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Abstract

Akt ki nases are <central regul ators of cel
mi gration within the PI3K/Akt/ mTOR signalin
I's strongly associated with cancer, met abo
makng Akt an i mportant therapeutic target.
have been dedicated to the devel opment of

selectivity and minimizing adverse effects

t hetrong structur al homol ogy among the thre
Since these isoforms exert distinct physiol
selective inhibition is increasingleywemadtco@n

targeted therapies.

The work presented in this cumulative thes|
current Akt i nhi bitor-cosmpreattietgiivees,, ailnlcal sutde rni
all osteric inhibitors (CAAls). The review h
the Iimitationar gétiemgsappmgodA&hes, emphasiz
of Akt inhibition as il lustratoenpebytite FA0
capivasertib for breast cancer treatnent.
all osteric inhibitors as a promising strat
target engagement , and enhanced selectivit
unresolved challenges in the {fsiedlead,ti vecl md

and the devel opment of more pBecidengdg henap

i nsights, the subsequent studies focused o
i sofsoelmecti veald osdleentc Akt | nhbhabsdadrdrugdglsdea
apprhmeasc i ntegragtichrgysXall ography, mol ecul ar
activity relationship analyses, subtle stru
of Akt isoforms were identified and expl oit
i nhi bitors selectively targeting -Abth&i minndg /
compounds emerged as potent and sel-bastede A
scaffolds preferentially targeted Akt 3. Bi
tangegagement assays and -devalveeat i ool oirrec pa
organoi ds, demonstrated the functional rel e

compounds.
The final stage of this work focused speci

functions in neurodevel opment and tumor pr

Xl



guided optimization swuppolutdgbyamubtrirpteur

potent and selective coval ent Akt 3 i nhik
Il nvestigations demonstrated that l'i nker g
I sofdirgmmiati ng el ements within the alloste:
selectivity. These compounds provide v-aluahb
speci fic signaling pat hways and establ i sh
exploratioy amd omewrl odevel opment al disorder
Overall, this thesis establishes a coherent
Akt inhibition strategies to islhd exic¢ves cfowl
all osteric Akt inhibitors. The presefnarend f i

speci fic Akt bi ol ogy and-aldleotnesrtirat @ p fhroawa
overcome intrinsic |imitations of conventia

the devel opment of more selective and effec

Xl



Kurzfassung

AkKi nasen sind zentrale Regul atoren von
Met abol i smus und Mi grati on i-®ingemr dlawdg sde sE
Fehlregul at tSongn alegbeAkt agung I st eng mi t
Erkrankungen und Rewmgleogi sehkund®in, wo d L
bedeutendes therapeutisches Zi el darstellt.

Ent wi ckl udg hvy dn tAdAkten bl ei ben eine hohe Sel
unerw¢gnschter Nebenwirkungegemeninabeseélrdand
der starken struktur el-ll sonf oHrommeon o(gA ket 1d,e r A kdtr 2
di e einzelnen |l sof or men unterschiedliche
Funktionen erfg¢gllen, wird dieolEan wiuekée  umegn d

entscheidender Schritt fg¢r zukegnftige zieldg

Die in dieser kumul ativen Dissertation pr?@
umf assenden | bersichtsarbei tl nzhu ba kttiuoenl,| eeni n&
ATHKompetitiver, al | osatldroisstcelrers cthred Knivhad |be rt
' bersichbeslaebehtet e sowohl das t herapeuti s

Limitationen bestehdeacdmundnegiAadzbobudi AKkKkI ir
der -lAkhti bi ti on hervor, unt eZ u laandseu regn - deus ¢
kompetitiveecaplabsebrtobs zur Behandlung von
Augenmer k wur de-alaludstlkovalédet I nhibitoren

Strategie gelegt, da diese eine hohe Pote
verbesserte Sel ekt i vihti2itauesr modglnitdadre.i eDare¢ k
weiterhin bestehende Herausforderungen des
Bedarf an isoformselektiven Inhibitoren und
Auf bauend auf diesen Erkenntnissen konzentr
auf das rational e Design u-sdl ekita v eOpt ikmi

all oster-iskbihleirt akeéen. Mi t hil fe s tSturkattuerggiee ne,i

R°ntgenkristall ographie, mol ekul-&r ekurviipd e
Bezi ehungsanal ysen kombinierten, konent en
i nnerhalb der all osterisc-hseaf dBritmednungdeénascht

gezielt ausgenut zt dwenr dreeqmu arDadguer clhn hwubri t or

selektiv Akt2 uwdhrAdn @ Altminemi c.ht P yardar zeoslsh ael!

Verbindungen erwiesen sich -lahlsi lpiottemare, uwmdal

Pyr tbdaisn er t e Strukturen bevorzugt Akt 3 e
Xl
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l.Introduction

l1.dancer as a Genomic Disease and the Hal/l
Cancer represents a multifactori al and dyr
rooted in the progressive accumulation of
di srupt the tightly regul ated balance bet we
progmmed cellThdeathl terations arise throu
I ncluding point mut ati ons, gene amplificat
ultimately |l eading to the transformatfon o
On a gl obal scal e, the burden of cancer

demographic changes and the intrinsic comp
l evel, tumorigenesis is | argely driven by

Ssuppr egsesnoers. -oRcogenes can become constitut

mechani sms such as gene amplification, ac
translocations, thereby promot i nYgyCounvceor nsterl oyl
the functional |l oss of t umor suppressaor g e
essenti al regul atory constraints on cel/l C
mal i gnant trransformati on.

To conceptualize the remarkabl e biological
Hanahan and Robert Wei nberg introduce™ the
which defines a set of fundament al funct.i
devel opment . The original mo d e | described
proliferative signaling, evasion of gr owt
replecatmmortality, i nduction of angi ogenes

met asbPhhlsiis.framework has since been widely

model to interpret the diverse genetic and
cancer s. | mportantl vy, it has not remai ned
advances I s earmactle.r Subsequent refinements
hall mark capabilities, such as deregul ated
i mmune destruction, as wel |l as enabling <ch

and t-pmomot i mupatiifbfnl.a m

More recent updates have further expanded
i ncreasingly nuanced understanding of <cance
additioinntmoi teild alterations, emphasis has

pl asi t ygenredn c mechanisms of tumor evolutio

1



be
p o
or
t h
cCo
to
be

ma

-}
w = ® S5 d O

t ween cancer cells afThe hedmnmt rmikcutoiemnv iafon
pul ations within the tumor mil i eu, as we
gani sm, are now recognized as <critical d
erapeutic response. Al t hrouognhc rtelaessxea derweelc
mpl exity of the Hall marks framework, they
ol for organizing current knowledge and i
therapeuti®lBAatkept talrgenhedght emerging fr
ny hall mark capabilities are driven by a
t hways t hat regul ate cell gr owt h, sur vi
osphoinasnasede P8i3Kd Alkitng axi s represents
equently dysregul at ed?®Hyap éhrwaag/tsi Vi ant ihounmamf ¢
ntributes to multiple hallmark traits,
sistance to apoptosi s, and metabolic re
itiation dfomrsequengilgn. targeting key no
t works has emerged as a central strategy
e molecular basis of these processes, an
t herefore oft d@amumed aanmedn tparlo viindpeosr a strong
esented in this thesis.

e recognition that dysregulated signalin
ncer has directly enabled the devel opme
ndament al shpietifficomyhnomoxic treatments t
| ecdidiavers of t umor progression. Centr al
ncogene Zwhlercebhynt omor cells become high
peractivated pat hway, such t hat i ts i nh
sponses, often descr ilfwidt haisn ftoicso gfema me vs
nases have emerged as a particularly i mp:¢
mol ecul ar switches that control cell gro
mor types.



1.Rrotein Ki nasdgaunctStononctRerneti oCsaabhiagdsyt an
Rol es
otein kinases constitute a | arge and hig
man kinome comprising.fichregy tfloam 50 0c ormeprhhee
mol ecul ar switches that regul ate essenti
rvival, met abol i sm, and apoptosi s. At t |
osphoryltransferases, gophadpylzatng drheupg rfam
rine, threonine, or tyrosine residues o0
rdinated by divaleft TmesarevensiabhbeBéhpas

i foi ation i nduces conformati onal and f

o o O
~—+

l ating their activity, subceldhubaein c

u
eractions, thereby controlfing the flow
pite their sequence diversity, protein |
hitectueemi Tal INobe, p rbisrheaereit Isy amadmpcoosnd da |
uIEJ(I-h)erIyix, i s invol ved I n AT ebmnadaihg,| c
ates substrate recognition and catalysis
ge region that anchors the adenine moi et

grychnéoop, the DFG motif, and tthey gt

> ® O T e o u

trolling nucleotide positioning, met al |
t ween active ahPTheagthiekespatesesi due f
cess to a hydrophobic bachki pdickgt siatdg¢ ac
fluencing both substratel!2rmgomrgtna nti loy, atnhle

or mati onal flexibility of these el emen

5 5

ing site but al so transient or | ess <coc

f
d
ective targeting.
0

yond their catalytic actiwintzy,makiirma deaa cftri
e essential for signal transduction. Thr
|l ti protein complexes, and regul atede subc
gnaling outputs indepe’dbeskycnohfl ythios ph
ghlight that kinase function extends beyo
d structur al contributions must be consid
Dysregul ati on of ki nase agcetniev i taynp Itihfriocuagthi
chr omosomal rearrangements represents a maj



l1.Bi.nase I nhibition Strategies and Drug D¢
Building on this structur al and functional

devel oped to pharmacol ogi c(aHilgy. nridA®u Il aatreg eksitr

of compounds ccoommppreitsietsi VAl Pi nhi bitors, which
Within this group, Type Il-imnhconftormati od o
(Fi g.2'wihB)r eas Type || a n h ialdititikoeresf o xymalodiote n

associated with dUZhpdlgide mgedtt21Q9f c drmhter ast
i nhi bitors r ecoagmnuitz)e cionnafcotrinvaet i (0oIhFSG and ext e

back pocket t hat is accessible only in thi
selectivity by stabilizing e di.bjre€* i na
Compl ement assyt eéobAmMBer s, alternative strat
regul atory regions of the kinase domain. T
adjacent -bondhgdAgRt el e Type |V inhibitor
all osteric regions that modul ate ki n(aFsieg.acf
1A). Type V inhibitors are bivalent mol ecul e:c

two distinct regions of the kinasd,n tcloen e
to these reversible mechanisms, Type VI inh
enzyme, resulting in prol(d@are’fCdvaalgent einmhig
exploitsathed sbhcysteinome, 0 referring to t
suitably positioned and’Ald @ daotuigshe cosdtee inree ar

relatively small proportion of ami noaci ds
strategic |l ocalization within or near bindi
Covalent i nhibitors cami hdengf arfdi noombi nva
engagement, often overcoming resistance mec
bi nding. More recently, this concept has &
nucl eophilic residues, sucrh eaxspalnygs inmge thre
covalent targ®ildadigt isamalt empoedasl. ities, includ

targeted protein degr adRROtoeo laypspirso akahregse tsiur
(PROTAES broaden t he phar macol ogi cal | ands
simultaneous engagement of mul tiple bindin
kinase rather than simple inhibition.

The discovery and optimization of ki nase |
rational-gustdedctapmpe oabcahs.e dStdrruucgt udeesi gn ( SBL

higRsol ution structur al i nformationsrayrim
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crystallography, with computational model i |

t hrdiemensi onal features of kinase active si
the precise design of l i gands that compl e
analiys of Dbinding modes, conformational sta
iterative optimization, SBDD supports the ¢
potency, selectivity, and phar macol ogi cal
di scoverpyr eidintca iave a-ddi meohdnssmpl ine. I n t
strategies increasingly exploit |l ess conse

resi dues to achieve selective and durabl e t

the conceptiuvah fomuntdlmae i nhibitor design str
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Fi gurSchlematic representation of a protein kinase hi
(A) Overview of andgritredear Kimfasthe ATP binding pocke
4GVaAnd of two distinct allosteri c bdiuteePdD BGETKyDwWen dl | | a
5MO04 respe@tTiypee yl) .i nhi bitors bind and-instcoomifloirmeata ro
CapivacRDB4BM1 i s shown a)TarpeeXdmplinédi bitors bind an
ki nasein( ObB@Gf orAwaatpird®P)D.B BP9 i s shown a®) anhyiemhintpiltear s
bind and sitaxhiklvieas e@fidddrsf or marma toinpD B 11ITA6 i s shown as
exampagB)Ey pleil nhi bi ttoor sanbiand o.M e raing epDdBi 3V i s shown as
exampH)&y pveli nhi bi tfoorrsmibnignda c.dvwalu¢ PDBHSIPDYA) i s shown as

exampl e.



1.3Sttructur al Bi o lGoegnyo mien Etrhae Po st
The advent of genomic technol ogies has pro
sequences and potential therapeutic targets
and enabling rational drug desigdi megsi ora
strwctusrtructur al bi ol ogy bridges this gap
proteins, their conformational dynami cs, arf
wi t ' i gands. | n-ttalreg edcendt edxtugo fdi ksicmmavseesy, s
nti al for identifying binding pockets,

h

e

ding the design Owvfers dlhectpiavse Iidrltialdiet, orsg 1
ergone a profound *fidriswéut iboyn mag wal ut é
andééGr.yed ectron micEMsEcbhpy énapbed the v
ge macromol ecul ar assemblies andatomihd y
0
s
n
e
a

O C @

O 9 O S < O»

(@)
-
0 < 0

< o
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-

l uti on, thereby overcoming sever-aay | i m

tal Pogrmaphyl |l el, computational approach

-~

sformed the field by enabling highly

ctly from ami‘dol hecdi segQuentclesse devel o

O o
—

nded structur al coverage across the p

nw T

ights into protein archDéespttueet hade da e

o
—t

X
n
etailed and experimentally wlailgamd edntuerde
e

-~

mai ns essent i-qaui dfear dsturgucdiuseoveryay I n
crystallography contind¥®sy tnoeaplumyy adikXfefnrtarc:
patterns from protein crystals, this techn
coordinates with high precision, £r queaSntclhy
high resolution allows for -abaunatcentbama
hydr ebgoenndi ng net works, ordered solvent mol e
modéeé®% These features ar e indi spensabl e f
determinants of affinity and selectivity.

| mportamday ycr Xstall ography provides direct

i nduced conformational changes and subtl e
binding and actEiMWiofyf.erVWhidacewecrrfyud i nsights
Systetnss ,apipl i camobactbesmahding in relative

l i mited by achid®amiéarleys,ol abmpnot ational |
including those gen%®matneod &y h&Ilr@md-iFoyd dcaepdt u



effects, conf ormati onal equilibria, or SO0

replace experimenta-ll gaddtsetmuoedr psotein
This | imitation is particularly relevant i
di fferences, -inndudFuGast rsFnGIC-hebnsg positionin
deci sive role in determining inhibi t®r b i
Consequemntalyy,crxstallography remai ns uni qu
characteri zat-iomi boft orki caoosn | exes and cont
cornerstone methodology in rational drug di
centr al met hodol ogi cal pillar of the work p
1. 3F2om Structur al Design to Biological
and Functional Validation
The structur al i nsights provided by modern
based drug deS8dmabl(ixBgDDt)he rati onal develo
defined binding modes and optimized inter ac
achieving a favorable Dbinding mode at t he
transl ate into ecftfiewittiw.e Ilbni ot bgi caht ext o f
fundament al parameters mu s t be c‘dRetdpcgd:
describes the concentration requiredsy@m i nt
KQ and directly influences the dose requir
potency is desirable as it allows effective
reducing systemic exposur e. I n condmpesund se

to discriminate between closely related ki

Given the structdorianldisnigmisliatreist,y ionfs uATfPi ci en
oftfarget inhibition, | eadimrd ithd cadv erppd i efafb
The evaluation of these par ameat emiisgorcdase ntiycpai
assays, i ncluding enzymatic a##taiseidt msmagsur
asHomogeneouRse sDil mee d FI| (HOTrRfPScenen@ass sp-ectro
based bindi fi‘fhesal ympes.oaches provide quan:
i nhibitor affinity, kinetics, and mechani
all owing direct comparison between compound
using puri fied pr atoei mest aaxac otumear effmorr et he

i ntracellular environment, where factors st

ATP concentr apriotnei npriontteernacti ons, and suck
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significantly influedse anbhobbtguempeef ocma

hi gh biochemical potency may fail to demo
systelms.bridge this gap, cel l ul ar target e
essenti al component of modern drug discovVv:
enable the direct measurement of inhibitor
by monitorimgfemebgtyweem a | uminescent dono
fluorescéeftDitsrpd caecre.me n't of the tracer by
guantitative readout of intracellul ar tar
binding affinity and cellular accessibility
bl otting al lemt tdhfe deswrestsrmeam signaling by
|l evel s of kinase substrates or of the kin
modul d¥Pihemot ypi c assays;GliondlCWdsijndh eCe lelxTietn
analysis by linking target inhibition to
survilBayond conveditimemsai ontawo cel | culture
attention is being directed toward more ph
capture the complexity -dofmehsemanalti §8D¢s .ctL
organoid sysaeeskewchtpdtnhuheansy oorfo ntnheent , - i ncl
cel l interactions, spati al organizati on, a
model s provide a more predictive platform
mechani sms, and therapeutic eiff ixgitatcryg @ r a o g
viappl i c'&tillilogres .her, -ltehweesle aywgndaches, from b
to cellular target engagement and advanced
evaluation of i nhibitor performance. By in
validation aoagodsviehsr eds bi ol ogi cal compl e
i dentify compounds that ar e nnofiutto mdlys op oe fefne
within the dynamic environment of |l iving sy
This integrated strategy 1 s essential for

i mproved therapeutic profiles and wunderpir

throughout this thesis.



1.@hemical Bi ology in Kinase Research and
Chemical bi ol ogy I|Iies at the interface of ¢
framework in which chemical tools are used
systems at the molecular | evel. Rat her tha
this approach enables direct intervention i
and biochemical knowl edge into functional

serve not only as therapeutic agents but

controlled perturbation of protein f3nction
Compared to genetic approaches, s-medi ase RN
knockoutmsqgl esanalld probes offer distinct adval
nd ddoespee ndent modul ation of protein actiyv
onttbbwa&a r eseartcuhneer sbitool ofgiice | responses
h

anges in signal i n®l mpmdrhtwarytsl yo,v esru ctthieregp p r «

(7]

cri nwhneatthhrenrgy a proteinds role in a given

QD o O O

—+

ivity-earzymatnon scaffolding functions, i

-~

olve using genet n pdditurbati ohemi cak. bi

[ I )]

over previously inaccessible regulatory

-

e hi storically c ®%ni8B edyeornedd  fuunndcrtui gognaabl | e p

> o S o O

O O unw «Q o

mi c al bi ol ogy provides tools to investigdg
naling pathways. Localization studies b
ual i zati on of protein idhi stespansent and

rmacol ogical intervention. By employing

BT < »w 0o s <

~+

i's possible to monitor how kinases such
' 1l ul ar compartments, incluasm, armdc mpUalsena

> O

e
ow these processes ar e influenced by I n
compl ement biochemical and structur al analy

occur within the&€hemltal abmi obogextis also d

modern drug discovery, supporting an itera
guide compound design, followed by stPfPluctur
Hi ghesol ution structur al techniques inform
binding modes, whil e cellular assays provit

and pat hway °>Yaddultdtoinad. approackhkeas,eds palot a
profiling, extend these analyses to native

i nvestigation of active enzyme popul ations
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electiviaygandebfthet context of cancer rese
articularly important for the devel opment
he mol ecul ar drivers®%8¢f dumouptdrnaggr ke yi
ependenctnmeosl,ecsunhael Ipr obes can induce sel ect
ells while sparing nor mal ti ssues. Mor eov
he identification of resihetadaece goeokamexms
nhi bitors capable of overcoming adaptive ¢
ncluding targeted protein degradation and
cope of t his field by enabbnngenpormdl!l c ma
nhi 8P%i ohin the context of Akt signaling,
specially powes peadi fias aicstafvartm i s cl ose
ocalization, dynamic regulation, and path
i ochemindalcel |l ul ar approaches provi des a
nderstanding inhibitor mechani sms and for
ompounds.

n this context, the work presented i-n thi
argeted drug discovery, including selectiyv
nhi bitory strategies. The first parittoeroyi
heir mechanisms of action, and their clini
ubsequent studies focus on the design and
nhi bitors, with particul ar emphasins oh i
truatcdrnei ty relationships. These investig:
nd Alktlt®ctive compounds, as well as the sys
o modul ate selectivity and potency. Toget
nderstbhgndf Akt inhibition and to contribut
nd effective therapeutic strategies.
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2 Motivation and Aim

Despite significantt aadedaedest hienakiiensa,set he
selective and effective inhibitors remains
di fficulty arises from the high structura
presemnfcemul tiple isofor ms, and complex reg
achieving both potency and isoform selecti
i nhi bitor classes -amegeftehfécmstededbiystodr
i ncompl et emopat awayn

Akt represents a central node in signaling
met abolism, and migration, and its dysregul
progression and therapeutic resistanacd.s Al
over the past two decades have | ed to the
i nhibitors, clinical translation has been o
the -AdRpetitive inhibitor capivasertaisb apr o
druggabl e tar gesti;t ehotweervgeert,i nAgT Pi nherentl y r €
hi ghly conserved pocket, which | imits isof
doslei mitingThesecitmesations highlight the
capabl e of achieving more precise and sust.:
context, allosteric and covalent approaches
conservedryegebabns and enabling tgdhel ovrog &d
presented in this thesis aims to address
strategy combining structur al bi ol ogy, c he
particular, this study focuses on tlsd eda<i
i nhi bitors targeting the regulatory pocket
domain and the PH domain. By combining coc
modul ati on, this approach seeks to enhance
sustained Ai rclteinkdirtailono.bj ecti ve of this wor Kk
selectivity, with particular emphasis on Al
remain incompletely wunderstood. To -btahsiesd en
drug desi gengipnreoetreiinnga,y anmndy sXall ography Wi |
engagement assays, including NanoBRET, as
Western blotting and cell viability assays.
stegites is emptowyedcompdumd properties anc
profil es.
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The first publicati on associated W |

10. 1021/ acs. | meWphreom.ide®00d5)comprehensi ve

I nhibitors, including their structur al f e
devel opment. This analysis establishes the
of coval ents alnactiiswdeogohi bedorasa tHthe foll owi
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3. Abstract

Akt kinase is vital in cell growth, surviva
Akt signaling is implicated in cancer and n
overactpvemd®tkes cel | survival and prolifer
research into idchevebliapirmg asktpotenti al t her
aberrant Akt signaling. iAKktto itnthriebe t marsn at
competitive, al |l osltledstcer iacn di ncho veaidtreqmres 1  CR

I nhi bitors compete with ATP for binding to
Péckstrin homology (PH)Yl tdomaéenicandhiclivtad re

bonds, making them more potent and selecti
potenicoApRti tive Akt inhibitor, received FLC
i n combomawi th the estrogen receptor degr ad
Chall enges remai n, including i mproving sel
treat ment s, and enhancing therapeutic effi
Parti ccwlvaarbaleywnbost eri c i nhibitors hold promis
personalized treatments.

3.2i.gni ficance

This Perspective highlights the pivotal r o

di seases. It focuses on the | andmge ke F®HAI ar
Akt i nhibitor, for the treat ment of breast
gear ati on Akt i nhi bitorasl,| osltleastcer itchaandpra
selectivity and potency, ushering i n a n
personalized, more effective interventions.

