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Abstract

Akt is a serine/threonine kinase and a central regulator of the PI3K/mTORC signaling pathway.
Physiologically, it regulates cell survival and metabolism by negatively regulating apoptosis.
Dysregulation of Akt is frequently observed in cancer, making it an attractive target for drug
discovery. Akt exists as three highly homologous isoforms (Akt1/Akt2/Akt3) that, despite their
high sequence similarity, appear to perform distinct cellular functions. Current Akt inhibitors
lack isoform selectivity, resulting in off-target effects and clinical failures. Selective modulation
of individual isoforms could elucidate their specific roles in cellular signaling and enable
targeted therapies that minimize disruption of normal cellular functions. Such precision
therapies have the potential to reduce the side effects and toxicities associated with pan-Akt

inhibition, facilitating the clinical success of future therapeutics.

Capivasertib, a potent ATP-competitive Akt inhibitor, was approved by the FDA in November
2023 in combination with fulvestrant for breast cancer. However, the conserved ATP-binding
pocket across Akt isoforms and other kinases causes off-target effects. Allosteric modulation
via the interdomain pocket offers a strategy to overcome this limited selectivity and two
conserved cysteines in the pocket enable covalent targeting, improving pharmacodynamic
potency and isoform specificity. Previous studies have shown that this approach can
distinguish inhibitor affinities among Akt isoforms, supporting structure-guided optimization of

potent, selective covalent inhibitors.

The limited availability of co-crystal structures for Akt2 and the absence of full-length Akt3
structures necessitated integrating homology modeling with detailed sequence analysis to
enable a structure-guided design strategy for isoform-selective covalent-allosteric inhibitors.
Within this framework, docking studies targeting Akt2 and Akt3 provided the basis for the
rational development of a modular synthetic approach, resulting in a focused library of 59
compounds specifically tailored to exploit subtle structural differences within the allosteric
pockets of the Akt isoforms. Comprehensive biochemical characterization using HTRF
assays, combined with cellular target engagement studies via NanoBRET, enabled the
identification of highly potent, isoform-selective inhibitors of Akt2, Akt3, and dual Akt2/Akt3,
thereby demonstrating that selective modulation within this highly conserved kinase family is
achievable. Importantly, evaluation in an Aktl-sensitive cellular context using CTG assays,
together with Western blot analyses, confirmed functional selectivity and reduced Aktl activity,
while protein mass spectrometry provided direct evidence for covalent target engagement.
Beyond compound development, this work establishes a clear relationship between scaffold
design, warhead positioning, and isoform-selective engagement. Furthermore, protein X-ray

crystallography using an engineered Aktl construct that mimics the Akt2 allosteric pocket



yielded 14 co-crystal structures, providing high-resolution structural insights into ligand-
binding modes and revealing key interactions responsible for isoform discrimination.
Collectively, these findings not only validate covalent-allosteric targeting as a viable strategy
for achieving Akt isoform selectivity but also provide a robust structural and medicinal-
chemistry framework to guide the future design of next-generation selective kinase inhibitors.

Kurzfassung

Akt ist eine Serin/Threonin-Kinase und ein zentraler Regulator des PISK/mTORC-Signalwegs.
Physiologisch kontrolliert sie das Uberleben und die metabolischen Prozesse der Zelle durch
die negative Regulation der Apoptose. Eine Dysregulation von Akt wird haufig bei Krebs
beobachtet, was sie zu einem attraktiven Ziel fur die Wirkstoffforschung macht. Akt existiert in
drei hoch homologen Isoformen (Aktl/Akt2/Akt3), die trotz ihrer hohen Sequenzéahnlichkeit
offenbar unterschiedliche zellulare Funktionen erfillen. Aktuelle Akt-Inhibitoren weisen keine
Isoformselektivitat auf, was zu Off-Target-Effekten und klinischen Misserfolgen fuihrt. Eine
selektive Modulation einzelner Isoformen kdnnte ihre spezifischen Rollen in der zellularen
Signalgebung aufklaren und gezielte Therapien erméglichen, die die normalen Zellfunktionen
nur minimal beeintrachtigen. Solche Préazisionstherapien kénnten die mit pan-Akt-Inhibition
verbundenen Nebenwirkungen und Toxizitdten reduzieren und den Kklinischen Erfolg

zuklnftiger Therapeutika erleichtern.

Capivasertib, ein potenter ATP-kompetitiver Akt-Inhibitor, wurde im November 2023 von der
FDA in Kombination mit Fulvestrant zur Behandlung von Brustkrebs zugelassen. Die
konservierte ATP-Bindungstasche Uber alle Akt-Isoformen hinweg sowie in anderen Kinasen
verursacht jedoch Off-Target-Effekte. Eine allosterische Modulation Uber die Interdomanen-
Tasche bietet eine Strategie, diese begrenzte Selektivitat zu Uberwinden, und zwei
konservierte Cystein-Reste in der Tasche ermdglichen eine kovalente Bindung, wodurch die
pharmakodynamische Wirksamkeit und Isoformselektivitat verbessert werden. Frihere
Studien haben gezeigt, dass dieser Ansatz die Affinitdt von Inhibitoren zwischen den Akt-
Isoformen differenzieren kann und die strukturgeleitete Optimierung potenter und selektiver

kovalenter Inhibitoren unterstitzt.

Die begrenzte Verfligbarkeit von Co-Kristallstrukturen fir Akt2 sowie das Fehlen von voll-
langen Akt3-Strukturen machten die Integration von Homologiemodellierung und detaillierter
Sequenzanalyse erforderlich, um eine strukturgeleitete Designstrategie fiir isoformselektive
kovalent-allosterische Inhibitoren zu ermoglichen. Auf dieser Grundlage bildeten Docking-
Studien mit Akt2 und Akt3 die Basis fur die rationale Entwicklung eines modularen
Syntheseansatzes, der zur Herstellung einer fokussierten Bibliothek von 59 Verbindungen

fuhrte, die gezielt darauf ausgelegt waren, subtile strukturelle Unterschiede innerhalb der



allosterischen Bindungstaschen der Akt-lsoformen auszunutzen. Eine umfassende
biochemische Charakterisierung mittels HTRF-Assays, kombiniert mit zellularen Target-
Engagement-Studien durch NanoBRET, ermoglichte die Identifizierung hochpotenter,
isoformselektiver Inhibitoren fir Akt2, Akt3 sowie dualer Akt2/Akt3-Inhibitoren und zeigte
damit, dass eine selektive Modulation innerhalb dieser stark konservierten Kinasefamilie
erreichbar ist. Wichtig ist, dass die Untersuchung in einem Aktl-sensitiven zellularen Kontext
mittels CTG-Assays sowie Western-Blot-Analysen eine funktionelle Selektivitat mit reduzierter
Aktivitat gegentber Aktl bestatigte, wahrend Protein-Massenspektrometrie direkte Hinweise
auf die kovalente Zielbindung lieferte. Uber die reine Wirkstoffentwicklung hinaus etabliert
diese Arbeit einen klaren Zusammenhang zwischen Scaffold-Design, Warhead-
Positionierung und isoformselektiver Zielbindung. Dartber hinaus wurden mittels
Rontgenkristallographie an einem gentechnisch veranderten Aktl-Konstrukt, das die
allosterische Bindungstasche von Akt2 nachbildet, 14 Co-Kristallstrukturen erhalten, die
hochauflésende Einblicke in die Ligandenbindung liefern und zentrale Wechselwirkungen
aufzeigen, die fur die Isoformselektivitdt verantwortlich sind. Insgesamt belegen diese
Ergebnisse nicht nur die Eignung des kovalent-allosterischen Ansatzes zur Erreichung von
Akt-Isoformselektivitdt, sondern liefern auch ein  robustes strukturelles und
medizinalchemisches Rahmenwerk fur das zuklnftige Design von Inhibitoren der nachsten
Generation.



1.l ntroduction

l1.QancerPreercd Sheomapi es

Cancer is a broad spectrum of diseases in which ce
manner without the wusual regul ation which preseryv
consequences. Cells normally gradwvwe igmr oawrt ho raghan ihzeead
I n contrast, cancerous <cells often accumul ate in
called tumor s. Mal i gnant tumor s, unl i ke benign
met astasize to other organse trestuulhe i bgdy.n Camdem
sin
Al t

or i

|l e ,diigeavenpri ses many different thpesbedepend
h metastatic tumors typically preserve cor

in, ongoing clonal evolution and the influenc

n Q - Q 9
o
c
«Q«

considerable heterogeneity adahd altered phenotypic

Can
Org
acr
di s

contributiomel|l abed bde@iOR . breast cancer became t

r today is stild!l a human disease with high
i sation reported almost 20 million cancer <ca

e
n
ss t(hri gdroebel)t erms of cancer mortality, l ung
a

® O © O

se worl dwi de, widmdgdtcomaaght cdancers valrs o bmalaisrt ¢

iagnosed cancer worl dwiide,wpmedomahamobghorcauerdc:
servedMiors tchegnnc.cer is a result of both genetic and

o O Qo

mage to the DNA and subsequent uncontrolled ce

—

b
a

include tobacco, alcohol , unhealthy diet, obesit
actsaurcsh as radiati oaandanndecarasichgopgerhecti ons such
e

patitis viruses, according to the World Health

I n the 19th century, the standard treat ment for
rapidly with the introductiP@Gantoifnumwestpmresdgrae sasn di
biology, surgandmagnegrumehnsl ogi es enabl ed earl.
effective urogerdwurkas been employed not only for
cancer prevention, inomhudigngnthéesxonsi andoprppéy
highsk popuAsata othrseat ment tool, the objective was
its size. Certain radical procedures in the past,
considered in selected cases becausmetrheosdesararhe ha

equally effective with fewer side effects.



2022
Worldwide, both sexes, all ages (0-85+)

Cancer incidences

Cancer mortality

m Others mlLung W Breast m Others ®Lung m Breast

m Colorectum ®m Prostate m Stomach m Colorectum m Pancreas m Stomach

mLiver mLiver

Total: 19.976.499 Total: 9.743.832

FigureAHlsolute incidence and mortality numbers, along wi!t
type 25 202
Radi ation therapy is an essential component of
ot her approaches to target specific areas. It
di scoverrayysofi X 1895 and the Cur’iPhy6Gircd sasmmasr adbe | dn
doses to tumors and -rmosdke r sau rer oduonsdeisn gt ot i astsue s,
understanding of anatomy and tumor biology. I n
can relieve symptoms suUccheddamm@pasayr @ebsAdwuand @n
proton therapyanibmagaiydéder apghni ques have i mpr
patient comfort. The main objective remains ef"
whet her the goal i s®lenumuen odrhegyarppt dm raeltihefr.apeut
to modul ate or enhance the patientds i mmune sSYs
The concept of harnessing the i mmune system for
from earlysob$ernwanoirom egression following i mm
mol ecul ar i mmunol ogy. I n contrast t o conven
i mmunot herapies act by restoring or amplifyinc
selective targgatnitngcedfl smalMaj or cl asses includ
monocl onal antibodies, adopased tekht menretra,pi a
vaccines. I mmune checkpoint inhibitors functior
supprfleed | activation, as exempl i fi edl biyn hpiebmbtroor
used i n mel-samalmMa,celoln ung cancer, and other so
4 inhibitor) for advanced mel anoma. Moinorc | @ofh a l

5



tumassociated antigens, such as trastuzumab tar

rituxi mab t ar geceetlilngl yOmp2h0o mans .B Adopti ve cedlll ther a
therapies such as tisagenl ecl eucel targeting CL
hematol ogi cal mal i gnanci es. Despite their concep
i mmunot herapies remains influenced by tumor heter
and the immunosuppressive tumor micr oeinzatrioonment |,
and rational combination strategies.

Chemotherapy remains a fundament al approach i n ceé
to kil rapidly dividing cells and control tumor
toxic, their use is carefully balgahn dehde trd seknss U roa |
patient . Depending on the situation, chemot her ap:
shrinking tumors before surgery or by eliminating
be applied to ease symptemsornmeatisé at $ cwicamcadv a
radiation to improve treatment outcomes. Such fl e
in oncology, tackling both the eradicdfhen of c
devel opment of anticancer chemotherapy began in

inspired by observations of bone marrow and | ymph
mustard gas during Wor ld'B™arrl yl canidniWaarll ds tWadri elsl .u
mustard, a bifunctional al kyl ating agenlti,nlkdee monst
and inhibit!"Sbmotl|l groweheafter, folate antagoni st
explored, particularly in pelddmd rpuer iprag i @mt ismeni & U
were developed Thaesehpi a866sing discoveries |l aid t

chemot herapy targeted rapidly dividing cells witHh

and most of the times nor mal cell s, often affect
si decdfafl | maj or conventional approaches for cance
2.



\

Personalized therapy

Y

Surgery Cancer
treatment

Immunotherapy
Radiotherapy
I
»
Chemotherapy

FigureS@hematic representation of the classical cancer tr
Over the past few decades, oncology has incre
which wuses molecular and histological profil in

(Figu¥®8y 3jyailoring treatment to eacahndp ateisenytlde

characteristics, this approach enables more e
strategies that i mprove outcomes WHTihlee anpipnliintiazti
of artificial intelligence, particularly machi
enabling t he anal ysoimi ceof acomegllexi cnal tidat aset
di agnosi s, anpdrroggantorsé rst selection. Al can al so s
pati ent reersda @B 688 i n advanced i maging analys

devel opment of personaliEmed yomsaaclcegys est rodt epgiee
include thetrappuaualab efocni t HER2 br east cancer,
monocl onal ant’abiondy i hh drzdBoy o sSBIGR ve chronic mye!
(206%)emonstrating the impact of targeted inter
further suppoaalea ibryi tliaatgieves such as £206&3Human
and, more recent I12Ya ndt heel | UKo fBitbsb a(hx0Ohla8v)e, expand

understanding of human genetics and advanced pc¢



Traditional therapy

AR == T

Cancer patients Low or no effect
Adverse effects

Precision therapy

» > -
Treatment A T

° ° ° Genetic profiling Hl.gh ef:e
Treatment
rPN. — bax X
w ﬂ High effect
i o o
Treatment C

Cancer patients
High effect

Figurlel [B3ustration of the transition from conventional to pre
patients receive the same treatment despite underlying molec
including | imitedrsdféftheygt sandThaed preci si awrs eme dgiemierie cammrdo @
mol ecul ar profiling to classify patients into subgdgroups, ena
individual tumor biology, theaerbymenhmhiZi mgpt heida pF¥yDEY ROLP

1.RrotkKinnmasesThaindgpl| i catCammr eir n

Proteinchmpasese a | arge family of transferases th
proteins involved in various cellular processes,
progressi on,an@drpolpitfoesriast.i olrheir role is phpsphoryl

which act as a mol ecul ar switch to eadbnel sthe r €

oone of the mosetattimdemé@iymmeheiMi stry.

Kinase phosphorylation requires a cof amntdor , usua
propebstlri kpeeoatogi @ me.t atbooolridtiendlito msn otf aigl i zes ATP
within the catalytic sit-ophasphbaei gQirbaped ottt s fhe
chain of seroitnyer,ostihnree orneisniedues of the acceptor pro
yields a phosphoryl ated substrate (Binguré&dedpsin
Phosphorrylsaitlitesn in a strong negatifvreeghamtgley aitnd he
conformational changes in the substrate protein,
interaction partners and wultimately modul ating dc¢
protein phosphatases cadlalofzephdsphatde odrydu s ,r eanmol

ki nase 2alchtei vdytnyami ¢ interplay between kinases and
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regul ated system essenti al for cellul ar homeos
chr omosomal rearrangement s, altered expression
i mplicated in numerous diseases, i ncomudi nigo mse,
cardiovascul ar patholagdes¢®heurodegenerati on

protein kinase

=)

phosphorylation
substrate m substrate
NH, NHz
N &S N x>
. ’f“
9 9 o e o o S
HO-P-0-P-0-P-0— HO-P-0-P-0— o
OH OH OH OH OH
OH OH OH OH
ATP ADP
FigureSchematic il l ustartatliyeredoft rtames fleirnade a phosphate grc
protein.
A substanti al proportion of genes associated w
ki nases or components of kinase signaling pa

correspond t o ki nases or regul at e proteins t
phosphoryl ation substrates. Consequently, dysre
hall mark of tumorigenesi s, positioning protein
the most intensively investi gaf&het aorfgethse imo sm
known examples is the c¢chromosomal transl ocat.
which results in the fusion of the Breakpoint
tyrosine kinase gene (-ABL1f)usélihre paestud onmntgi tBICR

activity that drives uncontrolled cell prolife
vast maj ority of chronic myeloid | eukemia cas
| eukemias. The apprecdl af siematcitnivie ( @Ghedv tor
BCRABL kimarskted a | andmark achie%Ameat insdregt
approval in 2001, research on kinase inhibiti

some of the most actively pursued ther@@war ic

the following decades, continuous advances in



andrug design have increased the number of <clinic
Food and Drug Administration (FDA) approval of

remi brutinib in 2025 marked the nmdleesctudmee koifn t he
inhibitor. This significant development highlight
into targeted therapies, enabling more precise in;

of disease and ultimately e2ivancing personalized

1.I13mpor t a8eclee cotfi SmatiMo lienclnhiebitor s

Selecits vonheg of the most critical d entoel renti unlaen t dsr uogf
devel opment , kamtaiseu lianrhiybiitmon. I n t he clinical
selectivity d4amiltead ttoxdaeasdi es, aednunpgrddit dbdeaBllpeu

adver se eventtasr gleuwte itddB exfaics ¢ omsot ein kinases regul
cellular processes, udisecamideidngnki bhaseoDnmay dionr
physiol ogical signaling in healthy tissues. Ther e
in patienab heteemkntit o maximize therapeutic effi

and {temgn $dafety.

A deep mechanistic understanding of the biologic

selectivity design. Knowl edge of kinase structur
dynamindi gnaling network context enables the iden
be exploited for medicinal purposes. I n oncol ogy,
conserved cat acyhtiiecvi cagmakiennsqreé ect i vity, especi all

rel ated fami pbgr membekas|3yFiosrh aelxlaenmpglibnign.tt heg ApBcket i
structurally conserved among more than 500 human
i soforms or paral o’ddowenvheerr,endg\ven dddbidtilcaul di fferenc
residuesexposecdntegi ons praplgaketntf Isaipmiclkiettys can b
through guirdedudei®*g desi gn.

ATRompetitive inhibitors representatpet mmgtageasnts
Their advantages i ncl-cuhdaer ascttreornigz epdoa bethhcdyi, a bviethd t g s t
i nhibit-tlyptehawidl dhut ant kinases wWwWikénnapptbobprbateksy
examples include i A&8BtLi anld namgebiusgePCRer mal grow
( EGFR) i PP HOwesercom@et itive inhibitors face i
Because they bind to a highly conserved site, achji
be difficult, of ten resul tikiign asne pion hyipbhiatrinmoanc od aorg y
be therapeutically beneficial, it frequently inc
i nter ppf@tFaitritchre.r more, competition with high intra
requi reaf fhiingiht ayn bei snidsithagn c e mut @t ina@n ngi rsitthee cAMP ¢ omp
ef fi3¢dcy.
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om thendAThRg site and are sfkenastesbSambhsesve
nservation can enable improved -iaodgetr fMddiisci
reover, all osteric modul ation may stabilize

main interactions, t hereby achieving selecti

i th FAJIrP. exampl e, i nhibitors targeting htalve i nt

monstrated i mproved i sof orm sel ecampeéttiyt i @€
mpouPAds.osteric approaches can al so proivigde s
hi bitors, further expahdiAmng t hleer a pnepwtritcanp o ss
hance selectivity involves covalent targetin
ch a-s omoear ved cysteines wit hi n®Whrennecaarr ef @ ¢
signed, covalent i nhibitors can achieve pro

tency while maintaining specificity th"rP%Hugh

s approach has been successfully *&pAgItihed gtho
teine remains the primary target i Abacsewal e
ign, c h e ma p dvatr dheemidc sc hemi stry have =enabl ed
ernative nuecilnecolpundiilnigc Iryessidm@esicistey edyi reexpandi |

c

ggable proteomeepeydadt cyHsatved veegri e scar ef ul 0 [
required t@r gnéetni meaet iofifty a*ful teinmautreel yc,| isneil
ould not be assessed only in biochemical as s
| evant cel®a@3kKiirnowmipgde emg.of i |l ing, phosgrhdbpr ot

nctional cellular assays are essential for de

ftfarget ®f mpotsantly, clinical selectivity is

so depends on phar macokinetics,anfdihses uree ldaitsit

pendence of tumor versus nor’M&P cells on the
summary, achieving selectivity in kinase i
derstanding of structur al bi ohndyseaseymbbaog
t wor ks. Advances in computationalndabeéel cag,
obe devel opment have significantly i mproved
mp o PPAdss .pr eci si on oncology continues to evol\

di vi duale vkeinnasspes i fi c i sofor ms, remai ns a cor

more effective therapeutic strategies.
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2. Motivation and Aim

The serine/threonine kinases Aktl, Akt2 and Akt 3
signaling pat hway, whi ch control s cel l gr owt h,
Hyperactivation of this axis throughupPpPdtK3€AM MUt a
signaling is one of the most common oncogenic ev
attractive therapeutic target. Over the past two
have vyiedcoengpgedATPi ve and all oss epdkrci viemh isdAgtnaarl si ntgo
maj or milestone was the 2023 appropabi bfv-eapHER2eEe
negative advanced or metastatic breast cancer wi't
combination wi?2Thi ubappsbvahtclinically validated
however, capi vasktrti bhiibsi taorpamwhil e broad pat hwa
effective, it may |l imit the tthhargepe wtfifce cwisn daonvd d wn
di scrtiiminnabet ween biologi é%althodigst Aktfl, ARkt Rsahdr
hi gh sequence identity, -bpadtiingulsairtley, wactchunmul tah e
i ndicates t harte dtuhnedya nptidd @ yceomateernxtt r ol es i n tumori gen
homeost®fBhes .strong conservation of the catalytic ¢
has rendemenpeATRi-sel esbfvormy extremely challengin
shifted toward the interdomain all ost eornaci npso,c k et
where subtle structurakspeciféecemies®Fénearenimeat acr
A key breakt-haogghednt A&t apy was t hal Idesvted roipaneAlt t
i nhibitors (CAAls), exemplified blyaded usprerrdd dhe D,
borussertib incorporates a Michaeleacceptent whomhde
with noncatalytic cysteines (Cys296 and Cys310)
precise allosteric binding and covalent engagemen
the inactive conformati on g@ atna reqéta®iicire op,witttehinecnye ahnads
been substanti al scientific interest in developi
specifically targeting the Akt2 and Akt3 isoform
signaling but remain | ess’%#rlehlel |cahcakr aocft ecrriyzsetda |sltorgu
for Akt 2 and Akt 3, particu-balt kgt iivhe ccoommpploeuxn d i t
understanding of the structur al basis of isoform
chemicaButbdisg on these foundations, the aim of

guided devel opmenal bbshevel Akvalehtbitors capabl

Akt i sof or msh.a s/ ds tarpyctouarcehr aynt @rgy satt a In gkstr uandir e s
homol ogy model s of Akt3 guided rational design to
these isoforms. Modular chemical synthesis was enm
tool s, building on a tri substeidt uitred-s tyfrad tdinwne c

12



compounds whil e mai ntaining key structural f e
enabled the incorporation of s ubsyteictidtied shegtuernc
conformational di fferences, variabvi bobheoftehtnhkte
and introduction of electrophilic warheads to
covalent l i gands, substanti al lsyel émpirvwivi wg BPiod
evaluation confirmed coval emtm, baovihd | fo bimat iogn cfh
assessed in cellular contexts wusing NanoBRET t
assays. Crystallization attempts were conduct e
sequence that mi mi cpodlet Akpr2ovaildionsgt estircuct ur e
binding and pocket flexibility, elucidating ho\
all osteric site, rationalizing the selectivity
opti miafatfiwthur e i nhibitors. Together, these com
to dissescstpecsdbiormunctions and as a foundatio
precision pharmacol ogy, enabling targeasdsmodul
Warhead

Isoform-selective residues - covalent targeting

+ targeting structural differences + modulates reactivity

O

)‘NH

0
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Main scaffold
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* Length

« Chemical properties
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A A f
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{A{kfa)—selectiVBJ
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ktz‘selechv
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Fi gwreDesign

main scaffold

concepel €oti veoAbkTthnme nihn hoii ktiotraosr.

