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the efficacy of broad spectrum HDAC1 in combination with standard chemothera-
peutic agents, (e.g., docetaxel and vorinostat), in patients with advanced and re-
lapsed lung, bladder, or prostate cancer (clinical trial NCT00565227). HDAC has
been hypothesized as a potential target for the treatment of parasite infections (e.g.,
30 Plasmodium infection) about thirteen years ago. If most efforts from the scientific
community have been dedicated to the identification of selective HDACi, there is
still a large medical need for pan inhibitors since it has been demonstrated that the

various cancer diseases do not involve the same HDAC 1soforms. Moreover, the sci-
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The invention provi des conpounds of Fornula (1) or a salt, hydrate or
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ties (Collett1 S., et al., Bioorg. Med. Chem. Lett., 2001, 11, 107) as well as with sus-
20  tained toxicity (Suzuki T., Cur. Med. Chem., 2005, 12, 24, 2867). Therefore, a lot of
efforts has been devoted to the identification of new HDACi that could demonstrate
high binding affinity toward the biological target as well as potent cellular activity.
A review published lately (Bertrand P., Eur. J. Med. Chem., 2010, 45, 2095), as-
sessed the binding affinity and biological properties of various non-hydroxamate
25  Dbased derivatives, among which thio adducts were disclosed, hypothesizing that the
latter could potentially have an orientation within the active site of the protein
completely different from the one of hydroxamate analogues.
If HDAC: containing a straight thio-binding group have been studied no such de-
rivatives have however entered clinical trial so far.
30 Bertrand P. also proposed that FK228 biological activity was due to the reduction of
the disulfide bond to lead to the thio adduct 1, the latter being the active entity as

depicted in scheme 1 underneath.



R1 and one R4, each being linked to two adj acent carbon atons, in case nis
2 or 3, 20 are taken together to forma cycl opropane ring; R2 is phenyl
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10 Suzuki T., et al. further disclosed more potent thio-containing metal binding groups
(MBG) HDAC: bearing a sterically more hindered amide moiety such as biphenyl,
benzofuran, indole or quinoline instead of the phenyl group of SAHA (Suzuki T., et
al., J. Med. Chem., 2005, 48, 1019).

JP2007238452 disclosed derivatives of Formula 2, wherein the carbon atom in posi-

15 tion o with respect of the carbonyl amide was substituted by a carbamate moiety

(1.e., R2 = COzR).

HN/RZ
R® )\M/SRC’
X ;

Formula 2
Such derivatives have also been disclosed later reporting optimization of the CAP
group (Suzuki T., et al., J. Med. Chem., 2006, 49, 4809) and/or the spacer (Itoh Y., et
20 al.,dJ. Med. Chem., 2007, 50, 5425). Interestingly, such derivatives were disclosed as

HDACSG6 selective. In particular, Itoh Y. disclosed derivatives bearing medium-sized



PCT/ EP2012/ 068230 Fornula Il wherein R2, R3 and R6 and m are as above
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descr | DR eI, ReemsAb b b e SaR R T Bedt HIORR ubiliiaie RS R0,
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all said transformations, any interfering reactive group can be protected
andOth@mUddwrotected accordrng to well -established procedures described in
or gani and P.GM Wits "Protective Goups in
Or gani S S5 Sefts~ Inc., 3rd Ed., 1999) and wel | -known to
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| i near or branched al kyl , Ilnear af hfanched alkoxy having from1l to 7
carbon atons or cycIoaIkyI groups ving from3 to 7 carbon atons. The
terms "heterocycl oal kyl" and "hete icle" refer to a saturated or
partially un- saturated (but n@ ic) four-, five-, six- or
seven-nenbered ring containing at 15 | east one nitrogen atom and optionally
one or nore further heteroatons i may be the sane or different sel ected
fromthe group consisting of nitr oxygen and sul fur, and which rings
may be substituted with amno o t18S. Preferred het er ocycl oal kyl
i ncl ude azetidine, pyrrolidine, piperid , plp%ra2|ne ket opi per azi ne,
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en,
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R! is H, (Ci-Ce)-alkyl or aryl; or alternatively
R and one R4, each being linked to two adjacent carbon atoms, in case n 1s 2 or 3,
20  are taken together to form a cyclopropane ring;
R2 1s phenyl optionally substituted with halogen, benzyloxy, (C:-Cs)-alkyl or CFs;
(Cs-Ce)-cycloalkyl; aryl-(Ci-Ce)-alkyl wherein the aryl 1s optionally substituted with
benzyloxy, (Ci-Cs)-alkyl or CFs;
R3 1s H, PO(OH)g, or a group of Formula (II)
25 -(CO)-R7 Formula II
R71s (C:-Cq)-alkyl, (C;-Ce)-alkoxy or -CH(NH2)RS,;

R381s H, or the side chain of a natural a-amino acid;



ing a singlering (e. g., phenyl) or multiple rings that may be attached in
a pendent 25 manner or may be fused. Preferred aryl include phenyl,
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The terfatvR,no” refers to the group -NH2. 30 The term "al kyl am no" refers
to the group -NHR where Ris "(C-0O-alkyl" as defined above. The term
"am noatlken 'h 1sef or 3, tamet Ré an@ ox@®) R, lepkh dwingflinked @biove adficehticarbon at-
substituted by En aningﬁgro(P. WO 2013/ 0414809PCT/ EP2012/ 068230 The term
"hal 0alokyt arpdfeeR tegset t%fléﬁﬁ?y PEPPRLC B8t 0 al kyl groups as previously
defgneq}@gﬂgqhqhﬂgngﬁ%egy CHF2 noi eti es. The term "aryl - (Cl1-C6) - al kyl "
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di phenyl nethyl_and the |ike. The expression "natural a-am no acid" refers
to theboonvansi fusaf wathemaarylisoighy; possible i soneric forns and

consi st f NS\ &l aRi W&, enyl al ani ne, valine, |eucine, isoleucine,
aspartFéggégﬁf@gﬁgggggiﬁgj é?ﬁﬂgggk’acid, gl ut ami ne, serine, |ysine,

hi sti diRe;s MR NIRRT Nk ol i ne, cysteine, threonine, tryptophan, arginine
and 10tyrosine. The term cancer neans malignant neopl asm which invades and
dedfr oy 16 ha 1wGegarodipysed betveceand tor8y f or m met ast ases and eventual |y can

kill the.host.. "Pharnmaceutjcall eptable.salts” refers,to.salts_ of the
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acid, and _the like), and salts fornmed with organi c acids such as acetic
aci d, G6RBfBUrafdens "tartaric acid, succinic acid, malic acid, fumaric acid,

mal ei ¢ acid, ascerbic acid, benzoic acid, tannic acid, pampic acid, alginic
acild, pbeysymhcm-¢ cavile, alpeepitt bat Eneregontsiti means that the colleeae beupd bty
aci d, naphthal ene dj sul fonic acid, nmethanesul fonic acid, d . .

pol v gAIEEFuFEARAILR e TREVIABaF St o bhe Hem Berme e jnuslyedrivia
pharnaqﬁg&ﬂ&g&%a;ﬁg&gggggke salts, prepared according to the invention, are
useful agents for the treat ment of disease states, disorders and

pat hol aberalaucomdict, thiesr gecinati@chlbigoiddAE; thcir pptitaltylaativk dordb suldR as en-
treatment  of cancer diseases, _inf]lammtory di seases, neuronal diseases_ and
par asi téatioipexs; idepsbereorpers me dhedi taeermatedoros) as Tl phdheicebearmapeuti-
conposi tions w L. .contain at.l east one conpound of Fornula (1) as an active
i ng edfgﬂ'f“¥%P%%ﬂ%ﬁ%% %h%%?% as to produce a significant therapeutic

ef f ect Addbmoanmest bf s 160Ve1166 iOYhANEF Riesatdd SVERMhGIR @), Sof kb belie-
conventional 30 and are obtained with nethods which are common practice in
t he phahemments.cal industry, such as, those illustrated in Remington's

Phar maceut i.c Sci ence Hapd- .book,. Mack, K Pub. Y. - |.ast edjtion., Accqrding
o t ho TR HtbeT SETBHTREUF San SRt eAPRE® cobrbrer whabagia SouerpaTsfied
liquid i | :e ¢f i I :

20131 0413500 SBEr ERAB 5T ndldy BRAER, HcRiroRa) [ERses MR parasite, infections
aceér di(ag..tRlathedpnesefdctionyent i on contain, along with the active

i ngredi ent, at | east one pharnaceutically acceptabl e vehicle or excipient.
These neie Besndion BUthermpors preNldes anpiosesoiPrcdedPIRRATAEIONOfconpumMs Pk ng

agent s, di r &l n i t Si fyi -]
R e R

"t herapruthcal |y effective amount”. The anount of the conpound actually
adm nistered will typically be determ ned by a physician, in the |ight of

t he rel(@mnourds ofigsnearad esornwnlel ddicag hehebieaned thiyoreactingecampenrds of Her-
chqgsen rog%&rﬁf adm ni stration, the actual conpound adm ni stered, drug

corbi nattén\-dge, body weight, response of the individual pa- 10 tient, the
severity of the patient's synptons, and the |like. For any conpound, the
therapeutically effective dose can be estimated initially either in cel
culture assays or in animal nodels, usually mce, rats, guinea pigs,
rabbits, dogs, or pigs. Animal nodels may al so be used to determ ne the
appropriate concentration range and route of adm nistration. Such
information can then be used to determ ne useful 15 doses and routes for
adm nistration in humans. In cal culating the Human Equi val ent Dose (HED) it
is reconmended to use the conversion table provided in Guidance for

| ndustry and Revi ewers docunent (2002, U.S. Food and Drug Adm nistration,
Rockvill e, Maryland, USA).



Generally, an effective dose wll be fromO0.01 ng/kg to 100 ng/ kg,
preferably 0.05 20 ng/kg to 50 ngy/kg. For any conpound, the therapeutically
ef f ecti vewoass/mamsobe estimated initially either in cel pcempemn@smssays or
in animal nodels, usually mce, rayp, guinea pigs, rabbits, dogs, or pigs.
The precise effective dose for a fan subject will depend upon the
severity of the disease state,ogfgziak\pga$ihsﬁﬁ t he subject, age, weight,
and gender of the subject, diet,|time and frequency of admnistration, 25
drug conbi nation(s), reactionRseNmﬁﬁivities, and tol erance/ response to

t herapy. This anobunt can be determ ned by routine experinmentation and is

Wi thin the judgenent of the clinicikdmu@anpositions may be adm ni stered

individually to a patient or nay be administered in conbination with other
agent s, whinegs Ryr RicamdRésan B Fire asealhoznedescrimyl, atislo coomptominulsaof Formula

pharmaceyti cally accept abl arrier, for admnistration of the therapeutic
agent.(ézkﬂrgé?gpég%943ﬁéﬁd§é §Hti bodi es and ot her pol ypeptides, genes and
ot her therapeutic agents such as |ipogongs, provided that WO

2013/ 04148011PCT/ EP2012/ 068230 t he carnyer does not induce the production
of antibodies harnful to the individualcﬁéceiving t he conposition, and

whi ch may be adm ni stered wi thout g gxicity. Suitable carriers nay be
| arge, slowy netabolised nacronol ecul e"such as proteins, polysaccharides,
pol yl actic acids, polyglycolic acids, p@gperic amno acids, 5 amno acid
copolynmers and inactive virus particles. A t hor ough di scussi on of

phar maceutical |y acceptabl e carriersFosnaadi | able in Rem ngton's

Phar maceuti cal Sciences (Mack Pub. Co., N J. 1991). Pharnaceutically
accépt abhercoaRi Bf andR%, hArpand ncarsonpabivd dersribey, audinolanaproficeiventn

| i qui ds ch as wat sal.ine, glyceral and,ethanol....;.1Q .Additionally,...
nunt || apyRE duERertited a B gkt WRL T s LR Bg dheibe dsRohwePificng
substangﬁhngnd the like, may be present in such conpositions. Such
carriers enabl e the pharmaceutical conpositions to be fornulated as

t abl et Compdhsds df ageersy] Fapnulaes]), Wigueds R3geld, caprhpsbtahead rhyeseacting

suspensions, and the like, for in q;lion by the patie&t. 15 Once

f or mul &PEPounKs of dipsaslei(Oneherein e’ sy eritopf Farmpla dhmhakewr defingd @bk | y
t o hhe i . i -1y C i ,
olne e DR BLEG B A RE EPAEduER MR TRLE sl AR
adm ni shed edldrysanyntiunbem Qivdlpuies compelitds ren Bbbidhel bV t@slatiog or al ,
i ntravenous, intranuscular, intra-arterial, in- 20 tramedullary, '

i nt r at heeadbovermentiened ireattapn spfunsdeydrakidsr by reedswnt driemeshapge ivang éns,

subcut apeou intraperi al ,~ it ranasal nier t opy , Lhgual

it avaBerped PR IRER (hBRe ql LaMncBit e BRL S drerisr STt EBPALTon ey
take t gy psih@ PUWdhdrhlWARAL UITONGA P beS HBREASH WS rebtildl O nRRIMIRISS of
More commonly, however, the conpositions are 25 presented in unit dosage
fonfs tHorhadbl(Vdate accurate dosing. The term"unit dosage forns" refers to
physically discrete units suitable aﬁHHQitary dosages for human sub- jects
and ot her manmal s, each unit containtng a predeterm ned quantity of active
material cal cul ated to produce tngdszpe?4kQ§rapeutic effect, in
association with a suitable pharnmaceuti cal "8xcCi pient. Typical unit dosage
fornms include refilled, pre- 30Rpe&s ¢ ed anpoul es or syringes of the liquid

conpositions or pills, tablets, capsules or the like in the case of solid
conpositions. In such conpositions, Edmmutdfrpound of the invention is

|1 ' f b . % b L.gh
or ef er ARGFEER dft 4B ﬁg%ﬁ%%k&?}fméﬁéﬁé erghed. e ﬁ%ﬁ@ymﬁjﬁ}a?w&@?s;mi%
b1 ocos & A QLRI SR g b ey e s FRe yBROREL £ O I “Dosage

t r eat newith@mpeuddsshBbendise/Behedul e or a nultiple dose schedule. As
above discl osed, the conpounds of the present invention are useful as

medPcaments due to their HDAC i Akl tHamamplapdrties for the treatment of

di sorder,s wherge .5 such inhibi.tion result in improvi.ng th ealth of

pat et g 5 F og ppve Mtk € oliRPdkat e O SRR e P bR
di seasgg.a Jh8r cORRAS at a0R$npdFaBRSE) @ 0By, together with the conpounds of
Formul a (|§l contain further known active principles.




