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Abstract

We recently reported 4-chloro-2-(2-chlorophenoxglamido)benzoic acid (CBA) as the first
potent inhibitor of TRPM4, a cation channel imptaxin cardiac diseases and prostate cancer.
Herein we report a structure-activity relations{8#\R) study of CBA resulting in two new potent
analogs. To design and interpret our SAR we ustkedaative color-coded 3D-maps representing
similarities between compounds calculated with MBEMinHash fingerprint up to six bonds), a
new molecular fingerprint outperforming other fimgents in benchmarking virtual screening
studies. We further illustrate the general appliidsiof our method by visualizing the structural
diversity of active compounds from benchmarking setrelation to decoy molecules and to drugs.
MHFP6 chemical space 3D-maps might be generallyflieh designing, interpreting and
communicating the results of SAR studies. The nmedi¥WebMoICS is accessible at

http://gdb.unibe.ch and the code is available twshtgithub.com/reymond-group/webMolCS for

off-line use.

Keywords:. lon channels, chemical space, structure-activigtianships, cheminformatics, virtual
screening



I ntroduction

We recently reported the halogenated anthranilt @erivative 4-chloro-2-(2-
chlorophenoxy)acetamido)benzoic acid (CBA) as st potent and selective inhibitor of
TRPM4} a calcium-activated nonselective cation channptessed in many tissues and implicated
in cardiac diseaséand prostate canceCBA shows reversible inhibition of TRPM4
overexpressed in HEK293 cells, and blocks TRPM4+ated currents in human prostate cancer
cells. CBA also acts as chemical chaperone to eefmuiexpression and activity of a loss-of-
function TRPM4 genetic variant. We discovered CBAsklecting analogs of the known but weak
and unselective inhibitors 9-phenanthtglibenclamide and flufenamic acid from commercial
catalogs using a previously validated 3D-shapepdradimacophore similarity methdd,and
screening them in a cell-based sodium uptake agéayinitial screening campaign also identified
4-chloro-2-(2-(4-chloro-2-methylphenoxy)propananjibenzoic acid (LBA) with a lactic acid

linker as potent TRPM4 inhibitor (Figure 1).

Analysis of the structural diversity of compound®d for the discovery of CBA using
WebMolCS’ a web-based application for creating interactier8presentations of chemical space

(3D-maps) available at http://gdb.unibe.ch, hadshthat CBA resided in a region of chemical

space which only contained few commercial compowamdscould only be explored by additional
chemical synthesis. Initial structure-activity tedaship (SAR) studies focused on variations of the
2-chlorophenoxy group, which uncovered 4-chlord2xéphthyloxyacetamido)benzoic acid

(NBA) with an even stronger activity than CBAVe also prepared several isosteres of the carboxyl

group, however these efforts did not yield anywvactinalogs.

Herein we report an additional SAR study leadmthe discovery of two new TRPM4
inhibitors @ and9) with potency comparable to CBA. To design andnpitet this new SAR study
we used a modified version of WebMoICS displayihgmaical space 3D-maps calculated using

MHFP6 (MinHash fingerprint up to six bonds), a newlecular fingerprint using the principle of



circular substructure’s? and recently reported by our grotfiMolecular fingerprints are
multidimensional vector representations of molecsteuctures used to quantify similarities
between molecules:** Such comparisons can be calculated extremelylsagidd can uncover
similarities that are not easily perceived by visagpection of molecules, although they are mostly
valid in the perspective of drug design, as assesgdenchmarking studié3in these

benchmarking studies MHFP6 outperforms ECFP4 (ela@rronnectivity fingerprint up to four
bonds)*® which was up to now the best fingerprint acrok=ge number of different molecular
fingerprints. We were therefore interested to tiestsuitability of MHFP6 for designing SAR

studies.

Cl

Eedl) A

N H

CO,H
H Com 2
CBA Flufenamic acid
ICs0=1.5+0.1pM ICs0 =10 0.9 UM
OMe
QSO
D OIS A PITY:
5T
OH O O
9-phenanthrol Glibenclamide
IC50 =29 + 5.8 yM ICs0 =40 £ 14 uM
Cl cl
i o 1t
Joas S
H
cl CO,H CO,H
LBA NBA
ICs50=1.6 £0.3 uM ICs50=0.4+0.3uM
Cl
Cl (0] cl 0
o\)kNQ\ o L, )
H o CoH H /\\S/A
O H 0
8 9
IC50=1.3£0.1uM ICs50=2.8+ 0.4 uM

Figure 1. Structure and activity of TRPM4 inhibitors.

In the present report, we first modified our welsdxhapplication WebMoICS by enabling 3D-

representations of the MHFP6 chemical space. Wed¢bmputed a 3D-map of the MHFP6
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chemical space representing the initial set of csumpls used to discover our TRPM4 inhibitor
CBA and used the map to select new analogs. Westigbe synthesis and testing of these analogs
leading to the discovery of the new inhibit8rand9, and how MHFP6 chemical space 3D-maps
provide an overview of the SAR study. Finally, im& that MHFP6 chemical space 3D-maps can
be useful in a general context by illustrating stuwal differences among target specific compound
series from the directory of useful decd{$4HFP6 chemical space 3D-maps might be generally
helpful in designing, interpreting and communicgtihe results of SAR studies by providing
overviews that are difficult to gain from R-grougriation tables. The modified WebMolICS is

accessible at http://gdb.unibe.ch and the codeaiadle at https://github.com/reymond-

group/webMolCS for off-line use.

Results and Discussion

Extending WebMolCS with MHFP6 chemicals space 3D-maps

In WebMoICS the user can load a series of up td®rfolecules written as a list of SMILES
annotated with a name and optionally a propertyeralich as an activity, and then obtain an
interactive 3D-chemical space representation ofititaset (3D-map) within a few minutes. In these
3D-maps, molecules are represented as spheregdaloded from red to blue either by similarity
rank to the first molecule in the list (FP-Rank rank in the list of molecules (List-Rank), oe th
user-defined property value (ActualVals). The speewhose corresponding molecular structure is
shown on mouse-over, are positioned at coordiraitsned by projecting a high-dimensional
chemical space defined by a molecular fingerpntd BD by dimensionality reduction. The spheres
can be optionally connected with each other byr@mim spanning tree to facilitate the perception

of nearest neighbor relationships, and the PC exe®e optionally displayed.

WebMolICS uses principal component analysis (PGAha dimensionality reduction
method to project simple fingerprint spaces suc@\ (Molecular Quantum Numbers, 425

SMIfp (SMILES fingerprint, 34D% or APfp (Atom-Pair fingerprint, 20D%; because PCA can be
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parallelized and is fast even for millions of malkss, as recently illustrated with our web-based
visualization application FeardfiHowever, PCA is not possible with MHFP6 because th
fingerprint is a set rather than a vector of biiaes, and can only serve to compute similarities
between two moleculé§ We therefore implemented similarity mapping tojecothe MHFP6
chemical space into 3D. In similarity mapping, dingt computes an N-dimensional similarity
space whose N dimensions are the similarity valoi®s randomly selected reference molecules,
and then performs a PCA of this similarity fingenpto generate a 2D- or 3D-representation (see
methods for details}>° The approach is interesting because the calcaolafisimilarity maps is
much faster than other dimensionality reductionhoés for visualizing chemical spat& and is

therefore applicable to very large datasets.

Remarkably, similarity mapping allows to map chesthspaces for high-dimensional
fingerprints that do not project well by PCA, inding ECFP4 and MHFP6. In such cases, the
choice of reference molecules for the similaritygrprint is critical. In our preliminary studies
with MHFP6, we found that similarity maps calcutatesing only actives as references, as
implemented previously in 2D-maps of various séw@atives in relation to ChEMBE® are
straightforward to interpret because the firstéhpencipal components, which define the three
dimensions of the map, usually cover over 80 %abdh dvariance. In many cases PCL1 itself covers
50-70% of data variance, reflecting the fact thastiseries of active compounds feature small and
incremental structural variations. We therefore ified WebMoICS to read an optional fourth data
column in the SMILES list of molecules called “dhite option”, which allows one to mark if a
molecule should be used as reference (value =dgtafvalue = 0) for constructing a similarity

map.

The creation of MHFP6 chemical space 3D-mapsnggeimented in the modified version
of WebMolCS including the satellite option to madtives as references, is presented in detail in
the methods section. Its use is illustrated inNSAR study and analysis of benchmarking sets

presented below.