(bl ue),
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the central

feature of borussertib bearing the coval &ret
main core with tdel ditfifeeemesi doédr mMrr ows
across the three Akt isoforms: Aktl (grey),

il lustrations sdyempbeonldiezne ibsionfdarnmg and sel ectivity

indicate
Akt 2-1 pkikght

trisubsti

wWhrheadnardt

the ¢

profiles.
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TalRgEneZAKE

ATP-compelitive, allosteric &
covalent-allosteric inhibitors

Abstract

Akt kinase is vital in cell gr owt h, survival,
signaling is implicated in cancer and metabol i
Akt promotes cell survival andemgiode f eeatnabnoh
developing Akt inhibitors as potential therape

i nhibitors are c¢classifi edompnetto tti weee ambiost ¢ 1yip
cC inhi-Odompe tsn H(iiMAK loig)s. coTnpet e with ATP
allosteric inhibitors interact with t-akl PsEeks
i nhibitors

(AZD5363) AT& opnopteetnitt i ve Akt inhibitor, received

all osteri

form covalent bonds, making them moi

for use in combination with the estrogen recep
Chall enges remain, including improving eptecti
and enhancing therapeutic efficacy while-minin
all osteric inhibitors hold promise for future |

Significance

This Perspective highlights the pivotal role o
focuses on the |l andmar k FDA-gemprroeavtdlono fAkd apinvhd
treat ment of breast cancer. lgteenrthaetriad d s Akth ei reh
all osteric-adhdsecevalcentt hat promise i mproved se

new era of therapeutic strategies and personal
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3.1Int roducti on

Akt , referred to as protein kinase B (PKB), i's a
di verse <cellular activities such as <cell prolif
Dysregul ation of Akt signaling shas nlxdeardilnign ked ctec

met abol i c!ldni scoarndceerrs,. hyperactivation of Akt is com
cel | survival, proliferation and invasion. Il n met
can lead to insulommalesgbtanse Tmedalhdines mAkt has
the target of intense research for potential ther
Akt inhibitors are currently being developed an
monotherapy or in combination studies.

The Akt protein consists of sever al di stinct str

i soforms of Akt-téAkitddal2/ P)ecksteriNn homol ogy (PH)
ki nase domai-hemamidnalhehyCdr ophobic motife Tlhe PH d
binding to phosphoinositides3, 4pciphiocsplhlay e plf ®d
produced by pheksipnhacsien o(sPilt3iKde when gr owt h factor r e

the absence of PlI P3, t he PH domann i nntaera@alcd se dw
conformati on, preventing theWhert ePlaR3 i bihnnadvsi t ho pt
domain of Akt, this interaction induces a change
domains. Importantly, it results in the dfi ssoci at
The PH domain is |ikely to fully detach from ¢th
flexibility and accessibility of the kinase domai

ki nase domai n t hriooung,h aplhlooswpi hnogr yil at t o subsequent

downstreant'Umomgetme.mbr ane recruitment by PI P3, /
phosphoi-tepéndermil KiPD&Kdg, another PH domain compr
and undergoes phosphorylation at Thr 308 in the a
phosphoryssaemtoinali sf @er t he PTahret icaelntarcatli vraetgiioonn ooff AA
the kinase domai n, which mediates the phosphoryl
DNA damaggormrrse, such as CHK1 and in cell cycl e
FOXO3A, p2tThedcp@lytically active kinase domain
three isoforms of Akt and across other me mber s

bel ongs-t eTlme n@l region of Akt contains a hydrophit
mot i frst,i cud ar |l y Steerdmi3naln rtehgei o , are phosphoryl a

including mammalian target of rapamycinldampl ex 2
Akt . Dual phosphoryl ation of both Thr 308 and Ser
activated st athehe( Fciognprliee x1 Aa)r.chi tecture of Akt, col

16



el ement s, coupled with its intricate regulatio
target for designing inhibitors exhibi%ing di f

plasma membrane

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

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

Figur@)(lSchematic representation of Akt activation and

stimulation of RTKs by extracellular growth factors (GFs)
increased accumul ati onmermbrPalnPe3. aGyttolseo|l pkcasmacti ve Akt i
membr ane by the interaction of the PH domain with Pl P3,

Thr308 by PDK1 and at Ser473 of the hydropkabion moti fAK
Dephosphorylation of Akt by the protein phosphatases PP2A
AktB) (Crystal structures of protein kinase Akt. Depicti ol
regulatory PH domain (greenqoutPDBonfldNQationtphlefack mped PHh
conformation (right,r @dBon 5KECVdhowmeasd i akl@rhaeyl idka sihse dc ollionre
orange, the hinge r egriiocnh nlnocoypa nidko nmydhdelt itthev eGliynhi bi tors (y
enzymatical lowtgctcionmd offdt i on. -Allll ostteriic iamhi kwiotvarl € nitb!l ue

an allosteric pocket that is f-onmedabhhobhme enzymatically
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The mounting evidence implicating Akt dysregul at

compelling rationale for the pursuit of ki nase ir
Akt 6s kinase activity, these inhnditeam Hiogdaltihr
pat hways responsible for promoting abnor mal cel |l

can offer precise and effective treatment strateg
Akt inhibitors comprisesatdaveast Bhravgbf dmset e c
modul ate Akt signaling. I n the early 2000s, res
competitive and allosteric inhibitors were initi:
cancer cells. Samtsiegqiluewmdar k, haublseden i nvested in f
unravel Aktodés function in cellular procesgkses and
It is noteworthy that some Akt inhibitors have ma
despite the significant challenges faced in Akt i
including issues with developingaseglée’deiddetciashi bi
emergence of resistance mdamhawiitgrdisesuempgoyire@at n
prostate cancer cells elucidated PIM signaling

response to prol ongeco mrexetoistuirvee tion htihbei tAdIrP | pat ase
genetic |l esion WB8O0OC was nemsescstadcent AKThe @adhfoestt
MK2 2 0'6However, Akt inhibitors provide therapeutic

cancer, as shown in clinical triaAlst iCalpi viatsenr t i |
achieved a major breakthrough in thebAkt nfiael d.
combination therapy wisthoffjehvestumgantwasamgramtied F
treating adult patients with hormone receptor pos
recepheg@Ri(HER2T1T ) brlelehdts aemmaerk.abl e mil estone mal
advancemesttriget Akt preci sion medicine and offers n
specific cancer types. I n this Perspective, we Wwi
and delve iphea thgstam structures of some represe
structure and regulation of Akt and its isoforms
inhibitor design with divecapeMbOAs, spienitdifng & x|

t herapeutic innovation.
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Tabl:e Slummary of Akt inhibitors that have progressed to c

agents and current status, categorized by their respectiyv
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/IIT)

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
NTQI062 (Nanjing Chia-Tai Tianging breast cancer fulvestrant active (Phase Ib/I1)
Pharmaceutical)

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) QOsler—Weber—Rendu - active (phase I)
syndrome

1. ATRompetitive Akt inhibitors
ATRompetitive inhibitors represent one strateg
ATBinding site within the kinase domai n, wher e
MOA sets them apart from all ostemwid¢ hAkthei iPHI Wiot
The binding of these competitive inhibitors hir
to Akt ds substrate proteins, |l eading to the i1
signaling cascades. E airrd tyi bdietvoerl so pfmeead d od h & lhleesre
homol ogy #bni ntdniengATgPoc ket bet ween PKA, Akt (PKB)
kinases. Numempesi ATRe Akt inhibitors have been
structur al bi olchhgyni anad ymadgipociormalhes,i ef hiedho vel
vi voHowever, onl vy a few of t hese i nhi bitors h

decadédze. fi-coempATPtive Akt inhibitor evaluated |
1) ,ridveed from a structuretTactivity r elxatdiiamrHiyg
amines. Thi-Akpoitemitbptar with modest selectivit
ki ndsehsowed encouragin§Epiaclciani davedapament of

suspended due to significant adVviéEfsfeoretvse nitasv,e i

made to improve the selectivity, safety and to
chemical cores, whi cht | @fd upmr otsheer td ébv e(l ®@Pkme 1 4
(GSK2110183), i-pac8sercabi v6P€Ertib (AZD5363),

have advanced to clinical trials (Chart 1, Tabl
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ipatasertib NTQ1062 capivasertib
(GDC-0068) phase | (AZD5363)
discontinued solid tumors plus fulvestrant in breast cancer
FDA approved
Char:t AOB®mpetitive inhibitors that have advanced to clinical

Afuresertib (GSK2110183) was discovewyedmitdylough
ami dot hi ophed®wheeriwattihee,pyri midine ring was rep
pyrazole ring (Chart 1) . Uprosertib (GSK2141795)
the thiophene core replaced by a bioisosteric fur
devedopyg Gl axoSmithKIine, are orally available ar
potencies for al?Pl nt har ePeh alsket uli ssstéuodryimis . demonstrat ed
safety profile and <clinical activity against hei
myel oma. Common adverse effects i nc?A dRehda snea ulske/a,
Il study is currently ongoing to evaluate the sa
in patients with |l ocally advanced or metastatic HI
ofcare therapies (LAE205UpNTBs60LItNEBTQLBEL613). has
into chlaicahowing -aolsaf &t eachdpmweflill e in a Phase |

sol i d Wmfoarst.unately, | imited clinical efficacy ar
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it was used in combination with 2°ha RPhade ME/KI1LI/ N
(NCT01902173) evaluating uprosertib in combina
treat ment of patients with stage |11 CiIV meta
di scontinued due to | ack Oakt sbpplhy -eamp dteistciovi
i nhibitofg80whde8KI oped by Abbott Laboadt3drsides a

a potent and reversible Akt i shieguadd v ( Ploarent 1
i sof orms anod dhasseldet i vi t2yCofmbdri nAakti oov ewri t BK A.a c |
and with rapamy2zixenaongrMifaaPaadel s i ncreased ef
inhibition compardd tao Phamset Hdr aagdyi.ni cal tri al
and efficacy were investigat e OR0f ovhea tadmmi aalst
patients with seborrheic keratoses (SK). -The r
020 to reduoesSkKnld over 80 % of SKs -0R6aged fLol
% had at |pedbanstt iampornoev e ment in PLA score at the |
I study is ongoing to treat facilaplataansde ritn tbhe r(t
0068), developed by Genentech in collaboration

and potewmmpARTRti ve Akt inhibitor derdivheyddHfa om
cyclopental[d]pyrimidine sktaf fvaodtpeor(i Grheanrtts 1d,e mlin
potent Akt inhibition andimnedduiessadntaedrli npe oxd e
showed tumor growth inhibition, 2?3 patasgrtobfadt

nto clinical trial s and has been combined wi

ocet axel and monocl onal anti bodies such as at

0 the Genentech/ Roche pi pecanmmpecsu ndt hwea sd etveerl noi pnm

o - Qo

iscontinuation of ipatasertib is significant

t was one of tbandiodat asiviamceHdi s cl| ass. The o

i patasertib underscore the challenges faced in
initial high expectations for tHoiwevelrass paf ad
efficacy and selectivity have | atdmpéei fouadianh
with improved pharmacodynamic and pharmacokine
devel opment of NTQ1062 (deaiel dpadgibiyg NRma)rn mac e
through refined optimization approaches. -NTQ1O0¢
5-met by-Bi hydr op-gpiydo fi2(bsm e, whi ch binds to the

ki nase domain and bears an optimataedept pbraha

Extensive studies have showcased that NTQ1062 c

exhibidepeoasdsent phar macodynamic effects in xen:t
activati onAlmMiTQR ep aPtIMBwKap.ent |l y, it is undergoing
I c¢clinical trial for the treatment of advanced
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trial i n combination with fulvestrant in patient
(NCTO06172322) .

Capi

vasertib (AzZD5363), devel oped by AstraZeneca

competitive Akt inhibitor with significant resul't

a pyrrolopyrimidine scaffold (Charreggilo)n tohfatAkdn aabr

ef fe
val u
capi
char
fold
hydr
ring
and
cent
aryl
ni tr
an a
c o mf
chai
Thes

i mpl
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ctively targets all i soforms with remarkabl e
es of 3 nM, 8 nM 3ATnhde 8anmM,y si 8 s mecttilveel yr yst
vasertib and Aktl (PDB 4GWli)eracvéeohed aodu csita
acteristics. The active form of -tédremipnalt et ai Ir
ing backeowméemnal héofNe to position Phe469 and
ophobic pocket r eAsktoln sa*®dMaevafldyy, r ¢ drel aptyirmrp | op
establishes two hydrogen bonds with the kine
Glu228 (Figure 2E). Equally interesting is t|
ral pi perciedinn e gr ibrog hc t he pyrrol opyitiichmi dioome hi
group. This conformational preferéeshm2 is in
ogen in the pyrrolopyrimidine core, which str
cidic hole formed by Gluz234ocamph@Iny27 &.r oAipd if ti |
ortably situated i n a Hhryidcrho pl hooobpi,c spuorcrkoeutn dbeedl o
ns of Lys179, Leul81 and Vadtfi6ldys B58 wE¥hd @lsy 1 6
e structur al details shed | ight on the compol

ications for regulatory control
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FigurecCReystal structures of Aktl in complex WwWA)t h hienlCIARI t «
borusserti b @BPDBhe6dHFDdPst éric micC)anasne-shktbl { iPD8: CAKICV]) PDB:
andD) ( Akt 2 wiOtd¥d anhWADbg ( PDB: 8Q61) in the allosteric bin
structure compl exceesmpdt iAtkit VE) wiiiniptai t#aTsPeorrtsi b ) PRB:pi 4BEKSle) td rbd (
4GV1). The kinase domain is cogoeed. i hnwhheé eABRP dbitmaei Pd @
el ements are colored:-rhichgé oo@gi onnmdatmikfp iciyrkd@ghrédDfF Ganch or an

Key hydrogen bonds between the inhibitors and the protein
I nitial studies by Davies et al. in 2012 showc
against breast cancer cell s, particul arly thc

harboring PIK3CA mut at i o®ASubosre grnemN fiinnetsitdmg alt

encouraging antitumor activity, |l eadiPhgweoedise
its efficacy as a monotherapy showed | imitatd.i
therapies to enhance its effectiveness, overcoc
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simultaneousl! y. I n fact, when capivasertib wa s

t herapeuticall ynefyfi«catpiiweaseosed primarily exhibi
mechani sm rather than a proapoptotic one. Combi ni
early stage clinical trials resulted in promising

wi t h fawmltyesctapi vasertib showed remar kfarbdee amdpr ov
overall survival compared t dFEAKTI O&NSThrer mfl h.aad e nlel i n
CAPI t2e911l ot ri al further validated capivasertibds pc
fulvestrant for HR+/HER21T advanced breast <cancer
therapy. The trial demonsntr aitre dp rdorgriegassiufravd avratl iamyo
patients who had progressed during or after prev

adversed®*vent s.

3.2l osteric Akt i nhi bitors

I nhibition of kinases through ATP competition is
suffers from major drawbacks. These shortcomings
related kinases and, in the case tdhfe Akhtr,e ediifsfoifcourl
because of t heir homol ogous catalytic domai ns.

advantages over conventional orthosteric |ligands.
for particul ar subtypes ader cohesqlgnttledragtectdd pec ®
related adverse effects. The key to these advanta
all osteric modulators, which target distinct site
the case ofhiAkitt,onsh elsiend nt o the interface between
domai n, stabili ziinng ctohnef oirmadc¢ti iome ( Fkcgoummpeet 1 B) v e Wh
i nhi bitors ofAketn ianchti bad opan allosteric inhibito
selecaddekygs the individual i sof or ms. To fully ¢
i soform and their implications in canced.,ecttheree i
allosteric?®AR% inhibitors.

Merck ( MSD) identified an all osdiephenyAkguiinmhiab ii
derivative (Chart 2), following a screening initi
Aktl and Akt2 isoforms but aleom AGCykitmadr&s WREA, (
SGK)»This compoundds discovery was particularly in
i nhibitotengthgAkbtboghpgh screening. However, a

experiment al appr oadc hv airssingn aoft rAukntcatreveal ed t ha
inactive, leading to the?3%" &atezahienuafquesmathas
under stood, it spurred efforts by other companie
scaffol ds, resulting in potent all osteric- Akt i nh

2206, which al ong wewvair insieratnisbe r(tdedbv ealnodped by Ar Qul
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by Merck) and pifusertib (developed by Tai ho F
trials (Chart 2).

@ NH, —N NH, —N NH;
@:N\ \ />N \ /N
P N/ S N’ =
O B O
~
H,N” °N HzN" °N
initial allosteric lead miransertib vevorisertib
(ARQ-092) gARQj751 )
phase Il in Proteus syndrome discontinued
OH
NH,
O.__N
LI
S A
MK-2206 pifusertib VAD-044
discontinued (TAS-117) phase | in Osler-Weber-Rendu syndrome

under development for phase Il studies

Char:t Chemical structures of allosteric akt kina2e@e6iamdbit

compounds that advanced to clinical trials.

Substituting the origguniahoRkRti akl osterwictheadid:

in a tricyclic structure resulted in a substan
(CharttTh2) der i v2a2t0i6v ei sMKa -ft r]i[alz,o8 JodBaBp2hdtnhey r(iCdhianr t

and serves as an orally active, highly pdtent
I n Phase | trial s, this compound was wel |l tol e
side effects whetnhecro nabnitniecda nwietrh aogent s. Howeve
studi ex206MKF ail ed to demonstrate significant C |
and in combination approache% " ¥argbatngheadeove
of -MKO0O6 was al soDdrsognttihreueodp.t i mi zaphemsWHIpr oce

i mi d@a4&wwbpyridine scaffold, ArQule developed a

potent allosteric Akt inhibitor&.07Amorrdg*éauirdes € ,B)
vevorisertibZd4d4ARQ76ChHMKL 2) emerged as the mo
f

unctioning as highly selective Akt i nhibitors
results-yiemran nla8 e with Proteus syndrome, a rar
by overdgr owatrh oms tissues in the body. The synd
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organs that grow at di fferent rates and to diff

physical deformities and complications. The use ¢
providing pain relief and sl owioff ehengragpetssnbin,
avenue for treating this complex and challenging

also highlights the role of Akt signaling in the
t hat targeting thisstpradthevay inmmmymareag@i nkgeyand pot er

di se'dsfhis has |l ed to an ongoing Phase I tria
effectiveness in treating Proteus syndrome. On th
a Phase I b study involving advanced solid tumors
monot herapy or in combination with paclitaxel or
manageabl e safety profile and minimal to modest a
and ciombination with paclitaxel, in patients who

advanced solid tumors with’PUK3ICA/ Aksi REEN metab
devel opment of vevorisertib has beRinf wsferitciibal (I YAS

117), developed by Tai ho Pharmaceutical in the | afi
Akt inhibitor with exceptional potencylandi sebect
studies demonstrated growthlinadspitnohudhngabi eas
ovarian. Encouragingly, moudepemodent dant@i’&d mor med
Human trials revealed its efficacy against solid
Akt mut ati ons. Manageabl e safety has been not e
hyperglycemia were reported. Pi f usamtdi p&se cg d tné rctail
dat a, makes it a significdmt Pharsteendert riinal c anfc e
advanced sal iwd tthumo 3K/ AKT gene aberration is alre
and another Phase || trial in patients with adva
mutations was terminated due to an insufficient 1
Pifasdr remains under devel opment for Phase |1 cl

medi ci nal chemistry and scafdo4 d( phrogwii s | ayp pk oaav
ALM301, developed by Al mac Discovery in 2012) <con
core (Chart 2, Figure 2D) .i nThriinghi aboi mpioounn do fs hAdkw eld 2p

nanomol ar range, exhibited selectivity across t
antiproliferative eflfnecwisywaemni memtcerf wretlherl i cheeman s
0446s efficacy as a single agent and in combinat:i
xenogr af’®Bamsoedce |l on promi sing preclinical resul ts,

action, ADME and phar mdddkiseicliug ri edé ugeisng VRAIDas e
to assess its safety and tolerability in patient

(HHT), also known as Osl eri WeberiT Rendu syndr ome (
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3.Bovalent allosteric Akt inhibitors (CAAI s)
The <clinically =eeaslcuatedmad®i twiedd i nhibitors
Perspectivktaremhpdntors and | ackl setbketpuastyde

a promising new class of inhibitors has been
which includes covalent bindi ng®“Tahneds ea |dAoAsltse raifcf
di stinct advantage, particularly in the contex

above *Thils. sl ow protesi Mkturamovereamakearget for
the enduring binding of CAAls can effectively
in prolonged and more consistent therapeutic e
with theae meadifsdt ent bl ockade of Akt signaling

promoting survival and growth is often upregul

Unli ke traditional nonaloivas eati ¢ nihmibi bioresr s cofvf
on targeting key protsesisonsianed!| pad hwaydi sB8Bgsese
all osteric sites and forming stabte i cdvaé e mtr
conf ormational c¢changes in their target protein:
uni que mechanism of action and potentadlallosftoerr ie
inhibitors an intriguirrgeamdh,dymalmdicngar g@rae aotf
devel opment of more effective and durable thei
remar kabl e selectivity, CAAl's have drawn atten
therapy for pawiiénttsumaftkl iexthedi ti ng aberrantl
Borussertibwxil assheaxoiladstngr i ¢ i nhibitor that ha:
properties compar ecdonipoetrietviesresiabnide aATIPost eri c Al

wassynt hesi zed foll-bws ed desdtgmmucappeoach base
naphthyridinone core and it bears a Michael ac
and 310 in Akt1l. Binding to these two noncat
stiabi zation of the inactive conformation of A
interactions with key residues, such as Trp80
stabilization (Figure 2A).
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borussertib Akt1 selective CAAI

Akt2 selective CAAI

Char:t Fsi«€bass CAAIl , “Badufdakredl tAkdtl,2ct i V& CAAI s.

Cellul ar studies demonstrated that borussertib ex
withovBEd ues i nditbeet shagdbmol ar range, making it up
t han ot her i nhi bi t-2020s6, ( mipraatnasseerrttiiibb,, vNMKMpaugsas er t i

phar macokinetic studies assessed borussertib admi
mg/ kg oral, 20 mg/ kg i.p.) and showed it had | in
intraperitoneal Sfbseomprsd g d&a9.a6 o) .CAAl s such as
now the basis for t-gendeaeil opm€EAA]l 9fwinekti mproved
properties. These efforts are aimed at overcoming
mai ntaining Hhi glelpactternvdy yan paving t he -fwaiyerddlry mor
Aktargeted therapies in the future.

3. Mherapeutic challenges and future perspectives
Whil e soanempAdtPi ti ve and allosteric Akt inhibitors
progressed to clinical trials, only capivasertib

approval and specifically in colnhbei nhdisren i wigt Isi de

effects along with the | ack of eff i ccaocnyp eatriet itvhee |
i nhi bitorlsi.ndihreg AFiPte of Akt is highly conserved
selectivity issues. Atbostiebutce Akdb sehéebttoersycd
mechani sm of binding to Aktds allosteric pocket w

domain and the PH domai n whermr omkftorinsatiinon .t sUn tnialc tni

no all osthemiid oAkthaisn yet achieved regul atory appr
their covalent MOA, are an innovative approach t
i ssues. It is worth noting that the distinctive

uder s ®dod.
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Evidence suggests hyperactivation of certain A

i sofsperci ficity in cell transfor matdemenddnts It
independent Akt i 8% Cfuormnampl| i fiincatgihes. i nto th
isoform are primarily deri$tdsbromhmudi sei knocl

pl ay varying and someti mes contrasting roles

devel opment efpeikitfiicsosfrarCthamobl 8cuFegure 2C) of"
approach to gai®n more insights.

