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Abstract

We report in this work the discovery of novel ateyec MEK inhibitors by
pharmacophore modeling and virtual screening. Tutood 13 virtual hit compounds
were identified as MEK kinase inhibitors using a KIEbinding assay. Structural
derivations on the hit compoungli1l00 (ICsp = 27.2 = 4.5uM in RAF-MEK
cascading assay) by substituent transformation kaoidosterism replacement have
led to the synthesis of a small library of carbagolThe enzymatic studies revealed
the preliminary structure-activity relationshipsdate derivative22k (ICso = 12.8 +
0.5 uM) showed the most potent inhibitory effect agaiff-MEK cascading.
Compound7 was discovered as toxic #4100 to tumor cells whereasafer to
HEK293 cells (1G> 100 uM) than M100 (ICso = 8.9 £ 2.0uM). It suggests that
carbazole is a good scaffold for the design of hd&EK inhibitors for therapeutic
uses. More importantly, the developed pharmacophuwdel can serve as a reliable

criterion in novel MEK inhibitor discovery.
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1. Introduction

Mitogen-activated protein kinases (MAPKSs) are ahhigconserved family of
serine/threonine protein kinases involved in aetgrof fundamental cellular events
such as survival, proliferation, differentiatiortress response, and apoptdsifn
mammals, more than a dozen MAPK enzymes have beatified, among which the
best known ones are the conventional MAPKSs, indgdithe extracellular
signal-regulated kinases 1 and 2 (ERK1/2), c-Jumeadterminal kinases 1 to 3
(JNK1 to 3), p384, B, v, ands), and ERK5 famili€d. Each group of conventional
MAPKSs is composed of a set of three kinases, a MA®RKIAPK kinase (MAPKK),
and a MAPKK kinase (MAPKKK), which in turn phosplytate and activate MAPKs
relaying extracellular signals to intracellularpesses.

The ERK1/2 signaling pathway is, by far, the bdsiracterized MAPK pathway
consisting of the MAPKKKs A-Raf, B-Raf, and Raf-the MAPKKs MEK1 and
MEK2, and the MAPKs ERK1 and ERK2. This pathwayygla central role in the
control of cell survival and proliferation. Growtfactors and mitogens use the
Ras/Raf/MEK/ERK signaling cascade to transmit dggyrfeom their receptors to
regulate gene expression and prevent apoptosBomponents of the ERK1/2
signaling cascade are frequently mutated and higjpHyegulated in cancer cells, with
approximately 1/3 of human tumors expressing a tdohgely activated mutant of
RASY and approximately 8% of tumors expressing an aetizéorm of BRAKE> &,
These findings prompted the development of smalemde inhibitors targeting the
ERK1/2 signaling pathway as anti-cancer adén®o far, two RAF inhibitors
(vemurafenib and dabrafenib) and three MEK inhiisit¢trametinib, cobimetinib,
binimetinib) have been approvedby the FDA of US tfee treatment of melanoma
expressing the mutated RAF paralogue BRAF (V600&&00K f22%. In addition,

selumetinib, a highly selective MEK inhibitor hasdm granted Orphan Drug
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Designation for adjuvant treatment of patients wsthge Il or IV differentiated
thyroid cancet.,

MEK1 and MEK2 are dual-specificity tyrosine/threoaiproteinkinases, which
play an integral role in the Ras/Raf/MEK/ERK signgl modulé?.They are
attractive targets for ERK1/2 pathway modulatiocduse ERK1/2 are known to be
the only substrates for MEK1/2, and MEK1/2 specifiodulator could thus confine
its function within the ERK1/2 pathway leaving athpathways unaffect&d.
Additionally, co-crystal structures revealed tNEEK1/2 has an allosteric sité *°)
which endows inhibitors with high selectivity agsinMEK1/2 by a non-ATP
competitive mechanism. The binding site, whichdgmeent to, but different from, the
ATP-binding site undergoes several conformatiohainges to lock unphosphorylated
MEK1/2 in a catalytically inactive state. Undesiradverse effects can be largely
avoided owing to this specific binding to MEK kireg§'.

Although numerous small molecule inhibitors haverbéiscovered within the
past two decades, the diversity of the availableKWMR inhibitors remains limited.
Most of the reported MEKL1/2 inhibitors can be stunally categorized as
biarylamineS"*® for example, the FDA-approved trametinib, cobimiétinand
binimetinib, the in-clinical-trailed compounds piseatib, refametinib, PD184352,
and PD0325901Hg 1). A good degree of similarity can be seen amoegntlajority
of these inhibitors. Unlike the closely related rglamines, the non-biarylamine
inhibitors are quite dissimilar to one and anotker. example, the scaffold of U0126
is a symmetric vinylogous cyanamide which undergnetization and isomerization
in aqueous solutidt’, and mostly used as amvitro laboratory tool. Derivation from
PD98059 has generated a series of chromone-babkégtons against MEK1 with
ICso values in nanomolar rang®. Compound RO5126766, which is also known as
CH5126766, represents a series of chromen-2-oredbdsal Raf/MEK inhibitors
that can suppresses feedback reactivation of RAFitg&Y. Similarly, RO5068760
and its hydantoin-based analogoas also prevent feedback reactivation in addition

to MEK/ERK dual inhibitiof**!(Fig. ).
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Fig. 1. Representative MEK1/2 inhibitors.

Co-crystal structure has revealed that althougll ibinthe same allosteric site,
novel non-biarylamine inhibitors like RO5126¥86 adopt binding modes different
from those biarylamines. For example, the inhilsitaniss some of the key
interactions with Val127 or Lys97 while extendirmga cavity surrounded by Argl189,
Asn221, Ser222, and others. We thus wondered, efettwere any novel MEK
inhibitors that can not only retain the key intéi@c normally formed by
biarylamines, but also form some additional intdoers or occupy some specific
sub-pockets of MEK in the allosteric site. To tleed, we decided to build a
pharmacophore model starting from the active conédions of biarylamines isolated
from co-crystal structures in complex with MEK1]léoved by analysis of the hit
compounds out of database screening, and sear¢hefdVlEK inhibitors with novel
binding modes.

2. Results and discussion
2.1 Pharmacophore modeling and virtual screening

Up to this work was initiated, there were 45 criysteuctures of MEK1 released
in the Protein Data BaffR), among which 26 were in complex with ligands clgse
related to biarylamines. We collected co-crystalatires of 11 classic biarylamine-

MEK1 complexes to build pharmacophore models. T Rentries of the 11
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co-crystal structuré€>3*and the ligand structures are listedig 2.
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Fig. 2. The PDB entries of the 11 co-crystal and ligandcitires used to build pharmacophore model.
For each of the 11 PDB complexs, a structure-babedmacophore model was
generated automatically by using the LigandScod@ 3oftwar€®. All the automated
models possessed 7-10 chemical features, in adddgicmany exclusion volumes. For
example, pharmacophore model 2P55 was composexl lydrophobic features, two
hydrogen bond (HB) acceptorand one HB donorin addition to 19 exclusion
volumes Fig 3a and3b). Two of the six hydrophobic features were geregtdtom
the biaryl rings within the 2P55 ligand (ring A andg B in Fig. 3a and 3b). For
easier description in the following context, ringefers to the one connected with the
linear side chain and ring B is the ring substdusgth one or two halogens. With the
aim of finding novel ligands with more structuravetsity, the exclusion volumes
were consequently not considered in the followingdei validation and database
screening. The topologies of the remaining pharmplacce features of the 11 models
were very similar and they overlapped very well whaigned by the “reference

points” with LigandScoutKig 30).
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Ser 212

Fig. 3. Structure-based pharmacophore models generatetyhgdScout. a) Alignment of 2P55 ligand
with its pharmacophore model in the allosteric macdf MEK1; b) Model from the ligand-protein
complex 2P55; c¢) The overlapping of all eleven niedAmong the features within models, yellow
spheres represent hydrophobic features, red arrepiesent hydrogen bond acceptors, and green
arrows represent hydrogen bond donors. Exclusitumves are shown in grey and hidden for clarity in
Fig. 3c.

For model validation, we organized a test datasetposed of 142 active, 5
inactive, and 6041 decoy compounds collected fioenGhEMBL Databas®'. Here,
decoys refer to those compounds with reported iieswnot related to MEK, whereas
their physical properties, including molecular wejgALogP, mumber of rotatable
bonds, and number of HB acceptor and donors, weriéas to those of known MEK
inhibitors. Table 1 shows the values for each physical property consitiéen the
decoy compound selection, and these values came thhe analysis of the above
mentioned 142 active compounds. The quality ofgharmacophore model, namely
the ability to enrich the active compounds from teta set, was evaluated by
calculating enrichment factors (EF) using the eguabelow, wherd P is the number
of active compounds fitting into the model, is the total number of molecules
(including both active compounds and decoys) thatewreturned as hits by the
pharmacophore-based screeniAgs the number of active compounds in the entire
validation database, amlis the number of all compounds in the validatiatattase.

TP /n
A/N

Table 1.Physicochemical properties considered in decoypmamd selection

Physical Properties Value
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Molecular Weight > 400 anck 500

AlLogP >1.4ank 4.6
Number of Rotatable Bonds >4
Number of Hydrogen Bond Acceptot >4
Number of Hydrogen Bond Donnors >4

Possessing many features, the individual models ve&r specific so that almost
none of the compounds in the active dataset caellcbbrectly classifiedTable Slin
Supporting Information). The exceptions were models 3MBL and 3PP1, having
only 7 features with no hydrophobic features om n(Fig. 3b). These two models
hit more than 5 compounds in the active datasetwihdicated that the hydrophobic
features on ring A might not be required for MEKhilntion. Therefore, the
hydrophobic features on ring A were all deletedrfreach of the automated models, if
present, for refinement. Based on the observatiahthe hydrophobic pocket formed
by Met143, lle1l41, Leull8 and Phe209 had relatiliglited space to accommodate
more of the hydrophobic substitutions on positiono® ring B, one of the
corresponding hydrophobic features was also delaldtbugh in most of the cases it
was occupied by halogens in the biarylamine ligaddsfor the HB acceptors, the
number of this feature in each automated modeéddrom 2 to 4, among which two
were shared by all models. One of them referratie¢chalogen or carbonyl oxygen in
position 4 of ring A interacting with the peptidi@ackbone of Ser 21ZFig. 33, the
other was the oxygen or carbonyl group on the gukisn at position 2 of ring A
bonding with Lys 97. These two HB acceptors seerteecbe more important
compared with other features, therefore, they weept in all models during
refinement.

Among the automated models, 1S9J, 3MBL and 3PP& wkserved forming
one additional HB with Val 211, in adjacent to thB formed with Ser 212. Since this
HB acceptor was only observed in 3 of the 11 autechanodels, it was likely to be
less important, thus be set as “optional” if ava#a In additionLys 97 was found
forming HB with individual ligand in 1S9J, 3DV3, @n3ORN at some upper
positions, and therefore, these HB acceptors welleded in the refined models and

were set as “optional”.
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It can be seen fronkig. 3b that directions of the HB donor features (green

arrows) varied a lot. These HBs were observed fognwith ATP instead of with
MEK1. These direct hydrogen bondings may restri€PA4S hydrolysis due to

limited access to the water required for such reactit might not be required for
MEK inhibition, because this direct hydrogen bompwith ATP was not observed in
1S9J, 3DV3, 3DY7, and 30RN at all, and many compsuimm the active dataset
didn't have corresponding substructure to form Hig either. Therefore, we set this
HB donor feature as “optional” during refinement.

The refined models were used to screen the testggbounds again with results
shown inTable 2 The enrichment factors ranged from 12.82 to 26v#dch were
much more improved than those of the automated @lagde S1).

Table 2 Number of hit compounds in the test set by theneafimodels.

Model No. of Hits  No. of Hits No. of Hits

code Inactive Active Decoy EF
1S9J-r-1 1 52 68 18.87
1S9J-r-2 0 8 16 14.51
2P55-r 0 67 44 26.28
3DV3-r-1 0 60 48 24.19
3DV3-r-2 0 65 42 26.45
3DY7-r 1 58 139 12.82
3E8N-r 0 74 104 18.10
3EQB-r 0 70 75 21.02
3EQC-r 0 62 84 18.49
3EQG-r 0 49 45 22.70
3MBL-r 0 57 60 21.21
30RN-r-1 0 59 67 20.39
30RN-r-2 0 13 14 20.97
3PP1-r 0 58 106 15.40

To indicate how the refined models could hit theveccompounds, a heat map
was drawn Fig. S1in Supporting Information). Accordingly, we have tried many
different combinations of the models to increase plossibility to hit more active
compounds, and finally, a collection of 1S9J-r-R53-r and 3DV3-r-1Kig. 4) were
selected representing all the possible binding maafebiarylamine ligands. They

have hit 80 compounds in the active dataset (142otal, 56.3% hit rate) and
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generated a final EF of 17.16.

&
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Fig. 4 The pharmacophore model collection selected fofatge-scale virtual screening.

The generated collection of pharmacophore modetsusad for virtual screening of the

Specs database (version Apr 2010, www.specs.nataioing 200,158 compounds in total.

The numbers of virtual hits for each model wereeisnTable 3.

Table 3Number of hit compounds identified by the indivilpaarmacophore model in the collection.

Model name Hits number Hit rate % Number of tog bitlected
1S9J-r-l 507 0.25 42
2P55-r 6142 3.08 17
3DV3-r-1 3063 1.53 304

The total number of virtual hits was 507 + 6,143,663 = 9,712, among which some

could be hit by more than one model. These virhitsl datasets were merged and clustered

by structural similarity with Pipeline Pilot 7.5f8@are (Accelrys Inc., San Diego, CA, USA).