MHFP6 chemicals space maps of theinitial TRPM4 screening set and SAR design

Using the modified WebMoICS described above, wempaed a MHFP6 chemical space 3D-map
featuring all compounds investigated during thealery of our TRPM4 inhibitor CBA using only
active compounds as references. The map color-dogledmpound activity values and oriented
with the main PC1 axis pointing to the right is winan Figure 2. In this image, CBA appears at
front right. The insert on top left shows the samap color coded by MHFP6 similarity rank to
CBA, which illustrates that the PC1 axis refledtsictural differences separating 9-phenanthrol and
glibenclamide (far left) from CBA and analogs (feyht). CBA and analogs are anthranilic acid

amides related to flufenamic acid, which appeatbéncenter of the map.
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Figure 2. MHFP6 chemical space map of initial screening satling to CBA. Main map: map color-coded by adfivit
(blue = inactive, red = most active). Variance cedered axis PC1 = 79 %, blue axis PC2 = 8 %,geaés PC3 = 3
%. Insert upper left: the same view color-codedy~P6 similarity rank (rank 1 = red, last rank ud). The
interactive map is available at
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.H2joblD=1544785130174&fp=MHFP

The 3D-map shows that our initial SAR covered adiity of analogs of the 2-chlorophenoxy

group that resulted in the identification of NBA (@2 naphthyloxyacetamido)-4-chloro-benzoic



7
acid) as a potent analog of CBA (Figure 2, uppsntji The map also shows that only few active
compounds are found among analogs featuring vanisiof the anthranilic acid moiety (Figure 2,
lower center). Among variations of the 4-chloro stitbhent, only the 4-bromo analog of CBA
showed good activity, while other substituentshlle, CF;) at that position led to inactive analogs.
Furthermore, any replacement of the carboxyl galupished the activity including isosteres such

as tetrazole (Figure 2, lower left).

Despite of this apparent lack of activity, theatatumber of anthranilic acid variations
surveyed in our initial study was still low, sugtieg to consider additional cases accessible either
from commercial building blocks or by synthetic nfazhtions. We set out to explore the chemical
space around the bromo analog of CBA by substdgttie bromo substituent with larger groups.
Furthermore, despite of the inactivity of carbogybosteres, we aimed for an additional attempt
with anN-sulfonyl carboxamide analog, a type of carboxglugr replacement that can be used to
improve pharmacokinetic properties3’ Note that the map also points to a relative ldcknalogs
around the lactic acid linker analogs LBA (top lefftthe image in Figure 4), however we decided
not to pursue LBA further because both enantiorhadssimilar activities and the compound was

prone to racemizatioh.

Synthesis

Alkylation of 2-chlorophenol withert-butyl chloroacetate yielded esterwhich was deprotected
by acidic treatment t8, and coupled with commercially available anthriarakid esters to yield
intermediate8, 5 and7. Basic hydrolysis of the methyl esters using lithihydroxide yielded the
4-cyano §), 4,5-dichloro 6) and 6-methyl&) analogs of CBA as final products in moderatedgel
due to the competing hydrolysis of the anthrardhtide bond to both acidic and basic ester

deprotection conditions (Scheme 1).
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Scheme 1. Synthesis of CBA analogs from commercially aua@#aanthranilic esters.

Further derivatives were prepared by modificatib@BA and close analogs. First, CBA itself was
converted by direct coupling to the correspondiiagyclopropylsulfonyl carboxamid@ (Scheme

2). Furthermore, palladium catalyzed (Suzuki olle§tcoupling of the aromatic bromide in methyl
esterl0 with boronic acid or tributyl tin derivates of &umembered aromatic heterocycles gave
ester intermediatekl, 13, 16 and18, which were subsequently hydrolyzed as abovedtal yi
carboxylic acidd2, 14, 17 and19. Productl5 was obtained directly as the free carboxylic acid

during the palladium-coupling step. All final prads showed >95% purity (analytical HPLC).
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Scheme 2. Synthesis of CBA analogs by derivatization.

TRPM4 inhibition

We measured the activity of the new analogs usimggiously developed cell-based asS#ythis
assay, HEK293 cells overexpressing TRPM4 aredipleted of N and then loaded with the Na
sensitive dye ANG-II using the acetoxylmethyl (ACptptected cell permeable precursor.
Intracellular esterases cleave the ACM groupsleaee the active sensor, which remains trapped
inside cells. Exposure to 140 mM Nand 10uM ionomycin to trigger C4 influx and activation of

TRPM4, results in Nainflux into the cells that can be followed in réiahe by the increase in
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ANG-II fluorescence (Figure 3). Screening of theenhewly synthesized analogs at0d showed
significant inhibition with all compounds excepandl14. We then determined kgvalues for the
seven active inhibitors and performed duplicateweinations for the two most active inhibit@&s

and9 (Table 1).

Response over baseline

I
290 300 310 320 330 340

Time (sec.)

Figure 3. Fluorescent cell-based assay to determine TRPMA4ulatidn, measured in TRPM4 overexpressing cells.
Red line: negative control (140 mM Nano ionomycin), black line: positive control (148 Na', 10 uM ionomycin),
green line: inhibitor (140 mM Nal10uM ionomycin, 25uM 9-phenanthrol).

Table 1. Inhibition of TRPM4 by CBA analog?.

Ra
Cpd. R' R® ICso
6 4-cyano COOH 3.6 uM
7 4,5-dichloro COOH 30% inhibition at 10 uM
8 6-methyl COOH 1.3+0.1puM
9 4-chloro CONHSG@cProp 2.8+0.4 uM
14 3,5-dimethylisoxazol-4-yl COOH no inhibition up to 10UM
15 thiophen-3-yl COOH 59 uM
16 1-methyl-1H-pyrazol-4-yl & COOH 9.1 uM
1-methyl-1H-pyrazol-5-yl
19 oxazol-2-yl COOH 4.9 uM
20 thiazol-2-yl COOH 4.7 uM

% Compound inhibition was measured in a cell-basedyasConcentration-response curve was constructealfactive
inhibitors excep¥ and the values were fitted with Hill equation tdrepolate 1G, values. Duplicates were performed
for 8, 9 and data are given as mean * sem.
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Interpreting SAR resultsusinga MHFP6 chemical space 3D-map

To gain an overview of the overall SAR study, wenpoited a new MHFP6 chemical space 3D-
map using WebMolICS including all molecules usethaprevious map combined with the newly
designed analogs, again using only active compotardble similarity map calculation. This new
map is similar to the map in Figure 2 and is shawa similar layout color-coded by compound
activity (Figure 4). In this view, CBA analogs wifariations of the 2-chlororphenoxy group appear
at front right and CBA analogs with variation oétanthranilic acid appear in the lower central part
of the image. The insert at upper right shows #mesmap color-coded by MHFP6 similarity rank
to CBA, which illustrates the gradient of similgrdlong the PC1 axis from CBA itself at front

right to 9-phenanthrol at far left.

Glibenclamide

9-phenanthrol —> ¢

Figure 4. MHFP6 chemical space map of the overall SAR oPTWR analogs. Main map: map color-coded by activity
(blue = inactive, red = most active). Variance gedered axis PC1 = 78 %, blue axis PC2 = 8 %, rgeets PC3 =4

%. Insert upper right: the same view color-codedbyP6 similarity rank (rank 1 = red, last rank lady. The
interactive map is available at
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.HjoblD=1544605933001&fp=MHFP




12
In the map in Figure 4, all newly synthesized agsalare connected by the spanning tree between
the cyano analo, the 6-methyl analog§ and the N-sulfonylcarboxamide The map thus
illustrates that the newly synthesized analogs awgd coverage of chemical space in that region of
the map, as suggested by their design. The mapefunbre shows that exploring chemical space
around the bromo analog (red dot connecteg) t;mly uncovered less potent analogs such as the
cyano derivativés and the heteroaromatic analdgs 16, 19 and20 (shown as green dots around
compound). The map also points to the fact that TRPM4 iitiwb is very sensitive to the precise
substitution pattern. For example, the activityC&A is preserved in its 2,5-dichlorophenoxy
analog but disappears in the 2,4-dichlorphenoxyogndespite of their high similarity indicated by

their nearest neighbor relationship in the 3D-map.
Visualizing actives, decoys and drugsin the MHFP6 chemical space

MHFP6 chemical space 3D-maps might be generallfulB®inspect series of target specific
actives. This is illustrated here with datasetsftbe directory of useful decoys, DUD*Ewhich
groups series of molecules active on the samettarged with decoy molecule with similar

overall physico-chemical properties. MHFP6 chemsgmace 3D-maps show that series of actives
from DUD-E typically consist in three to four diffmt series of analogs, each featuring molecules
with a specific substructure pattern and a rangdiftdrent substituents, as illustrated here for
inhibitors of thymidine kinase (kith), catechol-Cethyl transferase (comt), focal adhesion kinase

(fakl1), and farnesyl diphosphate synthase (fppgu(g 5).

