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Chapter 1: TarAepgomtgotBiCd Pr ot ei n

l.1Intrinsic Cellul ar A2 oAptoopstiost iPcatFhrwoatye iann dM eBn

Cells contain numerous systems and signaling
that balance Iis severely djsouptedliordie@at bell
tmaintain the overall bal®Omeekatiyh wayn the bioc

initiate apoptosi s -medtaeednapopsotci esni pathwa

t hBeCRf ami |y cJf#°proteins.

1. BCX2 Protein Faam@tyr:ucMeummbeesr s

The BCbrotein family is diropdptdobe(tewege.nt £wa s
BI'M BADPUMMAAXB and -aapnotpit ot i ¢ pr-2dt eMDIsBCle. g. B (
xlL and)*BFimpoptotic proteins are further divi
effectors (e.g.-oBAX, pBAKei and(BHBhi sBI M, BAD,
distinction is due to these pdomb%e h®lse cont ain
BH®&nly proteihbhscausecbbasshéiedstructure beir
BH3 homol ofWhedoemas nt hapefpft®dticr pprod 68i ns cont
doma*mrsaipopt ot iacr ep rdoetfe ionesd s ksyou Betxapitors e d

bi ndi ngg wghrieohegni zes t he B pdomaiEen gafodaelilnspr
1. 1)21*7dhcenserved binding groove is comprise
hydrophobi c poekoectkse tdsedn catnedul dad &h @ pabred ed p 1l
apoptotic proteins recognize the binding gro
of their BH3a-hdeolmacianl ichBtQaf coanmiart itomi.s confor mat

BH3 domain protrudes multiple hydrophobic re



Ri +3d Rl +dri enTAttisenhydrophobic res-q dues then
pockets -amopthetiactprotein antASdednigtaigoen awiltyh tah
acidic residue on the opposite f-apepbbtitbe h

protein consefved basic residue.

Arg88

Figur e:Clr.ylsttla.lulc t varpeo potfo tpirco pr ot ei-ap ®pYMAL bo unc
proteiltPBBLI D: BYULdPpphobitdaes gai diuesaaind r esi
|l abel ed on PUMA pypotckiens, Hpdd ypmabiexpmsed c

arginine rdsiadee |l ameBEed.



1.1. 22 BRQlotein Family: Activating and I nitia

Wit hi nnt@i@lolps ot apcr epvreontte ianpsopt osi s i ai tiation
apoptoti c trheenonesresr gsvetteaPtPIr ecogni zé&s**Y he BH3 o
When a cellul ar stresusndeaquwr sa pappa pottsdi tesi , € gBrH3 n
only protein@iagmue e)d’dlfByeli.elt ®rde twontlyasses o
proteins with® s teipm @ts sfoun ptriodres ns have the
preventi-agopthet iacmtprotei ns f raopno psteoqtuiecst er i ng
pr otlefcntsi vat osrt aprrto ttehienspat hway towards apopto
effector proteins -tvaramibnwndionrg a&itltydkropgloobihe
t he -BHdomadncse. activated, the effector protei
MOMPB A% t er forming these pCryanh,i cthh é nmietroacch osn
wi th -AAPAAFi nduce c awshpacshe uacttiinvaatteiloyn st arts t he

destruction of °ct&€l Il ular components.



| de-repression
Intracellular .

Fi gur e:Rle.plr.exs.elnt a2t ifoanmiolfy BodL proteins initia

apoptosi s. I ntracell ul ar stresrsepmadgdsdar es t

proteins which wultimately activate the eff

di merize causing mitochondrial outer membr

releaseesmeytcosharting the controlled de
Created in BioRender.com

1.1. 32 BRQlLotein Family: Manipulation by Cance

Mul tiple types ofBCd2anfcaenri Inyanoifp uplraottee itnhse t o p
t umor i YCeamnecseirs .has this abilitywsboowasedof th
RNAtshat regu-Raf ae'fithheg .tBMdlcantcearyypes that enc
functi omnadr eCLABMELNh being | eukemias, these can
production of i mfharcth whietvee ndlsodadc ec dlolranat i on
bl ood*dlenl Ihshaintehynatmwdn@wd stem cells different
cells, which further develop into red blood
can differentiate into | ymphlymploeytsi cewhist
bl ood**AMLI ver damdgeds myel obl asts which are

cektbsgranul ocyté”Cwhitse Uetbodedebssthe overpr
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abnor mal Il 'y mmh eb lpa etcurwioymiph @eny tcied | whiotf e bl c

cell 8. bot hiosvaesrepsr,ccdwcsteisomul ti pl e complicati o
t haeb s e nntaet wohfet e bioctdbdéhlgse, ease of bl eedir
and will escal at el*tth efsaet sleivtey eoefd y trahwdt epdstiiae rdt
5year survival rate of AML-ybkeairng uan iabays malt €

CLL sits® Wewb6ca&ses of AML and Cyédnnottmaé roug
Uni t edanSd altcetsh anm@ptro«i mad eé yofl5, 000 deat h i

welt8 A8 di ng toacchduwnt sAMLor approxi mately 15%

cases.

Both | eukemias freqtertalmy | ma rbiyp wilpa teg utl lad |
apoptotic membet ¢Phiet BiChhanpptipt baamc | grotein sp
i s upregulated commonbwychnat Heagpeoepkheotek ecini a & |
sequestered and the intrFngiuc ep®Ad®8it B¢ édc pat h
alplrraopoptotic proteins contain a BH3 binding
activat erep,r esmsdrderoteins huv¢®hti lseiad | fowrsc tt ih
tumor bl ood cells to propagate wihtrlmiumg htolue bo
the body wher e t umoirnicteilatse ctaunsniocaci aggeuol easthes a n d

sout é%d5.



BCL-2 | de-repression
Intracellular
Stress PUMA BCL-2 [
Noxa BCL-2

BAD

BID BCL-2

O APOPTOSIS

%

BCL-2

Figur e:Rle.plr.e.elnt a2t iaanpdet oBClc protein being
cancerOveealelxp.r s ssed uRGHapo Pt dltli cppooteins pr
MOMP and apoptosis from occurring.

Created in BioRender.com

1.2 Devel op2meAmtp opft oBCLlc Protein I nhibitors

To counter the -2ppregtueianfi ot ®ediBs&echhdegel opi n
competitive inhibitors for BQlpeppooiei prooei e
and restore functi dMHotwevielme apmeptthtil ¢ emateh wa
inhi bitorapdptrottihe mmateins is due to the | a
residues on the conéPespidt 8HBhbsndinhgi gir bowes
created that wutilize multiple hydrophobic mo

to targetckeéeths withigrolFedegBhHR2Hi.Mdilng



Obatoclax
(pan-BCL-2 Inhibitor)

(0]
P 1P
/S/O Sio
CF3

g
o

NH;

WEHI-539
(BCL-xL selective inhibitor)

Takeda Hybridization Compound BM-1197 o
(dual BCL-xL / MCL-1 inhibitor) (dual BCL-xL / BCL-2 inhibitor)

Figure SBt2uttures -2f/ pBLOnnheéebi tBCEk

1.2.1 Navitocd 8edli ahDbat oBCL

Beginnindgbbot 2008gannpubkl-2 8iCiiimigbiomerma named A
26,3mrvit @gadlgax e)vwhi2chH .demonstrated an inhibit
apoptot i2éT hgpweatkeirresv.eal ed that the compound h:

BC andxIBCikhile astobdRrbgumBp€Cbcl ax was then sh

weakly induce 2agdptcoeing icelBGSLviIia the reacti
oCyfd n addition, navit oxdnmxgr rwafst emd deeclts vaen d |
daily oral treatmedHoawewenmatcad tumad sgifowt h

habeen unsucceasdfarlsaduETdte mthecectssvere effec
drug is thrombocytopenia which is a disease

t he 2fTohdiys causes erame dsiev e ubmseg e chiorsge,frand exc
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whil e also causing blood vessels to |l eak bl o
rasarklsese symptoms hawd beeérn bliitnled atso tBh@L f u
protein is essehABeabuseroplbhestetatteat sa. eff
yet to oabptpaionvaHDA or treating AML and CLL. H
therapeutic i s2 ai mhil Ristt @amed e nelBCphnent, showc

interact with the BH®pbiondicngroteows. of ant.

Cl

She

Navitoclax

Figure:Slt.ru.clt.ure of Navitocl ax

1.2.2 Venetocl|l &x:i nahi daltewati ve BCL

Even after the adverse side effects of Navit
still focused on creating an inhibitor that
avoidi-ng BEhbainbdi thiyonext ensi on thrombocytopeni
2013 with the dle9y9evbeonpeniébnictty aoxfe) AIB T2c 2 . Wt i | 1 zed
the same mechanism of binding as navitocl ax
binding grXdemedfbicB@krs in that it contains
form a salt bridge bet vwe ewhitchhe chosrprlaOsBp ornedssi d u

the -BICLoffering a unique reEhaddei bieowalen the



interactions pushed venpit ocochabhdtbdwa2rdd olbei ng
protein oveapdfmteotoiftd®epr mméidnb. studi es demons
venetoclax to have antitumonraisacnelhvlitayys amagai ns
with mouse xenogr a’fFtolsltomdinegs tahg asi,n svte nfeMLlo.c | a
approval for use in patients suffering from

granted in 2018 for usé&?%i?h patients sufferin

NO; |, o)
N
0
0.
b
O.__NH
0
-
N
N"H

Cl I

Venetoclax
(Bcl-2 inhibitor)

Figure:St.rauc2z.ure of venetoclax (Il eft
BCL2 ampdptotic predt0e€i)n ( PDB | D:

1.3 Devel opnekap oopfit oMGLc Protein I nhibitors

Anot her -akeoy teontiit hMOLbt prat esn that functions
2 andxIBCikherein the papodpetiont irce cprgonti ezienss ptroo p
apopt™ME€ELIs.is also a highly oncogenic protein

types of solid tumor cancers and hematol ogic



upregitl Bt eadlddi ti on to causingl didd ealesnd Heere
shown to cause resistaAfmettad | ®e rctasien otcltaurmr sp 6
prescribed venetocl ax 3fPan iteme &t meé wte noft hAML ta
see an effect for roughly 17 months, after w
upregul at-13Thh eorfe MiQLe c warprpernotvieyd nion hFLDPA t or s f @
however irsesdarndhongoing for an efifective ant

upregul ated cancer s.

1.3.1 Dilrlemdhti bMGlor s

Mul ti pbehgveupttemptlednthobcte@atse bMCbi ndi ng ¢
BH3 bindi@Qmetghto ovieM@kle riinnhgSb B §Mibggyr e) 1. 3. 1. 1
was deveNadpged lywd EIliza Halli hn&0#@6wthe of M
NMRoased fragment s csrteuedrs 6f3c814d50mrest dmft SA Ra K

0.19 nM adgaiwngth MOL bi ndiogxB@Qlas®r384 BCher f orn
wel | i MCk-dl épemdent i mad wal mngelmMes myel oma, | euk
|l ymphonbay credilmi ti ating the ¢t hnracediaesaal sapo
s h o wcpaosteedntt u naonu ri aagcati inwsitt ynuf4t mn p2 @l e anpglkease |

clinical trials for S63845 both as a single

but since then these trials hal®°e3®een compl e

10



Figure:Slt.r3u.clt.ulre of S63845

During the &é6238Ubpme ke so kwerrees eaalrscoh agtr owopr k t
synt hes-1 zenMChiidieonrtsi fainedd & asedi ¢ ¥PRdTiniiismd c1. e
group initially-bpeetioc me chicaaefernh qulma mtgy NMR t o
identify small molecules th&Twbontendcted wit
compounds were identl fhiefddleaos sb el le fffreacgtnevnet sMC
i ndol leenzo,t harp hkeedmazscefdu rheent er ocycl es t,hat wer e
4, epoHi tions and contai nedpasictairdm3%gfl itche crii
Class |11 fragments contained various aromat.i
aromatic bicyclFei gvuirae) {INe 3atl Jk.ytlh ec hFadsni kk gr oup
NOEBui ded fragment docking simulations bet we:
which predicted that class | compounds bind
the p2 pocket while cl a$sg nldl deecmp ovd ri hs nwe rhe
pocK@ombining these two class complounds resu

inhibitor8§5Z&ompollhId&Fd= OnMBFi(gur )3 . 3. 1.

11



.

O
: X
S OH
N” "NH
Class | \=N
Class
Figure Slt.r3u.clt.uz2:es of Class | and CIl ass
cl N0 s O
/
% OH OH
o O
Compound 53 Compound 60

Figur e8Slt.ruclt.ures of Compound 53 & 6

To optimize their previous compounkassed he Fe
MCEL i nh5idby tgprmafting on additional hydrophobi
pocket -IPFAdMCIL i on abla sferda g\MeRM1tscr eens where con
p2 pocket saturated with a reported indol e a
weakly interactéWhei Fasi hegpdupoeckiekized an
to engage with the p4 Ipioaiksoufs ttcemaebtod®ytl Hics amod t
CompoUuUmidgur &) 1wad8s 1devel oped to test this the

achieved, which was con9birmudeidn gvlftho aMQLr yst al

12



CompoQwads optimized via SAR4FKudiEFed Ot aMdreat

(Figur e) 1wlBi.dh contained an isobut3yl group coc

Cl H 0
/ \\//O
HN—-S
\
o}
Cl
Compound 9

Figure:Slt.ruclt.ure of Compound 9

Cl H 0
(i
HN
@)

Cl
Compound 47

Figur é&Slt.r3uct.ure of Compound 47

Taking inspiration from the wohl mosthe Fes:i
sel ectilve nMiCAZIDI50"¥* om a 2018 pub(Figateon, AZ
1. hwla.s shown iz o0 .havreMatwlkiMGEBL only demonstrat
affinity towampopttoh é*QPoAdhsedn9ela msthhowcased t he a

reinitiate apomubsi pl enmmMOL®mMa cell s, prefer

13



cells over solid tumors, and®Ddekrspvedeturmars,r ag
phase 1 clinical trial using AZD5991 was <cl o
hi gh rate o*T hciasr dhiaost obxei ecni-taytf turniclt u toend bted nMCLc r

the survival *f cardiomyocytes.

S
@)
N AN
N N  OH
Cl
N~ \
S \\
N—N

\

Figurl6:S3t.rBucture of AZD5991

1.3.2 All-dbstehibi M@Ls

Anot her awbébnbetXf amgasMCheen targeting a distal
conformati on c¢hahlmigreditrmg tdireo dWCd. . Il n 2016, the
published their {Fiinmdirregslo.m3no. e amAd Mde monstr
that the compound was responsi bl eaddrBAXnpair
bot h waindr @ n nfoMAsleMlcehi shsovhad suea olff C 4510 nM t o
accomplishes ahial bgsbendcngi t e -1onprtohtee ibna c k
and forming wi tchy®&B & n€&®meeebound, MAI M1 inf
the conformation of the& B8HE dbappgi dgsmato® vEOD O

fold decrease inlMANMlI ngndeBwEeBHBMChr ot ei n.
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MAIM1

Figure:Sit.rucz2.ure of MAI M1

1.4 Devel oplmeAmtp oqpft oBRIlc Protein I nhibitors

Similar toaphpet otiherpriond ¢éi espoBsipbrdoe for pre
apoptotic proteins*3flrho m didn Hiti ideetpierBg ecneclel hdaesa t
shown in various |l eukemi*3¥®tspymphomas, faod, n
geared towards <c¥rleatnihngoia osreBliedtst hbaexe B Fslpar c e
hydrophobic groove |ike the sl1lstcemt opirmd ea ns
unique solvent expod®Hisysyet ae neoessts dotf b et Chies B
BF{1 inhi bsdwe tdeasttigirvi ty demaolstofatamdy acdeep h

pockets within the binding groove.

1.4.1 DilrdmmthiBHFL or s

Il n a similar maamept dtoi d hper ott dhiemrs ,anttar geting
is a distinct challenge due to%%te | ack of d
Wal ensky group circumvented thbasetHabfenhbe b
NOXBH3 prndhtaei ml so containédranaaciyramedsi im

covalent bo%d*®with Cys55.

15



Anot her group advdndinrhg bti h e rfsiCaols de tsdkfa Byhr Lo @ lp 0
who were responsi bl e-1f 6 r1B pi unbttifFbsidtiontgh @i dual N
starting-Sudbdisnt tawaft ezdd, Benzoic Acid, multiple o
experiments cul Riqfagede)l bTdompdbomgound demon

a K 100 nM fdr amdl*BFMCL

(0]
S
Ho)ﬁij/ \/\@
HZ//O
O// \N/\

N

24

Figur e:Slt.rduclt.ure 24 Compound

The next advancement came from the Zhao gr ou
based covialiermti bB R Lb EF icgoumpeg wih.dédcehino2 st r at ed a

BF1 i&f 4 1*6TheM.compound was also tested again
apoptotic proteins-la8Addwasosel egtivevdloentBFa
was confirmed via intact mass spect-tometry i
+12vas défTectfedt her suppor tl2tnhhei biidlecad i tBhFalt c o1
covalent bond formati on,kl 2wa sn ecgraeta tveed ctohnattr ohl a

acrylamide doubl e bon@ 3iraedd vat ePFLap 48 mNMi s ¢ o mp
16



Fi ndl2lnyi,t i ated apoptosis in myeloid | eukemia

fl ow cyt ermeetxriyn avh®dst ai ni ng.

Figur e:Slt.rduclt.uz e oAnZIb mpound
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Chapter 2: TBaOLgeFamigibywWaokretmi ¢ Tar get

2.1 Al ttearmrmettisvd o combat hematol ogi cal mal i gt
As was out |l i-8edanpeoaprtiateirc PBrCot ei ns are upregu
hemat ol ogical malignanti‘*as®dbspusmetept eamboi

mul tiple research groups have focused on <cre
this tumor growth. However, several- issues r
apoptotic proteins hneei Peamce deinda i ¢oendt ¢ mcl
sist@ampogpntoiti ¢c proteins, the devedxdapment of t

inhibition, and cdr dindft®it¢c¢iony due to MCL

For dCLnhibition specifically, there are
expltédienabsence of anyl cilnmiitkciade iy$ g rel ireiysatnlty ,M(
inhi bitor® fampaoptpeoiB&L€iLns i s a difficult task
deep pockets with catalytic residues to targ
apoptotic mapberotarcd members is nmfasured to
Because #mosthnhM®L tors are directly targeting
outmpet e -apeptpotoi ¢c members, this pM I imit res
chemi sts can iwge fwirn doeh btbloey itwaarllrins asdodiibtiigon t o
is untheacar#@diotoxic side effect& demonstrat
i nhi breoastri buted - opri mthe ibn tiitngeltfh,e dwCLi f t
specific structlUWhkisl efthédeeiinhi dntiomsreasing
focused on meacsuwumridn @ niytoeeiyh ggsd@bt eafi on / i nhit
remains unclear what exactly is causing the

studf els.
18



Becausees eo fidséshed ssspinmgd ean-agept ot i ¢ protein i
mi ght not be the mostt hdfdereattdlvegisaalatmalyi g ma
Towards broademwiengx@urorapmgplprdoddt,r ent oncogene
in hematol ogi cal mal i gnanci esapgda@mttotailcso pl ay
proteins. Two oncopaottymesimatrdeécept di skicma
t hec diemende €CDKIiEiacdhs of thaeave peeneimepl i cated
pr omoting hematol ogi cal mal i gnanci esl whil e a
anapoptot PclPiphiobieiinng these oncoproteins as
directly targets the cancers they promote wh

BC aapoptotic family of proteins to initiat

22Fms r el ated receptor tyrosine kinase 3 (FLT

FLTIi3s an i mportant regulator of <cel/l prolife
hemat opoietic cells, the’PpPhacemdtagi n hies gaonad
transmembrane protein that dcoommapiTidoenaian C t er
in the intracellular region, and five i mmuno
regifmt.i vati on bii 9 dlilimiga i at e debpyr edbveddi n a me
form or as a soluble foOmcodythbenEL mas rowoumsd o
the kinase undergoes a coflA¥FamThat honhl schange
initiates multiple intracelanud awKg@sniagmal i ng p

promoting hematopodofetic cell proliferation.

22.1 Mutations on the FLT3 gene are the most

Il n the | ate 90s, scientistswdtéecovehedddMndion

of FLT3 that was beiAfdiesxpimueageédnl,® dAML eae IFIL
19



caused the FLT3 protein to become constitut:i
upregul ation of C&Rbenddstimpal obdtbebl|l mut at i
mut ations were | ater discoveredTbhnsthe D835
mut ation was | atT&kma ncd apsrsa df u ceedd atsh eF OsBme e f f e
wherein the protein was stabilized in the di
upregul atedFcguaéeng. Bimih (mutati ons account f

~30% of ald% ®ML® cases.

FLT3 E
. . ' Mutated FLT3
Wild type FLT3 .ngand : i AML

‘ K*_, . E
Activation '

E Constitutively

E active
Cell : Cell
proliferation . proliferation

Figur e:Re.p2.els.entation of W Id Type FLT3 dim

l igand and initiating cell proliferation (1 e
of HLTg3and and stild]l initiating cell prol
Created in Biorender.com
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22. 2 Devel opment of FLT3 I nhibitors

Due to the abundance of patients suffering f
prognosis, devehbpmenhbrohaa EhTBarley st dgeés o
of FLT3 inhibitor desitgrmtf adcuseadtomonlsasdees s
targeting FLT3 and instead focused on creat.
FLT3':Sbon it was discovered that these therag
types of inhibition and these °>?ydpeepse ntdairngget d
on the orientation of three key residues (As
will be in an acti vePyope ilnaicrthiviei tcomd oarmatd e
t he -bATPPdi ng region at a hi gl afiftihreirt yv omd aminm
FLT3 Phis allows type 1 inhibitloTB amdbELHTesI
TKD mut®gtCibomns.asting this, type 2 inhibitors
the -bATPPdi ng region only when PEBETPHhiiss aild otwse
type 2 inhibitors to be designed to better t

however this means that tJEK®227inhibitors ca

22. 2.1 Midostaurin

The earliest FLT3 inhibitor to gain FDA appr
m dostRiugu2neg (2A8. &A% i gi nally midostaurin was de:
ef f i csatcayu rodfs paekrpiaemmes e i nhi bi t or , but it was | a
was an effective inhi bPK@FL®BKIng,| tViEpdFeR,T Kansd
PDGFPRMi dost auriom woulg&i qo FDA approval in 201
treatment for Howieemrtrs wiul hi AMle. compl i catior

when patients were admi niesviteardeedr sne defStaacat ibe

21



cyt op(edneisatsr ucti on of bl oodBeelaluseby ft i eisramu
complications, further devel opment was done

i nhi bitors.