Representative compounds with better lead-likenesse selected manually from the

structural clusters with more members than otHérally, 13 hit compoundsTéble 4) were

selected, and purchased from Specs for further MiBKibitory evaluations.

Table 4 The 13 hit compounds selected for further validatiy MEK1 inhibitory assays.

Hit pharmacophore  Pharmacophore
Compound name Specs entry i
model fit score

M100 AP-906/41639971 3DV3-r-1 56.07
M101 AF-399/41703146 1S9J-r-l, 3DV3-r-1 66.42/57.49
M103 AN-988/15131219 3DV3-r-1 56.81
M104 AG-690/33045045 3DV3-r-1 57.21
M105 AP-853/42877451 3DV3-r-1 56.32
M106 AN-329/42286028 1S9J-r-l, 3DV3-r-1 66.67/55.63
M108 AG-205/03751018 1S9J-r-l, 3DV3-r-1 65.54/56.58
M109 A0-365/43113290 3DV3-r-1 55.73
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M110
M111
M113
M115
M116

AO-365/43300996
AK-198/36417052
AG-205/36953117
AG-690/10031030
AK-968/13027684

3DV3-r-1
2P55-r, 3DV3-r-1

1S9J-r-l
1S9J-r-1/3DV3-r-1
1S9J-r-l, 3DV3-r-1

55.60
55.36/55.59

65.77
66.05/46.82
66.45/56.57

2.2 Validation of the computational work byin vitro enzymatic assays

After all compounds were collected, their ability bind with phosphorylated

MEK1 was firstly measured by LanthaScreen® Eu KenB&nding Assay. Then, to

further validate their potency to inhibit the RaEM-ERK signaling, both Raf-MEK

and MEK-ERK cascading assay were performed atribgneatic level.

Table 5.Results ofn vitro enzymatic assa¥s

Binding assay normalized to

AZD6244 at 100 pM
(%inhibition)

Raf-MEK

cascading inhibition

MEK-ERK
cascading inhibition

Compound20puM (%)  2uM (%)  20uM (%)  2uM (%)  20uM (%)  2uM (%)
U0126 - - 87.4+4.4  41.7+49 80.9:12 26.9%1.0
M100  90.3+39 32.1+0.6 56.1+6.6 4.4+2.6 32.0+85 3.9+2.3
M101  356+29 32.6:0.7 226:76  5.1+86 29.8:9.1 -10.4+2.0
M103  144:01  87t05 49.4+46  105:29 10.4t18 -0.9+2.2
M104  296+24  9.6:0.3 40.7+6.9  52+23 13.7+42 -54+31
M10S  16.2+05  8.0£0.1 32.1+59 -7.1+3.6 26.7+5.8 3.3:1.9
M106  39.3+1.8 23.4:t0.0 45.7+53  11.7+55 127435 -1.6+2.2
M108  .128.1+05 -50.2+0.4  31.9+6.0 7.8:t1.9 6.0£29 -3.7+2.1
M109  1352+0.3 14.8:0.3 32.8:013  4.1+05 15233 -121+1.8
M110  345+15  8.9:07 35.002.7  7.2+37 86£53 4.1+82
M111  2209+17  4.7:13 32.3:35 -0.04:43 19982 -13.1+1.9
M113  280+23 12.9+03  351+89 0.2+9.6 3.2+9.7 -175:+7.8
M115  60.1+4.1 119+13  57.0+65 6.3+44 350+75 51+14
M116  244:+06  26.1:0.2 58.2:+4.8  14.7+42 117461 -2.9+2.3

2 All values are an average of three parallel expenitst °ND stands for not determined.

Among all the 13 tested compounds, M100 and M11&wsk the desired
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activities (for the alignment of the two compoundish the refined pharmacophore
model refer to thé&upporting Information Fig. S2). M100 showed 90% affinity to
pPMEK compared to the biarylaminal inhibitor AZD6244elumetinib), and both
M110 and M115 inhibited Raf-MEK cascading by mohart 50%. Therefore, we
measured the Kgs for the two compounds in each of the assays. chamical

structures of M100 and M115 and the respectivgsi@re depicted iRigure 5.

OH (0]
S Os_CHs
OO \)J\OH Y
HN— o
HN, A 1’®‘N x _CH,
S O
(0] O

M100 M115
RAF-MEK 1Cso=27.2 # 4.5 uM RAF-MEK IC5,=25.6% 1.8 uM
MEK-ERK ICs,> 160.0 uM MEK-ERK ICs=63.1 £ 5.0 uM

Fig. 5The chemical structures of active hit compoundstaei 1Gs for RAF-MEK and
MEK-ERK cascade inhibition.

In the following part of this paper, we report greliminary deviations oivi100
in order to further validate the reliability 8100 as a MEK inhibitor.
2.3 Design and synthesis of carbazoles derived frometive hit compound M100

As a commercially available compound, there areaaly some existing reports
about the bioactivities d1100 which is a moderate proteasome inhibitor aggst
subunitt” and its derivatives bearing a naphthol scaffold aeective Mcl-1
inhibitors®®. Before we started our chemical deviationshh00 toward improved
potency against MEK1, its cytotoxicity was meastire€ellTiter-GId” luminescent
cell viability assalf® by using the HEK293 cell line. Results showed 400 was
cytotoxic (1Gso = 8.89 + 2.0 uM), which is highly possibly relatiedthe naphthol core
within its structure.

Therefore, we started our work from replacing thephthol scaffold with
carbazole with considerations including: 1) carlb@zoould be regarded as a
“ring-closure” form of biarylamine which is a classstructure in allosteric MEK1

inhibitors; 2) the carbazole scaffold was foundriany synthetic therapeutic agents,
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e.g. a blocker of-adrenergic receptor, and regarded as a privilsgedture for drug

discovery®. Focused design and modifications on the sidenchthe 3-position of

the carbazole core and the sulfonamide moiety wer@e with the aim to explore the

structure-activity relationship against MEK1.Thrbugubstituent transformation and

bioisosterism replacement, the sulfur atom on tide €£hain was designed and

replaced by an oxygen or a sulfonyl group {5@hile substitutes for carboxyl group

included ester (COOEt), amide (COWHor a variety of heterocyclés. The

structures of the designed carbazole derivatives w@mmarized ifrigure 6.

R3 R1

g W
8 N 10

H HN-g =\R,

6
X =0, S, SG R; = COOH, tetrazole, 3-methyl-1,2,4-oxadiazole, Shykl,3,4-oxadiazole,
5-amino-1,3,4-oxadiazole, COOEt, CONIR, = p-Me, p-NHAc, m-NHACc; R; = H, OH.

Figure 6. Structure and substituted groups of designedazatb derivatives.

M100 was synthesized following a reported procelitlrim 2 steps $cheme L

Commercially availablep-toluenesulfonamide was regio-selectively coupled

t

naphthoquinone intermediaté in the presence of titanium (IV) chloride and

triethylamine with microwave assisted heating. $itldgon of the sulfonamide
intermediate2 with thioglycolic acid as a nucleophile was catr@ut in presence of
pyridine. After reductionin situ with N&S,0,;, M100 was obtained in a yield of
74.1%.

0 o}
o Cl OOH
cl
L o

—2 - N — b . HN . £

H
S._C
O
/) //S
0] o) 0]
CH CHs

1 2 M100

Reagents and conditions(a) TsNH, 1 M TiCl, in DCM, EgN, THF, microwave, 65 °C, 15 min,
58.6%; (b) i) thioglycolic acid,pyridine, THF, .80 min; ii) NaS,0,, EtOAc, and HO (mixing
in a separating funnel), r.t., 74.1%.

Scheme 1 Synthetic route 01100
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As shown inScheme 24-hydroxycarbazole derivativewas prepared in 4 steps.
Starting from3 and N-chlorosuccimide (NC%Y, 4-hydroxycarbazole chloridéwas
yielded, which was further oxidized to afford cazbke-1,4-diones™*Y. Following the
same two-step procedure fr100 synthesis, intermediatewas converted to desired

derivative?.

O o —alf =~

o COOH

o O,

1 HN /(/)
g W
CHs, (o] CHs;

6 7

®Reagents and conditions(a)N-chlorosuccimide (NCS), MeCN, r.t., 1.5 h.8%; (b) Fremy's
Salt, KHb,PQ,, water-acetone, r.t., 1.5h, 94.7%; (c) TsNH M TiCl, in DCM, EgN, THF,
microwave, 65 °C, 15 min, 69%; (d) i) thioglycobecid,pyridine, THF, r.t., 30 min; ii) N&Oy,

EtOAc, and HO (mixing in a separating funnel), r.t., 21.3%.
Scheme 2Synthetic route of derivative with a 4-hydroxymarole corg

The key steps for preparation of key intermedid@sl4 and15 were shown in
Scheme 3 Reaction of 4-amino-3-nitro-phen8l with ethyl 2-bromoacetate in the
presence of base §£0s) provided amin®“® which was then diazotized and reduced
to yield a substituted hydrazine analog@&*®. Fischer indolization between
hydrazinelO and cyclohexanone occurred subsequently to afedrdhydrocarbazole
11 Then, oxidation ofL1 by 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)
was conducted to give key intermedia@*®. After hydrolysis of the estet2 with
LiIOH", the resulting carboxylic aci@3 was then treated with acetamide oxime,
EDCI and HOB to afford key intermediatd®”. Ring-closure reaction betweds,

acetohydrazide and POGJave key intermediates®Y.
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N

Ol N 0~ “COOEt
0" > COOEt o COOEt
a b, _c, )
NO, NO, NO, N
NH, NH, H2N,NH H NO,
8 9 10 11
o~
_COOEt o_OCH
d e, forg O O
N
N NO,
H NO, H NG, 14: R = 3-methyl-1,2,4-
12 13 oxadiazole
15: R = 5-methyl-1,3,4-
oxadiazole

Reagents and conditions(a) BrCHCOOEt, KCQO;, acetone, r.t., overnight, 75.2%; (b) i) NajNO

conc. HCI, -10 °C, 0.5 h; ii) Snglr.t., overnight; (c) cyclohexanone, EtOH/conc.IKIC1), reflux, 3h,

41.7%; (d) DDQ 2.4 equiv., PhMe, reflux, 2 h, 96;2%) LiOH, THF/water, r.t., 4.5 h, 99.8%; (f)

HOBt, EDCI, acetamide oxime, MeCN, r.t., 0.5h, thesflux overnight, Ar, 53.8%; (g) i)

acetohydrazide, HOBt, EDCI, DMF, r.t., 12h, 74.7)POCl, sealed tube, 100 °C, 1h, 65.8%.
Scheme 3 Synthetic Route to key intermediaties 14, 15

Key intermediate21 was synthesized through another route in 5 st8pegme
4). Compoundl6 underwent diazotization, reduction and Fischeplizdtion to give
tetrahydrocarbazol&8, which was converted into carbaz@e after esterificatio?
and aromatization with DDQ. Finally, key intermadi21 was generated through

coupling reaction using palladium catalyst

OH
- Q> O -
NO, NO, N o
HN. 2
NH NH,
16 17 18
OoTf OoTf g COOEt
QD - = O
N N N
H  NO, H  NO, N  No,
19 20 21

Reagents and conditions(a) i) NaNQ, conc. HCI, -10 °C, 0.5 h; ii) Snglr.t., 3h; (b) cyclohexanone,
EtOH, reflux, overnight, 38.1%; (c) X, 2,6-Lutidine, DCM, Ar, r.t., 24 h, 99.3%; (d) @D PhMe,
reflux, overnight, 77.5%; (e) B@bay 0.25 equiv. , Xantphos 0.5 equiv. , DIPEA, ethyl
mercaptoacetate, 1,4-dioxane, Ar, reflux, overnigbt6%.

Scheme 4 Synthetic Route to Key Intermediates 21

With key intermediates1@, 14, 15, 21) in hand, synthesis of a series of final

compounds42a 22b, 22¢ 22d, 22¢ 22f, 22g and22h) were accomplisheds¢cheme
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5) by reduction of -N@to -NH, and substitution with diverse sulfonyl chlorifés
Corresponding carboxylic ac@Ri, 22] and22k were generated from the hydrolysis
of ester22g 22h and22d*®!. Aminolysis of22awith NH,OH provided carboxamide
221. And then, terminalamid221 was easily converted to tetraz@2m following a
reported procedut®. 5-amino-1,3,4-oxidiazol€20 was generated fron22a by
using a 2-step methBd. By oxidation with oxorn&?, thioether22gwas converted to
sulfone 22p which underwent hydrolysis to provide carboxylicica22qg. All
structures were confirmed By and **C-NMR spectroscopy, EI-MS or EI-HRMS

spectra (for details, sé&eperimental Section).