In all cases, the decoys are well separated fhenattives, reflecting the performance of
MHFP6 in virtual screening benchmarks. The stragasation between actives and decoys in
Figure 5 contrasts to poor separation betweenestind inactives in our TRPM4 inhibition study
(Figures 2 and 4). This difference reflects the fhat decoy molecules in benchmarking sets are

molecules taken at random in a diverse pool of aamgds only preserving the overall physico-
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chemical properties of the actives but not thetaidied substructures, while our TRPM4 series

features many compounds sharing common scaffoldsiaall changes in substituents.

Figureb. Visualization of benchmarking sets from DUD-EngsMHFP6 similarity maps in WebMolICS, color coded
as actives (red) or decoys (blue). Interactive 3@psncan be accessed at the indicated webliak3hiymidine kinase
(kith), PC1 =70 % , PC2 =9 %, PC3 = 5 %,
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.MjoblD=1544775928296&fp=MHFPb] catechol O-methyl
transferase (comt), PC1 =72 % , PC2 =11 %, PG3%,
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.MRpoblD=1544776368253&fp=MHFPc) focal adhesion kinase
1 (fakl), PC1 =70 % , PC2 = 8 %, PC3 = 5 %,
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.MRoblD=1544776863167&fp=MHFPd] farnesyl diphosphate
synthase (fpps), PC1 =43 % , PC2 = 12 %, PC3 %611
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.H2jobID=1544777667633&fp=MHFP.

MHFP6 chemical space 3D-maps can also be congtirusiag actives from one, two, three of four
different targets as references. In this case weadpproximately the 2,200 approved drugs listed
in DrugBank for comparison, as illustrated heretha four target specific series discussed above

(Figure 6)%' Each series of actives appears as an elongatag geparated from the approved
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drugs, which cluster in the center of the map bseawone of them is considered as reference in this
display. The 3D-maps highlight the main structyatiterns in each target specific series. For focal
adhesion kinase (fakl), this motif is a pyrrologyme, for thymidine kinase (kith), it is a thymien
like substructure, for farnesyl diphosphate syrgh@sps) a diphosphonate group, and for catechol-
O-methyl transferase (comt) a catechol. These rslaps that our MHFP6 chemical space 3D-

maps also provide useful differentiation betweempound series with different bioactivities.

HQ_o®
N R
A \
0 e\( o
N7 O=h-OH
~ o

Figure 6. Visualization of active sets from DUD-E in comaiion with approved drugs from DrugBank using MHFP6
similarity maps in WebMoICS, color coded by settatvalue option in controls)a) green: Fakl (focal adhesion
kinase 1), red: kith (thymidine kinase), blue: DBagk,
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.MjpblD=1539954046166&fp=MHFPb] green: kith
(thymidine kinase), red: fpps (farnesyl diphosplstethase), cyan: Fakl (focal adhesion kinasblag,; DrugBank,
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.H2pbID=1539951847766&fp=MHFPc) green: kith (thymidine
kinase), red: comt (catechol O-methyl transferasgan: Fakl (focal adhesion kinase 1), blue: Darg8
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.MjpblD=1539951512218&fp=MHFPd] green: kith
(thymidine kinase), red: fpps (farnesyl diphosplatethase), cyan: Fakl (focal adhesion kinasgellpw: comt
(catechol O-methyl transferase), blue: DrugBank,
http://gdbtools.unibe.ch:8080/webMolCS/yourSIM.M2jpblD=1539952304206&fp=MHFP.
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Conclusion

In summary, we modified our web-based applicatioebWolICS to enable 3D-maps displaying
similarity relationships between compounds caledavith MHFPG6, a recently reported molecular
fingerprint, which outperforms ECFP4 in virtual eening benchmarking studies. We then used our
modified WebMoICS to compute a MHFP6 chemical sg2anap displaying a set of compounds
used to discover CBA, a potent inhibitor of theaaichannel TRPM4. The map helped us to
design a new series of analogs, which we syntheésind tested for TRPM4 inhibition, leading to
the discovery of compound@sand9 as two new CBA analogs with comparable potentésalso
found that MHFP6 chemical space 3D-maps providglful representations of various series of
target specific actives and their relationshipéoal molecules and to drugs. We propose MHFP6
chemical space 3D-maps as an alternative to R-gratigtion tables for designing, interpreting and

communicating the results of SAR studies.

M ethods

Cheminfor matics

L oading datasets. The WebMolICS webpage at http://gdb.unibe.ch talseimput dataset an

annotated list of molecules in which each linehaf file represents a different molecule and
comprises the following entries: 1) the SMILES lod imolecule; 2) the name or code for the
molecule; 3) a value for color coding, which mayabeumber representing activity as gJOr a
number corresponding to a selective subset; 4edlitmselection value, set to 1 if the compound
should be considered as reference for the simjlarép calculation, and 0 if it should not be

considered as reference.

MHFP6 finger print calculation. Besides the series of fingerprints already prieskea modified

WebMoICS web application now includes an optiondomputing similarity maps in the MHFP6
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chemical space, which uses the 128D version of MiHERIculating the MHFP6 fingerprint of a
molecule comprises the following operations: 1}&the SMILES of all circular substructures up
to a diameter of six bonds around each atom; 2yerdeach SMILES to a value using a Hash
function; 3) Apply the MinHash procedure to thi¢ sevalues. For the 128D MHFP6 considered
here, MinHash applies 128 different Hash functitmneach value in the primary set, yielding 128
new values for each substructure. For each of 28adifferent hash functions, only the smallest of
the hashed values is kept. These minimum hashedware collected to form a secondary set of
values, which is the MHFP6 fingerprint. The metl®grobabilistic in that each substructure only
has a certain probability of being considered anfthal set of secondary values generated by the
MinHash procedure. The resulting 128D MHFP6 istao§&28 values. The similarity between two
molecules is calculated from their MHFP6 fingerfsias the ratio of the number of common values

to the total number of different values in the tsats (Jaccard index).

Similarity map calculation. To produce the MHFP6 similarity map, WebMolCSestd as
references either 50 molecules taken at regulaniat across the entire dataset, or the subset of
molecules with the satellite option value set td e server then performs the following operations:
1) compute the MHFP6 fingerprint similarity valueeach compound in the list to each of the
reference compounds; 2) calculate the PCA on thdtieg similarity fingerprint; 3) construct a
3D-representation of the dataset using the firgelprincipal components (PCs) as coordinates, in
which each molecule appears as a sphere positained(PC1, PC2, PC3) coordinates, and the
molecular structure is shown on mouse-over. Theremde for the spheres can be selected in the
menu, and the spheres can be connected with elaehlnt lines representing the minimum
spanning tree, which connects nearest neighbdreiBD-space. The entire computation from the
input dataset to the MHFP6 similarity map requapproximately 2.2 minutes of server time for a

set of 1,000 molecules.
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Availability. The WebMoICS webpage at http://gdb.unibe.chdslir accessible for use. The

source code for the application and instructionsetoip WebMoICS in a dockerized container are

available on Github at https://github.com/reymomdegp/webMoICS.

