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Ri assunto

Negl i ultimi anni, | atsadditobodel il e( MBd) f de
per messo di comprendere numerosi meccanisn
processi fisiologici e patol ogiecsie.ntTar ad egl |l
caratteristiche pecul i atranodh d | lcavvatbmdome |
a | oramawmobt umelrluoolovi | uppo di varie mal at
guidato | d6identificazione di strategie te
aberrante degli enzimi che modificano | a |
I n particol ar e, gl i enzi mi deput ati all a
ri spettivamente | e istone deacetil asi ( HD
suscitato un crescente iIinteresseolttreaplliacic
sforzi nel progettare e sviluppare nuove I
enzimatica aberrante riscontrata in diver
dottorato, l a mia attivit”™ Iddi dreincteirfciac atza
i ni bitori selettivi degli enzi mi responsactct
resi dui i sinici. I n guesto contesto, mi ¢
di HDAC6 e HDAC1 comacpobiogmzi alpierageéntir aft.
patol ogiig, | eranatattiie rare, come | a fibroc
retinite piigimért @opad ol RRB)i& i(inf icammatoari e e
Nell a prima parte del mi o percorso di dot
serie di potenzial. inibitori di HDACG6 per
Tenendo conto dell e eccezionald propriet?@
ritenuto interessante esplorare | a tecnol

proteasomica di HDAC6. A tal fine, di stat e

NF2376 che sono stat.i modi ficati strategic
da funzionalizzare per | o sviluppo dei nuc
I n seguito, sono stata coinvolta nella pr
HDACG6 basat.i sul nucleo della tetraidroi:

chimica farmaceuti ca.

La progettazione razionale della prima se
mi gliori caratteristiche farmacoforiche ci
i ni bitori, towterao dre®i spchonol i nzzatQueddlel ;

presenza -dicluomocke@eirostato facil mente inst



component i conoscCws mmarm.meE Ctarsd mlgenoll € c | a

sono rivelate efficaci nell ' attenudrne | a
vi terdox Vvieonsentendo di confermare il ruo
HDACG6 nell a progressione di questa mal att]
Come continuazione dei nostr.i sforzi nel |
una nuova <c¢lasse di i ni bi tor.i sel esxtivi C
carbolina, che si sono dimostratreektitoaci

i n modeilhiweidinr ®P v o

Nel tentativo di i nterferire simultaneam
associato all a RP, abbi amo perseguito u
razional mente nuovi composti a doppia azi
enzi mi, AKDIl re Flhest o contesto, abbiamo sv
polifarmacol ogici che sono ancora in fase
Con | " obiettivo di esplorare nNuovi spazi
del |l "indolizina per | a preparazione di nuo
farmacol ogi ci nel trattamento di condi zi o
seguendo un approccio sintetico versatile
i n diverse posizioni, generando due set di
i potenziale di queste nuove entit”™ chi mi
|l noltre, considerando il ruol o degli enzir
diversi tipi di cancro, sono stati sviluprg
arpilperazinico, che si sono r vvelpeaetri tprmon
emat olAbhpi @amo poi esplorato | '"inibizione di
al eroel totno , generando nuovi i ni bitor.i sel e

valutazioneé nbicdhiemgvceaosi a

Il nfine, ho avuto | "opportunit?’ di l avor ar
HDACG6/ 8, che sono statd.i progettat. razi on.
i | egame con entnawbtitoneersagl ul asi udiuc
hanno permesso di val i dare | e potenzialit
trattamento di forme tumoral.] l i qui de e s
I n conclusi one, abbiamo identificato nuov
processi di deacetil azione e demetil azio
confermando che il mothdaddel beamodptuiif c @z i
opportunit”™ per interventi terapeutici

p



1 Lysingrpaosti ati onal modi fications (

The huge pool o f proteins within |living ¢
pivot al bi ol ogi cal processes such as gene
Beyond their ascertained rol e, proteins

association with oetshrerp ovsurl sli gtrioarealc mnoodnpflie
which physiologically occur in'r?esponse tc
PTMs are covalent changes on proteins whi
bi osynthesis in the ribosome. On account
reversible or irreversible alterations 1in
protelihrese chemical eailttheecrantvleersi omchode cl
certain protein portions, or the attachmer
prost hetsiuc hmaisetpjhosphat e, met hyl , and ace
the case %ofl tuhboiugguhi tPiTMMs may occur spontane
catalysed by enzymes which are classified

Oreadersd enzymes are capable of recogniz

Oeraseltgdomddrégtthe protein through the a

moi ety, r3 eCsopnescet gi uveenl tyl .y , t he modi fi ed pro
physicochemical properties, reactivity, ar
state, all owing other types of interact.i

envircfimenawareness that a single protein
type all owed to consider the existence of
associated to new activities wunderl-ying d
enetnrched that PTMs shape up tat xopiamnbgh e e gul

variability of protein functions in Vview
cellular events, incl Uding cellular stres:
Ongoing efforts have been accomplished to

speci al focus on tore tmud tliyH eeh emogde sf g dctaa s dit

proteins “(ARrioghwr et bBle)bka miah o layxs ddisgp | ay s uni i
characteristics in terms of flexUbmilmnoy, :
gr oiurp the | ater al chain. Being a primary
sever al modi fications, mrarkMisn glo tt dnlel el ypn ov@gr
identifying and upd sB hdwsadvien gb eae nmunhat di et,u deev
(de) met hyl ati on, (de) acetyl ati on, and (de]
due tonthecansigel evance %A cell regul ator

C



I n thePTIMssilneendscape, (de)ubiquitination
proteasomal degradation of intracell ul ar
(de)acetyl ation has been primarily correl

nuecdr gene % anscription.

P

Methylation
trascriptional regulation
subcellular localization
protein-protein
interactions
protein stability

P

Acetylation
trascriptional regulation
signal trasduction
energy metabolism
mitochondrial regulation

Ubiquitination
proteolytic stability
trascriptional repression

cell cycle progression
DNA repair
—— g

Fi gu.r eBilo luagciocneels ROTfMsl ysi ne

I n contrast with this canonical view of PT
were found to be (de) naeltnmaykliieee éd, comp@d ¢ ma ¢
wel |, demonstrating that thersegdulyatiinen meofd

cellul ar proces sfeSMubcunt seivdied etnhcee rhu cglhd uisg.ht e

further mechani s ms of crosstalk bet ween I

wh i

h have a profound infpact in the epiger

c
Mor eover-deimobniss rwe etde g lhlaat tthe of these two

to the devel opment, and the progression
research on the field of these | ysine PTMs
opportunitiesivertheaerapédtiaonopttons.

I n this scenario, medicinal chemists have

proteins from a therapeutdast apbelrisspheecdt irveel, e

PTMs in the epigenetic regul attbihoen eaxtp [foirrastt

of other cell3%ul ar mechani sms.



1. Role of PTMs in epigenetics
Epigenetics i1 s an umbrella term covering

organisms to adapt their phenotype to the

genot%mpethe molecular |l evel, the epigenet.i
to chromatin which consists in th'élhceeslel ul a
|l atter play a cruci al role in the packagil
chromatin structure in nucleosomed8which
the nucleosome, four subtypes of histones,
di mers (HZ2A, and H2B) , and one tetramer (1

which in turDl.i7s twrra@pleaf dobyMA.matin under g«
array of epi gelffemoincg ntohdeinfi,i cCaN A -omedti mygl aRN Ao r

(ncRNA) modi fications, and histone PTMs r
guarant-eeomadweatlied regul 4Newvar biite greasys , cecxcpur
t hwdari ations in the epigenetic lkapdsesapenn
themeg predi spose the individédWNarrowdnget &
field to histone PTMs, it is worth noting
the structure of the nucl e dsanpd awietdh pa mrcse
l ndeed, some modi fications may all ow chr
(euchromatin), facilitating the genome ac
machineries, while other -DaNIAt @ md teirarcd i toenrsd

in a tightly packed h%Bofmadd mt r(ahsett,e rmarha
PTMs on histone tail can indirectly infl
favourable conditions for2%he binding of ¢
Among the histone PTMs, (de) met hyl ati on, a
extensively studied owing to the diverse s
physiodamwmdi pat hol o ¢g®élanl $cboengdairtironget i ng t he
PTMs on histone proteins represents an at
therefore many endeavours have already be:¢

epigeneti é®Modul ator s.



2 (De) met hyl ati on

I n recent year s, l ysine methylation on h
relevant ,-ebtahbi ahwedl epi genetic mar k, neve
this PTM is emerging also fof 28ther protei
At the molecular |l evel, the reversible atHt
groupsUOntid rtogeen of the |ysine side chain d
structure of t he motdurfiiregl @rruwdieahln,o tnktrearrl a
mol ecul a®r€®emaedartniersg the histone proteins,
i ndu

are involved i n?2!anhet hgee noet heexrp rheasnsdi,on(.de) me't
can affect thetpeosebrocesti abiahi tpoaéndabsbdl

ce chromatin remodelling along with t|

al ongsi de t heprnootdeuilnari nptreortaecitni ons ( PPI1 s) t

The I|mestimel ati on state depends on enzymat
separately or i n concomitant wi t h ot her
ubiquitWnatieon. reader, and eraser enzyme
attachment , recognition, and removal o f

respectivel vy, with the aim to maintain t|

demet hyl at ieinl du¥y’ Ing. t he c

2. Writer enzymes

Met hyl transf er asesr easrpeo ntsh énPweu of toe o g hirek ySme & |
ofup t omdthryelstgryesuime resi dbadenbdbyylusimaghit
( SAB$Y hneet hyl donor. According to their str
into ei §ami°Amewgi hhem, the | argest) GSIEdAsses
proteins, sharingomati npi csal cabtaldytoc SEBE
from Drosophil a, namel-9y, SHrmplparcerorofofz e/atr e
and)i t he-Gsstervadhfid (p#+ ot ei ns, presenting ConNns
especially in the-sdaraen doealn §-sabnéle rt gviisnt ead s e\
The -&&main family, including about 50 huma
the methylatilami ab gheupysnndhe flexible
dynamic bunch of epigenetic modifications
gene expPr@mstimen.ot heSr fraanmnd,y,t wéth about 15

di splays many substrates, ranging from nu



m a
de

ny of which require to be further studi

riving from®2 heir methylation.

Wi t hi BS tchleas7’7s, DOTVId eaennd pkkMTVe nha o cocoper at

pr
Un
tr

me

oteins in the regulation of h’e |l ysine r
l i ke ot her PTMs, h i sdtuoanlred meed rhtyrl sagtrii iomg me
anscription process depending on the his
thyl at®ddn ist avtogd.h ment i-minsthgneé h@atoneimes

identified as substrates of the methyltra
p53, and nkwB:°@&esétaciodanlisowltdhdegvididgo! ogi ¢
significance of met hyl ation in the regul a
cellular pathways they govern.

2. Reader proteins

The activities of the |ysine methyltransf
Oreader s6 consiinsacitnigv sie mpd ooatteeal | nyvt-dtotnada | ny eaabd eel
to recognize (de) mdthleyleatpiron emadi fciama tdii sro:
met hyl ation | evel-hestbere ofobheshenesbownn:
the fhanhkbnggudhces.

The binding occurring bet ween tdhoemamond infaiye c
determine the recruitmendmodful pt et @ihre efhfr
accessibility, by interf-BNAngofpPféxthe st e
On the other hand, dshiet ersecoongns e oinf iocf emoz
allosteric modul ati oR?Sefvet Alliomazadsénlt atrige
met hyl at ed l ysine residues have been di s
Homeodomain (PHD) domai ns, PWWP domai ns,

MBT doid®espite the numerous achievements

read@emai ns, sever al mechani sms under pi nn
pat hol ogi cal conditions remain unclear, p
druggabtebteatryy eotf t h

2. Eraser enzymes

Lysine methylation has | ong been consi der ¢
the first demet hyl asdee mentahnyellays et hle @EtLysSsh 1n)e, <

M n



way for the identification of other eraser

o

ne to three nmmtihylbggmowpsth¥e tlysine side

Lysine demethyl ases arei) cahegoFrAiDz edf liarnv i n

di nucl-keeopdddeent enzymes, indliuvdhiegpesdant a
Jumonj i C (mdaChpi diomgi enzymes. Both demet
oxygen as substrate to cdmm@bti ke tdiepenidieddt i
enzymes only target monomet hyl and di met't
enzy mesapile of demet hylating tri metUGhyl Iy
oxoglutarate in tR&hhe eeicdat iave smdsch amitem
demet hyl ases are histone proteins which a
evidenceoalslialeed ngcatal ytic-hast omet’?p’@st en
Abnormal ities i n t he demet hyl ati on proce
progression of3% i vtelrisse cdad nstoerxdte,r s, emar kab |l
already made in the identification of LSI
probes targeting@ IJmJC demet hyl ases

- w0

r o u o —H» -~

o

.3L$%D1: biological roles and therapeutic
SD1 was identi fied as t he first pol yan
emet hyl| aBniiotnr oagte nt hoef |l ysine residues on |

atalyses the galoagpv dge no fmomet, hyalnd di met hy
he structur al features of its catalytic
ubstrates containihigechamehthiycapgpyneess e :
drhe simultaneous oxirceatiidamno fi ntimee menttheyIn
he r edRIAD itoor. FOAXIHE i mi ne i ntermediate unde
rom water resul tindghleeéemi atnhhenaf orwia tciho ns pa
ecomposes i manfdorammaIndee hyAddfet er t hat, -t he mc
ubstrate in the oxidative regeneration o
ataly(Ftcgdyel 2)

SD1 smuayi ple roles as epigenetic modul at

n histone HS3.tNMerassoncdataioh of the enzyn

CoREST all ows the deameddh ynled thiydn | gfsitntee 4mon

t
h

ranscriptiComaVvemre@lre,sswiwein LSD1 specific:

i stone H3, thehgemeespamsicsr pdFé mds



I n addi timaquiLrSiDilg i ncreasingly interest

activity-hafstootnheers unbosnt r at es which interven
stability, and the cell cycle progression
pRBL 38

H20; 02

>< H,0
H3C.:* H30\®

N

J/ :OH
N H3C‘NK‘
FAD FADH, ~
N4 o
—_—— L ESs—— + H)'LH
s‘f\N a’;\N "f\N ﬁf\N Formaldeyde
H 0 H 0 H o H

(0]
Methyl-lysine Imine Hemiaminal Monomethyl-lysine
residue intermediate intermediate

Fi gur ePr2oposed mechanism of action

The involvement of LSD1 in asphéethdtsatdont
dysregulmrtd aiteamalyevel opment® of morbid even
Sever al studies LitdDilasemhe ghlt 2hed ohae xces:
many dameesrch is strictly connect €8 ttso it :

i mpl i cat-ipamor ipgerciecsse e pistudmnédbk eaast hy mal trar
(EMT) angi ogenesi s, and ceddncperrol p,f cagmad 3§ Oir
metastatic 1 nk8Bil® ni mMouricredvitedsgniantoantamldi ¢

neur odiosgdatédetrerestienoghy findings uncovered
rod photdriré€epetat s atta koinn gy oa | d coomd uinmgt t his t
treatment of*°retinal diseases.

I n this scenario, extensive studies suppor
encouraging the drug discovery of new phe
di verse diseases.

2.3.1.1 LSD1 inhibitors

In most dheomrmndensodfntL,ySD1 can be counteract
s mamoll ecul e Sinnihcitesi tdg sxcme/redlys L Siavbieenehni bi t «
identified as potenti al p h @ fcnaanccapatrabtgh ecra | t
di seasteSSD1 i nhibitors mainly differ from t

coval encto voal® ennotn



I n mo st cases, coval ent LSD1 tirmednisbi t or
phenyl cycl opr,bpyHiaguiraeew¥#)@I6Pi shed i rrever s
t hmeonoami noxi dasewlfiM®d3) rBev eaanlderdh iclaipBibh @ of
The repulfg@si nd DAf wamshmivhéesdioocnronsi MAOI mgdt ha
LSD1 e nszhyasmieawni |l @aonderersi ng the catralcyuiral ddédm
antdhceat al yt i c*'Sme o tacaiioom.t y i melestt i gmg hioms ha
t he identificaCPasedf i rsred \eenthsiividell teo rlsS Dcla p a
genercaotvianlge nt & HFéAUDCd fsa*dBtpcerb i f i ¢ substitutio
phenyl ring or the amino group of TCP al/l
toward LSD1, |4 ke3tiEmnguomp@8yndsespectively
investigation *%0or cancer treatment .

These modifications were exploited for th
neously target *a8nother enzyme besic
their I ntedbastelBdDd eofrfsi bparteys e ntth es ¢

simult
Despit
drawbacks deriving from their affinities,

endowe with a safer profirleemt| é&d ot ogitbal |

a
e
c
which consequently undergo prolonged bl ocl
d
nds presenting*®Amwndet bemu4 t abmalbudd

(Figure 3) have entered in clinical tria

c antfe?s.

compou

Irreversible TCP-based LSD1 inhibitors

oy 7(@& TN

(£)-1, TCP o (1R,25)-3

LSD1 IC5q = 32 uM )2 LSD1 IC5q = 0.160 uM

LSD1IC55 = 0.4 uM

Reversible LSD1 inhibitors

OH
N S.
Cl ~ N N
HJ\(jo ™

4 LSD1IC5 = 13 nM
LSD11C5 = 0.35 nM

Fi guRepB8esentat i dnsDif itnffa 4fi &Yoarst.ed

M O



3 (De)acetyl ati on

Acetyl ade aoametaynldat i orevaemeyisth hne nPaljMsr whi ch ¢
as the attachment or the cIN%,&I%m@-@oaﬁtannac
affecting the electrosttani ceckatgegeaf st ht
communi ty ahwaasr egieeisrse lbee g h 0 gnipmglt od e tt yhlea t(idoen)
of | Wasmimeooourp t he regul ation of*® crucial cel
Il nhe field b oft hepiagceeneytliactsi on of hi stone |
extensively dlmomatsi efdempgadatchooumentseadvet h
It I's responsible for the modul ation of
affecting the chromatin access?*bBdiideg by
hi stanesde pool of ptotescsi wasohauhgd 0ds
| ysUanmei gpoaer oss al l cellul ar compartment s
functions cgyomcs&rhien @,nc et € mongied dadhtigomo | i s m
contributing £ dOcselnle h(odnee) oascteat syilsa.h z py ma € iaa
manner depending on the pH environment, nao
o f t his PTM, being directly involved 1in
acetylation and.*8% eacpeatrytliactuiloanr , e vtehnet sact i v
enzymes can be restored by that of the er a
can be recogni ztetdee ad e d sa3pmeort red natd . eébryz y mat i c
in the regulatory machinery of this PTM ca

| evel ,t der idveéwviegs epeeatlt >di sorder s.

3.l1Llysine acetylation writers

Lysine acetyltransferases (KATs) are the w
acetyl gr oupc damary meh-Eb A(caed eytl Wahne nloy sgirmoeu p o
protein, |leading to the neutraliz%tion of
Nucl ear KATSs are cl uste@nks dNackt W e amyfoal
( GNAIN) ,t he p D0 O/ACREB pr ot eiiil tme:F®NSHR)., an
Amondem, the first class presents a high
tail, while the second one is involved i
prot®yncontrast, the MYST family is-capabl
hi st one®%ernoetreailnlsy., t he-eamaaeétcyhlealt inawmr | @fo sloyneis

el ectrostatic i nteractions bet ween the ne



DNA, and the positively charged histone t:¢
Therefore, under these condi?ti?6ns, nucl ear
Recent findings tan géixengthtteleitrhadctkKiAds al s«
cytoppasmecn subcsctomnastide.ei alglrowiersgi n ot her
signalling, be3Lydysi néheaceti gleateito tstime mi t o
metabolism of the cellul ar bi oenergeti cs,
i nfl utemeceemodul ati on of cell ul ar signal l i
aggregation, and subcellul ar | ocali zati on
activity, cytoskeletoh? regulation, and cel
During tmaemyyeartg, cacies undedleeinngnlrynvieh ¢

even though many other aspects are stil]l u
could hold promises in the treatment of d
actit®l niehnis frame, there is still an ur
concerning the | ysine acetylation in a the

3. Ayisnaecet yt adadens

Lysine acesteyrlivae i @ rceaano g o elt y bninrerda tnigf sd ofmaari
whiclpraodeniter act if@mrunmdo dwleedsieer pmet ef nswhi st
ar e -kweodlwn f or atstsd isrtmanygl astnidng t he tfanscri p:
I n gewerak, acetydrae i n@as peemndEielrise t ment t e |
ef feccd omacr omol ecwhliacrh caornep | leaxbeesl | ed wi t h a
ly sibnet r°Tgheen .r ecogni ti on of these portions
of biological cochequmancas r ecnomed il $ingg  hi
regul atioan®e¢ér it pei’dAnmeoln gma ehley dbeinmgd i NG ,d o mai
t he br onfoBdRgDsdiars been heavi |l yi nstaudwiedde, rbaeni:
proteins withndi ¢eas$od cedi ahticaAgiydiencgh yH t r,ansf er
and tranfsacfi®htésppatal epigeneticoftnREBuUl at i
cont atirnamgcr i pt i ocnamfea& ©tgopiexcld Wé iacheda ysliattee d
while promotingi thdeghbaunBtngpgeneaesof

The BRDtaining p6bhnedi aseanéeaegdpstseed accord
their homol ogy, a PAd asggreuwcp uadafal BRebanebent & d e
br oomond -ert manal (sBoE Tog a Iflaemd | fyg r itnhdee ppernedseenrt
BRDs aNt @rmmiimus whi ch shpescligfsi:onadt lyy att’e oog sii
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BREontaini ngf ogudpodkerg uharnt eadwet ated in patholo
such as cancer. I n this conB&PDsan slee etraarl g e
by mal | mo | perceuvl eenst eltigpghpet bpe iom ei n assercaat ed
to diverse mdf°bid conditions.

3. dyisnaecet yémasens

Lysine deacetyl ases (KDACs) lag ead ditey leatais@n
of the prrodiiiduelsyoslilneb or aX'KDACswe & imen KAITys .
knowdi stone deacetghinspené¢viedrine ¢ n tais fhiea d
first suttespiates|l ysine deacetyI atdeed, i $ha:
enzymes exert their action by calkakesiyhg t
| ysine brogshi dbhestones,-hissndnetiemt epasne
deacetybkbatopbpasthe electrosbvattcvehyechat Qe
side aormahinst onephaspbBatangr obhes ,i d atvvioelr DN{
the bkt emetnifror mati on, and the Tonskeqgquenhe
hantdhe deacet yhiasttioonne osfubrsdm ates mostly e
downstream signalling pat hways, whi ch ar
viabb ?8% ty.

The 18HDA®anar e cl| asasmifliieeds ianctcoo rtdwong t o t |
i n the tchaet dzeng e h d e n ta nednretiyieneetsi nami de adeni ne
( NARdependent elnergywrssa g aiwlid ch constitutes
( S| RSNI1IRTI7h)me tdaelpendent iem ztyumers redlraesft euwre dc | as
the basis of theliasprli mMaHDA GDb,modv,b 3 harhde r8)
swhat egioni aed|( DAL |, Jalmad (HDBAXL 6, ,amd cdl0gss |
( HDAGCX%1)

Mechanistically, the cat aZfydd pre ndecene ® t e/rl zap
initiates wit ha tZhbeo udned rwattoénya tbibokene toifs € i di ne
generated nucl eophiZlAitco og @e miad £ da tctaddlon ya t
aceltydimul ti egr amedrhal. tiTnhti esrsrleati taddtien & z e d
coordination %dahdnghiehehydeodan borndceinter
catal ytyB06t raHddd 3L dehg ¥ heattt @medr al i nt e
gi veposihtei vely (Fhagmded 4)ysi ne

Converisnelt he catal yti d hme czhaaenbysny boff oNshi gretnu i
aceltydine operates a nucleophilic attack ¢

MC



NAD <cofactor with displacemendacemadmi cot i
ri b@se.

Sirtuins share similar substrates, subcell
and -)nowi th the other 11 HDAC isofor ms, r
indicated their relevamitiommloinda®®iadn fiumct |
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m eNesahcaeiitiyyd m nfeo o nt h

hi stone protein by HDAC enzymes
Thiei ol ogi cal f2ddiecp d nodne notf itshoef aZrnms i's ti ght
|l ocali zation and their preferenti al subst
modul ation is mainly attai-3h,edt dgetthher nwictl le

whicihf f eirse nftoluyn d
and 9

catalytic

can

assisting®% Afhosn gp rtolclee s dllDALSH

botand nt hteh &8Tyhtaocp |sanséno.r ms
shuttl e cyatowdemsent;, hbehessetubepnd

deacetyl ases

4,

whi ch
owhti accsho | i ¢

activity see

li Is a

exerts its deacetcytaspelca sawita ve dm apik ¢ theion
capahbliol isthut tl e t o t hedirmnwwaldauusl,ari De isrgensapeo nis
recogmarecdl | ul aHDAGE@AGI| maamnil gn,f ound i n cyt:
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its functiepn gaeadNied ahBAGE r emai ns a whyisiene d
HDAC10 funatmaoasylaspolyami®n®Bhedeiagset gl ms &
predominantly | ocali z-adet wplyshienyeh uscu besutsr, a tpe
as HDARCS.

S nce the begi ntnhien gH D& Qlstdihye c egerveeddttr g nt hen f o

virad et hey play to maintain the delicate e
whi ch neguluathes a plethora of cellular pa
degenerate in multiple disomdleecsculwhiicimhicke

capable of antagonfP%2ing the HDACs activit)

3. 3HDAC inhibitors: from the bench to the
An unprecedentgdi redpdoometr Hsh e untdheered tl aard dair n
me ¢ h asuindmr pi nning the excessiveaomidgsteg
val itdhaetier potential ity as t hdeerveepg eowptmeantt aorfg
chemical entities endowed wiatlhl oiwehdi btiot ou nyr
many complexities concernibfrfign deweg r dirod ®v e
trajecdeosiygnttofe potenti al HDAC inhibitors
identification of biological active mol ec
associated to the occurrnce of certain pé:
The ratidoensailgndroufg HDACI s cevrada rl albli X-hmew!l i es
crystallographic i@nzoomapliecx swirtuhct unesvn i
constitutes the main shoauatcdweeli i chdhd mati or
Supporitrme dsallyd csotarcutcitvuirtey r el ati onship (SAR)]
all owedtthe defyi bé ndiema iirretdertactaitdms n a hi
target, entcouwebtagileaitgi ¢ m&l sdesign of *hotenti
Coll ectivelgui dihe sied enrott iit fhimceaet ipdna ronfa ctohpeh o r i
required for thd heDAGY igmhiulpi,t lao mwhifalc e r
i nteractsgwihtelh ctphloeek)¢ttk-ecndi ng group (ZBG
of tightly 2&hoenl atoicnag etdh & nZ)ntih éh e d ti M T hiet e
t wo potrhtricaungslp | ar ¢ onnaoahiydg owprhiotbi (cCWpacer
Severalast engeinee stuoe tleetnhde icdaddlmer si t yespe dHDAICH g

by exploring various cap groups character.:
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I n order to achieve hiyghakamifluinttenynpdqtZa
i ncor por aHDeAdCSitsm urddshti e s mas et ¢ sa faf ismiwtayn d s

t hteartghednks to itzsk-neealtataiong inonaprgpbbiildietnyt,at e
fashCommcerning the pharhma cpookiuennatyieamlfi atstpge c t
hydroxamic function sowed seyVverealcouamnmga rnmng:
identi fhnewt ZBWshf as nt h ¢ dteheinmbas imlayed as a
di sulpthiedenydr azdidfel, u oarhodreit4nd/il®a zFHSo vee vre r , i
many ,chaysderso xbaansaetde i nhi bi tor s wer e proven
dr awbaadksplaying a good safety margin

Ai ming ttdei rhpasrttt ort betiamshdadiei ttdhhenrcalt al §t wi

set of linkers have been explored. The va
flexibility, and pol arity, determi nes di
i sof%Tmesosnt poterfitul HPAGIdS drmeoepifarnt Macsophor i
mod,elnevertheless many of them partially d
toward speéffic isoforms.

Firstly, the drug o¢iaiddaCesy sommaehted foo
simultaneously inhibit moP2evtepraadD roQuies o f

presenting a hydr ox afnoiucn df uanpcptliiocna taiso nZ B G, dt
ar eflst hough a ¢ onspaddDrAaCh Ise armr lembnenrd &arfg caid @ ¢
at different stages, onlFyo ofd vaen do fD rtuhge m\ dhra wi
( FD2%or i n6 s tFaiby u(raenndi d e(pBiignbyveer e the first
receive bgppgrheevmHRA count of maodhueliat i eomi goemn eh
pr ot®dinn p.arctoimpwiitasrd,a suber oyl ani | i dehiheyhdr o x
waapproved itmter2zddatémefnotr o f |l ymphoma wamd e mu
compo/wad approved the200@at-wmeht o fyampdn o e
thémr per-delhler by nPdfhCoLma 2 ®UIn4 .i k ea poptr hpeaa d
HDAC/IV&i,spldaysuldur bandgewiarsg ZtB&s,i ts peptid
can be adminisBel & d8H tyaby eV e n @akbd A@&ihi c h
was | iicne n2s0e1d4PTE€%’t n a d daintoiboi n(B,0FE ¢ ebt)e recei v ec
apprbotah by FDAnag@Q1lEknpArfageoniehnebul ti pl e mye
tuci di(hpFs g ebeel swowo hadamivedpepr oved byf &hi nes
the tr eRRT @ienn 82,00faonrd -npeonsotp au s al ibmr eaGt 9 .c abirclel
the ot her s apucriodvidtdd sHDpARCHEEH i N o0 afnuinl citdieo n
as ZBG whiseh ecdanfvert gi stooffdrrniss. cl ass |
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3. 3HPAX ©bi ol ogical roles and therapeutic |
HDAT s a c¢l ass |Iubdmay me uveiHmyc leuxnpane scseeld s. T
| ocal i zHDA O%u popfo tfslsn d a ntemiteal 1 s t he regul af
expr e’MoisotHIDYAC1 de ak’e t glt adriessei dubi shohb@et ai

stabilizing t he i nteraction within t he n
accessibility to the transcepptyeawmaall amaoahi
primarily dowgeatgrud md d mmigp t i doemc,ond | y mo dul

functionalities of other nucl®hthphbghbeihs
enzymes share a hharoldegydsdsr aft esseguean t b at
HDACdctivities can be compeEDAG@?Zleidk eb yo tthheer
HDACs, HDAC1 requires to associate with o
mul ti protei n ncoompdleerxetso exerpectbéi dabhtgt yH

constitat eadyityhed cetroebnetv enpakpr essor coommppl sx @

CoREST (cor epsrielsesnocri ngf tREBInscription), Nu R
and deaaa8Blyhasegnwietndbhi ®fe t3hdrme CoMEISEx was
deeply investigated because of its contri

pat hol ogi cal conditions. The complDAKX1f or me
omat MWOAG2 LNl t hr cswaelf ftoHea i ng .‘dirno taed dni tG ooRn
several studi es HDAGIL diccalt eliv§ dEeme ampt 6 @it Si nC
binding to the histone H3, and the conseq
demonstrated that both epigendyscetggalgetd
some pathol ogical states, suggesting the
enzymes, or synergistically ©n’’both foll oy
HDACIilpredominantly associated with the de

breast,| ipreora,aadamd oclaongctedR®elcent findings hig
i nvol vement of HDAC1 i n t he cell ul ar me
gliobl’@st oma.

HDAC1 has emerged also as a valwuable tar
correlated with the enhanced Mehedespfrof pr
Compelling studies demonstrated threodcruci
photorgcaptdohsesw its pharméddcdelrogihealapienhi loi
the treatment 8¢f vemtihal adcseasaesed role
t hreod p h o tdoerveecleopptnoernt , a further study f oc

syner gidcereifvfiencgt sf rom t he si multaneous i nhi

H M



a mouse model of retinitis pigiRPeftiosiat g IR,
the administration of two isithn otieé @y si hhaco
t herBPate@edodegenerati on, since tphrrodiwde st hee
transcriptiomaulr opprgutldadit mofnleggaemineast e s w1 t i ng |
preservatiocd of the vision.

3.3.2.1 HDACLI1 inhibitors
Selective HDAC1 targeti mgdiemaiaths cd eanhh &1t Ir ¢

hi gh homol oagmyo nsge qauleanscse | HDACs. Speci fica
HDAC8 can be easily achieved, the discri mi
2, and 3, suffers from the inconvenience
catal ytitt site.

Neverthel ess, the si mul t a3n eeonuzsy nbel so chka so fb etel
effective in tackling cancerenttl Bos-2a% c( M8
11Fi gur e).BHot asdbrdoytéher success in ubidi host dt
(A0Fi gure 5, and 6), which was | i cesnosleidd by

cancedespi HRA®3 inmg. va t201°

HDACH1 inhibitors

i X
XX NH N 0" N NH
» H H : | H y 2
N N
(e}
E (e}
10, Tucidinostat 11, Entinostat
HDAC1 IC59 = 4 nM HDACH1 IC5 = 426 nM
HDAC2 IC5y = 31 nM HDAC2 ICs5; = 354 nM
HDAC3 IC5q = 1424 nM HDAC3 IC5y = 310 nM
H
Me N LSD1/HDAC1 inhibitor
T Ho M2
(e} N HoN
; e
/\

- OO

14

LSD1 ICsq = 330 nM
HDAC1 ICgo = 221 nM

13

HDAC1 IC5q = 426 nM
HDAC2 IC5y = 354 nM
HDAC3 IC5 = 310 nM

Fi g6Representati cHDACK i inthe br e wporst echd t he d
inhi B3 80 f% .



The rational drug design of selective HDAC
t hmeod i f model (cap, l'i nker, ZBG) . Sever al
l ength is crucial for the biomdiiomapnoi ine ke act
ZBG ensures the selecti®vifTthesevewrotti h@sclha:
i mpl ement ed byitf é¢dpewtckiedootviee ycaf akRy.uiBeysi t e
anldi pophil i onsaib®mibteenez mtosaeha sdiel cyo mmodat e i n:
this hydrophobic cavity, owing to their a
acti V& hei tien.t r odtchtii-gonnpduopf t hiee ZBG provi ded
for the 1lciofipgpuwme $6)jr el ecti vity ovtehud he |
encouraging the appli‘’2ation of this desigr
Mor eoivnerqgtrod etrak e thleemepos$ irmlew it \hiengol ock of

compl ex, a multitarget apoualacactwiaen pusbl.
i nhi B9 Plhhus, the combi enattiinoons toaft fwhi eF hZgBuGh eo f3
all owed the obtainment of different mol ec

i nhi bitory potency agai nst t he t wo epi ge
identification of t hé 4 e gtur pe r6f) orsmiomgi n@o r
structural motifs for tHe Issittddcmodis lhioolt digi «
assagrroborated the wvalidation of this po

encouraging the development of’®multitarget

3. 3HBACG6: biological roles and therapeutic
Amontghe HDABBAC6 exhibits distinctive fea
structure or cytoplasmatic |l ocalizati on, I
biologicd&tB8hunkeiibhefl,otHIDAIC6 excl usively c¢
finger wubiquit(izvdBmRP)ndi agd diowai nhndependent
namely CD1 and CD2, of which only the | a
responsi bl e for t he®™hyes iennez ydneea cceatny | fausnec taico
modul ator, when operates on histones in ¢t}
though its pecul iched degtayxlsdsadsscy i babhebtoad
hi stone s ubttubawbtetisma cseu d-huel gasr|l ast s¢§0IR &kl e ats e

shock proct®®peso0D,r eadootdkhiemr s agai nst decapen
( SMAD) g? oBleeyiomsd its <catalytic activity,
functSipercs fti cvadd ydemonst rsaeeeewd tahaty nE@DACG&Gda



t hter anse pudritqui pn otaatliecodlsg mi cr ot ubul e tracks
organceaen(nK&EQC)At t hab MJOICyn omtag ieds f orm agg
which amndempdhagi c®'d’®gr adati on

HDACG6 enzyme takesld udarrtemandemalyitss pdreot ei n
comprehending aaldlpopf®&% § ¢ kantovwahnl,t hat abe
HDA®a ct icwint y ceiafdf garoent pawhochygli ¢ albe evewnntse
inhi B8 f%r s.

I n general, HRA GG sh &khysb daemt | pcracnveierg ttaa gt h
ascertained oNRBAEGKpoBbBsbomuis®d!| i dhitawmouss
associated with the tr*ggering of oncogeni
Under pat hol fegxicceasls i cvaer dHiENAICOEYW | s t heohypoac
Hs®P0) enhaonbapearcdtisvi ti ess.pBAtsa @i Iriezpar ott jea hhts
i nvol wetdhe pcredlli fheayrghaetaipoonpt et, i d eraed ingt amc t h
growth. Aberrant HDAC6 deacetyl ase activil
ERK1, contributMingoatedni vai gdempmMAKREERK ki na
pat hway, which in turf*PDAMD tpadlssyd me ctr wmao rai
i n Wnrhte si gnal it ing odpegahchewtayylsad ti @miomplée aCdi ng t o
their transl|l ocathieoe itmeyheanumeedusate the
oncog’énes

HDAC6 has emerged as a valwuabl e oncotarge
cancer cells. I ndeed, pharmacol ogical HDAC
apoptotic process in camHbArCteel hsedadegead
of protei® % ggregates.

HDAC6 was proved to upregulate key-Imedi at

(PBWL) which is enrolled in the evasion of
during the @&%ncer initiation.

HDACG6 is directhyget gpdiattwbahnidmc drmteadtei n, co
to gthaebility of Hypwperatebyl asi on of t hese
enhanced cell motility, and fmn¥%%asiveness,

I n addition, HDACG6 pl apst-mepeamhymalt t 0ae
(EMT) ,process tehpaitt heenl aitbal lle ac entrel sse npcbheynmoat |y p e .
This transdief fi exiye rettdri aart g foanw mhdn (f & &) irtah e

SMAD3 si,gnaand iungder | i es aberrant cell prol

evetht s.



I n thwesrkmamé evidence supports tfhiebn mtviod v
di seasdiaenhgaeedmul ati on of extracellul ar
t h@aampr @ mfielsrect i ohat heoaeg§ghected

Among t hem, i di opathic pul monary fi&rosis
rare, anpreomgiressive |l ung disbasacbo@&@rpadcdoi
progi®sirsrecent researcbragbh@®&tygvenatpi ds
tapoptresi sthaars@ad cel |5 mfpdrPaFl lleuingssever al
evi dtemt&cldeA G6s | nvtoldee g d | mopf mearmte pr oi nf |l ammat o
phenotype i®’"cystic fibrosis

Many studi edDA@@argtaiguetdh dati nf |l ammat ory di s

of ciatpsaabi l ity of affecting®PhetnieHPAESBt @X1t |
i's relaat dbeitrog , iimvolhveedcyt oki nes producti o
synovi al jdnefgraamneattiiooon of carti |l ad®%% and bo

I n the field of neur odegenteavpd oveddi e &xc¢
neuroprot ecttilvee aexdrealt st roann s pcoorntp,r owminis @ l i
neurodegener atMove odviekgpddar §lsatwed HOAES P Tr e s s
pr omotheysp etrhpehos photay!| pt a bhabbmehuhreo befgener at
di sorders sudh s&9<3%1 zhei mer 6s

Recent!l vy, HDACG6 has been shown to posses
phot oreceptor s, and retinal cell s which

considersngarget for the Wdnagement of ret

3.3.3.1 HDACSG inhibitors

Taking into account t he6 binoltohgei cpaals tr edleecvaadr
community has ¢$her apatud mhicu arlveed oyr tmbnsge ctuol es m;
i nhi B%ftnortsh. & ongeunve ssaf er phar macol ogical too
accompti o sdtedel op sel ective HDA@EGodieirmp bo v ® |
the efficacy whinlse dlei meiftfiencgg st deerumnwi ng fro
i sof%rMs .

To date, drheg rcaegsiognmlof maehbkygtiy ekein @BOA&BI Isi t
of her &yt r usof uHBACG6 iwln tcdhomelceoxgri 6sthanddbet
drug degs)iginhe lkmawl edge of t he mdlalrematciogpm o
selective HDAGGERIds d(rltlghladeeiei gni)eces of i nfc
driven the concept that HDACG6 skblukkyianty

HP



hydrophagbiowupdamibh adgihset isnhcatlglvoewnmtene HDACG6

cat al yt88to rpeoocvkeert,. it was demonshabhtetot hdbd
a fnfsylmmaped codisepmayi bngh af fbiemintgy ctoonwd reane i
wi t hteopodfogiyt s 8&Tchteisvee isnidtiecati ons all owed t
cap groups which are respghamheebsiet yoof ekpal
structure. eAmmedh graedbgemme edxtensithahksexpl drh
capabiclrietayet ophobi c interacltooms dvdhiteihn e ahtei

t hrdé eme nciomn efu rasehtea | y tli%2 FpPoakiedi ti on, sever
cores in medicinal chemi stry were embeddec
cap group or a part thereof. I n general, |

addi thiyadmalgemtbeamd t i conasr awcidtelw fi tshtidd A C 6 ensur
high selectivity agains®® 'YMDPAC6 over the ot
The i mprovement of the potency depends on
most cases the hydroxami t®Hawieder emaiews gr

exhibited remar kaolred i enfaftii mancy oipre nainrgc t he

of novel ZBGs. Oof t hem, the most promisin
hydr azi dse(,t ranfd utdhrednxdatdhiJdizid? e

According to the HDACiIi s pharmacophore, th
t hough a Il inker, which can present di ver s
crystallographic studies haxdalbilpahlianditetresned
favbudent-averdi nathi dbmndédult kgi d aematahe c | i
monodemttaetrgdct i on.