R
X— L x\/R1 X=0
Q7 = Q3
\ ii) ¢ o f|:>22m: R4= tetrazole
N N e 221: Ry= CONH2
H N02 H HN\S /Rz el:
P\ 22a: Ry= COOEt
12: X=0, R4= COOEt 0] g |:22n: R;= CONHNH2
14: X=0, R1= 3-methyl-1,2,4-oxadiazole h 220: R4= 5-amino-1,3,4-
15: X=0, R4= 5-methyl-1,3,4-oxadiazole [—22a:X=0, Ry = COOEt, R; = p-Me oxadiazole
21: X=S, Ry= COOEt 22b:X=0, Ry = COOEt, R, = p-NHAc

22¢:X=0, R4 = 3-methyl-1,2,4-oxadiazole, R, = p-Me
22d:X=0, R4 = 5-methyl-1,3,4-oxadiazole, R, = p-Me
22e:X=0, R4 = 5-methyl-1,3,4-oxadiazole, R, = p-NHAc
22f:X=0, R4 = 5-methyl-1,3,4-oxadiazole, R, = m-NHAc
229:X=S, Ry = COOEt, Ry= p-Me

d[22h:X=S, R4 = COOEt, Ry= p-NHA
22i:X=8, Ry = COOH, Ry= p-Me jd
22j:X=S, Ry = COOH, R,= p-NHAc

—=22k:X=0, R1=COOH, Ry= p-Me

[[229: %=S, Ry= COOE, R2=p-Me g
' =22p: X=S0,, Ry= COOEt, R2= p-Me
JI:22q: X=S0,, Ry= COOH, R2= p-Me

Reagents and conditions(a) Pd-C, H, MeOH, r.t., overnight; (b) N&,0,;, K,CO;, DCM/MeOH,
water, r.t., 2 h, Ar; (c) BPhSQCI, pyridine, r.t., overnight, 21.6-63.9%; (d) Na@EN), THF/water, r.t.,
1h, 88.4%; (e) NEDH (25%), r.t., 1 h, 94.9%; (f) NaNSiCl,, CH;CN(dry), sealed tube, 80 °C, 14 h,
Ar, 62.1%; (g) hydrazine hydrate, EtOH, reflux, 188.0%; (h) BrCN, EtOH, reflux, 3 h, 22.8%; (i)
oxone, acetone/water, r.t., overnight, 49.3%; ¥ (1N), THF/water, r.t., 1h, 87.7%.

Scheme 5Synthetic Route to Final Compounds

2.4 Biological evaluations and preliminary SAR of arbazole derivatives as
MEK?1 inhibitors

After all designed compounds were prepared, theyewanalyzed with the
Raf-MEK and MEK-ERK cascading assays and the resudtre listed iTable 6. For
Raf-MEK cascading, they were first tested at @M and the 1G, values were
determined for the 5 compounds with inhibition >5@%d the best 1§ value (12.8

uM) was observed fror@2k and22i. None of the acquired compounds exhibited >50%
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inhibition against MEK-ERK cascading, which was agreement with their

postulated mechanism that the allosteric MEK kinaggbitors were supposed to

inhibit MEK phosphorylation in Raf-MEK assay, inateof inhibiting the process of

phosphorylated MEK to activate ERK in MEK-ERK assay
Table 6. Inhibition of Raf-MEK and MEK-ERK cascading.

Raf-MEK MEK-ERK
Compd. X R R, Rs % Inhibition ICs0 £ SD % Inhibition
(20 pM) (kM) (20 uM)
U0126 86.2 2 0.21+0.02 85.8 +5.7
M100 - - - - 53.1+25 27.2+45 12.7 £3.2
7 S COOH pMe OH 437+02 31.7+1.3 35.6 + 14.6
22a O COOEt p-Me H 56.6 + 0.7 23.7+0.7 28.9+4.9
22b O COOEt p-NHAc H 274+27 ND 182+2.1
22k O COOH p-Me H 65.8 3.9 12.8+0.5 215+27
22l O CONH p-Me H 41.9+3.3 ND 27.9+1.9
:N\
22m O {lN"N p-Me H  46.8+0.3 ND 45.1 +13.4
o
220 o NN p-Me H 33.0+3.8 ND 21.4+86
/?\:N\%cm
22¢ O =N p-Me H 38.2+2.2 ND 37.8+15.9
\;\«OW/CHS
22d o} N-N p-Me H 48.6 +3.1 ND 25.8+9.6
‘;\«OW/CHa
22e ¢} N-N p-NHAc H 50.7 1.2 15.3+0.6 20.6 +8.3
\;\«OW/CHB
22f o} NN mNHAC  H 29.5+0.1 ND -10.0 £ 9.6
229 S COOEt p-Me H 452 +25 ND 39.2+0.2
22h S COOEt p-NHAc H 35.8+4.0 ND 21.8+0.7
22i S COOH pMe H 67.2+0.0 12.8+1.9 214+21
22j S COOH pNHAc H 44.2 +0.0 ND 27.7+75
22g SO, COOH p-Me H 45.0+ 4.4 ND 35.5+11.6
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&ND = not determined.

Compared with the starting compouRtd00 (ICsp = 27.2uM), hopping of the
naphthol core with carbazole maintained the inbigitactivity (Compd.7, ICsq =
31.7 uM). As for the variousR;, compounds with a carboxyl grou2k)
demonstrated the best activity G 12.8uM), and the sequence of the substituents
for inhibitory activity was COOH 32k) > COOEt g2a> CONH, (22l) and
heterocycles. As for the vario&®s, phenyl ring with an acetylamino group substituted
at para-position @26 showed better potency thameta- position @2f). Compounds
with a methyl group apara-position of the phenyl ring2Ra 22g were more
favorable than the acetylamino substituted orb,(22h), suggesting that steric
hindrance orR, might reduce binding affinity. Substitution of -C R; seemed not
contribute much to the activity because comparatl womd.7 (ICso = 31.1uM), 22i
demonstrated even slightly improved potencys{l€ 12.8 uM). Compounds with
either a thioether side chain or an ether sidencladiposition 3 displayed equal
inhibitory activity 22k and22i, ICso = 12.8uM). However, replacement of the S or O
atom by sulfonyl group229) has led to a total lost of activity. This is soppd due to
the lost of flexibility of this side chain.

The above five active carbazoles were further nreastor cytotoxicity against
HEK293 cells, and their anti-proliferation effectgere also evaluated against
representative cancer cells lines, A549, A375 ah@8]with data listed imable 7.

As expected, all five carbazoleghibited much reduced cytotoxicity compared with
M100. Interestingly, although the phenolic -OH was regdiras -R in compd.7, its
cytotoxicity remained very low with g higher than 10QuM. In addition, the
anti-proliferation effects of compd.in tested cell lines were also comparable to those
of M100. The above results have confirmed our speculdhiahcarbazole is a better

scaffold than naphthol to develop druggable molesul

Table 7. The anti-proliferative and cytotoxic profifeand docking scores of selected
compounds.

|Csob (uM)
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Compd. HEK293 A549 A375 HL60 Glide gscore

DMSO >100 >100 >100 >100 -
Staurosporine  0.0037 £ 0.0010 - - - -
U0126 - 322+75 11+0.2 0.3+5.3 -
M100 89+20 216+6.1 7.7x11 17.2+6.6 -5.302
7 >100 128+19 147+06 26.3+34 -7.677
22a >100 70.7+£09 70.7+£0.9 >100 -7.369
22k >100 >100 >100 >100 -7.95
22e >100 >100 43.7+0.6 >100 -6.28
22i >100 >100 >100 >100 -6.28

*The cytotoxicity was measured on HEK293 c&l€;, values are the means of three independent
experiments.
2.5 Effect of ATP concentrations on the Raf-MEK casading inhibitory potency

The ATP competitive profile of these inhibitors wasvaluated by using
representative compour2lk in BRaf/MEK1 cascade inhibition assay by varying
ATP concentrations. The igvalues were 13.AM and 12.1uM respectively when
the ATP concentration varied from 1M to 300 uM. No shift in IGg (Figure 7)
was observed when ATP concentration was even isedeap to 30QuM, and it
suggested that compour2lk inhibited the BRaf/MEK1 cascading in an ATP

non-competitive manner.

100

N T ]
80 P
g ATP/uM
/ = 100 uM
60 /é o 300uM
xR 1/
e n/
S 404 I's
£ 20 3—/_; 7

04

-20 4

T T T T T 1
-05 0.0 05 1.0 15 20 25

concentration/log
Figure 7. The dose-response curve2#k in BRaf-MEK cascading assay at various ATP
concentrations
2.6 Docking Studies
Both the virtual hitM100 and several selected derived carbazoles were docke
into the allosteric site MEK1 (PDB entry: 3DV3) liging Schdinger suite 2016-2
(Schrédinger, LLC, New York, NY, USA) to evaluateetbinding modes. As shown in
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Table 7, a significantly improved docking score was achtkvby 22k (-7.950)
compared withiM100 (-5.302). Three HBs were observed forming betwdé&00 and
MEK1, among which two were formed by the sulfonylygen with Lys97, and the
other was between the carboxylic oxygen and Asp @B8. 8a. However, the
orientation of the 4-methylbenzenesulfonamide muiithin 22k was reversed, and
therefore, the HB with Lys97 was formed by the oasgtic oxygen of22k. The
increased binding affinity o2k was supposed largely due to the additional HBs
formed by the carbazole and sulfomide nitrogen vi#te209, together with two
additional m-n stacking between the carbazole ring and PheZa§ @b). The
sulfonyl oxygen of22k was also observed forming critical HB with Ser212.
summary, it seemed that the binding 22k was more favorable than the lead
compound M100. To further increase affinity based dR2k, halogen can be
introduced to the carbazole ring to mimic the halodond formed by the native
ligand of 3DV3 and Vall27. Alternatively, negatieharged substitutions can be
introduced at th@ara-position of the benzenesulfonamide moity2a@k to fit into the

positive charge pocket unoccupied.

) <
~ Phe209,

Fig. 8 The predicted binding mode 8100 (a) and22k (b) with MEK1 (PDB entry: 3DV3) in the
allosteric site. The native ligand of 3DV3 is preteg in green sticks, whil100 in purple and2k in
yellow. The hydrogen bonds are shown in yellow ddsimes, and the magenta dashed lines represent
halogen bond. The surface of the binding site @wsheither in solid or mesh in which red represent

negative charge and blue represent positive charge.
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3. Conclusions

A structure-based pharmacophore model of MEK1 it was constructed
and used as the criterion in a large scaled virsee¢ening. Two active compounds
with moderate potency were identified as novel MBHKibitors out of 13 virtual hits.
Deviations on one hitM100, by using substituent transformation and bioistste
replacement, have generated several active casbalaslvatives with Igs at uM
level against Raf-MEK cascading, and with greadlgtuced cytotoxicity to HEK293
cells. These results suggested the liability of pharmacophore models, and that

carbazole can serve as a good starting point iK1 inhibitor design.

4. Experimental section
4.1 Computational works

The pharmacophore models were generated with Lgemat 3.02 software
which is a useful tool for generating 3D pharmaaphmodels from structural data
of macromolecular complexes, and the models gesgkran either be manually
refined or directly used to screen databases.

The physicalchemical properties of compounds weatcutated by using
“Calculate Molecular properties” function within $iovery Studio software
(Accelrys, Discovery Studio Vers. 2.5, San Diegdj, GJSA.). Clustering was
performed with the “Find Diverse Molecules” fungtidy using the predefined set
FCFP4 for fingerprint comparison. For filtering aadalysis of libraries, Accelrys’
Pipeline Pilot (PP) version 7.5 was used.

Docking studies were performed in Schodinger S(#ehrodinger, LLC, New
York, NY, USA) using the standard precision modd #me co-crystallized ligand of
PDB entry 3DV3?¥ as center of the grid box.

4.2 Chemistry

Melting points were measured with an X4 apparans were uncorrectedH
NMR spectra were recorded on a Bruker (BrukerBioSb, Fallanden, Switzerland)
Avance Il 400 MHz system. Chemical shifts wereared in parts permillion (ppm)

relative to tetramethylsilane (TMS) as internahs@rd. The spin multiplicities were
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given as s (singlet), d (doublet), t (triplet),quértet), m (multiplet) or br (broad). MS
and high-resolution mass spectra (HRMS) were obthiusing Electrospray
lonization (ESI) technique on a Bruker’s Fourieaffsform lon Cyclotron resonance
Mass Spectrometer. Thin layer chromatography (Th@alysis was performed on
silica gel GF254 purchased from Qingdao Haiyang ndbal Co. (Qingdao,
Shandong Province, China) or Merck (Darmstadt, Geyn

4.2.1N-(3-chloro-4-oxonaphthal en-1(4H)-ylidene)-4-methyl benzenesulfonamide (2)

To a suspension of TsNH1.37 g, 8 mmol) and 2-chloro-1,4-naphthoquinone
(2.54 g, 8 mmol) in dry THF (65 mL) in an ice bathM TiCl, solution in DCM (8
mL) was added dropwise, followed by addition of TEA64 mL, 17.6 mmol). The
mixture was heated to 65 °C under microwave irtaahiefor 15 min. Then, inorganic
salts were filtered off. The filtrate was concetdda and purified by column
chromatography (silica gel, DCM/PE = 1/2) to affargellow solid (1.62 g, 58.6%).
m.p.: 135-136 °C*H NMR (400 MHz, DMSO-g): J 8.44 (s, 1H, ArH), 8.07-8.11 (m,
2H, ArH), 7.97 (d,J = 8.28Hz, 2H, ArH), 7.81-7.89 (m, 2H, ArH), 7.58 { = 8.04Hz,
2H, ArH), 2.45 (s, 3H, Cj.