Synthesis

Reagents and solvents were purchased from comrsocieces and were used without further
purification. MilliQ deionised water and HPLC-gradeetonitrile were employed for RP-HPLC
solvents. Synthesis were followed both by AlugratredSil G/UV,s4 with detection of the
compounds by UV at 214 nm or by UPLC-MS. RP-UPLEctra were obtained using a Dionex
Ultimate 3000 RSLC System and a Dionex Acclaim R3I20 column. Three methods were
performed as follows: A gradient from 0.05 % TFAStd acetonitrile/water 0.05 % TFA during 2.2
min then 2.8 min of 9:1 acetonitrile/water 0.05 %ATisocratic (method A). A gradient from 0.05
% TFA to 9:1 acetonitrile/water 0.05 % TFA during 4nin then 2.5 min of 9:1 acetonitrile/water
0.05 % TFA isocratic (method B). A gradient from®% TFA to 9:1 acetonitrile/water 0.05 %
TFA during 7.5 min then 2.5 min of 9:1 acetonitfiater 0.05 % TFA isocratic (method C). Low-
resolution mass spectra were conducted on a Th8aemtific LCQ Fleet by electron spray
ionization (ESI) in the positive mode. Automateduoon chromatography purification was
executed on an Interchim Puriflash 430 system ali$&Rf prepacked columns. Preparative RP-
HPLC was performed on a Waters Prep LC4000 Chrognapdy system using a Reprospher 100
column from Dr. Maisch GmbH with a flow of 40 mL/mand two lines of solvents: a 0.1 % TFA
and a 9:1 acetonitrile/water 0.1 % TFA. Compoundsananalyzed by UPLC-MS and their purity
assigned by analytical RP-UPLC. NMR spectra wetended on: BRUKER AC 300 fdi1-300
MHz; °C-75 MHz;'*F-282 MHz measurements or BRUKER AC 40016400 MHz;**C-101

MHz measurements. Chemical shifts are given insgaagt million §) referenced to TMS(= 0.00
ppm*H-, *C-NMR). Coupling constants are given in Hertz. Higkolution mass spectra

measurements were performed by the “Service of I8asstrometry” of the Department of
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Chemistry and Biochemistry at the University of Ben a Thermo Scientific LTQ OritrapXL

(group of PD Dr. Stefan Schirch).

tert-Butyl 2-(2-chlor ophenoxy)acetate (1). Potassium carbonate (46.7 mmol; 6.45 g) was adied t
a solution of 2-chlorophenol (23.3 mmol; 2.38 mL)DMF (10 mL) and stirred for 10 min at RT.
Thetert-butyl chloroacetate (25.7 mmol; 3.67 mL) was adihesh the mixture was heated to 80°C
for 2 h until the reaction was complete. After fadinversion, the hot mixture was poured into a
mixture of crushed ice and water (~50 mL). The omgtwas stirred for 30 min then the precipitate
was filtered off and dried to afford a white sq(&50 g; 97%), which was used without further
treatment*H NMR (300 MHz, CDCJ) § 7.38 (ddJ = 7.9, 1.6 Hz, 1H), 7.19 (ddd= 8.2, 7.6, 1.6

Hz, 1H), 6.93 (tdJ = 7.7, 1.4 Hz, 1H), 6.82 (dd,= 8.2, 1.3 Hz, 1H), 4.60 (s, 2H), 1.48 (s, 9H).

2-(2-Chlorophenoxy)acetic acid (2). The ested (22.7 mmol; 5.50 g) was dissolved in
trifluoroacetic acid (22.7 mL) and stirred at RT flohour and a half until the reaction was
complete. The crude was concentrated under requesdure. The obtained solid was taken back
with DCM several times then evaporated to drynessdford a white solid (4.20 g; 99%), which
was used without further treatmetit NMR (300 MHz, DMSO) 13.10 (s, 1H), 7.43 (dd,= 7.9,

1.6 Hz, 1H), 7.27 (ddd) = 8.5, 7.5, 1.6 Hz, 1H), 7.06 - 6.92 (m, 2H), 4(802H).

Methyl 2-(2-(2-chlor ophenoxy)acetamido)-4-cyanobenzoate (3). Acid 2 (2.20 mmol; 0.42 g) was
dissolved in 12 mL toluene and SQC32.3 mmol; 6.00 mL) was added. The mixture wélsixed
overnight, and the solvent was removed on high warcto give the crude acyl chloride. This
product was dissolved in a small amount of THF added to a solution of methyl 2-amino-4-
cyanobenzoate (2.00 mmol; 0.35 g) antCRs (4.00 mmol; 0.55 g) in THF (29 ml) stirred for 15
min at RT. The reaction mixture was stirred at B4 h until the reaction was complete. The
reaction was diluted with water (30 mL) and extedctvith EtOAc (3 x 30 mL). The combined
organics were washed with brine, dried with,81@, and evaporated to dryness. The crude product

was recrystallized in acetonitrile to give whitgstals (0.55 g; 80%fH NMR (400 MHz, CDC}))
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511.90 (s, 1H), 9.16 (d,= 1.4 Hz, 1H), 8.13 (d] = 8.2 Hz, 1H), 7.42 (ddd,= 12.3, 8.0, 1.5 Hz,
2H), 7.25 (td,] = 8.0, 1.6 Hz, 1H), 7.05 — 6.96 (m, 2H), 4.7224d), 3.95 (s, 3H)*°C NMR (101
MHz, CDCk) & 167.45, 166.71, 153.10, 140.55, 131.72, 130.98,11 126.38, 124.51, 123.86,
123.53, 119.61, 117.77 (d= 5.3 Hz), 114.82, 69.11, 53.13. HRMS m/z [M + kflcd for

C17H14CIN2O,4 345.0637, found: 345.0627. mp: 159.6-160.1°C.

2-(2-(2-chlor ophenoxy)acetamido)-4-cyanobenzoic acid (4). A 1.4 M aqueous solution of lithium
hydroxide (9.24 mmol; 6.60 mL) was added to a sotudf3 (1.54 mmol; 0.53 g) in 13 mL
dioxane and stirred at RT for 1 h until the reatticas complete. The reaction mixture was
guenched with 3.1 mL of a 1M HCI solution and canicated under reduced pressure. The crude
was first filtrated on a silica pad with ethyl aatet acidified with acetic acid then purified by
automated flash chromatography on 25 g of silidggradient from 98 % 2 % DCM/MeOH to 95
% 10% DCM/MeOH) two times. The impure fractionsabed from the column were taken back
in water and the formed precipitate was filtered #ren triturated in ethanol three times to give a
pure white solid (0.004 g; 1 %) NMR (400 MHz, DMSO) 14.32 (s, 1H), 11.88 (s, 1H), 8.98 (d,
J=1.2 Hz, 1H), 8.14 (d] = 8.2 Hz, 1H), 7.66 (ddl = 8.2, 1.4 Hz, 1H), 7.48 (dd= 7.9, 1.4 Hz,
1H), 7.35 — 7.28 (m, 1H), 7.23 — 7.17 (m, 1H), 7-07.00 (m, 1H), 4.91 (s, 2HYC NMR (101
MHz, DMSO)é 167.94, 167.49, 152.65, 139.96, 132.25, 130.18,382 126.52, 123.20, 122.76,
121.74,120.78, 117.89, 115.77, 114.47, 68.12. HRMS[M + HJ" calcd for GeH1,CIN,O,4

331.0480, found: 331.0473. mp = 30°C. UPLC (metAidr = 2.18 min., purity: 99 %.

Methyl 4,5-dichlor 0-2-(2-(2-chlor ophenoxy)acetamido)benzoate (5). Acid 2 (1.10 mmol; 0.20 g)
was dissolved in 12 mL toluene and S©@R.3 mmol; 6.00 mL) was added. The mixture was
refluxed overnight, and the solvent was removetligh vacuum to give the crude acyl chloride.
This product was dissolved in a small amount of BAH added to a solution of methyl 2-amino-
4,5-dichloro-benzoate (1.00 mmol; 0.22 g) anC&; (2.01 mmol; 0.28 g) in THF (13 ml) stirred
for 15 min at RT. The reaction mixture was stire@¢dRT for 4 h until the reaction was complete.

The reaction was diluted with water (30 mL) and&atied with EtOAc (3 x 30 mL). The combined
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organics were washed with brine, dried with,81&, and evaporated to dryness to give a yellow
solid which was used without further purificatidh38 g; 97%)*H NMR (300 MHz, CDC}) §

11.83 (s, 1H), 9.01 (s, 1H), 8.11 (s, 1H), 7.44, (4d 7.8, 1.5 Hz, 1H), 7.23 (dd,= 7.9, 1.5 Hz,

1H), 7.05 — 6.95 (m, 2H), 4.70 (s, 2H), 3.92 (s).3fC NMR (75 MHz, CDCI3)5 167.06, 153.04,
139.04, 132.08, 130.83, 127.95, 126.92, 123.35,512417.54, 115.84, 114.70, 69.04, 52.80. One
guaternary carbon was not observed and is expextael close to the baseline. HRMS m/z [M +

Na]" calcd for GgH1,ClaNO4Na 409.9724, found: 409.9716. mp: 158.2-160.4°C.