3.3ntroducti on

Akt , referred to as protein kinase B (PKB)
involved in diverse cellular activities su
and migration. Dysregul ation of Akt ssgnal.

including cancer andnmeanabet,j chypesoadeisvat.

and contributes to increased cell survival
di sorders | i ke diabetes, Akt dysr eagludramalon
gl ucose méit¥ahbealeifsom.e, Akt has been the tar
potential therapeutic interventions for ove

14



being devel oped and tested as anticancer
combination studies.

The Akt protein consists of several distinc
i n its function. These domains are common a
t het e&Nr mi nal Pl eckstrin homology (PH) tdlmenai n
Cterminal hydrophobic mot i f. The PH d o ma
phosphoinositides, speci-3,j aadilsyphophphapghrat i
produced by pholksiphasemoéPtBHE @Hhen graocwt h |
activat edb.selncet o€ PI P3, the PH domain inte

a closed conformation, preventi hdhehe Pi PBe
binds to the PH domain of Akt, this inter
arrangement of Aktds structural domains. | m
PH domain from t hTehe imt sceo daoimaiins | i kely to
ki nase domain, thereby enhancing the flexib
Thi s, i mbtesnthenactivation of the kinase

allowing it to subsequently phdpmmomelmbtr & ni

recruitment by PI P3, Akt can i nt er aelt wi t
( PDK1) , anot her PH domai n comprising pr
phosphoryl ation at Thr 308 i n t he activati

phosphorytsaséenbvhnal sfer the pfhhe i ae¢ntarcal viae gic

contains the kinase domaphorwhbthomedfatasg

roles in the DNA damage response, suscuthchas (
as FOXOl1lA, FOXO3ALThp2kr,atandtpz@ally active |
conserved among the three isoforms of Akt

ki nafsaemi | vy t o which Akeér nbienlaodngise giTohne oQd A
hydrophobic motif and a turn motif:t eTfhmdaaln

region, are phosphorylated by atgledr oki mapas

complex 2 (mTORC2), to fully activate or s
Thr308 and Ser473 is required for Akt? %% r e
The complex architecture of Akt, comprising
its intricate regulation and dynamic behavi

inhibitors exhibiting different'Thedenvuofi m
evidence implicating Akt dy ssr epgruolva tdieosn ai nc od

rationale for the pursuit of kinase inhibit
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ki nase activity, these inhibitors hold the
pat hways responsible for promoting abnor ma
i nhi bitors can offer precise and effective
yperactivation. Akt inhibitors comprise a

h
di stinct mechanisms to modul ate Akt signal.

to devel ogobmpteh iATTRRe and all ostericr e nwiitbh t
aberrant Akt signaling in cancer cell s. S
i nvested in formulating Akt inhibitors to u
explore its potentiddtinscanmtceworhadyapodat i c
have managed to advance in clinical trials
faced in Akt i nhibitor research over t he
developing selectivegi wwhiflgiet b>ed de@ odmeni gné Mmdé e
of resistance mechaniin msit twddda ¢ $1ge mple@ay imeagtLn
cancer cells elucidated PIM signaling as a
to prolonged expooosmpret ittoi vtehei nATiFbi t or i pat
genetic | esion WBOC was ndetrecstiesd ainceAktol ,t
i nhi bi-206HMdKkvever, Akt inhibitors provide t
di seases, including <cancer, as shown in cl
potent panAkt i nhibitor, hagh aicthi ¢ehed A&t m
November 2023, capivasertib, I n a combi nat
estrogen drug, was granted FDA approval f o
receptor positive (HR+), humannegader MaddERGT
breast tTehrnicserr.emar kabl e milestone mar ks a s
targeted precision medicine and offers new
types. I n this Perspective, we wildilt ofrosc uasn
del ve into the complex crystal structures o
structure and regulation of Akt and its i st
for rational inhibitor desigandsthpei Y¥ersec
exploration and therapeutic innovation.
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plasma membrane

cytosol
B ATPRP-competitive Allosteric & covalent-
inhibitors allosteric inhibitors

active conformation Inactive conformation
(PH-owt) (PH=fm)

Figure(A) Schematic representation of Akt activatior

by stimulation of RTKs by extracellular growth fact
Pl P2, resulting in increaseadmacamemblratniean Coft oBIOP3 ca
recruited to the plasma membrane by the interacti

phosphoryl ation of the activation | oop at Thr 308 by
mTORC2, Itewadiund activation of Akt. Dephosphoryl atio
and PHLPP terminates the downstream signaling of Ak
Depiction of the kinase domain (gdamai PDBgr edarV,1)P @B
in the ooatti wveonFkr mati on (left-) npapndonhher matoonh{bigyghb
The |linker region is showrdlChsel axpgsagoHasbddi hi oeang:¢
in pink, -mandhtheo®Bl-yompgtanti A€Pinhibitors (yellow) b
(PBut) conformation. All osteric and covalentalloster

pocket that is formed in-ithhe ceomZymaraitdalnl.y i nactive
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Tabl S8uthmary of Akt I nhibitors That Have Progressed
Combination Agents, and Current Status, Categorized
Mechanism of action Name (Company) Indication Combination agent Status
ATP competitive GSK690693 (GlaxoSmithKline) hematologic malignancies - discontinued
inhibitors Afuresertib (GlaxoSmithKline) breast cancer fulvestrant active (phase Ib/I1I)
Uprosertib (GlaxoSmithKline) melanoma cancer dabrafenib, trametinib discontinued
SM-020 (Dermbiont) seborrheic keratoses — active (phase II)
Ipatasertib (Genetech/Roche) prostate and breast cancer chemotherapeutic discontinued
agents
NTQ-1062 (Nanjing Chia-Tai Tianqing breast cancer fulvestrant active (Phase Ib//
Ph:umaceuticali 1)
Capivasertib (AstraZeneca) breast cancer fulvestrant FDA approved
Allosteric inhibitors Miransertib (Merck) Proteus syndrome — discontinued
Vevorisertib (Merck) solid tumors paclitaxel, fulvestrant discontinued
MK-2206 (Merck) solid tumors chemotherapeutic discontinued
agents
Pifusertib (Taiho Pharmaceutical) solid tumors - under development
VAD-004 (Vaderis Therapeutics) Osler—Weber—Rendu — active (phase I)
syndrome
Char.t AL®mpetitive Inhibitors That Have Advanced 0
F
F F
NH
NH2 NH2 y/
OH NH,
I HN._O AN 0
O
NH,
N 78 il =
e TN cl = cl = '
O~ NN — Tl =, @ 7 NN
NH N N
N ,N\ Nt \N
N
H
GSK690693 afuresertib uprosertib SM-020
discontinued (GSK2110183) (GSK2141795) phase II

phase Ib/lll plus fulvestrant discontinued in seborrheic keratoses

in breast cancer

Y cl r0H

HN HN .
0 9 HN.__O
NH
Cl N cl N . 2
() (s
N N N
“ N Z "N B
I I 7 N
S >
g NJ 0" °'N N) N N/)
HO H H
ipatasertib NTQ1062 capivasertib
(GDC-0068) phase | (AZD5363)
discontinued solid tumors plus fulvestrant in breast cancer
FDA approved
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3. ATRompetitive Akt I nhibitors
ATRompetitive inhibitors represent one st
engage tbhiendATnPg site within the kinase doma
for Dbinding. This MOA sets them apart fror
interawcth the PH domai n. The binding of th
transfer of a phosphate group from ATP to
i nhi bition of Akt kinase activity and downs
of thabebitors faced challenges dulei ndi ntgh e
pocket between PKA, Akt (PKB), PKC, and ot |
ATRompetitive Akt inhibitors have been des
bi ol ogy and cnheedmicsitnray approachesin ewi@me i ve
vi voHowever, only a few of these inhibitors
decades. Tiheonpiertgtt i ATeP Akt i nhibitor evaluat

(ChartdeX) ved from a structuretactivity
pyri dyl romxiadda zaozloel vy | ami nesAktThiimhi pot®emt wp:
selectivity for Akt i sof or ms over ot her
preclinit®&ll idacal devel opment of this mol e

significant adverse eventBf f oirntcsl uhdda weyg hegere

i mprove the selectivity, safety, and toler
chemical cores, whmemt |efd dpr ad her dielv e GPK 2
(GSK2110183) , i platt6a8s)e,rt chpi(vGasCerti b (AZD5 :
NTQ1062 t hat have advanced t o clinical t
(GSK2110183) wa s di scovered t hr2pygih il deyald
ami dot hi ophenéwhdeereiimatti ve, pyri mi di ne ring
substituted pyrazole ring (Chart 1). Uprose
afuresertib, with the thiophene care¢ rlgpl B0
compounds, originally developed by GI axoSmi
Akt inhibitors with nanomol ar?%mta nRhaese flor
afuresertihb demonstrated a favorable safe

S
hemat ol ogic malignanci es, particularly mul
included nausea, diadArmPrease aln/ dlylsipeptsi hy i
to evaluate the safety afnud veefsftircaahcsy wonft paaftuor
advanced or metastatic HR+/ HER2I rfearsd c

therapies (LAE205I NT3101/ NCT04851613) .
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Uprosertib (Chart 1) has also advanced int

tolerated profile in a Phase?Wnfsamnutdynatelpyn.t
clinical efficacy and poor tolerability wer
with the oral MEK1/ MEXZ® iPmhistkei tidrl It rsa medtyi (i
evaluating uprosertib in combination with ¢
of patients wi t h stage 1T T CT1V metastatic
diemti nued due to | ack of supply of -the ¢

competitive 1 nrCh2a2Mi(tdawselwamsedSMy Abbott Labo
known as A443654), a potent and reversible
equally gmotnesnt ad | i sof od mhs sah@échiasi 430 f or
Combination with3pacdtdi waxdél riapam¥ckeaenaoaqr aMi
models increased efficacy and tumor ¢t owth
a Phase 11 (NCTOt3a6144) althe safety and eff
topical forMeRlOatwihem @afdmsMi stered to patient
(SK). The results of the sGa@yta ndedcwdce 3K
and over 80% tcoefd SkKs tird t 60 208 gdealy s1 .wd % hh aSdv
onpoint Iimprovement in PLA score at the | as
is ongoing to treat facial and intert-rigin
0068) , devel opeld by &ehlkaborati on with Arr.
avail abl e armdnpettanti veTPAkt i nhibitor deri ve
6 ,-@i hyddHcy cl openta[d] pyrimidine scalff olvd t rn( &
experiments demonstrated potent Akt i nhibit
vivesults in murine xenografts showed tumo
clinical d8wyaltapmernti.bb advanced into clinice
with chemot her appaecultiitcasx eslucahndasdocet axel , an
such as atezolizumab and trastuzumab, but
pipelines, the development of this compoun:c
i patasertib is sigeiaftigagenenathenchAhkhkt exkxhht
of the more advanced candidates in this ¢
i patasertib wunderscore the <challenges f ace
despite the initials ktil@lsserdedtraitgison an fcarn cte
i patasertibds efficacy and selectivity have
competitive inhibitors with improved phar ma
This quest has | ed NToQI1tOh6e2 d(edveevi eol ponpeendl aboyf N ¢
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Ti anqing Pharmaceuti cal Co.) through refin
i ntroduces a novel -5anleé¢ wbiytBa Ih yslc @fpfdddiydro [ABRAI n
7( 6-¢in e, which binds to the hinge region o
optimieedzipne | inker compared to ipatasert.:

showcased that NTQ1062 demonstrates favor at

dependent phar macodynami c effects i n Xeno
activati on anfTOtRh e affMPwkeAsketnt | y, it is underg
Phase | <c¢clinical trial for the treatment of
a Phase I Db/I11 trial in combination with ful

breast cancer (NCTOBILI7TRIRARAIDSZTTEDP) vadevel ope
in the early 2000cempeti tai potAktt ,i MAAPbiIi t or w

a therapeutic agent. Capivasertib contains
enabl es bhedhmnggeoregion of Akt and effect
remar kabl e potency, demosnesalraesngfl 8wnManae@r
nM, 1 es pé&Tchtei vaenlayl.y si s of the crystal struct
4GV1) wunveiled crucial mol ecular interactio
form of the protein revedles mamaar nande mentd

~—+

het &Nt mi nal | obe to position Phe469 and Phe:

-~

esponsible for r&Noatl abling tAlkke lpywprctolvopyr i m
two hydrogen bonds with the kinase hinge th
( Firegu 2E) . Equally interesting is the adopt.
pi peridine ring concerning both theimgyridowlog
ar vyl group. This conformational prefer-ence
sp2 nitrogen in the pyrrolopyrimidine core,
group within an acidic hol e for med by Gl
chl orophenyl group finds itself comfortably
Gl-ncih | oop, surrounded by the side chains o
as the backbone at oms3%ohfe sLey sslt5r8u catnwdr adl ydlest2a
the compoundds high affinity for Aktl and i
I niti al studies by Davi es et al . I n 2012
monot herapy against bteasutlt achpcehosel wWst hp
especially those harboring PlIK3TCTSASumeegtuenh
i nvest irgateiadmresd encouraging antitumor acti vi

or tumor ?%%gression.
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However, its efficacy as a monotherapy sho\
combination therapies to enhance its effect
mul tiple pathways simultaneousl! y. I n fact,
monler apy, at therapeutni valbthpi easecti e pdo sn

an antiproliferative mechanism rather than
with other compounds in early stage cclinic
effects. Notably, when administered with fu
I mprovements imepr aqrde vvieam |l | survival com
in the Phase I°FThFRAKPAH &Ne tiIr2i®l CAPI alel Fart he
capivasertibdés potenti al by evaluating its

advanced breast cancer that had progressed
demonstrated a sighifhcanbgeempswveimeal amor
who dhgrogressed during or after previous

adverse3%®®vents.

22



Thr211

Leu210

S (
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aC-helix
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Met227 OF Gnost Met227
's Glu228
g Glu2s .
>
'.E Gly-rich loop Ala230
Ala230 Glu278
Glu278
Glu234
Glu234
Fi gurCr y2s.t al structures of Aktl in complex with inhi
the CAAI borussertib (PDB: 6HHF) , (B) thesal kbosteeri

CAAl (PDB: 6S9W), an®4dDpnAlk 8FO6LIPDMB na t\hAeD al | ost eri c
depicted are the crystal str-uoompeei ciomepl erbsbiof o Akt
(PDB: 4GV1l) and (F) ipatasertib (PDB: 4EKL). The kin
in green. I n the ATP binding pocket, key st rurcitcuhr al
l oop in daernkotciyfan ,nUCHr&@lyi,x annd or ange. Key hydrogen bo

and the protein are shown by dashed | ines.
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3.ALLl osteric Akt I nhibitors

Il nhibition of ki nases through ATP competi't
al though it suffers from major dr awbacks.
selectivity due to closely rel ated ki nase

di stingui shihreg tahmereg i sof or ms because of t
domai ns. Al l osteric modul ator s of fer sign
orthosteric ligands. These benefits include

over <closely rred,atedn speapuentialsyr g atedueleat eod f

effects. The key to these advantages | ies i
modul ators, which target distinct sites in
the case ofhiAKkitt,onhelsiend nt o the interface b
ki nase domai n, st abidi lni ziomdg ormati nact iFyvguPEH
competitive inhibitAkrns i wofhtidn tacs, aal Ipaxnt er
designed to madeér ssesecheviehgi vi dual i sof orn
functions of each Akt i1 soform and their i mp
to identisfey eicsofver ml | os%eMéecclAk{ MEDhi bdent
all osteric Akt i nhidbiipthoerny | gue miofxiad a Inley da r |
following a screening initiative. This inhi

i sof orms but al so only ter AAGC wkiema sceosmp(aR K
SGK)This crodipoudi scovery was particularly i

as an i nhi bilteonrgt s iAkgt fiunl I hi gh t hroughput
subsequent shift to an experimental approac
that t hiet imdadg iiadnadcdti ve, |l eading tol% ®&eceeal
this unique mechanism was understood, It s
devel opment of several chemical scaffolds,
Notaebbhmong these is2RMé6ckwhi ownaM&ENgG with
vevorisertib (devel oped by Ar Qul e and | at

(devel oped by Tai ho Pharmaceutical s) has a
Substituti nAktt hel loastgaegniadn d xeaaldidnse 1c,o4r e wi t h
scaffold in a tricyclic structure resulted
cellul ar act iAiTthye (dehrairt2t2ibe iMK a -tr i a:
f1[1, 6] na8d RN eIhi@dritn 2) and serves as an or a
and selective inhibit4lrn oFRhadd It htrreiealAk,t tilts

we l | tolerated as monotherapy and showed a
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with other anticancer agents. How22@6 ,f anl a

to demonstrate significant <c¢clinical success
approaches targeti ndg?'vbor itohuast ctahnec edre-2t8yDpbepsme
was also discontinued. Duri ngphd@yHionpitdanzi oz a

[ 4-bbpyridine scaffold, ArQule developed a

potent allosteric Akt inNskeir bii too r( SATROQAA,E 1 BVIKg tn
2BPand vevorisert4dd40ARQTHAEFrMK2) emerged as
compounds, functioning as highly selective
promising therapeuwteiaml d emaull & swiitnh afr olt8e us ¢
genetic ddrsaoatderri zcehd by overgrowth of vari
syndrome is characterized by tissues and o
di fferent degrees, often resulting in signi
The use ofi bmimansaerst case was notable for p
the progression of tissue overgrowt h, of fer
compl ex and challenging condition. This suc
the rol®i ppfalAknng in the pathogenesis of Pr

targeting this pathway may be a key stratec

di se@s¥his has | ed to an ongoing Phase ||

effectivemddangi Probteus syndr ome. On the o
evaluated in a Phase Ib study involving adyv
mut ations, either as monotherapy or in comkt
trial imelsclat®ed a manageabl e safety profile
activity of wvevorisertib, both alone and i

had previously received treatment for advart

mut ati'bme . to sbuseassns, the devel opment of
of ficially terminated ( NELTL072 7,6 16OV @l o pRidf ulk
Phar maceuti cal in the | ate 2000s, emer ged ¢

exceptional pot enciynsatndalsle [Aekctt iiVvsnotfysitéogda € € h
demonstrated growth inhibition in various c
ovarian. Encouragingly, mous-demeomrdece ntd ad @t ia
pot eAiHiuana.n tri al sefrfeiveadydaddaisnst solid t
patients with PIK3CA or Akt mut ati ons. Ma n
macul opapul ar rash and hyperglycemia were
il luminated by clinicat Bnhndapseghi hi caht dat
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ther‘@yPhase 11 trial of pifusertib in adva
aberration is already completed (NCT0301752

with advanced solid tumors harboring ger mli
to an iienstufrfatce of accrual of patients (NCT
devel opment for Phase 11 clinical trials i

and scaffold hoppiOndgd a(ppprreovaiconuessl,y VKArDown as ,

by malc Di scovery in 2012) contains a bicycl:i
Figure 2D). This compmouvihthsdowe dnpotf erAtkt 1/
nanomol ar range, exhibited selectivity acro
antiproliferative eflfnecgixapa@rni nteanntcse rf ucretlhle rl i
VAWD446s efficacy as a single agent and in
breast cancer %Basgdabdbh modml sing preclinioc
t he meichm of action, ADME, and PHRar macacluirme
undergoing Phase | studies to assess its

hereditary hemorrhagic telangiectasia (HHT
syndrome (NCT05406362).

Char€heémical Structures of Allosteric Akt Kinase | nf
MK2206, and Compounds That Advanced to Clinical Trie
40
O NH» —N /@QNHZ —N /@S?NHz
@[N\ \_/~N \ />N
— -
Z N A N A
¢ O 0
Z
H,N” N H,N” N
initial allosteric lead miransertib vevorisertib
(ARQ-092) (ARQ-751)
phase Il in Proteus syndrome discontinued
OH OH
S e
N O_N
N= ) | L z I
N7/ N X
_/ 0~ 'N
o 2 RS
MK-2206 pifusertib VAD-044
discontinued (TAS-117) phase | in Osler-Weber-Rendu syndrome

under development for phase Il studies
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Govaletlnitosteric Akt I nhibitors (CAAI s)

clinically -éeatuiabedm@daRi tweviel i nhi bitor
s PerspeAkt vienhrbi pans and | ac®R s etl heec tpiavs
ade, a promising new class of inhibitors
|l 1l enges, which includes covalent Ptndin
se CAAls offer a distinct advantage, p a

W turnover rate? Thypi sdlowy pa oo ese nA2k4t u hanno

al target for covalent inhibition, as t
l oi t this kinetic feature, potentially
rapeutic effects. Such sustai nredp drnshiisbtié
ckade of Akt signaling in cancer cell s,
wt h i S of t en upregul ated. Unl i ke -tradi
osteric inhibitors offer a noveobl pwed sipe
eas®oci ated pat hways. By selectively bi|
bl e covalent bonds, these inhibitors in
ir target proteins, | eading t o etchhea ndiissm u
action and potenti al for -&lnlhantcedi < pierch i
riguing and dynamic area of research, ho

e effective and durable therapeuemar kabt

ectivity, CAAl's have drawn attention f ¢
rapy for patients afflicted with tdMmors
usserti b wilsastsh ecaolfiviad setneer i ¢ i nhi bitor t ha

i bitory properties comp@ae teidt itvoe raenvder & i
i bitors (Chart 3). 't wabBasgahthesigredap

ed onntalpdtbhy@i done, and it bedrhata tMirgle
teines at position 296 and 310 in Akt 1.
ieves an irreversible stabilization of

ucture reveals its precisasi TreB8&Hct TgmR7
296, enabling irreversible stabilizatior
t borussertib exhibited r emarskvaab luee sannitni p
dligit nanomol ar rangemomakp ontgent tulpan oot
ranse206b, MKat aser tiinb, victdrpal y@as @htarimpaco
dies assessed borussertib administratior

I, 20 mg/ kg i .p.) and showed it had | im
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ntribute to selectivity due to thei
t which is formed at the interface
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Evidence suggests hyperactivation of cert

i ndicatingspé&ci iisofoymin cell transformatio
gendeependeinidependent Akt i 8%Cfluormnampl i fiinca
the functions of each Akt isoform arepri ma
Al s o, the distinct i soforms of Akt pl ay v

tumor i g°8nfBoswiesv.er, t he devel osppremitf iodf <SArkal |i sn
(Chart 3, Figure 2C) offers an all*Panhbenve
heterogeneity and t he di ver se responses C

out comes. l denti fying reliable biomarkers
effective patient stratiffPEaevaneadndefvel st a
or variations in their phosphorylation stat
target s, indicate a disruption in thnel ysi gl
attributed to genomic changes in PTEN or PI

the significaAtheutaft i tome asdktal not @Blue wooc eqg
mol ecul ar profiling and genetic studies ar
di fferent kinds of cancer and for tissue s

among Akt isoforms | ead to disti mogt poohcakreda cst
despite their generally high homology. He n
compounds targeting t hese di fferences. Re
pyridine, pyrazinone, and pyridazine cores

i SorMs3’'cdval ent modi fication by these inhil
and potency toward Akt across the Kkinome.

significant promise as potenti al therapeut

~+

argeted twié¢dt neenfhtasnced speci ftiagigtey aerfd ec e

progress paves the way for more effective
associated with Akt dysregulation. Looking
t hermagplyds pr omi se, especially through combi
coval ent i nhibition. This approach offers
enduring covalent bonds with Akt kinases,
suppr ecsfsioknt signaling. The devel opment of i
an insight into the role of each Akt i sofo
action of covalent i nHiabsittiinogn amay tluenad ted f
al l gwifror reduced dosing frequency and enh:
These advancements in targeting Akt througl
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step forward in the devel opment of more eff

Aknel ated di seases.