Midostaurin

Figure :3t2u2ztlur® of Midostaurin

22. 2.2 Quizartinib

|l N0OPO0OAmMbi t repioenteids tt 1 adf ft ehcetyi we etaytpeed laln FLT3
target P FwT3at ed SAQULI zceeFiligudli B e@..whs not abl e
in that it was more selective forn nFET3yoover
Qui zartinib woulidn gda@®2an3 Fd92eMLigmp fhRoRweavler si nc e
gaining approval numer ous resistanc-e mechani

TKD, which nullifies Quizartini® %ffinity, h
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Figure :Bttuztar® of Quizartinib

22. 3Gi Il teritinib

After the mapgenmlbTu3s uvicncheisbsi toodfr s, efforts gre
typELT3 inhibitesel ebat v evwiht ¢ emnimBAMn g

caused -IbyD FAA@ KBrwTt3ast i Gnl tFeirg ut2iéd )Pb.ity pa 1

FLT3 inhibitor awhi¢hemeé alo®D baont-dhELLTT33

Addi tionally, FLT3 demonstrates better selec
having a hi ghegenaefrfa tnii o®rp niorhhaiabriftkoergst.f unct i on
gilteritinib i2%Ptrreeiionmsi wiltiinomadf sAXldi es ha\
upregul ated as a resistd&nde hrmasclamsiosmheteam W~IAT
that AXL inhibitionl $DoANL tAemgyswwah efr BETS
gilteritinib bound to FbdrBd wiarst g@ruad tiischred Iséto
carbamowfF gr bamedbtalddéno dn &1 u6 92 assndveCy s @B4 s | i ¢
“i"st acknitnegr acbeboweenr itrhgg ofheqiyllt dCil i inmiclal and

trials for gilteritinib showcased an increas
safet y*Qirlotfeirliet.i ni b gained FDA appro-val in 2

mut ated AML and has been the-mstaned® dMaf car

23



However, after ~7 months of gilteritinib tre
therapeutic through a -IFT6D8L sp gion tn t murtua tait d o na
the figatekeeper +uwtl dt demagaismgldamMi-kH&@9 2PI0 and

an -floll d d e csraegaasien sitn cled | 4 TOx FO®44i.ng FLT3

Gilteritinib

Figure :Z3t2u2td3r® of Gilteritinihb

22. 2FF1 0101

After the gatelWwebkpeersmabht sbedwasesearch shi
effective inhibitéedrTDt Habt9 1cLoulTdch ec anmobsat pH LTS s |
currently is the cbhbVhFkg@2 @yYh®r dséenhi bntoheF
compound is a phenyl group connected to a py
site WnFQTU®1aGWbOIFFcompared to the previously
reactive ac/Plyhliasmindoet i@thi0fl.otws fFd&Fr m an irrever
bond with FLT3 protein utilizing%a&F solvent e
10101 wor kscofviarlsethntdy mamding into the acti v
acrylamide motif interaactss bwiet t o@Gywd @M tbow ndr
the drug int°hias bmeanasitameof -caoovtail ;em twhpeorreiin

of the drug directs the covalent portion to
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due to the |l ower toxicityBoehénposinonsi codeaetr
the high affi®hidly ored wekiefnf &rFent i sof or ms of
type 1 and type’®Recehitbytarphaseiladk evaisc al
concluded that demonstr-adtledr ahedtbealapeueéacn
AML patients who were ‘frseswiesussltyi Idi wen sdgi lhtoa
the same phase 1 study the dtraugofolnly%.managed

\NWN\E)LH \\ 2

Figure

FF-10101

'S5t 2 uZit 41r0kl O0lf FF

23CycHependent CDK®ase 9

Transcription

i mportant
at different

di fferenti at.

that perform
the cell <cycl
and 13

RNAPWHIi ch
addition to
TEFRbompl ex,

initiates

cl ass

is regulated by difféRAmrnt sign
of proteinsanhtdathggpvarasaththi
stages opfr otlhief ecrealtli ocny,c Iter atnos cfra c

on, mMetfB8bkKs$ i a8 me

fndt aepopdiosi ded

di fferent functions within the

e while CDK 7,'?&bDK9,7,138, &nd 1123

regul at ephaoasammsacrry lpati iomntva famirtiges dafes a

activates the protein to’?drhive the
phosphorylating RNAPI P, CDK9 i s
wlitiych ainddIBlRDels whi ch engages RNA
trafnsSCHKps i @ant edwaigritptoinon kinase
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|l ot of atittniwé idmd gJuantdoabnormally, expressed
including hematol ogic®pl mgbignaptegsl atvhegei
vari ous a'flcwoop rportoetienisns of note th-ata@DK9 upr
apoptotic pr opreo tie ign &8.(3t2RAsMYGEC scussel ear |l i el
is commonly wupregulated as a resist@&nce mech
anapoptot PecfyCoiei one of the most amplified
cancers, and the disordered nature of the pr
substant i’@ar ecvhiaolulse nsgteu.di ¢ ® viedbskiofhigvar i mBNAAM
types have characterized anf?i"hcmddsei on €DKO
overexpression of CDK9, CDK9 pathway activit

mal ignancies further prdmatniditM¥iCeet or ahssrip

relationship, CDK9 has become a popular targ
hemat ol ogi c malignanci es.
CDK9

Phosphorylation l Transcription &
Translation

MCL-1 & MYC
Protein
‘ Apoptosis A
_blocked [ € J
N "f/
i)

Cancer
cells

RNAPII

Fi gur eR&pr3eslent ation of CDK9 activating RNA
initiates the downstream tlr a&n sveYrCi potriod re i anrsd
ul ti mately causing cancer cells to

CreatBidorietnder. com
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23. 1 -1T2P8 7

A major success in the fiel dld8FHIQKRE i nhi bi't
23. )whi ch demonstrates potencyS5agd)nas @PKI 1,
CDK4 & 6 BI0O@5GAMY .éar | y 290r2a3n t-EtBaT PRDA ar e
pediatric ditse apree dmstiign £Ewigonmr e’ drecsqoma .e

t hi sc,omphoesmd @sy char act er iasstsiecsss awa,vneg nsoetr vbeere
adverse side effects coulThebe TNTEiratse & tvein
t he f aelt28t7h aEDKP iprami bi t or and compounds prev

target multiple CDKs are® associated with adyv

TP-1287

Figur e:S2.r3u.clt.ulr2e8 70f TP

23. 2 GFHO0O0D9

The next substantial development in CDK9 i nh
GFHOEG9 g3 &.2whi ch dysclai pmoliteE@DKN M) i nhibitor
while containing negligi b’°Teh e nRDeA atchteino nasp pwi ot

GFHO0O09 wiphaandrugodeseghapabnent®® experienc
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Phase 2a leirei ¢ &@lent rcioanlpd et ed i mnn&mmegs2024 wi
medi an ovebyl+45 sSdmitilhealt hese results are prol

dysregul ation causes multiple hematol ogi cal

possibility that GFHO0O09 is not effective in
NC
el
¥ | )—NH
Lt
-0 N NP
H
GFHO009

Figure:S2.rucz2.ure of GFHOOO9

233SN® 32

Anot her bpesakitthlreugh in CDK9 i nhi bidt3i2o0n c ame
Originally designed to03Eig@gu33k)edmern qiehd baftt &
it was well tol%®Fantteldern nstcudinégx adn ttrliel csompo
had a high afkEE&ni3B8y nMYsECDIRZ n MDK §dr €C4C

nMfOnce this wasO082scoeeskeidit SNSin patients
with CLL. However, a 20100 3p2h afsoer 1p actliiennitcsa ld it
with CLLshodcM$ed that the inhi bitionrcehad a |
t hen;032NS egd Cinggt anadMMdecr eased substantialll

testing the inhibitor against different canc
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Figure:S2.r3u.c.ub0820f SNS

234AT 7519

Anot her promising CBKu3seliebhitoh was AGése&boop
using abbhsagmyenctrystal BAFrFrapbyhmet Brdepti ona
for CDK9 (I C5GltselbmgMpotwmitl ega@InG530 CHBK2 anc
47nM and 13nMATI7eéslPe chtaisv ebleye)n. t ested i n mul t|
' ines and xenograft ani mall emoadmil s afnfde hitasi e
thés&T7519 has since moved to clinical trial
tumors as a single agent whil 88 Bhesoe bteri ingl s
showcased AT7519s abil iand tMY QG oewnprreegsusl iaa ne tMC

deactivatPi on of RNA

H
CION
H
A
\N NH
Cl O N

AT7519

Figure:S2.r3ucd.ure of AT75109
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Chapter 3: Mol ecul ar Strategies to

3.1 Mul titcaorvgpdteend norhi bi tors

Traditional drug design foll ows the approach
specific protein. I f multiple proteins need
with the original treaRFimepwrnté tdDWinake twhinsgrhas
the standard approach of drug devel opment, t
mul tiple targets, but to not cause severe ad
ef fi@@Beky.auset hodr & hhiass beewnelaopmerdtt tio idmtugntd

create multitarget therapeutics.

oA

Drug Cocktail

Figur eR8prleslentation of drug cocktail therap
a therapeutic for one target.

3.1.1 Heterobifunctional drug desi gn

Heterobi functional compounds are comprised o
targets such that one cHWVBpoawmsie cafn ti mihs badd e
complexity, heterobifunctional c(owlpioaum dwe c an
explore furthen owiitntii Mi%t A%t decaddaprtCdir 3 expansi
design gives scientists the ability to targe
di scussed oncopr oapppagmesac Addfi thethear dlyi,f amet i o

30



of fers the possibility to create compounds t
|l ower required dosage that%chBhi alasdbdeoeder come
complefxihegt er obi f undcote soinsado rtidddenaau meeded t o c
these coowevweds,similarities between heterob

t hat can help guide the devel opment of such

3.2Design of heterobifunctional compounds

At their core, heterobifunctional compounds

mul tiple therapeutics. Typically, the design

previously developed and well ch&facterized

However, multiple aspects need to be consi de
previouslycomppopaotdsri Fedst, a compounds binoc
needs to be considered carefully before acco

bind deep within protein pockets for exampl e
heterobifunctionadalondriud i eamnidggn bad ngd gir af t ed
clash between the new compound and the POI .

convert into a heterobifunctional compound i
pocket with a spted@Fhesepsseskdegroepposed gro
termed an fAexit vectoro, are commonly includ

nterfering wit%Exihte \wd mitdd mg amord er

whil e not
from easily modifiable secondary amines to r

removed and replaced to @eécommodate the addi

Anot her key characteristic to consider wh

compound is tBefndnd&eadampaunadgr eedl upandt dat e
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compounds that have too high of molecul ar we

l i pophilicity, and | ow cetlhermpaefRetappid d s kiydswi |
Rules of 5 is a helpful guide to avoid creat
to create a orally bioavailable drug it shou

have no more than five hydrdgaenc e@mptnordo,noarsd a
clogP shoul d b%Whniol eg rtebaet reérr e khbasnt Sess r ul es,

serve as a guide for drug development that =c
compotkowdsexamples of how these rules guide ¢
groups can comerioglhtt,hes onaulbeicdultayr can be I mpr
tertiary amines, and cell permeabil ity can b

includi g °fluorine.

Using these two strategies, medicinal c he
heterobifunctional compounds that have reach
treatWee niisl.| i ncorporate these strategies in
possible to increase the chance of our final
3.3Pol ypharmacol ogi cal drug devel opment

One avenue fhoet ervleiltfdywenrceigp eauntailc t hat i nhi bit:
is by combining bioactive portioh®Bhiod mul tip
approach dubbed Apolypharmacol ogyo aims to t
commonly administered together and by combin

compound can be administered tFhagturien i.hli.tls n
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)P4 Phis approach of drug development is rapi
wherein multiple targets or pathways need to
| mportantly, these polypharmacol ogi cal agent
targets to obtain tdhisss otch earta pnegu tfiroo me fofneec tt alru

is able to bind t8°its other designed target

Groups that aim to createypolcapphgr maeolk od

previously characterized inhibitors that are
showcase synergistic or increased therapeut.i
However, target selectivity i1s stildl I mport a
inhibitors to avoid unwanted side effects. A
it is i mportant to account for the | ocation

poplyar macol ogi eaalntirmitiebiltudrarf @r ot ei n and an
not the best avenue as the compound woul d ne
to produce a °tRemapéyti whehfeceating pol yphas
it is best to use two or more therapeutics t

targets as this all ows f otroxiatdiifeiresd.osi ng wit

Advantages of this apprpocaopleritnelsydea ngirmml
efficacy through synergistic effects, the ab
and an increase 8t patiente tbmphpentec is be
the ADME properties are easier to determine
cockt®Rdi ti onally, with one compound we can
efficacy due to synergistic effects wild.l occ

portions of our poly®9hlhaeima’gdphoess edaels.i dgrnu ga paplrw
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also allows us to fine tune affinity for one
bi oactive portions tha%* PFtanraglelty,o ndeuep rtoot eoinn yo
therapy having to be administered, patient c

reduction in the %verall number of drugs.

Two or more bioactive
Two inhibitors linked motifs merged

8:A B> X

Drug Cocktail
rug ocxtal Polypharmacology

Figur e:Sxk.hle.ma.tli c depiction of two polyphar m,

design. Linked polypharmacol ogy involves t

together (middle) while merged polyphar macol
phar macophove$ i nmhobatwor (right).

3.1.1.1 Design rational: I|inked polyphar macoao

A straightforward approach for creating a po
bi oactive molecules tdYyvbi her stoacgbaferaanew
things need to be considered when creating a
the size of the final mol ecul e being synthes

could face issuesww?tAB pietnied maltliyn,g tthhee gcredflt

new | inker needs to be established that all o
without interferingGwiaf Péteénporuinglisn &lh ad o mpanu
sol ubil i zingi tgrwa@t oro atnhdite i s pointing away
solvent are ideal gr a®Whiing pexxiint svefcarorvsa rmadku
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grafting points, removing solubilizing group

ca

u

se issues with the compound®®hot being abl

Anot her factor to consider iIis the design

l 1 zed al kyhkehasi hoor tREGr ease of synthes

mmer ci al avail aTinleistey ,f laenxdi bl loew Itionxki ecrist yo f f

r

h

t

h

S

(0]

iability when it comes to testing opti mal
i BAddrsionally, fAspacerso are groups that
eractions between one pharmacophore and a
i bitof Hbswebeundit has been demonstrated t
cermetatbodti c stability and soPUBI Il ity widt
ently it has peleywphaemuasdlradiedalt h@aampound
ged | inkers such as piperidines and piper
herap®Uhiis ieddredase in therapeutic effect
kers being more energetically favorabl e d

| as having favorabl e®*i®teractions with p

. 1.2 Design rational: merged polyphar maco
t her method employed is by incorporating
ged scdaiatltiove si ngl.%TIpihsarinmace prhorree i nvol ved
l nvol ves a strategic incohpwe&gkrieor of t wo
st advantages for this method. Compared t
mal l er molecul ar wei ghltPfaemdl @k @fvoa dl ihnlg

up also increases the metabodiiccalst abil ity

mp @égdMeér ged pol yphar macol ogi cal I nhi bitors
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or more therapeutics share a similar scaff ol

di fferentiated eadtly to target multiple POI

32Covalent Based I nhibitors: A Renaissance f .
Covalent drugs operate by formiwhi am i rrever
confers additional afrfoooivtayl etnawadrndyse rtahce i PQils
32 )T his covalent bond, once formed, means t

the POl must recycl e®*Hios troergiacianl liyt,s duenvbed uonpdm ef
inhibitors were held back due to concerns of
bi ol ogical assays and®aBE%rextgempt!ieasl sdlfualcsku cocfe ss e
covalent drugs date back to the early 1900s
(Fi gu2® 8n which thegreedépdt s ookgmuend i | 1971
scientists to discover thatcaspiatnngr Sar 6@ ¢
t he sthhstdriantge channel whfigchgslepboeoy ge mad e on,

contviemmgachi doni c acilLliikawi spea owittalg | perrdii onisl | i r
| ater di scover é&d sitdh as® B Rvinha i cohd Rbgaacut red i a | cel |
struanhdr ac¢yd cattsevdeet tsee r whieicrimheiBBiP ueest i vi ty and
l et cel | deesmbiEvwe@mnafter these molecul es we
characthkee i gteidgma of covalent dr ugstabregieng t oo
effects persisted. This thinking started to
inhibitor(FBgu2 @edBsmicbpproved t he2008%t ment of
Bortezomi lbocomtiai mcial that covalently binds
i hh2e6 S pr owteigessieemee nt s t!dRea ¢ mtelmyes ifs el d of r at

designed covalent inhibitors is experiencing

36



{:w

KO]] }
Q Koff
I

¢= @

[EI] E-1
Fi gur eRe8pr2eslent ati on of covalent inhibitors
Firstcovmdrent interactions drive the inhibit
el ectrophilic warhead reacts with a readily
irreversible covalent bond between the
Created in Biorender.com
0
g A,
HN =S
(@)
J<
0~ “OH o P
/~OH
Aspirin o
Penicillin
Q H
[/N])J\N Nj/\(
H
SN %o Bon
Bortezomib
Figu2est3ructures of aspirin, penicillir
3221 Mildly reactive electrophilic warheads
Part rodsurhgesnce i n coivalaewme t oht bhe totrudysofgn
covalent motifs and the identifi®nieon of mi
such warhead is the acrylamide motif which c
Mi chael Fadqdizie)BAhe thiol of the cysteine res
bond of the acrylamide which forms the enol
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final car'®®negl ohdcast. prominent inhibitors t
acrylamide motif is the FBGHK2ep' ®hpemdvedhiimi:t
2013, ibrutinib inhibits BTK by covalently r
regi®®nnchee approval of ibrutinib, the field
with threDAappi 6 vedat ov anliebngte darcurgysl acnoinddea imot

aml ectrophi® ic warhead.

@, .

@/SH /\)J\) R )\)J\

Figu2ee:Mechani sm of cysteine resi

due reactin
war httladough Michael addit

i i on.

Ibrutinib

Figu2e€e:S.ructure of I brutinib

3.2.2 Advantages of covalent inhibitors

Covalent inhibitors offer a plethora of adva
nomoval ent °°nhtee rnaacitni omesc.chani sm of action of ¢
forming an irreversible covalent bond to inc

the presence of a reactive residue on the pr
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ese proteins a chatAddgei poadeéygig

oteosome were thought to be

39

protein

cont a-erposednsquetasel egatei ne

fferent

f or mi

whi | e

t ar ¢ %ftheed BwWibenptd a t

undrtuggabl e

prot eiPnOlt htahtatc canrteaian sp aar tr e

ructur e a
obtain se
t hat W |

resid

effective

t her

ng point

is only

F693¢i poi inst snuwart ¢ ohbanflahbhbeato

stil

nal c¢chemi
proteins
bptaditio
devoid o
oerbhhi hip

b e



the size!°h tbeaPQlcovalent inhibitors give

of targets because of the ability to target

Finally, covalent inhibitors grant medici
covalent inhibitors due to the increase in a
This increase in affinity means that more dr
|l i kenesso because affinity is no |l onger depe
troubl e8P oPOFrties |ike molecular weight «ce
sacrificing affinity to the POl ,ienlubility
size, and metabolic stability can be increas
33Het erobi functional Targeted Protein Degrad.

An emerging strategy for prot & nt hianthidbe gtriaodne
POlather than simpbyalaht bt egaivh adegemadat i
heterobifunctional in design wherein a POI |
triggers the dedgPTaldiag i @mp roda dhh eh s oteed m .i mp |
targeting proteins that are di f¥°Pcoteinhe inh
t hat have | arge and smooeZ2t haanptiopdionh g csipres ei &4
di scussed earlier, are one case hiins whsi ch pro
because protein degradrirsemnnhhodimacalrggeyd wh
concept that an inhibitor only has to intera
before the degraddfhion mpeacestshatana oROlurl i ga
affinity to the target can be ut!®Anaotelderand t
advantage of this design is the cat®®%ytic me
Once the POl is fully sdefgrreaed etdo, btihned ptroo toetihne
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POl which initiates$%af hciass cnaedaen so ft hdaetg rlaedsast i covn
can be administered -covweplaegretd itrohithkiatdaorts owmhail c
adverse side effects ahd increase patient <co
33. 1 Hydrophobic Tagging Mol ecul es

Oneesign for targeted protemol degradleydr opho

taggi ng Hiegulaa)éifshe(se consi st of a POl | igan:
hydrophobic fragment, which could range i n s
to multiplel'@moenathe PONhglsigand interacts wi
mechani sms can occur that | ead to protein de

recruitment ofprdsepdBoenrctt et 208he POl which
degr ati!fthieomt her mechanism involves the hydrc
POl due to the |l arge |ipophli'Oncei deserabitl ons
chaperone proteins are recruigreat dfth@cad mes hut t |

degrat?@ti on.
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Hydrophobic Degrader

Linker

POI Hydrophobic
Ligand Tag

l 4 f v
POI Proteosome < '.
—_—
"

. L]

Protein

POI

Destabilized
POI

Figu3e:Mg.chani sm of hydrophobic tagging mol e

hydrophobic tag and two distinct events can

scenario involves the hydrophobic tag recrui

t o ptrhoet eaisomeéegradati on. The hydrophobic t ac

which also recruits chapetemeaempretdedegr addt |

After both cases, the hydrophobic degrad
Created in Biorender.com

33. 2 Pr oTarod gtsiisg Chi mera (PROTAC) Protein De

Anot her design for protein sdevdhri&cherag ei £ otmpe |
of a POl | igandalsiecRik g d3a@d)dlZ3P{R ETAACs wor k by

exploitingprntdatteadbomaigynt esni mal t heeaces | bimdiw
POI interest anwdiilain tBE3atlei gpaosleydulbipggauni@iimati on
degr at!dhieni nitiation occurs when a ternary

PROTAC, and E3 ligase is formed after which
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pol yubiquitinated. Once the POl is tagged, c

t hper ot e@seme the prolitein is degraded.

PROTAC

POI E3 Ligase
Ligand Ligand

Ub
ub

ub
o®

' v

U

b )
SRt B e /AN

e ¢ -

Degraded
Protein of E3 Ligase Protein

Interest '\/’/’//

Figu3ee&Mechani sm of PROTAC protein degr ad:¢
simultaneously to a POl and E3 Ligase prot e
complex is formed, the POl surface |ysine r¢
t hper ot ehisoméegradati on. PROTACs are catalyt.i

to bind to additional POI .

Created in Biorender.com

33. 2Craig Crews and the I nvention of PROTACSs

Over 20 years ago, the Crews | ab demonstrate
proteasome systXhfhey tcahrogskdab et MBPe high expr
of the proteins has been Iinked to tumori gen
col on ‘tRaonrc etrhe E3 | igase, Cr@WBedauosded to u
Met RPis not known to be ublil@Quews ndeecidddy tam)
loBBUphosphopeptide as their POl |ligand and ovV:

being potent recruitéifheand fiiminfFp PROTACrespe
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33.2)1 demonstrated the abil it § Rt8on df oMemt AaP t er
2 which wulti mat el ydergesaulatte dolni d enmMean APEROIT AC

ma n i ¥r .

R = GGGGGGRAEDSGNESEGE-COOH
or GGGGGGDRIISGLDSM-COOH

PROTAC-1

Figud3&.3tnucture-lof PROTAC

33. 2Ternary Complex and Hook Effect

An i mportant step for the event driven pharn
acti viftor mat itchre of “Y@¥hesnaompbcempi exformed w
heterobifunctional protein degrader engages

protein simultaneous]! y'3toudiineist ifaotceu sperdo toeni ne vd

ternary complex are increasing and what has
dependent on the two targets, their overall
t he YPenlel .t opic that is not fully understood -

cooperative effecthiddteweeant tphreottewan sP@la.n ei t |
cooperative effect that st abrialriez ecsa stehse wohveerrea

the two proteins repel eacHhWhtihleer twhheerne thhaevye

4 4



been examples of increased cooperation | eadi
occurrence, the prevailing thought is that i

proteins |l eads to an Y'hcrease in therapeutic

Amt hemportant concept to consider when de
the hooFki geuf3fe2 g'WhHhen an inhibiteriwormks via a
phar macol ogy that requires the compound to ©b
form a ternary complex, the concd®Pnltortattiinogn o f
the concentration of compound versus ternary
with the highest concentration of compound r
satuwiatedcompound via monovalent inhibition.
mul tiple in vitro testing experiments with F
high Hddithg.mately this means that clinical |
such as dosing, require additional studies t

compounds through clinical trials.

45



Maximum Ternary
Complex Formation

Monovalent Binding
to POI & E3 Ligase

Unbound POI
& E3 Ligase

R
.

Ternary Complex Formation

Compound Concentration

Figud3&.®Braphical depiction of the Hook EfTfe
zero resubrsEBnLngaB®l being bound (bottom | e

concentration results in monovalent binding
compl ex formation and no POI is degraded (Db
PROTAC molrem@aulyes,ompe ex formation i s maxi mi:

occurs more favorably (top of bell

Created in Biorender.com

33 2Ubi gtpirtoitreasome )system (UPS

The UPS sygsteémswiitshitmg main met hod of protei
mul tiple proteins and complex work together
maintain cel FUWhaern o peosteasni S.s unfol ded or

pol yubiquitinated by the E1, E2, and E3 prot
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conjugation, and ligation of!'fhesubiquitin c
pol yubiquitin chain is recognized by the 26 S
complex of AYMhwetn 2. HPrMDae.in bearing the pol yl
near the proteasome, the macromol ecule cl eav
together and results 485 amigopapiddesaft angiwh

oligopeptideshstrhgpdsohye€flgudBo)BE®mi no aci ds

Ub

Ub

Ub

Ub

E1 L
ubiquitin ub

Eg}enzymes Proteasome “'r y &
N _Proteasome - @7« W
e 0, Ub

Figu3&.Protein degradation via the UPS. A p

E2, and E3 ubiquitin proteins. The ubiquit:.i

proteasome, resulting in breakdown of the p
ubi Qquicthiai n.

Created in Biorender.com

33. 2E3 Ligases

A critical part of the protein degradation n
responsible for podltSHERi mmuotteinmd i amrge ptrlodg emmnsst.
ubiquitinating proteinst!WwHt'weveryr &m0y ka olwan
E3 |ligases are utilized when craatdi NgLprot ei
due to the previous knowledge on their struc
natural cooperati?Addivtt bnat hgyfk npovat EBhH 9 ti lgea sw

l igands developedi?FEargexamhkesgeg EBBNigsasetten
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because it is recognized as being able to de
amount of |l igands t hadtln aa gitmiCIRBrN ma ren enru meH
commonly targeted and has demonstrated the a
protélomwever, VHL is essential for survival

CRBN°E€urrently, there is a push to develop mc

variety that medicinal chemists can utilize.

