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ABSTRACT

Receptor-interacting protein kinase 2 (RIPK2) ikey mediator of nucleotide-binding
oligomerization domain (NOD) cell signaling thatshheen implicated in various chronic
inflammatory conditions. A new class of RIPK2 kieA$OD signaling inhibitors based on a 3,5-
diphenyl-2-aminopyridine scaffold was developed. ev&al co-crystal structures of
RIPK2«inhibitor complexes were analyzed to proviggghts into inhibitor selectivity versus the
structurally related activin receptor-like kinasgA1K2) demonstrating that the inhibitor sits
deeper in the hydrophobic binding pocket of RIPK2tprbing the orientation of the DFG motif.
In addition, the structure-activity relationshipidy revealed that in addition to anchoring to the
hinge and DFG via the 2-aminopyridine and 3-pharifdeamide, respectively, appropriate
occupancy of the region between the gatekeepeth&wdC-helix provided by substituents in the
4- and 5-positions of the 3-phenylsulfonamide weezessary to achieve potent NOD cell
signaling inhibition. For example, compoua8t (e.g. CSLP37) displayed potent biochemical
RIPK2 kinase inhibition (16 = 16 £ 5 nM), > 20-fold selectivity versus ALK2 dpotent NOD
cell signaling inhibition (1G = 26 + 4 nM) in the HEKBIue assay. Finally,vitro ADME and
pharmacokinetic characterization 8t further supports the prospects of the 3,5-diph&nyl
aminopyridine scaffold for the generationinfvivo pharmacology probes of RIPK2 kinase and

NOD cell signaling functions.

KEYWORDS
inhibitor, kinase, NOD, nucleotide-binding oligorization domain, receptor-interacting protein

kinase 2, RIPK2



1. Introduction

The nucleotide-binding oligomerization domain (NGfntaining proteins 1 and 2 are
members of the NOD-like receptor (NLR) family thate involved in the innate immune
system’s detection of bacterial peptidoglycan (B&jvatives. NODL1 is stimulated by bacterial
PG fragments containing diaminopimelic acid (DAR)ile NOD2 senses muramyl dipeptide
(MDP). NOD1/2 then initiates assembly of signalocamplexes by oligomerization through the
nucleotide-binding oligomerization domains (NBDieh triggers the recruitment of interacting
proteins through homotypic caspase-activated rewant domain (CARD)-mediated
interactions [1-4]. Receptor-interacting proteindse 2 (RIPK2) is one of the key molecules in
NOD-dependent signaling as it plays an essentlalirothe activation of NkB pathway and
mitogen-activated protein kinase (MAPK) pathwayatthltimately lead to synthesis of pro-

inflammatory cytokines and antimicrobial molecul2s5].

RIPK2, which has dual serine/threonine and tyrokinase function, was identified as an
essential mediator of signaling in both innate addptive immune systems [6]. In addition, non-
kinase activity, particularly X-linked inhibitor cdpoptosis (XIAP)-mediated ubiquitination of
RIPK2, significantly contributes to the functionkthis protein [7-14]. Aberrant RIPK2—NOD
signaling pathways appear to play key roles inotggiinflammatory diseases. Most importantly,
positive or negative dysregulation of the NOD2-defent signaling pathway has been shown to
facilitate several chronic inflammatory disorderacls as Crohn’s disease [15-17], Blau
syndrome [18-19], early-onset sarcoidosis [19] amdtiple sclerosis [20]. Therefore, RIPK2—
NOD has emerged as a crucial mediator of inflamnyafathways and thus a potential

therapeutic target for treating an array of inflaatony and autoimmune diseases.
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Figure 1. Reported RIPK2 kinase inhibitors.

With growing appreciation of RIPK2-NOD involvement inflammatory and
autoimmune cellular pathways and diseases, inteneRIPK2 small molecule ligands has
accelerated. Several compound classes have bperte@ to inhibit RIPK2's kinase activity
(Figure 1), including SB20358Q1)[21], gefitinib @) [22], OD36 Ba) and OD38 8b) [23],
WEHI-345 @) [24], ponatinib §) [25], GSK583 64) [26], 6b and its prodrugc [27], 7a and
7b [28], and8 [29]. Several of these compounds (4,&, 4, 6a, 6b and7b) have been shown to

bind the active (DFG-iiC-helix-in) conformation of RIPK2 via a type | masn while 5
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demonstrated binding to the inactive (DFG-a@/helix-in) conformation via a type Il binding
mode. These molecules have been shown to inh#ribws downstream processes in cells
associated with NOD signaling, such as k&--activation and MDP stimulated IL-8 or TNF
release. In additior3a and 3b[23] have demonstrateih vivo efficacy in an MDP-induced
peritonitis model,4 [24] and 8 [29] have shown activity in the experimental autoiome
encephalomyelitis model of multiple sclerosis antestinal and lung inflammation models,
respectively, whilefa[28] inhibited inflammatory cytokine release iretbx vivo experiments
using human inflammatory bowel disease biopsy sesaplHerein we report the structure-
activity relationship (SAR) of a new structure cdlasf RIPK2 kinase and NOD cell signaling
inhibitors that will be useful as probes for funthmderstanding this protein, its role in NOD cell

signaling and potentially as lead compounds forapeutic development.

2. Design and synthesis

In contemplating a new class of RIPK2 kinase irtbilsi we considered two scaffold3a(
and9b) that had previously been used for activin recejke kinase 2 (ALK2) inhibitors. In
both cases, RIPK2 was a prevailing off-target reacty kinome-wide selectivity profiling [30-
31]. The 3,5-diphenyl-2-aminopyridine scaffold, eydified by LDN-214117 9a) [30] that
displayed a modest kgof 100 nM in the RIPK2 ADPGIo kinase assay, wagsem to pursue

(Figure 2A, Table I).

To improve potency, we desired to introduce a fiometi group into the 3,5-diaryl-2-
aminopyridine scaffold that would ensure an inteoacwith the DFG segment of RIPK2. In
order to identify a candidate moiety, the Harvarddital School Library of Integrated Network-
based Cellular Signatures (http://lincs.hnms.haneahd) database was reviewed seeking to find

inhibitors with non-overlapping kinase profiles ept for RIPK2. Over 160 compounds in the
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database displayed RIPK2 inhibition and among tR&2§4032 (L0, vemurafenib, Figure 2A), a
B-Raf'"*°F kinase inhibitor, showed ~96% inhibition at iM. A B-Raf'°°°%10 co-crystal
structure reveals a DFG-in type 12 binding modeydrogen bond between the sulfonamide and
the backbone NH of Phe595 and GIly596 in the DFGifnastd displacement of theC-

helix [32-34].
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Figure 2. A) Structures of ALK2 inhibitor§a-b and B-Raf°°°F inhibitor 10, all of which block
RIPK2 kinase activityB) RIPK2 inhibitor design incorporating the sulfondsnDFG binding

fragment ofL0 into scaffold9.



Next, 9a was docked into the DFG-mC-helix-in (PDB 5AR4) and DFG-infC-helix-
out (PDB 5ARS8) structures of RIPK2 using AutodockF®.5.6. The co-crystal structures of
ALK2+9b (PDB 4BGG) and B-R&f°°%10 (PDB 30G7) as well as the RIPK2r docked
structures were compared to identify potential fp@ss on9a for installation of the sulfonamide
from 10 (Figure 3) in order to engage the DFG of RIPKZeDverlay results, with either the
DFG-in/aC-helix-in or DFG-intiC-helix-out conformations, suggested that the salfvide
should be installed into the 4-position of the 2ipyl to generat®a/10-hybrids as a potential

new class of RIPK2 inhibitors (Figure 2B).

:ALK2 (PDB ID: 4BGG)

: B-RafVé%%t (PDB ID: 30G7)

: RIPK2 DFG-in/aC-helix-in (PDB ID: 5AR4)
@ : RIPK2 DFG-in/aC-helix-out (PDB ID: 5AR8)
M :9a

:9b

110

Figure 3. Overlaid structures a0 vs 9b and 10 vs docked9a suggested the position to install
the sulfonamide moiety on the 3,5-diphenyl-2-amyrjine scaffold.A) Superimposed crystal
structures ofl0 in B-Rat’®°°F and9b in ALK2; B) andC) Docking result oPa in RIPK2 DFG-
infaC-helix-in and DFG-irdC-helix-out structures, respectively, overlaid witto-crystal

structure ofL0in B-Raf’®°%¢



Various 1-(4-(5-phenylpyridin-3-yl)phenyl)piperaesm utilized in this study were
prepared using modifications of the reported sys#kenf9a and9b [30]. Primary or secondary
bromoanilinesll and 12, many of which were commercially available, wesed as starting
materials. However, several non-commercial arslimeere prepared by either nucleophilic
aromatic substitution or nitration, followed bymronediated nitro reduction. The bromoanilines
11 and12 were allowed to react with sulfonyl chlorides lre tpresence of pyridine using slightly
modified conditions to providel3 (Scheme 1). Miyaura borylation reaction 8 with
bis(pinacolato)diboron using either Pd@ppf) in THF or PACGldppf) in 1,4-dioxane furnished
arylboronic esterd4. Palladium-catalyzed Suzuki—Miyaura coupling 1ef with 3-bromo-5-

iodopyridinesl5a— delivered 3-bromo-5-(phenylalkylsulfonamide)pynes16.

Scheme 1Synthesis of 3-bromo-5-arylpyridine intermediatés
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11a : Ry =OMe, Ry =NHp, Rg3=H 12a:X=CH,,n=1 13a: Ry = OMe, Ry = NHSO,"Pr,Rg=H 13l :R;=H, Ry, = OMe, Rz = CH,NHSO,"Pr

11b :R,;=OMe, Ro=H,Rg=NH, 12b:X=0,n=2 13b : Ry = OMe, R, = H, Ry = NHSO,Me  13m : R, = H, Ry~R3 = CH,CH,NHSO,"Pr
11c :R; =H, Ry = OMe, Ry = NH, 13¢ : Ry =OMe, Ry = H, Ry =NHSO.Et  13n : R, = H, Ry-Rg = OCH,CH,NHSO,"Pr
11d : R, =H, Ry = Me, Ry = NH, 13d : R, = OMe, R, = H, Ry = NHSO,"Pr 130 : Ry = OEt, Ry = H, Ry = NHSO,/Pr

11e : R; = OMe, R, = Me, Ry = NH, 13e : R; = OMe, R, = H, Ry = NHSO,Pr  13p : Ry = OPr, R, = H, Ry = NHSO,Pr

11f :R; =F, R, =OMe, Ry = NH, 13f : R, = OMe, Ry = H, Ry = NHSO,Ph  13q : R, = Cl, R, = OMe, Rg = NHSO,"Pr
11g : R, = Me, R, = OMe, Ry = NH, 13g : Ry =H, Ry = OMe, Ry = NHSO,"Pr  13r : R = R, = OMe, Rg = NHSO,"Pr

11h : R, =H, Ry = OMe, Rg = CH,NH, 13h : R; =H, Ry = Me, Ry = NHSO,"Pr  13s : Ry—R, = O(CHj),0, Rg = NHSO,"Pr
11i :R;=OEt, Ry =H, Ry =NH, 13i : R; = OMe, R, = Me, Rs = NHSO,"Pr 13t : Ry = OEt, R, = OMe, Ry = NHSO,"Pr
11j :R;=OPr, Ry =H, Ry=NH, 13j : Ry =F, Ry = OMe, Ry = NHSO,"Pr  13u: Ry = H, Ry = OH, Rg = NHSO,"Pr

11k : R, =Cl, Ry = OMe, Ry = NH, 13k : Ry = Me, R, = OMe, Ry = NHSO,"Pr 13v : Ry = F, R, = Rg = OMe

11 : Ry =Ry =OMe, Ry = NH,

11m : Ri—R; = O(CH,)20, Rg = NH,
11n : R, = OEt, R, = OMe, Rz = NH,
110 : Ry =H, Ry = OTBS, Ry = NH,

R B! 15a:R,=cli Ry

U 15b : Ry = NH
1Ry =NH, R
Rz;@\ N R, 15¢:R,=H 2
-0 Br
Rq B c Rs | R
°© RN

14a—v 16a : Ry = OMe, R, = NHSO,"Pr, R;=H, Ry=Cl  16n : R, = Me, R, = OMe, Ry = NHSO,"Pr, R, = NH,
16b : Ry = OMe, Ry = H, Rg = NHSO,Me, R, =Cl 160 : Ry = H, Ry = OMe, Ry = CH,;NHSO,"Pr, R, = NH,
16¢ : Ry = OMe, R, = H, Ry = NHSO,Me,, Ry = NH,  16p : Ry = H, Ry—Rq = CH,CH,NHSO,"Pr, R, = NH,
16d : Ry = OMe, R, = H, Ry = NHSO,Et, R, = Cl 16q : Ry = H, Ry—R3 = OCH,CH,NHSO,"Pr, R, = NH,
16e :R; =OMe, Ry = H, Ry = NHSO,"Pr, R,=Cl  16r : Ry = OEt, Ry = H, Ry = NHSO,Pr, Ry = NH,
16f :R;=0OMe, Ry =H, Ry = NHSO,"Pr, Ry =NH, 16s : Ry = OPr, Ry = H, Ry = NHSO,Pr, R, = NH,
169 : Ry = OMe, R, = H, Ry = NHSO,Pr, R, = CI 16t : R, = Cl, Ry = OMe, Ry = NHSO,"Pr, R, = NH,
16h : Ry = OMe, R, = H, Ry = NHSO,/Pr, Ry =NH,  16u : R; = R, = OMe, Ry = NHSO,"Pr, Ry = NH,
16i :R;=OMe, Ry =H, Ry = NHSO,Ph, Ry =NH,  16v : R; = OEt, R, = OMe, Ry = NHSO,"Pr, R, = NH,
16j :R;=H, Ry = OMe, Ry = NHSO,"Pr, Ry=NH, 16w : Ry = H, R, = OH, R = NHSO,"Pr, R, = NH,
16k : Ry =H, Ry =Me, Ry = NHSO,"Pr, R, =NH,  16x:R; = F, Ry = Ry = OMe, Ry = NH,
161 : R; = OMe, R, = Me, Ry = NHSO,"Pr, R, = NH, 16y : R, = F, R = OMe, Ry = NHSO,"Pr, R, = H
16m : Ry = F, Ry = OMe, Rg = NHSO,"Pr, R, =NH, 162 : R; = F, R, = OMe, Rg = NHSO,"Pr, R, = Cl

\

*Reagents and Conditions: (a) alkyl or phenyl sojdcchloride, Method A: pyridine, CKl,, rt
16-48 h, Method B: pyridine, cat. DMAP, @El,, rt, 16—48 h, Method C: cat. DMAP, pyridine,
50 °C, 3 h, Method D: pyridine, 50 °C, 2.5 h or M=t E: pyridine, rt, 16—48 h (30-99%); (b)
bis(pinacolato)diboron, Method F: 3 mol% Pg@ppf), KOAc, THF, reflux, 16 h or Method G:
10 mol% PdCi(dppf), KOAc, 1,4-dioxane, 80 °C, 40 h (24-90%);{6a 15bor 15¢ 10 mol%

Pd(PPB)s, 1 M NaCOs;, MeCN, DMF, 90 °C, 16 h (38—96%).
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2-Chloropyridine intermediateks (R, = CI) were subjected to a second Suzuki reaction
with 4-(4+ert-butoxycarbonylpiperazinyl)phenylboronic acid piokester to delived7, which
were treated with trimethylboroxine in the presentea palladium catalyst followed by Boc
deprotection using trifluoroacetic acid (TFA) ircdioromethane at room temperature to furnish
18a—eandl18aa(Scheme 2). Similarly, 2-aminopyridine or pyridimtermediate$6 (Rs = NH,
or H) were coupled with 4-(fert-butoxycarbonylpiperazinyl)phenylboronic acid piobhester

and deprotected to givisSf-z.

Scheme 2Synthesis of 1-(4-(5-phenylpyridin-3-yl)phenyl)prpeine derivatived8a-z and

18aa*
R
R, NS
N oye e
———
Rg B
~
Ry~ N
R, =Cl 17a: R, = OMe, R, = NHSO,™Pr, Rs = H, R, = Cl, R = Boc
R 17b : R, = OMe, R, = H, Ry = NHSO,Me, R, = CI, Rs = Boc
Ro 17c : R; = OMe, R, = H, Ry = NHSO,Et, R, = Cl, Rs = Boc
5 17d : R, = OMe, R, = H, Ry = NHSO,"Pr, R, = Cl, Ry = Boc
Ry XD T 17e : R, = OMe, R, = H, Ry = NHSO,/Pr, R, = Cl, Rs = Boc .
w 17f : R; =F, R, = OMe, Ry = NHSO,"Pr, R, = Cl, Rs = Boc
Ry~ N
¢ *18a—e and 18aa : R, = Me, R; = H =
16a—z Rs=NH,orH *see Table 1 and 3
R 7 ONH
R, N
° C_ O
T
Rs | N
~
H,N" N

*18f—y : R, = NH,
“18z: Ry =H
*see Table 1,2 and 3
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*Reagents and Conditions: (a) 4i@t-butoxycarbonylpiperazinyl)phenylboronic acid piakc
ester, 15 mol% Pd(PBh, 1 M NaCOs;, DME, 90 °C, 16 h (79-99%); (b) 1) trimethylbonogj
20 mol% Pd(PPj)s, K.CO;, 1,4-dioxane, 110 °C, 16 h; 2) 10% TFA in &H, rt, 16 h (62—
96% over two steps); (c) 1) tért-butoxycarbonylpiperazinyl)phenylboronic acid piokester,
15 mol% Pd(PPY, 1 M N&COs;, DME, 90 °C, 16 h; 2) 10% TFA in GBI, rt, 16 h (18-62%

over two steps).

Finally, a set of compounds was prepared with ncatibns to the solvent exposed
region. In this case, intermediatel6j was coupled with 2-, 3-, and 4-
(methanesulfonyl)phenylboronic acid to git8ab, 18ac and 18ad respectively (Scheme 3).
Similarly, 16m was coupled with (3-(4tdrt-butoxycarbonyl)piperazin-1-yl)phenyl)boronic acid

pinacol ester and deprotected to provi@ae

Scheme 3Synthesis ofl8ab-18ae*

Ry R,
MeO MeO
a, b O 7
O\\S// Br > O\\S// iy Re
N X N N
/—/ H | /_/ H |
— —
H,N" N HoN" N
16i :R1=H 183b:R1=H, R2=2 SOzMe
16m:R1=F 1830:R1=H, R2=3 SOzMe
183d H R1 = H, R2 = 4 SOzMe
18ae : Ry = F, R, = 3-piperazine

*Reagents and Conditions: (a) 2-, 3-, or 4-(metbalienyl)phenylboronic acid or (3-(4eft-

butoxycarbonyl)piperazin-1-yl)phenyl)boronic acighgcol ester, 10 mol% Pd(PH§h 1 M

12



NaCOs, MeCN, DMF, 90 °C, 16 h (22-83%); (b) In the casé 3-(4-tert-

butoxycarbonyl)piperazin-1-yl)phenyl: 10% TFA in &, rt, 16 h (48% over two steps).

3. Results and discussion

As previously mentioned, structure analyses usitigee the DFG-indC-helix-in or
DFG-infaC-helix-out conformations suggested that the salfimide should be installed into the
para-position of the 3-phenyl group occupying the biglipocket region. To test this initial
model, a derivative oPa containing a 1-propanesulfonamide in this positferg. 188 was
evaluated for RIPK2 inhibitory activity. Howevaetrwas not active (Table 1). Therefore, the 1-
propanesulfonamide was changed to a methylsulfa@emd moved to theeta-position (L8b)
to further test the strategy. Gratifyingly, thiengpound proved to be a moderately potent
inhibitor of RIPK2 (IGo = 296 nM). Since the primary component of thesmmounds waSa,
ALK2 kinase activity was chosen as the counterestr®r assessing selectivity [30]. Indeed,
18b proved to be more potent against ALK24J& 31 nM). However, these preliminary results
indicated that placement of the sulfonamide in theta-position was preferred. Several
additional derivatives1@8c—-e) examined homologation and branching of the salfioide. In
general, RIPK2 kinase inhibitory activity was matiegmproved, but selectivity versus ALK2
was not significantly altered. Next, an amino grovas introduced in place of the methyl at the
2-position of the pyridine to provide better hingiading interactions. As expected, this set of
compounds 18fh) was more potent against both RIPK2 and ALK2. dddition,
phenylsulfonamide.8i was found to also be tolerated. Interestinglgreasing the size of the

ether to an ethyl or isopropyl&j or 18k) was allowed by RIPK2, but less so for ALK2.