3.8oncl usi ons

The pursuit of Akt inhibitors as potenti al
by the critical role of Akt in various cell
|l i ke cancer and metabolic disordeisas, Alatndc o
dysregul ation can | ead to disease pathogen
devel opedmpEPIi tive and allosteric Akt i nhi
ATRompetitive inhibitors, despite ifnaccilngnicl
trials. Among themAktcapnihiabBieroi b, i m @ambi ne

was FRAdAroved for theotsieatvrmmemgtllERRe HRr east

mar king a significant advancement nios i oom | y

medicine. Allosteric Akt i nhibitors, whi ch
their way into clinical trials, al though s
concerns. A novelaldlossstserofc &a&@valiemti bi hgr s

i mproved selectivity and dur abl e suppress

demonstrated remarkabl e antiproliferative p
i n targeting Akt Il soforms more effectivel
November 2023 marks a historic milestone in

significant breakthrough that sets the pac
i nhi bitor to receive regulatory apprioavlalagf c
targeting the Akt pathway but also opens d
Furthermore, the idenpedifciac iiomhiohi A&t si aod
for patient stratification introdgriefsi @aa nptel
enhance the effectivenreeslsatogfd tdiesaetarseenst.s T hoe
i nhi bitors appears very promising, offering

therapies in the ongoing battl eysarmgeaguwlsdt ido rs
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4 Abstract

The Akt family of serine/threonine kinases

processes, iIincluding proliferation, surviva
Akt 2, and Akt 3) have di stinct physiologic
dysgul ation-lismkeidseasnsel ective Akt inhibit.i

we report the devel opmeantl oet ersied edkt ve nhb

targeting Akt2 and Akt3 whilerapacrggt Akt b

andolmecul ar model ing, key structural differ
i soforms were identifi ed -baansde de xdpelsaigtne ds tirnma
stabilizing the inactive kinase conformati

| i miitoans -codmpAdti ti ve inhibitors. After -biolo
containing inhibitors emerged as the most
i nhi bitors with pyseildchegeasl amensofWwergenm pr e
Akt 3 selectively. | mportantly, these -new i
derived colorectal ccygscald ocrngamdiudse.s O i n
engineered construct mimicking the Akt2 al
baiss of isoform selectivity, guiding furthe
a framework for the -deelveed toipvme ntt h eorf a g eswtfioa an
the potential f osgpeamirfaivelfiunmgctiisoforimmandi drmoa

cancer biology.

4. 2ntroducti on

The serine/threonine kinase Akt (protein Kk
PI 3K/ Akt / mTOR signaling cascade and regul
i ncluding proliferation, s ulrTvhiev ahl u, manme tAakbto | f
consists of three isoforms, Aktl, Akt 2, anc
identity,redbntbant nphysiologi splecidnct iexms
patteKkmesckout studies have demonstrated tha
growhd aurvival, Akt2 in insulin signaling
neuronal déVkdéde menncti onal distinctions un
selective modul ation strategies to better i
isoform to signaling a&rodnp et isttiase . ARhiI li e h
progressed nfortheamplldg cabpbat ®saenrd itbhe( r e c
FDA approvalAkdf itnthe bpam3)b capmievasarnttiilbty is
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isoform selectivity due to the-bhndhhg poal

(Scheme 1). In contrast, allosteric inhibit
site and stabilize Akt in an inactivevictoynf o
potenti al. These inhibitors bind to a- pock
terminal pl eckstrin homology (PH) domai n a
autoinhibited, closed conformation of dAkt.

clinical tri al2s0,8) ‘i(nyBODdi fENNEKsertib, previ
ALM3®B)1E miransertib (previ ®u%| puknomwmead ah

achieved clinical approval, often due to s
contdeexppendent acti%ity (Scheme 1).

Covataddtosteric Akt inhibitors (CAAIS) repre
selective allosteric engagement with susta

bond formation to one of the two conserveec

poek. Bor wsswasibhbheée first in class CAAI t
selective inhibition of the Akt i sof or ms.
potency, and tarlgd€bvakenttennki bimers have s
inethield of oncology, such as the approva
drivesamabh cell lundgl! @@ncebr UNS@L®) f or mant
and chronic | ympiRecytnitc slteaidk emi m.ave shown t
di fferences within the allosteric pockets
di fferenti al bi nding profiles in biochemica

pyrazihshewed Akt 1l selecti-vasgd ppi‘dmdde thle p
amipygri ddiehowed Akt2 and dual Akt 2/ 3 inhi
findings suggesdl etchtatvei scoofvarlmnt modul ati o

chall enges remain in translating these pri
chemical t ooisesl. e Atkitv e siorflirlm t ors represent
could provide a means to unravel the uni que
signaling and disease progression, while at

moe refined therapeutic st rtaatreggeiteesd. alpnp rtohaicst
potenti al to retain the proven clinical ef i
i nhi bitors, whil e mitigating the advAktse e
i nhi B Heren. we repgui dadststuat egeg f or t-he de
selectivaldowsdleentc Akt inhibspecisfi 8yfeapuo

the allosteric pocket, we achi ewvnehd |peo tsepnatr i
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Akt 1. Structur al i-nayghtrystfabmogpgraply nofX a
variant, designed to mimic the all osteric g
of selectisetgctilseof engmagement was furthe
or goaind s using western bl Atk t a r aelvyediss @fr o tp
spectrometry, -badsedNanaB®&T engagement assa
findings establish -al Ibdautegrriicnt mdddul actoivoan em

pave the wayiwvewahemsehéct ool s-speci htersbpgte

I n compl ex biological systems.
ATP-competitive inhibitors Reversible allosteric inhibitors
.
OH
HN
NH, K
o] i 0 N N NH,
HN. O a [Nj ¢ H%Z 2
s N o™ NN
cl = N HoN \Nl
— J Al )N >
7
S~ HO NN
afuresertib # ipatasertib ° capivasertib & MK-2206 7 VAD-044 & miransertib °
1 2 3 4 5 6

Covalent allosteric and isoform selective inhibitors

@(‘r@@ I‘r@ Mi‘r@@ w@‘ra

borussertib 10 Akt1 selective CAAI ' Akt2 selective CAAI '° dual Akt2/Akt3 selective CAAI 1°
7 8 9 10

SchemeDilf:f erent categories of -CAkmp eitn htiibviet,orrse v eirrsd Ib
covahbhéhobostericsahdctisvwdabdd amsdleentc # nAilkdn2t odwa l( AXkttl2 / |

selective CAAls), highlightiong.distinct mechani sms ¢

4 . Besults and Discussion
4. 3StlrucGuwirced Design and Syn®%badlkscsi vef

Covalent I nhibitors
Despite the high sequence conservat-gondadon
design approach t ook advant age of smal | l
di fferences within the allosteric binding

Akitn an inactive conffWhinladg itome (&lilgaustee rliAd

and Akt3 appear hi ghly <consecrrvyesdt adt sttlreucd e
mol ecul ar modeling revealed distinct spatia

i's the absence of a glutamate residue found
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environment , as wel | as the deletion of on

adjacent helix as obserWBHli si ns hFoirgtuernei nIgC e
all osteric pocket, creating a wider and d
|l igands in a more extended conformation. 1In
Aktl maintains the full | enfgu mt hoefr tihret oh etlh
pocket, reducing its size and | imiting the

resulgtandls t hat should bind efficiently to
clashes in Akt 1. These structur al di fferen
specific residue variations within the bir
Arg26%ti2n And Gly265 in Akt3, which alter t
and electrostatic environment (Figure 1E).

i nstead of the smaller Val residue found in
hi mchrce t hat interferes with the binding of
systems in their core scaffold, especially

| arger residue seems to hinder the binding
| ikedxplains their reduced potency!® n Akt 3
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%\s\,cxu al diff, o
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sp|P31751 |AKT2_HUMAN ~LHSRD= Z g N O o
LHSGK=IVYRD N eastern part
’ Le?1210 O LouzSd oH Akt3 western part
Tyr272 H
borussertib
Figur@®trluctur al overview of Akt i sof orms,A) al hasteve

conformation of Akt7Zd( PFoBin dé HIFF )b;orkuismsaesre idbomai n i n wh
l'igand in bl ue,i rstsa®#d}l d Alilnogs ttehrei cPBh) o swheée tt €, o PDBkt B HH I
(C, bl ue, PDB: 86 1lo)r,a nagneeM OAIEML3S,S( wi t h PH domai ns i n

acid differences affecting pockEt Sseigzuee nacned aelliegentnmeonst

all osteric site differences among AkKtF)i Sechemas i wi bh n
mode of borussertib "¢(BOB:c k6iHHF)(,t usrhqouwoiinsge) , hydr opho
hydrogen bonds (green/red), and nucl eoph®G) i Desitgrac
concept of new inhibitors, indicating r ested iercdd v é €
modi fications. Western, eastern, and covalent war he:

respectivel y.

To take advantage of these structur al di f-
covahbhéehobsteric inhibitors that combi ne t he
di fferent chemical derivatives with the cov
resiied within thé& allosteric site.

Unli ke the surrounding regions that wvary be
i n a more conserved area close to the |l igan

anchor poi nt for covalent binding whhl e a
i nteractions with the more variable regio
scaffol ds, we e Abpalsoeyde dc oar ep ydreisd igméee’ds ttaoc kmani gn
i nteraction wi t h Tr p80,7 (iFn sgpuirree d 1 Fby, bnva rt th
modi f iscatti ame -poseferoerd &8 menti onedtunepre

i soform selectivity ba'®?8ub sotni tsuteenrtisc weea nep alt
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centr al pyridine via a methylene group, c hc

expanded Akt2/3 allosteric pockets. The ne
rings of varying sizes, systematically dec
speci fic binding and identify favorable int

NH-

HDNQCI ;__ HD O i BOCU O BDCN

NH O}\NH
1 12 13 14
0
TFA
B A "0 UCL
@ @ >3 @
15 16 17
B N__Cl
ix |
"ON A ‘\/Oj‘/LI —- \(]\/lji - = Ho%
19 20 21
T, o]
N__cClI N__Cl NH
| Xi \ Xii N
X Br S — = R s, — = /N N
|
R
= O of "NH
22 23a-ad 23-53

SchemeGeher al synt hesalsl mdt ecroivcal Aekntt i (AhS yori tt loe ssi s( CATA |
eastern part 100 IHN®ryg!| 6heck 60 Aigi -tdéb tht,y 190 c%r bonat e
DCM, rt, ifiPd/ @BTWNHMe OH, 90 AQG) pBemMoyB&EhPoride, DIP

rt, 16 W, TFA/BCM (3: 1)v)i -BiMt o m@meht, hyll9 h%,ny | bor oni c ac
K2C Q, DMF, rt ((B)Sy mt h8di $%.0f west erB-apeamrd tbhue |fdiinnagl bcl oon
24 3viBHt)hy !l i:0@,iDdvie-, K 8\DwiBiAL, DCM, 1 vp)he2nyhl, b5odSr di ¢ ac

di oxa@e( ®: 2Q,, 1760 hx PB:) MW,idbxane, rtx)i 2r k) b8Adomi c aci
estelPQ KPd(cdppd)Bixabe/ OO0 1 -h5 %BPRBI7 KG, PdgPPH, 4
di oxa@e( H: 1°C, 2345 %.0

To support -gbededr saccttuicveiutrye rel ati onship (S
synt hetic route was followed to access a

trisubstituted pyridine coresepeetvi oe@sbiynari

equi pped with a benzimidazolone | inker on
el ectrophilic warhead (Figure 1G). The sy
protection of 1ble nfzoilniodwaezdo Iboyna educti on of tF
withyaoyl chloride to introduce 1t5h°Af tcown al
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deprotection and a nucl eophi |l L6 wistuhb s t4i t
bromomet hyl phenyl boronic aci dl fwiarsa odlt ae atear
the final i ntermedi ate of the eastern part.
deri via8Bvaseesterified and then redw®dedAftteert h
Suzuki-coupbksng, a phenyl gropeswhisomnofr odhue
scaffold Q¢ommadunde al cohol was converted
22vith ZiWgllfer bromination. This served as
used for the introduction ofSutbki dcobplkeng
the substitut exd3-aidmitf ¢ reme dsieagtueesn t-a sasli srhieadr oSwaz
couplings, systemapbobsi vaonhatwaenaohi etaed 5 Njo
final tar getR4c3o.mploluinedsr qut e enabled effici
specific steric constraints and warhead pos
structures of 2%fhaedairet ercpd®dpepidemwmnt ar ynati on.

4. 31 2oform Profiling of Nov-@é |l IAkNanomBRBb
Target Engagement Assay, Prol id&rati c
experiments

To evaluate the potency and isoform select
EGwalues aga@ingdgth,f wlclt i ve Akt1l, Akt2, and Al
in HEK293 cells. The position and | ength of

cores, t hat weresedsed i aeg keE$temenms, signi f
c 0 mpnodus 6 selectivity profil es. To extend

outcomes, we evaluated compeaulrod ve fafbiidaadywy wais
ZR75 breast cancer cell |l ine, a |l uminal B s

Aktl signaling for prQlsl feeglalts omayrpbearP $wiKlvda\
PTEN, but exhibit elevated baseadt aAkkltils haecd i m
foprobinglriAkeda oncoge’l mposritgannatlliyn,g. Akt 2 a
expressed at significantly | ower l evel s i

survival ?/%iemmda ytplee synt hesi zed compounds o

—+

o targetd AKt3 and therefore should not t al
egative control to further validate the s
stablish a reference framework for t he N
dvancedbiAkor s n-hdDm@ eATR i ve 1 nhil)bi tioprasR)agsfeurrte

O @ @d S

nd capi Basshowled ( compar abl e -3gctwivtiit ya amp
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preference for Akt3. I n coR20&§s,{( ,VAMIB)e( aandos
miransegr preferentially engaged Akt1l and Akt
knowl edge, NanreonBgRaEgTe mearrtgedat a f or these com
reported previously, making them a wus-eful
all ostericn i 4Z/B® bcebl s ,-Akithei npharbi t oml)s anmd an
boruss®r tsihbowed potent anti po=ol2i freM adnod e2 Ac

consiwittemtstrong Aktl1l inhibition and its do
capivasgSerexhi fited redaocedl 7o tneM)c,y r(eBEd ect |
competitive binding mode. Accordingly, addi
mi cromol ar NanoBRET potency, mar kedl vy we a

consistently observed f-@lrl oasltleda stcesr.ii kR eadbred e
compouwmhsd 9 previously characterized bioche
the NanoBRET assay. Il n this9 shelwlewW!l acro mpam ta
potency toward Akt 2 and1l1pfnkats3 , mow hee rpeoatse nct o napgc
t ma Akt2. Both compounds exhibited reduced e
i sof or ms, Il ndicating that i n a cellul ar S
properties influence cellular uptake and, c
frist set of designed CAAls. Concerning the |
ser i2ed37 ( the inhibitors exhibited pronounce
nanomol ar potency and their activiltOWOt omwWgr
depending on the nature and position of |
compo@ndwhich previously showed the highes
bi ochemical assays, we s-yamtdhelsiibsedtat édr py
with v-aubedi Nution patterns aotfuitherepnob
Wi t hi n -stuhbes tli,tdut ed se24a@@ s hcoownepdo uenqdusi pot ent
activity with reduced Aktl engagement .

N-et hyl sul$t iithctriemms e(d Akt 3 potency but di d
whereas c2mpoa@ai&fidspl ayed potent dual Akt 2/ Ak
di mi ni shed Aktl activ28ayxy.hi dloe-tdbByYAKktDdMpe@U rE
l ncreasing stepdsi thiudrk, aas tihnre 2ZMher bemezgd Al
potency, whiilfd utoheo m¢ t3hOméi coampoedadbal anced £
with moderate Akt 1l -swehstcitti wtidd/ . s é3dnliadtsheadlyg nd
feow ed Akt 2/ 3 over Aktl adz2zandeSt byl hesrubemnih &

potency whil e r etsalibmrsitng ugdloec tsitwidtiy.da N daent
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potent Akt2/ 3 i sdairiutn@0 28 IM{ hrweayl heEmBal y si s 1 ¢
opportunities for further pockestulesntgiaBgbeanetng
37 improved even further the Akt2 potency
reduced Aktl activity attributed to steric
pyrazole compounds exhibited -deopwe ncdeeinldlu | Z2aR
l i niet hwadsqqrE@t er than 0.5 micromol ar27famdmost

28 eig the |l east active.
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Tabl €ell ul ar evaluati on -adfl ossytretrh ecs iAZkad iodv ablidgmtr s wi
the HEK293 cell line and/75ithhae @&&haE€aW isndt heveZR
from experimental points measured in duplicates for
independent experiments.
\,JENH Biological evaluation EC 50 (nM)
ISAOWs NanoBRET CTG
& A‘NH
D HEK293 ZR-75-1
# R Aktl Akt2 Akt3
1 afuresertib 1151 + 38 3430 £ 233 865 + 323 n.d.
2 ipatasertib 3145 + 265 7488 + 859 1024 + 201 n.d.
3 capivasertib 10557 £ 2561 10569 + 1928 2381 + 461 175+ 65
4 MK-2206 269 33+14 88 +44 n.d.
5 VAD-044 169 £ 83 41 £13 877 £ 373 n.d.
6 miransertib 2+ 1 87 31+22 215
7 borussertib 22+ 7 48 + 20 53+5 211
N=
9 HN'\;Y 140 £ 30 41 £13 53+9 182 £ 42
10 520 + 31 108 + 46 37+11 417 + 49
1%t set
24 o 199 + 33 39 +20 37+16 770 + 180
N=,
25 ”“7;; 435 + 98 57 + 29 52+ 34 566 + 134
N\ N=
26 Nz 107 £ 54 43 +18 17+ 8 360 + 50
27 —N';j:/ 697 £ 75 37+ 20 294 2833 + 760
28 *N’N;g 1048 =+ 18 30+ 10 30 + 23 3757 £ 1202
29 Q_N'“t 1078 £ 206 289 + 199 245 + 310 1007 + 218
30 Fa°~N'\NDy 290 £ 52 497 54+6 336 + 38
N
31 /ij 494 + 332 118 £ 82 64 + 24 592 + 138
N |
32 /Njy 474 + 206 8274 46 + 20 553+ 115
/
33 ) 322 £ 100 45 + 29 41 +3 1103 + 319
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3 A, 308 + 39 29 + 15 23+8 988 + 304

_
2nd set
35 jy 260 + 50 18+ 7 21+3 211 + 58
N\//Ey
I 215+ 12 11+9 34+ 31 223 + 30
N\/l
37 f\/ 575 + 289 31+8 21+2 127 + 26

n.d.: not determined

The previously reportedlOCGemwxhnbdpyreiddidrueal c pmpe
Akt 2 and Akt 3 i n !BToocewxepricciatl tahses alyasr.ger Akt
seri esmemberiexd pyridine anal ogs was designe
to pyrazol es. I n the NanoBRET assay, al |

reduced Aktl potencyg, coossirataeants wimplssede bi
pocket. Accordiseglectiheseompto2and s exhi bit e
CTG assay, wiovahl ureossti EC he micromol ar range
I mpact of Akt 2/ 3 -denpheimbdi etcieolnl ilni naen. Akntslpi r ed
compol@da bioisosteric alcohol group was in
yielding & mphiunld demonstrated a clear pref
and Akt 2. Replacing the alcohol 3%9matrhk ea | ye
i ncreased NanoBRET potency acemwms$s 18] nMi $ of
with strong fsellecoveild tokldt( D& eX0 Akt 2) . Thi s
eval uation of hydr ophobiicnes ucbosrte .t ubii fofnesr eonn
patterns r eveasluebds ttihautt edldseth e2f ,t3e @t ised ect i vit
over Akt3, while remaining wesakkbagatuosedARD
41showed equipotent Akt 2/ Akt &8l dnselbedct iowni twy
supportinguhbdstei t2u,t5 on pattern as opti mal

| ncorpor aGBgprnow@mé nt ai ned Akt-Bobkel ecve+ vAky
fold over Akt 2), whhdrepu @t roduvueansed pbtanc:

i sof or ms, achi gvingmasomgl ar activity again
et hyl anal ogddexchoinbpiotuendd better potency in
substituents, whil e retaining compar @Bl e a

Compouwumdhowed good Akt3 potency with marKke
i sof or ms.
50



To

S

y

me

f
[
b

e

o @ O oS o »uw o

~+

e

mi
A k

S

e

n

Co

P

P
S

S

P

o

o

c

e

o

further probe spatial effectdédBaind AMteree Akt
Nt hesi zed by combining the afwintolpyaddi thie
t hyl Substitutions46rWhaeri emeesd dadmgho uAldt 3
l ectivitwy7 compaosiendd AKkf Bl ¢goteesyl Bing in
l ectivity, highlighting the i mportance of
of orm discrimination. Foll owing the biol
con

do

mpounds di spl ayed pronounced obdl eabntdi d6é 8

ofsamal ogs was designed. To explore t1l

e was incor po4d8&tnad iitrs amempoudet eBlo tahn a

| e

(@]

tivity over Aktl, respectivedvgas ahsome
Il d | ess potent i n-mekth2 |cadanepda rceodu nttoe riptasr tn, o
s Akt3 selectivityybndnds pda nepboOubays csoymptohuensdis
aring a di methyéami ndhissbgstompounidn etxtha b
cromol ar range towards Akt1l whibtoteowahdbi f
t 3, making it t he most potent and selec
| ecti wiidlyd offor2 88kt i od mdd farro WArkd 215 To probe
i soform selectivity, pyri mi diene yan dlecsd &
mpoudma 82 nhi bited Akt1l arbds Rh&kwi2nggdiias d iyn
tency. | nt r o dauntiighogo uap 3fianme t ed!|l Akt 3, but o]
tency was | ower-amihmogr itthfen edn dned ehtyilng t hat
affold bettaf fsappygrtAkt Bi §hbinding. The
ries in the CT«5lascselyl ilni nteher eARil ted i n

tency, which is consi stoenttiwietdh steh eeicrt i dva s

Akt3 over Aktl, and it is further supported

P

o

tency towards Aktl mel aTheeondat eengt bemp

48@ndAl so di splayed |-68 actlilviltiy ei.n Tthlree m&R h
compod4fdwas the | eastsoppteatddgnwiciomsarstEQTt

designed selectivity for Akt3 and reduced a
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Tabl €e21 ul ar

eval uati on -adfl ossytretrh ecs iAZkéd d

icnchvi abligmotr s wi

the HEK293 cell line and/75ithhae @&&haE€aW isndt heveZR
from experimental points measured in duplicates for
independent experiments.
A Biological evaluation EC
ISAOWs NanoBRET CTG
3 Pri
D e HEK293 ZR-75-1
# R Aktl Akt2 Akt3
1% set
38 U\/ 2014 + 428 406 + 194 124 + 106 10517 + 2031
39 U 419 + 282 44 + 27 16+5 795 + 163
40 O 325+ 71 24+ 16 50 + 7 1291 + 201
41 O 602 + 211 24 +10 21 +10 2385 + 652
42 U\/ 3012+ 442 266+ 113 63 + 47 3834 + 501
3 TQ, 534 + 102 67 +7 9+4 413 + 49
44 4 370 + 37 92 + 33 6+5 384 + 72
45 4 711 + 439 59 + 19 19+2 467 + 99
46 X, 472 + 128 67 + 10 20+ 2 545 + 91
a7 C 324 + 89 21+4 20 +13 532 + 99
2" set
48 g\;@\/ 1846+ 703 67 +4 37 12 608 + 189
\ N.
49 X, 1954 + 1234 117 +57 29 +7 1317 + 550
|
50 ", 1153+675 60+ 18 4+2 571 + 174
51 [ 240 + 78 57 + 20 44 +5 229 + 53
52 1, 284 + 62 45 + 22 9+5 195 + 20
|
" 1366 + 750 211+ 116 44+ 29 1422 + 203

53 /U\/
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Protein mass spectrometry was employed as
coval ent target engagement. Following treat
exhibited distinct mass shifts relatsiviee to
covant modification bg@ompeuhfiPegddbdas d &iigur e
not exhibit any | abeling of Aktl after 3 ho
modi fication of Akt2 and Akt3 ovedbaAB6H1l. A
showed faster covalent | abeling in Akt1l, cc
i n the NanoBRET assay. The results from t
additional eVvi deeallceec tfivre ibs smmfdo mmg by t hese
consi sittemttwe <cell ul ar NanoBRET findings,

sel ectfi vihteyeonew compounds.