33. BE3 Ligase Ligands

As stated before, E3 |Iligase |igands are resp
and can POIlliigmhed tdhhereby forming a ternary
pol yubiquitinating the POl which | eads to de
used, the two most popul aX |l ilgiagdrsd ar e t hali
33 2)E2%23Bo®t h thaliddmildegaamrdd aVHL strong, speci
been validated for thectharnatendededbdgodsnan
Additionally, these cbmgeunprds baeemfagof abime
mol ecul ar weights, high solubilitg, and | ow
contgaiafti ng sites or can be easily modified
a proteild*dP'grpdemi nent concern wiedahtwsamg t
increased resistance observed as thés$% compo
Towards combatting this, novel E3 Iigase I|ig

diversity protein degradation design.
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HN

HO.., 0O O
o) NH
N — N o)
O N
%—(E S\
N

O
Ha
VHL-1 Ligand Thalidomide

Figud3&.Btructur-ksLiogdanwdLand Thali domi de

33. BLi nking Groups

As wiotlhy phar macol ogi cal drug design, |linker
successful pLri doteel i ynp hdaer gnraacdoel ro.g i ¢ a l i nhi bitors
degraders relied on |linkers comprised of alk
mal |l eabl e nature which offeredPMaweageernue to

these flexible chains raise concerns related
the final pfRaccdmt Idye gtrhaedreer .has been a shift

l inkers wusing piperidine and piperazine moti

stabilize ternaWhicloenpmexe fwomkathasn.gone i nt
opti mal l i nker |l engths, this area of protein
nat ur e.

33. Zl.brutinib Recovery via Conversion into a

Anot her advantage of PROTAC design is the ab
that are a common resistance mechani sm empl o
from t-appFDRAédhBDKtor ibruti odt?RoHL od etvreelactp sr e ¢

from BTK overact i vanaildng ntdhati esspoontses t BCRhi s
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i brutinib was developed as a potent inhibito
approved®Maowewdrd,, multiple | ymphomas devel op
via a C481S point mutat iseonf iinb rBuTtki tfifilm ctho i~nlcr
combat this, the Crews | ab converRiegdurieor ut i n
33. 2)1, gbpafting off a secondary amine to att a
modi fied to include thalidomide which is a w

cerefbe. authors demonstrated that their PRC

BTK as well as C4918?°"BTK with high efficacy.
0
HN
o)
o)
N:N N
\ N 0
\N\/\O/\/O\/\O/\/
P13l

Figud3e& . .trnucture of P13l
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Chapter 4: Scaffold hopping from ir

MCL1/ BL2QLi nhibitodls sfel emt MQle | ead

4 . IIntroduction

The BCLEamily of prapeipnh®tcacmpneanpboepstsoptocd ant i
counterparts that interiot atpgether at ofr eguilc
anapoptotic protei-bs, B@b aaldl iMCatrl eu diep rBe&Cd.ul at e
directly contribute to the dé®%Ehoaddenti and p
MCE1 overexpression has been associated with
chemot héTrhaep ipersi.mary i nt erarcd iaapmotpili ott wee metmbe r
i s rdieseda-tbg/ | iamal BH3 Adeathod domain on the f.
hydr ophaebbiincdiBhHg3 gr oove on t he | atipeot eKey co
interaction are hydrophobi c sithekd i xhdihrag mresit
i nt eposcukbet s | abell ed pl through p4 in the hy
bridge through a conserved asphhde ate on the
devel opme-mbl et ubmal t haath emhiingitca atthaegcyB H 8oa tree

apoptosis has been an act i*»é area of researc

Sever al of 4dmioé¢ ee afRleia®€ agmalli Is3 &,, &sBu@thp ars TW
inhi bitors-2, bE@diamgl BACILt h simil ar affinities
the highly -ciomdiemy egr @tHBe*Howm viemei i nsthkeatas
decade or so, selective i nki binthorbs tlhoav e/ eenmed r
( VEN)n fact, VEN has received FDA approval f

chronic I'ymphocytic | eukemia and small | y mph
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hypomet hyl ating agent-dosechy’ddalatzahaeygh di ne,
resistance to thes'd€ommanimgnd sk sbomiLBMMED e s,

upr eg t32ditilars wel |l as t-8 muttdCLbhs in BCL

Accordingly, this has fuell ed irresiétatftccir  ,nt o
and, in the | ast few years, multiple academi
have achieved subnanomol1&#%9 % %lud arti invag iinngh ii ni
clinical trials for several chemotypes. Al ar
have been suspended orl*‘teheme nakcdaetioswoatiet y
here becAugpepr MLl ati on i s the mastecommon me
VEN?2%3%248everal cell tgypésndependfon MGLvival
hemat opoi et4écarsdti eomymet!t lespld ME Ely tkenso;c k out i n

mice is embifyosmiia eldetbhyalt.he synergism obser v
with -2 BG@hibitol amihifeeantdyqlot hesi ze that (1 e
i nhi bitolr st lopdt MCrLe equi pp€d btud @=lhs ¢ B awen idz

t hrombocytopenia) may provide the balanced p

4. 2 Results and Discussion

The discovery of novel chemotypes in drug di
probability of a drug succes*8hukbkpedidtvadcing
strategy towards this goal i s Ascaffold hopp
inhibitor is modified?3fkesigkserlaabeo raatnoerw ,c hAebn
AstraZeneca have all exper-22carckeax ymuicdh aswicck e s
scaffol d, i n ywhindh ntgh enoad reittyi a &l gpafted adj act

that forms an essential S43®ndradfdgke wiik s Ae ar

52



|l ead compounds (1) demonst-LatKKs nmnaBbmoMar 6o
mi cromol ar i Rhi(bkKiiteMd nDaoBiry BELiIi naxlt i ki agalhst
eM)*We, therefore, considered this was a prornm
di scovery -b/fB@Llian hiMLCiLt ors. The benzimidazol e
provide excellent alternative scaffolds to t
preserfvathenl,o2 r etbatnidaomsghigpr ooufp tammed pzhe car k
(Figure,4although it is acknowledged that th

bind differently given the displaced benzene

1,2-substituted benzimidazole

C[ N OH
\>—< ‘ Arg263
N (o]

\

2,3-substituted indole Q
H
N OH p2 pocket
y » Arg263
O 2,3-substituted indazole

Vs

OH
p2 pocket TN » Arg263
N-N" o

g

p2 pocket

Fi gur eSddaf2f.dl d hopping from indoles to ben

We prepar ellagedl Mbhiteist ar pbsitive control,
corresponding beswbmtdanoked 2ndado?2e33. (Ful
for the syntheses of 2 and 3 are -provided in
chl orinated benzi mi dazoilne twhaes puosseidt itoon aovfo itdh
atom upon al kylation of the benzimidazol e nu

expected, confirming the functionality of ou

(FPCAY®Unfortunately, the benzimidazole and t
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i nhi biti-b.n Atf tMCiLs st age, we el ected to purs
the benzimidazole scaffold wkhrchi mag sbogpr bn
binding in the hydrophobic cleft, although t
First, we shoartkard itrhkernt hreteweenbitrmdei ngodazo
3 ,-&bi me-4-dhtyllor ophenyl mo ide tdy n(o4) ,r elsutorteh ibs nali ;i
Next, we used a more rigid benzyl l' i nker (5)
of MCL(Ki e) 2r. 8lati ve to the parent indole 1.
substituted indazol edibngalNslo iysioemedre d nt hteh ec osrar
evaluated compound 6 as well, which perfor me
chl ori ne-tfor apiopetitBei c&on (7)) resul ted i n a marggi

affinityeM)Ki = 1.76

Since the synthesis of 5 was much higher yie
move forward with compound 5. Wilthnhibéwi ome
we al so eval ua2t eadn dX IBalL®il eats i BQL -2, i B it hlei bi t e
silndgi gi't mi cr omol &) ryesengewa(sKii n=axclt.i@Ri a>g aliOn st
eM) , reflectind/ Bk afefiani tviee BCHfn teh ef wlIrli gw n
up publication to their sdmiimali bwark sgn Ftelse |
| aboratory el aXbcoarrabtoexdy Itihce iarciidnsd oblye convertin
group into acyl sul fonamides that retains the
the inhibitors to occudpynchong gf obheobydpoph
t he p4%9%pro ctkheits. way, they wer e alblbe ntdo nsgub st a
affinities while simultaneouwwlew LBrCdNsoer vi ng s

binding datwasopr&8<CLded. We were curious to
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transformation of our i ndazole acids into in
MCLEL binding affinities-lamd emelLtBadliun sadlseoct i vi

i mprove, or at the very I|-Z2ast retain, bindin
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c d
ompoun Structure K;, uM (MCL-1)

Number

cl y
1 \©1/<\*002H 0.247 £0.03
0

CO,H
cl

Cl

COH
cl
_
0
OQ—CI
cl {
6 N Cl 5284034
N i\ j

2.36 +0.29

N
7 al =N b 1.76 +0.55
OQCI

Tabl eeB4n2ihg
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Accordingly, we prepared acyl sul fonamide ana
sul fonamide fragment was inspired by the cor
chl oroisatin (8)clwher totiB3adabokegbdci atod5(9) a
previ'édursd ywas advanced to the next -step with
medi ated esterification of crude acid 9 yiel
functional group can pr oeamndad et-ddekfyfllZartiendg parnooduun
dpending on the!Y\eaetmpdmyeadn dd dmeditts i.ad rksy | aft it
benzylic-(#momimbened h-t h p-b pddionxeyt)hy | benzene wi't
K:CQi n D[DaMF, Rwhi ch produced an approximate 1:1
and N2 products. The distribution of product
ratio by adjusting the conditions to a Mitsu
(see Exmér iSmeni on for full details), and it
al kyl hali de versus alkylation by the Mitsun

distributions with®t% utomeric heterocycles.
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[0}

OMe
Cl Cl
a b
- N
N
H

O_oH
N
N
H
O
11 ( Me) g 12 ( Me)
d Es d [:6

e
A

Figure(a) 2N&20H(aq), 45 2AdCq) ,301 i@, n 00 )AQlaH
min; (41ii) HEhCI O AC ¥, RWe OH,6 rhe f 4Caiad; S(CcOl HOC
(€143 -dbi MRD , DI AD, THPFPRh RT (yields a A0l ratio
THF/ MefOKB/:HL: 1, S8 k( ¥ 2), REDCI, DIiCREA,t .DMAP,

o
cl
o
N
H

O,
3
=

-

Previ ouvasnldy-sN2Ndt i t ut ed -3matrbpyxyil mada@zsolwere di st
based on theirspekcarati ebeaN@ NBMBmers are | €
on the carbon directly attached to the indaz
O.5ppm, presumably due to the deshielding ef
We al so obddrevedhcelsedarm ¢iol arity Fioguntdée t wo
4. 2. Bhe | ess =pold.ax9 i(shoemxean gsRifet hyl acetat e,

t he more polar product) whose NMR spectrum i
deshiel dedghenmpylbiyc 0OCRH 9 p ppnin e(naysl dpirdo ttohnes )o.r tThhc
assigned the | essalpkylaat epd oidsuaccmherasl it haen dN2t h e
as thaékMlated isomer 12. Saponifications of
and 6, yespPpaebsegeent!l y, acyMl3at iwon hofacs Wl f5on a

furni shed -stbhset ittaurtgegdi ciyMi2daid d loéhd mi des 14 a
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FEafNer
LR

J VA TN, ‘\ =CHES
T T T T TR T T T T T T T T T TITTT
7.4 7.2 7.0 6.8 6.6 6.4 6.2 6 5.8 Ppm
e L — —
1.98.09 1.92 1.82 2.00
Flecde 5§ ‘
:.T(r() L’l ‘
; j\ f\
71} ‘! m noo I
I\M} ‘l h f I |
_— U AN A N
T T T
7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 Ppm

FigurelH.NMRB spectra of the isomers (A) 11
based on TLC polarities (11: Rf = 0.59; 12:
thval ues of the benzylic methylene

Once again, we empl otyoe dd ettheer nei sntea bil ni hsi hbei dt oF PyC A
acyl sul fonamides, aalll ¢ hAB7Ear2 aa nadr €S 6s3lBodvbn airre
BC2/ BKL and setledtnihhe i MOL s, respectively).

an i mprovefentnhiimiMClon overf plad emitt mci d 5 b\
acyl sul fonamide 149g ptitovninigbit hai MEK L2 . 36t ent

eM)f or the corresponding carboxylic acid), al
affinity, it is difficult to draw any speci f
functionalized amino group on the nitroarene

acyllfsounami des al so provedl wifftrcld4divet hemhbhdst o
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(K

sevéoald

l4a Kvii tvhal ued aorfdeM 2DIr-1ME&@hd2 BCrlL,espectively,

Ki

subst

0 6
t han-IMGLy 4@ pl do

tuent

Gener al |

eML O orx BCLSwi

S

B n

Yy,

t chi

had

O,
NHSO,R?
Cl A
N
0

t he

every

ng t

ttl e

acyl sul fona2ni des

case,xlt hwerbe ndi

h e

r el

mpact

at

i-v e

o

n

bi

K (uM) K; (M)
Compound Compound
Number R? MCL-1 BCL-2 BCL-xL Number R? MCL-1 BCL-2 BCL-xL
cl
14a /©/ 1.20£0.17 0510.10 >10 /@:No?
14k 230£0.17 090£0.25 6.66+3.14
K NN
o
NO, (\o L
14b /@/“\) 1.32£0.16 0.53.0.09 7.99£2.43 NO,
5 141 /@N 1.68+0.33 0.96 £0.08 >10
~
% N )
NO, | o
N
14c /©/ SN 1e120.10 0.420.16 NA NO,
o Lo 14m Q w 216 0.61 084+0.23 >10
Et N o
14d N 1.30 £0.11 057 £0.09 >10
NO,
v X
14n 1.95+0.18 0.71£0.11 7411256
N
14e N\/\Q 1.28 £0.15 0.62+0.14 3.40+1.19 \
% o NO,
140 571/GEN N 1.00 £0.10 1.22 £0.50 >10
NO2 Hj\N7 H ‘ ~
14t /©/N SN 1.57£0.14 060 £0.11 385:0.73 N
N
Rt 14p /@ cf\/@ 146+0.13 046 £0.05 >10
e A e
149 NN 112007 118014 442053
e NO,
14q Q 1.36 +0.21 0.71£0.25 >10
NO, N A
2 K Hol
N N N
14h ‘ 1.46£0.13 0.46 £0.05 >10
% N o
14r /@[ N 1422011 077£0.18 NA
140 /@/“ X 1.65+0.18 1.52:+0.31 >10
v 1 0.247 £0.03 1.20£0.16 >10
NO ABT-737 NA <0.04 <0.04
14 N (N 177=029 0.66+0.18 >10
% N 563845 0.039 £0.01 NA NA

Tabl eeB4n2iag
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Mol e

Il nf o

wi t h

whi c

c

Fig

acyl

acyl

14c

pred

cular modelling ofmedddmnpdlsoeieyl8ep pei nign & |
r maatsi ccm)nducted bpr Ovi dWenipo edu cdredl bi ndi
-IMCGln d2 BCdnd repodftedam3Ghimal, respecti vel
h is i n agreement with the relative expe
re, 412c 4lAi nds somewhat similarbf%% to acyl
dhe h8Bnpebtohy | phenyl substituents probing
sul fonami de substituents being projected
sul fonamide itself binding Argd63. Howev
is forced out of the beéndifng9poahkett aide p
unt for the reducedl b(ikndeMnhgs6al3 68 1 nm My . of
rei Bl BstdtBates the bi2ndoivnegr | naoidde woift hl 4tch aitn
e the | arger molecule VEN clearly makes
the p4 pocket, 14c appears to engage th
a salt bridge between its acylsul fonami

icted to make contacts witHtH 6 bdthke the p2

indazole core is forced away -Z,r otnth & hien da zoa led

cor e

binds towards the pl pocket. Given the

diefrfent, concomitant opti-ini aadtdd Br@dy fprbawmai ng

c hal

spec

of n

l enging, therefystalltstisuctrurcesalatdédasgolcw
i fic binding modes of our | ead gompounds

ext genefiABLZbOonndubitbMCE.
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il y
P
EIRN <o
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e
NG

Figur eSI4L-RGp4d edi cted binding poses (carbons
with (-A)aM€CL2B) CB@Istal orientations (carbort

MC EL

i nhi bit @/ PDB: f5rFdDD )R eafnrdh iBCiLt or VEN ( PDB:

overlaid in (A) and (B), reslperdiacdegpt &l LLr
negatively charged types are shown in green

4 .

renderl&sdF Eatl ev.e2 lodal / mol

Conclusi ons

Whil e this worisuwad rdatowtlpsaol@rersami de i ndazol e

reported as-lsiehkbcbiwver $/ICLal t hough there was

regioselectivities, we have analyzed their N

wi t h etphoeritredr i de ateigtiioe $bane wtshd N | mport ant

i f

the abilit-gub$t emtcoytlesdud Bograaus d2 i ndazol es

bot h -IMGilnd2 BiCL due to the diff ebrienndi nsgu bgsrto ut pust

or

a combination of both. Il n this regard, we

binding groups (including from the N1 positi

ring component of the i ndazoleoscatteimpt sAdd
solve crystal structures of our best compoun
of next generation compounds. Il n conclusi on,
an indazole we haveeteanbVomrdedil ME@LIr s i nt
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inhi bitors. This findi@8gsetestgnmefioadnbi beca
a median survival of about only 18-months pr
1429313A duall/MB@Linhibitor may prove-an essen!

cancer artillery.

4. 4 Met hods

Fl uorescence Polarization Competition Assay

The fluorescence polarization asskhytst wmre pe
bl ack micropl-@Gne)s WiGtrreiaefri Balo vol ume of 100
competition*assay, -BHBl pepe#wthen{FyTCabel ed B
GQVGRQLAI | GDONEZNRher e afBtakro , i wwh®Ce FI TC = fluo
i socyanataani nAhx xaant vyl linker) whbB2dmpeted
BCIX -212 o2 2BAL with the synthesized inhibito
FI Bk tel , M@ICdnd -BCWwere determined via a flu
pol arization assay where various concentrat.
solutions 88akl0nM2Bl M® HEPES, pH 6.8, 50 mM
0.01% TFrdad oaandX 5% DMSO at room temperatur e.

fluorescence polarization were then measur ed
mi croplate reader equipped with two PMTs for
perpendi cuwlldrelanfd upwma escence emi ssion at a 4.
emi ssion filter. Regression analysis was the
Origin (OriginLab, Nort hampton, MA) and the

producingr biesdiBmk & X MECHnd -BCL FBaTk® s
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Kig were then deter mi-In,e dé6 tnM-Xfaonrd 2B@Mn Mo f o MCL

BC+{ .

The fluorescence polarization competition as
Aut omated Liquid Handling System. PIr,ot ein co
15 nM KfiorBCAL5 nN ofi tBhCLL O0-BmaM dqfi nFI2DC mM HEPES,
6.8, 50 mM NacCl, 3 HhOMoDENh,d A.%0 D¥MSDOr)i twem eX ¢ h
various concentrations of the inhibitors wer
only the pedpetsiidree,d opnmrloyt etihne and both the pept
without wenbi bsedras controls. Changes in f1lu
measured after 4 hours of incubation at roon
mul ti mode plate reader previously mentioned
using Prismi8t ( Grhae hdhbaatdag) f i tted to a sigmoid
| €v al uesso d&lheed Cwer e t iveard ucesn wesritnegd atno ekquat i

by Ni k<lod eestlk @aAl | i nhi bitors were tested in |
S| L-@&l ecul ar Simul ations

The -ISddret i fication by Ligand Competitive Sat
our previosutswdLconducted bwa®ruswWenbo Yu ean
docking poses and contributions to the bindi
for -MCLThe SILCS FragMaps were prewi ously ge
simul ®®8ioodscted using thelcrRBBal *4HWEYt ur e
SI'LCS si mul a2t iwenrse fpoerr fBbOGLmed wusing the cryst
6 O0 K. F4r MGE mol ecul ar structures of all coc

(Chemical Computing Group) and alighed with

6 4



(PDB: 4HW2) fSan@acnodnpwiutnhd st he crystald4d9%inding
from Fesi ko6s wWwarokmpoonu nad sB e(5FF(BES )Fofr2 ,BCL

mol ecul ar structures of all compounds were a
compound Venetoclax (PDHCO6DOKRILnExbOuditevewsS
performed from the aligned compound structur
computdetanht about-MEl E€ESuasdc8hLB8 found in

wo rt k8

FigureshowslfAhe predicted Sailndginregl modeér dfheca
binding mode ofl FEekS8ELECSEmMponagMaps capture
group contributions to the binding of compou
indicated by the apolar green meshes and t he
orange meshesvi ads d@sm0 bweidt hp rtehbee iinngd ol e i n

replaced by indazole, is preditted ttho tahdeo pit

Ci3 ,-dbi Meheny | being deeplcykeitns elrhteed iimktea tbhhed w
cyclic ring and hal ogenat eld optae mpyhle niyd ah axrgg @
compound 5, but stil!]l presents a very simila
in hondoccupy the P2 pocket entrancbhey and fori
R263 residue. However, sinc® st haet ctahreb o3x yploastie
indazole while is at 1t htehe2 bpionsdiitnigo noroife ntthaet ii
indazol e ri Bigs ithurcioenp mawmalat of the compound

This is suggested to &e&xgd ahing hwehry dfefsiirkidtsy ctom

compodund
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The arrangement of t he-Cd3abb dppehyd naat xey )(p2r gopoysli t (i
position) groups Fagaurld 4aMediedohe Tt hdgl &€ ri
accommodahgdrbphbdohec environment at P2 pocke
favorabl e apolar FragMaps (gFeememashan)y.e mido

of carboxyl ate {33 . ,pu dMeciemnmhelanid ¢(hepd¢dition)

indazole ring, though stGi3 biapechomwoxyg) phenylar

gpoups to fully occupy the desired regions,
from the indole binding mode, and thus is | e
(of f the favorable region as indicated by th

6 6



Figur ePrde di.cltledbiMiCdi ng poses (carmnbédhsand cya

14cB) byMG.I LE&Systal orientation(PdO®8B8rbons in

| DAHW2) anddTomm@BOB: 5FDO) abenBder|l ai d or

respectively. SILCS®omrdaagMaEyptfoar aapolnerg,atH v ¢

are shown in green, red, and orange meshes,
-:1.2 kcal/ mol

To quantitatively describe tlhefditfhfeerLeGiFEEes b
scores and the GFE contributions for differe

compourscho wadad Ine. 4T he 1lpredicted binding affin
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scores captures the mor &( KiaveMabad® dompmameagd o
to comg&KundeMP. 36FE contri Me4Clphenytrrpomthbeedti
oxygen, the Ilinker and the calramblx yTlhaet e gr oup
di fference in binding is duycltiocthiendgFWEI tclont
indole rindmaki compomoade favorable contribut
5, Such analyses will Lfacompbandsf ufForeedamp
sapping the substituent-Cigpdsiibchensxyg) opaebygky
groups on the indazole ring might allow the
similar way as t helainmdddleda rtihreg einn i aemprounmpd u i

this orientation for binding.