13



Table 1.RIPK2 and ALK2 kinases, and NOD2 cell signalingilntory activities of9a and18a-

K.
R K\NH
Ry ! g N\)
R3 | A
~
Ry~ N
Kinase
RIPK2/NOD2
Compounds| R; R> R3 R4 IC50(NM) Cell Assay
|C50(nM)
RIPK2 | ALK2
9a OMe OMe OMe Me | 100 + 23| 24[30] NI
18a OMe | NHSO,"Pr H Me NI NI 2944 £ 420
18b OMe H NHSOMe | Me |296x10| 31+34 3705 £ 85
18c OMe H NHSOEt Me |127+18| 86 +45 5239 £ 861
18d OMe H NHSO,"Pr | Me 164+ 7 | 108 £ 92 2669 £+ 138
A 23¢+
18e OMe H NHSG,Pr | Me 76+ 12 523 +18
170
18f OMe H NHSOMe | NH, | 51+ 26 5+6 390 + 22
18g OMe H NHSQ"Pr| NH, | 14+ 0.6 9+3 243+ 14
18h OMe H NHSQPr | NH, 13+ 11 +£10 121+ 27

14



0.04
18i OMe H NHSGQPh | NH | 23+05| 5%7 53+ 36
_ 29¢ +
18; OEt H NHSQ'Pr| NH, | 21+2 180 46+ 0.5
18k O'Pr H NHSQPr | NH, | 18+8 NI 323 +12

* Values are shown as the mean of two or threerghations + standard deviation; NI: No

inhibition up to 1QuM

Given the previously demonstrated importance ofharet groups on the 3-phenyl ring
of 3,5-diphenyl-2-aminopyridine ALK2 inhibitors, series of compounds was evaluated that
offered changes to this region, while maintainingj-propanesulfonamide in theeta-position
(Table 2) [30]. Installing a methyl in th@ara-position (8l) was detrimental for both RIPK2
and ALK2 inhibitory activities. However, moving dhmethoxy to thepara-position (8m)
proved advantageous for improving selectivity (6f8ld) for RIPK2 versus ALK2. Replacing
this group with hydroxyl18n) or methyl (80 resulted in reduced RIPK2 inhibitory activity and

selectivity over ALK2.

Table 2.RIPK2 and ALK2 kinase, and NOD2 cell signaling ioikory activities ofL8gand18

0.

15



Kinase RIPK2/NOD2
Compounds| R; R, IC50(NM) Cell Assay
RIPK2 ALK2 1C 50 (M)
189 OMe| H | 14+08 9+4 243+ 14
18l OMe | Me NI 355 + 318 3347 495
18m H | OMe | 41+19 | 3545+2114 420+ 34
18n H | OH | 546 387 + 42 > 5000
180 H | Me |102+22| 2120+509 1064 = 109

*Values are shown as the mean of two or three detations + standard deviation; NI: No

inhibition up to 10uM

Based on thencouraging results with methoxy group in thertho-position relative to
the 3-phenylsulfonamide, additional changes weramemed in this region (Table 3).
Reintroducing ameta-methoxy (8p) retained potent RIPK2 inhibitory activity, buteglictably
resulted in reduced selectivity versus ALK2. lragiag the size to ethoxg§q) or tethering the
ethers in an ethylenedioxyL§r) resulted in loss of inhibition for both RIPK2 amd K2.
However, replacement with methyl§9, fluoro (18t) or chloro (8u) was well tolerated with 10
to 20-fold selectivity versus ALK2. Not surprisiggreplacement of the sulfonamide with a
methoxy (8v) completely abolished selectivity. Installing atimylene between the sulfonamide
and phenyl 18w) eroded both enzyme inhibitory activity and seiett In addition,

incorporation of the sulfonamide in a ring8fy) was also not well tolerated. Interestingly,
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removal of the 2-amino group on the pyridinel8t (e.g.182) did not erode kinase inhibitory
activity. However, replacing the amino group wittethyl (18ag decreased both RIPK2 and

ALK2 inhibitory activities, as expected.

Table 3.RIPK2 and ALK2 kinase, and NOD2 cell signaling ioikory activities ofl8m, 18p-z

andl18aa
R, (\NH
R, ! g NJ
R3 | N
~
Ry N
Kinase
RIPK2/NOD
Compounds | R | R, Rs R4 IC50(NM) 2 Cell Assay
IC 50(NM)
RIPK2 ALK?2
354t +
18m H OMe NHSO,"Pr NH>» 32+9 476+ 97
2114
18p OMe | OMe NHSO,"Pr NH» 20+ 0.8 57 +13 1+04
18q OEt | OMe NHSO,"Pr NH>» NI NI NI
18r OCH,CH,0O NHSO"Pr NH, 520 +13 NI 2458 + 309
18s Me | OMe NHSO,"Pr NH>» 41+ 1 395 + 245 129+ 38
18t F OMe NHSO,"Pr NH>» 16+5 348 + 107 26+ 4
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18u Cl | OMe NHSG,"Pr NH 21+ 4 202 £ 88 46 +0.4
18v F OMe OMe NH 39+4 29+14 595+ 7C
18w H OMe | CHNHSO,"Pr | NH, 99+ 20 145 £ 57 1290 £ 94
18x H CH,CH,N(SO,"Pr) NH, 185+ 16 NI 2426 + 116
18y H OCH,CH,N(SQ,"Pr) NH; 78+ 20 NI 1011 + 27
18z F OMe NHSC,"Pr H 27 2 NT 352 £ 8¢
18aa F OMe NHSQ"Pr Me | 1414 + 312 NI 2556 * 253

* Values are shown as the mean of two or threeroh@t@tions + standard deviation; NI: No
inhibition up to 1QuM; NT: Not tested

Finally, the solvent exposed region of the inhibiteas briefly examined. Previous
studies have demonstrated that selectivity for RIeEn be improved by introducing functional
groups in this area that engage Ser25 in the gydah loop, which is fairly unique to this
particular kinase [26]. For example, a co-crystalicture of6 with RIPK2 reported by Haile
and co-worker showed a hydrogen bonding interaatifos methylsulfone with this residue [26].
The potency of the methylsulfone derivative was G0-Bold greater compared with the
unsubstituted analog. Based on these observatiomsthylsulfonyl)phenyl moieties were
introduced to the solvent exposed region of theibykeries (Table 4). However, the 2-, 3-, and
4-(methylsulfonyl) derivatives1@ab, 18ac and 18ad) demonstrated significantly less potency.
On the other hand, moving the piperazine frompdra- to meta-position ((8ag retained potent
RIPK2 kinase inhibition and improved selectivityrstes ALK2 raising the possible that this

group provides a similar interaction with Ser25.
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Table 4.RIPK2 and ALK2 kinase, and NOD2 cell signaling imkory activities of1L8t and

18ab-18ae
R1
MeO
HN™ | Ny
L
AR NN

A B C D E
Kinase
RIPK2/NOD2 Cell
Compounds R R> IC50(NM)
Assay 1G5 (nM)
RIPK2 ALK2

18t F A 16+5 348+ 76 26+ 4
18ab H B NI NI NI

18ac H C 103+ 16 NI 2655+ 49
18ad H D 264+ 38 NI NI

18ae F E 11+ 0.6 522+ 317 16+ 0.6

* Values is are shown as the mean of two or theterchinations + standard deviation; NI:

inhibition up to 10uM

No
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Figure 4. Co-crystal structure di8feRIPK2 (PDB 6S1F). The inhibitor (green) forms hygen
bonds to backbone NH and carbonyl of Met98 and GluBspectively, in the hinge region,
while the methylsulfonamide is oriented towards Asp164 in the DFG motif. Lys47 forms an

ionic-ionic interaction with Glu66, in th@C-helix, stabilizing the DFG-in/Glu-in conformation

In order to understand inhibitor interactions wigiPK2 and to gain insights for
preferential binding for a subset of compounds we’sLK2, compound. 8f was co-crystallized
with RIPK2 (PDB 6S1F). Thé&8fRIPK2 structure was resolved at a resolution of 3.1 /& (se
Table S1 for data collection and refinement sias¥tand displayed RIPK2 in an inactive DFG-
in/Glu-in conformation with several critical resekl misplaced from their active positions,

including misorientation of the catalytic residupsrturbation of the R-spine and P-loop, as well
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as a disordered activation segment (Figure 4) amtd thel8nm*RIPK2 complex [7]. The 2-
aminopyridine formed hydrogen bonds with the bacikbdlH and carbonyl of hinge residues
Met98 and Glu96, respectively. In addition, thpt&nylsulfonamide o18f projected towards
the hydrophobic pocket comprised of Val32, Leu7€,19, 11€93, Leul53 and Alal63, with the
sulfonamide oriented towards Aspl164 in the DFG fndtinally, an ionic-ionic interaction was

evident between Lys47 and Glu66 maintainsat@iehelix in the Glu-in conformation.
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Figure 5. (A) Alignment of 18f*RIPK2 (green; PDB 6S1F) arfb-ALK2 (light purple; PDB
4BGG) co-crystal structures. Several residues,XR& and DLG motifs, as well as theC-
helices are labeledBj Alignment of18m*RIPK2 (dark purple; PDB 6FU5) ar@ibeALK2 (light
purple; PDB 4BGG) co-crystal structures. Seversilduiges, the DFG and DLG motifs, as well as
the aC-helices are labeledC} Alignment of18fsRIPK2 (green) and 8n*RIPK2 (dark purple)
co-crystal structures. The DFG motifs are label@). Comparison of the DFG and DLG of

18f+RIPK2 (green) an@beALK2 (light purple) with the DFG ofl8m*RIPK2 (dark purple).

A number of interactions observed in th8fsRIPK2 co-crystal structure were seen for
inhibitor 9b bound to ALK2 with the two inhibitors occupyingrslar space in their respective
kinases (Figure 5A) [30]. Also the DFG (in RIPK&)d DLG (in ALK2) motifs, as well as the
aC-helix, were comparable. However, juxtapositibthe 9beALK2 and 18m<RIPK2 co-crystal
structures (Figure 5B)lemonstrated that the latter inhibitor, which has mmethoxy at the 4-
position on the 3-phenylsulfonamide and is morec@le for RIPK2 versus ALK2, sits deeper
in the hydrophobic pocket. In addition, it pertsithhe orientation of the DFG relative to the
DLG in ALK2. Interestingly, the DLG in ALK2 appeats be less flexible as evidenced by a
lack of disclosed DLG-out ALK2 inhibitors, whereadoption of a DFG-out conformation in
RIPK2 has been previously observed vbt[25]. The ability of the DFG in RIPK2 to move, in
the case ol8mrelative t018f in RIPK2 anddb in ALK2 (Figures 5C and D), may play a role in
its enhanced selectivity for RIPK2 versus ALK2. Gaalitional difference noted fai8m versus
18f is rotation of the sulfonamide (Figure 5C) potalhyi induced by the presence of the

methoxy in the 4-position.
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Although kinase activity is a function of RIPK2,ighprotein is also an ubiquitination
substrate in response to NOD1/2 stimulation [8-Sgveral ubiquitin (Ub) ligases participate in
the conjugation of Ub chains to RIPK2. Particylatitical is XIAP-mediated ubiquitination of
RIPK2, which results in recruitment [10] and linegoiquitin chain assembly complex (LUBAC)
mediated Metl1-Ub conjugation of RIPK2 [11]. Théetéer processes are intimately involved in
the downstream signaling step leading to the aslsenfbthe NFkB-activating IKK kinase
complex [12]. Disruption of XIAP-RIPK2 interactiorthrough genetic mutations in XIAP [14]
or RIPK2 inhibitors mitigates NOD2 inflammatory saling [7, 13]. Given this array of
functional roles of RIPK2, the newly developed li@anhibitors were assessed in a HEKBIlue
assay that measures MB- activation, downstream of XIAP-mediated RIPK2gubtination, in

response to L18-MDP stimulation.

A significant portion of the compounds, despite destrating potent RIPK2 kinase
inhibition (ICso < 100 nM), either modestly blocked NOD2 signalinghe HEKBIlue assay (100
nM < ICsp < 1 M) or were comparatively inactive (4> 1 pM), suggesting that inhibition of
RIPK2 catalytic activity was not sufficient for iifdition of NOD signaling in cells. In a recently
published report, Hrdinkaet al. demonstrated that a subset of these 3,5-diagyhivopyridine
based RIPK2 inhibitors (e.d.8p and 18t) engaged RIPK2 to impede XIAP-mediated RIPK2
ubiquitination, leading to efficient inhibition df18-MDP-induced NOD-dependent signaling
responses, e.g. CXCL8 production in U20S/NOD2 catid TN release from RAW264.7
macrophages. Both8p and 18t interfered with the interaction between GST-BIR&R1 and
RIPK2 blocked XIAP-mediated RIPK2 ubiquitinatiorsudting in disruption of NOD2 signaling
similar to ponatinib and GSK583 [7]. Furthermoi8t did not block lipopolysaccharide and

pan-caspase inhibitor induced RIPK1 and RIPK3 deeennecroptosis [35] in RAW264.7
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macrophages at WM (data not shown) demonstrating the compound’scseity for
RIPK2/NOD signaling. The mechanism of how allogtdsinding of compounds to the ATP
pocket disrupts XIAP-mediated RIPK2 ubiquitinatiencurrently not known. However, the
structural features that appear to achieve NODsighaling inhibitory function for a subset of
compounds in Tables 1-4 as assessed in th&BNRetivation HEKBlue assay were the 2-
aminopyridine and 3-phenylsulfonamide anchoringh® hinge and DFG, respectively, as well
as appropriate occupancy of the region betweergétekeeper and theC-helix provided by
substituents (e.g. H or OMe) in the 4-position aelhtively small substituent (e.g. F, CI, or
OMe) in the 5-positions of the 3-phenylsulfonamid&bsence of this last structural feature was
sufficient to eliminate NOD cell signaling, but nd&inase inhibitory activity. Further
interrogation of this portion of the molecule wikely provide additional insights into the SAR

for disruption of NOD cell signaling.

Table 5.Physicochemical properties and pharmacokineticrpataers ofL8t.

Aqueous Solubility Permeability Mouse Microsome Stability
atpH 7.4 (x10° cm/s) : .
t1/2 (Min) CLint (uL/min/mg)
(UM)
>100 2.9 25.6 27

In vivo Pharmacokinetics*

Crrex (M) Trax () t12 (h) AUC Vg (L/kg) CL

(minepg/mL) (mL/min/kg)
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0.55+0.2 1.2 4.7+0.2 175.2+59.9] 24.0+6.2 59.7+15.1

* Single 10 mg/kg intraperitoneal administration1@t to female C57BL/6 mice.

Since 18t was among a set of compounds that displayed pbienhemical RIPK2 kinase
and NOD cell signaling inhibitory activities, it waselected as a representative compound for
further in vitro characterization and pharmacokinetic st@gble 5). Its solubility in pH 7.4
PBS buffer wag100uM. The compound also demonstrated both moderataqadyility of 2.9x
10° cm/s in the PAMPA and mouse liver microsome sighiCLin = 27 pL/min/mg; ty, = 25.6
min) assays. After a single 10 mg/kg intraperigdn@dministration [6% Captisblin water
formulation] to 8-week old female C57BL/6 mice (rbamice/per group), the compound reached
a maximum plasma concentration (3 of 0.55 = 0.2uM in 1.2 h (Thay with a plasma
elimination half-life {1, of 4.7 £ 0.2 h, an AUC of 175.2 £ 59.9 mug/mL, a volume of
distribution of 24.0 + 6.2 L/kg and clearance (@if)59.7 + 15.1 mL/min/kg, well below mouse
hepatic blood flow. Overall, these properties supp8t as a potential usefuh vivo probe for

RIPK2 kinase and NOD cell signaling inhibition.
4. Conclusion

A new class of RIPK2 kinase/NOD cell signalingibitors based on a 3,5-diphenyl-2-
aminopyridine scaffold was developed. Several rystal structures of RIPK2einhibitor
complexes were analyzed to provide insights intabibor selectivity versus a related kinase
(e.g. ALK2). The inhibitors occupy space furthetoi the hydrophobic binding pocket of RIPK2
altering the position of the DFG motif. The SAR diss also revealed that achieving potent
NOD cell signaling inhibition depends on three stusal features of the inhibitors: anchoring to

the hinge and DFG via the 2-aminopyridine and 3aplseilifonamide, respectively, as well as
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appropriate occupancy of the region between thekgaper and theC-helix provided by
substituents in the 4- and 5-positions of the 3aplsailfonamide. For example, a representative
compound from the serid88t demonstrated both potent inhibition of recombirfiRK2 kinase
(ICs0 = 16 = 5 nM), > 20-fold selectivity versus ALK2@&MNOD cell signaling inhibition (165 =

26 + 4 nM). In addition, this compound was founchvein vitro ADME and pharmacokinetic
characteristics further supporting the use of 3phehnyl-2-aminopyridines (e.d.8t — CSLP37
and18ae— CSLP58) as the basis for generaiingivo pharmacology probes of RIPK2 kinase

and NOD cell signaling functions.
5. Experimental section

Unless otherwise stated, all reagents and solweets obtained from commercial sources and
used directly without further purification. All re@ons involving air-sensitive reagents were
carried out with magnetic stirring and in oven-driglassware with rubber septa under argon
unless otherwise noted. Reactions were monitorethibylayer chromatography on Baker-flex®
silica gel plates (IB2-F) using UV-light (254 and53 nm) detection or visualizing agent
(phosphomolybdic acid stain). Flash chromatograplag performed on silica gel (236000
mesh) utilizing Teledyne ISCO CombiFI&sRf. The NMR spectra were recorded at 25 °C using
a JEOL ECA tH NMR at 400, 500, or 600 MHz, arfdC NMR at 100, 125, or 150 MHz).
Chemical shifts ) are given in parts per million (ppm) with refecento solvent signalsH-
NMR: CDCk (7.26 ppm), CBOD (3.30 ppm), DMSQls (2.49 ppm);**C-NMR: CDCE (77.0
ppm), CROD (49.0 ppm), DMSQJk (39.5 ppm)]. Coupling constantg) (are given in Hz. The
C-F coupling patterns labeled 1iC-NMR indicate visible patterns in spectra. Higlsaletion
mass spectra (HRMS) were carried out using Accub@fhe Department of Chemistry, The

University of Texas at Austin. The spectra were snead using TOF-MS with an ESI ionization
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source and reported agz (relative intensity) for the molecular ion [M]. Alested compounds
had a purity>95% as determined by high-performance liquid chtography (HPLC) analyses
using a Waters 1525 instrument equipped with asgoaty pump and a Proteo-C12 column (250
mm x 1 mm, 41m). UV absorption was monitoredat= 220 nm. HPLC gradient went from 0%
(method A) or 2% (method B) MeCN i@ to 90% MeCN in HO (both solvents contain 0.1%

trifluoroacetic acid) with a total run time of 3dmand a flow rate of 0.5 mL/min.

General Procedure for the Preparation ofN-(Bromophenyl)sulfonamides (Method A);N-
(4-bromo-2-methoxyphenyl)propane-1-sulfonamide (13a To a solution of 4-bromo-2-
methoxyaniline 118 (300 mg, 1.48 mmol) in anhydrous &, (15 mL) was added pyridine
(0.24 mL, 2.97 mmol) and 1-propanesulfonyl chlor{@18 mL, 1.63 mmol) under an argon
atmosphere. The mixture was stirred at room teatper for 16 h. After being quenched with 1
N HClag (1.0 mL), water and C¥€l, were added and then the layers were separated. The
combined organic phases were washed with brinegddsver anhydrous N&O,, filtered and
concentrated. The residue was purified by colunmorotography on silica gel (EtOAc/hexane,
10:90 to 15:85) to givé3a (490.1 mg, 99%) as a light yellow ottd NMR (CDCk, 500 MHz)
7.41 (1 H,dJ=8.6 Hz), 7.08 (1 H, dd = 8.3, 2.3 Hz), 7.03 (1L H, d,= 2.5 Hz), 6.74 (1 H, br)

, 3.88 (3 H, s), 3.02-2.98 (2 H, m), 1.83-1.79 (2nY, 1.00 (3 H, tJ = 7.4 Hz);**C NMR
(CDCls, 125 MHz) 149.5, 125.5, 124.2, 121.0, 117.5, 1148631, 53.1, 17.1, 12.8.
N-(3-Bromo-5-methoxyphenyl)methanesulfonamide (13bRrepared froml1b and purified by
column chromatography on silica gel (EtOAc/hexal@90 to 20:80) to givd3b (82%) as a
yellow solid;*H NMR (CDCk, 400 MHz) 6.96—6.95 (2 H, m), 6.86 (1 H, s), 6654 (1 H, m),
3.79 (3 H, s), 3.05 (3 H, s}*C NMR (CDC}, 100 MHz) 161.1, 137.8, 123.5, 115.1, 113.8,
105.0, 55.7, 39.5.
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N-(3-Bromo-5-methoxyphenyl)ethanesulfonamide (13cPrepared fronllb and purified by
column chromatography on silica gel (EtOAc/hexal@90 to 20:80) to givd3c (88%) as a
yellow oil; *H NMR (CDCk, 400 MHz) 7.34 (1 H, br), 6.96 (1 H,X= 1.8 Hz), 6.82 (1 H, t] =
1.8 Hz), 6.75 (L H, t) = 1.8 Hz), 3.78 (3 H, s), 3.18 (2 H, 8= 7.3 Hz), 1.36 (3 H, ) = 7.3
Hz); ©°C NMR (CDCE, 100 MHz) 161.0, 139.0, 123.4, 114.7, 113.5, 10856, 46.0, 8.1.
N-(3-Bromo-5-methoxyphenyl)propane-1-sulfonamide (1. Prepared froni1lb and purified
by column chromatography on silica gel (EtOAc/hexalD:90 to 20:80) to give3d (86%) as a
yellow oil; *H NMR (CDCk, 400 MHz) 7.34 (1 H, br), 6.96 (1 H,X= 1.8 Hz), 6.82 (1 H, t] =
1.8 Hz), 6.75 (1 H, dJ = 2.3 Hz), 3.78 (3 H, s), 3.13-3.09 (2 H, m), £809 (2 H, m), 1.02 (3
H, t, J = 7.3 Hz);"*C NMR (CDCE, 100 MHz) 161.0, 139.0, 123.4, 114.6, 113.4, 10856,
53.3,17.1,12.8.