Pati ent heterogeneity and the diverse respons
out comes. Il dentifying reliable biomarkers to p
patient stratificati of’Ededatted ( @iviedsi o tpreoeate
their phosphorylation states, whet her i nvol vin

di sruption in the signaling pathway. This disr
in PTEN or Bl. K3REAC egnan eptvli idemtce thhe significanc
mutation as a not®iBute noonrceo gneonliecc wsliare.prof i |l ing
needed to find effective biomarkers for differ
Amino acid sequence variations among Akt isofo
al |l ost enrgi cp obciknedtis , despite their generally hidg
made to develop compounds targeting these diff
wi t hdiprye,i pyrazinone and pyridazine <cores h a\
i sof 6 MLPval ent modification by these inhibit:«
potency toward Akt acsekectheekAkbmienhibiofors h
as potenti al t herapeutic agent s, proviwiitihlg tF
enhanced specificiaygatndefrfeadatce.d DHiIfs progress
effective and safer therapies kitn dvyasrrieoguusl adtiisoena.
ahead, t he future of Akt i nhi bitors i n cancer
combination treatments and the avenue of coval
specificity and potencyntbybdéowdmi wgtlendkti kgna

prolonged and highly effective suppression of

selective CAAIl s wil!l al so give an insight i nto
types. The sustaemiedi makkcitbioni @f -l @&y alnega d ntta tluomoc
potentially allowing for reduced dosing freque
These advancements in targeting Akt t hrough ¢«

forwahd devel opment of more efficaci ourselaantded n

di seases.
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3.8oncl usi ons

The pursuit of Akt inhibitors as potenti al t herap
critical role of Akt in various cellular processe
met abolic disorders. Akt <connssiasntds iotfs sdeyvserreaglu Isattriuc
to disease pathogenesis. Over the -cyeempgest,i trievsee aarcad
all osteric Akt inhibitorscaompaetairtgiexe tihnilsi wirtidrn s,al
chall enges, have cnlaidrnei cmarl o gtrreisasl si.n Among-Akthem, ca
inhibitor, i n combinat tapm rwivterd ffwlrv & shtproagte,a vveeesn t F
HERBegative breast cancer, marking a significant
al so iinoprmedisci ne. Al l osteric Akt i nhibitors, whi
made their way into clinical trial s, although so
concerns. A novedaltbaserot Abwvalaht bgt omepr basdeme

selectivity and durabl e suppression of Akt sig
remar kabl e antiproliferative properties, of ferin

i soforms more effectively.

The FDA6s approval of capivasertib in November 20
of Akt i nhibitors, representing a significant b
devel opments. As the first Akt i nphiivbaisteorrt itbo nrod c eoi

validates the potential of targeting the Akt pat
precision medicine. Furthermoraspecthei d denhi bitcat
reliable biomarkers forepabi pretrsehanbhtiztdcatpipomac
significantly enhance the efélkatededesesavésitireEher
Akt inhibitors appears very promising, of fering t
therapies in eéhagange®ti ndi baddés associated with A
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* Co-crystal structures explain selectivity

Abstract

The Akt family of serine/threonine kinases plays

including proliferation, survival and metabol i sm.
di stinct physiological roles &aadi avii i-lsi ndknedde @ s @ u :
unselective Akt inhibition | eads to side effects.
covahéhosteric Akt inhibitors (CAAls) targeting A
by prortaey ncrXystall ogulagrhymadal imd,e key structur al
allosteric pockets of the i sofor ms -bvaesreed iddeesn tginf i
strategy. By stabilizing the inactive kinase <co
sel ecti vintsy olficmAmfettiia i ve i nhibitors. After bi ol «
pyrazohéeéaining inhibitors emerged as the most pot

inhibitors with pyrildicnéeveael emensofwermkp8edomi n

selectively. | mportantly, these nawriinwhkidbictod ros ewd
cancer organgisd sl €bructures of i nhibitors boun
mi micking the Akt2 allosteric pofckesofedrumi dat edt
guiding further optimization. This work not only
of i sodlogant i ve therapeutics but al so hig-hlights
specific functions intsignaanogr pht bwagyg. rel evan

This study explores the -adelsoisgine rdfc d enlhd doti itwe sc dwaa
Akt 3 while sparing -dutdedUsingtagptrwetivdenti fy Kk
all osteric pockets that dr i veanidsroXyo r enr yssetl aelcltad gvri & |
validate our findings, h-sghéectghvéengnhhbkbi vabnonef of

t herapi es.
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4  IIntroducti on

The serine/threonine kinase Akt (protein Ki ne
PI 3K/ Akt / mTOR signaling cascade and regul ates
proliferation, survivalThenet @ahan i Akt afmamialpy pt ©
sof or ms, Akt 1, Akt 2 and Akt 3, that , des-pite
edundant physiologispkcifinct ernpse?Kanmitkmiup atst aird
a

-

have demonstrated that Aktl1l is primarily invol
signaling and glucose homeostasi $These Afku Bc tiino
di stinctions under scorsel ebei vnee eho dfuolrat i #af osrtm
interrogatdeat heonnhdi buti ons of each isoform to
competitive Akt i nhibitors have progredsied in
i pat aeamidbthe recent FDAAkpprohabi bb3)%S behpaas
utility is |imited by poor i soform selectivity
binding pocket (Scheme 1). I n contrast, all ost
the active site and stabil i zeetrhekbty ionf fami hgaet
selectivity potential. These inhibitors bind t
termi nal pl eckddmainn hamod | olyg ki nase domai n, re
closed conformation of Akt . Several all osteri
includ2a9g9MK V04 (Engasertib, previ3)yuiy alnsewr
(previously kn6wh bhst ARQQA®2have yet achieved c
to subopti malulpaort epnecryme achelilel pietnyd eonrt caocnttiéwxitt y ( Sc |
Covatladntosteric Akt i nhibitors (CAAIl s) represe
selective allosteric engagement with sustaine

formation to one of the two conserved ecty.stei

Boruss®r twials ¢ he first in class CAAlI that achi e
t he Akt i sof or ms. This dual mechani sm increase
ti M€ovalent inhibitors have isenllodvnofclomd aladgys,uc

approval of afatinib-dand eamsnamerr tciedilb |fumrd: B&GMR e

and ibrutinib for mantle cell | ympReawmantanst wdir
have shown that subtle structural di fferences
be exploited to achieve differential bi nding

model s. The meB8Bhyhowgd akktnbneel ect i-lvdadsegd pyii d=zo
9% nd t hepyarm Htssdowed Akt 2 and dual Akt 2/ 3 inhi

These findings suggleesdt itvheatc oivsadfeonrtm modul ati ol
chall enges remain in translating these princip

tools. Akelesbfeeminhibitors reptrlreesyendouwml o ugrua
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means to unravel the uniqgue contributions of eact

progression, whil e at the same time | aying the

strategies. I n tthairsg eway, agrprioaafho riimas nt hteh ep gtreonvteir
clinical efficacy of existing orthosteric and all
effects often asso-Aktatedh®bt bi bmveadepagnuti dedstruc
strategy for t he d esved leccpt mevnetr | doafw & ileg a fco rArk t i nhib
exploitingpeicsdiornfeatures within t he all osteri
engagement of Akt 2 or Ak88r uwchtidreal s piarrs inglyt/Ask tflr o
crystallography of an engineered Aktl variant, de
elucidate the mol ecul ar -balsé st iovfe seenlgeacgteinveintty . wal:

validated i n ceuslisnganwle saregrann obildost-Alatn all g 6 éIss ,0f p rpditc
mas s spectrometr ybasredl NamgBRETengagement assays.
findings establ i sh -aal lbolsuteeprriicn tmofdourl acto voanl eonft Akt i

way toward heeieatli teood s t o-sipetcéfi acagatiggnias ohgr mn

bi ol ogical systems.
ATP-competitive inhibitors Reversible allosteric inhibitors
E
NH,
N0 o [Nj C|/©/\H Jéjz H aw
cl — 2N 3 HN" S
— o] | 4 N 2
S N 2 \N/' N 'N/)
HO H
afuresertib 4 ipatasertib ° capivasertib ® MK-2206 7 VAD-044 8 miransertib °
1 2 3 4 5 6

Covalent allosteric and isoform selective inhibitors

ssedhoe 1 CL,,L@ 22 Ci@ QQ

HN }»
e

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

Schem®iIferent categories ofc cAmkpe tiinthiivd ,t orresv,e ri saddlluesitadgl icAsTtPe r i
and i ssoefloercmt i vaeald @osdleentc 4 n Adlalini2it odrusa | ( AAKktt12 / Akt 3 sel ective CA/
di stinct mechtainaoms.ms of inhibi
4 Results and Discussion

4. 2 SYrucGuwircced Design and SySelheecstiisv eo fCad vsaolfeonrtm
Il nhi bitors

Despite the high sequence conservat-gwindadodhngsi ¢ e
approach took advantage of small but functionally

allosteric binding pocket to aohiaeveniasoioemcoal e

4 4



(Figurr&whiA). the allosteric sites of Akt1l, Akt?2
sequence -teyetal cetructures and mol ecul ar mo ¢
di fferences. A key feature of Akt2 and Aikn 3 is
Akt 1, influencing the | ocal el ectrostatic envir
which results in a truncated adj actélmti shelhiox taes
expands the all ost ereirc apnodc kdeete, p ecrr ebaitnidnign ga cwa vdi t
ligands in a more extended conformati on. I n co
mai ntains the full l ength of the helix, which |
its sizegand el imamictoimmodati on of bul kier substit:i
bind efficiently to Akt2 and Akt 3 might exper.i
di fferences are furt hegpenidfuil atreas ibd/ ulkeewla ir risdoitf nog
pocket . Specifically, Lys268 in Aktl, Arg269 i

hydrogen bonding |l andscape and electrostatic e
the presetdensdfealdl @2 the smaller Val residue f
introduce a steric hindrance that interferes v
fused ring systems in their core scaffolldisespe

|l arger residuetbBeemsndionfpgi aolesuch compounds to
explains their reduced potency ith Akt3 compar et

kinase-domain PH-domain B Akt1 c o Akt3

AN\ Trp8o Trp80 -
A== Ser205 = g Thr203
B 37“% His209 & X

Leu264  Lys268 Lot &

Val210 ~ Arg269 -
g Qﬂ J V27t
DJ/ N 2
/A Tt Tyr265

hoi =4 LA

F G Akt
Cys296/310 Glugs
¥ /u warhead
197 210 ’ X
749|AKT] HUMAN TENRVLQNSRHPFI Vaiz7o 0 Y
® :iﬂd?:“(l HUMAN eyt ordlie 1 o \ AKE2 isoform selective \/I(NH
sp|P31751|A NH
op|Q9Y243|AKT3 HUMAN TESRVLKNERHPFI &/ P N f-e'eme"' O O\
@ lle84 N
264 274 & NN O \. B N
sp|P31749|AKT1_HUMAN LtSERNUVYRD HE A l .\/ rR M P
sp|P31751 | AKT2_HUMAN LESRD-WVYRD s ™ Z NH O d
sp|Q9Y243|AKT3 HUMAN LHSGK=IVYRD 2 0 Leu264 “S_H Akt3 eastern part
- 2 Leuz210 4 western part
E) H
Tyr272
borussertib ‘\/
FigurSet rluctural overview of Akt i sofor ma), larldootsitwee iconfndrin

Aktl bound t®( PDoB:us6sHHR)i;b ki nase domain in white, PH doma
the-ilmH stB®} eAl (osteric Bpookhatte,ofPDBkG BHHEE, RPBPB2 @Q61) ar
orange, -MOWIES S , with PH domains in green. Key amino aci
el ectrostati € Qequdrmdel ®Idi. g mecnts istheo wd infgf earlelnocsetse ramong A

c

focus on the aF) oSdlemat ipooctkkierdi (g mode of bofsessaekiing (

45



(turquoise),
Cys296/ Cys31G) (besaingre)coficept
i sofsealmrecti ve

hydrophobic
of
modi fications.

interactions
new

Western,

(yell ow),
inhibitors,

eastern and

hydr ogen

covalent

b

indicating

W e

red, respectively.
To take advantage of these structur al difference
all osteric inhibitors that combine the selective
derivatives with the <covalent mo d iufeisc awii tomi no ft htev
all ost é%int¢ i ket e¢he surrounding regions that vary |
are |l ocated in a more conserved area close to the
stable anchor point for iogvadelngcthivindiyngt owhbhd et
interactions with the more variable regions nearhb
empl oyed ®dapyerdi cdiome desi grné€édttac kmaignti amitrertalceg i on v
inspired by (Fogws ®erltFi)h with strategi-posmbdibncat.i
as menti oned i n pr ewtiwues isgsafddarem, sdloecttiivety b
compatli®idsdttiytuents were |inked to the central pyil
for its favorable orientation within the expanded
incorporated heteroaromatic rings of sabyginhgusntes
t o probesopiescoiffoircm bi nding and identify favorable i1
A ”D HN NO: BocN NO: Boch NH:
N= i . oc oc
N ) cl i QNOU ii Q\NOQ i Q\N@
0)‘“” OéLNH (}fLNH G}\NH
1 12 13 14
O ()
TFA
BocN Vv HN i
L—°°Q©~' Ct@ :@g@@
15 16 17
/N Cl /N Cl N Cl
||07‘/&Im SV “voj-(@nr —vi ”O\/RI X, HO%
(o] (0]
19 20 21
\0
JLLQ \/LJ‘/\© d\ ¢
22 23a-ad 23-53
Schemd&eder al synt hesalsl oosft ecroivca | Aekntt i (hSiybnitthoerssi s( WA Altsh)e: east er

buil di Mngi) b HdN®ky | ene,
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NHHC® MeOH, 90 AQ) p2emoyB&hMoride, DI PEW, TFAF,DCM ,( 3L61)h,
h, 99) ®4r omomet hyl phenyl bor omrC@ aBRMRK, pritn@rdy hiehs@&deirdp. Kf wes
part buil 23-adanl adhles fi n2K Jvoltlowindis®@@,i deMF,K 7¥Bil iBtA)L, DCM,
rt, 2 hyh®hy%, borodioxa@eldp: I, 4 1760 hx, PBO 2hoj bxane, rt, 2 h
X aryl boronic agPiQd/ Pidn abgplp i) ddxtadre,/ OO0 1 -h5 %)81 7 KQ,
Pd(BRh d,idbxade(H: 1°0, 23405 %.0

To support -ghhiededr sacttuicve utrye r el ati onship (SAR)

route was followed to access a I|library of cove
cor e, previously assedieatta d&/ e wibtidmdiii rpg,& d rwavd t h
benzimidazol one |Iinker on the eastern part for

1G). The synthesis begpnet ¢t homi of alblée ofnad lalinadvael
by reduction of the nitro group and acylati on
handl e in l&0Afptoaurnddepr otecti on and a nucléophil
wi t-hr dmomet hyl phenyl boronic aci d amisn aodha la i ensetde ra,
final intermedi ate of the eastern part. L8 par e
was esterified and then reduced Atfda etr hea €eSaurzruesi
coupling, a phenyledgrnopashverniSon nofr odlue pyri dine
2) and the alcohol was convert2ed Ttho st Ber cedr &
i mportant intermediate that was wused for the i/
Suzuki coupling to affor d23tahddAf $ ebs tsietquteend i aht e
assisted Suzuki couplingsposiytsiemawvas aahiav e d:
to the final t 245d8et Tchd mp oruonudise (enabl ed kedtf i ci e
specific steric constraints and warhead posit

structures of 2hedareteecemeditatdes n the Suppl emen

4. 2130form Profiling of NoveCel Akt NalnmBIiREITt oT &
Engagement Assay, Prolif erMS ieoxnp eAsismaeynst sand Pr
To evaluate the potency and isoform seleggtivit

values adeainmdth,f wlclti ve Akt1l, Akt2 and Akt 3 wusi

cells. The position and | ength of substituents
used as -siedcefcarime el ement s, signifdsantley ecnif:
profil es. To extend these findings to function

efficacy wi tth ot hve atbe llli Ttiyt7érs ay aisn tclaemc2Z2R cel |
B subtype known to be hidhlng deope mpdenti ferr aAkitoln
75 <cell s harpbeorPIWiKIl dand PTEN, but exhibit elev
t hem e swelbll i shed modedr ifvoern ponocba gnédh kaslt gnal ¥y n g
and Akt3 are expressed at significantly | ower |

survival 28%iemcoet ytphee synt hesi zed compounds of th
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Akt 2 and Akt3 and therefore should not target Akt
to further validate the selectivity of these con
framework for the NanoBRET assay,jnwebptof-sl edhel A
competitive i nhi)b,i tioprasR)aasfeurrdeishand) ivia s@wedb compar abl
activity -dacrwisshAkktmmodest preference for Akt 3. I n
MK2208) ,( AR (and mimanpeefebertially engaged Akt
reduced Akt3 activity. To ottrnghgewmkbeadga,at Harf ®BRE
compounds have not been reported previously, ma
eval uati ng -aolulro sctoevrailoe nETRBh i dé It los-Akt hienpahbhi tors mira
(6) and borfussbhowed potent antigrolRi fnevr aatnidv e2 2a cnt M)

consi stent with strong Aktl1l inhibition and its
capivaSerdpnithiefl reducedo=pdt7r&n M) (EC etbepet ngi ves
binding mode. Accordingl vy, additional orthoster
NanoBRET potency, mar kedly weaker than the nanomo
all osteric -aandoscevalcentnRéber en®@anddmppruenwdisous | y
characterized biochemically, were also evaluated
cont ext, sohnopwoeudn dc ompar abl e potency toward Akt 2 ar

lOvasome potent against Akt3 than Akt 2. Both compo

of Aktl relative to the other isofor ms, indicati:
and substituent properties influence Weelneuxlitar up
evaluated our first set of designed CAAI s. Concer

pyrazol €248 ri e€be inhibitors exhibited pronounced
l ow nanomol ar potency and thebst acti-w0 &g itdWaETr d
depending on the nature and position of &% he pyra:
which previously showed the highest Akt2 activity
synt hesi zed aaihd rsbuttbssteitt uotfe dl ,pdy r aszwHl setsi twd tt iho rv ap a tetc
to further pr odet itvi & y s trfeWiatth roen shihlpstli,tdut ed seri
compouwnddsdshowed equipotent Akt 2/ Akt3 activity wi
N-et hyl suB§tinectrieaseflc AkbB3t pdtd not i mprove Akt 1
compownamrsd&8i spl ayed potent dwual Akt2/Akt3 inhibit
activity. Not2a8ht | e ¢feahlpd dAkdt 1 sel ectivity. l ncrea:
N-position, as in Z%her demzgd Aktad /oY uteoit elneygr o méi h e
compoB8fmai ntained balanced Akt2/3 activity with m
Ssubstituted s @&rldlersgady nfpaoowanrded Akt 2/ 3 ower iAkt 1 ar
32n8JF urther enhanced potencyswhstietovetannsnhgdsebe
compoBdads a potent Akt 2/ 3aioabnd0d®M, whityhhaanXa | FG i s

revealing opportunities for further -spudbcskett ueemg asg e
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3857 improved even further the Akt2 potency w
reduced Aktl1l activity attributed to steric excl
compounds exhibited | ow -depéndtdeanilpdRietelz yaw nEC h
greater than 0.5 micromol ar27amld8eshgcabes| andt

Tabl €el i ul ar evaluation-adofl osytrerhesiAkediaonv dli emr s with Nar

cel |l line and with-7851 CTGhasmasn uBGt e sZHR . were calcul ate
points measured in duplicates for each plate and were rep
\/«0 Bi ol ogical eswanM)ati on EC
NH
N
|N‘ QN/Q NanoBRET
: / PN CTG
HEK293
Z R7 51
# R Akt 1 Akt 2 Akt 3
1 afurese 1151 KN 3430 KN 865 N 3 n.d.
2 i patase 3145 N 7488 N 1024 N n.d.
3 capivas/ 10557 N 10569 KN 2381 N 175 KN
4 MK2 206 26 N ¢ 33 N 1 88 N 4 n.d.
5 VA 4 4 169 KN 41 N 1 877 N 3 n.d.
6 miranse 2 N 1 8 N 7 31 N 2 21 N
7 borusse 22N 7 48 N 2 53 N 5 2 N 1
IN\ ~ ~ ~ ~
9 HNJY 140 K 41 N 1 53 N 9 182 K
H,oN N\ - - - o
10 | _ 520 KN 108 N ¢ 37 N 1 417 N
Isset
N= o ~ - -
2 4 HNQ; 19833 3 K20 37 N 1| 770 K
N= ~ ~ ~ ~
25 9; 435 K 57 N 2 52 N 3| 566 K
N= ~ ~ . .
26 \w;k/ 107 K 43 N 1 17 N 8 360 KN
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27 ”N';j\/ 697 N 37 N 2 29 N 4/ 2833 N
28 ~N’N£ 1048 N 30 N 1 30 N 2|/ 3757 N
29 Q& 1078 N 289 N 1 245 N 3 1007 N
N ~ ~ ~ ~
30 Fac—N@y 290 N 49 N 7 54 N 6 336 N
31 N@y 494 N 118 N ¢ 64 N 2| 592 K
32 “\//N‘ 474 N . g2 N 7 46 N 2| 553 N
33 ] 322 N 45 N 2 41 N 3 1103 N
i
1 < N < N
34 J/Njy 308 N 29 N 1 23 N 8 988 N
2"ds et
35 /?y 260 K 18 N 7 21 N 3 211 K
(] - . . -
36 /j@\/ 215 N 11 N 9 34 N 3 223 N
N . - . ~
37 dN 57N 28¢ 31 N 8 2IN 2 127 N
n.d. not deter mined
The previously reported Oaxnh inlmiptyed dd wmwal cpm@foemance
Akt 3 in biocheTo ceeaXplaosistaytshe | arger Akt3-allostel
membered pyridine analogs was designed to increas
NanoBRET assay, alll pyridine derivatives showed m
withcstenstraints imposed by the smal lserl eAckttilvepocl
compounds exhibited weak acti wivtayy uiemss tihme tthTeG na scsrao
range, underscoring the | imited-depeadtecef | ARti h/e3
I nspired by the sttQuat brimicfosec@empaeurad cohol group
the selective scaf f3c3l dwh iycihe | ddei rmogn sctormaptoeudn da c | ear [
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over both Aktl and Akt 2. Replacing tdh®maakedh gl
increased NanoBRET potency acrsgosfs 1a6 | n M sfodror As
strong selfeocltd vad veyd kbt b,velIO Akt 2) . This prompt
hydrophobic substitutions on the pyridine core.
2,-8ubstitut edOsdherdiweat isedectivity toward Akt 2 o
against Akt 1. | Bs udb e tiatnaesl teodystdhocew edl, 4de qui pot ent ,
i nhibition ot asrdercd i 0ty ovesgulAkttilt, utsiugpm op d
opti mal for selective Akt CKtgarog® m@ignt alinnceodr pAk
sel ectifvaltdy ov4eBef oAldt looveXl Akt 2) , wiCiRIge oiwpdt r(o d u

increased potency across -dildi ti srodmamasl, aracadd teivv i

Comparatively, its etdMgkhiamiat edubetctoenpopatdency
fluodi satbesti tuent s, while retaining comparabl e
43 ComphbmBhdwed good Akt3 potency with marked s
To further probe spatial effects 46and tweer Akt 3

synthesized by combining the a@winohpyad diitnieo nnaolt
Ssubstitutions. WheeeasnedmpbghdAkt 3 potency an
47i ncreased Ak#2] gotercwl! Bing i n | oisghtoifn gA ktt ha
i mportance of substitution pattern and spatial
the Dbiological evaluation of the pyridine seri
explore the effect eifn dionlcernesaassepdo rbautlekd 4 8amm dcadzras o U
met hyl at ed4d 9anBadtolguccompounds di splayed pronounce
fold d&md d6& el ectivity over Akt 1, respecé4idovel y.
was alfodd2 1l ess pompatednt édnkeitthyy¢adoed counterp
enhancing its Akt3 selectidban@.9 IcrosnmpiDendds by (
synthesized bearing a dimethyl amino sd4pbBtiheen
mi cromol ar range towards Aktl whilsg oevahlidlsi tAikn d
making it the most potent and selective Akt 3 i
fold for Akt f oalndd faorro uAnkdt 2.5 To probe the role ¢
pyri madiahegs with favored substituebBtlandvxre s
inhibited Akt1l abda hAdkwi2n ge qduiasltliync twiAkht 3 potency
amino gydaporemd Akt 3, but overall Akt 2/a3nipot enc
pyrisd®Onendicating that the pyri-dafifnienistcyafAkotl2d/ 3b

The evaluation of the pyridin&5lsecelels liinnet hree sG
decreased cellular potency, whichoirbsticpaedistkan
for Akt2 and Akt3 over Aktl and it is further

reduced potency t owar ds Akt 1l rel ati-cvoeent o nitrhg

compoudn8dedO9l so displayed | omBlaelli vitgeinThdeédem
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anal

i ts

Tabl €e?21 ul ar

ogue,

designed

4O mpas ntdh e

selectivity for

Akt 3

evaluation-adfl osgtretrhesiAkedi adv dli ¢eotr s

and

wi t h

cel |l line and with-7851 CTGha s sevsan uBGt e sZHR . wer e
points measured in duplicates for each plate and were
P Biological evaluation EC 50 (nM)
\
\J{NH
N
s [ K/:LN@ NanoBRET
EAS N CTG
HEK293
ZR-75-1
# R Aktl Akt2 Akt3
15t set
38 9 2914 + 428 406 £ 194 124 + 106 10517 £ 2031
/N
39 < 419 + 282 44 + 27 16+5 795+ 163
/N
40 < 325+71 24+ 16 507 1291 + 201
41 9 602 + 211 24 +10 21+10 2385 + 652
FC N
42 < 3012 + 442 266 + 113 63+ 47 3834 + 501
F2HC N
43 U\/ 534 + 102 67 %7 94 413 + 49
/N
44 S 370 + 37 92 +33 6+5 384 +72
45 :N | 711+ 439 59+ 19 19+2 467 + 99
46 Be 472 +128 67 + 10 20£2 545 + 91
47 U 324 + 89 21+4 20 +13 532 + 99
2" set

52

reduced

l eastsopoteaddMyagvicbmsanst EGt A

aff

NanoBF

calcul ated f

replic



48 g\;@y 1846 + 703 67 +4 37412 608 + 189
) N.