A further object of the invention is a process for the preparation of
phar maceuti cal 10 conpositions characterised by m xi ng one or nore
conpoundswofoBamsba (1) with suitabl e &xcipients, stabipcrmresi2asisor

phar mageutq,cal:l,y, accept abl e dil uent,ss..An enbodi nent of this invention i

Phat "o Sotthati AR v MR et R o h bl fe PHERE GRS
pr ef er nRdn eabODERRE Qbcokling ithVERILQAabssHdBprote RAVPOGERSIHRM [T dhshaid | )
de- 15 scribed earlier, wherein R3 is a group of Fornula (I11) as described
above. chevvstdiyrg. g oGaeaicn®r Véndoditheml. Y utshPotesont Growenin Orgahe Samcer

to be treatged is.a pyijmary_tunpu se ed fromithe group conprjsing

sar cong! e%]ér’(fl'n@hlﬁ,y Oélﬁo%‘f'rg%fi@dt’u ),ar?fLWtegPé]ﬂ%‘ﬁgitﬁéﬁpﬁ?rﬁ lrlledi WiHoi d

| eukaeni.a, Qi i 2, NQCt i 8. ' )

| eukacn s AT o R e Y e Bl R ARAINO RNk Bunge dep e
nment i oneribsdrcowegand darmistonde gandlaichod., t'alvgmoud OopmiicsChgmikiregasy.
cancer;_lung cancer, i ncl udi nggnon-smal ung cancer_ ( NSCL% and

| [ |
smal | - SHIIEY Ra Sghoaiicerd .ol 993hand oreik-ksewdio Gare skilldd s
h i h Lal «“ y 4 y 1
oF oAb arpfR i ARBE B alkBLBS ARATE CLREN Aha RO, SPAQR L RS H

endometihtdter cBRGRse dBSNeal 2 QRR; 7 (1BBELerC@nESise PDOSTHRIE4 GRICE it R@bgdRneum
cancer; pleura cancer; face and neck cancer; bl adder cancer; brain cancer;
andOcaneéhecfclonbdkialone ot kacappssseThm acopicacomplan stredurefrefer i hnear

paedi atri.c capcer ... For..exanpl aediatric ncers,that cap be treated or
Whor e (HeTAGHFLIKEh O DERIHSCD AR DAY 0] OB LOebrGi0% AHGLY ¢ he
present.j i f t consisting of: acute lym
phobl a???lg\é?%kggg%ﬁgﬁagﬁﬁegﬁnggItg%ealrgﬁr&%%ﬂgl adrenocortical carcinons,

ast r ocyFhd terass “lIndtadasicl oadlagle randfladtorslyel’ gefernm, a catiradbd e paotisllyyshem

atypical tera- toid/rhabdoi d cancer, brain cancer, central  nervous system

enbr yosafuaiad dpat nov\@r@@féwbﬁq%o 3PCTPERIOEIEO6RL B HPA T HIE sorlaining at

asteoc ' r oy, e I i l,dho

R o TR R M R S AR

i nt er madi teesdthé foerdifferait @ectedFr@heiieogrioalp @siBting 6f NRYS QAL IRIBEARINd

cancers and pi neobl astonma, breast cancer, bronchial cancers, carcinoid

cancer sutlary ppdlwhighosngs Bnashbe sohatiteiedov bt aninaae etkyloegwpivagEaefeceatcer |

extra c¢rani al .germ.cell.cancer, .gastric cancer, gl.io hepat ocel.l ul a

(11 ver petdiasera s gt ydim Rartdme o iy aldng: | Haryiia WRReGne, ke

| eukaenhginedgsihe, b?’mﬁh&%ﬁﬁ}ek&éiﬂlé,eh%@hloﬁ%%m Rhidrh§IhoFiRAC ix-aabERAEKI

| ynphore, "nmedul | obl ast oma, "nesot hel i oma, mnultiple endocrine neopl asi a

syafr ofetermagdphHiy) npeabe optoan]lyofuakd cartbean aryhiaisatefoecendepaath1®re-

creatic cancer apill omatosis, renal cel] cancer, rhabdomyosarcona, .

sal i vaf?”@ﬂagr‘l’&h afe Pt%ré%é%?r% IeXERREr tety RAY € Eetégﬁﬁ‘ihf%‘na,

thyroi%oﬁaﬂﬁﬁﬁupnd vagi nal cancer. Still another enbodi ment of the present

i nvention consists of the conpounds se- |ected fromthe group consisting

of 1 ( S)Fife wren PARET FefeRetas arbevaylc carBodsatlic(d@ofip of By tapitbonlatoms hav-

- phenyl car banoyl - hexyl )- am de, (5)- 6 - oxo-gigeridine- 2-carboxylic acid
R

((S)- 1ngeyeingpenng @ashahsyyl) @ mukEplapngs terymay beriageachsyl-ing: pendent

oxQzpi peridine-2 - carbo . C.aci . :
(85 P R ENSS P, SEERSSY Cartsdied avidnsindeph TR Rhhlyahepagtrenyl, bi-

6- 0x0- RiReKI dinietite tRD D i“aael dhaP) ha®s 1MRY SaRiRtitdentdehddehl HRIARERRY! -
benzyl car banoyl) - hexyl ] - am de, (5) - 4- oxo- azeti di ne- 2- car boxyl i caci d((5) - 6-
20 mer chpxys Halogdrenhblvatiigdnoybhndeiyi-Lx)-alkydie (C(-€9-alk8ky, Denzywgy, amino,
4-phenyl -pyrrolidine-. 3 - carboxylic acid S)- 6- nercapto- 1

- pﬁeny?gé%%éhﬂﬁllqrr?ggwa)mmé’m de, )(/SR, 4R) - (2(-2)xo- 4 - P

ohenyi e A ; i d
((5)- 6@%%%3%% gdr%ﬁfo en%@%%&%?%eyﬁ% - amde, (3R 4S)- 2 -oxo-
4- phenyThepyerne “bbiyiemide’tasfbox yo ithe agbdp ((NIR @wherd® tafl(R-Ch-alkyl” as de-

phenyl car banoyl - hexyl )- am de, (3S, 4R)-2 -oxo- 4 -phenyl-pyrrolidine-
3- car bdiyad @bayei d 25  ((S)- 6- mercapto- 1 -phenyl car bamoyl - hexyl ) - ani de,

(S)- 6+mOx0-pi peri-di ne- .2 -.car boxyl i C\ S) - 4 - di-hvdro-, 1.
) soquifo o PEBHALR LR RPN LG BEL BN B elingqyodvg O SE Suds
oxo- pyrrhiehd By Ae- Zméds beyag.i ¢ aci d |

((5)-6-nercapt o- 1- phenyl car banoyl - hexyl ) - am de,

(5) - 6- oxo- pi peri di ne-2-carboxylic acid
[(S)-6-nmercapto-1-(2-mtolyl-ethyl carbanoyl)- hexyl]-amde, (R)-2

- 0X0- pi peri di ne- 3-carboxylic acid ((S)- 6 - nercapto- 1- 30

phenyl car banoyl - hexyl ) - am de, (S)-2-o0xo-pi peridi ne-3-carboxylic acid
((5)-6- nmercapto- 1 -phenyl carbanoyl -hexyl)- amde, (R) - 6 - oxo -pip

.



oxo- 3- aza- bi cycl o[ 4. 1. 0] hept ane- 4- car boxyl i caci d((S) - 6- mer capt o- 1-
phenyl car banoyl - hexyl ) - am de, (5) - 6- 0xo-1, 2, 5, 6-tetrahydro- pyri di ne- 2- car box
ylic aci cW()Ez))tsﬁmmncapt o- 1- phenyl car bar?oyl hexyl ) - am de pCP)EP4010068230 aza-

l(ol( g/c'ESOIErPEr g% g}_?@_ SF%gn'@IE‘ OF]'%EIILI?‘? moieties or to alkyl groups as previously

Sam de, (@fﬁﬁé@'c%n@ai@hﬂ%/m (ﬁ‘y@H‘FgﬂﬁOl%tl@@r boxyl i caci d((S) - 6- ner capt o- 1-
phenyl car banoyl - hexyl') - am de, - 6- 0x0- pi peri di ne-2-carboxylic acid

((S)- 5-Thmtmpt“¢ar§ﬂ—(dhe6§bl-aﬂkyb mfy}rs peraglkyb gaone as defined above, having one
(5)-6-0x0:p r|d|ne20rbo yl cac S)- 7- r to- 1.
oheny gt Bafba It RRp arL Y Ebet ab0Es - Prefabia 215 debadideindrie. bonavl,
car hox d t henyl car banoyl - hexyl )- am de, (S)-
%x >ﬂH e@&ﬁ dé}ﬁoﬁlg gi}ceﬁgzggﬁe tﬁe ﬂke pheny y yl) (S)

6- p| peri oxylic acid
((5)-6 ']T}E @ﬁpﬁe@smnmrtamydﬂcarﬁamyhelﬁéwfe)rsa;mtdh@ 2(31mﬂtt(1ﬁl-a1ﬁino acids, 1n all
Oxo-piperidine- 2 - carboxylic acid ((S)-.6 - nercapto-

-p-tol mogalb%mnem@rrps %m«ildr@naw@ntgh €W%p@]ﬁ@ﬂ% ph@wlabesnlviyﬁemhnem

is as describ tsof For é%lg not I—% st|II angt her
embodi fENiner OKe P ECRRET vt B Uaidnbe dedinid, 38 mbimAlRs cerisd et e
fromt @%Qﬂ@l‘éﬁd@l@é‘sﬂnﬁ:hl@ﬁlﬁ priolin@aeetetn@Cilteonine, try tophan, arginine and
S-{(5)-6-[((5)-4-oxo-azetidine-2- car bonyl) am noj - %enyl car banoyl - hexyl }
estlér, tytsaaeetic acid S-[(S)-6-[((S)-6-

0xO-DIRGLL (e~ 2, car o)A Mol & %gs@;lfv'vﬁl% SN AT R

S-{(9) I carbonyl ) -
ani nol fﬁzéé e PRI R BRI sy R UBR Eh G RE 0l ol .
202-y 1)‘Pha®mcéuﬂcﬂly Gerco¥ptable evalidi’ neef@r a6 txmitgslbf aiienbélolve ptlyhfified t @m-

t hi oacetl c acid S - _0XO0 Ogl peridine- 2 - car bonyl) am no]

-6 (2 pougds ) ﬁorn@ﬂ y&be{#@é#ﬁW}Lt}%’e@%ﬁﬂje Brodegicalnp@iaty.i Examples of such

S 465 AR08 LRSI DR R A3R0ADY AT D e o BRGRY)ERT RAERMe ey )
ester, Poaceti e acid {t( 6[9 B)E€ XO0-pi p
car bo n}iﬂé '(@-g% nﬂﬂldﬁmﬁhﬁ'ﬂy hEi! b@@@&ﬂ)rdﬂﬁPéYé(}ld esthrictdti @ageddphofd feid, nitric

S-{(S)-6-R

255)&0) pacmagamﬂ hke dikeds bodyda) tsafeirmsid 1 brdarlic @rcn&nrswh hexadeficemtiéy pxalic

t hi oacet S - R -0 eridin car. 1 -
Sl S T TR R by m@ﬁﬁ@&g’é@ﬁsﬁ%@éé v sfelgic frifapdcgbichtia’
0X0- pi F?)%h'zgicneﬁnd2tanrﬁé‘ratéﬁi‘yﬂ§moﬁrﬁd‘@,]a iBic-adtd Cﬁ&@@ﬁi%hﬁ@%ﬂépﬂﬁé}’éﬁe
ester, thioacetic acld {(5)- 6- R3I‘~2’g %

phéﬁyl spyfionod ladld;d:oﬁiezmr boHydic- andnm]aiﬁﬂchammyel daultfmmy bete xyibfhaastsatfonic
thioacetic 30, acid S -{(S:- 6.- RI3R*, 4R*)- 2 - oxo- 4-phenyl-pyrrolidine-
3 - cadsyhyend p%lmg?éfcturemcp%w car banoyl - hexyl} ester, thioacetic acid
S-{(5) ﬁ? [}ﬁa(xﬁ)foﬁng)%%hQXB Qie'rg,arﬁf{l (Pe thelr %harnrtl%leutlc tll.ly acee 1(::?b1e salts,

car bon am no phenyl car army fest oace

S-{ (5) 1RebsRd adcdrdimeOtdthe ineinteom3 éi"@rd&m’llei @{bs11o} the mh@e&yxhent of disease
carbanoyl - hexyl } ester, (5)-6-oxo- WO 2013/ 04148015PCT/ EP2012/ 068230
p| perl @‘t@@sgdmﬂ@s@and d qloglcal conditions mediated by HDAC; in particular for

2% Irtgﬂgﬁérggn&é)? C@ivcar 15%3} ls_ r1]nffgm)1rne‘?’cory dlsgas)es neuronal diseases and
((S) 1@&5&@9%@@&6@& ge_agmpla&nagﬁﬁﬁ%fécﬁ%ﬁyl )- amide,

(S) - 6-0xo- pi peri di ne-2-carboxylic acid

[ (S) - 1-T18> beanyhoxytidzd npyl waithanowill coBtararatdpast tex yohparmdef Formula (I)
(S)-6-o0xo0-pi perldln%ﬁ car.boxylic acid [(S)-6-nercapto-1-

5( 4- t 1 19| O PEHEE H) BrUBADY | 1801h A Fty P tarﬁraéucq 9)Slgnkflca&£&her%&eé{ti<’d. ne
- 2- ¢ r b

A de. g%@f’x%}')lé Egﬁi)bg&{oﬁj co@er B§gc;§rbﬁpgle|% dﬂr‘lg{% fﬁ%ar tll{geggyég%lzzgmo%al
mMeBOc pidoare E;btaiih@dily)llﬁﬁh’ﬁ@tm}ds- WakeH hr@rbshenor ?pli%actﬁ@ m? the @k@rmaceutical

4- phenyl - pyrrolidi ne- 3-carboxylicacid((S)- 6- nercapto- 1 -

pheny| ¢afbairyy sueleapl Fhosenillistratzg, 1n4§)9rrgngtcm@l’h@rpw@ﬁytmpySﬁ@rmcaulﬁfend

3- bax 0 b -h d
(35 ARt Sa s Puh N oSt eI M- et ERpeRR gt e R
apto - the coﬁgﬁﬂi’tll&?sr RiAHRYIn YD liqualTdien, su(1@ble for oral, parenteral or topi-
6- oxo- pi peri di ne- 2-carboxylic acid

[(S)-1-(3, 4-di hydro-1Hi soqui nol i ne-2-carbonyl)-6- nercapto-hexyTham de,
(R- 5- oxo - pyrr olidine -2 - carb oxylic acid ((5)-6-nercapto-1-
phenyl car banoyl - hexyl ) - am de, (5)-6-o0xo0-pi peridi ne-2-carboxylic acid

[ (5)-6- 15nmercapto- 1- (2 - mtolyl- ethyl carbanoyl)-hexyl]

-am de, (R) - 2- oxo- pi peri di ne-3- carboxylic acid

7 —\ ~ R T Y T



WO 2013/ 04148016PCT/ EP2012/ 068230 ner capt o- 1- mt ol yl car banoyl - hexyl ) - am de,
(S) - 6-o0xo0-pi peridine-2-carboxylic acid

