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ABSTRACT.

The mitogen-activated protein kinase (MAP) kinas¢MKK4) was found to be a major
regulator of liver regeneration and could be a able drug target addressing liver related
diseases by restoring its intrinsic regenerativpacdy. We report on the synthesis and
optimization of novel MKK4 inhibitors following aatget-hopping strategy from the FDA-
approved BRAFE®F inhibitor PLX4032 8). Applying an iterative multi-parameter
optimization process we carved out essential stratteatures yielding in compounds with a
low nanomolar affinity for MKK4 and excellent seleftity profiles against the main off-
targets MKK7 and JNK1, which, upon relevant inhdnt would totally abrogate the pro-
regenerative effect of MKK4 inhibition, as well against the off-targets MAP4K5, ZAK and
BRAF with selectivity factors ranging from 40 — 480 our best-balanced compourndand

73.

INTRODUCTION.

The liver harbors an enormous regenerative capatitgsponse to injury, but after chronic
liver damage this regenerative ability can collapgié a mostly fatal outcome for the patient.
Driven by obesity and metabolic syndrome, non-adtichfatty liver disease (NAFLD)

including its progressive form, non-alcoholic stdegtpatitis (NASH), belong to the major

health issues in industrialized countries affectiregarly 2 billion people worldwide [1,2].



While viral infection can be cured with antiviralugjs, the treatment of NASH is limited to
drastic lifestyle changes and prevention [3]. Basedthe medical need for treatment of
NASH or its prevention, several therapeutic congepire currently under clinical
investigation. Most of these candidates addrestbksiied metabolic disease targets such as
subtypes of peroxisome proliferator-activated rémesp(elafibranor &/6, lanifibranor &/y/s,

or saroglitazar fo/y), the farnesoid x receptor (obeticholic acid, fel@r or tropifexor),

acetyl-CoA carboxylase (firsocostat) and others.

Wistefeldet al identified mitogen-activated protein (MAP) kindsease 4 (MKK4) as a
key promotor for liver regeneration with beneficieffects on hepatocyte regeneration,
robustness, fibrosis and Fas-mediated apoptosisdd]the molecular level, silencing of
MKK4 via shRNA results in increased signaling thghuapoptosis signal-regulating kinase 1
(ASK1) and mitogen activated protein (MAP) kinasdse 7 (MKK7) and thus yielding in
higher phosphorylation of c-Jun-N-terminal kinas€JNK1). Thereby, phosphorylation of
ETS transcription factor (ELK1) and activating tsaription factor 2 (ATF2) is intensified,
which leads to a reinforced hepatocyte proliferatibue to the involved signaling network

MKK7 and JNK1 have to be considered as major offdts (sed-igure 1).

Stress
- MAP3K ASK1
) . h

I >R

AN
) @® &
LN N
Jun ) P@ P\Eg() HsP27

Figure 1. Schematic visualization of signal transductionorupMKK4 silencing modified from

Wistefeldet al.[4].



Since MKKA4 plays a pivotal role in cell growth, /@ifentiation and inflammation processes
this kinase could represent a valuable drug tdayedifferent diseases [5-Mlowever, only a
handful of inhibitors are published until now (ségure 2). Bayer published MKK4 and
MKK?7 inhibitors based on-pyrimido[4,5b]indol-6-ol scaffold { and2) with 1Cso values
below 1 uM [8,9]. Also, natural products like issofbnes (THIF3) show inhibitory potency
towards MKK4 but with lacking selectivity [10]. Rewtly, Deibler et al published
arylindazoles showing a great selectivity profilghm the MAP2-kinase family and low
nanomolar 1G, range (exemplary) [11,12]. These structures were deduced from known

MKK4 inhibitors like pazopanib4), PLX4720 b) and LY3335316).

Figure 2. Published inhibitors for MKK4. Top: published MKKMKK7 dual-inhibitors (
and 2) and THIF B) by Kim et al; bottom: inhibitors with off-target-inhibition foMKK4

used by Deibleet al for in silico design of novel small molecules.

In this work, we describe the optimization proces8, an approved v-Raf murine sarcoma
viral oncogene homolog B1 (BRA® kinase inhibitor for the treatment of malignant
melanoma, towards a high affine and selective MK#&Hibitor. Initially we tested8 and

compounddl and2 on a panel of important off-targets, namely BRAFMEK kinase kinase



5 (MAP4K5), sterile alpha motif and leucine zippmmtaining kinase (ZAK), MKK7 and
JNK1 regarding their binding affinities. Among othdAP4 and MAP3 kinases upstream of
JNK both MAP4K5 and ZAK are known activators of JNKherefore, to achieve a beneficial
pharmacological effect as obtained with shRNA-mediaMKK4-suppression, the small
molecule MKK4 inhibitor should exhibit sufficienekectivity against MAP4K5 and ZAK
[13]. Therefore, hit optimization included the deteation of the affinity to all known
potential off-targets employing the KINOMEscan teclogy by Eurofins DiscoverX.
Binding affinities are given as percentage of anntPOC) values. In the assay, the
compounds compete with a proprietary immobilizedtikinase inhibitor for the binding site
of the DNA-tagged kinase. The readout is via quaiwe PCR and the POC is calculated
from the DMSO control. So, a POC of 0 is equal tcoaplete displacement of the ligand
from the kinase (complete binding) and a POC of isGfgual to no binding of the compound
to the kinase [14].

Table 1.Initial testing ofl, 2 and8 as potential starting points for further optimiaat

OH OH
H
):NH P O OH ¢
N
Py :j NS O
NT N kN/ N

1 2 8
No. BRAF MAP4K5 MKK4 MKK7 JNK1 ZAK
% Ctrl at 100 nM
1 91 95 100 100 88 81
2 82 92 48 100 80 84
8 16 48 14 100 94 5.3

®Binding affinities from KINOMEscan assay at a compd concentration of 100 nM.
Values are shown as POC determined in duplicate.

RESULTS AND DISCUSSION.



Biological evaluation. In the following all structural features 8f (sulfonamide residue,
substitution of the moiety in 5 position of the isxile and substitution pattern of the difluoro
phenyl part) will be analyzed successively takiffgndy and selectivity towards all before
mentioned off-targets, as well as MKK4 into accouwhile maintaining the azaindole
scaffold.

Modification of the sulfonamide. At first, we evaluated the role of the sulfonamidsidue
of 8 with regards to affinity and selectivity towardsKiK4. The substitution of the
sulfonamide by an amide eliminates the affinity &osls MKK4 (entry9, Table 2).

Table 2.Investigations on the sulfonamide structural eletsien

No. | R BRAF MAP4K5 MKK4  MKK7 INK1 ZAK
% Ctrl at 100 nM

Q.o

8 -8 16 48 14 100 94 5.3
D)
(0]

9 FSPNN 82 91 100 94 61 78
H

®Binding affinities from KINOMEscan assay at a compd concentration of 100 nM.
Values are shown as POC determined in duplicate.

The propyl sulfonamide chain Biwas optimized for a unique pocket in the BRAF figmi
[15]. We speculated that modifications of this progide chain would increase selectivity,
especially over BRAF. Therefore, chain lengthspaatic modifications and incorporation of
polar heteroatoms were examined on their bindifigcef to MKK4. We started by varying
the length of the alkyl chains from methyl to hexybpecially for BRAF, we could observe
an effect on the structure-activity-relationshipitiWaltering the propyl chain, the binding

affinity drops dramatically from POC 16 to at [e&% on BRAF (entried0 — 14 Table 3.



Regarding MKK4, the propyl chain exhibits the highaffinity and modifications thereof are
more tolerated as for BRAF, while the hexyl moietythe least tolerated larger side chain.
Fluorination of the propyl sidechain gave varyingsults. MKK4 affinity of the
monofluorinated compount5 is comparable t8, but selectivity against BRAF and ZAK is
reduced. The trifluoro compound6 in contrast, showed a highly increased affinity fo
MKK4, while the affinity for BRAF dropped by factd. Polar modifications such as the
methoxyethyl chain (entr{7, Table 3) were not well tolerated by MKK4. To install a kidr
residue, we attached a phenyl ring to the sulfodamiith variation in spacer length (n = 0 —
2, entriesl8 — 2Q Table 3). Compared t@® the affinity towards MKK4 increased by a factor
of 2 for the benzyl groupl@) and 4 for the phenyl groudq), respectively. The ethylene
linker (20) led to a loss in affinity to MKK4. Compountl9 showed improved affinity
(POC™“ = 5.9) and the best selectivity profile among éhesodifications. Whether
substitution of the benzyl moiety has a further actpon selectivity, this modification was
investigated more detailed with compouritds — 25 Fluorine was chosen as substituent to
further increase affinity according 1& and16, but no striking effect could be observed. Even
though?21, 24 and25 showed a higher selectivity against ZAK, the af§irfor MKK4 was
lower compared to the unsubstituted compoil@dlust23 has a comparable profile 1.

Table 3.Scope of sulfonamide substitution patterns.

No. R BRAF  MAP4K5 MKK4 MKK7 JNK1 ZAK

% Ctrl at 100 nM

10 A 93 63 32 87 100 2.6




11 Ao 93 82 43 89 100 8.3
8 A~ 16 48 14 100 94 5.3
12 S 89 75 23 100 100 29
13 PN 96 98 29 89 100 55
14 J NN 96 99 45 81 100 73
15 N 6.6 80 10 100 95 1.4
16 A gE 32 54 2.8 100 100 35
F
17 Ao~ 91 100 47 75 100 58
18 /\© 22 83 3.3 83 100 4.9
19 /\/© 100 94 5.9 100 100 30
20 /\/\© 99 100 24 97 100 53
F
21 /\/© 95 n.d. 15 100 100 61
F
22 /\/@ 100 n.d. 13 99 97 36
F
23 /\;© 100 n.d. 6 97 100 23
24 /4/©/ 100 n.d. 19 90 99 87
25 /\/© 100 n.d. 16 100 100 64

®Binding affinities from KINOMEscan assay at a compd concentration of 100 nM.
Values are shown as POC determined in duplicatles mot determinded.



Variation of the phenyl ring in position 5 of the aaindole core.The impact of the
moiety in position 5 of the azaindole 8fregarding binding affinity and selectivity was
further examined. Initially, the 4-chlorophenyl ratyi of 8, was replaced with a phenyl ring
(26) and the corresponding isosteric alky@&)( Furthermore, 2-furyl-28) and 2-thiophenyl
(29) compounds were prepared (Jeble 4).

Table 4.Isosteric replacement of the 4-chlorophenyl paf.of

No. R BRAF  MAP4K5 MKK4 MKK7  JINKL  ZAK
% Ctrl at 100 nM
Cl

8 \©\/ 16 48 14 100 94 5.3

26 ©\/ 21 29 2.9 100 81 05
A

27 \/ 8.2 89 11 100 84 14
/7

28 . 9 78 73 95 94 21
a

29 . 13 48 45 08 100 2.9

®Binding affinities from KINOMEscan assay at a compd concentration of 100 nM.
Values are shown as POC determined in duplicate.

The unsubstituted isosteric derivative6 — 29 are showing higher affinity values for
MKK4 compared to8. Therefore, we further investigated the substtutpattern of the
phenyl moiety in the 5 position of the azainddlalgle 5). First, we elaborated the effect of
monosubstituted derivatives and proceeded wittawid trisubstitution to combine beneficial

moieties of each optimization cycle. Altering sufogints in thepara{osition of the 5-phenyl



moiety increases the affinity towards MKK4 whenarie is substituted by fluorine, methyl
or a methoxy group (entrie32, 35 and 38, Table 5. Among the regioisomeric mono-
substitution patterns thaetaposition @0, 33, 36, Table 5 has no relevant effect, except for
the mmethoxy derivative (entry89, Table 5 that has a higher affinity to MKK4, but
unfortunately also to BRAF and MAP4K5 compared &o The orthoregioisomers are
showing a positive effect on the selectivity tonaBRAF and slightly on ZAK. Substitution
patterns containing@-chloro, o-fluoro, o-methyl ando-methoxy (entries31, 34, 37 and 40,
Table 5) led to decrease in binding affinity for BRAF comgarto themeta and para-
isomers. This ortho-effect’ was further investigated by the combinatmf 32 and 38 with
compounds3l, 34 and 37 (entries41 — 46, Table 5). Entries45 and46 represent the most
superior derivatives of these combinations in teofinselectivity and affinity towards MKKA4.
The m- and o-methoxy derivatives were also combined wptmethoxy residues (entries/
and48, Table 5). Herein, thanetasubstituted compound ) had a higher selectivity towards
ZAK but low selectivity towards BRAF, while seleaty to ZAK and BRAF was opposite
for the ortho-methoxy compound4@). Bridging the 3,4-dimethoxy groups with a metimge
and ethylene linker (entrie#d® and51, Table 5), increased the selectivity to BRAF but also
increased the affinity to ZAK. Ongoing modificatenvith o-chloro substituents led to a
further increase of selectivit@ and52, Table 5) These combinations afforded highly affine
inhibitors of MKK4 sparing BRAF, MAP4K5, MKK7, JNKhnd ZAK moderately. In this
example, theortho chlorine was identified as an outstanding seldgtidriver. We also
focused on heteroaromatic moieties like pyridingjdazine and pyrimidine (entrigs3 — 57,
Table 5). Entries56 and 57 were inspired by88 and PLX8394, a further derivative 8f
which inhibits ERK-signaling without undesired JNi€tivation and is currently under
clinical investigations [16-18]. Compared to thebstituted phenyl derivatives, the
heteroaromatic compounds have a higher affinityatols MKK4, but also with a higher

binding to the off-targets as well. Among this ssricompoun&7 showed an improvement



of ZAK-selectivity compared t88 and56. We assume, that the attached cyclopropyl moiety
could be in tight proximity to the extended p-loopZAK and thus clash with the protein
[19].

Table 5.Investigation on the 5-position of the azaindolaffatd.

No. R BRAF MAP4K5 MKK4 MKK7 JNK1  ZAK
% Ctrl at 100 nM
Cl
8 O\/ 16 48 14 100 94 5.3
Cl
30 ©7 47 n.d. 24 85 100 2.2
Cl
31 @[/ 65 79 6.2 100 03 7.6
F
32 \©>/ 27 67 43 100 96 0.9
F
33 @y 31 45 9.9 90 98 0.8
F
34 @[/ 47 n.d. 41 86 69 2.9
35 \©>/ 11 28 5 89 76 0.85
36 @ 29 28 13 97 92 0.7
37 @; 72 67 10 100 88 6.9
.
38 \©>/ 6.7 38 6.3 70 89 0
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N
55 [N/]Y 2.2 75 2.5 83 74 11
\
N

N

0 N
56 YJV 0.75 86 0.3 84 73 8.9

N
57 %NQV 1.1 n.d. 0.2 87 100 30

®Binding affinities from KINOMEscan assay at a compd concentration of 100 nM.
Values are shown as POC determined in duplicates mot determinded.

Alteration of the difluoro pattern. In the ongoing course of our studies, we examthed
impact of the difluorophenyl moiety @& This part is considered to have an impact on the
hydrophobic interaction, since the fluorine atoms eambedded in a hydrophobic pocket in
BRAF [15]. To identify the relevant substitution, we initialiested the unsubstituted
compound58. Removing the fluorine atoms led to a significainbp in affinity towards
BRAF but also to a loss in affinity to the wholenph of kinases, including MKK4.
Concluding the necessity of the fluorine from thessults, mono substitution patter® ¢
64, Table 6 were investigated, which revealed that the pmsif#l needs to be substituted with
fluorine @, 59) in order to maintain affinity towards MKK4. Sulisting fluorine in 2-
position with chlorine or methyB@, 64) led to a loss in affinity for MKK4. Compourish (2-
fluorophenyl) has a comparable affinity to MKK4 &sbut with improved selectivity against
BRAF by factor 2.

Table 6.Altered substitution pattern at the difluorophepatt of8.

No. R BRAF MAP4K5  MKK4 MKK7 JNK1 ZAK




% Ctrl at 100 nM
8 2,6-F 16 48 14 100 94 5.3
58 -H 100 44 53 100 98 n.d.
59 2-F 31 51 16 92 97 5
60 4-F 94 76 32 93 95 37
61 5-F 91 99 100 93 100 n.d.
62 6-F 82 60 45 92 100 16
63 2-Cl 31 79 78 100 100 68
64 2-CH; 94 40 92 91 n.d. n.d.

®Binding affinities from KINOMEscan assay at a compd concentration of 100 nM.
Values are shown as POC determined in duplicatles mot determinded.

Combinatorial approach. From previous results, we combined structural elgisiwhich
improved affinity on MKK4 and/or led to a markedlyetter selectivity profile. By
combination of the 2-fluorophenyl moiety 60 and the benzyl sulfonamide group 19
(yielding entry66, Table 7) the affinity towards MKK4 was increased by thetéa of 2 while
the selectivity ratio to all other kinases improusda factor range of 7 — 11, comparedto
In comparison to the difluorophenyl derivatii®, the monofluorophenyl compoungb
showed an improved selectivity against ZAK with qg@arable affinity towards MKK4. The
combination of the benzyl sulfonamide and 2-flugrieenyl moiety yielded an excellent
selectivity profile and was thus used for the fimaddifications.

Table 7. Monofluoro substituted compound&®, 65and 66 in comparison to their difluoro

counterparts.



No. X Y BRAF MAP4K5 MKK4  MKKY JNK1 ZAK
% Ctrl at 100 nM

8 -F -propyl 16 48 14 100 94 5.3
59 -H -propyl 31 51 16 92 97 5
10 -F -methyl 93 63 32 87 100 2.6
19 -F -benzyl 100 94 5.9 100 100 30
65 -H -methyl 91 78 28 81 100 27
66 -H -benzyl 100 72 8.9 97 100 66

®Binding affinities from KINOMEscan assay at a compd concentration of 100 nM.
Values are shown as POC determined in duplicate.

Final modifications. As last stage of this optimization study, we cameli the selectivity
and affinity increasing residues fra® (benzylsulfonamide and 2-fluorophenyl moiety) with
aryl residues of the 5 position of the azaindotafiTable 5, that were found to have an
already high affinity to MKK4 but with still lackop selectivity, especially towards BRAF and
ZAK. We selected the residues frofi, 46, 50 and52 of the 5-position of the azaindole to
combine with the 2-fluorophenyl linker and the bdealfonamide fron66 (Entries67 — 70,
Table 8). Within this selection entrie68 and 70 are excellent compounds showing high
affinity to MKK4 and a good selectivity profile viiin the kinase panel. Furthermore, the 5-
position of the azaindole was substituted with giyes (entrie¥1 and 72, Table 8) and the
residues fromb6 and 57 were chosen for this combination (entrie3 and 74, Table 8).
Pyridines71 and 72 showed a high affinity for MKK4, but also a stroafinity towards

ZAK. Furthermore, MAP4K5 arises as an undesireetarffet affinity for these compounds.



The combined 4-methoxy and 4-cyclopropyl pyrimidicempounds73 and 74 have
outstandingly high affinity to MKK4, while the citial off-targets were discriminated by the
factor >190, making these compounds the best congsofrom all compounds prepared,

concerning affinity and selectivity for MKK4.



Table 8. Combinational compounds derived fr@é

No. R BRAF MAP4K5 MKKA4 MKK7 JNK1 ZAK

% Ctrl at 100 nM

16 48 14 100 94 5.3

Cl
66 \Ej7 100 72 8.9 97 100 66
_0 cl
67 @;/ 96 79 24 100 100 87
F
68 @; 100 97 3.3 08 100 90
0 Cl
69 <O]i:[/ 98 66 2.9 100 97 80
0] Cl
70 [o]i:g/ 99 08 2.2 100 97 94
A

71 — 86 26 0 95 75 0.95

72 | 91 20 0 85 55 1.7

7
N
73 |j\/ 84 86 0.2 70 86 38
N~
A(N\
74 lJY 83 82 0.35 86 92 80

®Binding affinities from KINOMEscan assay at a compd concentration of 100 nM.
Values are shown as POC determined in duplicate.