N-(5-Bromo-3-fluoro-2-methoxyphenyl)propane-1-sulfoamide (13)). Prepared fromileand
purified by column chromatography on silica gel@Bc/hexane, 10:90 to 15:85) to giugj
(76%) as a pale yellow solidH NMR (CDCk, 400 MHz) 7.49 (1 H, s), 7.04-7.00 (2 H, m),
3.99 (3 H, dJ = 2.3 Hz), 3.12-3.08 (2 H, m), 1.89-1.80 (2 H, ld4 (3 H, tJ = 7.3 Hz);°C
NMR (CDCk, 100 MHZz) 154.6 (dJcr = 251.4 Hz), 135.7 (dlcr = 12.7 Hz), 132.1 (dlce = 5.9
Hz), 116.7 (dJce = 2.9 Hz), 115.7 (dJce = 22.5 Hz), 115.4 (dJce = 10.8 Hz), 61.6 (dJcr= 6.8
Hz), 53.6, 17.2, 12.8.

N-(5-Bromo-2-methoxy-3-methylphenyl)propane-1-sulfoamide (13k). Prepared fromllg
and purified by column chromatography on silica &OAc/hexane, 10:90 to 15:85) to give
13k (75%) as a yellow solidH NMR (CDCk, 500 MHz) 7.51 (1 H, dJ = 2.3 Hz), 7.13 (1 H,

br), 7.04 (1 H, dJ = 1.7 Hz), 3.74 (3 H, s), 3.12-3.09 (2 H, m), 23, s), 1.86-1.81 (2 H,
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m), 1.02 (3 H, tJ = 7.4 Hz);®*C NMR (CDCE, 125 MHz) 146.2, 133.1, 131.8, 128.9, 118.4,
117.2, 60.6, 53.5, 17.1, 15.9, 12.7.

General Procedure for the Preparation ofN-(Bromophenyl)sulfonamides (Method B);N-
(3-bromo-5-methoxyphenyl)propane-2-sulfonamide (13e To a solution of 3-bromo-5-
methoxyaniline 11b) (150.0 mg, 0.74 mmol) and a catalytic amount of DMK anhydrous
CH.ClI; (8 mL) was added pyridine (0.08 mL, 0.55 mmol) &propanesulfonyl chloride (0.09
mL, 0.82 mmol) under an argon atmosphere. Theurextvas stirred at room temperature for 40
h. After being quenched with 1 N H& (0.5 mL) and water, C¥Cl, were added, and the layers
were separated. The combined organic phases weseedavith brine, dried over anhydrous
NaSQ,, filtered and concentrated. The residue was muakrifiy column chromatography on silica
gel (EtOAc/hexane, 10:90 to 20:80) to gi¥8e (67.8 mg, 30%) as a yellow oifH NMR
(CDCls, 600 MHz) 7.12 (1 H, br), 6.96 (1 H,X= 2.1 Hz), 6.81 (1 H, {] = 2.1 Hz), 6.76 (1 H, t,
J=21Hz), 3.78 (3 H, s), 3.35 (1 H, sebs= 6.9 Hz), 1.40 (6 H, dJ = 6.9 Hz);**C NMR
(CDCls, 150 MHz) 161.0, 139.4, 123.4, 114.6, 113.3, 104556, 52.8, 16.4.
N-(3-Bromo-5-methoxyphenyl)benzenesulfonamide (13fPrepared fronillb and purified by
column chromatography on silica gel (EtOAc/hexab@90 to 15:85) to givd.3f (79%) as a
light brown solid;*H NMR (CDCk, 400 MHz) 7.83 (2 H, dJ = 7.3 Hz), 7.57 (L H, ) = 7.8
Hz), 7.48 (2 H, tJ = 7.8 Hz), 7.14 (1L H, br), 6.81 (1 H, s), 6.7Hs), 6.64 (1 H, tJ = 1.8 Hz),
3.71 (3 H, s)**C NMR (CDCk, 100 MHz) 160.7, 138.5, 138.5, 133.4, 129.2, 12123.0,
115.9, 113.9, 105.5, 55.6.

N-(5-Bromo-2-methoxyphenyl)propane-1-sulfonamide (1. Prepared fromllc and the
mixture was stirred at room temperature for 48 he Treaction was purified by column

chromatography on silica gel (EtOAc/hexane, 208@0:70) to givel3g (85%) as a yellow
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solid; 'H NMR (CDCk, 500 MHz) 7.65 (1 H, d] = 2.3 Hz), 7.18 (1 H, dd}, = 8.6, 2.3 Hz), 6.86
(1 H, br), 6.76 (1 H, dJ = 8.6 Hz), 3.86 (3 H, s), 3.05-3.02 (2 H, m), £839 (2 H, m), 1.00 (3
H, t,J = 7.4 Hz);*C NMR (CDC}, 125 MHz) 147.7, 127.6, 127.3, 122.0, 113.3, 112600,
53.2,17.1, 12.7.

N-(5-Bromo-2-methylphenyl)propane-1-sulfonamide (135 Prepared fronilld and purified
by column chromatography on silica gel (EtOAc/hexalD:90 to 15:85) to giveé3h (96%) as a
white solid;*H NMR (CDCk, 500 MHz) 7.64 (1 H, dJ = 2.3 Hz), 7.22 (1 H, dd] = 8.0, 1.7
Hz), 7.07 (1 H, dJ = 8.0 Hz), 6.42 (1 H, br), 3.13-3.10 (2 H, m),2(3 H, s), 1.90-1.82 (2 H,
m), 1.05 (3 H, tJ = 7.4 Hz);*3C NMR (CDCE, 125 MHz) 136.3, 132.3, 128.2, 127.7, 123.8,
120.3, 54.0, 17.6, 17.2, 12.9.
N-(5-Bromo-3-methoxy-2-methylphenyl)propane-1-sulfoamide (13i). Prepared fromlle
and purified by column chromatography on silica @@&OAc/hexane, 10:90) to giVESi (78%)
as a yellow oil'H NMR (CDCk, 400 MHz) 7.05 (1 H, dJ = 2.8 Hz), 6.97 (1 H, d] = 2.8 Hz),
6.71 (1 H, br), 3.76 (3 H, s), 3.09-3.05 (2 H, B3 (3 H, s), 1.86-1.81 (2 H, m), 1.02 (3 HI t,
= 7.8 Hz);"*C NMR (CDCE, 100 MHz) 158.2, 136.2, 125.9, 121.6, 115.2, 10396, 53.8,
17.2,17.1, 12.8.

N-(5-Bromo-2-methoxybenzyl)propane-1-sulfonamide (1B Prepared fronilh and purified
by column chromatography on silica gel (EtOAc/hexal0:90 to 15:85) to give3l (57%) as a
clear oil;'"H NMR (CDCk, 500 MHz) 7.39-7.38 (2 H, m), 6.77—-675 (1 H, mp&5(1 H, br),
4.22 (2 H,dJ=6.3 Hz), 3.83 (3 H,s), 2.84-2.81 (2 H, m), £¥B5 (2 H, m), 0.92 (3 H, §,=
7.4 Hz);**C NMR (CDCE, 125 MHz) 156.4, 132.1, 132.0, 127.4, 112.7, 113506, 54.8, 43.0,

17.2,12.8.
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N-(3-Bromo-5-ethoxyphenyl)propane-2-sulfonamide (13o0Prepared fromili and purified by
column chromatography on silica gel (EtOAc/hexab®5 to 10:90) to givel3o (58%) as a
yellow solid;*H NMR (CDCk, 500 MHz) 7.21 (1 H, br), 6.95 (1 H, s), 6.79 (1}, 6.76 (1 H,
s), 3.98 (2 H, g) = 7.4 Hz), 3.35 (1 H, sep,= 7.4 Hz), 1.40-1.37 (9 H, m))C NMR (CDC},
125 MHz) 160.4, 139.3, 123.3, 114.4, 113.7, 108490, 52.7, 16.4, 14.6.

Preparation of 6-Bromo-1-(propylsulfonyl)indoline (13m) (Method C). To a solution of 6-
bromoindoline {28 (100.0 mg, 0.51 mmol) and a catalytic amount BfAR in pyridine (2 mL)
was added 1-propanesulfonyl chloride (0.09 mL, 0r#6ol) under an argon atmosphere. The
mixture was stirred at 50 °C for 3 h. After beingegched with 1 N HGl;) (1.0 mL) and water,
EtOAc were added, and the layers were separatezl.cdimbined organic phases were washed
with brine, dried over anhydrous MO, filtered, and concentrated. The residue was ipdriby
column chromatography on silica gel (EtOAc/hexa®90 to 15:85) to givd3m (102.1 mg,
66%) as a white solidH NMR (CDCk, 500 MHz) 7.50 (1 H, dJ = 1.7 Hz), 7.10 (1 H, dd} =
8.0, 1.7 Hz), 7.03 (1 H, d,= 8.0 Hz), 4.02 (2 H, t] = 8.6 Hz), 3.08 (2 H, t] = 8.0 Hz), 3.04—
3.00 (2 H, m), 1.92-1.84 (2 H, m), 1.05 (3 HJ £ 7.4 Hz);"*C NMR (CDC}, 125 MHz) 143.4,
130.0, 126.4, 126.1, 121.2, 116.4, 51.0, 50.6,,26%, 13.0.

Preparation of 6-Bromo-4-(propylsulfonyl)-3,4-dihydro-2H-benzop][1,4]oxazine (13n)
(Method D). To a solution of 6-bromo-3,4-dihydrd42benzop][1,4]oxazine (2b) (44.0 mg,
0.22 mmol) in pyridine (1 mL) was added 1-propaifesyl! chloride (0.04 mL, 0.33 mmol)
under an argon atmosphere. The mixture was stategD °C for 2.5 h. After being quenched
with 1 N HClaq) (1.0 mL) and water, EtOAc were added, and the fyegre separated. The
combined organic phases were washed with brineddsver anhydrous N&QO,, filtered, and

concentrated. The residue was purified by colunmrolatography on silica gel (EtOAc/hexane,

32



10:90 to 20:80) to giv&3n (49.6 mg, 70%) as a brown solftH NMR (CDCk, 500 MHz) 7.76
(1 H, d,J=2.3Hz), 7.13 (1 H, dd] = 8.6, 2.3 Hz), 6.79 (1L H, d,= 8.6 Hz), 4.26 (2 H, §) =
4.6 Hz), 3.85 (2 H, tJ = 4.6 Hz), 3.09-3.06 (2 H, m), 1.92-1.85 (2 H, \P6 (3 H, tJ=7.4
Hz); *C NMR (CDCE, 125 MHz) 145.0, 128.1, 125.6, 124.3, 119.2, 11847, 54.0, 44.0,
17.0, 12.9.

General Procedure for the Preparation ofN-(Bromophenyl)sulfonamides (Method E);N-
(3-bromo-5-isopropoxyphenyl)propane-2-sulfonamide 13p). To a solution of 3-bromo-5-
isopropoxyaniline 11j) (108.5 mg, 0.47 mmol) in pyridine (2.5 mL) wasdad 2-
propanesulfonyl chloride (0.08 mL, 0.71 mmol) under argon atmosphere. The mixture was
stirred at room temperature for 24 h. After beingrched with 1 N HGJy (1.0 mL), water and
EtOAc were added, the layers were separated. Timbiced organic phases were washed with
brine, dried over anhydrous p&O,, filtered, and concentrated. The residue was iedriby
column chromatography on silica gel (EtOAc/hexab@90 to 15:85) to givd3p (73.1 mg,
46%) as a yellow solidH NMR (CDCk, 500 MHz) 7.31 (1 H, s), 6.94 (1 HJz= 1.7 Hz), 6.78
(1 H,tJ=1.7Hz), 6.75 (1 H, ) = 1.7 Hz), 4.49 (1 H, sep,= 5.7 Hz), 3.35 (1L H, sep,= 6.9
Hz), 1.39 (6 H, dJ = 6.9 Hz), 1.31 (6 H, dJ = 5.7 Hz);**C NMR (CDCk, 125 MHz) 159.4,
139.4, 123.3, 114.9, 114.3, 105.9, 70.5, 52.7,,2568!.
N-(5-Bromo-3-chloro-2-methoxyphenyl)propane-1-sulfoamide (13q). Prepared froml1lk
and purified by column chromatography on silica &OAc/hexane, 10:90 to 15:85) to give
130 (58%) as a yellow solidH NMR (CDCk, 500 MHz) 7.61 (1 H, dJ = 2.3 Hz), 7.25 (1 H, d,
J=2.3Hz), 7.10 (1 H, br), 3.90 (3 H, s), 3.1443(2 H, m), 1.88-1.83 (2 H, m), 1.04 (3 HJt,
= 7.4 Hz);*®C NMR (CDCE, 125 MHz) 144.1, 133.2, 128.4, 127.8, 119.4, 118142, 53.9,

17.2,12.8.
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N-(5-Bromo-2,3-dimethoxyphenyl)propane-1-sulfonamide (13r). Prepared from11ll and
purified by column chromatography on silica gel@&t/hexane, 10:90 to 15:85) to giiar
(85%) as a yellow solidtH NMR (CDCk, 400 MHz) 7.33 (1 H, d) = 1.8 Hz), 7.01 (1 H, br),
6.80 (1 H, dJ=2.3 Hz), 3.86 (6 H, s), 3.10-3.06 (2 H, m), 1880 (2 H, m), 1.02 (3 H, § =
7.3 Hz);*C NMR (CDCE, 100 MHz) 152.8, 136.6, 131.9, 116.8, 113.3, 116089, 56.0, 53.3,
17.1, 12.7.

N-(7-Bromo-2,3-dihydrobenzop][1,4]dioxin-5-yl)propane-1-sulfonamide (13s). Prepared
from 11m and purified by column chromatography on silich(§OAc/hexane, 10:90 to 20:80)
to give 13s(80%) as a yellow oiH NMR (CDChk, 400 MHz) 7.25 (1 H, d] = 2.3 Hz), 6.82 (1
H, d,J = 1.8 Hz), 6.67 (1 H br), 4.31-4.29 (2 H, m),8-2.26 (2 H, m), 3.10-3.06 (2 H, m),
1.88-1.79 (2 H, m), 1.03 (3 H,,= 7.8 Hz);*3C NMR (CDCk, 100 MHz) 144.2, 132.3, 127.3,
116.0, 114.3, 113.2, 64.6, 64.2, 53.4, 17.2, 12.8.
N-(5-Bromo-3-ethoxy-2-methoxyphenyl)propane-1-sulfoamide (13t). Prepared fromlln
and purified by column chromatography on silica @&lOAc/hexane, 15:85) to giviEst (87%)
as a pale yellow solidH NMR (CDCk, 400 MHz) 7.22 (1 H, s), 6.98 (1 H, s), 6.51 (14},
4.04 (2 H, qJ = 7.3 Hz), 3.84 (3 H, s), 3.01-2.97 (2 H, m), +BF8 (2 H, m), 1.44 (3 H, §,=
6.9 Hz), 0.99 (3 H, tJ = 7.3 Hz);*®*C NMR (CDCE, 100 MHz) 149.3, 146.8, 127.7, 115.8,
107.6, 105.9, 64.8, 56.1, 53.6, 17.1, 14.6, 12.9.
N-(5-Bromo-2-hydroxyphenyl)propane-1-sulfonamide (18). N-(5-Bromo-2-({ert-
butyldimethylsilyl)oxy)phenyl)propane-1-sulfonamiseas prepared fromllo and purified by
column chromatography on silica gel (EtOAc/hexa5185 to 10:90) as a brown oil (86%}
NMR (CDCk, 400 MHz) 7.65 (1 H, dJ = 2.3 Hz), 7.08 (1 H, dd} = 8.5, 2.3 Hz), 6.72 (1 H, d,

J=8.2 Hz), 6.75 (1 H, br), 3.08-3.04 (2 H, m),6:8.77 (2 H, m), 1.03-0.99 (12 H, m), 0.27 (6
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H, s);**C NMR (CDC}, 100 MHz) 143.5, 129.8, 127.0, 121.4, 119.1, 11833, 25.6, 18.1,
17.2, 12.7, -4.3To a solution ofN-(5-bromo-2-({ert-butyldimethylsilyl)oxy)phenyl)propane-1-
sulfonamide (35.0 mg, 0.09 mmol) in anhydrous THE L) were added 1 M
tetrabutylammonium fluoride in THF (0.17 mL, 0.1ml) at 0 °C. The mixture was stirred at O
°C for 1 h. After being quenched with saturatedeags NHCI (5 mL), EtOAc were added, and
the layers were separated. The combined organiseghaere washed with brine, dried over
anhydrous Ngz50,, filtered and concentrated. The residue was patifiby column
chromatography on silica gel (EtOAc/hexane, 30td®ive13u (23.6 mg, 93%) as a brown oil;
'H NMR (CDCk, 500 MHz) 7.46 (1 H, dJ = 2.3 Hz), 7.21 (1 H, dd, = 8.6, 2.3 Hz), 6.82 (1 H,
d,J = 8.6 Hz), 6.47 (1 H, br), 3.09-3.06 (2 H, m),0-2.86 (2 H, m), 1.05 (3 H, d,= 7.4 Hz);
13C NMR (CDC}, 100 MHz) 147.1, 129.3, 125.3, 125.2, 117.6, 118361, 17.0, 12.8.