49 <, 1954 + 1234 117 £ 57 29+7 1317 + 550
|

50 “Q, 1153 + 675 60+ 18 4%2 571 + 174

51 9 240 + 78 57 + 20 44+ 5 229+ 53

52 RV 284 t 62 45 + 22 9+5 195 + 20
|

53 X, 1366 + 750 211+ 116 44+ 29 1422 + 203

Protein mass spectrometry was employed as an
target engagement . Foll owing treat ment with ol
di stinct mas s shifts relative to -$hhtee lapov apr
modi fication by tKRembogahA®dd5( Riad@WOdied 2Nnat exhi bi
| abeling of Aktl1 after 3 hours of incubation,

and Akt3 over Aktl. Amo3g n@be otweesdt & da st cemp ccwonvdad
in Aktl, consistent with their higher activity
the covalent | abeling studies -pebectevadtdi hdbngeg
compounds and airteh ctohnes icsetlelnutl aw NanoBRET fi ndin

i soform sfeltecegdevinegwocompounds.
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Fi gureec2oonvol uted mas"y Aftamd rdk d hl Akitrilg treat ment with DMSO (

the newly syntdelséd zteidve sOAMdIran Al |l compounds induced mass sh
of a single ligand per proteval ennit emadif i ¢wmkda teimc m.iv T hoef 3dmxotmeon |
of | abeling correlated with the compounds6 cell ular potency
To further validate isoform selectivit-f, cWéstsern

whi ch overexpress Akt 2, all owing direct assessiI
phosphoryl ati @33 6aCondg@awcimd ©f which demonstrated hi
selectivity in the NanoBRET assay were chosen for
concentdregpteinare nt decrease in phosphorylated Akt 2
change was detect esd aatc!lleCrn M,e dwuicaricodd.Twaatomeaner ved
at 250 nM resulted in an almosticoimpaeimrg!| oesbuof

(Figure S71). I n contrast, phosphorylation of Akt
compound conceaM)r.atNotnasbl(y5 06cwmpohndemonstrated s
against Akt3 in the NanoBRET assay, did not induc
concentrationM. eXhesedi hgn@ings are consistent wit
further confir mingtitwiet yofmpro uAkdts?d eteltelce pr ot ei n |
Al toget her, t hese ressudltesctviavliitdyatcef tdiwer icsovf alremt
bi ochemi cal and functional l evel s. Whil e mass sp¢
can occur across all t hree Akt imenftortmsa,nsd raltye ss @
bi ol ogical efficacy. This emphasizes the importa
orthogonal functional assays to accurately asses:e
utility of these i nhiisbsi ecotrisnggpse cuaffeccai mse gtnoad li sn gf gora t

as starting points f ort arhge tdeedv etl hoeprmeemite so ft h asto f aow ami
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pa-Akt inhibition. I nterestingly, despite robus
l'imited effect onlcetkl | vjpawiltihftegmitn vVRANG f ect s
mi cromol ar concentrations. oWwhids pleinkdeelnycler eodf | IePsAIN

on PI 3K/ Akt signaling for survival rather than
wa s selected primarily for i ts high Akt2 exp
Consequently, Akt 2 i nhieldi ttioonr easludnte iins pnootte nd x |
context, underscoring that cadmpiemateinon motded se g

required to unlock the f ulsleltehceriavpee utnihc bp ati eomt. |

4. 2 Sl ective Akt I nhibitors ExDhdrbiive dod@regidn Aicd ¢
Whil e SAR studies using NanoBRET and CTG assays

affi ity and cytotoxic effects of selective Ak

n

systems often fail to recapituleatve romemeadmpl €x
shape drug responsaeaseriin etdu margsa.n oR atsi epnrteser ve K
organi zati on, |l ineage heterogeneity and signal
relevant framework focyaasdss#bhagsintae btyh e rc e tfri
Akt signaling in cancer biology, selective Akt
in organoid model s. Motivated by our SAR findi
assays, we eval uat edsltoairri cl efakdt cionvhail beinttor s acr ¢

derived organoids from p’riWeariynictoil @lrlestt perafc@anmn
experiments using the reference compounds capi
4 orogan |l ines studied showedsyoa&lsissd amfceox®r ch®O
all lines showed sengiatliuwist o ett weneinr @n sle ratnidb 4( 106G
potency and selectivity, respéosieelig. AKh cohi b
di fferenti al potency among the organoid | ines
i soforemdeéemge, feedback regulation and genetic

in 005 ansdvadlude,s |oTdFAkal lionshtiebriitcor s were over 5 ON
the majority of coompouessbesehowed OB (Figure S7
arises from newly -a2ctiabiltipghed!| stiramcs urgs and

features of-aloluostceowiad esncaff ol d, which together

and -fumed m sonfgarge ment .-g eTnheersaet inoenx ti nhi bi tors t he

response variability characteristic of earl i e
paway inhibition across diverse organoid model ¢
4. 2SS4 ructural I nsights into |Isofo+wNMmt@altecti vit
To understand the origins of i soform selecti v

empl oyed an enmuthertr edod&tdustpecafrgi maut Akt Bn.
D262E, E267del , K268R and N269D) . Thi s ARpRr oac
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all osteric site into the structurally tractable A
the Akt 2 binding environment. Such mimicry strate:q
systems to study proteins owiadedeagi sui calylse aft am
probing-sipeafidim inter dthiAksljntberspasieal restri
the conformational freedom of the I|ligand but al
interactions observed in -Beud Skp2rmmgekst wonhhoA
confirmed-stbhet vAki Bhi bitors would not be accomm
structur al rearra@angembns EFegucei 88Bompatibility

|l abeling efficiency observed by intact protein MS
Withibimndtéieng site, the pyridine core of -"the comp
stacking interactions with Trp80, while the pheny
with Leu210, Leu264 and |1 e290. The benzimidazol o
mol ecul es within the pocket and @,y ifdgeisl itthat ipryg i adc
bond formation. Because these inhdgipediofrisc weirfef ereear
in the western region ofmades adfl otshee rmoeslteigtioat,\e et th eA
compounds were examined using the mutant constr uc
pyrazole core fits well within the allosteric poc
of t he-sipseccfickppne kettbdepending on their size and ori
pyridine inhibitors witch yssttradn g zAekdt 2wiatcht itvhiet yA kw elr

insight into how their bulkier substituents are a
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\(, Leu202 Trps0 ‘i\giuuzuz ;
Val201 s S 1 5 £33
e Q‘\, Val201" \/g/’
Arg268 ! 4
et Cys296 Arg268
™~
N
N
¥, ) :
s A < 2 Tyr263
Tyr263 W e Arg273

Figur@oec3ystal structur esA)ofc ompbi) RdBL: a MB)MID o mpd7advn d h EG
(PDB: 9TMU) ,28vd mpoQEGE PB:MV and w t PABtMW,E) ( compd34f PdDB:
9TMY,F) (compdIYPDBTMZG) ( compd@PDBTNOH) (compdYUPDBTN2I) (
compodowi t hout B3 NEP)DBc o mpbwmnd h EG9 TRDB:K)Y dompdbd PdB:
9TNA4 The amino acid | abels shown in p-&nélos Al awdk-B. amTbke
el ectron density map is shown at r.m.s.d. = 1.0.
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e caoyst al structures obtained with selected inhi

mpounds adopt a conformation within the alloste

o o -

nd formation with Cys296, whim-seelsd antuil v ea nsewhusstl iyt

—

ward the region where the Akt i sof orms diverge

h
0
0
0
scaffold andetbetigefesumstituent plays a cruci al
nto the region of thdi pbekehceaheamomgi At aicsaf or
or most compounds of the pyrazole series that de
ssays, a consistent hydrogen bond was observed b
h

the hydroxyl6é3gr swpp poofr tTiynrg2 bi nding affinity (Figur
and pyridines that were crystallized also intera
these crystals wereobhlaed elsateld iamdt id aprhesence and
gycol , used as a cryoprotectant. Il n-pbeoesttagty, it
could also be observed in the bifmackilregtsivtee sruedesrt ittl
adopted an alternative orientatinon @ormpaemdad tlao ketl
to rearrangements in the | ocal water network wit
overlay of important residueslewietrmimitnlye rwigc¢iomi t y
these observationsnouadef stcioé& elrit @edivihggdhment on the
of i sodloeant i ve Ssubstituents and their interact
Furthermore, the distinct orientations observed w

the futuren opftitmizatdompound series.
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Figur eCliopsevi ews o fs etlheec tiisvoef orrensi dues highlighting the ori
motifs within the allosteric pocket of the Aktl mutant,6 t
conformations asopseidt benttsheciBhrowal aser wot ures o) the Al
compoR§PDBTMTB) (comp2owndh EG TWMWDB:comp@wund CEGPRBBMV and

wit hDutPBBMWE) (comp3oduRBBT MYF) (c o mp3osuRBBT MZG) (c o mp3o6UuR DB :
9TNOH) (comp3ouRBBTN2I) (compdoOwindhout BGNEH OB:0 mpiowindh EG ( PDB:
9TN1 aK)d dompo PD®BTN4LL) (Overl ay of all-Kfryseakasingcgueas e
flexibility relative to nearby residues.
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One notable structur al di fference that sets Akt 2

of Arg268, where Akt1l and Akt3 instead feature
I nterestingly, in most of the crystakcostaucingets:
Aktspeci fic pocket, Arg268 does not appear to for

Compowridorms a hydrogenUnbiotnrdo gweint hoft hAer g 68 ( Fi gur
compog@gBditeracts with Arg268 theopgksanwatef EGSt

4C) . Py8amdlSersst ead interact with Tyrd2Asidt.h Itnhe he
presence of EG, a hydrogen bond is observed bet
guanidine group of Arg268 {pKirgdferad h)y,drwlgielne biomd
observed between the amine of the |igand and the
4 K) . I n the c&K83e tahfe cpamepoemnncde of EG only affected
et hyl substituent iogwrteh ed G,y rdal¥)o,l ewhdefrnegats(eFi me iodnp e
was flipped (Figure 41, 47) , |l eading to a mar ke
pyridine within the pocket. For pyrazol ex8 bearing

36an87 no hydrogen bond with Tyr263 was observed
steric accommodation overrides thdssiphagraceilectr
density consistent with a dumyr aczoonl feo r mmait @ toyn, od c ct

Substtiaanl | y more space than the other anal ogs. Wh
modeling of the side chain, the arginine adopted
flexibility in this region of the gaxcketr,s ad ftihre
corresponding atoms. While Arg268 interacts with
occurrence in Akt2 stildl represents a promising
enhancing isoform selectirgi26y. cBes giotren timitserfalce x|

i sofsoealmctive residues eit h@nri tdiorgeecnt,| yt,h ea sg usaenei nd iwni

the side chain or i ts backbone (Figumedid®8t edJ, 4
net work (Figure 4C). Targeting Arg268 specificall
further by taking adivd ntt mgte iodf ams emti nion t he corr e
and AAXlts3o., the flexibility of the linker all ows t
d fferent conformations according to their enviro
EG, as OoObserved in Figure 4C, 4 D, 41 | 4] , to form
findings illustrate that | i geamactsiedrestwivtiih yu mairg e
per se, but from a spatial opportunity that only
ar e specifically designed t o exploit. Thi s hi g
conformational orevolmmbomocogodd epratein familie
selectivity, even in highly conserved pocket s.
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| osteric pockets of the thre8ARkthasotoams] a
e

steric Akt i nhibitors. By exploiting subtl

cul ar design to cellul ar target engagemen
stinct potency patdelrencst idvrei venbshyi tiugsgofoamrsm w
tently inhibiting Akt 2 aendf-nmfekdb3 rwhdi Ird ngp asreirn
stituted pyrazoles enhanced Akt2 potency an

-

i di nes nadmd eazpreferentially targeted Akt 3.
n be rationally armd esdu it shtriotuwgehn ts csadIfeodtdi on eve

ystal structures. I nsights from crystal stru
e Akt2 allosteric pocket clarified the stru
a me wofrikr tfhoerr opti mi-dian é otne d fi ntseorfaoatm ons. T h e

monstrated adervived bngpabidnmodel s with var)

ghlighting their utility -apechtéimt epleqipehicd g st
more physiologically relevant systems. Alth
vels in NanoBRBETraxypayrsai At PANG howed | i mit
th viability effects observé@dienlykatymrefbe
trinsic depehdertésobnPRNGK/ Akt signaling r:
hi bition, as this mod&akt 8erexpdepsi marislyypt am

thadgi cted context . sTth etshea tf ié hsdocfhogrsme s Aggei nhi
y not be sufficient to achieve potent antiopr

stead may be most effective in rational c omb
t h cl i reincceel, exupcehrias the -Appr dwali bdbf ort heampi
mbi nation with fulvestrant. Taken together,
ofsealnective Akt inhibitors and supportl dadyyir

ols and as compohanstes afhecamliunatci @approaches
pporting I nformati on
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4. 4Supporting information
Experi mental procedures
4. 4 Edi torial Assistance
Languadgieti ng and Al tools were used to i mprove

during the preparation of this manuscript.

4. 4 AXt3 homol ogy Model

The homol ogy model of Akt 3-MO@BELgemMbeatUprdPuet nge
human Akt 31 Q@&¥248sed as the target sequence, a

as the structural template in PDB format.

4. 4 C21 | cul ture

HEK239 and PANC1 cel |l l' i nes wer e cultured i
supplemented with 10% fetal bovine serum (FBS

(Gibco). Cells were cultured i n.a Chednrisdiwfeired sipr
reaching approximately 80% confluency and wer e
using 0. 2FEBTAr (@8 ibrc o) .

4. 4C&11 Viability assay

Cell Viability analysis-GWwasasseagu¢(Pesdmeghhg @&t
plated on day -@eliihtoelwhitel B384-®&ne) attesng Gae Muté¢
reagent dispenser (Thermo) at cebhl humbeescehat
intensity (400 cells/well). Then the cells wer

at 37 Ag/ 5MheCaxells were treated with inhibitor
down to 0.1 nM wusing qan dEchhaon d8 220 & Bewktmamn ICiou

viability was measured on day 5 and | uminesce
Mul til abel 2104 Pl ate Reader (PerkinEIl mer) Wi
normalized to the Pl &tMe sgawuirtoiswe rd mret)r amlnd( hega

Finally, the data was processed wiptahr anheet eQu alta g
model . As qual iHtayc tocoantwacsl ,c atlhceulZa& ed from 16 poc

val ues. @niresas s a8 shacwiomg Ga 0Z% were wused for
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experiment al points were measured in duplicates

ti mes.
4. 4 Ce1l lul ar characterization of the inhibitors us
For NanoBRET experiments, cells were transiently

based transfection reagent together witBRAkpl asmi d
constr uceNasn o(LAukct 1( NV 2NAaInlo)L,u cA k(tN2v 1 ONBaln)o, L uocr) A(kRr3o me g a)
The transfection mixture was-spramamedi um Q8ITbM&)
defined-tmeNaAgemtt i os of 30:1 and incubated tfoor 20
all ow complex formation. The compl exiesn wadijeu g thead
to a density of approximately 2 1 10 cell s/ mL. F
di spensedwaelnlt opl38tde sOn &)r,e i mietrh Be aach wel | containi.

hour s

e
s

25 OL and approxi mately &,etalgl ndeldlis pesiisreg & TMelr tmic
(day 1), cells were incubated with the te:c
n

g 20 OM to 1.2 nM, together with 0.5 OM Na
incubation, the NaneoGéwnt rsadeltlirwltar aindhitbhi t or (N2

spanni

prepared in OPTIMEM to generate the working dete
di spensed onto the assay plates (final addition
addition of theomMet NdahoBREBosugnal s were recorde

reader usi-emgi $shieomuadnfi guration specific for Nan
emi ssion in the ~450 nm range and acceptor emi s ¢
acquisitiwareahor datiazed to theONI sattaurpospdriivree )c o
negative control (DMSO) . Raw donor and acceptor
rati o, expressed as the acceptor signal di vided
BRE ratios were notmaehteddcbatwvehsclte obtain fra

tracer displacemespownwakuesrvbBPeswere generated by

BRET signal against inhibitor concengaraa metnegr and
| ogi stic model in Origin (OriginLab) to derive p
measured in duplicates for each plate and were re

4. 4 Western Bl ot analysis.

PANGC cells weraes$éepeédties @t a density of 5 T 10
the following day (day 1), <cells were treated wit
DMSO as vehicle control. Aftetwdch oot hb@®BSomndce
|l ysed by addition of 100 OL | ydi0D)bsfufped emRrBS$ edo
protease and phosphatase inhibitor cocktails (Roc
mi n, after which cekbdsiwebpemscrapeditrcblubectubes,
20 min to remove insoluble materi al
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The resulting supernatants were collected, and
a BCA protein assay. Equal amounts of protein (
resol vedPAGE SDr5d subsequent !l y t rFaln sPfVeDrFr ende nobnrtaon
(Merck Millipé&rlsty epsiTngnBiferc8uERPewermnBll ¢dthtee Pi
(Thermo Fisher Scientific). Following tr®nsfer,
then 5 miTh (iTh (TBBOS mM Tr i s, 150 -260M DpHCI7, 4D) 0@ ¥
bl ocked for 1 h at room temperature -CORNhg Od
Membr anes were then incubated overnight a4t 4 A
with gentle agitation. The nextiday, f memb+r mhe s\
T and incubated with the appropri-at €éosedomhdaty
temperature with gentle agitatiofl., Afetmdnr athterse av

scanned using an OdysseyEt EBXQR)hfrared i maging

4. 4 Ahti bodi es
Anp Akt (Ser 473) (CSTt+ Akbafl. (€8T, 4080Akb@n({ ST B) g
no. 306@BAkt ant$473) (CST, pA&t 2 11 &6478728&ST, anbi

4. 4 P8 otein expression, purification and crysta
Synthetic genes-480J3¢dinngrAkt PRBEW)4,9 )AKOAK tRA d 2Ak t
mutant (S205T, D262E, E267del, K268R, -ta:mmrdmiNR&I9 L
hexahistidine tag followed by a TEV protease c|
(Regensbur g, Gearemarmywstructs were subcloned int
(Merck Millipore) wusing the Ncol and BamHI rest
generated an8padcdpptéiadfSf®gi paseat cells ) Ther
according to the BacMagic expression system (
performed in suspension culturAeG wiirtohwra giin agriloenn
for 72 h following infection. C6ld,snmvim)e walshe:d
once with PBfSrozewd ifrd alsihqui d nitrogen. Frozen
resuspended in |ysis buffer containi®wggb@9ceMoll
0.% Tritl®® XpH 8. 0) suppl erment @ed otve b e ahnnlEIDFIA
(Sigma) . Cel | di sruption was achieved wusing a
removed -byeed glhhentri fugation (40,000 I g for 1

a NITA Superflow affinnityandolbwmmd( Qiraogei ns wer
i mi daczooniteai ni ng buffer (50 mM Tri s, 500 mM NaCcCl

glycerol, pH 8. 0)2t ago IMT&Mo pe ot easkEHi svas added
fractions, foll omseids byt o eA@iagdiai MM IBuif §er56o0r
NacCl , 1 mM DTT, and 5 % glycerol (pH 8. 0). T he

si®2aclusion chromatography on a Superdex 75 <c
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50mM HEPES, 200 mM NacCl , 1 mM DTT, -1@r % gt gygrcaeg o)

purified proteins were exchanged into storage buf
10 % glycerol, pH 7.5) wusing a Superdexd,75nld0/ 300
stored at 180 AC. For crystallization, purified
incubated with 3 eq. of every inhibitor on ice f
20,000 x g for 10 min at 4AC befawreél hamygisng!l di ap
pl ates (EasyXtal Tool , -IQigaagnedn ) c obnyp | raixx iwiigt hp rroetseeirr
contai-©1i %wgPBG 1500, 0.-4. M MMd opeled. &t ock sol uti on
stocks wer e gener ated from enmcgetafs 2 hubstibnigh e d ir
crystallization conditions consisting of 10 % PEC
compoR8d343638pP47 crystals were cryoprotected wusi
before they were fl asm.-rcaXyoldeidf firmcltii gpwni d artiat rweg e
European Synchrotron Radiation Facility (ESRF, Gr
10. 15151ESESRBP701169, DOI -ELISL 5B TVRT/THBSRF DOI
10. 15151E/SE8RB699669, DOI -BLIS1 8¥PB6E12ESRF DOI

10. 1515 1EHSESRBES525258, and -2®8 bposhol MX0-ElS5151/ ESR

2025026666 and DOIES202362669&ESRFThe diffraction d
with XDS and scaled wusing the program XSCALE. T
mo | welcar repl acement with PHASER wusing PDB 7NH4.
mol ecul e of the asymmetric unit wW&erpewfoiméd ©yicl
of refinement 2RHHENENpreyedeand the final structu
Mol Probity and the PDB validation server.®> Crystal

4. 4 P ot-Mass spectroscopy
Akt1, Akt a.,yplktpd owielion sol uti on was diluted with M

NaCl% @l ycerol, pH 7.3) to a final concentration ¢
was incubated with three mol ar equrievailreanulsatoed caot
4 AC for up to 24 hours to allow complex formati

centrifuged for 10 @i mmntdes4d &AtC 2D, Or0eDmove potent |
precipitates. The samples were @naal yTzhear nboy Fmasshse
Scientific Ultimate 3000 HPLC system connected wi
(2D ion trap). The sample (5 OL) waRP iCmjrectield eon
(Agil ent Technol ogies) st aritc nagciad i8N0 wa tseorl)v eanntd A2
B (0.1 % formic acid in acetonitrile) for 30 sec
seconds up to 90 % solvent B and an isocr-atic el u
200nm z was scanned adnedc ornavwo |duattead waenrde anal yzed usin

MAGTRAN software to obtain the molliegandrcamaplilgdite
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The analysis of the masses was conducted throug

and analysis in OriginPro 2023 software.

4. 4 Ch@mi stry

All reagents and solvents were used as receivec
Scientific, Al fa Aesar -AlIBdrD cphharor, MWWR cka n usfiag
synthesis and used without further apsurainfhiycdartoi uo
reagents from commamdi alr dsuemislditd nwse. rleiarct i ons w
in heated glassware and under inert gas, using
by ¢#miyrer chromatography (TLGhassndspeéedqui-MSNethr pym
Anal ytical TLC was performedbacrkelbersdid ice@ 254
visualized umd&ker25U4V alnidgh66( nm). Compounds we
chromatography usin®3VOR piaritcal gelsi g0 or fl a:
Bi otage | solera One using B¢ochd Revmbeiter §dI b
= 210 nm antd 28B® MMR spectra were recorded on
(500 MHz and 126 MHz), AV6aOn0d (A6VO7rQ0 OMH Z7 0aOn dVMH1z5 1a n\
H chemical shifa(sppar)e arsemor(tsdachgilret ), d (doubl €
(triplet), dt (doublet of triplets), td (tripl
(heptet), m (multiplet) and are ref-df( @nd&&J .t o
spectra ar e referenced to rrde § I3OU &I12 }recldd eqiati 0 19
el ectrospray ionizaFTH8) masse specorded E&h a Th
(hirgeghsol uti on mass spectrometer from Ther mo EI
system supplied with a Hypers)i.l-MSO(LBIStolanmnmh ycT
was performed using Agilent HPLC system (1200 s
column (3 Om) from Macherey Nagel coupled to at
Single Pole Mass Spectrometley . flCosmpoahde mateo @r
Bi otage | solera Oned4d@i yg)cmolcartredgbygnhVaad 25:
All final compounds were purifiab @amd> NMR % n@mun

4. 4 0rhganoid Culture and Organoid Drug Treat men
Resection samples from patients with colorect
Cancer Center Frankfurt (ucTt) . Al material s w
Bi obank and Database Frankfurt (i BrDoFm ,p awiitehn tpsr.i
study received approval from the institutiona
Committee at the University Hospital Fr-a@akfurt
2025) . -dPeartiiveendt or ganoids wer eMcDl t@7d4896a84)des O]
were individually traié&Gddd | wintth va rlusg i fasr alees:?
31036555) , and stable expression was sesgl/entt ed
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puromyci n. For drug testing, organoi ds were dis
Accutase (cat: A1110501, Ther smo, Fciasth:e r5 42c0i4eOn,t i Griec
embedded in 15 OL of 70% Cultrex UltiMatrix Reduc
Extract {TBREnhReBi ca05) BMEAAGlseeded using a MANTI S
(Formul atweilxl) -biomunSén pl at esO0OQcatGar8B8ed8BP25i B dupl i

I n each well 100 OL of full cul true es ereeldd du nwiwtahs Barde

Easy membranes (catAl dZ386G059 OnSidgama 3, t he medi ur
reduced medium containing advanced DMEM/ F12 with
penicillin/streptomycin (all/l fromomatireanomirli sihemar
pipette ( MI NI 96, | NTEGRA Biosciences), and the

using a D300e digitaipodinspandearni ohesc amMSIOn (Zontr

0.0096 OM, 0.048 OM, 0.24 OMe DMBOOMonGedOMr anido It
nor mali zed in all wel | s, ensuring it did not exceece
for six days in total, with repeated treatment a
entiweld6plate wedrea Cyptadrn ech WiltO conf ocal i magi ng
cel l viability was -@8bee&EXelluousfrgasbeAONEY (cat:
according to the manufacturerds instructions. Lum
i D3 Micropl(aMel eReuvddaesr Devi ces) and the raw dat a
control. Viability curves and I C50 values were ¢

l 0ogl10 transformation of X values and nonlinear 1

variable sl ope).