For a further biological characterization of the sh@otent compounds, we determined

Kd-values for MKK4 for70, 73 and74 as well as foB for comprehension (s@able 9).



Table 9.Comparison of Kd-values (MKK4) for the most poteampounds.

No. Structure Kd-Value (nMY
8 8.2
70 3.5
73 0.85
74 1.1

®Kd-values for MKK4 from KINOMEscan, determined inglicates.

The Kd-values for MKK4 were within in the low oné&gd nanomalor range for all tested

compounds. Our newly developed compounds outpeddgwith a gain in affinity towards

MKK4 up to factor 10 73), combined with a superior selectivity profile. i@pounds7/3 and

74, showing Kd-values of 0.85 and 1.1 respectively) be seen as equal in affinity towards

MKK4. From the previous testing (s€kable 8), 74 was the compound with the best

selectivity and also one with the highest affinfoy MKK4. We determined the kinome

selectivity for74 using the scanEDGE assay provided by DiscoverX @ncentration of 1

MM (1000x Kd-value). The panel consists of 97 kasasfrom which 90 are non-mutant

kinases. In this panel, a POC lower than 35 wassuared only for 5 kinases (1 mutant-kinase,

see Sl), whereas a POC lower than 10 was not adxsemhis leads to a selectivity score of

(S35) = 0.044 at 1 pM.

CHEMISTRY.



The synthetic route was mainly adapted from thecgquiares published in the corresponding
patent [20]Due to strategic issues, the order of introducindding blocks was modified in
particular cases.Scheme 1 displays the synthetic route to obtain 2,6-diftu@r
(propylsulfonamido)benzoic acid77), which was used in a subsequent Friedel-Crafts
acylation (FC acylation) under standard conditiosig AlCk as mediator for acylation. The
benzoic acid77 was synthesized following the procedure of Wengloyet al [21]. The
intermediate78 was finally modified using the corresponding bocoacids or the pinacol
ester thereof according to the procedure from Batkal. under microwave irradiation
conditions [22]This procedure was also applied to synthesize aflified benzoic acids used
for the synthesis of compoun88 — 64 For compound3 the reduction steScheme 1b or

c) was performed using a Béchamp-like procedustid hydrodehalogenation.

Scheme 1.Top: Synthesis of substituted carboxylic acidsehexemplary synthesis of 2,6-
difluoro-3-(propylsulfonamido)benzoic acid; bottosynthesis and modification &fL using

microwave irradiationy.

O F O F b O F d o] F H /
a ore , €
o}
F F F F
75 76 77

F
Q
T - o It
Br: -5=0 examples
7
NN |\ N PN \\\
7N
NT O
7

8

®Reagents and conditions(a) Oxalyl chloride, DMF, DCM, RT, then MeOH (qunib)
Pd/C, H, EtOH (quant.); (c) Fe, 1M HgJ, EtOH (98%); (d) 1-Propanesulfonyl chloride,
TEA, DCM, RT (85%); (e) 4N NaO}, THF/MeOH (4:1, v/v), RT (80%); (fy7, oxalyl
chloride, DMF, AICk, DCM, RT (85%); (g) corresponding boronic acidgmnol ester
boronate, Pd(PRJx, K,COs, 1,4-dioxane/HO (4:1), pw, 120°C, 15 — 90 minutes, (25 —
91%).



For varying the sulfonamide substitution patteh®e tommercially available 5-bromadi
pyrrolo[2,3b]pyridine was substituted in the first step with-dfdlorophenyl)boronic acid
applying Suzuki coupling resulting9 in high yields $cheme 2 Using the FC acylation
according to the procedure of Zhamg al., the 2,6-difluoro-3-nitrobenzoic acid was
introduced 79 to 80) [18]. Using nitromethane as solvent allowed a workup evitithe need
for further column purification. After reduction tiie nitro group ir80 to the corresponding
aniline 81 with SnC} dihydrate, the desired sulfonyl chlorides weredute assemble the
sulfonamides.

Scheme 2Synthesis of the common precur8drvarying the sulfonamide residfe.

Cl

79

17 examples —-———

81

®Reagents and conditions: (h) (4-Chlorophenyl)boronic acid, Pd(PPh K,COs,
MeCN/H,O (4:1, viv), 60°C (87%); (i) 2,6-difluoro-3-nitrebzoic acid, oxalyl chloride,
DMF, AICI3, MeNG,, 60°C (67%); (j) SnGldihydrate, THF/EtOAc (1:1, v/v), 60°C (89%);
(k) corresponding sulfonyl chloride, pyridine, 60(Z7 — 91%).

The synthetic strategy for compoun@6 — 74is depicted inScheme 3 All steps to
intermediate84 were performed as shown above. Suzuki couplingagas performed under
microwave irradiation to introduce the favored bocoacids within a short reaction time. For

compounds/1 — 74 the route was altered by a protection step ofpreole NH introducing



2,6-dichlorobenzoyl protection group, followed by Miyaura borylation, yielding the
intermediate86 in high yields. For final modifications the corpesiding hetero aryl bromides
were used, reacting in the presence of Pd(dppfa@t the crude product was deprotected
with K2CO;s in MeOH.

Scheme 3:Synthesis 0of66 — 74 from commercially available 5-bromdHipyrrolo[2,3-

b]pyridine?
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®Reagents and conditions{l) 2-fluoro-3-nitrobenzoic acid, oxalyl chlorid®MF, AlCls,

DCM, RT (84%); (m) SnGl dihydrate, THF/EtOAc (1:1, v/v), 60°C (76%); (n)
phenylmethanesulfonyl chloride, pyridine, 60°C (6§4%0) corresponding boronic
acid/pinacol ester boronate, Pd(RRhK,CO;s;, 1,4-dioxane/HO (4:1), pw, 120°C, 15 — 90
min, (33 — 64%); (p) 2,6-dichlorobenzoyl chloridegA, THF, 4-DMAP, 0°C — RT (93%);
(q) bis(pinacolato)diboron, AcOK, Pd(Pf4Cl,, 1,4-dioxane, 80°C (60%); (r) aryl bromides,
K,CQO;s, Pd(dppf)C4, 1,4-dioxane/KHO (4:1, viv), 60°C, then ¥CO;, MeOH (29 — 55%, over
two steps).

CONCLUSION.

In this work, we reported on the development ofetamhibitors with a high affinity to the
on-target MKK4 and an outstanding selectivity geofowards the off-targets MKK7, JNK1,
BRAFwt, MAP4K5 and ZAK, all derived from the BRAFF inhibitor-template8. Our
synthetic efforts yielded a set of compounds, whponts out structural hot spots driving
affinity and selectivity. We performed a multi-parater optimization process emphasizing a

distinct SAR. With compound0, 73 and 74 we demonstrated the design of new inhibitors



with a high affinity to MKK4 (PO&¥* = 2.2 0.2 and 0.35 @ 0.1 pM) while sparing tHe of
targets in the range of factor 40 to 190. To owwedge, these compounds are the first-in-
class inhibitors selectively targeting MKK4 for tipeirpose of hepatocyte proliferation to
restore the liver's intrinsic regenerative capacifthe findings of our work could be
implemented in further investigations on the valaatrug target MKK4 in terms of usirgp,

73 and74 as tool compounds.

EXPERIMENTAL SECTION.

General. All commercially purchased chemicals and solvenerewused as received
without further purification. Air- or moisture-satige reactions were performed under argon
atmosphere and in anhydrous solvents (Acros OrgaricroSeal). Organic extracts were
dried over anhydrous sodium sulfate which wasréltieoff afterwards. For reaction controls,
thin layer chromatography was applied using TLCc8&ilGel 60 Es4 aluminum sheets
provided by Merck, detection a = 254 nm und 366 nm. Flash chromatography was
performed manually or with Interchim PuriFlash F4A3&tems and Grace Davison Dauvisil
LC60A 20 — 45 microns silica. Purity determinatiohall final compounds was measured
with HPLC analysis on Agilent 1100 Series Liquidr@inatograph using a Phenomenex Luna
C8 150x4.6 mm, 5-micron column with gradient elat{®eOH/0.01 M KHPO, buffer, pH
2.3, flow rate 1.5 mL/minute) and detectiomat 230 and 254 nm. The minimum purity of
all final compounds is >95%, if not otherwise qubtéMass spectra (TLC-MS) for
intermediates was performed on Advion DCMS intesfdESI voltage: 3.50 kV, capillary
voltage: 187 V, source voltage: 44 V, capillary parature: 250 °C, desolvation gas
temperature: 250 °C, gas flowrate: 5L/minutg),Nusing MeOH as elution solvent. High
resolution mass spectra measurements for final oangs were performed by Mass

Spectrometry Department, Eberhard Karls Universitfabingen on Bruker maXis 4G ESI-



TOF (capillary voltage: 4 kV, endplate voltage -300source temperature 200°C, gas flow
rate: 6 L/minute). NMR-spectra were measured ork&rtAvance 200 or 400, Avance Il
HDX 600 and 700. The chemical shifty @re denoted by parts per million (ppm) relative t
tetramethylsilane. Herein not listed intermediades final compounds are described in the
supporting information namedg and/or with its given number from the text above.

Suzuki-coupling under microwave irradiation (Generd procedure A). A microwave
tube was equipped with a magnetic stir bar. Theelasas charged with the corresponding 5-
bromo-H-pyrrolo[2,3-b]pyridine (78 or 84) (1.0 eq.), the appropriate boronic acid/ or paotac
ester boronate (1.2 eq.), solig®0O; (2.0 eq.) and 1,4-dioxane/water (4:1, v/v, 0.25 e
suspension was purged with argon (5 minutes), &talyst (10 mol%) was added, and the
resulting mixture was heated to 120°C under mick@varadiation (50 W) for 30 minutes.
When TLC revealed completion of the reaction, thele was passed through a pad of Celite,
diluted with EtOAc and neutralized with saturatepleous NHCI. The organic phase was
separated and dried over sodium sulfate, and tlrergovas removed under reduced pressure.
All products were isolated applying flash chromaégdny.

Synthesis of the sulfonamides (General procedure BJjo a solution of the corresponding
aniline @1 or 83) (1.0 eq.) and pyridine (1 M), the appropriatefawyl chloride was added
dropwise (1.1 eq). The resulting mixture was dstireg¢ 60°C until TLC revealed complete
consumption of the starting material (3-12 hrs)teAfcooling to RT, the crude was diluted
with EtOAc, and then washed with aqueous 1M HCusoh. The organic layer was dried
over sodium sulfate, and the solvent was evaparatéidoroducts were isolated applying
flash chromatography.

Suzuki-coupling using pinacol ester boronates at amdole core (General procedure
C). An oven-dried flask was charged wil / R40 or R45 (1.0 eq.), KCO; (2.0 eq.) and the
appropriate aryl bromide (1.5 eq.). A mixture of-tljoxane/HO (2:1, 1 M) was added, and

the flask was evaporated and backfilled with ar¢@x). Pd(dppf)Cl (6 mol%) was added,



and the resulting suspension was heated to 60°C.50+ 3h. After TLC revealed completion
of the reaction, the crude was poured onto a p&kbfe, flushed with EtOAc, and the filtrate
was evaporated to dryness. The residue was resoivieikOH, K:COs; (5.0 eq.) was added,

and the reaction was stirred at RT for 3h, and trertralized with aqueous 1M HCI solution.
The mixture was extracted with EtOAc, the orgamigelrs were dried over sodium sulfate,
and the solvent was removed under reduced pressiliompounds were isolated via flash
chromatography.

Methyl 2,6-difluoro-3-nitrobenzoate (75).Oxalyl chloride (1.3 g, 10.4 mmol, 1.05 eq.)
was added to a suspension of 2,6-difluoro-3-nitnabe acid (2.0 g, 9.9 mmol, 1.0 eq.) in
dry DCM (0.5 M), and some drops of DMF were addeccsssively. The mixture was stirred
at RT until the gas formation was complete. An sgoaf MeOH was added, and the solution
was stirred for 5 minutes. All volatiles were reredwnder reduced pressure, and the product
was obtained as a white solid without further peaifion. Yield: 2.1 g, 9.7 mmol, 98%H
NMR (DMSO-ds 200 MHz, ppm):5 8.45 (td,J = 9.0, 5.6 Hz, 1H), 7.52 (td,= 9.4, 1.8 Hz,
1H), 3.95 (s, 3H)*C NMR (DMSO4ds, 50 Hz, ppm)5 162.1 (dd,) = 263.5, 5.7 Hz), 159.7,
153.6 (ddJ = 271.1, 7.6 Hz), 134.4 (dd,= 7.5, 4.1 Hz), 130.6 (dd,= 12.0, 1.5 Hz), 113.4
(dd,J = 23.8, 4.4 Hz), 112.2 (dd,= 20.3, 18.0 Hz), 53.6.

Methyl 3-amino-2,6-difluorobenzoate (76)To a solution of75 (2.1 g, 9.7 mmol, 1.0 eq.)
in abs. EtOH (2 M), Pd on charcoal (Pd/C 10%, vd®&4 mg, 485 umol, 0.05 eq.) was added.
The suspension was charged with &hd the reaction was stirred at RT until TLC résda
completion of the reduction. The crude was pounezt @ pad of Celite, flashed with EtOAc,
and the filtrate was evaporated under reduced yresd® complete dryness. Yield: 1.8 g,
9.2 mmol, 95%.

Alternatively: 75 (1 g, 4.6 mmol, 1.0 eq.) was suspended in absaneth(0,25 M) and
aqueous HCI solution (1 M, 4.6 ml, 1.0 eq.) andtésao 80°C. F&(282 mg, 5.1 mmol,

1.1 eq.) was added to the mixture and stirred 4C80ntil complete consumption of the



starting material. The crude was poured throughdgs Celite and the filtrate dried vacuo
The product was obtained as a white solid and veasl without further purification steps.
Yield: 843 mg, 4.5 mmol, 98%.

2,6-Difluoro-3-(propylsulfonamido)benzoic acid (77) The aniline76 (1.7 g, 8.8 mmol,
1.0 eq.) was dissolved in DCM (0.25 M), treatednwitEA (2.0 g, 19.4 mmol, 2.2 eq.) and
cooled to 0°C. Propane-1-sulfonyl chloride (2.8.§,4 mmol, 2.2 eq.) was added slowly to
the solution at 0°C. The ice bath was removed,thadeaction was stirred at RT until TLC
revealed completion of the reaction. Water was ddded the mixture was extracted with
EtOAc. The combined organic phases were dried ba®0,. The solvent was evaporated
under reduced pressure, and the intermediary fomimsedfonamide was purified using flash
chromatography (Si§ nHex/EtOAc 9/1, v/v). This intermediate was suspehde
THF/MeOH (4/1, viv, 1 M), and aqueous 2 M NaOH solu (13 ml, 26 mmol, 3.0 eqg.) was
added and stirred at RT overnight. The organicestdl/were evaporated, and the residue was
acidified with agueous 1 M HCI solution. The thosnied precipitate was filtered off, washed
with water, and the white solid was dried in vacutontryness. Yield: 1.7 g, 6.0 mmol, 68%
(over two steps)'H NMR (DMSO-ds 200 MHz, ppm):5 14.01 (s, 1H), 9.74 (s, 1H), 7.54
(dd,J = 14.8, 8.7 Hz, 1H), 7.20 (,= 9.2 Hz, 1H), 3.15 — 3.02 (m, 2H), 1.85 — 1.63 AH),
0.97 (t,J = 7.4 Hz, 3H);*C NMR (DMSO+g, 50 Hz, ppm)5 161.8, 157.3 (dd] = 174.8, 6.9
Hz), 152.3 (dd) = 178.1, 6.9 Hz), 129.8 (dd,= 10.2, 2.2 Hz), 122.0 (dd,= 13.5, 3.8 Hz),
112.8 (ddJ = 21.3, 19.3 Hz), 112.3 (dd= 22.6, 4.1 Hz), 53.8, 16.9, 12.6. [M-H278,0.

N-(3-(5-bromo-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)propane-1-
sulfonamide (78).An oven-dried flask was charged wiitv¥ (15.6 g, 55.8 mmol, 1.1 eq),
suspended in MeNO(first half of total volume, 0.2 M) and treatedtlwioxalyl chloride
(7.1 g, 55.8 mmol, 1.1 eq.). Some drops of DMF wadeed to initiate the activation. A
second oven dried flask was charged with 5-brotdepgrrolo[2,3b]pyridine (10.0 g,

50.8 mmol, 1.0 eq), AlGI (40.6 g, 305 mmol, 6.0 eq.) and MeN@econd half of total



volume, 0.2 M). This suspension was stirred foleast 30 minutes. Upon completion of gas
formation of the activation step, the fully actiedtcarboxylic acid solution was added to the
second flask. The resulting mixture was stirre8@C overnight. After cooling the crude to
0°C, MeOH was slowly added. Finally, the suspensias diluted with water, and the
resulting precipitate was filtered off. The solere suspended in EtOAc, sonicated for 5
minutes and filtered off again to obtain the prddubich was dried in vacuum. Yield9.9 g,
43.3 mmol, 85%'H NMR (DMSO-ds 200 MHz, ppm)$ 13.14 (s, 1H), 9.78 (s, 1H), 8.59 (d,
J=1.8 Hz, 1H), 8.51 (d] = 2.0 Hz, 1H), 8.28 (s, 1H), 7.59 (tH= 9.0, 6.4 Hz, 1H), 7.28 (4,
= 8.8 Hz, 1H), 3.19 — 3.06 (m, 2H), 1.86 — 1.62 #H), 0.96 (tJ = 7.3 Hz, 3H).*C NMR
(DMSO-ds, 50 Hz, ppm):3 180.6, 156.6 (dd) = 184.1, 7.6 Hz), 151.7 (dd,= 187.1, 7.7
Hz), 147.8, 145.3, 139.3, 131.1, 128.9 (d& 10.1, 2.1 Hz), 122.0 (dd, = 13.6, 3.8 Hz),
119.0, 117.8 (ddj = 24.3, 22.1 Hz), 114.9, 114.3, 112.4 (dds 22.8, 3.8 Hz), 53.5, 16.8,
12.6. [M-HJ: 456,1.

5-(4-Chlorophenyl)-1H-pyrrolo[2,3-b]pyridine (79). A dry flask was charged with 5-
bromo-H-pyrrolo[2,3b]pyridine (7.0 g, 35.5 mmol, 1.0 eq.),,80; (9.8 g, 71.1 mmol,
2.0 eq.) and (4-chlorophenyl)boronic acid (6.1 @.13nmol, 1.1 eq.). The solids were
suspended in MeCNAD (4/1, viv, 36 ml), and the vessel was evacuatedbackfilled with
argon (3x). Pd(PRy (410 mg, 355 pumol, 1 mol%) was added, and thdtregumixture was
heated to reflux overnight. After cooling the susgien to RT, the solids were filtered off and
washed successively with water and cold MeCN. Tiit@ined solids were dried in vacuum.
Yield: 7.1 g, 31.0 mmol, 87%H NMR (DMSO-ds, 400 MHz, ppm)35 11.76 (s, 1H), 8.51 (d,
J=2.1 Hz, 1H), 8.20 (d] = 1.9 Hz, 1H), 7.72 (d] = 8.5 Hz, 2H), 7.57 — 7.43 (m, 3H), 6.50
(dd,J = 3.2, 1.7 Hz, 1H).}*C NMR (DMSO4ds, 101 Hz, ppm)5 148.2, 141.4, 138.0, 131.7,
128.9, 128.6, 127.1, 126.9, 126.1, 119.7, 100.2H]M 227.0.