General Procedure for the Preparation ofN-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)sulfonamides (Method F); N-(2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)propane-1-sulfonamide (14a To a mixture ofl3a (50.0 mg, 0.16
mmol), bis(pinacolato)diboron (49.4 mg, 0.20 mmdlQAc (47.7 mg, 0.49 mmol) and
PdChk(dppf) (3.6 mg, 0.005 mmol) was added anhydrous TH5 mL) under argon. The
reaction was stirred at room temperature for 10 then was refluxed for 16 h. After being
guenched by the addition of water, the aqueous s extracted with EtOAc (2 x 15 mL).
The combined organic extracts were washed withebidnied over anhydrous p&O,, filtered,
and concentrated. The residue was purified by coluahromatography on silica gel
(EtOAc/hexane, 20:80) to affortha (46.6 mg, 81%) as a white solid*H NMR (CDCk, 400

MHz) 7.53 (1 H, dJ = 7.8 Hz), 7.41 (1L H, d = 7.8 Hz), 7.29 (1 H, s), 6.99 (1 H, br), 3.91H3
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s), 3.04-3.00 (2 H, m), 1.82-1.74 (2 H, m), 1.38 K, s), 0.97 (1 H, t) = 7.3 Hz);*C NMR
(CDCls, 100 MHz) 147.6, 129.2, 128.3, 117.8, 116.0, 83598, 52.9, 24.8, 17.1, 12.8.
N-(3-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaboraln-2-yl)phenyl)methane sulfonamide
(14b). Prepared fromi3b and purified by column chromatography on silica (§@OAc/hexane,
30:70 to 50:50) to givé4b (90%) as a white solidH NMR (CDCk, 500 MHz) 7.37 (1 H, br),
7.14 (1 H, dJ=1.7 Hz), 7.10 (1 H, d = 2.9 HZ), 6.99, (1 H, f] = 2.3 Hz), 3.78 (3 H, s), 2.98
(3 H, s), 1.30 (12 H, s)°C NMR (CDCk, 125 MHz) 159.9, 137.6, 118.8, 115.8, 110.0, 84.0,
55.3, 39.0, 24.6.
N-(3-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaboraln-2-yl)phenyl)ethanesulfonamide
(14c). Prepared fromi3c and purified by column chromatography on silica (§@OAc/hexane,
15:85 to 20:80) to givé4c (74%) as a pale yellow solittd NMR (CDCk, 500 MHz) 7.10-7.09
(2 H, m), 7.01 (1 H, tJ = 2.3 Hz), 6.93 (L H, br), 7.02 (1 H, s), 3.81H3s), 3.13 (2 H, gJ =
7.4 Hz), 1.36-1.32 (15 H, m°C NMR (CDCk, 125 MHz) 160.1, 137.6, 118.5, 115.5, 109.6,
84.1, 55.4, 45.8, 24.8, 8.2.
N-(3-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxabor@n-2-yl)phenyl)propane-1-

sulfonamide (14d).Prepared fronil3d and purified by column chromatography on silich ge
(EtOAc/hexane, 15:85) to giviedd (78%) as a pale yellow solidd NMR (CDChk, 400 MHz)
7.11-7.10 (1 H, m), 7.06 (1 H, s), 7.02 (1 H, $$86(1 H, br), 3.82 (3 H, s), 3.09-3.05 (2 H, m),
1.89-1.79 (2 H, m), 1.33 (12 H, s), 1.00 (3 H £, 7.3 Hz);**C NMR (CDCE, 100 MHz) 160.1,
137.6, 118.4, 115.5, 109.5, 84.1, 55.5, 53.2, 24/ &, 12.8.
N-(3-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaboran-2-yl)phenyl)propane-2-

sulfonamide (14e).Prepared froml3e and purified by column chromatography on silicd ge

(EtOAc/hexane, 15:85 to 20:80) to givde (69%) as a pale yellow soli#d NMR (CDCk, 500
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MHz) 7.09-7.07 (2 H, m), 7.06—7.05 (1 H, m), 6.16H, br), 3.81 (3 H, s), 3.32 (1 H, seb=
6.9 Hz), 1.38 (6 H, dJ = 6.9 Hz), 1.33 (12 H, s}*C NMR (CDCk, 125 MHz) 160.1, 137.9,
118.2, 115.2, 109.4, 84.1, 55.4, 52.4, 24.8, 16.5.
N-(3-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaboraln-2-yl)phenyl)benzenesulfonamide
(14f1). Prepared fron13f and purified by column chromatography on silich (§@OAc/hexane,
10:90 to 15:85) to givé4f (86%) as a white solidH NMR (CDChk, 400 MHz) 7.79 (2 H, d] =
7.3 Hz), 751 (1 H, t) = 7.3 Hz), 7.42 (2 H, ) = 7.3 Hz), 7.04 (1 H, s), 6.93-6.92 (3 H, m),
3.75 (3 H, s), 1.29 (12 H, s)°C NMR (CDCk, 100 MHz) 159.8, 138.9, 137.1, 133.0, 129.0,
127.2, 119.5, 115.8, 110.2, 84.0, 55.4, 24.8.
N-(2-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxabor@ln-2-yl)phenyl)propane-1-

sulfonamide (14g).Prepared fronil3g and purified by column chromatography on silica ge
(EtOAc/hexane, 10:90 to 20:80) to gitég (82%) as a white solidH NMR (CDCk, 500 MHz)
7.90 (L H, s), 7.58 (1 H, d,= 8.0 Hz), 6.89 (1 H, d] = 8.0 Hz), 6.72 (1 H, br), 3.90 (3 H, s),
3.04-3.03 (2 H, tJ = 8.0 Hz), 1.82 (2 H, se¥,= 7.4 Hz), 1.32 (12 H, s), 0.99 (3 HJt= 6.7
Hz); *C NMR (CDCE, 125 MHz) 151.6, 132.4, 126.4, 125.7, 109.9, 8858, 53.0, 24.8, 17.2,
12.8.
N-(2-Methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborola-2-yl)phenyl)propane-1-sulfonamide
(14h). Prepared fromi3h and purified by column chromatography on silica (§#OAc/hexane,
10:90 to 15:85) to givd4h (78%) as a white solidH NMR (CDCk, 500 MHz) 7.77 (1 H, s),
7.56 (LH, dJ=7.4Hz), 7.23 (L H, dl = 7.4 Hz), 6.43 (1L H, br), 3.13-3.10 (2 H, m),&(3 H,
s), 1.88 (2 H, sex] = 8.0 Hz), 1.32 (12 H, s), 1.04 (3 Bi= 7.4 Hz);**C NMR (CDCk, 125

MHz) 135.0, 134.4, 132.6, 130.7, 129.4, 83.9, 53498, 18.5, 17.3, 12.9.
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N-(3-Methoxy-2-methyl-5-(4,4,5,5-tetramethyl-1,3,24dxaborolan-2-yl)phenyl)propane-1-
sulfonamide (14i). Prepared froml3i and purified by column chromatography on silicd ge
(EtOAc/hexane, 10:90) to givB4i (54%) as a white solidH NMR (CDCl, 500 MHz) 7.20 (1
H, d,J=2.7 Hz), 7.14 (1L H, dl = 2.7 HZ), 6.31 (1 H, br), 3.80 (3 H, s), 3.06-B(2 H, m), 2.42
(3 H,s), 1.87-1.79 (2 H, m), 1.34 (12 H, s), 1(BMH, t,J = 7.4 Hz);**C NMR (CDCk, 125
MHz) 157.7, 135.9, 126.4, 117.5, 110.1, 83.9, 55346, 24.8, 17.2, 15.5, 12.9.
N-(3-Fluoro-2-methoxy-5-(4,4,5,5-tetramethyl-1,3,24idxaborolan-2-yl)phenyl)propane-1-
sulfonamide (14j). Prepared froml3j and purified by column chromatography on silicd ge
(EtOAc/hexane, 10:90 to 15:85) to gitdj (68%) as a white solidH NMR (CDCk, 500 MHz)
7.67 (L H,s), 7.29 (1 H, dd,= 12.0, 1.2 Hz), 6.90 (1 H, s), 4.03 (3 HJ& 2.9 Hz), 3.10-3.07
(2 H, m), 1.87-1.80 (2 H, m), 1.31 (12 H, s), 1(BH, t,J = 7.4 Hz);**C NMR (CDCk, 125
MHz) 153.8 (d,Jcr = 248.6 Hz), 139.2 (dlcr = 12.3 Hz), 130.4 (dlcr = 3.7 Hz), 120.6 (dJcr

= 2.5 Hz), 118.7 (dJer = 17.2 Hz), 84.2, 61.4 (dce = 8.6 Hz), 53.3, 24.8, 17.2, 12.8.
N-(2-Methoxy-3-methyl-5-(4,4,5,5-tetramethyl-1,3,24dxaborolan-2-yl)phenyl)propane-1-
sulfonamide (14k).Prepared froml3k and purified by column chromatography on silich ge
(EtOAc/hexane, 15:85 to 20:80) to gitdk (24%) as a pale yellow soli#d NMR (CDCk, 400
MHz) 7.73 (1L H, s), 7.39 (1L H, s), 6.89 (1 H, sFB(3 H, s), 3.15-3.11 (2 H, m), 2.30 (3 H, s),
1.90-1.80 (2 H, m), 1.00 (3 H,&,= 7.3 Hz);"*C NMR (CDC}, 100 MHz) 150.0, 133.5, 130.4,
130.1, 122.2, 83.9, 60.5, 53.4, 24.8, 17.2, 1@3.1
N-(2-Methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxabora@n-2-yl)benzyl)propane-1-

sulfonamide (14l). Prepared froml3| and purified by column chromatography on silicd ge
(EtOAc/hexane, 2.5:97.5) to givetl (71%) as a clear oifH NMR (CDCk, 500 MHz) 7.77 (1

H, dd,J = 8.0, 1.7 Hz), 7.68 (1L H, d,= 1.7 Hz), 6.89 (1 H, d] = 8.6 Hz), 4.28 (2 H, d] = 6.9
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Hz), 3.88 (3 H, s), 2.82-2.79 (2 H, m), 1.68-1.B0H( m), 1.33 (12 H, s), 0.87 (3 H,X= 7.4
Hz); **C NMR (CDC}, 125 MHz) 160.0, 136.8, 136.2, 124.4, 109.8, 8354, 54.6, 43.7, 24.8,
17.2,12.8.

1-(Propylsulfonyl)-6-(4,4,5,5-tetramethyl-1,3,2-digaborolan-2-yl)indoline (14m). Prepared
from 13m and purified by column chromatography on silich (§@OAc/hexane, 10:90) to give
14m (70%) as a yellow oitH NMR (CDCk, 500 MHz) 7.74 (1 H, s), 7.46 (1 H, 3= 7.4 Hz),
7.20 (1 H, dJ=7.4 Hz), 4.02 (2 H, {] = 8.6 Hz), 3.14 (2 H, ] = 8.6 Hz), 3.05-3.02 (2 H, m),
1.92-1.84 (2 H, m), 1.32 (12 H, s), 1.03 (3 H £, 7.4 Hz);**C NMR (CDCE, 125 MHz) 141.7,
134.5, 130.2, 124.8, 118.9, 83.8, 50.9, 50.2, 2”18, 16.7, 13.1.
4-(Propylsulfonyl)-6-(4,4,5,5-tetramethyl-1,3,2-digaborolan-2-yl)-3,4-dihydro-2H-
benzop][1,4]oxazine (14n).Prepared froml3n and purified by column chromatography on
silica gel (EtOAc/hexane, 10:90) to gitén (74%) as a yellow oitH NMR (CDCk, 500 MHz)
7.95(1 H, dJ=1.2 Hz), 7.48 (1 H, dd} = 8.3, 1.2 Hz), 6.90 (1 H, d,= 8.6 Hz), 4.30 (2 H, 1]

= 4.6 Hz), 3.86 (2 H, t] = 4.6 Hz), 3.13-3.09 (2 H, m), 1.93-1.85 (2 H, lnB1 (12 H, s), 1.05
(3 H, t,J = 7.4 Hz);*3C NMR (CDC}, 125 MHz) 148.7, 132.2, 129.0, 124.0, 117.2, 88571,
54.4,44.0, 24.8, 17.0, 13.0.
N-(3-Ethoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborola-2-yl)phenyl)propane-2-sulfonamide
(140).Prepared fron130 and purified by column chromatography on silich (§@OAc/hexane,
10:90 to 20:80) to afford4o (63%) as a white solidH NMR (CDCk, 500 MHz) 7.09-7.08 (1
H, m), 7.05-7.04 (2 H, m), 6.63 (1 H, br), 4.04H29,J = 6.9 Hz), 3.32 (1 H, sep,= 6.9 Hz),
1.40-1.37 (9 H, m), 1.32 (12 H, s); **C NMR (CDCk, 125 MHz) 159.5, 137.8, 118.2, 116.0,

109.9, 84.0, 63.6, 52.3, 24.8, 16.5, 14.7.
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N-(3-Isopropoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxakbmlan-2-yl)phenyl)propane-2-
sulfonamide (14p).Prepared fronl3p and purified by column chromatography on silich ge
(EtOAc/hexane, 2.5:97.5) to gielp (34%) as a yellow solidH NMR (CDCk, 500 MHz) 7.09
(1 H, d,J=2.3Hz),7.04 (1 H, = 2.3 Hz), 7.00 (1 H, d] = 1.7 Hz), 6.04 (1 H, s), 4.59 (1 H,
sep,J = 5.7 Hz), 3.32 (1 H, sep,= 6.9 Hz), 1.38 (6 H, d] = 6.9 Hz), 1.32-1.31 (18 H, n}'C
NMR (CDClk, 125 MHz) 158.4, 137.8, 118.0, 117.7, 111.0, 84000, 52.3, 24.8, 22.0, 16.5.
N-(3-Chloro-2-methoxy-5-(4,4,5,5-tetramethyl-1,3,24idxaborolan-2-yl)phenyl)propane-1-
sulfonamide (14q).Prepared fromi3qand purified by column chromatography on silich ge
(EtOAc/hexane, 2.5:97.5) to givelq (46%) as a white solidH NMR (CDCk, 500 MHz) 7.79
(1H,d,J=1.2Hz), 7.56 (L H, dl = 1.2 Hz), 6.96 (1L H, br), 3.92 (3 H, s), 3.15-23(2 H, m),
1.88-1.83 (2 H, m), 1.32 (12 H, s), 1.03 (3 H}, %, 8.0 Hz);*3C NMR (CDC, 125 MHz) 147.6,
132.1, 131.8, 127.1, 122.9, 84.3, 61.1, 53.7, 24/ &, 12.8
N-(2,3-Dimethoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxatrolan-2-yl)phenyl)propane-1-
sulfonamide (14r). Prepared froml3r and purified by column chromatography on silicad ge
(EtOAc/hexane, 10:90 to 20:80) to gitdr (25%) as a clear oitH NMR (CDCk, 400 MHz)
7.56 (LH, dJ=0.9 Hz), 7.12 (1 H, d] = 1.4 Hz), 6.92 (1 H, br), 3.91 (3 H, s), 3.90H3s),
3.11-3.07 (2 H, m), 1.88-1.78 (2 H, m), 1.32 (12sM,1.00 (3 H, tJ = 7.3 Hz);**C NMR

(CDCls, 100 MHz) 151.6, 140.3, 130.5, 117.3, 113.9, 88009, 55.9, 53.2, 24.8, 17.2, 12.8.

N-(7-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-3-dihydrobenzolb][1,4]dioxin-5-
yl)propane-1-sulfonamide (14s)Prepared froni3sand purified by column chromatography on
silica gel (EtOAc/hexane, 10:90 to 25:75) to givks (56%) as a white solidH NMR (CDCl,
600 MHz) 7.48 (1 H, s), 7.13 (1 H, s), 6.57 (1 },433-4.32 (2 H, m), 4.26-4.24 (2 H, m),

3.08-3.06 (2 H, m), 1.84 (2 H, sek= 8.2 Hz), 1.30 (12 H, s), 1.01 (3 H,Jt= 7.6 Hz);*C
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NMR (CDCk, 150 MHz) 143.1, 136.3, 125.8, 119.9, 118.7, 8849, 63.9, 53.2, 24.8, 17.2,

12.8.

N-(2-Hydroxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaboran-2-yl)phenyl)propane-1-

sulfonamide (14u).Prepared fromLl3u and purified by column chromatography on silich ge
(EtOAc/hexane, 20:80) to givistu (73%) as a clear oifH NMR (CDCk, 500 MHz) 7.67 (1 H,
d,J=1.2 Hz), 7.56 (1 H, ddl = 8.0, 1.2 Hz), 6.94 (1 H, d,= 8.0 Hz), 6.60 (1 H, s), 3.06-3.03
(2 H, m), 1.90-1.83 (2 H, m), 1.32 (12 H, s), 1(8CH, t,J = 7.4 Hz);*3C NMR (CDC}, 125
MHz) 152.6, 134.6, 131.0, 123.0, 116.4, 83.9, 52453, 17.0, 12.8.
2-(3-Fluoro-4,5-dimethoxyphenyl)-4,4,5,5-tetramethlyl,3,2-dioxaborolane (14v). Prepared
from 5-bromo-1-fluoro-2,3-dimethoxybenzerily) and purified by column chromatography on
silica gel (EtOAc/hexane, 5:95) to giddv (66%) as a clear oifH NMR (CDCk, 400 MHz)
7.16 (1 H, ddJ = 10.8, 1.4 Hz), 7.09 (1 H, s), 3.94 (3 HJ& 1.4 Hz), 3.90 (3 H, s), 1.32 (12 H,
s); *C NMR (CDCb, 100 MHz) 155.4 (dJcr = 245.5 Hz), 153.0 (dlcr = 4.9 Hz), 139.6 (dJcr

= 12.7 Hz), 115.4 (d)cr = 18.6 Hz), 113.2 (dJcr = 2.0 Hz), 84.0, 61.3 (dicr = 4.9 Hz), 56.3,
24.8.

Preparation of N-(3-Ethoxy-2-methoxy-5-(4,4,5,5-tetramethyl-1,3,2idxaborolan-2-
yl)phenyl)propane-1-sulfonamide (14t) (Method G).To a mixture of13t (60.0 mg, 0.17
mmol), bis(pinacolato)diboron (64.9 mg, 0.26 mmdiOAc (50.0 mg, 0.51 mmol) and
PdChL(dppf) (12.4 mg, 0.017 mmol) was added anhydrodsdigxane (0.9 mL) under argon.
The reaction was put into a preheated oil bath°(@Candstirred for 40 h. After being quenched
by the addition of water, the aqueous layer wasaet¢d with EtOAc (2 x 15 mL). The
combined organic extracts were washed with brineddover anhydrous N8GO, filtered, and

concentrated. The residue was purified by colunmrolatography on silica gel (EtOAc/hexane,
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10:90) to affordl4t (19.8 mg, 29%) as a yellow oftH NMR (CDCk, 500 MHz) 8.24 (1 H, s),
7.26 (1 H, s), 7.18 (1 H, s), 4.10 (2 H,Jo= 6.9 Hz), 3.89 (3 H, s), 2.98-2.95 (2 H, m), +.82
1.74 (2 H, m), 1.45 (3 H, f] = 6.9 Hz), 1.34 (12 H, s), 0.95 (3 H,Jt= 7.4 Hz);*C NMR
(CDCls, 125 MHz) 153.0, 144.7, 138.7, 119.0, 103.4, 86415, 55.9, 52.5, 24.8. 17.0, 14.8,
12.9.

General Procedure for the Preparation of 3-Bromo-5henylpyridines; N-(4-(5-bromo-2-
chloropyridin-3-yl)-2-methoxyphenyl)propane-1-sulfmamide (16a). To a mixture ofl4a
(46.6 mg, 0.13 mmol)15a (41.7 mg, 0.13 mmol) and Pd(Pfh(3.1 mg, 0.002 mmol) was
added anhydrous acetonitrile (1 mL) and anhydroid8-[§0.5 mL) under argon. The reaction
was stirred at room temperature for 10 min then N&3CO; (0.3 mL, 0.30 mmol) was added.
The mixture was put into a preheated oil bath ®Dandstirred for 16 h. After being quenched
by the addition of water, the aqueous layer wasaet¢d with EtOAc (2 x 10 mL). The
combined organic extracts were washed with brimeddover anhydrous N8O, filtered and
concentrated. The residue was purified by colunmrmatography on silica gel (EtOAc/hexane,
10:90 to 20:80) to afford6a(31.5 mg, 57%) as a white solitHi NMR (CDCk, 500 MHz) 8.44
(1H,dJ=23Hz),7.81 (1 H,d=23Hz),7.61 (1L H, d=8.0 Hz), 7.02-6.99 (2 H, m), 6.94
(1 H, br), 3.92 (3 H, s), 3.11-3.08 (2 H, m), 1.884 (2 H, m), 1.03 (3 H, 1 = 7.4 Hz);**C
NMR (CDCk, 125 MHz) 149.1, 148.2, 148.1, 141.7, 137.6, 1322¢.1, 122.3, 119.0, 118.8,
111.6, 56.0, 53.5, 17.2, 12.8.
N-(3-(5-Bromo-2-chloropyridin-3-yl)-5-methoxyphenylmethanesulfonamide (16b).
Prepared froml4b and 15a and then purified by column chromatography oncailgel
(EtOAc/hexane, 20:80 to 30:70) to gitéb (88%) as a yellow solid'H NMR (CDClk, 400

MHz) 8.45 (1 H, s), 7.80 (L H, s), 7.45 (1 H, SB®H(2 H, s), 6.74 (L H, s), 3.83 (3 H, ), 3.08 (3
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H, s);**C NMR (CDCE, 100 MHz) 165.0, 149.5, 147.9, 141.7, 138.4, 13837.4, 119.1, 112.9,
111.6, 106.2, 55.6, 39.4.
N-(3-(2-Amino-5-bromopyridin-3-yl)-5-methoxyphenyl)methanesulfonamide (16c)
Prepared froml4b and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 20:80 to 60:40) to gitéc (38%) as a yellow oi'H NMR (CDCk, 400 MHz)
8.08 (1L H, s), 7.44 (1 H, d,= 1.8 Hz), 6.88-6.87 (1 H, m), 6.85 (1 H, s), 6(TH, s), 4.79 (2
H, br), 3.81 (3 H, s), 3.05 (3 H, SiC NMR (CDC}, 100 MHz) 161.1, 154.4, 147.8, 139.7,
139.2, 139.0, 122.6, 112.3, 110.5, 108.2, 105.8,50.7.
N-(3-(5-Bromo-2-chloropyridin-3-yl)-5-methoxyphenylethanesulfonamide (16d).Prepared
from 14c and15a and then purified by column chromatography oitaibel (EtOAc/hexane,
15:85 to 25:75) to givé6d (81%) as a pale yellow solitd NMR (CDCk, 500 MHz) 8.47 (1 H,
d,J= 2.3 Hz), 7.80 (1 H, dl = 2.9 Hz), 7.00 (1 H, br), 6.87 (1 HJt= 1.7 Hz), 6.86 (1L H, t] =
1.7 Hz), 6.72 (L H, t) = 2.3 Hz), 3.84 (3 H, s), 3.20 (2 H, 8= 7.4 Hz), 1.40 3 H, )= 7.4
Hz); *C NMR (CDC}, 125 MHz) 160.6, 149.5, 148.0, 141.7, 138.5, 13837.4, 119.1, 112.6,
111.3, 105.9, 55.6, 46.1, 8.3.
N-(3-(5-Bromo-2-chloropyridin-3-yl)-5-methoxyphenylpropane-1-sulfonamide (16e).
Prepared froml4d and 15a and then purified by column chromatography oncailgel
(EtOAc/hexane, 20:80) to givkbe (96%) as a yellow solidH NMR (CDCk, 500 MHz) 8.46 (1
H, d,J = 2.3 Hz), 7.80 (1 H, dl = 2.9 Hz), 7.28 (1L H, s), 6.87 (1 HJt= 1.7 Hz), 6.86 (1L H, 1]
= 1.7 Hz), 6.72 (1L H, t = 1.7 Hz), 3.84 (3 H, s), 3.16-3.13 (2 H, m), £882 (2 H, m), 1.03
(3 H, t,J = 7.4 Hz);*C NMR (CDCk, 125 MHz) 160.5, 149.5, 148.0, 141.7, 138.4, 138.3