Much progress has been made in the ident.i
which have found application in diverse t
was achireveldi Wakisdhw@yte Whi ch is still under i

trials as dhdhcameentagenthandybatshted tbd ins cAo
Fi guwypeaves thodewdegvel opment of anal ogues w
thoatgrs still acknowledged as ref¥fPence co
Promi sing results were attained with the
HDAC6i s structure, as demonstrated?1llyy t he
18and9 (IFguT,e presenting guinoline, tetrat
tetrahydroisoquinoli e THIrEQ) cores, respe
OQur research group have also contributed
devel opment of nolvededseHRPAPGiVeed ndal ithe e «
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strucftaumiali es whi ch ar e represented by t
compoR@desn2(Fguwy’é 11&rté%t resuHDASCE ni ntheirbr toc
potency wwiéehatutaanddec o wm@mdNienxkdt s r E3sk g @ IAe
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3. 3HBDACS: bi ol ogi cal roles and therapeuti c

Among the clHB»AC8s KHDAGS que member, being
which i s responsible for further biologic:
on account of its ability to transl ocate

response toéUokl kel atheeeHDACs which requir

mul ti protein complexes for the catalysis,



| acktefmi naproteteiractli'8y demhonting this
relationship structure/function of HDACS
insights for the molecular basis uMder!l yir
Mounting evidence supports that HDAC8 sha
the active site, hamperi nonhbehskksstiva ¢
to overcome this i $suesitludcipess ad rl aolglread hti kte
char act eroicskteitc wshulch is genemateéace MHDAICB an
site. This feature was exploited to anal ys
set of substrat-mslecukcédidanhigbit her s mal I

According to its major subcellular | ocali:
nuclheasrt one;shisandneomproteins-3, Tohet hhesroftoo i
involved the deanoetghaeti oamcbtosymesne spec
tetramerHX/ Ha spgrofteavit®®Ci8s able thNadeagktyl
| ysimeot hesumsitcrd ®taes sucbh|l asedpBRB Adr§italb gen
i nteract-coet a@iomamag proteistfilAct ARADl1Iap] nali
chromosomes 3°Reotat hy( SMEDBE@8a nf ocuant da |t yhsaet
pr of i ctihdbhatcyyy sdencey | af i bohagen rewlidulesis bio
relevant for theampldatlt adtBpsothdés nites faat gl y
HDACS can pl ay scaffolding rol e by prov
macromol ecul ar tompaebenfdlssaonhpastein

Gi ven it s i en dgcae]lelpualhahrvaabyesr HRACBct i vi ti es ma
rel at édbe it eol oopmermitdo s asmaski ng HDAC#8Baragetatitm
medi ci nalHRA@SIisnwvgyl.vement can mani fest as
whi ch may be r esmoolreecdu |bey aaicstiinvga (Boerast chlsiea od e
Lange Syndrltéfirei (iCWILeSsd di sorder can be trig

HDACS8 gene, affecting the biosynthesis o
enrolled in the regulation of the cohesi ¢
effective 1in i ndeaasi nwlgastehse a cetsii vWdiutay, cor

progression of neurodevel opmelft-df?2 i mpai r me

I n other cases, targeting HDAC8 with sel ec
the management of oD thcelhr emus es Wyasstrbrgd))pMD ncl udi
fibrosis, neurologPfPcd8l disorders, and canc

DMD anot HemkXd chiusandidtdant inon e gene encodin
resulting in an impaired production of thi
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overexpressed in several model s | acking d
was proven effelelnutsacli e hestwmnorg eaksogy t
pr oducltiuobnd3difn

HDAC8 is also involved in the regulation
renal ti ssues. | ta< t Bobnn DY MAD 3 dwemrceg-ll atsees
signalling pathways along with d%WwWistream
Mor eover, HDAC8 has emerged as potenti al
di fferent -baeast tTCwapeser, neur ohl anshteornea ,i tg
i nhi ciami peodhee in cytost’dt'ec, or cytotox
I n particul arwheth iwatepiarow(elhéyi bfauHDIAECB pr ot
i's more prone to deacetyl ases, and consegq

|l eading to t hel eturkaanesnfi cawmsat teimo ceed dlfssi n t he p

t haecut e myeloideukaemia (AML)

3.3.4.1 HDACS inhibitors

Signi dckbhbhbaevement s in the biological fiel
under pi noilogg HDMAeC8 i n s butehriasl wlaiss orodisrpsar al
many suicnc etshseesdevel opmentl nafeeslel & hitei Vel elHD A
conspicuous number of selectivaeppDAEC8t so0he
clinicalietadyesases. Neverthel ess, some
the wvalidation of HDACS8 as tmar ldgedutoiran t
sel ecflinvitthyy PCB8d40@BE&xtFj gure 8) has been rec

phar macol ogical tool to invidstigate the bi
Structur al i nsight hol ds promise for t he
all owing to overcome the inconvenience of
isoforms. In this regard, the rational des

phar macophore along with thechapaktbogyi npéd:t
di sti npboicVSetescu fti cvaadsl ypr dven t hat compound:
shape conf or mat i oeni nctaenr agce n eornast ewi stthr otnhgi s
sel ect itwviet yvloawsammntd HDRCHE!®

Thus, medi ci nal chemi sts have considered
i mpar s htatpe lconf ormation to the inhibitors.
cap girouipel erated in the catalytic pocket

shown to profoundl yt oowddDdu@8.c eT hteh ed issec leocst u r
H ¢



compounds25 (sSkiicduraess 8) all owedbabsedr Vi ngertd
confer hi gher HDACS8 inhibitory potency, W
l inkers. This is true especmafpiopgi toonl ohk
terminal aromatic ring, t hekslhbani endg ctotmes oirmhait
reported f 25 &@WdigogurfkesTB) s s malgluamaditfeiesa tt
di scri mmoagi ame gt hneord ai®IIDOATCEHr, mbmehti tcehr t ol er
t hpea+sai b sitoint wtf t he ZBG oWé®#k%® haugmat he hiydl
acid gave the best results in term of i nhi
been focused on the research ofaze¢e®dZB6s,
onapami no acjdaseshdwed 24 o @Ndroingpwfuen dss) .

However, both inhibitoigsexhivhidt edd mivé dem
hydroxamic acid function remains the best

i n the nanomol ar range.
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4 Overview of the thesis work

Taking i nto account the biological rel ev
pat hol ogi cal conditions, many endeavours
phar macol ogical tools able to selectively

A special focus was Ildevione dddacethel asnbidoah at
for their ambival entepigleaeitncemiegdmat ises . ¢
During my PhD, | had tamheoogpomigupiroyetcd @a
newel ective andmanuddulterigehi simadrs target.
and demethyl ati on.

I n this context, I focused many efafnodrts o
HDAC1li s as potenti al phar macol ogi catseagen
t arsg eitn mul tiple patthhgempotieant malkd amibumg t
application in diveriperaherdipeeanads RPE@Gh C
i nf |l ammade dnp atnidpch ngé e s
Moreoweaes,i hivotl vedsynt hesis of three new po
by exploiting different approaches to ta
Specifically, the merge of the essenti al
HDACS8 all owed nt tod iddieaHD is6 ettt hitaortshe ot he
hand, dutahcet i n g LSD1/ HDAC1 hybrid was obt ¢
phar macophoric el ements of LSD1, and HDAC]
Expl orative esntvuidsitebsa iamlglmouwetdaneous targetin
fatty acid ami den zhnwder aleavsed ok AAH)d walg hi n inie
mer ging approach.

Briefly, t he most not eworthy aspects of t
par agr agnhdmor e extensiveadbspriopticeni s pro
chagpter



4. Devel opment of newoseltbettveaHDMAGE of
4. 1 NE2 3b/ebsaeendal ogues

Given theneed for innovative and effectid®F therapies our recent research activity
was directed toward the validation of HDACG6 as valuable tdogehis rare disease, by
exploiting selective smalholecule inhibitorsAmong in-houseHDACGis, compound
NF2376 (22, Figure 7, and 9yhowed to be the most effective in reversing the IPF
phenotype irex vivoexperimenf®

In this frame, we reasoned that proteohtsigeting chimeras (PROTACS) technology
could be exploited in order tachieve HDAC6 proteasomal degradatftéhThus we
prepared a small library dive NF2376based analoguet0a-e (Figure 9, and Table 1)
endowed with different anchoring sites for a further derivatization, and development of
novel PROTACs.The biological characterization of the derivatives was aimed at

identifying the most promising candidate to be embedded in the PROTAC structure.

\dentification of the

for the PROTAC linker /@)L

B~
L)@ @fm
N linker ng

bioisosteric ) overturning
modifications
ificati Ve
H
N
HO

(x)-30a-c, (+)-22, NF2376
as defined in Table 1 (+)-30d-e,
as defined in Table 1

Figure 9. Drug design of theewNF2376based analogues

4. 1 THI Qasdeedr i vati ves

Taking inspiration from several compounds reported in literasunek taking into account

the key pharmacophoric elements of several HDACG6 inhibitors synthesized in our
research group, we selected the tetrahydroisoquinoline (THIQ) privileged scaffold as the
cap group for the development of a new set of potential HDACRerivatives3lah,

Figure 10, and Table 2§? In this context| was involved in the synthesis of a small
library of compounds allowingbtainingthe first SAR clues, corroborated by the results

obtained from the enzymatic assay. The besitro candidates were evaluated for their



capabilityin reverting the fibrotic phenotype inducedby M6F i n human | ung

(IMR-90cell line).

(o}

NN

)l( %LN,OH
Q g N~ H \aL,NHZ
g 7BG — N
g Ay T o X H
31a-h, \%LH'NV

as defined in Table 2

(o}

Figure 10. Drug design of theew THIQ-based analogues

4. 1SPBrTrtbl ®ased derivatives

In order to optimize the pharmacodynartf®) and the pharmacokinet{fK) profile of

the THIQbased HDACG6is(31ah, Table 3), a second set of spWbHIQ-based
compounds was conceivedB2a-c, 32f,h and 33a-i, Figure 11, and Tabl&). These
analogues were prepared using the Castaghwhman reaction (CCR), a three
component reaction which allowed the emsyallation of a spirdused cycle in the THIQ
corel® Consistent with the docking results, the enzymatic assay enabled the
identification oftwo hit compoundsnamely33g, and33h, endowed with a good potency

and selectivity against HDAC6 enzyme

THIQ as priviliged scaffold to be incorporated in the cap group

modulation of cap N different anchoring
group hindrance, -~ site for the
and polarity ) bearing the

First set of HDACG6is Second set of HDACG6is
PH Y
O+ _NH
_OH
HN
N
X
Ry, N‘X
R'L_,"
32h, X =-CH,-

32a-¢,32f, 329, -CH,- 33h X =-CONH-, Y =H
33a-g, X = -CONH- 33i, X =-CONH-, Y =ClI

Figure 11. Drug design of theewspiro-THIQ-based analogues
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In light of these preliminary data, we selected the best in vitro hit to conduct a deeper
biological evaluation otwo validatedex vivolPF disease model.

4. Devel opment of nefw rs etlheec ttirveea tHDeANQi sof RF
4. 2Telt r ahoycchmr b blaishe@RAC6 i s

As mentioned abovepharmacologicaHDACG inhibition proved to be beneficial in
treating RP, resulting in the rescue of theual function and retinal morphology in

vivo modelst® In an effort to disclos@aovel therapeutic options fdhis neurological
disease, our research activity was directeglatd the identification of new selective
HDACGis as neuroprotective agents in RP disease. To this aim, we developed a new class
of tetrahydreo -carbolinebased derivative@4ap, Figure 12Table5). The contribution

of my PhD project to this topiconcerned thereparatiorof compound34f, to complete

the SAR study and to better characterize our scaffolds explarafioreover, | was
involved in the experimentadetermiration of PK parameters such atability and
solubility in diverse media for the besandidatesof this series A deeper biological
investigation was conducted to validate their high therapeutic potential in the treatment
of RP.

34a-p
as defined in Table 5

Figure 12. General structure of thettahydreo-carbolinebasedanalogues.

4. 2HPDAC1/ bgbiids

Given the ascertained role of HDAC1 and LSD1 in the RP pathogenesis, we decided to
exploit their selective inhibition as an alternative strategy to counter neurodegenerative
process in RP disea®&To this aim, we designed and developed a new series of dual
acting compoundg35aj, Figure 13, Table7), by linking the key pharmacophoric

elements of both target§he contribution omy PhD project to this topiwas related to



the synthesis of the molecular hyb@8f (Table 7), which is currently studied for its

ability to counter RP neurodegeneration by exerting protective effects on photoreceptors.

LSD1 inhibitor HDACH1 inhibitor

A 0
O O
1, TCP 0
11, Entinostat

~@® LSD1/HDAC1 hybrid

J

S

. Linker
A\N/ H NH,
J (5

35a-j
as defined in Table 7

Figure 13. Drug design of theewHDAC1/LSD1 hybrid.

4. 2DB8Balcting HDAC1/ FAAH inhibitor

In the quest of innovative therapeutic strategies for the treatmentdit&dse, we found
tempting to explore the simultaneous inhibition of HDAC1 and FAAH enzymes. This
latter s a serine hydrolase enzymeelonging to theendaannabinoid system.
PharmacologicaFAAH inhibition produces an indirecttimulation of thecannabinoid
receptorsresulting ina neuroprotective effe@chievedvia the activation of multiple
mechanisra 13413

Considering the synergistic neuroprotective effect which could result from the
simultaneous FAAH and HDACL1 inhibition, a multitargeting approach was conceived.
To this aimthe key pharmacophorielementsf the FAAH inhibitor PF750 @36, figure

14) and compoundl (entinostat, Figure 14 were merged in the structure néw
potential dual acting HDAC1/FAAH inhibiter These latter areharacterized by the
presencef diverse cap groups, inading quinoling whichis the scaffold of compound

36, and benzodioxole.

My contributionto thisprgectregarded the preparation of compo@d¥dFigure 14.

Enzymatic studies aimed at profiling the new compauand currently in progress.

op



FAAH inhibitor HDACH1 inhibitor
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Selective dual-acting FAAH/HDAC1 inhibitor

11, Entinostat
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<0:E>\/<)\l <NS/NH2
37

Figure 14. Drug design of theewduatacting HDAC1/FAAH inhibitor.

4. dDevel opment of newosetbetiveaHDAGE of
conditions

4. 3Indol-basHBEACG6i s

As a continuation of our efforts ithe development of new chemical entities endowed
with high potency and selectivity toward HDACG6, we selected thedisiibstituted
indolizine as promisingnd unexploredcaffold for a new series of potential HDACG6is
(38a-1, Figure 15, Table3). This choice was supported by the application of a versatile
synthetic protocol for the construction of the indolizine template which enabled the rapid
analoging at the cap group along with the easy overturning of the linker portion on the
core. This latter wasproperly decoratedin order to achieve high potency toward
hHDACSG, and selectivity over the other isoforr®seliminary studies conducted by the
enzymatic assay showed promising resuRsrther biological investigation will be
performed to evaluatthe capability of the best candidates to attenuate inflammation

associated with degenerative and chronic diseases.
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Figure 15. Drug design of theewindolizine-based analogues

4. Devel opment of newosektbettveaHMAGE|I of
4 . 4 Arlyli p e rbaazsiHe& C6 i s

Part of our research activities was focused on the identification of -smédtule
HDACSGis asanticancer agent$?'®Based on oum-houseexpertise we developed a
series of gyl piperazinebasedderivatives 89aq, Figure 16, Table9) to which |
contributed synthetizing two compoundsnzymatic and cellular assagnabled the
identification of four hits endowed witthaxceptional activity/selectivity profile toward
HDACG6. Their antiproliferative effects were interrogated in diverse haematological
cancer celtypes spanningrom acute myeloideukaemig AML) to chronic lymphocytic
leukemia (CLL)and multiple myelomé&viM) cell lines. Furthem vivostudies conducted

in AML zebrafish model allowed to validate the therapeutical potential of the best hits as

pharmacological tools for the treatmenthaematologicamalignancies.

©)\ [N;W(\/@)\ 2 X\/©_H(N-OH

N

ON Aromatid =-CH,-, or -CONH
- "
a ©/>/ ring =N or-CH,
& OH

39a-q
as defined in Table 9

Figure 16. General structure of the aryl piperazin@sed HDACG6is



4. 40Rmi noamaded eHDACL1i s

Aiming at modulating the epigenetic mechanisms occurring in malignancies, we
identified HDAC1 enzyme as potential target to investigate for the treatment of the
colorectal cancef® In this view, a new class @kaminoanilidebased HDAC1ig40a-c,
Figure 17, Tablel0) were rationally designed, and the developed in collaboration with
the research group of the Prof. Aiello at the University of Calabria.

The contribution ofmy PhD project to this topiconcerned the preparation of three
compounds along with the reference compolith¢Figure 17).

The besin vitro hits resulting from the enzymatic assay are currently under evaluation
for their antiproliferative propertien vitro on three colorectal cell lines (HCT116, HT29
and DLD1 cell lines)andin vivoin chorio-allantoic membranéCAM) model.

YOS o o =0

11, Entinostat 40a-m
as defined in Table 10

Figure 17. Representative structure of the HDACLis.

4. 4 Az3e t -P-dmlma s-bdsHDACG6/ 8i s

Literature survey highlighted the dysregulated activities of HDAC@, HDACS in
certain cancer types, such as AML, and colorectal cafi@ing into account the
beneficial effect deriving from simultaneoasd selective inhibition of the isoforms 6
and 8, we focused on the research of dual acting small moleduethis end, we
reasoned that azetidBrone, being a privileged scaffold in medicinal chemistry, could
represent an innovative cgpoup.

Thus, we have developed a newdedual HDACG6/8 inhibitorg41a-i, Figure 18, Table
11), by properly decorating thazetidire-2-one core,following different synthetic
strategiesThe contribution omy PhD project to this topiconcerned the preparation of
compoundsglla-c, to complete our SAR studies.

Enzymatic studieguide the identification of the best candidageslowed with high
selectivity towardhHDAC6/8 over thehHDAC1 and hHDAC10 isofornms. Further

oy



biological investigationfiave enlightened promising potentiality of these compounds
as polypharmacological tool the treatment diematological and solicancerd°

Cap portion

- .
.
AL TN

‘N%/XY TNHOH
(0) 0

41a-m
as defined in Table 11

Figure 18. General structure of the selective daating HDAC6/8 inhibitors.



5 Devel opment off omewhkDAC®Ias ment of
5. 1Background

Rare diseases are a group of disorders affecting a small pthet gfobal population.
They are also known as orphan diseases since their pharmacological treatment still relies
on few therapeutic options which are not resolutimong the rare diseasedidpathic
pulmonary fibrosis (IPF) i®ne of the most debilitating and hfereatening, being
chronic,degenerativeand fibrotic lung disease of unknown etiolpgyd with a poor
prognosis Generally,IPF patients are between the ages of 60 and 75 yeavsitblc
medianlife expectancy of 35 years fromthe diagnosis if not properly treatedThe
annual incidence ofPF account for0 . 2 21 7 . 4000ppeople whibhQis strictly
associated with high mortality rate exceeding that of several aggresdigaanaies.
Although many factors appeared to govern IRE pathogenesisit is increasingly
acknowledgedhat the fibrotic event at lung levels triggered by unceasingsults
togethemwith geneticand ag-related factors®

IPFmanifess as an aberrant wound healing characterized byrthgressive replacement
of thelung parenchsawith fibrotic connectivetissue The dysregulation of the injury
repairis mainly ascribable to the EMT process which prodtive activation of quiescent
fibroblasts, andpart of circulating fibrocytes into myofibroblasts3’ This event is
induced byTGFR31, a profibrotic mediator, which exerts its actibnoughthe SMAD3
signaling cascadéyofibroblast can migrate in the lung interstitium forming the fibrotic
foci, specific agglomerates responsible for the as@rmulation of extracellular matrix
(ECM) components, such as collaggpes | and lll, fibronectinandU-SMA 136:137

In addition, myofibroblasts are involved in the downregulatioometalloproteinases
which show limited proteolytic activity toward the ECM components owing to the
excessive production of their endogenous inhibidRecently, it was demonstrated that
airway basatells (ABCs)can also accumulate in the fibrotic foci, worsening the scarring
process. Collectively, these events compromisegigeexchange at the alveolar level
with consequenimpairment of theespiratory functiorf®38

The current therapy provides for the use of pirfenidone (Esbri#2®kigure 19, and
nintedanib (Ofev®43, Figure 19)which contribute to relieveymptomsand delay the
disease progressiavith manageable collateral effecks.particular, the former has been
shown todecreasé¢he production of TGH 1 a nidflanpnatory cytokines, although
its mechanism of action remains poorly understd@n the other handyintedanibis

an intracellular inhibitortargeting diverseyrosine kinasesvhich has been showio

nn



reducerelease of proinflammatory and profibrotic mediafdfNeverthles both drugs
are unable to eradicate the disorder, thus to date tlangplantatiomepresents the only
cure treatment®

Therefore, taking into account the need for innovative and effective therayges,
reasoned thaiDACG6 couldrepresent gotentialtarget for thereatment of IPFbeing
upregulated inPF fibroblasts:38141143 Our recent research has provided evidence for
overexpression oHDACG6 in ABC cells deriving from IPF patients. Beside these
immunohistochemical studiesther investigations were focused to clarify the role of
HDACSG in thefibrogenesisand inthe apoptosis resistantelPF basal cellsallowing to

decipher its action oproteins involved in cell growth, survival and migratf§n.

X \
| NH
O » Q
O
N\(\N/\\N
42, Pirfenidone Me” \\/ ~Me
o
43, Nintedanib

Figure 19. Representative structureskEiDA-approveddrugs for the treatment &PF:

To this purposea series of novedelectiveindolinebased HDAC& was developed by
our research groupeading to the identificatioof the hit compound NF237@2, Figure
7). Biological investigations were conducted ontieemic mixture oft)-22, taking into
accountto thelack of astereoselective HDACHhhibition which was confirmed by the
similar inhibition propertiesf both enantiomergR)-22 ICso (HDACG6 = 91 nM vs §)-
221Cs0 hHDACG6 = 71 nM) The best hi22 showed to be abl® inhibit fibrotic sphere
formation in a 3D cell model derived from ABC patient cells, proving to be effective in
reverting the IPF phenotyp&loreover, studies performed @x vivohumanmodel of
TGFb idependentibrosis revealedthat the selected candidasecapable of inhibiting
the mRNA expression for the typical fibrotic biomarker, nanteljagentypes I and I,
fibronectin andU-SMA.

The validation o2 as potential pharmacological tool for IRFowedimplementing the
current collection of validated targets under investigatsupporting the biological
relevance of HDACSG in the IPF pathogenésis.



5. Devel opmeind| aqidc al cohfa r MR Bsredz adteirdanv at i v

3Beas potH®OAICI6als
In light of the promising progress in understanding the crucial role HDACS6 in IPF disease,
we found tempting to explore the PROTAC technology in order to achieve HDACG6
ubiquitin-proteasomatiegradatiort*414°
Specifically, this strategy employsheterobifunctional compound capable of
simultaneously bindintghe protein of interest (POI), and the E3 ligase forming a ternary
complex. Assisted by E2 ligase, this latter medigttespoly-ubiquitination of thePOl,
leading to itsselective degradatio¥t®
Since the proebf-conceptof PROTAC technologywas revealedin 2001 several
HDAC-PROTACdegraders have been developed, some of them have shown promising
results apreclinical and early clinicastage'®
Theirst d engert-dadl p £ sHIDEAKIW e rdd s coivier AT &8n dbds

researchTibreipteipell layw e di A ad ktedi bi t or faosr R Qle

conjiuwgnpmal i domi de as a recrui(tCkBDgspi tke

t hpaHDACIcaf, f odlde e | PR@THACsef elryeno mMdDACG6

degr a.Eatcioaun agseed rheyqhielhtiea me reseamclegrespo
sel ectivdeeghAIRGGGr s based omMexbher g=F@guhAee

7)gncomiwiatnhtel 6gRracou p J4h FH0 eImeeveours wer e
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target ofnogr,mt h6e aid$ ng PROTAH@&mt ipfdy seeetliencgg | v e

HD A Ci6n h isb i btaoseeidt bheemr z i mio dradziorlaaba fAf o REc ent | vy
the PROIWME@gr adH®ALL, HDA/2ar bHBAG&E®IOMoani |
Zzi-bcndgmaup wer g dil engebwicth veandDADACS
PROT A!CY5?2

From a medicinal chemistry perspective, the drug design of PROTAC degraders is still a
challenging task, since requires the knowledge of the dynamic interactions which may
occur within the ternary compléx?

In general, tis heterobifunctionalcompound fully adhere to ke typical HDAC
PROTACpharmacophore modehatconsists of thremodulesi) a ligandable to recruit

the E3 ligase ii) a selectiveinhibitor endowed with high affinity toward the selected
HDAC isoform, andii) a linkerconnecting the two portior’4*>3The identification of

the most suitable E3 ligase ligand should be based on the cebplaassiorof the E3

ligase whichensuresargetdegradatiornin the celttype taken into accourt! Among the

E3 ligass, CRBN has been shown to be recruited by a known BRBOTAC inTGF

nH

d



b dinduced lung fibroblasts, taken as vitro IPF disease modét* This allowed
narrowing the choice to CRBN ligands for the development of our HBROTACS in

the treatment of IPF.

On the other hand, the selection of timhibitor is commonly based on its
activity/selectivity profile over the other isoforms, together with its ascertained biological
activity.> Thus, we selected NF2376 compound as HDACG inhibitor, presenting all
these characteristics. Moreover, in the drug design of PROTAC degrauers)éngth,
flexibility, and polarityare all criticalparameters that should be considered. It was also
proven that the conjugation of the linker to the two ligands could &ffediinding to

their targetg>3:156.157

On the basis of these piece of information, we studied the possible attachment points on
the selective inhibitor NF237@2) for the PROTAC linkers, in order to retain its intrinsic
affinity toward HDACG6. Crystallographic studies have revealed that the decorated
indoline core of NF23762Q), being the cap group, interacts with the outer rim surface of
the catalytic site, thus this moiety was identified as a platform for anchoring different
PROTAC linkers(Figure 20)*® In this view, weprepared a small library of NF2376
based analogué®a-e (Figure 2, and Table 1), by pursuing two different approaches.
Firstly, we conceived the installation of the fluorigmupon the cap of NF2376 for a
further derivatization with the PROTAC linker.

Figure 21. Representation of the crystal structofefHDACG6 in complex with NF2376
(PDB codesV79) shown as ribbon and stick structure in blue. NF23d&pscted in

light grey.
This strategy provided for the modification of the indoline core through either the
bioisosteric substitution of the hydrogen atom in position 5 with a fluorine atom, or the

introduction of a fluorinated pyridine in position 2, obtaining the compoddsc,



(Figure 2, and Table 1). Secondly, we explored Kerdoline position of NF2376 as a

possible attachment point for the PROTAC linker, by rearranging the HDAC
pharmacophoric elements.
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We replaced the geminal methyl group with a spimeridine moiety which was
combined with the benzylic spacer bearing the ZBG. In the first instance, thl-free
indoline position was further derivatized for an easier chemical handling, allowing the
development of compound@d-e (Figure 21, and Table 1). These latter were used as
chemical tools to investigate the effects on the affinity deriving from the overturning of
the benzylic portion bearing the ZBG on the indoline nucleus.

5.2Chemi stry

Accordingly with ourretrosynthetic analysighe development oftompounds30a-c
provided the proper functionalization of the indoline cddad deriving from the
reduction of the correspondingpiroindolenine45ad (Scheme L This latterwas
obtained in turn through theaterruped Fischerindolization starting from the suitable
ketone(46ac) and phenylhydrazinety, and48).

Ry

R’1 more o o
R ' R ' 0o
@ . @A steps @ 1 R @ 1 R, R NHNH,
¥ — + (R f— * (R — Rs LN
" ‘ a ®
" N N Ry
H

4
44a-d as defined 45a-d as defined 46a-c as defined 47, 48 as defined
General structure in Scheme 3,4 in Scheme 3,4 in Scheme 1-3 in Scheme 3,4
of 30a-e

Scheme 1Retrosynthetic analysis for the NF23G&sed HDACG6i80a-e.

The synthesis ofhe ketonesvas achievedy following two differentprocedurs, as
detailed in the Scheme 2. Specifically, compoud@ls and46c (Scheme 2, panel A)
were obtainedstarting from the commercially available tosylhydraz#fewhich was
treated with the ketoneSQ or 51, to give the corresponding tosylhydrazone derivatives,
52 and 53. These latter reacted with thep@ridinecarboxaldehyd&4, in presence of
cesium carbonat@affording the desired ketord6a, and46c.

The synthesis of compound6b was achieved by performing a thrstep reaction path
(Scheme 2, panel B).
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Mi n TdiFTHF, 0°C, N2, 30 min.;d) Ho/Pd, MeOH/r.t., 1 h;e) DMP, dry DCM,

N2, 0 °C, 2 h.

The commercially available aldehydsb was treated with isopropenylmagnesium
bromide to afford the produéi6, which underwent catalytic hydrogenation, furnishing
the alcohob7. This latter was oxidized to corresponding ketd6kin presence of Dess
Martin periodinane reagent (DMP).

Thesynthesis of the compoun@6a-c is described in th&chemes.

Me Me
Me NHNH,  a) R, Me Me
S + - HCI
Yo o Me R WV \ s
X R3 2
R3
46a, X=N,Y=H,R3=H 47,Ry;=H 45a, X=N,Y=H,R,=F, R3=H (+)44ac
46b,X=H,Y=N,R3=F 48,R2=F 45b,X=H,Y=N,R2=H,R3=F
45c,X=H,Y=N,R,=F, R3;=F ‘C)
Me Me
Me Me
R2 7X\ Rz
Y Y
N \ 7 N \ 7
Rs d) R3
H
N MeO
HO
(%)-30a-c (*)-58a-c

Scheme 3 Synthesis of compound3ac. Reagents and conditiona) H.SQs, 1,4
dioxane, 70 °C3 h thenr.t., 16 h; b) Ho/Pd, MeOHy.t., 12 h;c) methyl 4formylbenzoate,
NaBHsCN, EtOH, AcOH/.t., 14 h;d) NH20OH (50% in HO), KOH, MeCH, r.t, 3 h.



The ketones46ab were subjected to a Fisher indolization with the suitable
phenylhydrazine50 or 51) in presence ofoncentrated sulfuric agidiving indolenines
45ac. These intermediates were reduced Ialytic hydrogenatioraffording the
corresponding indolinegt)-44ac, which were subjected to the reductive amination
protocol in presence ahethyl 4formylbenzoate affaling the compoundét)-58a-c.
Theseester derivativewere convertetto the corresponding hydroxamaxids ¢)-30a

c upontreatment with KOH and aqueoli$i>OH.

In Schemet, the synthesis of compoun@8d, and30eis reported.
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N Boc N/ N\ / N N\
46¢c 47 H Bn
45d (¥)-44d (%)-59
d)
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Scheme 4Synthesis of the title compoun88d, and30e Reagents and conditiores; ()
H.SQy, 1,4dioxane, 70 °C3 h thenr.t., 16 h; (ii) BocO, dry triethylamine TEA), dry
THF, 2 h;b) Ho/Pd, MeOH.t., 12 h;c) benzaldehydeNaBHCN, EtOH, AcOH/.t., 14
h; d) HCI/MeOH, MeOH, 40 °C, 30 min; e)athyl 4formylbenzoate, NaBtCN, EtOH,
AcOH,r.t., 14 h;e) methyl 4(isocyanatomethyl)benzoate, dry TEA, dry THE, it., 12
h; f) NH20H (50% in HO), KOH, MeCH, r.t, 3 h.

Following thesynthetic pathwayreviouslydescribedn Scheme3, the ketonel6cwas
reacted with phenylhydrazinglq) in a Fisher reaction ipresence oftoncentrated

sulfuric acid The following treatment with Boc anhydrigegovided the indolenine

nT



intermediatet5d. The double bond dhis derivativewas reducedbllowing a palladium
catalyzechydrogenatiomn methanolaffording the indoling+)-44dwhich was subjected
to a reductive amination protociol presence dbenzaldehydagiving the compounét)-
59. Boc-deprotectionunder acidic conditiongavethe desired amingt)-60. The latter
was then reacted witihe commercially availablmethyl 4formylbenzoater methyl 4
(isocyanatomethyl)benzoatprepared according to literature proceduriesorder to
obtainthe tertiary amindg+)-61, andurea(*)-62, respectively.These ester derivatives
were reacted witlmeacted withaqueousNH20H, in presence oKOH, generating the

corresponding hydroxamic aci¢)-30d, and(z)-30e

5. 2SAR anal ysi sbasfed hHDAG&i3s/ 6

The maingoal of this work consisted in the development of revalogues of NF2376
compoundendowedwith different anchoring sites for a further derivatization, and
development of novedlDAC6-PROTACSs.Thus, we pursued two different strategies to
insert a functionable group on the cap group to be conjugated with the PROTAC linker,
attempting to maintain the activity/selectivity profile of the parent inhibitor. The
bioisosteric mtroduction of fluorine and fluorinated moieties the cap group allowed
obtainingcompoundg80a-c (Table 1). Secondly, aconceived a new cap group to exploit
the nitrogen of théndoline core as a possible attachment point for the PROTAC linker,
leading to the development of compoundd, and 30e A preliminary SAR
investigation was conducted for this small library of HDACG6is by evaluating their
inhibitory potency toward human HDACBHDACSG6), and selectivity over the isoforms

1, and 10. The enzymatic assays wgeeformed by ProfFabrizio Vincenzi and Prof
Katia Varani at the University of Ferrarand allowed to profile th&lF2376based
HDACG6is 30ac, asreportedn Tablel.

The first synthegied analogug30ac show a lower inhibitory potency toward HDACS,
with respect t®2 (hHDACSG ICso = 42 nM), but still in the nanomolar rangé€his could

be explained by the fact that fluorine atom possesses dlexsteochemical properties
with respect to hydrogen which can alter the overall properties of the molecule together
with the binding interactions with the enzyAt&.

Specifically, the bioisosteric replacement of the hydrogen in position 5 of the indoline
core with a fluorine atom led to a marked decrease of the HDACG6 activity for compound
30a(hHDACSG ICsp = 388nM). On the other hand, the compousab (hHDACS6 ICso =

ny



126nM), presenting a fluorinated pyridine in position 2 of the indoline scaffold, showed
a high inhibitory potency, despite itsskalue isthreefold lower than that of the parent
inhibitor. The simultaneous introduction of fluorine in position 5, ianabsition 2 otthe
pyridine moiety in compoun80c (hHHDACG6 ICso = 422 nM), synergistically led to a
decrease of the HDACG inhibitory potency.

Taken together, these results highlight that the bioisosteric modification of the hydrogen
atposition 5 is not weltolerated andresultsin a lower inhibitory activity. Probably this
group is involved in additional interactions with the outer rim of the enzyme, thus its
replacement with fluorine entails a decreased affinity toward HDACG6. Nevertheless, the
simpleintroduction of fluorinated pyridine in position 2 allowed compo@B6atto retain

a high inhibitory potency, thus its selectivity was evaluatedr isoform 1, and 10.
Interestingly, compound80b exhibiteda low inhibitory activity towardiHDAC1 (ICso >

10000, andhHDAC10 (ICso > 10000, with selectivity indexes (Siyreater than 79.
Collectively, these data suggest that compow@dh could be exploited for the
development of HDAC&ROTAC degraders, presentinguamdtionalisablegroup as an
attachment point for PROTAC linker, and a good activity/selectivity profitee best
results in term of potency were achieved with compo@ddsnd30¢g showing HDAC6

ICs0 values of 78 nM, and 31 nM, respectively.

These preliminary data allowed to demonstrate that the new cap group is able to.
Moreover, thaureamotif in compound0edetermines an improvemeuoit theinhibitory
potencywith respect to the tertiary amiB@d, probably thanks to the additional contacts

it can create in the catalytic tunnef HDACG6 active site. Further investigations
concerning the selectivity are required to establish whether these inhibitors could be
exploited in the drug design of new HDA®BROTACSs. ensure a good affinity toward

HDACSG6, encouraging the development of othralogues

n o



Table 1. Inhibitory activity of compounds30ae toward hHDAC6, hHDAC1 and
hHDACG6, andhHDAC1/hHDACSG6 selectivity ratio.
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5. Pevel opmeind|l aqidc al cohfa rTabte @ea d zddridomat i v e

has potH®&MLC6als
Discovering novel chemical entitiemdowed with highherapeutic potential for the IPF
disease represents a challenging task for our research group. Our recent findings,
corroborated by literature data, have contributed to pinpoint HDAC6 pharmacological
inhibition as a valuable strategy to tackle {RFated fibrosis®:138
In this frame, | focused many effods the identification ohew selectivdHDACGis for
the treatment of IPFAccording to the canonical HDAC pharmacophore, we identified
structuralmotifs which are required for theelective HDACGnhibition.
In the chase of a new cap group, se&tectedhe tetrahydroisoquinoline (THIQgoreto
rationally design a new series of potential HDACGi&is choice was supported by
several reasons mainly ascribable to the acknowledgment of THIQ pawilaged
scaffoldin medicinal chemistry®2 Over the past yearprivilegedmolecular frameworks
have received great attention from medicinal chemists, due to their exceptional PD and
PK properties which allowedccelerating the research of lead candidédesdrug
developmentindeed, pvilegedscaffolds are known to possess peculiar physicochemical
featureswhich enable favourable bindingteractiors with a wide arrayof different
biological targets$>®1%° Specifically, thepharmaceutical potentialitfHIQ coreis still
extensivelyexploral in biologically active compounds, gaining important results at pre
clinical and clinical stage in the drug development pipéfife.
Besides being a privileged cofié{1Q was conceived as cap group for being the structural
homologus of the indoline core, which was employedthe previous NF237b6ased
series represented bhit compounds22 (Figure 2). The ring expansiorachieved in
THIQ allowedmovingfrom aryl to benzylic position of the nitrogen, resulting in different
interactions with the catalytic site along with possible favourable-kikagproperties
THIQ core can be also considered streictural isomer of the tetrahydroquinoline which
represent the cap group of the potent and selective HDRE&IGiigure 2).11* Moreover,
THIQ was already incorporated in the selective HDACSj while serving as linker
group?’ Collectively, these observations encouraged us to embed THIQ core in the
structure of the new potential selective HDACGEigking inspiration from literature, and
our in-house experiencein developing HDACGis, we conducted a systematic
pharmacophoric analysis aiming to select the best moteties combined with theap

More in detail, THIQ core was functionalized with benzyl linker through different



connecting polar units able to confer a diverse pharmacodyniaghavior against

HDACG.

Traditional and novel ZBGs were installedpiara- or metaposition of the benzyl group,

useful fordrawinga preliminary SAR corroborated by the inhibitory enzymatic assay

Toolbox of selective HDACG6is

/

Me
M
e =N Cl

_N
HO

HO' ° 19

k (£)-22 1

K \ 7/  Ring \©\/Nj i
expansion Isomerization /T ’/\:Iij)L .
_— —_—

H N N
M

Developmentof THIQ -based HDACG6is +

Priviliged scaffold

@H

63, THIQ

(0]

X \ekN,OH o
N~ H NH
ZBG — N
o ;M
31a-h, \)LN'N\/

as reported in Table 2
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The bestin vitro candidategesulting from the enzymatic assay an@rently under

biological investigationat the University of Siena by the research group of Prof.

Morbidelli. The new HDACG6iswill be evaluated for their capabilityn reverting the

fibrotic phenotype induced by TGEH
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substrate of HDACB0ngoing studies are aimed assessinte cell toxicity for the best

performing analogue, both vitro in IMR-90 cell line, in collaboration witthe research

group of Prof. Morbidelliandex vivoin the Langerdofperfused heart, in collaboration

with the research group of Prof. Saponara at the University of Siena.



5.3Chemi stry

The generalsynthetic approach for the developmentla# newpotential HDACGisis
based on three key step$:the preparation of thesuitablelateral chain when not
commercially availableij) the condensation between the reactive group of the lateral
chain and thenitrogenof the tetrahydroisoquinolin@3, andiii) the conversion ofhe
meta or para-group on the benzylic linker into the desired ZBG.

The synthesis of the lateral chaB%67 is depicted in the Scheme 5.

o) o)
@OB a) ont
| HO
68 64
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o
S OMe oM
OMe b) H,N.__S ©) Cl g ¢
Br + N ONH, ——— g —
NH
69 70 Sl
7 65
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O)kOH d) O)kOMe e) HZN/\Q)kOMe
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Scheme 5 Synthesis of the lateral chaiBg4-67. Reagents and conditiona) PdCb,
AgOAc, NaOAc, AcOH N2, 130°C, 24 iy b) EtOH, 80 °C 1 h;c) NaCIlO, conc HCI,
ACN, and ther¥1, 0 °C, 30 min; d) TMSCI, M@H,r.t., 16 h; e) conc HCI, MeOH, Ha,
r.t, 3h.

Compoundé4 was obtained from a palladiuma t a | -grydadion of Ecetic acid with
ethyl 4iodobenzoateq8) in presence ofilver acetate (Scheme .5 For the synthesis
of the sulfonyl chlorides65, compound69 was reacted with thioureZ0 to form the
corresponding S-alkyl isothiourea salt(71), which in turn underwentoxidative
chlorosulfonationin presence ofaium chloriteand hydrochloric acid (Scheme 5.
Esterification of 4-(aminomethyl)benzoic acid72 with methanol in presence of
trimethylsilyl chloride (TMSCI) furnished the methyl ester hydrochloridé6 in

guantitative yield (Scheme 5).



Compounds7 was prepared following a twstep chemical path. FirstB-cyanobenzoic
acid73was convertethto the corresponding methyl es@&by using TMSCI in MeOH.
Reduction of the nitrile group bgatalytic hydrogenatiorwas conducted under acid
condition, affording the amine hydrochloride €ft(Scheme 5)

In the Schemes, the synthesis of compousi@lah is reported

The tetrahydroisoquinolin€3 was alkylated by the commercially availablethyl 4-
(bromomethyl)benzoates9 or methyl 3-(bromomethyl)benzoatg€75) to give the
corresponding methyl esters, and77, respectivelyThese latter were subjected to an
amnonolysis reactionwith NH.OH under basic condition bXOH, furnishing the
correspondindnydroxamate 31a, and31b.

Theamine63 was also employed in a coupling reaction with the carboxylic @ity
using 1-ethy}3-(3-dimethylaminopropyBarbodiimide hydrochloride (EDCHCI), a
catalytic amount ofiydroxy-benzotriazold HOBt), anddiisopropylethylaminéDIPEA),

to provide the corresponding amid8. This latter was converted into the hydroxamate
31c after treatment with a slurry of KOH in EtOH, and an aqueous solution gDNH
For the synthesis of the title compoufid, it was necessary to follow a different
synthetic pathway consisting in four steps. Firstly, the metastable sulphonyl cléiBride
was condensed with3 to give the sulphonamide derivativ8, which was subjected to
an alkaline hydrolysis under heating to give the corresponding carboxyli@@cTdhis
intermediate  was combined with O-(tetrahydre2H-pyran2-yl)hydroxylamine
(NH2OTHP), by using benzotriazoll-yloxytripyrrolidinophosphonium
hexafluorophosphatéPyBOB as coupling reagento furnishthe correspondingd-
protected hydroxamat@l. THP-deprotection under acidic condition byfluoroacetic
acid (TFA) gave the compound3ld. Compounds3le, and 31f were prepared, by
employing the intermedia®6, and67. These derivatives were treated with phosgene
obtain the corresponding metastable isocyanates which were reacté8wvatfording
the urea82, and83, respectively:>°

These compounds were converted into the corresponding hydroxashetesid 31f,
after treatment with KOH andH>OH.
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Scheme 6Synthesis of the compoun8sa-h. Reagents and conditioresy 69 (for 76) or
methyl 3-(bromomethyl)benzoaté5 (for 77), Ko.COs, dry DMF, N, 70 °C, 4 h; b)
NH20H (50% in H,0O), KOH, MeOH, from 0 °C to r.t., 3;lt) 64, EDCI, HOBt, DIPEA,
dry DMF, N2, from O °C to r.t 14 h; d) 65, DIPEA, dry DCM, N, r.t., 14 h; e) NaOH,
MeOH, 80 °C, 2 h; fNHOTHP, PyBOP, DIPEA, dry THR\, r.t., 14 h; g) HCI/MeOH,
MeOH, from 0 °C to r.t., 3 hh) (i) 66 (for 82) or 67 (for 82), COCbk, DCM/NaHCQ, 0
°C, 1 h, (i) appropriate isocyanate, TEA, dry THR, r.t., 14 h; i) hydrazine
monohydrate, EtOH, 80 °C, 14 h; ) acetaldehyde, MgSO MeOH, r.t., 3 h, i{)
NaBH:CN, MeOH, r.t., 4 h.

The hydrazide derivativ@lg waseasily synthesized starting from intermedi@®aipon
ammonolysis reaction with hydrazine monohydrate under he&@mgpound30g was
further reactedvith acetaldehyde tgive the Schiftbase, which waghen reduced by
NaBH:CN togenerateompound3lh.
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5. 3SAR anal y8iI-®Qa odd tHhR2RACG61i s

In thequest ofnew scaffolds for thelevelopment ofelectiveHDACGis, we conceived
theTHIQ as cap group for being a privileged and versatile core which have already found
a broad application in medicinal chemistfHIQ is defined as a secondary cyclic amine
for the presence afieaklybasic nitrogen in benzylic position. Nonetheless we exploited
the nucleophilicity of the THIQ nitrogen for the condensation with a wide set of lateral
chains bearing different ZBGs (hydroxamic acid, hydrazide, alkylatedahigi¢), to
obtain the derivative8lah (Scheme 6, and Tablg). The systematic structural
modifications on the THIQ cap group were aimedantifyingthe best combination of

the pharmacophoric elememéegjuired for achieving the HDACSG inhibition.