(5-(4-Chlorophenyl)-1H-pyrrolo[2,3-b]pyridin-3-yl)(2,6-difluoro-3-

nitrophenyl)methanone (80). An oven-dried flask was charged with 2,6-difluoro-3-



nitrobenzoic acid (977 mg, 4.8 mmol, 1.1 eq), sndpd in MeNQ (first half of total volume,
0.2 M) and treated with oxalyl chloride (658 mg8 damol, 1.1 eq.). Some drops of DMF
were added to initiate the activation. A secondnediged flask was charged wigi (1.0 g,
4.4 mmol, 1.0 eq.), AlGI (3.5g, 26.4 mmol, 6.0 eq.) and MelN@second half of total
volume, 0.2 M). This suspension was stirred foleast 30 minutes. Upon completion of gas
formation of the activation step, the fully actiedtcarboxylic acid solution was added to the
second flask. The resulting mixture was stirre8@C overnight. After cooling the crude to
0°C, MeOH was slowly added. Finally, the suspensias diluted with water, and the
resulting precipitate was filtered off. The solere suspended in EtOAc, sonicated for 5
minutes and filtered off again to obtain the prddubich was dried in vacuum. Yield: 1.2 g,
2.9 mmol, 67%H NMR (DMSO-ds, 400 MHz, ppm):6 13.13 (s, 1H), 8.75 — 8.68 (m, 2H),
8.50 — 8.38 (m, 2H), 7.80 (d,= 8.5 Hz, 2H), 7.59 — 7.49 (m, 3HYC NMR (DMSO4,, 101
Hz, ppm):8 178.8, 161.5 (dd] = 257.1, 7.5 Hz), 152.7 (dd,= 264.2, 9.4 Hz), 149.1, 144.1,
139.8, 136.9, 134.3 (dd,= 7.6, 3.6 Hz), 132.5, 130.4, 129.0, 128.9, 12119.5 (dd,J =
25.1, 23.4 Hz), 117.4, 115.4, 113.2 (dd; 24.1, 3.7 Hz). [M-H] 411.7.
(3-Amino-2,6-difluorophenyl)(5-(4-chlorophenyl)-H-pyrrolo[2,3- b]pyridin-3-
yl)methanone (81).A solution of80 (1.2 g, 2.8 mmol, 1.0 eq.) in EtOAc (0.1 M) andAH
(0.1 M) was heated to 60°C. SaGlihydrate (2.2 g, 9.8 mmol, 3.5 eq.) was addediqgoor
wise, and the resulting mixture was stirred at 6Qit@l TLC revealed completion of the
reaction. The mixture was cooled to RT, and a alfrated, aqueous sodium bicarbonate
solution was added. The suspension was filtered tla@ filtrate was washed with brine and
water. The organic phase was dried oves@a, and the solvent was removed under reduced
pressure. Yield: 970 mg, 2.5 mmol, 89% NMR (DMSO-ds, 400 MHz, ppm):s 12.95 (s,
1H), 8.70 (dJ = 1.9 Hz, 1H), 8.64 (s, 1H), 8.12 (s, 1H), 7.78X¢ 8.4 Hz, 2H), 7.55 (d] =
8.4 Hz, 2H), 7.00 — 6.87 (m, 2H), 5.24 (s, 2HZ NMR (DMSO+s, 101 Hz, ppm) 182.2,

149.2 (ddJ = 235.1, 6.7 Hz), 148.9, 146.0 (dd+ 241.2, 8.0 Hz), 143.7, 138.0, 137.1, 133.4



(dd,J = 13.1, 2.3 Hz), 132.4, 130.1, 129.0, 128.8, 12717.5, 116.6 (dd] = 7.9, 6.2 Hz),
115.9, 111.3 (dd] = 22.1, 3.3 Hz). [M-H] 381.9.
(5-Bromo-1H-pyrrolo[2,3-b]pyridin-3-yl)(2-fluoro-3-nitrophenyl)methanone (82). An
oven-dried flask was charged with 2-fluoro-3-niteakoic acid (3.1 g, 16.8 mmol, 1.1 eq),
suspended in DCM (0.5 M) and treated with oxalybadde (2.1 g, 16.8 mmol, 1.1 eq.). Some
drops of DMF were added to initiate the activatiBnsecond oven-dried flask was charged
with 5-bromo-H-pyrrolo[2,3-b]pyridine (3.0 g, 15.2 mmol, 1.0 eq.), AK3110.0 g, 76 mmol,
5.0eq.) and DCM (0.5 M). This suspension was egdirfor at least 30 minutes. Upon
completion of gas formation of the activation sty fully activated carboxylic acid solution
was added to the second flask. The resulting nextuas stirred at RT overnight. After
cooling the crude to 0°C, MeOH was slowly addedn®mwas added, and the mixture was
extracted with EtOAc. The organic phases were doeer sodium sulfate, and the solvent
was evaporated. The residue was suspended in EgdAmated for 5 minutes, and the solids
were filtered off to obtain the product. Yield: 4712.8 mmol, 84%'H NMR (DMSO-ds,
400 MHz, ppm)®s 13.10 (s, 1H), 8.64 (s, 1H), 8.49 (s, 1H), 8.8F.12 (m, 2H), 7.99 (s, 1H),
7.62 — 7.48 (m, 1H)**C NMR (DMSO4ds, 101 Hz, ppm)5 183.9, 151.7 (d) = 264.4 Hz),
147.7, 145.1, 139.4, 137.5 (M= 8.2 Hz), 135.3 (d] = 4.2 Hz), 131.3, 130.3 (d,= 16.2 Hz),
127.8 (d,J = 2.0 Hz), 125.2 (d] = 4.7 Hz), 119.4, 114.1, 114.0. [M-Hp63.0.
(3-Amino-2-fluorophenyl)(5-bromo-1H-pyrrolo[2,3-b]pyridin-3-yl) methanone (83). A
solution of82 (4.7 g, 12.8 mmol, 1.0 eq.) in EtOAc (0.1 M) andH (0.1 M) was heated to
60°C. SnC] dihydrate (10.1 g, 44.8 mmol, 3.5 eq.) was addmtign wise, and the resulting
mixture was stirred at 60°C until TLC revealed céetipn of the reaction. The mixture was
cooled to RT, and a half-saturated, aqueous sodiwarbonate solution was added. The
suspension was filtered, and the filtrate was washigh brine and water. The organic phase
was dried over N&Oy, and the solvent was removed under reduced pres¥iaid: 3.3 g,

9.7 mmol, 76% NMR (DMSO-ds 200 MHz, ppm): § 12.90 (s, 1H), 8.58 (d| = 2.2 Hz,



1H), 8.45 (dJ = 2.2 Hz, 1H), 8.02 (s, 1H), 7.03 — 6.90 (m, 26{§9 — 6.64 (m, 1H), 5.36 (s,
2H). 1°C NMR (DMSO4ds, 101 Hz, ppm)5 186.8, 147.5, 147.0 (d, = 241.6 Hz), 144.6,

137.6, 137.0 (dJ =12.8 Hz), 131.2, 127.9 (d,= 13.2 Hz), 124.1 (d) = 3.6 Hz), 119.6,

118.0 (dJ = 4.9 Hz), 115.5, 114.4, 113.7. [M-H}33.0.

N-(3-(5-bromo-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2-fluorophenyl)-1-
phenylmethanesulfonamide (84)The aniline83 (3.0 g, 9.0 mmol, 1.0 eq.) was dissolved in
pyridine (1 M), and phenylmethanesulfonyl chlorigg6 g, 13.5 mmol, 1.5 eq.) was added
portion wise. The mixture was heated to 60°C untiC revealed completion of the reaction.
After cooling to RT, the mixture was diluted with@Ac and washed with 1 M aqueous HCI
solution. The organic phase was dried over sodiutfate, and the solvent was removed
under reduced pressure. The residue was purified flash chromatography (Si0O
DCM/EtOAc 80/20, v/v). Yield: 2.8 g, 5.7 mmol, 649 NMR (DMSO-ds 400 MHz, ppm):

§ 13.02 (dJ = 1.5 Hz, 1H), 9.87 (s, 1H), 8.62 (@= 2.2 Hz, 1H), 8.49 (d] = 2.3 Hz, 1H),
8.08 (d,J = 1.3 Hz, 1H), 7.51 (td] = 7.9, 1.4 Hz, 1H), 7.42 — 7.32 (m, 6H), 7.27J(t 7.8
Hz, 1H), 4.56 (s, 2H)**C NMR (DMSO4s, 101 Hz, ppm)s 185.5, 151.5 (d) = 250.2 Hz),
147.6, 144.9, 138.2, 131.2, 130.9, 129.3, 128.3 €d15.0 Hz), 128.3, 128.2, 127.0, 126.0 (d,
J =13.0 Hz), 125.7 (d] = 2.3 Hz), 124.5 (d) = 4.3 Hz), 119.5, 114.2, 113.9, 58.4. [M=H]
487.1.

N-(3-(5-bromo-1-(2,6-dichlorobenzoyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2-
fluorophenyl)-1-phenylmethanesulfonamide (85).A solution of 84 (2.8 g, 5.7 mmol,
1.0 eq.)in THF (0.1 M) and TEA (604 mg, 6.0 mmol, 1.05 egas cooled to 0°C. 2,6-
Dichlorobenzoyl chloride (1.2 g, 5.8 mmol, 1.01)evas added dropwise, followed by
catalytic amounts of 4-DMAP (70 mg, 570 pmol, 101%p The ice bath was removed, and
the reaction mixture was stirred at RT until contiple of the reaction. Water was added to
crude, and EtOAc was used for extraction. The caetbiorganic phases were dried over

NaSO, and the solvent was evaporated. The residue wafsegwia flash chromatography



(SiO,, nHex/EtOAc, 85/15 — 70/30, v/v). Yield: 3.5 g, 5.3nol, 93%."H NMR (DMSO-ds,
400 MHz, ppm): 6 9.94 (s, 1H), 8.72 (dl = 2.2 Hz, 1H), 8.56 (s, 1H), 8.32 (s, 1H), 7.66 (s
3H), 7.60 (tJ = 7.5 Hz, 1H), 7.54 (t) = 6.3 Hz, 1H), 7.43 — 7.28 (m, 6H), 4.58 (s, 28¢
NMR (DMSO-ds, 101 Hz, ppm)5 186.1, 161.2, 151.7 (d,= 252.3 Hz), 146.6, 145.1, 134.0,
133.4, 133.0 (dJ = 2.9 Hz), 130.9, 130.9, 129.2, 128.2 J& 19.9 Hz), 128.2, 126.9 (d,=
13.5 Hz), 126.4 (d) = 12.6 Hz), 126.1, 124.6 (d= 4.0 Hz), 121.8, 118.9, 117.0, 58.5.

N-(3-(1-(2,6-dichlorobenzoyl)-5-(4,4,5,5-tetramethyl,3,2-dioxaborolan-2-yl)-H-
pyrrolo[2,3-b]pyridine-3-carbonyl)-2-fluorophenyl)-1-phenylmethanesulfonamide  (86).
An oven dried flask was charged wid® (3.5 g, 5.3 mmol, 1.0 eq.), bis(pinacolato)diboron
(2.2 g, 5.6 mmol, 1.05 eq.) and KOAc (1.6 g, 15@0h 3.0 eq.). Dry 1,4-dioxane (0.5 M)
was added, the flask was evacuated and backfilidad avgon (3x). Pd(PRRCl, (186 mg,
265 pmol, 0.05 eq.) was added, and the resultixgunei was heated to 80°C overnight. After
cooling the crude to RT, it was passed throughdagieCelite and flashed with EtOAc. The
filtrate was washed with brine and water, the orgahases were dried over )}, and the
solvent was evaporated. Flash chromatography waBedpfor purification of the crude
(SiO,, nHex/EtOAc, 90/10 — 70/30, v/v). Yield: 2.2 g, 3.1nol, 60%.*H NMR (DMSO-ds,
400 MHz, ppm): 6 9.96 (s, 1H), 8.86 (dl = 1.5 Hz, 1H), 8.52 (s, 1H), 8.32 (s, 1H), 7.65 (s
3H), 7.60 (t,J = 7.8 Hz, 1H), 7.54 (t) = 6.2 Hz, 1H), 7.43 — 7.38 (m, 2H), 7.36 — 7.29 (m
4H), 4.59 (s, 2H), 1.30 (s, 12HC NMR (DMSO4ds, 101 Hz, ppm)5 186.6, 161.5, 151.6
(d,J=252.2 Hz), 151.3, 148.3, 136.9, 133.8, 133.2,1,3130.9, 130.8, 129.3, 128.2, 128.1,
127.9, 127.2 (dJ = 13.7 Hz), 126.4 (d] = 12.6 Hz), 126.0, 124.6 (d= 3.8 Hz), 119.7, 84.2,
58.5, 24.5.

N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)butyramide (9). To a suspension d®5 (70 mg, 289 umol, 1.1 eq.) in dry
DCM (1 mL), oxalyl chloride (36 mg, 289 umol, 1.4.and two drops of DMF were added.

The mixture was stirred at RT until gas formatioaswecomplete. A second flask was charged



with 79 (60 mg, 262 umol, 1.0 eq.), and A{GL73 mg, 1.3 mmol, 5.0 eq.) and dry DCM
(2 ml) were added. This mixture was stirred foleatst 30 minutes, and after that the first
solution was added. The reaction was stirred auRil TLC revealed complete consumption
of the starting material. After cooling to 0°C, MdOand brine were slowly added
successively. The mixture was extracted with EtCAe,combined organic layers were dried
over sodium sulfate, and the solvent was evapordied product was isolated using flash
chromatography (Si§ DCM/MeOH 100/0 - 97/3, v/v). Yield: 46 mg, 100 pin38%.'H
NMR (DMSO-ds, 400 MHz, ppm)3 13.01 (s, 1H), 9.80 (s, 1H), 8.71 (5 1.7 Hz, 1H), 8.65
(s, 1H), 8.21 (s, 1H), 7.99 (dd= 14.8, 8.6 Hz, 1H), 7.79 (d,= 8.4 Hz, 2H), 7.56 (d] = 8.4
Hz, 2H), 7.23 () = 8.7 Hz, 1H), 2.36 (] = 7.2 Hz, 2H), 1.67 — 1.55 (m, 2H), 0.91)& 7.3
Hz, 3H).*C NMR (DMSO+s, 101 Hz, ppm)5 180.9, 171.6, 154.6 (dd,= 244.8, 5.5 Hz),
150.4 (dd,J = 249.4, 6.5 Hz), 148.9, 143.8, 138.6, 137.0,33230.2, 129.0, 128.9, 127.1,
126.1 (ddJ = 6.4, 2.6 Hz), 123.2 (dd,= 12.4, 3.4 Hz), 117.7 (dd,= 19.8, 17.6 Hz), 117.5,
115.7,111.5 (dd) = 22.1, 2.6 Hz), 37.5, 18.5, 13.5. ESI-HRMS: m/452.09880, calcd for
Co4H1sCIF-N3O, m/z = 452.09828 [M-H] IR (ATR) [cmY] 3276, 2955, 1657, 1590, 1482,
1411, 1207, 1016, 829, 683, 596, 521.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)methanesulfonamide (10).Compoundl0 was prepared followingeneral
procedure B using 81 (100 mg, 261 pmol, 1.0 eq.) and mesyl chloride @3 287 pmol,
1.1 eq.). Flash chromatography ($iODCM/MeOH 100/0 -97/3, v/v). Yield: 74 mg,
160 umol, 61%"H NMR (DMSO-ds, 400 MHz, ppm)5 13.03 (s, 1H), 9.76 (s, 1H), 8.71 (4,
= 2.1 Hz, 1H), 8.66 (s, 1H), 8.27 (s, 1H), 7.80Jd; 8.5 Hz, 2H), 7.63 — 7.54 (m, 3H), 7.30
(t, J = 8.6 Hz, 1H), 3.08 (s, 3H}°C NMR (DMSO4ds, 101 Hz, ppm)d 180.6, 156.1 (dd] =
247.3, 6.8 Hz), 152.6 (dd,= 249.8, 8.7 Hz), 149.0, 143.9, 138.9, 137.0,33230.2, 129.0,

128.9, 127.5 (dd) = 35.1, 2.0 Hz), 127.1, 121.9 (dil= 13.4, 3.8 Hz), 118.2 (dd,= 24.9,



22.5 Hz), 117.5, 115.7, 112.3 (dbz 23.3, 4.0 Hz). ESI-HRMS: m/z = 460.03428, cédiad
C21H14CIF:N3OsS m/z = 460.03397 [M-H]
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)ethanesulfonamide (11).Compoundll was prepared followingyeneral
procedure B using81 (100 mg, 261 umol, 1.0 eq.) and ethane-1-sulfambride (37 mg,
287 umol, 1.1 eq.). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, viv). Yield:
69 mg, 145 pmol, 56%H NMR (DMSO-ds, 400 MHz, ppm):6 13.03 (s, 1H), 9.78 (s, 1H),
8.71 (d,J = 2.0 Hz, 1H), 8.64 (s, 1H), 8.26 (s, 1H), 7.80)& 8.4 Hz, 2H), 7.62 — 7.55 (m,
3H), 7.28 (t,J = 8.6 Hz, 1H), 3.15 (q) = 7.3 Hz, 2H), 1.26 (t) = 7.3 Hz, 3H).*C NMR
(DMSO-ds, 101 Hz, ppm)5 180.6, 156.0 (ddj = 246.6, 6.9 Hz), 152.4 (dd,= 249.3, 8.4
Hz), 149.0, 143.9, 138.8, 137.0, 132.5, 130.2,@,2928.9, 127.0, 121.9 (dd,= 13.6, 3.4
Hz), 118.1 (ddJ = 24.2, 23.0 Hz), 117.4, 115.7, 112.3 (dd= 22.8, 3.0 Hz), 46.4, 7.9.
IR (ATR) [cm'] 3114, 3022, 2839, 2722, 1615, 1457, 1324, 1128, 916, 762, 650, 500.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)butane-1-sulfonamide (12).Compoundl2 was prepared followingeneral
procedure B using 81 (100 mg, 261 pmol, 1.0 eq.) and butyl-1-sulfonilocide (44 mg,
287 umol, 1.1 eq.). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, viv). Yield:
49 mg, 97 umol, 37%H NMR (DMSO-ds 400 MHz, ppm):6 13.03 (s, 1H), 9.78 (s, 1H),
8.71 (d,J = 2.1 Hz, 1H), 8.64 (s, 1H), 8.26 (s, 1H), 7.79X¢& 8.5 Hz, 2H), 7.64 — 7.51 (m,
3H), 7.29 (tJ = 8.6 Hz, 1H), 3.17 — 3.07 (m, 2H), 1.70 @t 15.2, 7.6 Hz, 2H), 1.43 — 1.30
(m, 2H), 0.85 (tJ) = 7.3 Hz, 3H)*C NMR (DMSO4ds, 101 Hz, ppm)5 180.6, 156.0 (dd] =
246.6, 7.1 Hz), 152.3 (dd,= 249.7, 8.5 Hz), 149.0, 143.9, 138.8, 137.0,33230.2, 129.0,
128.9, 128.7 (m), 127.0, 121.9 (dbs 13.8, 3.4 Hz), 118.5 — 117.7 (m), 117.4, 11812.3
(dd, J = 23.1, 3.5Hz), 51.6, 25.0, 20.7, 13.4. ESI-HRM&z = 502.08140, calcd for
CoaH20CIFoN3OsS m/z = 502.08092 [M-H] IR (ATR) [cniY] 3226, 3097, 2868, 1628, 1478,

1328, 1149, 974, 820, 512.