137.4,119.1, 112.6, 111.3, 105.8, 55.6, 53.4,,1I238.
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N-(3-(2-Amino-5-bromopyridin-3-yl)-5-methoxyphenyl)propane-1-sulfonamide (16f).
Prepared froml4d and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 30:70 to 45:55) to gitéf (65%) as a pale yellow solitd NMR (CD;OD, 500
MHz) 7.98 (1 H, dJ = 2.3 Hz), 7.50 (1 H, dl = 2.3 Hz), 6.87 (1 H, t] = 1.7 Hz), 6.84 (1L H, 1]
=1.7 Hz), 6.74 (L H, = 1.7 Hz), 3.82 (3 H, s), 3.13-3.10 (2 H, m), 1(8H, sex,) = 7.4 Hz),
1.02 (3 H, tJ = 7.4 Hz);**C NMR (CD;OD, 125 MHz) 162.6, 148.2, 141.6, 141.0, 140.2, 124
112.9, 110.6, 108.1, 107.9, 106.4, 56.0, 54.0,,1R4..
N-(3-(5-Bromo-2-chloropyridin-3-yl)-5-methoxyphenylpropane-2-sulfonamide (169).
Prepared froml4e and 15a and then purified by column chromatography oncailgel
(EtOAc/hexane, 10:90 to 20:80) to gidég (92%) as a yellow solid*H NMR (CDCk, 500
MHz) 8.46 (1 H, dJ = 2.9 Hz), 7.80 (1 H, d = 2.3 Hz), 7.19 (1 H, br), 6.90 (1 H,X= 2.3
Hz), 6.88 (1 H, tJ = 1.7 Hz), 6.70 (1L H, ) = 1.7 Hz), 3.84 (3 H, s), 3.38 (1 H, sdps 6.9 Hz),
1.42 (6 H, dJ = 6.9 Hz);"*C NMR (CDC}, 125 MHz) 160.5, 149.5, 148.0, 141.7, 138.6, 138.4
137.5,119.0, 112.5, 111.1, 105.8, 55.6, 52.8,.16.5
N-(3-(2-Amino-5-bromopyridin-3-yl)-5-methoxyphenyl)propane-2-sulfonamide (aeh).
Prepared froml4e and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 30:70 to 45:55) to gi¥6h (88%) as a pale yellow solild NMR (CDCk, 500
MHz) 8.08 (1 H, dJ = 1.7 Hz), 7.76 (1 H, br), 7.45 (1 H, #i= 2.3 Hz), 6.85 (1 H, t) = 1.7
Hz), 6.84 (1 H, tJ = 1.7 Hz), 6.69 (1 H, t) = 2.3 Hz), 4.82 (2 H, br), 3.82 (3 H, s), 3.36H1
sep,d = 6.9 Hz), 1.41 (6 H, dJ = 6.9 Hz);*C NMR (CDC}, 125 MHz) 161.2, 154.5, 147.8,
139.7, 139.5, 138.9, 122.7, 111.9, 110.1, 108.%,51%5.6, 53.0, 16.5.
N-(3-(2-Amino-5-bromopyridin-3-yl)-5-methoxyphenyl)benzenesulfonamide (16i)Prepared

from 14f and 15b, and then purified by column chromatography oitaigel (EtOAc/hexane,
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40:60) to givel6i (85%) as a pale yellow solitd NMR (CDCk, 500 MHz) 7.98 (1 H, s), 7.79
(2H, d,J=8.0Hz), 7.53 (L H, ] = 7.4 Hz), 7.43 (2 H, | = 7.4 Hz), 7.30 (1 H, d] = 2.3 Hz),
6.72 (1 H, s), 6.62 (1 H, s), 6.58 (1 H, s), 3.33H s);**C NMR (CDC}, 125 MHz) 160.8,
154.3, 147.3, 139.8, 139.0, 139.0, 138.2, 133.0,a,227.1, 122.8, 112.5, 110.4, 107.9, 106.2,
55.4.

N-(5-(2-Amino-5-bromopyridin-3-yl)-2-methoxyphenyl)propane-1-sulfonamide (16j).
Prepared froml4g and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 30:70 to 50:50) to git6j (92%) as a pale yellow soli#d NMR (CDCk, 500
MHz) 8.08 (1 H, s), 7.59 (1 H, d,= 1.7 Hz), 7.44 (1L H, d] = 2.3 Hz), 7.17 (2 H, dd] = 8.6,
2.3 Hz), 6.99 (1 H, dJ = 8.6 Hz), 6.89 (1 H, s), 4.65 (2 H, br), 3.94{3s), 3.08-3.04 (2 H, m),
1.90-1.83 (2 H, m), 1.03 (3 H,,= 6.9 Hz);*3C NMR (CDC}, 125 MHz) 154.6, 148.8, 147.6,
139.7,132.0, 129.8, 128.4, 127.0, 125.1, 119.9,3.566.0, 53.8, 17.2, 12.9.
N-(5-(2-Amino-5-bromopyridin-3-yl)-2-methylphenyl)pr opane-1-sulfonamide (16Kk).
Prepared froml4h and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 30:70 to 50:50) to git6k (82%) as a pale yellow soliti NMR (CDCk, 400
MHz) 8.06 (1 H, dJ = 2.3 Hz), 7.51 (1 H, dl = 1.4 Hz), 7.46 (1 H, dl = 2.3 Hz), 7.31 (1L H, d,
J=7.8Hz), 7.17 (1L H, dd] = 7.8, 1.4 Hz), 6.80 (1 H, br), 4.75 (2 H, br)13-3.11 (2 H, m),
2.36 (3 H, s), 1.90 (2 H, seX= 7.8 Hz), 1.06 (3 H, t] = 7.8 Hz);**C NMR (CDCE, 100 MHz)
154.6, 147.7, 139.7, 135.7, 135.7, 132.0, 129.9,61222.4, 122.1, 108.3, 54.7, 17.8, 17.3, 12.9.
N-(5-(2-Amino-5-bromopyridin-3-yl)-3-methoxy-2-methylphenyl)propane-1-sulfonamide
(16l). Prepared fronl4i and 15b, and then purified by column chromatography oicaibel
(EtOAc/hexane, 30:70 to 40:60) to gitél (81%) as a yellow solid*H NMR (CDCk, 500

MHz) 8.10 (1 H, dJ = 2.3 Hz), 7.37 (1 H, d] = 2.8 Hz), 7.13 (1 H, dJ = 2.8 Hz), 6.80 (1 H,
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br), 6.57 (1 H, dJ = 2.3 Hz), 4.48 (2 H, br), 3.79 (3 H, s), 3.16-B(2 H, m), 2.02 (3 H, s),
1.93-1.84 (2 H, m), 1.06 (3 H,d,= 7.3 Hz);**C NMR (CDCE, 125 MHz) 158.5, 154.5, 148.0,

139.7, 137.7,137.0, 122.6, 119.8, 112.0, 107.9,8.(%5.5, 54.1, 17.3, 13.8, 12.9.

N-(5-(2-Amino-5-bromopyridin-3-yl)-3-fluoro-2-methoxyphenyl)propane-1-sulfonamide
(16m). Prepared fronmi4j and15b, and then purified by column chromatography oitaibel
(EtOAc/hexane, 30:70 to 50:50) to git8m (83%) as a pale yellow solidid NMR (CDCk, 600
MHz) 8.09 (1 H, dJ=1.4 Hz), 743 (1 H, d] = 1.4 Hz), 7.37 (L H, s), 7.24 (1 H, s), 6.96 (1 H
d,J=11.7 Hz), 4.75 (2 H, s), 4.06 (3 H,d= 2.1 Hz), 3.12-3.10 (2 H, m), 1.87 (2 H, sé&%
7.6 Hz), 1.05 (3 H, ) = 6.9 Hz);"3C NMR (CDCk, 150 MHz) 154.5 (dJcr = 248.4 Hz), 154.4,
148.2, 139.7, 136.6 (dcr = 11.8 Hz), 132.2 (dJcr = 8.9 Hz), 131.7 (dJcr = 5.9 Hz), 121.2,

114.6, 112.7 (dJce = 20.7 Hz), 108.3, 61.6 (dcr= 7.4 Hz), 54.2, 17.2, 12.8.

N-(5-(2-Amino-5-bromopyridin-3-yl)-2-methoxy-3-methyiphenyl)propane-1-sulfonamide
(16n). Prepared froni4k and15b, and then purified by column chromatography oitaibel
(EtOAc/hexane, 30:70 to 40:60) to gi¥én (87%) as a light brown solidH NMR (CDCk, 500
MHz) 8.08 (1 H, dJ = 2.3 Hz), 7.44 (1L H, d] = 2.3 Hz), 7.37 (1 H, d] = 1.7 Hz), 7.04 (1 H,
br), 6.97 (1 H, dJ = 1.2 Hz), 4.72 (2 H, br), 3.82 (3 H, s), 3.15B3(2 H, m), 2.35 (3 H, s),
1.92-1.86 (2 H, m), 1.05 (3 H,d= 7.4 Hz);'®C NMR (CDC}, 125 MHz) 154.5, 147.7, 147.2,
139.7,133.1, 132.3, 131.3, 126.6, 122.5, 116.8,31®0.7, 54.2, 17.3, 16.3, 12.9.
N-(5-(2-Amino-5-bromopyridin-3-yl)-2-methoxybenzyl)ropane-1-sulfonamide (160).
Prepared froml14l and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 30:70 to 50:50) to gitéo (78%) as a yellow solidtH NMR (CDCk, 500
MHz) 7.98 (1 H, s), 7.39-7.33 (3 H, m), 6.96 (1dHJ = 8.6 Hz), 5.45 (1 H, ] = 6.3 Hz), 4.72

(2 H, br), 4.29 (2 H, dJ = 6.3 Hz), 3.90 (3 H, s), 2.91-2.88 (2 H, m), £7F2 (2 H, m), 0.96 (3
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H, t,J = 7.4 Hz);**C NMR (CDC}, 125 MHz) 157.2, 154.8, 147.2, 139.6, 129.7, 12928.9,
126.3, 122.7, 111.0, 108.2, 55.6, 54.8, 43.2, I23.
5-Bromo-3-(1-(propylsulfonyl)indolin-6-yl)pyridin-2 -amine (16p). Prepared froml4m and
15b, and then purified by column chromatography oitaigel (EtOAc/hexane, 30:70 to 40:60)
to give 16p (70%) as a pale yellow solidid NMR (CDCk, 500 MHz) 8.07 (1 H, d) = 2.3 Hz),
7.43 (1 H,dJ=23Hz), 7.39 (1 H, d] = 1.2 Hz), 7.27 (1L H, d] = 8.6 Hz), 7.04 (1 H, dd] =
7.4, 1.2 Hz), 4.67 (2 H, br), 4.08 (2 HJt= 8.6 Hz), 3.18 (2 H, tJ = 8.6 Hz), 3.06-3.03 (2 H,
m), 1.93-1.85 (2 H, m), 1.04 (3 H,,= 7.4 Hz);*C NMR (CDC}, 125 MHz) 154.5, 147.8,
143.0, 139.7, 136.6, 131.2, 126.0, 123.4, 123.8,211108.2, 51.4, 50.4, 27.8, 16.7, 13.0.
5-Bromo-3-(4-(propylsulfonyl)-3,4-dihydro-2H-benzopp][1,4]oxazin-6-yl)pyridin-2-amine
(16q). Prepared froni4n and15b, and then purified by column chromatography orcaibel
(EtOAc/hexane, 30:70 to 40:60) to gitéq (85%) as a yellow solid*H NMR (CDCk, 400
MHz) 8.07 (1 H, s), 7.60 (1 H, d,= 1.8 Hz), 7.45 (L H, d] = 1.4 Hz), 7.08 (L H, d]= 8.7, 1.8
Hz), 7.00 (1 H, dJ = 8.7 Hz), 7.24 (1L H, s), 4.72 (2 H, br), 4.33H2t,J = 4.1 Hz), 3.87 (2 H, t,
J= 4.6 Hz), 3.15-3.11 (2 H, m), 1.91 (2 H, s&% 7.8 Hz), 1.07 (3 H, ] = 7.3 Hz);"*C NMR
(CDCl;, 100 MHz) 154.7, 147.5, 146.0, 139.6, 129.2, 12%%1.6, 122.3, 118.6, 65.0, 54.8,
44.0,17.1,12.9.
N-(3-(2-Amino-5-bromopyridin-3-yl)-5-ethoxyphenyl)propane-2-sulfonamide (aer).
Prepared froml4o and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 30:70 to 35:65) to affatér (85%) as a yellow solid®H NMR (CDCh, 400
MHz) 8.07 (1 H, dJ = 2.3 Hz), 7.80 (1 H, br), 7.45 (1 H, 3= 2.3 Hz), 6.85 (1L H, s), 6.82 (1L H,

br), 6.68(1 H, s), 4.84 (2 H, br), 4.03 (2 H,Jos 6.9 Hz), 3.36 (1 H, sep,= 6.9 Hz), 1.431.40
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(9 H, m); *C NMR (CDCk, 100 MHz) 160.5, 154.5, 147.6, 139.7, 139.4, 1382.8, 111.7,
110.6, 108.1, 105.9, 63.9, 52.9, 24.8, 16.5, 14.6.
N-(3-(2-Amino-5-bromopyridin-3-yl)-5-isopropoxyphenyl)propane-2-sulfonamide  (16s).
Prepared froml4p and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 30:70 to 50:50) to giiés (81%) as a yellow solid*H NMR (CDCk, 500
MHz) 8.08 (1 H, s), 7.68 (1 H, s), 7.45 (1 HJds 2.3 Hz), 6.84 (1 H, f] = 2.3 Hz), 6.80 (1 H,
s), 6.68 (1 H, s), 4.84 (2 H, br), 4.56 (1 H, skp,5.7 Hz), 3.36 (1 H, seg,= 6.9 Hz), 1.41 (6
H, d,J = 6.9 Hz), 1.34 (6 H, d] = 6.3 Hz);*C NMR (CDC}, 125 MHz) 159.5, 154.5, 147.6,
139.7, 139.5, 138.9, 122.8, 111.7, 111.6, 108.1,0.(40.3, 52.9, 21.9, 16.5.
N-(5-(2-Amino-5-bromopyridin-3-yl)-3-chloro-2-methoxyphenyl)propane-1-sulfonamide
(16t). Prepared froml4q and 15b, and then purified by column chromatography oitaigel
(EtOAc/hexane, 30:70) to givisst (78%) as a yellow solidH NMR (CDCk, 500 MHz) 8.11 (1
H, d,J=2.3Hz), 7.50 (1 H, d] = 1.7 HZ), 7.44 (1 H, d] = 2.3 HZ), 7.19 (1 H, d] = 2.3 Hz),
7.13 (1 H, br), 4.68 (2 H, br), 3.97 (3 H, s), 3-36.3 (2 H, m), 1.93-1.86 (2 H, m), 1.06 (3 H, t,
J= 7.4 Hz);"*C NMR (CDC}, 125 MHz) 154.3, 148.4, 144.9, 130.7, 134.0, 13228.3, 125.5,
121.0, 116.9, 108.4, 61.3, 54.5, 17.3, 12.8.
N-(5-(2-Amino-5-bromopyridin-3-yl)-2,3-dimethoxypheryl)propane-1-sulfonamide  (16u).
Prepared froml4r and 15b, and then purified by column chromatography oncailgel
(EtOAc/hexane, 30:70) to givibu (69%) as a yellow solidH NMR (CDCk, 500 MHz) 8.09 (1
H, d,J=2.3 Hz), 7.46 (L H, d|= 2.3 Hz), 7.20 (1L H, dl = 1.7 Hz), 7.12 (1 H, br), 6.72 (1 H, d,
J=2.3Hz),4.72 (2 H, br), 3.93 (3 H, s), 3.90H3s), 3.12—3.09 (2 H, m), 1.90-1.83 (2 H, m),
1.03 (3 H, tJ = 7.4 Hz);"*C NMR (CDCE, 125 MHz) 154.5, 152.8, 147.8, 139.6, 137.5, 132.9

131.6, 122.6, 110.8, 108.2, 61.0, 56.0, 54.0, 1128.
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N-(5-(2-Amino-5-bromopyridin-3-yl)-3-ethoxy-2-methoxphenyl)propane-1-sulfonamide
(16v). Prepared fronl4t and 15b, and then purified by column chromatography oicaibel
(EtOAc/hexane, 30:70 to 40:60) to gitév (89%) as a yellow solidtH NMR (CDCk, 400
MHz) 8.19 (1 H, dJ = 2.3 Hz), 7.50 (1 H, d] = 2.3 Hz), 7.21 (1 H, s), 6.88 (L H, s), 6.70 (1L H
s), 4.52 (2 H, br), 4.14-4.02 (2 H, m), 3.92 (3s}4,2.76-2.69 (1 H, m), 2.60-2.53 (1 H, m),
1.60-1.51 (1 H, m), 1.47 (3 H,1,= 6.9 Hz), 1.29-1.20 (1 H, m), 0.84 (3 HJt 7.3 Hz);*°C
NMR (CDCk, 100 MHz) 154.2, 150.2, 148.8, 147.3, 140.8, 12121 .5, 121.0, 113.8, 110.0,
109.5, 64.8, 56.2, 53.8, 17.1, 14.7, 12.9.
N-(5-(2-Amino-5-bromopyridin-3-yl)-2-hydroxyphenyl)propane-1-sulfonamide (16w).
Prepared froml4u and 15b, and then purified by column chromatography oncailgel
(MeOH/CH,Cl,, 1:99 to 3:97) to giveléw (61%) as a brown solidH NMR (CDs;OD, 500
MHz) 7.93 (1 H, s), 7.46 (1 H, d,= 2.3 Hz), 7.43 (L H, d] = 1.7 Hz), 7.11 (1L H, ddl = 7.7,
2.9 Hz), 6.97 (1 H, d] = 8.6 Hz), 3.07-3.04 (2 H, m), 1.86 (2 H, s&%, 8.0 Hz), 1.00 (3 H, {]

= 7.4 Hz);*C NMR (CD;OD, 125 MHz) 156.9, 151.4, 147.4, 141.0, 129.2,.82726.6, 126.2,
124.8,117.1, 108.2, 25.0, 18.3, 13.2.
5-Bromo-3-(3-fluoro-4,5-dimethoxyphenyl)pyridin-2-amine (16x). Prepared froml4v and
15b, and then purified by column chromatography orcaibel (EtOAc/hexane, 30:70) to give
16x (39%) as a white solidH NMR (CDCk, 500 MHz) 8.09 (1 H, dJ = 2.3 Hz), 7.45 (1 H, d,
J=2.3Hz), 6.81 (1 H, ddl=10.9, 2.3 Hz), 6.73 (L H, s), 4.68 (2 H, brAB(3 H, s), 3.90 (3
H, s); 3C NMR (CDC}, 125 MHz) 156.0 (dJcr = 246.1 Hz), 154.4, 154.1 (der = 6.2 Hz),
147.9, 139.6, 137.0 (dcr = 13.5 Hz), 131.7 (dJcr = 9.8 Hz), 122.2, 109.3 (dcr = 20.9 Hz),

1083, 108.0 (dJCF: 2.5 HZ), 61.5 (dJCF: 3.7 HZ), 56.4.
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N-(5-(5-Bromopyridin-3-yl)-3-fluoro-2-methoxyphenyl)propane-1-sulfonamide (16y).
Prepared froml1l4j and 15¢ and then purified by column chromatography oncailgel
(EtOAc/hexane, 0:100 to 25:75) to gi¥8y (89%) as a pale yellow solili NMR (CDCk, 600
MHz) 8.69 (1 H, s), 8.67 (1L H, s), 7.96 (1 H, sh4 (1 H, s), 7.09-7.05 (2 H, m), 4.08 (3 HJd,
= 2.4 Hz), 3.11 (2 H, ] = 8.1 Hz), 1.95-1.84 (2 H, seX= 7.8 Hz), 1.06-1.03 (3 H, d,= 7.5
Hz); Y*C NMR (CDCE, 150 MHz) 153.7 (dJcr = 247.1 Hz), 149.9, 146.1, 136.9 (@ = 19.5
Hz), 136.7, 136.3, 132.0 (der = 9.0 Hz), 131.7 (dJcr = 6.0 Hz), 121.0, 112.8, 111.2 @@ =
19.5 Hz), 61.6 (dJcr = 7.2 Hz), 53.7, 17.3, 12.9.
N-(5-(5-Bromo-2-chloropyridin-3-yl)-3-fluoro-2-methoxyphenyl)propane-1-sulfonamide
(16z). Prepared fronil4j and 15a and then purified by column chromatography orcaigel
(EtOAc/hexane, 10:90 to 15:85) to gi¥6z (85%) as a yellow oil*H NMR (CDCk, 600 MHz)
8.46 (1 H,dJ=2.1Hz), 7.78 (L H, d = 2.1 Hz), 7.41 (1 H, s), 7.06 (1 H, s), 6.96 (1dd,J =
12.4, 1.4 Hz), 4.09 (3 H, d,= 2.1 Hz), 3.13 (2 H, t) = 7.6 Hz), 1.87 (2 H, sexX,= 7.6 Hz),
1.04 (3 H, tJ = 7.6 Hz);**C NMR (CDC}, 150 MHz) 153.8 (dJcr = 246.9 Hz), 149.6, 148.0,
141.6, 136.8 (dJcr = 11.8 Hz), 136.4, 131.4 (der = 8.9 Hz), 131.1 (dJcr = 4.4 Hz), 119.1,

114.8, 113.3 (dJcr = 22.2 Hz), 108.3, 61.6 (der= 7.4 Hz), 53.7, 17.2, 12.8.