Compound 5

GFE
Compound LGFE 1 2 3 4 5
4-CI-3,5- Ester O Propyl/ Indole/ carboxylate
diMe-phenyl phenyl  indazole
-7.8 -2.0 -0.1 -1.8 -1.8 2.1
5 -74 24 -04 -2.1 -04 -2.1

Tabl eeL&SFE. 3cores and GFE contributions (kca
groups to the overaldl predicted -binding af

6 8



The predicted binding mode of l1éanealaofgnoeudr wacty
the crystal bi nding mode of 4dnse sFhecswrk 6isn acy |
Figurel'!®. ZhéBoverall similar binding orienta
compolumceét ai ns a similar bindbwigtlortleaetacylon
sul f onami Héacgcruopuypi nogf t he positionbad the aci
designed. The morphollnP4d4gpoukedbcanapiadi thee
apol ar FragMaps. Such an additional occupanc
bindingsdeftiebBeof <c¢ompob ndHso weveerr ,c anmpeo ubnidndi n
i mprovementeM (fKar usd@dpatnp ar edMtfdd Ri. 82not t hat

promising given the number of additional fun

Compound 15¢

Compound 5

GFE
Compound LGFE 1 2 3 4
P2 carboxylate/ nitrophenyl P4
pocket acyl-sulfonamide pocket
5 -1.4 -0.3 -2.1 - -
14c -8.5 -4.4 -1.5 -0.5 -2.1

Tabl eeL&SFE. 3cores and GFE contributions (kca
groups to the overall predaciiddob WMCidi ng aff
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To understand the relatively small change 1in
anal ysis waabbpe).d ohme® dov(er al | predicted bind
LGFE captures the fatdéacendp drieditng S.f TchheanpGREb
contribution from the addil4toarag e tfiunngc ttihoen aH 4
pocket do yield very favorable binding contr
t he -sauclyflonami de grldlwpi ch cempaoced the acid ¢
5, contributes a slightly smaller binding be
pocket core part l@dghosoapofl)senscompocontri but
additional functional groups dessildoeada mi aet ar

group designed to retain the acceptor role o

enabling linking tothedP4ipoakeggribupdi ng, ada
maxi mze the benefits from the additional gr
observedil4ori ® heompounds as | isteHdahklne the S

4. 4. This observationoadsous dessgs-étdentompth F
sul fonami de dsewslifgonmsa miOhee decsyifd ncd mpBundeir s
which has exactly the same P2 pocket part wi
ac-gul f opdmindkd group to replace the acid gr ol
compared to the 55 n Ml mevdhd wwrhed nKii cfadre sc d rheo u
sul fonami de group does not retain the same |
Thus, based on the SILCS GRE famalhyge ®.,f fti ktii &1
the scaffold to utilize the P4 pocket, addit

ac-yslul fonami de group need to be carefully opt
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contribution of the P2 padidothacoo rdee marotu pas Aw

alternative is to keep the carboxyl ate group
positions in the current scaffold. This appr
Sowerett! alln t hat work, compound 5 is similar

diMed-Ciphenyl ring replacedl blyeinmapghatbha¢eerne Amd
further utilize the P4 pocket, instead of al
substituent at the 1 and 7 positions on the

to design a series of compoun®@®bkKb gtODl #3e t

nM) showedf al dhbusdndg affinity i BCKiease con

0. 3M) .t
GFE
Target LGFE 1 2 3 4
P2 carboxylate/ nitrophenyl P4
pocket acyl-sulfonamide pocket
MCL-1 -8.5 -4.4 -1.5 -0.5 -2.1
BCL-2 -9.3 -4.3 -1.0 -1.0 -3.0

Tabd.edLEGFE scores and GFE contributions (kca

groups to the overall preddicod edClaindd iIBICd af f i

71



FigurePrdeddi.2t ed binding poses5((AakabmBns i n cy
by SIMCCS arge2i n@r BELtLal orientation (carbon
venetocl ax (PDB: BaOUK)C $IsLOS eFl ag Mdeébman df or ap «
acceptor and negatively charged types are s

respectively, and flemde&rcead /antola GFE | e

The designed compounds were-2&ligarfeouwnd .t20 be
shows the predicted bamididicog BR@b diéhse dfi nadd mmpo u n

orientations bafnldBaorten siomploaurndt o t he cryst al
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venetocl|l aMedwCiphh etnlyed diounr2d A2n ptohcek eBCL car boxy
ac-gul fonami de bound near residuelRt05 and mo
bound to theebl|Pell Hpsotkcsketthe LGFE and GFE contri
l4tcarget tlnggnMgIBChat a for other synthesized c
Tabl eadladb. l4e. 4Prde dbi ct ed binding affinities ir
favorabl e bad ndvewfy MO BE€ELudi ed compdpcunbde. For
GFE contributions indica2xq eoviek M@Is ebraddgmi tly
the nitrophenyl and morphiline dglradboums 4.And# f
andabl e, 4hidndi ng of the nitropheny2 ¢gdhawmp i s
MCL-1 in general. This is consistent with the
nitrophenyl gFriogwp dacsd . s@,@Awwnh iitlne | MEK of such

binding patterns aFighies 404i1ion as shown i

As a conclusion, the predicted docking poses
GFE analyses helps to explain thl a&xderi ment
BC2 and shed insights on how to further opt.i

t MCLEL.
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Compound LGFE GFE
1 2 3 4

14a -7.0 -5.1 -1.3 -0.6 -
14b -7.6 -3.4 -1.6 -0.5 -2.1
14c -8.5 -4.4 -1.5 -0.5 -2.1
14d -1.2 -4.0 -1.6 -0.7 -0.9
14e -7.5 -4.2 -1.6 -0.5 -1.2
14f -14 -4.3 -1.6 -0.6 -0.9
149 -8.0 -4.4 -1.5 -0.5 -1.6
14h -8.2 -4.5 -1.6 -0.5 -1.6
14i -1.4 -39 -1.6 -0.8 -1.1
14j -7.9 -41 -1.6 -0.6 -1.6
14k -1.4 -4.0 -1.6 -0.6 -1.2
14 -7.0 40 -1.7 -06 -0.7
14m -1 -3.8 -1.5 -0.7 -1.1
14n -7.6 -4.0 -1.6 -0.7 -1.3
140 -7.8 4.0 -16 -0.7 -1.5
14p -8.2 -3.8 -16 -0.7 -2.1
14q -8.1 -4.6 -1.6 -05 -14
14r -8.2 -3.9 1.7 -04 2.2

Tabl eeGFE4 cdntributio

compounds

t o
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Compound LGFE GFE

1 2 3 4
14a -1.7 -4.7 -1.8 -1.2 -
14b -8.3 4.4 -1.2 -1.3 -1.4
14c -9.3 4.3 -1.0 -1.0 -3.0
14d -8.2 -4.1 -1.6 -1.2 -1.3
14e -8.9 4.5 -0.8 -1.8 -1.8
14f -9.0 -3.6 -1.4 -16 2.4
149 -8.8 -3.0 -1.4 -1.5 -2.9
14h -90 4.6 -0.8 -1.5 -2.1
14i -8.5 -3.9 -1.0 -2.0 -2.0
14j -9.1 -39 -1.6 -1.3 -2.3
14k -8.9 4.3 -2.1 -1.9 -0.6
14 -8.2 -4.6 -2.1 -0.9 -1.1
14m -8.3 -4.3 -1.9 -0.6 -1.9
14n -84 4.2 -1.8 -0.7 -1.7
140 -8.3 -4.3 -1.8 -1.1 -1.1
14p -8.7 -3.6 -2.3 -1.1 -1.7
14q -8.1 -4.1 -2.1 -0.5 -1.4
14r -8.7 -4.1 -2.3 -0.9 -1.4

Tabl eeGFE4coOntributions (kcal/ moll)Ys efrrioens doiff f €
compounds to the pred.cted LGFE scor

4.5 Experimental Procedures

Gener al Procedure 1: Synt h(3a3JrEoft hReundt i onal

fl UDIPmiotrobenzeneddluboimbbmobenbnoen&sul fonami de

pl aced in a reaction flask and solubilized i
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KCQ( 2.0 eq.) were added to the reaction mixt
h. Reaction completi opChwMesOHOMH tD2ed: V) .a Th&
compl etion, the reaction was partitioned bet
was washed five times with brine to remove t
| ayer was then c280QI efcitletdgr eddr iaendd waaarhc eNmat r at e

desired functionali zed sul fonamides that nee

Gener al Procedure 2:-afulylianaci dedacopli cgqr d

An -&l kyl ated indazole (1 eq.) was (@dlssolved
eq.), (DMAPeqg.()01abde&E&DClwere then added. The
for 10 min before the addil@Bia&m 1o.f1 tehge. )a.p pTrhoep

reaction was stirred at RT for 16

h. Completion of the reaClf MeOH¥ONS M@Eni7t dned
The reaction was partitioned between Et OAc a
washed 5 times with b6Q@nef i Ictodrleedc taendd cdorn ceedn
crude material was adsorbed onto silica gel,

chromatographyCi MeOHOHHWD 2 h7 CH.

Gener al Procedure 3: EsTlree fd arald a oyl iod aa@ird o(x

di ssolved in MeOH2((30 .elg.M) wats 0| Wbl yS@QQlded t
then it was stirred at 65 for 16 h. Compl et
( CRBHMe OH/3CBGIOH, 92:7:1). The reaction was con
bet ween Et OAc szanlTdhes actr.gaNaHCQ ayer 2S&s col |l ec

filtered and concentrated to yield the targe
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Gener al PrAt&eguneéei é6n Nf tA ehehtedreamyglcild cc aroea

was added to a reaction flask, tebklowdd by t

o
=~
<
o
-

omi d£Q( 2. geq. weardtKen added to the
reaction was stirred for at a given temperat
monitored via TLC (hexanes/ Et OAc, 2:1). The

Et OAc and brilmeg.erThveasomwpasrhiead 5 ti mes with b

N aS @ fi tered and concentrated. The crude me

purified via flash col umn c¢ hBtoQOwact oi gnr ahpehxya neel su

Gener al Procedure 5: SApmaet hytaesbvarof{lmeghy

di ssolved in a MedH nii0Q luw bty .otf HeTnrHFadded (0. 2
by the addition of NaOH (3.0 eq). The reacti
the reaction was @ MeOblICOBHY i &2TIZC1)CHThe r €
mi xture was partitioned between Et OAc and 1
dried %@t hf iNat ered and concentrated to yield

further purification.

1-(34Lhl 8r-ddi met hyl phelntbeny i dp-g-imd rdbaxylei ¢ aci d
(2)-Belntko[ d]-Renadlaaxylei c acid was esterified ¢
according to Gener al Pibhenedy rdd-2-8rd tdaaxd lea v e r
as sacovus oi l (521 mg, 9@OMWSXu 1H NMREHIQ O 7MHSI,
(d, J = 7.6 Hz, 1HY, 40.569,(d, =J7=88H@, HxH) 1t
1H), 3.97 (s, 3H). Subsequently,-(8Bhis ester
br omo p r2ecphd xbyrd® met hyl benzene according to Gen

the reaction atadbB O€I tbomn ¢Br bmaPpdbbpeapbly, me
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3,bi met hyl phenHbeynyrpif dp-g-mpdhanxylkeate (the | ess

t wo products) was yielded as a viscous oi l (
a = d,9d £ 7.2 Hz, 1H), -7.34&4 (™, JIH)XE, 76 65&Hz(
4.85 (t, J = 7.0 Hz, 4.020 3(3s,(nBH)8H)3. 9113 q tNM

MHz , CbCE3)158. 7, 154. 6, 140. 0, 138. 7, 135. 5,
112. 8, 109. 0, 63. 0, 51832 hl-385 8, 28 . 4, 19. 3.
di mepthheynox y-)lgdo epy o ) d ]-2-0md rdlazxy leat e was saponi f
mmol scale according to-(Qedntelrréadd Procedure 5
di met hyl phelnkbeynwyppidp-2mpdbaxylkei c awhidt ¢ 3) as
solid (43DH MgMR 9(540-DMBSIEE ,= d6 61LHY, 8.02 (m, 1
7.90 (m, 1H), 7.60 (m, 2H), 6.67 (s, 2H), 4.
2.38 (t, J = 5.8 Hz, 2H), 2.#8= (1s61.63H) ;1473.Cl

141.6, 13B12,1,13806.8, 130.3, 120.5, 119.8 (:

5Chl @¢®4hl-83rddi met hy|l phexnk xy aRaarelyd Yyl i ¢ aci d
(3). A soluthoorof3cmatblbikly|l 2ate (10; 400 mg, 2
in anhydrous THF ( 1-64 mL-® rdoi anrse tthryd aptheeth owiyt)hp r3o0
ol487 mg, 2.27 mmol, 1 eq), PPh3 (715 mg, 2.°
2.72 mmol, 1.2 eq). The reaction was stirred
chromatography was performed using a gradien
chl-2rd4 hl®,-&i met hyl phea xyl afamarelyd Yyl ate as t
maj or product: (570 mg, 6w %3 : 9§, 1HbBHNMR 7 .4080 (Mt
= 9.2 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 6.5

5H) ,-22485H{)m, 2.28 (s, 6H). Subsequently, the
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Procedure 5 on a 1.35 mmol scale to deliver

(469 mg, 88%): 1HDMSMB €44PB. RHY, 8602 (s, 1H)
= 8.4 Hz, 1H), 7.44 (d, J = 8.83H®82 (H), J6=6
5.6 Hz, 22KR)2, (M,28BH); 13C NMR @16B0 OMHZ,56DMSO)

136.4, 134.5, 127.6, 126.9, 125.1, 123.8, 12

5Chl @¢(®4hl-8rdd met hy!| ph-2 lionxdyay>eocelheplox yl i ¢ aci d
Met h-xlhl ®r oi3cdabolkxgl ate (14:Dro.noe-lmoxly)) and !
chl-br®i met hyl benzene were reacted together a
RT.I akh column chromatography was perfor med

to yieldhmim&t®B®ylh|5 rddi met hy |l p h-2 ki onxdya)Zeotlhey | )

carboxylate (the | ess polar of the two produ
(40BzM CDCE3¥, 96HY, 7.70 (d, J = 8.4 Hz, 1H)
6.55 (s, 2H), 5.26 (t, J = 5.8 Hz, 2H), 4. 43
Subsequently, the material was subgelca ed to
to deliver the title carboxylic acid (4) as
MHz ,-DM&Q) = §, 99HY, 7.84 (d, J = 9.2 Hz, 1H),
(s, 2H), 5.25 (t, J = 5.2 Hz, C2ZHNMR 4490 (t,

MHz, CDODCE3)165. 8, 161. 1, 150. 3, 141.7 (2), 13

119.9, 71.8, 57.1, 25.5.

5Chl @¢(44hl-8rdb met hyl pheht nyapmarzlyd yyl i c acid
(5): Meh lhgyrloiScaabokxgl ate (2.09 g, 7.95 mmol ,
(40 mL) was-(#rhd ®trdddmevi h Wl ghenoxy) phenyl ) meth

7.9%0Im 1 eq), PPh3 (2.50 g, 9.55 mmol, 1.2
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eq). The reaction was stirred at RT for 16 h
performed using a gradient -bbkah4e®4hedohpl ace
3,bi met hyl phenaHdxyaBkmarelyo 3yl ate (11) as a Vi s
65%) Rf 0.59 (Hex/Et OAc, 2:0l1)s $SLH ODHYR (74004 M}
J = 8.8 Hz, 1H), 7.B62§d(mJ EH), 86 HZQ (QH) ,J 7
6.70 (s, 2H), 6.05 (s, 2H), 4.03 (&6,=3H), 2.
163, 157. 3, 154. 4, 145. 9, 137. 7, 131. 2, 130.
118.5 (2), 56.1, 52.2,chlitb(4 210888 | somer 12
di met hyl phehdnyekmazlydyyl ate) was also isol a
puriaftii on: Rf 0.43 (Hex/ EtOAcu 2:8)23HH, NMR (
7.34 (d, J = 2.8 Hz, 2H), 7.20 (d, J = 8.4,
(s, 2H), 4.07 (s, 3H), 2.38 Es16@8HP;, 1367NBER
138. 9, 137. 8, 134. 5, 129. 8, 129. 4, 128.9 (2)

53.8, 52.3, 20.9. Subsequently, ester 11 was

the title carboxylic acid (5) as d#&d white sol
DMSQ) = §, 986H)Y, 7.82 (d, J = 8.4 Hz, 1H), 7.:
8.8 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 6.83

(400 MHzpOo €DCHK3) 7, 161. 6, 159. 43.550.1832.542.
129. 5, 128. 7, 125. 4, 124. 2, 123.5 (2), 60. 3,
to dethverrpdbhl-8drdd met hyl phelhnkd nyd)aBonzy | )

carboxylic acid (6) as a whi t=e 4spH)3,d(:8 .10 NMF
(s, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.54 (d,

(d, J = 7.6 Hz, 2H), 6.87 (s, 2H), 5.78 (s,
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CDClu3 )= 168. 2, 161. 6, 159. 4, 144. 2, 142. 6, 1
129.2, 125.6, 124. 2, 1E2S3.:7 ,m/1z1 8f .dOuyn+d3 ]74t+339,. 02650.

CoH1€iN2Osr equires 439.0622.

6-Chl @¢44hl-3Brdsi met hyl phehHdnyakmazlydyyl i c acid
(7)YChledtHondaZcodreboxyl i c acid (1.02 mmol ) wunde
3, foll owed by Gener al Preacddedure 4 (0.266 mn
(br omomet h¥-th)l petregddiomegt) hyl benzene at RT, and t
product was subjected to Gener al Procedur e 5
compound (7) as a white soli eOMSA) mg8. O2 %) :

(d, J = 9.2 Hz.,34HO)d, 7394 §s8 HH),3H), 6.098

(s, 2H), 6.09 (s, 2H), 2.3 X 61H)1;. 11,3 CL 5N6MR3 , ( 4

i14v7.4, 137v.9, 132.2, 131.5, 130.0, 128.7, 172

Met h-g hl 6roi3cdabokgl-abkof @aD3at bn ( 8; 1.0 mmol

reaction flask, followed by the addition of

reaction was heated to 45 and stidred for 3
was solubilized. The reaction mixture was th
di ssolved in H20 and slowly added to the rea

and then H2S04 (2.5 mmol) was added to the r

SnCl 2 was dissolved in concentrated HCI and

reaction was stirred at 0 UC for 16 h. The
reaction mixtuxdéltoo od3sldiavbeo@ixgdriwcdeaci d (9), wl
carried forwarded to the next reaction. Subs
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MeOH (0.1 M), and SOClI 2 (3.0 mmol) was sl owl
was stirred at 65 for 16 h. Completion of t
reaction was concentrated down and then part
oganic | ayer was collected, dried with Na2SO
materi al wasCHCddndtadbatbddino silica gel . F
chromatography was then performed to purify

hexanwls/a&deét ate !l pir ®hJccaebtohxgl|l a5t e (10) : 1H
(400 MBMSQp6= 8, 0PHY, 7.69 (d, J = 8.4 Hz, 11
1H), 3.91 (s, 3H): 18BC=NMR2(80013MHz9, CDES 3},

123.4, 130.82.213

Synt heshbobbbdénzenes uclhfloonraonbi ednez e(nle3sau)f:o ndy | ch
mmol ) was dissolved in dioxane (0.1 M), and
added dropwise to the reaction. The reaction

Compl efibhe reaction was monitored via TLC (
partitioned between et hyl acetate and brine.
Na2S04, filtered, concentrated to deliver th

88%H. ahd 13C spectra were consistent with tF

Synt hemospb8B8hidnomobenzenesul fonamide (13b): F
1 us-f hg®mMiot robenzenesul fonamide and mor phol i
1H (400 -DMWHSzQ)) 86221d), 7.92 (d, J = 7.4Hz, 1F
3.72 (t, J = 6.8Hz, 4H), 3.14 (t, J = 6.8Hz,

DMSQ)= 152. 3, 144. 1, 140. 2, 136. 1, 129. 5, 12
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Synt he-6tngoropfhodl i no8bhhytrphmnmehesul fonami de (

Gener al Pr ocfeldwm3®nmaéot r olbseinrege ne s-mmdbf phaimi deeahdn:

lamine (yield = 65%): yeMI@wS38sqgIBId, = TTHz(4aAM)
8.48 W), 7.85 (d, J = 7.4Hz, 1H), 7.35 (s,
3.50 (q, J = 6.8Hz, 2H), 2.64 (t, J- = 6.8Hz,

bMsa) 151.6, 138.0, 135.3, 134.6, 129.8, 121

Synthet{( 62pbhmdt hyBpiami obé¢nzenesul fonamide (1

Gener al Pr o cfeldwm¥maot r obeinegene sul2k onami de and
yl met hanamine (yield = 73)MSANe8t ®NI6ol vd4 1
Hz, 1H)1HB, 49.88, (d, J = 77.HX3 (@) ,2H). .,626.(&]
2H), 4.71 (d, J = 6.8 HxMSAH15613C NMR. 84004

137.8, 135.8, 129.8, 121.0, 115.7, 113.1, 45

Synt he-6 (& u®falnd et hy3In)iamionbore)nzenesul fonami de (

Gener al Pr o cfeldw3mdot I olbinrzege née s-g1 G-Dyala)nei tdhea na n d

llamine (yield = 74%): yel {DM8QAyo8tiHd8J(1H NMR (
HzH)1 8.50 (d, J = 2.4 Hz, 2H), 7.86 (d, J =
7.25 (d, J = 9.2 Hz, 1H), 6.41 (s, 1H), 6.28
3.03 (t, J = 7.0 Hz,-DMS)) UBT. N,MRL FM.09D, MHZT .

135. 5, 134. 7, 129. 9, 120. 6, 115. 8, 111. 9, 46

Synt he6(-pdtollyddy r 83 d ) met hydin) ad miob@nh zenesul f ona

(13f): Foll ow GendrlaHdrPt oobdorenésubfaoagatri de

metHdyHpyr a&8ydl) met hanamine (yield = 63%): yellc

deOMSa)= 8t.,83) (= 5.6 Hz, 1H), 8.51 (s, 1H), 7
83



1H), 7.48 (s, 1H), 7.36 (s, 2H), 7.28 (d, J
3H):; 13C NMR-DOMSO) MH9,6d6141.5, 136.2, 133.7

119.3 (2), 40.6 (2).

Synthesi &8 0py-Byldmeat hyl ) ami no)benzenesul fonam
Gener al Pr ocfeldw®maot r olbeineggeneesul f$3onami de and |
yl met hanamine (yield = 69WMSO)=el dtoWwllsE=l i7d ;8 1
Hz, 1HQ)s, 81HK)4,508 .(4w, 2H), -77..3787 ((mm, 124H),, 77 .3315
7.11 (d, J = 8.4 Hz, 1H), 4.75-DMSa)]J = 8.4

149. 0, 148. 8, 146. 5, 135. 3, 134. 1, 133. 2, 13

Synt he-ai #( 6(2p y3r3tydi)ret hyl ) ami no) benzenesul f ona

Gener al Pr o cfeldwm¥maot r obeinege ne s-pye3naimnde and

yl ) eltahnimme (yield = 64%): yel ibvm®8QAQygo3 i&.;56aH N
(d, Hzs 2RH), 8.50 (s, 1H), 8.47 (d, J = 4.0
(d, J = 7.6 Hz, 1H), 7.37 (d, J = 12.0 Hz, 4

Hz, 2H),; 13C NDMS@3 0105 MH4,, WH68. 1, 146.7, 136

130, 129. 9, 125. 2, 123. 9, 116. 0, 43.9, 31. 8.

Synt he-si 8 0py-&yldmeat hyl ) ami no)benzenesul fonam

Gener al Pr ocfeldw®maéot r olbseinrege nde sul f4onami de and |
yl met hanamine (yield = 58%):-DM8QI) o=w 9s all3i d; 1
J = 6.28.H%2 (1H,),J = 2.4 Hz, 3H)337(mM5 @dH),J

6.97 (d, J = 8.4 Hz, 1H), 4.77-DOMSaA)] = 6.0 F

155.0, 154.9, 152.2, 151.7, 148.2, 135.8, 13
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Synt he-si #( 6(Bp y3r-diydi)ret hyl ) ami no) benzenesul fona
Gener al Pr ocfeldwm®nmaéot r olbseinrege ne s-pymolndaimnde and
yl ) eltahmimme (yield = 55%): yeliDiMBAgo08.i54 1H N
(bs, BHYd,8J2= 8.4 Hz, 2H), 7.67 (s, 2H), 7.
8.8 Hz, 1H), 3.69 (t, J = 5.8 Hz, 2H), 3.03

bMsa) 155.7, 154.8, 153.0, 149.6, 137.5, 133

Synt hemospb#&hiBnomobenzenesul fonamide (13k): F
1 us-f hgsmBiot robenzenesul fonamide and mor phol i
1H NMR (40-DMBH)=s, 8d602) (= 8.8 Hz, 1H), 7.68 (s
751 (d, J = 8.8 Hz), 3.72 (t, J = 4.4 Hz, 4H

MHz ,-DeM&Q@) 148. 7, 145. 5, 144. 0, 127. 1, 118. 9,

Synt he6{( 6§2pbhm8t hyH#niami obénzenesul fonamide (1
Gener al Pr ocfeldwm&smaot r olbseinege nEdsul2ik onami de and |
yl met hanamine (yield = 70%) :-DM8QI) 8w 64all(i d; 1
= 5.8 Hz(dlH)Y, =8828 Hz, 1H), 7.64 (s, 3H), 7
1H), 6.41 (d, J = 16.4 Hz, 2H), 4-66 (d, J =

DMSQ) = 151. 4, 150. 7, 144. 7, 143. 2, 133. 0, 1

Synt he-6 (&8 ufalny et h ydn)iamionboe)n zenesul fonami de (

Gener al Pr o cfeldwmé&snméot Ir olbseinrege nd s-01 -byala)neitdhea nand

llamine (yield = 78%): yel I DiMB8QAso08ti3JQJIAH NMR (
HzH)1 8.26 (d, J = 8.4 Hz, 1H), 7.65 (s, 2H)
1H), 6.41 (t, J = 2.4 Hz, 1H), 6.28 (d, J =
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= 7.0 Hz, 2H); 13CMMNMR 16406G, MABS5.d6 149. 6, 1

133. 0, 116.8, 116.7, 115.7, 111.8, 46.4, 32.