N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)pentane-1-sulfonamide (13)Compoundl3 was prepared followingeneral
procedure Busing81 (100 mg, 261 umol, 1.0 eq.) aRd (49 mg, 287 umol, 1.1 eq.). Flash
chromatography (Si§ DCM/MeOH 100/0 - 97/3, v/v). Yield: 73 mg, 141 pm54%. 'H
NMR (DMSO-ds, 400 MHz, ppm)3 13.03 (s, 1H), 9.78 (s, 1H), 8.71 (&5 2.1 Hz, 1H), 8.64
(s, 1H), 8.26 (s, 1H), 7.79 (d,= 8.5 Hz, 2H), 7.64 — 7.51 (m, 3H), 7.29J% 8.6 Hz, 1H),
3.17 — 3.07 (m, 2H), 1.70 (d},= 15.2, 7.6 Hz, 2H), 1.43 — 1.30 (m, 2H), 0.85), 7.3 Hz,
3H). *C NMR (DMSO4s, 101 Hz, ppm)s 180.6, 156.0 (dd] = 246.6, 7.1 Hz), 152.3 (dd,
= 249.7, 8.5 Hz), 149.0, 143.9, 138.8, 137.0, 1323®.2, 129.0, 128.9, 128.7 (m), 127.0,
121.9 (ddJ = 13.8, 3.4 Hz), 118.5 — 117.7 (m), 117.4 (s),.11512.3 (dd) = 23.1, 3.5 Hz),
51.6, 25.0, 20.7, 13.4. ESI-HRMS: m/z = 516.0976dIcd for GsH2,CIF,N3O3S m/z =
516.09657 [M-H] IR (ATR) [cm?] 3201, 3093, 2947, 2868, 2722, 1653, 1478, 143201
1124, 916, 829, 621, 496.

N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)hexane-1-sulfonamide (14)Compoundl4 was prepared followingeneral
procedure Busing81 (100 mg, 261 umol, 1.0 eq.) aR2 (53 mg, 287 umol, 1.1 eq.). Flash
chromatography (Si§ DCM/MeOH 100/0 - 97/3, v/v). Yield: 88 mg, 165 pn63%.'H
NMR (DMSO-ds, 400 MHz, ppm)35 13.04 (s, 1H), 9.78 (s, 1H), 8.71 (b 2.1 Hz, 1H), 8.63
(s, 1H), 8.25 (dJ = 1.8 Hz, 1H), 7.79 (d] = 8.4 Hz, 2H), 7.66 — 7.50 (m, 3H), 7.29)& 8.7
Hz, 1H), 3.18 — 3.07 (m, 2H), 1.76 — 1.63 (m, 2H%0 — 1.27 (m, 2H), 1.26 — 1.15 (m, 4H),
0.79 (t,J = 6.7 Hz, 3H).X*C NMR (DMSO4s, 101 Hz, ppm)5 180.6, 156.0 (dd] = 247.0,
6.9 Hz), 152.3 (dd) = 249.9, 8.3 Hz), 149.0, 143.9, 138.7, 137.0,3,3P30.2, 129.1, 128.9,
128.7 (m), 127.0, 121.9 (dd,= 13.8, 3.5 Hz), 118.1 (dd,= 36.3, 12.7 Hz), 117.5, 115.7,
112.3 (ddJ = 22.8, 3.5 Hz), 51.9, 30.6, 27.0, 23.0, 21.771BSI-HRMS: m/z = 530.11245,
calcd for GegH24CIFoN3OsS m/z = 530.11222 [M-H] IR (ATR) [cmY] 3197, 2856, 2714,

1644, 1478, 1416, 1312, 1128, 916, 827, 625, 517.



N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
3-fluoropropane-1-sulfonamide (15). Compound 15 was prepared followinggeneral
procedure B using81 (100 mg, 261 umol, 1.0 eq.) and 3-fluoropropars#tenyl chloride
(46 mg, 287 umol, 1.1 eq.). Flash chromatograph@4{SDCM/MeOH 100/0 - 97/3, v/v).
Yield: 73 mg, 144 pmol, 55%H NMR (DMSO-ds, 600 MHz, ppm)3 12.97 (s, 1H), 9.94 (s,
1H), 8.66 (dJ = 2.2 Hz, 1H), 8.60 (s, 1H), 8.13 (s, 1H), 7.73Xd 8.5 Hz, 2H), 7.57 (td] =
9.0, 5.9 Hz, 1H), 7.53 (d} = 8.5 Hz, 2H), 7.27 (t) = 8.3 Hz, 1H), 4.54 (t) = 5.9 Hz, 1H),
4.46 (t,J = 5.9 Hz, 1H), 3.24 — 3.21 (m, 2H), 2.14 — 2.09 {H), 2.09 — 2.04 (m, 1H}*C
NMR (DMSO-ds, 151 Hz, ppm) 181.4, 156.8 (dd] = 247.5, 7.3 Hz), 153.1 (dd,= 249.9,
8.9 Hz), 149.3, 144.5, 139.4, 137.3, 133.2, 13129.8 (d,J = 10.3 Hz), 129.7, 129.4, 127.7,
122.0 (ddJ = 13.9, 3.9 Hz), 118.5 (dd,= 25.2, 22.6 Hz), 118.0, 116.2, 113.0 (d¢ 23.0,
4.0 Hz), 82.3 (dJ = 162.9 Hz), 48.6 (d] = 5.6 Hz), 25.0 (dJ = 20.7 Hz). ESI-HRMS: m/z =
506.05620, calcd for £H;7CIFsN30sS m/z = 506.05585 [M-H] IR (ATR) [cmi'] 3243,
3114, 3014, 2839, 1632, 1490, 1420, 1320, 1141, 82, 687, 512.

N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
3,3,3-trifluoropropane-1-sulfonamide (16).Compoundl6 was prepared followingeneral
procedure B using 81 (70 mg, 182 umol, 1.0 eq.) and 3,3,3-trifluoro@mog-1-sulfonyl
chloride (39 mg, 201 umol, 1.1 eq.). Flash chromaphy (SiQ, DCM/MeOH 100/0 - 97/3,
v/v). Yield: 86 mg, 158 pmol, 86%H NMR (DMSO-ds 600 MHz, ppm)% 13.04 (dJ = 2.5
Hz, 1H), 10.11 (s, 1H), 8.72 (d,= 2.2 Hz, 1H), 8.66 (s, 1H), 8.31 (@@= 2.8 Hz, 1H), 7.80
(d,J = 8.5 Hz, 2H), 7.62 (tdl = 9.0, 6.0 Hz, 1H), 7.57 (d,= 8.5 Hz, 2H), 7.32 (t] = 8.6 Hz,
1H), 3.51 — 3.40 (m, 2H), 2.87 — 2.69 (m, 2 NMR (DMSO4ds, 151 Hz, ppm)s 180.4,
156.5 (dd,J = 247.5, 7.0 Hz), 152.8 (dd,= 249.6, 8.5 Hz), 149.0, 143.8, 138.9, 137.0,3.32.
130.3, 129.6 (dJ = 9.5 Hz), 129.0, 128.9, 127.1, 126.0Jdq; 276.6 Hz), 121.0 (dd),= 13.6,
3.5 Hz), 118.2 (dd) = 24.3, 22.7 Hz), 117.4, 115.7, 112.5 (dd; 22.9, 3.5 Hz), 44.7, 28.0

(dd, J =61.0, 30.7 HZ). ESI-HRMS: m/z = 542.03708, calod C23H150|F5N3O3S m/z =



542.04428 [M-H] IR (ATR) [cm?] 3609, 3105, 2826, 1636, 1590, 1482, 1420, 132201
1133, 1095, 970, 854, 633.

N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
2-methoxyethane-1-sulfonamide (17).Compound 17 was prepared followinggeneral
procedure Busing81 (100 mg, 261 umol, 1.0 eq.) aR® (46 mg, 287 umol, 1.1 eq.). Flash
chromatography (Si§ DCM/MeOH 100/0 - 97/3, v/v). Yield: 59 mg, 116 pn44%.'H
NMR (DMSO-ds, 400 MHz, ppm)3 13.03 (s, 1H), 9.83 (s, 1H), 8.71 (b5 2.2 Hz, 1H), 8.65
(s, 1H), 8.24 (s, 1H), 7.79 (d,= 8.5 Hz, 2H), 7.65 — 7.52 (m, 3H), 7.28Jt& 8.7 Hz, 1H),
3.70 (t,J = 6.1 Hz, 2H), 3.45 () = 6.1 Hz, 2H), 3.20 (s, 3H}°C NMR (DMSO4s, 101 Hz,
ppm): & 180.6, 155.9 (ddJ = 246.3, 7.1 Hz), 152.2 (dd,= 249.0, 7.7 Hz), 149.0, 143.9,
138.7, 137.0, 132.5, 130.2, 129.0, 128.9, 128.3 @,8.7 Hz), 127.0, 121.9 (dd,= 13.5,
3.5 Hz), 118.1 (ddJ = 24.2, 22.3 Hz), 117.5, 115.7, 112.2 (dd; 22.6, 3.5 Hz), 65.7, 57.9,
51.8. ESI-HRMS: m/z = 504.06000, calcd fos3ld;sCIF,N304,S m/z = 504.06018 [M-H]
IR (ATR) [cm™!] 3130, 3005, 2839, 2718, 1624, 1586, 1474, 1463611153, 1108, 970,
879, 816, 492.

N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)benzenesulfonamide (18)Compoundl8 was prepared followingyeneral
procedure B using 81 (70 mg, 182 umol, 1.0 eq.) and benzenesulfonybradé (35 mg,
201 pmol, 1.1 eq.). Flash chromatography SiIODCM/MeOH 100/0 - 97/3, v/v). Yield:
48 mg, 92 umol, 50%H NMR (DMSO-ds 400 MHz, ppm):6 13.03 (s, 1H), 10.29 (s, 1H),
8.71 (d,J = 2.2 Hz, 1H), 8.60 (s, 1H), 7.86 (s, 1H), 7.78X& 8.5 Hz, 2H), 7.73 (d] = 7.2
Hz, 2H), 7.66 (t) = 7.4 Hz, 1H), 7.61 — 7.53 (m, 4H), 7.45 (c 8.9, 6.0 Hz, 1H), 7.26 (3,
= 8.3 Hz, 1H)."*C NMR (DMSO4s, 101 Hz, ppm)5 180.3, 156.3 (dd) = 247.8, 6.5 Hz),
152.6 (dd,J = 251.2, 9.2 Hz), 148.9, 143.9, 139.6, 138.4, 93633.0, 132.5, 130.2, 129.4
(dd,J = 7.9, 3.1 Hz), 129.2, 129.0, 128.8, 127.0, 126&.,.2 (ddJ = 12.7, 3.8 Hz), 117.3,

115.5, 112.3 (dd,J = 22.4, 3.9 Hz). ESI-HRMS: m/z = 522.05033, calfor



CoeH16CIFaN303S m/z = 522.04962 [M-H] IR (ATR) [cmY] 3236, 3101, 2999, 2840, 2725,
1626, 1483, 1172, 1095, 825, 682, 576.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
1-phenylmethanesulfonamide (19). Compound 19 was prepared followinggeneral
procedure Busing81 (70 mg, 182 umol, 1.0 eq.) and phenylmethanesylfdoride (38 mg,
201 umol, 1.1 eq.). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, v/v). Yield:
59 mg, 110 pmol, 60%H NMR (DMSO-ds 400 MHz, ppm):5 13.05 (d,J = 2.2 Hz, 1H),
9.84 (s, 1H), 8.72 (d] = 2.2 Hz, 1H), 8.67 (s, 1H), 8.23 (@= 2.3 Hz, 1H), 7.80 (d] = 8.6
Hz, 2H), 7.57 (dJ = 8.6 Hz, 2H), 7.52 (td] = 9.0, 6.0 Hz, 1H), 7.41 — 7.33 (m, 5H), 7.26 —
7.20 (m, 1H), 4.54 (s, 2H)*C NMR (DMSO4ds, 101 Hz, ppm)3 180.6, 155.7 (dd) =
246.0, 7.0 Hz), 151.8 (dd,= 249.7, 8.7 Hz), 149.0, 143.9, 138.7, 137.0, 33230.9, 130.3,
129.3, 129.0, 128.9, 128.3, 128.2, 127.7)(&,9.1 Hz), 127.1, 122.2 (dd,= 13.4, 3.4 Hz),
118.0 (ddJ = 24.3, 22.4 Hz), 117.5, 115.7, 112.1 (dd; 22.5, 3.1 Hz), 58.2. ESI-HRMS:
m/z = 536.06580, calcd for ,@:sCIF-N30sS m/z = 536.06527 [M-H] IR (ATR) [cri']
3101, 3007, 2848, 1638, 1491, 1418, 1336, 115%,1890, 825.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
2-phenylethane-1-sulfonamide (20).Compound 20 was prepared followinggeneral
procedure Busing81 (70 mg, 182 umol, 1.0 eq.) aRd (seeSl; 41 mg, 201 umol, 1.1 eq.).
Flash chromatography (S}ODCM/MeOH 100/0 - 97/3, v/v). Yield: 63 mg, 114 pin63%.
'H NMR (DMSO-ds, 400 MHz, ppm)5 13.02 (s, 1H), 9.96 (s, 1H), 8.71 (d, J = 1.5 H4),
8.64 (s, 1H), 8.30 (s, 1H), 7.79 (d, J = 8.3 Hz),ZH62 (dd, J = 15.1, 9.0 Hz, 1H), 7.57 (d, J
= 8.4 Hz, 2H), 7.32 — 7.17 (m, 6H), 3.42 (dd, J.¢, .3 Hz, 2H), 3.05 (dd, J = 9.8, 6.4 Hz,
2H). **C NMR (DMSO4s, 101 Hz, ppm)5 180.6, 156.1 (dd, J = 246.1, 6.6 Hz), 152.5 (dd, J
=249.8, 8.3 Hz), 149.0, 143.9, 138.8, 138.0, 13r32.5, 130.2, 129.1 (d, J = 9.5 Hz), 129.0,
128.9, 128.5, 128.3, 127.0, 126.5, 121.7 (dd, B:3,12.8 Hz), 118.5 — 117.9 (m), 117.4,

115.7, 112.3 (dd, J = 22.6, 2.6 Hz), 52.9, 29.1I-HBMS: m/z = 550.08092, calcd for



CogH20CIF2N303S m/z = 550.08147 [M-H] IR (ATR) [cni'] 3363, 3109, 2999, 2848, 1626,
1479, 1413, 1144, 980, 821, 686, 514.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
1-(4-fluorophenyl)methanesulfonamide (21). Compound 21 was prepared following
general procedure B wusing 81 (80mg, 209pumol, 1.0eq.) and (4-
fluorophenyl)methansulfonyl chloride (65 mg, 313@m1.5 eq.). Flash chromatography
(Si0,, DCM/MeOH 100/0 - 97/3, viv). Yield: 36 mg, 66 um81%. 'H NMR (DMSO-<s
400 MHz, ppm)s 13.04 (s, 1H), 9.83 (s, 1H), 8.72 (s, 1H), 8.67.(), 8.24 (s, 1H), 7.80 (d,
J=7.8Hz, 2H), 7.61 — 7.48 (m, 3H), 7.46 — 7.39 2id), 7.25 (tJ = 8.8 Hz, 1H), 7.19 (1] =
8.4 Hz, 2H), 4.55 (s, 2H)**C NMR (DMSOds, 101 Hz, ppm)5 180.5, 162.1 (dJ = 244.9
Hz), 155.7 (dd,) = 246.4, 6.9 Hz), 151.8 (dd,= 249.8, 8.3 Hz), 148.9, 143.9, 138.6, 137.0,
132.9 (d,J = 8.5 Hz), 132.5, 130.2, 129.0, 128.8, 127.8J(d,9.1 Hz), 127.0, 125.7 (d,=
3.0 Hz), 122.1 (dd] = 13.5, 3.5 Hz), 118.0 (dd,= 24.5, 22.5 Hz), 117.4, 115.7, 115.1J¢;
21.6 Hz), 112.1 (ddJ = 23.0, 3.5 Hz), 57.3. ESI-HRMS: m/z = 554.05648|cd for
Cu7H17CIF3N303S m/z = 554.05585 [M-H] IR (ATR) [cni'] 3268, 3010, 2839, 1644, 1490,
1465, 1341, 1141, 1004, 899, 812, 575, 504, 471.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
1-(3-fluorophenyl)methanesulfonamide (22). Compound 22 was prepared following
general procedure B wusing 81 (80mg, 209pumol, 1.0eq.) and (3-
fluorophenyl)methanesulfonyl chloride (65 mg, 3X8ql, 1.5 eq.). Flash chromatography
(SiO,, DCM/MeOH 100/0 - 97/3, v/v). Yield: 53 mg, 95 pmd5%. *H NMR (DMSO-dg,
400 MHz, ppm)3 13.04 (s, 1H), 9.90 (s, 1H), 8.72 (0= 1.9 Hz, 1H), 8.67 (s, 1H), 8.25 (d,
J=1.7 Hz, 1H), 7.80 (d] = 8.4 Hz, 2H), 7.61 — 7.52 (m, 3H), 7.40 (dd; 14.2, 7.8 Hz, 1H),
7.30 — 7.15 (m, 4H), 4.60 (s, 2HJC NMR (DMSO+4s, 101 Hz, ppm)s 180.6, 161.8 (dJ =
243.6 Hz), 155.8 (dd] = 246.4, 7.0 Hz), 151.9 (dd,= 249.8, 8.2 Hz), 149.0, 143.9, 138.7,

137.0, 132.5, 131.9 (d,= 8.1 Hz), 130.2 (d) = 4.1 Hz), 130.1, 129.0, 128.9, 127.9 Jd;