((S) - 6- mewoaptam4issp- t ol yl car banoyl - hexy?) - ani de, and t hiroamebiic/oesBa
S-{(S)-671[L({S)- . e : : : :

o oxo, £3b ahahatrptiggy The copapions FBEME) Lol b T B BRI b SRR Bhexy
I'T est gflon® wRBESHR BRIt (Nikdre 8t tDROWNG onkl tHHrh seeuVRaTI§ TR cBhtabl@vehivR G Of
cytoplasm c and nuclear extracts of NC -H460 cells after treatnment with
conpouregcipfierx dfpse may behpaftatuleniyrngsdfil tmaisidnescadphemtar e.goysohileans
an exhaustive |ist of. what the present invention intends to protect. 10
EXAVPLESS a&SBF%\ﬁ?%qréﬁ’é AgEIRE SURPEPFLONCRg A %@%M@EY@%H%T onitrile

di t iy |y, i chi et j ED
0 5 et by PR BothoRh s Stiis SRS ARICE Y SRRSO 3 M0k apbTRaee O
et her 20fckiRkECam@mtPeThomnmanoe dofi thei dnehrarhagrpilyhydhRAsierpd opyl typlicdhol

MeCH: net hanol NaHCOB: sodi um bi car bonat e Na2504: sodi um sul phate 25 ]
NEt 3: t Hieetetprmamerd by a physician, in the light of the relevant circumstances, including

hoopnRETERMACR! Balihal b Wadof OB B AR DokRNG PR LB AL

phosph m tenper at’ur e hi-oac uoroacetic acid

TLC: t higdrhiay&er&d)r @FS 0amdRAMi S NLE&l bdBMRkeht, Aebpaidt- 8OUEOUSAFE@EA] PAS
were run in flanme-dried gl assware un- der a positive %(roessure of argon with
exdDusitomtothemsevewtse of tenpadiage'stsynaptdmsN@zD 13y 04ke4 80t ARCTEERROLRA.068230

therapeutically effective dose can be estimated initially either in cell culture assays
or in animal models, usually mice, rats, guinea pigs, rabbits, dogs, or pigs. Animal
models may also be used to determine the appropriate concentration range and
route of administration. Such information can then be used to determine useful
15 doses and routes for administration in humans. In calculating the Human Equiva-
lent Dose (HED) 1t 1s recommended to use the conversion table provided in Guid-
ance for Industry and Reviewers document (2002, U.S. Food and Drug Administra-
tion, Rockville, Maryland, USA).
Generally, an effective dose will be from 0.01 mg/kg to 100 mg/kg, preferably 0.05
20  mg/kg to 50 mg/kg. For any compound, the therapeutically effective dose can be es-
timated initially either in cell culture assays or in animal models, usually mice,
rats, guinea pigs, rabbits, dogs, or pigs. The precise effective dose for a human sub-
ject will depend upon the severity of the disease state, general health of the subject,
age, weight, and gender of the subject, diet, time and frequency of administration,
25 drug combination(s), reaction sensitivities, and tolerance/response to therapy. This
amount can be determined by routine experimentation and is within the judgement
of the clinician.
Compositions may be administered individually to a patient or may be administered
in combination with other agents, drugs or hormones.
30 The medicament may also contain a pharmaceutically acceptable carrier, for ad-
ministration of the therapeutic agent. Such carriers include antibodies and other

polypeptides, genes and other therapeutic agents such as liposomes, provided that
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WO 2013/ 04148019PCT/ EP2012/ 068230 car boxylic acid (90 ng, 0.79 mmol), PyBOP
(408 nmg, 0.79 mmol) and DVF (1.7 m). The reaction mxture was stirred
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84 (t, 2H), 4.00 (m 1H), 4.46 (m 3H),
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1H) 7 A?r? fdbo nt bf BKi; /s fn98nfibh i2'dhat gﬁ&&@p%ﬁdéé@ﬁ'@ﬂmﬁw@) des¥Poed ear-
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Thi oacetdrcedied&nlg 5 1 2x(23, 4- di hydr o- 1H-| soqw nolin-2-yl)- 7-o0xo-6-
[((S)-6-0x0- p eri di_ne-2-carbonyl)-am nol - |} ester eI d: 28% 51I1-1
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(2-mtolyl- ethylcarbanoyl)-hexyll ester
1s a primary tumour, selected from the group comprising sarcoma, carcinoma,
melanoma, bone tumour, neuroendocrine tumour, lymphoid leukaemia, myeloid
leukaemia, monocytic leukaemia, megakaryocytic leukaemia, acute promyelocytic
20 leukaemia or Hodgkin’s disease.
The above mentioned sarcoma and carcinoma consist of the group comprising:
breast cancer; lung cancer, including non-small cell lung cancer (NSCLC) and
small-cell lung cancer (SCLC); gastrointestinal cancer, including oesophageal, gas-
tric, small bowel, large bowel, rectal and colon cancer; glioma, including glioblas-
25  toma; ovarian cancer; cervical cancer; endometrial cancer; mesothelioma; renal can-
cer; prostate cancer; peritoneum cancer; pleura cancer; face and neck cancer; blad-
der cancer; brain cancer; and cancer of the skin or the eyes.
The neoplasm can also refer to a paediatric cancer. For example paediatric cancers
that can be treated or where the progression of the condition can be delayed accord-
30 1ing to the present invention are selected from the group consisting of: acute lym-
phoblastic leukaemia, acute myeloid leukaemia, adrenocortical carcinoma, astrocy-
tomas, bladder cancer, brain stem glioma, central nervous system atypical tera-

toid/rhabdoid cancer, brain cancer, central nervous system embryonal cancers,



Yield: 27% 1-H NWVR (500 MHz, DVMBO-d6) 6: 1.06-1.32 (m 4H), 1.36-1.76 (m
7H) 1.76-1.88 (m 1H), 2.10 (t, 2H), 226(s 3H), 2.30 (s, 3H), 2.65 (t,
2. 78w0t2013AH)4803. 21 (m 2H) 153.8%3(m 1H), 4.16 (wcTEHg1266836 7. 03
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1.33 (m 4H), 1.50 (m 2H), 1.65 (m 2H), 1.88 m 2H), 2.25
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420. 3 (cwnew@r@rofﬁé' RASEHH £3IdR tder, SralldablRr, ovarian cancer pan-

oxo-pyrrolidine-2- carb onyf)- amno' -6- m tol Icarbam)yl hexyl } ester
Yi é0d: cagvic tarbadVRapEionatdsis, DRBD dd] cancer, 3bagmm§wﬁarcqnw8 seﬁ‘ya@Hglarm 64

glr_nb Zki)c?g%%x? %a%&%mézglé@%%?cegz&hy%ow eﬁa %11\4’1110 ag@%@ﬁ?a (t;yrma) %10@{8&11%
7.36 (d, giﬂ'&lica?m ) (s, 1H), 7.80 (s, 1H), 8.15 (d, 1H), 9.96 (s, 1H). 10
ESING 2 4203 (MeH) . EXAMPLE 9  Thi oaceti caci dS-{(S)- 6- [((R)- 1-rmethyl -
5- oxo-Juyit rmiathemenibodctmehbnjlt)}w praseat invéntiophenyglstardiaimeytorhpoyhds est er
lected from the group consisting of: (S)-6-oxo-piperidine-2-carboxylic acid ((S)-6-
15 mercapto-1-phenylcarbamoyl-hexyl)-amide, (S)-6-oxo-piperidine-2-carboxylic acid
((S)-1-cyclopentylcarbamoyl-6-mercapto-hexyl)-amide, (S)-6-oxo-piperidine-2-
carboxylic acid [(S)-1-(3-benzyloxy-benzylcarbamoyl)-6-mercapto-hexyl]-amide, (S)-
6-oxo-piperidine-2-carboxylic acid [(S)-6-mercapto-1-(4-trifluoromethyl-
benzylcarbamoyl)-hexyl]-amide,  (S)-4-oxo-azetidine-2-carboxylic acid  ((S)-6-
20  mercapto-1-phenylcarbamoyl-hexyl)-amide, (3S,4S5)-2-0x0-4-phenyl-pyrrolidine-3-
carboxylic acid ((S)-6-mercapto-1-phenylcarbamoyl-hexyl)-amide, (3R,4R)-2-0x0-4-
phenyl-pyrrolidine-3-carboxylic acid ((S)-6-mercapto-1-phenylcarbamoyl-hexyl)-
amide, (3R,45)-2-0x0-4-phenyl-pyrrolidine-3-carboxylic acid ((S)-6-mercapto-1-
phenylcarbamoyl-hexyl)-amide, (3S,4R)-2-0x0-4-phenyl-pyrrolidine-3-carboxylic acid
25  ((S)-6-mercapto-1-phenylcarbamoyl-hexyl)-amide, (S)-6-oxo-piperidine-2-carboxylic
acid [(S)-1-(8,4-dihydro-1H-1soquinoline-2-carbonyl)-6-mercapto-hexyl]-amide, (R)-5-
oxo-pyrrolidine-2-carboxylic acid ((S)-6-mercapto-1-phenylcarbamoyl-hexyl)-amide,
(S)-6-oxo0-piperidine-2-carboxylic acid [(S)-6-mercapto-1-(2-m-tolyl-ethylcarbamoyl)-
hexyl]-amide, (R)-2-oxo-piperidine-3-carboxylic acid ((S)-6-mercapto-1-
30 phenylcarbamoyl-hexyl)-amide, (S)-2-oxo-piperidine-3-carboxylic acid ((S)-6-
mercapto-1-phenylcarbamoyl-hexyl)-amide, (R)-6-oxo-piperidine-2-carboxylic acid
((S)-6-mercapto-1-phenylcarbamoyl-hexyl)-amide, (S)-6-0x0-1,2,3,6-tetrahydro-
pyridine-2-carboxylic acid ((S)-6-mercapto-1-phenylcarbamoyl-hexyl)-amide, (S)-2-



Yield: 36% 15 1-H NMR (300 MHz, DMSO-d6) 6: 1.34 (m 4H), 1.51 (m 2H),
1.66 (m 2H), 1.82 (m 1H), 2.22 (m 3H), 2.31 (s, 3H), 2.61 (s, 3H), 2.82
(t, 2H), wobdixom4sdH), 4.42 (m 1H), 7197 (t, 1H), 7.32pCuEP2HR/0682360 (d,
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ester Formula (I) but 1s not H.

9

A still another embodiment of the present invention consists of the compounds se-
15 lected from the group consisting of: thioacetic acid S-{(S)-6-[((S)-4-oxo0-azetidine-2-
carbonyl)-amino]-6-phenylcarbamoyl-hexyl} ester, thioacetic acid S-[(S)-6-[((S)-6-
oxo-piperidine-2-carbonyl)-amino]-6-(4-trifluoromethyl-benzylcarbamoyl)-hexyl] es-
ter, thioacetic acid S-{(S)-6-(3-benzyloxy-benzylcarbamoyl)-6-[((S)-6-oxo-piperidine-
2-carbonyl)-amino]-hexyl} ester, thioacetic acid S-{(S)-7-(3,4-dihydro-1H-1soquinolin-
20  2-yl)-7-0x0-6-[((S)-6-ox0-piperidine-2-carbonyl)-amino]-heptyl} ester, thioacetic acid
S-[(S)-6-[((:S)-6-ox0-piperidine-2-carbonyl)-amino]-6-(2-m-tolyl-ethylcarbamoyl)-
hexyl] ester, thioacetic acid S-{(S)-6-[((R)-6-oxo-piperidine-2-carbonyl)-amino]-6-
phenylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[((S)-6-0x0-piperidine-2-
carbonyl)-amino]-6-phenylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[((S)-6-
25  oxo-piperidine-2-carbonyl)-amino]-6-p-tolylcarbamoyl-hexyl} ester, thioacetic acid S-
{(S)-6-[((S)-6-0x0-piperidine-2-carbonyl)-amino]-6-m-tolylcarbamoyl-hexyl} ester,
thioacetic acid S-{(S)- 6-[((S)-6-ox0-piperidine-2-carbonyl)-amino]-6-
cyclopentylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[((3R*,45%)-2-0x0-4-
phenyl-pyrrolidine-3-carbonyl)-amino]-6-phenylcarbamoyl-hexyl} ester, thioacetic
30 acid S-{(S)-6-[((BR*,4R*)-2-0x0-4-phenyl-pyrrolidine-3-carbonyl)-amino]-6-
phenylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[((R)-5-oxo0-pyrrolidine-2-
carbonyl)-amino]-6-phenylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[(R*)-(2-
oxo-piperidine-3-carbonyl)-amino]-6-phenyl carbamoyl-hexyl} ester, (S)-6-oxo-



A: aniline" PyBOP, D PEA, DM and DCM RT; B: TFA, bDCM 0C to RT; C
(R) - 6- oxo- pi peri di ne-2-carboxylic acid, PyBOP, NEt3, DM and DCM RT; D
AcSH, Al BMozdlatzmme 75C Scheme 2 15 STEP A PCT/EP2012/068230
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phenyl carbaamiel - hgxids- e85 @@Yébgat()leﬁh@ﬂylcQﬂﬁﬂnm?ﬂDﬂlény hhnaeet i 2—10(510( 460
ill, 6.4 mmol) at 75C in degassed di oxane (7 mz was added Al BN r’rg
0. 64 mipyridireedcenkadydic anix () S-mescaptor -odens qalrb@mmvjl be@yh@m@es(@h of

th tart t Th t t
wes cooriPiPE TR G Ao e Red it h - EseaTonk DhyRY Besne ERERITRETE no.
the | atthﬁfca?ﬁérﬁg %Ed‘t atmad dREy 2@(8?6%{&936 OQQHﬁﬁ&tlHﬁ{é Q-Qaf'&ﬂﬁﬂ) ERAHGEE-

pressure and purification through chromat'ography on silica gel” using Hexane
/| DCW | phieAyl&@bdtoiDhasyk| estat, diiboothadyrtd e cids-{E)-GaHdbe6-oxapipentdie-33%

186 (SRR Bimho b Dy Lo bagiqr hegky eiero todcab. agichgS{ep Y B a1
iy g ding g ety ding hop(pitat Sumb ey residly) dile i el .