4. 4 D2 a availability

The obtained structures of Aktl1l in complex with s
been deposited in the Prlold e9 TMMIDpaftkead BB aOnTkM2Y rf doer r PDE
PDB D 9TMV and289THWBf 60 M¥4PfDoBr D 9 TMZ5 fRDB 9 TNO

f o3r6 PDB 9TMN27 fRRDOB 9TN3 and0Q09 PDB POamN47 .f or

4. 4 Re3ults and discussion
Synthetic procedures and compound characterizatio
Gener al prod@Beduryd i & -cSouwzpulkiingc rroesasct i on

In a microwave vessel under argon atmosphere, t h
bromwmgridine (1.2 eq.) were-ddioxsa@@le(dld 1)n dhmi xeac:
mi xture was degassed f ofP@(02.n0 naug.e)s, azd t BBd (edyhp fc)hC

were added sequentially. The suspension was stirr
for 1 hour. Af ter compl eti on, the mixture was fil
combined organic | ayers wer e iwans heddr ivwsdd ho @sead uNaat e
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concentrated under reduced pressure. The pure |
chromat og4d% pMggOH/IDCM 3. 1% NH

Gener al procSgdaurhesBs of final-cpuptduogsrenat Bon

I n a microwave vessel under -degonmataitvn@msphhede.
compodfdl. 1 or 1.2 eq.) were ddisexh@edBb:ih) .a Tnn
reaction mixture was degass€@( 200 4. mi)amnidd.elBd ( B

eqg.) were added sequentially. The suspension \
130 AC for 2 hours. Upon completion of the rea
extracted with DCM. The combined ®saganactedrda
soluti on, eéSrQaendd ocwenrc eNiada rated in vacuo. The pur
silica gel col umioOoedh Me @V OdECMa p Hb%(l Hved by a r e\

column chroma2%rAQONGK2OTFA) .

Synt hesi &l efa31r(opi p ey ld),-Bi hy-8 Hoenzo[ d] i2minda z o |
(12)

- HNO,
NO,

HN
oWas
N

Hni

0]

Compodd(d3. 0 g, 11.9 mmol , 1.0 egxy!| evmes asnd peadt
at °®.0 Then, concentrated nitric acid (3.2 mL, |
the reaction mixture was heated for 1 h. After
under vacuum and the residual crude pgrhaedutcitt | v
compolfacks pyaelel ow solid (3.30 g, 11.15 mmol, 95029

IH NMR600 MHz d)®DMSDL. 75 (s, J=11H).,1,8.151). ,3 @8 .(39 1H
8.06 (s, 1H), 7J=2172.(3%, 4.H),J=1r)538,3.2419=118,3097 2(H9,
1.92)=@d, 7 T2NMRL51 MHz ,u=DMSQ) 80, 140.65, 133.06
110.60, 106.07, ATMB®&/cdBcoObated. R@®7.[OM+H]f ound:
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Synthesi ®uofy(l® &dF &66mo t2roox @ ,-Bi hy-tl Hoenzo[ d] Flmi daz ol
yl)pipdrciadiboeay!| ate (13)

>LOJ?\'O\ No2CI

O//]\NH

CompourRd2. 6 g, 7.2 mmol , 1.0 eq.) was dissolved

addition of triethylamine (3 egFO, (3.®@L ,mL21.87 0mmanl
1.1 eq.) was prepared as a solution in 6 mL of DCI
mi xtur e. The reaction was allowed to proceed at
compl etion, water was addedstphabe magstexeraanddt
The combined organic | ayers weiedS@QyvkeedINwmet ada &a
concentrated under reduced pressur e. The crude pi
chromat og2% pMgOKH/AIDCM contsa,i nafmfgorl&i Mdl t hd 3desired
as a yellow solid (2.64 g, 6.6 mmol, 92%).

IH NMR6OO MHzid)®DMSOL. 66 (s, 1H), 8.03 (F,121R),, 7.2
4.0, 1H), 4.08 (s, 2B912.25,864.(4s,,6 J=22tB)),0 , 12. 27H1B , ((d4,d 4 2
9HYt NMRL51 MHz,i=DNSG3). 89, 153.83, 140.85, 132.73,
106. 03, 78. 83L GVMSOm/7z3a,l c2u8 .a0t8:Bo pr2 9[7M#0OH ; found: 29

Synthesi$9uo fy(lé @r 2o x@Q ,-B8i hy-tl Hoenz o[ d] ilmi daz ol
yl)pipédriadboayl|l ate (14)

NG S
Bt

N

O)\NH
Compodm®d2. 0 g, 5.0 mmol , 1.0 eqg.) was dissolved i
addition of 5% Pd/C (0.1 g, moistened with water)
10 eq.) . The reaction mixture was all owekdeto sti
mi xture was filtered over Celite, and the filtra:;
The crude residue was dissolved in DCM and washe
After drypSnQg dveérnrrBdai on andl eemapodrathencoibde hmats.
puri fied by silica gel-4%o0oMe@®@H/ DEGMomatne @r,ap my @I

affording theltdaist lae dp acloemppoiunnkd sol i d (1.43 g, 4.3 1

72



'H NMR 0O MHz-dg)iDMSI®. 31 (s,J=BH)2, 6.H41068,481K)d, 6
(dd=8.2, 1.9, 1H), 4=186B. ,5s,3.2H) .. 08). 214 .(2H), 2. 8
2.143){Qya.,6, 4. 4,)=2H).,4,1.2¢H5 ,(W,. NMRL2$S, MHKH)U=DMSO)
153.91, 153.83, 143.12, 129.92, 119.08,GCGMB09. 15
m/ eal cul atedp f®855] MFNafound: 355. 1

Synthesivuofy(ldaeér vy a2oixdd,-Bi hy-tl Hmenzo[ d] iklmi daz ol
yl)pipdrciadiboeay!| ate (15)

0

NG
s

Compodmdl. 5 g, 4.5 mmol , 1.0 eqg.) was dissol vec
addition of DI PEA (1.6 mL, 9.0 mmol

under an argon atmosphere. A solutiomrqgo)) aor Bl @

, 2 €eq9g.), an

of THF was then added dropwise to the reaction
room temperature. Upon completion, the reactio
NaHGO The aqueous | ayer was embraetedr gwabhhcDECHMYy
washed with saturated NaGCBQs oAfutteronf ialntdr atrii cerd
of the solvent, purification #H% MelOH¢ ®HChdlec oo la
1% MH afforded thelsesarwhi tpeg odallcitd (1. 37 g, 3.

'H NMRAOO MHz- dg)l>MSIX0. 81 (s, 1H), 1681.06, (BH) ,1H}).,1
J=8. 4, 1.7, J28) 3, 6182 J=166,.490, (1dod.,1, J41H.,9.,6.2.21,(d
5.72JxWd®.,o0o, 2.1, J=H)2,. 34,. 288 4(,d#AdsA1. BH) 2H3,12. @88
2.14J)dxyad.,6, 4.3,J=21H).,2,1.2MH0 , ¢, dWRLO0 &, MBIH)U=DMS O)
162. 75, 153. 96, 153. 89, 132.60, 131. 99, 128. 9¢
78. 93, 49 LEESMR2BallOul at e-Bodpr2 8[7TM+HH; f ound: 287
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Synt hes i sdxe8( pN p e-4y |I®)i,-Bi hy-t Hoenz o[ d] r5mi daz ol
yl)acryl amide (16)

* CF;CHOOH
0O
A\

H'Q NH

N
O)\NH
Compoudmdl. 6 g, 4.1 mmol , 1.0 eq.) was dissolved ir
(5 mL), and the reaction was stirred at room temp

and excess TFA were removed wunder reduced press:!
resuspend@d (i5M kL) and subsequently | yéwas | ized.
obtained as a white salt (1.66 g, 4.1 mmol, 99%).

'H NMR6OO MHz;d)DMS1O0. 88 (s, 1H),-8107.311( nf,s,2H)H) ,8 .85 ¢
J7.5, 1H), 7.84)=8s3,1H) 6, 74A¥])3( 6UP)5)=06. 05 (1dd,2,
1H), 6.J2a7(dd, 1.9, J2HD, 15. 7409/ ditlp).,3,4.4430,( tltH) , 3.
2H), 3J=12.8q, 12.4,J=28) 1,2456,=0&). 2 'T2NMR(51]

MHz , DMSO)L62. 85, 158. 42, 158. 21, 158. 00, 157.80,
126. 36, 124. 72, 113. 32, 108. 8EMS mM0Dtabbpul d7ed1fod
[ M+¢H] 287.14; found: 287. 1.

Synt hes i D xoe8( ANL 4, 4t &t, rhame,t3dydox aboex ol an
yl )benzyl XApi2peBi ihgiirdoe nz o[ d] i5mildaazaly |l ami de (17)

0O
i
NH
L
O\’B N
0 P
0
Compourdl. 0 g, 2.49 mmol , 1.0 eqg.) was dissolved
additi-oc@(df7K g, 12.46 mmol, 5 eq.), and the mixt:

for 30 minudbdbsomdbmebhyl(BHphenyl )boronic acid pina
mmol, 1.0 eq.) was added, and the reactitone mi xtur
reaction was quenched with fa aatdutaheecdgselbusi @ma
extracted with DCM. The combined.,SQrgéanitetadger an
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concentrated under reduced pressure. Puri-ficat
4% MeOH/ DCM contzaiafifnagr ddéd NtHh e d7asi a gleil ¢ lmtwp cwmn d

'H NMR600 MHz dg)DMSIO0. 79 (s, 1H), 1820@, (s5H) 1HYJ, ¢
J=8.0, 2HY58.70,372HK)I=87.426 1(.Bd ,JEA&H)4, 61 H)1I=16., D2 (
10.1, 1H) J=167..205, (2d.d0,, JEH)Y, 15. 23 0( dd1H).,5,4.4.02,( t
3.55 (s, 2¥L1.2,92HjH12.31 @Gq@&, J=2H).,8,2.2H9 , ( t1,.
12H NMR151 MHz , U0 -DMBE®2. 79, 154. 01, 141. 89, 13
129.02, 128.41, 126.35, 124.49, 112.14, 108.65
24. 68MSm/ eal cul ateddl 50Or3.[28+H]f ound: 503. 2.

Synthesi s -mforme&c hybrbnicotinate (19)

N C!
~© |/Br
o

Compourmd4. 0 g, 16. 9 mmol , 1.0 eqg.) was dissolywv
additic&(6f 3B g, 38.9 mmol, 2.5 eq.) and ethyl
The reaction mixture was stirred at room tempe
was removed under reduced pressur e, and the re
extracted with a saturated NaCcCl solution. The
N &S Q, filtered, and concentrated. Puri fi-%ti on

Et OAc/ PE) yielded 1t%9e &iwhetdecosmpodn@3. 6 g, 13.

'H NMRAOO MHz-dg)iDMBQ 882 (€@, 1H)52.81581HK)s57.41362HK),
1.34=7t1,'T3NMRLO1 MHz ,i=DMS$Q@). 85, 153.44, 148.71
119. 75, 61L@ RS M/lzaA.lxu.l at edl f26r5 . [5M+ H]f ound: 265. 9

Synt hesibsr oo {1501 0 p3ryrli)dment hanol (20)

N Cl
|\
HO /Br
Compod®d4. 2 g, 15.9 mmol , 1.0 eq.) was dissol ve
mL, 48.0 mmol, 3.0 eq.) was added dropwise at (

room temperature for 2 hours.p Suwbdsapuent lwas R
added, and the mixture was stirred overnight é
separated and washed with a saturated NaCcCl s ol
dried eSvGer fNdatered, and concentr atiecdatuinodne rb yr esd
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gel column <chr-6MatMe®@PHAPDICWM CHnti miffpr HBAdNHhe des
compoR@ss a white solid (1.96 g, 8.8 mmol, 55%).

H NMRTOO MHz-ds)lDMBQ 3362 ( 6, 1H)283,141Kx@,5.57,501H)t,,
4.54)=6d7,'C2HWNMRL76 MHz ,i=DM*IJ). 40, 146.66, 140.93, 1
59. LeMSm/ eal cul ated¢l f2Rr3.[4M+H]f ound: 223. 9.

Synt hesicshloBpd(eny | p-3yli dmet hanol (21)

N Cl
I\
HO =
Compo2@di. 3 g, 5.8 mmol, 1.0 eq.) and phenyl boroni

were dissolved idn ox amiex tamrde waft eX, 4 5: 1) under an :
mi xture was degassed forfP02mMd&ugesllalTtm@mmolwhi 2 hi
[1bl's(di phenyl phosphino)ferrocene]palladiumdichl o
added sequentially. The suspension was then stir
reaction, the mixtutree avad dxtlrtaeateadd ovietnre CRON.g aThh e
| ayers wer e was hed wi t h satur at®2@ Nadlt eseldut iaon
concentrated. Purification by5% MeOd/ P€EM cohtumnnc
1% MNH yielded the2thassiaravhipgrodwdt d (902 mg, 4.1 m

'H NMR OO MHz-d)iDMS8Q 37 (s, 1H), T=&.78,(s6.8H)5H), 48.
2HYT NMRL26 MHz ,i=DM®6G) 80, 146.61, 138.54, 137.69,
128. 42, 128cCB®8sm/ &8l ¢8l at ed¢l f2aRr0.[0M+tH]f ound: 220. 0.

Synthesd dromomeichy lepdhenyl pyridine (22)

N Cl
AN

Br- Z

To a solutio2l®f00camgpouwnd 0 mmol , diOoxagne ( In0 amlh)y,
phosphorus tribromide (1.2 mL, 12.3 mmol , 3.0 eq.
and the reaction was stirred at room temperatur e
added, amo&ktuhe was extracted with Et OAc. The org
saturated NacCl sobSUQ, i am,d dcminecndavart edaunder r educ
pure p2HEOBF¥St mg, 3.5 mmol, 84%) was obtained after
chormat ogr a8pth Et(OIAc/ PE) as a white solid.
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H NMRR OO0 MHz-dg)iIDMSBQ 53832 (d, 1HY52.74,9714)d,277 .(6m4, 5H
4.79 (& NMRL51 MHz ,U=DNZ%®) 83, 147. 90, 140. 83, 173
129. 15, 128. 53 CM22B/. &da7l,c w219 t3e3¢t f28Br3 . [5M+ H]f ound: y

Synthesichl| ebf(dBet RlyHpy r a-4ywll ) meB-plgehy!l pyridine (223

4-( 4, 4T ébt, rb5a e, t Aoy2do x a b-8-y Bjman HyHhyr az8Femg, 0. 18 mmc
eg.) was reacted2(WiOt mgcomMpRUndP@Q 751 m83, eqamp | , |
eqg.) and RAd@dmpmgf ) @mol , 0. 1 eqg:2:0 uisn nZg ngle nle,rda Id ipo
A, vyielding tzh3east iat Iwehd tper osdoulcitd (31 mg, O0. 11 mm

IH NMRBE OO0 MHz-dg)lIDMSBQ 3042 (8, 1HW52.71,761KH)s2.73,731HKX,,
7.52.42 (m, 6MHYP, 16.a#H)(d5.34 {8 ,NMRAR6 MHEZ3 OMSC
= 147. 94, 147. 73, 147.51, 139. 57, 136. 714, 135.
50.88, LCMS®Beal cul ated f28r4.[0M@+H]f ound: 284 . 1.

Synt hesi &l ek 2d,i5me tlhHp y r a-4yll ) meB-pgényl pyridi ne (

3 ,-bi med-h ¥y 4t &t r5a +he t3dh)i2d x a b-@-y Bl)HApr azol e (39 mg, 0
1.0 eqg.) was reacz2zZé6Owimgh ®©OomRdoumbdl(,751 .My, e d. )3
mmol, 2.0 eq.)(a8dm@d(0ppL) Gimol, 0.1 HDOqupiing 2
general procedure A, %¥3&d da nwhitthe godltilde d( P5F omda,cC

'H NMRR OO0 MHz-dg)iIDMSBQ 242 (d, 1HW52.74,6014),467 .(5n0 2H
7.45. 41 (m, 3H), 368YT(SNMR2:H) ,MRz ,09DN&SB) 13, 146
142.18, 139.81, 136.98, 135.84, 135.71,LE29.19
MSm/ ezal cul at edl 208 . [1M+H]f ound: 298. 1.
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Synt hesi &l e ¢€lt hlyHpy r a-4yll ) meSB-phényl pyridine (23c)
N N Cl

— N
A

/

l-et WY 14, 4t &t rba vhe t3dh i2d x a b-8-y Hl)JHapr azol e (39 mg, 0.18
egqg.) was reacted2 w0t mgco@p@udnanm@( 751mg, eq. 35 Kmol
2.0 eq.) andl1®Pdihdppb6)C2 mmol, 0.1 ©@qu3i ng @Gemér 4l
procedure A, yiel RQidrmag tahevhtiittel sl prdod B8Ot mg, 0. 13

IH NMRAOO MHzd)DMS8 3J22(d, 1H)=274701MdW, 7.58 (s,
(m, 5H), 7.33J(%.,2,1H)H) 4.D.48XK 7( 2, CBHMYMRL D13 MHE ,
DMSO)= 148.26, 145.90, 140.11, 137.92, 137.20, 137
127.81, 118.46, A4A&GM8m/ezabcObat a@. #OB.[IM+H]f ound: 2

Synt hes-th| e3fpdhiz n5y(I1( 15t 3, neltHpylIr a4yll) met hyl ) pyridine

1, 3t,r5i md-{ Ay Bt, &t, rba vhe t3dhi2d x a b-8-y Bl)Hapr azol e (50 mg , C
mmo | 1.0 eq.) was r2e2acRethgwi Oh2bomp@Q(®601myg, eq. ),
0.42 mmol , 2.0 exqlb.&nangRPRd Od@PRf ol , 0. 1b.Oeqg. ) i n

using gener al procedur e 2A3,dsyiae lwdhiintge tshoel itdi t(l4e7d npgr,
71 %) .

IH NMREOO MHz-de)DMSSQ 2022 (d, 1HNs52.745414)d,467.(500, 2H),
7.4B%.40 (m, 3H), 3.78 (s, 2H), 3'B5NMBR,513HJHz,2. 18
DMSQ)= 148.03, 145.87, 143.80, 139.66, 137.57, 137
128.31, 113.35, 35.B6MS /4 ®l2c ullalt. e3¢B, f3A@r2 2[3+ H]f ound
312. 1.
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Synt hesi &l e &t hiythet RlyHpy r a4yll ) meB-phépnyl pyridine
(23e)

3-et Rlymet Wy 4, 4t &t r5a e t3th 20 x a b-@-y El)HApr az ol e (50 mg ,
mmo | , 1.0 eq.) was r2e2acRecthgwi Oh2bomp@Q9®O0O1my, eq
0.42 mmol , 2.0 exqlpb.&nangRPRd OdPRf ol , 0. 1LOeq. )
using general procedur e 2A3asyiaelwhiinge tshod itdi t(l4e5d
68 %) .

H NMRR OO MHz-de)IDMSBQ 282 (4, 1H)Y52.74,6414),457 .(5M, 2H
7.47. 42 (m, 3H), 7.40 (s, 1H), J=37..768 (2sH)=2 Hp. ,0 73 .
3HYC NMRL51 MHz ,i=DMSO) 40, 148.22, 145.87, 140.0
130.17, 129.16, 128. 39, 128. 29,LcVvB5N/ L2, c38 at 2 d
for [gM+3H]2. 12; found: 312. 2.

Synt he 4 ¢bleorfzlyHpoy r a-4ywll ) meR2-b kil Wypdheny | pyri dine (23

1-benzdy WU, 4 &t r5a rhe t3th i2d x a b-8-y bl)JHanpr azol e (50 mg, 0.1
eqg.) was reacted2 w0t mgcom@Mp@undanm@( 751mg, eq. 35 K
2.0 eq.) andl1®Pdthdppbd6)C2 mmol, 0.1 ,©@qu3i hg @Gemer
procedure A, yiel i3dg ahwhttel edl|l pdo@d@t mg, 0.

H NMRFOO MHz-dg)iIDMSBQ 3322 (4, 1HY52.76,6924)d, 477 .(5n0 2H
7.45.43 (m, 3H), 7J3B.3s,2HH¥r8732686(®t JAH)L, 7.°:
2H) , 5.25 (s, 28) NMB1 B NHKz, G2HNSDy . 2 2, 145. 91,
138. 67, 137.72, 137.11, 137. 04, 135. 68, 129. 17
127.42, 119.04,CMSéi/ 2a|l cabaded f36r0.[1M+H]f ound: 3

79



Synt he2icél aftpd e nSy(1(-(1t r i f | u o-d &pnert ehdpndll)) met hy |l ) pyr i di n
(239)

4-( 4, 4t, &t rSa e t3thiRZd x ab-@y H)ami fl udrHoynweahgl ¢ (50 mg, C
mmo | , 1.0 eq.) was r2e2a6bethgwi Oh28ompa@(B8dilmg, eq. ) .
0.38 mmol , 2.0 eq.1)4 awmgd R O®Rp prfmodl, 0.1 Hq.) in 2
using general procedure 2A3, gsyiaelwhiintge tshoel itdi t(13e9d npgr,
61%) .