10.6 Hz), 127.1, 122.0 (dd,= 13.4, 3.4 Hz), 118.1 (dd, = 24.3, 22.3 Hz), 117.7, 117.4,
115.7, 115.1 (dJ = 20.8 Hz), 112.1 (ddJ) = 22.7, 3.0 Hz), 57.5. ESI-HRMS: m/z =
554.05623, calcd for £H17/CIFsN3OsS m/z = 554.05585 [M-H] IR (ATR) [cmi’] 3255,
3039, 1636, 1490, 1416, 1328, 1141, 829, 654, 492.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
1-(2-fluorophenyl)methanesulfonamide (23). Compound 23 was prepared following
general procedure B using 81 (80mg, 209pumol, 1.0eq.) and (2-
fluorophenyl)methanesulfonyl chloride (65 mg, 3X8ql, 1.5 eq.). Flash chromatography
(Si0,, DCM/MeOH 100/0 - 97/3, v/v). Yield: 52 mg, 93 umd4%. '"H NMR (DMSO-<s
400 MHz, ppm)3 13.04 (s, 1H), 10.02 (s, 1H), 8.72 {d 2.1 Hz, 1H), 8.67 (s, 1H), 8.21 (s,
1H), 7.80 (dJ = 8.5 Hz, 2H), 7.61 — 7.52 (m, 3H), 7.51 — 7.38 BH), 7.31 — 7.15 (m, 3H),
4.60 (s, 2H).**C NMR (DMSO4ds, 101 Hz, ppm)5 180.6, 160.9 (dJ = 248.0 Hz), 155.7
(dd,J = 246.3, 7.1 Hz), 151.8 (dd= 249.7, 8.6 Hz), 148.9, 143.9, 138.6, 137.0,188,J =
2.9 Hz), 132.5, 130.8 (d,= 8.3 Hz), 130.3, 129.0, 128.9, 127.3Jd; 10.3 Hz), 127.1, 124.4
(d,J = 3.4 Hz), 122.1 (dd] = 13.3, 3.7 Hz), 118.1 (dd,= 24.5, 22.5 Hz), 117.4, 116.6 ({,
= 149 Hz), 115.7, 115.5, 115.3, 112.1 (dd7 22.5, 3.3 Hz), 51.7. ESI-HRMS: m/z =
554.05664, calcd for £H17/CIFsN3OsS m/z = 554.05585 [M-H] IR (ATR) [cmi’] 3243,
3105, 1632, 1486, 1411, 1336, 1228, 1137, 1087, BA2, 558, 483.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
1-(p-tolyl)methanesulfonamide (24). Compound 24 was prepared followinggeneral
procedure B using 81 (80 mg, 209 umol, 1.0 eq.) an@-tplyl)methansulfonyl chloride
(47 mg, 229 umol, 1.1 eq.). Flash chromatograph®ASDCM/MeOH 100/0 - 97/3, viv).
Yield: 31 mg, 56 umol, 27%H NMR (DMSO-ds, 400 MHz, ppm)5 13.04 (s, 1H), 9.78 (s,
1H), 8.72 (d, J = 2.2 Hz, 1H), 8.66 (s, 1H), 8.841H), 7.80 (d, J = 8.5 Hz, 2H), 7.57 (d, J =
8.5 Hz, 2H), 7.52 (td, J = 9.0, 6.0 Hz, 1H), 7.28.21 (m, 3H), 7.16 (d, J = 7.9 Hz, 2H), 4.48

(s, 2H), 2.28 (s, 3H)*C NMR (DMSOds, 101 Hz, ppm)5 180.6, 157.1 — 154.4 (m), 151.8



(dd, J = 248.1, 6.9 Hz), 149.0, 143.9, 138.6, 1,3¥%.0, 132.5, 130.8, 130.3, 129.0, 128.9,
128.9, 127.7 (d, J = 8.7 Hz), 127.1, 126.2, 128® (¢ = 13.5, 3.4 Hz), 118.0 (dd, J = 24.3,
22.2 Hz), 117.5, 115.7, 112.1 (dd, J = 22.2, 3.}, BH2.9, 20.7. ESI-HRMS: m/z = 550.08118,
calcd for GgHaCIFoN3OsS m/z = 550.08092 [M-H] IR (ATR) [cm'] 1636, 1486, 1457,
1169, 970, 816, 679, 625, 504.
N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)-
1-(m-tolyl)methanesulfonamide (25). Compound 25 was prepared followinggeneral
procedure B using 81 (80 mg, 209 umol, 1.0 eq.) and+{olyl)methanesulfonyl chloride
(44 mg, 313 umol, 1.1 eq.). Flash chromatograph@4SDCM/MeOH 100/0 - 97/3, v/v).
Yield: 31 mg, 57 pmol, 27%H NMR (DMSO-ds, 400 MHz, ppm):s 13.04 (s, 1H), 9.82 (s,
1H), 8.72 (s, 1H), 8.66 (s, 1H), 8.24 (s, 1H), 7(80J = 8.3 Hz, 2H), 7.61 — 7.50 (m, 3H),
7.28 — 7.12 (m, 5H), 4.49 (s, 2H), 2.24 (s, 35¢ NMR (DMSO+s, 101 Hz, ppm)s 181.2,
156.2 (dd,J = 246.8, 7.7 Hz), 152.2 (dd= 250.0, 9.2 Hz), 149.4, 144.4, 139.2, 138.0,3.37.
133.0, 131.9, 130.8, 129.6, 129.4, 128.7, 128.8,11,J = 8.9 Hz), 127.6, 122.7 (dd,=
13.6, 3.5 Hz), 118.5 (dd,= 24.5, 22.2 Hz), 118.0, 116.2, 112.6 (d& 23.0, 3.3 Hz), 58.7,
21.2.ESI-HRMS: m/z = 550.08150, calcd fopgl,0CIF;N3O3S m/z = 550.08092 [M-H]
IR (ATR) [cm'] 3272, 3014, 2831, 1648, 1486, 1336, 1149, 986, 824, 691, 549, 503.
N-(2,4-difluoro-3-(5-phenyl-1H-pyrrolo[2,3- b]pyridine-3-carbonyl)phenyl)propane-1-
sulfonamide (26).Compound35 was prepared followingeneral procedure Ausing 78
(150 mg, 327 umol, 1.0 eq.), phenylboronic acid i 393 umol, 1.2 eq.),.KOs; (90 mg,
654 umol, 2.0 eq.) and Pd(PPh(37 mg, 33 umol, 10 mol%). Flash chromatograph®4S
DCM/MeOH 100/0 - 97/3, v/v). Yield: 59 mg, 130 pmdi0%.*H NMR (DMSO-d6, 400
MHz, ppm):6 13.00 (s, 1H), 9.78 (s, 1H), 8.71 (d, J = 2.2 H4), 8.63 (s, 1H), 8.23 (s, 1H),
7.74 (d, J = 7.3 Hz, 2H), 7.59 (td, J = 9.0, 5.9 H#), 7.52 (t, J = 7.6 Hz, 2H), 7.42 (t, I = 7.4
Hz, 1H), 7.28 (t, J = 8.2 Hz, 1H), 3.12 (dd, J % &.7 Hz, 2H), 1.80 — 1.66 (m, 2H), 0.96 (t, J

= 7.4 Hz, 3H).*C NMR (DMSO-d6, 101 Hz, ppm} 180.7, 156.1 (dd, J = 246.6, 6.9 Hz),



152.4 (dd, J = 249.7, 8.6 Hz), 148.9, 144.1, 13838.2), 131.6, 129.2, 128.8 (d, J = 10.1
Hz), 127.6, 127.2, 127.1, 122.0 (dd, J = 13.7,K&5, 118.2 (dd, J = 24.6, 22.6 Hz), 117.5,
115.7, 112.3 (dd, J = 22.7, 3.6 Hz), 53.6, 16.86.12SI-HRMS: m/z = 454.10424, calcd for
CoaH19FoN30sS m/z = 454.11152 [M-H] IR (ATR) [cm-1] 3230, 2872, 1640, 1582, 1486,
1407, 1316, 1153, 966, 762, 696, 512.
N-(3-(5-ethynyl-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)propane-1-
sulfonamide (27)*? A microwave vessel was charged witd (100 mg, 218 pmol, 1.0 eq.),
Cul (8 mg, 43 umol, 0.2 eq.) and Pd(R@I, (31 mg, 43 umol, 0,2 eq.), TEA (55 mg,
546 umol 2.5 eq.) and trimethylsilylacetylene (64,655 pumol, 3.0 eq.). The resulting
mixture was irradiated (50 W) in a microwave overi30°C for 60 minutes. The crude was
passed through at pad of Celite, flushed with Et@Ad the filtrate was washed with brine.
The organic phase was dried over sodium sulfatkfla solvent was evaporated. The residue
was suspended in MeOH 8Os (78 mg, 436 umol, 2.0 eq.) was added, and theesisspn
was stirred at RT until complete cleavage of TMBe Bolvent was removed and the product
was isolated applying flash chromatography GIDCM/MeOH 100/0 — 97/3, v/v). Yield:
45 mg, 112 pmol, 51%H NMR (DMSO-ds 400 MHz, ppm):5 13.15 (s, 1H), 9.79 (s, 1H),
8.52 (d,J = 1.6 Hz, 1H), 8.50 (s, 1H), 8.30 @z= 2.2 Hz, 1H), 7.59 (td] = 9.0, 6.0 Hz, 1H),
7.28 (t,J = 8.4 Hz, 1H), 4.34 (s, 1H), 3.16 — 3.06 (m, 2HY9 — 1.67 (m, 2H), 0.96 ({,=
7.4 Hz, 3H)."*C NMR (DMSO4ds, 101 Hz, ppm)3 181.0, 156.2 (dd) = 245.2, 6.2 Hz),
152.6 (ddJ = 249.9, 8.2 Hz), 148.6, 148.0, 139.2, 132.4,220,J = 10.4 Hz), 122.1 (dd)
=13.8, 3.3 Hz), 118.1 (dd,= 24.5, 21.9 Hz), 117.0 (8= 5.5 Hz), 115.5, 113.8, 112.6 (dH,
= 22.8, 3.5 Hz), 82.3, 81.5, 53.9, 17.0, 12.7. HBMS: m/z = 402.07328, calcd for
C1oH157N305S m/z = 402.08022 [M-H] IR (ATR) [cm?] 3243, 3097, 2968, 2872, 2722,
1619, 1486, 1465, 1411, 1316, 1149, 974, 895, 08,
N-(2,4-difluoro-3-(5-(furan-2-yl)-1H-pyrrolo[2,3-b]pyridine-3-

carbonyl)phenyl)propane-1-sulfonamide (28). Compound 28 was prepared following



general procedure Ausing 78 (60 mg, 131 pumol, 1.0 eq.), 2-furanylboronic afl® mg,
157 ymol, 1.2 eq.), ¥CO; (36 mg, 262 umol, 2.0 eq.) and Pd(BRh15 mg, 13 umol,
10 mol%). Flash chromatography (SJIODCM/MeOH 100/0 - 97/3, v/v). Yield: 35 mg,
79 pmol, 61%*H NMR (DMSO-ds 400 MHz, ppm)3 13.02 (s, 1H), 9.79 (s, 1H), 8.83 (H,
= 2.1 Hz, 1H), 8.70 (s, 1H), 8.23 (@= 1.2 Hz, 1H), 7.82 (dJ = 1.1 Hz, 1H), 7.59 (td] =
8.9, 6.0 Hz, 1H), 7.29 (8§ = 8.4 Hz, 1H), 7.10 (d] = 3.2 Hz, 1H), 6.65 (dd] = 3.3, 1.8 Hz,
1H), 3.17 — 3.07 (m, 2H), 1.74 (dij= 14.9, 7.4 Hz,21H), 0.96 @,= 7.4 Hz, 3H)!*C NMR
(DMSO-ds, 101 Hz, ppm)s 180.6, 156.0 (dd) = 246.6, 6.7 Hz), 152.3 (dd,= 249.4, 8.1
Hz), 151.3, 148.5, 143.2, 141.5, 138.6, 128.8J(¢, 9.8 Hz), 123.5, 122.3, 121.9 (dii=
13.3, 3.8 Hz), 118.5 — 117.8 (m), 117.3, 115.7,.312112.2 (m), 112.2, 105.9, 53.5, 16.8,
12.6. ESI-HRMS: m/z = 444.08386, calcd fopiid;/F:N3O,S m/z = 444.08351 [M-H]
IR (ATR) [cm] 3097, 2839, 1640, 1490, 1416, 1328, 1145, 979, 833, 558, 496.
N-(2,4-difluoro-3-(5-(thiophen-2-yl)-1H-pyrrolo[2,3- b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (29). Compound 29 was prepared following
general procedure Ausing78 (60 mg, 131 umol, 1.0 eq.), 2-thiophenylboronic §20 mg,
157 ymol, 1.2 eq.), ¥CO; (36 mg, 262 umol, 2.0 eq.) and Pd(BRh15 mg, 13 umol,
10 mol%). Flash chromatography (SJIODCM/MeOH 100/0 - 97/3, v/v). Yield: 48 mg,
104 umol, 79%"H NMR (DMSO-ds, 400 MHz, ppm)5 13.04 (s, 1H), 9.79 (s, 1H), 8.78 (4,
= 2.2 Hz, 1H), 8.60 (s, 1H), 8.24 (s, 1H), 7.65.537(m, 3H), 7.29 (t) = 8.7 Hz, 1H), 7.20
(dd,J = 5.0, 3.7 Hz, 1H), 3.16 — 3.08 (m, 2H), 1.80 681(m, 2H), 0.96 (tJ = 7.4 Hz, 3H).
13C NMR (DMSO4ds, 101 Hz, ppm)5 180.6, 156.0 (dd) = 246.4, 7.1 Hz), 152.3 (dd,=
249.6, 8.4 Hz), 148.7, 142.7, 140.7, 138.7, 128,38 € 10.2 Hz), 128.7, 126.0, 125.5, 124.1,
121.93 (dd) = 13.8, 4.0 Hz), 117.5, 115.5, 112.3 (dd; 22.6, 3.0 Hz), 53.5, 16.8, 12.5. ESI-
HRMS: m/z = 460.06115, calcd for »fE;;Fo:N3OsS, m/z = 460.06066 [M-H]

IR (ATR) [cm}] 2843, 1632, 1582, 1495, 1461, 1411, 1336, 1188, 974, 887, 704, 558.



N-(3-(5-(3-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (30). Compound 30 was prepared following
general procedure Ausing 78 (100 mg, 218 umol, 1.0 eq.), (3-chlorophenyl)baroacid
(41 mg, 262 umol, 1.2 eq.), .&O; (60 mg, 436 umol, 2.0 eq.) and Pd(BRPNh25 mg,
22 umol, 10 mol%). Flash chromatography ($SIDCM/MeOH 100/0 - 97/3, viv).

Yield: 50 mg, 102 pmol, 47%H NMR (DMSO-ds, 400 MHz, ppm):s 13.04 (s, 1H), 9.78
(s, 1H), 8.74 (dJ = 1.9 Hz, 1H), 8.66 (s, 1H), 8.27 (s, 1H), 7.831¢d), 7.73 (d,) = 7.6 Hz,
1H), 7.64 — 7.52 (m, 2H), 7.48 (d= 7.9 Hz, 1H), 7.29 (t) = 8.6 Hz, 1H), 3.18 — 3.07 (m,
2H), 1.74 (dgJ = 14.8, 7.4 Hz, 2H), 0.96 (3,= 7.4 Hz, 3H)*C NMR (DMSO4ds, 101 Hz,
ppm): & 180.7, 156.0 (dd) = 247.1, 6.9 Hz), 152.4 (dd,= 249.9, 8.6 Hz), 149.1, 144.1,
140.4, 138.8, 133.9, 130.9, 130.1, 128.9 — 128)7 1&v.4, 127.4, 126.8, 125.9, 122.0 (dd,
=13.5, 3.5 Hz), 118.1 (dd,= 24.3, 22.7 Hz), 117.5, 115.8, 112.3 (d¢; 22.6, 3.5 Hz), 53.6,
16.8, 12.6. ESI-HRMS: m/z = 488.06545, calcd farHzsCIF,N3OsS m/z = 488.06527
[M-H] . IR (ATR) [cm}] 3213, 2856, 1649, 1486, 1399, 1141, 962, 791, 6838, 504.

N-(3-(5-(2-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (31). Compound 31 was prepared following
general procedure Ausing 78 (60 mg, 131 umol, 1.0 eq.), (2-chlorophenyl)bocoacid
(25 mg, 157 umol, 1.2 eq.), .&O; (36 mg, 262 umol, 2.0 eq.) and Pd(BRNh15 mg,
13 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, viv). Yield:
42 mg, 86 umol, 66%H NMR (DMSO-ds 400 MHz, ppm):6 13.07 (s, 1H), 9.78 (s, 1H),
8.49 (s, 1H), 8.46 (dl = 2.1 Hz, 1H), 8.28 (s, 1H), 7.66 — 7.54 (m, 3HH2 — 7.43 (m, 2H),
7.28 (t,J = 8.7 Hz, 1H), 3.16 — 3.08 (m, 2H), 1.80 — 1.68 @H), 0.96 (tJ = 7.4 Hz, 3H);
13C NMR (DMSO4ds, 101 Hz, ppm)5 180.6, 156.0 (ddj = 246.6, 7.1 Hz), 152.3 (dd,=
249.6, 8.5 Hz), 148.6, 145.4, 138.7, 137.3, 13P31,8, 129.8, 129.8, 129.7, 129.6, 128.7 (d,
J = 8.4 Hz), 127.6, 121.9 (dd,= 13.6, 3.6 Hz), 118.1 (dd,= 24.3, 22.6 Hz), 116.8, 115.6,

112.27 (dd,J=22.7, 3.6 Hz), 53.5, 16.8, 12.5. ESI-HRMS: m/z88.06560, calcd for



Co3H1sCIFaN30:S m/z = 488.06527 [M-H] IR (ATR) [cmiY] 3014, 2856, 1628, 1486, 1403,
1324, 1145, 1020, 762, 496.
N-(2,4-difluoro-3-(5-(4-fluorophenyl)-1H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (32). Compound 32 was prepared following
general procedure Ausing 78 (60 mg, 131 umol, 1.0 eq.), (4-fluorophenyl)bommicid
(22 mg, 157 umol, 1.2 eq.), .&O; (36 mg, 262 umol, 2.0 eq.) and Pd(BRNh15 mg,
13 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, viv). Yield:
55 mg, 115 pmol, 88%H NMR (DMSO-ds 400 MHz, ppm):6 12.99 (s, 1H), 9.78 (s, 1H),
8.69 (d,J = 2.2 Hz, 1H), 8.62 (s, 1H), 8.25 (s, 1H), 7.86, (= 8.6, 5.4 Hz, 2H), 7.59 (td,=
9.0, 5.9 Hz, 1H), 7.35 (fl = 8.8 Hz, 2H), 7.29 () = 8.7 Hz, 1H), 3.15 — 3.10 (m, 2H), 1.80 —
1.69 (m, 2H), 0.96 () = 7.4 Hz, 3H);*C NMR (DMSO4ds, 101 Hz, ppm)5 180.6, 161.9 (d,
J = 244.6 Hz), 156.0 (dd] = 246.4, 6.9 Hz), 152.3 (dd,= 249.6, 8.6 Hz), 148.8, 143.9,
138.6, 134.6 (dJ = 3.0 Hz), 130.6, 129.1 (d,= 8.2 Hz), 128.7 (dd] = 10.8, 4.2 Hz), 127.0,
121.9 (dd,J = 13.6, 3.6 Hz), 118.1 (dd, = 24.4, 22.6 Hz), 117.4, 115.9 @ = 21.4 Hz),
115.6, 112.2 (dd) = 22.9, 3.2 Hz), 53.5, 16.8, 12.5. ESI-HRMS: m/272.09507, calcd for
CoaH18F3N30sS miz = 472.09482 [M-H] IR (ATR) [cm'] 3022, 2851, 2714, 1632, 1478,
1328, 1149, 1016, 833, 716, 504.
N-(2,4-difluoro-3-(5-(3-fluorophenyl)-1H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (33).Compound 33 was prepared following
general procedure Ausing 78 (120 mg, 262 umol, 1.0 eq.), (3-fluorophenyl)bacoacid
(44 mg, 314 umol, 1.2 eq.), .&O; (72 mg, 524 umol, 2.0 eq.) and Pd(BRNh30 mg,
26 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, v/v). Yield:
55 mg, 115 umol, 44%H NMR (DMSO-ds, 600 MHz, ppm):6 13.03 (s, 1H), 9.77 (s, 1H),
8.74 (d,J = 2.2 Hz, 1H), 8.66 (s, 1H), 8.26 @= 2.0 Hz, 1H), 7.65 — 7.54 (m, 4H), 7.29t,
= 8.7 Hz, 1H), 7.25 (td) = 8.7, 2.2 Hz, 1H), 3.14 — 3.11 (m, 2H), 1.79 661(m, 2H), 0.96