General Procedure for the Preparation of tert-Butyl 4-(4-(6-chloro-5-phenylpyridin-3-
yl)phenyl)piperazine-1-carboxylate tert-butyl 4-(4-(6-chloro-5-(3-methoxy-4-
(propylsulfonamido)phenyl)pyridin-3-yl)phenyl)piper azine-1-carboxylate (17a)To a
mixture of 16a (31.0 mg, 0.07 mmol), 4-(&rt-butoxycarbonylpiperazinyl)phenylboronic acid
pinacol ester (31.6 mg, 0.08 mmol) and Pd@fti2.8 mg, 0.01 mmol) was added anhydrous
DME (2 mL) under argon. The reaction was stirredoamm temperature for 10 min then 1 M

NaCO; (0.15 mL, 0.15 mmol) was added. The mixture wasuxefl for 16 h. After being
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guenched by the addition of water, the aqueous lages extracted with EtOAc (2 x 15 mL).
The combined organic extracts were washed withebrinied over anhydrous b&O,, filtered,
and concentrated. The residue was purified by coluohromatography on silica gel
(EtOAc/hexane, 20:80 to 30:70) to affdtda(35.6 mg, 80%) as a white solitH NMR (CDCl,

500 MHz) 8.56 (1 H, dJ = 2.3 Hz), 7.80 (1 H, d] = 2.3 Hz), 7.62 (1L H, d] = 8.6 Hz), 7.51 (2

H, d,J = 8.6 Hz), 7.07-7.05 (2 H, m), 7.00 (2 H,Jd= 9.2 Hz), 6.93 (1L H, s), 3.92 (3 H, s),
3.61-3.59 (4 H, m), 3.22-3.21 (4 H, m), 3.12-3D&( m), 1.92-1.84 (2 H, m), 1.48 (9 H, s),
1.04 (3 H, tJ = 7.4 Hz);"*C NMR (CDCE, 125 MHz) 154.6, 151.3, 148.2, 147.2, 145.9, 137.1
135.8, 135.5, 134.0, 127.7, 127.0, 126.5, 122.8,11116.2, 111.9, 80.0, 56.0, 53.4, 48.6, 28.3,

17.2,12.8.

tert-Butyl 4-(4-(6-chloro-5-(3-methoxy-5-(methylsulfonanido)phenyl)pyridin-3-
yl)phenyl)piperazine-1-carboxylate (17b). Prepared from16b and purified by column
chromatography on silica gel (EtOAc/hexane, 2080®®:40) to givel7b (83%) as a white
solid; *H NMR (CDCk, 400 MHz) 8.56 (1 H, d] = 2.3 Hz), 7.79 (1 H, d = 2.3 Hz), 7.53 (1 H,
br), 7.49 (2 H, dJ = 8.7 Hz), 6.98 (2 H, d] = 8.7 Hz), 6.95-6.94 (1 H, m), 6.91 (1 H)t 2.3
Hz), 6.81-6.80 (1 H, m), 3.84 (3 H, s), 3.60-3.884 m), 3.21-3.19 (4 H, m), 3.08 (3 H, s),
1.48 (9 H, s);®*C NMR (CDCE, 100 MHz) 160.4, 154.7, 151.3, 147.0, 146.2, 13338.2,
137.1, 135.7, 135.6, 127.8, 126.8, 116.5, 113.2,7105.8, 80.1, 55.6, 48.6, 39.4, 28.4.
tert-Butyl 4-(4-(6-chloro-5-(3-(ethylsulfonamido)-5-mehoxyphenyl)pyridin-3-
yl)phenyl)piperazine-1-carboxylate (17c). Prepared from16d and purified by column
chromatography on silica gel (EtOAc/hexane, 300/85:55) to givel7¢ (99%) as a white solid;
H NMR (CDCk, 600 MHz) 8.57 (1 H, dJ = 2.1 Hz), 7.79 (L H, dl = 2.1 Hz), 7.49 (2 H, d =

8.9 Hz), 7.47 (1 H, s), 6.99 (2 H, 8= 8.9 Hz), 6.94 (1 H, s), 6.91 (1 H, s), 6.78 (s} 3.84 (3
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H, s), 3.59-3.59 (4 H, m), 3.21-3.19 (6 H, m), (@&, s), 1.39 (3 H, t] = 7.6 Hz);**C NMR
(CDCls, 150 MHz) 160.4, 154.6, 151.3, 147.0, 146.2, 13938.3, 137.0, 135.7, 135.5, 127.8,
126.9, 116.5, 113.0, 111.4, 105.5, 80.0, 55.6,,538%, 45.9, 28.4, 8.22.

tert-Butyl 4-(4-(6-chloro-5-(3-methoxy-5-(propylsulfonanido)phenyl)pyridin-3-
yl)phenyl)piperazine-1-carboxylate (17d). Prepared from16e and purified by column
chromatography on silica gel (EtOAc/hexane, 2088Q:60) to givel 7d (95%) as a pale yellow
solid; *H NMR (CDCk, 500 MHz) 8.57 (1 H, d] = 2.9 Hz), 7.79 (1 H, d] = 2.9 Hz), 7.49 (2 H,
d,J = 8.6 Hz), 7.47 (1 H, br), 6.99 (2 H, 8= 8.6 Hz), 6.93 (1 H, s), 6.90 (1 HJt= 1.7 Hz),
6.78-6.77 (1 H, m), 3.84 (3 H, s), 3.60-3.58 (41}, 3.21-3.19 (4 H, m), 3.16-3.13 (2 H, m),
1.91-1.84 (2 H, m), 1.48 (9 H, s), 1.02 (3 H] £ 7.4 Hz);**C NMR (CDCk, 125 MHZ) 160.4,
154.7, 151.3, 147.0, 146.2, 139.8, 138.3, 137.8,731.35.5, 127.8, 126.9, 116.5, 112.9, 111.3,
105.5, 80.1, 55.5, 53.3, 48.6, 28.4, 24.8, 17.8.12

tert-Butyl 4-(4-(6-chloro-5-(3-methoxy-5-(1-methylethydulfonamido)phenyl)pyridin-3-
yl)phenyl)piperazine-1-carboxylate (17e). Prepared from16g and purified by column
chromatography on silica gel (EtOAc/hexane, 300/6(:50) to givel 7e(79%) as a white solid;
'H NMR (CDCk, 500 MHz) 8.57 (1 H, dJ = 2.7 Hz), 7.79 (1 H, dl = 2.3 Hz), 7.49 (2 H, d =
8.6 Hz), 7.37 (1 H, s), 6.99 (2 H, 3= 8.6 Hz), 6.95 (1 H, s), 6.92 (1 HJt= 2.3 Hz), 6.76-6.75
(1 H, m), 3.83 (3 H, s), 3.60-3.58 (4 H, m), 3.3H sepJ = 6.9 Hz), 3.21-3.20 (4 H, m), 1.48
(9 H, s), 1.42 (6 H, dJ = 6.9 Hz);**C NMR (CDCk, 125 MHz) 160.4, 154.6, 151.3, 147.0,
146.2, 139.7, 138.6, 137.0, 135.8, 135.5, 127.8,9.2116.5, 112.9, 111.2, 105.4, 80.0, 55.5,
52.6, 48.6, 30.9, 28.4, 16.5.

tert-Butyl 4-(4-(6-chloro-5-(3-fluoro-4-methoxy-5-(progylsulfonamido)phenyl) pyridin-3-

yl)phenyl)piperazine-1-carboxylate (17f). Prepared from16z and purified by column
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chromatography on silica gel (EtOAc/hexane, 20:80pive 17f (69%) as a white solid'H
NMR (CDCl, 500 MHz) 8.57 (1 H, dJ = 2.3 Hz), 7.82 (1 H, d] = 2.3 Hz), 7.51 (2 H, d] =

8.6 Hz), 7.39 (1 H, t) = 8.0 Hz), 7.07 (1 H, ddl = 6.6, 1.7 Hz), 7.03, 7.02 (1L H, 8= 2.3, 1.7
Hz), 7.01-6.99 (3 H, m), 3.85 (3 H, s), 3.61-3.89H, m), 3.21 (4 H, br), 1.49 (9 H, syC
NMR (CDCh, 125 MHz) 154.6, 153.9 (dcr = 248.6 Hz), 151.4, 147.0, 146.4, 137.0, 136.4 (d,
Jcr = 12.3 Hz), 135.7, 134.6, 133.0 (@ = 8.6 Hz), 131.0 (dJcr = 4.9 Hz), 127.8, 126.9,
116.5, 114.8 (dJcr = 2.5 Hz), 113.4 (dJcr = 20.9 Hz), 80.0, 61.6 (dcr= 7.4 Hz), 53.6, 48.6,

28.4,17.2,12.9.

General Procedure for the Preparation of 1-(4-(6-miayl-5-phenylpyridin-3-
yl)phenyl)piperazines N-(2-methoxy-4-(2-methyl-5-(4-(piperazin-1-yl)phenypyridin-3-
yl)phenyl)propane-1-sulfonamide (18a).To a mixture ofl7a (35.0 mg, 0.06 mmol), ¥COs
(16.0 mg, 0.12 mmol) and Pd(P#h(13.4 mg, 0.01 mmol) was added anhydrous 1,4-diexa
(2.5 mL) and trimethylboroxine (0.03 mL, 0.23 mmabder argon. The reaction was stirred at
room temperature for 10 min then the mixture wdkixed for 16 h. After being quenched by
the addition of water, the aqueous layer was etddawith EtOAc (2 x 15 mL). The combined
organic extracts were washed with brine, dried oeshydrous NgO, filtered, and
concentrated. The residue was purified by colunmrolatography on silica gel (EtOAc/hexane,
20:80 to 70:30) to afford the methylated pyridimeduct then anhydrous GAl, (3 mL) and
trifluoroacetic acid (0.3 mL) were added. The migetwas stirred at room temperature for 16 h.
After being quenched with saturated aqueous NafH@GOnL), CHCIl, were added, and the
layers were separated. The combined organic phases washed with brine, dried over
anhydrous Ng50,, filtered, and concentrated. The residue was iedrifby column

chromatography on silica gel (MeOH/@El,, 5:95 to 15:85) to givd8a (24.7 mg, 89%) as a
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yellow solid;*"H NMR (CDCk, 400 MHz) 8.70 (1 H, dJ = 1.8 Hz), 7.67 (1 H, d] = 1.8 Hz),
7.60 (1 H, dJ=8.2 Hz), 7.52 (2 H, d] = 8.7 Hz), 7.00 (2 H, d] = 8.7 Hz), 6.96 (2 H, dd] =
8.2, 1.8 Hz), 6.88 (1 H, dl = 1.4 Hz), 3.90 (3 H, s), 3.24-3.22 (4 H, m), 3307 (5 H, m),
253 (3 H,s), 1.88 (2 H, seX= 7.8 Hz), 1.04 (3 H, 1] = 7.3 Hz);**C NMR (CDC}, 100 MHz)
153.5, 151.3, 148.6, 145.8, 136.8, 136.0, 134.8,7.3.28.3, 127.6, 125.7, 122.0, 119.6, 116.2,
111.5, 55.9, 53.3, 49.6, 45.7, 23.0, 17.2, 12.9MIRESI-QTOF)mz [M + H]* calculated for
CaeH33N403S 481.2268; found 481.2274; Purity (method A) >989%, 14.8 min.
N-(3-Methoxy-5-(2-methyl-5-(4-(piperazin-1-yl)pheny)pyridin-3-
yl)phenyl)methanesulfonamide (18b). Prepared from 17b and purified by column
chromatography on silica gel (MeOH/@El,, 5:95 to 20:80) to givd8b (81%) as a yellow
solid; '"H NMR (CDCls, 500 MHz) 8.71 (1 H, dJ = 2.3 Hz), 7.65 (1 H, s), 7.50 (2 H, 3= 8.6
Hz), 6.99 (2 H, dJ = 8.6 Hz), 6.86 (1L H, s), 6.77 (1 H, s), 6.70 (1s) 3.84 (3 H, s), 3.24-3.22
(4 H, m), 3.09-3.07 (7 H, m), 2.52 (3 H, § NMR (CDCE, 125 MHz) 160.6, 153.3, 151.4,
146.0, 142.6, 138.2, 135.9, 134.6, 133.7, 128.7,62116.2, 113.0, 111.5, 105.1, 55.6, 49.6,
45.8, 39.6, 22.9; HRMS (ESI-QTORVz [M + H]" calculated for gH,9N4OsS 453.1955;
found 453.1963; Purity (method A) 98%,= 13.2 min.
N-(3-Methoxy-5-(2-methyl-5-(4-(piperazin-1-yl)pheny)pyridin-3-
yl)phenyl)ethanesulfonamide (18c). Prepared from 17c and purified by column
chromatography on silica gel (MeOH/@El,, 5:95 to 20:80) to givd8c (62%) as a yellow
solid; *H NMR (CDCls, 400 MHz) 8.70 (1 H, d] = 1.8 Hz), 7.64 (1 H, d} = 1.8 Hz), 7.51 (2 H,
d,J=8.7 Hz), 7.00 (2 H, d] = 8.7 Hz), 6.86 (1 H, s), 6.77 (L H, s), 6.68 (s} 3.84 (3 H, s),
3.31-3.28 (4 H, m), 3.22-3.16 (6 H, m), 2.52 (3s},1.40 (3 H, tJ = 7.3 Hz);*°C NMR

(CDCl;, 100 MHz) 160.6, 153.4, 151.0, 146.1, 142.5, 13835.9, 134.7, 133.7, 128.7, 127.7,
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116.5, 112.8, 111.2, 104.8, 55.6, 49.0, 46.1, 423, 8.3; HRMS (ESI-QTORWz [M + H]"
calculated for gsH3;N4O3S 467.2111; found 467.2116; Purity (method A) 9896, 13.9 min.
N-(3-Methoxy-5-(2-methyl-5-(4-(piperazin-1-yl)pheny)pyridin-3-yl)phenyl)propane-1-
sulfonamide (18d).Prepared froml7d and purified by column chromatography on silich ge
(MeOH/CH,Cl,, 10:90 to 20:80) to giva8d (65%) as a yellow solid®H NMR (CDCls;, 500
MHz) 8.71 (1 H, dJ = 2.3 Hz), 7.65 (1 H, dl = 2.3 Hz), 7.50 (2 H, dl = 8.6 Hz), 7.00 (2 H, d,
J=8.6 Hz), 6.85 (1L H, {] = 2.3 Hz), 6.75 (1L H, ) = 1.7 Hz), 6.68 (1 H, t] = 2.3 Hz), 3.84 (3
H, s), 3.23-3.21 (4 H, m), 3.15-3.12 (2 H, m), 3386 (4 H, m), 2.52 (3 H, s), 1.92-1.84 (2 H,
m), 1.04 (3 H, tJ = 7.4 Hz);*3C NMR (CDCE, 125 MHz) 160.6, 153.3, 151.4, 146.0, 142.6,
138.2, 135.9, 134.6, 133.8, 128.2, 127.6, 116.2,811111.2, 105.8, 55.5, 53.5, 49.8, 45.9, 22.9,
17.3, 12.9; HRMS (ESI-QTORNz [M + H]" calculated for gsH3sN4O3S 481.2268; found
481.2274; Purity (method A) 98% = 15.0 min.
N-(3-Methoxy-5-(2-methyl-5-(4-(piperazin-1-yl)pheny)pyridin-3-yl)phenyl)propane-2-
sulfonamide (18e).Prepared froml7e and purified by column chromatography on silicad ge
(MeOH/CHCl,, 5:95 to 15:85) to givd.8e (96%) as a yellow solid*H NMR (CDsOD, 500
MHz) 8.62 (1 H, dJ = 2.3 Hz), 7.81 (1 H, dl = 2.3 Hz), 7.58 (2 H, dl = 8.6 Hz), 7.08 (2 H, d,
J=9.2Hz),6.91 (1 H, )= 1.7 Hz), 6.84, (L H, t] = 1.7 Hz), 6.70 (1 H, ] = 1.2 Hz), 3.82 (3
H, s), 3.35-3.29 (1 H, m), 3.23-3.21 (4 H, m), 3320 (4 H, m), 2.48 (3 H, s), 1.35 (6 H,Id,
= 6.9 Hz);**C NMR (CD;OD, 125 MHz) 162.2, 154.1, 153.0, 145.9, 143.0,.24138.5, 136.3,
135.9, 129.1, 128.6, 117.6, 113.4, 111.2, 105.6),53.5, 50.3, 46.3, 22.4, 16.7; HRMS (ESI-
QTOF)mVz: [M + H]" calculated for GsH33N40sS 481.2268; found 481.2273; Purity (method B)

98%,tg = 15.8 min.
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N-(3-Fluoro-2-methoxy-5-(2-methyl-5-(4-(piperazin-1yl)phenyl)pyridin-3-
yl)phenyl)propane-1-sulfonamide (18aa). Prepared from17f and purified by column
chromatography on silica gel (MeOH/@E,, 5:95 to 10:90) to givd8aa (90%) as a yellow
solid; *H NMR (CDCls, 600 MHz) 8.71 (1 H, d = 2.1 Hz), 7.63 (1 H, d] = 2.1 Hz), 7.50 (2 H,
d,J=8.9 Hz), 7.34 (1 H, s), 7.01 (2 H,H= 8.2 Hz), 6.88 (1 H, dd, = 11.7, 1.4 Hz), 4.08 (3 H,
d,J=1.4 Hz), 3.23-3.22 (4 H, m), 3.12-3.10 (2 H, 8P8-3.06 (4 H, m), 2.53 (3 H, s), 1.87 (2
H, sex,J = 7.6 Hz), 1.04 (3 H, ] = 7.6 Hz);**C NMR (CDCE, 150 MHz) 154.1 (dJcr = 246.9
Hz), 153.3, 151.5, 146.2 (dcr = 3.0 Hz), 135.9 (dJcr = 10.4 Hz), 135.8 (dJcr = 8.9 Hz),
134.8, 134. 6, 133.9, 131.0 (@r = 5.9 Hz), 128.1, 127.6, 116.2, 114.8, 113.1Ja#,= 20.7
Hz), 61.6, 53.8, 49.8, 45.9, 23.0, 17.2, 12.9; HR(ESI-QTOF)m/z [M + H]" calculated for

CoeH32FN4O3S 499.2174; found 499.2181, Purity (method A) 9%9%, 15.4 min.