4,5-Dichloro-2-(2-(2-chlor ophenoxy)acetamido)benzoic acid (6). A 1.4 M aqueous solution of
lithium hydroxide (5.82 mmol; 4.16 mL) was addedatsolution o6 (0.97 mmol; 0.38 g) in 12 mL
dioxane and stirred at RT for 1 h until the reatticas complete. The reaction mixture was
guenched with 1.9 mL of a 1M HCI solution and canicated under reduced pressure. The crude
was taken back in 0.1 % TFA and the formed preaipitvas filtered and washed with water twice.
The obtained precipitate was first taken back il H@ two times and filtrated and then triturated
by MeOH to give a white solid (0,15 mg; 419 NMR (400 MHz, DMSO) 14.25 (s, 1H), 11.85
(s, 1H), 8.91 (s, 1H), 8.07 (s, 1H), 7.55 — 7.40 {), 7.30 (s, 1H), 7.23 — 7.12 (m, 1H), 7.02 (s,
1H), 4.87 (s, 2H)?3C NMR (101 MHz, DMSO) 167.32, 152.62, 139.26, 136.30, 132.22, 130.17,
128.29, 124.95, 122.74, 121.79, 121.31, 117.1246]148.14. HRMS m/z [M + Nalcalcd for
C1sH10CIsNOyNa 395.9568, found: 395.9568. HRMS m/z [M -"ldhlcd for GsHgClsNO,

371.9603, found: 371.9613. mp: 267.6-268.6°C. URM€thod A)itr = 2.75 min., purity: 98 %.

Methyl 2-(2-(2-chlor ophenoxy)acetamido)-6-methylbenzoate (7). Acid 2 (1.10 mmol; 0.20 g)

was dissolved in 12 mL toluene and S@@R.3 mmol; 6.00 mL) was added. The mixture was
refluxed overnight, and the solvent was removetligh vacuum to give the crude acyl chloride.
This product was dissolved in a small amount of BAH added to a solution of methyl 2-amino-6-
methyl-benzoate (1.00 mmol; 0.17 g) angCKy; (2.00 mmol; 0.28 g) in THF (17 ml) stirred for 15
min at RT. The reaction mixture was stirred at RT3 h until the reaction was completde

reaction was diluted with water (30 mL) and extedctvith EtOAc (3 x 30 mL)The combined
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organics were washed with brine, dried with,81&, and evaporated to dryness to give a brown oll
which was used without further purification (0.39§%).*H NMR (300 MHz, CDC}) § 10.07 (s,
1H), 8.17 (d,J = 8.3 Hz, 1H), 7.44 (dd] = 7.9, 1.6 Hz, 1H), 7.37 (8, = 8.0 Hz, 1H), 7.24 (dd] =
8.1, 1.6 Hz, 1H), 7.06 — 7.00 (m, 2H), 7.00 — @2 1H), 4.68 (s, 2H), 3.85 (s, 3H), 2.43 (s, 3H).
¥C NMR (75 MHz, CDCJ) 6 168.47, 166.39, 153.12, 138.68, 136.37, 131.50,823 128.15,
127.49, 123.59, 123.27, 122.25, 120.25, 114.493%%2.32, 21.88. HRMS m/z [M + Htalcd for

C17H17CINO,4 334.0841, found: 334.0845.

2-(2-(2-chlor ophenoxy)acetamido)-6-methylbenzoic acid (8). A 1.4 M aqueous solution of
lithium hydroxide (6.93 mmol; 4.95 mL) was addedatsolution of7 (1.16 mmol; 0.39 g) in 14 mL
dioxane and stirred at RT for 1 h until the reatticas complete. The reaction mixture was
guenched with 2.3 mL of a 1M HCI solution and canicated under reduced pressure. The crude
was taken back in 0.1 % TFA and the formed preaipitvas filtered and washed with MeOH
twice. The obtained precipitate was first trituchbgy/ tert-butylmethylether several times then DCM
several times to give a white solid (0,06 mg; 17%)NMR (400 MHz, DMSOY 12.77 (s, 1H),
8.07 (d,J = 8.1 Hz, 1H), 7.45 (dd] = 7.9, 1.6 Hz, 1H), 7.28 (ddd,= 8.5, 7.5, 1.6 Hz, 1H), 7.13
(dd,J =8.3, 1.3 Hz, 1H), 7.05 — 6.96 (m, 2H), 6.79J¢; 7.5 Hz, 1H), 4.70 (s, 2H), 2.39 (s, 3H).
¥C NMR (101 MHz, DMSOp 169.21, 165.27, 153.48, 136.61, 136.38, 130.80,043 128.14,
126.29, 125.36, 122.35, 122.01, 116.93, 114.85,%6&1.90. HRMS m/z [M + H]calcd for
Ci16H15CINO,4 320.0684, found: 320.0684. mp: 254.0-258.8°C. UREthod A)1g = 2.28 min.,

purity: 96 %.

4-Chlor 0-2-(2-(2-chlor ophenoxy)acetamido)-N-(cyclopr opylsulfonyl)benzamide (9). A solution
of CBA (0.29 mmol; 0.10 g), Oxyma (0.44 mmol; 0.06 g)C¥0.44 mmol; 0.07 mL) and collidine
(0.44 mmol; 0.06 mL) was added to a solution ofdheopropanesulfonamide (0.88 mmol; 0.11
mg) in DCM (4 mL). The reaction mixture was stir@®RT for 2h30 until the reaction was
complete. The reaction mixture was concentratecuretiuced pressure and the obtained crude

was further purified by RP-HPLC (gradient from 0880 % 9:1 acetonitrile/water 0.1 % TFA in
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40 minutes) to give a pure batch of the compourntitaw other impure fractions that were
recrystallized in ethyl acetate to give a whiteplgifisate (0.02 g; 17%}H NMR (400 MHz,
DMSO0)5 11.94 (s, 1H), 8.76 (d,= 2.1 Hz, 1H), 8.01 (dl = 8.6 Hz, 1H), 7.48 (dd} = 7.9, 1.6 Hz,
1H), 7.31 — 7.26 (m, 3H), 7.17 (ddb= 14.0, 8.3, 1.2 Hz, 2H), 7.03 (t#l= 7.7, 1.4 Hz, 2H), 4.89
(s, 2H), 2.91 (itJ = 8.1, 4.8 Hz, 1H), 1.11 — 0.88 (m, 3&C NMR (101 MHz, DMSO} 168.42,
167.36, 152.69, 140.99, 138.50, 132.93, 130.20,362823.21, 122.74, 119.39, 115.27, 114.43,
114.28, 68.19, 30.39, 5.27. HRMS m/z [M + Nedlcd for GgH16CIoN,OsSNa 465.0049, found:

465.0040. UPLC (method Az = 2.34 min., purity: 97 %.

M ethyl 4-bromo-2-(2-(2-chlor ophenoxy)acetamido)benzoate (10). Acid 2 (21.4 mmol; 4.00 g)
was dissolved in 16 mL toluene and S©@@0O7 mmol; 7.82 mL) was added. The mixture was
refluxed overnight, and the solvent was removetiigh vacuum to give the crude acyl chloride.
This product was dissolved in a small amount of BAH added to a solution of methyl 2-amino-4-
bromobenzoate (19.4 mmol; 4.48 g) aneCR; (38.9 mmol; 5.38 g) in THF (115 ml) stirred for 15
min at RT. The reaction mixture was stirred at R€raight until the reaction was compleide
reaction was diluted with water (30 mL) and extedovith EtOAc (3 x 30 mL). The combined
organics were washed with brine, dried with,81&, and evaporated to dryness to give the pure
product as a brown solid (6.40 g; 83 %J.NMR (400 MHz, CDC}) § 11.88 (s, 1H), 9.02 (d,=

1.9 Hz, 1H), 7.89 (d] = 8.5 Hz, 1H), 7.44 (ddl = 7.7, 1.5 Hz, 1H), 7.29 (dd,= 8.5, 2.0 Hz, 1H),
7.23 (ddJ=7.8, 1.5 Hz, 1H), 7.06 — 6.96 (m, 2H), 4.712(4), 3.90 (s, 3H)*C NMR (101 MHz,
CDCl) 6 167.51, 167.21, 153.28, 141.04, 132.13, 130.94.412 128.06, 126.76, 123.96, 123.91,
123.41, 115.12, 114.84, 69.26, 52.67. HRMS m/z [Maf" calcd for GeH13BrCINO4Na 419.9609,

found: 419.9601. mp: 127.1-130.2°C.