Synt hef(-pdtofl 8y r 83 d ) met hydn) d miob@enzenesul f ona

(13n): Foll ow GenefrlabnriPot oobeunzentsusifogadi de

metHAyHpyr é8ydl) met hanamine (yield = 68%): yelloc
deOMsa) 8t54J(= 5.4 Hz, 1H), 8.27 (d, J = 9.2
7.52 (s, 1H), 7.47 (s, 1H), T7.07 (d, J = 9.2

13C NMR (46e00MSMH)z15868, 147. 9, 141. 5, 135. 8,

14.9, 43.7, 40. 6.

Synt he-sai 8 0py-&yldmet hyl ) ami no) benzenesul fonam

Gener al Pr ocfeldwm&smaot r olbeinege nEdsul f3onami de and |
yl met hanamine (yield = 60%): yéal Bo®49dokEi d; 1
6.2 Hz, (BH) 1H9.,638.49 (d, J = 3.6 Hz, 1H), 8.

7.6 Hz, 1H), -77..3%7 ((rs,, 12H)),, 77..30 (s, 1H), 7.0
(d, J = 6.4 Hz, 2H)DMSIB)CLBMR7 (4009 M6z, 146. 7,

134. 1, 138. 3, 124. 2, 112. 21, 112. 16, 44.0.

Synt he-si 8 6(Bp y4r3tydi)ret hyl ) ami no) benzenesul f ona

Gener al Pr o cfeldwm&sméot r olbseinrege nE s-Upymw3ndaimnde and

yl)eltahmime (yield = 64%): yelDWMWB8A)08s%WG @1H N
1H) , (8, 48H), 8.27 (d, J = 8.4 Hz, 2H), 7.77
1H), 7.40 (t, J = 6.2 Hz, 1H), 7.08 (d, J =

= 7.0 Hz, 2H),; 13DOVMSNIR15@09, MHZO. 86 148. 1, 1
134.7, 132.7, 128.3, 124.1, 112.2, 111.9, 44
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Synt he-sai 8 0py4a4yldmet hyl ) ami no)benzenesul fonam

Gener al Pr ocfeldwm&snméot r olbseinrege nEsul f4onami de and |
yl met hanamine (yield = 55%): :-DM8Q) Bw 8s9all(i d; 1
= 5.8 Hz55 1L(H),, 8 = 5.6 Hz, 2H), 8.31 (d, J =
4.4 Hz, 2H), 7.22 (s, 1H), 7.09 (d, J = 9.6

(400 MBMSsaQ@e6r155.5, 155.0, 152.5, 149.5, 137.

11650, 1.

Synt he-ai 8( 6(2p ydr-dbtydi)ret hyl ) ami no) benzenesul f ona
Gener al Pr ocfeldwm&smaot r olbeinege nEs-pymoedndaimnde and

yl ) eltahmimme (yield = 58%): yel DAy o08.i97 1H N
8.50 (Mm,8&%H)d, J =7838 Hm,35H),(m.3IBH), 3.00
7.4 Hz, 2H); 13CDMSA) (14500 8MHZL,5 2d @ 151. 4, 1.

134.7, 129.9, 129.6, 120.8, 47.9, 38.6.

Synt heshbk-2op494861-838frdd met hyl pheMOx4 ) benzyl)

chl orophendH)ndedtoarepbxami de (14a): Foll ow Ge

with 5 and 13a. The product was purified vi a
CHCHYMe OH/.OH, 92:7:1 (yield = 55%); -white soli
DMSQi) 8s211H), 7.89 (d, J = 8.4, 2H), 7.69 (
7.27 (dd, J = 9.6, 1.66. 82H)(,m,7 .41H) ,( d6,. 0J3 =( s8§,.

6H); 1RC(4NOWM -DMSQ) dé66. 7, 154.7, 145.5, 137.9
(2), 129.6 (2), 128.5 (2), 127.7, 127.1, 122

20. 8, -BFBRM®/ z fouphM+ BLEO4BOS requires 612. 032
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Synt he-s hb-»>o49486I1-83frddi met hyl pheMOOG@o) Ipd+B-2 y In)o

nNitrophen-y H)nsduadlxtod nep b x ami de (14b) : Foll ow Gen
with 5 and 13b. The product was purified vi a
CH Me ONH QOQH92:7:1 (yield = 42%): yellow sol
DMSai) 8d27J(= 8.0, 2H), 8.00 (d, J = 8.8, 1H
8.8, 1H)237(mp6.34H) ,(mE, 86H), 6.08 (s, 2H), 3.
2. %9 (B6H); 13C NMR u( 410506 .MpHz ,154MS8Q) 146 . 8, 145
137. 8, 132.9 (2), 130. 4, 128. 6, 127. 5, 126. 9
118.6 (2), 66.3-H):, nm/lz. 3f,d u@hed 740 8H RIMSO 8

CskH2EINsO'S requires 708.1092.

Synt he-s hb->o4946I1-838frddi met hyl pheMoOx4 ) benzyl)
((mor phol i n®reitthryd p mem-nkb)nhsdualztod nelp b x ami de (14 ¢c)
Foll ow Gener al Procedure 2 with 5 and 13c. T
chromat dogurta pn@H, wtie ONH OH92: 7: 1 (yield = 44%)
solid; 1H NMR (4 08s 6vHz(,, DIMS)O) 8.58 (s, 1H),
J = 8.0, 1H), 7.8422d(m) 23HP, 67. ®HBE@IA.M7= 7
4H), 6.)1,1 3(.s58 2(k, br, 4H), 3.42 (s, br, 2H)
(s, 6 H) ; 13C NMRU (40D6 3MHZ, DM&O3, 154. 8, 146
135. 3, 133. 1, 132. 7, 132. 0, 130.4 (2), 128. 6
119. 218. 6, 114. 6, 66.5-ESH5. 6m/ z5 4f.o06u,n d5 37.501,. 125C

[ M+ H]:#8:E€NeO;'S requires 751.1514.

Synt heshb-2op494861-838rdd met hyl pheMOX4 )f Rermanyl )

yl met hyBnapiami ophen¥H)nsdualtodrep b xami de (14d): Fo
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Gener al Procedure 2 with 5 and 13d. The prod
chromatograply, BMelONH mOgH W2i:t7h: 1 (yi el d = 56 %)
solid; 1H NMR (#00myHlzd) .DMS.098 (s, 1H), 8.25

= 8.4, 1H), 7.66 (d, -7.2=4 8(.m,, 3lH)),, 77..158 ((ds,,

(o2}

. 8483 (m, 4H), 6.3685(6d,28H)7 6.08 2B), 28) 2¢€
NMR (400 MHZ,1eMS) 156.5, 154.8, 151.5, 146
1333®,.517 130.3, 128.6, 127.5, 127.0, 126. 2,
118.6, 118.2, 114.7, 1E0.:9,m/1z0 8 .02u;md5 47.168,. 02901.:

CaH2EINsO;S requires 718.0935.

Synt he-s hb->(o49486I1-83frddi met hyl pheMOX4()2bwezZnary | )

yl ) et hy3n)iamionpoh)e n-¥ H )nsdualZtod nep b X ami de (14e) : Fo
Gener al Procedure 2 with 5 and 13e. The prod
chromaypgebhpHn MeWiNtHh OH92: 7: 1 (yield = 54%)

solid; 1H NMPOMSIMOSMel2a1HY6 8.61 (br, 1H), 8.

J = 9.2 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7
= 9. 24)Hz,7.115 (d, J = 8.4 Hz, 2H), 6.81 (d,
3.2 Hz, 1H), 5.93 (s, 2H), 3.68 (q, J = 6.4

13C NMR (46DOMSMBz16862, 156.6, 154.7, 152.7,
137.8, 135.0, 133.5, 132.4, 130.2, 127.4, 12
112.0, 111.0 (2), 107.1-ES2):, m%. Gouhd. 7,322 7.

[ M+ H]: ¥ ENsO;'S requires 732.1092.

Synt heshb-2op494861-838frdd met hyl pheMoOX4-pHhehygyVy ! )

l1Hoyr a%ydl) met hy3in) @ miompd )e n-§ H )nsdual3ztod nep b x a mi d e
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(14f1F): Foll ow Gener al Procedure 2 with 5 and
column chromat odrHa gdlleyQNH | @QH 9 22g7 wl thyi el d = 4

yellow solid; 1HMSMEK 88409 IMHzZS5. 66 Hz, 1H), 8.

8.21 (s, 1H), 7.97 (d, J = 9.6 Hz, 1H), 7.71
2H), 7.24 (d, J = 8.4 Hw5 (2sH),1H).,186.(&4 @Jd,=
4H), 6.06 (s, 2H), 4.46 (d, J = 5.6 Hz, 2H),

MHz ,-DM&Q@) 156. 5, 154. 8, 146. 2, 145. 5, 138. 4,
1s3o0.0, 128.6, 127.7, 127.1, 126.5, 122.9, 172
46.2, 41.8, 40. 6 ,-E318:. 9m/ B7f. AUntBA DA F2 . HIRAS

CaH2EIN7OsS requires 732.1204.

Synt he-s hb->o4946I1-83frddi met hyl pheMOOGMI MMobonzyl )

((py8&ydmat hyl ) ami nod B madra@tod chud X amiyd ¢ (149) :
Gener al Procedure 2 with 5 and 13g. The prod
chr omat,ogerlaupt@yh gMevORHH OHO92: 7: 1 (yield = 39 %)
solid; 1H NMR (408t 9vHZZ(,= DBMS2D,) 1H), 8.64 (s,
8.45 (s, br, 1H), 8.23 (s, 1H), 7.89 (d, J =
= 9.6H)Hz,7.134 {(Tm,221H)m, B.HYIG 7.006.(&3 @m= 9.6
4H), 6.09 (s, 2H), 4.69 (d, J = 6-4 Hz, 2H),
DMSQi) = 163. 7, 156. 5, 154. 8, 148. 8, 148. 5, 1
133.1,3139,0130Q. 4, 128. 6, 127. 3, 126. 9, 126.
(2), 114.6 (2), -BIL 5, mihB.88ourd. 731 HRMS4 [ M+H

Cab2E€INeOsS requires 731.1241.
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Synt he-s hb->(o4946I1-83frddi met hy!l pheMOOGI MModRzy Il )

(pyr3yli)net hyl ) ami n@)Hpme a3Fcda)resbwlxfaom ydle) ( 14 h) : F
Gener al Procedure 2 with 5 and 13h. The prod
chromphyggreael CHi &M OMWIH MH50: 7: 1 (yield = 35%)
solid; 1H NMPOM3®M0O8sMHIL1HYS 8.60 (s, 1H), 8.5
1H), 8.44 (t, J = 5.8 Hz, 1H), 8.29 (s, 1H),
1H), 7.67 8.#, Hz, 1H), 7.52 (¥,23 EmMp. 2HHz, 7
(s, 1H), 6.86 (d, J = 8.8 Hz, 2H), 6.82 (s,
(t, J = 7.4 Hz, 2H), 2.200MYG), 168) 1, 1361 NMR (
153. 0, 150. 9, 150. 8, 150. 2, 144. 2, 142.5 (2)
132. 1, 131. 7, 131. 1, 129. 5, 127. 7, 127. 2, 12

25.5; -BFBRMS m/ z found BHTINGS 1rde d M+rHd. s+, 7 4C5. 1 3 €

Synt he-s hb-»>(o49486I1-83frddi met hyl pheMOGMI MMobonzyl )

((py4ydmat hyl ) ami nod B madra@dtod cud X amiyde (141 ) :
Gener al Procedure 2 with 5 and 13i. The prod
chr omat,ogerlaupt@yh gMevOHH OH75: 14: 2 (yield = 37%
solid; 1H NMPOM3®M0O9oM&a, (Hp, 8.70 (bs, 1H), 8
Hz, 2H), 8.22 (s, 1H), 7.89 (d, J = 9.2 Hz,
7.26 (d, J3H) ,8.68 86z (d, J = 3.2 Hz, 5H), 6.0
2.30 (s, 6 H) ; 13ICMANMAR 16800, MHBH6.H6 155. 9, 1°¢
145. 5, 144. 9, 137. 8, 135. 1, 132. 9, 132. 5, 13
124, 3,12122.22.,9,119. 8, 119. 3, 118E S%I,: 1rh/4z 6f, o wrd '

729 . LMO9H]:¥ECNeOsS requires 729.1095.
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Synt he-s hb->(o4946I1-83frddi met hy!l pheMOOGI MModRzy Il )

(pyrdydli)net hyl ) ami n@)Hpme a3Fcda)resbwlxfaom ydle) ( 14) ) : F
Gener al Procedure 2 with 5 and 13j. The prod
chromphyggreael CHi &M OMWIH MH50: 7: 1 (yield = 39 %)

solid; 1H NMPMSMOSMIa,)(d64.8 Hz, 2H), 8.30

= 6.0 Hz, 1H), 8.12 (d, J = 8.4 Hz, 1H), 7.7
7.3128 (@H), 7.11 (d, J = 8.4 Hz, 1H), 6.84
J = 6.0 Hz, 2H), 3.20 (t, J = 7.OM8D) 2H), 2

39.0, 25ESI: HRMS f dumd] A& EINIORSA & equi r es

743.1252.

Synt he-s hb->(o49486I1-83frddi met hyl pheM@OGBo) Ipd+-2 y In)o
nNitrophen-¥ H)nsduadlZtod nep b x ami de (14k) : Foll ow Gen

with 5 and 13k. The product was purified vi a

CH Me ONH QH92:7:1 (yield = 57%): y-ellow sol
DMSQ) 8s291Hd), 7.86 (d, J = 8.8 Hz, 1H), 7.7
7.57 (d, J = 9.2 Hz, 1H), 7.25 (d, J = 9.2 F

366 (bs, 4H), 2.98 (bs, 4H) DMSA8168, 06H); 1
163.9, 156.6, 154.7, 150.5, 145.6, 144.9, 14
127.0, 125.9, 123.0, 122.5, 120.7-EG2), 119.7

m/ z found MAHI:¥LEINES requires 708.1092.
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Synt he-s hb-»>o4946I1-3frddi met hyl pheMOX3( ) Remany | )

yl met hyH#niami ophenH)nsdualtodrep b xami de (141 ): Fo
Gener al Procedure 2 with 5 and 131 . The prod
chromatebubaplEyl, ®WietONH OH92: 7: 1 (yield = 50%)

solid; 1H NMPMS®MOSMHE)(d65.8 Hz, 1H), 8.31

= 8.8 Hz, 1H), 7.67 (d, J = 9.2 Hz, 1H), 7.6
3H), 7.112 (H&, JAH ,96.86 (t, J = 8.0 Hz, 4H).
1H), 6.10 (s, 2H), 4.60 (d, J = 5-6 Hz, 2H),

bMsa) 163.8, 156.5, 154.8, 152.9, 151.5, 145
131.7,1218.06.,2,127.4, 126.94, 126.9, 123.1, 12
110.8, 108. 2, E®€0.6 m/20fdDundRMZBEINIOSLIE8 [ M+ H] +,

requires 720.1081.

Synt he-s hb->(o4946I1-83frddi met hyl pheMOX3t()2bwezZnary | )

yl ) et hydn)iamionpoh)e n-8 H )nsdual®toal nep b x ami de (14 m) : Fo
Gener al Procedure 2 with 5 and 13m. The prod
chromaypgebhpHn Me®WiNtHh OH92: 7: 1 (yield = 52%)

solid; 1H NMPOMSM08MHZ, (HpF, 8.24 (s, 1H), 8.

1H), 7.72 (d, J = 8.8 Hz, 1H), 7.62 (s, 1H),
(s, 1H),J7=28.8dHz, 2H), 7.10 (d, J = 9.2 Hz
(s, 1H), 6.21 (d, J = 3.2 Hz, 1H), 6.05 (s,

Hz, 2H), 2.23 (s, 6FH)MSA)3ICSRKMR, (26D. MHz15666

1524%, 517 144.6, 142.3 (2), 137.8, 132.7, 13:
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122.9, 122.1, 119.9, 119.3, 118.5, ®13.6 (2)

ESI: m/z fqund]]HBEZINIOKS7 Ir equires 732.1092.

Synt he-s hb-2op4946I1-3rddi met hyl pheMOoX3(haehygVy Il )

l1Hoyr a%ydl) met hydin) @ miompd )e n-§ H )nsdual3ztod nep b x a mi d e
(14n): Foll ow Gener al Procedure 2 with 5 and
col wrhhmomatograpky, MeIONH mOgH wWi:t7h: 1 (yi el d = 4
yell ow solid; 1HMBMK 88HDIMHzS5. 66Hz, 1H), 8.
8.11 (d, J = 9.6 Hz, 1H), 7.67 (t, J = 11.8
7.08=(8,8JHz, 1H), 6.88 (d, J = 8.4 Hz, 2H),
4.4 Hz, 2H), 3.71 (s, 3H), DMSHY I6G3. $,H)15 6.3
152.9, 145.5, 144.6, 138.5 (2), 137.8 (2), 1
(2), 123. 1, 122. 6, 119. 7, 119. 3, 118. 6, 118.

ESI: m/z fduWrdH]AHBEZINIOISSY equires 732.1204.

Synt he-s hb-2o0494581-83Fdd met hyl pheMOb4 XSheonzyl)

((py8&ydmat hyl ) ami nod i madra@tod chud X amiyd ¢ (140) :
Gener al Procedure 2 with 5 and 130. The prod
chr omat,ogerlaupt@yh gMevORHH OHO92: 7: 1 (yield = 40%)
solid; 1H NMFOM&®MO08 MH21HMYHS 8.25 (s, 1H), 8.1
1H), 7.74 (bs, 2H), 7.68 (d, J = 8.4 Hz, 1H)
(d, J =)8.8&.85, (tH J = 7.2 Hz, 4H), 6.07 (s,
NMR (400 MHREz,h= ClDbeC8 .35, 161. 2, 159. 5, 157. 7, 1

142. 6, 140.3 (2), 139. 2, 137. 8, 137. 1, 136. 4
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127.4, 124.4, 124.1, 123.3;ESU18.nv,z 2l1lo8u.nld, 59

731.1176 3HM3INDS, r Equires 731.1241.

Synt he-s hb-2(op49456I1-3rddi met hyl pheM@OG4 BadRzyl )
(pyr3yli)net hyl ) ami n@)Hpmhe a3Jcoda)rsbwlxfaom ydle) (14 p) : F

Gener al Procedure 2 with 5 and 13p. The prod

chrompahyggreael CHi &M OWIH MH50: 7: 1 (yield = 38%)
solid; 1H NMPOMS4M)08 MBrlHY 8.23 (t, J = 5.6
= 8.4 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.7
1H), 7WH33 (@s,25 (d, J = 10.8 Hz, 3H), 7.21 (:
(d, J = 8.4 Hz, 4H), 6.10 (s, 2H), 3.68 (q,

(s, 6H); 13C NMRS@)4A®SMEz, 164.2, 159.5, 157.
150189.3, 143.9, 142.6, 137.7, 136.7, 136.5,
127.8, 127.3, 124.5, 124.1, 123.2,-E4911:8.5, 11

m/ z found 7453kk&MNLOS] M+eHJuti,reG 745. 1397.

Synt hes hbk-2op494861-838rdd met hyl pheM@O@t4 Bveonzyl )

((py4ydmat hyl ) ami nod i madra@tod =chud X amiyd ¢ (14q9) :
Gener al Procedure 2 with 5 and 13q. The prod
chr omat,ogerlauptyh gMevORHH OH75: 14: 2 (yield = 35%
solid; 1H NMPOM4M08MBz)(d66.2 Hz, 1H), 8.63
2H), 8.24 (s, 1H), 8.17 (d, J = 8.4 Hz, 1H),
1H) ,-7723ODH{)m, 7.14 (d, -H.868(n,HAH)1HY, 0. 96,
J = 6.4 Hz, 2H), 2.30 (DMSGH)6818C NBIR. 834005

157. 6, 150. 2, 149. 8, 148. 9, 142.6 (2), 137.

95



127.7, 127.3, 124.5, 124.1, 123.-BSI1 12®@/. 24, 11

found 7[2M+ H]G#LEINOsS requires 729.1095.

Synt he-s hb-2(op49456I1-3rddi met hyl pheM@OG4 BadRzyl )

(pyrdydli)net hy!l ) ami n&)Hp & &a3cdal)rsbuwlxfaom ydle) (14r ) : F
Gener al Procedure 2 with 5 and 13r. The prod
chromphyggreael CHi &M OWIH MH50: 7: 1 (yield = 36 %)
solid; 1H NMFPOMM)08MWMHE)(d64.0 Hz, 2H), 8.61
= 5.4 Hz, 1H), 8.29 (s, 1H), 8.02 (d, J =9.6
4.8 Hz,?72304 (m, 5H), 6.73 (d, J = 8.8 Hz, 2I
(g, J = 6.4 Hz, 2H), 3.09 (t, J =-7.2 Hz, 2t
DMSQi) 168. 1, 161. 2, 159. 6, 158. 3, 151. 1, 150
136. 435. 1, 134. 8, 132. 1, 131. 7, 131. 1, 130. ¢
59. 3, 47.6, EBIO, m2Z. 3 0uHRMEEHsBINAOESLI 4 [ M+ H] +,

requires 745.1397.
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Chapter 5: Synthesis of FLT3 | nhi

Mol ecul ar Strategies

5.1 The polyphar macy2 ciombii miat oronv erfett el 8XL(
FLT3 inhibitor gilteradutne bmyell di)d ilse unlog mi a c

novel pol ypha?2mMBc o8 GYENh BICEMal esduwlgd ei nhi bito

5.1.1 I ntroducti on

Presently, most patients with acute myeloid
in part to the varied molecular me®hani sms a
Further, current AML treat maemtd -t emmgmens have
toxicitieldfBude effestwidely held that new d
l ess toxicities, are urgently needed, and th
antil eukemic etfargacy twixtiloi ltignsesohpa fnefsttriacdi t i or
dr l§®¥T0o address the multiple mechanisms of A
promi nent AML Aider.ig¢cBerlol ol nycnopgbeonneasn 4 BIEK S
tyrosine kiamrseseb8i (1 FLTE8)getedgCitTOPBSH2I6r0 5i1)n p a
BC2 is one-apbptovecaptrotei-nandafg€ba windli imdi n:
the #2B€lamil yo that alaspoo pctoonttiaci npsr ontuelitnisp,| es upcr
BAX, BIM aftheBEMApgaming esulmant agoni ze each
tbough an interipmobteiuh arnpewoaeti non (PPl ) betw
domai no-apro pa odg2iaf aBh€ll y me mbbeirn dainndg tghreo oBvHe3 o n
surface-apfopdmtardtaBnCll y member. Near the turn

deveéeopmof 1 nhibitor2s/ BoAK,P Pnass, usnucchha ratse rBe@lL t
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compared with the more traditional drug disc
as t hei MdiPng site of the FLJ3Peeciegptofr amyyos

we-defi ned pockets thatmaload Wl esmuaettipddadutbeals by

about whether such a feat could be accompl i s
the | argaposeldvamtd often featured/eBAKinterfe
and ot A¥?tPePsPplist.e this skepticism, in the ear

research into th2 (dend) Bpmreinkti tofasBgCdpyobger e
Stephen Fesi k and coll eagues at Abbvie. I n a
coupled wut dedMRragment screeniahgBCLhey firs
2/ BgLnhi bi-T®7, A8ind its cl®BB¢cal ateunkeowar & s
navitocl a2 0 0®Psh drhtel yni fdo | |-2esved de cltyi viet sc oBiQle ner
199, |l ater knownl!l2A wpieanemacdimxBCNV BNMO 1 (n M),

VEN displacesapepgtuellRit@er@@lepne ,-oninyx | prdo tnegi MBH 3
such as BI' M and PUMAmMa iamdBdgfos mt atBieqp mBRECIE i n s

BAK and BAX, which (a) tierhmyelpr®g) eaomer,ea @atnidv 4§
freed, may oligomerize to cause mitochondri a

caspase cascad® and cell death.