General Procedure for the Preparation of 3-phenyl-§4-(piperazin-1-yl)phenyl)pyridin-2-
amines N-(3-(2-amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3yI)-5-
methoxyphenyl)methanesulfonamide (18f).To a mixture ofl6c (26.0 mg, 0.07 mmol), 4-(4-
tert-butoxycarbonylpiperazinyl)phenylboronic acid piohester (29.8 mg, 0.08 mmol) and
Pd(PPh)4 (13.4 mg, 0.01 mmol) was added anhydrous DME 1fiL» under argon. The reaction
was stirred at room temperature for 10 min then N&ICO; (0.14 mL, 0.14 mmol) was added.
The mixture was refluxed for 16 h. After being gcleed by the addition of water, the agueous
layer was extracted with EtOAc (2 x 15 mL). The bimed organic extracts were washed with
brine, dried over anhydrous P&O,, filtered and concentrated. The residue was marifby
column chromatography on silica gel (EtOAc/hexad@;,70 to 70:30) to afford the coupling
product then anhydrous GEl, (3 mL), and trifluoroacetic acid (0.3 mL) were add The

mixture was stirred at room temperature for 16 fierAbeing quenched with saturated aqueous
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NaHCG; (5 mL), CHCI, were added, and the layers were separated. Théimedn organic
phases were washed with brine, dried over anhydiaySQO,, filtered, and concentrated. The
residue was purified by column chromatography tinasgel (MeOH/CHCI,, 10:90 to 30:70) to
give 18f (9.9 mg, 31%) as a yellow solid; m.p. 155 - 1579€:NMR (CD;0OD, 500 MHz) 8.15
(1H,d,J=23Hz),7.62(LH,d=23Hz),7.48 (2H, d=8.6 Hz), 7.06 (2 H, dl = 8.6 Hz),
6.92 (1L H,s), 6.89 (L H, §,= 1.7 Hz), 6.83 (L H, s), 3.84 (3 H, s), 3.30-32H, m), 3.17-3.15
(4 H, m), 3.02 (3 H, s)**C NMR (CD;OD, 125 MHz) 162.6, 156.4, 151.6, 144.9, 141.5,.441
137.4, 131.2, 128.3, 127.8, 123.1, 118.1, 113.3,211106.3, 66.9, 56.0, 45.7, 39.4; HRMS
(ESI-QTOF) mVz [M + H]" calculated for gsH2gNsOsS 454.1907; found 454.1913; Purity
(method A) 98%tg = 13.2 min.
N-(3-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-5-methoxyphenyl)propane-1-
sulfonamide (18g).Prepared froml6f and purified by column chromatography on silica ge
(MeOH/CHCl,, 5:95 to 15:85) to givd8g (49%) as a yellow solid*H NMR (CDs;OD, 500
MHz) 8.15 (1 H, dJ = 2.3 Hz), 7.62 (1 H, d] = 2.3 Hz), 7.48 (2 H, d] = 8.6 Hz), 7.06 (2 H, d,
J=8.6 Hz), 6.92 (L H, ) = 1.7 Hz), 6.87 (L H, ) = 1.7 Hz), 6.81 (1 H, t] = 1.7 Hz), 3.83 (3
H, s), 3.33-3.29 (4 H, m), 3.22-3.20 (4 H, m), 3340 (2 H, m), 1.82 (2 H, se¥= 7.4 Hz),
1.02 (3 H, tJ = 7.4 Hz);**C NMR (CDCl;, 125 MHz) 161.2, 154.2, 150.8, 145.1, 140.5, 139.1
136.0, 129.1, 127.7, 126.9, 120.9, 116.4, 112.8,111105.1, 55.6, 53.7, 50.0, 45.9, 17.3, 12.9;
HRMS (ESI-QTOF)m/z. [M + H]" calculated for gH3)NsOsS 482.2220; found 482.2225;
Purity (method A) 99%ix = 14.6 min.
N-(3-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-5-methoxyphenyl)propane-2-
sulfonamide (18h).Prepared fronil6g and purified by column chromatography on silich ge

(MeOH/CHCI,, 5:95 to 15:85) to givd8h (31%) as a yellow solid*H NMR (CDsOD, 500
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MHz) 8.14 (1 H, dJ = 1.7 Hz), 7.60 (1 H, dl = 1.7 Hz), 7.45 (2 H, d = 8.6 Hz), 7.02 (2 H, d,
J=8.6 Hz), 6.93 (1 H, s), 6.89 (1 H, s), 6.78 (1S} 3.82 (3 H, s), 3.37-3.30 (1 H, m), 3.21—
3.19 (4 H, m), 3.06-3.04 (4 H, m), 1.35 (6 HJdk 6.9 Hz);**C NMR (CDsOD, 125 MHz)
162.5, 156.3, 152.0, 144.9, 141.7, 141.4, 137.8,8,328.4, 127.7, 123.1, 118.0, 113.0, 110.7,
105.9, 55.9, 53.4, 50.3, 46.2, 16.7; HRMS (ESI-QYOWFz [M + H]" calculated for
CosH3oNs503S 482.2220; found 482.2225; Purity (method A) >989%, 14.4 min.
N-(3-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-5
methoxyphenyl)benzenesulfonamide (18i).Prepared from16i and purified by column
chromatography on silica gel (MeOH/@E,, 5:95 to 15:85) to givé8i (24%) as a yellow solid;
H NMR (CDCls, 500 MHz) 8.23 (1 H, dj = 1.7 Hz), 7.85 (2 H, d] = 7.4 Hz), 7.55 (L H, t] =
7.4 Hz), 7.47 (2 H, ) = 7.4 HZ), 7.43 (1 H, d] = 2.3 Hz), 7.38 (2 H, d] = 8.6 Hz), 6.95 (2 H,
d,J=8.6 Hz), 6.78 (L H, ) = 1.7 Hz), 6.74 (1L H, ), 6.69 (1 H, s), 4.55 (20K, 3.78 (3 H, S),
3.19-3.17 (4 H, m), 3.08-3.06 (4 H, mffC NMR (CDCl;, 125 MHz) 160.9, 154.2, 150.8,
144.9, 140.0, 139.1, 138.6, 135.9, 133.1, 129.9,00227.6, 127.3, 126.9, 120.8, 116.4, 113.4,
111.2, 106.4, 55.5, 50.0, 45.9; HRMS (ESI-QT@®) [M + H]" calculated for GHzoNsOsS
516.2064; found 516.2069; Purity (method A) 97&6; 15.7 min.
N-(3-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-5-ethoxyphenyl)propane-2-
sulfonamide (18j). Prepared froml6r and purified by column chromatography on silica ge
(MeOH/CH,Cl,, 5:95 to 15:85) to givd8j (37%) as a yellow solid*H NMR (CDs;OD, 600
MHz) 8.14 (1 H, dJ = 2.1 Hz), 7.59 (1 H, dl = 2.1 Hz), 7.44 (2 H, dl = 8.9 Hz), 7.02 (2 H, d,
J=8.9 Hz), 6.92 (1L H, s), 6.88 (1 HJt= 2.1 Hz), 6.76 (1 H, ), 4.05 (2 H,&;= 6.9 Hz), 3.35—
3.32 (1 H, m), 3.24-3.22 (4 H, m), 3.11-3.09 (41, 1.39 (3 H, tJ = 6.9 Hz), 1.34 (6 H, d] =

6.9 Hz);'*C NMR (CDsOD, 125 MHz) 161.8, 156.3, 151.8, 144.9, 141.7,.34137.4, 130.9,
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128.3, 127.8, 123.2, 118.0, 112.9, 111.2, 106.48,68.4, 49.3, 45.9, 16.7, 15.1; HRMS (ESI-
QTOF)mM/z [M + H]" calculated for gsH34NsOsS 496.2377; found 496.2381; Purity (method B)
>99%,tr = 16.5 min.
N-(3-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-5-isopropoxyphenyl)propane-2-
sulfonamide (18Kk).Prepared froml6s and purified by column chromatography on silich ge
(MeOH/CH,CI,, 5:95 to 15:85) to givd8k (37%) as a yellow solid*H NMR (CDsOD, 400
MHz) 8.21 (1 H, dJ = 2.3 Hz), 7.50-7.47 (3 H, m), 6.97 (2 HJd& 9.2 Hz), 6.88 (1 H, s), 6.77
(1 H,s),6.71 (L H,s), 5.64 (2 H, br), 4.61 (1s€p,J = 6.3 Hz), 3.39-3.33 (1 H, m), 3.12-3.10
(4 H, m), 2.93-2.91 (4 H, m), 1.28-1.24 (12 H, M& NMR (CDCls, 100 MHz) 159.3, 150.2,
1445, 139.9, 139.6, 136.1, 129.6, 127.4, 126.9,32116.7, 111.7, 111.6, 106.5, 70.2, 52.6,
49.1, 45.0, 21.9, 16.4; HRMS (ESI-QTOR)z [M + H]* calculated for GH3eNsOsS 510.2533;
found 510.2538; Purity (method B) >99¢% = 17.0 min.
N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-3-methoxy-2-
methylphenyl)propane-1-sulfonamide (18l). Prepared from16l and purified by column
chromatography on silica gel (MeOH/@El,, 5:95 to 15:85) to givé8I (30%) as a yellow solid;
H NMR (CDs;OD, 500 MHz) 8.19 (1 H, d] = 2.3 Hz), 7.54 (1 H, dl = 2.3 Hz), 7.50 (2 H, d]
=8.6 Hz), 7.08 (2 H, d] = 9.2 Hz), 7.04 (1 H, d1 = 2.9 Hz), 6.73 (1 H, d] = 2.9 Hz), 3.80 (3
H, s), 3.41-3.39 (4 H, m), 3.35-3.32 (4 H, m), 33.63 (2 H, m), 2.09 (3 H, s), 1.88 (2 H, sex,
J=8.0 Hz), 1.07 (3 H, ] = 7.4 Hz);*3C NMR (CD;OD, 125 MHz) 159.7, 156.6, 150.8, 145.0,
140.3, 138.4, 137.6, 131.8, 127.9, 127.6, 125.3,41218.4, 114.5, 112.6, 55.9, 55.2, 48.1, 45.0,
18.4, 14.7, 13.2; HRMS (ESI-QTORNz [M + H]" calculated for GsHzuNsOsS 496.2377;

found 496.2377; Purity (method B) 99% = 15.9 min.
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N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-2-methoxyphenyl)propane-1-
sulfonamide (18m).Prepared froml6j and purified by column chromatography on silich ge
(MeOH/CH,CI,, 5:95 to 15:85) to givd8m (39%) as a yellow solid®H NMR (CDs;OD, 500
MHz) 8.12 (1 H, s), 7.60 (1 H, d,= 1.7 Hz), 7.56 (L H, dl= 1.7 Hz), 7.46 (2 H, d] = 8.6 Hz),
7.32 (1 H, ddJ = 8.6, 1.7 Hz), 7.16 (1L H, d,= 8.6 Hz), 7.03 (2 H, dl = 8.6 Hz), 3.94 (3 H, s),
3.21-3.19 (4 H, m), 3.06-3.03 (6 H, m), 1.84 (Z&k,J = 8.0 Hz), 1.01 (3 H, ] = 7.5 Hz);**C
NMR (CDs;OD, 125 MHz) 156.5, 152.7, 152.0, 144.4, 137.5,.63130.9, 128.6, 127.9, 127.8,
127.7,125.7, 122.9, 118.0, 113.0, 56.5, 54.6,,5HB42, 18.3, 13.2; HRMS (ESI-QTORz [M

+ H]" calculated for gH3:Ns03S 482.2220; found 482.2223; Purity (method A) 98%6; 14.1
min.

N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-2-hydroxyphenyl)propane-1-
sulfonamide (18n).Prepared froml6w and purified by column chromatography on silich ge
(MeOH/CHCl,, 5:95 to 15:85) to givd8n (18%) as a yellow solid*H NMR (CDsOD, 500
MHz) 8.11 (1 H, s), 7.59 (1 H, d,= 2.3 Hz), 7.50-7.48 (3 H, m), 7.20 (1 H, dg& 8.6, 2.3 Hz),
7.07 (2 H, dJ = 9.2 Hz), 7.00 (1 H ,dJ = 8.0 Hz), 3.39-3.37 (4 H, m), 3.30-3.29 (4 H, m),
3.08-3.05 (2 H, m), 1.91-1.84 (2 H, m), 1.02 (3,H,= 7.4 Hz); HRMS (ESI-QTORNZ [M +
H]" calculated for g4H29Ns0sS 468.2064; found 468.2071; HRMS (ESI-QTORE: [M + H]*
calculated for GH30Ns03S 468.2064; found 468.2071; Purity (method A) >95%%, 13.2 min.
N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-2-methylphenyl)propane-1-
sulfonamide (180).Prepared froml6k and purified by column chromatography on silich ge
(MeOH/CH,CI,, 5:95 to 15:85) to givé80(39%) as a pale yellow solidd NMR (CDs;OD, 500
MHz) 8.13 (1 H, dJ = 2.3 Hz), 7.60 (1 H, dl = 2.3 Hz), 7.48 (1 H, dl = 1.7 Hz), 7.44 (2 H, d,

J=8.6 Hz), 7.36 (1L H, d] = 8.0 Hz), 7.27 (1L H, dd} = 7.7, 1.7 Hz), 7.01 (2 H, d,= 8.6 Hz),
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3.19-3.17 (4 H, m), 3.13-3.10 (2 H, m), 3.21-348( m), 3.04-3.02 (4 H, m), 2.40 (3 H, s),
1.89-1.81 (2 H, m), 1.03 (3 H,&= 7.4 Hz);**C NMR (CD;OD, 125 MHz) 156.4, 152.0, 144.7,
137.6, 137.5, 137.3, 134.5, 133.0, 128.5, 127.8,9222.8, 117.9, 55.4, 50.4, 46.2, 18.4, 18.3,
13.2; HRMS (ESI-QTOFWz [M + H]" calculated for gsH3,NsO,S 466.2271; found 466.2275;
Purity (method A) 99%ix = 14.2 min.
N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-2,3-dimethoxyphenyl)propane-1-
sulfonamide (18p).Prepared fronil6u and purified by column chromatography on silich ge
(MeOH/CHCI,, 5:95 to 15:85) to givd8p (49%) as a yellow solid*H NMR (CDsOD, 600
MHz) 8.14 (1 H, dJ = 2.1 HZ), 7.62 (1 H, d = 2.8 Hz), 7.47 (2 H, dl = 8.9 Hz), 7.20 (1L H, d,
J=1.4Hz), 7.04 2 H,d=8.9 Hz), 6.94 (1 H, dl= 2.1 Hz), 3.01 (3 H, s), 3.90 (3 H, s), 3.26—
3.24 (4 H, m), 3.13-3.10 (6 H, m), 1.84 (2 H, s&x 7.6 Hz), 1.02 (3 H, tJ = 7.6 Hz);°C
NMR (CD3;OD, 150 MHz)156.4, 154.6, 151.7, 144.7, 141.2, 137.5, 134.8,83131.1, 128.4,
127.8, 123.1, 118.1, 115.8, 110.6, 61.4, 56.6,,54987, 45.8, 18.4, 13.2; HRMS (ESI-QTOF)
m/z. [M + H]" calculated for gH34Ns0,S 512.2326; found 512.2332; Purity (method A) 98%,
tr = 14.9 min.

N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-3-ethoxy-2-
methoxyphenyl)propane-1-sulfonamide (18q)Prepared froml6v and purified by column
chromatography on silica gel (MeOH/@El,, 5:95 to 15:85) to givd8q (52%) as a yellow
solid; *H NMR (CDs;OD, 600 MHz) 8.24 (1 H, s), 7.70 (1 H, = 2.1 Hz), 7.52 (2 H, d = 8.9
Hz), 7.10 (1 H, s), 7.06 (2 H, d= 8.9 Hz), 6.91 (1 H, s), 4.08 (2 H,h= 6.9 Hz), 3.88 (3 H, s),
3.30-3.29 (4 H, m), 3.18-3.17 (4 H, m), 2.74-2B8( m), 2.67-2.62 (1 H, m), 1.46-1.42 (1 H,
m), 1.41-1.36 (4 H, m), 0.77 (3 H,d= 7.6 Hz);**C NMR* (CDs0OD, 150 MHz) 156.7, 151.6,

151.0, 149.2, 145.2, 139.2, 131.0, 128.7, 128.8,92127.8, 121.3, 118.1, 116.0, 113.7, 65.9,
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56.6, 55.4, 45.6, 18.2, 15.1, 13.2; HRMS (ESI-QT@®) [M + H]" calculated for gHzeNs04S
526.2483; found 526.2493; Purity (method A) 9386 14.5 min*One of *C NMR peak was
hidden in CROD peaks due to low samptencentration.
N-(7-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-2,3-dihydrobenzolb][1,4]dioxin-5-
yl)propane-1-sulfonamide (18r). Prepared from 5-bromo-3-(8-((propylsulfonyl)methg|B-
dihydrobenzdp][1,4]dioxin-6-yl)pyridin-2-amine {6 where R-R, = OCHCH,O, R; =
NHSQ,"Pr and R = NH,), which was generated frort4s but was not characterized. The
product was purified by column chromatography dicasigel (MeOH/CHCI,, 5:95 to 15:85) to
give 18r (37% over three steps) as a light brown soltiNMR (CDsOD, 600 MHz) 8.12 (1 H,
s), 7.58 (1 H, dJ = 1.4 Hz), 7.48 (2 H, d] = 8.9 Hz), 7.12 (1 H, s), 7.06 (2 H, 3= 8.2 Hz),
6.85 (1 H, s), 4.38-4.37 (2 H, m), 4.32-4.31 (2n), 3.36-3.34 (4 H, m), 3.27-3.25 (4 H, m),
3.09 (2 H, t,J = 7.6 Hz), 1.86 (2 H, sex} = 7.6 Hz), 1.03 (3 H, tJ = 7.6 Hz);’*C NMR
(CDs;0D, 150 MHz)156.5, 151.1, 145.8, 144.6, 137.4, 137.3, 131.6,513.28.2, 128.0, 127.9,
122.8, 118.3, 117.7, 115.5, 66.0, 65.6, 54.7, 4503], 18.4, 13.2; HRMS (ESI-QTORyz [M

+ H]" calculated for gH3sNs04S 510.2170; found 510.2173; Purity (method A) 98%6; 14.2
min.

N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-2-methoxy-3-
methylphenyl)propane-1-sulfonamide (18s).Prepared from16n and purified by column
chromatography on silica gel (MeOH/@El,, 10:90 to 15:85) to givé8s(53%) as a yellow
solid; *H NMR (CDsOD, 600 MHz) 8.13 (1 H, d] = 2.1 Hz), 7.59 (1 H, d] = 2.1 Hz), 7.46 (1
H, d,J=8.9 Hz), 7.43 (1 H, dl = 1.4 Hz), 7.11 (L H, s), 7.03 (2 H,3= 8.9 Hz), 3.82 (3 H, s),
3.24-3.23 (4 H, m), 3.18-3.16 (2 H, m), 3.11-30%1(m), 2.36 (3 H, s), 1.86 (2 H, s&x 7.6

Hz), 1.03 (3 H, tJ = 7.6 Hz);*3*C NMR (CD;OD, 150 MHz)156.4, 151.8, 150.8, 144.6, 137.5,
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135.1, 133.9, 132.7, 131.0, 128.7, 128.4, 127.8,A1221.2, 118.0, 61.2, 55.2, 49.9, 45.9, 18.4,
16.4, 13.2; HRMS (ESI-QTORWz [M + H]" calculated for gHzsNs0sS 496.2377; found
496.2383; Purity (method A) 97% = 15.1 min.
N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-3-fluoro-2-
methoxyphenyl)propane-1-sulfonamide (18t).Prepared froml6m and purified by column
chromatography on silica gel (MeOH/@E,, 5:95 to 15:85) to giv&8t (52%) as a yellow solid;
m.p. 142 — 144 °C*H NMR (CDsOD, 500 MHz) 8.13 (1 H, d] = 2.3 Hz), 7.58 (1 H, ] = 2.3
Hz), 7.44-7.40 (3 H, m), 7.10 (1 H, dbi= 12.0, 2.3 Hz), 7.00 (2 H, d,= 8.6 Hz), 4.01 (3 H, d,
J=1.7 Hz), 3.19-3.17 (4 H, m), 3.14-3.11 (2 H, B1P4-3.02 (4 H, m), 1.88-1.81 (2 H, m),
1.02 (3 H, tJ = 7.4 Hz);**C NMR (CDs0OD, 125 MHZz)156.8 (d,Jor = 246.1 Hz), 156.2, 152.0,
145.1, 140.1 (dJcr = 13.5 Hz), 137.5, 134.6 (dcr = 9.8 Hz), 133.6 (dJcr = 4.9 Hz), 130.6,
128.4, 127.7, 121.8, 119.6, 117.9, 114.4, 62.1){d~ 7.4 Hz), 55.0, 50.3, 46.1, 18.4, 13.2;
HRMS (ESI-QTOF)m/z. [M + H]" calculated for gsH3:FNsO3S 500.2126; found 500.2137;
Purity (method B) 98%x = 15.9 min.
N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-3-chloro-2-
methoxyphenyl)propane-1-sulfonamide (18u)Prepared froml6t and purified by column
chromatography on silica gel (MeOH/@El,, 5:95 to 15:85) to givd8u (62%) as a yellow
solid; *H NMR (CDsOD, 500 MHz) 8.16 (1 H, d] = 2.3 Hz), 7.60 (1 H, d] = 2.3 Hz), 7.57 (1
H, d,J=1.7 Hz), 7.46 (2 H, d] = 9.2 Hz), 7.31 (1 H, d] = 1.7 Hz), 7.03 (2 H, d] = 8.6 Hz),
3.93 (3 H,s), 3.27-3.25 (4 H, m), 3.20-3.12 (61),1.86 (2 H, sexJ =8.0 Hz), 1.03 (3 H, 1]