In this view, themain purposeof this work was theationaldesign and development of
smalltmolecule inhibitors able to selectively targHdAC6 over the otheisoformswhich

are not proved to be involved in IPF pathogenesis. To obtain the first SAR clues, THIQ
based derivatives were initially evaluated for their inhibitory potency agai3AC6,

by the means of the enzymatic assay which was performed at the University of Ferrara
by the group of Prof Vincenzi arférof. Varani. The most potent HDACG6 inhibr was
further tested againatpanel ohHDAC enzymesnamelyisoformsl, 8, and 10, in order

to determine its enzymatic selectivityhe results obtained from the enzymatic assay for
the compound8l1ah are reported in Tabl2

Compounds3la (hHHDACS6 ICso = 99 nM) displayed a higlactivity againstHDACS6,

while the inhibitory potency of its isom&ilb (hHHDACG6 ICso = 7078 nM) was three
orders of magnitud®wer. The difference in thkCso values is ascribable to tipara- or
metaposition ofthe hydroxamic acid on the benzylic linker, allowicgnsideringthat
para-substitution can ensure a stronger HDACG6 inhibitiohe hsertion of the amide
function in31c(hHDACG6 ICs0 = 69nM) led to an increase of HDACG inhibitory activity
with respecto compound3la. This is probably due to the increased molecular rigidity,
along with the possibility to create additionabidnd interactions thanks to the presence
of the carbonyl group. The bioisosteric modification of the amide witeulEhonamide
function allowed to obtain compoundild (hHDAC6 ICso = 374 nM) which still
maintains a nanomolar activity temd HDACG6, even though lower than those obtained
for 313 and31c On the other hand, the urea derivafile, presenting the hydroxamate

in para-position showed to behave as the most potent HDACG6 inhibitor of the series,

exhibiting anlCsp value of 331M. This compound was further evaluated for its ability to



inhibit isoform 1, 8, and 10, showing a good HDACG6 selectivity profleYAC1 ICso
=1341nM, hHDACS8 ICs50= 4837 M, hHDAC10ICs0o = 1670nM) over these HDACs.

Table 2. Inhibitory activity of compound8la-h towardhHDACG6, hHDAC1, hHDACS,
andhHDAC10.

| € n M)
hHDAC¢éhHDAC hHDAE& hHDACI1

s1a L0, 996N NT N T N T

b yryy™ 7078 | NT N T NT
31c e 69 N NPT N T NP

Cpd Structu

31d ,pﬁﬁw 374 N NT NP NP

X -
31€CﬁTVC§M 33 N 1341 4837 11670

31f @QN%“Q)OKW 1947 | NT NT NT

1 >100C

31c¢ N ! N T NP NP
) CCJAC%“Z ( 9 %)
1 >100¢C

31F IR i NP N T N T
[Il'ﬁﬁrw\ (6 %)

2 Each value is the mean of at least thdeterminations; results aexpressed with
tstandard deviation (SDRercent inhibition of HDAC activity at 1AM concentration.
NT?, not tested.

The svitching from the para-substitution of the hydroxamate ile to the meta
substitution in31f (hHHDACG6 ICso = 1947 nM) was revealed deleterious in term of
HDACSG inhibitory potency. As expected, the hydrazide deriva@ig(hHDACG ICso >
10000nM) did not showed inhibitory potency against HDACG6, while, in contrast with
literature datathe alkylated hydrazid@lh (hHDACG6 ICso > 10000nM) was not capable

of blocking the activity of HDAC6SAR analyses provided evidence thatirea3le
possesssthe bestbalanced inhibitory poteneselectivity profile,ii) the tertiary amine

pT



3la and the amide derivativ@lc can maintain high activies against HDACG6, while
probably improving PK properties, andi) the hydroxamate moiety guarantees the
highest affinity towards HDACG6 catalytic site, compared to the other ZBGs employed in
this first small library.

Taken together, these results allowed the identification of theirestro hit 31eto

continue the biological investigation in a esdtting.

5.3E8aluation of the tharsgeedt aesmsggayge ment i
Theenzymatic assagnabled the identification ¢fiehit compound8lewhich displayed
apromisingpotency/selectivity profile against HDAC6 enzyni&is data was confirmed

in acell-based settingy the research groapf Prof. Morbidelliand Prof. Donninat the
University of Siena. Specifically, the target engagement was evalualigugdiibroblasts
(IMR-90 cell line) which were treated witsile (0.1 and 10uM) for 24, and 48 h to
determinet he acet yl at i-tabulin the peailiasnomisione tskbstrateJof
HDACG6 enzymeWestern blot analysisighlighteda markedncrease of total acetytked

tubulin for 31e compared to what was observed &# which was taken as reference

compoundFigure 3).

24h 48h
— g— s == | AcTubulin — - — AcTubulin
— ————t—. | ACH3 AcH3
— . | H4 I —rs S H4
S NN ¢ o N o N

31e, uM 22, uM
31e, uM 22, uM

Fiug 22Western Dbl oldt udbrud IHBa easntdplf at i ommr af8t ehr
treat mdRt® eolfl s wi t B 1laebdmp oMicnodnsc e n Co mp 0 o nd
22vas used as the positive control

The selectivity of the best candidates over the nuclear HDAC1 was assessed by
determining the level of acetylation of the histone H3. The result highlighted that
treatment with3ledid notincreag significantly thdevels of acetydtedH3 K9-14, as

observed for compouriR (Figure 2).

5.3Pdel i mioaogicalofi nvweglocgrad mn omodeb | PF
In collaboration with the research graud Prof. Morbidelliand Prof. Donniniwe are

investigatinghetherapeutigotentiaity of thebest candidat@lefor IPF diseasen IMR-

py



90 cell line pretreated withGFb 1o obtain a fibrotic phenotype. To this end, western
blot analysis was performed to evaluate the ability3dé to modulatethe typical

bi omar ker s o {SMA, fibeonedtim, loallagen ill}As shdwn in Figure 2
(panel A), preliminary experiments were conduciétdr 48 h of cotreatmemiith TGF

b Jand inhibitorsshowing thaBle andthe reference compour&? promote a reduction

of expression of fibronectinMoreover both compounsl did not exhibit profibrotic
effectsper se Morphological studies showed thdiroblasts treated with TGE {Figure

24, panel B)display more flattened shapéth respect tahe more lengthened untreated
cells (Figure 2, panel C). Of note, treatments with compou8dg and 22 partially
restore the physiological morphologg IMR-90 cell line Figure 2, pane$ D andE).

Taken together, the results collected so far hold promise for the potentiality of the THIQ
based HDACGis in the treatment of IPF. Further biological evaluation will be carried out
to better profiling the antifibrotic effect &leon TGFb itreatedMR-90 cell line.

A 48h 48h Ctr TGF-p1

l — e — | Collagen

— W w——— | SMA

—— — — — e | GAPDH

TGF-B1+ 31e TGF-p1+ 22

6B 9d eopfenden(tc dlilhd gpdsn s MAd M MR 0
8 tr eatbeldn(gbb)mhf oTeGFd4h hen with t
20%1 OMhor addiBE) oMarl p Ral dgi cmd s
ine, TheHiireaameénaf {@anel B, and C,
otreatment (panel D, and E).
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5. 4dDevel opmeind|l aqidc al cohfa rdpHtidpais zat i on
deri va2ag versda&883potH®OMICIH6als

The development of thepreviously reportedTHIQ-based derivativesvidenceda
thoroughin vitro-SAR studieswhich inspiredthe rational design of novgiotential
HDACSGis characterized by the combination of the key pharmacophoric eleneris
attempt tooptimize the PD andPK profile of theTHIQ-basedHDACG6is, weconceived
the installation of different spirocycles in position 3 of the THIQ caened at
modulatingthe polarity of the cap groypwhile improving itsconformational rigidity
This strategy allowed to design a new series of spitQ-based HDACGis typified in
two subsets as detailed in the FigubetBe first ome includes the compoun82ga-c, 32f,g

and33a-g, and the second one comprises compo@atisand33h,i.

THIQ as priviliged scaffold to be incorporated in the cap group

modulation of the N’ different anchoring
hindrance and -\, site for the
polarity } bearing the

First set of HDACG6is Second set of HDACG6is
QH
Os_NH

.OH
HN

32h, X = -CHp-, Y = H
32a-¢,32f, 329, X = -CHy- 33h X = -CONH-, Y = H
33a-g, X = -CONH- 33i, X = -CONH-, Y = Cl

=z
<
P4

X
N
R,

Ri_."

Figure 25. Drug design of new spirdHIQ-based HDACGis.

Over the past yearspisocycleshave gained much relevance in the field of medicinal
chemistry, since they offer the possibility to introduce structural novelty and complexity,
while limiting the inconvenience related to the Babstituents®31%4The introduction of

flat moieties has always been the strategy of choice to ingoodermationalestriction
imparting structural rigidity to the molecu!®. Nonetheless, planar substituents, being
two-dimensional entities, can generate fewer contacts avitireedimensional binding

site in comparison with spicgcles which more proficiently interact with th&rgetowing

cn



to their enhancethreedimensionality'®® Moreover, flat motifs suffer fronmetabolic
lability, and high probability ofoff-target phenomena®’ By contrast, spirocycte
containing compoundshowed an improveldD and PKprofile which candetermine high
potency and selectivity toward the target alongside suitablelibeigroperties-6%167
Despite these advantages, spyrocycles presents several drawbacks concerning their
chemical construction or installation in other molecular structiveEh progress has
been accomplished in thild, leading to the development of simple synthetic methods
based on multicomponent reactior&3 .

Given that, webuilt-up the spireTHIQ scaffold by exploiting the Castagn@ushman
reaction (CCR), a threeomponent reaction which ensured a straightforward analoging
at the quaternary spicarbon centet® For the first set of compound32a-c, 32f,g and
33a-g), different spyrocycles were installed in the THIQ core which in turn was combined
to the benzylic linkebearing the ZBG, gnerating tertiary aminer urea derivative¥®

For expanding this preliminary SARye exploited thespiro-piperidine template to
perform theoverturning of the linker moiety from the nitrogen of the THIQ to the nitrogen
of thespiro group allowing to obtain thesecond sedf derivatives(32h, 33h,i). A deep
biological characterization concerning the PD and PK profile of the new series allowed
to select the best performing compour@dgand33h, Table 3) which were interrogated

for their ability to attenuate the fibrotic process in two validatedivolPF models. These
studies are currently in progress at the University of Siena in collaboration with the

research group of Prof. Bargagli.

5.4Chemi stry

A retrosynthetic analysis has guided the identification of tetrahydroisoquinolonic acids,
84a-g, 85and86, as the key intermediate for the two synthetic routlbsir preparation
could be easily accomplished by exploiting the versatile tboegponent CCR as
described in Figur6.1*3 The synthor84a-g, identified as the precursor of the first set of
derivatives, could be obtaineta CCR starting from the homophthalic anhydri@&)(

the appropriate cyclic keton88a-g), and ammonium acetate. Similarly, compo@&ad

and 86, the key synthon of the second chemical path, could be prepared following the
same CCR protocol by replacing the ammonium acetate with a primary &mné&0,

and engaging theuitableN-protected piperidone as keto@8f or 91). A straightforward

onepot procedure was applied for the assembly of the desired core, allonvimgizing

C M



the synthetic steps through timesitu generation of the imine intermediate. The products
deriving from CCR were not isolated, just only subjected to anlzasé extraction when
they lacked amino oN-Boc protected groupAs results, thigasy synthetic sequence

enabled to rapidly proceed with the next step, without any further purification.

32a-¢,32f, 32¢g, and 33a-g 84a-g NH4OAc
Title compounds

R (0] (6] e}
3
N NS ccr o
— — N,
! o) PG
3 Nepg 87 88f or 91

R, HOOC
-NH
32h, 33h,33i 85 or 86 R 2
Title compounds 89 or 90
CCR
one-pot three-component reaction
o N
\
R.1)LR,1 R1)\R1 * /kRT\

Ri__.-

Fiug2. Retrosynthetic approaches bac

The synthesis of the first set of compoun@8afc, 32f,g, and 33a-g) is depicted in
Scheme/. For the synthesisf the intermediate84a-g, the onepot CCR was performed

by reacting37, 88a-g, and ammonium acetate in ACN at 80 °C. The CCR crude was used
for the decarboxylation step which allowed to remove a stereogenic center, furnishing the
tetrahydroisoquinoloned2a-g.

These latter underwent reduction by LiAlkat high temperature, affording the
corresponding spirkd HIQs 93a-g. Under these conditions, ti&Boc function of the
intermediat92d was simultaneously reduced, affording the dediedethyl derivative

93d. The THIQ core of the intermediat&3a-g was appropriately functionalized as
tertiary amine or urea in presence of the suitable linker moiety. Nucleophilic substitution
of 93a-c, and93f,g with methyl 4(bromomethyhbenzoate irthe presence of potassium

carbonate gave the corresponding tertiary anfidasc, and94f,g.
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R+, Ri. )
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Ry = /LME /b )O /’bN L - HN _© _ 33g
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a b c d N" 0
SeEe
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Schem&eynt hesi s 88c3RymplagRiesa g e nctosn daintdi ons .
i) MeCN, 8D)i AKQ, DMSOG, 175 AC,4 90ardhi ox ane,)

No, from 0 AC to 100brA€Cmo @dt thyiC)Re d mpea A, |
N2, 70 AC, 12(ihsog¢yanatomgtd hyl ) benzoratte,, dlr
h; (®OH NBO0 X ,i KOGAH, MeOH, from 0 AC to r .t

The intermediate93a-g were also reacted with the methyl(isocyanatomethyl)benzoate,
freshly prepared according oliterature procedure, to furnish the uré@ta-g.%° The
resultingmethyl esters derivatives were treated with agueous hydroxylamine solution,
and potassium hydroxide to afford the target compoGg@ds, 32f,g and33a-g.

The synthetic approach developed for the compo@2ths and 33h,i is described in
Schemes.

The application of the above mentioned CCR protgesethe intermediat&5 or 86,
stating from 87, 89 or 90, andthe N-protectedpiperidone(88f, prepared according @
literature proceduteor 91).1** The decarboxylation ofhe CCR product85 and86 gives
thelactams96 and97, respectivelyCompoun®6 underwent catalytic hydrogenation for
the cleavage of the benzyl group on the spiropiperidine moiety, yieldenderivative

98, while Bocdeprotection 097 furnished the intermedia®.
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H
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Sche8n®ynt hesi s @8 3BdamRIBRrdgent s and condi
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Both amineswere in turn converted into the spif¢dlQs, namelyl00 and 101, after
reduction operated by LiAlH Intermediatel00 was combined with 4bromomethyh
benzoate or methyl(isocyanatomethyl)benzoate to form the methyl &6&and 103
respectively. These latter were subjected to the transamidation protocol with
hydroxylamineunder basic conditignproviding the target compoun@&2h, and 33h.
Analogously, the coupling betweet00 and the methyl(isocyanatomethyl)benzoate
furnished the urea04 which was finally converted into the corresponding hydroxamic
acid 33, after treatment with N¥OH, and KOH.



5.4SAR anal y8i-®Qa odd tHh2RACG61i s

The development of spi¥dHIQ-based derivatives was aimed at optimizing the drug
likeness profile othe previously reported series of THfased HDACG6is. We explored

the chemical space of the spirocycles to introduce architecturally complexity in the cap
group while enhancing the threéémensional character of the whole molecule.

The installation of the spirocycles was easily achieved by exploiting the CCR, a three
component reaction which enabled the construction of the cap beaumg thespiro-
groupalready in placeOn the basis ajurin-houseexpertise, we decided to combine the
capping functios with the benzylic linker bearinghe hydroxamic acid as BG,
generating tertiary amine or urea derivativiesobtain the first SAR clues, the series was
initially interrogated for their inhibitory potency agaitsiDAC6, by the meas of the
enzymatic assay. The most potent HDACGis were further tested against the human HDAC
isoformsl, 10, and 8, in order to evaluate their enzymatic selectMityeover,in silico
studiescarried outat the University of Parma, in collaboration with the research group of
Prof. Mor, contributed to further elucidate the SAR analysis on the basis of the predicted
binding mode of the new derivativeBhe results obtained from the enzymatic assay,
performed at University of Ferrara by Prof Vincenzi grofge the compound82a-c,

32f-h and33a-i are reported in Table 3.

Our SAR investigation started with thatroduction of geminal dimethyjroup on the 3
position of the THIQ scaffold, as previously performed for compoNR@376 @2,
Figure 21), resulting in compound?a and 33a Both derivatives showed marked
HDACSG inhibition, with the urea derivativ&3a (hHDACS6 ICso = 133nM) 2-fold more
potent than the corresponding tertiary anB@a (hHDACS6 ICso = 263 nM). This trend

was observed for almost all compounds. The introduction of the-spitopentane on

the cap led to a decrease of HDACG inhibitory potency, as demonstrated Igs¢he
values of compound32b, and33b (hHDACS6 ICso = 667 nM, andhHDACS6 ICso = 212

nM, respectively). The homologation of the spirocycle, from cyclopentane to
cyclohexane, had detrimental impact on inhibitory potencygainst HDACG6 for
derivative32c(hHDACS6 ICso = 1745nM), while affecing activity of 33c(hHDACG6 ICso
=1745nM) to a lesser extent

These datahowedthat hydrophobic spirocycles were better tolerated in the HDAC6
catalytic site when embedded in urea derivatives with respect to the tertiary amine

template, suggesting twanssibledifferent binding modes



To simultaneously investigate the influence of the size alongside the polarity of the
spirocycle, we focused on the preparation of uad; and33e by installing spire
methylkpyrrolidine and spiranethyl piperidine moiety, respectively. In line with the
other results, compoun83d (hHDACG6 ICso = 277 nM), possessing the smaller
spirocycle, showed a higher HDACG6 inhibitory potency in comparison ®&ha
(hHDACEG ICs0 = 380nM). Aiming at enhancing the steric hindrance and attaining a Y
shape conformation, @vcombined the spifpiperidine group with a benzyl linker,
enabling to get compoun@2f, and33f. In thisregard we excluded to exploit the spiro
methytpyrrolidine as the binding platform for bulky substituents, to avoid the
inconvenience related to its chiral natureaf@yingly, these compounds behave as potent
HDACSG inhibitors, displayindCso values of 313, and 142, respectively. In addition, we
explored the spirtetrahydropyran group in the analogug and33g for having a
different polarity,and Hbonding capacity in comparison with the other selected spiro
groups. A similar behaviour was observed for these derivatitieh showechHDACG6

ICso values of 101, and 115 nM, respectively.

These results further corroborated the concept that tertiary amine and urea derivatives
have a different binding mode, suggesting that sfgh@hydropyran group can create
additional contacts with the catalytic site when embedded in the tertiary ancice st

with respect to the urea template.

With the aim of expanding our SAR study, we develop2ld and33hwhich represent

t he MnAroewerad edy u e s 32fHand38f. dhage danivatiles are endowed with
improved inhibitory potency against HDAC6 compared to the parent inhibitors,
displayinglCso values of 148, and 63 nM, respectively. To implement this subset, we
prepared the analogu83i, by inserting a chlorine atom on the pendant benzyl moiety
combined to the THIQ core. This structural modification was conceived to modulate the
lipophilicity of the cap group. With ai€so value of 75 nM33i can be considered one of

the most potent HDACGis of the series, even though its activity remains lower than that
of compound33h.

Collectively, these results allowed the identification of four potent HDACG6is, namely
32gh, and33g,h, which were tested also againstiDAC1, hHDACS8, hHDAC10 to

determine their selectivity over these isoforms



Table 3. Inhibitory activity of compound$82ac, 32f-h, and 33ai toward hHHDACSG,
hHDAC1, hHDAC10, anchHDACS (as IGo, nM).
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Compounds32g showed low inhibitory potency toward isoforms 8, and (b8iDAC8

ICs0 > 10000nM, hHDAC10 ICs0 = 9725nM), together with anodest selectivity over

the nuclear isoform InHDAC1 ICso = 1493nM). By contrast, compourBBgproved to

be able to selectively discriminate HDACG6 over the isoforms 1, and 10, while achieving
an acceptable selectivity over the isoforfhBDAC1 ICs0 = 3912nM, hHDACS8 ICs0 =

1327 nM, hHDAC10 ICs0 = 7300 nM). On the other hand, compouB@h showed a
modest selectivity profile over the panel of HDAGBIDAC1 ICso=1242nM, hLHDAC8
ICs50=3407nM, hHDAC10ICso =9044nM). The most balanced result was attained with
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the most potent hiB3h, which showed the best selectivity index for all HDACs (Sl
hHDACG6/1 =23, SIhHDACS8/1 =40, SIhHDAC10/1 =84).

5.4E8aluation of the tbarsgeedt aesmsggayge ment i n
Theenzymatic assagnabled the identification of four hit compoundamely32gh, and

33g,h which displayed good potency/selectivity profile against HDAC6 enzyitese

data were confirmenh a cell-basedexperiment performed by the research group of Prof.
Altucci at the University of Campania Luigi Vanvitelli, Napoli. Specifically, the target
engagement of the four hits was evaluated on U20S cell line (stably expressing HDACG6)
by determiningt he acet yl at i -ubulinltleevpeferentiab chistorree U
substrate of HDAC6 enzym&Vestern blot analysis allowed to obsetkie increase of

total acetylated tubulifor all compoundsested at 1QuM, particularlyfor 32gand33h

(Figure Z, panel A).The selectivity of the best candidates over the nuclear HDAC1 was
assessed by determining the level of acetylation of the histone H3. The result highlighted
that nonef thetestedcompounds increasl thdevels of acetydtedH3 K9-14, comparing

their effectwith SAHA treatmeni{Figure Z, panel B)

a) Total extract

U20S - osteosarcoma *SAHA used SuM
Time: 24h *TUB used 10uM

Each compound 10uM
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The best candidatessulting from the enzymatend cellbased assaynamely33gand
33h, were chosen as potential bitmpoundgo conduct further biological investigation

for IPF treatment

5.4Pdel i mioaogicalofi nwe@ohgrake xkomi vo model
To datethe study of IPF pathogenesis remains a challenging task due to the paucity of
reliable disease models. Despite tmeitéd availability ofimmortalizedcell lines from
IPF patientsaccurate biological characterization requires to conduct the experimentation
in ex vivomodels, such asuman lung fibroblastéHLF) resultedirom explantsof IPF
lung tissue®® Nonetheless, in recent years the proteomic analysigedfronchoalveolar
lavage BAL) fluid provided many insights concerning thmajor profibrotic mediators
enabling thestudy of IPF at molecular levei’® BAL fluid is collectedduring routine
bronchoscopyby applying minimally invasive methods. In this context, several studies
allowed to validate the cell lines derived from BAL fluideasvivolPF model 1°
In collaboration with the research group of Prof. Barge®@US of Siena)we had the
possibility to investigatéhe potentiaty of the newspiro THIQ-basedHDACGis in HLF
cell line, and in cellgeriving from BAL fluid, namely B-LSDM7. Gene expression
studies were performed these twoex vivolPF models for the besiit of series at 24,
48, and 72 h. Specifically, compouBd@h was evaluatetbr its capability of modulating
the expression of the typical biomarker of fi@Fb 1 dependenfibrosis, namelyl-
SMA, collagen I fibronectin, endoglin (CD105), and vimentin and the cefiability
(Figure B, and 2).

B-LSDM?7 cell line
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Figure 28. Effect of HDACSG inhibitionby 33hon TGFb idependent profibrotic
gene expression B-LSDM7 cell line.



The administration of33h (100 or 150 nM) inB-LSDM7 cells resulted in the
downregulation of all fibrotic biomarkers without any effects on the cell viability (Figure
28). At concentration 0100 or 150 nM, empound33h significantlyreducedhe mRNA
expr ess iSHA, collagan |, fibronectin, and vimentin while enhancing the
expression of endoglim HLF cell line without altering the cell viability in any case
(Figure D).
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Figure 29. Effect of HDACSG inhibitionby 33hon TGFb idependent profibrotic
gene expression iALF cell line.

Theseresults showed that HDACSG inhibition is involved in downregulating the mRNA
expression of the typical fibrotic biomarkerser vivolPF models, allowing to validate

compound33h as apromising pharmacological to@r IPF treatment.
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Table 4. Solubility and chemical stability of compoun88gh, and33g,h.

Sol ubaM)afttyen Chemistcabi | iatfy e( %’

Cpds
pH 3 pH 7.4 pH 3 pH 7. 4
32¢g 271 266 92 90
33g 29 281 91 97
32h 21 93 99 85
33h 250 6 9 >99 93
Eawolml ue is the mean of at | east three exp

Preliminary toxicity was interrogated by meansoivivoexperiments on Langendorff
isolated rat heartdn collaboration with theesearch group of Prof. Saponara at the
University of SienaThis analysis has revealed a good safety margithiecompound
33ganalogue which does not affect cardiac param@tdtsentricular pressure LVP and
coronary perfusion pressure CRPp t o 3 0 ¢ M Teevaluate thet potential o n .
toxicity of compound$83gh in vivo, experiments in zebrafismodelwere carried out at

the University of Milano, by the research group of Prof. Pistocchi. The best candidates
33gh wereadministered at three different concentratidhd(, 5 0, )ta mlafishs & M
embryos at 3 days post fertilization(dfd) 24 h(Figure30). The control was represented

by the population of embryos &&ed with the only vehicle (DMSQ, 5 )gwich was

used to facilitate the dissolvement of the compounds in the embryos media. The results
demonstrated thahe most active compound33g and33h, are well tolerated up to 100

¢ Mconcentrationwithout altering thgeneral morphologgf theembryos(Figure 30).
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Figure 30. (A): Schematic representation of drug treatments in zebrafish embryos of the
wild-type AB strain (BT E) and(Ji H): Toxicity screening of zebrafish embryos treated
with the vehicle (F, and J) amiifferent doses (2% 5 ¢ N3g(CeEj, and33h(K-M),,

respectivelyn which we show the percentage of embryo lethality after 24 h treatfent (
1), and(N-Q).
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6. Background

Inherited retinal diseas¢dkDs) area groupof genetic rare disorders resulting from the
degeneration ophotorecepta which compromise the visual function even leading to
blindness'’>More than300singlegenemutation may entageneticaberratiorassociated

with highly variableIRD phenotypes Of them, about 70 diverse mutated genes are
responsible for the initiation of RP dised8&This retinopathy is commonly characterized

by a progressive impairment tife structure and function of rod photoreceptatsich
express the causative mutatioh$.In advanced stagethe death ofods affects cone
photoreceptors functions through unknownmechanismleading to the visual los$*
Among IRD, retinitis pigmentosa (RP) is one of the tméstracterized from a biological
perspective, but still lacking an efficacious treatmdrd. date,the pharmacological
treatment ofRP provides for apalliative supplementation of vitamin A and retinoids,
supported bygene therapies, or surgical interventiomien practicablé’™

Considering theurgent need for noveherapeuticfor RP, the research community
accomplished many endeavours to conceive new alternative strategies aimed at tackling
or at leastdelayingretinal neurodegeneratiorin this scenari¢ targeting PTM can
represent a valuable approach to achieve neuroprotective effects on photoreceptors
degeneratiorowing to their involvement of multiple aberrant pathways underlying RP
pathogenesi&’817

In the search for new pharmacological tools for RP treatment, we extended our
investigation on different targets which belong to the realm of the lysine modifiérs.

More in detail, we took into account HDAC6, HDAC1 and LSD1 inhibition on the basis
of their biological impact reported in vitro, andin vivoRP models8!:179181

Studies conducted on photorecep@B1lW cell line highlighted that the selective
inhibition of HDAC6 produce the upregulation of neuroprotective proteins for
photoreceptors such BSSP70 and HSPRandperoxiredoxin 1preventing cellular death
under oxidative stress conditid?.Recent studies demonstrated that eithBAC1, or
LSD1linhibition can affectod photoreceptor differentiation thepostnatal development

of the mouse retind®®! The simultaneous inhibition of the two targets was revealed
efficacious in preserving photoreceptors functionsiitD mice*°

Considering these promising results, we developed three libraries of inhibitors as

potential neuroprotective agents in RP disease.
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In light of the recent advances in understanding the role of HDACG6 in RP pathogenesis,
we focused on the development of a new series of potential HDACG6is based on
tetrahydreo-carboline scaffold (34a0, Figure 3, and Table5).1% We decided to
incorporate this nucleus on the cap group, being a privileged scaffold. The rational design
of the new derivatives was aimed at achieving improved PD, and PK properties compared
to tubastatin A 10, Figure 3), through the overturning of the linker from the indole to

the piperidine moiety. This structural modification was encouraged by the promising
results obtained from the previously reported THigsed HDACG6isX0, Figure 3), in

which the linker was combined to the piperidine of the TH@eC

Me ZBG
d @
A\ linker
N overturmng
= O O

HN ~OH 31a-h,

as defined in Table 2

16, Tubastatin A 34a-p

as defined in Table 5

Figure 31. Drug design of thestrahydrea-carbolinebasedanalogues.

As described in Tablg, the SAR exploration provided forthe substitution of the indole
core with different bulky groupto modulate the steric hindrance of the capthe
bioisosteric modification of the polar connecting unit tethering the cap group and the
hydrophobic spaceiiji) the employment of aromatic linkers endowed with different
length and flexibility, and finallyv) the exploration of the mercaptoacetamide as ZBG,
besides the hydroxamic acid.

The contribution ofmy PhD project to this topmas related to the synthesiscompound

34f with the purpose ofirawing a thorouglSAR study and to bettecharacterize our
scaffolds explorationEnzymatic assay enables the identification of the best hits which
are currentlybeinginvestigaedin two different retinal cell linefARPE-19, and661W

cell lines)to confirm their target engagement, and to evaluate their neuroprotective
properties.

A deeper biological investigation is currently in progress to validate the therapeutic
potential of the besh vitro hits in twoin vivo models, namelyhe atp6vOe?” zebrafish
model of photoreceptor dysfuncticendtherd10 mouse model of R.
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Scheme 8 Synthesis of the compouRdf. Reagents and conditiors) AcOH, 80 °C, 3
h, than r.t.14 h; bB0% oil dispersion NaHN2, dry DMF, from O °C to r.t.,.1 h, then
BnBr, r.t., 16h; c) TFA, dry DCM, from 0 °C to r.t.,1 h; d) PdCbk, AgOAc, NaOAc,



AcOH, N2, 130°C, 24 h e) EDCI-HCI, HOBt, DIPEA, dry IMF, N2, from 0 °C to r.t
14 h; f) NH20H (50% in H0), KOH, MeOH, from 0 °C to r.t., 3.h
Thi s wlagepepotonat ed ablyk yNaaHhe d nyld itthgeoami de, f

compoluta@hi ch was <converted | nltOp7 ahéeercoBpoe
deprotection by TFA.

The carbdXywbscsabjectedatal asepal tadpumng,
t he commer ciladl@ny aweaitliCobnpeo®d d dlsBd eact ed 1 n
presenceH®If tEoDCgi ve t he 1088rwlispl nwa s gc amv «
t he hydB8adakfatneart et r e a2Ofheand wKOH. NH

6. 2Ef2al uation of the chemical stability ar
To evaluate the applicability ¢fie most interestinderivatives, namel@4a, and34h, in

the retinal environment, | was dedicated to éxperimentallydetermiration of ther
chemicalstability, and solubilityat pH 7.4, after 24, by the means of HPLC (T&)le

In general, bothderivatives showed an excellent chemical stab#ityphysiological

condition, being close to 100%hese data weraccompanied by acceptable values in

terms of water solubilitat pH 7.4, foi34a(200uM), and34h (309 uM).

Table 6. Physicochemical profile of selected compounds

34a 34h
Solubility (€M)
200 309
(24hatpH 7.5
Stability (%)

94 98
24 hatpH 7.5

6. dDevel opment of] deewmtievdautbibv eldsD A3C7la/ L SD1 i nhi
To date, the multitargeting approach represents an emerging alternative for the treatment

of multifactorial diseasg leadingto the identification otluattargeting small molecules

endowed with improvediological activities. The drug design of these chemical entities

mainly relies on pharmacophebased approaches consisting in the linking, merging

fusion of the key pharmacophoric elements required for the modulation of the two
targetst®*



In an effort to discloseovelpolypharmacologicadptions forRPdisease, we started from
consideing the recent findingsabout the neuroprotectiveeffects resulting from the
combination therapy with HRC1 and LSD1 inhibitors in RBiseasenodels®?

In addition, a large literature provided evidence of the crosstalk bet@&C1 and
LSD1, which assemble in the ternary complex COREST to exert their catalytic acti¥ities.
In this context we conceived the development of nepotential duakacting
HDAC1/LSD1hybrids(35aj, Figure 2, and Tabl€) as neuroprotective agents. For the
rationally design of the new series, we envisagdithk the key pharmacophoric elements
ensuring the binding to the two targets in the ternary complex. Inspired by kh@akn
acting HDAC/LSD1 inhibitors, we selected TCH,(Figure 2) as the active moiety
targeting LSD1, anéntinostat {1, Figure32) as the template to achieve the inhibitory
activity against HDACF®® We functionalized the amino group @fwith different
spacers which were in turn combined wafhtinostat (for derivative85a) or theorto-

aminoailide as ZBG.

LSD1 inhibitor HDACH1 inhibitor

Zﬁx‘ o
© NH, @/\OXH LN
N” /A\I:::l\W/N\I:f:}
1, TCP 0
11, Entinostat

~@® LSD1/HDAC1 hybrid

J

S

. Linker
A\N/ H NH,
J (5

35a-j
as defined in Table 7

Figure 32. Drug design of theewHDAC1/LSD1 inhibitor hybrids.

The contribution ofmy PhD projecto this topicwas related to the synthesvas related
to the synthesis of the molecular hyb88f (Table 7). Based on the enzymatic assay
(Table7), we selected the belktlanced dual inhibitors, named$a and35f, which are
currentlybeinginvestigatecbn ARPE-19, and661W cell lines



Table 7. Inhibitory activity of compound85a-h towardLSD1, hHHDAC1, andhHDAC6
(as 1Go, uM).
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Scheme 9 Synthesis of the compour@bf. Reagents and conditions) methyl 4
(bromomethyl)benzoatfs9), K-COs, dry DMF, Ny, 70 °C, 4 h; b) NaBH:CN, EtOH,
AcOH, r.t., 14 h c) NaOH, MeOHH:0, r.t., 14 hd) HBTU, dry TEA,N2, r.t, 14 h.

6. Devel opment ofpdeedwvabli MPAGYXY/ BAAH i nhi bl
Our research interests concern not only the lysine PTMs, but alemdleeannabinoid
system (ECS¥** The ECSs a central neurnodulabr systenwhichis implicated in the
developmentof the central nervous system (CN®)e synaptic plasticity, and the
response tinternalandexternalstimuli.*® Much evidence supports the multiple roles of
ECS in inflammatoryand neurodegeneraé processs The ECSincludescannabinoid
receptors (CB1R and CB2R), their endogenousannabinoid ligands termed
endocannabinoids (eCBs), and the enzymes involved in the biosynthesis and degradation
of eCBs!® Among thecatabolic enzyme$AAH is a serine hydrolasehich has been
validated as a therapeutic target for a wide array of diseasagn&cologicaFAAH
inhibition has been associated witleuroprotectiveeffects resulted fronthe indirect
stimulation of thecannabinoid receptoré*13°



In this frame, we envisioned the simultaneous inhibition of FAAH, and HDACL1 to
achieve the additive neuroprotective effect in RP disease, by exploiting-bouse
expertise in developing both inhibitd¥$:'8” For the rational design of the desdting
HDAC1/FAAH inhibitors, we adopted a merging approach based on the knowledge of
pharmacophores dfieknown inhibitors36, and11 (Figure 3).135188

We tracked the structural features common to both inhibitors which could be overlapped
in a unique motif structure. Specifically, we merge therto-aminaanilide group
belonging to the HDACL1 inhibitot1, with ii) the phenyl urea of the FAAH inhibitors

36; namely theelectrophilicfunction subjected to nucleophilic attach Bgr241of the

FAAH enzyme.

FAAH inhibitor HDACH1 inhibitor
t O I
N N)LN X O)kN NH,
\ H H
= H - N\©
N
36, PF-750 0
11, Entinostat

l

Selective dual-acting FAAH/HDAC1 inhibitor

37

Figure 33. Drug design of theewdualacting HDAC1/FAAH inhibitor.

As a result, theorto-amino phenyl urea could potentially behave both as ZBG for
HDAC1, andelectrophilic centerrequestedor the covalent inhibition of the FAAH
enzyme To ensure the inhibitory potency against FAAH enzyme, we maintained the 4
methytpiperidine moiety as linker, whereas we selected thebérzodioxole as cap
group, being already embedded in known, imddouseHDAC1 inhibitors19?

Enzymatic studies aimed at profiling the new compound are currently in progress.
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Scheme 9 Synthesis of compound37. Reagents and conditions:a)
methyltriphenylphosphonium bromideBulLi, dry THF,N2, 0 °C, 15 min, the®1, from
0° Cto r.t,, 6 h; bp-BBN, dry THF,N2, r.t., 1 h, then KCOs, Pd(dppf)Ch, DMF/H20
5:1, N2, 60 °C, 14 h; c)LN HCI/MeOH, MeOH, 40 °C, 1;H-COCk, DCM/NaHCQ s.s.,
from 0° C to r.t, 1 h, theh,2-phenylendiaming€115), dry TEA, dry THF,N, r.t., 6h.
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treatment of inflammatory di sease

Targetinglysine PTMshas been revealed a valuable strategy to tackle the pathogenesis

of diverse inflammatory diseas&$.1%2 A compelling body of evidence suggesthat
dysregulated lysine PTMsould interfere with inflammatory events at different levels,

allowing to extend théargetinvestigation tdysine modifierssuch as HDAC§2193196

Beyond their ascertained role in cancer initiation and progresswvaraktudies showed

that HDACs intervene imultiple mechanisms underlying the chronic inflammation
associated witmeurodegeneratiyandautoimmune disorder§2193.197
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Figure 34. Drug design of theewindolizine-based analogues
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Scheme 10 Synthesis of the key intermediatd20-122, and the corresponding
monocarboxylic acid$27-129. Reagents and conditioressf TMSCI, MeOH, r.t., 16 h; b)
appropriate alcohokb(lyl alcohol for125 tert-butanolfor 125, DCC, DMAP, TEA, dry
DCM, Np, r.t., 14h; c) DMFDMA, DMF, 130 °C, 4 h, then the appropriate bromoacetate
ester (benzyl bromo acetate fi#0, and122 ethyl bromo acetate fdr21, 60 °C, 6 h; d)

H> Pd/C, MeOH/.t., 3 h; e) Pd(PPB)s, PPh, and piperidine, dry DCMN\2, r.t., 4h; f)
TFA, dry DCM,from 0 °C to r.t.4 h.
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Scheme 11Synthesis of théhe title compound88ac. Reagents and conditiors) the
appropriate aminel@0for 134, morpholine forl36, 1-methylpiperazine fot37), EDCI-
HCI, HOBt, DIPEA, dry DMF, N2, r.t., 14 h; b) TFA, dry DCM,from 0 °C to r.t. 3 h; ¢)
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60 °C,15 h; e) PPl3, H2O/THF, from 0 °C to r.t.5 h; f) 4M NaOH,q, MeOH, 80 °C, 4 h.



For the synth&8hsthfe detditnateidwasné basic h
under heating, aff &@B8iTnhgi st hlea tctaerrb owaysl iicn at
the appropriate ami me,t hrydmelpyerman mleegl ii me p
HCI |, and HOBt, furni shiilB 6§ ammdEH®Mepr espohdbD
under aci ditcolteontdiittli @bdB@bespasct i vel y.
The synthesi X8t dewmpgouml®@s in Scheme

(6] N//\X (o) N//\X O N//\X
_)_>a = = e) = = f) = =
—_— —_—
N P N/
OR
g o7 NH o7 NH !
139, X=NBoc, R=OEt — \\©\«0Me N-oH
146, X=NBoc, R=H ol N 0
140, X=CH,, R=OEt 151, X=NBoc 38d, X=NBoc )
SO 152, X=CH _ g
147, X=CH,, R=H jd) 2 38e, X=NH-CF;COOH
38f, X=CH,
Ri™ R R,
N R2 N R N R;
e
128 — 2 . N — > (NY —— KN
OR NH NH
0o 0 o H
OMe N-oH
141, Ry=H, R;=OH, R=OEt — _
148, Ry=H, R,=OH, R=H o o 5
153, Ry=H, R,=OH 38g, Ry=H, R,=OH
142, R=R,= . R=OEt g
149, Ry=R,= h,,R»,:H ) 154, R;=R,=_ |} 38h, R=R,= L
Boc Boc Ry
N N N
NH NH NH
3, A= _e, AF ) P
NN SN N7
NH2 NH
Iol OR o S NH H
OMe N-oH
N 143, R=0Et )
‘ 150, R=H S
Boc o}

138 155 38i, R3=Boc ﬁ 9
_Bn 38j, X=NH-CF3COOH
HN o)
o) & b) gg
N N

|
Boc Boc
145 144

Scheme 39¥Ynt bhempses@f@f@Reagents and condition:
ami b-Bo-gi per ak3,9eifpemliddhnIedrobayazledlioRane f ol
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6azaspiro[] 313RIBBplt4p3n e BDAAYT, HOBt , DI REA, d
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r.t.b)1Behzyl ami Nxel,10drAC,t @l vhe nMee,®Ein NaBH,
Pd( @H)MILYQ MeOH, 80 M NasdMiOH, 80 AEDGC4 h; e
HClI, HOBt, DI BEAr. td.N#OBDMFB 0 ), n KIDH, Me OH,
3 hTFA,) drfyr®@M) AC to r.t., 3 h.

By applying the coufliCiilng apdb HOBak bivRiy hi EDE
was combined with the commetRBRo-milger aazu aiel,
pi per Bliyidmeo,xy aZ2exdazaepirol[,3.a8n0deptla8BnBea mi ne
generating the ¢8B42&sponding amides

I nter m8dBaatpreviously prepalded wht @mt umg efr n
reducti ve aminati om wirelkMakRfNz pfafmfi mredi ng
i nt er mel.di Talties ilnatttuerrn wdaesbenzyl ated i n prese
on carbon, and an excess of ammom3d& Mmheor m
deri vB3B4dmMBesr e subject edusticnagsatpioani $odati pno
corresponding 14&60boXhyése awetesBmedinadteens ed
met hybmdnomet hb) besez-Hgt ED&Emhd HOBt as coup
to afford tHAd4BmE trheysipeadti esrred y. These | atte
correspondi n@8dya@mBiaxdamat etsr eNaHOHe ntd e wi bhsi c
condi tK@H HBlgecpr ot exX§,d odBrBdofd e r acid conditi
obtat hengommBenldl8s tri fl uoroacetate salts.

The deBBWwas i prepared foll owing the chemica
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80 AC)6GEDIEBHCI , HOBt, DI RBEAr. td.NAOBDMFB 0 ¥f ) n
H0) , KWeWH, r.t, 3 h

Compolawas employed in a coupling reactio
EDCHCI , HOBt and DI PEABhigcvi nmgdeéhwemtmi da&s i
under heating to afford 1ltl¥e corresponding
This intermediate wa6Gp cloynbameldy iwnd ht it dhec @l
yi el di ngl vhe caamiwhes converted into 3I&Hk corr
after ammonol W$OBi m emrcea s eomc ewiafh KOH
Scheneepgtdhe preparat3®InThé Colhdpvame céimptd @y ed
i n a coupling reagtpoovwdi Hdo.OhBRIiasmmin@tet er
Ssubjected to a catalytic hydrogenation wi't
acld3 which was -neeathpyll epd pweirtaltz i he-HClanpgdr as en «
catalytic amount of 1H6OBhc stnop cjwarsd tbevmet byl
the corresponding hydr ox0dmautned ea f tbears i tcr ecatn
KOH.