H NMR400O MHz ;dg) DMS®. 3JF2( d, 1H) , 8.36 (s, 1H), 7.9
J=2.4, 1H).,417 (508, 5H)LT 3NMRROQ@s MH2 H)=DM3@®). 39, 146. 36
144.58, 140.31, 136.97, 135.87, 135.70, '¥29.25, 1
NMR 377 MHz ,i=EBMS @EMS m/ ezal cul at edd 388 .[0M+tH]f ound: 3

Synt hesH ¢ poyfr amywll ) meR-bgl @Wpdhreny |l pyridine (23h)

N Cl

3-( 4, 4t, &t, r5a fhe t3th 20 x a b-A-y Bl)Haypyr azol e (35 mg, 0.18 mmol ,
reacted with26é6dmmgund. 22 mPQ(771mB3, eq. B5 HKmol , 2.
and Pd(d4a@f mgl,L 0. 02 mmol, 0. 1,0 qu.s)i nign g2e nneLr dll, 4p rdd a
A, vyielding t2h3eh st iat Iwehdi tper osdoulcitd (29 mg, O0. 11 mmol ,

'H NMRBR 00 MHz-de)IDMSBQ 3322 (d, 1H)Y52.73911HK)52.73,721HK)4,
7.52.47 (m, -BH3¥2 (m4a73H2, 16.28) (t'E. NMR(Z6 MNH2,.
DMsSsOo)= 147.71, 147.56, 139.59, 139.56, 136.72, 13¢
105. 76, L& S.n0/6.al cul at edd f2o/r0.[OM+H]f ound: 270. 1.
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Synt hesi &l ef( ¢let RlyHpy r aZyll ) meB-pgéenpyl pyridine ( 2¢

NgCl
P
N
/

l-met By 4, 4t &t r5a +he t3dh 26 x a b-8-y ELlJHanr azol e (44 mg, 0. 2
€eg.) was reacted wWRtimgcotpa:2@a202mgg. D, 4 mmol ,
and Pd(d4ggf mgl,L 0. 02 mmol , 0. 1,C q.s)i nign g2e nmeLr all, 4p
A, yielding tZh3a@ st iat lwdhd ter esdliédtd (39 mg, O0.14 mm

IH NMRFTOO MHz-d)MSBQ 3132 (d, 1HWs2.74,7114)3,417 .(6n2 5 H
7.30)=d8, 1HWNs168,031KM, 4.12 {®&,NMMR)76 MHZS [DOMS:C
= 148.43, 146.53, 140.36, 140.13, 137.54, 136.
105. 34, 36LAMS,M/Z7A.lcu.l at ed f28r4.[0M+H]f ound: 284. 1

Synt hesichl| ek d2Ad,i 3netlhHp y r a-Zywll ) meB-phgeéhyl pyridine (

(1-dB8 me-tl Miyyr abzyadl) boronic acid (25 mg, 0.18 mmol

compo2f®&0 mg, O0.21 mmda(75 Img, e®..35 mMmol , 2.0 eq
(13 mg, 0.02 mmol, 0.1 @quging @eméer dl, dpdo oxcduEk
titled2Bgsoodaucwhi te solid (34 mg, 0.11 mmol, 659

H NMRI OO0 MHz-d)DMSQ 3982 (d, 1HW52.74,7014)d,427 .(5n7, 5H
5.81 (s, 1H), 4.06 (s, 2®)NMBL767 MHsz,, i=DHSI®).24 D6
146.53, 145.61, 141.04, 140.35, 136.89, 135. 87
35.73, 27LEESmABaloBul at ed f20r8.[IM+tH]f ound: 298. 1

Synt hesicél ef(dqelt hiyHpy r aZzyll ) meB-pgéenhyl pyridine (23

Cl

N\
7
N WL

N

=

l-et Y14, 4t &t r5a he t3d) W26 x a b-8-y BlJHapnr azol e (39 mg , 0.1
eq.) was reacted2(wWiOt mgc omMp ”u mdaPod(,7 51 .n2g ,e 0..)3,5 Km
2.0 eq.) andl®dmdppb)C2 mmol, 0.1 @quli ng @Gemer
procedure A, yiel Ri3rig tahevhtiittel sd | prdod 2@t mg, 0.
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'H NMRFTO0OO0O MHz-dg)iIDMSBQ 342 (d, 1HW52.74,7114)d,477 .(5mM, 2H),

7.47.43 (m, 3M), 87.3AH)KAd68011KHd, 4. 13=7.s2, 224+H),, 4.
1.22=712,'G3WNMRL76 MHz ,i=DMSI®). 45, 146.51, 140.35, 1
136.87, 135. 84, 134. 14, 129. 15, 128L&EMS M/NL28. 38,

calculated¢d f20r8.[1M+tH]f ound: 298. 1.

Synt hesic &l ek dq2ls op r-Digpyylr aFywll) meB-pgénhyl pyridine (23l

1-i s opfodq pty l4t, &t, r5a e t3th 26 x a b-@-y El)Hapwr azol e (38 mg, 0.16
1.0 eq.) was reaczazZéb&5wimgh ©OomPoumkAdDl( 691 .m3, ed. )3,2 K
mmo | , 2.0 eq.)0aBddmgd(8pptL) Gmol , 0.1 ®Squpiing 2 ml
gener al procedure A, %38desl da nwghitthee stoiltilde d( 3plr onigu,c tO .

'H NMRR OO MHz-dg)iIDMSBQ 332 (4, 1HY51.79,6914),427 .(5n6 5H),
7.36J=(d 8, 1H)J=168001HY, J=6..85 (1Hpt ,4. 15=6¢s5, 2H) ,
6HYC NMRL51 MHz ,i=DM®®) 42, 146.46, 140.27, 138.380,
134. 23, 129. 11, 128. 43, 128. 2&E€MS mDBalbtyl d8ed®@4f oR
[ M+¢H] 312.12; found: 312. 2.

Synt hesic &l e8ipdize rRSy(I(-plr o plyHp y r a-Zyll ) met hyl )pyri dine (23

cl
N
N

/)

1-pr op-fy 8, 4t, &t, r5a +he t3dh 26 x a b-8-y ELl)JHanwr azol e (44 mg, 0.19 1
eq.) was reacted2widt mgcom@pe@2ndanm@( 79 1mg, eq. 37 #Kmol
2.0 eq.) andl1®dihdgppb)C2 mmol , 0.1 ,®@quj3i hg @Geméer 4l
procedure A, yiel Ri3ngs tahewhiittd esdo Ipirdo d(uxd mg, 0. 11

N
A
Z

IH NMREOO MHz-de)DMSBQ 3042 (d, 1HNs2.74,7214)0d,467 .(5n2, 2H),
7.47.42 (m, 3M), 87.3AH)d68021HY, 4.13F7(s2, 2H),, 4.
1.66J=(7h,3, 2H)J=7047"3KNMRL51 MHz,U=DMSDY. 45, 146. 48
140.37, 139.85, 137.82, 136.87, 135.82, 134.19,
26.89, 23LTGEMSmA®alBdul at ed f3dr2.[1M+H]f ound: 312. 2.
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Synthesiél ei(q@lycl oduHp yt aZyll ) meB-pgéenpnyl pyridine (

lcycl oB(ud,ydt &t r5a e t3thi2d x a b-8-y Bl)HAnwr azol e (44 mg, 0
1.0 eqg.) was reacz2z2Zé6Owimgh ®OomRdoumAdl(.,751 .My, ed. )3
mmol, 2.0 eq.)(&aB8dmgd(6ppL) &dmol, 0.1 HOquksiing 2
general procedure A, %¥3&d da nwhitthe dadltilde d( 2% omda,cC

'H NMRB 00 MHZz-dg)iIDMSBQ 33862 (4, 1HY52.74,6414)d, 407 .(52 5H
7.40)=ldy7, 1H)Js167051KHd5842861KHp, 4.-R2 4(1ls,( m2 H)2,H
2.17JH7M,6, 2.9, 2H)5,. 81 . 764 8(GN, AMR12 & HMHz , G =DMSO)
148. 34, 146. 45, 140. 16, 139. 28, 138. 00, 136. 8¢
105. 52, 51. 24, 219 GCMS7Tm/ @2a6fl .c7uldl ,a tledl. UfFRr4 . [INM+ H]f ound:

Synt hesH ¢coholfebrpdreny | p-$yli dmext hy 2opy r(i2d8ion

HO N.__Cl

N
z | | AN
N

Z

5-( 4, 4t, &t, r5a rhe t3dh 20 x a b-B8-y b) pRwoil di(M7 mg, 0,21 mmol ,
reacted withaadg@mpmpogund. 21 mPQ(901mg, eq. ¥2 Kmol ,
and Pd(d4aggf mgl,L 0. 02 mmol , 0. 1,C q.s)i nign g2e nneLr all, 4p
A, yielding t2h3east ia Iwhdi tper osdoulcitd (21 mg, O0. 07 mn

'H NMRR OO0 MHz-dg)iIDMSBO 442 (4, 1H)J=67.892 2( dd,JAH)4, 7.
1H), -7.8%Y (m, -ZH¥]1 Tm47-4HBS 6msb71H96. /, 2H. §.,t dl
5.16 ('€, NMRL 26 MHz , i=DNM$SQ) 42, 148.22, 147.55, 1/
136. 73, 135. 85, 132. 84, 129 . 113GMS1n®/ 8e. a4l 5¢c, u | 1alt 9. d8 8
[ M+¢H] 297. 07; found: 297. 1.
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Synthesiél ef(g@et hy !l p-$yli)dmeB-phenhyl pyridine (23p)

2-met by 4, 4t &t r5a rhe t3thi2d x ab-B8y b)) pnri dine (42 mg, 0.19
was reacted w22AB5coampodn®3 mmPAQ( 821mg, eq§. B9 HKmol ,
eq.) and Hd@dpmpgf,) . 02 mmol , 0.1 e@.ysiinng 2g enmLe rla,l
procedure A, yiel Qi3mge tahevhtiittel el prdodBct mg, 0. 12

'H NMRR OO MHz-dg)iIDMSBQ 482 (8, 1H)Y52.84371HK)52.74,761KX4,
7.59J8&.dqQ, 2. 4-7.146) ,(n7.-BHYI2 (mAS3H)Y, 97. 1H)(d4. 01
2H), 2. 41T (NMR1®XH) .MHz ,U0=DMH®). 9 3, 148. 96, 148. 44, 1
136.92, 136.53, 136. 41, 135.85, 132.50,LE€29. 20, 1
MSm/ eal cul atedlt f20r5. [0+ H]f ound: 295. 1.

Synt hesichl| ebf(d2et hy!l p-$yliddmeB-phehyl pyridine (23q)

N Cl
A

N
=z
NS =

2-met By 4, 4t &t r5a rhe t3thi2d x ab-B8y b)) pnri dine (42 mg, 0.19
was reacted w22AB5compowdn®3 mmPAQ( 821mg, eq. B9 HKmol ,
eq.) and Hd@dpmgf,) . 02 mmol, 0.1 eq@.yYysiinng 2g emmle rla,l
procedure A, vyiel Ri3gge tahevhtiittel el prdodbcdt mg, 0. 19

'H NMREOO MHz-dg)iIDMSBO 3 2=4(.d8d,, 1.5, JEL1H)3, 8LR)» 2(H4,66 (d,
1H), 7.357.7dd1. 7;7.1446)2H)n7,. 4P.4470 3H)m, 7. J1=87 .(6dd .,4. 8,
1H), 4 . H28, (X.3HP»LT( sNMR151 MHz,Uu=DMS®D§. 48, 148. 57, 1
146. 33, 140. 38, 136. 99, 136. 90, 135. 83, 135. 07,
33.80, LEMS®hbezal cul atedd f20r5.[0@+H]f ound: 295. 1.

Synthesiél edf(gdet hy !l p-$ylidmeB-phephyl pyridine (23r)

N._ClI
A

N
z
A Z

4-me t By 4, 4t, &t, r5a e t3th 26 x ab-@-yb) ppri dine (42 mg, 0.109
was reacted w22AB5compodn®3 mmPQ( 821mg, eq. B39 HKmol ,
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eq.) and Hd@dpmpgf,) . 02 mmol , 0.1 e@.uysiinng 2g emmlLe r
procedure A, yiel ®2i3ag 8ahehitel edl pdod2®t mg, 0.

'H NMR6OO MHz-dg)lDMS8. 43 (s, JAH)8, 81 B3P+ 84291KHd, 7
(dJ=2. 4, 1H).,467 .(4n9, -Z2H¥1 ((ma63MM, 97. A2H)(d,4. 09 (s
(s, H)NMR151 MHz,u=DMIS30Q. 12, 148.44, 148.03, 14
136.89, 135.82, 135.18, 133.78, 129.L€BSmML28. 39
calcul ated f20r5.[0M+H]f ound: 295. 1.

Synt hesi &l atpdize nSy(1(-(6t ri f 1 uor omedtyh y Imegyryil dipry ri di n

FsC N _ClI

N

N
z
A =

5-( 4, 4t, &t, rha e t3thi2db x ab-A-y ) ami fl uoromethyl )pyridine
1.0 eqg.) was reac2z2Zé5wimgh ©OomRBoumAdl(,891 .My, ed. )3
mmo | , 2.0 eq.)(aAadmed(06ppL) @mo | , 0.1 ®Oqupiing 2
general procedure A, ¥3&d dd nwhitthee dgadltil c d( 94 onmdai,c

'H NMR500 MHZ;de) DMS®. 8832(d, 1H)J»F=284441HY.J)=88.20,2 (
2.2, 1H)J=27.487 1(H9 ,)=87..18 4 0(.d8c 7 .14H1) ,( n7,. 557/H) T 4. 19
NMR 126 MHz , ui=DNISO) 40, 148. 67, 146. 65, 140. 6 3, 1
135.25, 129.24, 128.35, 120. 7*"&, NME06 5 4MHZz.,2 0D MSLC
i=66. P8BMSm/ ezal cul at ed¢l f3acr9.[0OM+tH]f ound: 349. 1.

Synthesichl|l ei(degdi fl uoromeB3yy ) mpBhigéhgl pyridine |

Fo,HC N N _Cl

N 4

2-(di fl uoh e thept, fba vhe t3dhi2d x ab-By b)) ppri dine (63 mg,
1.0 eq.) was reac22684wmgh ©OoBpouyRPdi 1L 05. Zageqg 0) f
mmol , 2.0 eqg. )(da8dmPd(0dppP2)@MmMol , 0.1 e@.ysiimg 2.
gener al procedure A, %3a&sl da nwghitthee stoiltilde d( 3p9 onugu, (

IH NMR500 MHZzde) DMS®. 70862(d, 1H)J=284421H}J)=87..093 (
2.2, 1H)J=27.484 1(H)J=87064 1HHY., 38 .6GE, 5HB5.6.,92AH)t
4.15 (& NMRL 26 MHz,i=DM®®©) 81, 148.61, 146.54, 1!
136.86, 135.97, 135.61, 129.23, 128.36, 128. 3
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111. 91,'F33NMR70 MHz ,U0=DMS40.)205.10GMS m/ ezal cul ated for
[ M+¢H] 331.07; found: 331.0.

Synthesichl|l ebf(d&6t hy !l p-@gyli dimaB-phehyl pyridine (23u)

N Cl
A

N
z
X =

2-et KBy 14, 4t, &t, r5a e t3dh) 20 x ab-@yb) ppri dine (41 mg, 0.18 1
was reacted w22AM®O0OcompowWwWnd®l mMA(751mB@, eq. B5 HKmol ,
eqg.) and Hd@Edpmpgf,) . 02 mmol , 0.1 e@.ysiinng 2g enmmlLe rla,l
procedure A, yiel Qi3mmg tahevhtiittel esedbl prdodB&t mg, 0. 11

IH NMRBE OO0 MHz-dg)IDMSBQ 462 (4, 1H)52.84381K)s52.73,781HKX,,
7.62J3{&.dQ, 2.4-7.14H0) ,(nv,. BB, 07. AH)(d 4. 03=7(.s6,, 2H),
2H), 1J=T8 6(t¥3HYMR126 MHz,u=DMISB). 88, 148.96, 148. 4
136. 92, 136. 61, 136. 40, 135. 87, 132. 77, 129. 21, 1
LGMSm/ eal cul at ed f3d0r9.[1M+H]Jf ound: 309. 1.

Synthesichl|l ebbf(q&y cl opropyBiypymiedBipwgeny!l pyridine (23v)

2cycl oot @dp ¥t &t r5a e t3thi2d x ab-8yb) pnri dine (52 mg, 0.2
eq.) was reacted2wi2t mgco@p@bndanm@( 901 mg, eq. 32 #Kmol
2.0 eq.) andle®dpmpgppd)@2 mmol, 0.1 eOg.u)siinng 2g.ebn emla |1
procedure A, yiel ®i3mg tahevhtiittel sl prdodB&dt mg, 0. 12

'H NMREOO MHZz-dg)iIDMSBO 3 8= 2(.d3d,, 0. 8, JELH)4, 8LB)K 2(™H4,,77 (d,
IH) , 7. %&8.(0dd,2. 3;7.14492H)n7,. 5§0.4461 3H{)m, 7. 20 .(0dd,0. 8,

1H), 32H98 (2sJ08. @tt4.8, J@A) 1, 2HP89 0(IBB, 6d2HP . 6,

'€ NMR151 MHz,u0=DMS&Q. 17, 149. 08, 148. 44, 146. 26,
136. 21, 135. 86, 132. 22, 129. 20, 128LG&@&B, m/128. 31,
calcul ated f32rl.[I1M+H]Jf ound: 321. 1.
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Synt hes+H ¢coholf ebpdreny | p-3y li dmerB-mgt hyl p-Famidne (23 w)

N._ClI
AN

Z

HoN

N
z
A

3-met by 4, 4t &t r5a rhe t3th 20 x a b-8-y b) pRaimd ine (53 mg, 0.2
1.0 eq.) was reac22ed7wmgh ©OothpouyRdi 104. Zhgeq 0) /¢
mmol, 2.0 eq. )(andm@Pd(dppP2)@mol, 0.1 e@.ysiimg 2.
general procedure A, Y3@sdanghitthe soltiled( 5 omda C

H NMR500 MHz dg)=MS8. 31 (s, 1H), 7.76 (S8H) ,1H)H.,157.
(s, 1H), 5.55 (s, 2H) ,'C3 NBMRLR 6, MRH) §=DMS®DD. (3*,,
148. 30, 145. 96, 144. 68, 140. 15, 137. 44, 137. 0¢z
115. 94, 33L @S, m/l&Za l100ul at edd f3dr0.[1M+ H]f ound: 310.

Synt hesH ¢coholfebrpdreny | p-$yli dmerb-mgt hyl p-Famidne (23x)

6-met by 4, 4t &t rS5a rhe t3th 20 x a b-8-y b) p®aimd ine (55 mg, 0.2
1.0 eqg.) was reac2a2281wmgh Oo@pouyPd( 11Q. thgeq0) ¢
mmol , 2.0 eq. ) (aA8dm&d(dppRAf m@bl, 0.1 eg. )usiimg2.
general procedure A, 2%3ad dda nwhitthee stdltilde d( 28 ondgu,c

'H NMRB OO0 MHz-dg)IDMSBQ 2042 (d, 1H)Ys2.74571H),467 (52 2H
7.4B.41 (m, 3H)8,. 27.2A2H)XK862241Hd5853682KHY, 3.86
2.21 (€ NMR. 26 MHz ,i=DMSQ@) 90, 153. 85, 148. 26, 14
137. 02, 136. 60, 135. 68, 129. 15, 128 .LEMS ML 28. 28
calcul ated¢ f3dr0.[1M+H]f ound: 310. 1.

Synt hesH ¢coholfebspdreny | p-$-y li dmer-tl Mgy r)r o lbo][p2y,r3i di ne ( 2:

N N Cl
A

H
N~z
e

5-( 4, 4t, &t, r5a fhe t3d) 20 x a b-@-y Hl)Hanwr r o-bdp p2r B8Bdine (47 mg,
1.0 eq.) was reac2Zé5wimgh ©Oo@RBoumbdl( 821 .My, e d.. )3
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mmo | , 2.0 eq.)(aAdmed(0ppL) @Mmo | , 0.1 ®Squpiing 2 ml
general procedure A, ¥3%d da nwhitthe doltile d( P4 odag,ctO.

'H NMRTOO MHz-dg)iDMSIA. 56 (s,J=RH), &8.H)@EF2@d,211Kd, 7. 8E
-7.85 (m, 1MR2, 47. 1.87).(4Q7 .(5n0, 6H3I3. 6, 37. §dd1iH), 4.11
1€ NMR176 MHz,u=DMS4§8. 41, 147. 46, 146. 05, 143. 13,
135.80, 129.20, 128.36, 128.28, l127.L&8&M8SmL27.02, 1
calcul ated f32r0.[0M+tH]f ound: 320. 1.

Synt hesH ¢cololfbrpdreny | p-$yli dme-dl-mgt RplyHpyrr ol o[ 2, 3
b] pyridine (23z)

/)

\N N N Cl
N\

z
NS Z

1-met By 14, 4t &t r5a vhe t3dhi2d x a b-8-y Hl)Hanr r o-bbpgrBdi ne (50 m
0.19 mmol , 1.0 eq.) wazd2®6éaawmgpged Owi2t3h mP@fhBeun@ eq.
mg, 0.39 mmol, 2. G(&4. mgand. ed(hmelf )CO. 1.@q.) in :
using gener al procedur e 2A3zsyiae lwhiing tshod itdi t(14e2d nmr,
6 0 %) .

'H NMRFTOO MHz-de)ID'MSBQ 482 (d, 1H)Y5280,271KK)52.71,871HKX,,
7.76J)=Qd1H), J7.4056H)m, 6.J83%9. 4d,1H), 4.12 (&€ 2H), 3
NMR 176 MHz , u=DNI3@) 38, 146. 47, 146. 06, 143. 01, 140.
130. 50, 129. 19, 128. 36, 128. 28, 128LEMS m/127. 06,
calcul ated¢d f38r4.[1M+tH]f ound: 334. 1.

Synt hesH ¢coholfebrpdreny | p-$yli ddmexNh-Mli met hy |-Paymii mdd n
(23aa)

_N /N| |N\ Cl
X =
N, -Ni me-b-h ¥ | 4t &t rba vhe t3dhi2d x a b-8-y b) pyRraimd inre (53 mg , 0. 2
mmo | , 1.0 eq.) was r2e2acRethgwi Oh2bomp@Q(®881m3, eq. ) .
0.42 mmol, 2.0 eqly amd PAdO@pmmpoCIl, 0.1 eQ.) in 2.

using general procedure 28B,aaayi & | Whintge thel itd t( 2% mg,
51 %) .
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IH NMRB OO MHz-d)D=MS8Q 3122 (4, 1HMs2.85051HK)s52.74,701K)M,
7.57.39 (m, 6MHPE, 76.3H)(d3.87 (B ,NMR)26 MHZ6 [DMSC
i= 157.97, 148.29, 147.24, 146.00, 140.13, 137.
128.28, 122.56, 1056M&5m/ za7d.caud,at28h X224 .[IMEH]f o
324. 1.

Synt hesH ¢cololfebspdreny | p-$yli dmet hy!l ) pyri mi dine (23atb

N N Cl
AlED
N~ /

5-( 4, 4t, &¢t, r5a e t3thi2b x ab-@-y b) pnpr i mi dine (36 mg, 0.18
reacted with2é60mmgund. 21 mmhaAQl 751m3, ef§. B5 HKmol ,
and Pd(d4a@f mglL 0. 02 mmol , 0. 1,C q.s)i nign g2e nmeLr all, 4p
A, yielding t2h3eaabsi al wthi peodotid (28 mg, 0.10 m

'H NMR600 MHz;de) DMS®D. 06 (s, 1H), 8J=214(s1HPH) 7. ¢
J=2.4, 1H0).,427 (510, 5H)LE 4ANMR 5@ s MH2 H)=DNMSQJ). 07, 156
148. 59, 146. 64, 140. 56, 136. 86, 136.L0GMS Ml 5. 18,
calcul ated¢d f28r2.[OM+H]f ound: 282. 1.

Synt hesH ¢coholfebrpdreny | p-$yli dmerl-mgt hyl pyrimidine (23

2-met by 4, 4t &t r5a rhe t3thi2d x ab-@-y b)) pnri mi dine (47 mg,

eg.) was reacted2wi2t mgcom@p@bndanm@( 901 mg, eq. 32 K
2.0 eq.) andle®dpgppd)@2 mmol, 0.1 eOg.u)siinng 2g.e5n em
procedure A, yiel Qi3draaes tdhewhiittdé eddolpirdddu4® mg, 0.

'H NMREOO MHz.de)lDMS80. 68 (s, J2H)4, 81 AW d4821(dd, 7
-7.42 (m, 5H), 4.03'¢ sNMRLH)1, MHz56=DMS6XE®)3HS, 157
148.50, 146. 54, 140. 44, 136.87, 135. 95, 135. 5.
25. PEMSm/ eal cul ated f20r6.[0M+H]f ound: 296. 1.
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Synt hesH ¢cololfebrpdreny | p-3yli dme-NhWi met hy | p-2-a mimm & i n
(23ad)

N N N Cl
7~
\r/ | | S
NS P4

N, -Ni me-b-h ¥ | 4t &t, r5a vhe t3dhi2d x a b-8-y b ) pyn r2iamii chien ( 58 mg, 0. 2
mmo | , 1.0 eqgq.) was r2e2at® emigwi ©Oh28 omPp@ubh@a. hgeq. ) ,
0.46 mmol, 2.0 el awd Pd@dbppmoCl, 0.1 eqQ.) in 2.
using general procedure 28,aadyi & | whintge tde@l itdt( 43 mg,
57 %) .

'H NMRAOO MHZz dg)lD>MS8. 3)62(d, 1H), 8.33=2.s4, 2HH),, 77 .7%C
-7.41 (m, 5H), 3.85!'¢ sNMRLH)1, MH.zQ @=DMS6QD)6HY, 157. 73
148. 28, 146. 21, 140. 15, 136. 97, 136. 70, 135. 86,
30. ZEMSm/ eal cul ated¢l f3®RB.[IM+H]f ound: 325. 1.