Methyl 2-(2-(2-chlor ophenoxy)acetamido)-4-(3,5-dimethylisoxazol-4-yl)benzoate & Ethyl 2-(2-
(2-chlor ophenoxy)acetamido)-4-(3,5-dimethylisoxazol-4-yl)benzoate (11). 10 (0.38 mmol; 0.15
0), (3,5-dimethylisoxazol-4-yl)boronic acid (0.56mal; 0.08 g), KCO; (1.13 mmol; 0.16 g) and

palladium tetrakis (0.02 mmol; 0.02 g) were dissdlin a mixture of dioxane/water/ethanol (2 mL;
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4:1:10) degased under argon. The reaction mixtaestirred at 80°C for 2h until the reaction was
complete. The reaction mixture was concentratecuretuced pressure and taken back in water
and diethyl ether. The organic phase was washddbsine, dried with Ng5O, and concentrated
under reduced pressure. The obtained crude waeefytrrified by automated flash
chromatography on 12 g of silica gel (gradient fl8d% 20 % Hexane/EtOAc to 100 % EtOACc) to
give a yellow oil corresponding to a 50/50 mixtofeboth esters (0.10 g; 63 %H NMR (400
MHz, CDCE) 6 11.97 (s, 1H), 11.89 (s, 1H), 8.76Jt 1.4 Hz, 2H), 8.11 (dd} = 8.2, 5.3 Hz, 2H),
7.44 (dddJ = 8.0, 2.3, 1.7 Hz, 2H), 7.23 (dii= 5.6, 3.9 Hz, 1H), 7.06 (dl,= 8.2, 1.8 Hz, 2H),
7.01 (tt,J = 8.0, 2.2 Hz, 4H), 4.72 (s, 4H), 4.39 §g 7.1 Hz, 2H), 3.93 (s, 3H), 2.50 (#= 0.9
Hz, 6H), 2.36 (dJ = 0.7 Hz, 6H), 1.39 (§ = 7.1 Hz, 3H)*C NMR (101 MHz, CDGCJ) & 167.31,
167.24, 166.39, 153.35, 140.56 Jd; 8.7 Hz), 136.84 (d] = 14.7 Hz), 131.46 (dl = 6.6 Hz),
130.94 (dJ = 1.7 Hz), 128.06 (d] = 2.4 Hz), 123.94, 123.46 (ddi= 17.7, 5.3 Hz), 121.37 (d,=

7.3 Hz), 115.59, 115.35, 114.85 (k& 2.3 Hz), 69.29, 61.71, 52.62, 14.37, 12.05,91.1

2-(2-(2-chlor ophenoxy)acetamido)-4-(3,5-dimethylisoxazol-4-yl)benzoic acid (12). A 1.4 M
agueous solution of lithium hydroxide (1.40 mmaoD@ mL) was added to a solutionXf (0.23
mmol; 0.10 g) in 2 mL dioxane and stirred at RT Xdr until the reaction was complete. The
reaction mixture was quenched with 0.5 mL of a 1Ml Holution and concentrated under reduced
pressure. The crude was first filtrated on a sitiad with ethyl acetate acidified with acetic acid
then triturated in dry methanol atett-butylmethylether to give a yellow solid (0.03 & %).'H
NMR (400 MHz, DMSOY 8.61 (s, 1H), 8.06 (d = 8.1 Hz, 1H), 7.47 (dd} = 7.9, 1.4 Hz, 1H),
7.34 —7.24 (m, 1H), 7.15 (dd= 12.2, 4.5 Hz, 2H), 7.05 — 6.97 (m, 1H), 4.8248), 2.45 (s, 3H),
2.27 (s, 3H).13C NMR (101 MHz, DMSO) 168.63, 166.69, 165.61, 157.94, 153.15, 140.22,
131.61, 130.14, 128.26, 122.67, 122.47, 121.8448B1915.49, 114.49, 68.48, 11.48, 10.62.
HRMS m/z [M + HJ calcd for GgH15CIN,Os 401.0899, found: 401.0899. mp: 196.6-204.2°C.

UPLC (method A)tg = 2.48 min., purity: > 99 %.
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M ethyl 2-(2-(2-chlor ophenoxy)acetamido)-4-(thiophen-3-yl)benzoate (13). 10 (0.44 mmol; 0.18
g), 3-thienylboronic acid (0.66 mmol; 0.08 gr®O; (1.32 mmol; 0.18 g) and palladium tetrakis
(0.02 mmol; 0.02 g) were dissolved in a mixturelimixane/water/methanol (2 mL; 4:1:10) degased
under argon. The reaction mixture was stirred &C80r 2h until the reaction was complete. The
reaction mixture was concentrated under reduceskpre and taken back in water and diethyl
ether. The formed precipitate was filtered to give pure product as a brown solid (0.13 g; 72 %).
'H NMR (400 MHz, CDC}) 6 11.90 (s, 1H), 9.08 (d,= 1.7 Hz, 1H), 8.06 (dl = 8.3 Hz, 1H), 7.66
—7.63 (m, 1H), 7.48 (dd,= 5.0, 1.4 Hz, 1H), 7.44 (dd= 7.8, 1.5 Hz, 1H), 7.41 (dd,=5.1, 3.0
Hz, 1H), 7.38 (ddJ = 8.3, 1.8 Hz, 1H), 7.23 (dd,= 7.9, 2.1 Hz, 1H), 7.06 — 6.95 (m, 2H), 4.73 (s,
2H), 3.91 (s, 3H)?3C NMR (101 MHz, CD() 6 167.85, 167.21, 153.46, 141.56, 141.10, 140.81,
131.67, 130.92, 128.05, 126.74, 126.51, 123.98,3P2322.83, 121.27, 118.68, 114.92, 114.87,
69.43, 52.45. HRMS m/z [M + N&talcd for GoH16CINO,SNa 424.0381, found: 424.0384. mp:

137.1-138.8°C.

2-(2-(2-chlor ophenoxy)acetamido)-4-(thiophen-3-yl)benzoic acid (14). A 1.4 M aqueous solution
of lithium hydroxide (1.87 mmol; 1.33 mL) was addech solution ofL3 (0.31 mmol; 0.13 g) in

2.5 mL dioxane and stirred at RT for 2 h until thaction was complete. The reaction mixture was
guenched with 0.6 mL of a 1M HCI solution and caricated under reduced pressure. The crude
was first filtrated on a silica pad with ethyl aatet acidified with acetic acid then triturated in
ethanol to give a yellow solid (0.03 g; 23 %). NMR (400 MHz, DMSO) 13.63 (s, 1H), 11.91

(s, 1H), 9.01 (dJ = 1.7 Hz, 1H), 8.02 (d] = 8.3 Hz, 1H), 7.98 (ddl = 2.9, 1.3 Hz, 1H), 7.72 (dd,
=5.0, 2.9 Hz, 1H), 7.58 — 7.51 (m, 2H), 7.48 (@&, 7.9, 1.6 Hz, 1H), 7.35 — 7.28 (m, 1H), 7.20
(dd,J = 8.3, 1.2 Hz, 1H), 7.03 (td,= 7.7, 1.3 Hz, 1H), 4.89 (s, 2HJC NMR (101 MHz, DMSO)

0 168.92, 167.04, 152.82, 140.61, 140.29, 140.24.886 130.20, 128.34, 127.86, 125.99, 123.39,
122.67,121.78, 120.92, 117.23, 114.99, 114.42%8RMS m/z [M + HJ calcd for

C19H15CINO,S 388.0405, found: 388.0404. mp: 240.5-268.1°C. URhethod A)ig = 2.64 min.,

purity: 99 %.
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2-(2-(2-chlor ophenoxy)acetamido)-4-(1-methyl-1H-pyrazol-4-yl)benzoic acid & 2-(2-(2-
chlor ophenoxy)acetamido)-4-(1-methyl-1H-pyr azol-5-yl)benzoic acid (15). 10 (0.63 mmol; 0.25
g), 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxabdars2-yl)pyrazole (0.94 mmol; 0.20 g) 8Os
(1.88 mmol; 0.26 g) and palladium tetrakis (0.03@hr.04 g) were dissolved in a mixture of
dioxane/water/methanol (4 mL; 4:1:10) degased uadgwn. The reaction mixture was stirred at
80°C overnight until the reaction was complete. Tdaction mixture was concentrated under
reduced pressure and taken back in water and tetthgr. The formed precipitate corresponding to
the ester was filtered and the aqueous phaseeiaefrédried. The obtained lyophilisate was filtrated
on a silica pad with ethyl acetate acidified witietic acid then triturated in ethyl acetate tartt
butylmethylether to give a yellow solid (0.02 g; %0 products ratio 87:13JH NMR (400 MHz,
DMSO0)5 15.33 (s, 1H), 8.66 (d,= 1.7 Hz, 1H), 8.04 (s, 1H), 7.92 @= 8.0 Hz, 1H), 7.73 (d] =
0.5 Hz, 1H), 7.44 (dd] = 7.9, 1.6 Hz, 1H), 7.31 — 7.24 (m, 1H), 7.13 (diid 9.5, 8.2, 1.5 Hz,
2H), 6.98 (tdJ = 7.7, 1.4 Hz, 1H), 4.77 (s, 2H), 3.85 (s, 3HE NMR (101 MHz, DMSO¥
168.78, 165.75, 153.66, 140.65, 135.85, 133.56,513130.01, 128.10, 127.82, 123.79, 122.08,
122.04,121.84, 118.34, 114.72, 114.51, 68.70 538RMS m/z [M + H] calcd for GgH17CIN304
386.0902, found: 386.0900. HRMS m/z [M + Nahlcd for GoH16CIN3O4Na 408.0722, found:

408.0717. UPLC (method A}k = 2.10 & 2.48 min., purity: 99 %.

M ethyl 2-(2-(2-chlor ophenoxy)acetamido)-4-(oxazol-2-yl)benzoate (16). 10 (0.50 mmol; 0.20 g),
tributyl(oxazol-2-yl)stannane (1.05 mmol; 0.22 nard palladium tetrakis (0.40 mmol; 0.46 Q)
were dissolved in THF (50 mL) degased under argjbe.reaction mixture was stirred at 65°C
overnight until the reaction was complete. The tieaamixture was concentrated under reduced
pressure and taken back in EtOAc/DCM/Hexane. Thadd precipitate was filtered, and the
filtrate was concentrated under reduced pressime obtained crude was further purified by
automated flash chromatography on 15 g of silidgigecratic eluent of 2:1 Hexane/EtOACc) to
give a brown solid (0.07 g; 34 %) NMR (400 MHz, CDCJ) 5 11.88 (s, 1H), 9.43 (d,= 1.5 Hz,

1H), 8.14 (d,J = 8.3 Hz, 1H), 7.86 (dd} = 8.3, 1.6 Hz, 1H), 7.78 (s, 1H), 7.44 (d&; 8.3, 1.5 Hz,
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1H), 7.30 (s, 1H), 7.24 (dd,= 8.1, 1.3 Hz, 1H), 7.02 (d,= 7.8 Hz, 2H), 4.75 (s, 2H), 3.93 (s, 3H).
13C NMR (101 MHz, CDGJ)  167.50, 167.18, 160.89, 153.35, 140.64, 139.68,553 131.68,
130.93, 129.18, 128.07, 123.90, 123.34, 121.19,701817.55, 114.80, 69.30, 52.71. HRMS m/z

[M + H]" caled for GoH16CIN,Os 387.0742, found: 387.0745. mp: 145-146°C.

2-(2-(2-chlor ophenoxy)acetamido)-4(oxazol-2-yl)benzoic acid (17). A 1.4 M aqueous solution of
lithium hydroxide (1.00 mmol; 0.72 mL) was addedatsolution ofl6 (0.17 mmol; 0.06 g) in 2 mL
dioxane and stirred at RT for 1 h until the reatticas complete. The reaction mixture was
guenched with 0.3 mL of a 1M HCI solution and canicated under reduced pressure. The crude
was first filtrated on a silica pad with ethyl aatet acidified with acetic acid then triturated in
ethanol to give a first pure batch of the compodurite trituration filtrate was concentrated under
reduced pressure and recrystallized HCN to give grey crystals that are gathered thinfirst
batch (0.02 g; 24 %JH NMR (400 MHz, DMSO) 12.05 (s, 1H), 9.35 (d,= 1.5 Hz, 1H), 8.32
(s, 1H), 8.14 (dJ = 8.3 Hz, 1H), 7.78 (ddl = 8.3, 1.6 Hz, 1H), 7.49 (d,= 1.5 Hz, 1H), 7.47 (s,
1H), 7.35 — 7.28 (m, 1H), 7.20 (d#i= 8.3, 1.1 Hz, 1H), 7.03 (td,= 7.8, 1.3 Hz, 1H), 4.90 (s, 2H).
¥C NMR (101 MHz, DMSO}p 168.63, 167.14, 159.78, 152.80, 141.03, 140.42.,1173 131.20,
130.18, 129.04, 128.32, 122.69, 121.80, 120.30,261817.04, 114.46, 68.31. HRMS m/z [M +
H]" calcd for GgH14CIN,Os 373.0586, found: 373.0581. mp: 253.3-253.4°C. ORMnethod A)1r

= 2.17 min., purity: 96 %.

Methyl 2-(2-(2-chlor ophenoxy)acetamido)-4-( thiazol-2-yl)benzoate (18). 10 (0.50 mmol; 0.20

g), tributyl(thiazol-2-yl)stannane (1.05 mmol; 0.8%.) and palladium tetrakis (0.40 mmol; 0.46 Q)
were dissolved in THF (50 mL) degased under argibe.reaction mixture was stirred at 65°C
overnight until the reaction was complete. The tieaamixture was concentrated under reduced
pressure and the obtained crude was further pdrdfyeautomated flash chromatography on 50 g of
silica gel (isocratic eluent of 2:1 Hexane/EtOAz)jive a yellow solid (0.17 g; 86 %H NMR

(400 MHz, CDCH4) 8 11.91 (s, 1H), 9.39 (d,= 1.7 Hz, 1H), 8.13 (d] = 8.3 Hz, 1H), 7.94 (d] =

3.2 Hz, 1H), 7.84 (dd] = 8.4, 1.8 Hz, 1H), 7.45 (dd,= 6.3, 2.1 Hz, 2H), 7.25 — 7.22 (m, 1H), 7.01
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(dd,J = 12.0, 4.5 Hz, 2H), 4.75 (s, 2H), 3.93 (s, 3HE NMR (101 MHz, CDCJ) 5 167.56,
167.28, 166.97, 153.39, 144.31, 140.81, 138.67,863130.94, 128.07, 123.97, 123.37, 121.09,
120.54, 119.16, 117.21, 114.90, 69.36, 52.66. HRMS[M + HJ" calcd for GoH16CIN,O4S
403.0514, found: 403.0506. HRMS m/z [M + Nahlcd for GgH1sCIN,OsSNa 425.0333, found:

425.0324. mp: 71.4-71.5°C.

2-(2-(2-chlor ophenoxy)acetamido)-4-(thiazol-2-yl)benzoic acid (19). A 1.4 M aqueous solution
of lithium hydroxide (2.51 mmol; 1.79 mL) was addech solution ofl8 (0.42 mmol; 0.17 g) in 4
mL dioxane and stirred at RT for 1 h until the te@twas complete. The reaction mixture was
guenched with 0.8 mL of a 1M HCI solution and canicated under reduced pressure. The crude
was first filtrated on a silica pad with ethyl aatet acidified with acetic acid then recrystallized
acetonitrile to give impure crystals that wereundgted intert-butylmethylether to give a yellow
solid (0.02 g; 14 %)*H NMR (400 MHz, DMSOY 13.17 (s, 1H), 9.29 (d,= 1.4 Hz, 1H), 8.09 (d,
J=8.2 Hz, 1H), 7.99 (d] = 3.2 Hz, 1H), 7.87 (d] = 3.2 Hz, 1H), 7.69 (dd = 8.2, 1.6 Hz, 1H),
7.47 (ddJ=7.9, 1.4 Hz, 1H), 7.33 — 7.26 (m, 1H), 7.18 (@¢,8.2, 0.9 Hz, 1H), 7.02 (td,= 7.8,
1.2 Hz, 1H), 4.87 (s, 2H}.3C NMR (101 MHz, DMSO) 168.48, 166.86, 166.26, 153.09, 144.21,
140.58, 140.58, 136.16, 136.16, 132.14, 130.15,282822.51, 121.83, 121.46, 120.18, 116.86,
114.49, 68.45. HRMS m/z [M + HEalcd for GgH14CIN,O4S 389.0357, found: 389.0364. mp:

228.1-228.3°C. UPLC (method A = 2.30 min., purity: 95 %.

Acknowledgment. This work was supported financially by the Swhkgional Science Foundation,

NCCR TransCure.

Competing interest statement. The authors declare not competing interests.



28

References

1. Ozhathil, L. C.; Delalande, C.; Bianchi, B.; Netitm, G.; Kappel, S.; Thomet, U.; Ross-
Kaschitza, D.; Simonin, C.; Rubin, M.; Gertsch,Lachner, M.; Peinelt, C.; Reymond, J. L.;
Abriel, H. Identification of Potent and Selectiven&8l Molecule Inhibitors of the Cation Channel
Trpm4.Br. J. Pharmacol2018, 175 2504-2519.