Akt1wt Akt2wt Akt3wt
Mr: 55612 Mr: 55695 Mr: 55700
5 A 651
w — A 654 A 652
o2 e
g§2 =
+ h ]
00 55500 156000 56500 57000 555000 56000 56500 57000 56500
i |
| &
A 652 101552 o o A 662 A 660
) - | m—p T8
§8 3 =
= -~
57000 '.'7"!‘\‘: 56000 56500 5700C
. i ‘
1 i o I
' 1 @ I
- ' A=663 1a=652 20 A 675 | A=675
- @ —-— | m—p ¥ o 3 -
YE | =] i
= \ ] ; i
500 57000 55500 56000 56500 5700C 55500! 56000 56500 57000
| ©
- A =654 A=653 3A=647 o z | A =663
o2 - Y | m—p °8 n —)
o 0 1 ]
+ © ' =
£ ‘ |
i 360
) 57000 555001 56000 56500 S7C L

Mass (Da)

Figurkec2Zonvol uted masY SAfkamd r &k 6 Bl Akitilg treat ment wi
form) or of the newslel escytnitvitba siGeArleldseinsdouoi mg conditi ol
induced mass shifts corresponding to the addition o
monooval ent modification after 3h of incubation. The

céelular potency toward the respective Akt isofor m.
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To further validate isoform selectivity, We

1 cells, which overexpress Akt 2, all owing
Akt 2 phosphoryl a3 53c%n.a5n0an@ uafdswhi ch demons
potency and selectivity in the NanoBRET as
compounds induced-deapecnadrecnentdedrieoanse i n pho
(pAkt 2) l evel s. No substanti al c lsa nag e c lweaasr

reduction was observed at 50 nM. Treat ment
| oss of t he pAkt 2 signal, i ndicating robt
phosphoryl ation of Aktl remained | argely
comentrati eM)s. (Not@ably50caohpaclhnddemonstrat e
against Akt3 in the NanoBRET assay, did nof
except at concentraM.i omBeseexckEeddinggsé ar e
NanoBRET and MS data, further wiomy ifroni nAktt 2

protein |l evel. Altogether, -steHexd inve syl todf ¢
i nhi bitors at both biochemical and function
that colvealiemg d¢dan occur across all three Al
engagement transl ates into biological ef fi
coupling biochemical profiling with orthogc
i nhi bi tiovri tsyel eOwutr data support the utility
di ssecti ngpeicadficr msi gnaling pat hways and
devel opmentt aorfgetseod otrlmer api es t haAtk tavionihdi btihte
| nt enrgelsyt,i despite robust biochemical inhibi-
on cell viabli lcelyl si,ap woANGE eamttii ve effects
mi cromol ar concentrations. This | ikely refl

1 cehl 1 3K/ Akt signaling for survival rathe

this model was selected primarily for i ts
dependence. Consequentl vy, Akt 2 inhibition
cytwitomity in this context, underscorifng th

dependent models may be required to unlock

selective inhibition.
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4. 3S8lective Akt l nhi bi tor s Ex hD eriitv eRlo t

Organoi ds

While SAR studies using NanoBRET and CTG as
binding affinity and cytotoxic effects of s

S

mi
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mplified syst ems of t en fail t o recapit
cernovi ronment al cues t hat shape dd eurgi vreds j
ganoids preserve key aspects of cellul ar
gnaling context, providing a more physi ol

hi biaoy a&fdi £&leescptiitvei ttyhe central role of
ol ogy, selective Akt i nhi bition has not

dels. Motivated by our SAR findings and t
eval uated o-atftsltbesraidc cfokvtaliennhti bi t odd®erawreds
ganoids from prima?fy Weolionrietcitaalll ytciapnecreftrdsio |

periments using the reference compounds

2). 3 modi d4 loirngegas studied showedsow@&lsusd aof
er 100 OM), while all 1 i ne ssosahlouwesd bseetnwseietr
d 4 OM), indicating | imited potency and
va-aehbsteric Akt i nhi bitors displayed di
nes, l T kely reflecting intendence,diféed,|
gul ati on, and genetic background among t|
| ues oifc aAkltositnehri bi tors were over 5 OM, w

compoundsowsah awesd bleCow 5 OM (Figure S72).
om newly estabtiswedy steuatuoeships and
atures of-abbostcewviad eataffold, which toge
cupancy -tamedfm senfggparge ment . -gdmersa&t inobenxti nh
ereby overcome the response variability

' ivering robushtwaand ndhurbabdlieenpacross divert
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4. 3Sddructur al I nsights into | sofMkti Sel
Mut ant
To understand the origins of isoform select

we empl oyed an enudiameerceodh sAktulspeciaftirgi mgt A

(S205T, D262E, E267del, K268R, and N269D) .
of Akt2 allosteric site into the structura
structural analysis of the Akt2 binding env
successfully applied in other systemando s

provided a suitabl e fr asnpeewoirfki cf oirn tperraagitn go ni
I n Aktl, the spatial restriction not only |
but al so precludes t he formati on of stab
Superi mposi t-hbowmndfAKtigamaldel s wi th Akt-1 f ur

setti ve i nhi bitors woul d not be accommod :
rearrangement (Figure S81). This steric inc
eftiency observed by intact protein MS and

Within the binding site, the pyridine -core
"stacking interactions with Trp80, while th
cothacts with Leu2l1l0, Leu264, and 11 e290. Th
structured water molecules within the pock
Cys296, facilitating covalent bond formatic
to ekpli-spéormic differences in the wester
bi nding modes of #shd emddtvep actoanpto uAkdts2 wer e ¢
mutant construct. Crystal structures reveal
all osteric pocket, with substit uent-sp eoccicfuipcy
supocket depending on their size and oriert
i nhibitors with str-omngstAatRi aedi witl rnvipe eAk

insight into how their bulkier substituents
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A , Thrg1 B e
?‘, Leu202 Trp80 & 5 Leu202. - Trp8d
Val201 = ¥ gl PiERN D T, il
K,-Z?/ (\‘}\ 7‘&% Val201 \‘\/&'/ \:\\ G
Arg268 7
- K Cys296 Arg268 \ ;
Ao ¢ Cys296

5 $lie e
@ N
Y
o L4\ (6 T argars
Tyr263 \{ s rg
Tyr272

Tyr263 ¢
sy

Figurec€@8ystal structuresA) otombDIRBBL a®B)MWd rhpo7un d
with EG (PDB: 9 TAVBW) t hcGE@®pPPdDWBNd 9 TMV) DgndP DWBi:t BBJuUMW) (
compo3d(dPDB: 9 FIMYG o MDY PD B : 9GMZE o mDdE( PAD B : 9H)NO ) , (
compoB83AX®PDB: O9ITNE)mpdgowindhout EG (HDDRB:0o mpowh)dh EG ( PDB:
9TN1l) KAknd ompdd dB: 9TN4) . The amino acid | abels sh

shown i n -Kpafnoerl sc |Ca gl kFcfteyl .e cTthreon 2dFensi ty map is shown at
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The -caoogyst al structures obtained with select
that the compounds adopt a conformation wi
them for coval ent bond formation with Cysz
i sonf-soerl ecti ve substituents toward the regio

met hyl ene | inker between t kelcecarta vsec ssfufbosltd t
a crucial role in directing the substituent
di fferences among Akt i soforms are | ocated
series that demonstrated potent Akt 2 i nhi

hydrogen bond was observed between one of t
gro
pyridines that were crystallized also inter

up ®3, TyupRgporting binding affinity (Figu

these crystals wer-eobbhedebbetd andthkeapheserl
ethylyoel glEG), used as a cryoprotectant. |
cCryaootectant, it could also be observed in

i sofsoelmecti ve substituent adopted an altern.

wheE& is not present, |ikely due to rearran
the allosteric site. Figure 4L shows an oVeE
of t he sdeelteecrtmivniitnyg r egi on. Toget her, t hes

infl uence of-sitthe dnwidn agme nt on tkel ectente
substituents and their-r interactions with ne
orientations observed wi t h and without EG

optiiz,mti on of this compound series.
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Fi gur eCHluopsevi ews o f-s alhectiiswef orremsi dues highlighting t
and pyridine motifs within the allosteric pocket of
amino acids, and the condobssmaitti oast @.caPysadanl b gsrter huecadt ru
the Akt 1 muA) armrcto mpd &imPdD B(: I9BMTEomgdiwmid h EG ( PDB: 9T
compoR8&w t hCEGPDPB: 9TMV) DanBDRi t €EpP MWp Mpp4u RDB: 9 TMY) ,
(F) compdiimdB: )9,E)MZc o mpd6Gj Pd B : 9H)N Oc)o, mp 7 P d B : 91T N2) ,

compodbum t hout EG (PDE:onmpZobus)td,h (EG ( PDBK) 9ddNmplo/amd (
( PDB: I NLO)v.er(l ay of all-K¥ryseakastngcgueasef(Aargini
nearby residues.
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One notable structur al di fference that set
presence of Arg2638, where Aktl and Akt3 inr
respectivel y. I nterestingly, i n most of t h
muthd containispgect hecAlpo2ket, Arg268 does
interactions with tHReffomms batbysrogGempoond
nitrogen of Arg268 (Fig& md e4Bxtwhiwli & hc dmpga@
water netthweo rpkr eisnence of EG Q@HBing@ubrres t4e€€gd IPrytre
with Tyr263. In théidadasd hef poempanwcred of EG,
observed between the pyridine nitrogen and

43), whil e -piymr i #lifen aa miymdo ogen bond is obseryv

of

the ligand and the carbonyl group of t|

compo@®d t he presence of EG only affected

substituent on the pyrazole ring7( Ftihgeurree s4iG

was flipped (Figure 41, ddf) ,ofiea@andiagi 6o af m
pyridine within the pocket. For pyrazol es
compouwng@% anyd no hydrogen bond with Tyr 263
4 G, 4 H) , suggesting steric accommodati on o
compo@iddi spl ayed electron density consisten
cycl oppjurtgydol e moi ety, occupying substanti a
analogs. Where the electron densittlye parmrgninit
adopted multiple conformations, i ndicating
pocket, as further supported by the el evat
While Arg268 interacts with onbgceomenoé& th
still represents a promising element to tar
selectivity. Despite this flexibility- Ar g
selective residues either «ainr,edthley,guasidd elrt
the side chain, or its backbone (Figure 4I
medi ated network (Figure 4C). Targeting Arg
selectivity even further by th&tngsadbaena
corresponding region of Aktl1l and Akt 3. Al s
residues and their substitutions to adopt
environment, such as the presenocaeFoguaksdKg
41, 43, to form favorable interactions. Tak
selectivity arises not from direct i nter ac!
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spati al opportunity that only Akt2 present

specifically designed to exploit. Thi s hi
conformational or volumetric differences i
i soimosel ectivity, even in highly conserved

4.@onclusion

This study outdbiases stsaregyurfer -stehleecdasvie
covahbhehbsteric Akt i nhibitors. By exploit
di fferences within the allosteric pockets
cl eaAR t hat transl ate from molecul ar desi
NanoBRET and CTG profiling revealed distin
selective substitutions, with most compoun:
sparing Aktftheember et ringudbetiested, Ppyrazol
Akt 2 potency and selectivity over Akrndqgl avh e
preferentially targeted Akt 3. This demonst
tuned thrownhd swdfsftaltduent selection even i
structures. |l nsights from crystal structur e
the Akt2 allosteric pocket <clarified the st
a framewdruk t her opti mi zaitrieont edf instetracmi
compounds al so demonstdeartievde da cotrigvaintoyi d nmopdae |

Akt i soform expression, highlighting t-heir
speci fic eypieqadalnicigsd in more physiologically
compounds bound Akt 2 at nanomol ar l-evel s
overexpresdioel PANGhowed | imited sensitivit
only at micr omolTahri sc olnickeenltyr arte folnesct s t he 1| o
PANC <cells on Pl 3K/ Akt signaling rather th
mo d e | served pr tAkar2i lepx ppasesai anglsystem rat |

addicted context. slthetsla ttsianseodtgnsmes LAkge i nhi
may not be sufficient to achieve posteetntti mos

andnstead may be most effective in rational
consi stent wi temcel i rsiucehl aesx ptehre -Alptpr omhl bio
capivasertib in combination with fulvestra

bl ueprint for theldcdesigr Akti sofhobimmt or s an
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both as precision chemical bi ol ogy -btacscelds a

therapeutic approaches.
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4. Bupporting information

4. 6Edi torial Assistance
Languadgieti ng and Al tools were used to i mpl
readabil ity during the preparation of this

4. 6ARtHb mol ogy Model
The homol ogy model for Akt 3 wWHSDEG¢ e rmermeotl eody
model |l ing server #a&sgdchoywsaaanl AKttrludtudre (PD

4. 6C8ICUI tur e

HEK239 and PANC1 cell |l ines were cultured
suppl emented wi t h 10% fetal bovine ser
penicillin/streptomycin (Gibco). Cells were
5% @O Cells were split upon reaching appro

trypsinized for 5 min prior-EDDA p@Giskagad)n.g us

4. 6. el.l ViAabayVyity

Cel | Viability anal ysi s -Glaocs acsosnadyu c(t R7dsl nuesg an)
cells were plated oweldlayc®l i n¢ wl twhri- ®©@rep )38Btde
using a Multidrop reagent dispenser (Ther mc
o pmal | umi nescent signal intensity (400 cel
24 h in a humidified at nbke healel satwer7e AtCr/ &4
in serial dilutions ranging from 30 @Midlown
handl er (Beckman Coul ter GmbH) . Cel | viab
| umi nescence signal was recorded by an En
(PerkinEIl mer) with 500 ms integration ti me

positiveOcOMtsbau(8sporine) and negative co
was processed with the Quatparoansetfe rwalrceg iSati
As quality 4da@actool washeaZ@ul ated from 16 p
values. Ynitgsakssa -shAowongOa0zZb were used fo
experiment al points were measured in dupl i

three ti mes.
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4. 6. Led.l Characteri zamhhobiWsbrniggheNanoBRE"-
Tar gEentgage ment

For NanoBRET experi ments, cells were transi
| i baded transfection reagent together with
NanotAkda const fNantod u(lcA K tNV 2NdaInlo)L,u cAK(tNev1031) ,
NanoLuc) (Promega). The transfection mixturl
serum medium (Gi bco)®DAA defti nedofe8fedt and
mi nutes at r ccon ot eanhpleorwatcuoompl ex f or mati on.
combined with iaoncealdj ususepmplenso a density of
cell s/ mL. Foll owing transfection, t weel ¢el |
pl ates (GOeener wBilbb each well containing
approximately 5,000 oaoelalgenusidngpanMett(dhae

hours (day 1), cells were incubated with th
spanning 20 OM to 1.2 nM, together with 0.
After 3 h incubation, tbeeNanaGe ol wludrst ir mah
Promega) were prepared in OPTI MEM to gener a

mi xture was then dispensed onto the assay f

OL per well). Foll owi ng taidan,ti Man oBRETh es idge
recorded on the EnVisionemiaseoneadefi gsi at
for NanoBRET assays, collecting donor emi SSs
emi ssion in the ~600 nm rangwer e ondroma Inigz eadc

plate positiOMestanmrospbof83de) and negative c
and acceptor emissions used to calculate tfF
signal divided by the donor Tsrghalbs Wereimnlb
t o vethriecdteed controls to obtain fractional

val uesrebposease curves were generated by plo

agai nst i nhibitor concentrati epnar aamed edatla g
mo d e | in Origin (OriginLab) to derive pote
measured in duplicates for each plate and w

4. 6. Ned.t er "AnBIl 9 i s.
PANC cell s wereaeveseéepaechties @Gt a density of
0). On the following day (day 1), <cell s we

i nhi bitors or wi t h DMSO as vehicle control
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t wice wiotlld iIPB&S and | ysed by addition of 10
1% Tri-1®@h) Xsuppl emented with protease and

(Roche). Lysates were incubated on ice for
col Idecitnet 0o mi crocentrifuge tubes, and centr
material. The resulting supernatants were ¢
determined using a BCA protein assay. Equal

adjustledigf snL) wer e r-RS®H veendd bsyullSsDeSquent | y t
| mmob-FLo®PVDF membranes (MerckE MBSt éppdranst
Buf fer andE PowermPi Broeter system (Ther mo Fi
transfer, me mbr anes wer e2Owa shed f504mi ;T mind ONn
mM Tri s, 150 mM N&OI,, pH 5% )TJweennd t hen bl o
temperature using OdyssesyCEORBIL odeimg aBefsf awe
i ncubated overnight atdide sACdiwiut{lhe dpirtihma® B8 t
agitation. The next day, me mbr anes weTe wa.
and incubated with the appropri atlTe foec an dha
room temperature with gentdralagwdasahaesinwi tAH

membr anes were scanned using an Ody<ORKR)E CL

4. 6PAotein Expression, Purification and
Synthetic genes -48r0c od A8yl 2AKk(tAMK1(J2 @ad Akt 1 1
(S205T, D262E, E267del, K268R, and -tNe2rémiDna lw
hexahistidine tag foll owed by a TEV protea.
GeneArt (Regensburg, Ge rwnearney )s. u bTchl eo nceodn sitnrtuoc
expression vector ( Mer ck Millipore) using

Recombi nant bacul oviruses weSpeo dgoepnteerraat efdr uag
(Sf9) i nsect cells (Thermohet€i BaheMagrccemrmiipf
system (Merck Millipore). Protein expressi
grown in Erl enmeG ewi tfhH aasgkist aatti &7 (120 r pm) f
Cells were collected d,y necsewa sh & du gaantci eo nwi(t3h Ol
fl aasrhozen in | iquid nitrogen. Frozen <cell [
|l ysis buffer containing 50 mM % rglsy c e300 , mM
Trit-aB60X(pH 8. 0) suppl emartee dp rwibteles&n c BB K4
(Si gma) . Cel | di sruption was achieved wusin
was removesipdgd higmt ri fugation (40,000 I g
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The clarified | ysaN®BA wuwp earpfplloiwe da ftfoi na tNi c o
bound proteins were etonhedi nsnhggbahfemi da@o
NaCl, 500 mM imidazol e, 1 mM DTT, 109t ggl yc
TEV protease was added to the pooled elutio
at 4 AC against mMfTreirs,com@ amMiMagCl2,5 1 mM DT
(pH 8. 0). The cleaved proteixecd use rom gfclarptohpnaart
onn Superdex 75 column (GE HeMl HE®C&ESe) 26Q§u i

NacCl , 1 mM DTT, 10 % gttyecrent oslt o(rpaHy e7,. Jp)u.r i Hore
exchanged into storage buffer (25 mM Tri s,
pH 7.5)Supendea 75 10/300 GL column, concen
at 180 AC. For crystallization, puri fied
i ncubated with 3 eq. of every inhibitor on

at 20,0000x mgnfat 4AC before hangimgeldrop
crystallization plates (EasyXtiaganTd od g mpQi eax
reservoir solu8 i%nPE®nt5dN, ny.-35. M aMiivd pdle & .
solution (1:&k®. ®preSgedesbaabed from crystal
of i nhwksiitngr crystallization conditions con:
MMT buffer at pH 52.833.436863 400Mp/fouandystal s
cryoprotected wusigngycd0 %Heéohel dhey were f
nitrogarny. dXxffraction data were collected at
Facility ( ESRF, Grenobl e, France, pESO pos a
1580701169, DOI -1 5B VRV /TBHSRE 1BOb 1 /HEBS RF
99699669, DOI -ELSL.8VDBHEN/6HR2RF DOI B . 151
75525258, and6pldopd®Oal 1PMXSBA330E6R66 and
.15151EHSEBRB026699) The diffraction data
aled usimagm XBE€ApEogmThe crystal structure
pl acement with PHASER using PDB 7NH4. The
the asymmetric unit was pelFfooar nmeud tu spil neg
refinement 2WHENé Xpreyédeand the final s
ing Mol Probity and the PDB validation se
ing PyMOL

7 S S T =Y
- = D O O © ™

c © O O
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4. 6PBbot-MasnSpectroscopy
Akt1l, Akt 2,y pPek tp3r owielidn sol uti on was diluted
200 mM N®Clg,l yQer ol , pH 7. 3) to a final (
Subsequently, each sample was incubated wit
The mi xtruer eisncwebated at 4 AC for up to 24
Following incubation, the samples werge aman:t
4 AC to remove potenti al aggregates or pre
mass spectrogmat TheumonFi sher Scientific Ul

connected with a Thermo Fisher Scientific \

was i njected onto anRRdCantceBidge Dé gl 1t iemg
starting at 80 % iscolavceindt iAn (Watler¥ faomrdn 20 %
acid in acetonitrile) for 30 seconds, follc
to 90 % solvent B and an isocratic eluti ot

2 00 z was scanned andeaamw od autt @ d wearnda ana
XCALI BUR and MAGTRAN software to obtain th
protleigmnd compl exes. The analysis of t he

extraction of the mass | i st from MAGTRAN an

4. 6Cbhemi stry

All reagents and solvents were used as Tr1 ece
Activate Scientific, Al f a A eAd adrr,i ¢ B,L Dpohra r
manufacturer for the synthesis and used wit
purchaseanmhydrous reagents fr o-nanaddmme rhcuinald
sensitive reactions were performed in heat
argon atmosphere. Reactiloanyse rweaher anmoanti d gorr eeph
l iquid chromasogpaphyMdM®et rAndILYCti cal TLC wa
Mer ck 60 F250ackedni sniulm ca gel pl ates sand vi
254 and 366 nm). Compounds were purified b
silica-6g3e!10nf 4p0article size) wm fal &Bd o talgreo mas

using B¢chi Revel er 40 Sdg) i man iCtacyt a=d rdif\Basi)  1a2
280 WHmah@W NMR spectra were recorded on a Br
and 126 MHz), AV600 (6068 AMWZOGNEd7AG 1MWMHZzAnNG
'H chemical shifbppa)e asepor(tsachgilret), d (d
doublet), t (triplet), dt (doubl et of tripl
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(quartet), hept (heptet), m (multiplet) and
DMS@s (2. 5®@) spectra are referenced to-der esi d
(39.52).esdighi on el ectrospray I-FoTnM&)at we n e
recorded on a Ther moeddQuiOrdmtmaps (Hpgdhtr om
El ectron) coupled to an Accela HPLC system

e

( Ther mo )E.I eMdSCr (0cES) anal ysis was perfor med

system (1200 GedlkR&stHW Wuthed&dur Cl8 gravit)
Macherey Nagel coupled to an AGILENT G6160F#
Mass Spectrometer. Compounds were purified
|l sol era One Sil4i4d0a gQa retdrnibdygoadsv= (i Oand 254 n
All final compounds were purifiedStande NMRY
anal ysis.