4.2.2 2-((1-hydroxy-4-(4-methyl phenyl sulfonamido)naphthal en-2-yl)thio)acetic acid
(M100)

Intermediate2 (345.5 mg, 1 mmol), thioglycolic acid (0.11 mL5Immol) and
pyridine (0.12 mL, 1.5 mmol) were mixed in THF (b2) and stirred at room
temperature for 0.5 h. After the solvent was rermdovevacuum, the residue was
dissolved in EtOAc (50 mL) and was transferred weparation funnel. The organic
phase was washed with KH$®olution (0.5 M, 50 mL) twice to remove excess
pyridine, and the aqueous phase was removeg5,0a(1.04 g, 5 mmol) and water
(50 mL) was added, and the organic phase was sh@keawlorless before was
collected and washed with water (50 mL), brineaguence and dried over anhydrous
Na&SO,. The organic phase was concentrated and the eeswds recrystallized to

obtain a white solid (298.9 mg, 74.1%). m.p.: 153-7C.'H NMR (400 MHz,
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DMSO-ds);  12.82 (s, 1H, COOH), 9.84 (s, 1H, $M), 8.13 (d,J = 8.00 Hz, 1H,
ArH), 7.93 (d,J = 7.60 Hz, 1H, ArH), 7.52 (d] = 8.40 Hz, 2H, ArH), 7.50-7.42 (m,
2H, ArH), 7.30 (dJ = 8.00 Hz, 2H, ArH), 6.95 (s, 1H, ArH), 3.47 ($4,2CH,), 2.34
(s, 3H, CH). ¥C NMR (100 MHz, DMSO-g): ¢ 171.53, 152.47, 143.43, 137.31,
131.62, 129.93, 129.32, 127.42, 127.11, 126.26,5125124.79, 123.96, 122.79,
113.40, 37.19, 21.43. ESI-MS {1:7NOsS;): m/z 402.12 (M-H); HRMS (EST) m/z
calculated for @H16NOsS, (M-H) : 402.04699, found 402.04754.

4.2.33-chloro-9H-carbazol-4-ol (4)

To a solution of Bl-carbazol-4-ol (918.2mg, 5mmol) in acetonitrile (2Q),
NCS (667.4mg, 5mmol) was added portionwise in nthesa 10 min. The reaction
mixture was stirred at ambient temperature forhLiiefore being concentrated under
reduced pressure. The residue was then purifie¢dbymn chromatography over
silica gel (gradient eluent = DCM/PE: 1/5-1/2). l3aro-carbazol-4-ol was collected
as a white solid (518.2mg, 47.6%). m.p.: 218-21@ *H NMR (400 MHz,
DMSO-d): ¢ 11.31 (s, 1H, NH), 9.78 (s, 1H, OH), 8.21 Jck 8 Hz, 1H, ArH), 7.46
(d,J = 8 Hz, 1H, ArH), 7.36 (td) = 1.16 HzJ = 8 Hz, 1H, ArH), 7.30 (dJ = 8 Hz,
1H, ArH), 7.16 (tdJ = 0.96 HzJ = 8 Hz, 1H, ArH), 7.00 (d) = 8 Hz, 1H, ArH).*C
NMR (100 MHz, DMSO-¢): ¢ 148.69, 140.44, 139.88, 126.81, 125.50, 122.76,
122.07, 119.23, 113.40, 111.05, 109.35, 104.18.

4.2.43-chloro-1H-carbazole-1,4(9H)-dione (5)

A solution of Fremy’s Salt (1.4430g) and potassidimydrogen orthophosphate
(84.5mg) in water (85mL) was added to a solutionirgermediate4 (410mg,
1.88mmol) in acetone (85mL) at room temperatures fidaction mixture was stirred
at at room temperature for 1.5 h and then evapbrateler vacuum. The resulting
precipitate was filtered, washed well with wated alnied. A dark purple powder was
obtained (413.3mg, 94.7%). m.p.: 263-265 *8.NMR (400 MHz, DMSO-g): &
13.11 (s, 1H, NH), 8.05 (d,= 8 Hz, 1H, ArH), 7.57 (dJ = 8 Hz, 1H, ArH), 7.43 (td,

J=0.96 HzJ = 8 Hz, 1H, ArH), 7.37 (td] = 0.96 HzJ = 8 Hz, 1H, ArH), 7.18 (s, 1H,
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ArH).

4.2 .9N-(3-chloro-4-oxo-4,9-dihydro-1H-car bazol - 1-ylidene)-4-methyl benzenesul fona
mide (6)

Intermediates was synthesized using the method similar to thattermediate2
except intermediats was used as a starting material. The title comgowas
obtained as a brown solid (132.8 mg) in yield 0f088. m.p.: 234-235 °CH NMR
(400 MHz, DMSO-g): ¢ 12.87 (s, 1H, aromatic NH), 8.11 (s, 1H, ArH),®(@n, 3H,
ArH), 7.54 (d,J = 8 Hz, 3H, ArH), 7.41 (t) = 8 Hz, 1H, ArH), 7.33 (t) = 8 Hz, 1H,
ArH), 2.46 (s, 3H, Ch).

4.2.8-((4-hydroxy-1-(4-methyl phenyl sulfonami do)-9H-car bazol -3-yl )thio)acetic acid
(7)

The title compound (21 mg, 21.3% yield) was obtdimes a beige solid with
method similar to M100 except intermedi&tevas used as a starting material. m.p.:
193-195 °CH NMR (400 MHz, DMSO-¢): 6 13.33 (br s, 1H, COOH), 11.06 (s, 1H,
aromatic NH), 9.48 (s, 1H, SOH), 8.17 (d,J = 8 Hz, 1H, ArH), 7.57-7.51 (m, 3H,
ArH), 7.34-7.30 (m, 3H, ArH), 7.14 (§,= 8 Hz, 1H, ArH), 6.65 (s, 1H, ArH), 3.13 (s,
2H, CH), 2.36 (s, 3H, CH.**C NMR (100 MHz, DMSO-g) § 172.23, 153.62,
143.58, 139.61, 139.44, 136.81, 130.76, 129.88,6¥27125.57, 122.51, 122.21,
119.79, 113.36, 112.68, 111.69, 106.30, 21.44. MSI-(C1H18N205S,): m/z
441.0593 (M-H); HRMS (EST) m/z calculated for §H;7N,0sS, (M-H): 441.057809,
found 441.05734.

4.2.7ethyl 2-(4-amino-3-nitrophenoxy)acetate (9)

A 100 mL 2-neck flask fitted with a stir-bar and An inlet was charged with
phenol8 (4.9952 g, 32.4 mmol), C0O; (4.9346 g, 35.6 mmol) and acetone (60 mL),
to which was added with ethyl bromoacetate (3.8 840 mmol) dropwise. The
mixture was stirred at room temperature overni§alts were filtered through a pad

of celite. The organic phase was concentrateduwe golid which was triturated and
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washed with PE/EtOAc=3/1 (50 mL) to remove red intps and dried under
infrared oven to obtain a yellow solid (5.8554 §,226). m.p.: 200-201 °CH NMR
(400 MHz, DMSO-g): § 7.37 (d,J = 2.24 Hz, 1H, ArH), 7.27 (s, 2H, NH 7.22 (dd,

J = 2.68 HzJ = 9.24 Hz, 1H, ArH), 7.01 (d) = 9.24 Hz, 1H, ArH), 4.74 (s, 2H,
OCH,CO), 4.17 (gJ = 7.08 Hz, 2H, COCBCHj), 1.21 (t,J = 7.12 Hz, 3H, CHCHs).

¥c NMR (100 MHz, DMSO-¢): 6 169.09, 147.86, 142.71, 129.45, 127.71, 121.18,
107.47, 65.97, 61.11, 14.50.

4.2.8ethyl 2-((8-nitro-2,3,4,9-tetrahydro-1H-car bazol-6-yl)oxy)acetate (11)

A suspension 09 (5.8554 g, 24.4 mmol) in conc. HCI (40 mL) was ledoto
-10 °C, to which was added a solution of NaN@.027 g, 29.28 mmol) in water (3
mL) dropwise. After stirred for 0.5 h, a solutiohSnC} (11.04 g, 48.8 mmol) in conc.
HCI (10 mL) was added slowly, and the mixture wiasexl overnight and was used
directly in the next step.

The phenylhydrazind0 in conc. HCI was diluted with EtOH (50 mL). To ghi
solution, cyclohexanone (2.5 mL, 24.4 mmol) waseatddropwise. The mixture was
heated to reflux for 3 hours. The acquired orangel svas filtered, washed with
water (10 mL) twice and dried under infrared ovengive a red solid (3.2376 g,
41.7%). m.p.: 130-131 °CH NMR (400 MHz, CDC}): 6 9.34 (s, 1H, indole NH),
7.66 (s, 1H, ArH), 7.38 (s, 1H, ArH), 4.72 (s, 2BCH,CO), 4.32 (g, = 7.12 Hz, 2H,
COCH.CHs), 2.79 (t, 2H, 1-Ch), 2.67 (t, 2H, 4-Ch), 1.93 (m, 4H, 2,3-ChCH,)
1.34 (t,J = 7.08 Hz, 3H, ChCHs).*C NMR (100 MHz, CDGJ): 6 168.83, 150.81,
138.51, 132.31, 131.41, 125.74, 112.82, 111.13,080%6.90, 61.45, 23.17, 22.86,
22.80, 20.56, 14.18.

4.2 .9ethyl 2-((1-nitro-9H-carbazol-3-yl)oxy)acetate (12)

A suspension ol (3.2376 g, 10.17 mmol) and DDQ (5.54 g, 24.41 mnol
toluene (50 mL) was refluxed at 110 °C for 2 hodrse mixture was diluted with
EtOAc (100 mL), washed with saturated aqueous NaH@O0 mL) for five times

till aqueous phase turned colorless. The organ@s@hwas separated, dried over
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anhydrous Ng50, and concentrated to afford a reddish brown soBdil66 g,
quantitative). m.p.: 134-136 °¢H NMR (400 MHz, DMSO-g): § 11.97 (s, 1H, NH),
8.37 (s, 1H, ArH), 8.23 (dl = 7.76 Hz, 1H, ArH), 7.86 (s, 1H, ArH), 7.71 (= 8.16
Hz, 1H, ArH), 7.51 (t, 1H, ArH), 7.27 (t, 1H, ArH4.98 (s, 2H, OCLCO), 4.21 (q,)

= 7.08 Hz, 2H, COCKCHs), 1.24 (tJ = 7.16 Hz, 3H, ChCHs). *°C NMR (100 MHz,
DMSO-a): 0 169.15, 150.61, 141.93, 131.35, 129.40, 128.28,062 121.81, 121.46,
120.69, 116.03, 113.05, 108.62, 66.58, 61.18, 14.51

4.2.102-((1-nitro-9H-carbazol-3-yl)oxy)acetic acid (13)

Esterl2 (1.255g, 4 mmol) was dissolved in THF (12 mL), &nen a solution of
LiOH (338.6 mg, 8 mmol) in water (12 mL) was addfdpwise. The mixture was
stirred at room temperature for 4.5 h. The mixtweess diluted with EtOAc (80 mL),
extracted with saturated aqueous NaH(Q80 mL) for 3 times. The combined
agueous phase was acidified with 10% HCI until pH..=The yellow precipitate
(1.1402 g, 99.8%) was collected by filtration anded under infrared oven. m.p.:
180-181 °CH NMR (400 MHz, DMSO-¢): 6 13.11 (br s, 1H, COOH), 11.97 (s, 1H,
NH), 8.37 (s, 1H, ArH), 8.24 (d| = 7.68 Hz, 1H, ArH), 7.85 (s, 1H, ArH), 7.71 (@,
= 8.04 Hz, 1H, ArH), 7.51 (t, 1H, ArH), 7.27 (t, 1rH), 4.89 (s, 2H, CHCOOH).
3C NMR (100 MHz, DMSO-g): § 170.65, 150.84, 141.93, 131.37, 129.31, 128.24,
128.05, 121.82, 121.48, 120.68, 115.95, 113.04.48086.35.

4.2.11 3-methyl-5-(((1-nitro-9H-car bazol-3-yl)oxy)methyl)-1,2,4-oxadiazol e (14)

Acid 13 (167.0 mg, 0.58 mmol), HOBt (95.7 mg, 0.7 mmoljl &DCI (129.6 mg,
0.67 mmol) were slurried in dry acetonitrile (2 mThe mixture was stirred at room
temperature for 0.5 h. Methylamidoxime (57.3 m@10mmol) in dry MeCN (1.5 mL)
was added, then the mixture was refluxed overnigfter completion the mixture
was concentrated and purified with flash columroatatography (PE/EtOAc = 3/1 as
mobile phase) to afford an orange solid (101.8 B88%). m.p.: 147-149 °CH
NMR (400 MHz, DMSO-g): § 12.04 (s, 1H, NH), 8.49 (d, = 1.68 Hz, 1H, ArH),

8.24 (d,J = 7.80 Hz, 1H, ArH), 8.01 (d] = 1.68 Hz, 1H, ArH), 7.72 (d] = 8.16 Hz,
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1H, ArH), 7.52 (t, 1H, ArH), 7.28 (t, 1H, ArH), S07s, 2H, OCH), 2.38 (s, 3H, Ch).
%C NMR (100 MHz, CDGJ): § 174.09, 167.61, 150.33, 140.60, 131.25, 130.04,
128.23, 128.20, 121.76, 121.09, 120.79, 115.47.721108.31, 62.55, 11.56.

4.2.122-methyl-5-(((1-nitro-9H-carbazol-3-yl)oxy)methyl)-1,3,4-oxadiazol e (15)

Acid 13 (561.7 mg, 1.96 mmol), acetohydrazide (291.4 mgnmol), HOBt
(400.6 mg, 3 mmol) and EDCI (565.4 mg, 3 mmol) wesenbined in DMF (8 mL).
The mixture was stirred at room temperature forhbars. Then the solution was
diluted with water (50 mL). Red precipitate wasefied, washed with water (10 mL)
for 3 times and dried. The red solid (502.0 mg/%). was used directly in the next
step.