FLT3 mutations ar d hdlrde rov € tfMilsnt c aosf@ wt.h eosnee ( ~ 2
all AML cases) are internal tandem duplicati
di merization of FLT3 monomer s, resulting 1in
downstream cellular signalingcwiagmuwinti pl e n
survival, proliferation and diffeffemtiati on

addition, constitutively activating tyrosine
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and

app

(Ty

erved, but |l ess comm8ifobget hew, ot habk AKMI3
TKD mutations stimulated research into t
i bitors, which presented a di2ffieheé bt t@b st
ign: tbat ectsajrwbebtyb ithodi AQP pocket of FLT3,
served across %RevbunhbHekdsspffkenaeemedic
earch programs produced sever d&P2potent an
e | FLT3 inhbbnhtdtong binhd bDhebATHm the actdi
formations of FLT3, andlDaraen-dekKBLeTc3t i ve aga
ations. Type 11 inhibitors bbinddiand ydirtoe h
ctcessable only in the monomeric form of F
bilize the protein in this inactive form.
m, this imparts resistance toibypgerlisl i nh

effectivel Bammts¥titcamsc.eFltTh® majority of

bitors (RTKids) are competitive with ATP
most RTKi és bind strongly to one or more
ired targe. iGi la elriighlinyiibpbiGdesto@y p®8Cl FL
, which also potend&!l 9. 7BhnM)tsGlhehd@aK AXEL
roval for AML as part of a A7 + 3" induct
ndard AML regimen of cytarabine plus an a
e cytarabine (anot®AOarhesrt arLdraéri d sA NlLh attr ehaatvn

roved for clinical treat ment of AML inclu

pe’8y | ) .
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VEN, in combination witfdodecictydmirmad, naz a dhiatsi
approved for the treatment of adults with ne
intensive standard chemotherapy regi mens bas
feetsurpredi cting severe toxic side effects wi
regi M&EN. i s also being investigated in hundr
and other cancers, éA pperciinaarlyy menc hcaonmbsi nm actfi orn
VEN Bscell ul ar overaexoprtestdiidabh®lf ytfieoaitn MC
which, function2lbby mecimahasimyof oaB€CLlon i n ce¢
deat h2 BfCrL,ot ei ns, suchebasdaeBiloMsamatRAXsydhlru gy
VEN and GHLTD mMMAL ®B3emillsar findings have been
and colf%md utetsi,s phenomenoni ndsucdeude ,d dwn rpeag ul,
of MCLvia the ERK pathway, which bol sters th
a recompllyeted phase 1b clinical trial ( NCTO:

with refapsedfy AML reported i mpressive resp
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Figur e:

5&tlr.ulc.tlur e-8

Gilteritinib (GIL, 2)

bhht bt BanldVv BN e( FLT3

i nhil

@ .

s-ekpentd
reBCecrystal

tetrahydropyran
st rlu cgtr Lereens)

and

pi perazine
obf@ u(ifl edBo) L HPC la® @0 p

(ri3yhayan) bound to FLT3s rPiDBcdD:c &ljgur)ed Cho
type), rendered in PyMOL.
As previously indicated, given the disparate
clinical treatment regimens comprise combi na
called fApolypharmacy. 0 Polypharmacol ogy i nst
drugsidned to inhibit two or more target pro
l inking together I igands for multiple protei
together, and has been promoted as hypothet]i

combi natriugrs dfrom whi ch t he
benefits of polypharmacol ogy ar
delivery of both |Iigands to a

bot h st, aragat

i ncreased

pat
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the other hand, advantages of polypharmacy i
dosing of ndaohddraudg y,artgledt itnthe bsitroglse are gel
mol ecul es with superipod ylpih@a waiclya mialyi tbiee o1 ed
the two biological targets are |l ocalized to
describe our discoverigl bfhplot iy hmolmacol eg,) ca

their inhibition of ANMLtdel colmbneatian odmpydk

5.1.2 Design Rational e

As part -sfaomdingongter es2t fiamitlayr'gefe ipmgo tteh en sB
coupled with potential d¥#wanhsggeshetipeldypha
BC2/FLT3 inhibitors created by tethering VEI
than either of the parent drugs al one. Howev
surface of th2 icselllgc athecd bwi, tBn@ien dtild not antii
dual i nhi bitors would outperfaormithe, cembiamea

simultaneous occupation of both these target

transient inhibition of FLT3 exemartoedtleul ar |l vy
BC within the cell is -lademd/adre &'dt°dwavtng eRluN
Rat her, the greatest benefit of a polyphar ma
not be observed until c¢clinical evalwuation, t

patient compliance with the pol yeyglraremdcdloogy

dual FLT3' %t mthsdi morsgcul es encompass a single
targets, whereas our strategy involves the I
mol ecul e. Moreoever, to t henobwnenstduoafl oBuaQL know

2/ FLT3 inhibitors reportedcrinstale stitectatue®
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VEN wi t>h (BB 1%, @a@®@dp(b) GIL with FLT3 (PDB
both cases tha«xpobBededamai ssl ovéneach inhibit
tetrahydropyran; GIL: piperazine; highlighte
where the tetherechi mbmaktuyedel gheér haue Bmpac
bi ndi ngFiagdie@)ib ylLo lodr knowlcadgd,alt bsdrreucitsurre
GIL bound to AXL, but we reasoned that, give
motif i s teixlpelsye ds aGrivld nitea nfaXly compl ex. Accor di
designed the potenti al 3p5Hiygplthraeg)na.chlidl.gd ciatl ic
recogni zed ekRpobsedepspkevamine of GIL |ikely
given the high mo) ecful talme sve idgyhM\8i d{fMWo | ecul es
1418 Da, in parallel, we deleted the piperaz
to produce hg&FI gume) Bwiltl2.slle wés 1IMN&4 [Da] .

The syntheses of VEN and SPAniawe heededep or
make only minor adjustments to those synthet

starting compounds for synthesis of our poly
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Dual BCL-2/FLT3 Inhibitors 3-5
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07 "NH,

Dual BCL-2/FLT3 Inhibitors 6-8

Figure:Dual .-2B@ELL T3 tar @81t dneosliegcnuelde st hr ough t et
BCL2 inhi bil)t oarndvBMe( FLP3 timrha bg It-etxlpadisre dq ol v e
tetrahydropyran medpecpevakyne moti f s,

5.1.3 Results and Discussion

Briefly, our synthetic strategy involved sub
sul fonamide portion of VEN with various 1| ink
previously sepobhestfoofarVYA N e lalthlc owtpiocum d s
were subsequently coupled toeoeHIbhearmd mmeemri al |
deprotected told&3cverspeampovends which were

coupling to'°®modified GIL.

Separately, in ord®@&b twe preegpeaded dtuca |l ma dihfiyoittho
GI'L by replacimpghyhei peBmpnaktewt etd pi perazin
modi fied GIL deritvative was | argely synthes
synt h% ®igs nni ngArwirteha catni oSh  wiltgh tfh eu oornolnyi twaoya rc
synthetic chemistry differed from the publ i s

conduct 8b-4Wwpt pbeldi Jdipnper azi-mmeet H-ynpsitpeewrd doifn 1
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yl)piperazine

t er mi nalt8e dvhGlcLth was

t

o

yi el d,

after mul 1 i

pl e subse

subseqwBé@rmBtcl tyo cfowrpr iesdh ttoh e

target -2AMUMRBLT3BCdol yphar ma&-8, o0 lroegsipceaclt iivreniyhi tDarad
6-8wer e synt hesiFziegdu raen a5l .olg.o3u.s2l y (
NO, NO; Y= RCO,H = HO__O
I F i F i N Ow § o
O\\(\S? O\\(I;I’ e} a §—Nf (/\/@/
NH, NH, NN !
9 10 11a-11c °
b: §—N{:)_§ [Nj
NO, NO, ‘
Y._O. Y.__OH
i Now ivorv /©/ e
o\fsl)/@/ o ofsn) o c §—NC>—§ O
O<_NH O NH cl
Y Y 12
R R W = Me or tBu
13a-13c 14a-14c
HoN (ONg H,N__O
H
OzN\QO\ vi, vii \@Q viii WLN\QO\
Fis 16 N WN "O\
K/NBoc Cl 17 N/\
K/NBOC
HN__O HN__O
i A 19§ x K 19§
CrNH CLN/\ NH CLN/\
O. 18 K/NBoc CQ/ 19 K/NH
Hg X = o
NN ) _ /_<
Xi Q _o 0 3 VeNi—HiK “GIL
— :< HN*§~Q/X\N/\ o s O
O NN % o NO, K/N\O HN/Q 4 VENE*NWHEIL
cl N N%H/\ o
\E);LNJEN 5: veméfNC>—/<ﬁH
25 07 NH, GIL

Figure:(5.)1.3GL IHM® AC, s-OHG-pRp p alndo | AcC,NH3 0
85 %;2W, CHQ,i )DNIHY CROI7,0 %4; 6 (hH DA AR C O
, DI PEA85BT, X6 v,

Li OHAH OO0 TBE1M,
carboxxl@Qat BMFK 50
(vii-Di)c IB6-edbtr oy | p3tcraarzbi onxea mi d e,

c. HCI |
EDCI

AC, ,161

(i xamidnhot etrahydropyran,

( x13m3c DI PEA,
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H,N o HN__O
O,N o o \©: K/N o
i ii ii ~
L N I N
\E:EF 0 K/NBoc WN \©:N

14 2|

O

B

ﬂgIL

6 VEN}
Wi —

Q /\ ° HN g X /@ 6 O
_ . M
N N‘@ﬂ &') N/\ HN 7: VENé—NH 4
Q L Y No, ‘N NM GIL
NN o
o H 8: VEN§—NC>—/<
° o

6-8 GIL

Figur e:(5-Blo-B3 .p2r aa@@neQMRK 50 AC,, 1408, PU3 B, (
Me OH, RT, 16 -DBi c [-@er, oy li p3icriaarzbiotxea mi d e , DI PEA
Dioxane, 110 A@amihemtre,t r&t%:dr(ipw) ah, DI PEA,
60%; (V)CHFRT, CAH bh3BRO B, PEWI,) HATU, -DMF, RT,
70 %.

We evaluated a representative compound from
pol ypharmacol ogi d€daleei mhhimpiettortd vien ka naeslel bi n
(Di scoveRXo6s propadass@glyl K)NOMEBE3 .tkhi s assay,
values of 0:BxX92 navhd olr. SYFEINM3 f wer &1l abser ved, ¢
with |Iiter@Navel vayhriSd CE&AmMPpIaaBE 46) al so

bound-2B@bt enkigolsy ,ofwiOt.h9 1 and 4.25 nM, respect
choice of an appropriate grafting site on VE
bound FLT3 much | esKibst odn@lOp taman 6CGI b M, wir els
Notabl y,6(t0@RM®Bgt ddtbailndd t3i ght e3 tahdrmotulyd It dnreg ¢
for BCWbinding was in the reverse direction;

weakerbiFLdi3ng affinities are related to poor

106



mol ecules (furthermore, no precipitation was
sol vxmpto smeed hly | pi perazine of GIL was not an o

preparing hybrid polypharmcologic inhibitors

Kg (nM)
Compound number BCL-2 FLT3
3 (CG-4-210) 0.91 R 0208 f
6 (CG-3-246) 4.25 RN 0.6B5K
1 (VEN) 0.39 N 0.08B
2 (GIL) NT 1.5 RN

Tabl e :BidadBnd of novel hybr-RdaodmpbilB8dend8en
cefifileendi tions, using DhsesayeRNBs KONOMES ¢
information, see Experimental Section

Next, our polypha+fGhdcealoonpioa nldygb wied eVENSt ed
met abolic/viability asSMayadqdaihmsmoFhe hdV#&s1hl
MOLM14 human AML cel l l i nes, whi-2haedch expr
FLT3 prTatbe ien)S’PfAdd.i2 i onal ly, we evaluated ou
VENesi st ant -2MVodelplr eBGL ng ( OE) ceallglisn,e ea eade | |
t o force el eRapedtleewnell seef ERGEri ment al Sec
Gl-tesi sutteamtt mel |l | i h*dsM@nomMl4ipa® eld, VEN or

each potently inhibited wild type (WT) MV4; 1
l'ite¥*8%wmr ¢e.ompari son, VENl|l @l teesswasfecei vR25 a
VEMN esi stant -2MVOIE 1cle IBGL a#ddl @l U eslsored fvead i 3/ ¢

the rQlsli st ant MOLMIheFGebkkealill ®. pol yphar mac
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(1:1 molar ratio) was more cytotoxic than ei

expected.

Consistent with our above rationale that pol
polyphar macol ogy in this context, each of ou
than the cocktail of the 2 parent drugs in V
compodanmisver e al most equi potent with VEN al on
that we have i1 dentified a desirable grafting
compod(n@a&2 1B CBG246)7(a@&E42) were more active
i n thee¥E&Ntant -2MMVXE 1cleIBGL Thi s highlights t|
GIL moiety in these novel hybrids, and may b
apopt otintd yBlid3 ot ei ns B loMvna nedg/ud ra t-# |bNhA |olf o oMCdL

which have been reported pt’@¥WPTohues lyi mint eeche p
activity of -GlhLe shey brovde Ic oiEpbunds i n the WT M
be due to weaker bindi3agb6t oand TBo  ®iviall y att e dr
cel | penetration owing to their comparativel
compounds were | ess -pesiesatanhalMOGML4i R6OhE €
although this was not unedpess$se@l bimesi uane

the gatekeeper residue mutation F691L.
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ICs5p (NM)

Compound number
MV4;11 MV4;11 BCL2 OE MOLM14 MOLM14 FE91L

3(CG-4-210) 337+ 167 209 1 84 1069 £ 303 10,000
4(CG-4-209) 040+498 907 £307 3333 £ 800 10,000
5 (CG-4-208) 1167 + 692 10,000 10,000 10,000
6 (CG-3-248) 547141 161778 2652133  1699% 100
7 (CG-3-242) 1074479 280 £ 261 5314+751 32841 501
8 (CG-3-245) 968 2 100 3224 £ 135 10,000 10,000
1(VEN) 287453 756 2 260 1700 £ 142 2008 + 69
2 (GIL) 147£27 5371126 257173 128 £ 22
1 (VEN) + 2 (GIL)' 26104 8700 16.4£08 63209

Tabl e :bnhi Bi 2oryspaofi nidMieé shy@MNC d compounds

witgpe (WT) and resistafihe muombmitna@aAMLoOooebt VE

was a 1:1 molar ratio, where each drug was
VEMI L hybrid compounds.

To verify that ntdlue edbgserdwed idmsgi n cel |l met ¢
from apoptotic cell death, the established c
GIL, flow cytometric analyses of Nl Lcell apo

hybrid cdnp@&umdé(adi@E246) in each of the above
l ines. As a posi tcievlel sc owmetrreo |t,r eMavide; dl 1wiWTh VEN
each), which induced a potent (95-8%) decr ea

| TAADel | s), revealing that essentially all o
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(AnnV+/)7AAD | ate (AnnV+/ 7AAD+) stages of apo
200nM of ei BhEB2TOPPOENALH6) al one mirrored th
of apoptosis, alFbgut et)d.. 4. BkwWieirore xafenapdpt o
by our n@lvlelhWHEIN d compounds confirms that t
AML cell lines via the established cellul ar

Consistent with this apapgt otfi ¢ hrseh amivemn dfyl
compaeumwds reducreasii it d hte - 2NN, 1cle IBGL and t he

resistant MOLMI4uF&9)bL 1c &I1.13B (
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A Control 200nM VEN+200nM GIL 200nM CG-3-246 200nM CG-4-210
a21%

2 1 Late Apoptosis [1.7%

1o*
o* iR
"
z
AnnexinV
B MV4;11 WT MV4;11 BCL2 OE MOLM14 WT MOLM14 FLT3 F691L
100 00T === m==mmmmmm
T————a
v
> 509
® \
o VENsGIL
= CG-3246
> © N -+ CG-4-210
T -Ix-_g-';_ T T T T T — T T T
0 20 200 o 20 200 0 20 200 0 20 200
concentration (nM) concentration (nM) concentration (nM) concentration (nM)
Figure: MMpbp3.o3ic cell death of WT and resi s

i ncubated with either 232N ,o#22@CGIM VENt tr &1
48 hours prior to AsmM/u/imleAtlD dabad dh i sngmp |Aen vea
pl ated for ndaalsedelals lai tceondrol to document

cytometric detr emltetds WIf MVUQ MM c¥| badstai ne
7AAD depict the gating strategy used to del
| TA-AD |l gampoptotic cell s (¢)or aanngde |vaatleu easp, o pA nont
(red values, AnnV+/ 7AAD+). Results of trea
confirmed the same pattern of induction of
dependendof aphoosBwmmathiowed . % viability (i
[ 7TA-AR1 | s) of WT MW4 ;0IE,, WIVAMALIMIBACL and FLT3
MOLM14 cells treated with 0, 20 or 2
5.1.4 Conclusion
Il n summary, we compared the inhibitory poten

t he -BCiLnhi bitor VEN plus the FLT3 inhibitor
sever al novel synthesi zedGlpLo Ihyypohra rdmaccoom pooguincd -
Whil ehybesd compounds r-Zbtianidniendg tahfef ipnoitteyn to fB C
compound VENpi ndieng &fLfTi3ni ti es were decrease
alternative grafting point, tethering of VEN
the enhor &®hd806s active site, may prove more f
compod(n@&210)6(aB46) represent potent novel

compounds, with an the expected apoptotic me
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warrant further investigation towards the di

inhibit FLT32.asFiweall aws BtCLshoul d be reitera

a polypharmacol ogical strategy aherleomnattedac g
in separate cellular compartments (or in thi
be realized only in a clinical setting.

5.1.5 Met hods

Chemi stry

Al | reactions warmre ege rgfl arsmevineien uadenm s ploar e,
ot herwise stated. Chemicals and solvents wer
puri f ittt aatMfCdoNMR spectra were obtained on a Va
spectrometer at 298K. Chemical shifts are re
referenced deoutrersatdad| s @glownTe niZis7, pe@k DKBEHC

2. 5d8,9.06). Low resolut)i ovierma 99 tsap exetde @ n( aRMA

mass spectrometer using electrospray 1ionizat
were obtained on an Aglient 6560 mass spectr
final compoompths | weree before biological evalL

Ceftee binding assays

Di scoveRx0s propEiet hapedl NOMBEscampetition &

guantitatively measures the ability of a con
actgivtete directed |igand. The assay is perfor
DNA agged kinase; I mmeodti | d gre@odn dr.anidh e aaaldi lai t
compound to compete with the immobilized | ig
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t he DNA tag. Fo¥r amgagsetd als/s gpyhsa,gekisnasad ns wer e
host derived from t he BL2plhasster aamd IiEnf eccotled w
phage and incubated with shakingged &RdAC unt
filtered to remove cell debris.-298ecekmsai nin
and subsequently tagged withcdDdlAetiomagRERI de
beads were treated with biotinyl amed small n
temperature to generate affinity resins for

bl ocked with excess biotin and washed with b
BSA, 0.05% Tween 20, 1 mM DTT) to-remove unb
speci fgc Binding reactions were assembled by
affinity beads, and test compounds in 1x bin
0.05% Tween 20, 6 mM DTT). Test compounds we
DMSOgs Kver e deitnegr rpioniefidb luBs compound dil ution s
three DMSO contr ol p @menatssu.r eAnhel n tcso nmaproeu nddiss tfroir
acoustic -toahaterd{Bspensing) in 100% DMSO. T
diluted directly into the assays such that t
reactions perfor maeve | il nEpgbcaht yypar so pay | feinnea I3 8401 um
ml . The assay plates were incubated at room
affinity beads were washed with wash buffer

thesuseended in eluti dwedonufdMe,monb% oRB 3,y | .t &5

affinity |igand) and incubated at room tempe
kinase concentration in the eluates was meas
Cel | cul tures
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Pediatric acute myel oi d He unkdemgidae mied | l i nes
rearrangements were obtained from either ATC
(Branschwei g, DEUW)7 7( MDCELMVZL; 4 , Mg @QQL,, ATORA) .
MOLM14 FLT3 F691L cells were a gR2fOEfceiml ®r .
were generated via |lentiviral transduction u
LV86-DA foll owing manuf act ur €rad so pgeuni dreelaidn ensg.
frame ( ORWas 7az2ndpblpi)f see cwif i (cB @le h2a2&F3IS - 506
CTGAGAATTCATGGCGCACGCT &SB3GC AGAA B4R a-0FEO6
CTGAGGTACCTCACTTGTGGCCCABATAGGEEBEALEB4 human | e
cel | cDNA by PCR, and then cloned into pMJK2
using EcoRI andzyKmwenlsirteesst.r ipcMJiKo2n2 4e3n i s a bi d
promoter |l entivector including2ahexpFéasand
l entivector, the EFla pr o2reot@RF,d rwhveerse aesx ptrhees
promoter dri ves elxuporreessscieonnc eo fp rtohtee ignr e(eGF Ff) a
resistad@ncgef®sroLentiviruses (LVs) were gene
described®PhevB6ODElI YV was validated in MOLMI1
GFPhy the puromyci-hobdl enti-»dagreati enihB&ILbv el s
compared to WT MOLM14 cell s. Before proceedi
apoptosi s/ deat h-2asCskEa ycse,| | MV 4velrle BE@lht air eidn g n

medi a WwWntGFIP >95

Cel | l ines were cul tured 1D 4ROP/NI 1c6odnt amend inag (
10% fetal bovine seruim0fé GCeandi pBso®geduciwisc &

mai nt ai n c-uh agreoenst hi.n Upoogh recei pt , cel |l Il i ne.

114



mul tiple aliquots-conyapmesngr mediium DMSOhe ve
l iquid nitrogen. Cryopreserved cells were ge
mycophlhaesgmaa i ve prior to cryopreservation. Ce!

were cul tured -4f ommonmtohsmore than 3

Cel | metabolic/viability assays

Cel | metabolism/viability was assessed by al
DAL1100) according to manufacturero6s gui del.i
compound were combined in culture for 48h. C
reademt a mini mum of 5hr before absorbance wz¢
X3. Reads were normalized to the correspondi

| € wer e generated in Pridmnea@GadpmPgdr by mo

vari ablleopki)l lagainst | og(inhibitor) vs relatdi
constraints were set to 1 and 0, respectivel
Cell apoptosis/ death assays

2.5%%k0 1 s were stai-amidnowadcthi Aomgxin B/ AnnV/ 7
(Bi oLegend, SantDdx3Py®d), pECAr #maBrLDf act ur er s gu
assessed using either a Becton Dickinson Ca

gating were Pleowlbogned wyt mmetry analysis sof
Vi able cell counts

Vi able cells counted wusi ng01la0 &Ne xaafettecrom K2 c e
manufacturer s recommended staining protocol
iodi de.
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5.1.6 Experi ment al Procedur es

Gener al Procedure A: Nucl eophi [lil&dl)ar omati c s

To a stirr4fnilgusrodt utoibemzemesul fonamide (1.1 €
KxCQ( 3.0 eq) and the selected amines (1.0 eq)
RT for 16 h. Reaction compGieMe OHOMIHS monitor
92:7:1). Upon compl etion, the reaction mixt
with water and the product was extracted wit
combined and washed witf WwWalMdrHCI3x)satamdatad
NacCl, t hen Sd@ainedd cowecde nfia@ adr yness. The crude
adsorbed onto silica gel, then purified by f

CHCY Me OHLONH 92: 7: 1.

Gener al Procedure B: S&l3mwm3hcami de coupling to

To a stirring sollultdloimdlpcf 1t 0 eglqgudfbDMEaRiI alei q
141.0 eq), DMAP (1.0 eq), EDCI (1.3 eqg), anc
reaction was stirred at RT for 16 hrs. React
(CBY Me OH/ Ac OH, Sd:mp:l k). olpom.5 eq of N, N

di methyl ethyl enedi amine was added and the re
mi xture was t h€handdi spsaoritvietd oinne dCHvi t h 10% aq .
product was eQH(r3xgt.ed hwi tor g@hi c | ayers were
with 10% aq AcOH, 5% talge rs ad sBiad ecdc éNra 3Dt r at e
to dryness. The crude material was adsorbed

chromatographyCi¥MaOkOhl 7Wi: 9h 1M EdK3ecl i ver
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Gener al Proceediat€@d HATE3i ng reactions (

To a solution of the carboxylic acid (1.0 eq
and HATU (1.2 eq) and stirred for 15 min. Af
eq) and additional 1.0 eq DIPEA pewrdCl | TF
was stirred at RT for 16 h. Upon completion,
Et OAc and partitiomaddwi hke pavbduatewwabaHKLOTr a
Et OAc (3x). The organic | ayers were combined
NaHGOawer (3x), and satur@@amnd Nacn ¢ enthreant @d i
dryness. The crude material was adsorbed ont

chromatographyCi MeOHOPHWEBh7 CH.