(t, J = 7.4 Hz, 3H)."*C NMR (DMSOds, 151 Hz, ppm)5 180.7, 162.7 (dJ = 243.7 Hz),



156.0 (dd,J = 246.5, 7.4 Hz), 152.4 (dd,= 249.4, 8.9 Hz), 149.1, 144.2, 140.7 Jcs 8.3
Hz), 139.0, 131.1 (d] = 8.9 Hz), 130.2 (d] = 2.5 Hz), 128.8 (dJ = 10.5 Hz), 127.3, 123.3
(d,J = 2.9 Hz), 121.9 (dd] = 14.0, 3.9 Hz), 118.1 (dd,= 25.4, 22.6 Hz), 117.5, 115.7, 114.3
(d,J = 21.2 Hz), 113.9 (dJ = 22.4 Hz), 112.4 (dd] = 23.1, 4.2 Hz), 53.5, 16.8, 12.6. ESI-
HRMS: m/z = 472.09498, calcd for o£1sFsN3sOsS m/z = 472.09482 [M-H]
IR (ATR) [cm!] 3222, 1640, 1586, 1478, 1399, 1141, 958, 779, 500
N-(2,4-difluoro-3-(5-(2-fluorophenyl)-1H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (34). Compound 34 was prepared following
general procedure Ausing 78 (100 mg, 218 umol, 1.0 eq.), (2-fluorophenyl)bacoacid
(37 mg, 262 umol, 1.2 eq.), .&O; (60 mg, 436 umol, 2.0 eq.) and Pd(BRPNh25 mg,
22 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, v/v). Yield:
31 mg, 66 umol, 30%H NMR (DMSO-ds 400 MHz, ppm):6 13.06 (s, 1H), 9.78 (s, 1H),
8.59 (s, 2H), 8.27 (s, 1H), 7.67 Jt= 7.7 Hz, 1H), 7.59 (dd] = 14.7, 8.8 Hz, 1H), 7.49 (dd,
=12.3, 6.3 Hz, 1H), 7.38 (dd,= 16.4, 8.7 Hz, 2H), 7.29 (,= 8.5 Hz, 1H), 3.18 — 3.07 (m,
2H), 1.74 (dgJ = 14.1, 7.0 Hz, 2H), 0.96 (#,= 7.3 Hz, 3H)*C NMR (DMSO4ds, 101 Hz,
ppm): & 181.1, 159.5 (dJ = 245.4 Hz), 156.3 (dd] = 246.5, 7.2 Hz), 152.6 (dd,= 250.1,
8.2 Hz), 148.9, 145.4 (d,= 1.6 Hz), 138.9, 131.4 (d,= 2.8 Hz), 130.3 (d] = 8.1 Hz), 129.6
(d, J = 2.8 Hz), 129.2 (dJ = 9.1 Hz), 126.6, 126.0 (d,= 13.5 Hz), 125.5 (dJ = 3.3 Hz),
122.1 (dd,J = 13.3, 3.6 Hz), 118.3 (dd, = 24.4, 22.6 Hz), 117.4, 116.4 @= 22.3 Hz),
115.9, 112.6 (dd) = 22.8, 3.1 Hz), 53.9, 17.0, 12.8. ESI-HRMS: m/272.09558, calcd for
CosH1gF3sN30sS miz = 472.09482 [M-H] IR (ATR) [cm] 3238, 1648, 1490, 1411, 1323,
1149, 965, 820, 753, 707, 553, 499.
N-(2,4-difluoro-3-(5-(p-tolyl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)phenyl)propane-1-
sulfonamide (35).Compound35 was prepared followingeneral procedure Ausing 78
(2120 mg, 262 pmol, 1.0 eq.p-folyl)boronic acid (42 mg, 314 pmol, 1.2 eq.»@Os (72 mg,

524 pmol, 2.0 eq.) and Pd(PPh(30 mg, 26 pumol, 10 mol%). Flash chromatograph®4S



DCM/MeOH 100/0 - 97/3, v/v). Yield: 73 mg, 156 um@0%. '"H NMR (DMSO-ds, 600
MHz, ppm):6 12.97 (s, 1H), 9.76 (s, 1H), 8.68 (+ 2.2 Hz, 1H), 8.59 (s, 1H), 8.22 (s, 1H),
7.64 (d,J = 8.0 Hz, 2H), 7.59 (td] = 9.0, 5.9 Hz, 1H), 7.33 (d,= 7.9 Hz, 2H), 7.28 () =
8.5 Hz, 1H), 3.14 — 3.10 (m, 2H), 2.37 (s, 3H),81-71.70 (m, 2H), 0.96 (f = 7.4 Hz, 3H).
3C NMR (DMSO4ds, 151 Hz, ppm)5 180.6, 156.0 (dd) = 246.6, 7.3 Hz), 152.3 (dd,=
249.1, 9.2 Hz), 148.8, 143.9, 138.7, 136.9, 13631,.5, 129.8, 128.8 (dd,= 15.8, 4.2 Hz),
127.0, 126.7, 121.9 (dd,= 14.1, 4.0 Hz), 118.2 (dd,= 24.7, 22.8 Hz), 117.5, 115.6, 112.3
(dd, J = 23.0, 4.1 Hz), 53.5, 20.7, 16.8, 12.6. ESI-HRM&z = 468.12022, calcd for
CoaH21FN305S m/z = 468.11989 [M-H] IR (ATR) [cmY] 3234, 1640, 1482, 1395, 1149,
958, 812, 517.
N-(2,4-difluoro-3-(5-(m-tolyl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)phenyl)propane-
1-sulfonamide (36).Compound36 was prepared followingeneral procedure Ausing78
(120 mg, 262 pmol, 1.0 eq.)mHtolyl)boronic acid (43 mg, 314 pmol, 1.2 eq.).GOs
(72 mg, 524 umol, 2.0 eq.) and Pd(B®30 mg, 26 umol, 10 mol%). Flash chromatography
(Si0,, DCM/MeOH 100/0 - 97/3, v/v). Yield: 57 mg, 121 pm46%.'H NMR (DMSO-<s
600 MHz, ppm): 12.98 (d,J = 1.8 Hz, 1H), 9.77 (s, 1H), 8.69 @@= 2.2 Hz, 1H), 8.61 (s,
1H), 8.23 (dJ = 2.5 Hz, 1H), 7.64 — 7.51 (m, 3H), 7.41Jt= 7.6 Hz, 1H), 7.29 (t) = 8.6
Hz, 1H), 7.23 (dJ = 7.5 Hz, 1H), 3.14 — 3.10 (m, 2H), 2.42 (s, 3HY8 — 1.71 (m, 2H), 0.96
(t, J = 7.4 Hz, 3H)*C NMR (DMSO4ds, 151 Hz, ppm)5 180.6, 156.0 (dd) = 246.6, 7.2
Hz), 152.3 (dd)) = 249.3, 9.0 Hz), 148.9, 144.0, 138.8, 138.4, 1,3831.7, 129.1, 128.8 (dd,
J=11.7, 3.5 Hz), 128.2, 127.8, 127.0, 124.3, 12d®J = 14.0, 3.9 Hz), 118.2 (dd,= 25.4,
22.9 Hz), 117.5, 115.7, 112.4 (dbs 23.0, 4.2 Hz), 53.5, 21.1, 16.8, 12.60. ESI-HRM#&
= 468.12020, calcd for GHxFN30sS m/z = 468.11989 [M-H] IR (ATR) [cmi'] 3218,
1619, 1595, 1403, 1332, 1145, 837, 783, 708, 512.
N-(2,4-difluoro-3-(5-(o-tolyl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)phenyl)propane-1-

sulfonamide (37).Compound37 was prepared followingeneral procedure Ausing 78



(2120 mg, 262 pmol, 1.0 eq.p-folyl)boronic acid (43 mg, 314 pmol, 1.2 eq.»@Os (72 mg,
524 pmol, 2.0 eq.) and Pd(PPh(30 mg, 26 umol, 10 mol%). Flash chromatograph®4S
DCM/MeOH 100/0 - 97/3, viv). Yield: 75 mg, 160 pm@1%.*H NMR (DMSO-ds, 600
MHz, ppm):& 13.00 (d,J = 2.0 Hz, 1H), 9.76 (s, 1H), 8.39 @@= 2.1 Hz, 1H), 8.35 (s, 1H),
8.24 (d,J = 2.7 Hz, 1H), 7.64 — 7.53 (m, 2H), 7.37 — 7.30 4H), 7.28 (tJ = 8.5 Hz, 1H),
3.15 — 3.06 (m, 2H), 2.26 (s, 3H), 1.78 — 1.69 ), 0.96 (t,J = 7.4 Hz, 3H).*C NMR
(DMSO-ds, 151 Hz, ppm)s 180.6, 156.0 (dd) = 246.8, 7.3 Hz), 152.3 (dd,= 249.4, 9.1
Hz), 148.4, 145.4, 138.6, 138.6, 135.3, 132.2,4,3030.2, 129.2, 128.8 (d,= 12.1 Hz),
127.8, 126.2, 121.9 (dd,= 14.0, 4.0 Hz), 118.2 (dd,= 25.3, 23.2 Hz), 117.0, 115.6, 112.3
(dd, J = 23.0, 3.9 Hz), 53.5, 20.2, 16.8, 12.6. ESI-HRM&Zz = 468.12014, calcd for
CoaH21FN305S m/z = 468.11989 [M-H] IR (ATR) [cmY] 1649, 1478, 1436, 1407, 1324,
1145, 983, 654, 504.

N-(2,4-difluoro-3-(5-(4-methoxyphenyl)-H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (38). Compound 38 was prepared following
general procedure Ausing78 (60 mg, 131 umol, 1.0 eq.), (4-methoxyphenyl)baracid
(23 mg, 157 umol, 1.2 eq.), .&O; (36 mg, 262 umol, 2.0 eq.) and Pd(BRNh15 mg,
13 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, viv). Yield:
23 mg, 47 umol, 36%H NMR (DMSO-ds 400 MHz, ppm):6 12.96 (s, 1H), 9.78 (s, 1H),
8.67 (d,J = 1.7 Hz, 1H), 8.57 (s, 1H), 8.21 (s, 1H), 7.68J¢ 8.5 Hz, 2H), 7.59 (dd] =
14.8, 8.9 Hz, 1H), 7.28 (§,= 8.5 Hz, 1H), 7.08 (d] = 8.6 Hz, 2H), 3.82 (s, 3H), 3.19 — 3.06
(m, 2H), 1.74 (dg,) = 14.7, 7.2 Hz, 2H), 0.96 (§,= 7.4 Hz, 3H);"*C NMR (DMSO«ds, 101
Hz, ppm):8 180.5, 159.0, 156.0 (dd,= 246.6, 6.9 Hz), 152.4 (dd,= 258.5, 8.9 Hz), 148.5,
143.7, 138.4, 131.3, 130.4, 128.7 Jc5 8.7 Hz), 128.2, 126.4, 121.9 (db= 13.1, 3.6 Hz),
118.2 (dd,J=25.0, 23.0 Hz), 117.5, 115.6, 114.6, 112.2 0d, 22.5, 3.3 Hz), 55.2, 53.5,

16.74, 12.5. ESI-HRMS: m/z = 484.11573, calcd fedHz1F2N304S m/z = 484.11481 [M-H]



. IR (ATR) [cniY] 2960, 2835, 1632, 1499, 1474, 1336, 1249, 1140, 891, 812, 708, 554,
496.

N-(2,4-difluoro-3-(5-(3-methoxyphenyl)-H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (39). Compound 39 was prepared following
general procedure Ausing78 (120 mg, 262 umol, 1.0 eq.), (3-methoxyphenyl)baracid
(48 mg, 314 umol, 1.2 eq.), .&O; (72 mg, 524 umol, 2.0 eq.) and Pd(BRNh30 mg,
26 umol, 10 mol%). Flash chromatography ($i©@CM/MeOH 100/0 - 97/3, viv). Yield:
72 mg, 149 pmol, 57%H NMR (DMSO-ds, 600 MHz, ppm):6 13.00 (s, 1H), 9.77 (s, 1H),
8.71 (d,J = 2.2 Hz, 1H), 8.61 (s, 1H), 8.24 (s, 1H), 7.58 {t= 9.0, 5.9 Hz, 1H), 7.44 (§,=
7.9 Hz, 1H), 7.31 — 7.25 (m, 3H), 6.99 (ddds= 8.2, 2.4, 0.6 Hz, 1H), 3.86 (s, 3H), 3.15 —
3.10 (m, 2H), 1.77 — 1.70 (m, 2H), 0.96 Jt= 7.4 Hz, 3H).2*C NMR (DMSO4;, 151 Hz,
ppm): & 180.6, 159.9, 156.0 (dd, = 246.5, 7.3 Hz), 152.3 (dd,= 249.4, 8.9 Hz), 149.0,
144.2, 139.7, 138.8, 131.5, 130.3, 128.8J(d,11.5 Hz), 127.1, 121.9 (dd= 14.1, 3.8 Hz),
119.5, 118.2 (dd] = 25.0, 22.6 Hz), 117.4, 115.7, 113.3, 112.6,31@d,J = 22.7, 3.9 Hz),
55.2, 53.5, 16.8, 12.6. ESI-HRMS: m/z = 484.11528lcd for G4H»1F:N3OS m/z =
484.11481 [M-H]. IR (ATR) [cni'] 3222, 1640, 1586, 1482, 1303, 1137, 966, 820, 893,
596, 554, 496.

N-(2,4-difluoro-3-(5-(2-methoxyphenyl)-H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (40). Compound 40 was prepared following
general procedure Ausing78 (120 mg, 262 umol, 1.0 eq.), (2-methoxyphenyl)baracid
(48 mg, 314 umol, 1.2 eq.), .&O; (72 mg, 524 umol, 2.0 eq.) and Pd(BRNh30 mg,
26 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, v/v). Yield:
72 mg, 148 pmol, 57%H NMR (DMSO-ds, 600 MHz, ppm):6 12.94 (s, 1H), 9.76 (s, 1H),
8.48 (d,J = 1.8 Hz, 2H), 8.21 (s, 1H), 7.64 — 7.52 (m, 3HX3 — 7.37 (M, 2H), 7.28 @,=
8.5 Hz, 1H), 7.17 (d) = 8.1 Hz, 1H), 7.09 (td] = 7.4, 0.8 Hz, 1H), 3.80 (s, 3H), 3.14 — 3.08

(m, 2H), 1.77 — 1.70 (m, 2H), 0.95 &= 7.4 Hz, 3H). ESI-HRMS: m/z = 484.11495, calcd



for CosHo1FaN30,S m/z = 484.11481 [M-H] IR (ATR) [cm'] 1632, 1482, 1407, 1328, 1245,
1141, 1024, 887, 754, 542, 492.
N-(2,4-difluoro-3-(5-(4-fluoro-2-methylphenyl)-1H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (41). Compound 41 was prepared following
general procedure Ausing78 (60 mg, 131 umol, 1.0 eq.), (4-fluoro-2-methylpyi@noronic
acid (24 mg, 157 umol, 1.2 eq.)o®0O; (36 mg, 262 pmol, 2.0 eq.) and Pd(BRI15 mg,
13 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, viv). Yield:
47 mg, 96 umol, 73%H NMR (DMSO-ds 400 MHz, ppm):6 13.02 (s, 1H), 9.78 (s, 1H),
8.37 (d,J = 1.6 Hz, 1H), 8.34 (s, 1H), 8.26 (s, 1H), 7.58 Jt= 8.9, 6.1 Hz, 1H), 7.35 (dd,=
8.3, 6.2 Hz, 1H), 7.28 (fl = 8.7 Hz, 1H), 7.23 (dd} = 10.1, 2.4 Hz, 1H), 7.14 (td,= 8.5, 2.5
Hz, 1H), 3.16 — 3.09 (m, 2H), 2.26 (s, 3H), 1.80.69 (m, 2H), 0.96 (tJ = 7.4 Hz, 3H)*C
NMR (DMSO-ds, 101 Hz, ppm)d 180.6, 161.6 (dJ = 244.0 Hz), 156.0 (dd} = 246.4, 6.9
Hz), 152.3 (dd,) = 249.5, 8.5 Hz), 148.4, 145.4, 138.5, 138.2)(d 8.1 Hz), 134.9 (d] = 2.9
Hz), 132.0 (dJ = 8.5 Hz), 131.2, 129.3, 128.7 = 9.8 Hz), 121.9 (dd] = 13.6, 3.5 Hz),
118.1 (dd,J = 24.6, 22.3 Hz), 117.0, 116.73 (M= 21.1 Hz), 115.5, 112.7 (d,= 20.9 Hz),
112.2 (ddJ = 22.7, 3.5 Hz), 53.5, 20.2, 16.8, 12.5. ESI-HRM®z = 486.11076, calcd for
CoaH20FsN30sS m/z = 486.11047 [M-H] IR (ATR) [cm] 3076, 2843, 1640, 1482, 1328,
1141, 974, 704, 492.
N-(3-(5-(2,4-difluorophenyl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (42). Compound 42 was prepared following
general procedure Ausing78 (100 mg, 218 umol, 1.0 eq.), (2,4-difluorophenghimic acid
(41 mg, 262 umol, 1.2 eq.), .&O; (60 mg, 436 umol, 2.0 eq.) and Pd(BRPNh25 mg,
22 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, v/v). Yield:
50 mg, 101 umol, 46%H NMR (DMSO-ds, 400 MHz, ppm):6 13.07 (s, 1H), 9.78 (s, 1H),
8.57 (s, 1H), 8.55 (s, 1H), 8.28 (M= 1.6 Hz, 1H), 7.73 (dd] = 15.5, 8.7 Hz, 1H), 7.59 (td,

= 8.9, 6.1 Hz, 1H), 7.48 — 7.39 (m, 1H), 7.32 -17(®, 2H), 3.17 — 3.06 (M, 2H), 1.80 — 1.67



