and
stirred at 90-100°C for 24 hours. The organic layas then extracted 3 x8/DCM. The

organic layer was then dried with M§0O, and rotovapped. Product was purified by column
chromatography. White solid; 51%4 NMR (DMSO0):58.06 (tdd, J=3.6, 2.4, 1.1 Hz, 2H), 7.72-
7.47 (m, 4H), 7.38 (d, J=7.8 Hz, 1H), 4.12 (s, 2885 (d, J=1.9 Hz, 6H}*C NMR (DMSO):
0166.48, 157.38, 148.77, 142.78, 135.99, 134.08,0031.30.30, 130.04, 123.55, 122.20,

121.65, 111.45, 56.11, 52.63, 35.11

5.2  Enzymatic assay
The FRET assay was performed in Costar black 96phaks with buffer A (10 mM Tris-HCI,
20% glycerol, .005% tween at a pH of 7.97) and naoad with a Molecular Devices

SpectraMax M2plate reader running SoftMax Pro 6.1 softwaree WiNV NS2B-NS3 protease



was expressed and purified following literaturegaaures and the substrate for the assay was

synthesized as previously described.[24]

5.2.1 Determination of percent inhibition

The FRET assay was performed in 96-well plates WB2B-NS3 protease (8 nM) in buffer A
and compounds of interest were dissolved in DMS@eddo the wells at a final concentration of
60 uM. The enzymatic reaction was initiated byabdition of substrate (10 uM) and
monitored by the plate reader for 20 minutes wilbrlescence measurements (excitation= 325
nm, emission = 400 nm) collected every 30 secofith® initial slopes of the enzymatic
reactions (0-3 minutes) RFU/sec were compareditraloreactions (no inhibitor) to determine

percent inhibition. The enzymatic assays for eamhpound was performed in triplicate.

5.2.2 Determination of 1Cs, values

The FRET assay was performed for each compoungifemn20 nM, substrate 10 uM and
inhibitor concentrations of 5, 15, 30, 45, 60, A8 &0 uM) with buffer A. The initial enzymatic
rate of reaction was determined at each inhibiborcentration. The rates (RFU/second) at
different concentrations were normalized to the wdtthe control. The log (inhibitor) vs.
normalized response — variable rate model was wsealculate the 165 using Prism 6.0

(Graftpad, San diego, CA).

5.2.3 Lineweaver-Burk plot
The enzymatic assay was performed at a fixed enzgmeentration of 10 nM with a mixed
matrix of substrate (1, 2, 3, 6, and 10 uM) andarlzédast concentrations (10, 20, 30, 40, 50, 60,

70, and 80 uM) in buffer A. The enzymatic reacsiovere initiated by the addition of substrate



and the reaction was monitored for 10 minutes, mn&as fluorescence (excitation= 325 nm,
emission = 400 nm) every 30 seconds. The initid of the reaction was determined by
measuring the slope of the RFU versus time duringriutes to 2:30 minutes of the enzymatic
reaction. The inverse of the initial enzymatienras the inverse of the substrate concentrations

was plotted for each inhibitor concentration witisP 6.0 (Graftpad, San Diego, CA).

5.24 Enzymatic assay with detergents

Reaction mixtures (100 ul) contained 30 nM NS2B-NM&3ease, 20 uM FRET substrate, 50 uM
Zafirlukast, indicated percentages (0.01, 0.05a0d 0.2) of Brij35 and CHAPS detergent, and
Buffer A (10 mM Tris HCI pH 8.0, 20% glycerol andd05% tween). DMSO was used as the
control. Reactions were initiated by adding thetgmee to reaction mixtures and absorbance
measurements were collected immediately every 80nsks for a total of five minutes to
calculate the initial velocity. Each bar graphhie tiverage of three separate experiments and

standard error is indicated.

5.3. Molecular docking

Molecular docking was performed using Autodock Ve Scripps Research Institute, La
Jolla, CA) on a Mac Book air computer running OSL206 with a 1.8 GHz Intel Core i5
processor. The solved X-ray crystal structure of WWINBS2B-NS3 protease (pdb # 21J0) was
used as a static receptor for docking. Both thergstalized ligand and NS2B were removed
from the NS3 protein structure prior to dockingheTinitial docking of zafirlukast was
performed with a search box located at x = -23.§24;:3.111, z = 4.244 coordinates, with a
search box size of 56 x 38 x 56 to allow zafirlukasdock freely on the surface of the NS3

protein. The docking results were sorted by Autkdgcoring function to identify the most



favorable binding mode, which is shown in Figuransl 6. Follow-up docking calculations were
run on the NS3 protein with a search box located=aR1.037, y = 1.849, z = 18.2 coordinates
with a box size of 20.25 x15 x 23.5 angstroms fathlzafirlukast an® which was used to
generate figure 7 and 8. The small molecule ligamere drawn using ChemDraw (Perkin
Elmer) and minimized with Chem3D (Perkin Elmer)ll docking images were generated by

Chimera [34].
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Highlights

o Zdfirlukast was discovered as an inhibitor for the West Nile virus NS2B-NS3 protease.

o Zafirlukast inhibits the NS2B-NS3 protease through a mixed mode inhibition mechanism.

* An SAR study revealed the carbamate and aryl toluic acid sulfonamide vital for
inhibition.

»  Substituting the cyclopentyl for a phenyl improved inhibitor activity.

* Molecular modeling predicts zafirlukast disrupts NS2B binding to the NS3 protein.