4. 607rganoid Culture and Organoid Drug Tr
Resection sampl es from patients with col o
University Cancer Center Frankfurt (UCT). /
interdisciplinary Biobank and Database Fra
conseopim patients. The study received approv
of the UCT and the Ethical Committee at the
4/ 09 ; pr oj ectl @2n0u2nbb)e.r :dPeaBt@Geendd or ganoi ds wer
descr iPoMldD: ( 37489084) . Organoi ds wer e i nd
Luci f ePr2ais@RP | enti vi rus, as described by (
expression was selected byeg/xmlanpuroomy ami r.he
testing, organaitced werrzege mdt ssatly using St

A1110501, Ther mo Fi sheeam,Sciaent 54R2O0p%0,f iGFreen
in 15 OL of 70% Cultrex UltiMatrix Reduce:
Extract (TeMEB,NneBi cad05) BMEB@®@@led using a MANT
Di spenser (Fowmullaboiun)dmi pl @a6es (cat: 83. 3¢
duplicate plates. I n each well 100 OL of fu
were seal ed-Ewsyh mBmbathes $ficg#had dzBB8ADP59 On

the medium was changed to reduced medium c

10 mM HEPES, 11 GlutaMAX and 11 penicillin/
Scientific), using an automatic mwictiiemnltarsne
and the drugs were dispensed in triplicat
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(Tecanpoiimt 7di l uti ons: DMSO (control), O0.00O0
OM, 1.2 OM, 6 OM and 30 OM. The DMSO conce

ensuring it did not exceed 1% of the final
I ntalb, with repeated treatment after three
96ewel | pl ate were captured with a Cytation (
cel l viability was asoesEBX dL wecsii fnegr atshee AGNER
Pr omeg@agording to the manufactureros instru

with a SpectraMax i D3 Microplate Reader ( Mc
normali zed to DMSO contreodval Veabiwleirtey cau rcy
GraphPad Prism 10 following | o0gl1l0 transfor

([ I'nhibitor] vs.-vnaorrinaablliez esd orpees)p.on s e

4. 6D&8tAm ai l ability
The obtained structures of Aktl in compl e
i nhi bitors have been deposited-liDn StThMI5 Hroort ¢
PDB D 9TMU7 fBeDB 9TMV and23TRWBf ® T M¥4PfDdr D
9TMZ 3f50rP-DB 9 TN06 fRDB 9TNR7 fRDB 9TN3 and 9TN
40 P-DB 9TM47 .for

4. 6RO&suadmnd Discussion

4. 6. Bylnt hetic Procedures and Compound
Gener al pro@deduwryd i & -cSouuzpulkiin gc rroesasct i on
I n a microwave vessel under argon at mospheri
the bpymodine (1.2 eq.) weredidosa@é@d:dl) .n B
reaction mixture was degasse@POi(0c2. 0L 0Oe gmi)n ue
Pd(dpp(fo).ClI eq.) were added sequentially. T
mi crowave irradiation at 100 AC for 1 hour
over Celite and extracted with DCM. The cor

saturatedl WNBiCbn,s dr$S@d aomvder coNac entrat ed u i

pressure. The pure product was obtained af!
4% MeOH/ DCM 3f+. 1% NH

Gener al prrocgdhurhesBs of final-cpupduoagsreina:
I n a microwave vessel under -dergormatatvrmo {dh @r

compo@@dl. 1 or 1.2 eq.) wer e ddiisosxoab@vee(db :iln . e
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The reaction mixture was degasG@®d2.fldred.0) ne
Pd(RBRHEO. 1 eq.) were added sequentially. T

mi crowave Iirradiation at 130 AC for 2 hour
mi xture was filtered over Celite and extr
fractions wer esawas lae & d wiNtalC | sol t$S@amgd dr
concentrated i n vacuo. The pur e product W

chromatogr@P hMe Q6/ DCM3)+ flo% IbHved by a rever s
chromat ogRbdph Wc@NGHH 1% TFA) .

Synt hes4i & | @fnoS-1r(opi p e-4-y ld),-Bi hy-A Hbenzo[ d]-i mi da
2one (12)
- HNO4
NO,

HN
DL
N

L

0]

Compouid3. 0 g, 11.9 mmol , 1.0 eqXxylwase saunsd
heated €p dthe®@Q concentrated nitric acid (3

dropwi se and the reaction mixture was heat

reaction mi xtur e wa s filtered under vacuul
washed with MelOH,t iytiledl@esimpyaculeldow sol i d (3. :
mmol , 95 %) .

I1H NMR6OO MHz-dg)DMSO14, 7BHY, J=81.0571,( dl;8) 308 ( 39
1H), 8.06 (s, 1H),J=7223, (4, 111H)2).8.324H9t ( B,.
J=11.3, 2HYs111..79,2C2(MMR151 MHz,U0 DMSDJ3. 80, 14
133. 06, 128. 13, 119. 33, 110. 6lOGMS1 qQ&.8d 7 ,: 4
calcul ated¢t f20r7 .[OM+H]f ound: 297. 0.

74



Synt hettiebut yI&4h | e6mao t-2Zroox @ ,-Bi hy-l Ho
benzo[ d] irlayil d gz pleliciad by | at e (13)

LA
) &

N
e,

Compoum®d2. 6 g, 7.2 mmol , 1.0 eq.) was disso
the addition of triethylamine (3 F@q¢(1.8 mL,
8.0 mmol, 1.1 eq.) was prepared as a sol uti
the stirred reaction mixture. The reaction
for 16 hours. Upon compl eti on, waterusas a
phase was extracted with DCM. The combined

NaHGO dri ed2S@QyVvefri INeered, and concentrated u
crude product was purified by 20 Me®OHg®&®ICMc
containigg %fMHdIing the 3asesa redl| [cowmpoailnidd
mmol , 92 %) .

'H NMR6OO MHz;dg) DMSO14, 66HY, 8.03 (s, 1H), 7.
J=12.2, 4.0, 1H), 4.08 (&,122H1),, 42 .48 6=2(Hy.,,0 ,21H
2H), 1. 42T (BNMR19HL) .MHz ,U0 DMS©53. 89, 153. 83, 1
128.48, 118.80, 110.20, ULU@GvsS. QFEB/Ida&l 861 abed?7
[ M+Blo¢] 297.07; found: 297. 1

Synthesi Huo fy(la sér 2o x@Q ,-8i hy-d Hoenzo[ d] ikImi daz ol
yl)pipedrciadibmeay | ate (14)

NG S
pes

2

Compoudrd2. 0 g, 5.0 mmol , 1.0 eq.) was disso
by the addition of 5% Pd/ C (0.1 g, moistene
g, 50.4 mmol, 10 eq.). The reaction mixture
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compl etion, the mixture was filtered over C
reduced pressure. The crude residue was di s

bi carbonate solutionSQAfftilt rdartyiionng aonvde r e vi\a

solvents, the crude material was pur#4fi ed I
Me OH/ DCM contas) ni agf b%dNHg t hd st iat Ipead ec ppmmd
(1.43 g, 4.3 mmol, 86%).

'H NMR500 MHz;ds) DMS019, 31HY), J=68..624, (1ldH)J=168 48
1H), 6.J28. 2dd1.9, 1H), 4=53B. 2,s,32H3,DHA) b4 (
2H), 2.84 (s,J=2H)6, 2414, (3H).,4,1.265) ,(HdL. 43 (
NMR 126 MHz,0 DMSI®)3.91, 153.83, 143.12, 129.
95.59, 78.83, 49.62, 28.11.

LCGMS ( EM/l@al cul at edfi f®855] M9 Naffound: 355. 1

Synthesi Huo fy(l@ e&r vyl a2oixd@,-Bi hy-l Hoenzo[ d] i-mi daz
1yl ) pi pelrciadibomay |l ate (15)

NS
Q,

\
\/(NH
O)\NH

Compoudmddl.5 g, 4.5 mmol , 1.0 eq.) was disso
by the addition of DIPEA (1.6 mL, 9.0 mmol ,
mi nutes at O AC under an argon atmosphere.
5.0 mmoelg,. )1.iln 5 mL of THF was then added d
Stirring was continued overnight at room t ¢

was quenched with a satfrurBhe dacgwdaud olnaydr N

with DCM, nabnidnetdheorcgpani c | ayers were washed
and driedSvaftda filtration and evaporati
silica gel col uma % Hvre OrHld tDCgMr a mmyts)a( &fi fngr déod |

desiredlparsodaucwhi te solid (1.37 g, 3.54 mmo
I1H NMRAOO MHz d)DMSO19€, 81H)Y, 10.05 Jeg&, 41HLH)
7.18 J&d4, 1.7, JeHB)3, 619 JX166 .49, (1dod.,1, 1H),
J=16.9, 2.1, JtHD, 05.221(daH)2. 34,. 28. 4,d d4d.,0,
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J=11. 3, 2H), 2. 88J=(12, 62H®4, 32.J2H) (2 d, ZH) ,( dl.
9H}¥ NMRLO1 MHz,0 DMSI®2.75, 153.96, 153.89,
126. 33, 124. 49, 112. 33, 108. 7TUGMS1 QER®RY 2, 7 ¢
calcul ateBo®&bpr28[7M+HH ; found: 287. 1.

Synt hes # s xo8( pN p e-4-y IR)i,-8Bi hy-tl Hoenz o[ d] i-k5mi daz ol
yl)acryl amide (16)
* CF3CHOOH

\{

N/Q

O)\NH

Compoumdl. 6 g, 4.1 mmol

and TFA (5 mL), and the reaction was stir

, 1.0 eq.) was disso

Afterwards, the solvents and excess TFA wer
the resultingsusepedd®d wWwa® ML) and subsequen
The titl edo6gaoasnmpowhtnali ned as a white salt (1.
'H NMR600 MHz;d) DMSO19€, 88HY), 10. 118 (&3 (1rH,) , 2 H
8. 54J)=(/d5, 1H), 7.84J=8s,3,1H).,6,7J2081L) 3(,d6dl,BIb , ( €
(dd=17.0, 10. 2, J=11H7).,0,6 .12.49 ,( ddHD , 1 5. T49(ddH) ,
J=12.3, 4.0, 1H), 3=1424. 8(,s,1 22 Hi),,J=2B8)1, 2, 2(.45,60 , (
1.88)>-=@1e@, 2 CT2NMRL51 MHz ,i DMS®)2. 85, 158.42, 1
157.80, 153. 95, 132. 38, 131. 94, 128.99, 172
47 .51, 43 LEMS RbBf/eda.l cul at e¢t f28r7 . [IM+H]f ound:
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Synt hes# s xo8( ANL 4, 4t, &t, rbamke,t3dydox abe2x o0l an
yl)benzyl ¥Ap i, adi ihdyidrdoe nz o[ d] i-bryil daazcaly | ami de |
0O

NA
NH
N

peadhoss

A0

Compoudu®dr. 0 g, 2.49 mmol, 1.0 eq.) was diss
the addi@G@&0Oh. 3 &, 12. 46 mmoll
temperature for 30brmd mametshy IT)hpemen y14) bor oni
(739.97 mg, 2.49 mmol, 1.0 eq.) was added,

h . Upon caomel eteiaenj on was quenched wigh a s

, 5 eq. ), and

and the aqueous phase was extracted with DC(
dried oSvGedtaed, and concentrated under r e
silica gel col uma % HMMedrhd tDCAMr ammys)a &afi fngr d &« N
desired cloimpoai+ykkildmtw sol i d.

'H NMR6OO MHz;dg)DMSO19, 728HY, 10.08 J8&,01HLH)
7.66J=@d0, 2H)Jx870372KHYJ)=87.426 1(.d8d,,J2&8)4, 6191
6. 42J{da.,9, 10.1,J=11H).,0,6.220,(HH).,15.230,(ddH
(tJ+12.5, 4.2, 1H), JB1554(s2HPH)2.2198qg8d, 2H
(U9510.8, 2H), 'E ANMR(51 MNRHY.DMS®)?2.79, 154.0
134. 42, 132.64, 132.04, 129. 02, 128. 41, 12
83. 56, 61. 95, 52. 66LCWMO. (1R8N 3228 cud at 24 G.r
503.28; found: 503. 2.

Synthesis -mfome&ehybrbdnicotinate (19)

N -Cl
VOMBr
o}
Compoum®d4. 0 g, 16.9 mmol , 1.0 eq.) was di ss
the addieGGO,M. & K, 38.9 mmol, 2.5 eq.) and
1.2 eq. ) . The reacti on mi xture was stirre
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compl eti on, the solvent was removed under

residue was dissolved in DCM and extractec
combined organic | ayenr$Q, wefriel t dr edd andr c
Purification by silica @36él E¢t®OAecehPEFhyomdtde

compoblb®ads a white solid (3.6 g, 13.6 mmol ,
'H NMR4AOO MHz;d) DMSO&.J82. 0, 1H)J=281581dHYd, 4.
J=7.1, 2H)JE71134BBHYMR1I01 MHz, U DMSOP2.85, 1°¢
148. 71, 142.84, 126. 3LMS11 &ns/Tpa;l cbull.a8t2e ¢ 1f30.r9
265.50; found: 265. 9.

Synt hes tbsr oorbec l{ I50 r o p3tyrli )dment han ol (20)

N\ Cl

HO\/E):Br
Compoumd4. 2 g, 15.9 mmol , 1.0 eq.) was di s
DI BAL (48 mL, 48.0 mmol, 3.0 eq.) was added
was then stirred at room temperature¢féor 2
tartrate) was carefully added, and t he m
temperatur e. The organic | ayer was separat
solution. The combined organix2Q, f rfaclttieornesd,
concentrated under reduced pressur e. Pui

chromat og#&p he OH4 DCM cont &) niafnd orlde dNHt he
compoRéds a white solid (1.96 g, 8.8 mmol , !
'H NMR700 MHz;ds)DMSO&.J38. 0, 1H)J=283141Hyd, 5.
J=5.7, 1H)J)=54754QHYNMRL76 MHz,U DMSO®7. 40, 1¢
140. 93, 139. 40LCMSL §.EasPlggaabeullatedd 2B .[4AM+HIf o
223.9.
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Nt hestcshlodpd(edny | p-§-yli dmet hanol (21)

N.__Cl
|\
HO =
mpowrm®dl. 3 g, 5.8 mmol, 1.0 eq.) and pheny

.1 eq.) were dissoldvedk ainre anmi wtauree f5: 1)

mosphere. The mixture was deggRPR®éed. 48r gl

7 mmol , 2. Disqd) paeday| phdosphino)ferrocert
27.2 mg, 0.6 mmol , 0.1 eq.) were added =
irred at 65 AC. Upon completion ofetheer
d e xtwiacht edCM. The combined organic | ayer
Cl solutionsQdrfiieldt eved, Nand concentrated
 umn c¢chr oma&ét¥%o gheaOHW YD C(MA contspi gi egdéeo NHRe
odaulas a white solid (902 mg, 4.1 mmol, 70

NMRE OO MHz d) DMSO&., 37 H), 7.77 {=s8,. 8,H)6,. 57,. 4

.59 (& NMRL26 MHz,i DMSIGh6.80, 146.61, 138.

5. 53, 129. 15, 128.CHM3, (E@BraDculbdt. gd. for
0. 05; f ound: 220. 0.

Nt hes4 $romomeichy lepdieny | pyridine (22)

N.__ClI
|\
Br =
a solutio@ 2090 Oc omgp,0 u4n.dl 0 mmo | , 1-dOoeqgn ¢
0O mL), phosphorus tribromide (1.2 mL, 12
der an ice bath, and the reaction was st.i
mpl etion, water mvasuvuaededs emndrtlcéed with

ase was was hed wi t h a saturatsSd@, Nagt S
ncentrated under reduce@ p97e5s smugr,e .3 .T5h emnpou
s obtainedianhtby pulri tacgel c 8% ren OAlcr/ dPriag

a white solid.
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'H NMREOO MHz- d)DMSO&.J53. 4, 1H)J:274971rd,277. 6
(m, 5H), 4T7TNMRE512MHz . 0 DMIIA)8. 83, 147.90, 1
136. 05, 134.19, 129. 151 CM* 8( BE@/ ¥ all2c8u l4art, e d2 ¢
[ M+¢H] 283.57; found: 284.0.

Synt hesiél ebf( ¢Bet hRlyHpy r a4yl ) meB-phenhyl pyridine
(23a)

4-( 4, 4T ét, rba mile,t 3d,y2do x a b-8-y BJmaen HyHb y r a z(o3l 76 mg , 0. !
mmol , 1.0 eq.) was nrR€acld emdg ,wi@.h2 Ic omp@(u/n5dl . 2
mg, mmol, 2.0 eg()Y3amd, PoitndppfDPCLL eq.20 i n

using general procedur e 2A3,asyiae lwhiing tshod itdi t(
mmol , 62 %) .

IH NMR500 MHz;d) DMSO&.J32. 8, 1H)J=271761dd, 7.
J=2.3, 14).,427 (52 6MR, 16. AH)(d5.34 t8,NER) ,
(126 MHz, uDMSQ@@47. 94, 147.73, 147.51, 139.
131.16, 129.12, 128. 46MS10 &ns/PdBa;l c5u0l.a8t8e,¢d 1f30.r3
284.09; found: 284. 1.

Synt hesi &l ek d2d,i Sme tlhHp y r a-4ywll ) meB-phenpy !l pyri di
(23b)

3,-bi me-d-b ¢ | 4t &t r5a rhe t3th2d x a b-@-y Hl)Hanr azol e (39 mc

mmo | 1.0 eq.) was nr2¢lac emg ,wi @ .h2 Ic omsip@(u7n5dl . O
mg , 0.35 mmol , 2. 02(elg3 )mgan dO .POd2( drprpdl),Cl1 0. 1
di oxae/usiing gener al procedur e 28,asy iae |wdhiintge
solid (35 mg, 0.12 mmol , 6 6 %) .
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'H NMREOO MHz- d)DMSO&.J22. 4, 1H)Js274601rd,467. 5
(m, 2H}Y7. &1 46m, 3H), 3.84'Y sNMRRB)L, MBIz L9 DMS O
= 148. 13, 146. 08, 142.18, 139.81, 136. 98,

113.69, 24L0aGMS, (IE®/1Q8al cul ated¢t f20r8 . [IN+H]f ound:

Synt hesi & | ek ¢€lt hiyHpy r a-4yll ) meB-pgénhyl pyridine

l-et WY 14, 4t &t r5a riie t3thi2d x a b-@-y Hl)Hapr az ol e (39 mg .

mmol , 1.0 eq.) was rR€acld emdg ,wi@.h2 Ic omp@(u/n5dl . 2
mg , 0.35 mmol , 2. 02(elg3 )mgan dO .POd2( drprpdl),Cl1 0. 1
di oxa®@WelsHng general procedur € 3Am,s i evlhditreg s
(39 mg, O0.13 mmol , 74%).

I1H NMRAOO MHz;d)DMSO&.J32. 4, 1H)J=274701dy, 7.
1H), 7.47 (m, 5H), J=77..323 (2sH) ,1HB).,8 44 7(0s2,, (268H),
1€ NMR1O1 MHz , U0 DMSO%8. 26, 145. 90, 140. 11,
135. 69, 129. 20, 128. 36, 128. 27, LCM3. 8ESI 11
m/eal cul ated¢t f20r8.[1MtH]f ound: 298. 1.

Synt hesiél adipdize _Sy(I( 15t 3 i IneltHpyIr a4 o0 |
yl)methyl)pyridine (23d)

1, 3t,r5 md-{ Ay it &t, r5a vhe t3th 20 x a b@-y Bl)Hanpr az ol e (50

0.21 mmol, 1.0 eq.) wa&d ¥2 amg,e d0.wa i hrmPo@Imp olu.
(90 mg, 0.42 mmol, 2(D5eHy.mgan@. 2 (dmpelf,) CO.
di oxafe/usiing gener al procedur e 28,a& sy iae | wdhiintge
solid (47 mg, 0.15 mmol, 71%) .

IH NMREOO MHzd)DMSO8.)24. 4, 1H)s274541%7d,467. 5
(m, 2HY7. &0 46m, 3H), 3.78 (s, 2H), 3.'®&5 (s,
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NMR 151 MHz,0 DMSIO)8. 03, 145.87, 143.80, 139.
135.65, 129.17, 128.42, 128. 31L CGMSL 3(.E38%1,2 :35.
calcul ated¢t f3dr2.[1M+H]f ound: 312. 1.

Synt hes+i & | ek ¢t hlymhet RlyHpy r a4yl ) me-B-hy | )
phenyl pyridine (23e)

3-et Rlymet By 14, 4t &t r5a rhe t3th 26 x a b-@-y Bl)HApr azol e (50

0.21 mmol, 1.0 eq.) w&sl #2 amg.,e d0 .wd g hmRPo@Imp olu.
(90 mg, 0.42 mmol, 2(D5eHy.mg.an@. 2 (dmpelf, CO.
di oxa®@WelsHng general procedur € 3F,s i avhditreg s
(45 mg, O0.14 mmol, 68 %) .

IH NMR6OO MHz d)lDMSO&.J28. 4, 1H)s274641%7d,457. 5
(m, 2H)-7.Z247¢m, 3H), 7.40 (s, 1H), B7718&, (s
2H), 1J=007 6( t¥WBHYMR151 MHz,u DMSD50. 40, 148. 2

140.03, 137.06, 136.94, 135.66, 130.17, 129
19.09, LCAMS 60EM/IQal cul at ed f3dr2.[lM+H]f ound: 31

Synt he &4 ¢bhleorf zlydb y r a-4yll ) meR-0 gl @Bpdheny |l pyri dine
(23f)

1-ben&y U, 4t &t r5a vhe t3th 26 x a b-@-y bl)HaAnr az ol e (50 mg

mmo | 1.0 eq.) was r2¢lacd emdg ,wi @ .h2 Ic omp@(u7n5dl . 2
mg , 0.35 mmol , 2. 02(elg3 )mga,n dO .POd2( drprpdl),Cl1 0. 1
di oxa®@elisHng general procedur 3s wi whditmegs
(47 mg, 0.13 mmol, 74%).
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IH NMR7TOO MHz-d)DMSO8.J82. 4, 1H)z276692%7d,477. 5
(m, 2HY7. &3 46m, 3H), 7J3B.3,5,2HHI873I286( @},

7.18)=¢dl, 2H), 5.25 (&, NRR)7,6 3VH&Z5U (DsMSLQR)SI) 2 2
145.91, 140.11, 138.67, 137.72, 137.11, 13
128.36, 128.26, 127.50, LEWS 4ES/I®RY cU4d at®4l.

[ M+¢H] 360.12; found: 360. 1.

Synt heicé!l adipd e _Sy(I(-(2t r i f 1 uo- élpnyert ehdyd |)
yl )methyl )pyridine (23g)

4-( 4, 4t, &t ha e tIhRd x ab-@y H)dami fl udrHoyea hg( 30

mg, 0.19 mmol , 1.0 eq.) M 865remgct 8d2®&i mmot ¢
KsPQ( 81 mg, O0.38 mmol, 2(Q4eqg) aGn@2Pdmdppf
mL 1,4 diMxuwsnieng Hgener al procedure23gsymnael d
white solid (39 mg, 0.12 mmol, 61%).

IH NMRAOO MHz d)DMSO&.J87. 4, 1H), 8.36 (s, 1H)
(dd=2. 4, 1HY,4T7 .66, 5H),,T3INMRLAL, MRAH,)U DMSO)
148. 39, 146. 36, 144. 58, 140. 31, 136. 97, 1 3
128.14, 122'¥85NMR2B7 4KHz, U0 DMSODLEMS ( ES/N I :
calcul ated¢t f38Br8.[0+H]f ound: 338. 1.