The red solid obtained (173.2 mg, 0.5 mmol) wasalied in POGI (2 mL) in a
sealed tube which was then, heated to 100 °C for Then the mixture was poured
into cold water, neutralized with saturated NaHG@ution (pH = 12) and extracted
with DCM (50 mL) twice. The combined DCM solutionas/ dried with anhydrous
NaSO,, concentrated and the crude solid was triturattdDCM/PE=1/1. The
acquired orange solid was filtered and washed W@&M/PE=1/1 to afford pure
product (107.9 mg, 65.8%). m.p.; 163-164 8. NMR (400 MHz, DMSO-¢): ¢
12.02 (s, 1H, NH), 8.47 (s, 1H, ArH), 8.23 (= 7.76 Hz, 1H, ArH), 8.02 (s, 1H,
ArH), 7.72 (d,J = 8.08 Hz, 1H, ArH), 7.52 (t, 1H, ArH), 7.28 (tH1ArH), 5.57 (s,
2H, CHy), 2.55 (s, 3H, Ch). *C NMR (100 MHz, DMSO-g): § 165.30, 162.78,
150.18, 141.98, 131.40, 129.69, 128.33, 128.19,7821121.46, 120.80, 116.53,
113.11, 108.95, 61.49, 10.97.

4.2.138-nitro-2,3,4,9-tetrahydro- 1H-carbazol-6-ol (18)

A suspension of aniling6 (4.6192 g, 30 mmol) in conc. HCI (50 mL) was st
at room temperature for 0.5 h till black solid tednnto white suspension then cooled
to -10 °C, to which a solution of NaN@2.4897 g, 36 mmol) in water (3.5 mL) was
added dropwise. After stirred for 1 h, a solutidrSaChL (13.6 g, 60 mmol) in conc.

HCI (10 mL) was added slowly. After completion tinéxture was stirred at -10 °C for
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1h, followed by stirr at room temperature for amotB hours. The mixture was used
directed in the next step.

The phenylhydrazin&7 solution in conc. HCI was diluted with EtOH (50 mto
which was added dropwise with cyclohexanone (3.4 8L.mmol). The mixture was
heated and refluxed overnight. Black solid wa®ifét, washed with water (10 mL)
twice and dried under infrared oven to give a blaokd (2.3455 g, 38.1%). m.p.:
205-206 °CH NMR (400 MHz, DMSO-g): § 11.19 (s, 1H, NH), 9.44 (s, 1H, OH),
7.43 (s, 1H, ArH), 7.22 (s, 1H, ArH), 2.74 (t, 2HCH,), 2.58 (t, 2H, 4-Ch), 1.80 (m,
4H, 2, 3-CH). *C NMR (100 MHz, DMSO-g): § 149.91, 139.70, 132.79, 131.49,
124.07, 112.58, 109.62, 104.86, 23.40, 23.07, 220®9.

4.2.148-nitro-2,3,4,9-tetrahydro-1H-carbazol-6-yl trifluoromethanesulfonate (19)

To a suspension di8 (116.6 mg, 0.5 mmol) in DCM (5 mL), 2,6-Lutidin@4( uL,
0.55 mmol) was added dropwise in an ice bath. Suesdly, THO (68.9 uL, 0.55
mmol) was added over 5 min. The mixture was stirogdrnight. Then, another
portion of 2,6-Lutidine (128 uL, 1.1 mmol) and,Of (68.9 uL, 0.55 mmol) was added,
and the mixture was stirred for another 5.5 hoAfter completion, the mixture was
diluted with DCM (20 mL), washed with 2N HCI (20 mtwice, brine (20 mL), dried
over anhydrous N&O, and concentrated to afford a yellow solid (1814, 89.3%).
m.p.: 133-135 °C*H NMR (400 MHz, DMSO-g): 6 11.93 (s, 1H, NH), 7.98 (s, 2H,
ArH), 2.80 (t, 2H, 1-CH), 2.66 (t, 2H, 4-Ch), 1.82 (m, 4H, 2, 3-Ch). °*C NMR
(100 MHz, DMSO-@): ¢ 142.41, 140.63, 132.47, 131.23, 127.63, 118.73 €320
Hz), 118.10, 111.63, 110.00, 23.42, 22.77, 22.0152

4.2.151-nitro-9H-carbazol-3-yl trifluoromethanesulfonate (20)

A suspension ofil9 (181.7 mg, 0.5 mmol) and DDQ (272.4 mg, 1.2 mniol)
toluene (5 mL) was refluxed at 110 °C overnighte Tinixture was diluted with
EtOAc (50 mL), washed with saturated aqueous NagH(BO mL) for 5 times till
aqueous phase turned colorless. The organic phase separated, dried over

anhydrous Ng50O, and concentrated. The crude product was purifieflash column
27 /45



chromatography (DCM/PE=1/3) to afford a yellow do(iL26.5 mg, 77.5%). m.p:
142-144 °CH NMR (400 MHz, DMSO-g): § 12.46 (s, 1H, NH), 8.89 (s, 1H, ArH),
8.37 (s, 2H, ArH), 7.78 (d, 1H, ArH), 7.59 (t, 1BH), 7.35 (t, 1H, ArH)**C NMR
(100 MHz, DMSO-g): ¢ 142.16, 140.37, 132.47, 131.24, 129.04, 128.41,9%
121.65, 121.57, 121.45, 118.81 Jg5 320 Hz), 114.87, 113.4%F NMR (376 MHz,
DMSO-k):  -72.41.

4.2.16ethyl 2-((1-nitro-9H-carbazol-3-yl)thio)acetate (21)

Pd(dba} (2311.4 mg, 0.25 mmol) and xantphos (292.4 mg, Mrbol) were
premixed in dioxane (4 mL) under Afor 1 hour. Intermediat20 (360 mg, 1 mmol)
was added subsequently, the reaction mixture weldidbad with Ar, (2 cycles). Then
DIPEA (0.35 mL) and ethyl mercaptoacetate (0.11 meje added. The mixture was
refluxed overnight (20 hours). After completione thnixture was diluted with EtOAc
(50 mL), filtered through a pad of celite to remmagalyst, washed with 2N HCI (50
mL) for 3 times, dried over anhydrous 48&, and concentrated. The crude product
was purified by flash column chromatography (EtGX€/= 1/20 to 1/10) to afford a
yellow solid (250.0 mg, 75.6%). m.p.: 134-135 *8.NMR (400 MHz, DMSO-g): 6
12.25 (s, 1H, carbazole NH), 8.76 (s, 1H, ArH),58(8, 1H, ArH), 8.27 (dJ = 7.76
Hz, 1H, ArH), 7.75 (dJ = 8.12 Hz, 1H, ArH), 7.54 (t, 1H, ArH), 7.32 (tH1ArH),
4.07 (q,d = 7.12 Hz, 2H, ChCHs), 3.93 (s, 2H, SChH), 1.10 (t,J = 7.08 Hz, 3H,
CH,CHs)."*C NMR (100 MHz, DMSO-g): 6 169.75, 141.58, 132.83, 131.95, 131.59,
128.42, 128.30, 124.83, 123.72, 121.48, 121.4227181.35, 37.72, 14.38.

4.2.17ethyl 2-((1-(4-methyl phenyl sulfonamido)-9H-car bazol-3-yl)oxy)acetate (223a)

To a suspension df2 (315.1 mg, 1 mmol) in MeOH (25 mL), Pd/C (10%, 65.
mg) was added. The mixture was stirred in a hydrogenerator (40 psi, room
temperature) overnight. The suspension was filtdremligh a pad of celite, and the
filtrate was concentrated under reduced pressure.ciitde product was used in the
next step without further purification.

To a solution of the obtained aniline in pyridiri (mL), TsCl (263.1 mg, 1.38
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mmol) was added portionwise. The mixture was stiaetoom temperature for 24 hs
before pyridine was removed under reduced pres$tiecrude product was purified
by flash column chromatography (PE/Acetone = 3dlafford a white solid (221.1
mg, 50.4%). m.p.: 145-147 °GH NMR (400 MHz, DMSO-g): § 10.75 (s, 1H,
carbazoleNH), 10.00 (s, 1H, NH$08.02 (d,J = 7.80 Hz, 1H, ArH), 7.68 (d] =
8.24 Hz, 2H, ArH), 7.54 (dJ = 8.16 Hz, 1H, ArH), 7.49 (d] = 2.24 Hz, 1H, ArH),
7.37 (td, 1H, ArH), 7.33 (dJ = 8.08 Hz, 2H, ArH), 7.12 (t, 1H, ArH), 6.68 (d,=
2.32 Hz, 1H, ArH), 4.70 (s, 2H, OGHO), 4.17 (qJ = 7.12 Hz, 2H, COCHCHs),
2.32 (s, 3H, PhCh), 1.22 (t,J = 7.08 Hz, 3H, ChCHs).*C NMR (100 MHz,
DMSO-a): 0 169.32, 151.55, 143.85, 140.43, 137.08, 130.19.4R? 127.34, 126.36,
124.27, 122.71, 121.93, 120.78, 119.00, 112.02,0/09.02.06, 66.16, 61.00, 21.40,
14.51.ESI-MS (GsH2oN-05S): m/z 437.1193 (M-B;HRMS (ESI) m/z calculated
for Ca3H21N20sS (M-H) 1 437.11712, found 437.11767.

4.2.18 ethyl 2-((1-(4-acetamidophenylsulfonamido)-9H-carbazol-3-yl)oxy)acetate
(22b)

The title compound (103.9 mg, 21.6%) was obtained avhite solid using a
method similar to that d&22a except 4-acetamidophenylsulfonyl chloride was wsed
the starting material. m.p.: 227-228 &l NMR (400 MHz, DMSO-g): 6 10.73 (s,
1H, carbazole NH), 10.26 (s, 1H, NHCO§H.93 (s, 1H, NHSg), 8.02 (d,J = 7.76
Hz, 1H, ArH), 7.70 (m, 4H, ArH), 7.54 (d,= 8.12 Hz, 1H, ArH), 7.49 (s, 1H, ArH),
7.37 (t, 1H, ArH), 7.12 (t, 1H, ArH), 6.68 (s, 1ArH), 4.71 (s, 2H, OCKCO), 4.17
(q,J = 7.08 Hz, 2H, COCKCHs), 2.04 (s, 3H, NHCOCH), 1.22 (t,J = 7.08 Hz, 3H,
CH,CHy). 3¢ NMR (100 MHz, DMSO-g): 6 169.45, 169.34, 151.55, 143.70, 140.44,
133.34, 129.53, 128.56, 126.35, 124.26, 122.71,9621120.77, 118.98, 118.90,
112.02, 109.25, 102.06, 66.15, 60.99, 24.56, 14EHI-MS (G4H23N306S): m/z
480.1262 (M-H); HRMS (EST) m/z calculated for §H2oN30sS (M-H)™: 480.12293,
found 480.12348.

4.2.19
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4-methyl-N-(3-((3-methyl-1,2,4-oxadiazol-5-yl )methoxy)-9H-car bazol - 1-yl ) benzenesul
fonamide (220

A solution of14 (153.7 mg, 0.474 mmol) in DCM/MeOH (15 mL/15 mLpasv
added with a solution of N&0O, (1.03 g, 5.688 mmol) and,KO; (814.0 mg, 5.688
mmol) in water (4 mL) over 30 min. The mixture wstgred at room temperature
under Ap for 2 hours. Then, the inorganic salts were ftepff, and the filtrate was
concentrated and used directly in the next step.

To a solution of the obtained aniline in pyridiri (mL), TsCl (128.8 mg, 0.65
mmol) was added portionwise. The mixture was stimé room temperature for 19
hours. Another portion of TsCI (91.9 mg) was added] the mixture was stirred for
another 3 hours before pyridine was removed undduaed pressure. The crude
product was purified by flash column chromatografi/Acetone=3/1) to afford a
white solid (29.2 mg, 13.7%).m.p.: 162-163 €. NMR (400 MHz, DMSO-g): &
10.79 (s, 1H, carbazoleNH), 10.02 (s, 1H, NHB®.02 (d,J = 7.76 Hz, 1H, ArH),
7.67 (d,J = 8.12 Hz, 2H, ArH), 7.65 (s, 1H, ArH), 7.55 @= 8.24 Hz, 1H, ArH),
7.38 (t, 1H, ArH), 7.32 (d] = 7.96 Hz, 2H, ArH), 7.13 (t, 1H, ArH), 6.75 (34,1ArH),
5.42 (s, 2H, Ch), 2.36 (s, 3H, oxadiazole GH 2.31 (s, 3H, PhC.**C NMR (100
MHz, DMSO-&): ¢ 175.59, 167.51, 151.20, 143.90, 140.45, 136.90,1P3 129.67,
127.34, 126.49, 124.27, 122.67, 122.09, 120.78,1819112.09, 109.21, 102.48,
62.19, 21.41, 11.55. HRMS (E%Im/z calculated for &HisN4sO4S (M-H)™:
447.11270, found 447.11215.

4.2.20
4-methyl-N-(3-((5-methyl-1,3,4-oxadiazol - 2-yl Y methoxy)-9H-car bazol - 1-yl ) benzenesul
fonamide (22d)

The title compound (34.6 mg, 27.4%) was obtainedh aghite solid using a
method similar to that &t2aexceptl5 was used as starting material.:ndj79-180 °C.
H NMR (400 MHz, DMSO-g): § 10.77 (s, 1H, carbazole NH), 10.13 (s, 1H,
NHSO,), 8.02 (d,J = 7.52 Hz, 1H, ArH), 7.68 (dl = 7.52 Hz, 2H, ArH), 7.62 (s, 1H,

ArH), 7.55 (d,J = 7.96 Hz, 1H, ArH), 7.37 (t, 1H, ArH), 7.31 @= 7.52 Hz, 2H,
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ArH), 7.13 (t, 1H, ArH), 6.77 (s, 1H, ArH), 5.30,H, CH,), 2.53 (s, 3H, oxadiazole
CHs), 2.30 (s, 3H, PhCH). **C NMR (100 MHz, DMSO-g): § 165.13, 163.08,
151.31, 143.56, 140.39, 137.55, 130.03, 129.74,3027126.33, 124.05, 123.12,
122.76, 120.70, 119.02, 112.07, 108.98, 101.97,46121.38, 10.96. HRMS (ESI
m/z calculated for &Hi1gN4O4S (M-H) : 447.11270, found 447.11215.