14 to 333{(\@!68[(689% besipgetblfdhbotndonhb-ah e dinetsehiaebeolhheghienester,
using the apgroprlate anine in step A and the adequate acid in step C. WO
2013/ 04hugeeupCT/ EPQOlZﬁO%@?@d(@Aﬁ’P[EEth5 mrmaf@@hdmmsrhqrsol) gmino]-6-

W ey S8 B RE Eh  RRD R Ciinf b Re Seiah RERY) 88 TRYGE 5058,
(M SHpvrdeldineM-cdidonyD- £Rikd]. 6-hbnyRarSh hd lﬁbﬁylg%szgr,(i:hiogb@bic 3c9® §m

1H), 4. 37 (m 1H), 7,03 (1, 1H), T7.28 (t. 28, 747 (d, 1H) . 7.57 (d. 2H),
8. 08 (d(SIN((RY-597 ¢ pyrrmﬂ)imeEacwsomsd) -420n0]- GV Hiply]cBd2n2oy( MeRFBC0 O pster,

Fﬁngh%eégggaa lcﬁg ég’glgd[g ][ }neég,y}]éToxo @Irﬁohdme 2-carbonyl)-amino]-6-m-

tolylcarbamoyl-hexyl} ester, thioacetic acid S-[(S)-6-[((R)-5-0x0-pyrrolidine-2-
30 carbonyl)-amino]-6-(3-trifluoromethyl-phenylcarbamoyl)-hexyl] ester, thioacetic acid
S-{(S)-6-[((S)-1-methyl-6-oxo0-piperidine-2-carbonyl)-amino]-6-phenylcarbamoyl-
hexyl} ester, (S)-1-methyl-6-oxo-piperidine-2-carboxylic acid ((S)-6-mercapto-1-
phenylcarbamoyl-hexyl)-amide, (S)-6-oxo-piperidine-2-carboxylic acid  ((S)-6-



tol yl car banoyl - hexyl | ester Yield: 88% 1H NMR (300 MHz, DVBO- d6) 6:
1.30 (m 2H), 1.47 (m 2H), 1.64 (m 5 1.84 (m 1H), 2.10 (t, 2H), 2.23
(s, 3H), \2029130(&1433%!), 2.79 (t, 2H) 4 (m 1H), 4. 37pCmEPidp/068230. 09 (d,

1212)6 67 (rﬂlﬁ (Ej!\?NFtI?, érlé%rb(a?ﬁ%?%ﬁlééy %1611 ’ 1(?2-)6-%ng-18)17pe§13d1n%@-(3ar%%lxl§\7§ 1iC rﬂa%ld
S L
[eg gea Qg%xgrﬁxgsp%g&%tﬁyrﬁ%&@&%wh@f@m%dé a§{t1 Hﬁbé(éé?cﬁ:r ﬁ@lraos {(5)96%[ (L?
2H), 1. GGQX(( 2, &I@)tetﬂalﬁniromyrldﬂ)lﬁ Zcabopy])-2H)no] 26- Ehel(lchaﬂcb@mO)’Zl ]2@?(}(1}5 esH) ,
2.80 (t, 2H), 3.95 (m 1H), 4.36 (m 1H), 6.85 (d, 1H), 7.16 (t, 1H), 7.35
(d, 1H®T7.40 (s, 1H), 7.47 (d, 1H), 8.09 (d, 1H), 9.90 (s, 1H) . 25 ESI M5
”12545%ESC @I‘IO R Rmﬂﬁ%%?eti cacidsS-1(S)-6- [((9)-
6- oXo- pI p yi)- -6- cycl opentyl car banoyl - hexyl | ester
Yi el d: g&’we OWé*sﬂélMR Elﬁﬁ&ri\dﬂjzsis IDIVS@t@kﬁ)asﬁnc hn@d5ndclefr estra2fslof NCI-G1460
2H), 2.30 (s, 3H), 2.80 (t, 2H), 3.95(m 2H), 4.20 (m 1H), 7.50 (d, 1H),
7.80 (sellspftertreptmentiyath egmsing of Bzampge dfirNa) . WO

2013/ 0411114890%?)P§-”ﬁ5ﬁ21g€-r%‘/t%0ny%g’lp%%% %@% %y6r§ P’ségn%agﬁ & 58650%e 15t D wibar fld R -

5- oxo-pyrroli

trifl ugresditinveRtieANheaiRagmybredtexyl | ester Yield: 84% 5 1-H NWR (300
MHz, DMBO-d6) 6: 1.31 (m 4H), 1.48 (m 2H), 1.66 (m 2H), 1.84 (m 1H),
228(w25(m 1H), 2.10 (m 2H), 2.79 (t, 2H), 4.09 (m 1H), 4.37
(rn 1H) , 7.54 (t, 1H), 7.77 (d, 1H), 7.80 (s, 1H), 8.08 (s,
%r(eéilatﬁ%s 10.43 (s, 1H). 19F NWR (282 MHz, DMSO- d6) 6: -62.97 10
ESI VB W HBE4. 3 %@éﬁzeté .3 (MtCF3C00) -. EXAMPLE 19 Thioacetic acid
S-{(9S)- 6 ra3R*, 45*) - 2- oxo- 4- phenyl - pyrrol i di ne- 3- car bonyl) -am nol - A:
PhNH2, AR, HGB'E,ZORIE;LscButj(ﬁﬁntmEt OH, RT; C. TFA, DCM RT; D:. 3-carboxylic
aC| d, PyBCP DI PEA, RT; E: NaCH, EtOH RT Scheme 3 15 STEP A:

((S)- 6-IP)¢M1D WPE%FPBQW hexyl) carbamic acid tert-butyl ester EDCI
(2 0 .68 M, 7.5 mol) were added to a

sol ati r ono- 2- tert but oxycar bonyl am no- hept anoi ¢

acid (@Mtﬁa P K. dlﬁ;etﬁylforrﬁag@ﬁ@ Med. Chem Lett., 2010, 20, 23, 7067) in
THF (70 rﬂi and the reaction mxture was stirred over ni ght at RT. The

sol ventERgs: r enpvieethyldet3-deneidodapirepropp) siarbodimaidéie crude reacti on

m Xt ur ~dil ut ﬁ wi.th AcOEt, washed with water and then with 10% aqueous
citric tand FURARPY with saturated NaHOOB. After renoval of the sol vent
under rmdoced preRstHE e purification on silica gel (n-hexane / AcCEt: 1
/ 9) the desired adduct was obt ai ned.

20 HPLC: high-performance liquid chromatography
IPA: i-propyl alcohol
MeOH: methanol

NaHCOxs: sodium bicarbonate

Na2SOy4: sodium sulphate

25 NEts: triethylamine
PyBOP: (benzotriazole-1-yl-oxy-tris-(dimethylamino)-phosphonium hexafluoro-
phosphate)
RT: room temperature
SAc: thioacetyl
30 TFA: trifuoroacetic acid
TLC: thin layer chromatography

General Remarks: All non-aqueous reactions were run in flame-dried glassware un-

der a positive pressure of argon with exclusion of moisture from reagents and



Yield: 91% 2511-1 NVR (500 MHz, CDC13) 6: 1.38-1.48 (m 14H), 1.75-2.00
(m 3H), 3.48 (t, 2H), 4.30 (m 1H), 5.40 (m 1H), 6.50 (m 1H), 7.12 (t,
1H), 7. 33W()t2013ﬁhi)4807 60 (d, 2H). V\o 2@)'13/ 04148026PCT/ EP20k2r06H2860 ESI VB

m z 4215%19, re %1 g c%(:l'vg'\@? e thfocetlclreste ompo
S- ((S) BANA e HPIE, SEMHEHT Lerhmgage ﬁo ynfl%% DB R S HLY S FOPRPE P um
t hi oac ey RIrb8s THREDuRS Bdoeshd © GVSRbM @Etral@éd b %)ltxﬁti@)hoﬂmm)lg}ll ?r in

phenyl car banoyl - hexyl) carbamic acid tert- butyl ester (6.5 t
(40 m xoluFhas r@attdandnDelixexy eywbemit dtheedsayeib me ndlghﬂledThadsmlpoemvaNas

renoved under r.educed pr.essure and.t sul t S . re

ot ovm&réwgﬁop e B eSS AP St aRErNe, FofnatcinD gty
W t b V, f r

o1 od Pamg R inelc ee8 EInBaE PR RGERELOR, £ FY?S%D%%@%EO%YQ%@ a2
13H) 1 fﬁﬁnédﬁﬁl £80-43) me@hl&ﬁhézﬁ geBr)ith &h@41n(dli]@até&l)s,olx2&rﬂ4s3(sﬂ:em2H)I‘h114 1a¥ex s,
1, 504 (s 1M, 7.10 (i 7.30 (t, 1r? 7.52 (d,. 2H). ESIMB i z
417. 41 cbm.qqa ographgTIERs gerfpﬁqnggdg} pee-geatgd, glass-backed silica gel plates (Merck
S-((S n c h er

Tr |( ]ﬁ UZ)rGS)a | 371§1é|glh E{%ﬁ %Q?”Bgr%rrgéﬁeé\nag% }E({rt é’\pelg ét%[ %}lgraw let ll%ht

{6 a sol ution o I 04C et
S-((9S) Rrd/@f t Q!A%?Mg?aﬂ}i@%ﬂbw@ hR- Gnphenkbear HasoYy | sda¥h) O@Sé&ﬁuﬁﬁ si0-
mol ) in DCM The reaction mxture was stirred at RT for five hours
beflBr e fb‘@i/wgma:@na@nt maldulage, oasEnNy emammhgar@ésu rag. ethenoles olutgn cefide

t t ak 1 0Ot | |
SRS AR L S R KRB ey (S A o A
reddi s@tgﬂnled B@, %kﬂosﬂ%aﬁtﬂot ﬁ)fdhﬂ@ vé our YR ﬁ%almev%%&@ d@dmﬂer’-%@w 00
(m (t, . 4.05 25(m 1H), , 7.30 (t,
2H) , 7 a4ﬁl hrgh Béé)olut'ioﬁﬁ%nzﬁsk aﬂ:h-l)yse@v&&ﬁe (me;rfdrl)rne(BG'IEEl\EI MSH%QO(&tMS 50ispeS

-{(S)- 6- - 0Xx0- 4-phenyl ol i di he- 3-_carbonyl)- amno] - 6-
phenyl égl(prggfaﬁyy|uqﬁ@gﬁlgctwpéay-ﬁﬁsré%@@m@ug& Nuclear magnetlc resonance spectra

D BEn (B R e BLARPE R v ERE it Sd, by 30 MBS ity TP
(3R* A4S dreZp X @mrie PBENYhtd¥I ZQLOOD Bfedreabhaxyding dédtdodpra tEmiqhe! 9.

The re- sulting reaction mxture was stirred at RT overlr;:l_g: After renoval

of the %mahﬁa%wem@wg&mnmde@@arm Whgenseannaratigs 610 Wasepodlbaneant o
wat er rgani c | ayer was then washed
Wi th N?&%éaé%@m& e B A d Y 2r0052 066230 br i ne. ber or o
being dried over Na2SO4 and concenfixkaipgprgnger reduced pressure to yield an

oil. The latter was partially purified by silica gel chromatography and
t héd sdbjiesteit 40dHPUS)BUI{ S takdazetiird-B:catBényl)-aminol-6-phenylcarbamoyl-

hexyl} ester

NHBoc NHBoc NHBoc

H H
M L. NM L— NMSAC C—.
@ o ©/ o

o

HO

b NH, CF.COH . , NS0
@NMS‘“—— Uy s
(o] ©/ fo)

A: aniline, PyBOP, DIPEA, DMF and DCM, RT; B: AcSH, AIBN, dioxane, 75°C; C: TFA, DCM, 0°C to RT;
D: (S)-4-oxo-azetidine-2-carboxylic acid, PyBOP, NEt;, DMF and DCM, RT

Scheme 1

STEP A: ((S)-1-phenylcarbamoyl-hex-5-enyl)-carbamic acid tert-butyl ester

A solution of (S)-2-tert-butoxycarbonylamino-hept-6-enoic acid (5.24 mmol), DIPEA
25  (15.7 mmol) and aniline (5.76 mmol) was stirred at RT in DCM (70 ml) for 20 min-

utes before adding PyBOP (5.24 mmol) and anhydrous DMF (5 ml). The reaction

mixture was stirred for 2 hours at RT. The solvent was removed under reduced



51H NMR (500 MHz, Acetone-d6) 6: 1.30-1.80 (m 8H), 2.28 (s, 3H), 2.81 (t,
2H), 3,51 (t, 1H), 3.75 (d, 1H), 3.87 Qm 1H), 4.31 (m 1H), 4.54 (m 1H),
7. 00- 7 40W()r21)138hi)4807 53 (bs, 1H), 7.841%m 2H), 7.89 (dpcthPp2012/0883¢ bs

fo outtrtlelan P g (A action mixbi 8BRS Airtdeh SR ARIEe SIMSP AR,

in steNHENY wheradet¥Ré® wieh d5o% hiedns RitrieXAMALEnd Finally Q@ﬂ?ﬂokﬁea%f@er
S-{(S)-6- [((éR* 4R*) - 2- ox0- 4- phenyl - pyrrol i di ne- 3- car bonvl) - am nol 6- phenyl c

ar banoykentvary |0f tdet solvent undek rrestuepd Dpiteksurecaotli pgrificadomam tshecacigsl (n-

igﬁﬁrenn eg‘%??/oﬁﬁ@ﬁ@@&éﬁe%we %"é V%@io%l?t&m%fb% 1H NVR (300 MHz,

Aceton 19@ G, 1.35-2.00 (m 8H), 2.28 (s, 3H), 2.84 (t, 2H), 3,40(t, 1H),
3.59 ( 3.78 (m 1H), 4.13 (m 1H), 4.48 (m 1H), 7.00-7.40 (m O9H),
7.63 (rH NIMR BOBMEHY, DMSO-Y25( b3 ) 2H201 B3I (WE98T)z 148R(:06 2HYHB)01 (m,
EXAMPLE 21 Thi oaceti caci dS-

f ((R) - 3% 4-Qfrol Hoti 4 842%#9@@73 (aniHoi 7.08 (mpr?é}byﬁe?a%a%‘él)i TR $Hast er
Yi el d: 9397% %%)H NMR (500 MHz, CD30D) 6: 1.20-2.00 (m 10H), 2.18 (m 2H),
2.29 (s %5) 80 (t, 2H), 4.07 (m 1H), 4.40 (m 1H), 7.04 (t, 2H), 7.29

(t, 2HESTMS (8341 M¥N2§+ (d, 2H), 8.10 (d, 1H), 9.90 (s, 1H). ESIMS mz
428.17 (MFNa). WD 2013/04148028PCT/ EP2012/ 068230 EXAMPLE 22 Thi oacetic
acil@ SS{TCEP 6B{ (ftipa¢etioxarigi Fet(SHtrier Bbetaxyoashonydanmut 66 hsmengdrbamoyl-
car ba eejé% ester Yield: 60% 51-H NWVR (500 MHz, CD30D) 6: 1.42-1,19
(m 10 2.55 (t, 2H), 2,80 (t, 2H), 335(m 2H) , 340(m

442, 14 “?ﬁﬁ(ﬁ?)”g%"sxxw&m (S AP herfye Semotlon SO ReCy Vi Ao} M Ty
((S) - 6-ewterc@pang; pényhody, Bhnacktibexyd (564 1D 7adrindeol) at 75°ONaCHe gd=tisOH,d1-RT

oxane was added AIBN (129 mg, 0.78 mmol). The reaction mixture was stirred for 1

15  hour. The reaction mixture was cooled to 0°C and an excess of cyclohexene was
added under stirring, the latter being maintained for 20 mn. The reaction mixture
was concentrated under reduced pressure, and the resulting crude product was
rinsed more times with hexane to afford the desired adduct.
Yield: 81%.

20 'H NMR (300 MHz, DMSO-ds) 6: 1.30 (m, 4H), 1.36 (s, 9H), 1.47 (m, 2H), 1.56 (m,
2H), 2.29 (s, 3H), 2.79 (t, 2H), 4.02 (m, 1H), 6.96 (d, 1H), 7.02 (t, 1H), 7.28 (t, 2H),
7.57 (d, 2H), 9.89 (s, 1H).
ESIMS m/z 417.2 (M+Na)*.
STEP C: thioacetic acid S-((S)-6-amino-6-phenylcarbamoyl-hexyl) ester

25 To a stirred solution in DCM of thioacetic acid S-((S)-6-tert-butoxycarbonylamino-6-
phenylcarbamoyl-hexyl) ester at 0°C was added TFA slowly. The reaction mixture
was then allowed to warm to RT and stirred overnight. The solvent was removed
under reduced pressure to afford the desired adduct as the trifluoroacetate salt
which was used without any purification in the next step.