Synt hes4i ¢ poyfr a&-yll ) meR-ohl Wpdheny |l pyridine (23]
N._Cl
N

N, _

7\
N
H

3-( 4, 4t, &t, rba rhe t3th 26 x a b-B8-y Hl)Hanr azol e (35 mg, 0.1
eqg.) was reacted wilt mgco@pe@e@nashh@®@( 77 1m@g, eq. )
mmol , 2.0 eq. )(aB8dm@d(08ppL) @Mol , 0.1 20q. ) i
using gener al procedur e 2A3,Asyiae lwhiintge tshod itdi t(
mmo | 61 %) .
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H NMR5S0OO0O MHz;d)DMSO0&.J32. ¢4, 1H)J3=273911dy, 7.
J2.3, 1H).,477.05mM, -3H¥2 Tm473HP, 16. 28) (t ph. 45
1€ NMR126 MHz,U DMSO%¥7. 71, 147. 56, 139. 59,
133.21, 130. 49, 129. 11 LCM8( B ¥ allOdu 17a6t, e d5 ]
[ M+¢d1] 270. 07; found: 270. 1.

Synt hesiél ebf( ¢let RlyHpy r a-Zywll ) meB-phgenhyl pyri dine
(23i)

/)

N
N
/

lI-met by 4, 4t &t r5a e t3dh) 20 x a b@-y Hl)Hanr az ol e (44 mg
mmol, 1.0 eq.) was r2eat2emgwi O h2POQHPOR majq . )
0.43 mmol, 2.0 exq.lp awd PBAdO&ppmmoCIl, 0.1 eq.)
HO using gener al procedur e238,s i evhditreg stoH &
0.124 mmol, 65%).

IH NMR7T0O0 MHz- de)iDMSO8.J83. 4, 1H)=274711¥rd,417. 6.
(m, 5H),J=71.80 (@Q#H))=168031HH, 4.12 (&, NMR) ,
(176 MHz, UDMSQ¥8. 43, 146. 53, 140. 36, 140.
133.92, 129. 17, 128. 39, 112GMS3 F  EBA Q&1 84| aBé«
for PM+284. 09; found: 284. 1.

Synt hes+i & | ek d24d,i3me tlhHp y r a7yl ) meB-phehyl pyri di
(23])

(1-d8 me-tl Mpyyr abzyadl) bor oni c acid (25 mg, 0.18 m
with c¢o@poudn dmg, 0.21 mRA@I(,751 m3,ed. )35 HkKimol
and Pd(dpBf  mgl, 0.02 mmol, 0.1 ®Oqupiing ZYemk
procedure A, yiel R2€i3gg ahwhttel edl pdof@d8dt mg,
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'H NMRTOO MHz- d)DMSO&.J33. 4, 1H)Js274,701rd,427. 5"
( m, 5H) , 5.81 (s, 1H) , 4. 06 (& ,NMR1)7,6 MH&?
DMSO) = 148.45, 146.53, 145.61, 141.04, 140
128.40, 128.36, 104. 28MS 3GCEIR,alztul @G e¢ql 3 .00 8
298.10; found: 298. 1.

Synt hesi & | ek ¢€lt hiyHpy r a-Zyll ) meB-pgénhyl pyridine

N C!

/

Nl

o
l-et WY 14, 4t &t r5a riie t3th2d Xx a b-@-y Hl)Hapr az ol e (39 mg .
mmol , 1.0 eqgq.) was r2e2a6€® emg wi ® h2 c msReld v rbd. 2
mg , 0.35 mmol , 2. 02(elg3 )mgan dO .POd2( drprpdl),Cl1 0. 1
di oxax@welUsHng general procedur & 3&,s yi avlhditreg s
(29 mg, O0.10 mmol, 55%).

IH NMR7T0O0 MHz- de)iDMSO8.J82. 4, 1H)=274711¥d,477. 5.
(m, 2H)Y7. &3 4(Tm, 3HN, 87. AH)Ed 68011, 4.13 (
(7.2, 2H)57.12 2'Z3HHNtMR1 76 MHz ,0 DMS1D)8. 45, 1 ¢
140. 35, 139. 43, 137.81, 136.87, 135. 84, 13
43.26, 26L&EMS @QBB/Ma.l cul at e¢t f20r8 . [INM+t H]f ound:

Synt hesi &l ek ¢2ls o p r-dDigpyylr a-ZFywll ) meB-phéepny !l pyri dir
(231)

1-i soprrqpy l4t &t r5a rhe t3dh 20 x ab-@-y Bl)Hapr azol e (38 mg

mmo | 1.0 eq.) was r2¢dlaxi emg ,wi @ .hl & omp@(uenodl . 2
mg , 0.32 mmol , 2. 02(elg2. )mga,n dO .POd2( drprpd I),Cl1 0. 1
di oxa®@elisHng general procedure3ds wi eehditegs
(31 mg, 0.10 mmol , 61%) .
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H NMREOO MHz- d)DMSO&.J833. 4, 1H)J179691¥rd,427. 51
(m, 5H),J=71.86 (@(#H)I1680p01HH, I=46..85 @AMHept 4. 15
1.28J=6d5,! % HNMRL51 MHz,0 DMSIO)8. 42, 146.46, 1
137.71, 136.88, 135.81, 134.23, 129.11, 128
LGMS ( E/lI@dal cul at et f3dr2.[I1+H]f ound: 312. 2.

Synt hes4i &l adipdize nSy(I(-plr o plyHp y r a-Zyll ) met hy !l ) pyri di

(23 m)
N.__CI

N@\/%
/)

l-pr o-p-y #, 4t &t, r5a vhe t3th 26 x a b-8-y bl)HApr az ol e (44 mg

mmol , 1.0 eq.) was nrR€acd emdg ,wi@.h2 T omp@G(u/n9dl . 2
mg , 0.37 mmol , 2. 02(elgd. )mga,n dO .POd2( drprpd ) ,Cl1 0. 1
di oxafel/lusiing gener al procedur e 2R msyia lwvdhintge
solid (35 mg, O0.11 mmol, 60%).

'H NMREOO MHzd)DMSOR.J32. 4, 1H)Js2747214d,467. 5
(m, 2HY7. &2 4(/m, 3H), 87. 3AH)IEdAd68021KKd, 4.13 (
(Us57.2, 2H)s713662KM,7.04,7WHYMRL51 MHz ,i DMSO)
148. 45, 146. 48, 140. 37, 139. 85, 137.82, 13
128. 36, 105.19, 49. 73GMS2q.E8B8AgQgakB8ullatedgOf 81 .
312.12; found: 312. 2.

Synt hesicél ef(d@lycl oduH yt azywll) meB-phehyl pyridi
(23n)

l-cycl oBb(ud ,y4t &t rSa rhe t3th2d x a b-@-y Hl)Hanr azol e (44 mc
mmol , 1.0 eq.) was nrR€acld emdg ,wi@.h2 Ic omp@(u/n5dl . 2

mg , 0.35 mmol , 2. 02(elg3. )mgan dO .POd2( drprpdl),Cl1 0. 1
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di oxafel/usiing gener al procedur e 28,asy iae |wdhiintge
solid (27 mg, 0.08 mmol , 47 %) .

I1H NMRS 0O MHz-d)DMSO&.J8D. 4, 1H)-274641¥d,407. 5:
(m, 5H),J=1T.20 (H)I167051KY5842861Kp, 4.12 (
-2.41 (m, 2B7. 6, 127. A, mJ2Hp, 81. B4 8T mMRMRBL262H) .
MHz , DMSG) 148. 34, 146. 45, 140. 16, 139. 28,
129. 10, 128. 44, 128. 38, 105. 3EMS 5LE&BY: 29
calcul ated¢t f3®r4.[1M+H]f ound: 324. 1.

Synt hes4 ¢coholfebrpdreny | p-$yli dmet hy F2)opy r(i2d8ion
HO_N N -C!

X =

5-( 4, 4t, &t, rba rhe t3th 26 x ab-@y b ) peoildi(@d7 mg, 0,21 mm
was reacted WX hA2cmgpo@n2al mPMQI 90 1m@, e®..492
2.0 eq.) amrmrdliedmdppd)CRl mmol, 0.1 ©qupkiing :
general procedure A, Z%3e&d da nwhitthee gdltilde d( I
33 %) .

'H NMRS0OO MHzds)DMSO&.J42. 4, 1H) J=67..892 2(.dld,, 1H)
(dd=2.4, 1H).,477.5mM, -ZHB1 [(m4s7-6HBF 6m571H), 6
J6.7, 1.5, 1HY, NMRUIB6 (MHz ,AH)EMSIG)1. 42, 148.2
140. 45, 140. 00, 139. 06, 136. 73, 135. 85, 1 G
48. £L8VMS ( Ed/l@al cul at e¢t f20r7 . [OM+tH]f ound: 297. 1

Synthesi«cél|l e(dg@®et hy!l p-§yli)dmeB-pgéenhyl pyridine (
N Ny C!

2-met by 4, 4t &t r5a vhe t3th 26 x ab@By b) ppri dine (42 mg,
1.0 eqg.) was reac2t26885wmgh O0ompomP@I 821 mg, e
0.39 mmol, 2.0 eqd.l1l¥4 awmwyd BdORppmpmmoCIl, 0.1 eq.)
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H2O using general procedur e 3As ya ewhdiitneg stohlei
0.12 mmol, 63%).

'H NMR60OO0O MHz;d) DMSO&.J42. 8, 1H)J=28437 1dHYd, 7.
J=2.4, 1H) J=87..059 2(.4d7 .14H6) ,( nV,. 429H% 2 {[Tm453H) ,
J=7.9, 1H), 4.01 (€, NHR)51 2MH4&zL U (DSMSL®)H) 93, 1 ¢
148. 44, 146. 28, 140. 34, 136. 92, 136. 53, 13
128.31, 122.98, 33.67, 23.58.

LCGMS ( E/l@al cul at e¢t f20r5. [0+t H]f ound: 295. 1.

Synthesicél ebf(¢Ret hy!| p-§yliXdmeB-phehyl pyridine (
N Ny Cl

N Z

2-met By 4, 4t &t r5a vhe t3th 26 x abBy b) ppri dine (42 mg,
1.0 eq.) was reac2t26885wmgh O0ompomP@I 821 mg, e
0.39 mmol, 2.0 exql1y awmwyd PBAdO&ppmpmoCIl, 0.1 eq.)
HO using general procedur e 34 s ya ewhdiitneg stohlei
0.19 mmol, 98%).

'H NMREOO MHzd)DMSO&.d324 .(8, 1.5, J24H)3, 818pP, (1
(dd=2. 4, 1H)J=77.757 1(.d7d,7 .14H6) ,( n¥,. 4I9H¥ 0 [Tm4A 72 H) ,
(da=7.6, 4.8, 1H), 4.b68 NMRISLHMHz20 OMIAGH6 . L&
148. 57, 147.06, 146. 33, 140. 38, 136. 99, 13
128.39, 128.34, 1RGMS6 I(,EnsBl@a:BOul are@50R2®K5.[0M@+
found: 295. 1.

Synthes«cé| eo(det hy !l p-§ylidmeB-pgéenyl pyridine (
N._Cl

N
z
A =

4-met ¥BY 14, 4t &t r5a vhe tIh 20 x ab-By b)) ppri dine (42 mg,
1.0 eq.) was reac2t22f85wmgh O0ompomP@( 821 m3, e

0.39 mmol, 2.0 exql1y awyd PBRBAdO&ppmoCIl, 0.1 eq.)
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H2O using gener al procedur e2 3a,s vyai eMhditreg stolha
0.10 mmol , 98%).

'H NMR600 MHz ;d) DMSO&., 431 H(), J84.38, (dH)J=28429
1H), 7384 4(,d,1H)., 467 .(4mM, -ZHX1 {[Tm463H)4, 97. 2AH)
4.09 (s, 2H)!T 2NMRL5(01s MHZHY .DMSD50. 12, 148. 4
146. 27, 145. 46, 140. 21, 136. 89, 135. 82, 13
125. 35, 31LGMS, (IE®/I&&Ll cul at e f2r5.[0M+H]f ound:

Synt hesiél adipdize _Sy(I(-(6t ri f 1l uor omedt hy!l ) pyri din
yl)met hyl )pyridine (23s)
FsC N Ny -Cl

A 4

5-( 4, 4t, &t, rharhe tAthi2d x ab-@-y ) dami fl uoromet hyl ) pyr.

0.19 mmol, 1.0 eq.) wa&s] 6% amg.,e d0 .wd 3 hmPo@Imp olu.
(89 mg, 0.39 mmol , 2(04emg) @na@2PoimdppfdPCL
di oxa®@WelsHng general procedur € 3Mm,s i evlhditreg s
(44 mg, O0.13 mmol, 65%).

H NMR500 MHz d)DMSO&.J8R. {, 1H)J=284441HY, 8.C
J=8.2, 2.2, JH)4, 718)7)=80.184 0(.Bd7.14H) ,( n7,. BH) ,
(s, ZH)NMRL126 MHz,U DMSOD50. 40, 148.67, 146.6
138. 26, 136. 84, 136. 01, 135. 25, 129. 24, 172
33. yY5.NMRBR 65 MHz ,i BMS@)8MS ( Ed/l@a:l cul atedd for
349.06; found: 349. 1.

Synthes«cé!|l e(d@di fl uor omet3lyy l) meBihiyd i) n
phenyl pyridine (23t)
FoHC N Ny -Cl

N 4

2-(di fl uo+hhog e hth &t tpba rhe t3this2d x ab-@-y b)) pnpnri di ne (63
mmo | 1.0 eq.) was rzxzzZié8¥dedgwi tOh 3o mpRal nd 1.
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(105 mg, 0.50 mmol , 2(.108 emgg,) 0a.n0d2 Pninjodlp,p fO .Cl
1,4 di oQawmei/ndgl gener al procedur e2 3d,s ya ewhdiitn
solid (39 mg, 0.12 mmol, 48%).

I1H NMR500 MHz- d) DMSO&.JZR. {, 1H)J=284421HY, 7. ¢
J8.0, 2.2, JtHW)4, 71BW=800p641HM.,38.(3BmMH, 5H),

J=55. 0, 1H), €. NMRI( X6 MHH2,U0 DMSD49. 81, 148.6
140. 55, 138. 16, 137.79, 136. 86, 135. 97, 13
120. 39, 120. 36, 115. 69LF INIMBRA B0, MHZ 1 U DMWS O3 3
114.-205.0&GMMS ( Ed/l@al cul atedt f3Brl.[OM+tH]f ound: 3

Synthesicél ebk( ¢t hy!| p-g-yli dineB-pgénhyl pyridine (2
N N._Cl
X =

2-et BBy 14, 4t &t, r5a e t3thi2db x ab-@y b) ppri dine (41 mg,
eq.) was reactedwi0t mgco@p@dnashh@( 751 mg, eq. ]
mmol , 2.0 eq. )2(4a8dm@ed(8@ppeL) @MOI, 0.1 20q.) I
using general procedure 2A3,asyiaelwhiinge tshod itdi t(
mmol , 64 %) .

'H NMR500 MHz;ds)DMSO&.J4@8. ¢, 1H)J=284381dHd, 7.
J=2.3, 1H) J=87.062 2(.ddd7 .14HD) ,( nv,. 552H)8,. 07 . N&H)( d ,4 .
2H), 2J=6/9 6(,9,2HYs57 .16 X8 HNMRL26 MHz ,i DMSICH0. 88
148. 96, 148. 48, 140. 37, 136.92, 136. 61, 13
128.32, 121.89, 33XEMB2( EB/0cal5c ullalt. e/ . f3d0r9 . [1M+
found: 309. 1.
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Synthesicé|l ek(¢@®y cl opropyBlypy medBiplgenhyl pyri di ne
(23v)

2-cycl opi(ap Wt &t, r5a e tAthi2d x ab-@yb) ppri di ne (52

mmo | 1.0 eq.) was nr2¢atz emg ,wi @ .h2 & omp@(udn0dl . 2
mg , 0.42 mmol , 2. 02(elep. )mga n dO . OAR( dmpnpofl ), C10 . 1 €
di oxax@welsHng general procedur & 3A,s yi avhditreg s
(37 mg, O0.12 mmol, 54%).

IH NMR6OO0O MHzde) DMSO08.d3=8 .(3, 0.8, JiHM)4, 818), (1
(2.4, OH)J=87.056 2(.d3¢7 .14HB) ,( nv,. BIOHI 1 {TmA62H) ,
(dd=8.0, 0.8, 1H), 3=980(s4.8H)JEBR.,100 .28 &t ( C
0. 85 JX4d.t6, 2!%®W,NMR1)5.1 MHz,U DMSDO§0. 17, 149.0
146.26, 140.34, 136.92, 136.45, 136.21, 13
121.26, 33.68,CMB6.(EB/I)A8l. 68l ated f3ol.[IM+H]f o
321. 1.

Synt hes4 ¢coholfebrpdreny | p-§y li dmerB-mgt hy!| p-2amidn e
(23w)
H,N

/)

N
z
N

3-met by 4, 4t &t r5a vhe t3th 20 x a b8y b) pwraimd ine (53 mg,

mmo | , 1.0 eq.) was rx22ddt7edngwi tOh 2o mpRai nd 1.
(104 mg, 0.45 mmol , 2(.107 emg,) 0Ga.n0d2 Pndntadlip,p f0 .Cl
1,4 di oQawmsei/ndg gener al procedur e23Ags ya ewhdii tne
solid (25 mg, 0.08 mmol, 36%).

IH NMRSOO0 MHz-de)DMSO&., 3L H), 7.76 (s, 1H), 7.6
7.15 (s, 1H), 5.55 (s, 28) NME B0 MNHz,U20H)WSO0):
157.03, 148.30, 145.96, 144.68, 140.15, 123
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128. 28, 123.57, 10 GMS0 4(,EnsBI@a:BhRul a7e@d0f3d . [1NM+
f ound: 310. 1.

Synt hes4 ¢coholfebrpdreny | p-§y li dmerB6-mgt hy | p--amidn e
(23x)
H,N

/)

N
z
N

6-met by 4, 4t &t r5a vhe t3th 20 x a b-B-y b) pwraimdine (55 mg,

mmo | 1.0 eq.) was rz2zi8ttedngwi tOh 2@ o mpRal n d 1.
(110 mg, 0.48 mmol, HA.1B exy.,) OarmMd nAnb(l d p Of. )1C le
di oxa®@WelsHng general procedur € 3&,s i eavlhditreg s
(28 mg, 0.09 mmol, 38 %).

IH NMRE OO MHz- d)IDMSO8.J22. 4, 1H)=27457147d,467. 5
(m, 2H)Y7.4146m, 3858,. 27. 211H)J=B,62 241 HW=8536 8
2H), 3.86 (s, 'THNMRR2® 1MH=,i BMIG)7. 90, 153. 8
145. 90, 139.97, 138. 88, 137.02, 136. 60, 1 G
105.54, 33LAGWS, (xXis/I®2l cul at edt f3ar0.[1M+H]f ound:

Synt hes4 ¢coholfebrpdreny | p-§y li dme-tL Mp/y r)r o I-bo][p2y,r3i di ne
(23y)

H
H /Nl IN\ cl
N\ _

5-( 4, 4t, &t, rba rhe t3th 26 x a b-@-y BELl)Hapnr r obopgr8dine (47

mmol , 1.0 eq.) was r2é€daeci emdg ,wi @ .h2 I omPp@G(udn2dl . 2
mg , 0.39 mmol , 2. 02(elg4d. )mga,n dO .POd2( drprpd I),Cl1 0. 1
di oxa@WelUsHng general procedur & 34,5 yi eavlhditreg s
(34 mg, O0.11 mmol, 55%).
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IH NMR700 MHz d)DMSO14, 56HY, J=82..440, (1dH)J=28121
1H), -7.88B (m, 1MH)2, 47. A& (407 .(5m0, 6H33. 6, 37. ¢
1H), 4. 11T (8MRI27HB) .MHz , 0 DMSD3 8. 41, 147.46, 1
140. 28, 137.52, 137. 00, 135. 80, 129. 20, 172
119.58, 99L@WS, (EB/NJAl cul at et f3Rr0.[0OM+H]f ound:

Synt hes4 ¢coholfebrpdreny | p-$y li dmer-i-imgt RlyHpyr rolo[ 2, 3
b] pyridine (23z)

/)

\N N N Cl
N\

z
N 4

l-met by 4, 4t &t r5a +he t3dh 20 x a b-@-y Hl)Hanr r o-bd p2yr Bdi ne

mg, 0.19 mmol , 1.0 eq.) 2M65remgect 8d2®&i mmot ¢
KsPQ( 82 mg, 0.39 mmol , 2(Q4eqqg) anO2Pdmmdppf
mL 1, 4 di® xwsnieng Hgener al procedure2B8asyaeld
white solid (42 mg, 0.13 mmol, 60%).

H NMR700 MHz;ds) DMSO&.J4Q. ¢, 1H)J=28027 1dd, 7.
J=2.1, 1H)Iz274761dK.,457 .(4mM, 3H)3,. 46. 3AH)(,d,4. 12
3.78 (€& NBMRL76 MHz ,0 DMSIQH8. 38, 146.47, 146.
137. 48, 137.00, 135. 80, 130.50, 129.19, 12
98.53, 34LZEMS Q@Eb/BRl cul at ed¢t f3Br4 . [IN+H]f ound:

Synt hesi s( (c&ahfl ebpdreny | p-Fyli dmeNh§i met hyl-Dyri di

amine (23aa)

N, -Ni meb-64] 4t &t r5a he t3dh 20 x ab-@y b) pywraimd ine (53 m
0.21 mmol, 1.0 eq.) wa&d ¥2 amg,e d0.wad i hrmPo@Imp olu.
(98 mg, 0.42 mmol, 2(D6emg,) @n@2 Pardlp,pfQ.C1l
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di oxamel/lusiing gener al procedur e2B8aasyialwhintg
solid (35 mg, O0.11 mmol, 51%).

'H NMR500 MHz;ds) DMSO0&.J32. ¢, 1H)J=285051HYd, 7.
J2.4, 1H).,397 .(5m, 6HB, 76. 3 H)(d3.87 {(&,NMERN) ,

(126 MHz, UuDMSQpBL7.97, 148. 29, 147. 24, 146 .
137.01, 135.76, 129.18, 128.37, LGS I&SI)2-
m/ eal cul at e¢t f3®r4.[IMtH]f ound: 324. 1.

Synt hesH ¢coholfebrpdreny | p-§yli dmet hy!l ) pyri midine (

N N Cl
c1o0
N S

5-( 4, 4t, &t, r5a rhe tAth2d x ab-@yb) ppri mi dine (36 mg, O
was reacted WX 60cmgpo@n2al mP@(75 1ma@, e®..35
2.0 eq.) anrgl1Bdmdppd)aCl mmol, 0.1 ©qukiing
gener al procedure A, y2i3ealdbd i mg wthh e et istoll e dl {
mmol , 56 %) .