4.2.21
N-(4-(N-(3-((5-methyl-1,3,4-oxadiazol - 2-yl Y methoxy)-9H-car bazol - 1-yl )sul famoyl ) phe
nyl)acetamide (226

The title compound (182 mg, 52.7%) was obtaineda ashite solid using a
method similar to that dt2a exceptl5 and 4-acetamidophenylsulfonyl chloride were
used as starting materials. m.p.: 224-226'*CNMR (400 MHz, DMSO-g): ¢ 10.78
(s, 1H, carbazole NH), 10.26 (s, 1H, NHCOf{H.97 (s, 1H, SeNH), 8.03 (d,J =
7.84 Hz, 1H, ArH), 7.73-7.67 (m, 5H, ArH), 7.55 (= 8.20 Hz, 1H, ArH), 7.38 (td,
1H, ArH), 7.14 (td, 1H, ArH), 6.75 (d, = 2.32 Hz, 1H, ArH), 5.31 (s, 2H, GH 2.53
(s, 3H, oxadiazole C§), 2.04 (s, 3H, NHCOCH. **C NMR (100 MHz, DMSO-g): §
169.46, 165.15, 163.04, 151.21, 143.71, 140.45,2833129.75, 128.58, 126.46,
124.26, 122.69, 122.10, 120.76, 119.12, 118.94,081209.54, 102.75, 61.21, 24.56,
10.95. HRMS (ES) m/z calculated for GH2,NsOsS™ (M+H)": 492.13362, found
492.13362; calculated for,gH,:NsOsSK™ (M + K*): 530.08950, found 530.09093.

4.2.22
N-(3-(N-(3-((5-methyl-1,3,4-oxadiazol -2-yl )methoxy)-9H-car bazol - 1-yl ) sul famoyl ) phe
nyl)acetamide (22f)

The title compound (122.5 mg, 54%) was obtaineda ashite solid using a
method similar to that ®2a exceptl5 and 3-acetamidophenylsulfonyl chloride were
used as starting materials. m.p.: 210-212'#CNMR (400 MHz, DMSO-g): J 10.80
(s, 1H, carbazole NH), 10.23 (s, 1H, NHCO#H0.18 (s, 1H, SENH), 8.27 (s, 1H,
ArH), 8.04 (d,J = 7.84 Hz, 1H, ArH), 7.70-7.67 (m, 2H, ArH), 7.6 J = 8.16 Hz,

1H, ArH), 7.45 (d,J = 4.80 Hz, 2H, ArH), 7.39 (t, 1H, ArH), 7.14 (tH1ArH), 6.74
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(d,J =2.04 Hz, 1H, ArH), 5.31 (s, 2H, GH 2.53 (s, 3H, oxadiazole GH 2.04 (s,
3H, NHCOCH). 3C NMR (100 MHz, DMSO-¢): 6 169.29, 165.17, 163.02, 151.20,
140.47, 140.36, 140.32, 130.10, 129.88, 126.50,3024123.28, 122.66, 121.82,
121.63, 120.78, 119.13, 117.36, 112.09, 109.74,810561.15, 24.47, 10.96. HRMS
(ESI') m/z calculated for &H,oNsOsS (M-H) 490.11851, found 490.11906.

4.2.23ethyl 2-((1-(4-methyl phenyl sulfonamido)-9H-car bazol-3-yl)thio)acetate (229)

The title compound (122.5 mg, 54%) was obtaineda ashite solid using a
method similar to that &t2cexcept21 and TsCl were used as starting materials. m.p.:
150-151 °CH NMR (400 MHz, DMSO-g): § 11.10 (s, 1H, carbazoleNH), 9.94 (s,
1H, SQNH), 8.09 (d,J = 8.20 Hz, 1H, ArH), 8.07 (s, 1H, ArH), 7.64 (= 7.96 Hz,
2H, ArH), 7.59 (dJ = 8.12 Hz, 1H, ArH), 7.42 (t, 1H, ArH), 7.33 @= 7.84 Hz, 2H,
ArH), 7.18 (t, 1H, ArH), 7.00 (s, 1H, ArH), 4.03,(@= 7.08 Hz, 2H, ChiCHs), 3.58
(s, 2H, SCH), 2.33 (s, 3H, PhC#), 1.09 (tJ = 7.12 Hz, 3H, ChCHs).2*C NMR (100
MHz, DMSO-&): 6 169.69, 143.84, 140.31, 136.85, 134.70, 130.03,4%2 126.81,
124.97, 124.29, 123.03, 122.52, 122.18, 121.76,8¥2019.78, 112.17, 61.15, 38.56,
21.40, 14.40. HRMS (ESI m/z calculated for &H21N2O4S,” (M-H) @ 453.09427,
found 453.09482.

4.2.24 ethyl 2-((1-(4-acetamidophenyl sulfonamido)-9H-carbazol-3-yl)thio)acetate
(22h)

The title compound (186 mg, 49.4%) was obtaineda ashite solid using a
method similar to that d&22c except21 and 4-acetamidophenylsulfonyl chloride were
used as starting materials. m.p.: 225-226'*CNMR (400 MHz, DMSO-g): § 11.09
(s, 1H, carbazole NH), 10.26 (s, 1H, NHCO£{H.89 (s, 1H, SeNH), 8.09 (d,J =
8.08 Hz, 1H, ArH), 8.07 (s, 1H, ArH), 7.69 (t, 4ArH), 7.59 (d,J = 8.08 Hz, 1H,
ArH), 7.42 (t, 1H, ArH), 7.18 (t, 1H, ArH), 7.03,(&H, ArH), 4.02 (q,J = 7.04 Hz,
2H, CHCHs), 3.59 (s, 2H, SCh), 2.05 (s, 3H, NHCOCH), 1.07 (t,J = 7.04 Hz,
CH,CHs). *C NMR (100 MHz, DMSO-g): § 169.72, 169.43, 143.73, 140.30, 134.75,

133.16, 128.63, 126.80, 124.96, 124.43, 122.98,5122122.19, 121.80, 120.86,
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119.77, 118.86, 112.16, 61.13, 38.58, 24.57, 14B8MS (EST) m/z calculated for
C24H2:N305S;” (M-H) ~: 496.10009, found 496.10064.

4.2.252-((1-(4-methyl phenyl sulfonamido)-9H-car bazol-3-yl))thio)acetic acid (22i)

The solution o229 (89.5 mg, 0.2mmol) in THF (1 mL) was added witluaous
NaOH solution (1 N, 1 mL) dropwise. The mixture wasred at room temperature
for 0.5 hour before diluted with EtOAc (20 mL) aextracted with saturated aqueous
NaHCG; (20 mL) for 3 times. Aqueous phase was acidifieth\@N HCI till pH = 1
to allow white solid to precipitate. White precadi¢ (74.2 mg, 88.4%) was collected
by filtration and dried under infrared oven. m.p92-193 °C.*H NMR (400 MHz,
DMSO-a): 6 12.51 (s, 1H, COOH), 11.10 (s, 1H, carbazole NH),03 (s, 1H,
SO,NH), 8.08 (d,J = 7.96 Hz, 1H, ArH), 8.05 (s, 1H, ArH), 7.65 (= 7.96 Hz, 2H,
ArH), 7.58 (d,J = 7.96 Hz, 1H, ArH), 7.41 (t, 1H, ArH), 7.32 (d,= 7.96 Hz, 2H,
ArH), 7.18 (t, 1H, ArH), 7.01 (s, 1H, ArH), 3.55, (8H, SCH), 2.32 (s, 3H, PhC}).
3C NMR (100 MHz, DMSO-g): § 171.06, 143.85, 140.29, 136.82, 134.46, 130.04,
127.47, 126.76, 124.96, 123.80, 123.75, 122.18,7821121.72, 120.87, 119.70,
112.14, 38.85, 21.42. HRMS (E¥Im/z calculated for &H;7/N.0,S, (M-H):
425.06297, found 425.06352.

4.2.262-((1-(4-acetami dophenyl sulfonamido)-9H-car bazol-3-yl)thio)acetic acid (22))

The title compound (65.8 mg, 82.3%) was obtainedh aghite solid using a
method similar to that oR2i except22h was used as starting material. m.p.:
145-146 °C*H NMR (400 MHz, DMSO-g): 6 12.23 (br s, 1H, COOH), 11.09 (s, 1H,
carbazole NH), 10.26 (s, 1H, NHCOQH9.97 (br s, 1H, SENH), 8.08 (d,J = 8.00
Hz, 1H, ArH), 8.05 (s, 1H, ArH), 7.69 (s, 4H, ArHj),58 (d,J = 7.92 Hz, 1H, ArH),
7.41 (t, 1H, ArH), 7.17 (t, 1H, ArH), 7.03 (s, 1BH), 3.56 (s, 2H, ArH), 2.05 (s, 3H,
ArH). °C NMR (100 MHz, DMSO-g¢): 6 171.11, 169.45, 143.70, 140.28, 134.47,
133.20, 128.66, 126.74, 124.95, 123.84, 123.80,1822121.83, 121.66, 120.87,
119.69, 118.90, 112.13, 38.92, 24.57. HRMS (EBVz calculated for &H1gN30sS,

(M-H) ~: 468.06879, found 468.06934.
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4.2.272-((1-(4-methyl phenyl sulfonami do)-9H-car bazol - 3-yl )oxy)acetic acid (22Kk)

The title compound (58.0 mg, 81%) was obtained aghiée solid by using a
method similar to that oR2i except22a was used as the starting material. m.p.:
186-188 °C’H NMR (400 MHz, DMSO-g): 6 12.96 (br s, 1H, COOH), 10.75 (s, 1H,
carbazole NH), 10.02 (br s, 1H, NH§(8.02 (d,J = 7.80 Hz, 1H, ArH), 7.70 (dl =
7.92 Hz, 2H, ArH), 7.54 (d) = 8.12 Hz, 1H, ArH), 7.47 (s, 1H, ArH), 7.37 (tH1
ArH), 7.33 (d,J = 8.08 Hz, 2H, ArH), 7.11 (t, 1H, ArH), 6.70 (sH1ArH), 4.61 (s,
2H, CH), 2.32 (s, 3H, CH. *C NMR (100 MHz, DMSO-g): § 170.84, 151.74,
143.86, 140.42, 137.10, 130.12, 129.30, 127.36,3126124.24, 121.96, 120.76,
118.97, 112.00, 109.07, 101.75, 65.94, 21.41. HRMSI) m/z calculated for
C21H17N205S (M-H) : 409.08582, found 409.08637.

4.2.282-((1-(4-methyl phenyl sulfonami do)-9H-car bazol-3-yl )oxy)acetamide (22I)
22a(440 mg, 1 mmol) was dissolved in aqueous amm@%i%o, 18 mL) and was
stirred at room temperature for 3 hours. After catipn, ammonia and water was
removed to afford a beige solid (389.9 mg, 94.9%p.: 235-236 °C*H NMR (400
MHz, DMSO-a): ¢ 10.74 (s, 1H, carbazole NH), 10.00 (s, 1H,[SB), 8.01 (d,J =
7.76 Hz, 1H, ArH), 7.71 (d) = 8.08 Hz, 2H, ArH), 7.54 (d] = 8.08 Hz, 1H, ArH),
7.49 (d,J = 1.64 Hz, 1H, ArH), 7.41-7.31 (m, 4H, ArH), 7.2 1H, ArH), 6.84 (d,)
= 1.84 Hz, 1H, ArH), 4.39 (s, 2H, GH 2.30 (s, 3H, PhC. **C NMR (100 MHz,
DMSO-): 0 170.57, 151.74, 143.87, 140.37, 137.05, 130.12,182 127.39, 126.33,
124.19, 122.72, 122.02, 120.70, 119.03, 112.02,080901.85, 68.20, 21.41. HRMS
(EST) m/z calculated for &H;sN30,S (M-H) ~: 408.10180, found 408.10235.

4.2.29
N-(3-((1H-tetrazol-5-yl)methoxy)-9H-car bazol -1-yl)-4-methyl benzenesul fonamide
(22m)

To a sealed tub&2l (271.8 mg, 0.66 mmol), NaN651.6 mg, 9.96 mmol), Si¢l

(0.38 mL, 3.32 mmol) and dry MeCN (6 mL) were condad. The mixture was
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heated to 80 °C for 14 hours and diluted with Me(BB mL) before inorganic salts
were removed. The filtrate was concentrated andigadioy column chromatography
(silica gel, MeOH/DCM = 1/30 - 1/20) to give a wholid (179.2 mg, 62.1%). m.p.:
235-237 °CH NMR (400 MHz, DMSO-g): 6 10.79 (s, 1H, carbazole NH), 10.05 (s,
1H, SGNH), 8.04 (d,J = 7.80 Hz, 1H, ArH), 7.68 (d, 3H, ArH), 7.56 (= 8.16 Hz,
1H, ArH), 7.38 (t, 1H, ArH), 7.31 (d] = 8.08 Hz, 2H, ArH), 7.14 (t, 1H, ArH), 6.83
(d, J = 2.00 Hz, 1H, ArH), 5.46 (s, 2H, GH 2.30 (s, 3H, PhC¥. **C NMR (100
MHz, DMSO-&): ¢ 151.31, 143.91, 140.39, 136.96, 130.14, 129.41,3P2 126.47,
124.25, 122.69, 122.10, 120.77, 119.13, 112.09,200902.31, 60.87, 21.41. HRMS
(ESI m/z calculated for &GHigNgO3S™ M™: 434.11556, found 434.11556;
Co1H1gNsOsSK' (M + K*): 473.07927, found 473.08103.