4f | udmriot robenzenleB2fll fummaomiide obenzene (3.73 m

eq) was added to a flask to which chlorosulf
dropwise. The flask was heated at 95AC, and
was all owed to retuAnmitupn®Orof 8pmeat HE M)

i sopropanol (115 mil0AX.37Me wasacdoolinedni txa ur e
sl owl y1@ACtfhleask after which the final mi xtu
mins. Conc. HCI (10pwLs ed83d ibavi) feyw atsh ea ddeeldu tdir on
caused a yellow precipitate to form. The res
with cold 1M HCI solution after which the so
without further plueidommaeuma. tEOyglilddw $dlei d,
NMR (500 MHEZ,= D#MS5® £ 7 Hz, 1H), 8.20 (d, J

10 Hz, 1H) C7NMR (4002MMHzz 1DIMS B, 138.8, 138

125. 4, 125. 2.
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tebut yli #4201 f amoy | ph@d)edl)ygeli ybeeitnyabtree st er

hydrochloride was reacted on a 4.13 mmol sca
deliver the title compodnNMR (400 oMHZ=0!| DRMSOY
8.71 (s, 1H), 8.52 (s, 1H), 7.87 (d, J = 9.6
4.26 (d, J = 5.Z2CTHXNMR2HX001M#4 3= (156M8S.@BH) ;146 . 5

133.1, 131.3, 130.3, 124.9, 116.5, 82.3, 45.

met hiy@n2i Msol f amoyl phenyl() Bbha momheetpd mmnioataci d

met hyl ester hydrochloride was reacted on a
Procedure A to deliver the titH &MKRompO®Ond. (
MHz, &£DC+ 8, 7PHY, 8.38 (s, 1H), 7.91 (d, J =
1H), 5.16 (s, 2H), 3.68 (s, 3H), 3.38 (q, J
J = 7 Hz, 2H), 1.6T7.42, (%W MW 44EDGNMHE), 1.5

= 169. 4, 142. 6, 128. 4, 125. 6, 123. 3, 122. 0,

tebutyi¥Msol famoyl phetwwnlr b p ikpliciaetbdt tnyel

pi pericairbexyl|l ate hydrochloride was reacted
Gener al Procedure A to deliver tHe NNMRI e con
(400 MHzO BMS8OLYHY, 7.85 (d-7.38=(&, 83Hy, 3HY
2H), 2.98 (t, ¥2.=311.m, HzH) ,2H).,862.(48 J = 11
10.7 Hz, 2H}E NMRB9( 4GQ MH2)=; 1DMS.O7), 3U4 7.9, 13

131.2, 124.8, 121.6, 80.3, 50.3, 40.7, 38.1,

tebut (INL AN rrobppeHBUH) d&k4 Y-cAh | -6 pdbi met hyl

3,4-1 8t 6 ahlyirmh@ply) met hydl-yp)benawy-B) sul f amoyl

nNitrophen@2@glaacsi maetaet ed on a 0. 272 mmol S C ¢
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Procedure B to deliver the tiHl &IMRomhgo®ONnd. (
MHz, DMS®) 1s1,. 71H)(, 11.39 (s, 1H), 8.77 (t, J
(s, 1H), 7.88 (d, J =7.9506 (Hu, 2H), 7..58 (s,

7.06 (d, J = 8.4 Hz, 2H),86498z,(dlHY, =6942
6.20 (s, 1H), 4.23 (d, J = 5.6 Hz, 2H), 3.10
2H), 1.97 (s, 2H), 1.47 (s, EH)NMRL.(40O0(t, J

MHz , DMS©®) 168. 7, 164. 3,6.0958.1445.1055 .101,2. 447 .11,
132.6, 131.3, 130.5 (2), 128.5 (2), 128.1, 1

60.1 (2), 52.4 (2), 46.9 (3), 45.4, 35.2, 29

met hiy@(4N72 (o rro-bpp2H65BUH) dk§ (-cAh |- rdbi met hyl

3,4-1 8t 6 ahlywirmh@py) met hydl-yp) pbenawvy-B-) sul f amoyl

nitrophenyl ) am2lidwhsept aaoted on a 0.525 mmol

to General Procedure B to deliver Hhe title
NMR (400 MHZ,= DMISOL™MH)(, 11.-895@ s(m1HIH) 8.8&301
1H), 7.78 (d, -FJ.459 (2, HBH)1HY, 32.5%5@,8 J = 7.¢
Hz, 3H), 6.65 (d, J = 9.6 Hz, 1H3.3®6.@3m, (s,
4H), 3.05 (s, 4H), 2.72 (2s.,12H)m, 26.H)8 (1t.,9 3]
1.8949 (m,-1.43H0 ,(rmh, 39HIE NMPO( 460 MHi2=; DMSO)
173. 8, 158. 2, 155. 0, 147 . 6, 147. 1, 145. 8, 14
129.9, 128.5 (2), 128.1(2), 126.3, 120.2, 11

51.6, 47.0 (2), 46.8,8.452. RB546., 254A8. 3, 33.6

tebuty¥4 N2 (‘b rrobppgHpd) a4 )Y-cth|-6prdi met hyl

3,4-1 8¢t 6 ahlyWirmh@py) met hydl-yp) pbenawvy-B-) sul f amoyl
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ni trophenviclhapibpdnlicthitames reacted on a 0.525 mj

according to Gener al Procedure B to deliver

85%H: NMR (400 MHzs ®IMSADOH)(, 11.26 (s, 1H), 8.

1H), 7.80 (d, J = 8.8 Hz, 1H), 7.50 (t, J =
9.6 Hz, 1H), 7.02 (d, J = 8.8 Hz,(s2H)LH)6. 65
3.3123 (m, 4H), 3.06 (s, 4H)),, 22.948 ((tm, J = 1

1H), 2.21 (s, 4H), 2.12 (s, 2H), 1.93 (s, 2t
Hz, 2H), 1.39 (&, NMR) (4009DHg¢=s ,ID/EBEY), 164. 6,
158.2, 154.9, 148.5, 147.1, 145.9, 142.3, 13
128.6 (2), 128.2, 127.4, 120.8, 120.3, 118. 3

(2), 46.9 (2),8408,4283%5,2282D, 29.8, 2

(4 N2 (DbNrrobdpgHBUd) d-k4 Y-cdth|-6 pdbi med h4-| 5, 6

tetr ahlydirmh@py) met hydlyplpenamy-B) sul famoyl )

nitropheyda J@dsy7cdi nneg, 0. 623 mmol , @4 0 eq) wa

(0.1M). 4M HCI |/ Dioxane (0.1M) was added to
h. Reaction compl eti opChwMesOHYoAd @H,r ed2 :vi:al )T.L C
completion, the solvent wawag eanbdedl amderema
under vacuwdrh tDo okrainee wi t hout further purifi
compound. (yell owHd sNoMR d(,4 Oy0 eMitizs= 188MSBEH ) (,

11.69 (s, 1H), 10.79 (s, 1H), 8.78 (s, 1H),

1H), 7.61-7.s48 LHY),, 2M)51 7.37 (d, J = 7.6 Hz,
6.98 (t, J =(WQ.2 Hz,8.B8BHMHz,6.169, 6.41 (s, 11
12.8 Hz, 2H), 3.50 (s, 4H), 3.25 (t, J = 11
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1.98 (s;1.2H) ,(m,. 2HIE NMP 1( 4 BQ MHZ=; 1D/MS. (),
164.0, 158.2, 154.1, 147.2, 146.7, 145.1, 14
128.1, 128.6, 128.0, 122.5, 120.8, 119.3, 11

52.7, 50.8, 47.19.44.28.84. 26.43.8, 34.8, 2

7-(C(AN2 (DPHrrobdbpeHbBH) dkHf -l 1-5 rdbi me3 h4-I 5, 6

tetr ahlywirmh@py) met hydl-ypb)pbenawmy-B) sul famoyl )

nNitrophenyl ) am{@rd) he3pdtla nnogi,c Oa c3i7dd mmol , 1.0

di ssol ved :O0n( @.: IMTHFLIHt hi um hydroxi de monohy
6.6 eq) was added and | eft stirring at RT fo
TLC C#HMe OKD,H 79: 9: 1. Upon completion, stoich
was added ttoe nreawd ataildmeemi xture while stirrin
di ssolved in Et OAc and partitioned with wate
acetate (3x). The organic | ayers>,P@ere combin
(2x), thenSGane@dcoveentNmated to dryness with
yield the title compoulid NMRYy é€KUIDOwWMslat i DMSPY) e
11.89 (s, 1H), 11.66 (s, 1H), 11.39 (s, 1H),
1H),-774%0 B3H), 7.32 (d, J = 7.6 Hz, 2H), 7.0
Hz, 1H), 6.36 (s, 1H), 6.17 (s, 2HX2 Im31 (s
8H), 1.93 (s, 2H), 1-1531(6m, 2HHIE 1OMPO(6s, 26
(400 MHz O BM3IOH. 9, 158. 2, 155. 0, 147. 6, 147.
132. 5, 131. 3, 130. 5, 129. 7, 128.5 (2), 128. 1
(2), 60.1, 52.5 (2), 47.0 (2W,)(#2628.,54229., 6 4

24. 8.
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1- (4 N2 (DNrrobbdbp5Bd) 4% (-cAh 1-6 rdbi med h4-1 5, 6

tetr ahlydirmh@py) imet hydlyp)lpenany-B) sul famoyl )

nitrophenviclapibperyl dd@sxd@ mg, O0.532 mmol , 1.
di ssol weid OiMMJH Trifluoroacetic acid (0. 1M)
l eft stirring at RT for 2 h. Reaction compl e
(CBY¥ MeOH/ AcOH, 92:7:1). Upon completion, thi
vacuum xgwdsCHEGHeadvedhdunmckcer vacuum to drive o
further purification to yield tlWeNMRt|l e comp

(400 MHzj BM3I®@) M8 ZH), 9.34 (s, 1H), 8.30 (s

(d, J = 8.49.HZ, (inH) 3Hy.,60.42 (d, J = 8 Hz, 2
7.11 (d, J = 7.6 Hz, 2H), 6.s7,4 1H),, J3.=68 .(6s,t
3.60 (s, 2H), 3.31 (s, 4H), 3.04 (t, J = 10.
2H), 2HOA4 1s922(d, J = 11.6 Hz, 2H), 1.67 (q

(s, '8HNMR (400 MHz= 1IDMSQ) (2), 164.0, 158. 3,
146.7, 146.0, 137.7, 135.7 ,132.8 (2), 132.2
118.6, 109.6, 103.2, 100.5, 58.4, 50.9 (2),

25. 2.

tebut YL 4dni-2rmet hoxyphewyl ) pmi plaraardhi omepl. at e

To a stirrN-Bagpismdmudziome ofl g, 5.37 mmol , 1.0
(0.2M) under nitrogen gas, was added DI PEA (
benzyl ox¢pgiapdoingdne (2.51 g, 103(7AB .mMnMolg,, 2eq)
16. 1 mmol, 3.0 eq). The reaction was stirred

monitored XY aMeTOIHEONHCH 2: 7: 1) . Upon compl eti o
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mi xture was t h€handdi spsaorltvietd oinnedCHyndht et ur at
product was e@Qi(r3xgt.ed hwi tor g@hi c | ayers were
with satupatwadt eNaHGX), and satias@Qanhdd NaCcCl ,

concentrated to dryness. The crude materi al
flash column c¢chr omaXC¥ gwweadOHIOMNHe [1Wt2i: n7g dwittoh yGH
buty¥ (benzyl oxy) c-&ylblmiyplochaar sghionxey d ian e. (I i ght
oil yiel dH =NMRB %) 500 MHz, -77CB@BI GH), 5.12 (s, 2F
(s, 2H), 3.42 (s2.461)( m21 389 ((srh, 86B}& 21 486 (
NMR (500 MHz,= ampaél. 3, 154. 9, 137. 0, 128. 6, 1
49.1 (2), 43.6, 28.6, 28. 2 H:M®MS40BSRH; m/ z [
found -butyHTeretnzyl oxy) c-&y lbo miy plechaar zbieonxey d ian e

(1 g, 2.48 mmol, 1.0 eq) was dissolved i n Me
(@0 mg, 10%wt) was added. The stirring solut
gas for 10 min and the reaction was stirred
monitored XY aMeTOHONHCH 2: 7: 1) . Upon compl et i
vacuum filtered through celite and washed wi
without further pwt ifpii gdattyildnp ntplecryaizia dndey It 2 ¢ .

(l'ight yell owtHoNMR ¢ #6Dd)MiHzZ=9 8HDI@IHY, 3.21 (d,
12.4 Hz, 2H), 2.64 (t, J = 10.2 Hz, 2H), 2.5
= 12 Hz,-12#6,( AE 5MR) ( 400 3 NiHz=, 1GDCI0O, 74.8, &
46.8, 44.023.20.90 @4s Ok Ir u-b-migt rsod ruitd wlne o(f 3 £7
2.02 mmol, 1.0 eq) iICR(BMB (Mg5 mM@L,4 30 .mmbM),, 1K :

tebdut yYlpi eyl g ipn plecraarzbionkey 0 @t mg, 2.23 mmol , 1.°
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added. The reaction was stirred at 50AC for
TLC (hexanes/ Et OAc) . Upon compl etion, the re
and partitioned with water and the product w
| ayers were combined and wwastheerd (wWixt)h, saantdu rsaat
NacCl, t henSd@ainedd cowmwerenla ated to dryness wit!l
yiel-bdut-¥f t2de t h-Brxiyt r o p h e n-4y |) )pp ip [Elecriaal zbimnxey | at e

(yell ow sol ild, NMRe( 5106 aVilA2s) dAdP@BCI (= 2.5, 8.5
1H), 7.69 (s, 1H), 6.88 (d, J = 9 Hz, 1H), 3
4H), 2.72 (t, J = 11.8 Hz, 2H), 2.54 (s, 4H)
Hz, 2H), 1.74 (q,sd BHNMR7 (BD,0 Nz, U6 ,

151. 3, 147 . 8, 142. 0, 117. 9, 117.0,t ér0t6 . 7, 79
But (K et h-&rxiyt r op hen-4y ) )pp ipEleca amd onxel ate (600 n
1.43 mmol, 1.0 eq) was dissolved in MeOH (30
10%wt) was added. The stirring solution was
min and the reaction was st ir rRedacatti oRiT for 1
completion was moGd MeOHONMI 82TEZLC1f CH Upon co
the reaction was vacuum filtered through cel
and crude product without furthéert pyerlilfoiwcat i
oil, yiéeH dNMR 90020 Q MHz=, 6CO®I £ 8. 86 Hz4 1H), 6
(m, 2H), 3.-8240s( mM3MHBHQ 3( ”EI5BHY ,( rh,. 86H), 1.4
9HYE NMR (400 gMiHz=, 1GDCIO, 148. 5, 137. 7, 129 . 2

74.8, 57.5, 50.6, 46.9, 44.1 (2), 23.7, 23.5
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tebut ¢4 44c3ar b abeohyi IBetohy | 2yt 3 a2k n o)

met hoxyphenmyl ) pi plaraadbiodEpTat a st irring sol ut

Di ¢ h-6-eotr oy | p3carzbhoxami de (175 mg, O0.793 mmol ,
mL, 0.1163M)0 mg, O0. 793 mmol , 1.0 eg) and DI PE
were added. The reaction was stirred at 110A
monitored XX aMeTOIHONHCH. 92: 7: 1) . Upon compl eti
mi xture was dissolved in Et OAmxmnand hpa mptriotdiuan
was extracted with Et OAc (3x). Twetbrganic I
saturated whaHQO (3x), and satadd@anhdd NaCl, th
concentrated to dryness. The crude materi al
flash column c¢chr omaXC¥ gweadOHIOMNHe [1W4t2i: n7g lwittoh yGH
title compound. (vyé&H INOMR S oA4lODINBHDI, &l d 1086 %) :
(s, 1H), 8.20 (s, 1H), 8.00 (s, 1H), 7.25 (s
Hz, 1H), 3.B730s{mM3HPH)3. 25782 .(446H)m= 7.5 Hz
2.31 (s, 1H), 1.76 (d, J = 11.2 Hz, 2H), 1.5
Hz, ¥H)NMR (40DODM8KH,= 168. 5, 154. 2, 152. 5, 14
137. 8, 134. 1, 125. 1, 118. 8, 112. 3, 105. 1, 79

12. 4.

tebbut ¢ 44c3ar bareaiiy ( t et Rathwrdaymd ) ami n@) pyrazin

yl)a#meobhoxyphewyl ) pi plearaardhioamdEyTat a stirring

solutligoda5®fmg, 0.609 mnolImL,1.0. lexyM) ,i nwaNsMPad d
aminotetrahydropyran (252 mL, 2.44 mmol, 4.0

eq). The reaction was stirred at 150AC for 1
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TLC {L®¥HIe OHONH 92:7:1). Upon completion, the
di ssolved in Et OAc and mpandi thenedowdiutch svatu
extracted with Et OAc (3x). The organic | ayer
NaHGO water (3x), and satisQanddcbdaC€entthaeadd
dryness. The crude material was adsorbed ont
chromatographyCie MeOHOBHBHWILOR: TH1 to yield the
compound. (ydl Fo@&H $pMR d(,4 0® KNHID) , = 1s1,. 00 (

1H), 7.50-7(.52,0 XH),, 2MH)2567760(Mms, 2HH) , 46182 (s
(d, J = 9.2 Hz, -32H)8, (3an,7 B H)s, 23H)62 (337D = 7
(m, 6H), 2.-2976s( MI-HPHIAH)R 26158 38 (s, 9H), 1.
Hz, ¥H)NMR (40ODM8HEH,= 170. 1, 154. 2, 152. 7, 1°¢
135. 8, 131. 9, 118. 7, 112. 0, 105. 2, 79. 1, 6 6.

(2), 24164.17. 7,

6-et Y knBe t hd(x4yp i p elryd A ipn fh-elr ) Pdh@anyp{ Y ami nahydro

2Hyr-Zaynl ) ami n o2cpayrrbaozx(b®di d&£70 mg, 0. 305 mmol ,

was di ssoeliy®d1liMp.CHrifluoroacetic acid (0. 1N
and | eft stirring at RT for 2 h. Reaction co
(CBY Me OHLONH 92:7:1). Upon completion, the s
vacuum without further purification to affor
94%H: NMR (4 @@ MBHR , = 181 . AH)(, 7.57 (s, 1H), 7.
Hz, 1H), 7.2818s{mlHRH)7.6586 (d, -3.856.8 Hz
(m, 5H), 3.54 (.d3%9.B2=(1). & 0H), BHOY,6 Js, 2H),

2H), 2.15 (d, J1.=8210(mM, H¥H) 2H). 64 .08, J = 11
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Hz, 3¥H)NMR (40DOM8HB,= 170. 0, 159. 2, 158. 8, 1°¢
132.8, 120.6, 11/7.7, 114.8, 112.4, 111.6, 10

25.9, 24.7, 11. 3.

3( (M4 4 (42 (brrobbpgHRPU) dk4 J-clh|-6prdbi met hyl

3,418t 6 ahlyirmh@piy) met hydl-yp)benamy-B) sul f amoyl

nNitrophenyl )-BJly)cpyil-frekdipeitr ma@x ynp h ebreyt HByd mi n o)

(tet r-2kpwdvae ) a mi n o2cpayrrbaozx(Znneideel 01) 3anid8

were reacted on a 0.0803 mmol scale accordin
title compound. (vyé&H INMR S AIDNBH, el d 1681 %) :
(s, 1H), 11.21 (s, 1H), 11.00 (s, 1H), 9.04
7.6 Hz,-7TLH)5, (Mm,58H), 7.31 (d, J = 7.6 Hz, 2]
1H),-77002(m, 4H), 6. 816 ((dd,, I = 77..66 Hz,, 1UH)),,
Hz, 1H), 6.35 (s, 1H), 6.17 (s, 1H), 4.26 (s
3.79 (s;3.3K) ,(mM. %) ,-235863( Mms21aR) ,(m2. BH) ,

1.92 (s;1.8R),(m,-18%41Q ,(rm, 62H) ,-11185(Mms, 4RAH), 01
(s, '8HNMR (40DM@H),= 170.1, 165.9, 158.1, 15
150. 6, 146. 3, 145. 7, 142.5 (2), 136. 7, 135. 9
129. 7, 129. 3, 128. 5, 128. 0, 127. 5, 120. 2, 11
100.4 (2).,86660®. 12)5661, 52.5, 50.9 (2), 49.
35. 3, 32. 6, 29. 3, 28.4 (2), 25. 6, 24. 6, 11. 4

Cekl7€1 IMD1& = 13838.6868und = 1348.5840.

( (M4 4-1 (N2 (DPHrrobbpRHBUd) dk¥ )-clh1-65F5

di med h4-1 8t 6 a[hlyWirmh@p i) met hydl-) pi perazin
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vyl )benzoy-Poistudl damerwyl)) ami nd-yhept-pgwByd) pi per a

met hoxyphebrewlibydnmientodadthwrddaymd ) ami noe2 pyrazi ne

car box@émided A)3dbnd&ver e reacted on a 0.0803 mm

to Gener al Procedure C to deliver Hhe title
NMR ( 40 @-DNWWHB2Q)) = 1s1,. 61H) (, 11.-®147s(m1H2H) 8.B.09
1H) 7.74 (d, J-7=48B. 8mHz4HLH)7. 3150d, J = 7.6

Hz, ,1H) 20 (6,983 H()m,6/.4M83, (@, 8DH), 6.64 (d, J
6.34 (s, 1H), 6.18 (s, 1H), 4.10 (s, 1H), 3.
8H), 3.02 (s, 4MH)44 2(B,9 YGH) 2H). 2106, J = 7
6H), 1.091-1(.57,8 2AHy),-1 4HI8 4 b,-16.83HQ , ( rb,-1368HF , 1. 20
(m, 4H), bE 8WMR s(4GBEMSKY,= 170.9, 170.1, 157
152.2, 150.6, 147.3, 145.7, 142.%1.B36.7, 13
130.5, 129.8, 129.4, 128.5 (2), 128.0, 127.7
109.3, 105.2, 100.3, 66.9, 61.8, 60.1, 56.1,
46.8, 45.3, 42.9, 41.3, 35, 325.3®, 625.32,. 524 .28

HRMS (ESI) m/z [MegH} ScHE4 8. 6®34,C found

14

F(E(M441 42 (DPHrrobpp2HBU) d-kg Y-AH1-6r5

di med h4-1 8t 6 a[hlyirmh@piy ) met hydl-) pi perazin

vi)Ybenzoy-Plistul dpmeyVitap bpeari dph Peir@ei ndi n

yI3met hoxymiheeepm HHyd t et R2adhwrdayd ) ami nod pyrazine

car box(@mmidedd 8)3and&er e reacted on a 0.0803 mmi

to Gener al Procedure C to deliver Hhe title

NMR ( 40 @DWISzQ)) 1=1 . €5 {H), 11.01 (s, 1H), 8.20

128



7.75 (d, J =-7848 dm, 4H), 7.83 (d, J = 7.6
1H), 7.20 (s, 1H), ..1949 ((dn, JIJBH) ,9.62 8Hz ,( di H)J,
6.76 (d, J = 6.8 Hz, 1H), 6. 614H)(,d,4.J10= (8s.,4 1t
3.9 (d, J = 8 Hz-3.BH) (m33239 (6mM, 3@N), 33502 (
2.87 (s;2.48) (nm2277H) ,( M@, 1dH) ,-11892(Mms-, 4RH), 11
1.61 (m, 8H), 1.351.(1t5 (ImG. S MMRE K400 1. 20
MHzd-DMSQ@) = 172.9, 170.1, 157.9, 154.5, 152,
136.6, 135.9, 135.6, 134.8, 132.7 (2), 132.0
127.0, 120.5, 120.2, 118.8, 117.9,9,112.1, 11
60.1, 56.1, 52.5 (2), 50.7, 50.3, 49.6, 49.0C0
29.3, 28.4 (2), 25.6, 24.6, 1HsCH4 M BHRMS (ESI)

1402.6321; found = 1402.6308.

tebut -y mi-22met hoxyphen¥%darmb pwWhattemest i rring

sol ut tFdu-6anfot 2 oani sole (1.5 g, 8.77 mmol , 1. ¢
KxCQ(1.45 g, 10. 52 -Bhonco Ip,i ple.r2azegn)e anld 8N g, 9.
were added. The reaction was stirred at 50AC
monitored via TLC (hexanes/ Et OAc). Upon comp
di ssol veddi paEt OAcoard with water and the pr
(3x). Thayemrgamwiec e combined and wasshed with
water (3x), and sat unrS@aendd Nao(lc,e ntthreant eddr iteod do
without further fput iy fiedahtdixoyh r o heinglh o pi epet a z
carboxylate. (yelHoWMRo ([ b GsD MBHB | = ddEd @520 :