30 STEP D: thioacetic acid S-{(S)-6-[((S)-4-oxo0-azetidine-2-carbonyl)-amino]-6-
phenylcarbamoyl-hexyl} ester
To a solution of the trifluoroacetate salt as obtained in step C (305 mg, 0.75 mmol)

in DCM (10 ml), were added NEts (312 ul, 2.24 mmol), (S)-4-oxo-azetidine-2-



Scheme 4 A 2N solution of NaCH (7.0 mol ) was added to a sol ution of
t hi oacetic acid S-{(S)- 6-
R( S) 6 oxwopnpmmm)ne 2 car bonyl ) - am né? 6- phenyl car banwylrrrexiglots2est er

h
Cver i oREbd 0 Qo e hg S FRHOP AT Sher €03 nil RAEREF Bz amy
Wi th wetgr rea{b'tidihenﬁﬁﬁufé wab Isylr@léd @deﬁmght MARSRHen REMBNE® kit AdTEES abyantd

under reduced pressure led to the desired adduct, which was purlfled
t hr ougrwﬂﬂ?ly@tem 8Yodaq. 2o 0s, brineli% mmm@ammlmman a@o3ehe Ggain.50he prudiH)

2 55 (tma ??%al ‘%a‘g%uﬁﬂedz Yﬁgrouﬁhggl %H%atégﬁa% ‘%éloliéamﬁ%ll,tgﬁ?ggﬁ"?’(??g a5 ‘Il_zﬁit 60
(d, 52H), 4 ??%%@smﬂf&?aﬁ@u&“é@ﬁ%m@g&ﬁ& (MH-. Exanples 24 to 40 vere

synt hesi z w ng the procedure depicted in scheme 4 using the
appr opryiatde 4§%1rt| ng material. 25EXAMPLE 24 (S)- 6- Oxo- p| peri di ne- 2-
car boxyl I cacidf cl opentyl car bam)é_)- 6- mer t o- hexyl

Startin NM p Mzﬂz tm&[%@zﬁbé &xcdnipnedtly, 1.¢8e(ny, 2H 04 64\, 21}1) 229 (S

015 UMEZTY TAPLZSTELH o . A0 A8 oA S A AN,
4.21 (nnH)lfﬂ)zsgc 551)(71.57% HE §Q2((§(1I§[}‘|)8 38’&8&}&; 1016% (s, BBHVE Mz 392. 2

(M+Na); 368 M H) I peridi ne-2-
carBox B9 10ATim[ ¢ 8p2. OlQM(rBI)beliﬁgMSﬂy/béﬁﬁﬂ (M#@&JOHGSDQ)L 6- mer capt o- hexyl |

- d | h | %

200 HisAraplee S0 RS Sier syitiasiqkil SlEmng ThE Togstiis, degigted 3 phome Db
249 (ye2hh e idtdgni® ;2Hp A5 40 odddoacE o0 Loxigplh 6, 80-6.95 (m
J08. 35 (M+H) EXAVPLE 26 “EXAMPLE 2

.75 (d, 1H). ESIMS m z

2. 15 trifluoromethyl-benzylcarbamoyl)-hexyl] ester
Yield: 51%.
IH NMR (5600 MHz, CD2Cl2) 8: 1.39 (m, 4H), 1.56 (m, 2H), 1.64-1.94 (m, 5H), 2.05
(m, 1H), 2.24 (m, 2H), 2.32 (s, SH), 2.84 (t, 2H), 4.00 (m, 1H), 4.46 (m, 3H), 7.21 (m,
1H), 7.32-7.47 (m, 4H), 7.60 (m, 2H).
20 ESIMS m/z 502.09 (M+H)*.

EXAMPLE 3

Thioacetic acid S-{(S)-6-(3-benzvloxv-benzvlcarbamovyl)-6-[((S)-6-oxo-piperidine-2-

carbonyl)-amino]-hexyl} ester
Yield: 44%.

25 'H NMR (600 MHz, CD2Cl2) d: 1.25-1.48 (m, 4H), 1.56 (m, 2H), 1.62-1.97 (m, 5H),
2.01 (m, 1H), 2.23 (m, 2H), 2.30 (s, 3H), 2.83 (t, 2H), 3.98 (m, 1H), 4.36 (m, 2H), 4.46
(m, 1H), 5.06 (m, 2H), 6.82-6.92 (m, 3H), 7.02 (m, 1H), 7.25 (t, 1H), 7.32-7.50 (m,
5H).
ESIMS m/z 540.17 (M+H)*.




Yield: 33% 11-1 NMR (500 MHz, CD2C12) 6: 1.38 (m 4H),
1.52-2.12 (m 9H), 2.23 (m 2H), 2.50 20(m 2H), 3.98 (m 1H), 4.45 (m
3H), 7.20wbrmi3liah4807.28-7.72 (m 6H). BSIMS mfz 460. 14 piirp201BX8BLE 27
(S)- 4- Oxo- azetidine-2- carboxyli ({S)- 6- nercapto-
1- phenyl car banoyl - hexyl )- am de %ﬁjﬁgﬁﬁng material was the one of
exanpl €hlicadét) d: 5&%H 1-H{ISYR-(HB0QiMixo- DNEEH @6ih oBinl2-3H- {0 BD((S)16-D%o( M
4H), 2.22 (t, 1H), 2.47 (q, 1H, 2.66 (m 2H), 3.10 (dd, 1H), 4.07 (m 1H),
4 43 (mmemnﬂmeﬂmarbonvl)wmlnol eptyll estby . 7.58 (d, 2H), 8.15 (s, 1H), 8.43
%g:?é (s, 1H). 30 ESIMS mz 372.2 (MtNa); 348.2 (MH)-
2013/0 1& PCT/ EP2012/ 068230 EXAMPLE 28 (3S, 4S)-2-0xo-
4- pbenMHNMRQBDé'MPrz %MBOIO&@SYS eash O & 1§?H)”23ﬁ§<’{‘ﬁi %H)l*z 29 (s, 3H), 2.79
phenyl car banoyl - hexyl ) - am de Starting nmaterial was the one of exanple
20. Oncm,B3H),03.99ddy, 2He dlifastrer tHedidd-496i (ai,uB8H),0F. 116h(es A THi7o(rat @H),
derivatives was_purified by flash chromat ography on silica gel to allow the
obt ent itH g]éh pure isomer. Yi el d: 44% 11-1 NMR (500 MHz,
Acet on 2.42 (t, 2H), 3,40 (t, 1H), 3.59 (d, 1H),
3.78 (%%%/}fgéﬁ&%—g{m4 48’ (m 1H), 7.00-7.40 (m 9H), 7.63 (m 2H),
107.89 (d, 1H) 9.25 (bs, 1H). ESINRANMPIASZ.27 (M:Na). EXAMPLE 29 (3R
4R) - 2- Ox0- 4-pheny| - pyrroI|d| ne- 3- carboxyllcaC| d((S) 6- nercato- 1-
phéfy| ddbaeaiid - hag p-6- § qd g dran 64 pAt i on

accordin ng 1.9 procedyr e xarrpl e 28 Y| el d: 37% 1-H NMR (500 M—lz
Acetonee—g%ly—%&i‘—M—eég%- 8H), 2.42 (t, 2H), 3.51 (t, 1H), 3.75 (d, 1H),
3.87 (nfielHR704.31 (m 1H), 4.54 (m 1H), 7.00-7.40 (m 9H), 7.63 (m 2H),
7.89 (d, 1H), 9.25 (bs, 1H). 20 ESIMS nfz 462.27 (MtNa). EXAWPLE 30 (3R

4S) - 2- 1BOMRpHEAW Hzy DB ilnes: 130Gardbiyl tEAcl B6(5Y6 (6, THeY, daff-8-8810m,

0. Onca el Gl S0 %8 (o Sl arr oD 23 00 Gt b 0% o SiioSell ehagl -
bt ent 160 oP ehe par e (Feand; 047 @@S@ﬂgﬂ@%mﬂ{i{%b@a‘@%?%ﬁ sy the

Acet ongnd@6: 1. 30 1.80 (m 8H), 2.42 (t, 2H), 3,51 (t, 1H) 3.75 (d, 1H),

3. 87 1H),, 4.31 1 4.54 1H), 7.00-7.40 8H), 7.53 (bs, 1H),
307.82%%1\4%}@/2%68&?(@& . 9.8gm(bs,H)1H). ESI M5 nr§r2n 46;?81 (M+N§;1).S K

EXAMPLE 6
Thioacetic acid S-{(8)-6-[((R)-1-methvl-5-0x0-pyrrolidine-2-carbonvl)-amino]-6-m-

20  tolylcarbamoyl-hexyl} ester
Yield: 37%.
1H NMR (300 MHz, DMSO-ds) 6: 1.31 (m, 4H), 1.48 (m, 2H), 1.63 (m, 2H), 1.80 (m,
1H), 2.17 (m, 3H), 2.25 (s, 3H), 2.28 (s, 3H), 2.58 (s, 3H), 2.80 (t, 2H), 4.13 (m, 1H),
4.37 (m, 1H), 6.85 (d, 1H), 7.16 (t, 1H), 7.36 (d, 1H), 7.40 (s, 1H), 8.47 (d, 1H), 9.99
25 (s, 1H).
ESIMS m/z 433.4 M+H)*; 546.5 M+CF3COO)-.
EXAMPLE 7

Thioacetic acid S-{(S)-6-[((S)-5-0x0-pyrrolidine-2-carbonyl)-amino]-6-m-

tolylcarbamoyl-hexyl} ester

30 Yield: 53%.
1H NMR (300 MHz, DMSO-ds) 6: 1.33 (m, 4H), 1.50 (m, 2H), 1.65 (m, 2H), 1.88 (m,
1H), 2.11 (m, 2H), 2.25 (m, 1H), 2.27 (s, 3H), 2.31 (s, 3H), 2.81 (t, 2H), 4.10 (m, 1H),
4.38 (m, 1H), 6.87 (d, 1H), 7.18 (t, 1H), 7.37 (d, 1H), 7.42 (s, 1H), 7.79 (s, 1H), 8.19
(d, 1H), 9.96 (s, 1H).




WO 2013/ 04148031PCT/ EP2012/ 068230 EXAMPLE 31 (3S, 4R)-2-

Oxo0- 4- phenyl - pyrrolidi ne- 3-carboxylicacid((S)- 6-nercapto- 1-

phenyl carwermyd/o«nssyl ) - ami de Exanple 31 was obt ai nedtafrb@n/068230

purifi a procedure of exanple 30. 5 Yield: 37% 11-1 NWR

(500 N@ﬂk@%{ﬁgﬂgﬂsﬁg%ﬁg ‘40 (m 8H), 2.43 (m 2H), 3.48 (t, 1H), 3.80 (m
2H), 4.22 (m 1H, 4.53 (m 1H), 7ERANIPLEE), 7.30 (m 4H), 7.36 (m 4H),

7.68 (m 2H) _ESIMS m z 462. 27 (MFNéj IGEXA MPLE 32

car bonyB-G %ercaﬁo hﬁxgll _am de St arting mat er i aI was t he one of

exarrpl L1 NWVR (500 MHz, DMBO-d6) 6: 1.10-1.90 (m 13H),
2@@14@3% 2.35-3.00 (m 4H), 360410(m 3H), 4.48-4.86 (m 3H),

7 1 49 (m 1H), 8.10 (m 4H). ESIMS miz 418.05 (MH). EXAMPLE

33 20 IHRN-MRO(BOOMHZQIDM%dZ) g:ar.B0xX(y,i 4H pcl.d8 (((115)2—H) 1. 64 (m 2H) 1.84 (m,
6- rrercapt 0- 1 enél car banpyl - i@%kll(fr’? %%bde Starting nat was the one

of exanpl Fa: 2 Zpofm, 1H?’- & RBIES %@-ﬂ%ft @H)l 42%1 gmopH)m

T o ) i A 5 M

9 98 (d, 1H), 9§§(§§/51sz 364. 28 (IVH—|) EXAI\/PLE 34
(5) - 6- 0x0- pi peri di ne-2-carboxylic acid

[ ($9- 6-BelMapr 6z 1203 @ t+b) -et hyI car banoyl)- 30 hexyl | -amide Starting
mat erial was the one of exanp F’E—:E@w%
2013/ 04148032PCT/ EP2012/ 068230 1- MHz, DMSO-d6) 6: 1.10-1.34 (m
4H) . 1idoded (macﬂ'b Sl{(§v§3 G(WR)lﬁ)met%Vﬂ-% ((xto p%’f‘bhdﬁlez‘} cé}bom amgnel(6{ S
3H), 2744 (m 2ZH) ) . (m 3.91 (m 1H), 4.19 (m u—i),
6. 90- 7Iﬂ&n67ianrBh:|BnOV7hbﬁVntestéﬂ-|) 7 51 (bs lH) 7 89 (d, 1H), 7 95 (t, 1H).
5 ESIMS.nT z 420 09 (M+H).
Yield: 36%
15 'H NMR (300 MHz, DMSO-d6) 3: 1.34 (m, 4H), 1.51 (m, 2H), 1.66 (m, 2H), 1.82 (m,
1H), 2.22 (m, 3H), 2.31 (s, 3H), 2.61 (s, 3H), 2.82 (t, 2H), 4.14 (m, 1H), 4.42 (m, 1H),
7.07 (t, 1H), 7.32 (t, 2H), 7.60 (d, 2H), 8.47 (d, 1H), 10.10 (s, 1H).

ESIMS m/z 420.3 (M+H)*.

EXAMPLE 10
20 Thioacetic acid S-{(S)-6-[((S)-6-0x0-1,2.3.6-tetrahvdro-pyridine-2-carbonvl)-amino]-6-

phenylcarbamoyl-hexyl} ester

Yield: 64%.

1H NMR (300 MHz, DMSO-ds) 5: 1.28 (m, 4H), 1.45 (m, 2H), 1.65 (m, 2H), 2.28 (s,

3H), 2.55 (m, 2H), 2.78 (t, 2H), 4.08 (m, 1H), 4.38 (m, 1H), 5.66 (m, 1H), 6.50 (m,
25 1H), 7.03 (t, 1H), 7.28 (t, 2H), 7.47 (m, 1H), 7.56 (d, 2H), 8.02 (d, 1H), 10.10 (s, 1H).

ESIMS m/z 440.1 (M+Na)*.

EXAMPLE 11
Thioacetic acid S-4(8)-6-[((S)-5-0x0-pyrrolidine-2-carbonvl)-amino]-6-

phenylcarbamoyl-hexyl} ester

30 Yield: 25%.
1H NMR (300 MHz, DMSO-ds) 6: 1.32 (m, 4H), 1.48 (m, 2H), 1.63 (m, 2H), 1.87 (m,
1H), 2.08 (m, 2H), 2.22 (m, 2H), 2.30 (s, 3H), 2.79 (t, 2H), 4.09 (m, 1H), 4.38 (m, 1H),
7.03 (t, 1H), 7.28 (t, 2H), 7.58 (d, 1H), 7.78 (s, 1H), 8.20 (d, 1H), 10.03 (s, 1H).