Synt hesi# s 404 & Bet RlyHp y r a4yll ) meB-hgehy!l p-2-ri din
yl)benzyl XAp i-Zpoexr@ ,aBi my-tl Hoenzo[ d] i5mil daazcaly | ami de (24)

Compow®Bdd 20 mg, 0.07 mmol , 1.0 eq.d)7(vw&s mgeadt &B w
mmol , 1.,.2Qe30)mgK 0.14 mmol ,3280mgqg. . &80d PEOPPhO
in 2 mL 1, 40 diisdxragnagl/enkr al procedure2®d8s wi ewhditeg t
solid (12 mg, 0.004 mmol , 27 %).

IH NMR60O0 MHz:ds)DMSI00. 80 (s, 1H), 160106, (sH) 1HJ.,8B.
J=2.1, 1H), 7.68=2.sl, 1IH))= 47456860 ((dd2B. I 4HB, 47 . 17
-7.122H)m, 6.J98. 3 d, 1H) J=166..491, (1dod.,1, JAH§. 9.6.2.40 ,( dldH)
6.05J=@d2, 1H)J=1..03 (2dd, 2H)H) 4.8.137s(s,1H), 3.50 (:
2H), -2.3%5 (m, 23), 2.D04 (s, 2%)NMRL.565 MHsz,, 2DH)S.0)
i= 162.77, 155.43, 153.99, 147.79, 147.54, 147.08
132.63, 132.03, 131.13, 129.54, 129.25, 128.98,
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108.65, 105.51, 105.16, 100. 94HRMS:In/ 48] ctPab6ed !
[ M+gH] 624. 3009; found: 624.3088.

Synt hesi#< 404 & N 2d,i5me tlhHp iy r a-4yll ) meB-pgény!l p-&ri di n
yl)benzyl XAp i-2poexr@ ,aBi my-tl Hoenz o[ d] i5mil daazcaly | ami de (

Q
SAOWs

)

Compo®2Bd 19 mg, 0.06 mmol , 1.0 eq.)7(w&s mgeadt &
mmol, 1..€Qef48)mgK 0. 13mmol, 2(D mg, )0adod6 Pah® P/
in 2 mL 1, £ disaxagneag/entr al procedure2®Bs wni whdie
solid (9 mg, 0.013 mmol , 22%).

IH NMR6 0O MHz-d)DMSIR2. 02 (s, 1H), 10.80 (J2.1H),
1H), 7.69 (sJ=21HR), 1¥).42467 ((G0R 4 BE)7,. 97,. 243H7)(,097 . (1ns,

2H), 6J98l. 4(,d,1H) J=167.401, (1dod.,1, J4H§.9,6.2.40, dUH) ,
J10.1, 2.0, 1H), 4.12 (s, 1H), 3.79 (s, 2H),
8H), 1.66€ (NMRLBH) .MHz ,0=DM®). 76, 153.98, 153.61

137. 78, 135.57, 134. 93, 132.62, 132. 03, 129. 5z
126.33, 124.49, 112.25, 108.64, 100. ¢iIRMS:m/9z 78,
calcul ated¢t f68r8.[3M6H]; found 638.3226: .

Synt hesi s 404 § Relt hlyHpy r a4yll ) meB-pgéenhy!l p-2ri din
yl)benzyl Ap i-Zpoexr@ ,dBi hy-t Hoenz o[ d] i-bmpil daazcaly | ami de (

Compo®mBBd 39 mg, 0.13 mmol , 1.0 eq.d)7(w&s mge a dt. &
mmo | , 1.€Q¢€36) mgK O0.26 mmol , 3)2(.105 engg.,) Oa n0dO 1P dn{nP
eqg.) in 2 mL>0l ,uds idiigo xgaennee/r aH procedure2@,s i el c
white solid (18 mg, 0.003 mmol , 22%) .
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IH NMR500 MHz:ds)DMSI00. 80 (s, 1H), 160208, (5H) 1HJ.68.
J=1.9, 1H), 7.63=2.s1, 1HY),, 77 .626 2(@s ,( m, H)4H)87..3%2 22 (
AH), 7.16 (mJ=82H),, 16H)I416§..0091 (1dd, 1, J=11H).,0,6 .22 41 ,( didH)
5.7%.72 (m, 1B912.44,114 .(1Im,J=17H)2,, #2.H)6 (3¢,87 (s, 2H),
2.93J=(1d, 0, 2H)J=12.29 @q8, J2H). 9,2.D.73,(J2AHYL, 71.64 (
3.9, 2H)JE7133X3IWMIMRL26 MHz ,u=DNM$Q). 77, 154.00, 153.8
139.66, 138.64, 138.21, 138.03, 138.03, 137.61,

129.31, 128.98, 128.33, 128.20, 127.82, 127.23,

100.91, 61.54, 52.63, 580. HEMSSM@bz OUcuURBLEF,f @6 [ MH
638.3165; found: 638.3240.

Synt hes i D xo8( ANL P henby(I( 15t 3, SneltHpyIr a4 0 |
yl ) met hyl2)ypy rbiediizry | B-p I-2p,eBi ihd/itirdoenz o[ d] i5mi daz ol
yl)acryl amide (27)

Ny
saolls

0]

Compo®mBBdl 35 mg, 0.11 mmol , 1.0 eqgq.27(w8s mgeadt. eedB w
mmol , 1..26Qe8fl)mgK 0.22 mmol ,3421@ eg,) Oand BdOPRPhO
in 2 mL 1, 40 diisdxragnagl/enkr al procedure2Bs wi ewhditeg t
solid (12 mg, 0.02 mmol , 16 %) .

'HNMR( 600 MHz, DMSO) U4 = 10.79 (s, 1H), 10.07 (s,
(s, 1H), 7.34 1 7.26 (m, 4H), 7.22 (d, J=15.5, 4H), 7.17 i 7.09 (m, 2H), 6.91 (d, J=8.3, 1H),

6.41 (dd, J=17.0, 10.1, 1H), 6.24 (dd, J=16.9, 2.0, 1H), 5.73 (dd, J=10.1, 2.1, 1H), 4.10 (s,

1H), 3.79 (s, 2H), 3.62 (s, 3H), 3.56 1 3.44 (m, 2H), 2.93 (s, 2H), 2.29 (s, 3H), 2.05 (s, 5H),

1.64 (s, 2H). 3C NMR (151 MHz, DMSO) U = 162.75, 153.97, 147.90, 144.10, 139.67, 137.74,

136.23, 134.94, 132.62, 132.02, 129.49, 129.24, 128.97, 128.38, 128.17, 127.24, 126.32,

124.49, 113.23, 108.63, 100.90, 69.77, 61.51, 52.60, 50.11, 35.65, 28.47, 25.56, 11.84, 9.32.

HRMS: m/z calculated for [M+H]¢: 652.3322; found: 652.3395.
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Synt hesi# s 104 § Ne3t hlymhe t RlyHp y r a-4yll ) meB-pgeénhy !l p-B-ri di n
yl )benzyl Ap i-2Zpoexr@ ,daBi my-tl Hoenz o[ d] ibryil daazcaly | ami de (

0

uNH
saely

7

Compo®2mBBdk 40 mg, 0.13 mmol , 1.0 eqg.d7(wds mge a dt.
mmol , 1..€Qeg5)mgK 0.26 mmol ,34216 eqg,) Oand BRhEOPF
in 2 mL 1, 40 diisdxagnagl/enkr al procedure2®8s wni wwhdie
solid (21 mg, 0.03 mmol, 259%).

H NMR500 MHzdg)DMSIO0. 79 (s, 1H), 16207, (H) 1HYJ, ¢
J=1. 9, 1H)J=271551Hd0, 7. 474 2(7s,( mMH)4,8)8,. B7l. Z8ZH)(,q,7 .
7.13 (m, 2¥H3B, 46. 9H) ¢d16..801 (1dd,1, J=1116).,9,6 .22 40 ,( dldH)
-5.68 (m, 1891,3.42.,114 .(0t,t ,1H) , 3.82 (s, 2H) , 3.7
J10.9, 2H), 2,50=142m,1,2H). 32,. 229H)(,dt26 ® 8( rh,s, 2 @)H, , 1
J7.5,'C3WNMRL 26 MHz ,i=DM$Q@). 77, 154.00, 153.78, 16¢
138. 13, 135. 57, 134. 98, 132. 64, 132. 04, 130. 0¢
126. 33, 124. 49, 115.69, 492784, 520B96438108, 92
13. 6IRMS: m/ zal cul atedl f6kbr2.[3BRR]; found: 652.3386.

Synt hesi# < 404 § fblenzlydbyr a4yll) meB-phéenhy!l p-2ri din
yl )benzyl Hpi2poexrd ,aBi hy-l Hoenz o[ d] i-5yil Jaazcaly | ami de (

Compow®B¢ 30 mg, 0.08 mmol , 1.0 eq.)7(wWw&ds mge a Ot. 1
mmol , 1..€QGeg3)mgK 0.17 mmol ,34210 eg,) Oand BhOPF
in 2 mL 1, 4 disaxagneag/entr al procedure2®Bs wni whdie
solid (24 mg, 0.03 mmol, 419%).
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IH NMR60OO MHZdg) DMSO0. 80 (s, 1H), 19207, ($H) 1HY,78.
2H), 7.68 (sJ=21H), 1H)60 7( &72 2(7s,( mM,H)7, HL78. 3(3Bm26 6 H) |,
7.%8.13 (m, 2BHS8,. 46 . 911H)(Jd 166..491, (1d0d.,2, JAMH?) ., 0,6.2.40 ,( d
1H), 5.J¥80(#d,2.0, 1H), 5.27 (s, 2H), 4.11 (s, 1H
J=8.4, 2H)Is12.29 2HKFE9.2,02H(E913642MNMRL51 MHz,
DMSQO)= 162.76, 153.99, 148.10, 139.64, 138.80, 13¢
132.04, 129.51, 129. 28, 128.99, 128. 45, 128.32,
124.49, 119.30, 112.11, 108.63, 100. HBMS:168/1z 53, 54
calcul ated¢ f7@Or0.[3MRKR]; found: 700.3391.

Synt hes i sdxe8( AINL P henSy(I (1t r i f 1 uo-d elgnert ehayd I)
yl ) met hyl2)ypy rbiediizry | BA-p I-2p,aBi ihdyitirdoenz o[ d] i-5mi daz ol
yl)acryl amide (30)

Compo®mBd) 58 mg, 0.17 mmol , 1.0 eq.07@&s mgeadt dd® w
mmol , 1..€Qe47)mgK 0.34 mmol ,34220 eg,) Oan@ BdOPRPhO
in 2 mL 1, 40 diisdxragnagl/enkr al procedure3®s wi ewhditeg t
solid (24 mg, 0.04 mmol, 21%) .

'H NMR500 MHz;dg)DMS1O0. 79 (s, 1H), 18207, ($H) 1H3,43.
1H), 7.98 (sJ=21R), 1H)JFA70681HPYI=57.1301(@, 4H), 7.
J=8.3, 4H).,167.(1M, 28)8,. 36. 9IH) (Jd166..491, (1d0d.,16. UH) , 6 6. 2
(m, 1H), JH510.31,(dAd.,1, J=1R). 4,4 4122 ,(tltH) , 3.97 (s, 2H)
(d)=10.6, 2H)JF12.R29 g8, 2H),-12.6B8 ((hl, IMR).51 1. 66
MHz , DMSO)L62. 77, 159. 79, 154. 25, 154. 00, 148. 18,
138.37, 135. 16, 134. 39, 132. 64, 132. 04, 129.51,
127. 29, 126. 34, 124. 49, 123.13, 118. 77, 117. 03,
1001.,9 61.50, 52.60, '%0.NMR628MHBZ,l=-DHB.OERMS:

m/ eal cul at+teHfl f6/r8.[2M26; found: 678.2805.
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Synt hes#sf 104 § N pHr aZzywll) meB-pheny!l p-2ridin
yl)benzyl Xpi-2Zpoexr@ ,dBi my-@d Hoenz o[ d] i-5wil daazcaly | ami de (

O
Compow®Bd 30 mg, . mmo | , : eq.d7(wds mge a Ot.
mmol , 1..64Qe81)mgK 0.22 mmol ,3:218 eg,) Oand BhEPF
in 2 mL 1, 40 diisdxagnagl/enkr al procedure3Bs wni ewhdie
solid (11 mg, 0.026 mmol , 16 %) .

IH NMR6 0O MHz d)DMSI0. 79 (s, 1H), D92.0T, (BH) . ,1H). 6
J16.0, 2.0, BH)1,7629, (47dd&,9 4H) 6 -3HI2A5 ¢m162H),

(dJ=8. 4, 1H) J=166.491, (1dod.,1, J4HP). 0,6.2.40 ,( D)L, 61 H)5,
5.73J{WdM.,1, 2.0,J=1®)4,4410, (LH), 4.05 (@s12.264),

2H) , 2.242(qd, 3.9, J=21H).,8,2.20.73 ,(d2dH) ., 9,1 . BRIINMRIH) .

(151 MHz,uUdDMB®2. 74, 153.98, 148.23, 139.61, 1:
132.63, 132.03, 129.48, 129.25, 128.96, 128. 3¢
108.61, 103.68, 100.89, 69 HRMS, m/6zla.l5c3u,l ast2e.d6 2,015 (
610.2852; found: 610.2917.

Synt hesi#< 404 § mMet RlyHpy r aZyll ) meB-hgehy!l p-2-ri di n
yl )benzyl Hpi2poexrd ,aBi hy-l Hoenz o[ d] i-5yil Jaazcaly | ami de (

Compowr8B8d 35 mg, 0.12 mmol , 1.0 eqg.)7(wd8s mmge a dt. el
mmol , 1.,2Qe84)mgK 0.25 mmol ,3421@ eg,) Oand BRhOPF
in 2 mL 1, 4 disaxagneag/entr al procedure3Bs wni whdie
solid (12 mg, 0.026 mmol , 16 %) .
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IH NMR60O0O MHz d)DMSH0.79 (s, 1H), 18207%, ($H) 1HJ,68.
1H), 7.62 {(7s.,19H)m, -®.H)4 @m,192JHB, 36. A H)J=dE. 8] (dd,
10.1, 1H)J=167..04 (2dd,, J=11H)8,, 6L.H) Y= 158,713 (2d.d0,, 1H) A6 4.
2H), -4.a2 (m, 1H), 3.78 (s, J=8BHF, BHEIL2.22HIH) 2.9
2.08J=(1d, 7, 2HYs9.14,6&2HNMRL51 MHz,Ui=DMSE®D). 76, 153. 98
148.25, 140.44, 139.46, 138.48, 137.75, 137.56,
129.28, 128.97, 128.37, 128.21, 127.33, 126.33,
69.78, 61.51, 52.61, HERMSI@/ zB8I6c RI2at &8 .60 . [2NHDH]5 .
found: 624.3071.

Synt hesi#s 404 § N 1d,i 3ne tlhHp iy r a-Zyll ) meB-pgény !l p-r i di n
yl)benzyl XApi-2poexr@ ,dBi my-@d Hoenz o[ d] i-5wil daazcaly| ami de ( 33)

0

uNH
saoly

N/

' PR
Compo2mBdgg 18 mg, 0.06 mmol , 1.0 eq.)7( ¥asmgealbt 686w
mmol , 1..€Qef47) mgK 0. 12 mmol ,34270mgqg. D. 806 PEOPPHhO
in 1 mL 1, 4 diisdxragneagl/enkr al procedure3®ds wni owhditeg t
solid (7 mg, 0.011 mmol, 18%).

IH NMREOO MHz-d)DMSI®.80 (s, 1H), 10.07 (s, 1H), 8.5
-7.20 (m, 8H37.4.2HY, 1@d92. 4,d,1H)J=16..02 @ADd,2, 1H),
(dd=17.0, 2.0, 1H), S=B®. ¥,s,2.1H),118).,734.(0a,(s, 3H)
(1.9, 2H), 2.98H)(s,1.26H)T ( B2MRRSH) (.MHz ,i=DNSO) 81,
163.27, 154.45, 148.78, 146.13, 141.57, 138.97,
128.88, 128.69, 127.83, 126.84, 124.99, 109.13, 1
36.28, 29.17, 28HRMS m/lztals56y | alt3e.df Of. ®3 8 .[3MI+6H5; f oun
638.3227.
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Synt hesi s 404 § Relt hiyHpy r a-Zyll ) meB-phéeéhy!l p-2ri din
yl)benzyl Xpi-2Zpoexr@ ,dBi my-@d Hoenz o[ d] i-5wil daazcaly | ami de (

O
Compo®B&k 17 mg, . mmo | , . eqg.d)7(wa&s mge a Ot. @
mmol , 1.,€Qef6)mgK 0. 11 mmol , 3.:4.70 mgq. 0. &rid mPnd( P |
in 1 mL 1, 40 diisdxagneagl/enkr al procedure3®dBs wni whdioe
solid (10 mg, 0.016 mmol, 27%).

'H NMR600 MHzdg) DMSIO0. 80 (s, 1H), 18208, (sH) 1HT, ¢
1H), 7J3=®2 2(d,1HY51.783514)d,247 .(3B 6MHB, 07. 2H)(d,7. 1
J6.2, 2H))=864911HdY,/)=166..491, (1dod.,1, J=11H7).,0,6 .22.40 ,( didH)
(ds1.8, 1H)J=19..713 (2ddD,, 1H), 4.18 (s, 2H), 4.11
2.30)=0@0, 7, 2H), 2.089(9, 2HY=7.12 @83 HMRL51 MHz,
DMSsOo)= 162. 77, 154.34, 153.99, 148.25, 139.74,
132. 64, 132. 04, 129. 54, 129. 25, 128.97, 128. 4«
108. 64, 105. 31, 100. 923. 8%, 428. 52, HRENVG. 1B8/9z 07,5 .
calcul ated¢t f68r8.[3M6HK]; found: 638.3225.

Synt hesi#< 404 & Hils op r-Dlgoylr a-Zyll ) meB-phenhy!l p-2ri din
yl )benzyl XAp i-Zpoexr@ ,dBi hy-t Hoenz o[ d] i-bmil daazcaly | ami de (

Compowr8B8d 29 mg, 0.09 mmol , 1.0 eqg.)7(wds mmge a dt. el
mmol , 1..€Qega6)mgK 0.19 mmol ,3:21Q eg, ) Oafd RhOPF
in 1 mL 1, 4 disdxagneal/enkr al procedure3®Bs wni whdi e
solid (15 mg, 0.02 mmol , 25 %) .
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IH NMR700 MHZzdg) DMS1O0. 80 (s, 1H), 19207, ($H) 1HJ,68.
1H), 7.60 (dJ=11H), 1HN3Z07(@BB, 8H¥7.8,18. 8dd2H), 6.
J=8. 3, 1H) J)=166..491, (1d0d.,2, J=11H§).,9 ,6 .22.40 ,(Jd1dH)7,, 61.H)5 (5d.,7 3
(dd=10.1, 2.0, 1H6.,44.5KH) (hept8 (s, 2H), 4.11 (s,
2H), 2.29 (d2H)2HN,J6R2QH, (8H), 1.30 Y& ,NMRHYS 1.29

MHz, DMS$SO)162.77, 154.29, 153.99, 148.23, 139.50,
132.84, 132.63, 132.03, 130. 83, 129.53, 129. 20,

126.67, 126.33, 125.62, 124.49, 112.12, 108.64, 1
28. 66, 27 .HRMS m2zabbul atedl f6br2.[3M2KR]; found: 652. 33

Synt hes i sdxe8( AINL D henSy(l(plr oplyHpy r aZyll ) met hyI2) pyri di n
yl)benzyl Api2peBi ihgilrdoe nz o[ d] i5mildaazaly | ami de ( 36)

Compo®2mBai 35 mg, 0.11 mmol , 1.0 eq.)7 &8s mgeadt 4@ v
mmol , 1..26Qe8§l)mgK 0.22 mmol ,3421@ eg,) Oand BdOPRPhO
in 1 mL 1, 40 diisdxagneagl/enkr al procedure3@ds wi ewhditeg t
solid (12 mg, 0.02 mmol , 16 %) .

'H NMR700 MHz;dg) D>MS1O0. 80 (s, 1H), 18207, ($H) 1HY,68.
1H), 7J=®3 2(,d,1H)s1773614d,217.(3n, -BH)132H)m17®B. 91 (d,
J=8. 3, 1H) J)=166..491, (1d0d.,1, J=11H§).,9 ,6 .22.40 ,(Jd1dH)8,, 61.H)7, (5d.,7 3
(dds10.1, 2.0, 1H), 4.17 (&,7.2H),2H).,113.05BD, (LH) ,2H
J=10.8, 2H)I22.29 (dd5,J3=2H)0, 2289 1(90.,®w,6 A2n,0, 9. 6,
0.78=7t4,'GB8HNYMRL76 MHz ,i=DMS$Q@). 77, 154.35, 153.99, 1
139. 49, 138.51, 137. 83, 137. 77, 135. 10, 132.80,
128.39, 128.24, 127.33, 126.33, 124.49, 112.12, 1
49. 78, 28. 67, 29 .HRBMSS; m/2z8a 120y | altOe.d@ f &5 2 .[ AVB+2H]; foun
652.3390.
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Synthes#sf o4 f§NRclycl odtHp yt aZywll) meB-pgéenhy!l p-2ridin
yl)benzyl Xpi-2Zpoexr@ ,dBi my-@d Hoenz o[ d] i-5wil daazcaly | ami de (

0O

N\
NH
N

/4 N\

Nl "\

N Z O A

S o
Compow®Bdi 30 mg, 0.09 mmol , 1.0 eqgq.d)7(wéds mge a Ot. e
mmol , 1.,2Qe36)mgK 0.19 mmol ,3:21Q eg, ) O0Oand RMhOPF
in 1 mL 1, 40 diisdxagneagl/enkr al procedure3Bs wni awhdie

solid (5 mg, 0.008 mmol, 8%).

'H NMREOO MHz-dg)lDMSID. 07 (s,J=RH)2,, 8.H3ZF1(7®.681Kd, 7
(2.1, 1HMNs177A421KYJ=67..@,9 PHHM,t ,1IZS. d,2H), 7.:
J8.3, 2H) J=77..7,3 1.d&d,, J28) 4, 618} JF166 .491, (1d0d.,?2, 1H
(dds17. 0, 2.0, J1H)7,, 61H5Q, 7(d.,818, 1865)8,. 34. 910H) (, h ,4 .
2H), 4J=1®R.@4t,t 4.2, 1H), BF.158@H) s, 22H9%,2(.48d 9 A . (0d,
2.28.14 (m, 2H)11.8B.,072.0B0d20H)(ML.IMRL51 MHz, DMSC
ua= 162.76, 154.30, 154.00, 148.15, 139.62, 139.
132.81, 132. 64, 132. 04, 129.50, 129. 20, 128. 97
112. 10, 108. 63, 105. 48, 100. 89, 6 1. 5126,, 5124..6118,.
HRMS: m/ eal cul at edl f6®r4.[3BRR]; found: 664. 3397.

Synt hesi# < fo4 &6y dr ox y p3yyrli)dniemB-pgéehy!l p-2ridin
yl)benzyl XAp i-Zpoexr@ ,dBi hy-t Hoenz o[ d] ibmil daazcaly | ami de (

0O

\/I(NH
saeWe

7

Compo®2mBd 19 mg, 0.06 mmol , 1.0 eq.)7(w&s mgeadt &
mmol , 1., €Qée4§48) mgK 0. 13 mmol , 3)44.70 mgq. 0. &rld mnab( R |
in 1 mL 1, 4 duisdxnagn g/enker al procedure3®s wni whdi e
solid (6 mg, 0.01 mmol , 15 %) .
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'H NMR7 00 MHz-dg)DMSIO0. 80 (s, 1H), DH2.08, (kH) ,1H). 9B.(
J6.8, 2.1, JAM)1, 71HE-1H9671HHN,)=8.984 6d6d, 2.1, 1H)
-7.27 (m, 4B868,. 37. 24H)07d8, 73 21 2HH., 1 ¥ . (A6, 2B8F8,. 36. 91 (¢
1H), -6.38 (m, 38)6,. 76. 218 4(,t d5H)7,. 06. 24 0( dJMHO ., 15. 73 (
2.0, 1H), 5.21J=012, 42H¥, 24. 1H) (t B.120 2(s ,2HIH) ,2.2.89:
J12.4, 3.9, J2WH).,9,2.2.73,Jt2AH). 8 'L2HNMR(H6 MHz, DMSO)
ui= 162. 77, 161. 48, 155. 48, 153. 99, 147.91, 140. 40
135.13, 132.65, 132.05, 131.57, 129.52, 129. 25,
124.49, 119.90, 112.11, 108.63, 105886HRM300.91, &6
m/ eal cul at edl f68r7.[28#4H],. 2f902Bn.d: 6 3

Synthesi#s 104 §Knbet hy!l p-$ylidmeB-phenhy!l p-2ridin
yl )benzyl XAp i-2Zpoexr@ ,daBi my-tl Hoenz o[ d] ibmyil daazcaly | ami de (39)

Compo®2mBdg 36 mg, 0.12 mmol , 1.0 eqgq.07(®wdas mgeadt dd w
mmol , 1..€Qe§4)mgK 0.24 mmol ,3421@ eg,) Oand BdOPRPhO
in 1 mL 1, 40 diisdxragnagl/enkr al procedur e3®Bs wni ewhditeg t
solid (18 mg, 0.03 mmol, 23%).