4.2.30
N-(3-(2-hydrazi nyl-2-oxoethoxy)-9H-car bazol - 1-yl)-4-methyl benzenesul fonamide
(22n)

22a(943.4, 2.15 mmol) and hydrazine hydrate (1.05 BO.wt%) were refluxed
in EtOH (13 mL) until solid was dissolved. The d@n was cooled to room
temperature to generate white precipitate (758.2 88¢)%) which was collected by
filtration, washed with cold EtOH and dried in segae. m.p.: 167-168 °CH NMR
(400 MHz, DMSO-g@): 6 10.73 (s, 1H, carbazole NH), 10.01 (s, 1H,SB), 9.39 (s,
1H, CONHNH), 8.01 (dJ=7.72 Hz, 1H, ArH), 7.71 (dl = 7.96 Hz, 2H, ArH), 7.54
(d, J = 8.12 Hz, 1H, ArH), 7.49 (s, 1H, ArH), 7.37 (H1ArH), 7.33 (d,J = 7.92 Hz,
2H, ArH), 7.12 (t, 1H, ArH), 6.84 (s, 1H, ArH), &4(s, 2H, CH), 4.36 (s, 2H,
CONHNH,), 2.31 (s, 3H, PhCH). **C NMR (100 MHz, DMSO-g): § 167.17, 151.81,
143.86, 140.35, 137.07, 130.13, 129.15, 127.38,3P26124.14, 122.73, 122.02,
120.70, 119.01, 112.03, 109.22, 101.61, 67.72,121.4

4.2.31
N-(3-((5-amino-1,3,4-oxadiazol -2-yl )methoxy)-9H-car bazol - 1-yl)-4-methyl benzenesul

fonamide (220
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To a suspension @&2n (422.1 mg, 1 mmol) in EtOH (10 mL), BrCN (121.0 ,mg
1.2 mmol) was added, and the mixture was refluxed3fhours before solvent was
removed. The residue was purified by column chrograiphy (acetone / DCM = 1/4
- 1/2) to obtain a white solid (102 mg, 22.8%). m157-158 °C*H NMR (400 MHz,
DMSO-as): 6 10.79 (s, 1H, carbazole_ NH), 10.02 (s, 1H,,88), 8.02 (d,J = 7.20
Hz, 1H, ArH), 7.68 (t, 3H, ArH), 7.55 (d, = 7.64 Hz, 1H, ArH), 7.38 (t, 1H, ArH),
7.32 (d,J = 7.08 Hz, 2H, ArH), 7.20 (s, 2H, NH 7.14 (t, 1H, ArH), 6.74 (s, 1H,
ArH), 5.11 (s, 2H, Ch), 2.30 (s, 3H, PhC¥. **C NMR (100 MHz, DMSO-g): ¢
164.90, 155.93, 151.26, 143.90, 140.41, 136.95,1430129.51, 127.37, 126.45,
124.26, 122.69, 122.05, 120.74, 119.11, 112.08,3409.02.54, 61.17, 21.41. HRMS
(ESI) m/z calculated for &H,oNsO,S"(M+H)™: 450.12305, found 450.12305;
C2oH190Ns04SNa (M + Na'): 472.10500, found 472.1048854810N50,SK” (M + K*)
488.07893, found 488.07883.

4.2.32 ethyl 2-((1-(4-methyl phenyl sulfonamido)-9H-car bazol-3-yl)sulfonyl)acetate
(22p)

To a solution of22g (100.3 mg, 0.22 mmol) in acetone (4 mL) was added
agueous solution of oxone (700.4 mg, 1.1 mmol). ireure was stirred at room
temperature overnight before white suspension vitaseld, washed with water and
dried. The solid collected was purified by colunimmamatography (acetone/PE = 1/3)
to obtain a white solid (52.7 mg, 49.3%). m.p.: 232 °C.*H NMR (400 MHz,
DMSO-d): § 11.66 (s, 1H, carbazole NH), 10.17 (s, 1H,8B), 8.55 (d,J = 1.52
Hz, 1H, ArH), 8.26 (dJ) = 7.84 Hz, 1H, ArH), 7.68 (dl = 8.20 Hz, 1H, ArH), 7.64
(d, J = 8.28 Hz, 2H, ArH), 7.52 (td, 1H, ArH), 7.37 @z= 1.64 Hz, 1H, ArH), 7.34
(d, J = 8.00 Hz, 2H, ArH), 7.29 (td, 1H, ArH), 4.35 @&, SQCH,), 3.98 (q,J =
7.12 Hz, 2H, CHCHs), 2.32 (s, 3H, PhCH), 0.97 (t,J = 7.12 Hz, 3H, ChCHs). 1°C
NMR (100 MHz, DMSO-@): ¢ 162.96, 144.09, 140.79, 137.98, 136.45, 130.10,
129.07, 127.73, 127.52, 124.15, 122.53, 121.60,3¥721120.81, 119.85, 119.39,
112.67, 61.85, 61.32, 21.40, 14.09. HRMS (E&1/z calculated for &H21N206S,

(M-H) ": 485.08410, found 485.08465.
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4.2.33  2-((1-(4-methyl phenyl sulfonamido)-9H-car bazol -3-yl)sulfonyl )acetic  acid
(229)

The title compound (94.6 mg, 87.7%) was obtained aghite solid by using a
method similar to that o2i except22p was used as the starting material. m.p.:
242-243 °CH NMR (400 MHz, DMSO-g): 6 11.78 (s, 1H, carbazole NH), 10.37 (s,
1H, SOQNH), 8.54 (s, 1H, ArH), 8.22 (d] = 7.80 Hz, 1H, ArH), 7.65-7.63 (m, 3H,
ArH), 7.48 (t, 1H, ArH), 7.43 (d] = 1.64 Hz, 1H, ArH), 7.30-7.24 (m, 3H, ArH), 4.19
(s, 2H, SGCH,), 2.29 (s, 3H, PhCH. **C NMR (100 MHz, DMSO-g): 5 164.58,
143.97, 140.78, 137.81, 136.56, 130.04, 129.82,5827127.52, 123.99, 122.56,
121.66, 121.29, 120.64, 119.57, 119.40, 112.60006221.39. HRMS (ES) m/z
calculated for @H;1/N.OsS,” (M-H) ~: 457.05280, found 457.05335.

4.3 Kinase Binding Assay

Compounds binding affinity with phosphorylated MEKIMEK1) was performed
by using homogeneous time resolved fluorescenc&kfassay in Proxiplate-384 F
plus solid back plate (PerkinElmer) with 5 nM GSEKILL active (M02-10G)
obtained from SignalChem, 2 nM Eu-anti-GST (Inwgea: PV5594), 20 nM kinase
tracer 236 (Invitrogen: PV5592) and test compound aariety of concentrations. In
the reaction mixture, GST-MEK1 forms a complex witle Eu-anti-GST and the
tracer. Excitation of europium (the donor) by usan40-nm excitation filter results
in energy transfer to the fluorophore of the traddris energy transfer is detected by
an increase in the fluorescence emission of tleetrat 665 nm and a decrease in the
fluorescence emission of europium at 615 nm. Th&FRatio was calculated by
dividing the emission signal at 665 nm by the emirsssignal at 615 nm. A
competitor compound such as a MEK inhibitor repdattes tracer from the complex
and decreases the FRET ratio accordingly. The plate incubated in dark at room
temperature for 30, 60 and 90 minutes before mewgtine fluorescent emission of
each well at 665 and 615 nm by using a 340-nm a&txait filter, 100us delay time,

and 200gs integration time, on a PHERAStar plate reader @BMabtech, Durham,
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NC). AZD6244 (Selumetinib) was used as the positmeatrol with 100.00% + 1.45%
inhibition at 100uM. The binding affinities of compounds at gM and 2uM were
determined. Similar experiment was repeated thneest Data shown as % Inhibition
normalized to AZD6244 at 10QM. %lnhibition = 100% (DMSO-chemical)/
(DMSO-AZD6244 at 10QiM).

4.4 MEK-ERK Cascading Assay

The inhibitory effect of compounds on pMEK1 wastéesby using homogeneous
time resolved fluorescencéHTRF) method in which pMEK1 phosphorylates
GST-labeled ERK2 directly and after the detectiogagent is added, the
phosphorylated ERK2 forms a complex with specificl&beled anti-phospho p44/42
MAPK (Thr202/Tyr204) antibody and anti-GSTXL665. pMEK1 inhibitor which
inhibits the phosphorylation of ERK2 decreasesHfi&F ratio accordingly.

Constitutively, active MEK1 (GST-MEK1, 0.4 nd/, Carna Biosciences) was
incubated with 40 nM inactive ERK2 (Invitrogen: P3431), 30 uM ATP,
1xenzymatic buffer, 10 mM Mggll mM DTT and test compound at a variety of
concentrations. The kinase assay was carried o fimurs at room temperature and
was terminated by the addition of 26 nM Anti-GST©€5, 5 uL Anti-Phospho
p44/42 MAPK (Thr202/Tyr204)-Cryptate (Cisbio). Aft& h of incubation, time
resolved fluorescence signal was measured by &téan 3 plate reader (Molecular
Devices). The inhibition effects of compounds athb@0 uM and 2 uM were
determined as primary result and thesg.Cwere determined at 6 independent
concentrations ranging from 5 to 1pM. Each of the experiment was repeated three
times and the calculated average value was repasethe final result. The %
inhibition was calculated using equation (1) anyl {the result of positive control

U0126 was consistent with previous publicafiin

_signal value at 688 nm ( )

signal value at 620 nm

T Rpositivecontrol — Rblankcontrol) — (Rcompound — Rcompound control
% Inhibition=22 ) — (Reomp P )% 100% (2)

(Rpositivecontrol — Rblankcontrol)
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4.5 RAF-MEK Cascading Assay

The inhibition effect of tested compounds on unphosylated MEK1
(npMEK1) was detected in RAF-MEK cascading assayisigg HTRF method with
7 nM constitutively active BRAF (Carna), 40 nM itise GST-MEK1 (07-141-10)
(Carna), 10QuM ATP, 1xenzymatic buffer, 10 mM Mggll mM DTT and the test
compound at a variety of concentrations. The kiressay was carried out for 2 hs at
RT and was terminated by the addition of 26 nM ABST-XL665 and 5uL
Anti-Phospho MEK1/2 (Ser217/221)-Cryptate (Cisbidfter 3 hs, time-resolved
fluorescence signal was read by using FlexStatiguiaBe reader. The calculation
method of %inhibition in this assay is similar taat of MEK-ERK cascading assay.
The inhibition effects of compounds at g®P1 or 2 uM were measured and thesiS
were determined at 6 independent concentrationgirrgrfrom 2.5 to 8QuM. Each
experiment was repeated three times and the ctddudeverage value was reported as

the final result.
4.6 ATP competition assay
BRaf-MEK1 cascading assay were carried out in @gldL active BRaf, 30 nM

inactive MEK1 and various concentrations of teshpound in the presence of two
different concentrations of ATP (1QM and 300uM). The other procedures were
same to that of the BRaf-MEK1 cascading assay.
4.7 Cell Viability Assay

The cell viability assays were performed with thenkdn Embryonic Kidney 293
cells (HEK293), human non-small cell lung cancdl loge A549, human melanoma
cell line A375, and human acute promyelocytic leualkecell line HL60, which were
purchased from the Cell Bank of the Shanghai unstiof Cell Biology. The HEK293
and A375 cells were cultured in DMEM medium. The485cells were cultured in
1640 medium. The HL60 cells were cultured in IMDMeaium. The media was
supplemented with 10% fetal bovine serum (FBS), @lils/mL penicillin, and 100
units/mL streptomycin (Invitrogen). The cells wensaintained at 3T in a
humidified environment with 5% COThe cell viability was determined by using the

CellTiter GI&® luminescentcell viability assay kit (Promega). ey, the cells were
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seeded into 384-well plates at an initial densfty@00 cells/well in 5Q.L of medium.
Then, the cells were treated with compounds atingrgoncentrations. The inhibition
effects of compounds at 106M or 50 uM were measured and the siS were
determined at 9 independent concentrations ranfiogy 0.39 uM to 100 uM.
Staurosporine (SigmaeAldrich, catalog No. S4400% wsed as a positive control.
After incubation for 72 h, 2QL of CellTiter GId® reagent was added and luminescent
signals were read on a VeriScan reader (ThermoF&tientific). The 1Go value was
calculated from the curves generated by plotting plercentage of the viable cells

versus test concentrations on a logarithmic scsiteguOrigin 9.1 software.

Acknowledgments

This work was supported by the National NaturakeSce Foundation of China
(21172012), Beijing Municipal Natural Science Foamon (7162110), and
Austrian Science Fund FWF project S10711 (NFN “Brdgom nature targeting
inflammation”). We also appreciate Austrian Ageifiay International Cooperation in

Education and Research (OAD) to support the cotitms between these two labs.

Conflict of interest

The authors confirm that this article has no cotdliof interest.