EXAMPLE 35 (R)-2- Oxo-piperidine-3- carboxylic acid ((S)- 6- nercapto-

1- phenyl car banoyl - hexyl )- am de Starting material was the one of

exanpl e 2R0 20moe14sydr ol ysed, the di astéfeomeric 10 mi xt wce/EPRO1RINES2BMO

t hi ol at ivatiwues urified by flash chromatography on silica gel to
al | ow t@ﬁggt'@z f%ﬁ%&%ﬁg ‘pure isomer. Yield: 39% 11-1 NWVR (500 MHz,
CD30D) 6: 1.42-1,19 (m 12H), 2.5%xXaMEHE,123.35 (m 2H), 3.40 (m 2H),
4.53 (m 2H) 7. 12 (t 1H) 7.33 (t 2H) 7.60 (d, 2H). 15 ESIMS m z 400. 40
( M+Na) THaxaAderi WXB61 : ]1 % 3 et dimea2icdrbonyl)-amino]-6-

((S)-6-nerc tg- 1- | car banoyl hexyl) am de Exanpl e 36 was

obt ai n&ﬁi&#@ﬁl&tﬁ@gﬁ@ﬁ%cordl ng to procedure of exanple 35. 20 Yield:

0%5 1'Y1$1d“%§ 500 M—Iz CD30D) 6: 1.40-2.22 (m 12H), 2.55 (t, 2H), 3.35
é 4.53 (m 2H), 7.09 (t, 1H), 7.29 (t, 2H), 7.68 (d,

2H) ESHVSMRZ(S(DO(MM (lNMlS&)daEXANBBEnBMH) 1.48 (m, 2H), 1.58 (m, 2H), 1.68 (m,

25(R) - 6- Oxo0- eridi ne carboxylic ac

(05" 62k dot Bnlzblaeamam R 2 oy ). 268 . D 8 39 (. A DekOF (s Ll

2“24"(”%4’%@*?@5?0%%’6 s A, T o pHRrecin iy W @ D),

?tzzngswgm(zﬁ%?(H) MzH%? ?d%z(m 213H)13 ?d431(H)m ig) 047(04 (1tH) 1EDSI lvé Zr;?
S VA

40002 (M+Na); 376.2 (MH)- %xﬂs@ﬁgmpcw EP2012/ 068230 EXAMPLE 38

(S)- 6, Q(O-lerldl ne- 2 [ 10 (

m t ol yHaHPRcH 1d

16. 5 Mz, DVEO.d6) 6 1 34 (m 4H) 1-1 i} ,
1.64 gﬁ?&}ca%’%g%nﬁlﬁe%egg%olo(t 2H) 2)20(t 1H§m2 2?(5 3H),(m2.4|:)

(m 2H) 3.95 (m 1H), 4.38 (m 1H), 6.85 (d, 1H), 7.16 (t, ﬁgfw.sa(d,
0

.....

1H), 7.41 (s, 1H), 7.48 (d, 1H), 806((1, -89 (s, 1H). NESI M5 i z

414. 3 (MrNa); 390NttB<(°MH) EXAIVPLE q;? ('S) 6 0(0 pi peri di nef 2-

carboxylic aciddd \rrer oty carbanby| - hexmlw

Starting materi al was the one of rere 15. 15Yi el d: N
.

0
:
4 HNTSO
— NMSAC
(1
A: aniline, , PyBOP, DIPEA, DMF and DCM, RT; B: TFA, DCM, 0°C to RT;

C: (R)-6-oxo-piperidine-2-carboxylic acid, PyBOP, NEt,, DMF and DCM, RT; D: AcSH, AIBN, dioxane, 75°C

Scheme 2

15 STEP A: ((S)-1-phenylcarbamoyl-hex-5-enyl)-carbamic acid tert-butyl ester
The compound has been obtained following Step A as described in example 1.
STEP B: (S)-2-amino-hept-6-enoic acid phenylamide
To a stirred solution of ((S)-1-phenylcarbamoyl-hex-5-enyl)-carbamic acid teri-butyl
ester (1.e., example 1, Step A) at 0°C was added TFA slowly. The reaction mixture
20 was then allowed to warm to RT and stirred for 2 hours. The solvent was removed
under reduced pressure to afford the desired adduct quantitatively as the
trifluoroacetate salt which was used without any purification in the next step.
STEP C: (R)-6-oxo-piperidine-2-carboxylic acid ((S)-1-phenylcarbamoyl-hex-5-enyl)-

amide



1-H NVR (300 MHz, DMBO-d6) 6: 1.33 (m 4H), 1.51 (m 2H), 1.60 (m 5H),
1.83 (m 1H), 2.10 (t, 2H), 2.21 (t, 1%, 2.23 (s, 3H), 2.43 (m 2H), 3.95
(m 1H), wo3@13oa4sdH), 7.09 (d 2H) 72345 (d, 2H), 7.48prcuEPiRiocR308 (d,

(1 gg lglfiF%l("l%ioél %I_p% I piﬁ/[ F (ﬁg Car é%t@ﬁaﬁ%e gf?%oro(acet@te sa?tOOEbtalnecfE in gtep

S) - 6-
9 PAase s MR D Pl ey s (g S

4H), 1.(099(mmadMHin thesitetcemce3df) NELs 6326rmnzﬁl) for12 8®ufran T}ZH)rgan:ld_rY nfirpuEH) |
2.67 2. 80 m. 1H) A 7.02 (.t, . (.26
(t, 2|—|)Swas75%16t€(ddmt§‘l—$)m\§ aggl Wa&l%ﬁwlﬂ&'éb/oo@az@sq ne.go PR %c(ié@zl]%%r(lw

S0 ' lo ;ﬁr d and trated

{(S 6%1%1%]3 &p§09§§ B%% |1§%- g-cg\h%ggz/\ll ! g?r? ngil GC-Once err?y car g%f/flu%exyl}
est er pressurgoMhiei (ﬁndefre(aa)wﬁ-rﬁmtlm pers plmnﬁea-txhamb@]xychrmacogiaphy on s11
((S)-6-nercapto-1- cghen car bam)i/ll - hexyl ) - am de %O 21 mmol ) in DCM (20

ver e aderegeNesing(dcOEt /\MpObh &) O4) aseBapeTioERIYL h@@@?gﬁdrﬁﬁﬂWté{lﬁcﬁ White"

ethylchlﬁ rroformate (0.23 nmol ). The reaction mxture was stirred at RT for
2 hour s ﬁlhe reaction m xture was concentrated under reduced pressure and
the cruodelpregdaict was purified through chromatography on silica gel using
AcOEt / MeOH. 80 / 20 as eluent. 5 Yield: 74% 1-H NVR (500 MHz, DWVBO- d6)
6: 18. 20K NMBH)3001M2£% JDM@Q o) &H).38 (ns2H), 8063 fm, AHf), 118@¢m( AmH)1R03 @nl1

5 e (LB, Il 8L R e Sy o
9 99 (57251&) 2}?)07@('}151@1)27%‘3{0((115}1()'\/&% (dﬂﬁﬁﬁi@gé%swm).synt hesi zed

fol | owi ng the procedure of exanp usi ng t
oxo- pyrEQINIdiméz 2668 (d:xiNa) G 831<2L23I(M H)

E (S)S ) 66%& Bb?. éTlglggggfg(g?%%nﬁg;{(gé)%[( R)aén og(e) ﬂl}r)]g]}lceigl% é) fca]fbonyl) amino]-6-
(( - ph noyl hexyl ) -am de. 15EXAMPLE 42 Thi ocarbonic
aci% etpnr}rl%lt‘&?&t1if \th?'g%g}éh[i%(g -5-o0xo- pyrrolidine-2-carbonyl)-am nol - 6-
phenyl cay bapoyttiRedy! soRsi®t o el(@)-B8%6-pipdtidiMe-4-38hokkirc DB dG)SPH1-

1.18 (t 1.33 4 4 1.85 201 2.10 2 25
(m 1(H)phez%rbamoxwexzﬁme@ylomm1ﬁ|e|)(225|)r2g>, 61 rimol). dhinbcgi agkd) (160 1086k

51 s THEONsRt To il SCasRLERC Sty SRR tHES (PS)he: B ejTol.
or0.P. P e SRR i) i DB ot b o dester
302but agsimmghiteedubyr FILE Mmalysis. i'Tisd eadciobn ethyturiel erasf oostatleto Y0°€l cind42%
quenched with an excess of cyclohexene under stirring, the latter being maintained
for 20 minutes. Concentration under reduced pressure and purification through
chromatography on silica gel using Hexane /DCM / IPA : 50/40/10 as eluent afforded
the desired adduct.
25 Yield: 53%.
H NMR (300 MHz, DMSO-ds) 9: 1.30 (m, 4H), 1.47 (m, 2H), 1.64 (m, 5H), 1.86 (m,
1H), 2.11 (t, 2H), 2.29 (s, 3H), 2.79 (t, 2H), 3.95 (m, 1H), 4.41 (m, 1H), 7.03 (t, 1H),
7.29 (t, 2H), 7.48 (d, 1H), 7.57 (d, 2H), 8.14 (d, 1H), 10.05 (s, 1H).
ESIMS m/z 420.1 M+H)*; 532.2 M+CF3COO)*.

30 Examples 14 to 18 were synthesized following the procedure depicted in scheme 2

using the appropriate amine in step A and the adequate acid in step C.



1F1 NMR (500 MHz, DMVBO-d6) 6: 1.04 (t, 6H), 1.22-1.44 (m 4H), 1.46-1.77
(m 6H), 30 1.93 (m 1H), 2.06 (m 1H), 2.20 (m 1H), 2.37 (m 1H), 2.48
(m 4H). Wo4xom4saH), 4.32 (m 1H), 4281 (m 1H), 7. 04PCuEPIHR06sRIRY (t,

2H), 7.57 (d, 2H), 8.33 (d, 1H), %;%MQEJQE ESIMS mlz 448.24 (MtH). WD
2013/ 04148035PCT/ EP2012/ 068230 i oacetic acid

S- (6- phafiyhcaidamyl - hexyl ) est &.4(SIH. R(SOEWR §ii pétidirRvaich AR 1AgHiMEL 6V e
whi ch does not present the Tactam carbonylam no noi ety on the side chain
of the ez }a v syVedster a conparison 5 exanple in an in vivo

experi 5@ r)ic/ol V|ng corrpoud of exanple 14 (table 8). BI OLOGY EXAVPLE 44
HDAC en'Z§ t& -assay HDAC profiling was perfornmed agai nst el even HDAC

i sokat ef RWiR r n f p i de
SR LR e R L i G D Sl ey e Lt TH
were be.obiigiated 2039 ¢4, BHpr279t,i THY 8. 99 im, WH ) 4 32 (exdépt Tas af 1HYACRS
whi ch was a human_reconbi nant _protein as_a conplex of full |ength human

HDAC3 Whtda et &b rithal’-2 ¢.124Y), P fﬂzﬁ&ﬁ,& »afno acids 395-489 with an
N-term T e {- 15 rus expression system Each
conmpoun E(;gfwaﬁﬁl %gg +Plr)D§|\7%%d2!iM5 pr ogre Sively diluted solutions were
used for testing. TSA and SAHA werExX ANER BS 5 ef erence conpounds. Upon its

deacetylatlon the quorophoreSmas reIeased glven rlse to quorescence

corrpour)E we e de erm ed by anal y2|ng dose respnse |nh| b|t|on curves. TSA
and 20 erence conpounds. WD
2013/ Oﬂgﬁp%@ﬁﬁﬂ EP2012/ 068230 Tabl e 1 Exanpl es HDAC isoforns 1C50 (nM 1
2345 789

1H NMR (300 MHz, DMSO-ds) 6: 1.30 (m, 2H), 1.47 (m, 2H), 1.64 (m, 5H), 1.84 (m,

1H), 2.10 (t, 2H), 2.23 (s, 3H), 2.29 (s, 3H), 2.79 (t, 2H), 3.94 (m, 1H), 4.37 (m, 1H),
15 7.09(d, 2H), 7.45 (d, 2H), 7.47 (d, 1H), 8.06 (d, 1H), 9.87 (s, 1H).
ESIMS m/z 456.6 (M+H)*.
EXAMPLE 16

Thioacetic acid S-4(S)-6-[((S)-6-oxo-piperidine-2-carbonyl)-amino]-6-m-

tolylcarbamoyl-hexyl} ester

20 Yield: 62%.
IH NMR (300 MHz, DMSO-ds) §: 1.31 (m, 4H), 1.47 (m, 2H), 1.61 (m, 5H), 1.84 (m,
1H), 2.10 (t, 2H), 2.25 (s, 3H), 2.29 (s, 3H), 2.80 (t, 2H), 3.95 (m, 1H), 4.36 (m, 1H),
6.85 (d, 1H), 7.16 (t, 1H), 7.35 (d, 1H), 7.40 (s, 1H), 7.47 (d, 1H), 8.09 (d, 1H), 9.90 (s,
1H).

25 ESIMS m/z 456.4 (M+H)*.

EXAMPLE 17
Thioacetic acid S-{(S)- 6-[((S)-6-0x0-piperidine-2-carbonvl)-amino]-6-

cyclopentylcarbamoyl-hexyl} ester
Yield: 51%.
30 'H NMR (500 MHz, DMSO-ds) 6: 1.05-1.90 (m, 20H), 2.10 (t, 2H), 2.30 (s, 3H), 2.80
(t, 2H), 3.95(m, 2H), 4.20 (m, 1H), 7.50 (d, 1H), 7.80 (s, 1H), 7.82 (s,1H).
ESIMS m/z 434.38 (M+Na)*.
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WO 2013/041480 25 PCT/EP2012/068230
EXAMPLE 18
Thioacetic acid S-1(S)-6-[((R)-5-0x0-pvrrolidine-2-carbonvl)-amino]-6-(3-

trifluoromethyl-phenylcarbamoyl)-hexyl] ester
Yield: 84%.
5 1H NMR (300 MHz, DMSO-ds) 6: 1.31 (m, 4H), 1.48 (m, 2H), 1.66 (m, 2H), 1.84 (m,
1H), 2.28 (s, 3H), 2.25 (m, 1H), 2.10 (m, 2H), 2.79 (t, 2H), 4.09 (m, 1H), 4.37 (m, 1H),
7.39 (d, 1H), 7.54 (t, 1H), 7.77 (d, 1H), 7.80 (s, 1H), 8.08 (s, 1H), 8.26 (d, 1H), 10.43
(s, 1H).
19F NMR (282 MHz, DMSO- ds) 6: -62.97
10  ESIMS m/z 474.3 M+H)*; 586.3 (M+CFsCOO)-.
EXAMPLE 19
Thioacetic acid S-{(S)-6-[((3R*.4S*)-2-0x0-4-phenyl-pyrrolidine-3-carbonyl)-amino]-

6-phenvlcarbamovl-hexvl} ester

NHBoc NHBoc NHBoc
H H
HOM\/BT A Nm)\/\/\/Br B NMSAc
—_— —_—
fo) ©/ (o] ©/ (o]
H H
N N
Ph'@o Ph*" o
H NH, .CF,CO,H H %
c SAc D HNAO

N
— - m)\/\/\/ . H + H HN (o]
o Nm)\/\/\/SAc Nm/k/\/\/SAc
1 7

A: PhNH,, EDCI, HOBT, RT; B: KSAc, EtOH, RT; C: TFA, DCM, RT; D: (3R*,45*)-2-ox0-4-phenyl-pyrrolidine-
3-carboxylic acid, PyBOP, DIPEA, RT; E: NaOH, EtOH, RT

Scheme 3

15 STEP A: ((S)-6-bromo-1-phenylcarbamoyl-hexyl)-carbamic acid tert-butyl ester
EDCI (2.10 g, 11.1 mmol) and aniline (0.68 ml, 7.5 mmol) were added to a solution
of 7.4 mmol of (S)-7-bromo-2-tert-butoxycarbonylamino-heptanoic acid (Gupta P.K.,
et al., Bioorg. Med. Chem. Lett., 2010, 20, 23, 7067) in THF (70 ml) and the reaction
mixture was stirred overnight at RT. The solvent was removed under reduced pres-

20 sure and the crude reaction mixture was diluted with AcOEt, washed with water
and then with 10% aqueous citric acid and finally with saturated NaHCOs. After
removal of the solvent under reduced pressure and purification on silica gel (n-
hexane / AcOEt: 1/ 9) the desired adduct was obtained.
Yield: 91%.