'H NMREOO MHzd)DMSO%.,06H), 8.81 J<L, 42HNLH)8. 4
(d=2. 4, 1HY, 42 .60, 5H) ,!T4 NMRL g5k, MRH,)U. DMSO)
157.07, 156. 77, 148. 59, 146. 64, 140. 56, 1 3
128. 35,L@visS. §Em/Igal cul at ed¢t f28Br2 . [OM+tH]f ound: 2¢

Synt hesH ¢coholfebrpdreny | p-3y i dmeL-mgt hyl pyri mi di ne
(23ac)

2-met by 14, 4t &t r5a the t3th2d x ab-@yb) ppri midine (47 m
1.0 eqg.) was reac2t26d2wmgh OompomP@I 901 mg, e
0.42 mmol, 2.0 eqlp agd PdOQ@pmpmpC| 0.1 eq.)
H2O using gener al procedur e2B8aasyialwhintge tSel
mg , 0.14 mmol , 64 %) .
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I1H NMR60O0O MHz ;d) DMSO&., 6 & H() , JB2.441, (1dH)J=27 482
1H), -7.8@ (m, 5H), 4.03!% sNMRLB)L, MHz56 D{MS,0)
165. 48, 157. 07, 148. 50, 146. 54, 140. 44, 13
128. 34, 128. 32, 31. 15, 25.21.

LGMS ( E/lI@dal cul at et f20r6.[0MtH]f ound: 296. 1.

Synt hes+ ¢coholfebrpdreny | p-$yli dme-Nh§i met hy !l p-2r i mi d
amine (23ad)

N N N Cl
7~
e
N~ =

N, -Ni me-b-6%] 4t &t, r5a +he t3dh 20 x a b-8-y b ) p yn r2iamii chien (58

mg, 0.23 mmol , 1.0 eq.) 2M38remgect 8d2&i mmot ¢
KsPQ( 106 mg, 0.46 mmol , 2(.107 emg, G.n4d6 Prdnhdlp,p
2.5 mL 1, 4:0diucx ange /gekher al procedure2B8adyi e
as a white solid (43 mg, 0.13 mmol, 57%).

H NMRAOO MHz;ds) DMSO&.J3@8. 4, 1H), 8.32)3=2s4, 2H
1H), -7.8Q (m, 5H), 3.85' sNMRLHW)1, MHzQUT D{MsS,0)
160. 95, 157.73, 148. 28, 146. 21, 140. 15, 13
128.30, 120.24, 36.65, 30.71.

LCGMS ( E/l@al cul at e¢t f3&Rr5.[IM+H]Jf ound: 325. 1.
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Synt hes#{ < 404 §dnet RlyHp y r a-4yll ) meB-pgéeéhyl p-2ri din
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(24)

Compo2l&20 mg, 0.07 mmol , 1.0 eq.)7( wasmgea
0.08 mmol , :CI&(2 0egng),, 0K 14 mmol , 3)2(.80 negqg,. )0 .a0n(
mmol , 0.1 eq.) inO2umLngy, dedeornbnefrokEledur e
prodaudaes a white solid (12 mg, 0.004 mmol , 2

IH NMR600 MHz d)DMSO1€, 80H)Y, 10.07 Jeg&, 6 1HLH)
7.81=@d1, 1H), 7.682(.sl,, UH)N5477563603H{dN:9.73.,23
8.4, 3HJ,12.@m, 1XB, 36. 4H) (=d16..01 @1Add,1, 1H),
J=16.9, 2.0, J=12H)2,, 6L.H)5)={50.,703, (2d.dl,, 1H), 5.37
1H), 3.50 (s, 1H)2. 25 9@3m,(s2H)2,H)2. 24 3(1ls, 2H)
2HYE NMRL51 MHz,i DMSI®)2. 77, 155. 487 . 86,3 . 1907, .
139.31, 138.44, 138.37, 137.84, 135.09, 13
128.98, 128.42, 128.26, 127.41, 126.34, 12
61. 48, 52.60, 5MHRIWS, (XHHB.Lgd,cul A.teH. 6@Rrd.[3N0H
found: 624.3088.
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Synt hes#{ < 404 § N &d,i 5me tlhHp iy r a-4-yll ) meB-hy | )
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioyildaazcaly | ami de (25)

Compo2@d19 mg, 0.06 mmol , 1.0 eq.D)7/ vasmgea
0.07 mmol , 2CIG(11 8¢ gng),, OK 13 mmol , (& eng. ) Oa rod
mmol , 0.1 eq.) inO2umLngy, dedeornbnefrokEledur e
prodausas a white solid (9 mg, 0.013 mmol, 22

H NMREOO MHz;d)DMSOl1l2, 0OPHY, 10.80 (s, 1H), 1
J2.1, 1H), 7.69=2.s2, 1HH),.,2%67 430, (d,BO7. 97,. 243H)(
7.6.09 (m, 2M)8, 46. 9H) (=167..401, (1dod ,h1, J=11Hp).,9,6 .
2.0, 1H),)=50738, (dd0, 1H), 4.12 (s, 1H), 3.
2H), 2.30 (s, 2H), 2LTIINMRE518MHz, 6 Ul DMEIOF ., 7 6
153.98, 153.61, 147. 96, 139.69, 137.78, 13
129. 23, 129. 23, 128.97, 128. 38, 127. 24, 12
69. 78, 52.53, 50.07, 28.47, 25.17, 10.68.

HRMS (Bméeal cul ated¢t f6Br8.[3M#6H];, found 638. 322
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Synt hes #{ < 404 § Helt hiyHpy r a4yll ) meB-phenhyl p-&ri din
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(26)

Compo2l¢ 39 mg, 0.13 mmol , 1.0 eq.)7 wWasmgea
0.14 mmol , LB (B6eagng), 0OK26 mmol , 3.1 eang., ) Oa
mmol , 0.1 eq.) 1 nO2umLnty, dedereorbnetokEledur e

prodauas a white solid (18 mg, 0.003 mmol , 2
IH NMR500 MHz;d)DMSO19€, 80HY, 10.08 Je8&, 11H)LH)
7.68)=0d9, 1H), 7.63=2A.s1, 1HY),, 77..626 2(@s ,( ml, H)},F
7.22)=8q3, 4H), 7.16=8mé4, 2HH) J=A6BIDL (ddd,1, 1t
(dd=17.0, 2.1-5.T7KR) (m5. 7M&D 12 .44,114 (Im, J=EITH)2, 4.
2H), 3.87 (s, 2H),J=3150, (&H)RHP,. 22. 8gO(d_2H
(tXH¥11.9, 2.3, J2H).,7,1.%.49 <dZAH} ,'TCIMNMRLZ6 , MHzZ ,
DMSO) = 162.77, 154. 00, 153. 85, 148. 13, 139
137.61, 135. 83, 135. 01, 132.65, 132. 05, 172
127.82, 127. 23, 126. 32, 124. 49, 118. 76,, 112
46.04, 28.67 HRMS. §@8SLh9 cqud.at edt f6Br8.[3M6H]; f
638.3240.
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Synt hes# s xo8( AN{4 D hendy(l( 15t 3, SneltHpy Ir a-40 |
yl ) met hy 2)ypy rbiedhizry | Bp i-2p,eBi ihd/idirHoe nz o[ d] i-5mi d a z
yl)acryl amide (27)

Compo2mdi 35 mg, 0.11 mmol , 1.0 eq.)7( w&smgea
0.13 mmol , :CI&(ZB legng),, 0K 22 mmol , 3)&2(.103 emgg.,) Oa. n(
mmol , 0.1 eq.) inO2umLngy, dedeornbnefrokEledur e
prodau7as a white solid (12 mg, 0.02 mmol, 16

IH NMR60OO MHz,d)®DDMSO19®, 79HY, 10.07 (s, 1H), 8
1H), 7.45 (%,28HJm, 748M5.5.,224[0d0,97 (M7 2H),
(dI=8.3, 1H)J=16. D1 @Add,l, I=11).,9,6.22D,(JdH)., 15. T
2.1, 1H), 4.10 (s, 1H), 3.79 (s, 2H), 3.62
2H), 2.05 (s, CHNMRL5®B 4MH=,0 RZMIGB)2. 75, 153. 9
144.10, 139.67, 137.74, 136.23, 134.%7, 13
128.38, 128.17, 127.24, 126.32, 124.49, 113
50. 11, 35.65, 28.47HRMS5.(GHIIz)d&llcBlhat @dh3Ror
652.3322; found: 652.3395.
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Synt hes #{ < 404 § He3t hilynhe t RlyHp y r a-4-yll ) meB-hy | )
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioyildaazcaly | ami de (28)

Compo2ig¢40 mg, 0.13 mmol , 1.0 eq.)7( wWasmgea
0.14 mmol , 2CIx(135egng),, OK 26 mmol , 3)2(.105 engg.,) Oa. nC
mmol , 0.1 eq.) inO2umLngy, dedeornbnefrokEledur e

prodau&s a white solid (21 mg, 0.03 mmol, 25
I1H NMR500 MHz;d)DDMSO19, 72HY, 10.07 JE8&, 21HLH)
7.69J3=1d9, 1H)J271551H9, 7.43.2%,(mH)4H)Y7, 37
J=8.1, 3H). 137 .(1lms, 2H)8,. 46. 9IH) (Jd166..491, (1dod.,1, 1+
(dd=16.9, 2.05.6B) (m5. 18)13.2.,14.0tt,1H), 3.8
(s, 3H), 3.51J5(1s0,. 92 H)2,H)2 . R4 5(0d 1(2m,1 ,2 t5). 32,. 229H
(s, 2HMX, 6D. T, 2JH}.51TIMMRE26 MHz,0 DMI®)2. 77
154. 00, 153. 78, 150. 50, 148. 12, 139. 68, 1 3
130. 05, 129. 51, 129. 27, 128. 98, 128. 36, 17
108.641,160.98, 52.59, 38.15, 28.64, 25.180,
HRMS (B8kalcul ate¢g f6kbr2.[3MR2R]; found: 652. 33

Synt hes#{ s 404 § §ble n zZlydb y r a-4-yll ) meB-pgéhy!l p-¥ri din
yl )benzyl HAp iZpoexr@ ,d8i my-l Hoenz o[ d] i-5ail daazcaly | a mi «
(29)
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Compokmld30 mg, 0.08 mmol , 1.0 eq.)7( was mgea
0.09 mmol , 2CI&(12 3egng),, OK 17 mmol , 3)4£2(.100 engg.,) Oa. n(
mmol, 0.1 eq.) 1 nO2umLnty, dederorbnetokEledur e
proda%was a white solid (24 mg, 0.03 mmol, 41
'H NMR600O MHz;de) DMSO19, 80H)Y, 10.07 J&,11HLH)
7.73 (s, 2H), 736B. Xs,1HMH) ., 7.74B5e(7g.dm H)7,H)7 .
7.18 (m, -BH)Y3 ((ml162XMB, 46. 9H) (=d16.. 01, (1dd,2, 1t
(dd=s17.0, 2.0, JXHYD, 15.230(ddH), 5.27 (s, 21
2H), 3.50 (sJ=82H), 2P)J9BR(&89 2HEr9.2,02H)t, 1.
J9. 3, '2HMRL51 MHz,l0 DMSIC2. 76, 153.99, 148.:
138. 21, 137. 79, 135. 74, 135. 01, 132. 64, 1 3
128. 32, 128. 20, 127.50, 127. 44, 127. 23, 12
100. 90, 61. 53, 54.87. 26,7, 5IZR66G34,6(.B®Iz)a:R cul at ed
[ M+¢d] 700. 3322; found: 700.3391.

Synt hes # s xo8( ANL D h e nby(I((1t r i f | uo-d élpnert ehdyd I)
yl ) met hy 2)yp y rbiedvizry | By i-2p,aBi ihd/idirHoe nz o[ d] i-5mi da z c
yl)acryl amide (30)

Compo2mldg 58 mg, 0.17 mmol , 1.0 eq.D)7( wWasmgea
0.19 mmol , :CIx(14 7e gng),, OK 34 mmol , 3)2(.200 engg.,) Oa. n(
mmol, 0.1 eq.) 1inO2umLnty, dedeorbnetokledur e
prodlas a white solid (24 mg, 0.04 mmol , 21

IH NMR500 MHz d)DMSO19, 79HY, 10.07 Je8, 21HLH)
8.42 (s, 1H), 7J9B.3,s,1HBYL7576FI0MWAE57 130 1( B
AH), 73283 3(,9,4HF.16&.@0@, 2898 . 36. 911H)(Jt 166 .49, (
10.1, 1H§.1%.(@2mM, 1HF1051732(ddJ=11H).,4,4 .41.12 ,( t
3.97 (s, 2H), 3.310(6, 2H)J=12.99 @Ed@d, 2H),
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2H), -1.68 (M RAMRL51 MHz,U0 DMSD§2.77, 159.7
154. 00, 148. 18, 147. 29, 144. 73, 139. 53, 1 3
132. 04, 129. 51, 129. 35, 128. 98, 128. 33, 12
123.13, 118. 77, 117.03, .615. 298. 023. 3AHD0.DU2
50. 11, 28.%4 NMR5682 . MHz, U DMQO)HRMS ( B8 I1z) :
cal cul ated¢t f6orr8.[2M2H]; found: 678.2805.

Synt hes#{s{ 404 § N o r aZywll) meB-phenyl p-2ridin
yl )benzyl XAp i-Zpoexr@ ,dBi my-l Hoenz o[ d] i-5il daazcaly | a mi
(31)

0

N
NH
N
Ny N

/4

Nl

N Z O O)‘NH

H
Compo2md 30 mg, 0.11 mmol , 1.0 eq.)7( &wWaAsmgea
0.12 mmol , 2CIx(13 1e gng),, OK 22 mmol , 3)2(.103 engyg.,) Oa.nC
mmol, 0.1 eq.) 1 nO2umLnty, dedeorbnetokledur e
produlas a white solid (11 mg, 0.026 mmol , 1

I1H NMR600 MHz;d)lDMSO19€, 78HY, 10.07 J8, 11HYLH)
7.65JfHél.,0, 2.0, X2H).,1,7.629D,( tdd Bl 9 4(HWm,, -4H)2,5
7.14 (m, 2B8)8,. 46 . 911H)(Jd 166..491, (1d0d.,1, J4IH) ., 0,6 . 22.4C
1H), 6J=125 1(,d,1H) J=150..713, (2d.d0,,J=1K) 4,4 41@, (L H),
2H), 3.50 (sJF13HP, 2HW312d29 Bgd, J=2IH).,8,2 .20.73
2H), 1.B41(8d, 4T3 NMRH51 MHz, U DMSOPp2. 74, 1°F
148.23, 139.61, 138.59, 138.44, 137.64, 17
128.96, 128.34, 128.20, 127.24, 126.31, 1:
69.78, 61.53, .%HARMS, (59806.zhA,cul&ted f6alr0.[2N5ER
found: 610. 2917.
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Synt hes#{ < 404 §dnmlet RlyHp y r a-Z-yll ) meB-pgéhy !l p-ri di n
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(32)

Compokm@i35 mg, 0.12 mmol , 1.0 eqgq.)7( &8s mgea
0.14 mmol , :.CI&B(B 4e gng),, 0K 25 mmol , 3)2(.104 engg.,) Oa. n(
mmol , 0.1 eq.) inO2umLngy, dedeornbnefrokEledur e
produzas a white solid (12 mg, 0.026 mmol , 1

I1H NMR600O MHz d)DMSO19, 79HY, 10.07 Je8, 11HLH)
7.68 (s, 1H), -7.6ad (sn, -BH)),4 T.m3AD2I)8,. 36. AH) (
6.41Jf4da.,9, 10. 1, JE11H).,0,6.22.40,(J1dH)8,, 61.H)9, (5d.,7
J10.1, 2.0, 1H) -44097(ms,1RBH),34782(s, 3H)
J9.5, 2H)J=12.29 QRHY=112.70,8 2(HY=59 .14 ,6 & HYMR
(151 MHz, U DMSQpB2. 76, 153.98, 148. 25, 140. .
137.56, 135.15, 132.62, 132.53, 132.02, 12
127.33, 126.33, 124.49, 112.10, 108.63, 10¢
36. 22, Z284BRMS 2( B8l al cul ated¢ f 624 .[3VMO-H] ; f
624. 3071.
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Synt hes #{ < 404 § N id,i 3ne tlhHp i r a-Zyll ) meB-hy | )
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioyildaazcaly | ami de ( 33)

Compo2ig 18 mg, 0.06 mmol , 1.0 eq.D)7/ v&dasmgea
0.066 mmol ,.C&(1L7emg,),0K12 mmol , 341.70 mggqg . )0 . &
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
produxas a white solid (7 mg, 0.011 mmol, 18

'H NMREOO MHz;ds))DMSO19®, 8DHY, 10.07 (s, 1H), 8
1H), -7.30 (m, 8WY7. &, 1Z. ., diA8H)4, 61 H)2=16&E., B2
10.2, 1H)J=16/..204 (2dd,, 1H), §=BA. X s,2.1H),18),
S3H), 3.69 (sJ=138B),28)512(83 (s, 2HY NMR9 (
(151 MHz, 0 DMSQ) 0. 81, 163. 27, 154 . 45, 148.°
133.12, 132. 47, 130.01, 129.79, 129. 47, 12
1.13, 105.29, 101.37, 70.26, 60.23, 53.009,
HRMS (Bméeal cul ated¢t f6Br8.[3M#6H]; found: 638. 32

Synt hesi# < 404 § Helt hiyHpy r a-Zyll ) meB-phehyl p-2ridin
yl)benzyl ¥p i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(34)

0]

\
NH
N
/ NS
Nl N
Nane OlEre
Compoml&l7 mg, 0.06 mmol , 1.0 eq.D)7 vasmg e a

0.06 mmol , 2CIQ(11 6e gng),, OK 11 mmol , 3)2( O reg, )0 .aQ
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mmol , 0.1 eq.) inOlumLnty, dedereornbnefoEledur e
produdas a white solid (10 mg, 0.016 mmol , 2
'H NMR600 MHz;ds) DMSO19, 8O0HY, 10. 08 J8&,11HLH)
7.69 (s, 1H)2,. 27. 60H) J=dL,7 835 1HT, 24 . @81, 6 H), 7
J=8.0, 2H)J=67.21,5 2(H)H8 64 911KYJ=166..491 (1dd,1, 1}
(dad17.0, 2.0,J=1H)8, 6.H)7=15d.713 (2dd,, 1H), 4.1
(g, 3H), 3.52 (s, 2H910.27,952H)s,, 2.H)9=9(2s9,3 02t
2H), 1J=Z74 2( £¥WBHYMR151 MHz,U DMSOD$2.77, 154. 3.
148. 25, 139. 74, 139. 48, 138. 47, 137.82, 1 G
129. 25, 128.97, 128. 40, 128.29, 127. 34, 12
100.92, 61.45, 52.57, 5D.MBRMS43 BEHEZpI 28] AT e
for [pM+6H38. 3165; found: 638.3225.

Synt hes#{sf 404 § Mils op r-Dlgoyylr a-3-yll ) meB-pgéeényl p-yri di
2.yl ) benzyl Ap i-Zpoexr@ ,dBi hy-tl Hoenz o[ d] iK5mi daz ol
yl)acryl amide (35)

Compokm@@29 mg, 0.09 mmol , 1.0 eqgq.)7( wasmgea
0.10 mmol , 2CIx(12 6e gng),, OK 19 mmol , 3)2(.101 emg.,) Oa N
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
produsms a white solid (15 mg, 0.02 mmol , 25

IH NMR700 MHz d)DMSO16€, 80H)Y, 10.07 Jeg, 11HLH)
7.69 (s, 1H), 7J60 7.d,1HHRO7 1B78EI7. F, 1%. §
2H), 6J=%B1 3(,d,1H) J=166..491, (1dod.,2, J=11H6).,9 ,6 .22.40 ,( dldH
(dJs1.7, 1H)J=1%..713 (2dd,, DH§. 4,4 .5BW) (hsepis (s,
1H), 3.50 (s, 2H), 2.93 (s, 2#¥)12.2.,2°2H)d, 12
3H), 1.29T(NMRI37HB) .MHz ,0 DMSD§2. 77, 91,541 29,231
139.50, 139.10, 138.39, 137.71, 135.07, 13
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129. 20, 128.98, 128. 41, 128. 23, 127.95, 12
112. 12, 108. 64, 105. 00, 100. 91, 61.51, 52.
HRMS (Bseal cul ated¢t f6br2.[3MBR2KR]; found: 652. 33

Synt hes # s xo8( ANL ® h e nS¢(I(-plr o plyHb y r a-7-0 |
yl ) met hy 2)ypy rbiedhizry | Bp i-2p,eBi ihd/idrHoe nz o[ d] i-5mi d a z
yl)acryl amide (36)

Compo2@adir 35 mg, 0.11 mmol , 1.0 eq.)7 6v& smg e a
0.13 mmol , :CI(B legng),, 0K 22 mmol , 3)2(.103 engg.,) Oa. n(
mmol , 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
produas a white solid (12 mg, 0.02 mmol, 16

'H NMR700 MHz;de) DMSO19, 80HY), 10. 07 JE8, 11HLH)
7.69 (s, 1HP,27.66a8)JEds7361HdH.,217.3M, -8HL3 7.
(m, 3H),J=68.31 @d,) J=166.491, (1d0d.,1, JEHH., 9,6 .2.40 ,( c
6. 07)=d8, 1H)J=1%..713 (@2dd,, 1H), 4.17 J=s7/,. 22 H) ,
2H), 3.50 (sJ=1DH)8,, 2H93=22d.,29 @@Od5,J=28H) 0, 2.
2H), 1J6169.(Mm, 12.0, 9=%.,4 48B3 KNMRL 7B NHz, DMS
= 162.77, 154.35, 153.99, 148.27, 140.17,
2.80, 132.64, 132.04, 129.52, 129. 23, 12
24.49, 08%2642, 1Q@5. 21, 100. 91, 61. 52, 52. 6
3.20, HRMS89mbkal cul ated f6br2.[3MRRR]; found:

N P P <
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Synthes#{<f{ 404 §clycl oduHp yt a-Zyll ) meB-hyl )
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioyildaazcaly | ami de (37)

Compoe®§30 mg, 0.09 mmol, 1.0 eqg.l)7 was r eac
(56 mg, 0.11 mt&l(261.mMy,ed..)L9 Kimol , 32(. 101 eq.
mg, O0.01 mmol, 0.1 eq20) uisnn mlenkraldipoxazre

the titl®¥@®dspanowhcte solid (5 mg, 0.008 mmol
'H NMR6OO MHz;d)DMSO0O19, OTHY, J=82..523, (1dH)J=17968
1H), 73524 1(,d,1H)J=177421HW,J=6d.@9 gddt,1.7, 4
J=8.3, 2H)M58.73212K)J=77.71,3 1(.Bd,J28H.)4, 61191, (6. ¢
J16.9, 10. 2, JE11H/).,0,6 .22.40 ,(Jd1tH)7,, 6L.HEHO 7 (5d (83, 1+
4.90=8h3, 1H), 4.18 1(2s.,4,2H).,2,4.11H0) ,(I8t1,606 ( s,
3H), 2.J292(8d, 4.02.2H4) (m2. 23911.28,072.(3%,d,2H)
1.70 (M RMMm51 MHz,i MS®)2. 76, 154.30, 154.
139. 50, 138. 44, 138. 28, 138. 02, 137. 77, 1 3
129. 20, 128. 97, 128. 40, 128. 22, 127. 33, 12
100. 89, 61. 52, 529624, 528287, 57 1B6, 14. 18.
HRMS (B8kalcul ate¢t f6k6rd.[3BRR]; found: 664. 33!
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Synt hes# < 404 6y dr ox y p3yyrli)dmemB-pheny !l p-2-ri din
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(38)

Compo2@Bd1l19 mg, 0.06 mmol , 1.0 eq.D)7/ vasmgea
0.07 mmol , 2ClIQ(11 8e gmng),, OK 13 mmol , 3)2( 0O rmg, )0 .ald
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
produ&s a white solid (6 mg, 0.01 mmol, 15%9