NH NH
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Scheme Synt bempeluBiRlieagent s and6EDOCHCLE | ons:
HOBt , DI PEA, 2 dry . DiyPd/ &, MeHOH, r.a¢)- 13 h

met hyl pj pEBI€ti, néHHOBt , DI PEAr . iy NNHOBDMM K [5 0Nb
i n.OH, KOH, MeOH, r.t, 3 h



7. 2AR anal yisndso lbitzsiendee HDACG6 i s

As a continuatiiomprodvionuwr tehfef oRR,s amd PK |

HDACG6Ii s, we rationally design, and devel

i ndol i zi mMBeBjas cTadbflodDaels pli t e being the astruct

pri viklneogseedad f ol ndol i zine is stildl poorly e
emi stry. Nonetheless many examples repor

h
potential i tbpsefd icodn@loiunidre These pieces o0f
n

cor parmatod itzheme core in the3&apwhrobhpwef

assified in two subsets according to the

]

el iminary enzymat i ct hset urde seesa Puwcebrfeg rpdaurpfc corr
d Prof. Varani at the University of Ferr
rivati HDsACabgaiOmwsithg t o the | ong el aborat
alogues developed so far, at the moment
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MabGeati fyingly, all tdle gtieésthadomoam@maoun
tency toward HDACG6. M@&r epn ens @rettiand , a t et
position 3 of the indole cor @HDACGp @y ed
16nMM) The replacement of the ester functio
compo3uBmed | owed to slightly inchet@AR6sIh@ ac

©
o

=14n®M) I n Iight of these promising data, w
t hese two c bHipAoQiln, tH® Ao/ 1eOn p a r3t8iex nli & t e @
i nhi bition potencyhHDACLESG 8 06 hHhMMOCLi@& of or m:

=920 wMhh except#®iO@gndl 55%5] respectively. 1In
3Bshowed an i mproved selectivity profile t
activithiDa1lbm®RCIBDACLIESL000O0HDMCL €

=10000 nM). Coll eptovicdgdf ithetseSARsal uses
desi ghuradheerri vati ves. We found reasonabl e
modi fication of the morpholine portion w
i nteract hHeDnAsC6wictaht al yti ¢ si te. 3r8densd,owee ge
wi t hmet hly | pibmesreaz iama d e, whi ch has been sh

HDACG6 inhibitor inhibitor3y8bpotency, but | c
The replacélmenhylbf gtbep with a bul kier m
compodumnddHDACI6E~16. 7 nM) resulted in a remar
potency which i s c308bpaTabfl ler twh @rh itrhwest ioda
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Ssubstituent on the piperazine moietg, stri

of interactions, wB8&developed the free ami
Then, wedtchoen cientvreoducti on »betihnegapab piec a d i
bi oi ®dsttdére morpholine. Our SAR exploratio
cycles to form the amide i nicpoorspatirirecne33 of

hydroxyazeti dB&8§gorni te-lmgondrdgecapacity wi
mor phavihii h @pxtehaez aspi r o[Wa 3] eralpdd@diendr ibnei ng
surrogate for morphodimenswiomnia%ncerahaonced.
CompouwBmBdsa3dmBdver e devel oped to evaluate t he
secondary amide with respect swind &datrlree t e
currently ongoing.

For expanding the SAR study, we dew&l oped
and8c naIn@HHWDW ACI6E=47 n®) , 38hHIDACI6EE=52 n )
which exhibited similar HDAC6 inhibitory p
potent &dmpound

Coll ectively, thesgr gatemi sné naoly t ks uil desnti
and selH®ACIBVve as pot e nNtLiRaHMBe dnoadtud thd mmas oonfie

activation

Tab8lenhi bitory act3idtad y hHiEA CittdDnpOCHHIDAS 1 0
(asspl B8M) .
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8 Devel opment oHDAE@iwsrs etlheec ttirveeat me n't
Cancer is a broad term for a group hidterogeneousdiseases underlain by aberrant
cellularproliferation anddifferentiationof the affected cells which might spread in other
sites, and form secondary tumors, &sown as distant metastases. Glohaihgtastatic
cancersepresent theecond leading causé mortality >

Despite the considerabiepertoireof available drugghe current anticancer therapy still
suffers from diverse shortcoming concerning severe side effects, and drug resistance.
the past decades, significant efforts have been diréatetdthe research osafer and
well-tolerated antitumor agentt this contextthe involvement ofHDACSs has been
extensively studied fodifferent cancer types, providing evidence that their inhibition
might yield considerable therapeutic benefft&®

To date, fivepanHDACIs were licensed as anticancer drugs, neverthelssf®rm-
selective targeting istill required to overcome the unwanteallateral effectgleriving

from their therapy®

Virtually all HDACs are involved in the pathological mechanisms underpinning multiple
cancer types, showing aberrant activities depending on their different levels of
expression$? In thisscenarigour research interests mainly concern the role of HDAC1,
6, and 8 in hematological, and solid cancdéf416.130

8. Devel opmeatybfpnpavs eadgi 3deear i vati ves as po
HDAG s
Dysregulations of the HDA€enzymatic activitywas demonstrated to contribute to the
onset, and progression lefiematologicaialignancie€®®2°’ Among the subtypes under
investigations, HDAC6as leen proven to impair the tumorigenesis process by acting
through various downstream signalling pathways, thereby becoming a validated target for
many types of leukaemia, and multiple myeloma (Mf#).
Leukaemia develops in the bone marrow, and then progresses in circulating cancerous
blood cells, while MM typically affects only the bone marréwnong different forms of
leukaemia, acute myeloldukaemia/AML ) is one of the moswidespread in paediatric
patients even though it remains rare diseaseaccouting for just one percent of all

neoplasmg®®-21%Similarly, chronic lymphocytideukaemia(CLL), despite being one of



the commonest leukaemia forms affecting adults, is considered a rare disease as well its
subtypehairy cellleukaemigHCL).?!!

Together withleukaemia MM presents the highest incidences rate worldwide with
respect to the othdraematologicatancers, but still remains an uncommon disé¥se.

In the search for avel potential pharmacological tools for treating rare diseases,
developed a new class of potent and selective HDACG6is based gnpardzine scaffold

(39aq, Figure &, Table9), to which I contributed with the preparation of two derivatives
(39n,0).

The rational design of the new derivatives was based on the exploration of different aryl
moieties as cap groups which were combined, directly or through an ureidic motif, to the

benzyl linker bearing the hydroxamic acid as ZBG.

©)\ (NJN)\/©>\ 2 X\/©_H(N-OH

N

oaN Aromatid =-CHy-, or -CONH
- "
a ©/>/ ring =N or-CH,
& OH

39a-q
as defined in Table 9

Figure 35. General structure of the aryl piperazin@sed HDACG6is

Together within silico studies (performed by the research group of Prof. LaaludaProf

Mor at the University of Ferrara), the enzymatic assay enabled the selection of the best
candidates for further biological studies aimed at confirming the target engagement in a
cell system. Further investigations concerned the assessmdéme ahtiproliferative
properties for the bes vitro hits in diverse cancer cell lines of AMU937, THR1,

K562, NB4, MOLT4), CLL (MEK-1) and primary cells of patients affecteg HCL and

MM.

These studieare curratly being carried oun collaboration with the research greugd

Prof. Altucci (University of Napoli), Prof. Vincenzi, and Prof Varani (University of
Ferrara), Prof. Giudice and Prof. Selleri (University of Salermoyivo studiesn AML
zebrafish modehre currently in progreswm the laboratory of Prof. Pistocchi at the
University of Milano,with the aimto validate the therapeutical potential of the best hits

as pharmacological tools for the treatmenta@matologicamalignancies.

Pp



Table 9. Inhibitory activity of compound39aq againshHDAC6, hHDAC1,hHDAC10
(as 1Go, NM).
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8. 1Chemistry

The synthesisof the title compounds39n,0 is reported in the Scheme 15. The
commercially available building block461, and 162 were reacted with thes-
(isocyanatomethyl)benzoaten presence of TEA, affording the ured64, and 165
respectively. These latter were converted into the corresponding hydrox@9mtesd
39oafter treatment with aqueotdH.OH, andKOH.

- X X
NH

N7 N N7 N
G e T e T

—_— —_—
R
k R, Ri 07 “OoMe Ri 07 NH
R R OH

162, R; = NO,, Ry = H
163 R1=HF2<=20H 164, R, = NOy, Ry = H 39n, R; = NO,, R, = H
TR 165, R, = H, R, = OH 390, Ry = H, R, = OH

Scheme 15 Synthesis of compound89n,0. Reagents and conditionsa) 3-
(isocyanatomethyl)benzoatdry TEA, dry THF N2, r.t., 14 h;b) NH20OH (50% in H0),
KOH, MeOH, from 0 °C to r.t.,, 3.h

8. Devel opmeoat-aommif noelwa sckearei vati ves as poten
HDAG s

In contrast to the aforementionbdematologicalmalignanciesgolorectal cancer is one

of the most frequent disorders which affects prevalently developed countries, and leads a

high mortalityworldwide, beingcharacterized by a very poprognosis!?

Despite the numerous advances in its diagnosis, and treatment therapy, the development

of novel therapeutic strategies for this cancer is still an unmet medicat'Aé¥d.

In this context, HDACs have been extensively studied leading to disclose the potentiality

of HDACL1 as therapeutic target for colorectal carfé@Several studies demonstrated

that HDACL1 is upregulatedin this solid tumour participating in different aberrant



mechanisms, such asypoxiainducible factors/vascular endothelial growth factor
1(HIF1/VEGF) signal pathwagt4216.217

In light of these findings, wdeveloped a new series of HDACLis as potential anticancer
agents against colorectal cancer. In collaboration with the research group of the Prof
Aiello of the University of Calabria, we rationdesigned the new derivativéd®a-m
(Figure 3, Tablel0) by exploiting differently substitutearto-aminoanilidsas ZBGs in

order to achieve the selectivity over the class 1l HDAC.

1,3-benzodioxole and 1;8ichlorobenzene were selected as cap groups to be combined
with a wide set of linkers endowed with different rigidity, and length.

The contribution ofmy PhD project to this topievas relativeto the preparatiorof
derivatives40d, 40e and40k, and the reference compoufdl. Enzymatic assays were
performed by the group of Prdfarani and ProfVincenzi at the University of Ferrara
aimed at evaluating the potency against HDAC1 for all compounds, and the selectivity
over the isoform 1, and 10, for the best performing compounds.

o REVE @w.fj

11, Entinostat 40a-m
as defined in Table 10

Figure 36. Representative structure of the HDACL1is.

When compared wit bnttihre@dhtl®#®C bt-d@@ MY atthae o f
HDAC1 inhibitory potency determined by th
for most compoundéuat thesenglamatec assay
referencellapppyumadg the same conditions i
comparison of t he dat aob tHaDeAQeld r ii mileaddt iatl & ryy
(HDAC1s50¥ Cl1231wamsM)under esti mated compared
hi ghl itdgltiexgel |l ent results obtailne.d with
Specifically, the best performing compoundi@l behaves as a potent and selective
HDAC1is with an 1Go value which is twarders of magnitude high#ran that obtained
experimentally for compountll (Table10).

The target engagement and the antiproliferative properties of thenbasb hits were

evaluated on three colorectal cell lines (HCT116, HT29 and DLD1 cell lines).

Py



Promising preliminary results encouraged further investigaiior3AM modelwhich
arecurrentlyin progressn collaboration with the researgnoup of the Prof. Schneider

Stock at the Erlanger University (Germany).

Table 10. Inhibitory activity of compounds40a-m against h(HDAC6, hHDAC1,
hHDAC10 (as 1Go, nM).

| € N M)
Cpc Structu— "SAC1I hHDACG6 hHDACI
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1 @h/r%ﬁj 42165 8 >10b0 -

Each value is the mean of at least three determinations; results are expressed with *

standardieviation (SD); NT, not tested?Experimental data reported in literatdfe.
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This alternativein vivo model resuli from theseedingof canceouscells (in our case
HCT-116 cells)on the chick chorioallantoic membrane (CARMS
These studiesare aimed at evaluating thim vivo modulation of the major colorectal

cancerallmarksby the new developed HDACis.

8.2Chemi stry

The synthesis of compound8d, 40e and40k is described in the Scheme 16. The acid
166was condensed with ghenylendiaminel(15) or 4,5-dichloro-o-phenylenediamine
using HBTU as coupling reagentp afford the title compounds40d, and 40¢
respectively.

Compoundl66, and nethyl 4-(aminomethyl)benzoatf6) were reacted in presence of
EDCI-HCI, and HOBt to give the methyl este87 which was in turn hydrolyzed under
basic condition, yielding the corresponding carboxylic 46@ This latter was combined
with 1,2phenylendiamine 1(15 by applying the coupling protocol with HBTU,

generating the title compouddk.
O e}
° o Cl H Cl H
o 0 b) OMe ) OH
Cl © Cl ©
166 167 168
H  NH, 0
cl N NH
ol ° CZ m NH;
" X of

Scheme 16Synthesis of compound®d, 40e and40k. Reagents and conditiors}115
(for 40d,k) or 4,5-dichloro-o-phenylenediaminéor 40e), HBTU, dry TEA,No, r.t, 14 h;
b) 66, EDCI-HCI, HOBt, DIPEA, dry DMF, N, r.t., 14 h ¢c) NaOH,THF/H0 11, r.t.,
16 h

40d, X =H 40k
40e, X = Cl

Compoundll was obtained following the synthetic pathway reported in the Scheme 17.
The aldehyd&4 was easily reduced by NABhto the corresponding abol 169which

was condensed with the -(dminomethyl)benzoic acid 72) in presence of
carbonyldiimidazolg¢CDI), andl,8-diazabicyclo[5.4.0]Junde@-ene(DBU), to afford the
carbamatd 70 This latter was subjected to a coupling reaction tyi#phenylendiamine

(115 using CDI as coupling reagent to obtain the title compdind



(R O
N/ —_— N/ - N/ H OH
54 169 ¢}
170
5
N O N NH
L
= N
N
0
"

Scheme 17Synthesis of compourid. Reagents and conditioresf NaBHs, MeOH, N2,
from O °C to r.t, 2 h; b) 72, CDI, DBU, dry THF, N, r.t.,5 h; ¢) 115 CDI, TFA, dry
THF, N2, 60 °C 16h.

8. dDevel opment and bi ol cagiectd@-bdniedoae dct er i z a
derivatmveest dtiaanhl HDAC6/ 8 inhibitors

Much evidence supports the enrolment of more than one HDAC enzyme in the

pathogenesis of specific cancer, encouraging the research of polypharmacological tools

capable of acting on different aberrant pathwiys

Several studies disclosed the crucial role of HDACB6, and 8 in the pathogenetic process of

leukaemia, and colorectal cancer!26:206208

Thus, aking into accounbHDAC6/hHDACS8 aminoacidic similarities in the active site,

we developed duacting small moleculg@lam, Figure 3, Tablell) with the purpose

to exploit the additive effect deriving from the simultaneous and ise$alective

inhibition >%13%To this end, we identified the azetie®rone aghe privilegedscaffold to

combine withdifferent linkers bearing hydroxamic acids.

Cap portion

.....
- .
* S

'N%/XY TNHOH
0 0

. .
5 .
.......

41a-m
as defined in Table 11

Figure 37. General structure of the selective daating HDAC6/8 inhibitors.



Three structurallyrelated classes were designed by properly decorating the aZ&tidin
onecorewith phenyl moieties. Among the series, derivatives possessing a slender benzyl
linker showed high potency and selectivity towlDAC6/8 over thdhHDAC1 isoform

as resulted from the enzymatic ass&AR analysis and computational studieave
guided the selection of the best performing compounds for furthrervitro
characterizatiomn colorectal HCT116, andleukaemiaU937 cells The contribution of

my PhD prgect to this topiovas relativeto the preparatioof threederivatives(41ac)
preseting two phenyl rings at positions, &nd 4 of the azetidi2-one core intrans

configuration

8. 3Chemi stry

Thwi ci nalomze tdied(iiff) @awiewees syhibheswraed the s
protocol depicted in Sc/emnetR2&. wihd opreinma
afford thel7%dhicthf ubSdssmuvwe mi@etrn onhe present
phenylacciadh,Hci phosgemet hieted e r n(eN)i7 8iarer an s
confi gharldtaidamuanhydedgbkedtiont he obtai nment
( N 7.4

ﬁj (5 Q;@ L

\—Ph
172 (£)-173 (¥)-174

\d)ore)

171

o 0
(£)-41a, X = NH (+)-175a, X = NH
(%)-41b, X = NHCH, (£)-175b, X = CH,
(x)-41c, X = CH, (£)-175¢, X = NHCH,

Scheme 18 Synthesis of the compoundg)-4la-c. Reagents and conditions)
benzaldehyde, dry toluene, 110 °C, 1&)phenylacetic acid, triphosgene, dry DCM, 50
°C, 12 h; thenl73 TEA, 50 °C, 12 hg) PdC, H, MeOH, 25 °C6 h; d) methyl 4
isocyanatobenzoat®or 175a), or 4(isocyanatomethyl)benzoafer 175¢), dry TEA, dry



THF, N2, r.t., 25 °C;e) 64, EDCI, HOBt, DIPEA, dry IMF, N2, from 0 °C to r.f 14 h

(for 175b); €) NH20H (50% in HO), KOH, MeOH, from 0 °C t@5 °C 3 h

These l atter weirteme tchoynildseondsyeadn at obe-nzoat e
(i socyanat onwehihcyh p)Wbeepnazroeadt eabeopdenmgousl y d
pr ocefdwrrreiusrhe{aNj 8, ity 6 respecti vedlN)p74 1 nt e
was employed also in a coupl6idngi mgkRERCIon
and HOBt, vyi ¢INtyibng Thbh e a(aN)i7aicguee £ convert ed
t he cor rheysdproankdgi)@caf t er t r edtureWibdH awi d ha

met hanolic solution of KOH.

8. 3SAR anal ggesdoddeasled derivatives
Derivédtcwerrer al datredtrmkeiibi t onyg aipiwl A6 yand
hHHDACIhe best perf oridillmmgdiwenpounhbdeéerrogat e
for their selectivi tandO6Goemp otditinedh b wemd n mb d e &
HDACG6 inhi bihHDAQOGgFER0OSnawddw sel ectivity ov
Thiei oi soster i c urreapa yal cvemmietha trfii folden ¢itne ocno mp o u n d
41bed to a slight 1 mpHDAGEBHDACI6OF L 2aicM j vi t y
accompanibedtby aelectivity over HDAC1 (s
homol ogatlii offikrewin &ahel ur eaas 4ttena ah énmoztyed w aurrteha
enhancermnNtC6ofi nhi bi thhDACBEet 203 Y mM dn

i mpr oviebmeents el elHtDIAWCiIlt.y over

Structural othtlbed i cmanylbeagous digrmmamicéd naarmimd e
hydr oxamfcwha cwihd smai nt aiangaiHDHkt@Bha dtef #ct yng
affinity Ffuort heDAMOIme | dldébnh4 dwa so fr eveal ed del
i n termhidfitorgwarcd i vo t 6, atnhdeS dibssa fiatfrundti hoen
benzhydroxami dlaweicalN-hmadrexypbaenympriobi as aimi
4 d,] eda tnoegi ngi bl eory actiSvimiy atrowarsdi | H BA Qe
f o4 h, presédrmnizyd hpndr 5B GlmMmat €3 laissiogggygest ed t |
repl acemea@ah-ddiopfheny-P-azeodi eit o a geémphmahnhyl3, :
subst i twhtiecdh obneenef i ts from the absence of
In I'ight of the obtaibreredzydeculltisnkewe oifndadrt
compodihdisn the <corresp@gdndpedgi faincaa loyuie sc o m|
((HDACIBE=3. 4 , iHMALTI €=9.3M)di spl ayed a simil e
activity/selectivity profile tblHDAICC60f it



| €~=3. 4)snhbwbdghaer activity towad#4dltcdHPeAtCloe rwi
wi tamar kSeld o f 1BHEMA CAv er@ i lea cod meumdv & a f with t
car bamantcte dnt o 4 &mpwhiedilarves &dHDAZGpohean

| €val ue of.FAB. expdMMsAiRntgu,da ere embaoked i n t
devel opimmdhosubst i t-2dotneed daez;eftiviadiidiia,e swhi ch
exhi bi ded HPAE€6di niho bechoanypya rdeh@d. tlon péabkti cul
(HDACGBEF39MM results 4D ACECERTTONNhan

The enzymatic resultst e amo shdD A G e nnidaemet! iyf
4141i ardghi ch wer e f urHhHDAIC8t e it eod dag a it os te \
polyphar macol ogi cal wardemontsyr a®kdidh ho dognadl e
the i s8psfhoorwvm ng actinwaintoynoil @ rgdyvhad nlgaswy ( 4g2 f r om
toll3 ,nMyhese resul ts all owed to validat e
hHHDACBIDACE8Bct i vity. Further investigamions
vitmhi bpihHDAGTI @4r1,d1i ardghi ch dli Spalay®&0 O

nM, thus confiirtay @mgent hebDaC s el lecHi v

TablZ®!l Mhibitory act i6ant gwadhbACdmpsamusn@MLC
hHHDACKHDACS (easn MIHRAGLO spadM C

ICso (n M)
Cpd Structure
hHDAC1 hHDAC6 hHDACS8 hHDAC10
(1)-41a g . , 1270+100 203.3+10.4 NT NT
OO,
(3)-41b g . 5140+ 710 121 +£8 NT NT
DO Op

(£)-41c /";N@ VQA . 4200+ 200 21+1 42+4 6600+ 400

o H
N
v

¢}

), . @10 pM: @10 pM:
®)-41d NT NT
SO goam 85.7%

o]



@ @10 pM:

(#)-41e & 130.0+ 24.1 NT NT
Oﬂ i 90.1%
Q. . @10 uM:
(i)—41f TN SOk 168.4 + 25.1 NT NT
WGY@AA " 93.4%
@ @10 pM: @10 puM:
(*)-41g N@ NT NT
J@ " 48.7% 97.1%
Q. @10 pM: @10 pM:
(x)-41h IO NT NT
T LS o 533% 94.2%
S
41i O "0 9700+ 3900 91+7 113+2.6 5100+ 300
Qs
41j 1 o 4300+ 300 3.4+0.8 99+2.1 6500+ 400
a0
o ) @50uM:
41k N wor 4100100 185+ 1.2 NT
Uroﬂ“ 13%
(+)-41l . fov  3100£200 399+55 NT NT
o
(+)-41m ﬂ? . 15100+ 600 270+ 22 NT NT
N(Z//NV@//(H/OH
Each value is the mean of at | east t hree

Nstandar d

devi aspeoani f(iSdJ ,.

IVDseinsNiTo1 n% to ft etsh



8. 3BBol ogalcadt kena2etmadsiend de mi wladcseed @ s
setting

Enzymatic studiesvere corroborated by western blotting analysis which indicated the
engagement of the targetthe cellular systerthrough the evaluation of the acetylation

o f -tulilin, and SMC3, nothistone substrates bBHDAC6, andhHDACS, respectively

As shown in Figure& compoundgl1c 41i, and41jwere able to increase theetylation
levels of Utubulin and SMC3bothin U937 and HCT116 cellsn dependence of their
expression levels in these two cancer cell lines. Specifically, the treatméit, @fli,
and41lj induceda slight effecbon SMC3 acetylation levels U937 cellswith respect to

the HCT-116 cellsand that can be explained by the lower level of expression of HDAC8

in the leukaemia cell line.

@ U937 HCT-116

CTR TUB 41c a41i 41j (10 pM) CTR TUB e 41i a4j (10 pM)
1123 103 117 111 140 142 158 182 1123 103 760 350 860 320 917 7.35
| —— ——-—-H Acetylated-tubulin | —_—— — — | Acetylated-tubulin
1
| cavon [ r—— e w— w——|  GAPOH
24 48 24 48 24 48 24 48 Hrs 24 48 24 48 24 48 24 48 He
CTR TUB 41c 41 41j (10 pM) CTR TuB 41c 41i 41j (10 pM)
1 698 820 091 3,11 1,11 2,63 0,95 5,78 1 1,49 0,87 1,29 1,04 1,36 0,77 2,63 2,36
[ - AcetylSMC3 p— — Shis f | AcetylSMC3
Lys105/106 W W | 1ys105/106
)'—"—‘-* - ' |‘34'“’|3H e . ————— — o | GAPDH
24 48 24 48 24 48 24 48 Hrs 24 48 24 48 24 48 24 48  Hrs

Figuad eWdstern bi-obubahiahyaeeset pfated of U93
116 cell s ( Parnuebla sB)dUB)rae @t & d miip 4 imadnst L

SMC3 acetylation of U937 (Pan&g4d4i@ndind HCT
compound®B4 8afht eorf 2Ztdeact meaé.nfat atliOon

The antiproliferative activitiesof 41c, 41i, and 41j were interrogatedin U937 and

HCT116 by means of MTT assaysing SAHA (known panHDACI), TUB (known

HDACSG6:i), andPCI-34051(known HDACSI),as positive controls.

As shown inFigure 3, treatment of colorectal HGT16 and leukemia U937 cells with
thesel ected anal ogues, at corparablel orcevem loeten t r a 't

reduction of cell proliferation after 48with respect to the reference compounds.



Antiproliferative effect (MTT)

120 U937 bl HCT-116

w] T o]
a‘ B0 = g‘ 804
T 5
= =
T > 604
e 2

a0+ 404

CTRSAHA TUB PCl 41c 410 41j CTR SAHA TUB PClI 41c 41 41j
48 h (10 uM) 48 h (10 uM)

Figure 39. MTT assay results expressed as percentage % of viability in U937 and HCT

116 cell s after induction with48AHRA {M9) & M)
41i( 10 & MILj( 18&n ®rMd h

Incubation of4lc, and 41 analogues in human liver microsomes evidenced suitable
metabolic stability. The toxicity profile of the selected compounds was assgissétio

on mouse fibroblasts (NIH3T3 cells)) ex vivoin Langendorff perfused rat hearts, and

iii) in vivoin zebrafish embryos. In ithlatter model, the effective HDACG6/8 inhibition

of4lc,and4ljwas confirmed by t htebulin,conmenssrate f a c
of both isoformgFigure40).

E
41c & ¢ K
£ F e
ac-attub "‘w

VINCUIIN S S S —
130 KDa

41j<§g9r$°éé

ac-atub —
55 KDa

VINCUIN S e s
130 KDa

Figure 40. (A-D) Toxicity screening of zebrafish embryos treated wiififierent doses

(2577 5 ¢ MJ)cand4lj. (E) Western blot analyse®nfirming the efficacy of HDAC

inhibition through increased levelsofdlct ubul i n compared to the F
n = number of embryos.

Taken together, these resudtbowed identifying novel potential polypharmacological
tools endowed with good activity/selectivity profile and acceptable-likagroperties.

Further investigation is required to valid#teir potentiality as anticancer agents



9 Conclnusi o

In recent years, the realm of lysine PTMs has provided promising avenues for therapeutic
interventions, motivating the research community to conceive innovative strategies

target PTMs modifiers whicprovedto be dysregulatexh a wide array of diseases.

I n this scenario, many efforts have been f
able to antagonize the aberrant activities

PTMs, showing to be effective ibhiposenwhal

alleviating th& disease progression.
Specifically, much progress has been ma d
demet hyl ati on, enabling the identificatio

with highpdthemrtaipelutdgai nStNdHDeACSars,aide LSO 1
potenti al benefits idegppvioaghfroml apmaid ma d
were devel opedofai t #msgyt rheer gpiusrtpiocs et her apeut i c
multifactdfial diseases.

Gi ven t he bi ol otgheal ygienevawde f iodr s i n r
me c hamiusrmsr ecent research activitieswere
selective andmanuddultearigehi simadrds targetin
demet hyl ati on.

During my, MR wdhrek opportunity to work on
deveéelhgpsneelwecti veanIDACG&i s as potenti al phar
for the t((leataeat dioseaand, (R uncfhl aarmad éd n
pat ho&o(d)icersc er

I n tbhnpexnh the first part of my PhD jour
devel opment of three series of potenti al t
Taking into account the excepti oNER376sul't
22 we found tempting to explore the PR
proteasomal degradation. To this purpose ¢
to study the possible functionalARGAGCG sit
degrader s.

Then, I was involved ien®ft hDAl@6B/ied olpaneend @r
privileged scaffold in medicinal chemi str.y
to identify the best pharmacophoricffeatur
HDACG6i s, nanfneHIyatslkee depiri vati ves. These | at
groups which were easily installed by expl

My



THI-Qased, -@HQAWasspeidd oanal ogues were reveal ed
| RiFel at ed ifni bwairogbxi osmo dienl s |, respectivel vy, al
pivot al role exerted by HDAC6 in the progrt

As a continuati on of our ewaf sorit mv oihnwv etdh ei n

di fferent projects aimed at the identifice
Specifically, I contributed to the prepar
tetrabygdrbobsedaffol d, whi ch wer e proven

degeneirnatyiotinmd .wvilvim an attempt to simultane
than one aberrant mechanism associated wi i
to rationally design new chemical entitie
namely LSD1MyaodnfFAAButi odewabopapbataditad
polagmmacol ogi owahliiceho mpbuodder biological i n
With the aim to exploit new chemical spac
embarked in the expl orFaotri otnhitshlep rfiondeacdte ¢ i n

efforts on the debvaesleodp neema |l oogfu eisn d oal si zp ontee n

t osdlor treating inflammatory conditions. F
potentiality of these new chemical entitie
Moreover, given the ascertained role of HI
cancer types, our recent activities were

selective HDACI s haemathed othr esatl mednt c amfc e r .

fr avog kI contributed to the preparation of
pi perazine scaffold, which were reveal ed
haematol ogi cal cancer. Further more, we exX
coumrmtoéemmrectal disease through the developr
under biologicailn ewiatlruamindsel i m thhplt hwasnt e

i nvol ved pmneparation of some derivatives |

(0]

xpl orati on.

Finally, I had the opportuadmiaty seDA@®F &eon
i nhi whichswere rationatlhsgg rdes iug @aéfdorrie gtuhmee e (
bi ndibmog ht ol aar gsetttusdo es i n | eukaemiad | atwak dc ol c
vali date the potentiality of the new pol yg



10EXPERI MENTAL SECTI ON

Reagent s wer e pur chased f r(oSm A& e i cchoomman
Fl uor oxzrmenmMgretdher.Momadatomamtg of the reacti
t hi ayer chr omad malrbapihssii(nigt €) (60 F254) or a
basic) gel pl at es Pwirti fti bteatt p otndcoad tr & yewle koeu y
means of siliia0ogHBH O oM, abumméda (90, stan
chromat dHgyraifth WMR speatpgai wetlee indicated
solvent on a Varian 300 MHzwitoTMSas iBenalk er 4
standard Spl i tti ngepeaatded ss nglret ), d (doubl e
doublets), t (tripletyx(brmeidgmalchem)ldtam §Mmi
argei vienn parts per wiolulpil a m g mim)s tHenrtidsS (( Hz ) .
spectra were performed by an AgTliheeay dd4100
reportedpurrdffaresd tpa odwsc twse.r eHPpleC famanleyds iwi t |
ProminencendpwedatMlsSUW et ect or MRiOdohad Arr a
aPurospher HBTBW, HPLC columeensitimei stacée.i
seaeutppundierat mosipheniet oogan,edi gl dys wiksrn eeghhd

di s tainlhlyedshod wse nt s .

10.1 Experimentabasedt HDAE6T sNBR3Aa76

4-Met Ny lpr eydn dene) benzenéeégullof oa® hywbp-azi da

toluenesul féoyl. Gydrazidéea8 MamdHl ,( 65.5(mLegqg) a

1.9 mL, 25. 77 mmol , 1.2 eq) was added. T h

compl ete conversion was oObserved by nESI M

vactum gi ve heb Paisthliet ec osnopl o udn d( ¢Hu aNnMMRi t(a3t0iOv e
a

.3 Hz, 2H), J= 680. 5 sHz,1H)H) ,7

t
MHz, £DICI85=(
(s, 3H), 1.78.(s, 3H). ESI MS m/

3H), 1.091

terBut (2 osyl hydr azi nelyxlairdbeox®} tteet(i d9nd r om
(1.33 g, 7 -Ro-épmpley 5ddoded (g, 7.535%mmsl ), c

prepared following the procé@QuiMettdescoimpe
was obtwhned aslid, and it was used in t
purification EG&UarM&i [t MBI NMRe |(d3)0.0 MHz, C
u7.83=(8,0 Hz, 2H), JE. B40(Hz,BHD, B3IHBO(4H
2.43 (s, 3B3H)L7.20,356.(AdtHzESI4 MNS [IM+3BNIO]( s, 9H
2Met Ay py r3ydi)mrlopd@marosy |l hysd 856 naeng, 2. 43 7
1.0 eqX03and.Ads9 g, 3.65 mmb[}di ox.alh)e welrOe neL
a sealed tube, undegepr eas spua sei, t ifvoel | aorwheydd rboyu s
pyridinecarbShdo xzl7d eh yddde mmo | , 1.0 eq.) . The
silicone/poly(tetrafluoroethylene) (PTFE)
110 AC for 12 h. After that, the mixture

MM



N HC | solution (25 mL) and extracted with
|l ayers were drigSdd oveltandéddgdwrawoTdhoel ad reudd e
purified by column chromatography on sil i
the titleyelolmpwunidl a2 ™9 NidGE 0 ® SMH i eT DT
(s, 1H)J= 8..782 Hzdi,8 1H3 , ( &,127B.H3)3, (7m,4 81.H3)6, 3.
(m, 1H), 1.20 EsS,| MR [ METBED8 (s, 3H).

tert-Butyl 4nicotinoylpiperidinel-carboxylate 46¢. Starting from53 (1.9 g, 5.09

mmol) and54, compoundd6c was obtained following the procedure described for the
preparation o62. Purification by column chromatography on silica gel (DCM/MeOH

30:1) afforded the title compound (quantitative yiel) NMR (300 MHz,CDC$) G 9. 2 3
I 9.03 (m, 1H), 8.79 (dd1 = 4.8, 1.7 Hz, 1H), 8.22 (di,= 8.0, 2.0 Hz, 1H), 7.52 7.33

(m, 1H), 4.36" 3.89 (m, 2H), 3.52 3.20 (m, 1H), 2.91 (1) = 12.7 Hz, 2H), 1.97 1.79

(m, 2H), 1.79 1.64 (m, 2H), 1.46 (s, QHESI MSm/z [M+H]* 291.

1-(Fl uor opyk2dmet hy2enolpBHEi To a sol-ution
uoroi soni(scs80@mhakhdeéhmmeh, dityoTelg. {15 mL) ,
0 AcC, i sopropenyl magnesium bromide (0.
pwise ulmhdeerredsul ting solution was stirr.
version was revealed by TLC (Pel/ Et OAc,
C with sGlatsobhtuedomMNH and then exTthreact ed
b i rganic | ayersSQveféel tderied, o@a@uo dn
ungewhaswobt &ai wedhast any furthe
00 Mgz BACDCLI ( m, X2=H)5. 67 .Hz0, (1tH) ,
13 (si4.1640) ,( b4s.,941 H)s,, 1.H52 (4s.,8 23

0]
3

hyl-poldyanTo a s @%F0 omg ., of 3. 8
i n MeOH/ Et OAc 1:1 (60 mL),
ebBcti on mi xatumoes pMaesr estatr rre.c
t was removed by filtrati o
til dryneds glTiltolwe od d mpaa u nhc
atiHo NMR5 6 3 CAEGMIBE @B. 9be( ch) .
j4186,(Bs 1524 HY,84HZBLLHY, 2.
éd 8 Hz, H) .

mmo | | 1.0 e
6
A
6

.) in dry DCM (4 mL) was

r ne (413 mg, 0.97 mmol ,
stirred at O r 2 h, and aftsat urhaedt
NaS0s, and 3dlaH (5 mL). The biphasic mi
and then extracted with DCM (3 x 10 mL) .
washed with ss@stolmuat ech, NaIHC@dS Qv ér badhgdr c
driied vaclulbe crude was puri fied by col umi
(PE/ Et OAcC, from 5:1 to 2: ¢l towadbiflbr d68ha
i eHdNMR (300 3MiBz 54e6D@l, 2 Hz, J1=H)4 . 98B,. 419. 4( dt
H), ©7=52. %tHz, 1H3 ,639291 . (hdex=dH1lH),, 11.014
H) .

hyl-pbocrod@M sol uti om{dt0aimgphc
e
[

DedMlartin pe

”w oo

y
1
6

5F1 u8t-d8i me2-(hpyyl r3tyd3) nddb)e n(t er M6ttt 80 e mg , 2.6
mmo | 1.0flegonoplaendy Ahydrda8z i6n5e3 hnygd,r o4dc.hOl 20 rm



eq.) were ddissxdmwed( I2n mML)4, and then the r

OAC. Conc®@@t8®ma edL)H was added dropwise at
mi xture was heated to 70AC for 3 h, and ¢
guenched with asehturaned20amC)D untll t h
extracted with DCM (3 I 20 mL). The c¢omt
anhydr&S®s fNial t er eidn, vadnede odcrriuedde was puri fi
chromatogi apltya grel (PE/ Et OAc, from 3:1 to

assark yellow oil ' 3MMR mg30 06 eMidzy,2 &GRIQI, 1

Hz, 1H)J=2846% Kadj,8.14H0,( @,.iFyDH)6, (7m,68.8), 7. 4
= 7.9, 4.8, 106..98Hz(,m,112)Hh)6, 7 (Hn33 86MS . [ M+ H]
241.

2-(Fl uor o-py k3),-dBii me-3 H ynld &I5)dSt(arti ng from the

6b72 mg, 0.430 mmol) and HPheqg |l hmydr@zémer
ompoduSmdas obtained following the procedur
5a Purification by column chromatography

ffotrdeedti tl ayebmpwuwadhre sol ild NMB mM3Q0 7
Hz, gWCI6WU=(&, 2 Hz J81HY ,6 (®B,.iI¥Y&EH)9, (7m,731H),

7.56 (m,i7LH)7, (7m,4B H)3, (ES4 6y .[ M241] .

5f | uD(r3l uor ofyytd)jddiime3 M ynid atIHeSt(ar t i AGHBGS om

mg , 0.39 mmol-f|l Wormo pemeny lahnydd r4a& i @& mgdr 6 c |
mmol ) commgasndbtained foll owing the proced
o#h5a Purification by column chromatography
af foredtitl ayebmpwusad!l id (*H3 NMR, (BB WMHe
ChQ@Iu8. 61 (s, JEHpH, 18 HZ27 (A8HY ,( M,.i8DH)0, (/m,1 2 H)
1.44 (ES,| D) [ M2ED .

terBiut y(Ipy23ydi)mpi 3gfgli' peo-L-eamnled x4dat &t arti ng
fromcl. 20 g, 4 plhee nmidly)dr amg d Me/ hByddbr oncgh,| o6 .i
mmol ) 4nwbals, obtained following the procedu
45a The crude of this reaction was i mmedi a
with-OB0®896 mg, 4.56 mmol , 1.1 eq.), and T
mi xture was stir pOe dvaast ard.dte.d,f oarn d2 ht,h et hcernu dl
Et OAc (3 x 10 mL). The combi mBedd brbaeared] :
driiend vRoeuiof i cat uonm lktyhwr omat oBEAEDPACHN &F omj
to)4:alf fAbm@bdaecange oil (667 mg, W4eMRE0EN d,
MHz, gbC9da)&= (.3, 1.0 H=z=, 418), 18 578z, I3 dH)
(m, 1H)J= 78.708 Hzti7 23#H5 ,( m,i¥5BH)3, (M,3581H), 4.2

3.43=(13. HzZi2.2K8) ( m2i.le B)1, (1BSA 3AmMMiF) [ M+ H]
364.

( KBF | uB -3 me2-(hpyyl rr-3ydi)n n@d®44ahce a s od5(atliedn 0o f
mg , 0.66 mmol , 1.0 eq.) in methanol (6.0
added. The reacticanmwaghaerte rred L&@&lder THe |
through a paper filter, and then the filtr
purified by column cbhPEmMEt ©OdcaphyomndsillI it
the titleyebmgduddi masl RWMB) (300 MiBz 66CDAl,
J= 2.2 Hz, dH)4. B, 56. (idHdz8 1 1(Hm,, IrH39,17 .79 32



4.8, 0.9 He.,7ULH)mM,i62H)4, (6, 6AH), 4.62 (s, 1
(s, EBH)MMS [ M2 8B .

(R F1 uor o-pyk3),-dBii met hyl { A4L G onep o Yridw a s

obtai nedd bffbo Mg, 0.31 mmol) foll owing the
prepar dtdiaoRPuroiffi cati on by col umRE/cHBtr OAat o
from 4)1lafbéboilidéd the title compoMin®iM&sS yel
(300 MHu8.cDaH(d, 9 Hz, Ja=+H)4, . 9,. 318. 1(i dtz59 1 H) ,
(m, 1H)7,. 0O0. 6n,i62H)6, (6nm,B&AL H)L, (6m,76 H), 5. 01
(s, 3H), BESI88UF 5,M234Hp). .

(KBF 1 ua@¢®1 uor ofpyyB)jdBiimme t hy | ( fMd)@.Cd mp o 4 @ d

was obt ad4bv@d3 fmgp,m 0. 28 mmol ) foll owing th
prepar dtdiaoRPuroiffi cati on by col umRE/cHBtr OAat o
from 4)1l1aftfdboidéd the title compoMin®iM&sS yel
(300 MHR U8 . 4V=(d5. 0 HzI,7.58) ,( m7i6d935)8, (6m,83RH)
6.666. 56 (m, 1H),713..802 ((bss, 11H),, 4L BH&LKLE MS, 3t
m/i:z [ M2BI1.

(N@rBtut y(Ipy23ydi)mpi r8[-phodet-i-d@&mniked xyWade (
Compodhdilas obtadh@eéd rmgn, 1.83 mmol ) folloc
described ford4d4dadhepr epardat mamn easfi al was use
further purification, whédstolridd n@q u el itti atliev
NMR 300 MH3U &BEM2 (2H) ,J=7.864 MHk,j7.1HY ,( W, 3
2H), 7d=12 .(6t,d,1. 2i6Hz54 1(H),, 26H)9,0 4. 61 (s, 1t
i3.53 (m,1HY7 @Bm,4&.H)7 (3m,2iAL.H)5 (1m,%82H) ,
1.55 (m, 1H) ,ESln/4$ NIB6H 9 H)

( \et hy K5 4D rddi me2-(hpyy -3yd i) Ag b) met hy (()Nhenzoa
58alo a sod44u@4snmef O0. 60 amoho meftdiryrby ldbge nz o a |
(98 OmgG,0 mmo)lin Et@OHag¢8t mt)Glciwag 98dded dr o
and the reactian walb.ahooed8NNh #7565t JaBH. 20
2.0 eq.) was added, and the mixture was st
then quenched with fewsdl opsom/f,urmsdaitdur tpHer
solvents were removed. The resulDfjna@andesi
extracted with EtOAc (3 I 10 mL). The <co
anhydrS@s fNial t er eidn, vadntde odcrrivedde was pur i fi
chromatograplbyPEOEt O OAEj chrgml 4:1 to 2:1) t
agell dw 4i6lmgpH. NMR (300 3MHBz ,78CB8I (bs, 2H),
(A= 8.3 Hzj726), (Fsig912t4) ,( n7,.i BOH)7, (6m,8 52 H) ,
(dds 8.5 4. 21Hz25 1Hm, 3HMUDOD6440Bz(d1lH), 3.
1.40 (s, 3HESI 6MIB 4 M3sBLL .3 H) .

( NVet MY I(28 1 uor odyytB)jdBiinmme t h ylkyil nydmoeltihny I ()Rb)enz o a
58Kt art isig( 6f5 omy , O. W&t minbt shy laio(edndz onagt,e 0. 2
mmol ) , cbbhwasndobt ai ned following the pro
prepar &t8iaoRuroiffi cation by col umBRE/Hht OAAMat o
from 6) 1f totnRes hteidt | &s cyanploaawmdoi | H58MRg, 5
(300 MHZzuUu8 .CO&EL+(d, 7 Hz, JEH)Y, 08 HZ4 JEH)B, 47. 9
Hz, 2H)J= 75.453 Hz,, JEHB, 17H23 Jed#ly, 97 Ha6 &),

M MO



(tdk, 7.4, 1.0 Bz,71H)Hz 6.41) (d4&. 16 . @4s Hz1 H),
4. 0858=(d4d6.3 Hz, 1H), 3.91 (SESI3HNS [IM+4H ( s
391.