(m, 2H), 0.96 (t) = 7.4 Hz, 3H)*C NMR (DMSOds, 101 Hz, ppm)s 181.1, 162.2 (dd] =
247.2,12.3 Hz), 159.5 (dd,= 248.3, 12.3 Hz), 156.3 (dd= 246.8, 7.0 Hz), 152.7 (dd,=
250.0, 8.9 Hz), 148.9, 145.4 (@ = 2.1 Hz), 138.9, 132.5 (dd,= 9.7, 4.5 Hz), 129.6 (d, =
2.5 Hz), 129.2 (dJ = 9.8 Hz), 125.8 (dJ = 0.9 Hz), 122.7 (dd] = 13.7, 3.7 Hz), 122.1 (dd,
= 13.5, 3.5 Hz), 118.3 (dd, = 24.2, 22.4 Hz), 117.4, 115.9, 112.6 (dds 22.8, 3.5 Hz),
112.5 (dd,J = 21.2, 3.7 Hz), 105.2 — 104.1 (m), 53.9, 17.0,81ESI-HRMS: m/z =
490.08580, calcd for £H17F:N505S m/z = 490.08540 [M-H] IR (ATR) [cm] 3263, 1644,
1490, 1461, 1403, 1320, 1137, 966, 820, 704, 604, 5
N-(3-(5-(2-chloro-4-fluorophenyl)-1H-pyrrolo[2,3- b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (43). Compound 43 was prepared following
general procedure Ausing78 (80 mg, 175 umol, 1.0 eq.), (2-chloro-4-fluoropyigmoronic
acid (37 mg, 210 umol, 1.2 eq.)o®0O; (48 mg, 350 umol, 2.0 eq.) and Pd(BRI21 mg,
18 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, viv). Yield:
36 mg, 71 umol, 41%H NMR (DMSO-ds 400 MHz, ppm):6 13.07 (s, 1H), 9.77 (s, 1H),
8.47 (s, 1H), 8.43 (dl = 1.2 Hz, 1H), 8.27 (s, 1H), 7.64 — 7.52 (m, 3HR6 (td,J = 8.4, 2.0
Hz, 1H), 7.28 (t]) = 8.8 Hz, 1H), 3.18 — 3.04 (m, 2H), 1.74 (dg; 14.6, 7.2 Hz, 2H), 0.96 (t,
J = 7.4 Hz, 3H)C NMR (DMSO4s, 101 Hz, ppm)s 180.7, 161.5 (d) = 248.3 Hz), 156.0
(dd, J = 246.7, 6.8 Hz), 152.3 (dd,= 249.8, 8.5 Hz), 148.7, 145.5, 138.7, 133.9)(d,3.5
Hz), 133.3 (dJ = 9.0 Hz), 131.5 (dJ = 9.7 Hz), 129.8, 128.8, 128.8 — 128.7 (m), 128d)J
=13.5, 3.3 Hz), 118.1 (dd,= 24.2, 22.2 Hz), 117.0 (d,= 25.1 Hz), 116.8, 115.6, 114.8 (W,
= 21.0 Hz), 112.3 (dd] = 23.1, 3.1 Hz), 53.6, 16.8, 12.6. ESI-HRMS: m/&06.05592, calcd
for CpsH17CIFsN3OsS m/z = 506.05585 [M-H] IR (ATR) [cmi’] 3101, 2872, 1628, 1482,
1411, 1320, 1149, 887, 704, 537, 500.
N-(2,4-difluoro-3-(5-(4-methoxy-2-methylphenyl)-H-pyrrolo[2,3- b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (44). Compound 44 was prepared following

general procedure A wusing 78 (80mg, 175umol, 1.0eq.), (4-methoxy-2-



methylphenyl)boronic acid (35 mg, 210 umol, 1.2,e§,CO; (48 mg, 350 umol, 2.0 eq.)
and Pd(PP§); (21 mg, 18 pmol, 10 mol%). Flash chromatographyO{S DCM/MeOH
100/0 - 97/3, viv). Yield: 50 mg, 96 pmol, 55%4 NMR (DMSO-ds 400 MHz, ppm):8
12.97 (s, 1H), 9.76 (s, 1H), 8.35 (= 1.9 Hz, 1H), 8.31 (s, 1H), 8.22 (s, 1H), 7.58 {=
9.0, 6.0 Hz, 1H), 7.27 ( = 8.8 Hz, 1H), 7.23 (d] = 8.4 Hz, 1H), 6.94 (d] = 2.4 Hz, 1H),
6.88 (dd,J = 8.4, 2.5 Hz, 1H), 3.80 (s, 3H), 3.15 — 3.08 BH), 2.24 (s, 3H), 1.81 — 1.67 (m,
2H), 0.96 (tJ = 7.4 Hz, 3H)!*C NMR (DMSO4ds, 101 Hz, ppm)5 180.5, 158.7, 155.9 (dd,
J = 246.5, 6.7 Hz), 152.2 (dd,= 249.4, 8.4 Hz), 148.1, 145.5, 138.2, 136.6, 93131.2,
130.9, 129.1, 128.7 — 128.4 (m), 121.9 (@d; 13.7, 3.5 Hz), 118.2 (dd,= 24.5, 22.5 Hz),
116.9, 115.7, 115.5, 112.2 (dél= 22.8, 3.6 Hz), 111.5, 55.0, 53.5, 20.3, 16.751ESI-
HRMS: m/z = 498.13048, calcd for o£,3FoNsOS m/z = 498.13046 [M-H]
IR (ATR) [cm™] 1636, 1478, 1407, 1328, 1245, 1153, 966, 841, 822, 500.
N-(2,4-difluoro-3-(5-(2-fluoro-4-methoxyphenyl)-H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)propane-1-sulfonamide (45). Compound 45 was prepared following
general procedure A wusing 78 (80mg, 175umol, 1.0eq.), (2-fluoro-4-
methoxyphenyl)boronic acid (36 mg, 210 pmol, 1.3,e§.CO; (48 mg, 350 pmol, 2.0 eq.)
and Pd(PP§); (21 mg, 18 pmol, 10 mol%). Flash chromatographyO{S DCM/MeOH
100/0 - 97/3, v/v). Yield: 42 mg, 84 pmol, 48%1 NMR (DMSO-ds, 600 MHz, ppm):3
12.90 (s, 1H), 9.75 (s, 1H), 8.46 (s, 2H), 8.091[), 7.54 (tdJ = 9.0, 5.9 Hz, 1H), 7.47 (8,
= 8.9 Hz, 1H), 7.22 () = 8.4 Hz, 1H), 6.90 (dd] = 22.0, 2.4 Hz, 1H), 6.90 (s, 1H), 3.77 (s,
3H), 3.07 — 3.04 (m, 2H), 1.77 — 1.57 (m, 2H), OO0 = 7.4 Hz, 3H)*C NMR (DMSO,
101 Hz, ppm)5 181.9, 161.2 (dJ = 11.5 Hz), 160.5 (d] = 245.4 Hz), 156.9 (ddl = 247.6,
7.2 Hz), 153.2 (dd] = 249.9, 8.9 Hz), 148.9, 145.8, 132.2J&; 5.5 Hz), 130.0 (dd] = 25.1,
13.9 Hz), 127.3, 122.4 (dd, = 13.8, 3.8 Hz), 118.9 — 118.5 (m), 118.4 Jd; 14.0 Hz),

118.02, 116.3, 113.4 — 113.0 (m), 112.04¢, 3.2 Hz), 102.9, 102.8, 56.5, 54.4, 17.5, 13.3.



ESI-FHRMS: m/z = 502.10560, calcd for,£0FsN3sO,S m/z = 502.10539 [M-H]
IR (ATR) [cm'] 3238, 2968, 2843, 1640, 1624, 1478, 1312, 1120, 812, 567, 496.
N-(3-(5-(2-chloro-4-methoxyphenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (46). Compound 46 was prepared following
general procedure A wusing 78 (80mg, 175umol, 1.0eq.), (2-chloro-4-
methoxyphenyl)boronic acid (39 mg, 210 pmol, 1.3,e§.CO; (48 mg, 350 pmol, 2.0 eq.)
and Pd(PP§; (21 mg, 18 pmol, 10 mol%). Flash chromatographyO{S DCM/MeOH
100/0 - 97/3, v/v). Yield: 53 mg, 102 pmol, 58% NMR (DMSO-ds, 400 MHz, ppm):8
13.01 (s, 1H), 9.75 (s, 1H), 8.44 (s, 1H), 8.411(8), 8.23 (s, 1H), 7.58 (dd,= 14.7, 8.7 Hz,
1H), 7.47 (dJ = 8.5 Hz, 1H), 7.27 (t) = 8.6 Hz, 1H), 7.21 (dJ = 2.1 Hz, 1H), 7.06 (dd] =
8.5, 2.3 Hz, 1H), 3.85 (s, 3H), 3.15 — 3.08 (m, 2HBO0 — 1.68 (m, 2H), 0.96 {,= 7.4 Hz,
3H). *C NMR (DMSO4ds, 101 Hz, ppm)s 180.6, 159.6, 156.0 (dd,= 246.5, 6.8 Hz), 152.3
(dd,J = 249.3, 9.2 Hz), 148.4, 145.6, 138.5, 132.6,43929.7, 129.7, 129.5, 128.8 — 128.6
(m), 121.9 (dd) = 13.5, 3.8 Hz), 118.5 — 117.8 (m), 116.8, 115¥5.1, 113.8, 112.3 (dd,
= 22.8, 3.8 Hz), 55.7, 53.6, 16.8, 12.5. ESI-HRM@&/z = 518.07571, calcd for
Co4H20CIF2N304S m/z = 518.07583 [M-H] IR (ATR) [cni'] 3197, 6109, 2976, 2839, 1628,
1486, 1457, 1403, 1149, 1020, 712, 508, 562.
N-(3-(5-(3,4-dimethoxyphenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (47). Compound 47 was prepared following
general procedure Ausing78 (120 mg, 262 umol, 1.0 eq.), (3,4-dimethoxyphdmyipnic
acid (57 mg, 314 umol, 1.2 eq.)®0; (72 mg, 524umol, 2.0 eq.) and Pd(BRH30 mg,
26 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, v/v). Yield:
100 mg, 187 pmol, 72%H NMR (DMSO-ds; 600 MHz, ppm)3 12.96 (s, 1H), 9.76 (s, 1H),
8.70 (d,J = 2.2 Hz, 1H), 8.55 (s, 1H), 8.21 (s, 1H), 7.59 {t= 9.0, 6.0 Hz, 1H), 7.31 — 7.24
(m, 3H), 7.09 (d,J = 8.4 Hz, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 3.1.20 (m, 2H), 1.80 — 1.63

(m, 2H), 0.96 (tJ) = 7.4 Hz, 3H)*C NMR (DMSO4ds, 151 Hz, ppm)& 180.6, 156.0 (dd] =



246.5, 7.8 Hz), 152.3 (dd,= 249.3, 8.9 Hz), 149.3, 148.6, 148.6, 144.0,83831.6, 130.9,
128.8 (d,J = 12.1 Hz), 126.6, 121.9 (dd,= 14.0, 4.0 Hz), 119.4, 118.3 (dii= 25.5, 23.5
Hz), 117.5, 115.6, 112.4, 112.3 @,= 3.7 Hz), 110.8, 55.7, 55.6, 53.5, 16.8, 12.6I-ES
HRMS: m/z = 514.12541, calcd for ,£,3FN3s0sS m/z = 514.12537 [M-H]
IR (ATR) [cm] 3263, 1649, 1486, 1403, 1245, 1145, 991, 887, Ba9, 496.
N-(3-(5-(2,4-dimethoxyphenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (48). Compound 48 was prepared following
general procedure Ausing78 (120 mg, 262 umol, 1.0 eq.), (2,4-dimethoxyphdmyipnic
acid (57 mg, 314 umol, 1.2 eq.)o®0; (72 mg, 524 pmol, 2.0 eq.) and Pd(BRK30 mg,
26 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, v/v). Yield:
98 mg, 191 umol, 73%H NMR (DMSO-ds, 600 MHz, ppm):6 12.90 (s, 1H), 9.76 (s, 1H),
8.43 (d,J = 2.0 Hz, 2H), 8.18 (d] = 1.2 Hz, 1H), 7.58 (td] = 9.0, 5.9 Hz, 1H), 7.31 (d,=
8.3 Hz, 1H), 7.28 (t) = 8.7 Hz, 1H), 6.72 (d] = 2.4 Hz, 1H), 6.67 (ddl = 8.4, 2.4 Hz, 1H),
3.83 (s, 3H), 3.79 (s, 3H), 3.13 — 3.08 (m, 2H),71= 1.69 (m, 2H), 0.95 (§,= 7.4 Hz, 3H).
3C NMR (DMSO4ds, 151 Hz, ppm)s 181.0, 160.9, 157.7, 156.5 (dil= 246.3, 7.4 Hz),
152.8 (dd,J = 248.9, 9.2 Hz), 148.5, 146.3, 138.7, 131.8,82829.2 (d,] = 23.5 Hz), 129.2,
122.4 (dd,J = 14.0, 4.0 Hz), 120.3, 117.4, 116.0, 112.8 (Hd, 22.9, 4.1 Hz), 106.0, 99.5,
56.1, 55.8, 53.9, 17.3, 13.1. ESI-HRMS: m/z = 52888, calcd for gH23F:N30sS m/z =
514.12537 [M-H]. IR (ATR) [cm}] 1649, 1486, 1403, 1299, 1141, 1016, 883, 704, 500
N-(3-(5-(benzof][1,3]dioxol-5-yl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (49). Compound 49 was prepared following
general procedure Ausing78 (60 mg, 131 umol, 1.0 eq.), bend}pl,3]dioxol-5-ylboronic
acid (26 mg, 157 umol, 1.2 eq.)o®0O; (36 mg, 262 pmol, 2.0 eq.) and Pd(BRI15 mg,
13 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, viv). Yield:
59 mg, 119 umol, 91%H NMR (DMSO-ds 400 MHz, ppm)® 12.96 (s, 1H), 9.77 (s, 1H),

8.64 (d,J = 2.0 Hz, 1H), 8.56 (s, 1H), 8.20 (s, 1H), 7.67.50 (m, 1H), 7.33 (s, 1H), 7.28 (t,



J=8.7 Hz, 1H), 7.20 (dd] = 8.1, 1.1 Hz, 1H), 7.05 (d,= 8.0 Hz, 1H), 6.09 (s, 2H), 3.17 —
3.08 (m, 2H), 1.82 — 1.69 (m, 2H), 0.97 Jt= 7.4 Hz, 3H);*C NMR (DMSO4s, 101 Hz,
ppm): & 180.5, 156.0 (dd) = 246.7, 7.3 Hz), 152.3 (dd,= 249.7, 8.6 Hz), 148.6, 148.1,
147.0, 143.9, 138.4, 132.4, 131.5, 128.6)(d,11.8 Hz), 126.8, 122.0 (dd= 13.8, 3.4 Hz),
120.8, 118.2 (dd] = 24.5, 22.7 Hz), 117.4, 115.7, 112.2 (d¢ 22.8, 3.4 Hz), 108.8, 107.5,
101.2, 53.6, 16.8, 12.5. ESI-HRMS: m/z = 498.09468cd for G4H1oF:N3OsS m/z =
498.09407 [M-H] IR (ATR) [cm'] 2851, 2722, 1644, 1465, 1411, 1228, 1141, 995, 86
808, 567, 500.
N-(3-(5-(6-chlorobenzofl][1,3]dioxol-5-yl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl)propane-1-sulfonamide (50). Compound 50 was prepared following
general procedure Ausing78 (100 mg, 218 pumol, 1.0 eqR35 (74 mg, 262 umol, 1.2 eq.),
K,CO; (60 mg, 436 umol, 2.0eq.) and Pd(PRh(25 mg, 22 umol, 10 mol%). Flash
chromatography (Si§ DCM/MeOH 100/0 - 97/3, v/v). Yield: 58 mg, 109 pin 50%. *H
NMR (DMSO-ds, 400 MHz, ppm)3 13.02 (s, 1H), 9.77 (s, 1H), 8.43 (s, 1H), 8.39(d 2.0
Hz, 1H), 8.24 (s, 1H), 7.58 (td,= 8.9, 6.0 Hz, 1H), 7.27 (8, = 8.7 Hz, 1H), 7.23 (s, 1H),
7.13 (s, 1H), 6.15 (s, 2H), 3.15 — 3.08 (M, 2H$01- 1.69 (m, 2H), 0.96 (§,= 7.4 Hz, 3H).
13C NMR (DMSO4ds, 101 Hz, ppm):® 180.6, 156.0 (ddJ = 246.7, 7.3 Hz), 152.3 (dd,
J=249.5, 8.2 Hz), 148.5, 147.9, 147.0, 145.7, 13839.5, 130.0, 128.8 (d, = 8.1 Hz),
123.8, 122.0 (dd) = 13.8, 3.4 Hz), 118.1 (dd,= 24.5, 22.7 Hz), 116.8, 115.6, 112.3 (dd;
23.1, 3.5 Hz), 111.1, 109.9, 102.3, 53.6, 16.861ESI-HRMS: m/z = 532.05513, calcd for
Co4H1sCIFaN30sS m/z = 532.05510 [M-H] IR (ATR) [cnmiY] 3093, 2972, 2889, 2718, 1640,
1465, 1416, 1328, 1237, 1141, 1228, 877, 833, 590,
N-(3-(5-(2,3-dihydrobenzob][1,4]dioxin-6-yl)-1H-pyrrolo[2,3- b]pyridine-3-carbonyl)-
2,4-difluorophenyl)propane-1-sulfonamide (51).Compound51 was prepared following
general procedure Ausing78 (60 mg, 131 umol, 1.0 eq.), (2,3-dihydrobetd],4]dioxin-

6-yl)boronic acid (28 mg, 157 umol, 1.2 eq.),a0O; (36 mg, 262 umol, 2.0 eq.) and



Pd(PPh)s (15mg, 13 pmol, 10 mol%). Flash chromatographyiO4S DCM/MeOH
100/0 - 97/3, v/v). Yield: 60 mg, 117 pmol, 899 NMR (DMSO-ds, 400 MHz, ppm):8
12.97 (s, 1H), 9.79 (s, 1H), 8.64 (b 2.0 Hz, 1H), 8.55 (s, 1H), 8.21 (s, 1H), 7.6B.51 (m,
2H), 7.28 (tJ = 8.5 Hz, 1H), 7.24 — 7.16 (m, 2H), 6.99 Jc 8.3 Hz, 1H), 4.29 (s, 4H), 3.17
—3.07 (m, 2H), 1.74 (dd,= 14.9, 7.4 Hz, 2H), 0.96 @,= 7.4 Hz, 3H)*C NMR (DMSOs,
101 MHz, ppm): 180.6, 156.0 (dd] = 246.4, 7.1 Hz), 152.4 (dd,= 249.6, 8.3 Hz), 148.6,
143.9, 143.8, 143.3, 138.5, 131.4, 131.2, 128.0 &111.8 Hz), 126.6, 122.0 (dd,= 13.7,
3.4 Hz), 120.0, 118.24 (dd= 24.2, 22.1 Hz), 117.8, 117.5, 115.7, 115.6,31ad,J = 23.0,
3.6 Hz), 64.2, 64.2, 53.6, 16.8, 12.6. ESI-HRMSz m/512.11011, calcd forgH21FoN30sS
m/z = 512.10972 [M-H] IR (ATR) [cm*] 3010, 2722, 1640, 1482, 1411, 1312, 1245, 1137,
979, 887, 558, 496.
N-(3-(5-(7-chloro-2,3-dihydrobenzob][1,4]dioxin-6-yl)-1H-pyrrolo[2,3- b]pyridine-3-
carbonyl)-2,4-difluorophenyl)propane-1-sulfonamide (52). Compound52 was prepared
following general procedure A using 78 (150 mg, 327 umol, 1.0 eq.R39 (116 mg,
393 umol, 1.2 eq.), ¥CO; (90 mg, 654 umol, 2.0 eq.) and Pd(PRH38 mg, 33 umoal,
10 mol%). Flash chromatography ($JO DCM/MeOH 100/0 - 97/3, v/v). Yield:
105 mg, 192 umol, 59%H NMR (DMSO-ds 400 MHz, ppm)s 13.02 (s, 1H), 9.77 (s, 1H),
8.43 (s, 1H), 8.39 (dl = 2.2 Hz, 1H), 8.24 (s, 1H), 7.58 (tii= 9.0, 5.9 Hz, 1H), 7.27 (td,=
9.0, 1.3 Hz, 1H), 7.14 (s, 1H), 7.05 (s, 1H), 4814H), 3.16 — 3.07 (m, 2H), 1.80 — 1.67 (m,
2H), 0.96 (t,J = 7.4 Hz, 3H).*C NMR (DMSO4ds, 101 Hz, ppm)5 180.6, 156.0 (dd) =
246.5, 6.9 Hz), 152.3 (dd,= 249.7, 8.4 Hz), 148.5, 145.6, 143.8, 142.7,93830.1, 129.8,
129.5, 128.8 (dJ = 9.9 Hz), 123.1, 122.0 (dd,= 13.7, 3.7 Hz), 119.7, 118.1 (dii= 24.8,
22.5 Hz), 117.9, 116.8, 115.6, 112.3 (dd&; 22.5, 3.1 Hz), 64.3, 64.2, 53.6, 16.8, 12.6.-ESI
HRMS: m/z = 546.07088, calcd for »4E,0CIF:N3sOsS m/z = 546.07075 [M-H]
IR (ATR) [cm!] 3259, 3084, 2976, 2826, 2722, 1636, 1486, 1489511316, 1137, 1062,

887, 700, 562, 504.