'H NMR700 MHz;dg) DMSO19, 80H)Y, 10.09 J&,11HLH)
7.97 J@dg8, 2.1, JR)1l,71HPI-QLTAI9671HY,I=B. 84 (
6.6, 2.1,-71RY, (|, 38HK)8,. 37. 2H)I=8,732127d.,137. 1«
(m, 2H),J)=8.31 @1dH9. 3&.@4d, 3HI6. B, 2B. 4,t d1 H) ,
J17.0, 2.0, JHY, 15. 23 0(ddH), B5=1221. 4,s,4.22H) ,
3.50 (s, 2H)2.2,93HWwE12.28 8q@, J=221H).,9,2.20.73,(
1.64)=(1d, 8€C2NMRL76 MHz , U DMSI®B)2. 77, 161. 48, 1
147.91, 140. 40, 139. 32, 139. 18, 138. 34, 13
131.57, 129. 52, 129. 25, 128. 97, 128. 42, 12
112. 11, 108. 63, 105.38,6,501.0103 ,9 14H3R.BBE6. ,b H2HAz.bE27. .6
calcul ated¢t f6dBr7.[2M#¥4HW]; found: 637.2928.
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Synthes#{f 404 et hy !l p-3vyliXdmeBpgehyl p-2ridin
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(39)

Ny
saells

7

CompoR2iBg 36 mg, 0.12 mmol , 1.0 eq.)/( &wWasmgea
0.13 mmol , :CI&(134e gng),, OK 24 mmol , 3)2(.104 engg.,) Oa. n(
mmol, 0.1 eq.) 1 nOlumLnty, dedereorbnetokEledur e
produ%as a white solid (18 mg, 0.03 mmol, 23

H NMR500 MHz d)DMSO1€, 79H)Y, 10.07 Jeg, 11H)LH)
8.48J=Qd2, 147.,617 .(6md -BH26 (m314H316.73,208(%d,
7.17.12 (m, 2M)8, 46. AH) @d167..401, (ldod.,1, J=115).,9 ,6 .
2.1, 1H),J=5078, (2d0, 1H), 4.10 (m, 1H), 4.
J=8.9, 2H), 2.42)=(Q6, 23HRPH)=2A.12FQ6 ®(HiJs 10L..4%6,4
2HYE NMRL26 MHz,i DMSI®)5.84, 154.15, 153.99,
138.45, 136.60, 135.15, 135.05, 132.88, 13
128.33, 128.21, 127.27, 126.32, 124.49, 123
50. 12, 34234 66@RRMS. @ESEpl cul at ed f68Br5.[3M5BH]; |
635.3107.
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Synthes#{f 404 §dn2et hy !l p-3yliXdmeB-pgeéhyl p-2ridin
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(40)

Compo2d20 mg, 0.07 mmol , 1.0 eq.D)7/ W& smg e a
0.07 mmol , 2ClIQ(11 9e gmg),, OK 14 mmol , 3)2(. D rmg, )0 .ald
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
prodduas a white solid (13 mg, 0.2 mmol, 30%Y%

IH NMR600 MHz d)DMSO1€, 80H)Y, 10.08 Je&, 21HLH)
8.33Jf{4.dg, 1.7, JAH)9, 71188I)=0¢01.763 1(.did,J4H)1, 7.
1H), -7.36 (m, 4M)8, 37. 2%H)(897 .(2@, -3HL3 {¢ml62F
6.91J=@d 4, 1H) J=166..491, (1dod.,2, J=11H7).,0,6 .22.40 ,( didH) ,
J=10.1, 2.0, 1H), X4113,(sl,H)2H)3, 50=0Q&.,0RHIH)
2.49 (s, 38912.24,293.(%ds21l@). 8,2 20P=q .t19.,6 & H)d.,
NMR 151 MHz,i DMSI®2.77, 156.52, 154.19, 154.
138.51, 138.49, 137.73, 137.09, 1315291.152,1 3
129.28, 128.98, 128.37, 128.21, 127.31, 12
100.90, 61.53, 52.63, 5HRMS,(BR})ABcul8t 6d,
[ M+¢H] 635. 3056; found: 635.3106.

111



Synthes#{{ 404 §ddet hy !l p-3vyliXdmeBpgehyl p-2ridin
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(41)

Compo®@f54 mg, O0.18 mmol , 1.0 eq.1){ Wk mgeg,ac
0.20 mmol , 2CI&(15 legng),, OK 37 mmol , 3)2(.201 engg.,) Oa. n(
mmol , 0.1 eq.) inO2umLngy, dedeornbnefrokEledur e
proddulas a white solid (6 mg, 0.01 mmol , 4%)

'H NMR6OO MHz;ds) DMSO19, 80HY), 10.08 JE8,11HLH)
8.48 (s, 1UH).,98.BRB) (d7. 68 2(.s1,, 11H¥y),,1 87..6368 ( 40
7. ¥6.11 (m, 2H)8, 36. 9H) J=d166..491, (1d0d ,1, J=11Hp).,9 ,6 .
2.0, 1H),)=50738, (dd0, 1H), 4.13 (s, 2H), 4.
2H), 2.29 (s, B5H), 2LTNMRE512MHz, Ul DBSIOYs.,7 7
153.98, 150. 20, 148. 29, 147.93, 145. 44, 1 G
133.78, 132.63, 132.03, 129. 53, 129. 27, 12
125. 36, 124. 49, 112. 12, 108.64, 2B0®991,1865
HRMS (Bdkal cul ated¢t f6dBr5.[3MHBH]; 3f6ound: 635. 31
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Synt hes# s xo8( AN{L D hendy(I((6t ri fl uoromedt hyl ) pyric
yl ) met hy 2)ypy rbiedhizry | Bp i-2p,eBi ihd/idirHoe nz o[ d] i-5mi d a z
yl )acryl amide (42)

Compo2lg¢g 34 mg, 0.10 mmol , 1.0 eq.)7( Wasmgea
0.11 mmol , 2CIx(12 7e gng),, OK 19 mmol , 3)2(.101 emg.,) Oa n
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
prodduzas a white solid (13 mg, 0.02 mmol, 19

H NMR600 MHz;d) DMSO16, 81HY, 10.11 JE&, 11HLH)
8.66J=QRd2, 1H)J=88.107 2(.d2d,,J48)1, 718F=302771HdY
7.69J=(1d9, 1H). 267.(32, 4M)8, 37. 2H)I=B8,72202HY, 1
~7.14 (m, 2M)8, 36. AMH) (d166..492, (1d0od.,1, J=11H5).,9 ,6 .22.40
1H), 5.J*230(tid, 2.0, 1H), a=1223 5(,s.,4.2H) ,1H)., 103
2.93)=(Q1d, 1, 2H)J312.239 @q@, J=2H). 2, 6.2MH=d, 119,
2HYE NMRL51 MHz,i DMSI®)4.52, 154.01, 150. 46,
144.54, 144.32, 140.29, 139.42, 138.74, 13
132.67, 132.07, 129.51, 129.35, 128.98, 12
122.69, 120.8.777,12101.27.9,3,121008. 65, 100.92, 6
28. 6. NMRF 65 MHz ,i EBBMS AJ®B,. HRMS ( BmBeatcul at ed
[ M+¢H] 689. 2774; found: 689.2833.
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Synthes#{f 404 §6di fl uor omet3lyy ) mgyg+hiyd i n
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioryildaazcaly | ami de (43)

Compokmid 37 mg, 0.11 mmol , 1.0 eqg.)7(&wasmgea
0.12 mmol , 2CIx(B 1le gng),, 0K 22 mmol , 3)2(.103 engg.,) Oa,n
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e

prodduas a white solid (23 mg, 0.03 mmol, 31
'H NMR60OO MHz;d)DMSO18€, 82H)Y, 10.098.(%k3 (1rh,) , 1K
8.65 (s, WWHY,67.98)(d7.76 (s, 3I#B).,0,7.174D) ,( s7,
7.20 (m, -gHnS5 Tml72H), 6.92 (s, JAHe. 9,6.00Q.
1H), 6.J2a7(@dd, 2.2, JtdHpP, 15.230(ddH), 4.19 (:
3.50 (s, 2H), 2.93 (s, 2H), 2L30NMRRS12MHZ, Z
bDMso) = 162.79, 158.06, 157.86, 157.66, 157
149. 98, 149. 86, 148. 42, 139. 40, 138.67, 13
132.01, 129.58, 129. 35, 128.99, 128. 35, 12
12.040, 115.41,28413188,6912100. 96, 66. 35, 6 :
34.37, '8NKEB®B.65 MHz,0 BAMBSON3,4.-884. 94.

HRMS (B@fealt cul ated@t f60/rl . [2NM#6H]; found: 671. 29:

114



Synt hes#{ < 404 §e6t hy | pByli dmeB-phenyl p-2ri din
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(44)

Compoe®d@y66 mg, O0.21 mmol , 1.0 eq.l){ Wla& mg,a (
0.24 mmol , C0(Bb9%e gng),, 0K 43 mmol , 344.206 eng.,) O0a rO
mmol , 0.1 eq.) inO2umLngy, dedeornbnefrokEledur e
proddudes a white solid (14 mg, 0.02 mmol, 10

'H NMR600 MHz;d) DMSO19, 81HY, 10.07 J8, 11HLH)
8. 51J3=@d3, 1H), 7.69J=8s,0,2R)..,4,;7.188 ,( wd 393H) ,
7.14 (m, 288,. 36. 912H) (Jd 166..491, (1d0d.,2, J<11HH ., 9 ,6 . 2.4C
1H), 5.J230(#d, 2.1, 1H), 4.11 (s, 1H), 4.05
2.70J=(7q6, 2H), 2.29 (s, 2H), 2J9B. §,s'!L3)H) ,
NMR 151 MHz,0 DMSI®)2. 77, 160.79, 153.99, 149.
137.68, 136.68, 135.19, 135.06, 133.14, 13
128.34, 128.22, 127.29, 126.34, 124.50, 121
50. 12, 3984189, 2183HMS (BSEpl cul at ed f604r9.[3NH
found: 649.3283.
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Synt hesisf o4 §cey cl opropyBiypy medBipigéehy!l p-2-ri di n
yl )benzyl XAy i-2poexrd ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(45)

0O

N«
NH
SAeWs
N
7 \H
Compo2l#& 49 mg, 0.15 mmol , 1.0 eq.)7 &v&dsmg e a
0.17 mmol , :CI&(14 2e gng),, OK 31 mmol , 3)&2(.108 engg.,) Oa. n(
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
proddusms a white solid (14 mg, 0.02 mmol, 14

'H NMR6OO MHz;dg)DMSO19, 80H)Y, 10.07 J&,11HLH)
8.42)3=Qd3, 1H)272672KQJ)=87.160 2(.d3d 7 .12H5) ,( nv,. 342+
7.2%.18 (m, -FHLO T ml8 28E)8,. 46,. 911H)(Jd 166..491, (1dod.,
1H), 6.J24a7(@dd, 2.0, JtdHYP, 15.231(ddH), 4.11 (s
3.50 (s, 2H), 2.93 (-5,9@H(mMm, 232pP, (H,)8ZHYFs, 2]
2.6, 2H) J=D.86 Jd8, NMRB1 MHz,U DMSD§2. 76, 1¢
154. 14, 153. 98, 149. 13, 148. 27, 139. 50, 1 3
135. 10, 132.63, 132.59, 132. 03, 129. 51, 172
126. 32, 124. 49, 121. 27, 112012,50102.,634.20
16. 30, HRMS 2(.m6kzat cul ated f66rl.[SHAKB]; found: 6
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Synt hes #{ < 404 § gabmi tb-anet hy | p-$y i dmeB-hyl )
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioyildaazcaly | ami de (46)

Compo2ldy 17 mg, O0.05 mmol , 1.0 eq.1)/ 3v&d smg e a
0.06 mmol , 2CIQ(11 5e gmg),, OK 11 mmol , 3)2(. 80 nreg,. )0 .ald
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
prodduas a white solid (5 mg, 0.008 mmol, 14

H NMR700 MHz;ds) DMSO19, 80HY), 10. 07 JE8, 11HLH)
7.80J=(2d 3, 1H), 7.68)=2sl, 1HH}) ., Z776@M,(d4H), 7
J14.2, 5.2, JBH)7, 7118, g2&d)3, 61 19)1J=(16b.. 491 (1dd,
1H), 6.J246(89d, 2.0, JH®HYDP,15.230(ddH), 5.59 (:¢
3.85 (s, 2H), 3.53 (sJ=12H)8,, 2.H)5 (2s.,092 H)s,, 2
1.65)=@1d, 6 T2NMRL76 MHz ,u0 DMSI®)2. 76, 115563..8875,6 1
148. 18, 144. 42, 139.60, 138. 26, 137.67, 13
129. 31, 128.97, 128. 34, 128. 25, 127. 25, 172
108.64, 100.92, 61.42, 52.H5RAMS 5 O0m&0Ez1y,t c3uld .a% 7e,
for [pM+6H0. 3165; found: 650.3232.
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Synt hes #{ < 404 § gabmi R2met hy | p-$yli dmeB-hyl )
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ibyildaazcaly | ami de (47)

Compo2lB&30 mg, 0.10 mmol , 1.0 eq.)7( Wasmgea
0.11 mmol , 2CIx(12 7e gng),, OK 19 mmol , 3)2(.101 emg.,) Oa n
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
proddu7as a white solid (8 mg, 0.01 mmol, 13%

IH NMR600 MHz d)DMSO1€, 80H)Y, 10.08 Jeg&, 11HLH)
7.67J=(QAd 9, 1H)J:27249147,267.(3n2, -AHP2 {Tm26
3H), 7J=280.3(,d,2H] .12 .0, 2898 . 46 . 911H)(JF 166 .49, (
10.2, 146).,226.(27, 2H31051732(@d,1H), J51874(s,
4.2, 1H), 3.90 (s, 2#)11.3.5@RH)E1221R)9, 32099 3
2.25 (s, 3H311.28.,062.(4t,dJ2H0 . 0 ,1THEMWMMRI51 MHz,
DMSO) = 162.79, 157.87, 154.01, 153.86, 153
138.12, 137.64, 135.18, 135.01, 132.65, 13
128.21, 127.26, 128,3612123,5008186, 105.60
50. 15, 33.64HRMS. @ESkpl.cul.at ed f6cr0.[3M6H]; f
650. 3236 .
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Synt hes#{s{ 404 § N o r r o I-bo] [ p2y, r8-ydli)nme-B-hy | )
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioyildaazcaly | ami de (48)

Compo2l¢ 40 mg, 0.13 mmol , 1.0 eq.)7 &wasmgea
0.14 mmol , :CIx(B5egng),, 0K 25 mmol , 3)2(.105 engg.,) Oa.nC
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e

proddu&s a white solid (9 mg, 0.014 mmol, 11
I1H NMREOO MHz-dg)DMSO1d, 5BHY, 10.79 (s, 1H), 1
J=2.1, 1HY5281251KW5270911K)Y5271681K)51.7966
1H), 7.J43.4dd2.5-.7.12t6) ,(n¥,. 382H)L 8 {[Tm24AH)L2 {Tmle¢
2H), 6J=98L 4(,d,1HH .34 .@4M, 2HFr1669242( 6%, BH) ,
(m, 1H), 4.15J)t62. 2H)4. 2, 1DHY tt831295(s2H2H)
(gd=12.4, 3.9,J=2H) 7,2 2MHG=1®..068C2(NMRL51 MHz,

DMSO) = 162. 75, 153. 98, 153. 96, 148. 26, 147
137.62, 136. 14, 135. 11, 132. 64, 132. 04, 12
127.90, 127.39, 127. 22, 126. 52, 126. 32, 1°

9%.2, 61.52, 54.9195522BREB650E3X)al 84 at ed
[ M+¢H] 660. 3009; found: 660.3068.
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Synt hes#{ < 404 § ¥nlet RlyHp y r r o |-bo][p2y, r-8i-ydli)nme-B-h y | )
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioryildaazcaly | ami de (49)

Compo2iB¢45 mg, 0.13 mmol , 1.0 eq.)7 wasmgea
0.15 mmol , :.CI&(13 7e gng),, OK 27 mmol , 3)2(.106 engg.,) Oa. n(
mmol , 0.1 eq.) inO2umLngy, dedeornbnefrokEledur e
proddu%was a white solid (17 mg, 0.03 mmol, 19

'H NMR700 MHz;dg) DMSO19, 80H)Y, 10.07 J&,11HLH)
8.31J=d0, 1H)F270911HdWs271662HW=3744716H4d, 7
-7.25 (m, -2H)Y7 {Um254H37.9,12. dd28)3, 6118, (¢
(=3.4, 2H)J=166..204 (2dd0,, JEHO ., 15.230(dtiH) 4. 1c¢
(s, 1H), 3.78 (s, 3H), 3.J421(98, 2H), 2.02 (
(dd=11. 9,'C2HWMR176 MHz,U DMSOp2. 77, 153. 99, 1
146. 48, 143. 09, 139. 59, 138. 59, 138. 36, 1 3
130. 46, 129.51, 129. 29, 128. 98, 128. 32, 172
124.50, 119. 92, 112. 52, 608584, 54002925298
30. 84, HRS6 T mBEEAal cul at el f6orrd . [3MebIED]; 6 TH,u3 22 7.
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Synthes#{ < 404 §(6di met hyl ami3ryd)) pmneBihdil 1
phenyl p-2yli)Xdbenzyl ¥y i-Zpoexrd ,dBi my-d Ho
benzo[ d] ioyildaazcaly | ami de (50)

Compoeld&at4 mg, O0.14 mmol , 1.0 eq.l)( 82 smg .,e a
0.16 mmol , :CIB(ZB 8egng),, 0K 27 mmol , 3)2(.106 engg.,) Oa. n(
mmol, 0.1 eq.) inOlumLngy, dedeornbnefokEledur e
produas a white solid (18 mg, 0.03 mmol, 20

IH NMR600 MHz d)DMSO19€, 8O0HY, 10.08 J8&, 11HLH)
8.18.04 (m, 1H), 7.%2.(0s, 1HW)Y=87.774612(.05¢, 1 H)
7.25 (m, -ZHL8 [Tm26-ZHN1 {ml728E8,. 46. 911H)(,d ,6 . E
J=8.7, 0.8, 1H)6.%, 410.(MW,d,JEHY, 06.240,(ddH),
J10.1, 2.0, 1H), 4.11 (s, 1H), 3.91 (s, 2H)
(dd=12.8, 2H), 2.03=12s.,1,200)NMRL584 MHd , i DMS O)
162.77, 157.95, 153.99, 153.91, 148.17, 14
137.57, 135.96, 135.09, 132.64, 132.04, 12
127.23, 126.32, 124.49, 122.95, 118, 150. 0038
37.72, 33.BRMS 2@EM®IX.al cul atedh f665.[IMrH4; f
665.3424.
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Synt hes#{Dxo8( AN{L D hendy(lpyriwydmet hyl-R-pyri din
yl)benzyl ¥Ap i, adi ihdyidrdoe nz o[ d] i-bryil daazcaly | ami de |

Compo@mB&b28 mg, 0.10 mmol , 1.0 eq.1){ S| smg,e a
0.11 mmol , :CI(2A4 7e gng),, OK 20 mmol , 3)&2(.102 enyg.,) Oa. n(
mmol, 0.1 eq.) inOlumLngy, dedeornbnefotEledur e
produlas a white solid (16 mg, 0.03 mmol, 26

IH NMR700 MHz,d)®DMSO19, 8DHY, 10.07 (s, 1H), 9
2H), 8J=&5 1(,d,1H)J=271761HY, 7.678 2(7s,( nL,HY4H)7 .
7.19 (m, -AH)5 ml192MpB, 36. AH) (=16&6.. 01, (1dd,2, 1t
(dds17.0, 2.0, JHP, 15.230(ddH), 4.12 (s, 3I
J=10.5, 2-R).,252.(3% 2M)L1.9,0@H[t571.(HE RMR.
(176 MHz, U DMSQ@p2.76, 157.11, 156.74, 154..
138.63, 138.47, 137.76, 135.29, 134.12, 13
128.97, 128.32, 128.21, 127.32, 126.33, 124
50.12, 32.KHRMS 2@EB®al cul atedy f6R22.[MHY; f
622.2922.

Synt hes#{f 404 §dn2et hy |l py-b-y m) cheB-phéenhy!l p-2ridin
yl )benzyl ¥p i-2poexr@ ,dBi my-l Hoenz o[ d] i-bayil daazcaly | a mi «
(52)
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Compoel&(c44 mg, O0.15 mmol , 1.0 eq.l)( 82 smg .,e a
0.16 mmol , 2CI&(14 1le gng),, OK 30 mmol , 3)2(.107 emgg.,) Oa. n(
mmol, 0.1 eq.) 1 nO2umLnty, dederorbnetokEledur e
prodouxas a white solid (16 mg, 0.03 mmol, 17
'H NMREOO MHz;ds)DMSO19®, 8DHY, 10.07 (s, 1H), 8
J=2.2, 1H)F272721dd, 7.678 2(5s,( n, H)ZHL78. 3{2m2 6 4 F
7.1B.14 (m, 2M)8, 46. 9H) ¢€d166..491 (1dod ,1, J=11HB).,9 ,6 .
2.0, 1H) J=507B, (dd0,J=2Hy, 4HL]1 @4t pPD6 (s, 2H)
(d=11.0, 2H), 2.5F112s,9,3R)H,) ,2.22D8f H1ls,2,2 R)H,
'€ NMR151 MHz,U DMSOpP5. 43, 162. 76, 157.10,

139. 43, 138. 51, 137. 72, 135. 25, 134. 19, 1 3
128.97, 128.31, 128.22, 127.29, 126.32, 124
50.11, 31267 HRME. q8bkezpl cul at ed¢ f603r6.[3NHOH];, f
636. 3082.

Synt hes#<sf 404 §(2di met hy |l ami nbey)lp) ymei-Baniyd i)n
phenyl p-2yli)dbenzyl ¥y iZpoexr@ ,dBi my-ad Ho
benzo[ d] ioryildaazcaly | ami de (53)

0

uNH
QL

-~ z

T x
Compo@B&d34 mg, 0.10 mmol , 1.0 eq.1){ 6vasmg,e a
0.13 mmol , :.CIx(2 9e gng),, 0K 21 mmol , 3)2(.102 engg.,) Oa. n(
mmol, 0.1 eq.) 1inOlumLnty, dedeorbnetokledur e
produ3as a white solid (8 mg, 0.02 mmol , 129

I1H NMR600 MHz;d)DMSO19€, 78HY, 10.06 J8, 21H)YLH)
8.37 (s, 2B912.71.,662.(0d/d.,2RA) ( m7 .-3B1L9 {m244H),
-7.11 (m, 2M)8,. 46. AMH) (Jd 166 .4D, (g .d1 , J=11H7).,0 ,6 .22.4C
1H), 5.J230(dd, 2.0, JE11H).,4 ,4 .41.01 ,( ttH), 3.89 (s
3.08 (s, 6#H)1.P2,93H)YJE12.028 B8gd,J=2H)6, 228Y, (
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(d)=12.1,'C2WMR151 MHz,U DMSODp2. 76, 160. 97, 1
153.98, 148. 10, 139. 56, 138.57, 138. 22, 13
129. 49, 129. 32, 128.97, 128. 31, 128. 20, 172
108.62, 100.90, 61. 52,. 2522 .HEB)S 6560m 512y, t c3ud . a6t 7e,
for pM+6HI5. 3274; found: 665.3360.
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Figur.éH-&8®HC-NMR spectra df6 compound
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