2. Wang, C.; Naruse, K.; Takahashi, K. Role of Thgn4 Channel in Cardiovascular
Physiology and Pathophysiologyells 2018, 7.

3. Hantute-Ghesquier, A.; Haustrate, A.; Prevarakdly; Lehen'kyi, V. Trpm Family
Channels in CancePharmaceuticals (BaseP018, 11, 58.

4, Guinamard, R.; Hof, T.; Del Negro, C. A. The i Channel Inhibitor 9-Phenanthr8l.
J. Pharmacol2014, 171, 1600-1613.

5. Simonin, C.; Awale, M.; Brand, M.; van Deurs&n, Schwartz, J.; Fine, M.; Kovacs, G.;
Hafliger, P.; Gyimesi, G.; Sithampari, A.; Charl&s;P.; Hediger, M. A.; Reymond, J.-L.
Optimization of Trpv6 Calcium Channel Inhibitorsibg a 3d Ligand-Based Virtual Screening
Method.Angew. Chem. Int. EQ015, 54, 14748-14752.

6. Kilchmann, F.; Marcaida, M. J.; Kotak, S.; S&hi€.; Boss, S. D.; Awale, M.; Gonczy, P.;
Reymond, J.-L. Discovery of a Selective Aurora ad&e Inhibitor by Virtual Screenind. Med.
Chem.2016, 59, 7188-7211.

7. Awale, M.; Probst, D.; Reymond, J. L. Webmolks3s/Neb-Based Interface for Visualizing
Molecules in Three-Dimensional Chemical SpadeShem Inf Mode2017, 57, 643-649.

8. Morgan, H. L. The Generation of a Unique MacHescription for Chemical Structures-a
Technique Developed at Chemical Abstracts SerdicEhem. Docl965, 5, 107-113.

9. Penny, R. H. A Connectivity Code for Use in Désng Chemical Structures. Chem.
Doc. 1965, 5, 113-117.

10. Probst, D.; Reymond, J. L. A Probabilistic Malkar Fingerprint for Big Data Settings.
ChemRXi\2018, doi.org/10.26434/chemrxiv.7176350.v1.

11. Hagadone, T. R. Molecular Substructure Sintyle&8earching: Efficient Retrieval in Two-
Dimensional Structure DatabasésChem. Inf. Comput. Sd992, 32, 515-521.



29

12. Geppert, H.; Vogt, M.; Bajorath, J. Currentdds in Ligand-Based Virtual Screening:
Molecular Representations, Data Mining Methods, Meplication Areas, and Performance
Evaluation.J. Chem. Inf. ModeR010, 50, 205-216.

13. Owen, J. R.; Nabney, I. T.; Medina-Franco, J. L.; Lopez-Vallejo, F. Visualization of
Molecular FingerprintsJ. Chem. Inf. ModeR011, 51, 1552-1563.

14. Scior, T.; Bender, A.; Tresadern, G.; Medinarfeo, J. L.; Martinez-Mayorga, K.; Langer,
T.; Cuanalo-Contreras, K.; Agrafiotis, D. K. Recagng Pitfalls in Virtual Screening: A Critical
Review.J. Chem. Inf. ModeR012, 52, 867-881.

15. Riniker, S.; Landrum, G. A. Open-Source Platfeo Benchmark Fingerprints for Ligand-
Based Virtual Screening. Cheminform2013, 5, 26.

16. Rogers, D.; Hahn, M. Extended-Connectivity Empgints.J. Chem. Inf. ModeR010, 50,
742-754.

17. Mysinger, M. M.; Carchia, M.; Irwin, J. J.; Stleet, B. K. Directory of Useful Decoys,
Enhanced (Dud-E): Better Ligands and Decoys foteB&enchmarkingl. Med. Cheni2012, 55,
6582-6594.

18. Nguyen, K. T.; Blum, L. C.; van Deursen, R.yRend, J.-L. Classification of Organic
Molecules by Molecular Quantum Numbe@hemMedCher009, 4, 1803-1805.

19.  van Deursen, R.; Blum, L. C.; Reymond, J. LlSéarchable Map of Pubched.Chem. Inf.
Model.2010, 50, 1924-1934.

20.  Schwartz, J.; Awale, M.; Reymond, J.-L. SmBm(les Fingerprint) Chemical Space for
Virtual Screening and Visualization of Large Datsdmof Organic Moleculed. Chem. Inf. Model.
2013, 53, 1979-1989.

21. Awale, M.; Reymond, J.-L. Atom Pair 2d-Fingénps Perceive 3d-Molecular Shape and
Pharmacophores for Very Fast Virtual Screeningin€ 2nd Gdb-17J. Chem. Inf. ModeR014,
54, 1892-1907.

22. Probst, D.; Reymond, J. L. Fun: A Frameworklfveractive Visualizations of Large, High-
Dimensional Datasets on the Wé&boinformatics2018, 34, 1433-1435.



30

23. Raghavendra, A. S.; Maggiora, G. M. MoleculasiB Sets - a General Similarity-Based
Approach for Representing Chemical SpadeS€hem. Inf. ModeR007, 47, 1328-1240.

24. Medina-Franco, J. L.; Maggiora, G. M.; GiuliginaVl. A.; Pinilla, C.; Houghten, R. A. A
Similarity-Based Data-Fusion Approach to the VisQhhracterization and Comparison of
Compound DatabaseShem. Biol. Drug. De<007, 70, 393-412.

25.  Awale, M.; Reymond, J. L. Similarity Mappletitéractive Visualization of the Directory of
Useful Decoys and Chembl in High Dimensional Chein&paces]. Chem. Inf. ModeR015, 55,
1509-1516.

26. Wassermann, A. M.; Wawer, M.; Bajorath, J. ityiLandscape Representations for
Structure-Activity Relationship Analysid. Med. Chen2010, 53, 8209-8923.

27.  Gaspar, H. A.; Baskin, I. I.; Marcou, G.; HatvaD.; Varnek, A. Chemical Data
Visualization and Analysis with Incremental Genefl opographic Mapping: Big Data
ChallengelJ. Chem. Inf. ModeR014, 55, 84-94.

28. Sander, T.; Freyss, J.; von Korff, M.; Rufer@@rDatawarrior: An Open-Source Program for
Chemistry Aware Data Visualization and AnalysisChem. Inf. ModeR015, 55, 460-473.

29. Ballatore, C.; Huryn, D. M.; Smith lii, A. B.atboxylic Acid (Bio)lsosteres in Drug Design.
ChemMedCher013, 8, 385-395.

30. Scola, P. M.; Sun, L. Q.; Wang, A. X.; ChenSin, N.; Venables, B. L.; Sit, S. Y.; Chen,
Y.; Cocuzza, A.; Bilder, D. M.; D'Andrea, S. V.; &hg, B.; Hewawasam, P.; Tu, Y.; Friborg, J.;
Falk, P.; Hernandez, D.; Levine, S.; Chen, C.; FySheaffer, A. K.; Zhai, G.; Barry, D.; Knipe, J.
O.; Han, Y. H.; Schartman, R.; Donoso, M.; Moslg,Sinz, M. W.; Zvyaga, T.; Good, A. C.;
Rajamani, R.; Kish, K.; Tredup, J.; Klei, H. E.;&®&).; Mueller, L.; Colonno, R. J.; Grasela, D.
M.; Adams, S. P.; Loy, J.; Levesque, P. C.; Sun3Hi, H.; Sun, L.; Warner, W.; Li, D.; Zhu, J.;
Meanwell, N. A.; McPhee, F. The Discovery of Asureafir (Bms-650032), an Orally Efficacious
Ns3 Protease Inhibitor for the Treatment of Hema€t Virus InfectionJ. Med. Chem2014, 57,
1730-1752.

31. Law, V.; Knox, C.; Djoumbou, Y.; Jewison, T.ugG A. C.; Liu, Y.; Maciejewski, A.;
Arndt, D.; Wilson, M.; Neveu, V.; Tang, A.; Gabrié.; Ly, C.; Adamjee, S.; Dame, Z. T.; Han,
B.; Zhou, Y.; Wishart, D. S. Drugbank 4.0: Sheddiew Light on Drug MetabolismNucleic
Acids Res2014, 42, D1091-D1097.



Graphics for the Table of Contents:

31



In this paper we propose interactive MHFP6 chemical space 3D-maps as an alternative to R-group
variation tables for designing, interpreting and communicating the results of SAR studies, and
exemplify the method at the example of a structure-activity relationship study of TRPM4 inhibitors.