( NWet hyl -( ¢S AD(r-301 uor ofyytB)FdBiimme t hylk i ndol i
yl ) met hyl()NB8oSztoaarttei A €6 2 omg, 0. 2me tiyd | ) a |
formyl besaxoantge 0. 25 mE8mW 9 § chtmpionnend f ol |
procedure descri beodafPur itfhiec ptrieprarlay i oml wn
on si |IPiEc/aEtglAc,( f )y ofmu Binhle hteodt2 @% € lompw uo id | (
mg , 35001Hy N®RdAd) 300 3MiBz pACDHDLI (bs, JAHY.,08HBS5
1H), 7=98.@dHz, J2HbF, 57H47 JEH)8, 17 HXZ @2dH, ,
6. 66 (m, 2JH),8.&.,29,.(1ddH,z, 1H¥, 16. 34Hgs, 1LHMW)
(s 16.3 Hz, 1H), 3.90 (SESI3MYSE [M4BP . (s, 3

( ertutbeenI—(ypyr-srydl)nspir@L-Mhdei-l-'@@amb(])xylate
( NB)PSt art idndgd1f6r8o nmg, O .bde6n znamd@died yadmed O . 46 mi
compou9idas obtained following the procedur
58a Purification by col unPnE/ceEhtrQAnta t ofgrroanp h3y:
fur i t1as cipiepbtawdoi | (78 MMR @BHO0 yMidz
: (d,7 HzjJ8.1HY ,(®B,.i4DH)HL, (7m,62LH)4, 7.
H)J= 67..745 Hzt,, JEHY, 86 H29 J&EM#MP, 64 HI7 QL&) ,
5.9 Hzi,3.8B6H) ,( m3i3AH)6, (3,62 HM)6, (D.sL, 3 1H),
(m,i2H§5 @Am,781H), i1.42 (&SI anMHp. 1. 3

El

Ben2ypyrdydi)rspi r8[-pphpdet{ d)Ten] a sodution
mg , 0.17 mmol , 1.0 eq) in NMeOH wd® m
wise added (3 mL). Solvent was removVveod
edure was repeated for 3 times.z3 The
ion, and then extTrhaec tceodnbwinterd DCMN a(nd c.
overSnhfydroesiedav. @intdloel r¢e edpound was
l I ow oiI without any fHr NM&r (BOOi MHe
=(4d Hz 8 .1H5 , ( Bsi&4313t6) ,( b7s.i, B 410HL) , 7
67. . 764 Hzt,, JEH)Y, 86 H£5 4 Q&Y , (v, 5BH), 3
zi,
i

6
0
0
I
|

1 3.1019) ,( nB i 21208)9, (3m,0 21 H)6, (2m,8 91 H) ,
.40 (m,711LH)2, (Im,983 )4, (Im,34nHY .[ MBBSHF .MS

NVet hyl -( (blem-2-ypy r3ydi)mpi r@[-prihpetli dien]

thy OB B2 @aat é 6@ 7fOr ormg, 0. 2M@e tnifyoll ) ar
| b(e3n2z omegt,e 0. 20 6&ivals) pbtammewdnd ol | owi n
| ed for 58laeP wrriefpiacattiioom boyf col umn ct
Et OAc, f )omfmubiniie hteidtll:a®2c obmpbkesad23 mg,
00 MiBzp2&LDa@4d. ,8, 1. 7i8Hz2,5 1H)s,,
zJ72H0) , (s 464 H8 ,17HBH7 2HE , 7.
H , (Ld2 H=,7.144)Hz 6 JHFHY ., (86 H44 (0
(d3.1 Hz, 2H), J¥. 496.06s Hz3H)1H)3. B9 5¢@d
(m,7T21 H)5, (2n,B12 B)1, (2n,0124 R)9, (HS 4 INHS .

O o o

(3
7W=96.QdH
10

I TWDO®Oo —
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£

et hyl -( (hlem-2-ypy r3ydi)mpi r@8[-phpeit-i-d
boxami do) nief6)PV o ) esnadodiad Gomg of0. 186 mmol
me(tihsydcyldlanat omet hyl ) benzoate (107 mg,
TEA QL, 1. 12warsmoad debd Odreogp.Wi se. The s
Mmderl2M, and after that, solvent was
was purified by colPEMME!tCArco ma troognr abp f
nish title compountd aNsMRy g 1310@wzMHizl, (CE
d,8 Hzji8.1H}) ,(Bs 4B4HY.,0 7HD37 23}, , ( s 5
@8 (m, VOHY,46HZ5 JEHY, 86 HE QOS5 (L@ , 5.
|)4,. 24. A ™, 4H), 3I=8T6 (%, HB3H)=]1 HR,.282.5(.1b
N3,. 436. 59 s, JJH)1233,387.(81pId3 JE H2, 91H)
3.7 HZ,883H(m, 128H,12.52 K.d3}|,d1‘B.53Hz,
BEH) M [ M5 HT .

ene]

BQJO/\
rS o
c t~Q0 =
U-l—ho_- -
—~

NBI_GJO"'
I R =

/\\II/'\HC(FPO—t
ol -~

‘.3 -

K ( Pl u-8t-d8i me2-(hpyyl r3ryd i) g b ) meNt hy | )
droxybéfmano de go58falid@n mgf, 0. 36 mmol , 1.
1 mL), a 4 M KOH methanolic solution (4
opwi se at 0 AC, folOHowgdebystbhel atddoni ¢E
36.40 mmol , 100 eq.). The reac®&6Non mi
solution was added until the pH was ar
vacudbe crude cwasumrmurcihfrioendat ography (
M/ Me OH/ HCOOH, from 30:1:0 to adrdnd@e 1)
(28 mg'H RWR ¢ 3e0:0dpMisz., 7v8CR25 ( bsi,8.10H0) , 8.
1iH7).,7 98 .(0Ob0Os 1,7 .15H4) , ( b7s.i,7 921H9) ,( n7,. 534H)8 . B . 85
1 Hi)6,. 663. 78n, 1H), 6.41i3.s91 1HMm, H¥BH)IB4 1.s3
9 (€, NBMR) ( 75 sOMDHiz ,1 6C6D. 5, 159. 1, 156. 0,
.1, 139. 9, 139. 8, 131. 0, 127. 4, 127. 0,
2BSI11 MMZ 4[. D3 BI P .

nw =0

NoT—QgS>SOMr~ N

ANrrOT~O0O~"TI3z3aa—~To—
CRENI

A b
(631

2

)

O~xTwo—~—s~9

. S

o-p-y k3),-dBii me t h yIyil n) dnoeNtlibyydir)o x y b e n z a mi
58 ommg, 0. 15 mmol3)0watsh e bitiati Ine
procedur eld3dtecscgiibeda forudéde ev
|l ash column chromatography o
:1:0.1) adf andged5n0g ingh e 8HEI% |yei ecl
,.4CISD(s,|812-I$ ( Bsi3r41618) ,( nv,. ils H) ,
s, J2HP, 87H@4 JedHy, 16 HzZg (@(H),
, A=724(8, HtHY=1 HA4 48 . B, (dH) ,
R @HHY:OMWz 166D5, 160.3, 157.0,
: 135. 4, 131. 1, 127. 6, 127.5,
,n‘MQ4[I\ZB$BIP

2

DR wWoO~Z AT
RWT W=OCcoO
TNt o xp»mor T T E8EX
- TN H_'_Q,I\
- o H/‘\—hog
v 3O e T
53] oO~Aas5S 4 ¢
9] o Q —~+ O
o —_
O <
O &
0T

Kgy( 5l UD(rdol uor ofyyt8)i-ddiinme t h ylkyil n) dmoeNtihny | )
ydroxybeé st det ( mdc3fér omy , 0.09 mmol ), th
Owas obtained foll owing the pr3dtedygli & edas
rude whi ch

DCM/ Me OH/ HCOOH, from 30:

i(12 mg, S5 W MR e(l30d0)0OMMSz.,5QcD 5. 7 Hzi, 2H),

3
7
4

was purified by fl ash col t
1:0 to agrdndge 1)

(
h
3
C
(
o] 1

8 . O (bsi7.15H3) ,( nm,.1 830KB)2, (7b.s3 82 HFJ ., 96H8BH 1H),
6 . 4 (m,i61H)6, (b.s52 1H)14.4317 4( M,s§ 31 H)B,) (44l 2 RA)
1. 2 (s, 3HYE NMRB 7( 7 5 sOMDHizH, )1 .7Q0D. 4 , 163. 1, 16

MM p



148. 9 145. 5, 143. 3, 143. 2, 141. 6, 141. 2,
113.5, 113.1, 112.9, 1EXBI18nMSZ P MEaHD55. 4, 48
( N (ble n-2-ypy r3ydi)mpi r8[-pihpetlivd emijeNt hyl )

hydroxyb¢NJQdatdet (1 28r om, 0.05 mmol ), t h
30was obtained following the pr3dddtaedgi @ edas
crude whi ch was puri fied by fl ash col t
(DCM/ MeQ®IMNHf rom 30:1: 0 to 10:1:0yédahl awf or
oil (7 mglH NOMR yi3c@@MODIHEZ., #B8. 41 (bsi8.12H) , 8.
(bs, 1HYWFs 7. 69H¢td, JZH), 77 HZF77QH) , ( M,.i149H) ,
7.00 (m, a=H)7,. 36 .Hz0, J&#HY, 86H49 Qe)y , M. 47 (s
15.1 Hz, DH) 153378Blz(d1H)] 236&57(m5|21|24)|-5) 2
(m, 2H)J=13D.25 (Hzi,1.2H) (1r&L NOER) .( 7 5 :ONDHiz |, CD
150.7, 137.6, 136.1, 134.0, 130.7, 128. 4,
118.2, 62.0, 952.,1,293D.,,7 2EBZB.. M,&32 5 BIF. 8, 6

( NDBe nzNy(I4 hydr oxyc ar R4 myy-3ydb)esnziyrl-§[-dhdol i ne
piper-ldamkedx @aMB)OfeBt drti 68 5Br anyg , 0.10 mmol)
compodwOmeds obtained foll i €
to give a crude which

(DCM/ MeOPBH, NHrom 30:1:0 to 10:1:0whe¢t affo
solid (9 mdH NMRb (y3i0eOkQDEHEZ. 58 D43 ( bs, 1H) ,
1H) ,7T7.6Q (m,7173dH)5 (7/m,409+H)7. 77 .HHD, J*HY, 46. 7
Hz, 1H) J=6758 fd, 1H), X 51 2( sHz iBEH) ,4 .83 69
2H) , 1T3.462 (m,i22H)6, (3m,0BL H)9, (Im,9BLH)8, (Im,8 21 H)
1

.BN. 18 (EnS,| @B [ M5 KB .

10. 2 Experi ment @&lassac tHDOML 60 fs BHIaQ

22(4 Et hoxycarbonyl §phdoyla) sotduiiod odbeid® o@t ey |

300 mg, 1.09 mmol, 1.0 eq.) in AcOH (5 mL)
sodium acetate (445 mg, 5.43 mmol , 5 eq.)
mmol , 0.1 edhg wespeadded. obtained was ref
No. Subsequently, the reaction mixture was
unt il the pPH vdd eabdhtat3 sol vamrduwd welre rle
residue was suspended inthemfEidoftfrBt ®Aewasft i
until dryness to obtain orange oil. The <cr
silica gel (PE/ EtOAc, from 2:1 to 1:1) t

27% yiHe INMRB OO MH2U GO@E 8.2 Hz, J2HPB, 27 H35
2H), 4=37.QLqHz, 2H), J83.711(ESMSBIH) [ M+GI8B] ( t
243,

Met hy-( (cHl orosul fonybpAnet hgll ythiemrz o adfe e t
(bromomet hgl9) A& zmgbe L(I50 eq7),1&2dmghi b.u
n
l

mmol, 1.0 eqg.) was refluxed in EtOH(18

down to r.t., anidn swadciuhoet r was doue madae(d3t r it
I 3 mL), givi%agl ktyhle inseottahsitoaubrleea salt as a
for the next step without fonunhderomutli &3$ k a



i mmer sedbanhhanandet he B&8rlg end), wit 19 8N an@lo O ,
CHCN (3.50 mL), followed by the dropwise ¢
The suspension was stirr&dl layl O0i A&t Hioour5Se

slowly added. The reaction mixture was sti
bel ow 5 AC. AJ t(eSr. 5t hmalt), wcaosl dadHdied to the
through a Buchner filter, and then the sol
AC. Title compwhestd) i dbt aviasedisasl i mmedi at e

without any fu3oédemg,puB0BMRIagHd @h.3NiBz12CDCI
(= 8.3 Hz, JI=H)8,. 37 .Hbz7, (2dH) , 4. €§SM%s/;z 2 H)
[ M+12]4 9.

Met hy-(amédnomet hyl )benzoépbeA hygdrotchéori de
(ami nomet hyl7)2heOn zgo,i c6 .a6cliidmmde OH1 ( @6emL) wa
down to O AC, followed byl.th®e @L.,0opwd.s®5 ardr
eqg.). The mix was all owed to stirnatviacub.
giving t
cCRODN8. 08

h t iwthied olciodnp ¢ q o d n'teis tNaviRi v(e3 0y0i eM Hi2)
MSm/:z [ M% &

e
(d.,9 Hz, J2H}).,57H5H,7 ZHd),, 4E&9 (s,
6 .

Met h-gy a0 b e/mizSa aatre i (rcgy afnroobme nZzP L cO0agj d6. 80 n
compo/u2mals obtained following the prédbcedur e
Title compounawhwae oebilt adneddassas used in t
purification (HM6BBMRQg( 3 BDMMIEE.IBE). .24 (m, 2H)
8.0.02 (m, VH)7?7.7,76.8tHz, 1H), 3.94 (s,

Met h- damiBnomet hgy)beamzoaitded 0nmof 2. 48 mmol
in MeOH (6.0 mL), a catalytic amount of p
12 N HCI (412 OL,

the dropwise addition of

undeat HMosphere for 3h, at r.t. After that
filter, and then the filtrate was tcrointciemdt
witp HEt3 T 3 mL), to afwlide(td®2 itug!H e6 X%)m|
NMR (30OMEH@QU8. e®. 23 ( bsi,8.2006) ,( n8,. 1A3H)7 . & . 95

Hz, 1H)J=77.7& Had, J2H].,77HH7 1H), 4.EIS0 (s,
MSm/:z [ M2 B P .

Met hyI(F4hydr oi-8 0 tpdl) )nrmod ti my (7). BEm zsacaltuet i o n 0

tetrahydr o683 o6 img, ih.edyd mmol , 1.0 eq.) in
dri edhecwe dbototuomrd f |l ask, potassium carbonat
and me(tbhryoomodmet hyOnR&8n mgat €. 64 mmol , 1.2 e
a positive anhydrous nitrogen pressure. Th
under ANfter coolingltosaol ati,omat athvdmbiiheNH
mi xture was extracted with EtOAer 63 wer a0
was hed awiutrlm@le ds NIHUut i on (1 x 39olmht)i, omsat lr>
mL), and brine (1 x 30 mL) to getdrieédof

over anhpa@r ofuisl tNear ed iamdviEiobemcentdatwds pur
column chromatography on silica gel ( PE/ E

compouwmhdi taess sol i dH( NMRmMmd 3 0D 08z 0 4AGDH @I, 2

Hz, 2H)J=78.50 HA},7.2H9 ,( ¥si,b93VH) ,( nv,. 015H) , 3. 9
3.74 (s, 2H), = &5 9( sHz,22)H5 ,D.2HZB b( nfg) .

[ M+1H2]8 2 .



Met hy(I(AB8hydr oi-20tndl))hmdtimy | (Y B eStzaorattieng fro
tetrahydro63o060i moaimoieah@ rdtrloynliom&t hyl ) ben
7823 mg, P, 5domphoaisn dobt ai ned foll owing t hi
for t he pr7eép aPat i Dinc aotfi on by col umn chro
(PE/ Et OAc, from 5:1 to 1:wih)i taef fsoorldiedd (t1h0e5
yi eHd NMR (300 M8z 09CDGI J=H)7,. 67 .HZ9 J*xH,) kK 7.
7.5 Hz, 2H)7.7. HZj(CMHT], (M,7163H)8 (/m,031H), 3
3H), 3.75 (s, 2H)= 53.966Hz(,sJ2HHH)PO,2BB.79 IMHB(, t ,
m/:z [ M2 BP.

Et MY R 3-ddhydroi-20tpHRO0benhy (] PTenez oiantteer me d i
6460 mg, 0.29 mmol , 1.0 eq.) wasandd stshoelnve
EDCHCI (56 mg, 0.29 mmol, 1.0 eqg.), HOBt (
OL, 1.15 mmole, s24qegenitA@l | ThadsespansiOon w.
AC for 15 min, before the 3azladi ®l,on0.0F9 tmmc

eq. ) . The reaction was all owedt admoa@sSled r NH
solution (10amdio)t hwvea smiaxdtdierdeg was extracted
combined organic | asyaarusr a®erdes dNMas hed (wilt K

satur at esoINatHC®On (1 x 30 mLdr,i eadn do vberri naen h(y
N aS @, filtered amd vcidodneoent udeedvas puri fi e
chromatography on silica gel (PBEpEUODACAS T I
orange oil M 7NIMRng(,3 B®D YNIAz 9 9EDPT, 3 Hz, 2H),
J= 7.4 Hzi72H9 ,( @,.iB8BH)3, (M, 122H), 4.76 (s, 1
(gd=s 7.1, 2.1 Hz,52H)Hz3.J86pb(83HGB5 JEH) , 2.
6.0 Hz, DH)5.2.HD, (JEH)Y, 11. ABS( tHdSE [3MiH)Na ]
346.

Met hy( ( (ddi,hdy dr oi-28 0 &\l )nsodlifnronyl ) ifrept.Aipl )denzo
solution of t eRAaTGLd rlo.i2s5 gnuhontod dP1B.A00(L6 ¢ .3
3.75 mmo)l ,i 3.d0r yygDCM, 65 B&0i mger he@bameol ,

added portionwise. The mi xftar el dals. sAfitrere
was removed under reduced pressur e, and
chromatography on silica gel (PE/ Et OAc, fr
agellow solid (2H 3NMR,( 34090 9lRAyzi 2IaD&l, 3 Hz,
2H), 7W=48.QdHz j72H3,(m,.iZ2H)7, (7/m,161LH)0, (7m,01
1H), 4.36 (s, 2H), 4.34 §s9 RH) J2B¢ 9B2HBI
2HESI| nM& [ M%3N6a7]

4-( ( (Bi,Mydroi 2 dgyi) hobli honyl ) m8Phgl a bemlzwt ico
79213 mg, 0.616 mmol , 1.0 eq.) in MeOH (6.
added (1.54 mL, 6. 16 mmol , 10 eq.). The mi
t hat was quenched with 1 N HCI unt il t he
removedr uneduced pressur e, and the residu
Et OAc (1 TxhelOcomb)i.ned ordgareidc olvey eSaen hwarmr e
filtered, annd vcaocaucoe ot diam @ dt hyes | tl iotwli es hc s d L
mg, T7THWWMR (3000MEZ., 94D @, 8 Hz, JZHY, 97 Ha7
2H), 7.13 (s, 3H), 7.01 (s,J=1H).,0 Hz46 2(Hy,,
(U 6.2 HBHS) nRiE) [3MB O .



NDe t r a2 Kodyrr-gaynl (A(-Bi,Mydroi-280ftH) nol i
| fonyl ) (MWYLA e mmo |
HF (3 mL),
g.) were a
114 mg, 0.
fNor 14 h, t was rem
iluted with EtOAc (10 mL) ,3sahdti baen
mL) . T hwadorrigeadn iocv epre@d@nenfy idlr toeise dN and
ﬁbaocrude was purified by column chr
2:1 to 1:2) furygieshiowpBSo mgdi i4h6MB .c o
MH2 7 .CDU+( 8, 1 Hz, JZHB, 17 HZQ 7QH) , ( M,
7. A8 ( m,i61H)0, (/mM,0ad=H)2,. 95 .HkZ7 (1tH,) , 4. 3
MP, 98. 0M,i 3L H)9, (3n,7 A=H)6,. 03 .H&1 IRtHH . 0 2
Hi)1,. 715. 9(6m, i 13 H5)2, (Im,7 SenH) .[ MEHENbGA3|M S

—~ ® ® O

IANA—h—'xgczwo_~<A
og<o

NOWTW=3>>

tenhr @tiydr o6 3 o@8i nlo.16i0n7e mmo | me t#-yol eq.
anatobenzoate (348 mg, 1.8236moOL, 3.
mmolwas6 a@deg. Wropwi se. The sfodmutlidn

d after that, solvent was removed und
n chromat ogrPagp/hByt OAr , sif Ir)ioena o5g B U rtroi s h:
und as white s & iNAMR( 1(4330 OmgMWIF z79319€ Dydil, e | «
Hz, J2Z2HB, 07 H317 @y ,( M.iBIM)9, (M, 062H) ,
bs, 1H), J4.557(6Hz, 2BHH), 4348B69¢dslz, 3 BN
5,9 HS3| nkME) [ MH¥3Na7].

nw o o

yI( 1 4t2e t3r, @dhy dr e2icsaa pwixmari idroe m@tRPhy | Jaben z
t
y

o -

NOIOOTW—0n 2
.o o .

t hy3( (1,1t12et3r, @hydr e2tcaa dpwixraari idroe me t8MBy. | ) ben
arting from te63ad@Ldr di. 6OF@inmmd mMAteh y |
ocyanatobenzoat)e, (cG3dn8pBoga,a dlo.b8t2ai mmeal f ol |
ocedure descri beBd2 fPourr itfhiec apgri eompma rbayt icoonl uon
silica gel (PE/Et OAc, fromwh:il et col:i W)

%y NMMRd ) 300 3MiMz 98CDGILi718B, (Mh,i96H),

, WHe) 7. W , 34 . 0ttHz14 1Hm,, T 7ZHY)Z2 (7m,1 41 H)
= .6 Hz, H) , 3= 55. 7( sHz ,2 H)H) ,4 J35.19 O( d(,s
Hz, 2H) 5. 2. 88 ) (n®lfx) [ M+3Mar7].

VUIN3IO0OD — W
SR (o St T BV, B e

4-((3,4-Dihydroisoquinolin2(1H)yl)methyl}N-hydroxybenzamidé31a). To a solution

of 76 (50 mg, 0.17 mmol, 1.0 eq.) in MeOH (10 mL), a 4 M KOH methanolic solution
(2.15 mL, 8.63 mmol, 50 eq.) was added dropwise at 0 °C, followed by the addition of
NH2-OH aqueous solution (50% m/V, 1.14, 17.3 mmol, 100 eq.). The reaction mixture
was stirred at r.t. for 3 h, and théN HCI solution was added until the pH was around 6.
Subsequently, solvents were removied vacuo The crude was purifiecdcolumn
chromatography on silica gel (DCM/MeOH/MBIH, from 50:1:0 to 10:1:0.1) to afford

the title compoundsorange oil (40 mg, 82%ield). %).'H NMR (300 MHz, CROD)
07.841 7.66 (bs, 1H), 7.57 7.38 (bs, 2H), 7.18 7.00 (m, 3H), 7.06 6.89 (m, 1H),

3.72 (s, 2H), 3.60 (s, 2H), 2.972.82 (bs, 1H), 2.8R 2.63 (bs, 1H)**C NMR (75 MHz,
CDs0OD) U 166.6, 141.3, 133.9, 133.7, 131.3, 129.4, 128.3, 126.8, 126.2, 126.1, 125.5,
61.7, 55.6, 50.3, 28.ESI MSm/z [M+H]* 283.



F((Dihydroi 24 dgyi) n mé&Nihiyydlr)o x y b @ 1)b&tnma rdtei ng f r
77 105 mg, 0.37 mmol ), the title compound
described for31la&el hper eepairdeet iwaars @fur i fied by

on silica gel 4sQOHDCM/Mem@HBO:NH: 0O to 10:1:0.
c omp o umnrda nagset 20 img, 4 YWNMR e( IPMSK@AHEL 1 .i25

11.16 (bs8.9H) (b8, 11H), Je. 76 2( Hz,1HH,) ,h7.76
7.2 Hz, VH)7.B. HejruUMO, (M, 1163 )0, (7m,021 H) , 3
2H), 3.54 (s, 2H),ESL amx([sM28H.), 2.68 (s,

4-( 2 3-Didhy dr oi s2o(qlyH2oaxloieAdN-hy dy ox y b@ @)lSa mirde n g
fra@ 74 mg, 0.23 mmol), the title compound
described for311la&el hpr eepairdeet iwaars @fur i fi ed by
on silica gel 4 OHDCM/Mem®H2O0:NH: 0 to 10:1: 0.
c o mp o uonrda nagse? 10 imlg, 3H YNMR e(l IPMSK@AHYEL, 1. 14 (s,

, 8.9717{7s611dM,i7ZRBL (D.s422H.,0 7THZ,4 4 Hi),,
31.9 Hz, 2H)j3.3584( m,si,2.bH,) ,(2bfx8, X MRRH) .
MDHWS D) U1 6 4. 7 139. 0, 135. 0, 134. 4, 133
8 1

1 H
(
(7 :
12 , 126.5, 26.0, ESR6nMS, [ BBN8&B]. 55. 7, 5

o O~

4-( ( (Bi,Mydroi 2¢dydi) nolli ho-N-FyJd mex hiy &BDdaAi de
sol ut8ifom. ®8 mmol , 1. 0ODeqgwas icnodMeeOH d BwWM t o
was treated wWilLt,h 01 1HGImoT A @6 M. Ot €eymgt was a
at r.t. for 3 h until the full conversion
removed under reduced pressure, and the cr
on silic#AMg®OH, (€EHGIM 30: 1 to 10: 1piakfiaehdi
sol(i2dd mg, 8 NMR e(l JdDMMSKEHMEL,1.i3A. 03 (bs, 1H)
i8.91 (bs, J2HY,87H88 JEH), 97 HZ2 7Q#3 , ( M, 19H)
4.51 (s, 2H), M. H4 8( Hz,2B)H)H ., 8 .28& 7NMMR) (75
MHzODMS@®)u164. 3, 133.8, 133.0, 132.7, 131. 3,
54.8, 47.ES| 4RS6[ MR85 .9 .

N-(4Hy droxycabbadmedy hydr oi s200gldHgmn o o x a &) d e (
Starti &y 465r ong 0.36 mmol ), the title comp
procedure described@dlaoThet hoer updree pvaasat pomni fc
chromatograpppPpChhhMseOBHcEHHgem 30: 1: 0 to 10:
the titlawkiomposaldi d ( HO NWR, (8T Sydiel, d) .
11.719.01 (mj8183, (&, 02H)8. Z .5, (2HB, 27H30
2H) ,i7. 268 (m, 4H), 4=5%. {sHz2B2HY 49385 7d2H
2.70=(6,9 HE, NEKR) (7BM3M&H)z , 0 169.4, 162.5,
139. 3, 136. 2, 133. 8, 132.0, 131.BSI1 183. 4,
m/:z [ M3 H4

N-(BHy droxycabbadmedy hydr oi s200gl-adHgm b lox a @&il).d e (
Starti &g 22r ong, 0.06 mmol ), the title comp
procedure described®d@l&oThet her updree pvaasat pomni f
chromatography on sidOHcafgem @DCWM/ MeOH/ 9N
the titlaewkiomgosunldi d (H NMNMR (43B00:0/MEEd ,d PCD
i7.66 (BS, JEHY, 17HZ97 (A4 ,( Mm,.iFRH)6, (7m,4 3L H) ,
(s, 2H), 4. 33. 6, (RH92282 60b>NMR2H)7.5 MHz,

MH N



166. 9, 158. 6, 141. 0, 134. 8, 1 .
125.5, 125 E5] M PM3IHHE. 6, 41. , 28.

raz'n)abanSbyMln%lydr0|sZo(ql—d—I&a)mbbuﬁ@nng (
ol BtZi5oMm mg, O0.15 mmol OL),0hgd n
1.50 mmwhs aBheé dmigy) was r ef d

, Et OH was removed under r
omatography on silica gel
poucnodl causr | ess oi | H( N3MRmdg ,3 0 D0 B3z, @ ICdD) d ,
7.9 Hz, J2HY, 87H347 @3 ,( m, 14H) , 53
.59=(%.,9 Hz, J2H§ ., 0 2H3P njMiE) [ M3 Bp .

—~
<o

¥

e

e
(

3_1

N-( 4 -Et hyl|l hyHdoarzh onrey 8 )-ddiemyzd/rl 91 29 gquHi)no |l i ne
carboxamhrde a( s od Igt6i3o mgagf 0. 19 mmol , 1. 0 eq.
MgS«©@ 467, mg, 3.88 mmol, 20 eq.) was added
minutes at r.t., befor &Lt e 3&d drintoilgn 20f2 a
The mixture was allowed to stir for addit
starting maaaesr ifaill.t eMgeSdO t hr ough a paper f
unreacted volatile acetal dehyde were remo\
di ssolved in MeOH (3 mL) f®NI|(owedl by, thC
Thmi xture was stirred for 4 h, ogqsonhauliednwi
and then dacldhde crude was purified by colu
( DCM/ Me OH, fromf60rdi hg 2Phadvhitkesobmpbgoyd
66% yitHe INMR. ( 3 DMSKNEZ7, . BB. 6 7 (m AdH) 7. 7. BB, (
2H) ,77.@4 (m, 4H), 4.55 (s, 2H), 4&142A25(s,
( m, 2H)1. A4 12h€ NMRBR . ( 7BM¥M@H)z0,1 6 5. 6, 157. 3,
134.8, 134.2, 131.4, 128.6, 127.0, 126. 8,
20 .E®Sl nM& [ M3EB.

10.3 Experiment-aHI-Rasxsé¢d oHDAIC6 s1pd 3 DA a

10.3.1. Gener al proceduroe2-gfodr B&MU6P By nt hesi
(i) AACRuspensi on aonfh yhd& ighoddeh O h &Iqi. ¢ |, appropri
eq.) and ammonium acetate (2.0 eqg.) in ace
was sealed with a silicone/poly(tetrafluotl
14 h by a metal hewatsi ncgo oblleodc kt.o Trh.et .r,e aacntdi o
ESMS analysis which revealed the formati o
was removed under redu®ed plrikds $Bree .dukeorwacs
suspended i n WICtMy tamael 4 malaltesit vol ume of s
solution required for the neutralization
carefully shaken and poured in a separato
whil e t he oasgaenxitcr apchtaesde w t h fresh saturat
(3 x 10 mL). The aqueousl? aN eH Gl wsealeu tcioanb i
dropwise at 0 AG3 dmtilretshuét pRigwpse@i pit
vacuum, wa snheesd wsietvhe rwaalt etri, and 9d2rd9éd ainm ai
97 the CCR crude wasbansoet esxutbrjaeccttieodn ,t ob utth ew
the next step without any purification.

(ii) DecarboXyleeatieswm|l $si @ag CCR crude was d
the presence of potassium carbonate (2.0 ¢

MHM



for 1.5 h. After being cooled to r.t., the
stirred at room temperature for 30 min, an
organic | ayers were washed withabejnkei(2&)
and dni etdcuaaf ford tBeé@gi Do2qhul not beesase of
9214096 &yd purification by column chromat og!
obtain the pure | actams.

3 ,-3Bi meBhilhydroi-spagdjed@aiSharting from hom
anhyd&id d3®24 mg, 2. 088amege), 1acetomel () and
acetate (BmMm8I! )mgin 4aetonitrile (10 mL), t
following Hhhaemethbdd (in the gener al pro
decarboxylwasomwofducted in DMSO (4 mL), [
carbonate (553 mg, 4. 0 mmol ), affording t1l
purification (150 mg, H4 NMRy i( 810D HWiHe r,.96/CID Ctl
(dd= 7.6, 1.5 Hz, 1H), 77.443 1( 5, HeH)? 16} ., 3T 3
Hz, 1H)J=7H@® w#1), 2.78 (s, 2H), 2.50 (s,

2 '-&ip [cryoc | o ple,A3saongeu]iln ¢ inM@ R)EBt art i ng from hom
anhyd8yda&824 mg, 2.0 mma&I1Bpl gy c2.o0pemmaln) n
ammoni um acet amineo | ()3 0i8n nmegc,etdo.n0i t ri l e (10 ml
obtained follipwdegct hbemet hotthé general pr
decarboxylwasomwofducted in DMSO (4 mL), [
carbonate (553 mg, 4. 0 mmol ) . The crude w
silica gel (PE/ Et OAc, from 4:wydl ltow 2sdl)i d of
mg, 58% yield BvBEMRI (30WeNBze@NEPAB] 9 Hz, 1H
7.63 (s, IH)T. Hz 3BIH )= 77..28 H=z,, JEH), 47 HX 4
1H), 2.92i@sh62HM, 8HYOI

"-&ip [cryoc | oHeBdoguliln ¢ HiNM®)2)St arting from hom

nNhyd8y ddO0(@ mg, 2.5 mMm®8 ¢ 2GSy cahnodhle)x aama e
mmoni um acetate (379 mg, 4.9 mmol ) in ac:
btained follidbwdegcthbemet hotdthé€ general pr
ecarboxylwasomwofducted in DMSO (5 mL), [

(680 mg, 4.9 mmol ) . The crude w
ilica gel (PE/ Et OAcC, from 4:whittoe 2s:0ll)i dt of

, 56% yield Wy eNrMRI I( 3t0V00 M8tz e0p2L0)B.AW., 6, 1. 4
. 1H)J= 77..440 Hzt,,J2H],57H81 JEHY, 47 HX6 (&) ,

2
a
a
0
d
carbonat e
S
m
H
(s, 1H) , 2.142 4@8s,( M H)L,0OHD) .. 63

” N @

( K@ kBut yldo xb,-ddi hyds pirscoquidn@Byrneltdi bexyl at e
9 2dStartirmhgmdédpbmhal i 87 aB8Bxy¢drmgde NE.oB mmol )
pyrrol®8dn3®h®& mg, 2.0 mmol) and ammoni um ¢
acetonitrile (120 mL), the CCR iprdescribwesd
the gener al procedure GPl)i wae scsobdequedt:i
(4 mL) , i n the presence of potassium cark
purified by col umn chromatography on sil i
the titlebcompbeshdsabid (181 ntHy,NMR % 300v0e r
MHz, gD&CIL1®. 00 (bsi7.1H] ,( M, T15%2H)7 (7Tm,262H) ,

3.45 (m, 2#H)1538 40z ,(dZHNL6.5.,09. @ddHB89 2 ),
2H), 1.43 (s, 9H).



et Ryd plirsoo qui3n-gl peleli(diddn e 926 St arting
mopht hal i8¢ &m0y dirgi, d-r2e. (5h yni npel-bppefr § &d 210 ,3
mmol ) and ammonium acetate (379

-M
0
duct was f ol I)owdiensgc rti lbee d me tnh otdh

e(
sequent die)ic awabso xyd rmad u ®tned i n DMSO
assium carbonate (680 mg , 4.9 m

© 0 —~
T —
B ~—
2

5

0

b

t

romatography on sisOHcafgem LOCM/ OM

e titleyeloimpwunadhrae solid (228 HngNMRIO % vy
00 MH2U8.COICI{ dd.,6, 1.5 H=z=, 7118),, 17 .54Hz(t d
JE, 7.5, 1.3 Hz,81®W)Hz,7.118) (d6. 55712(.s4,6 1H)
m, 2 HN2,. 32L. 45, 2H),TiR.2O (m, BH). 1.81

T W TOo0Cc =

1
h
2.
P
S
P
c
t
(
(
(

n-2 sl p [irsoo q ui3n-@i peleli(didn e 92¢ St artin
ophthal i8¢ &0y dgi, dde @by mpiopnBr8ifds mg ,
5 mmol) and ammonium acetate (732 mg, 9
duct was obtaingd delslicowibregl ti me tmet lped e
subsequent)i dexaardoxddattead ni { DMSO (9.5
ssium <carbonat e (1.312 g, 9.5 mmol ) .
mat ography on silica gel ( DCM/ Me OH,
unbdr awni sh solid (1.009MHgNMBRO9 W3 ®¥ e MHE
Wi8. 04Jx dd™.,7, 1.5 H=z=, 711),, 17 .54 H.zet d(HH,,

, ©O=1%.6dHz, 1H), 6.31 (s, 1RH)51 J.mg4 2(Hy
ad. 36 (m, XP=H)5. 61 .Hz5 (4tH) .

ow

T ST DO ~NZ o

g fro
1

TUgTo =S~
E(OOSD

NOOOOT T MR
I~~~

2' , 3Tetbr abhysdriiosoco qu i3n-eyrja4 @ 4ddn © 2)gSt art i ng f r «
homopht hal i8y7 a3y dwgi,d e2 .(0-4mpmordgonn 818§t T & y d r
eL, 2.0) anadc eatmamoeni(ud3n 9 mg, 4.9 mmol ) i n a
product was obtaingd delsicowibreg t me thet lged e
the subsequent)ideaarborxglatedni § DMSO (5
potassium carbonate (680 mg, 4 .b% imgmo Is)o,l i d
without any purification by column chr oma
steds NMR (300 M8z BRCOEZI ( m,i72H)4, (m,58 H), 7
1H), 33=783(@&, Hz, 4H), 2.96 (s, 2H), 1.74

1'-Di2be-dBEsypli r o[ i s,qpui'ipneorli{dhiddn) 9 b (St arti ng fro
homopht hal i8¢ &My drgi, d-lele. 18z ym npd-bphe8r8igd3 17 mg,

1.8 mmol) and ebhenty8ammaole) (l®4acetonitrile
was obtained foll owi ng) ;t hteh eg esnuelr sad g upernotc edle
i)i was conducted in DMSO (1.8 mL), in the
3.56 mmo |l ) . The crude was puri fied by C

(DCM/ MeOH,60f:rlo to 20: 1) t o afrfoomnd sthh es otlii tdl
mg, 63% overldl NMR w03 B@ectidddsi& . 0I=(d, 5 Hz, 1H
7.5Q@=(7?v,5 Hzji71H¥, (Hh, 442H), 4.95 (s, 2H),
2. 7. 61 (m, 2P=H)1,2.21. 2Hbzi,Z tQH) (M2 . BEH) 1 2 .17 48z (
2H) .

terBut (1€ hl or o-bexlz-l hy2ddss pi r o[ i s,gpui'i pneortiidnien e ]
lcar boylSdatagti ng from hod@gpRB2Halmgc 1-2n Oy dn
Bo-dpi per(i3dd& emg, 2. 0 eimmo4 )0 ammo l()24i2n aceto
the CCR product was obtixi deedscirobldwiimg ttt



procedure GP1; the sidibswaguemtn ddied aerdb a xny |Davt
the presence of potassium carbonate (553
column chromatography on silica gel ( PE/ E
compouyel lasw solid (145 mg, HH 6NMR i(e3 0d0 oMiez
CDGIU8. 10JX dd.,7, 1.5 H=z, 71H), 17 5450z t7d 8),, 7
1.4 Hz, TZTHL4 {Tm286H), 13.88 (m, 24H)6,. 23.HZO /|
1H), 3.16 (Js, 13HP, H2 ,B2H)t2, Hz42 1HG, (b, 8ZH)
1.42 (s, 9H).

10.3.2. General procedur9e3-@ld0 AM@RGCBINt hesi
To a suspension of | i thi um nalaunnhiyrdiruom ahnygd, rd4i
(3.5prMpar edneicrk 4 otumalm f | askzata G oAQ,t i wmd e
appropri at e9 2@g906q udnfdo IOoreeg.(( 0. 25 M) was ad
mi xture (0.25 M) was refluxed at 110 AC fo
carefully quenched by dropwise addition o
The organic | ayerds wietrhe bcroilnlee c(tlexd),, wdarsiheed
sul fate, fiiln ewaeduocarcdudei s’was puri fyed by
on sil iOAa/ e ODH( Bt DCMHMeO®d/ &Hf ord t he tit!l

3, B3Bi me-Lhgt&td4ahydr o daAGcuwiomaliinge t(o t he gen:

GP2, the title compound was DD@E1la50n enmlg ,b y0 .r8
mmol ) wias(H1K4i Mgl 3. 0 mmedli)o xiam ea n(My. d3r omuLs) .1
was filtered through a smal/l pl ug of S i
tetrahydroisqu|noIine‘attaisvglje-yill\m\ll\ﬁd)((.BIOO(1\/I4—|(z
CbGu7. 1. 06 (m,i62H)7 (Tm,062H), 18.882 (bs, 2HY})
2.63 (s, 2H), 1.18 (s, ©6H).

1'-DAahyXrdtpi ro[ cy-tl-Bpeqtiam@bAicce]r di ng to t he
procedure GP2, the title compoun®2@ass0 obt ¢
mg , 0. 74 mmoaoull P9wimgh Ri ALH mmaodi)o xiann ea n(h3y. d7r o
The crude was filtered through a small pl v
10:1 to give the desireebitet(rla®y dmgdli s85q% i
NMR (300 MHzZ, L®DCB ( m,i62.H)6 (/Mm,082H), 4. 02
(s, 2HP2, 08.2Bsi1.243) ,( nm,. 88H) .

1'-DahyXredtpi r o[ ¢y, lidshoegxuai nBed) LAicrceo]r di ng t o t he
procedure GP2, the title compoun@2(@ass0 obt
mg , 0. 70 mmoaoull P2wimgh Ri A4AH mmaodi)o xiann ea n(h3y. dSr o
The crude was filtered through a small pl
tetrahydr oiyseolguoiw osloilnied a(sl 4 4H mMgMR qua®® aMH ¥
CDG@GIu7 . 2D.

04 (m,i62H)6, (M, 12H), 4.00i1s752H),
3

(bs, 1H).,301L.(74, 10H) .

(N)Met Ayddi hy2ds pi ro[ i sD,glyirnrooll 9 eArce]lor i ng t
the gener al procedure GP2, the title compo
92@d142. 0 mg, O.4Z(8n9nonlng,w21315L|inmdadIHl)oxiameank
(2. 4 mL ) . The crude was filtered t hr ou
DCM/ MeOKOHNH 10: 1: 0.1 to give the desired t
(56 mg, SHHWNMR e(l3J)Q MHAz IBCOZI ( m,i62H)4, (7m,10



2H), 4.07i@s772H)n,i22HHP4 (2m,7EL )5,

(m, 6 2H), 2
J= 9.4 Hz, 2H),i12683 (s, 2BH), 1.95

1 Met Ayddi hyds pi r o[ i sdD,gpui'ipneorliodBieAe ¢t or(di ng t o

gener al procedure GP2, the title compound
9270 mg, 0.304 4m#0|1 mgwi1hO&i mimdlili oxiamearfly
mL ) . The crude was puri fied by col umn C
Me OH /D H, from 30:1:0 to 10:1:0.1) to give
yell ow oil ( 5\ hhle 8 3 %0 y:MiEl k74 §0BE | (2 H) , 7.0
i6.86 (m, 2H), 3.871i@s322H)m, 5H53|25Q'526}3,
(m, 4H)

1Ben-2ydi hy2ds pi ro[ i sD,geui'ipneorliddBieAet¢t or(di ng t o

gener al procedure GP2, the title compound

92(f500 mg, 1.63 4s0@®19) myi, t L. I6I3AImid| Ppx ane an
)

(8.2 mL). The crude was purified by col umn
from 40:1 to 10:1) to giveyelhleowl ecsiilr e(d4 20e t
yi el Hd)NMR (300 sMHz #DCRGCI (m,i17.H)6 (7Tm,212H) ,
6.97 (m,742.H)0, (4b.s9,7 1H), 4.06 (s, 2H)F, 3.59
11.9, 5.4 H35s 2PH)3, 25 5D1HAIA ,2hH), 4H) 81
1,2, 3Hexda,hB'sr®a’ r o[ i sD,gpuyirnadhid)ighe cor di ng t o
gener al procedure GP2, the title compound
92@220 mg, 1.01 4mind84 ) M) tB. B4 AnMHbil g x ame a(nh
mL). The crude was flltered through a sma
desired tetrahlyidgetii bowui( adli megH aNNMRo (y3 &0 d
MHz, gDCILB. 04 (m,i62H)6 (Tm,102H), i3.28 (&,
2H) , 13.592 ( m, 2H),'|'2..$EB (bks1,121308), ,( 21, .46U6H ) .
2Ben-2#slpi ro[ i sD,qpui'ipneorli{(diden P BTo a sod@uid3oOn of
mg, O0.37 mmol , 1.0 eq.) in MeOH/ Et OAc 1:1
on carbon was ddeed ewmarcderonN mi xatumees pMaesr es ta
r.t. Afotrerzhéahh@aat altyst was removed by filtr
filtrate was concentrated unti|l dryness,

mg, 84%HyNMRdI] 300etMMEi8@. 0J=(@d, 6 Hz, JEH), 7.
7.6 Hz, iTHLS5 {m447H),i%. .06 (m,i22H)p,, (&, 28 H)
2.B2A. 15 (m,i121)5, (2n,112=H)11 .16 BBz, (miRSH) .M+ H]
307.