N-(3-(5-(4-chlorophenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2-fluorophenyl)-1-
phenylmethanesulfonamide (66)Compounds6 was prepared followingeneral procedure
A using 84 (100 mg, 205 pmol, 1.0eq.), (4-chlorophenyl)bocoacid (38 mg, 246 pmoaol,
1.2 eq.), KCO; (57 mg, 410 umol, 2.0 eq.) and Pd(PR(24 mg, 21 umol, 10 mol%). Flash
chromatography (Si§ DCM/MeOH 100/0 - 97/3, v/v). Yield: 55 mg, 105 pn52%. *H
NMR (DMSO-ds 600 MHz, ppm): 8.70 (d,J = 2.2 Hz, 1H), 8.68 (d] = 2.2 Hz, 1H), 8.03
(s, 1H), 7.85 (ddJ = 20.1, 8.4 Hz, 1H), 7.78 (dd,= 8.7, 2.4 Hz, 2H), 7.57 (d,= 8.5 Hz,
2H), 7.51 (tdJ = 7.9, 1.4 Hz, 1H), 7.39 — 7.31 (m, 5H), 7.24)(t 7.8 Hz, 1H), 4.51 (s, 2H).
13C NMR (DMSO4ds, 151 Hz, ppm)5 185.9, 151.5 (dJ = 249.2 Hz), 148.9, 143.6, 138.0,
137.2, 132.4, 131.0, 130.0, 129.8, 129.1, 129.8.9.2128.4, 128.3, 128.1, 127.7, 127.4,
127.3, 124.4 (dJ = 3.3 Hz), 118.0, 115.0, 58.2. ESI-HRMS: m/z = B¥803, calcd for
Co7H1sCIFN;O3S m/z = 518.07469 [M-H] IR (ATR) [cm'] 3243, 1644, 1416, 1332, 1278,
1145, 1095, 999, 891, 758, 637, 521.

N-(3-(5-(2-chloro-4-methoxyphenyl)-H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2-
fluorophenyl)-1-phenylmethanesulfonamide (67)Compound67 was prepared following
general procedure Ausing 84 (100 mg, 205 umol, 1.0eq.), (4-chlorophenyl)bocoacid
(38 mg, 246 umol, 1.2 eq.), .€O0; (57 mg, 410 umol, 2.0 eq.) and Pd(PRPK24 mg,
21 umol, 10 mol%). Flash chromatography (SIOCM/MeOH 100/0 - 97/3, v/v). Yield:
68 mg, 124 umol, 60%H NMR (DMSO-ds; 600 MHz, ppm)3 8.47 (dJ = 2.1 Hz, 1H), 8.38
(d,J = 2.1 Hz, 1H), 7.96 (s, 1H), 7.52 (t#i= 8.2, 1.5 Hz, 1H), 7.45 (d,= 8.5 Hz, 1H), 7.34
— 7.26 (m, 6H), 7.20 (d] = 2.6 Hz, 1H), 7.10 (tJ = 7.8 Hz, 1H), 7.06 (dd] = 8.5, 2.6 Hz,
1H), 6.97 (tJ = 6.0 Hz, 1H), 4.26 (s, 2H), 3.84 (s, 3t} NMR (DMSO+4s, 151 Hz, ppm):
6 187.0, 159.5, 151.3 (d,= 246.4 Hz), 148.3, 145.2, 137.3, 132.6, 132.3,,33d,J = 9.7
Hz), 130.8, 130.0, 129.7, 129.2, 128.8, 128.7, Q,2827.3, 123.9 (dJ = 3.3 Hz), 117.4,

115.1, 115.0, 113.8, 57.3, 55.7. ESI-HRMS: m/z 8.68563, calcd for £H>1CIFN3O4S m/z



= 548.08526 [M-H] IR (ATR) [cm?] 1603, 1457, 1416, 1295, 1216, 1091, 1037, 895, 74
691, 537, 483.

N-(2-fluoro-3-(5-(4-fluoro-2-methylphenyl)-1H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)-1-phenylmethanesulfonamide (68). Compound 68 was prepared
following general procedure A using 84 (100 mg, 205 pumol, 1.0eq.), (4-fluoro-2-
methylphenyl)boronic acid (38 mg, 246 umol, 1.2.e§,CO; (57 mg, 410 umol, 2.0 eq.)
and Pd(PP{); (24 mg, 21 pmol, 10 mol%). Flash chromatographyO{SIiDCM/MeOH
100/0 - 97/3, v/v). Yield: 67 mg, 130 pmol, 64% NMR (DMSO-ds, 600 MHz, ppm):8
12.89 (s, 1H), 9.84 (s, 1H), 8.38 (= 1.5 Hz, 1H), 8.35 (d] = 1.5 Hz, 1H), 8.04 (s, 1H),
7.50 (t,J = 7.5 Hz, 1H), 7.41 — 7.33 (m, 7H), 7.26Jt 7.9 Hz, 1H), 7.23 (dd] = 10.1, 2.2
Hz, 1H), 7.14 (td) = 8.4, 2.3 Hz, 1H), 4.55 (s, 2H), 2.27 (s, 3HL NMR (DMSO4ds, 151
Hz, ppm):8 185.7, 161.6 (dJ = 243.9 Hz), 151.5 (dl = 249.7 Hz), 148.3, 145.2, 138.3 (4,
= 8.1 Hz), 137.8, 135.1 (d = 2.8 Hz), 132.0 (dJ = 8.4 Hz), 131.0, 130.9, 129.6, 129.4,
128.9 (d,J = 15.2 Hz), 128.3, 128.3, 126.8, 126.0Jd; 13.0 Hz), 125.7, 124.5 (d,= 3.7
Hz), 117.5, 116.8 (d] = 21.1 Hz), 114.8, 112.8 (d= 20.9 Hz), 58.4, 20.3. ESI-HRMS: m/z
= 516.12048, calcd for C 8H,1F>N30sS m/z = 516.11989 [M-H] IR (ATR) [cm?] 3176,
3026, 1607, 1507, 1465, 1403, 1345, 1137, 904, 68D, 608, 537, 483.

N-(3-(5-(6-chlorobenzofl][1,3]dioxol-5-yl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2-
fluorophenyl)-1-phenylmethanesulfonamide (69).Compound69 was prepared following
general procedure Ausing84 (100 mg, 205 pmol, 1.0eqR35 (69 mg, 246 pumol, 1.2 eq.),
K,CO; (57 mg, 410 umol, 2.0 eq.) and Pd(BPH24 mg, 21 pmol, 10 mol%). Flash
chromatography (Si DCM/MeOH 100/0 - 97/3, v/v). Yield: 38 mg, 67 un&3%. *H
NMR (DMSO-ds, 600 MHz, ppm)5 12.91 (s, 1H), 9.84 (s, 1H), 8.47 (b 2.1 Hz, 1H), 8.37
(d,J = 2.2 Hz, 1H), 8.04 (s, 1H), 7.62 (ddbk 7.0, 5.6, 4.0 Hz, 1H), 7.50 (tdi= 7.9, 1.5 Hz,
1H), 7.40 — 7.33 (m, 5H), 7.28 — 7.24 (m, 2H), 7(431H), 6.15 (s, 2H), 4.55 (s, 2HJC

NMR (DMSO-dg, 151 Hz, ppm)5 186.2, 152.0 (d) = 249.8 Hz), 148.8, 148.3, 147.4, 145.9,



138.4, 132.0 (dJ = 9.8 Hz), 131.5, 131.1, 130.6, 130.2, 129.9,328,J = 15.1 Hz), 129.2
(d, J = 11.8 Hz), 128.8 128.7, 127.3, 126.5 Jd= 13.0 Hz), 126.2, 125.0 (d,= 3.8 Hz),
124.2, 117.7, 115.4, 111.6, 110.4, 102.8, 58.8.-HFOMS: m/z = 562.06520, calcd for
CogH1sCIFN;OsS m/z = 562.06452 [M-H] IR (ATR) [cm'] 3109, 2885, 1624, 1474, 1407,
1332, 1241, 1153, 1037, 887, 745, 696, 537, 479.
N-(3-(5-(7-chloro-2,3-dihydrobenzob][1,4]dioxin-6-yl)-1H-pyrrolo[2,3-b]pyridine-3-
carbonyl)-2-fluorophenyl)-1-phenylmethanesulfonamie@ (70).Compound/0 was prepared
following general procedure A using 84 (100 mg, 205 umol, 1.0eq.R39 (73 mg,
246 umol, 1.2 eq.), ¥CO; (57 mg, 410 umol, 2.0 eq.) and Pd(BRK24 mg, 21 umol,
10 mol%). Flash chromatography (SJODCM/MeOH 100/0 - 97/3, v/v). Yield: 74 mg,
128 pmol, 62%'H NMR (DMSO-ds, 600 MHz, ppm)5 12.89 (s, 1H), 9.83 (s, 1H), 8.48 (4,
= 2.2 Hz, 1H), 8.38 (dJ = 2.2 Hz, 1H), 8.04 (s, 1H), 7.50 (t8i= 7.9, 1.5 Hz, 1H), 7.40 —
7.33 (m, 6H), 7.26 (t) = 7.8 Hz, 1H), 7.14 (s, 1H), 7.04 (s, 1H), 4.552H), 4.32 (s, 4H).
13 NMR (DMSO4ds, 151 Hz, ppm)d 185.7, 151.5 (dJ = 249.7 Hz), 148.3, 145.3, 143.8,
142.7, 137.9, 131.0, 130.1 @@= 25.8 Hz), 129.3 (d] = 33.2 Hz), 128.9 (d] = 15.2 Hz),
128.3, 128.3, 126.8, 126.2 @= 12.9 Hz), 125.6, 124.5 (d,= 4.0 Hz), 123.1, 119.7, 117.9,
117.3, 114.9, 64.3, 64.1, 58.3. ESI-HRMS: m/z =,68659, calcd for gH>1CIFN3OsS m/z
=576,08017 [M-H] IR (ATR) [cm*] 3018, 2885, 1628, 1574, 1511, 1470, 1307, 127891
1053, 887, 745, 700, 529.
N-(2-fluoro-3-(5-(pyridin-4-yl)-1 H-pyrrolo[2,3- b]pyridine-3-carbonyl)phenyl)-1-
phenylmethanesulfonamide (71)Compound/1 was prepared followingeneral procedure
A using 84 (100 mg, 205 umol, 1.0 eq.), pyridine-4-ylbororacid (38 mg, 307 pumol,
1.5eq.), K2CO3 (57 mg, 410 umol, 2.0 eq.) and Pthos G3 (17 mg, 21 umol, 10 mol%).
Flash chromatography (S}ODCM/MeOH 100/0 - 93/7, v/v). Yield: 55 mg, 112 pin55%.
'H NMR (DMSO-ds 600 MHz, ppm)3 12.99 (s, 1H), 9.86 (s, 1H), 8.83 (= 2.3 Hz, 1H),

8.82 (d,J = 2.3 Hz, 1H), 8.68 (dd} = 4.5, 1.6 Hz, 2H), 8.08 (s, 1H), 7.82 (dd; 4.5, 1.6 Hz,



2H), 7.51 (tdJ = 7.9, 1.5 Hz, 1H), 7.42 — 7.34 (m, 6H), 7.28)(t 7.8 Hz, 1H), 4.56 (s, 2H).
3¢ NMR (DMSO4ds, 151 Hz, ppm)5 185.7, 151.5 (dJ = 249.9 Hz), 150.3, 149.6, 145.4,
143.8, 138.3, 131.0, 129.4, 128.8(¢; 15.1 Hz), 128.4, 128.3, 128.2, 127.7, 127.0,0 26,
J = 13.0 Hz), 125.8, 124.6 (d,= 3.9 Hz), 121.6, 118.0, 115.1, 58.4. ESI-HRMSz m/
485.10931, calcd for £H1FN4OsS m/z = 485.10891 [M-H] IR (ATR) [cm}] 3326, 1599,
1515, 1411, 1332, 1149, 891, 762, 696, 537.

N-(2-fluoro-3-(5-(pyridin-3-yl)-1 H-pyrrolo[2,3- b] pyridine-3-carbonyl)phenyl)-1-
phenylmethanesulfonamide (72)Compound/2 was prepared followingeneral procedure
C using86 (150 mg, 212 pumol, 1.0 eq.), 3-bromopyridine (37, 233 umol, 1.1 eq.), 03
(59 mg, 424 pumol, 2.0eq.) and Pd(dppf)C(10 mg, 13 umol, 6 mol%). Flash
chromatography (Si DCM/MeOH 100/0 - 93/7, v/v). Yield: 41 mg, 84 um@d0%. *H
NMR (DMSO-ds, 600 MHz, ppm)3 12.95 (s, 1H), 9.85 (s, 1H), 8.97 (5 1.9 Hz, 1H), 8.75
(d,J = 2.2 Hz, 1H), 8.72 (d] = 2.2 Hz, 1H), 8.63 (dd] = 4.7, 1.3 Hz, 1H), 8.20 — 8.16 (m,
1H), 8.07 (dJ = 1.3 Hz, 1H), 7.55 (dd] = 7.8, 4.8 Hz, 1H), 7.51 (td,= 7.9, 1.4 Hz, 1H),
7.41 — 7.37 (m, 3H), 7.37 — 7.34 (m, 3H), 7.28J(t 7.8 Hz, 1H), 4.56 (s, 2H}’C NMR
(DMSO-ds, 101 Hz, ppm)s 185.7, 151.5 (dJ = 249.6 Hz), 149.0, 148.6, 147.9, 143.8, 138.1,
134.7, 134.0, 131.0, 129.4, 128.9 J&5 15.4 Hz), 128.4, 128.3 (d= 6.6 Hz), 127.7, 126.9,
126.0 (d,J = 13.4 Hz), 125.7 (d] = 2.6 Hz), 124.6 (d] = 4.7 Hz), 124.0, 118.0, 115.0, 58.4.
ESI-FHRMS: m/z = 485.10973, calcd for,d10FNsO3S m/z = 485.10891 [M-H]
IR (ATR) [cm}] 3025, 2883, 2819, 1643, 1494, 1416, 1338, 11856, 843, 697, 534.

N-(2-fluoro-3-(5-(2-methoxypyrimidin-5-yl)-1H-pyrrolo[2,3-b]pyridine-3-
carbonyl)phenyl)-1-phenylmethanesulfonamide (73). Compound 73 was prepared
following general procedure C using 86 (200 mg, 282 umol, 1.0 eq.), 5-bromo-2-
chloropyrimidine (60 mg, 310 umol, 1.1eq.),,G0; (78 mg, 564 pmol, 2.0 eqg.) and
Pd(dppf)C} (12 mg, 17 pmol, 6 mol%). Flash chromatographyO¢Si DCM/MeOH

100/0 - 97/3, viv). Yield: 43 mg, 83 pmol, 29%4 NMR (DMSO-ds 600 MHz, ppm):&



12.94 (d,J = 1.9 Hz, 1H), 9.84 (s, 1H), 9.00 (s, 2H), 8.72Xa 2.2 Hz, 1H), 8.71 (d] = 2.2
Hz, 1H), 8.06 (dJ = 1.9 Hz, 1H), 7.51 (td] = 7.9, 1.4 Hz, 1H), 7.41 — 7.37 (m, 3H), 7.37 —
7.34 (m, 3H), 7.27 (t) = 7.8 Hz, 1H), 4.56 (s, 2H), 3.99 (s, 3H)C NMR (DMSO4ds, 151
Hz, ppm):& 185.6, 164.6, 157.7, 151.5 (@@= 249.5 Hz), 149.0, 143.5, 138.1, 131.0, 129.4,
128.9 (d,J = 15.6 Hz), 128.3, 128.3, 127.3, 127.0, 126.0,0.26,J = 13.9 Hz), 125.7 (d] =
2.6 Hz), 125.2, 124.6 (d,= 4.6 Hz), 118.0, 115.0, 58.4, 54.8. ESI-HRMS: m/316.11531,
calcd for GeHaoFNsO4S m/z = 516.11473 [M-H] IR (ATR) [cm'] 3121, 3027, 2900, 1605,
1499, 1466, 1413, 1339, 1155, 877, 743, 698, 604.
N-(3-(5-(2-cyclopropylpyrimidin-5-yl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2-
fluorophenyl)-1-phenylmethanesulfonamide (74) Compound74 was prepared following
general procedure C wusing 86 (300 mg, 424pumol, 1.0eq.), 5-bromo-2-
cyclopropylpyrimidine (93 mg, 466 pumol, 1.1 eq.;GO; (117 mg, 848 umol, 2.0 eq.) and
Pd(dppf)C} (19 mg, 25 pumol, 6 mol%). Flash chromatography O¢Si DCM/MeOH
100/0 - 97/3, v/v). Yield: 115 mg, 218 pmol, 528 NMR (DMSOds, 600 MHz, ppm):
12.96 (s, 1H), 9.85 (s, 1H), 9.02 (s, 2H), 8.74)¢d, 2.2 Hz, 1H), 8.72 (dJ = 2.2 Hz, 1H),
8.07 (d,J = 1.1 Hz, 1H), 7.51 (td] = 7.9, 1.4 Hz, 1H), 7.41 — 7.37 (m, 3H), 7.37 347(m,
3H), 7.27 (tJ = 7.8 Hz, 1H), 4.56 (s, 2H), 2.28 (#t= 8.0, 4.8 Hz, 1H), 1.12 — 1.08 (m, 2H),
1.08 — 1.05 (m, 2H):*C NMR (DMSO4ds, 151 Hz, ppm) 185.6, 169.9, 155.0, 151.5 (H=
249.5 Hz), 149.1, 143.6, 138.1, 131.0, 129.4, 128,9 = 15.4 Hz), 128.6, 128.4, 128.3,
127.5, 127.0, 126.0 (d,= 13.4 Hz), 125.7 (d] = 2.2 Hz), 125.4, 124.6 (d,= 4.7 Hz), 118.0,
115.0, 58.4, 17.7, 10.5. ESI-HRMS: m/z = 526.136d&dlcd for GgH2o,FNsO3S m/z =
526.13546 [M-H]. IR (ATR) [cm’] 3219, 2819, 2721, 1634, 1458, 1413, 1319, 1202, 9

747,694, 538.

Supporting Information . Synthesis of intermediat&l — R49, information of synthesis of

final compoundd, 2, 53 -64 and results from scanEDGE assay
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MKK7, mitogen-activated protein kinase kinase 7KJINc-Jun-N-terminal kinase 1; ELK1,
ETS transcription factor; ATF2, activating trangtion factor 2; MAP4K5, mitogen-activated
protein kinase kinase kinase kinase 5, ZAK, staida motif and leucine zipper-containing
kinase; NAFLD, non-alcoholic liver diseases; NASHkfn-alcoholic steatohepatitis; HCV,

hepatitis C virus; POC, percentage of control; ,n.dot determined; DMF, N,N-



dimethylformamide; DCM, dichloromethane; TEA, thglamine; RT, room temperature;

THF, tetrahydrofuran; EtOAc, ethylacetate; 4-DMAIRdimethylaminopyridine.
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HIGHLIGHTS.

«  MKK4isamgjor driver in hepatocyte regeneration process.
» Silencing MKK4 induces proliferation and regeneration of hepatocytes.
* Novd strategy for the treatment of liver related diseases using MKK4 inhibitors.

e Optimization and synthesis of highly affine and sdl ective compounds for MKKA4.
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