= 7.4 Hz);**C NMR (CD;OD, 125 MHz) 156.4, 151.6, 148.2, 145.3, 137.6,.23634.7, 130.9,

129.7, 128.4, 127.8, 127.2, 122.0, 121.6, 118.17,835.4, 49.6, 45.8, 18.4, 13.2; HRMS (ESI-
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QTOF)mVz: [M + H]" calculated for gHs:CINsOsS 516.1831; found 516.1836; Purity (method
B) 96%,tr = 16.4 min.
3-(3-Fluoro-4,5-dimethoxyphenyl)-5-(4-(piperazin-lyl)phenyl)pyridin-2-amine (18v).
Prepared fromi6x and purified by column chromatography on silich(§#OH/CH,Cl,, 5:95 to
15:85) to givel8v (47%) as a pale yellow solidtd NMR (CDCls;, 400 MHz) 8.273 (1 H, d] =
1.8 Hz), 7.55 (1 H, d) = 2.3 Hz), 7.46 (2 H, d] = 8.2 Hz), 6.99 (2 H, d] = 8.7 Hz), 6.88 (1 H,
dd,J=11.0, 1.8 Hz), 6.81 (1L H, s), 4.72 (2 H, bre&B(3 H, s), 3.90 (3 H, s), 3.42 (4 H, br),
3.29 (4 H, br)*C NMR (CDCls, 100 MHz)156.1 (dJcr = 246.5 Hz), 154.4, 154.1 (dgr = 5.9
Hz), 149.6, 144.9, 136.1, 132.9, 130.5, 127.6J(d,= 35.2 Hz), 127.1, 120.7, 117.3, 113.8,
109.5, (d,Jcr = 20.5 Hz), 108.2, 61.6 (dcr = 3.9 Hz), 56.4, 47.9, 44.2; HRMS (ESI-QTOF)
m/z. [M + H]" calculated for gzH»6FN4O, 409.2034; found 409.2038; Purity (method A) 99%,
tr = 14.6 min.
N-(5-(2-Amino-5-(4-(piperazin-1-yl)phenyl)pyridin-3-yl)-2-methoxybenzyl)propane-1-
sulfonamide (18w).Prepared froml6o and purified by column chromatography on silich ge
(MeOH/CHCl,, 5:95 to 15:85) to givd8w (39%) as a yellow solid'H NMR (CDsOD, 500
MHz) 8.10 (1L H, dJ = 2.3 Hz), 7.57 (1 H, dl = 2.3 Hz), 7.48 (1 H, dl = 2.3 Hz), 7.45-7.40 (3
H, m), 7.10 (1 H, dJ = 8.6 Hz), 7.02 (2 H, dl = 9.2 Hz), 4.28 (2 H, s), 3.91 (3 H, s), 3.22-3.20
(4 H, m), 3.08-3.06 (4 H, m), 2.94-2.90 (2 H, m),7-1.69 (2 H, m), 0.97 (3 H,3,= 7.4 Hz);
¥%c NMR (CDsOD, 125 MHz)158.4, 156.6, 151.8, 144.2, 137.5, 131.1, 131.0.8.3130.5,
128.5, 128.0, 127.7, 123.3, 118.0, 112.2, 56.12,550.1, 46.0, 42.8, 18.4, 13.3; HRMS (ESI-
QTOF)mVz: [M + H]" calculated for GsH34Ns0sS 496.2377; found 496.2386; Purity (method B)

98%,tg = 15.8 min.
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5-(4-(Piperazin-1-yl)phenyl)-3-(1-(propylsulfonyl)ndolin-6-yl)pyridin-2-amine (18x).
Prepared fromi6p and purified by column chromatography on silica(teOH/CH,CI,, 5:95 to
10:90) to givel8x (38%) as a yellow solidtH NMR (CDCl;, 500 MHz) 8.27 (1 H, dJ = 2.3
Hz), 7.55 (1 H, dJ = 2.3 Hz), 7.47-7.43 (3 H, m), 7.29 (1 H,Jds 8.0 Hz), 7.13 (1 H, dd] =
7.7, 1.2 Hz), 6.98 (2 H, d,= 8.6 Hz), 4.66 (2 H, br), 4.09 (2 H,X= 8.6 Hz), 3.22-3.18 (6 H,
m), 3.09-3.04 (6 H, m), 1.94-1.86 (2 H, m), 1.0442, J = 7.4 Hz);**C NMR (CDCls;, 125
MHz) 154.4, 150.7, 144.9, 143.0, 138.0, 136.1, 130.9,4,227.7, 127.0, 125.9, 123.6, 121.4,
116.5, 113.5, 51.3, 50.5, 49.9, 45.8, 27.8, 16F1;1HRMS (ESI-QTOF)mz [M + H]*
calculated for ggH3Ns0.S 478.2271; found 478.2277; Purity (method A) 989, 15.4 min.
5-(4-(Piperazin-1-yl)phenyl)-3-(4-(propylsulfonyl)3,4-dihydro-2H-benzop][1,4]oxazin-6-
yl)pyridin-2-amine (18y). Prepared fromi6q and purified by column chromatography on silica
gel (MeOH/CHCI,, 5:95 to 15:85) to givaé8y (56%) as a pale yellow solidti NMR (CD;OD,
500 MHz) 8.13 (1 H, dJ = 2.3 Hz), 7.71 (1 H, d] = 2.3 Hz), 7.60 (1 H, d] = 2.3 Hz), 7.48 (2
H, d,J = 9.2 Hz), 7.19 (1 H, dd] = 8.3, 2.3 Hz), 7.07-7.03 (3 H, m), 4.34 (2 H] £ 4.6 Hz),
3.88 (2 H, tJ = 4.6 Hz), 3.30-3.24 (6 H, m), 3.17-3.15 (4 H, 5 (2 H, sex) = 8.0 Hz),
1.04 (3 H, tJ = 7.4 Hz);"*C NMR (CDs;0D, 125 MHz) 156.5, 152.0, 147.6, 144.4, 137.4,.431
130.8, 128.5, 127.7, 126.9, 126.0, 124.1, 123.0,511117.9, 66.2, 54.9, 50.4, 46.2, 45.2, 18.2,
13.2; HRMS (ESI-QTOFWZz [M + H]" calculated for GsH3,NsOsS 494.2220; found 494.2226;
Purity (method A) >99% = 15.5 min.
N-(3-Fluoro-2-methoxy-5-(5-(4-(piperazin-1-yl)phenylpyridin-3-yl)phenyl)propane-1-
sulfonamide (18z).Prepared froml6y and purified by column chromatography on silich ge
(EtOAc/hexane, 0:100 to 30:70) to gi¥8z (30%) as a pale yellow soli#d NMR (CDCk, 600

MHz) 8.80 (1 H, s), 8.68 (1L H, s), 7.93 (1 H, ST (1 H, s), 7.55 (2 H, d,= 7.8 Hz), 7.14 (1
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H, d,J = 12.6 Hz), 7.05 (2 H, d} = 9.0 Hz), 4.08 (1 H, s), 3.24 (4 HJt= 4.8 Hz), 3.12 (2 H, t,
J=8.1Hz),3.07 (4 H, ] = 4.2 Hz), 1.91-1.84 (2 H, seX= 7.8 Hz), 1.04 (3 H, t] = 7.5 Hz);
¥C NMR (CDC}, 150 MHz) 153.8 (dJcr = 245.7 Hz), 151.8, 147.1, 145.70, 136.6Jgh =
11.6 Hz), 136.4, 134.6, 133.9 (@ = 9.0 Hz), 131.8, 131.6 (dcr = 23.4 Hz), 127.9, 116.1,
112.9, 111.2 (dJcr = 21.6 Hz), 61.6, 53.6, 49.8, 46.0, 17.3, 12.9MERESI-QTOF)M/z [M +
Na]" calculated for gH20FN4OsS 507.1837; found 507.1848; Purity (method A) 10896+
16.9 min.

Preparation of 3-phenyl-5-(methylsulfonyl)phenyl)pyidin-2-amines. Intermediatel6] was
coupled to either 2-, 3-, or 4-(methanesulfonyl)phieoronic acid using the conditions described
for the general procedure for the preparation bf@no-5-phenylpyridines.
N-(5-(2-Amino-5-(2-(methylsulfonyl)phenyl)pyridin-3-yl)-2-methoxyphenyl)propane-1-
sulfonamide (18ab).Purified by column chromatography on silica gel@Bt/hexane, 50:50 to
80:20) to givel8ab (22%) as a yellow solidH NMR (CDCk, 500 MHz) 8.24 (1 H, dd] = 7.7,
1.7 Hz), 8.05 (1 H, dJ = 2.3 Hz), 7.69-7.66 (3 H, m), 7.57 (1 H, dd; 7.4, 1.2 Hz), 7.42 (1 H,
dd,J=7.4, 1.2 Hz), 7.29 (1 H, dd,= 8.2, 2.3 Hz), 6.99 (1 H, d,= 8.6 Hz), 6.83 (1L H, s), 4.84
(2 H, br), 3.93 (3 H, s), 3.11-3.08 (2 H, m), 2(3H, s), 1.87 (2 H, sex,= 8.0 Hz), 1.03 (3 H,
t, J = 7.4 Hz);**C NMR (CDC}, 125 MHz) 155.7, 148.6, 146.8, 140.4, 139.6, 13838.4,
133.2, 130.3, 129.0, 128.1, 126.8, 125.5, 125.0,911119.3, 111.4, 56.0, 53.9, 43.5, 17.2, 12.8;
HRMS (ESI-QTOF)m/z. [M + H]" calculated for @H,eN30sS, 476.1308; found 476.1313;
Purity (method B) 95%i = 18.0 min.
N-(5-(2-Amino-5-(3-(methylsulfonyl)phenyl)pyridin-3-yl)-2-methoxyphenyl)propane-1-
sulfonamide (18ac)Purified by column chromatography on silica gel MH/CH.Cl,, 2.5:97.5

to 5:95) to givel8ac(60%) as a yellow solidH NMR (CDCk, 500 MHz) 8.32 (1 H, s), 8.08 (1
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H, s), 7.88 (1 H, dJ = 7.4 Hz), 7.82 (1 H, d] = 8.0 Hz), 7.66-7.60 (3 H, m), 7.24 (1 H, dd;
8.3, 2.9 Hz), 7.03 (1 H, d,= 8.6 Hz), 6.95 (1 H, s), 4.83 (2 H, br), 3.95H3s), 3.10-3.06 (5 H,
m), 1.91-1.84 (2 H, m), 1.03 (3 H,X,= 7.4 Hz);**C NMR (CDC}, 125 MHz) 155.9, 148.8,
145.6, 141.2, 139.8, 136.4, 131.2, 130.4, 130.6,912125.6, 125.4, 124.8, 121.0, 120.3, 120.3,
111.4, 50.0, 53.7, 44.5, 17.2, 12.9; HRMS (ESI-QYQ#z [M + NaJ" calculated for

CooH2sNsNaGsS, 498.1128; found 498.1132; Purity (method B) 9696 17.7 min.

N-(5-(2-Amino-5-(4-(methylsulfonyl)phenyl)pyridin-3-yl)-2-methoxyphenyl)propane-1-
sulfonamide (18ad).Purified by column chromatography on silica gel QH/CH,Cl,, 2.5:97.5

to 5:95) to givel8ad (83%) as a yellow solidH NMR (CDCk, 500 MHz) 8.35 (1 H, dJ = 1.7
Hz), 7.98 (2 H, dJ = 8.6 Hz), 7.72 (2 H, d] = 8.0 Hz), 7.66 (1L H, dl = 1.7 Hz), 7.60 (1 H, dJ

= 2.3 Hz), 7.20-7.24 (1 H, m), 7.03 (1 H,Jds 8.6 Hz), 6.90 (1 H, s), 4.84 (2 H, br), 3.95H3
s), 3.09-3.06 (5 H, m), 1.88 (2 H, séx 8.0 Hz), 1.03 (3 H, t] = 7.4 Hz);**C NMR (CDC,
125 MHz) 156.1, 148.8, 145.9, 143.7, 138.5, 13630.4, 128.1, 127.0, 126.8, 125.6, 125.3,
120.9, 120.2, 111.3, 56.0, 53.8, 44.6, 17.2, 14RMS (ESI-QTOF)Wz [M + H]" calculated
for Ca2H26N305S, 476.1308; found 476.1318; Purity (method B) 9786 17.5 min.

Preparation of N-(5-(2-Amino-5-(3-(piperazin-1-yl)phenyl)pyridin-3-yl)-3-fluoro-2-
methoxyphenyl)propane-1-sulfonamide (18ae). Prepared from 16m and 3-(4-tert-
butoxycarbonylpiperazinyl)phenylboronic acid pinaester using the conditions described for
the general procedure for the preparation of 3-lbr&phenylpyridines. The residue was
purified by column chromatography on silica gel@Bt/hexane, 30:70 to 70:30) to afford the
coupling product then anhydrous &F (3 mL), and trifluoroacetic acid (0.3 mL) were add
The mixture was stirred at room temperature forhl@After being quenched with saturated

aqueous NaHC®O(5 mL), CHCI, were added, and the layers were separated. Thbimed
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organic phases were washed with brine, dried avieyd@rous NgSQy, filtered, and concentrated.
The residue was purified by column chromatographysdica gel (MeOH/CHCl,, 5:95 to
15:85) to givel8ae(48%) as a pale yellow solidtd NMR (CDs;OD, 500 MHz) 8.18 (1 H, d] =

2.1 Hz), 7.64 (L H, dJ = 2.1 Hz), 7.42 (1 H, d] = 1.4 Hz), 7.30 (1 H, ) = 7.6 Hz), 7.15-7.13
(2 H, m), 7.07 (1L H, dJ = 7.7 Hz), 6.94 (1 H, dd] = 8.2, 2.1 Hz), 4.01 (3 H, d,= 2.1 Hz),
3.28-3.27 (4 H, m), 3.15-3.11 (6 H, m), 1.89-13824(m), 1.04 (3 H, t) = 7.6 Hz);"*C NMR
(CDsOD, 150 MHz) 156.9, 156.8 (dcr = 246.9 Hz), 153.3, 145.8, 140.2 (& = 11.8 Hz),
140.0, 138.1, 134.5 (der = 8.9 Hz), 133.6 (dJcr = 5.9 Hz), 130.8, 128.9, 121.7, 119.6, 119.5,
116.5, 115.6, 114.5 (dcr = 19.2 Hz), 62.1 (dlcr = 7.4 Hz), 55.0, 50.1, 46.0, 18.4, 13.2; HRMS
(ESI-QTOF) Mz [M + H]* calculated for gH3:FNsOsS 500.2126; found 500.2132; Purity

(method B) >99%tr = 16.5 min.

RIPK2 enzyme assay.Recombinant RIPK2 protein (20 ng per reaction) ilsited in the
reaction buffer consisting of 40 mM Tris (pH 7.2 mM MgCb; 0.1 mg/ml BSA; 5QuM DTT.
Diluted protein is added to low volume white 384livppates (2uL/well). Inhibitors are diluted

in reaction buffer (final 25% DMSO), AL is added to each well and incubated 5 min at room
temperature. Reactions are initiated by the additib2 uL of 100 uM ATP and 1 mg/ml RS
repeat peptide (SignalChem) in the reaction buféates are sealed with plastic coverslips and
incubated at room temperature for 2 h. Reactioasstpped by the addition of & of ADP-

Glo reagent (Promega) and ADP generation reacteorpdarformed for 40 min at room
temperature. Luminescence signal is generated &yatldition of 10uL of Kinase detection
reagent (Promega) for 30 min at room temperatwenihescence signals are determined using
appropriate luminescence plate-reader (typicalgnatgon time 0.3-1 sec). To calculate percent

inhibition, average background signal is subtradtedn test well and maximal signal wells.
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Inhibition, % = (1- (test signal/maximal signal)d. The percent inhibition at a specified
concentration is determined ors{Cvalues are calculated based on a dose range iitorh

concentrations using non-linear regression in GeaphPrism software.

ALK2 enzyme assay.Enzyme inhibitory activity was evaluated in a stamblkinase enzyme
assay by incubating human ALK2 with the proteinsitdte casein (1 mg/mL) aryef*ATP (10
MM) in the presence of various concentrations af cesnpounds (10 nM — 100M). After 30
min the amount of°P-casein was determined. A plot of inhibitor corcation versus %

activity was constructed and from this plot agol@alue was determined.

Human NOD2 signaling using a HEKBIue reporter assayHEK293 cell line expressing
hNOD2 and NKB-SEAP reporter cassette was obtained from Inviro@lls were maintained

in Dulbecco's Modified Eagle Medium /10% fetal hmviserum media supplemented with
zeocin, blasticidin and normocin as suggested bwdgen. For the experiments, cells were
seeded at 7.5-15xi@ells/well in clear 96-well plates. After 24—-48 dells were changed into
HEKBIue detection media (Invivogen) and treatedhwiil-point dose ranges for each inhibitor
along with 1 ng/mL L18-MDP (Invivogen). After 748 absorbance at 620 nm was measured
using a Victor3V plate reader (Perkin Elmer, WatthaA). Values of media-only wells were
subtracted and %inhibition for each compound cotmagan relative to the DMSO/L18-MDP-
treated controls was calculated. Inhibition valuwesre fitted by non- linear regression using

Prism software (GraphPad Software, La Jolla, CAddiculate 1G, values.

Data collection and Structure determination The kinase domain of human RIPKZniprot:
043353, residues 3-317) was recombinantly exprass8ib insect cells and purified by nickel-

affinity and size exclusion chromatography as mesiy described [7]. Mass spectrometry
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revealed the phosphorylation state to be a mixtéitgetween 2 to 5 phosphorylations. Protein
buffered in 50 mM HEPES pH 7.5, 300 mM NaCl, 5% cgipl, and 1 mM tris(2-
carboxyethyl)phosphine was concentrated to 10 mgamd. 2 mM18f added. This sample was
then incubated for 10 minutes, spun down, andréitteo 0.22 um. Crystals were grown using
the vapor-diffusion technique at 4 °C in 150 nltirsit drops containing 100 nL protein and 50
nL of a reservoir solution containing 20% High PE@®ear, 0.1M citrate pH 5.5 [36]. Crystals
were cryo-protected by addition of 25% ethylenecglybefore being vitrified in liquid nitrogen.
Diffraction data were collected at 100 K on Diamdnght Source beamline 124 using 0.9785 A
light. Data were indexed and integrated using XB%38] and scaled using AIMLESS [39].
Phases were identified using molecular replacenmeMHASER [40] and the PDB 6FUS5 as a
search model. The structure was refined and maldifising PHENIX.REFINE [41] and
COOQOT [42]. The refined structure was validated witblProbity [43] and the atomic coordinate

files deposited in the Protein Data Bank with Apd44].

In Vivo Pharmacokinetics. The pharmacokinetic study was performed in accuaréawvith an
approved protocol by the Institutional Care and @senmittee (IACUC) at the University of
Houston (PROTO0201800072: PK and Perfusion in Midéyr in vivo pharmacokinetic
experiments18t was administered to 8 week old female C57BL/6 niite 5) intraperitoneally
at a dose of 10 mg/kg with vehicle (6% Capfisiol water). Blood samples were collected per
mouse under light anesthesia at 0.25, 0.5, 1, B, 4nd 24 h after dosing. An LC-MS/MS
bioanalysis method was developed. A plasma coret@mtrtime profile was obtained and the
data subjected to non-compartmental analysis ugirgenix WinNonlin (version 8.1) to assess

pharmacokinetic parameters.
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LUBAC: linear ubiquitin chain assembly complex, MRPmitogen-activated protein kinase,
NBD: nucleotide-binding oligomerization domains, RILNOD-like receptor, NOD: nucleotide-
binding oligomerization domain, PAMPA: paralleliicial membrane permeability assay, PBS:
phosphate-buffered saline, PDB: protein data b&t®; peptidoglycan, PPI: protein-protein

interaction, RIPK2: receptor-interacting proteimase 2, SAR: structure-activity relationship,
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SEAP: secreted embryonic alkaline phosphatase, ThFnor necrosis factor, Tris:

tris(hydroxymethyl)aminomethane, Ub: ubiquitin, X2AX-linked inhibitor of apoptosis
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Highlights

» Demonstration of 3,5-diphenyl-2-aminopyridines as potent inhibitors of receptor-
interacting protein kinase 2 (RIPK?2).

* SARinsightsinto achieving RIPK2 dependent nucleotide-binding oligomerization
domain (NOD) cell signaling inhibition.

* SARIinsightsinto selectivity versus structurally related activin receptor-like kinase 2
(ALK?2).

* Invitro ADME and in vivo pharmacokinetic characterization of arepresentative RIPK?2
kinase/NOD cell signaling inhibitor illustated.
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