2Ben-2 ydbi hy2dds pi r o[ i sd,geui'i pneorlilldd)jeAe c o di ng t o
general procedure GP2, the title co®ound
(94 mg, 0.31 mmsdl)mgv, th. @i Al Mmool 9 xame anhh.y
mL). The crude was filtered througdHa s mal

8:1:0.1 to give the desired tetrahyHroi so
NMR (300 MHZ, #RDZ8 (m,i75H)7, (Mm,1B=H)6. B .Hz4, |
1H) , i3.68 (m, 4H),iB.HB6B (m, 2H), i12. 808 (s,

2H) , iLl.52 (ES| 2WY.[ M2BIB.



2-(4€hl or o-B enpziyrlo[ | sD,gpui'ipneorli{dhiddn ® P To a sol ut i
oP®71145 mg, 0.329 mmol , 1.0 eq) in MeOH (1
was dropwise added (3 mL) . Solvent was r et
this procedure was repettedt €dr wdt hemastur 3

solution, and then extTrhaec tceodnbwintend mDCN a(nd c:
dried over Snhfydroesiedav @intdloel ré¢ emdpound was
as yellow oil without any fldir NM&r (B00i MHa
cbQ@lu8. 093 dd.,7, 1.5 H=z=, 71H), 17 54 Hz(,t7d 8) , 7
1.3 Hz, 1H), 7.23 (s, 5H)2,88. §Mm, ( AH)2H)2,. 7
12.5, 2.4 Hz= 2R) ,8,1 .48 i (Htz4d4 2HHS,| 21 $b. 5

[ M+1B]4 1.

2-(€€hl or oh eddizhyyRdss pi r o[ i s ,gpui'i pneorliidnien €]0)1. (
According to the gener al procedure GP2, t
the isogquildadl mge O. 3294(mMmo Img,wilt. i 5L imAdoH ) i
1,4 oxane (1 mL) . The crude was filtered
DCM/ MeOKIHNH 8: 1: 0.1 to give the desired te
(75 mg, 7HOUNMR e(l3JOQ MMz A4DCHDL ( m,i74H)5 (7m,22
3H), @&=98& (Hdk, 1i114H)4,1 4.n59 1H), 3I=7P. 4dsHz2H2H
3.283.15 (m,i2L.H)2, (2m,961H) , 2=711(8, H2iIH) 2H},
1.60 (m,il12R)0, (ESB22WY .[ M3 RT .

10. 3.3 Gener al procedur &40 4g t HO@RSPB) he s i s
To a solution of the ap9p3a®Bg i =t .€0gt ) ahndr
dry DMF (0. ldM)edeck®@ dwwtetnoord f |l ask, potass
(3.0 eq) dmada omemkeyhyWU)benzoate (1.2 eq.).
anhydrous nitrogen pressure. TheC Créadctilédn
h, undeAf tNer cooling to r.t., saturaamtded an
the mixture was extracted with Et OAc ( 3x)
wi sAturated ammonium chloride sobotubtnofl:
(1x), and brine (1x) to getdrired oVveMDM&nhy
sodium sul fate, fihte@abdoanddeowasnpuai éd
chromatography on silica gel (PE/Et OAc) tc
Met hyIl( J43ne3 KA lhydr oi-8 0 thl) )nrod ti my | 9 DHaeTrhzeo at e
title compound was prepared foll o9wiabg t he
mg , 0. 42 mmo |l ) , potassium <carbonate (17
(bromomet hyl )benzoate (114 mg, 0.5 mmol)
purified by column chromatography o silic
the desitresi peoslalkci d (BINMR, (36% WiBleDa@LDCI
(= 7.7 Hz, JxZH)7,. 97 HxLi 7By, (M, 23H) 7. 8. B3, (
1H) 3.93 (s, 3H), 3.79 (s, 2H), 3.63 (s,
Met hyl ((rXddi,My2ddHp i ro[ cy-dl-Bpequi@mel i n]j
yl )met hyl )bef@dblhebenzbat @eofimpound was pre
gener al proceduBf8G®P3mgst@r37 nmmdlrom pot as
mg, 1.12 mmod()bra@amed medtlyyl) b£nzoate (103 mg,
(3.7 mL) . The crude was purified by col um
from 10:1 to 5:1) tca cfakroruirdte stshe ideHi7rée dng|



NMR (300 MHB8, 0@BCH, 2 Hz, J2HB, 07HZ4b7 2®g , 7.
(m, 3H)J=6796 WA, 1H), 3.92 (s, 3H), 3.74
1.94.60 (m, 8H).

Met MY I( 2di, My2d1Hp i r o [ ¢ y-X HiDshoegxuaizwed |) imre]t hy |l ) ben z
@9@4hcThe title compound was prepared foll owi
fr®8c80 mg, 0.40 mmol ), potassium carbonat

(bromomet hyl )benzoate (104 mg, 0.48 mmol )
by column chromatography on silica gel (P
desir edaspirggliubow (71 mgH BNMR Yy i3€0DdiMHz , CD
8.02=(@&, 2 Hz, JZH)B, 07 HZG 72®p , (M, 23H) 7. 6. 93
Hz, 1H), 3.93=(8, 33Hy, 3dHYJ3I1RQ4AHB9 (fsi, 4HMH) ,
1.591H)m,il.3%9 (m, 5H).

Met hyl -( (-Hedn-z yddii hy2dss pi r o[ i s3,qgpui'i pneorliidnien ]

yl ) met hyl94pfedherodatiea |l € compound was prepar
procedure GP33(f@@&@rmg,ng0f34mmmol ), pot ass.i
1.03 mmol ) -(abnrdo moemehtyhly 149 benzoate (94 mg, O
mL ) . The crude was purified by column <chr
from 50:1 to 20:1) utca fasehHlightohke @8%i mgd
H NMR (300 MMz 9QCGD@I, 2 Hz, J2HB, 27 H&ZG Q@Qd) ,
7.24 (m,i7A.HS5 (/fm,193H)7.6.8B82, (d4H), 3.93 (s,
3.64 (s, 2288, (&,i84H)1, (2n,522H)9, (2m,0328) , 1. ¢
= 13.0, 8.7, 3.3 Hz, 2H).

Met hyl ( (142" -hexahy@Bpp6 o[ i sD,gauyirndenl]i n e
yl ) met hyl94bgd meo atiee |l @€ compound was prepar
procedure GP33@3% amg,i n0g. f7# oommol ), potassiu
mmol ) and bmeotnhoyntetdhyl ) benzoate (47 mg, 0.2
The crude was purified by column chromat oc
2:1) to furnishyeéhlkowesileds4d rddRcTDOO0 yMidz
cCbQ@Jus. o@=(8, 0 Hz, J2HY, 97H4p7 e@®§ ,( M, 2383H) , 6
J= 5.5 Hzi(3.1H9 ,(mM, 0BH) ,13RB..92 ((n3,, GHH)),, 2B..779
il1.86 (m,i12H)0, (Im,7 42 H) .

Met hyl -( (b2ed-z ydii hy2dss pi r o[ i s3,qpui'i pneorlti dnien |
yl )met hyll)Ob2d meo atiet | @ compound was prepar
procedure GPBQO3XL% amg,i nOg. fIr oommol ), potassiu
mmol ) and bmeotnhoyntetdhyl ) benzoate (29 mg, 0.1
The crude was purified by column chromatog
to 10:1) to furnhnimmbande dielsi (2 KRYRJIJUBKOY I
MHz , s0OOF 8d08 {.7 Hz, J2HY, 87HZ9 JXH)L1.8B.,2%.
Hz, 4H), 4.58 (s, 2H),34445( (nsi,26 B)B) (2835 RH)
2.2Q=(d4.0 Hz, 2H).
MetHdysocyanat obena oadleu(t amnnomembyhybendzoa
in dry dichloromethane (0.2 M), saturated
form a biphasic sAGtemhodAfeére €cDoOiag. ) owd
phase, without stirring. After t haftor tlhe 1
h, and then the two phases were separated

MHT



was extracted xiOtOh mfarneds t hkCMr(gani c | ayer s
over anhydrous sodium sul fate, filtered a
cC omp o uwhdstabs i d.

10. 3.4 Gener al procedur & 5fad 0,3 tah@ACPYInt hesi s
To a solution of the app3gdwrmi éaa,&. Oeegahydn
met#Hdysocyanatobenzoate (2.0 eq.) in dry T
dropwi se. The solutipopnuwiebsl stheredl|l Btconve
materi al (12 h), and after that, the sol ve
was purified by column chromatography on
product .

Met h-¢( J43nel hy4 81t 4ahydr e2icaa pwixraari idroe met hy |l
(95ahe title compound was prepared foll owi
fr®8@98 mg, O0.61 mmol ), 1isocyanatle, (2.3422 mg
mmol ) in dry THF (6.1 mL). The crude was p
gel (PE/ Et OAc, from 6:1 toh2stdl)i d o( 97 vmg t |
yi el HI NMR (300 MMz 96cGD@&I, 3 Hz, JZHB, 37 H26 @dH
7.2B.06 (m, H=H)5. 74 .H0z9, J#HHPH, 64 Ha7 Q#), 4. 41
2

(s, 3H), .76 (s, 2H), 1.43 (s, 6H).

Met h-¢( R4 3nel h3y1 8t 4ahydr e2icaaa pwixraari idroe met hy |l
@O50britl e compound was prepared foll owing t
9350 mg, 0.27 mmol ), isocyanasle @L1O0F mgnol
in dry THF (6.1 mL). The crude was purifi

(PE/ Et OAc, from 7:1 to 2lilgktt oblgi ¢&21timg, dE
yi eHd NMR (300 3MHAz 946D@!l, 3 Hz, JZHB, 27 H21 @
7.24. 08 (m, 3#) 7.D,08.@ddsz ,5.16H)Hz ,5.10H) ,( t4,.
4. 433=(8,6 Hz, 2H), 3.88i2.s05 3H),, 122H)B 5 (1 s8,8
2H) ,71.9% (m, 4H).

Met hyl -( ( Xddi, My2d+dHp i r o[ ¢ y-X ,lHiDshoegxuaiieo | i n e ]
car boxami do) me b.tlhyhle) bteintzloeat ®confpound was pr ¢
gener al procedureg&8(cé&GB4 mgst @ridlngmbtdm i soc:

mmo |l ) , andL , TEA. §41@mol ) in dry THF (2.1 mlL
column chromatography on silica gel (PE/E
product as white lHiNMIR763 ,3)\1&82)%5]@DGI,.(1).
Hz, 2H)J=783% KWAj7 209, ( m, ﬂ) gJ.H5, (1H) ,

J= 5.7 Hzj4.13HY ,(m, 46H) , 3.88 Os,1BH),H2, 921
1.6B.39 (m,ileH)m, 114.H)5

(Net hyl - (-hesdt-bh yddi hyds pi r o[ i sD,g8irnroold2indei n e ]
car boxami do) me b)tiTyhle) bteintzloemt ®conffpound was pr ¢
gener al proceduf8dsS®4mgstar28ngmdlk pm i socy
mmol ), T®EA ($1%2 mmol) in dry THF (3 mL). T
chromatography on sisOH,c af rgoenh 3(0DCIM/OMetCoH / INOH
desired ypeloldouw toials ( 680 MHMR 608 @0 ys MLz A)BCDCI

9.12 (m, Ja=H)8. 17 .H9z5, J2HY , 9 7H3B7 2H) , ( M, 24H) ,



(ds 15.0 Hzi,4.2H0) ,(mM. 8H), 3JI=8I10(4d, H3IH) LH}B,
2.87 (m, 2#+H)14 .23 7THzi,l dBR) ,( M2 T 1BIH)7, (Im,6 91 H) .
Met hyl -( (-rhedt - yddi hy2dds pi r o[ i s3,qpui'i pneort2idnien e ]

car boxami do) me b.arnhle) bteintzloreat ®eonfjpound was pr ¢
gener al proceduriag8ebB4 mgst @rebngmbtdm i soc:
mmol ) , THEA @@A1DDOD mmol ) in dry THF (2.5 mL

column chromatography o0o®Hsifrom 8gel 1({ODCM/
to give the deangedoipl od8 thiz BIOD ywMied d)C
7. 85=(8, 1 Hz, JZHB 07H257Q@HQ,(m, 1dH)G6. . 98
Hz, 1H)J= 65.03 Hzt,, H) , J4. 9 8( Hz,2RH) ,433831
(s, 2H)J= B. &5 Hzd, )|12598((ns,23m) 1.72
Met hyl 4-( (e n-2 ydi hy2dds pi r o[ i s3,gpui'i pneort2i dnien e ]

carboxami do) me§flyle) bteintzloecateeonfpound was pr ¢
general procedub®&flGIPH ,mgs,t aOr.t4In gnnmorlo)m | soc

mmol ) , THEA (124 mmol ) in dry THF (4.1 mL
column chromatography on silica gel (PE/ E
producityfasl ow oi |l (16H7 NR (53409 yMikkzl 9C D @l

J= 8.3 Hz, J2HB, 27 HI 67 M) ,( Mm,.iF9H)9, (/Mm,253H) ,
(= 7.8 Hz, JEHY,75H96 (H), X= 51 6(sHz,2H)H) ,
(s, 3H), 3.55 (si12.2H3 ,( 2,1 2818)7,s (2m28HR H)52 . 15
(m, 2H).

Met hyl ( (142" -hexahyBpop 6 o[ i sD,geuyirndenl]i ne

car boxami do) me bglTyhle) bteintzloemat ®onffpound was pr ¢
gener al proceduR8@GP4mgst@ard836ngmédlr pom i socy
mmol ), andL,TEA. 420m@mol ) in dry THF (3.6 mlL
column chromatography on silica gel (PE/E
product as a white HoNME (3ACOGGN@Ez 9BSWdyi el

8.1 Hz, 2H) 8.74A. HZJUTEMY ,(m, 2BH)G6. Z .HAB, (UH) ,
(U 5.7 Hz, 1H), &= 590. (sHz,2H)H) ,43XA.38B8 d(rs ,

4H), 3.031i1@sb62HM,T112HJ70 (Im,6 R H) .

Met hyl -( (b2ed-z ydli hy2dss pi r o[ i s3,qpui'i pneortlidnien e ]

car boxami do) meg 0)8Iyhle) bteintzloemat ®conffpound was pr ¢
gener al procedurld0GRP4 mgst @rlidngmbit dm i soc
mmol ), €d.EA 0.4 mmol ) in dry THF (1.1 mL).
chromatography on silica gel (DCM/ MeOH fro
agellow oil (42 WMMR (7300 ywimez 9 pEDBL O Hz, 2H
7.4D. 20 (m,i77.H)6, (7m,263.H)9, (6m,981H)5. & .Rz4, (1iH
4. 4 9= (I 5 Hz, 2H), 3.89 (s, iBH)51 J.n73 4(Hy,,
(s, 2H)J)= M.49& Hi,l.2H) (ml. &H) .

Met hvl ¢(2¢ hl or o-bedhi zZhyw2dhtse pi r o[ | s3,gpui'i pneortli'dnien e |
car boxami do) n& @) hIyhle) bteintzloemat ®ompound was pr ¢
gener al procedurldd( GB4mgst @r 28 ngmbt dm i soc:
mmo |l ) , THEA @O12382 mmol ) in dry THF (2.3 mL
column chromatography on silica gel (PE/ E

MH b



rodudtyaisboiv (50 mgH MR ¢Be0 dMMHAz 9 WVCDA,

2 Hz, J2HB, O7TH2G7 QM , ( M. iZOH)5, (7m,2 B H) ,
m, Jd=H)5,. 75 .H1z7 J&tH%, 54H#7 PRH), 3.89 (s,
s, J=H)3, 83. B3 4( Hz, 4HfF, 12. @8 Hgis, 2BMN)
m, 2 H) .

ener al procedur & 238 2hf 3 Hled GPYNt hesi s
otl ud i oor rddbHAflo.n0dieng. ) i n met hanol (0.
0 in met hamolpwi5s0k ed. )0 WaCs, addddwe
0% aqueous solution (100 eq.). The r
eHCI solution was added wuntil the p
d vaclulbpe crudecoMassmnpuahrfdmreat ogr aphy
M/ Me OH #®HO0O %)L NB afford the final compol

( Di Bre t3h-gdil hy dr oi-2 0 tpHl) )nroeNthhgydir)o x y b eh2a mi d e
e title compound was obtained according
@28 mg, 0.09 mmol), a 4 M KOH inxXmet han
% aqueousels,0lt00 NMniosI9)5 | Rumetf haabtli o(05b
omatography on sisOH,c af gem 4 ®O.CM/ MetOd/ N
final ocammpeumd lag 2'H WNMR 18B0PDFEIzd) .C
2=(d, 4 Hz, JZH), 47 H&ZTT 6R_#HY3 , (M, 13H)6. B. 86
z, 1H), 3.76 (s, 2H), 3.58C(EMR2HTS5 ®RHZ,
nobpylie66.7, 143.9, 133.8, 133.4, 130.8, 12
3.0, 52.7, 50MSh/,gMR21B13,. 22. 7. ESI

Sooh~ATT

~N oD T

0
2
®:
D

UOIN—~O O HbN

4-( ( DI, Myd'rdtpi ro[ cy-tl-Bpeqguiliyel) imeNt hy |l )

hydroxyba&m®bhme dei t(l e compound was obtaine
procedure GP94023% amg, n@. 0 8@® mmmol ), a 4 M K
mL , 4. 300 mmedH) ,50&% daqaueNldseL soBub0ODON mMMbd 6

met hanol P&ri mMLati on by col umn chr omat
(DCM/ MeQ®IM NHf rom 40: 1: 0 to 10:1:0wh)taffol
solid (23 nlg, NMR%( §O@SEPzL1. 15 (s, 1H), 8 .
7.68=(d, 8 Hz, JZH), 87 HZT 72®p , (M, 13H)6. &. 96
Hz, 1H), 3.59 (s,il41$)8, (2n.,7]]6.|—5)@;,(1@,l—5)82&/|ﬂ) 74
(75 MHz -ds) DMBDO. 7 , 144. 4, 134. 8, 133. 8, 131
126. 3, 65.2, 53.6,-M50/.:83] M3¥8i37, 35.5, 24. 3.

4-( ( :Di, MyA'rdtp i r o[ ¢ y-I l-iDdshoegxuai2wied |) imeNt hy | )

hydroxyb&m®)xzhme dei t(l e compound was obtaine
procedure GPY94(c3t* amg.,i n@. G8& mmmol ) , a 4 M K
mL , 4. 440 mmedH ,508 dagqaueNiseL soBuB8B8O6n mMmbd 8 §

met hanol P&ri mMLyati on by col umn chr omat
(DCM/ MeQBIM NHf rom 40: 1:0 to 10:1:0wh)teaeffol
solid (21 ng, NMB%( 0@ Wiz, 1.DIMSQ s, 1H), 8.
7.68=(&, 2 Hz, JxH)B, 07 HZG7Q#) , (mn, 1BH)6. &. 94
Hz 1H) J=3569 Wd};1 467, ( b,i4 )0, (1m,5 61. H)8, 1
(m, ®H)NMR (75 MN#HIZG8.CDCl149. 8, 139. 1, 138.
132.1, 131.9, 131.1, 130.9, 5-®MMSM/6z [ M5HD, 5
349



4-( ((Bé n-2 ydki hy2dds pi r o[ i s$3,gpui'i pneorliy dni)erm]eNt h y | )
hydroxyb&®dlahm dei t(l e compound was obtaine
procedure GP®A4f3T amg, ng. ®6 D mmmol ) , a 4 M

eL, 3.064 mmOH)50%nalgue Nkl , s &Il. LWt0OiI0o Mmm@0O4 Q4 i n
(7 nPwWr.i fication by column chr omat@H,r aphy
from 40:1:0 to 10:1:0.1) i gtefl drodve d_ 1t6h emgf, i nt
yi elHd NMR ( 3000OMj7z.,6 ™= @, 8 Hzi7.2H4 ,( i, 40H) ,
i7.02 (m, 3H)6.8.H87, (HH) ,133.677 ((ms, 3&AHH),, 23.
10. 2 Hz, 2H),T2.50 ((rn,,l 122HBI))3,, (2, OBZZ-H)ll 8. &+H& , (
2HYE NMR (7530\m{zl,660|7, 144.7, 135.1, 133.:
129.1, 128.2, 128.1, 127.7, 126.8, 126. 6,
MSm/:z [ M4 WP .

4-( (1, 2" -H8xadg @'piG'o[ i sD,gauyirnd@mlli)meeNt hyl )
hydroxyba&8m®xmghme dei t(l e compound was obtaine
procedure GP94@42 amdg, n@. TYD mmmol ), a 4 M K
mL , 5.970 mmglH) ,50@M daqaueNHdseL solllut D06 Mmmha8lr
met hanol PadrimLyrati on by col umn chr omat
(DCM/ MeQ®BIM NHf rom 40: 1:0 to 10:1:0l1yghaff ol
yel boWw (21 mg'H BPR ¢BE€EROWNW#HZ.,83J=(d, 7 Hz, 2H
7.50=(d,8 Hzji72H3, (m, 43H)7. J.HDB 4 IHY, (A, 2!
2H), 3JI=711(8, Hzi,3.23HD) ,( nB .i &5H)6 (2m,262H), 2.0
ESMSm/:z [ M3 5] .

4-( (B2e n-2 ydhi hy2dds pi r o[ i s3,gpui'i pneorliydni enmeNt hy | )

hydroxyb@rhame dei tl e compound was obtaine
procedure GPAQOR34amygijng. 670 mmmol ), a 4 M
eL, 3.510 mmOH)50%nalguuae dNid ,s &l. Dt1i0o mm@oO4 9§ 3 i n
(4 nPWr.i fication by column chr omat@H,r aphy
from 40:1:0 to 9:1:0.1)! aglebbdewd (LBe miyi nd
yi elHI NMR ( 300OMJ7z., 83 @, 5 Hz, J2HY, 87H59 ¢
7.B2.16 (m,i75H)7, (Mm,153H)7. 5.182, (dH), 4. 12
2H), 3.65 (Js 12HP, H2AI21 B2 t(,m2. 2&H) , 1 22..170/ ( s,
(m, 2H)J= 11.38.02 (HZMSmM2 & )[. M4B4PI.

N-(4 Hydr oxycar b3 ynle} [bodi mhzyyd r)o i s2d guHi)n ol i ne

carboxapartte ¢itle compound was obtained ac
GP5, sta%9%@am0g mMmg,onm. 113 mmol ), a 4 M KOH i
mmo | ) OHd 50 %N gqgueoued ,sdllut3iDommo746 i n met |
Puriflcation by column chr oma©ObBgrapbom 830: &
to 10:1:0.1) afforwéddtehsofidal 2 oMigR umd %
(300 MHzd))UDMSDD . B AH)IB8.IE2FAH),JI=7.76.79 (Hz,,
2 H) W=32.0dHzjJ]72H3 ,( M, 23H)5,. 86. I—BzO, (1tH) , 4.
4. 26J=(d, 6 Hz, 2H) , 2. 68 NMR Q@HOMMBZI31 ( s,
164.6, 157.7, 145.2, 136.7, 136. 0, 131. 3,
46. 3, 45. ESM@n3/:z7 | M2M2 4 .



N-(4-(Hydroxycarbamoyl)benzyl)',4-dihydro-2'H-spiro[cyclopentanel, 3~
isoquinoline}2'-carboxamide 33b). The title compound was obtained according to the
general procedure GP5, starting fr86b (40 mg, 0.106 mmol), a 4 M KOH in methanol
(1.321 mL, 5.285 mmol), and a NBIH 50% aqueous solution (688, 1.060 mmol) in
methanol (3 mL). Purification by column chromatography on silica gel
(DCM/MeOH/NH;OH, from 30:1:0 to 10:1:0.1) afforded the final compoundvage
solid (29 mg, 72% yield}fH NMR (300 MHz, DMSGQds) ti11.11 (s, 1H), 8.97 (s, 1H),
7.63 (dJ=7.9 Hz, 2H), 7.24 (d] = 8.0 Hz, 2H), 7.19 7.01 (m, 5H), 4.47 (s, 2H), 4.22
(d,J=5.6 Hz, 2H), 2.80 (s, 2H), 2.081.89 (m, 2H), 1.74 1.63 (m, 2H), 1.61 1.41

(m, 4H).23C NMR (75 MHz, DMSGQde) 11169.3, 163.5, 149.7, 141.1, 140.6, 136.1, 133.6,
131.9,131.8, 131.1, 130.7, 69.8, 60.1, 52.68, 48.3, 42.7, 29-ME&81/z [M+H] 378.

N-(4 Hydr oxycar bla'mbdyh ypdeimiziyeo ) c -k I-d'hexane

i soqui-hodrmedaypclfdhe ¢ i t 1l e compound was obt ;
gener al proceduR&(CHEPS Mg st@r@a9dgmmaolom a 4
(1.194 mL, 4. 7 %®H nmbo% )a q vaencdu sk , sNobll . u6t0i 0o nm (o6 3
met hanol PBrimLEfrati on by col umn chr omat
(DCM/ MeQ®IMH NHf rom 30: 1: 0 to 10:1:0wh)taffol
solid (16 ng, NMR%( $0@ | Mgl 1.DIMSQ s, 1H), 8.
7.68=(4d,9 Hz, JxH)7, 97 HZ9 72H2, (m, 22H)G6. O0/. 08
Hz, 1H), 4.4Q@=(%,62HY, 2H222&688 (Msi, 2HH) ,
1.35 (m,i15H)8, (Im,28=H)1,3.11L 48z NMRHY 75 MHz, DM
d)Ul64. 6, 158. 7, 145. 1, 136. 0, 135. 9, 131
55.4, 47.2, 43.6, 37M8m/:z3BM3BH2.25.6, 22.6,
(NN(4 Hydr oxycar blametyl yd énry2oislp) r o[ i sD,q3'i nol i
pyrrof2cdr beka®didhee (ti tl e compound was obt e
general proceduPée(d&®P5mgsta@artiténgmmolom, a 4
(2.097 mL, 8. 3@DHMHmOM aqaedua NHIution (1

met hanol P&ri mLrati on by column chr omat
(DCM/ MeQ®IMNHf rom 20:1: 0 to 9:1: 0.pli)nkafsfhor c
solid (38 nig, NBR%( §0 @@BIp7%Z., 71D d, 8 Hz, 2H),

(A= 7.8 Hzj72H),(m, 3@44)1445 6qu@d14HZ) (M. 5304)
3.54=(d0.9 Hz,J 2HL)4 73 .H1Z82 .(2dg) ( m PH)1,1.26 86
Hz , 1H), 2.62.$%, (mH)'J:L.HaG4(13nt99\[LM-R).( MHz ,
cpoby170. 4, 162. 7, 148. 1, 139. 7, 138. 4, 1:
70.2, 67.5, 59.3, 49MS, mihAzZ."8PM4B] 3, 43.0,

N-(4-(Hydroxycarbamoyl)benzyl)'-methyt1,4-dihydro-2H-spiro[isoquinoline3,4*-
piperidine}2-carboxamide §39. The title compound was obtained according to the
general procedure GP5, starting fr@8e (33 mg, 0.08 mmol), a 4 M KOH in methanol
(2.0 mL, 4.00 mmol), and a NB@H 50% aqueous solution (528, 8.00 mmol) in
methanol (4.7 mL). Purification by column chromatography on silica gel
(DCM/MeOH/NH4OH, from 20:1:0 to 9:1:0.1) afforded the final compoungiakish

oil (77 mg, 61% yield)!H NMR (300 MHz,DMSO-dg) 11 11.16 (s, 1H), 8.99 (s, 1H),
7.65 (dJ=7.9Hz, 2H), 7.28 (1= 7.7 Hz, 2H), 7.24 7.15 (m, 5H), 4.47 (s, 2H), 4.23
(d,J=5.3 Hz, 2H), 3.28 3.18 (m, 2H), 3.14 (d] = 4.9 Hz, 1H), 3.04 (d) = 7.5 Hz,
1H), 2.96 (s, 2H), 2.72 (s, 3H), 1.53..49 (m, 2H). ESMS m/z [M+H] " 409.



1'-BenzyiN-(4-(hydroxycarbamoyl)benzyl),4-dihydro-2H-spiro[isoquinoline3,4-
piperidine}2-carboxamide 33f). The title compound was obtained according to the
general procedure GP5, starting fr&6f (41 mg, 0.084 mmol), a 4 M KOH in methanol
(1.05 mL, 4.20 mmol), and a NBH 50% aqueous solution (5284, 8.00 mmol) in
methanol (5 mL). Purification by column chromatography on silica gel
(DCM/MeOH/NHsOH, from 20:1:0 to 9:1:0.1) afforded the final compoundnduite
solid (8 mg, 20% yield}*H NMR (300 MHz, CROD) 11 7.68 (d,J = 8.3 Hz, 2H), 7.40

7.23 (m, 7H), 7.23 7.05 (m, 4H), 4.54 (s, 2H), 4.36 (s, 2H), 3.62 (s, 2H), 2.97 (s, 2H),
2.69 (d,J=12.8 Hz, 2H), 2.62 2.49 (m, 4H), 1.54 1.42 (m, 2H). ESMS m/z [M+H]"

485.

N-(4-(Hydroxycarbamoyl)benzyl),2',3',4,5',6'hexahydre2H-spiro[isoquinoline3,4-
pyran]-2-carboxamide §3g). The title compound was obtained according to the general
procedure GP5, starting frobg (126 mg, 0.319 mmol), a 4 M KOH in methanol (4.0
mL, 15.970 mmol), and a NH 50% aqueous solution (2.1 ml, 31.900 mmol) in
methanol (18 mL). Purification by column chromatography on silica gel
(DCM/MeOH/NH4OH, from 30:1:0 to 10:1:0.1) afforded the final compoundvage
solid (77 mg, 61% yieldfH NMR (300 MHz,DMSO-ds) i 11.11 (s, 1H), 8.95 (s, 1H),
7.65 (d,J=7.9 Hz, 2H), 7.28 (d] = 8.0 Hz, 2H), 7.16 (d] = 11.7 Hz, 5H), 4.45 (s, 2H),
4.22 (d,J=5.6 Hz, 2H), 3.61 3.55 (m, 4H), 2.98 (s, 2H), 2.662.55 (m, 2H), 1.28 (d,

J = 13.6 Hz, 3H)*C NMR (75 MHz,DMSO-dg) Ui 169.3, 164.0, 149.6, 140.1, 139.9,
136.1, 133.7, 132.0, 131.9, 131.2, 130.6, 68.6, 59.8, 52.1, 48.3, 45.6, 45.3, 45.0, 44.7,
44.4,44.2,43.9, 41.0, 38.9. E®IS m/z [M+H]" 394.

2Ben-k-y# hydroxycar bla-ddohi2d-bpneg] ) sdD,ga'i nol i ne
pi per-l-damkedx@B)fthe title compound was obt a
gener al procedun@®@@BL6P5mgst@ar®8dagmmoelom, a 4
(1.07 mL, 4. 30 OHMBE®I%) ,aqared uaslL N3 .u6t0 0o nmnios5! 6)
met hanol P&ri mMmLrati on by col umn chr omat
(DCM/ MeQ®IMH NHf rom 20:1: 0 to 9:1: 0.pli)nka fsfhor c
solid (24 nlg, NBR%( 30 @OBIp7Z., 7CD(d, 7 Hz, 1H),
(= 7.9 Hzji71H®, (Hh, 39H)5. Y. #H2, (J&EH)6, 96 HZ2
1H), 4.41 (s, 2H), 3i37.48(s(,m,2H)H) ,h31269727( <,s .
(m, 2H)1,. 512. M -MSiH ) .[ NE4SB b .

2-(4-ChlorobenzybN-(4-(hydroxycarbamoyl)benzyl),4-dihydro-2H-
spirofisoquinoline3,4-piperidine}1'-carboxamide 33i). The title compound was
obtained according to the general procedure GP5, startindl®d(60 mg, 0.096 mmol),
a4 M KOH in methanol (1.206 mL, 4.825 mmol), and a28H 50% aqueous solution
(637¢L, 9.651 mmol) in methanol (5.6 mLRurification by column chromatography on
silica gel (DCM/MeOH/NHOH, from 30:1:0 to 10:1:0.1) afforded the final compound
aspink oil (32 mg, 64% yield)*H NMR (300 MHz, CROD) i 7.70 (d,J = 7.6 Hz, 2H),
7.38 (d,J=7.8 Hz, 2H), 7.34 7.28 (m, 4H), 7.16 7.08 (m, 3H), 6.98 6.89 (m, 1H),
4.41 (s, 2H), 3.74 (s, 2H), 3.67 (s, 2H), 3i5853 (m, 4H), 2.77 (s, 2H), 1.96 @+ 13.3
Hz, 2H), 1.66° 1.57 (m, 2H)1*C NMR (75 MHz, CROD) (i 166.6, 158.8, 145.5, 144.5,
138.7, 133.1, 132.3, 132.2, 130.6, 129.8, 129.8, 129.4, 129.2, 128.1, 126.9, 126.8, 126.7,
126.6, 126.0, 126.0, 53.5, 49.6, 43.6, 39.4, 33.5, 33.0,RS13VS m/z. [M+H] " 520.



10.4 Experimental section off etrahydro-2 -carboline-based HDACG6i 34f

tert-Butyl 1,3,4,5tetrahydre2H-pyrido[4,3-b]indole-2-carboxylate 1£05). To a solution

91 (2.00 g, 10 mmol) in AcOH (20 mL) was added phenylhydrazéve 1.10 g, 10
mmol), and then the reaction was stirred at 65 °C for 5 h. Aftertbieateaction mixture

was carefully neutralized to pH 8, and extracted with EtOAc (3 x 40 mL). The combined
organic layer were washed with saturated brine (3 x 120 mL), dried over anhydrous
NaxSO4, filtered, and drieith vacuo The crude was purified by chromatography oicail

gel (DCM/MeOH, from 80:1 to 50:1) to give the title compoundb@svn solid (1.35 g,
50%)H NMR (300 MHz, CDC}) 118.29 (s, 1H), 7.50 7.44 (m, 1H), 7.31 (dJ=7.3

Hz, 1H), 7.19 7.10 (m, 2H), 4.68 (s, 2H), 3.83 (s, 2H), 2.81)d,6.0 Hz, 2H), 1.55 (s,

9H). ESIMS m/z [M+H]* 273.

tert-Butyl 5-benzyil,3,4,5tetrahydre2H-pyrido[4,3-b]indole-2-carboxylate {06). To a
solution 0f105 (500 mg, 1.84 mmol, 1 eq) in dry DMF (10 mL), cooled at 0 °C, 60%
NaH was added (66 mg, 2.75 mmol, 1.5 édder 1 h, the benzyl bromide (263 pL, 2.21
mmol, 1.2 eq.) was added, and the resulting mixture was then stirred for 16 h at r.t. After
that, the mixture was quenched with a saturated@\Holution (20 mL), and then
extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over
anhydrous Ng5Qy, filtered and driedn vacuo The crude was purified by column
chromatography on silica gel (PE/EtOAc, from 6.1 to 5:1) to afford the title compound
asorange oil (497 mg, 75% yield4 NMR (300 MHz, CDCJ) ii 7.54 (d,J = 7.7 Hz,

1H), 7.41i 7.06 (m, 6H), 7.03 (d] = 6.5 Hz, 2H), 5.27 (s, 2H), 4.784.72 (m, 2H), 4.02

i 3.67 (s, 2H), 2.88 2.63 (m, 2H), 1.54 (s, QHESFMS m/z [M + H]" 363.

5-Benzyi2,3,4,5tetrahydre1H-pyrido[4,3-b]indole (L07). To a solution 0i.06(200 mg,

1.143 mmol, 1.00 eq.) in dry DCM (10 mL) cooled at 0 °C, TFA (1.75 mL, 22.86 mmol,
20 eq.) was added, and the mixture was allowed to stir at r.t. for 1 h. After that, solvent
was removedn vacuq and the residue was treated with saturated Naj$Gl0tion (10

mL). Then, the agueous phase was extracted DCM (3 x 10 mL), and the combined organic
layers were dried over anhydrous288@y, filtered and driedn vacuo The crude was
purified by column chromatography on silica gel (PE/EtOAc, from 6.11pt6:afford

the title compound as orange oil (quantitative yietd) NMR (500 MHz, DMSGds) U

9.25 (br, 1H), 7.53 (ddl = 12.7, 8.0 Hz, 2H), 7.387.22 (m, 3H), 7.20 7.02 (m, 4H),

5.44 (s, 2H), 4.37 (m, 2H), 3.52 (m, 2H), 3.05 (m, 2H).

2-(4 Met hoxycarbonyl)@8Tenwnl sad ettdii odabiédz2@¢@ dtye

(109 285 mg, 1.09 mmol , 1.0 eq.) in AcOH ('
1.5 eq.), sodium acetate (445 mg, 5.43 mm
0.109 mmol , O. ThegqsdWwswenei andeldt ai ned was

24h updeé&rubdequently, the reaction mixture
was added until-4t hAf todr wtalsata,borud| vBdantdse wer

the black residue was suspended in 5 mL o
concentrated unti |l dryness to obtain an o
chromatography on silica gel (PE/umikd O&As , f
yellow oil (5% NMR 26%ROg Ma&wd) 96J=( &, 3 Hz,
3H), 7W=48. 0dHzj42#H), (ks 801H), 3.87 (s, 3H)



Methyl 4-(2-(5-benzyil,3,4,5tetrahydre2H-pyrido[4,3-blindol-2-yl)-2-
oxoethyl)benzoate (0). To a solution of Z4-(methoxycarbonyl)phenyl)acetic aci@8

(24 mg, 0.124 mmol, 1.0 eqr) dry DMF (1.5 mL), EDCIHCI (34 mg, 0.186 mmol, 1.5
eqg.), HOBt (1 mg, 0.002 mmol, 0.1 eq.), DIPEA (86 pL, 0.496 mmol, 4 eq), and
intermediatel07 (39 mg, 0.148 mmol, 1.2 eq.) were added in this order. The reaction
mixture was stirred at r.t. for 15 h. After that, saturated®lidolution was added (5 mL),
and the mixture was extracted with EtOAc (3 x 5 mL). The combined organic layers were
washed with saturated N8I solution (1 x 15 mL), saturated NaHg8&blution (1 x 15

mL), and brine (1 x 15 mL). Aftethat, the organic phase was dried over anhydrous
NaSQ, filtered, and driedn vacuo The crude was purified by column chromatography
on silica ge(PE/EtOAc, from 3:1 to 1:1), affording the title compoundesnge oil (48

mg, 88% yield)!H NMR (300 MHz,Acetoneds) Ui 7.91 (t,J = 8.7 Hz, 2H), 7.56 7.15

(m, 7H), 7.05 (td) = 20.5, 18.5, 7.1 Hz, 4H), 5.30 (@ 17.0 Hz, 2H), 4.81 (s, 2H), 4.00

i 3.81 (m, 6H), 2.81 2.71 (m, 1H), 2.69 2.59 (m, 1H), 1.21 (dt] = 8.4, 4.2 Hz, 1H).

4-(2-(5-Benzyi1,3,4,5tetrahydro2H-pyrido[4,3-blindol-2-yl)-2-oxoethyl}N-
hydroxybenzamide34f). To a solution ofL10 (48 mg, 0.109 mmol, 1.0 eq.) in MeOH

(6.4 mL), a 4 M KOH methanolic solution (1.368 mL, 5.472 mmol, 50 eq.) was added
dropwise at 0 °C, followed by the addition of B(PH aqueous solution (50% m/V, 720

pL, 10.90 mmol, 100 eq.). The reaction mixture was stirred at r.t. for 3 h, anéhen

HCI solution was added until the pH was around 6. Subsequently, solvents were removed
in vacuo The crude was purifiedcolumn chromatography on silica gel
(CHCI/MeOH/NH4OH, from 20:1:0 to 10:1:0.1) to afford the final cooundasyellow

oil (31 mg, 65% yield)*H NMR (300 MHz,d-DMSO) i 11.15 (s, 1H), 8.98 (s, 1H), 7.65

(t, J=8.6 Hz, 2H), 7.50 7.36 (m, 2H), 7.27 (dt] = 12.9, 6.6 Hz, 5H), 7.01 (9,= 8.3,

7.7 Hz, 4H), 5.32 (dJ = 10.6 Hz, 2H), 4.74 (d] = 29.7 Hz, 2H), 3.89 (s, 4H), 2.69 (s,

2H). 13C NMR (75 MHz,d-DMSO) {i 169.8, 169.5, 139.8, 138.7, 136.7, 134.6, 134.0,
131.4, 129.7, 129.5, 129.1, 127.6, 127.3, 127.2, 126.9, 125.4, 125.2, 121.5, 119.5, 118.0,
110.2, 106.8, 46.1, 43.5, 43.0, 23.2, 22.4.

10.5 Experimental section othe HDAC1/LSD1 hybrid 35f

Met hy lcodxdo pi ple/rl i)dnert hy 1)1 ?€m z aatseo |-t peni ddned

monohydrate hylds500dhimgri e 9@ mmol , 1.0 eq. |
ovalmi edhectWwe db ototuemrd f | ask, potassium carbo
3.0 eq.) -&bdomemby h¢g &)8Weln znoga,t e3. 49 mmol , .
added under a positive anhydrous nitrogen
75 AC for Ad4Ahteundeonl!l NngClt osal.ut. i,ons at Q a
addadd the mixture was extracted with EtO
| ayers wer es anausrhagtde dwicMiHut i on (1 x 330 mL) ,
solution (1 x 30 mL), and brine (1 x 30 m
| ayerdsriwvads over SonhydrobesedlaiamdvZoencemudart
was purified by column chromatography on s
the titleyebmpwuond!l a&5 NSMRmg ,3 004 9iHz 87CDCI
7.76 (m,172K)0, (M,312H), 3. 72i12s483HM,7T 8HX S8
2. 17 (BESI| 4WSE .[ M2HB.

Methyl 4((4-(((1R,2S)2-phenylcyclopropyl)amino)piperidifi-yl)methyl)benzoate
(113. To a solution oftrans-2-phenylcyclopropylaminel{ 235 mg, 1.768 mmol, 1.0
eg.),and compound12 (437 mg,1.768 mmol, 1.0 egih EtOH (8 mL),acetic acid (2.8

MO p



mL) was added dropwise, and the reaction was allowed to stir at r.t. for 14 h. After that,
NaBHsCN (75 g, 1.20 mmol, 2.0 eq.) was added, and the mixture was stirred for
additional 3 h at r.t. The reaction was then quenched with few drops of saturated NaHCO
solution until the pH was around 7, and then solvents were removed. The resulting residue
was suspended in 10 mL ob® and extracted with EtOAc (3 x 25 mL). The combined
organic layers were dried over anhydrous®a, filtered, and drieéh vacuo Thecrude

was purified by column chromatography on silica (@CM/MeOH, from 70:1 to 40:1)

to afford the title compound asange 0i(351 mg, 54%)*H NMR (300 MHz, CDCJ)

7.99 (ddJ = 8.2, 2.4 Hz, 2H), 7.4% 7.35 (m, 2H), 7.30 7.20 (m, 2H), 7.25 7.11 (m,

1H), 7.02 (dJ = 7.5 Hz, 2H), 3.92 (s, 3H), 3.54 (s, 2H), 2.82J¢, 11.4 Hz, 2H), 2.68

i 2.62 (m, 1H), 2.40 2.28 (m, 1H), 1.97 1.83 (m, 3H), 1.81 1.76 (m, 1H), 1.44 (q]

=12.3 Hz, 2H), 1.27 (tdl= 7.1, 2.4 Hz, 1H), 1.1B0.93 (m, 2H)ESI MSm/z [M+H]*

365.