25 1H NMR (500 MHz, CDCls) &: 1.38-1.48 (m, 14H), 1.75-2.00 (m, 3H), 3.48 (t, 2H),
4.30 (m, 1H), 5.40 (m, 1H), 6.50 (m, 1H), 7.12 (t, 1H), 7.33 (t, 2H), 7.60 (d, 2H).
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WO 2013/041480 26 PCT/EP2012/068230
ESIMS m/z 421.21 (M+Na)*; 423.21 (M+Na)".

STEP B: thioacetic acid S-((S)-6-tert-butoxycarbonylamino-6-phenylcarbamoyl-
hexyl) ester
Potassium thioacetate (9.7 mmol) was added to a solution of ((S)-6-bromo-1-
5 phenylcarbamoyl-hexyl)-carbamic acid tert-butyl ester (6.5 mmol) in EtOH (40 ml).
The reaction mixture was stirred at RT overnight. The solvent was removed under
reduced pressure and the resulting precipitate was poured into water and extracted
twice with AcOEt. The organic layer was washed with brine and dried over Na2SO4
before being evaporated to afford the desired adduct.
10 Yield: 97%
IH NMR (300 MHz, CDCls) ¢: 1.45-1.50 (m, 13H) 1.65-1.55 (m, 3H), 2.10 (t, 3H),
2.74 (m, 1H), 2.84 (t, 2H), 4.17 (s, 1H), 5.04 (s, 1H), 7.10 (t, 1H), 7.30 (t, 1H), 7.52 (d,
2H).
ESIMS m/z 417.41 (M+Na)*.
15 STEP C: thioacetic acid S-((S)-6-amino-6-phenylcarbamoyl-hexyl) ester-
trifluoroacetate
Trifuoroacetic acid (61 mmol) was added to a solution of thioacetic acid S-((S)-6-tert-
butoxycarbonylamino-6-phenylcarbamoyl-hexyl) ester (6.10 mmol) in DCM (30 ml).
The reaction mixture was stirred at RT for five hours before being concentrated un-
20  der reduced pressure. The resulting crude reaction mixture was taken up twice in
Et20 to enable complete removal of the excess of trifluoroacetic acid. The desired
adduct was obtained as a reddish oil.
Yield: quantitative
H NMR (500 MHz, DMSO-ds) 6: 1.20-2.00 (m, 8H), 2.31 (s, 3H), 2.80 (t, 2H), 4.05
25 (m, 1H), 7.05 (t, 1H), 7.30 (t, 2H), 7.40 (m, 3H), 7.58 (d, 2H), 9.85 (s,1H).
STEP D: thioacetic acid S-{(S)-6-[(2-0x0-4-phenyl-pyrrolidine-3-carbonyl)-amino]-6-
phenylcarbamoyl-hexyl} ester
Thioacetic acid S-((S)-6-amino-6-phenylcarbamoyl-hexyl) ester-trifluoroacetate (1.03
mmol), DIPEA (3.08 mmol) and PyBOP (1.03 mmol) were added to a solution of
30  (3R*,4S%)-2-0x0-4-phenyl-pyrrolidine-3-carboxylic acid in DCM / DMF: 5/ 9. The re-
sulting reaction mixture was stirred at RT overnight. After removal of the solvent
under reduced pressure, the resulting solid was poured into water and extracted

twice with AcOEt. The organic layer was then washed with NaHCOs, water and
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brine before being dried over NazSO4 and concentrated under reduced pressure to

yield an oil. The latter was partially purified by silica gel chromatography and then
subjected to HPLC purification.
Yield: 12%.
5 1H NMR (5600 MHz, Acetone-ds) 6: 1.30-1.80 (m, 8H), 2.28 (s, 3H), 2.81 (t, 2H), 3,51
(t, 1H), 3.75 (d, 1H), 3.87 (m, 1H), 4.31 (m, 1H), 4.54 (m, 1H), 7.00-7.40 (m, 8H), 7.53
(bs, 1H), 7.84 (m, 2H), 7.89 (d, 1H), 9.80 (bs, 1H).
ESIMS m/z 482.06 (M+H)*.
Examples 20 to 22 were synthesized following the procedure depicted in scheme 3
10  using the appropriate amine in step A and the adequate acid in step D.
EXAMPLE 20
Thioacetic acid S-{(S)-6-[((3R*,4R*)-2-0x0-4-phenyl-pyrrolidine-3-carbonyl)-amino]-

6-phenvlcarbamovl-hexvl}! ester

In step D the reacting acid was the cis racemic (i.e., “3R*, 4R*) mixture of 2-oxo0-4-
15  phenyl-pyrrolidine-3-carboxylic acid.

Yield: 60%.

IH NMR (300 MHz, Acetone-de) 9: 1.35-2.00 (m, 8H), 2.28 (s, 3H), 2.84 (t, 2H),

3,40(t, 1H), 3.59 (d, 1H), 3.78 (m, 1H), 4.13 (m, 1H), 4.48 (m, 1H), 7.00-7.40 (m, 9H),

7.63 (m, 2H), 7.89 (d, 1H), 9.25(bs, 1H).
20 ESIMS m/z 482.06 (M+H)".

EXAMPLE 21
Thioacetic acid S-{(S)-6-[((R)-5-oxo-pyrrolidine-2-carbonyl)-amino]-6-

phenylcarbamoyl-hexyl} ester
Yield: 35%.

25 'H NMR (5600 MHz, CDsOD) 6: 1.20-2.00 (m, 10H), 2.18 (m, 2H), 2.29 (s, 3H), 2.80 (t,
2H), 4.07 (m, 1H), 4.40 (m, 1H), 7.04 (t, 2H), 7.29 (t, 2H), 7.57 (d, 1H), 7.58 (d, 2H),
8.10 (d, 1H), 9.90 (s, 1H).
ESIMS m/z 428.17 (M+Na)*.
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EXAMPLE 22

Thioacetic acid S-{(S)-6-[(R*)-(2-oxo-piperidine-3-carbonyl)-amino]-6-phenyl carba-

moyl-hexyl} ester
Yield: 60%.

5 1H NMR (500 MHz, CDsOD) ¢: 1.42-1,19 (m, 10H), 2.29 (s, 3H), 2.55 (t, 2H), 2,80 (t,
2H), 3.35 (m, 2H), 3.40 (m, 2H), 4.53 (m, 2H), 7.12 (t, 1H), 7.33 (t, 2H), 7.60 (d, 2H).
ESIMS m/z 442.14 (M+Na)*.

EXAMPLE 23

(S)-6-Oxo-piperidine-2-carboxvlic  acid ((S)-6-mercapto-1-phenylcarbamovl-hexyl)-

(o] (o]
@ @
4 HN o i 4 HN o
NMSAC - - NMSH
OGN SR

iz NaOH, EtOH, RT

10 amide

Scheme 4

A 2N solution of NaOH (7.0 mmol) was added to a solution of thioacetic acid S-{(S)-

6-[((S)-6-oxo-piperidine-2-carbonyl)-amino]-6-phenylcarbamoyl-hexyl} ester (0.95

mmol) in EtOH (13 ml). The reaction mixture was stirred at RT overnight and then
15 poured into water and extracted with AcOEt, washed with water, brine and finally

dried over Na2SO4. Removal of the solvent under reduced pressure led to the de-

sired adduct, which was purified through HPLC.

Yield: 20%.

'H NMR (500 MHz, CDsOD) 6: 1.50 (m, 4H), 1.68 (m, 2H), 1.80 (m, 2H), 1.95 (m,
20 3H), 2.10 (m, 1H), 2.38 (m, 2H), 2.55 (t, 2H), 4.15 (t, 1H), 4.53 (m, 1H), 7.12 (t, 1H),

7.33 (t, 2H), 7.60 (d, 2H).

ESIMS m/z 400.40 M+Na)*; 376.34 (M-H)-.

Examples 24 to 40 were synthesized following the procedure depicted in scheme 4

using the appropriate starting material.

25 EXAMPLE 24

(S)-6-Oxo-piperidine-2-carboxvlic acid  ((S)-1-cvelopentvlcarbamovl-6-mercapto-

hexyl)-amide

Starting material was the one of example 17.

Yield: 44%.
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'H NMR (500 MHz, DMSO-ds) 8: 1.05-1.90 (m, 20H), 2.12 (t, 2H), 2.21 (t, 1H), 2.45

(m, 2H), 3.92 (m, 1H), 3.97 (m, 1H), 4.21 (m, 1H), 7.55 (d, 1H), 7.80 (s, 1H), 7.82
(s,1H).
ESIMS m/z 392.2 (M+Na)*; 368.1 (M-H)-.

5 EXAMPLE 25

(S)-6-Oxo-piperidine-2-carboxvlic acid [(S)-1-(3-benzvloxy-benzylcarbamovl)-6-

mercapto-hexyl]-amide

Starting material was the one of example 3.
Yield: 32%.

10 'H NMR (500 MHz, CD:Cly) &: 1.20-1.48 (m, 4H), 1.48-2.02 (m, 8H), 2.21 (m, 2H),
2.49 (m, 2H), 3.20-3.42 (m, 2H), 4.51 (m, 1H), 5.04 (s, 2H), 6.80-6.95 (m, 3H), 7.23 (t,
1H), 7.28-7.50 (m, 5H), 7.64 (s, 1H), 7.75 (d, 1H).

ESIMS m/z 498.35 (M+H)*.
EXAMPLE 26

15 (8)-6-Oxo-piperidine-2-carboxvlic acid [(S)-6-mercapto-1-(4-trifluoromethyl-

benzvlcarbamovl)-hexvyl]-amide

Starting material was the one of example 2.
Yield: 33%.
IH NMR (5600 MHz, CD2Cl») o: 1.38 (m, 4H), 1.52-2.12 (m, 9H), 2.23 (m, 2H), 2.50
20  (m, 2H), 3.98 (m, 1H), 4.45 (m, 3H), 7.20 (m, 1H), 7.28-7.72 (m, 6H).
ESIMS m/z 460.14 (M+H)*.
EXAMPLE 27

(S)-4-Oxo-azetidine-2-carboxvlic  acid  ((S)-6-mercapto-1-phenylcarbamovl-hexyl)-

amide

25  Starting material was the one of example 1.
Yield: 56%.
'H NMR (800 MHz, DMSO-ds) 6:1.34 (m, 4H), 1.57 (m, 4H), 2.22 (t, 1H), 2.47 (q,
1H), 2.66 (m, 2H), 3.10 (dd, 1H), 4.07 (m, 1H), 4.43 (m, 1H), 7.04 (t, 1H), 7.29 (t, 2H),
7.58 (d, 2H), 8.15 (s, 1H), 8.43 (d, 1H), 10.11 (s, 1H).

30 ESIMS m/z 372.2 (M+Na)*; 348.2 (M-H)-.
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EXAMPLE 28
(38.48)-2-Ox0-4-phenvl-pyrrolidine- 3-carboxvlic acid ((S)-6-mercapto-1-

phenvlcarbamovl-hexvl)-amide

Starting material was the one of example 20. Once hydrolysed, the diastereomeric
mixture of the two thiolate derivatives was purified by flash chromatography on sil-
1ca gel to allow the obtention of each pure isomer.
Yield: 44%.
IH NMR (500 MHz, Acetone-de) 6: 1.35-2.00 (m, 8H), 2.42 (t, 2H), 3,40 (t, 1H), 3.59
(d, 1H), 3.78 (m, 1H), 4.13 (m, 1H), 4.48 (m, 1H), 7.00-7.40 (m, 9H), 7.63 (m, 2H),
7.89 (d, 1H), 9.25 (bs, 1H).
ESIMS m/z 462.27 (M+Na)*.

EXAMPLE 29
(BR.4R)-2-0Ox0-4-phenyl-pyrrolidine-3-carboxylic acid ((S)-6-mercapto-1-

phenvlcarbamovl-hexvl)-amide

Example 29 was obtained after purification according to procedure of example 28.
Yield: 37%.
IH NMR (500 MHz, Acetone-de) 6: 1.35-2.00 (m, 8H), 2.42 (t, 2H), 3.51 (t, 1H), 3.75
(d, 1H), 3.87 (m, 1H), 4.31 (m, 1H), 4.54 (m, 1H), 7.00-7.40 (m, 9H), 7.63 (m, 2H),
7.89 (d, 1H), 9.25 (bs, 1H).
ESIMS m/z 462.27 (M+Na)*.

EXAMPLE 30
(BR.48)-2-Ox0-4-phenyl-pyrrolidine-3-carboxylic acid ((S)-6-mercapto-1-

phenvlcarbamovl-hexvl)-amide

Starting material was the one of example 19. Once hydrolysed, the diastereomeric
mixture of the two thiolate derivatives was purified by flash chromatography on sil-
1ca gel to allow the obtention of the pure isomer.

Yield: 40%.

IH NMR (500 MHz, Acetone-des) 6: 1.30-1.80 (m, 8H), 2.42 (t, 2H), 3,51 (t, 1H), 3.75
(d, 1H), 3.87 (m, 1H), 4.31 (m, 1H), 4.54 (m, 1H), 7.00-7.40 (m, 8H), 7.53 (bs, 1H),
7.84 (m, 2H), 7.89 (d, 1H), 9.80 (bs, 1H).

ESIMS m/z 462.81 (M+Na)*.
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EXAMPLE 31
(3S.4R)-2-0Ox0-4-phenyl-pyrrolidine-3-carboxvlic acid ((S)-6-mercapto-1-

phenvlcarbamovl-hexvl)-amide

Example 31 was obtained after purification according to procedure of example 30.
5  Yield: 37%.

'H NMR (500 MHz, CDsOD) 6: 1.35-2.40 (m, 8H), 2.43 (m, 2H), 3.48 (t, 1H), 3.80 (m,
2H), 4.22 (m, 1H), 4.53 (m, 1H), 7.09 (m, 2H), 7.30 (m, 4H), 7.36 (m, 4H), 7.68 (m,
2H).
ESIMS m/z 462.27 (M+Na)*.

10 EXAMPLE 32
(S)-6-Oxo0-piperidine-2-carboxylic acid [(S)-1-(3.4-dihydro-1H-isoquinoline-2-

carbonvl)-6-mercapto-hexyl]-amide

Starting material was the one of example 4.
Yield: 37%.