References

[1] Robinson, M.J, an@obb M. H. Mitogen-activated protein kinase pathsv&urr.
Opin. Cell Biol. 9 (1997) 180-186.

[2] Cargnello M, and Roux PP., Activation and fuaot of the MAPKs and their
substrates, the MAPK-activated protein kinagles.obiol Mol Biol Rev. 75 (2011):
50-83.

[3] James A. McCubrey, Linda S. Steelman, WilliamGhappellet al., Roles of the
Raf/MEK/ERK pathway in cell growth, malignant trémsnation and drug resistance,
Biochim Biophys Acta., 1773 (2007): 1263-1284.

[4] Roberts, P. J. and Der, C. J., Targeting thé-NRaK-ERK mitogen-activated
protein kinase cascade for the treatment of cafreogene, 26 (2007), 3291-3310.

40/45



[5] Davies, H., Bignell GR, Cox C, Stephens P, BgkiS, et al. Mutations of
the BRAF gene in human canclature, 417 (2002), 949-954.

[6] Cantwell-Dorris, E. R.,O'Leary, J. J.and 3ei O. M., BRAFV600E:
implications for carcinogenesis and molecular tpheri®ol. Cancer Ther. 10
(2011), 385-394.

[7] Ahmed A. Samatarand Poulikos I. Poulikakos g&ing RAS-ERK signalling in
cancer: promises and challengdature Reviews Drug Discovery, 13 (2014), 928—
942

[8]https://www.accessdata.fda.gov/drugsatfda_dalzs013/2041140rig1sO00Appr
ov.pdf

[9]http://www.accessdata.fda.gov/drugsatfda_dobsil2015/206192s000Ibl.pdf

[10]https://www.accessdata.fda.gov/drugsatfda chazg2018/2104980rig1s000App
rov.pdf

[11]http://www.fdanews.com/articles/176690-fda-aslsazs-selumetinib-orphan-dru
g-status

[12] Roskoski, R. Jr. ERK1/2 MAP kinases: structufenction, and regulation.
Pharmacol. Res. 66 (2012), 105-143.

[13] Price, S. Putative allosteric MEK1 and MEKiipitors. Expert Opin. Ther. Pat.
18 (2008), 603—-627.

[14] Ohren, J.F., Chen H, Pavlovsky A, Whiteheacda@ Zhang E, et al. Structures
of human MAP kinase kinase 1 (MEK1) and MEK2 ddsemovel noncompetitive
kinase inhibitionNat. Sruct. Mol. Biol. 11 (2004), 1192-1197.

[15] Liang, H, Liu T, Chen F, Liu Z, and Liu S. Aulf-length 3D structure for
MAPK/ERK kinase 2 (MEK2)ci. China Life Sci. 54 (2011), 336—-341.

[16] Robert A. Heald, P. Jackson, and Pascal S#vgl.,, Discovery of Novel
Allosteric Mitogen-Activated Protein Kinase Kina@4EK) 1,2 Inhibitors Possessing
Bidentate Ser212 InteractionsMed. Chem., 55 (2012), 4594-4604

[17] Trujillo, J.I. MEK inhibitors: a patent revie@008—2010Expert Opin. Ther. Pat.
21 (2011), 1045-1069.

[18] Peng Wu, Mads H. Clausen, and Thomas E. NielsAllosteric
small-molecule kinase inhibitorBharmacol Ther. 156 (2015): 59-68.

41/45



[19] Duncia, J. V., Santella J&°, Higley CA, Pitts WJ, and Wityak J, et al.
MEK inhibitors: the chemistry and biological activibf U0126, its analogs,
and cyclization product®ioorg. Med. Chem. Lett., 8 (1998), 283%4.

[20] Redwan, I.N., Dyrager, C., Solano, C., Ferrémde Troconiz, G., and Voisin, L.,
et al. Towards the development ofchromone-basedMEKiodulators Eur J Med
Chem, 85 (2014), 127-138.

[21] Ishii, N., Harada N, Joseph EW, Ohara K, andr T, et al. Enhanced inhibition
of ERK signaling by a novel allosteric MEK inhibifdCH5126766, that suppresses
feedback reactivation of RAF activitgancer Res. 73 (2013), 4050—-4060

[22] Daouti, SHiggins B, Kolinsky K, Packman K, and Wang H, ePagclinical In
vivo Evaluation of Efficacy, Pharmacokinetics, aRdlarmacodynamics of a Novel
MEK1/2 Kinase Inhibitor RO5068760 in Multiple Tumbtodels.Mol. Cancer Ther.,

9 (2010), 134-144

[23] Daouti, S., Wang H, Li WH, Higgins B, and Kolinsky K, et al. @facterization
of a Novel Mitogen-Activated Protein Kinase Kinas® Inhibitor with a Unique
Mechanism of Action for Cancer Thera@ancer Res. 69 (2009), 1924-1932

[24] Lito P, Saborowski A, Yue J, Solomon M, andsdph E, et al. Disruption of
CRAF-mediated MEK activation is required for efiget MEK inhibition in KRAS
mutant tumorsCancer Cell, 25 (2014): 697-710.

[25] http://www.rcsb.org/pdb/home/home.do

[26] Spicer JA, Rewcastle GW, Kaufman MD, Black &hd Plummer MS, et al.,
4-anilino-5-carboxamido-2-pyridone derivatives ascompetitive inhibitors of mito
gen-activatedprotein kinase kinadeMed. Chem. 50 (2007): 5090-10

[27] Ohren, J.F., Chen, H., Pavlovsky, A., Whitahe&., and Zhang, E., et al.,
Structures of human MAP kinase kinase 1 (MEK1) aMBK2 describe novel
noncompetitive kinase inhibitiorNat. Sruct. Mol. Biol., 11 (2004): 1192-1197

[28] Tecle, H., Shao, J., Li, Y., Kothe, M., and Zfairski, S., et al., Beyond the
MEK-pocket: can current MEK kinase inhibitors bdizgd to synthesize novel type
[l NCKls? Does the MEK-pocket exist in kinases extthan MEK?Bioorg. Med.
Chem. Lett., 19 (2009): 226-229

[29] Isshiki, Y., Kohchi, Y., likura, H., Matsubar&'., and Asoh, K., et al., Design
and synthesis of novel allosteric MEK inhibitor C38¥655 as an orally available
anticancer agentBioorg. Med. Chem. Lett., 21 (2011): 1795-1801

[30] Iverson, C., Larson, G., Lai, C.,Yeh, L.Tnda Dadson, C.,et al.,
RDEA119/BAY 869766: a potent, selective, allostanhibitor of MEK1/2 for the
treatment of cancerGancer Res., 69 (2009): 6839-6847

42 /45



[31] Wallace, M.B., Adams, M.E., Kanouni, T., M@&,D., and Dougan, D.R., et al.,
Structure-based design and synthesis of pyrroleateres as MEK inhibitorsBioorg.
Med. Chem. Lett., 20 (2010): 4156-4158

[32] Warmus, J.S., Flamme, C., Zhang, L.Y., Bayr&t, and Bridges, A., et al.,
2-Alkylamino- and alkoxy-substituted 2-amino-1,3¥adiazoles-O-Alkyl

benzohydroxamate esters replacements retain theedlashibition and selectivity
against MEK (MAP ERK kinase)Bioorg. Med. Chem. Lett. 18 (2008): 6171-6174

[33] Dong, Q., Dougan, D.R., Gong, X., Halkowycz, &d Jin, B., et al., Discovery
of TAK-733, a potent and selective MEK allostenie snhibitor for the treatment of
cancer.Bioorg. Med. Chem. Lett., 21 (2011): 1315-1319

[34] Fischmann, T.O., Smith, C.K., Mayhood, T.W.yéis, J.E., and Reichert, P., et
al., Crystal Structures of MEK1 Binary and Tern@gymplexes with Nucleotides and
Inhibitors.,Biochemistry, 48 (2009): 2661-2674

[35] Wolber, G.; Langer, T.;LigandScout: 3-D Phagophores Derived from
Protein-Bound Ligands and Their Use as Virtual 8cheg FiltersJ. Chem. Inf.
Model; 45 (2005); 160-1609.

[36] https://www.ebi.ac.uk/chembldb/index.php/

[37] Lawrence, H., Ge Y, Sebti SM, and Guida W.ptBasome inhibitors having
chymotrypsin-like activity. W0O2010102286A2 (2010).

[38] Abulwerdi, F. A., Liao C,Mady AS, Gavin J,and Shen C, et al
3-Substituted-N-(4-hydroxynaphthalen-1-yl) arylemédmides as a novel class of
selective Mcl-1 inhibitors: structure-based desiggnthesis, SAR, and biological
evaluationJ. Med. Chem. 57 (2014), 4111-4133.

[39] Liu, P, Niu Y, Wang C, Sun Q, and Ping X.et al
4-0Ox0-1,4-dihydro-quinoline-3-carboxamides as BACE-inhibitors:Synthesis,
biological evaluation and docking studi&sr. J. Med. Chem. 79 (2014), 413-421.

[40] Innis, R. B. etal. Carazolol, an extremelygmf3-adrenergic blocker: Binding to
B-receptors in brain membranésfe Sci., 24 (1979), 2255-2264.

[41] Warmus, J. S., Flamme C, Zhang LY, Barrettail®] Bridges A, et al.
2-Alkylamino-and alkoxy-substituted 2-amino-1,3, oxXadiazoles-O-Alkyl
benzohydroxamate esters replacements retain theedlashibition and selectivity
against MEK (MAP ERK kinaseBioorg. Med. Chem. Lett. 18 (2008), 6171-6174.

[42] Ge, Y., Kazi A, Marsilio F, Luo Y, and Lawree HR et al. Discovery and
synthesis of hydronaphthoquinones as novel proteasohibitors.J. Med. Chem. 55
(2012), 1978-1998.

43/45



[43] Taylor M G, Klenke B, Suzdak P D, and MazhRri Cardiotonic compounds
with inhibitory activity against beta-adrenergicceptors and phosphodiesterase.
W02006060122A3 (2006).

[44] Matsuo K., and Ishida, S, Synthesis of murgayaone-A.Chem. Pharm. Bull.
42 (1994), 1325-1327.

[45] Juyou Lu, Haijun Yang, Yunhe Jin, and Hua &wual., Easy conjugations between
molecules via copper-catalyzed reactions of ortlooratic diamines with ketones.
Green Chem. 15 (2013), 3184-3187.

[46] Harden F A, Quinn R J, and Scamells P J, S3githand adenosine receptor
affinity of a series of pyrazolo [3, 4-d] pyrimigiranalogs of 1-methylisoguanoside.
Med. Chem., 34 (1991), 2892-2898.

[47] Siddalingamurthy E, Eranna M, Kittappa M, Mgati J N, and Harishkumar H
N, Mild, efficient Fischer indole synthesis using £ 6-trichloro-1, 3, 5-triazine
(TCT). Tetrahedron Lett., 54 (2013), 5591-5596.

[48] Kahraman, M, Borchardt A J, Davis R L, Noble A and Malecha J W,
Carbazole inhibitors of histamine receptors for theatment of disease.
US8080566B1 (2011).

[49] Lee, K.,Lee J H, Shanthaveerappa K B, Jin Xuejun and Leé& &t al.
(Aryloxyacetylamino)benzoic acid analogues: a nelass of hypoxia-inducible
factor-1 inhibitorsJ. Med. Chem. 50 (2007), 1675-1684.

[50] Pipik B, Ho G J, Williams J M, and Conlon D A,Preferred Synthesis of 1, 2,
4-Oxadiazoles. Syn.Comm. 34 (2004), 1863-1870.

[51] Sugane T, Tobe T, Hamaguchi W, Shimada I, aéno K, et al., Synthesis and
biological evaluation of 3-biphenyl-4-yl-4-phenyH4l, 2, 4-triazoles as novel
glycine transporter 1 inhibitord. Med. Chem. 54 (2010), 387-391

[52] Dai Q, Xie X,Xu S,Ma D,and She X, et al.,otdl syntheses of
tardioxopiperazine A, isoechinulin A, and varieaoloC. Org. Lett. 13 (2011),
2302-2305.

[53] Itoh T and Mase T, A general palladium-catalyz coupling of aryl
bromides/triflates and thiol€rg. Lett. 6 (2004), 4587-4590.

[54] Wagner H, Langkopf E, Eckhardt M, Streicher &Rd Pautsch A, et al.
Arylsulphonyglycine derivatives as suppressors loé tinteraction of glycogen
phosphorylase a with the gl subunit of glycogerseaisged protein phosphatase 1 (ppl)
for the treatment of metabolic disorders, partiouldiabetes. WO2008113760A2,
(2008).

44 /45



[55] Rai G, Joshi N, Perry S, Yasgar A, and MajobelJ, et al. Discovery of potent
and selective inhibitors of human reticulocyte td®xygenase-1J. Med. Chem. 53
(2010), 7392-7404.

[56] S.R. Fabienne Saab, Jean-Yves Mérour, Val&@méteau, and Francoise
Schoentgen. Comparison of the efficiencies of tWRFRET methods to detect in
vitro natural and synthesized inhibitorsof the REK/ERK signaling pathwaylint

J High Throughput Screen., 1 (2010), 81-98.

45/ 45



Highlights

A collection of structure-based pharmacophore model of

alosteric MEK 1 inhibitor was constructed

e Two out of the 13 virtual hits were found active to inhibit
Raf-MEK cascading

e One of the hit compound (M100) was synthesized and
optimized to increase potency and to reduce cytotoxicity

e The acquired carbazole derivatives were novel in structure as

alosteric MEK inhibitor

e The binding modes were analyzed by docking study