4-( (4 (1-RPRSnyl cycl opr oplyyll))ameitnhoy)lp)ibpeenrziodiicn

hydrocHhlleiRad Mdepol(n@3 95 mg, 1.12 mmol , 1.0 eq

mi xture o® MelOH(6H mL) , foll owed by the ad

mmol , 1.5 eq.). The mixture was stirred af

HCI unt il the pH was around 2/ 3. After t

pressur e, affordiogange sotied wbmpbuwds as

thout any fugquaretri paH iNMRc ¥ it3e0d)M§HBz., 0 8
7.8 Hz, Jx=H)7, 97 Heli72®>, (m, 33H) 6. 8. B2, (
=178

, .6dHz, 2H)i34387(Msi23BH) (2BIBMH) ,
.39 (m,i2.H)4 (2m,3i42.H97 (2m,Gid2.HH3 (1m,5i21 H) ,
2 (ES| DY .[3M]2 .

N-(2-Aminophenyh-((4-(((1R,2S)2-phenylcyclopropyl)amino)piperidif-
yl)methyl)benzamid@5F). To a solution of compountil4(60 mg, 0.155 mmol, 1.0 eq.)

in dry DMF (775 pL), HBTU (71 mg, 0.186 mmol, 1.2 eq.), and TEA (43 pL, 0.310
mmol, 4 eq.) were added, and the resulting solution was stirred at r.t. unttar30
minutes. Then 1;phenylenediaminel5 18 mg, 0.171 mmol, 1.1 eq.) was added, and
the reaction mixture was stirred for additional 6 h. After that, saturate€Ndlution

was added (5 tr), and the mixture was extracted with EtOAc (3 x 5 mL). The combined
organic layers were washed with saturatedsGlHsolution (1 x 15 mL), saturated
NaHCQ; solution (1 x 10 mL), and brine (1 x 15 mL). The organic phase was dried over
anhydrous NaS§) filtered, and driedn vacuo The crude was purified by column
chromatography on silica géDCM/MeOH, from 50:1 to 10:1), affording the title
compound agellow oil (15 mg, 22% yield}*H NMR (300 MHz, CDCJ) i 7.95 (s, 1H),

7.86 (d,J = 6.7 Hz, 2H), 7.45 (d) = 6.2 Hz, 2H), 7.32 (d] = 7.8 Hz, 1H), 7.29 7.18

(m, 3H), 7.18 7.06 (m, 2H), 7.01 (d] = 7.4 Hz, 2H), 6.85 (d] = 7.5 Hz, 2H), 3.58 (s,

2H), 2.85 (dJ = 11.5 Hz, 2H), 2.71 2.65 (m, 1H), 2.39 2.29 (m, 1H), 2.14 2.01 (m,

2H), 1.96i 1.85 (m, 3H), 1.56 1.40 (m, 2H), 1.14 0.95 (m, 2H)13C NMR (75 MHz,
CDCl) U 165.7, 142.9, 142.2, 140.7, 132.9, 129.4, 128.6, 128.3, 127.3, 125.7, 125.5,
125.2,124.6, 119.8, 118.4, 62.5, 55.0, 52.4, 39.6, 32.7, 25.5FRF.8MSm/z [M+H]"

441.



10.6 Experimental section othe potential dualacting HDAC1/FAAH compound 37

tert-Butyl  4-methylenepiperidind-carboxylate  {16). A  suspension  of
methyltriphenylphosphonium bromide (500 mg, 1.40 mmol, 1.00 eq.) in dry THF (2 mL)
was cooled down to 0 °C, and then a solution-BuLi in dry THF (1.7 M, 864 uL, 1.47
mmol, 1.05 eq.) was added dropwise. The resulting mixture was stirred at 0 °C wnder N
for 15 minutes, followed by the addition of a solutioridoc-4-piperidone 91, 293 mg,

1.47 mmol, 1.05 eq.) in dry THF (2.5 mL). After stirring0&tC for 2 h, lhe reaction was
allowedto stir at r.t. for additional 6 hAfter that, the mixture was quenched with a
saturated NH4CI solution (25 mL), and then extracted with EtOAc (3 x 20 mL). The
combined organic layers were dried over anhydrou$®a filtered and driedh vacuo

The crude was purified by column chromatography on silica gel (PE/EtOAc, from 80.1
to 50:1) to afford the title compound kght-yellow oil (223 mg, 62% yield)!H NMR

(300 MHz,Acetoneds) U 4.73 (s, 2H), 3.38 (s, 4H), 2.14 (s, 4H), 1.44 (s, BHLMS

m/z [M + NaJ* 220.

tert-Butyl 4-(benzo[d][1,3]dioxot5-yImethyl)piperidinel-carboxylate {18. To a
solution of compound16(50 mg, 0.258 mmol, 1.00 eq.) in dry THF (516 pL), a solution
of 9-BBN (0.5 M, 612 pL, 0.306 mmol, 1.18 eq.) was added, and the resulting solution
was stirred at r.t. underNbr 1 h. After that, the mixture was transferred in agmepared
solution of compound 17 (36 pL, 0.297 mmol, 1.15 eq.),.R0z (42 mg, 0.306 mmol,
1.18 eq.), and Pd(dppf)£(4 mg, 0.005 mmol, 0.02 eq.) in a mixture of DMEIH5:1

(859 uL). The solution was heated at 60 °C and allowed to stir for 14 h. The reaction was
guenched byhe addition of 1 M NaOH, extracted with EtOAc (3x 15 mL), and then t
combined organic layers were dried over anhydrou$Qa filtered and driedn vacuo

The crude was purified by column chromatography on silica gel (PE/EtOAc, from 80.1
to 30:1) to afford the title compound kght-yellow oil (67 mg, 81% yield)'H NMR

(300 MHz, Acetoneds) U 6.791 6.68 (m, 2H), 6.63 (dd] = 7.8, 1.7 Hz, 1H), 5.94 (s,
2H), 4.03 (dJ = 13.1 Hz, 2H), 2.47 (dl = 7.0 Hz, 2H), 2.40 2.29 (m, 1H), 1.92 1.71

(m, 1H), 1.64 1.53 (m, 2H), 1.42 (s, 9H), 1.06 (gt 12.7, 4.3 Hz, 2H).ESMS m/z[M

+ NaJ" 342.

4-( Benzo[ d]-byl, Bg tdh yolx)dpl)9pce ra ds olelu@®Gi 70 nmgo, f 0. 2 0

mmo | 1.0 eqgq) in MeOH (10 mLJUyrapwobetaddec
mL ) . Solvent was removed under reduced pr
repeated for 3 times. The resioduei was and:

extracted with Eth@AccomixnmedOomganic | aye
anhydr8@s fNa t eried, vaiotdloed raocempoundr wagi aht a
oil without any furtherHpNMR f(i TEeitddyze( 20 n
u6 . v®. 66 (m, 2H).,7.®.,62.(7ddHz, 1H)=, 19. B3 HiEzs,
2H) ,72.8B1L (m,i2LK)8, (2.s5%.44HB) ,( ni, i 624H0)0, (Im,1 & H)
ESI nMS [ M2BRD.

N-(2-aminophenyb4-(benzo[d][1,3]dioxot5-yImethyl)piperidinel-carboxamide 7).

To a solution of compounti19 (20 mg, 0.091 mmol, 1.0 eq) in dry DCM (9[Q), a
saturated NaHC¢X»olution (3 mL) were added. After that, the biphasic system was cooled
down to O °C, and a solution of phosgene was added without stirring (20 % m/V, 90 pL,
0.182 mmol, 2.00 eq.). The mixture was allowed to reach the r.t. for 1 h, and then it was
transfered in a separatory funnel, and partitioned. The aqueous phase was further
extracted twice with EtOAc (2 x 3 mLThe combined organic layers were dried over

MOT



anhydrous N£5Qy, filtered, and drieth vacuoat 30 °C, to give the metastable carbomoyl
chloride. This latter was immediately dissolved in dry T(9EO L), followed by the
addition of 1,2phenylenediaminel5 11 mg, 0.101 mmol, 1.1 eq.), and dry TEA (25
uL, 0.182 mmol, 1.15 eq.The solution was stirred at r.t. underfidr 6h, and after that,
solvent was removed under reduced pressure. The crude was purified by column
chromatography on silica gaPE/EtOAc, from 5:1 to 1)1to furnish the title compmd
asorange oil (15 mg, 46% yield)H4 NMR (300 MHz,Acetoneds) i 8.25 (s, 1H), 7.40
(dt,J=7.3, 3.7 Hz, 1H), 7.10 6.96 (m, 1H), 6.80 6.69 (m, 2H), 6.70 6.62 (m, 1H),
5.94 (s, 2H), 4.16 (d,= 13.1 Hz, 2H), 2.79 2.74 (m, 1H), 2.51 (d]= 7.1 Hz, 2H), 1.88

i 1.72 (m, 1H), 1.67 (dd] = 12.9, 3.0 Hz, 2H), 1.17 (qd,= 12.3, 4.2 Hz, 2H)ESI MS
m/z [M+H]" 354.

10.7 Experimental section othe indolizine-based HDACG6is 384

10.7.1 Synthesis of@yridin-2-yl) acetates124-126

Methyl(2pyridin-2-yl)acetate) {24). To a solution of Apyridin-2-yl)-acetic acid
hydrochloride {23 200 mg, 1.15 mmol, 1 eq.) in MeOH (1.4 mL), precooled to 0 °C,
TMSCI (292 pL, 2.304 mmol, 2 eq.) was added dropwise. The mixture was allowed to
reach r.t., and then was stirred for 15 h. After that, solvent was renmovacuq and the
residue was treated with saturated NaH&@ution. The resulting agueous solution was
extracted with DCM (3 x 10 mL), and then the combined organic layers were dried over
anhydrous N5y, filtered, and driedn vacuoto afford the product as yellow dil43

mg, 97% yield)*H NMR (300 MHz, CROD) i 8.471 8.41 (m, 1H), 7.76 (td) = 7.7,

1.8 Hz, 1H), 7.38 (d) = 7.8 Hz, 1H), 7.32 7.25 (m, 1H), 3.84 (s, 2H), 3.67 (s, 3H).

Allyl 2-(pyridin-2-yl)acetate {25. To a suspension of-g@yridin-2-yl) acetic acid
hydrochloride(123 4.00 g, 23.05 mmol, 1.0 edr) dry DCM (46 mL), TEA (9.64 mL,
69.15 mmol, 3.0 eq.), DCC (7.13 g, 34.58 mmol, 1.5 eq.), DMAP (141 mg, 1.15 mmol,
0.05 eq.), and allyl alcoh@k.35 mL, 34.58 mmol, 1.5 eq.) were added. The reaction
mixture was stirred at 40 °C for 16 h, and then was filtered under vacuum on a pad of
celite. The filtrate was washed with saturated Naki€@ution (3 x 30 mL), and then
with brine (1 x 30 mL). The resulting organic phase was dried ovegs®afiltered, and
dried in vacuo The crude was purified by column chromatography on silica gel
(PE/EtOAc, from 2:1 to 1:1), to afford the product as yellow oil (2.33 mg, 57% yteld).
NMR (400 MHz, CDC}) U 8. 55 ( &57.4HH)H), 733 822 (m( IH),
7.2271 7.11 (m, 1H), 5.90 (ddt] = 16.2, 10.5, 5.3 Hz, 1H), 5.27 (d,= 17.2 Hz, 1H),

5.20 (d,J = 10.4 Hz, 1H), 4.62 (d] = 4.4 Hz, 2H), 3.87 (s, 2H).

tert-Butyl 2-(pyridin-2-yl) acetate {26). To a suspension of@yridin-2-yl) acetic acid
hydrochloridg(123 61, 1 g, 5.76 mmol, 1 eqr) dry DCM (23 mL, 0.25 M), TEA (1.165

g, 11.52 mmol, 2 eq.), DCC (1.188 mg, 5.76 mmol, , 1 eq.), DMAP (35 mg, 0.28 mmol,
0.05 eq.), antkert-butanol (622 pL, 11.52 mmol, 2 eq.) were added. The reaction mixture
was stirred at r.t. for 16 h, and then was filtered umdenoon a pad of celite. The filtrate
was washed with saturated NaHg€golution (3 x 30 mL), and then thi brine (1 x 30

mL). The resulting organic phase was dried ovesS{x, filtered, and driedn vacuo

The crude was purified by column chromatography on silica gel (PE/EtOAc, from 5:1 to
2:1), to afford the product agellow oil (504 mg, 45% yield)!H NMR (300 MHz,
Acetoneds) U8.49 (d,J=4.1 Hz, 1H), 7.71 (d]= 7.6 Hz, 1H), 7.34 (d] = 7.8 Hz, 1H),
7.2771 7.19 (m, 1H), 3.73 (s, 2H), 1.43 (s, 9H).



10.7.2 Synthesis of the key intermediatd20-122, and their corresponding
monocarboxylic acid 27-129

General procedure for the synthesis of-di@sterindolizine120-122 (GP-A)

A solution of the appropriat (pyridin-2-yl) acetatg124-126 1.0 eq.), andMF-DMA

(1.5 eq.) in DMF (0.3 M) was placed in a tube which was sealed with a PTFE cap and
heated at 130 °C for 4 h until the complete conversion into the corresponding acrylate
intermediate After cooling to r.t.the reaction mixture was treatedth the appropriate
bromoacetate ester (2.0 eq.), and then al
was cooled down to r.t., and saturatedsSHsolution was added, followed fextraction

with EtOAc (3 x). The combined organic layers were washed with saturate@lNH
solution (1 x), saturated NaHGG®olution (1x), and brine (1x) to get rid of DMF. The
organic phase was dried over anhydrous sodium sulfate, filtered and conceintrated
vacua The crude was purified by column chromatography on silica gel (PE/EtOAC) to
give the title compound.

3-Benzyl1l-methytindolizine 1,3-dicarboxylate {20). Starting from124 (635 mg, 4.20
mmol, 1 eq.), and benzytaomoacetate (798 uL, 5.04 mmol, 1.2 eq.), titte compound
was obtained according to the general procedureAGPurification by column
chromatography on silica gdPE/EtOAc 10:) afforded the desireproduct as green oil
(400 mg, 31% yield)!H NMR (300 MHz,Acetoneds) 1 9.32 (d,J = 7.0 Hz, 1H), 8.13
(d,J=9.0 Hz, 1H), 7.69 (s, 1H), 7.50 (@= 7.1 Hz, 2H), 7.43 7.31 (m, 3H), 7.28
7.20 (m, 1H), 7.02 6.90 (m, 1H), 5.34 (s, 2H), 3.82 (s, 3H).

1-Allyl 3-ethyl indolizinel,3-dicarboxylate {21). Starting from125(2.33 g mg, 13.17
mmol), and ethyl zbromoacetate (2.08 mL, 26.34 mmol), titte compound was obtained
according to the general procedure-&PPurification by column chromatography on
silica gel PE/EtOAc 10:] afforded the desireproduct asrownish solid (1.134 g, 32%
yield). *H NMR (300 MHz, CDCY) 119.53 (dt,J= 7.1, 1.2 Hz, 1H), 8.34 (di,= 9.0, 1.3

Hz, 1H), 8.02 (s, 1H), 7.32 (ddd= 9.1, 6.8, 1.2 Hz, 1H), 6.99 (td= 6.9, 1.4 Hz, 1H),
6.1771 5.98 (m, 1H), 5.49 5.36 (m, 1H), 5.3% 5.24 (m, 1H), 4.84 (dtJ = 5.6, 1.5 Hz,
2H), 4.39 (qJ = 7.1 Hz, 2H), 1.41 () = 7.1 Hz, 3H).

3-Benzyl i(tert-butyl) indolizinel,3-dicarboxylate {22). Starting from126 (504 mg,
2.60 mmol), and benzyl-Bromoacetate (495 uL, 3.13 mmol.), title compound was
obtained according to the general procedure-AGPPurification by column
chromatography on silica gePE/EtOAc 10:) afforded the desirgoroduct agellow oil
(124 mg, 12% yield)*H NMR (300 MHz,Acetoneds) Ui 9.50 (d,J = 7.1 Hz, 1H), 8.30
(d,J=9.0 Hz, 1H), 7.85 (s, 1H), 7.51 @ 7.1 Hz, 2H), 7.45 7.30 (m, 4H), 7.11 (td,
J=17.0, 1.2 Hz, 1H), 5.40 (s, 2H), 1.60 (s, 9H).

1-(Methoxycarbonybndolizine 3-carboxylic acid 127). To a suspension of compound
120(82 mg, 0.65 mmol, 1 eq.) in MeOH (2.65 mL, 0.1 M), undgrd\catalytic amount

of Pd/C (0.28 mg, 0.0065 mmol, 0.01 eq.) was added. After that, the reaction mixture was
stirred under H until the full conversion of the starting material (3 h), which was
monitored by TLC and ESMS. Then, the suspension was filtered on a paper filter and
driedin vacuoto obtain the title compound dsisty brownish solid (58 mg, quantitative
yield). *H NMR (300 MHz, CROD) 119.54 (d,J = 7.1 Hz, 1H), 8.29 (d] = 9.0 Hz, 1H),

7.92 (s, 1H), 7.44 7.36 (m, 1H), 7.08 () = 6.5 Hz, 1H), 3.89 (s, 3H). ESI M8/z [M-

H] 218.
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3-(Ethoxycarbonyl)indolizind-carboxylic acid {28). To a solution of compounii21
(567 mg, 2.07 mmol, 1.00 eq.) in dry DCM (22 mL), Pd(#HA216 mg, 0.19 mmol, 0.09
eq.), PPB(81 mg, 0.31 mmol, 0.15 eq.), and piperidine (2152.18 mmol, 1.05 eq.)
were sequentially added under a positive anhydroysréssure. The resulting solution
was stirred at r.t. underoNor 4 h until the full conversion of the starting material, and
then was treated with 1N HCI to adjust the pH to 5. The biphasic systemawsfetred

in a separatory funnel, and the aqueous phase was extracted with DCM (25 mL x 3). The
combined organic layers were further washed with saturated Nast@@on, dried over
anhydrous Ng5Qq, filtered, and driedn vacuo The crude was purified by column
chromatography on silica gel (DCM/MeOH, from 60:1 to 30:1) to afford the title
compound a$ight-yellow solid (quantitative yield):H NMR (300 MHz,Acetoned) Ui
9.55 (dt,J = 7.1, 1.1 Hz, 1H), 8.36 (d,= 9.0 Hz, 1H), 7.91 (s, 1H), 7.47 (ddb= 9.1,

6.8, 1.2 Hz, 1H), 7.18 (dd,= 7.6, 6.3 Hz, 1H), 4.39 (d,= 7.1 Hz, 2H), 1.40 ()= 7.1

Hz, 3H).ESI MSm/z [M-H]" 232.

3-((Benzyloxy)carbonyl) indoliziag-carboxylic acid 129. Compound122 (62 mg,

0.176 mmol, 1 eq,) was dissolved in dry DCM (1.54 mL, 0.114 M), and then TFA (135
pL, 1.76 mmol, 10 eq.) was added dropwise, and the reaction mixture was stirred at r.t.
for 48 h. The mixture was quenched with few drops of saturated Nakt@@ion. After

that, solvents were removedth vacuo The residue was purified by column
chromatography on silica gel (DCM/MeOH from 60:1 to 30:1), affordivegcompound
aswhite-violet solid (27 mg, 52%)*H NMR (300 MHz,Acetoneds) 11 9.55 (d,J = 7.1

Hz, 1H), 8.36 (dJ = 9.0 Hz, 1H), 7.96 (s, 1H), 7.577.31 (m, 6H), 7.19 (ddl= 6.9, 6.0

Hz, 1H), 5.42 (s, 2H), 3.662.61 (bs, 1H). ESI M#&/z [M-H] 294.

10.73 Synthesis of themines130, and138
4-(BromomethybN-((tetrahydre2H-pyran-2-yl)-oxy)benzamidel@2). To a solution of
4-(bromomethyl)benzoic acid 81, 400 mg, 1.86 mmol, 1 eq.) in a mixture of dry DMF
(2.8 mL, 1.03 M,) and dry DCM (13.3 mL, 0.14 MQ-(tetrahydre2H-pyran2-
yl)hydroxylamine (218 mg, 1.86 mmol, 1 eq.) and EBXTI (428 mg, 2.23 mmol, 1.2
eq.) were added, under.Nrhe reaction mixture was allowed to stir at r.t. for 15 h. The
reaction mixture was evaporatedvacuq in order to remove DCM. The residue was
diluted with EtOAc and washed with saturated &8Hsolution (2 x 15 mL), saturated
NaHCQ solution (1 x 15 mL), and brine (1 x 15 mL). The organic phase was dried over
anhydrous N£5Qy, filtered, and concentrated until dryness. The crude was purified by
column chromatography on silica gel (petroleum ether/EtOAc, from 2:1 to 1:1), giving
the title compound asansparent oil (428 mg, 73% yieldd NMR (300 MHz, CDCJ)
u8.79 (s, 1H), 7.75 (d] = 8.2 Hz, 2H), 7.46 (d) = 8.2 Hz, 2H), 5.08 (s, 1H), 4.60 (s,
2H), 4.05i 3.95 (m, 1H), 3.72 3.61 (m, 1H), 1.96 1.81 (m, 3H), 1.74 1.60 (m, 3H).

ESI MSm/z [M + Na]* 337.

4-(AzidomethyBN-((tetrahydre2H-pyran-2-yl)-oxy) benzamide 133). To a solution of
compoundl32 (428 mg, 1.36 mmol, 1 eq.) in dry DMF (3 mL, 0.45 M), Né8b4 mg,

5.44 mmol, 4 eq.) and TBAI (5 mg, 0.014 mmol, 0.01 eq.) were added. The mixture was
stirred at 60°C for 15 h. After that, saturated48Hsolution, was added, and the mixture
was extracted three times with EtOAc. The collected organic layers were washed twice
with brine, dried over anhydrous P&y, filtered, and driedn vacuq affording the
desired product aspalescent oil (264 mg, 70% yieldd NMR (300 MHz, CDC}) U

10.74 (s, 1H), 7.66 (d = 8.0 Hz, 2H), 7.13 (d) = 7.9 Hz, 2H), 4.92 (s, 1H), 4.17 (s,

M



2H), 3.88 (tJ = 10.0 Hz, 1H), 3.38 (d} = 10.7 Hz, 1H), 1.70 1.54 (m, 3H), 1.47 1.32
(m, 3H).ESI MSm/z [M + Na]* 299

4-(AminomethybN-((tetrahydre2H-pyran-2-yl)-oxy)benzamidel@0). To a solution of
compoundl33(264 mg, 0.95 mmol, 1 eq.) in dry THF (4 mL, 0.23 M), P76 mg,

1.05 mmol, 1.1 eq.) was addadd0°C, followed by the dropwise addition of®(0.68

mL, 1.39 M). The reaction mixture was allowed to stir at r.t. for 5 h. After that, THF was
removedn vacuq and the aqueous phase was washed with EtOAc (1 x 10 mL), and then
the organic phase was extracted three times with water. The aqueous layers weme dried
vacuq to obtain the title compound asite solid (239 mg, quantitative yield3d NMR

(300 MHz, CROD) 11 7.76 (d,J = 8.3 Hz, 2H), 7.45 (d) = 8.2 Hz, 2H), 5.05 (s, 1H),

4.13 (ddJ = 16.7, 7.0 Hz, 1H), 3.91 (s, 2H), 3.68.54 (m, 1H), 1.87 1.76 (m, 3H),

1.717 1.55 (m, 3H)ESI MSm/z [M + Na]* 273.

tert-Butyl 3-(benzylamino)azetiding-carboxylate {45. A solution of (44, 100 mg,

0.584 mmol, 1.0 eq.), and benzylamine (i1Q ,0.642 mmol, 1.1 eq.) in dry toluene (6
mL) were stirred at 120 °C for 2 h by using the D&ark apparatus. After that, solvent
was removed under reduced pressure, and the residue was immediately dissolved in
MeOH (6 mL), and treated with NaBH44 mg, 1.168 mmol, 2.0 eq.). The resulting
mixture was stirred for 5 h at r.t., under. Nhen, the reaction mixture was quenched with

a saturaéd NaHCQ solution, and concentrated until dryness. The residue was suspended
in EtOAc and washed with saturated NaH&Olution (15 mL x 3), and saturated MNH
solution (15 mL x 1). The organic phase wiaigd over anhydrous N&Qy, filtered, and

dried in vacua The crude was purified by column chromatography on silica gel
(PE/EtOAC, 1:1) to afford the title compoundpadeyellow oil (128 mg, 83% yield):H

NMR (300 MHz,Acetonede) U 7.417 7.19 (m, 5H), 4.01 3.92 (m, 2H), 3.72 (s, 2H),
3.651 3.52 (m, 3H), 1.40 (s, 4HESI MSm/z [M + NaJ" 285.

tert-Butyl 3-aminoazetidinel-carboxylate(138). To a solution 0f145 (55 mg, 0.209
mmol, 1.0 eq.), in MeOH (3 mLammoniumformate (105 mg, ,1.672 mmol, 8.0 eq.),
and a catalytic amount of Pd(Ohiere sequentially added. The resulting suspension was
stirred at 80 °C for 1 h. After that, the catalyst was removed by filtration, and the resulting
filtrate was concentrated until dryness to give the desired produtcarasparent olil
(quantitative yield)H NMR (300 MHz,Acetoneds) 114.227 4.11 (m, 1H), 4.09 4.01

(m, 1H), 3.98 3.88 (m, 1H), 3.88 3.70 (m, 2H), 1.40 (s, QHESI MSm/z [M + H]*

174.

10.74 Synthesis of thedolizinebased intermediates

General procedure for the synthesidlué amidantermediates (GHB)

The appropriate carboxylic acid (1 eq.) was dissolved in dry DMF (0.1 M), undandl
then EDCHHCI (1.5 eq.), HOBt (1.5 eq.), DIPEA (4 eq.) ahée appropriate amine (1.0
1.5 eq.) were sequentially added, and then the resulting mixture was allowed to stir at r.t
for 16 h. After that, saturated N&I solution was added and the mixture was extracted
with EtOAc (3 x). The combined organic layers were washed with saturate@lNH
solution (1 x), saturated NaHG®olution (1 x), and brine (1 x). The organic phase was
dried over anhydrous NaSCfiltered, and driedn vacuo The crude was purified by
column chromatography on silica €lE/EtOAc or DCM/M®H), affording the title
compound.



General procedure for theaponification of the ester derivativgsP-C)

To a solution ofthe appropriate estéfl eq.) in MeOH (0.1 M), 4M NaOH aqueous
solution (5 eq.) was added dropwise. The reaction was heated at 80 °C for 4 h, and then
6 N HCI solution was added at 0 °C, until the pH was around 5. Solvents were
concentrated until dryness, and the resultingdesiwas suspended with,®l, and
extracted with EtOAc. The organic layers were dried over anhydrorshldfiltered,

and then evaporated under reduced pressure, affordidgshiedoroductwithout further
purification.

Methyt3-((4-(((tetrahydre2H-pyran-2-yl)oxy)carbamoyl)benzyl)carbamoyl)indolizine
1-carboxylate {34). Starting from the carboxylic aciti27 (35 mg, 0.159 mmol) and the
aminel30(40 mg, 0.159 mmol, 1 eq.), the title compound was obtaingellasv oil (47
mg, 65% yield) following the general procedure &R *H NMR (300 MHz,Acetone
ds) 0 10.91 (s, 1H), 9.74 (d,= 7.0 Hz, 1H), 8.43 (1 = 5.5 Hz, 1H), 8.21 (d] = 8.9 Hz,
1H), 8.02 (s, 1H), 7.79 (d,= 7.8 Hz, 2H), 7.44 (d] = 7.9 Hz, 2H), 7.34 7.25 (m, 1H),
6.97 (t,J=6.9 Hz, 1H), 5.09 (s, 1H), 4.65 (@= 5.8 Hz, 2H), 4.12 3.98 (m, 1H), 3.82
(s, 3H), 3.50 (dJ = 11.1 Hz, 1H), 1.88 1.67 (m, 4H), 1.63 1.41 (m, 3H)ESI MSm/z
[M + Na]* 474.

3-((4-(((Tetrahydre2H-pyran2-yl) oxy) carbamoyl)benzyl)carbamoyl)indolizitie
carboxylic acid 135). Starting from the compounti34 (195 mg, 0.43 mmol, 1 eq.), title
compound was obtained aghite solid (162 mg, 86% yield), faiving the general
procedure GFC. *H NMR (300 MHz, CROD) 1 9.63 (d,J = 7.0 Hz, 1H), 8.27 (d] =
9.0 Hz, 1H), 7.97 (s, 1H), 7.75 (d= 8.0 Hz, 2H), 7.47 (d) = 8.0 Hz, 2H), 7.37 7.26
(m, 1H), 6.98 (tJ = 6.7 Hz, 1H), 5.04 (s, 1H), 4.63 (s, 2H), 4.11&,9.5 Hz, 1H), 3.61
(d,J=10.7 Hz, 1H), 1.94 1.76 (m, 3H), 1.70 1.54 (m, 3H)ESI MSm/z [M - H] 436.

1-(Morpholine-4-carbonyl}N-(4-(((tetrahydre2H-pyran-2-
yl)oxy)carbamoyl)benzyl)indolizif&carboxamide 136). Starting from the carboxylic
acid 135 (35 mg, 0.159 mmol) and morpholine (40 mg, 0.159 mmol, 1 eq.), title
compound was obtained aghite solid (46 mg, 79% yield), following the general
procedure GMB. *H NMR (300 MHz, CROD) (i110.79 (dJ = 10.8 Hz, 1H), 9.70 (d} =

7.1 Hz, 1H), 8.28 (s, 1H), 7.91 @z 9.0 Hz, 1H), 7.79 (s, 1H), 7.71 @@= 7.9 Hz, 2H),
7.38 (d,J=7.9 Hz, 2H), 7.21 7.11 (m, 1H), 6.90 (t) = 6.9 Hz, 1H), 5.04 (s, 1H), 4.59
(d,J=5.6 Hz, 2H), 4.03 (dd] = 14.9, 6.0 Hz, 1H), 3.63 (dd= 13.3, 4.3 Hz, 8H), 3.49
(d,J=11.3 Hz, 1H), 1.81 1.63 (m, 3H), 1.63 1.45 (m, 3H). ESI MSn/z [M + Na]'

529.

1-(4-Methylpiperazinel-carbonyl}N-(4-(((tetrahydre2H-pyran-2-
yl)oxy)carbamoyl)benzyl)indolizid&carboxamide 137). Starting formthe carboxylic
acid 135 (35 mg, 0.159 mmol) and-rhethylpiperazine (40 mg, 0.159 mmol, 1 ehg
title compoundwas obtainediswhite solid (34 mg, 57%ield), following the general
procedure GMB. H NMR (300 MHz,Acetoneds) 1 10.81 (s, 1H), 9.72 (d = 7.2 Hz,
1H), 8.37 (tJ = 5.9 Hz, 1H), 7.90 (d] = 9.0 Hz, 1H), 7.80 (s, 1H), 7.74 (@ 8.2 Hz,
2H), 7.40 (dJ = 8.2 Hz, 2H), 7.17 (dddl = 9.0, 6.7, 0.8 Hz, 1H), 6.966.87 (m, 1H),
5.07 (s, 1H), 4.61 (d] = 6.0 Hz, 2H), 4.14 3.99 (m, 1H), 3.73 3.62 (m, 4H), 3.57
3.46 (m, 1H), 2.37 2.29 (m, 4H), 2.19 (s, 3H), 1.841.69 (m, 3H), 1.67 1.47 (m,
3H). ESI MSm/z [M + Na]* 542.



Ethyl 1-(4-(tert-butoxycarbonyl)piperazing-carbonyl)indolizine3-carboxylate (139).
Starting fronthe carboxylic acid28 (57 mg, 0244mmol) and 1Boc-piperazine 0 mg,
0.268 mmol), thetitle was obtaine@stransparent oi(53 mg, 5% yield), following the
general procedure GB. *H NMR (300 MHz,Acetoneds) U 9.46 (dt,J = 7.1, 1.1 Hz,
1H), 7.98 (dtJ = 9.0, 1.3 Hz, 1H), 7.63 (s, 1H), 7.877.23 (m, 1H), 7.06 (td] = 7.0,
1.4 Hz, 1H), 4.37 (9] = 7.1 Hz, 2H), 3.76 3.66 (m, 4H), 3.54 3.44 (m, 4H), 1.46 (s,
9H), 1.37 (tJ = 7.1 Hz, 3H)ESI MSm/z [M + Na]* 424.

1-(4-(tert-Butoxycarbonyl)piperaziné-carbonyl)indolizine3-carboxylic acid 146).
Starting from thesthyl ester139 (53 mg, 0132 mmol), thetitle compound was obtained
aswhite solid guantitative yieldfollowing the general procedure &P *H NMR (300
MHz, Acetoneds) U9.51 (d,J= 7.0 Hz, 1H), 8.00 (d] = 9.0 Hz, 1H), 7.66 (s, 1H), 7.34
I 7.23 (m, 1H), 7.09 6.98 (m, 1H), 3.77 3.68 (m, 4H), 3.57 3.46 (m, 4H), 1.46 (s,
9H). ESI MSm/z [M - H] 372

tert-Butyl 4-(3-((4-(methoxycarbonyl)benzyl)carbamoyl)indolizihe
carbonyl)piperazinel-carboxylate(151). Starting fromthe carboxylic acid46 (49 mg,

0.131 mmol) andmethyl 4(aminomethyl)benzoate82 mg, 0197 mmol), thetitle was
obtainedastransparent oi(51 mg, 75% yield), following the general procedure &2

H NMR (300 MHz,Acetoneds) i9.73 (d,J= 7.8 Hz, 1H), 8.35 (= 6.2 Hz, 1H), 7.98
i 7.88 (m, 3H), 7.81 (s, 1H), 7.48 @@= 8.2 Hz, 1H), 7.24 7.12 (m, 1H), 6.93 (ttJ =

6.9, 1.6 Hz, 1H), 4.66 (d) = 5.9 Hz, 2H), 3.86 (s, 3H), 3.68 (dil= 6.4, 4.0 Hz, 4H),
3.45 (t,J = 5.1 Hz, 4H), 1.44 (s, 9HESI MSm/z [M + Na]* 553.

Ethyl 1-(piperidinel-carbonyl)indolizine3-carboxylate {40). Starting from the
carboxylic acidl28 (60 mg, 0.257 mmol) and piperidine (30 pL, 0.309 mmol), the title
compound was obtained asange oil (45 mg, 58%ield), following the general
procedure GMB. 'H NMR (300 MHz,Acetoneds) 1 9.45 (dt,J= 7.1, 1.1 Hz, 1H), 7.93
(d,J=9.0 Hz, 1H), 7.57 (s, 1H), 7.27 (ddtz 9.0, 6.8, 1.1 Hz, 1H), 7.04 (= 6.9 Hz,
1H), 4.36 (gJ = 7.1 Hz, 2H), 3.65 (1) = 5.4 Hz, 4H), 1.75% 1.53 (m, 6H), 1.37 (J =

7.1 Hz, 3H)ESI MSm/z [M + NaJ* 323.

1-(Piperidine-1-carbonyl)indolizine3-carboxylic acid (147). Starting from theethyl
ester140 (45 mg, 0149 mmol), the titte compound was obtained asangish solid37
mg, 94% vyield)following the general procedure &R *H NMR (300 MHz, CDCY) U
9.41 (d,J= 7.1 Hz, 1H), 7.97 (d] = 9.0 Hz, 1H), 7.66 (s, 1H), 7.247.13 (m, 1H), 6.94
i 6.85 (m, 1H), 3.69 (s, 4H), 1.801.51 ps 6H).ESI MSm/z [M - H] 271.

Methyl 4((1-(piperidine1-carbonyl)indolizine3-carboxamido)methyl)benzoatd 5Q).
Starting from the carboxylic acidl47 (37 mg, 0.14 mmol) and methyl- 4
(aminomethyl)benzoate (34 mg, 0.20 mmol),title was obtained agellow oil (33 mg,
56% yield), following the general procedure @R *H NMR (300 MHz, CDCY) (i 9.58
(d,J=7.2 Hz, 1H), 7.91 (d) = 8.2 Hz, 2H), 7.64 7.49 (m, 3H), 7.33 (d]) = 8.1 Hz,
2H), 7.061 6.99 (m, 1H), 6.75 () = 6.9 Hz, 1H), 4.59 (d] = 5.9 Hz, 2H), 3.88 (s, 3H),
3.581 3.49 BS, 4H), 1.58 (dqJ = 25.2, 6.6, 5.4 Hz, 6HESI MSm/z [M + NaJ* 442

Ethyl 1-(3-hydroxyazetiding-carbonyl)indolizine3-carboxylate {41). Starting from
the carboxylic acidl28 (100 mg, 0.43 mmol) and-Bydroxyazetidine trifluoroacetate
(160 mg, 0.86 mmol), the title compound was obtainemtasge oil (75 mg, B% yield),
following the general procedure @R 'H NMR (300 MHz,Acetoneds) U 9.50 (dt,J =



7.2, 1.1 Hz, 1H), 8.51 (df,= 9.0, 1.3 Hz, 1H), 7.68 7.58 (m, 1H), 7.35 (ddd} = 9.1,
6.8, 1.2 Hz, 1H), 7.12 (td,= 6.9, 1.5 Hz, 1H), 4.964.88 (m, 1H), 4.78 4.65 (m, 1H),
4.641 4.44 (bs, 2H), 4.37 (G} = 7.1 Hz, 2H), 4.23 3.97 (bs, 2H), 1.38 (f] = 7.1 Hz,
3H). ESI MSm/z [M + Na]* 311.

1-(3-Hydroxyazetidinel-carbonyl)indolizine3-carboxylic acid {48). Starting from the
ethyl ester141 (75 mg, 026 mmol), the tittle compound was obtained asite solid
(quantitative yieldfollowing the general procedure &R *H NMR (300 MHz, CROD)
09.51 (d,J = 7.1 Hz, 1H), 8.36 (dJ = 9.0 Hz, 1H), 7.70 (s, 1H), 7.397.28 (m, 1H),
7.05 (t,J=6.8 Hz, 1H), 4.79 4.58 ps 2H), 4.58i 4.13 ps 2H), 4.14i 3.85 ps 1H).
ESIMSm/z [M - H] 259

Methyl 4((1-(3-hydroxyazetiding-carbonyl)indolizine3-
carboxamido)methyl)benzoatEsB). Starting from the carboxylic acith8(68 mg, 026
mmol) and methyl 4aminomethyl)benzoat&4 mg, 039 mmol), the title was obtained
aswhite solid (70 mg, 66% yield), following the general procedure @R *H NMR (300
MHz, DMSO-ds) U9.68 (d,J= 7.2 Hz, 1H), 8.99 (= 6.0 Hz, 1H), 8.33 (d] = 9.2 Hz,
1H), 7.98i 7.86 (m, 3H), 7.47 (d] = 8.3 Hz, 2H), 7.26 (dddl = 9.1, 6.7, 1.2 Hz, 1H),
7.00 (td,J=6.9, 1.5 Hz, 1H), 5.74 (d,= 5.9 Hz, 1H), 4.62 4.47 ps 4H), 4.471 3.85
(bs 3H), 3.82 (s, 3HESI MSm/z [M + NaJ* 430.

Ethyl 1-(2-oxa6-azaspiro[3.3]heptan&-carbonyl)indolizine3-carboxylate (142).
Starting from the carboxylic acid 128 (100 mg, 043 mmol) and 2-oxa6-
azaspiro[3.3]heptanexalate(162 mg, 086 mmol), the title compoundvas obtained as
white solid (51 mg, 38% vyield), following the general procedure @ 'H NMR (300
MHz, CDCb) 11 9.46 (d,J = 7.1 Hz, 1H), 8.48 (d) = 8.8 Hz, 1H), 7.56 (s, 1H), 7.31
7.19 (m, 1H), 6.95 (td] = 6.9, 1.4 Hz, 1H), 4.83 (s, 4H), 4.761.22 (m, 6H), 1.40 (1
= 7.1 Hz, 3H)ESI MSm/z [M + Na]* 337.

1-(2-Oxa-6-azaspiro[3.3]heptan&-carbonyl)indolizine3-carboxylic ~ acid  (149).
Starting from theethyl ester142 (51 mg, 016 mmol), the titte compound was obtained
aswhite solid (quantitative yieldfollowing the general procedure &R *H NMR (300
MHz, CDsOD) 119.52 (d,J = 7.2 Hz, 1H), 8.36 (d] = 9.0 Hz, 1H), 7.75 (s, 1H), 7.34 (t,
J=7.9 Hz, 1H), 7.06 (1) = 7.6 Hz, 1H), 4.85 (s, 4H), 4.794.53 ps, 2H), 4.48i 4.19
(bs 2H).ESI MSm/z [M - H] 285.

Methyl 4((1-(2-oxa-6-azaspiro[3.3]heptan&-carbonyl)indolizine3-
carboxamido)methyl)benzoatEx4). Starting from the carboxylic acith9 (46 mg, 016
mmol) and methyl 4aminomethyl)benzoatel@ mg, 024 mmol), the title was obtained
aswhite solid (41 mg, 59% yield), following the general procedure &R H NMR (300
MHz, DMSO-dg) 119.64 (d,J = 7.1 Hz, 1H), 8.30 (d] = 9.0 Hz, 1H), 7.93 (d] = 8.2 Hz,
2H), 7.44i 7.33 (m, 4H), 7.15 (dddl= 9.1, 6.7, 1.2 Hz, 1H), 6.86 (td= 6.9, 1.4 Hz,
1H), 4.63 (d,J = 5.9 Hz, 2H), 4.59 (s, 4H), 4.384.11 ps, 4H), 3.86 (s, 3H)ESI MS
m/z [M + Na]* 456.

Ethyl 1-((1-(tert-butoxycarbonyl)azetid#3-yl)carbamoyl)indolizine3-carboxylate
(143). Following the general procedure &R the carboxylic acidl28 (173 mg, 074
mmol) andthe aminel38 (153 mg, 0.89 mmol) were reacted to givihe title compound
was obtained asrange 0il(263mg, 92% yield). *H NMR (300 MHz, CDCJ) 19.37 (d,
J=7.0 Hz, 1H), 8.40 (dl = 8.9 Hz, 1H), 7.86 (s, 1H), 7.36 (&5 7.3 Hz, 1H), 7.16 (ddd,
J=9.1,6.7,1.2 Hz, 1H), 6.85 (td= 7.0, 1.4 Hz, 1H), 4.8 4.72 (m, 1H), 4.35 4.21



(m, 4H), 4.00i 3.84 (m, 2H), 1.38 (s, 9H), 1.30 &= 7.1 Hz, 3H)ESI MSm/z [M +
Na&]* 410.

1-((1-(tert-Butoxycarbonyl)azetidu3-yl)carbamoyl)indolizine3-carboxylic acid (150).
Starting fromthe ethyl ester143 (263 mg, 068 mmol), thetitle compound was obtained
asyellow oil (174 mg, 71 % yieldjollowing the general procedure R *H NMR (300
MHz, CD;0OD) 119.52 (d,J = 7.1 Hz, 1H), 8.38 (d] = 9.1 Hz, 1H), 8.07 (s, 1H), 7.32 (t,
J=7.9 Hz, 1H), 7.03 (1) = 7.0 Hz, 1H), 4.79 4.69 (m, 1H), 4.27 () = 8.5 Hz, 2H),
4.027 3.91 (m, 2H), 1.45 (s, 9HESI MSm/z [M - H] 358.

Methyl 4((1-(2-oxa-6-azaspiro[3.3]heptan&-carbonyl)indolizine3-
carboxamido)methyl)benzodtEss). Starting from the carboxylic acitb0(174mg, 048
mmol) and methyl 4aminomethyl)benzoatd 22mg, 073 mmaol), the title was obtained
aswhite solid (190mg, 78% yield), following the general procedure @R *H NMR (300
MHz, Acetoneds) 1 9.64 (d,J = 7.0 Hz, 1H), 8.37 (d) = 8.9 Hz, 1H), 8.12 () = 6.2
Hz, 1H), 7.99 (dJ = 7.9 Hz, 2H), 7.96 7.82 (m, 3H), 7.47 (d] = 7.9 Hz, 2H), 7.24
7.13 (m, 1H), 6.92 (1) = 6.9 Hz, 1H), 4.79 (ddt] = 12.1, 7.9, 3.9 Hz, 1H), 4.67 @=
6.0 Hz, 2H), 4.18 () = 8.3 Hz, 2H), 3.87 (d] = 7.8 Hz, 5H), 1.40 (s, 9HESI MSm/z
[M + Na]* 529.