IH NMR500 MHz d)DMSI00. 79 (s, 1H), 16207, ($H) 1H$,48.
J=2.2, 1H).,617 (619, -BH26 (m314H316.73208.(5H.,58)(m7. 17
2H), 6J98l 4(,d,1H) J=167.401, (1dod.,1, J4H§.,9,6.241,(dHH), 5.
J10.1, 2.0, 1H), 4.10 (m, 1H) J=8..904 2H),, 22H)42 3(.s5
2.29)=0@, 2, 2HFE1127062HJ=101.46'£2(NMRL26 MHz,i DMSO)

= 155.84, 154.15, 153.99, 149.01, 148.27, 139.51,
132.64, 132.04, 129.50, 129.30, 128.97, 128.33,
112.12, 108.63, 100.91, 61.51 HREXmbOal 60l. dLed 3HoR
[ M+¢H] 635.3056; found: 635.3107.
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Synthes#sf 104 §Ket hyl p-3vlimeBpgeny!l p-2ridin
yl )benzyl Ap i-2Zpoexr@ ,daBi my-tl Hoenz o[ d] ibryil daazcaly | ami de (

0

\//(NH
saely

7

Compo®mBdij 20 mg, 0.07 mmol , 1.0 eq.)7(w®8&8s mgeadt &
mmol , 1..€Qée€49) mgK 0.14 mmol , 342 .90 mgq. 0. drid mPnab( R |
in 1 mL 1, 40 diisdxagneagl/enkr al procedure4d®Bs wni whdioe
solid (13 mg, 0.2 mmol, 30%).

IH NMR6 0O MHZzd)DMSI0. 80 (s, 1H), D92.0B8, (kH).,lH9. 3
J=4.8, 1.7, JAH)9, 71188J=0H.763 1(.drd,J4H) 1, 714#6,2(60. 31
(m, 4H),J=8.35 QH).,197.(22 -BH)3 (ml62HB,. 46. AH)(d 6
(dd=16.9, 10.2,J=UH).,0,6.22D,(JdH)..15.2730(dHH), 4.1
(dds4.3, 1H), 3.50=12.,1,2H)H) ,2.29.349=d(X.,4,3H3.,9,2.219)
(510.8, 2HJ=9.19.,6@ H)MRL51 MHz ,i=DM$Q@). 77, 156. 52,
154.00, 148.41, 147.00, 139.51, 138.51, 138.4¢
132.65, 132.05, 129.52, 129.28, 128.98, 128. 37
112.12, 108.64, 100.90, ®$.16%3,HREY4bBBal 601 dtded 3
[ M+¢H] 635.3056; found: 635.3106.

Synthes#< 404 fNdet hy!l p-§vli dmeaB-plhgehy!l p-2ridin
yl )benzyl Hpi2poexrd ,aBi hy-l Hoenz o[ d] i-5yil Jaazcaly | ami de (

Compo®2iBB¢ 54 mg, 0.18 mmol , 1.0 eq.)7( wag mgactDed
mmol , 1..€QefHl1)mgK 0.37 mmol ,3)4s220 eg,) Oan@ BROPF
in 2 mL 1, £ disaxagneag/entr al procedured4dBs wni whdie
solid (6 mg, 0.01 mmol, 4%).
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IH NMR60O0 MHz d)DMSHO0. 80 (s, 1H), 18208, ($H) 1H3,48.
1H), 8J=33 9(d,lH), 7.68=2.sl,, 114¥),,187..6368 (4rQ H)L, (7,16

2H), 6J=98l. 3(,d,1H) J=166.491, (1dod.,1, J4H§ ., 9,6.2.30,(dHH), 5.
J10.1, 2.0, 1H), 4.13 (s, 2H), 4.10 (s, 1H), 3.5
2H), 1.65C (NMRLBH) .MHz ,u=DMS®). 77, 153.98, 150.20, 1
145.44, 139.47, 138.36, 137.71, 135.11, 134.14,

128.97, 128.37, 128.21, 127.31, 126.32, 125.36,
52.60, 50.10, 32HRMS, m/28al6®@y | altSe.df 4f. ®3 5 .[3VWD+5HE; f oun
635.3136.

Synt hes i sdxe8( AN D henSy(l((6t ri fl uoromet hyl )pyridin
yl ) met hyl2)ypy rbiediizry | BA-p I-2p,aBi ihdyitirdoenz o[ d] i-5mi daz ol
yl)acryl amide (42)

Compo®md&d 34 mg, 0.10 mmol , 1.0 eq.37(wds mge a dt. éld v
mmol , 1..€4Qefa7)mgK 0.19 mmol , 34212 eg,) Oafnd mho6PPhO
in 1 mL 1, 40 diisdxragnagl/enkr al procedured4dBs wni owhditeg t
solid (13 mg, 0.02 mmol , 19%) .

'H NMR6OO MHz:dg) DMS1O0. 81 (s, 1H), 18211, ($H) 1H8,6686.
J=2.2, 1H)J=88.107 2(.d2d,,J48)1, 71892 d2771dPD517969 (d,
1H), -7.238 (m, 4M)8, 37. 2H)k8,722024d,147 .(1n®, 2H), 6. 9!
J=8.3, 1H)J=16..4092 (1dd,1, J=11+5).,9,6 .22 40 ,(HH) ., 1 5. 730 ( ddH)
4.23 (s, 2HL2.8,1@.Q8tt 1H), 31510 1(,s,2H2BH1,2.2.99 X q(dd
3.9, 2H)J=12.Q26 @HYs9.19, L2 HYMRL51 MHz,U=DMS50). 52,
154. 01, 150. 46, 148. 45, 144,99, 144. 77, 144. 54,
138.31, 137. 78, 135. 30, 133.95, 132.67, 132.07,
127. 34, 126. 32, 124.50, 122.69, 520 .1807M,. 9220 .6719 ,5¢
52.63, 50. 15,'F34INMRB 652 8MBB) D6 6. 1793 . 4HRMS: m/ z

calcul ated¢t f68r9.[2M¥H]; found: 689. 2833.
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Synthes#sf 104 EK6di fl uoromet3yyl) meBhbigényg!l p-Fr i di n
yl )benzyl Ap i-2Zpoexr@ ,daBi my-tl Hoenz o[ d] ibryil daazcaly | ami de (

0O

MNH
saoWs:

7

Compo2B@37 mg, O0.11 mmol, 1.0 eql¥ 6Wasngr,ed®dctled m
1.2 elQ(31Kmg, 0.22 mmol , 34X.108 emg.,) OarOdl RAmdnoR R h C
mL 1,4 dpQoxuasnen/g Wener al procedure43Bs giwhidi aegs
(23 mg, 0.03 mmol, 31%).

'H NMR6OO MHz dg) DMSIO0. 82 (s, 1H), -8.07.309( nf,s,1H)H) ,8
1H), 7J=978 6(,d,1H), 7.76 (s, 1IH3.0,7.17H). (297 .(3MH) ,8 Hj
7.7.15 (m, 2H), 6.92 (s, J=111).,9,6.101L 1(,tIJAIHDHD ,6 . &
2.2, 1H) J=507B, (2dQ, 1H), 4.19 (s, 2H), 4. 11 (s
(s, 2H), 2.06 (ST HWMRLS511.MH6z ,{isDMSa®) 79, 158. 06,
157. 66, 157. 46, 154. 33, 153.98, 150. 31, 150. 1¢
138. 55, 137. 84, 135. 31, 134. 30, 132.59, 132. 01
126.35, 124.53, 120.45, 42012462 , 110280 .6490 , 110105..9461,,
54.91, 52.58, 50F1NMR3645 3MHz ,2 8DNERO43L,4.-884. 94.
HRMS:m/ eal cul at ed féorl.[2M6H]; found: 671.2940.

Synthesi#< 404 § N6t hy!| p-@yli dmaeB-pgéenhyl p-2ridin
yl )benzyl Hpi2poexrd ,aBi hy-l Hoenz o[ d] i-5yil Jaazcaly | ami de (

Compo®2mBBdl 66 mg, 0.21 mmol, 1.0 eq.)7( a8 meacOet
mmo | 1.Q€§9) mgK O0.43 mmol , 3)2(.205 engg.,) Oa n0d4 3P dn{nP
eqg.) in 2 mL>0l ,uds idiigo xgaennee/r aH proceduredf&ms i el c
white solid (14 mg, 0.02 mmol , 10 %) .
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'H NMR600 MHz dg)DMSI1O0. 81 (s, 1H), 16207, ($H) 1H$,58B.
J=2. 3, 1H), 7.69J=8s,0,2r).,4;7.16H9 ,( did ,38BHL A4 Tml7 2H) ,
6.92)3=8d3, 1H) J=166..491, (1d0d ,2, J=11H5).,9 ,6 .22.40 ,( d&4dHD , 1 5. 73 (
2.1, 1H), 4.11 (s, 1H), 4.05 (sJ=72KH), 28)502(29 2H
2.06 (s, 2H), 1J=&5 6(5C3IHONRLS5 11 MHZ ,{=DNBSQ) 77, 160. 79
153.99, 149. 01, 148. 31, 139. 49, 138. 48, 137.68,
132. 03, 129. 53, 129. 32, 128.98, 128. 34, 128. 22,
108. 65, 100. 93, 61. 52, 52. 6 07, 7HPRPMS: M/2g a | 3c4u. | 2a9t, e d3 Of. olr¢
[ M+¢H] 649. 3213; found: 649.3283.

Synthes#< o4 EHc6ycl opropyBiypymedBpigehny!l p-2ri din
yl )benzyl XAp i-Zpoexr@ ,daBi my-tl Hoenz o[ d] ibmil daazcaly | ami de (45)

0O

MNH
0L

7

Compo®mBdd 49 mg, 0.15 mmol , 1.0 eqg.d7(w8wds mgeadt ed@ w
mmol , 1..€Qe42)mgK 0.31 mmol ,3421@ eg,) Oan@ BhOPRPhO
in 1 mL 1, 4 diisdxragneagl/enkr al procedured4d®Bs wni owhditeg t
solid (14 mg, 0.02 mmol , 14%) .

IH NMR60OO MHzd)D=MSI00. 80 (s, 1H), 16207, ($H) 1H§,43.
J=2.3, 1H)=272672KH)XJ)=87.160 2(.dBd7.12Hp) ,( n¥,. 342H1 8 {m25
5H), -7.18 (m, 285858, 46. 911H)(Jd 166..491, (1dod.,2, J<IH).,0,6. 24
2.0, 1H)  J=H07B, (2d1, 1H), 4.11 (s, 1H), 4.02 (s,
(d, 2H)L. 96 1(3m, 3H), 1.8657.(7s,, 22.+p),, ROM)8HD, 0(V8t&G, ( @tH) .
¥ NMRL51 MHz,ui=DMSED. 76, 160.08, 154.14, 153.98,
138.54, 138.44, 137.67, 136.28, 135.16, 135.10,
128.97, 128.32, 128.20, 127.27, 126.32, 124.49,
52.60, 50.8267,341@BBMS2m/9¢ &5l2c.ul at ed 602 Y3M+ H]ound:
661.3208.
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Synt hesi#sf 104 § Habmi dbonet hy | p-$yli dmeB-plgehy!l p-2ridin
yl)benzyl Xpi-2Zpoexr@ ,dBi my-@d Hoenz o[ d] i-5wil daazcaly | ami de (

Compo®2mBd¢ 17 mg, 0.05 mmol , 1.0 eq.)7(®w8s mgeadt &
mmo | , 1..€Qée€45) MgK 0.11 mmol , 32 .60 mgq. 0. Hrld mPndb( R |
in 1 mL 1, 40 diisdxagneagl/enkr al procedured4d@dBs wni whdioe
solid (5 mg, 0.008 mmol , 14 %) .

H NMR700 MHzdg)DMSIO0. 80 (s, 1H), 1U8207%, (H) 1HYJ, &
J=2.3, 1H), 7.68=2.s1, 1HH)., 277 A2, ( #,HF¥F1472235(8d,
7.15Jdd7, 1.8, J28)3, 6181 ,/])=(166,.491, (1d0od.,2, J=l1HH.,9,6. 2
2.0, 1H) J=BH07B, (2ddQ, 1H), 5.59 (s, 2H), 4.12 (s
(s, 2H) ,J=223®, (2dH), 2.09 (s, EHAN, 622TQNMRE76 3 H)
MHz , DMSO)L62. 76, 156. 87, 153. 98, 153. 85, 148.1
136. 04, 135. 07, 132.62, 132. 03, 129. 52, 129. 31
124. 49, 123. 95, 116. 08, 112.,1750.1M8B,. 633. 40,0. 22
HRMS: m/ eal cul at edd f6kbr0.[3M6K]; found: 650. 3232.

Synt hesi < 404 § Habmi #2met hy | p-§yli dmeB-hlgehy!l p-2ridin
yl )benzyl Hpi2poexrd ,aBi hy-l Hoenz o[ d] i-5yil Jaazcaly | ami de (

O
N4
NH
CL
N
P
Compo®mB&k 30 mg, 0.10 mmol , 1.0 eq.27(wds mge a dOt. e
mmol , 1..€Qega7)mgK 0.19 mmol , 3212 eg,) Oadd BRhOPF
in 1 mL 1, £ disaxagneag/entr al procedured4dBs wni whdie

solid (8 mg, 0.01 mmol, 13%) .
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IH NMR60OO MHzd)D=MSIO0. 80 (s, 1H), 16208, (8H) 1HY,6B.
J=1.9, 1H)Jz2724914n.,267.(3, -ZHP?2 {m263M)8,. 37. 2H)( d,
7.17A4.12 (m, 28, 46. 9H) (d16.. 01 (1dd ,26,. 212H)(,m,6 . 2H) , 5.
(dd=10.1, 2.0, 1H), X .17 4(s,4.2H) 1H).,1®B.@©QOt (s, 2H)
(dJ=11.3, 2H)J=12.29 %m9, 2H), 2=25. §,s,2.34,),2H1).,061.
J=10. 0!TC2NMMRL51 MHz,u=DNMSQ) 79, 157.87, 154.01, 153.
139.66, 138.99, 138.59, 138.12, 137.64, 135.18,
128.99, 128.38, 128.21, 127.26, 126.36, 124.50,
61.55, 52.63,8508,] HRUSS®BL Sall, c 2l at edl 6610 .[3M615]; foun
650. 3236.

Synt hesi#s 104 § NIPpHrrolbo[p2y,rSydi)nmeB-péeny!l p-Fridin
yl )benzyl XAp i-Zpoexr@ ,daBi my-tl Hoenz o[ d] ibmyil daazcaly | ami de ( 48)

Compo®mBdg 40 mg, 0.13 mmol , 1.0 eqgq.d)7(w&®s mge a Ot. eddl W
mmol , 1..2Qe85)mgK 0.25 mmol ,342106 eg,) Oand BRdOPRPhO
in 1 mL 1, 40 diisdxragnagl/enkr al procedured4d®Bs wni owhditeg t
solid (9 mg, 0.014 mmol , 11%) .

'H NMR60OO MHz-dg)iD>MSIOL. 56 (s, 1H), 10.79 (k2.1H), 10.
1H), 8J=251(,d,1H)Y52.70911K)52.71681K)Y51.79,661K)X, 7.43 (
J=3.4, 2.5:;7.1245) ,(M,. 3HL B8 Tm24FZHYL2 {ml62M)8,. 46. 91 ( c
1H), -6.3838 (m, 2H31669242 (@%., 6AW) (m5. 8B), 4.15 (s,

J=12.4, 4.2, 1H), J81295(s2HPH)I2. 2898qg8s2H)7, 2.06
2H), 1J=6130.(0dC2NMRL51 MHz,i=DMSB®@). 75, 153.98, 153.9
147.46, 143.20, 139.60, 138.60, 138.37, 137.62,

129.29, 128.97, 128.31, 128.19,6.122/,. 9D24 .1£28,. 31 9.
112.10, 108.61, 100.90, 99.52, 61. 5HRMS: /4z 91, 52
calcul ated¢t f66r0.[3MOM]; found: 660. 3068.
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Synt hes# s 104 § Nmet RlyHp y r r o kbo][p2y, r-B-ydli)nme-B8-h y | )
phenyl p-2yli)benzyl ¥piZpoexrd ,aBi my-l Hoenz o[ d] i5mi daz ol
yl)acryl amide (49)

Compo®B& 45 mg, 0.13 mmol , 1.0 eqgq.d27(wds mge a Ot. e
mmol , 1..€Qe87)mgK 0.27 mmol ,34216 eg,) Oand BRhOPF
in 2 mL 1, 40 diisdxagneal/enkr al procedure4dBs wni whdioe
solid (17 mg, 0.03 mmol , 19 %) .

IH NMR7OO0 MHzd)D=MSI00. 80 (s, 1H), 18207, (H) 1H§, :
J=2.0, 1H)JE270911HWs271662HWs37447167.,25 .(38, 4H
7.2%.17 (m, 4H¥7.3,12.0dd28)3, 61BWI=884402HY, 6
(dd=16.9, 2.0, JtHD,15.230(ddH) 4.16 (s, 2H), 4.
(s, 2H), 2.92J{Kkl. RH)2H)2,. 28. O(5 1(1s .9 ,'TR)NMRL7 63 (
MHz, DNMSO)62.77, 153.99, 153.95, 148.25, 146. 4
137.62, 136.12, 135.12, 132.64, 132.04, 130.4¢
128.21, 127.42, 127.24, 126.34, 124.50, 119.92,
52.60, 50.12, 34HRBMS m/3Malsdyl| a2t8e.df 7f. &7 4 .[3MI+6H]; |
674,3227.

Synthesi#< 404 & §6di met hyl|l ami3ryd)) pneBipdriemy | p-2r i di n
yl )benzyl Hpi2poexrd ,aBi hy-l Hoenz o[ d] i-5ryil Jaazcaly | ami de (

ComporkmB&a(ad4 mg, 0.14 mmol , 1.0 eq.)7(#2asmgeabdt é
mmol , 1.,2Qe88)mgK 0.27 mmol ,34216 eg,) Oand BRhOPF
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in 1 mL 1, 4 disaxagn a/enker al procedure5@®s wi whditeg t
solid (18 mg, 0.03 mmol, 20%).

IH NMRFOO MHz-d)DMSI®. 80 (s, 1H), J=02.018 (1stB).,Q#B).,138. 5
(m, 1H), 7.68 J2,11H)H) EB8BIT4E R(.Bd7.12H) ,( n7,. 341H) , 7.
-7.18 (m, -ZHNL]1 Tml728)8,. 46. 911H)(Jd 86..75,9 0O(.d8d,, 1H) , 6. 4
J=16.9, 10.1,J=11H).,0,6.2240,(#adH0 ., 15.230(dHH), 4.11 (s
2H), 3.50 (s, 2H), 2.97J=(1s2, 86H)2,H)2. ®3 007s1,@ s21H)2,H)2 .
2HYE NMRL51 MHz,u=DNMISQ@) 77, 157.95, 153.99, 153.091,
138.62, 138.24, 137.77, 137.57, 135.96, 135.0090,
128.32, 128.23, 127.23, 126.32, 124.49, 122.95,
52.58, 50.®9,8037 AMAVMS6m/3cal cul atedst f®64.[3VB2H]; foun
664.3390.

Synt hesisdDxe8( INLd dDhenSy(lpyriwytdmet hyl -R-pyridin
yl)benzyl Api2,abi ihdiddoenz o[ d] i-bmildaazalyl ami de (51)

CompokmB&(b28 mg, 0.10 mmol , 1.0 eq.)7( w&asmgeabdt édl v
mmol , 1..26Qe47)mgK 0.20 mmol ,3421Q@ eg,) Oand BhOPRPhO
in 1 mL 1, 40 diisdxragneagl/enkr al procedure5Bs wi ewhditeg t
solid (16 mg, 0.03 mmol, 26%).

IH NMRTOO MHz-d)DMSI®.80 (s, 1H), 10.07 (s, 1H), 9.0
(dJz2.1, 1H)s271761dYd, 7.-d8 2(7s,( M HAHLD. FM264H), 7.
-7.15 (m, 2898, 36. 911H)(Jd 166..491, (1dod.,2, JEH?) . 0,6 .2.40 ,( dldH)
5.73JWa., 1, 2.0, 1H), 4.12 @s10.3H),28) 502 (@4 2H),
2.06J=(1,9, 2H).571. (Mt RMRL76 MHz,u=DMSE®. 76, 157.11
156.74, 154.48, 153.99, 148.34, 139.41, 138.63,

132.63, 132.03, 129.52, 129.35, 128.97, 128.32,

108.63, 100.91, 61.52, 5BRM6:1m/ z5a0.clu2l,at @ 2@ Of20,r 2[8M+
622.2852; found: 622.2922.
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Synthes#sf 104 §Ket hyl py-b-yim) cheB-pgéehyl p-2ridin
yl)benzyl Xpi-2Zpoexr@ ,dBi my-@d Hoenz o[ d] i-5wil daazcaly | ami de (

0

MNH
2 00,8

7

CompokmBa(c44 mg, 0.15 mmol , 1.0 eqg.)7( #¥2asmgeabdt é
mmol , 1..€Qe41)mgK 0.30 mmol ,34210 eng,) Oand BRhEOPF
in 2 mL 1, 40 diisdxagnagl/enkr al procedure5Bs wni wwhdioe
solid (16 mg, 0.03 mmol , 17 %) .

IH NMR60O0O MHz d)®DMSHO0. 80 (s, 1H), 10.07 @s2.2AH),
1H), 73=222(d,1H), 7.-&8 26s,( M H®AH]LB. FMm2634HL4 (mls8
2H), 6J98l 4(,d,1H) J=166.49, (1dod.,1, J4H§.9,6.2.40, dUH) ,
J10.1, 2.0,J=9HyY, 4H)1 @t 06 (s, 3dHDL. 03. 520H)(,s,2.:
3H), 2J=22®@.(09d, 2H), 2.0BF1@as 2, LENMRILS B AMHz,G=DMSO)
165. 43, 162.76, 157.10, 154.39, 153.99, 148. 27
132.63, 132.04, 130.66, 129.51, 129.33, 128. 97
112.12, 108.63, 100.91, 61.50,HRERmb®al 60l. dtled 3
[ M+¢H] 636.3009; found: 636.3082.

Synt hesi#< 404 & H2di met hy |l ami nbey)l pynrei-Brikckihny | p-r i di n
yl )benzyl Hpi2poexrd ,aBi hy-l Hoenz o[ d] i-5yil Jaazcaly | ami de (

Compo®2iB&a(d3 4 mg, 0.10 mmol , 1.0 eq.)7( wasmgeabdt &
mmol , 1.,2QeZ89)mgK 0.21 mmol ,3421@ eg,) Oand BRhOPF
in 1 mL 1, £ disaxagneag/entr al procedure538s wni whdie
solid (8 mg, 0.02 mmol, 12 %) .
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IH NMR6OO MHzZ dg)DMSO0. 79 (s, 1H), 19208, ($H) 1H$,3B.
2H), 7.0882(Hd,2.07.2R) (m7.-3819 {¢m24FZHYL1l (ml72H),
6.91J=8d4, 1H) J=166..490, (1d0d.,1, J=11H7).,0 ,6 .22.40 ,( @dHD , 1 5. 73 (
2.0, 1H) J=142..140 (4t.t1,, 1H), 3.89 (s, 2H)J=13.830 ( s,
2H), 2.J2B2(@d,3.4,J=2H)6, 22H8)F,1(L ., 16L 2NMRL51 MHz,
DMSQ)= 162. 76, 160. 97, 157. 76, 154. 12, 153. 98, 14¢
135. 32, 135.17, 132.63, 132.04, 129. 49, 129. 32,
124.48, 120.60, 112.10, 108.62, 100. #iIRMS:m/1z 52, 52
calcul ated¢t f66r5.[3M¥H]; found: 665. 3360.
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