= 2.5, 8.5 Hz, 1H), 7.69 (s, 1H), 7.02 (d, J
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(s, 4H), £ NMR({5090HV@HD,= 159.2, 156.1, 152.
122.5, 84.4, 61.4, 54.6 (2), 183M%k= LRMS (ESI
337.2; found = 238.-Hutlyine4 h-ékyBoc group). Te
nitrophenyliclapibperyd aitree (400 mg, 1.19 mmol , 1.
MeOH (10 mL, O0.1M), after which Pd(C) (40 mg
solution wagh fwiutshh ehdy drhogeun gas for 10 mins
at RT for 16 h.w&s amdrn iotno rc@ddpMied HOBNKE ( CH

92:7:1). Upon completion, the reaction was
with MeOH to separate Pd and crude product.
silica gel, then purified by flash @ol umn ch
afford the title compoHindIMR(bUlAOK)MBIEZ| i GDCYi e
6.75 (d, J =6726 Hdm, 2H),-385B8 (s, 6BMH), 2396¢
1.49 (&, NBMR) (400 MiHz 15G6DC|, 148.6, 138.2, 128
95.2, 74.8, 50.6, 46.6 (2), 2BNDi= LBRAMS 2CESI )

found = 208.0 (loss of Boc group).

tebut Y4 (cBar b aGrohylibetohy | Pyt &a 2aih no)

met hoxyphen-$d3drmb pWwhatiemest i rri g cshédlourtoi on of

et hyl p3carzboxami de (200 mg, 0.909 mm®l, 1.0
(279 mg, 0.909 mmol , 1.0 eq) and DI PEA (318
reaction was stirred at 110AC for 16 h. Reac
(CRBY¥ Me OHONH 58: 7: 1) . Upon completion, the r

in Et OAc and partitizanddtWwet prosduct ativad HNaHC

Et OAc (3x). The organic | ayers werze combined
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water (3x), and sat urS@aendd Nao(lc,e ntthreant eddr iteod do
crude material was adsorbed onto silica gel,
chromatographyCie MeOHOBHBHWILOR: TH1 to yield the
compound. (dark vyelH oNwWR ol 4 G MBHIEe,I=d 14 . DR %) :
(s, 1H), 8.20 (s, 1H), 7.98 (s, 1H), 7.27 (s
Hz, 1H), 3.78 (s, 3H), 3.42 (s, 4H), 2.85 (s
1.23=(%.,4JH2 ,NMRI)(40DOMSHY ,= 168.5, 154.3, 15:
147. 1, 141. 7, 137. 0, 134. 6, 125. 2, 119. 0, 11

12. 4.

tebut Y4 (cBar baeaviiy I( t et R2dhwredayd ) ami n€-) pyrazin

yl)a#merohoxyphen¥dadmhpWlBatiemest i rr2hg sol ut i

(250 mg, 0.509 mmol, 1.0 eqgamimotNMPr a&bydiLopy
(210 mL, 2.04 mmol, 4.0 eq) and DIPEA (355 n
stirred at 150AC for 16 h. Reaction compl et
(CBY Me OHLONH 92: 7cdmp!| &tpioemn, the reaction mi)>

in Et OAc and partitizanddtWwet prosduoct atvad HaHC

Et OAc (3x). The organic |l ayers wersze combined
water (3x), and sat urS@aendd Nao(lc,e ntthreant eddr iteod do
crude materi al was adsorbed onto silica gel,

chromatographyCie Me OHLOHEHWDR2h7CH to yield the
(dark yell ow sdl NMR {4 @DdN8Bz 60 %6l . AAH)(, 7. 52
(s, 1H), 7.29 (d, J = 8 Hz, 1H), 7.21 (s, 1F

(d, J = 6.8 Hz, 1H), 4.10 (s, H)35 3.m0 (d,



6H), 2.84 (s, 4H), 2.56 (d, J = 7.2 Hz, 2H),
2H), 1.40 (s, O9H) !TINMR (4 06DMSHED) 7= 21 7Hz.,1,3 H) ;
154.3, 152.8, 152.2, 150.6, 136.3, 136.1, 13

56.1 (2), 51.0, 48.0, 32.6, 28.5, 24.6, 11. 4

et IBY IknBe t hd(xpyi pelszyd Jiphenpl ] & mi Radhwrdda o

yl ) ami no2cpayrrbaozxizrp® d&£70 mg, 0. 3Wasmmolssol vede

in XCHO.1M). Trifluoroacetic acid (0.1M) was
at RT for 2 h. Reaction coxXpIMetOHIONHWas moni t
92:7:1). Upon completion, the solvent was re€
was adsorbed onto silica gel, then purified
CHCY Me OHONH 58: 7:1 to afford the title compc
H NMR (4@DMSHD,= 1. AH)(, 7.51 (s, 1H), 7.25

7.20)(s,7.10H s ,751Km, @&H3Q0 4.10 (s, 1H), 3.9

(s, 3H), 3.34 (t, J = 11.4 Hz, 2H), 2.82 (s,
Hz, 2H), 1.62 (q, J = 9.'%£ WMR ZHX0 MHEZT (t,
pmMsaQ@) = 170.1, 152.7, 152.2, 150.6, 137.1, 1

66. 9, 56.1, 52.1, 48.0, 46.2, 32.6, 24.6, 11

3(C(4H4 (4N 2 (DNHrrobbppgHBH) a4k Y-alH1-6 rdbi met hyl

3,4-1 8t 6 ahlyWirmh@py) met hydl-yp) pbenavy-B-) sul f amoyl

nNitrophenyl ) )-IMiIgmegtd D ex peh ety Wd mientodadhy dr o

pyardy | ) a mi n o2cpayrrbaozx(@nneiGdbet 6l)3and2ver e reacted on

0.107 mmol scale according to General Proced

white solidH NMRBI § 4606 8bhy= BIMSOIH)(, 11.37 (s,
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11.09 (s, 1H), 9.1

5 (s, 1H), 8.63 (s, 1H), 8

2H) ,-77533(m, 2H), 7.36 (d,-7104 §mHz 4H3H) 6.B.
= 8.4 Hz, 1H), 6.82 (d, J = 8 HH),1H)226(69
4.36 (s, 2H), 4.15 (s, 1H), -3.8B (mh, dH)X, 936
(s, 2H), 3.10 (s, 4H), 3.03 (s, 2H), 2.97 (s
2.23 (s, 4H), 2.16 (s,12H$,HA, 9ZHX s, 1266, (4.
2H), 1.40 (t, J = 5.8 Hz, 2H) ,NMR 22400 ,MHz ,=
d-DMSQ@) = 170.1, 166.0, 164.3, 162.8, 158. 3,
146.6, 145.8, 142.4, 136.4, 135.8, 135.7, 13
128.1, 127.9, 120.2, 119.0, 118.366196.5, 11
60.1, 56.2, 52.4, 51.0, 48.1, 46.9, 46.8, 45
25.6, 24.7(ES1)4m/ ZHRMSH/|CH M8l cd1266. 6116 ;
found = 1265.5113.

3 C(44 -1 (42 (brrobbp@HPU) dkk¥ J-cih|-6prdbi met hyl

3,4-1 8t 6 ahlyirmh@py) met hydl-yp) pbenamviy-B-) sul f amoyl

nitrophenyl ) ami ndy

F3¥ne tt d o & W Ip )h @arept éFbyya anii m o0 )

((theytd2xradp v r-daynl ) a mi n o2cpayrrbaozx(AnneiGezed 21)3 .4 N2

were reacted on a

compound. (yell owH

1H), 11.43#H7),(<1.08
7.8650 (m,7.43H) ,(m,
2H), 6.69 (d, J =
2H) , 3.84 (s, 3H),

0.111 mmol scale according

SNOMR d(, 4 O® ENSHED) , = 70L%)7:1  (
(s, (s,

3BH) ,-77025( (ns-6 484 ) (167868

1H), 8.58 2H), 8. (

8.4 Hz, 1H), 6. 41

(s,

(s,

1H),

3.59 4H), 3.36 4 H

(s,
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(s, 2H), 2.61 (q, J = 7. .HB, (2H) ,6H).,36L. (96,

1.87 (d, J =-1.25#4 (Hz,, &H)),, 1..%% (s, 6H), 1.2
(s, '8HNMR (40DOM$HH,= 171.0, 170.1, 158.2, 15
147.6, 145.9, 142.4, 136.3, 136.0, 135.7, 13
129.9, 128.5 (2), 128.1 (2), 120.2, 118.9, 1
100.4, 66,95260, 15156, 251..07,, 44&..0, 4M6l.97,( 2)5,
(2), 31.9, 29.3, 28.9, 28.3 (2), 26.6, 25.5,

cal chHie®InNDIE = 1335.5899; found = 1335.5907.

3( (M4 1 4NL(DHrrobbppgHBU) dkkH (-clH1-6rdbi met hyl

3,4-1 8t 6 ahlywirmh@py) met hydl-yp) pbenawvy-B-) sul f amoyl

nitrophenvyiiclapibmenryil d-pph3gnet Ao x g p h ebrev I¥Byd mi n o)

(t(et r a2hHp @ r-aynl ) a mi_n o2-cpayrrbaozx(&nneiBezed 51)3anal2

were reacted on a 0.123 mmol scale according
compound. (yell owHd shoMR d(,4 O ENSHE) ,= 68,%)6:9 (
1H), 11.29 (s, 1H), 11.04 (s, 1H), 8.25 (s,
7.8349 (m, 4H), 7.3217.(21 @m= ZH)Y, HZ.,0BH()d, 7J
6.82 (d, J = 8.8 Hz, 1d,) ,J 6= 78. & dHz,J 1=H)8, Hez.,
6.17 (s, 1H), 4.11 (s, 1H), 3,9@H(0d, 6J59 ¢s2
2H),-33328(m, 2H), 3.05 (s, 6H), 2.92 (s, 4H)
7.3 Hz, 2H), 2.48 (s, 1H), 2.20 (s, 4H), 2.1
2H) ,-1158B1(m, 6H), 1.35 (@t,= J.%6 6HzHZE3IHIH) ,0. 8.
NMR (40 @-DWHEQ)) = 172. 6, 170. 1, 158. 3, 154. 9,

147.1, 145.9, 142.4, 137.8, 136.4, 135.9, 13



128.2, 127.6, 120.6, 120.3, 119.0, 118.3, 11
60.0, 56.2, 52.4 (2), 51.7, 51.1, 50.2 (2),
29.3, 28.4 (2), 25.6, 24.7, iLECHMSERMS (ESI)

1319.5586; found = 1319.5583.
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5.2 Synthesis of FLT3 Covalent I nhibitors to

5.2.1 I ntroduction

Proximal to the binding site of FLT3 exists

(CysBMs5H5)di scussed previously, this cysteine

FLT3 inhliW®li&Giogurd) 5t @.dve&rcome the gatekeepe
bestows gilteritinib ’AMhdil dtOfEriBcle itso pAeMLf ocrammicne
in a phase 1 clinical trightekeepati emnt at wbo
included ’ifTo telkgp amntdudyh.e possible solutions t
mut ation, we sought to create a FLT3 covalen
gilteritinib. Siaperovkederinhi bibors an RBA &
be a-t wkekd atther apeutic and makes for an ideal

recoved eiutkemarct ief fi cad&y iurt irldsiifigamti éAML . ti
5.2),1.t1he high pot enclyewér adged ctoanphoeulnpd guaind e
an electrophilic warhead to realcdukvamihc Cys69

effect.

136



Gilteritinib

Figure:S%.rauclt.ure of gilteritinib

FF-10101

Figur e:S5.r2u.clt.uxOel O0lf FF

5.2.2 Design Rational e

Looking at the crystal structure of gilterit
of the molecul ¢ hehdti ndésnyg out i’dfehdosher ee xsiotl v e
vectors are ideal grafting points for |inker
protein in  tFreonbdthrn e sttatue.t ure, we identifi
modi fy and add different | inking groups and
war head for re&kcdctgiumeg) Wi. @h 2€@MsB69®modi fy the pi
phenoxy motifs on gilteritinib and graft el e
positionsf.yiAnd erhegslendnafti ngosidtues edSblyCHr m
Eri k Nordquwtiislti aemdl twasgui de our | inker desig
inhibitor that can interact wi t¥rtohme tthiersci ng

simul ations, FragMaps are overlaid onto the
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that are predicted to favorfFalgluy epli8h @ .20 2t hat
Using these FragMaps, inhibitors were assign
represented as LGFE Gibbs free energy with t
predicted dissociati gp=RDINYKGRE_ egiing the eq
predictive binding from the most favorabl e p
interactions between the compound and FLT3.
t he fmoowdr abl e pose with the highest overl ap
LGFE _rxeq is the predictive bindi-ngrdrom t he
chance of contacting a target cysterne. Thes
design because they can be used to predict h

affinity.
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Figure:Cy.yxs.t2all gi tuetrutenob bound to FLT3 (
Cys695 residue highlighted. Arrows startin
el ectorphilic warhead grafting po

Figure:C.yxs.t2a.l2 gt tuetutenob bound to FLT3 (
SILCS FragMaps. The FLT3 active site and C
5.2.3 First Generation FLT3 Covalent I nhibit

The first grafting spot we epxippleorraezdi nnea smobtyi fn
the original gilteritiniDrstiEudctki Nogstdgan st hi
tested four compounds using SILCS simulation
bound tToabHLeT B5 .(2F.r30o.mM t hese si mul ations we obt
be converted into predictivegqdiRTsloORKd.ti on co
While these individual predictifverealcees ar e
bet ween the two LGFE values we can see the p
act out their function of bindingl&3si6L5. Fr
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predicted to have the most favorable binding

t wo LGFE values.

/

Seave
S Y

R LGFE_eq (kcal/mol) LGFE_rxeq (kcal/mol)

o]
T

Compound
Code

HN AN ~
CG-4-156 N -17.0 -9.6
\n/\/\ |

HN AN -
CG-4-157 N 175 4125
\n/\/\ |

Q |
v NJ]\/\/N\
CG-4-162 i 172 -15.9
HN
o)
Q |
CG-4-163 z -18.1 17.2
HN
o)

Tabl e :BGRE3val ues for first generation FlI

5.2.3.1 Synthesis of first generation FLT3 C
Figure 6GuRl i3nds 1t he synthesis of first gener
started with purcha-$ 8dati cmtoh pdpierraldiinsesmernsd ¢
SVAr  dn uBbmeot h-4rxiyt r obenzene an@ rAgAdruScheedt weoe npr o

3 -bi ¢ h@-eotrhoy | pFaarzhonxxa@dwae gualdedi mgric assi st
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from the carboxamide group directding substit
Anot Reerr fSol | ovaerd nwsitreg rdahydroplyr Shantdad80AC
chemistry foll owed and two final compounds w
6. Additional i nhi bi t®arnsd wpeerref osrymmit nhge sa zHAIT Wi tc
wi t-ht-Aout oxycarboAgyanlpoypelridi aei d al ong with

transformations to fUrnish both chiral i Some

o,N O ON o HoN SN LN H
NN o
F Pd(C) N
‘HCIT K2COs3, DMF, 1 MeOH, r.t., o/n 2 DIPEA, Dioxane,
50°C, o/n R 110°C, o/n a3

H,N__O
H,N_O . "
NH, H | R oo
N 0] -HCI N
CQ/ Nif ~ Ni\( HOMN\ | A
— T \)‘\fN N 4> \)‘\( EEE— N
DIPEA, Dioxane, NH DCM, r.t., ~1 hr L HATU,rD‘IP(!}—Z/»:, DMF, NH
150°C, o/n O/ . it . NN ~
O HN o) NH; -3x TFA WT

Boc o)

HoN.__O
H
NK\(N\C[O\ )KO i\( (ONg
‘ TFA
" N = N DCM, rt,, ~1 h
,rt, ~ r
NH HATU, DIPEA, DMF, NH N-Boe
rt., o/n
o 5 NH, -3x TFA o 7 HN

/

oN.__O HN._O
H H
N o 9 [ IrN e}
N ~ . N ~
\/kr \E:[ HOM ne \
_N \/KfN
N —_— N
NH HATU, DIPEA, DMF,
Q NH -3x TFA ‘L. o N
8 HN 0. 9 HN

o o

0
&
:

o]

Figure Dyatdeksis of first generation FLT

5.2.3.2 Biologi ga&lnekEwa liQmavtailfdein3o fl nfhiirbsitt or s

We first sgese¢eadtioom idnhibitors by commission
conductr aeecdRERI assay teowmeasur eompeuhnh@s agai |

FLTBalfl e 5.2We. atl these compohRiRETB assay,d t w
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once with no additional incubation between o
another experiment where our compounds wer e

hours. While gilteritinilBsovialsueed fofwagsi Intoetr itteis
against FLT3 -fseeldWdtaTbeggeblts that the mod
did not cause a drastic change in gilteritin
compounds havey al une asppreax il tdtneMl. y Al e tewe ¢ ihe2 ©
feetesting, we conducted Al amar Bl ue cell pra
| eukemic effects of our inhibitors in variou
BCL2 OE MV4&abl ecd&l,I2s0d(r2 cd2mpounds demonstrat
with41C6&GB demonstrating a similar effect to g
cel | model s. After this promising data, we s
F691L FLT3 overexprasgeidnguAMIc oonglolusn dan @ ott e n c
an Allamar®8ssay, our compounds demonstrated w
gilteritinib wit#l1bidr beéfemlgd ewdomwpsoeu ntdh aOnG t he ¢

compola  5.2.3.2. 3
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AlamarBlue absorbance

Fi

Compound R

Code FLT3 ICs9 (M)

3 hrs. inc. FLT3 ICsq (nM)

Staurosporine

0.063 + 0.00499 0.0285 + 0.00242

(Control)
M
CG-4-156 TON'\\‘ 1.14 £ 0.207 1.93+0.194
R Hl%l XN - 37+0. 75+0.
CG-4-157 TON'\\‘ 1.37£0.148 1.75+£0.244
Q |
s )K/\/N\
CG-4-162 H#‘T(Q\‘ 1.19+0.129 1.63 +0.285
[e]
)OK/\/‘
CG-4-163 HAE‘NYO A 1.24 +0.256 1.23£0.245
[e]
Tabl e 5Cef.l3ee .ilnhi biti on of FLTS3
i nhi bitors
1.04 0
s
5 Gilteritinib (control) WT MV 4
5 ;50 Gilt + AMC-4-226 (M.g.d. cOntrol) 5 NN o o oo e e oo
s CG-4-130 (Gilt-Michael Acceptor Hybrid)"‘\
@ CG-4-156 (Gilt-Michael Acceptor Hybrid) s
£ 4{® CG-4-157 (Gilt-Michael Acceptor Hybrid) .\L
—— CG-4-162 (Gilt-Michael Acceptor Hybrid) S \
A o . ‘~~~~. —
0.0d 7. CG-4:163 (Gilt-Michael Acceptor Hybrid) _____________ 77T B B0
—
0 101 10° 101 102 103 104
gure Anprdl2feration effects of
WT MV4:; 11 cell s
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104 & ==
[
Q —~~
3o
2 5
29 Gilteritinib (control) BCL2 OE 1
Qo
5% 50 Gilt+ AMC-4:226 (Mg d: control) | 0 S SN e oo
25 CG-4-130 (Gilt-Michael Acceptor Hybrid)
g § CG-4-156 (Gilt-Michael Acceptor Hybrid)
g"’ = CG-4-157 (Gilt-Michael Acceptor Hybrid)

—— CG-4-162 (Gilt-Michael Acceptor Hybrid) ' ~kk;;\
0047+ CG-4-163 (Gilt-Michael Acceptor Hybrid) e
|
0 101 100 10? 102 108 104

Concentration (nM)

Figure BAndprdl2f2ration effects of first gene
BCL2 OE MV4; 11 cell s
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HoN

\)'\fN

o

(0]
H
SRO®
N

Y

o} R
Compound R WT MV4:11 ICg ("M)  BCL2 OE MV4;11 ICsq ("M)
Gilteritinib
(Control) 638 52
PN
CG-4-156 N~ 452 510.7
\[o]/\/\l
Hlil ™ ~
CG-4-157 N 216 375.3
\[O]/\/\l
? |
CG-4-162 i 36.4 104.1
HN
o)
o |
CG-4-163 : 13.3 5.2
HN
0
Tabl e 5l.&val.RvRes2prot i &ertration effects of

coval

ent
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-1+ Gilteritinib
-0- AMC-4-226
8 -o- Gilt/AMC-4-226
c =
g% -e- CG-4-130
35 = CG-4-156
]2
s - CG-4-157
25 -+ CG-4-162
g g
EE CG-4-163
< -~ CG-4-206
- CG-4-207

Figure BAndprdl2f&ration effects of first gene
WT MOLM14 cell s

1.0+ S
-0 Gilteritinib
° -0- AMC-4-226
%’—O‘ -0 Gilt/AMC-4-226
g s -o- CG-4-130
28 = CG-4-156
v 2 0.5
35 - CG-4-157
ol
g8 —+ CG-4-162
E &
£= CG-4-163
-~ CG-4-206
— CG-4-207
0.0+

0 101 100 10t 102 103 104
Concentration (nM)

Figure BAndrdl 2faér i rst gene
3

FLT
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/

H,N.__O
H
\ N O

i Q
S I
Compound R WT MOLM14 ICs ("M)  MOLM14 F691L ICs (nM)
Gilteritinib
(Control) 19.25 103.1

HN X -
CG-4-156 N 53.61 243.5
\n/\/\ |

Hlil X -
CG-4-157 N 42.93 173.6
\n/\/\ |

0
Q |
CG-4-162 | 270.1 1000
HN
0
Q |
CG-4-163 : 55.23 219.3
HN
0

Tabl e 5I.&val.wRes3proti &aerati on effects of i
covalent inhibitors in MOLM14 cel

5.2.4 Second Generation FLT3 Covalent |l nhi bi

For our next c¢class of FLT3 covalent inhibito
group of gilteritinib to graft on various |
simul ati oby Wer e Ed ke Mat dgpi st compounds t o
opti mal l'inkerTakeingt)h. 2nd. T i gi dity (
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/

Compound R

Code LGFE_eq (kcal/mol) LGFE_rxeq (kcal/mol)
o)
CG-4-206 NN~ -16.6 8.9
H
o}
CG-4-207 /OJ\/ 7.7 -10.4
o)
CG-5-002 NN 7.7 8.9
H
|
CG-5-008 }5\/\/\NJ\/N\H/\ -19.6 -16.4
H o}

Tabl e :BGBRE4vadal ues for second generation F

5.2.4.1 Synthesis of first generation FLT3 c
Fol |l ccwigrug e ,5.we 4s.ylntlhesi zed the solubilizing
per forrmeidnugcta ve ami-mat hylh piepdoe&mni fNer iacha n &

after which a boc deptrot elclt aWwWeen sweaas tdkean e yu sail
2-f | uBmriot r ophenbout yblr o(htoee hy | ) cadlBa®amel ao aff
chemistry found in thel2pao efvoronu st hsee cpt e nounl twansa

i nt er mé&dhiiacthe was acyl ated wi tlh8 aSirmyil loayrl scthd pos
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were taken to form ourFnegut et &k fgdurdel 2 c o mp o u
5. 2..4 Al k3y-i lat-®Brmigt r20 p henbout ywbh tdmdmetthyld ) pi per i
carboxyllaWwki gh elndder went tll2eo saafnieo rcdh efminsatlr y

c omp o2usnfdd uBrriot r ophenol was used again in whi.
t erut yhly d(rdox ybut yl ) Qdrnbda nsaitnei |faorr ntehde mi stry us
|l ast two final compounds wa&B2 cdired d atsdd ttwo Vi
compoundscweat edFibgyurfeo liBno2midn.gih AHARTEUn & oupl i n¢
Bo-sarcosi ne t38g etohmg3r@ umedikk elsad t he Boc group r
resul ting3#dmatseramegdiadteed with either acryl oyl

y i e |3ds m3b6

Boc\’\(l
LN ) "O\ H"O\-sx TFA
N —_— 4> N
= 0 ol

NaBH(OAc)s, DIPEA, N DCM, rt., ~1 hr
anh. THF, N, rt., o/n 10 ~ 1"
H’\O\ 3x TFA
HoN O _~,,-Boc
N
Br\/\N,Boc @ ON O~ Boc \Q N
— H B N
F K,CO3, DMF, 12 F K,CO3, DMF, N MeOH, r.t., o/n 14 N/\
rt., o/n 50°C, o/n 13 K/ K/N
N
~N

H,N__O

N cl H,N__O HoN O
N H
LN NirN O\/\N,Boc NH, O\/\N Boc
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