Methyl 3(morpholine4-carbonyl)indolizinel-carboxylate {56). Starting from the
carboxylic acid127 (50 mg, 0.228 mmol) and morpholine (2, 0.273 mmol), title
compound was obtaineds white solid (53 mg, 81% yield)following the general
procedure GMB. *H NMR (300 MHz,Acetoneds) Ui 8.95 (d,J= 7.2 Hz, 1H), 8.23 (d]
= 9.0 Hz, 1H), 7.46 (s, 1H), 7.32 (ddtk 9.0, 6.7, 1.0 Hz, 1H), 6.99 (td= 7.0, 1.2 Hz,
1H), 3.86i 3.79 (m, 7H), 3.72 (ddl= 7.7, 2.8 Hz, 4H)ESI MSm/z 311 [M + Naf

3-(Morpholine4-carbonyl}indolizine 1-carboxylic acid {57). Starting from thanethyl

esterl56(92 mg, 0.318 mmolthetitle compound was obtainegwhite-grey pale solid
(64 mg, 76% yield)ollowing the general procedure &R *H NMR (300 MHz, CROD)

08.83 (d,J=7.2 Hz, 1H), 8.22 (d] = 9.0 Hz, 1H), 7.52 (s, 1H), 7.29 (ddbs 9.0, 6.8,
0.9 Hz, 1H), 6.95 (td) = 7.0, 1.2 Hz, 1H), 3.78 (df,= 9.2, 4.1 Hz, 8H)ESI MSm/z

[M]- 273

Methyl 4((3-(morpholine4-carbonyl}indolizine 1-carboxamido)methyl)benzoate
(158. Starting from the carboxylic acid57 (64 mg, 0.233 mmland methyl 4
(aminomethyl)benzoatd$ mg, 0.280 mm¢] the title was obtaineasorange oil (28 mg,
39% yield) following the general procedure @2 *H NMR (300 MHz, CRCl,) Ui 8.86

(d,J = 6.7 Hz, 1H), 8.37 (dJ = 8.9 Hz, 1H), 7.92 (d] = 6.9 Hz, 2H), 7.43 7.30 (m,

3H), 7.14 (tJ = 7.2 Hz, 1H), 7.01 (s, 1H), 6.83 (s, 1H), 4.61 (s, 2H), 3.87 (s, 3H), 3.69
(d,J = 23.0 Hz, 8H). ESI M®/z [M + Na]* 444,

Benzyl  3((4-(methoxycarbonyl)benzyl)carbamoyl)indoliz@earboxylate  {59).

Starting from the carboxylic acidl29 (27 mg, 0.091 mmol and methyl 4
(aminomethyl)benzoat® (Mg, 0.109 mmJg] the title was obtaineaswhite solid (31 mg,
77% vyield) following the general procedure @ H NMR (300 MHz,Acetoneds) U

9.51 (d,J=7.1 Hz, 1H), 8.60 (d] = 9.0 Hz, 1H), 8.20 (s, 1H), 8.11 (s, 1H), 7.94J ¢,

7.9 Hz, 2H), 7.50 (d) = 7.8 Hz, 4H), 7.39 (dd] = 15.6, 7.8 Hz, 4H), 7.12 (,= 6.8 Hz,
1H), 5.37 (s, 2H), 4.67 (d,= 6.0 Hz, 2H), 3.85 (s, 3HESI MSm/z [M + Na]* 465.



1-((4-(Methoxycarbonyl)benzyl)carbamoyl)indoliziBearboxylic acid (60). To a
suspension of compourib9 (31 mg, 0.07 mmol, 1 eq.) in MeOH (0.26 mL, 0.24 M),
Et:Si (112 pL, 0.70 mmol, 10 eq.) amalladium on carbo(D.74 mg, 0.0007 mmol, 0.01
eq.) were addednderN, and tha thereaction was stirred at r.t. for 2 h. The suspension
was filteredoff, and the filtrate was evaporatedvacuq yielding the product awhite
solid (22 mg, 89% yield):*H NMR (300 MHz,Acetoneds) U 9.51 (d,J = 7.1 Hz, 1H),
8.60 (d,J=9.0 Hz, 1H), 8.20 (s, 1H), 8.11 (s, 1H), 7.94Jd,7.9 Hz, 2H), 7.50 (d] =

7.8 Hz, 4H), 7.39 (dd] = 15.6, 7.8 Hz, 4H), 7.12 (§,= 6.8 Hz, 1H), 5.37 (s, 2H), 4.67
(d,J=6.0 Hz, 2H), 3.85 (s, 3HESI MSm/z [M + Na]" 375

Methyl 4((3-(4-methylpiperazind-carbonyl)indolizinel-
carboxamido)methyl)benzoates(l). Starting from the carboxylic acit60(22 mg, 0.062
mmol) and1-methylpiperazine (8.29 pL, 0.074 mmoplitle compound was obtained
white solid (20 mg, 72% vyieldfollowing the general procedure @2 *H NMR (300
MHz, Acetoneds) 118.92 (d,J = 7.2 Hz, 1H), 8.52 8.46 (m, 1H), 8.02 (d] = 5.6 Hz,
1H), 7.95 (dJ = 8.3 Hz, 2H), 7.68 (s, 1H), 7.50 @@= 8.3 Hz, 2H), 7.20 (ddd} = 9.0,
6.7, 1.0 Hz, 1H), 6.91 (tdl = 7.0, 1.3 Hz, 1H), 4.67 (d,= 6.1 Hz, 2H), 3.86 (s, 3H),
3.817 3.74 (m, 4H), 2.46 2.39 (m, 4H), 2.25 (s, 3HESI MSm/z [M + Na]" 457.

10.8ymt hesi s of t3B& final compounds

Gener al procoewdeaurrsei dma dfhet he met hyl ester
( GB)
To a sotthud i oor r@HAglo.n0dieng. ) i n met hanol (0.

solution in was$hadoéd(80opwi 3e at 0 AC, f
NHOH 50% aqueous solution (1200 eqg.). The r
and @MeHCI solution was added wuntil the p
removed vaclulbe crudecoMasmnpuahrfamat ogr aphy
(DCM/ Me OH #®HO0O%)Y NB afford the final compolt

Methyl3-((4-(hydroxycarbamoyl)benzyl)carbamoyl)indoliziearboxylate 88a). To

a solution of compound34 (27 mg, 0.06 mmol, 1 eqih dry DCM (4 mL, 0.015 M),

TFA (23 AL, 0.30 mmol, 5 eq.) was added at 0 °C, underie reaction was stirred at

r.t. for 3 h, and then was neutralized using saturated Nat$GlOtion. Solvents were
evaporated under nitrogen flux. The crude was purified by column chromatography on
silica gel (DCM/MeOH, from 60:1 to 10:1), to obtdlre compound ashitesolid (7 mg,

32% yield).!H NMR (300 MHz, CROD) 1i9.64 (d,J = 7.0 Hz, 1H), 8.25 (d] = 8.9 Hz,

1H), 7.97 (s, 1H), 7.72 (d,= 8.1 Hz, 2H), 7.48 7.28 (m, 3H), 7.00 ()= 6.7 Hz, 1H),

4.60 (s, 2H), 3.89 (s, 3H). ESI M&/z [M + Na]* 390 .

N-(4-(Hydroxycarbamoyl)benzyl)-(morpholine4-carbonyl)indolizine3-carboxamide

(38b). According to the procedure described 3&a, starting from intermediaté36 (46

mg, 0.09 mmol 1 eq.), the title compound was obtainedhéte solid (20 mg, 53% yield).

H NMR (300 MHz, CROD) 119.60 (d,J= 7.1 Hz, 1H), 7.84 (d] = 9.0 Hz, 1H), 7.76

7.68 (m, 3H), 7.46 (dJ = 8.1 Hz, 2H), 7.28 7.18 (m, 1H), 6.94 (s, 1H), 4.63 (s, 2H),

3.74 (d,J = 4.3 Hz, 8H).23C NMR (75 MHz,d-DMSO) Ui 165.7, 161.4, 142.4, 136.3,
129.8, 126.4, 126.3,126.1, 122.7,117.5, 116.6, 112.5, 105.4, 65.7, 47.6, 47.3, 47.1, 46.7,
46.5, 46.2, 46.0, 41.2, 28.5. ESI M#z [M + Na]" 445.



N-(4-(Hydroxycarbamoyl)benzyl)-(4-methylpiperazind-carbonyl)indolizine3-
carboxamide 38c). According to the procedure described 88a starting from
intermediatel37 (46 mg, 0.09 mmol 1 eq.), the title compound was obtainedhés
solid (13 mg, 46 % yieldfH NMR (300 MHz, CROD) i9.61 (d,J = 7.1 Hz, 1H), 7.90
(d,J=8.9 Hz, 1H), 7.72 (d) = 7.3 Hz, 3H), 7.47 (d) = 7.7 Hz, 2H), 7.32 7.24 (m,
1H), 6.98 (tJ = 6.9 Hz, 1H), 4.64 (s, 2H), 3.30 (d#i= 3.1, 1.5 Hz, 8H), 2.96 (s, 3H).
ESIMSm/z [M + H]" 436.

terBut vyl 4-( 8 ((dhydroxycarbamoyl )betzyl ) ca
carbonyl }Ylgiap droax3y8)dédd ar t((i ng fr omlE(h5%l img,er n

0.979 ,mmdle) titl e comppoiunnkdi swa ss od bhydiag(In3E5d mg
foll owing the g¢gkRMHernNaVMR [ r3dddeSdapize 1l GP7 ( s, 1F
9.63J=(46,9 Hz, 1H) ., 78808 (Mms, 2&HH) ., & 7HAR,2 (AH) ,
(s 7.8 Hz, J2H}Y ., 6 7H20J4H§., 96HA6 W), 4.55
3. 9% EH)I3.HEHWPUH), 1LC4NMRs,( 7BBMBMM)ZI, 165 . 3,

164.5, 161.6, 154.3, 143.5, 136.9, 131.38,
107.0, 79.6,ES5ME :-HF5MALQ 28. 5.

N-(4 Hydr oxycar bla npo yple)timemn imyein)y | B-cadbbkamnde
trifluo3@ddoetatseo!| Ut i @B dBmMg ,cdofmpd u, nidln edg.y)
DCMO ( 4n2l0) , OT&IALl (MTMoB®qg.) was audwneéer alMhed Af(
react iadn owest tre, traemadc ht i @2nh. s 50t vewdd p ovrast e d
under ni,t rahmee rctr futldneixtwiarsat ed | B0l | X, v®) u me
and afhkef 0 x  2Z2Ihe r e s iidnu evtascausodnd mia @ d1e8 o i |
mg9% yi #Hl NMR (3000DMM¥., 60CD(s,i71Hp, (M, 84H),
7. PF RQH)IL,7 . 7bR 7L H)I,6. 40 0LH), 4. 68B3.(64 (2mHl,) ,
4H), 12.9®m, Y H)NMR ( 7GDRONDHiz ,165. 3, 161. 0, 16
135.8, 126.0, 125.9, 125.6, 122.2, 117.5,
40. 8, ExRI8.MS naHTZA2.2[ M

N-(4 Hydr oxycar bla(npo ypledf-oedningeh y | 3-c adbbkamnde

B8%e&starting fromMbERBR8 imyt e Omét¥hiPa tnemiotl[)e ¢ o mp
obtaagienki sh sol yde( 8f gl o®Ri7kog t heDMHener al
NMR (30OM8KRH9. 62JH dd.,5, 2.9 Hz, 1IHK) 758.93
(m, 2H)J=7570® Wd, JZH)H, 27 HZ7T 7QH) , ( Mm,i2BH) ,
6.88 (m, 1H), 4.51i1.s42 2HE, NB®H)S.C 7C6MIMHZ H) ,

d)ui 165.8, 165.2, 162.4, 144.2, 137.3, 132
114.6, 108. 8,ES42 M®B, n@1#d.1D,[] M25. 5.

1-(-Hy d r o x y alzceatri bddliinyelh)y dr oxycar bamoyd ) benzyl)
carboxa@&egSdert i ng fr omb@gh/ed inmgt, e rOmeld7iRa t namiotl |
compound waasswhaisttodiimed( 2% i gty df®2Wowing the
procedDrfH NAWR (3 OMSMHEL1.17 (s, JEHY, 09 H&S
1H) ,1T®. 9% (H),J=B.8.39 (Hz,, 2H), JF. 91 9( Hz,1RH
7.4Q@=(d, 9 Hz, J2H}). 8 7TH25IJ4HH§,.,9 THDHDO0JI¥H), 75. 7
Hz , 1H)4. 446 6(8m, i #.HP2 @UHH NMR ( 7B M Ma)z,



165.6, 164.6, 161.6, 143.6, 137.6, 131.8,
114.4, 105EG6| ®™$. 6Hj20472[ M.

N-(4Hy dr oxycar ballfadyxt@éalzes pylrp[-8. 3] hept ane
carbonyl Bcadbbk(@BnSdear t i ng fr oml5#hdel immgt,er n
0. 095 ,mmale) title commohedd| wvas ( &&tiapgnde d7 8 ¢
foll owing the g¢gkRierNaMR [ r3ddddeSdapizel GP7 (s, 1F
9.699Y=(8,9 Hz 8.1#HG,H)IB2&.73§ m, 1H), 7.91 (
J= 7.7 Hz, JZH), 87 H&1 J@HB, 07H2H6 L ¥H3, (M, 0TH)
4.8B8.62 (m,i34HHs EE)6NOMR ( 7BMMI)7I, 165. 5, 164
161. 6, 143. 5, 137. 7, 131. 8, 127. 6, 127. 5,
80.3, 79.EBESI 4MS1aH]138383 f M

terBut y | (3 ¢((dhydroxycarbamoyl )betbzyl ) ca
car boxami dlec)aa zbeoti@yBlSartar t i ng fromSfRhO60i mgern
0.375 ,mmale) title commoruanardg ewasso |oi bgt{apiFndermg ,
following the gkMeNMR B8 @MSHHiEde. 5GP-( 6, 7
Hz, 1H)8,. 84 0(3m,i8LH)3, (8m,721H)8. B.RAZ) 7(H%H3 , 8.
(m, 1H)J=77.72 HA, IJ2HY, 67H240 JQH) ., 8 7H23 1H),
(9 6.8 Hzji4162, (m, 7T9H), 4=5T7.@s Hz2H)2H) :
2H), 1.3173Q sNMROH)#BMSNHz 164.5, 164.1, 161.°
136. 9, 131. 8, 127. 7, 127.5, 127. 4, 124. 3,
28 EBI MS saH]B0.6[ M

terBut vyl (34 @4hydroxycarbamoyl )betbzyl )ca
car boxami dlec)aa beoti 3yl Batteer t i ng fr onB8(iB&8 imgt er |
0. 07 ,mnohHe title coammproauamge waislyao(Etl&difmgd,d cdv@i%n
the procedur3eéddeNMRi O2Q00:0BIEHZ., 5@B(dt5. 8 Hz,
1H) , i8.@®5F (m,i721)2, (Mm,BI5HHE @I7H)3.8.7.908 m, 1H)
5.8%. 13 (m,i4lHHF @H)T,4.4b35 32 H)i,3.B.97 aES1I.

MS m/ zHT40M

N-(4-(Hydroxycarbamoykoenzyl}3-(morpholine4-carbonyl)indolizinel-carboxamide

(38K). To a solution of compounti58 (28 mg, 0.066 mmol, 1 eq.) in MeOH (3.9 mL,
0.017 M), 4M KOH methanolic solution (830 uL, 3.34 mmol, 50 eq.) was added dropwise
at 0 °C, followed by the addition of N®H aqueous solution (50% m/V, 435 pL, 6.6
mmol, 100 eq.). The reaction was allowed to stir at r.t. for 3 h. After the full conversion
of the starting material into the product, the reaction was quenched with 6 N HCI solution
at 0°C, until the pH was arourld Solvents were evaporatgdvacuq and the residue
purified by column chromatographon silica gel (DCM/MeOH/NBEOH 10:1:0.1),
yielding the title compound ashite solid (15 mg, 53% vyield}H NMR (300 MHz,
DMSO-ds) G11.12 (s, 1H), 8.98 (s, 1H), 8.83 k= 7.0 Hz, 1H), 8.69 (s, 1H), 8.34 (@,

=8.9 Hz, 1H), 7.76 7.66 (m, 3H), 7.38 (d]= 7.9 Hz, 2H), 7.2% 7.16 (m, 1H), 6.92 (t,
J=6.6 Hz, 1H), 4.51 (s, 2H), 3.68 (@= 5.8 Hz, 8H)13C NMR (75 MHz,DMSO-d) i

164.1, 161.8, 136.7, 124.0, 119.7, 117.4, 116.1, 113.6, 106.9, 66.7, 45.6, 42.1. ESI MS
m/z [M + NaJ* 445

N-(4-(Hydroxycarbamoyl)benzyB-(4-methylpiperazind-carbonyl)indolizinel-

carboxamidg47e. To a solution of compoung6 (20 mg, 0.046 mmol, 1 eq.) in MeOH
(2.94 mL, 0.017 M), 4M MeOH methanolic solution (in MeOH, 622 puL, 2.49 mmol, 50

Mny



eq.) was added dropwise, followed by the addition ob@IH aqueous solution (50%
m/V, 329 uL, 4.982 mmol, 100 eq.). The mixture was stirred at r.t. for 4 h. After that, the
mixture was quenched with 6 N HCI solution at 0 °C, until the pH was around 7. Solvents
were evaporateth vacuq and the residue was purified by column chromatography on
silica gel (DCM/MeOH/NHOH, from 30:1:0 to 9:1:0.1), affording the title compound as
white solid (10 mg, 50% yieldjH NMR (300 MHz,DMSO-ds) i 11.17 (s, 1H), 9.00 (s,

1H), 8.79 (dJ = 7.1 Hz, 1H), 8.73 (t) = 5.9 Hz, 1H), 8.34 (dJ = 9.0 Hz, 1H), 7.74

7.67 (m, 3H), 7.37 (d) = 8.2 Hz, 2H), 7.24 7.15 (m, 1H), 6.91 (dd] = 9.8, 4.0 Hz,

1H), 4.50 (d,)= 5.8 Hz, 2H), 3.71 (s, 4H), 2.45 (s, 4H), 2.25 (s, 3f).NMR (75 MHz,
Acetoneds) U163.7,161.2, 143.5, 136.2, 131.2, 123.6, 119.3, 116.9, 116.1, 115.9, 113.2,
106.4, 79.2, 54.5, 45.4, 41.6. ESI Mfhz [M + Na]* 458

10.8 Experimental section ofryl piperazine-based HDACG6i 39n,0

Met h3(IC¢(4hi t rophenyllc)apibperaam idrne md o)y b ) menz o
sol utl®a&l 50 mg, 0. 723 mmodi,s olc.ylaneagd .o)beanzd a
mg, 1.085 mmol, 1.5 eq.07 iQlL,drly. 4T5hvFRns(o8 , mL
added dropwise. The solitoirom®m Wwas aqntdi rarf @ e r
was removed under reduced pressure. The cr
on si |IPiEC/aEtglACc,( f) olmo 2t dr niosHyRil b&v soimmpadu
mg, 75%HYyNMRdA] 300etMd)i8. 0V=( 8,5 Hzj72H), 8.

(m, 1H)J=778® H4A),716),(m, 7BH)7. 77 .Hz3, (1itH) ,

J= 9.4 Hz 6267, (@, JB#—|)5 d.HM56, (AH) ,i33686 (s
(m, 4H)3,. 437. &S| WY .[ M+4Nal].

Met h-y ((483y dr oxy phenldarph qpoxamnmizd cn)emg 6)baysl )adbenz
colourl ess oil §tla#Or3t immgg 706 @4 g red abhd B ,

1.1 eq.) 3asdcyanhbtyobbenzoate (147 mdhe @.1T
compound was obtained foll owing tHhHed4proce
Purification by <column <chromatography on
afforded theastoultduerIceosrrspooulnldlléll MR mg30Q 0RbH ¥
Acet-dei8. 64 (s, 1H), 2=99. §sHz 1lH)G}7(@BD678HH)
7.68.50 ( m, :H—|)7,.77.I420, 01H}3,17H(226(18I,5,(61,9£
1H), 1i®&.32 (m, J=H)5. 64 .Hz7, (2dH) 133583 ( s, 48H) ,
i3.02 (BESI #WS.[ MH3NA2].

N-(8 hydr oxycar bid fha vt Ir)olpehremwllg)ap ibpexraé@midoee (

a solauav@dw® onfy, aA. D4 emgmqgl in MeOH (6.5 mL),
solution (6.77 mL, 27.10 mmol , 50 eqg.) wa
addi ti o0H oafquNetbus sol ution (50% m/ V, 3.58
reaction mixture was GNiIiHCledsaltutriidan was &
pH was around 6. Subsequnenvacjuhhoe solft veat wasve
column chromatography o@Hsifficam @1 1 (DCtM6 N
afford the &®mahgeompoind (1HS5NMR , ( BGEGO MH=
DMS@)ul1.17 (s, 1H), J&8.974(8lz,1BRH),8I7066(d
= 7.0 Hzi7.1H9 ,( i, 424H)5, 87 HZ5 JEtH® ,57HD2 2H) ,
(dd= 5.5 Hz, 2H), 3.%8 NMR (47HBMSEH4A113604 .(8s,, 4
157. 7, 154. 9, 141. 7, 137. 3, 133.1, 130. 3,
43. 2.

Mn &



(8@ hydr oxycar bAdq dhoyydir)olxe/rpzhyelniyd @ rph opxed iad en e (
arting frileedlOBmpngyndd h®82 t mmble) compound
|l l owing the procedure 3@ens®urbédcaoronhk
romat ogr aphbyCM/ nMesODYHNdHaf rgeerh 3 0 :)1 :a0f ftoo dled:
nal coosmpéstond d (46 My, NMR % 3y0 c0MB7Z., 6 8D
., 1H)J= 7..60 Hzd,JtHY, 77 H&8 Je#HyY, 37 H29 (@) ,
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Hz, 1B) A4.4. #Hzi(3aH) ,( M,i64H)2, (3% 1NMR) .
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.0, 108.2, 107.7, 104.0, 49.6, 44.6.
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10.9 Experimental section ofo-aminoanilide-based HDACLis 40d,e, and 40k, and
compound 10

N-(2-Aminophenyh2-(3,4-dichlorophenyl)acetamide4Qd). To a solution of 23,4
dichlorophenyl)acetic acidl66 100 mg, 0.487 mmol, 1.0 eq.) in dBMF (2 mL),
HBTU (222 mg, 0.584 mmol, 1.2 eq.), and TEA (271 uL, 1.948 mmol, 4 eq) were added,
and the resulting solution was stirred at r.t. underf&d 30 minutes. Then 152
phenylenediaminel(5 58 mg, 0.576 mmol, 1.1 eq.) was added, and the reaction mixture
was stirred for additional 6 h. After that, saturateds@l-solution was added (5 mL), and
the mixture was extracted with EtOAc (3 x 5 mL). The combined organic layers were
washed with saturated NI solution (1 x 15 mL), saturated NaH&8&blution(1 x 15

mL), and brine (1 x 15 mL). The organic phase was dried over anhydrous Niit8@d,

and driedin vacuo The crude was purified by column chromatography on silica gel
(DCM/MeOH, from 50:1 to 10:1), affording the title compoundnadste solid (75 mg,

52% yield).*H NMR (300 MHz, CROD) Ui 7.57 (s, 1H), 7.48 (d1 = 8.3 Hz, 1H), 7.31
(dd,J = 8.3, 2.1 Hz, 1H), 7.04 (ddd= 18.8, 7.7, 1.5 Hz, 2H), 6.83 (dii= 8.0, 1.4 Hz,

1H), 6.70 (tdJ = 7.6, 1.5 Hz, 1H), 3.72 (s, 3HESI MSm/z [M+H] " 296.

N-( A mi-a pdbi ¢ hl or-B(p3hdedneyhll)or op he My)leJtazrett iamg d & r
2-(3ddchl orophe@lg)0®dc antgi, c Qa,Oi7abd dncrdal IDB r-obenz e
1,2 amiLaé (g, 1).,0 7t3h emmtoil wae obmpooad ffoll
procedure describeddf Puritfhiec ptrieprarlay i oml wd
on silica gel (DCM/ MeOH, from 80@héstaloi c60: 1
(185 mg, WB5%WMRI ¢ BOPOMM7z., 53D d, 1 Hz, J1IH), 7
= 8.3 Hz, JEH), 57 HX7 (@dH,), 6.92 NMR (17tHb) ,MH3z.,
cpobDy 174. 4, 146. 3, 139. 9, 135. 8, 135. 0,

122.6, 1R9®I. mMI45M3E D .

Methyl 4((2-(3,4-dichlorophenyl)acetamido)methyl)benzoaté®). To a solution of 2
(3,4-dichlorophenyl)acetic acidl66 300 mg, 1.46 mmol, 1.0 eq.)in dry DMF (7.3 mL),
EDCI-HCI (420 mg, 2.19 mmol, 1.5 eq.), HOBt (296 mg, 2.19 mmol, 1.5 eq.), DIPEA (1
mL, 5.84 mmol, 4 eq), and intermedi&& (353 mg, 0.17 mmol, 1.2 eq.) were added in
this order. The reaction mixture was stirred at r.t. unddoNL5 h. After that, saturated
NH4CI solution was added (10 mL), and the mixture was extracted with EtOAc (3 x 10
mL). The combined organic layers were washed with saturate@€INglution (1 x 30

mL), saturated NaHC&solution (1x 30 mL), and brine (1 x 30 mL). After that, the
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organic phase was dried over anhydrous Na8[®ered, and driedn vacuo The crude
was purified by column chromatography on silica @/EtOAc, from 6:1 to 2:1),
affording the title compound ashite solid (395 mg, 77% yieldfH NMR (300 MHz,
CDCl3) 17.99 (d,J= 8.1 Hz, 2H), 7.47 7.35 (m, 2H), 7.33 7.23 (m, 2H), 7.19 7.09
(m, 1H), 4.49 (dJ = 6.0 Hz, 2H), 3.92 (s, 3H), 3.57 (s, 2SI MSm/z [M+Na]" 374.

4-( ((23-Ddchl orophenyl ) acet ambédo mpea 1héyd 3)9be n z o |

mg, 1.12 mmol, 1.0 eq.) w#s lsdsgena@dd mLn , a
by the addition of NaOH (224 mg, 5.6 mmol ,
16 h, and thentwadéNguW€hchadil the pH was
was removed under reduced pressure, and tF
residue was <coll ected,O,waanrd dt hseerv edrail e d i ur

presafuferding thewhitéesaocbimgo(d NARI t( BtOiOvV €
MHz , ;0007 . 9@=( 8, 2 Hzi|7.2H9 ,( M,.iFRH)0, (/m,4 71 H) ,
(d# 8.0 Hz, 2X=H)8,. 37,. 23 1( dH&z,, 1H), 4.M/3z (s,

[ M+1]3 7.

N-(Ami nop-#He®3Bd¥Mchl orophenyl )acet amiéd@k) met h
Startiaogmgalu@0 mg, 0) 2018minmaly | en(@d B84 mi ne
mg, O0. 22,7 tmnmeolIti tl e compound was obtained
t he prepar0at iPour i Df cati on by col umn chro
(DCM/ MeOH, from 60:1 to 20whadéstodfifdo r(dee3d mtgh e
yi el Hd NMR ( 3000OM§rz., 9300 @, 9 Hzi{7 .2443 ,( rd,. 58H) ,
(= 7.9 Hz, 24H)1,8.72,218 .(HddHz 7. ZHHz, 7JJEBHY , ( 6.
8.0 Hz, 1H).,7.6. Hz,(tl,H), 4.ES5| ("M RPMyH] 3.5
429.

Pyr i3gil met A &80 Is o(l utpiyorni dofn eXx ars5hto x3a010d enhgy, d e2 .

mmol , 1.0 eq.) in methanol (7 mL) was cool
NaB@d300 mg, 2.80 mmol, 1.0 eq.). The resul
for 2 h uAfdeerr N hat, the reacti ofs owaust iqgounen

and then MeOH was removed under reduced p
extracted with Et OAc (3 xwad dnLi)ed amwe rt heet
NaSO filtered, viamdafdfrored t heydaliltdw Odiolmg o un
91%H. NMR (300 viHBz ,53=0Q@, 9 Hz, J=H)7,. 77,. 617. 7( tt
1H), W=27.8dHz-7.18) (m7.2H), 4.75 (s, 2H).

4-( ( ( ( P¥gyrlindeitnhoxy ) car bonyl ) ainv)@loo) nee t shwyd p doresi

of CDI (445 mg, 2.75 mmol, 1.0 eq.) in dry
JpyridinemnmOt3O&Hn anlg , 2. 75 mmol , 1.0 eq.) I n
and the mixture wasfonifXrked Bhe 10e ACI tuinrdg
to a susy{fams nomedfthy4d ) benzoic acid (418 mg,
oL, 2.75 mmol, 1.0 eq.), and TEA (383 OL,
The mi xture was stthem eldHF owa&rrhemdveedupda
The residue w#Hs (Sumphendaddi m hdn 1IN HCI sol
pH was around 5 to precipitate a white sol
was hed Owvi(téh mH) and met hanol (i hmlvja@g upes pec
the titlewkiomeosddi g, HH6 MWMRD G| DS, 0o
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U4. 28 (@d, 528, Hz), ©57..150 ((ns,j8 32H))(,m7v8.43”) ( mB . 5
2HES| nMX [ M2 #5 .

Pyridin-3-ylmethyl  (4((2-aminophenyl)carbamoyl)benzyl)carbamate 10)(To a
suspension 0170(200 mg, 0.70 mmol, 1.0 eq.) in dry THF (4 mL), CDI (125 mg, 0.77
mmol, 1.1 eqg.) was added, and then the mixture was stirred for 3 h at A€ Clear
solution was cooled to r.tand 1,2-phenylenediamine (75 mg, 0.7 mmol, 1.0 eg.) and
TFA (48 pL, 0.63 mmol, 0.9 eqWere added, the resulting solution vetisred for 16 h

at r.t. After that, THF was removed under reduced pressure, and then the crude was
purified by column chromatography on silica JEBICM/MeOH, from 50:1 to 10:1),
affording the title compound ashite solid (125 mg, 47% yieldfH NMR (300 MHz,
DMSO-ds) U 4.28 (d, 2HJ = 5.9 Hz), 4.86 (s, 2H), 5.10 (s, 2H), 6.60 (t, I, 7.3 Hz),
6.78 (d, 1HJ = 7 Hz), 6.97 (t, 1H) = 7 Hz), 7.17 (d, 1HJ = 8 Hz), 7.37.5(m, 3H),
7.78 (d, 1HJ=8 Hz), 7.93 (d, 2H) = 8 Hz), 8.53 (d, 1H) = 3.7 Hz), 8.59 (s, 1H), 9.61
(s, 1H).ESI MSm/z [M+H]* 377.

10.1 Experimental section of azetidin®-one-based HDAC6/8 inhibitors 40ac

N-(1-Benzylpiperidird-yl)-1-phenylmethaniminel7?. A solution of 171 ( 4 76 mg,
2.502 mmol, 1.0 eq.), and benzaldehyde (26
mL) was stirred at 110 AC for 14 h. After
to give the tyietlll ®wecseimpoind {HgaNaviRt i(t3a0t0i vMH z)
DMSO-dsg) U8 . 37 (s, DH)G6.Z,73.R2dH26 2H)I77H)YI3I3 7.
(m, 1H), 3.46 2@8s,(MH)IH)D. B3 B, JBHB, 62H21
2H) ,111.887 (m, 4H).

trans-1-(1-Benzylpiperidird-yl)-3,4-diphenylazetidir?-one (x)-173) To a solution of
phenylacetic acid (1072 mg, 15.75 mmol, 3.0 eq.) in dry DCM (30 mL), triphosgene (778
mg, 2.63 mmol, 0.5 eq.) was added and the resulting suspension was heated at 50 °C for
30 min. Then, a solution df72(1461 mg, 5.25 mmol, 1.0 eq.) in dry DCM (30 mL) was
added dropwise, followed by the addition of TEA (2.2 mL, 15.75 mmol, 3.0 eq.) and the
mixture was allowed to stir at 50 °C for 12 h. Then, solvent was remowesxtuo,and

the crude was purified by column chromatography on silica gelE©®Ac 2:1),
affording the title compound agllow oil (1229 mg, 59% yieldftH NMR (300 MHz,
CDCl) u7.537.11 (m, 15H), 4.53 (d= 2.2 Hz, 1H), 4.11 (d]= 2.0 Hz, 1H), 3.64 (m,

1H), 3.47 (s, 2H), 2.84 (dd,= 43.4, 11.4 Hz, 2H), 2.01 (m, 4H), 1.72 (d& 12.8, 3.1

Hz, 1H), 1.561.50 (m,J = 11.7, 4.0 Hz, 1H). ESVIS m/z. [M+H] " 397.

trans-3,4-Diphenyt1-(Piperidin-4-yl)azetidin2-one (+)-174) To a solution ofL73 (100

mg, 0.25 mmol) in MeOH (2.5 mL), a catalytic amount of palladium on carbon was added
under N, and then the mixture was allowed to stir at r.t. jratinosphere. After 6 h, the
mixture catalyst was removed by filtration, and the resulting filtrate was evaporated to
obtain the final compound in quantitative yield/aiow oil. 'H NMR (300 MHz, CDCY)
07.457.20 (m, 10H), 4.51 (dl = 2.2 Hz, 1H), 4.10 (d] = 2.2 Hz, 1H), 3.763.61 (m,

1H), 3.09 (dtJ = 12.8, 3.7 Hz, 1H), 2.96 (di,= 12.7, 3.9 Hz, 1H), 2.62.45 (m, 2H),
2.081.94 (bs, 1H), 1.891.66 (m, 2H), 1.481.26 (m, 1H). ESMS m/z [M+H] " 307.

trans-Methyl 4(4-(2-oxo-3,4-diphenylazetidirl-yl)piperidine 1-carboxamido)benzoate

((£)-1759. Intermediate 174 (100 mg, 0.33 mmoll.0 eq.) and methy-
isocyanatobenzoate (231 nig31 mmol,4.0 eq.) were dissolved in dry THF (12 mL)
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under N, followed by the addition of TEA363 L, 2.62 mmol,8.0 eq.) was added
dropwise. The solution was stirred at for. 14 h,until the full conversion of the starting
materials and after that solvent was removiadvacuo The crude product was purified
by column chromatographyn silica gel PE/EtOAc, from2:1 to 1:2) to obtain the pure
productaslight-yellow oil (93 mg 59%).'H NMR (300 MHz, CDC#) (i7.90 (d,J = 8.4
Hz, 2H), 7.49 7.18 (m, 12H), 4.50 (s, 1H), 4.133.90 (m, 3H), 3.86 (s, 3H), 3.65 {,
= 10.7 Hz, 1H), 2.88 (ddl = 26.8, 12.8 Hz, 2H), 2.101.40 (m, 4H)ESFMS m/z [M

+ H]" 484.

trans-Ethyl 4-(2-0x0-2-(4-(2-ox0-3,4-diphenylazetidirl-yl)piperidin-1-
yhethyl)benzoafe((x)-1750. The carboxylic64 (50 mg, 1.0 eq.) was dissolved in dry
DCM (3 mL), under Nand then EDGHCI (55 mg, 1.2 eq.), HOB48mg, 1.5 eq,)and
DIPEA (167 pL, 4 eq.) were added at 0°C. The suspension was stirretCatod 15
minutes and then a solution thle intermediatd74in dry dichloromethane (3 mL) was
added. The reaction was left to react afort12 h, under N. Subsequently, the mixture
was washed with saturated NH solution  x 6 mL) and then with saturated NaH&gO
solution (L x 6 mL). The organic layers were combined, washed with brine, dried over
anhydrous filtered and concentraiedvacuo The crude product was purifieg kilica
gel column chromatographipCM/acetone, 30:1 to 10:1) to gitlee compound agllow

oil (67 mg 56% yield) *H NMR (300 MHz, CDC}) G: 7.95 (m, 2H), 7.47 7.13 (m,
12H), 4.59 (d,) = 13.7 Hz, 1H), 4.48 4.27 (m, 4H), 4.11 (s, 1H), 3.76 (@H), 3.13i
2.83 (m, 1H), 2.76 2.57 (m, 1H), 1.94 (m, 1H), 1.801.54 (m, 2H), 1.39 ()= 9.7 Hz,
3H).

Methyl 4((4-(2-oxo-3,4-diphenylazetidirl-yl)piperidine 1-
carboxamido)methyl)benzoatd+)-10¢9. Following the general procedure for the
synthesis of the compourid53a starting from174 (100 mg,0.33 mmol), and methyl-4
(isocyanatomethyl)benzoaf@50 mg, 1.31 mmo), the title compound was obtained as
white solid (109 mg, 67% yield. 1H NMR (300 MHz, CD30DY.99 7.86 (m, 2H),
7.497.20 (m, 12H), 4.64 (1= 4.9 Hz, 1H), 4.35 (s, 2H), 4.12 {t= 2.8 Hz, 1H), 4.08
3.85 (m, 5H), 3.713.65 (m, 1H), 2.962.70 (m, 2H), 2.061.70 (m, 2H), 1.5i71.23 (m,
2H). ESIMS m/z [M+H] " 498.

trans-N-(4-(hydroxycarbamoyl)phenyB-(2-oxo-3,4-diphenylazetidiril-yl)piperidine
1-carboxamidg(+)-41a). To a solution ofL75a(20 mg,0.041 mmol,1.0 eq.) inMeOH

(6 mL), 4M methanolicKOH solution (516 uL0.20 mmol 50 eq.) was added dropwise,
followed by theaddition of NHOH 50% aqueous solution (271 (.41 mmol,100 eq.).
The reaction mixture was stirred at fdr 3 h, and then6N HCI solution was added
dropwise until the pH was 6. Subsequently, solvents were remioweduo The crude
was purified bycolumn chromatographgn silica gel DCM/MeOHMHCOOH, from
30:1:0 to 101:0.1) to affordthe compound asrange oil(13 mg 67%). *H NMR (300
MHz, CDsOD) i 7.90 (d,J= 8.1 Hz, 1H), 7.65 (d] = 8.2 Hz, 1H), 7.49 7.18 (m, 12H),
4.69 (s, 1H), 4.18 3.99 (m, 3H), 3.73 (m, 1H), 2.95 (dilF 27.6, 13.3 Hz, 2H), 2.1i1
1.42 (m, 4H).23C NMR (75 MHz, C3OD) (i 169.65, 155.62, 155.54, 143.28, 138.30,
134.84,130.13, 128.81, 128.62, 128.56, 127.45, 127.29, 127.10, 126.47, 125.62, 119.22,
118.78, 63.93, 63.22, 51.14, 42.86, 42.70, 30.03, 2BESBMS m/z [M+Na]" 506.

trans-N-Hydroxy-4-(2-oxo-2-(4-(2-oxo-3,4-diphenylazetididl-yl)piperidin-1-

yl)ethyl)benzamidét)-41b). To a solution ofL75b(67 mg, 1.0 eq.) in 10 mL of absolute
EtOH, 4M ethanolicsolution (1.685 mL, 50 eq.) was added dropwise, followed by the
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addition of NHOH aqueous solution (50%.859 mL, 100 eq.). The reaction mixture
was stirred at r.t. for 3,land then6N HCI solution was added until the pH was 6.
Subsequently, solvents were removiadvacuo The crude was purified bgolumn
chromatographyn silica gel DCM/MeOHMHCOOH, from 30:1:0 to 101:0.]) to afford

the compound asrange oil (15 mg24%) H NMR (300 MHz,D M'S @) Ui 11.14 (s,

1H), 8.97 (s, 1H), 7.88 7.53 (m, 2H), 7.56 7.12 (m, 12H), 4.65 (d] = 9.8 Hz, 1H),
4.347 4.03 (m, 2H), 3.85 (m, 1H), 3.69 (@= 11.1 Hz, 2H), 3.58 (bs, 1H), 3.18.87

(m, 2H), 2.77i 2.56 (m, 1H), 1.96 1.78 (m, 1H), 1.76 1.56 (m, 2H).*C NMR (75

MHz, D M S @) U: 168.6, 168.0, 164.5, 139.7, 139.6, 139.4, 139.3, 135.7, 131.2, 129.3
129.2 128.9, 127.9127.3, 127.1, 63.8, 61.8, 50.7, 44.4, 30.9, 30.4, 30.1, 29.8.

trans-N-(4-(Hydroxycarbamoyl)benzy$h-(2-oxo-3,4 diphenylazetidirl-yl)piperidine
1-carboxamide (i)-41c). Following the general procedure for the synthesis o#tte

starting from174c (109 mg, 0.22 mmol}jitle compound was obtained pskish solid

(30 mg, 27%yield). '"H NMR (300 MHz, DMSQd6) ti 11.12 (s, 1H), 8.95 (s, 1H), 7.64

(d,J = 8.1 Hz, 2H), 7.507.16 (m, 10H), 7.126.98 (m, 2H), 4.71 (d) = 2.0 Hz, 1H),

4.19 (d,J = 5.5 Hz, 2H), 4.11 (s, 1H), 3.87 (d#i= 33.8, 13.3 Hz, 2H), 3.63.44 (m,

1H), 2.71 (ddJ = 25.3, 12.0 Hz, 2H), 1.98.55 (m, 4H). 13C NMR (75 MHZ-DMSO)

0168.1, 164.6, 157.4, 144.8, 139.5, 135.8, 131.4, 129.3, 129.2, 128.9, 127.9, 127.2, 63.9,
61.8, 51.0, 43.7,42.8, 42.7, 30.5, 30.0.-E9 m/z [M + H]* 497.

Mp n



HPLC anali sis

A stock solution for each tested compound was prepared dissolving the sample in DMSO
to achieveal0 mM concentrationThe stock solutiomnvas used to prepatBree samples

one wadakenas the standard solution and the other two as the tesibsslat pH 3.0

and pH 7.4. The samplesncentrationwas 250 mM with a DMSO content of 2.5% (v/v).

The standard solution was prepared bytttitythe stock solution in PBBuffer solution
(MeCN/water, 60:40); the dilution of the stock solution inmBB! acetic acidurnished

the samplesolution at pH 3.0; and the dilution of the stock solution imB® aqueous
PBSbuffergavethe samplesolution at pH 7.4. These suspension/solutions were sealed
and left for 24 h atr.t. under orbital shaking totain ipseudot her modyn
e qgui | iThenjtha solitions were filteretthroughPTFE filters andliluted 1:2 with

the buffer solutioremployedfor the preparation of the sampléster that, they were
analyzed by HPLC/UV/ DAD, tilizing UV detection at 254nm for quantitation.
Solubility was calculated by comparipgakareas of theample and of the standard:

S=Asmp X FD x Cst
Ast

S = solubility of the compoundri/l); Asmp = UV area of the sample (250 mM); Ast =

UV area of the standard solution. solution; FD = dilution factor (2); Cst = standard
concentration.

For each sample the analysis weesformel in triplicate and the solubilitglatawas
calucdated taken into aountthe average of the three values. The same sample solutions
were prepared to evaluate the chemical stability of the compounds after 24 h at 25 °C and
analyzed by HPLC/UV/DAD, using UV detection at 2% for quantitation. Stability

was calculated by comparing tpeakareaof the samplat to and thepeakareaof the

same solution after 24 Mhe stability percentage value was calculas¢gH 3.0 and pH

7.4 for each compound by applying the following formula:

% remaining= ACp4
ACro
AC24 = area of the sample after 24 h at 25 °CioAcarea of the sample tat

For each sample the analysis was performed in triplicate and the stdbiityas
obtained from the average of the three values.
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