15 'H NMR (5600 MHz, DMSO-ds) 6: 1.10-1.90 (m, 13H), 2.05-2.23 (m, 2H), 2.35-3.00
(m, 4H), 3.60-4.10 (m, 3H), 4.48-4.86 (m, 3H), 7.17 (s, 4H), 7.49 (m, 1H), 8.10 (m,
4H).

ESIMS m/z 418.05 (M+H)*.
EXAMPLE 33

20 (R)-5-Oxo-pvrrolidine-2-carboxvlic acid ((S)-6-mercapto-1-phenvylcarbamovl-hexvl)-

amide

Starting material was the one of example 21.

Yield: 42%.

1H NMR (500 MHz, DMSO-de) 8: 1.20-2.00 (m, 10H), 2.18 (m, 2H), 2.21 (t, 1H), 2.45
25  (m, 1H), 4.05 (m, 1H), 4.40 (m, 1H), 7.04 (t, 1H), 7.29 (t, 2H), 7.55 (d, 1H), 7.58 (d,

2H), 8.08 (d, 1H), 9.98 (s, 1H).

ESIMS m/z 364.28 (M+H)*.

EXAMPLE 34

(S)-6-0Oxo-piperidine-2-carboxvlic acid [(S)-6-mercapto-1-(2-m-tolyl-ethylcarbamovl)-

30 hexvl]-amide

Starting material was the one of example 5.

Yield: 41%.
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Starting material was the one of example 22. Once hydrolysed, the diastereomeric
10  mixture of the two thiolate derivatives was purified by flash chromatography on sil-
1ca gel to allow the obtention of the pure isomer.
Yield: 39%.
IH NMR (500 MHz, CDsOD) &: 1.42-1,19 (m, 12H), 2.55 (t, 2H), 3.35 (m, 2H), 3.40
(m, 2H), 4.53 (m, 2H), 7.12 (t, 1H), 7.33 (t, 2H), 7.60 (d, 2H).
15 ESIMS m/z 400.40 (M+Na)*.
EXAMPLE 36

(S)-2-Oxo-piperidine-3-carboxvlic  acid ((S)-6-mercapto-1-phenylcarbamovl-hexyl)-

amide
Example 36 was obtained after purification according to procedure of example 35.
20 Yield: 20%.
1H NMR (500 MHz, CDsOD) &: 1.40-2.22 (m, 12H), 2.55 (t, 2H), 3.35 (m, 2H), 3.42
(m, 2H), 4.53 (m, 2H), 7.09 (t, 1H), 7.29 (t, 2H), 7.68 (d, 2H).
ESIMS m/z 400.40 (M+Na)*.
EXAMPLE 37

25  (R)-6-Oxo-piperidine-2-carboxvlic acid ((S)-6-mercapto-1-phenvylcarbamovl-hexvyl)-

amide

Starting material was the one of example 13.

Yield: 82%.

IH NMR (300 MHz, DMSO-ds) 6: 1.34 (m, 4H), 1.51 (m, 2H), 1.64 (m, 5H), 1.87 (m,
30 1H), 2.11 (t, 2H), 2.22 (¢, 1H), 2.44 (m, 2H), 3.96 (m, 1H), 4.43 (m, 1H), 7.04 (t, 1H),

7.29 (t, 2H), 7.49 (d, 1H), 7.57 (d, 2H), 8.13 (d, 1H), 10.04 (s, 1H).

ESIMS m/z 400.2 (M+Na)*; 376.2 (M-H)-.
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EXAMPLE 38

(8S)-6-Oxo-piperidine-2-carboxvlic  acid ((S)-6-mercapto-1-m-tolvlcarbamovl-hexvl)-

amide
Starting material was the one of example 16.
Yield: 25%.
IH NMR (300 MHz, DMSO-ds) 6: 1.34 (m, 4H), 1.51 (m, 2H), 1.64 (m, 5H), 1.85 (m,
1H), 2.10 (t, 2H), 2.20 (t, 1H) 2.25 (s, 3H), 2.44 (m, 2H), 3.95 (m, 1H), 4.38 (m, 1H),
6.85 (d, 1H), 7.16 (t, 1H), 7.36 (d, 1H), 7.41 (s, 1H), 7.48 (d, 1H), 8.06 (d, 1H), 9.89 (s,
1H).
ESIMS m/z 414.3 (M+Na)*; 390.4 (M-H)-.

EXAMPLE 39

(S)-6-Oxo-piperidine-2-carboxvlic  acid ((S)-6-mercapto-1-p-tolylcarbamovl-hexyl)-

amide
Starting material was the one of example 15.
Yield: 53%.
IH NMR (300 MHz, DMSO-ds) 3: 1.33 (m, 4H), 1.51 (m, 2H), 1.60 (m, 5H), 1.83 (m,
1H), 2.10 (t, 2H), 2.21 (t, 1H), 2.23 (s, 3H), 2.43 (m, 2H), 3.95 (m, 1H), 4.37 (m, 1H),
7.09 (d, 2H), 7.45 (d, 2H), 7.48 (d, 1H), 8.08 (d, 1H), 9.89 (s, 1H).
ESIMS m/z 414.4 (M+Na)*; 390.3 (M-H)-.
EXAMPLE 40

(S)-1-Methyl-6-oxo-piperidine-2-carboxvlic acid ((S)-6-mercapto-1-phenvlcarbamovl-

hexyD)-amide

Starting material was the one of example 12.
Yield: 28%.
1H NMR (300 MHz, DMSO-ds) 6: 1.34 (m, 4H), 1.49 (m, 2H), 1.57 (m, 3H), 1.66 (m,
2H), 1.88 (m, 2H), 2.17 (m, 2H), 2.67 (s, 3H), 2.80 (t, 2H), 4.08 (m, 1H), 4.42 (m, 1H),
7.02 (t, 1H), 7.26 (t, 2H), 7.56 (d, 2H), 8.33 (d, 1H), 10.05 (s, 1H).
ESIMS m/z 392.0 (M+H)*.

EXAMPLE 41

Thiocarbonic acid ethyl ester {(S)-6-[((S)-6-oxo-piperidine-2-carbonvl)-amino]-6-

phenvlcarbamovyl-hexvl}! ester

To a solution of (S)-6-oxo-piperidine-2-carboxylic acid ((S)-6-mercapto-1-
phenylcarbamoyl-hexyl)-amide (0.21 mmol) in DCM (20 ml) were added NEts (0.23
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mmol) and ethylchloroformate (0.23 mmol). The reaction mixture was stirred at RT

for 2 hours. The reaction mixture was concentrated under reduced pressure and the
crude product was purified through chromatography on silica gel using AcOEt /
MeOH: 80/ 20 as eluent.
Yield: 74%.
IH NMR (500 MHz, DMSO-de) 6: 1.20 (t, 3H), 1.25-1.45 (m, 4H), 1.52-1.80 (m, 7H),
1.87 (m, 1H), 2.11 (t, 2H), 2.82 (¢, 2H), 3.97 (m, 1H), 4.21 (m, 4H), 3.47 (q, 2H), 4.41
(m, 1H), 7.05 (t, 1H), 7.30 (t, 2H), 7.48 (bs, 1H), 7.58 (d, 2H), 8.10 (d, 1H), 9.99 (s,
1H).
ESIMS m/z 450.15 (M+H)*.
Example 42 was synthesized following the procedure of example 41 using the (R)-5-
oxo-pyrrolidine-2-carboxylic acid ((S)-6-mercapto-1-phenylcarbamoyl-hexyl)-amide
mnstead of (S)-6-oxo-piperidine-2-carboxylic acid ((S)-6-mercapto-1-phenylcarbamoyl-
hexyl)-amide.

EXAMPLE 42

Thiocarbonic acid ethvl ester {(S)-6-[((R)-5-oxo-pyrrolidine-2-carbonvl)-amino]-6-

phenylcarbamoyl-hexyl} ester

Yield: 82%.

1H NMR (300 MHz, DMSO-ds) o: 1.18 (t, 3H), 1.33 (m, 4H), 1.6 (m, 4H), 1.85 (m,
1H), 2.10 (m, 2H), 2.25 (m, 1H), 2.79 (¢, 2H), 4.09 (m, 1H), 4.20 (q, 2H), 4.42 (m, 1H),
7.03 (t, 1H), 7.28 (t, 2H), 7.57 (d, 2H), 7.82 (s, 1H), 8.20 (d, 1H), 10.05 (s, 1H).
ESIMS m/z 436.3 (M+H)*.

EXAMPLE 43

Thioisobutyric acid S-4(8)-6-[((S)-6-0x0-piperidine-2-carbonyl)-amino]-6-

phenvlcarbamovyl-hexvyl}! ester

This compound was synthesised following the procedure described for example 30
but using isobutyryl chloride instead of ethylchloroformate.

Yield: 42%.

1H NMR (500 MHz, DMSO-de) 6: 1.04 (t, 6H), 1.22-1.44 (m, 4H), 1.46-1.77 (m, 6H),
1.93 (m, 1H), 2.06 (m, 1H), 2.20 (m, 1H), 2.37 (m, 1H), 2.48 (m, 4H), 3.47 (m, 1H),
4.32 (m, 1H), 4.81 (m, 1H), 7.04 (t, 1H), 7.29 (t, 2H), 7.57 (d, 2H), 8.33 (d, 1H), 9.99
(s, 1H).

ESIMS m/z 448.24 (M+H)*.
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EXAMPLE 44

HDAC enzymatic assay

HDAC profiling was performed against eleven HDAC 1solated human i1soforms in
10  the presence of the fluorogenic tetrapeptide RHKKAc (from p53 residues 379-382)
substrate (10 pM). Isolated human HDACs were be obtained by standard purifica-
tion, with the exception of HDAC3 which was a human recombinant protein as a
complex of full length human HDAC3 with a C-terminal His-tag and human
NCOR2 amino acids 395-489 with an N-terminal GST-tag co-expressed in baculovi-
15 rus expression system. Each compound was dissolved in DMSO, and progressively
diluted solutions were used for testing. TSA and SAHA were used as reference com-
pounds. Upon its deacetylation, the fluorophore was released given rise to fluores-
cence emission which was detected by a fluorimeter, and the ICso values of the com-
pounds were determined by analyzing dose-response inhibition curves. TSA and

20 SAHA were used as reference compounds.
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Examplle 1 CGGo (11 1M Exanple 1 C50 (1. 1M Exanple 1 C50 (1. 1M SAHA + 10 =+
18 30 ++ + ++ +++ + + + + ++ +++ +++
31 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
32 + +++ + +++ + + + + + + +
33 +++ ++ +++ ++ +++ +++ +++ + +++ +++ +++
34 ++ + + +++ + +++ + +++ + ++ ++
35 +++ +++ +++ +++ +++ +++ +++ ++ +++ +++ +++
36 +++ +++ +++ +++ +++ +++ ++ + +++ +++ +++
37 +++ +++ +++ +++ +++ +++ + + +++ +++ +++
38 +++ +++ +++ + +++ +++ +++ + +++ +++ +++
39 +++ ++ +++ + +++ +++ +++ + +++ +++ +++
40 +++ ++ +++ + +++ +++ +++ + +++ +++ +++
ICs50 < 50 nM: +++; 50 nM < ICs0 < 100 nM: ++; 100 nM < ICsp < 500 nM: +
5 Results
The compounds of the present invention proved to be highly potent on all HDAC 1so-
forms with inhibitory activity ranging in the low nanomolar scale (Table 1). Such a
finding was surprising in the light of the biological behaviour of the comparison de-
rivative (1.e., ((S)-1-cyclopentylcarbamoyl-6-mercapto-hexyl)-carbamic acid tert-

10 butyl ester and reported in Itoh Y., et al., J. Med. Chem., 2007, 50, 5425). Indeed, as
previously reported, we verified and confirmed its HDAC6 selectivity profile finding
moreover a much lower activity on HDACG6 than most of the herein described com-
pounds.

When comparing the HDAC inhibitory profile of some of the above derivatives with

15 the one of corresponding hydroxamate analogues, we surprisingly found that the

former thio derivatives were at least equipotent or even more potent than the hy-

droxamate zinc-binding group containing analogues (Table 2).



+++ 1 +++ 11 +++ 19 +++ 5 + 13 +++ 21 +++ 6 +++ 14 +++ 41 ++ 7 +++ 15 +++
42 +++ 8 +++ 16 +++ 43 +
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Table 2

HDAC isoforms
Examples MBG

1 2 3 4 5 6 7 8 9 10 | 11

SH el e e e e e e e e s

21 CONHOH | +++ | ++ [+ | + | ++ |+ [+ | ++ [+ | ++ | +++
SH e e e e e e I e I e I

o CONHOH | +++ | + | +++| + | + |+ | ++ | + |+ |+ | ++
SH el e e e e e e e e

- CONHOH | +++ | + | ++ | + | ++ | +++| + + | =+ | |

ICs50< 50 nM: +++; 50 nM < ICs0 < 100 nM: ++; 100 nM < ICs0 < 500 nM: +
EXAMPLE 45

5 Cytotoxicity

The cytotoxic effect of some compounds of the present invention on NCI-H460 non-
small cell lung carcinoma was and HCT116 colon cancer cells was evaluated accord-
ing to the method of Skehan et al. (Skehan P., et al., J. Natl. Cancer Inst., 1990, 82,
13, 1107), and using SAHA (Vorinostat) as reference compound.

10  Tumour cells were grown in RPMI 1640 medium containing 10% heat-inactivated
foetal bovine serum and 50 ug/ml gentamycin sulphate and were seeded in 96-well
tissue culture plates at approximately 10% confluence. They were allowed to attach
and recover for at least 24 h. Varying concentrations of the compounds of the pre-
sent invention were then added to each well 1n order to define their ICso value (1.e.,

15  the concentration which inhibits 50% of cell survival).

The plates were incubated for 24 h at 37 °C, after which they were washed 3 times
by removal of the supernatant and addition of PBS. The plates were then incubated
for further 48 h at 37 °C. 200 ul PBS and 50 ul of cold 80% TCA were added and the
plates were incubated on ice for at least 1 h. TCA was removed and the plates were

20 washed 3 times by immersion in distilled-water. They were then dried on paper at
40°C for 5 min. 200 ul of 0.4% sulphorodamine B in 1% acetic acid were added. The
plates were incubated at room temperature for further 30 min. Sulphorodamine B
was removed, and the plates were washed 3 times by immersion in 1% acetic acid
and were dried on paper and at 40 °C for 5 min. Then 200 ul Tris 10 mM were

25 added. The plates were kept under magnetic stirring for 20 min. Cell survival was



1050< 0.5 i i M +++;
+ Table 4 HCT116 cell

0.5iIiM<IC0 <1.0iiM ++; 1.OiiM< IC50 < 10 iiMm

line Exanple 1C50 (1.tM Exanple 1C50 (1.tM SAHA +
20 ++ 14 woR0BA4tusd7 + 31 + 19 +++ 33 38 1050< 0.5 ii M PetrEP202B6828M < | C50
<10 ijMm

21" was JeUrIed W dbkiysph 3Bsek ACabilinla GGy SpstORRIE Rk FOER 7,
assess frhS T QlnPoiued 1oy ddllsC RIPAT I8 Ml ddlatrHAUSRE B&rcEsfRlceaeereaaPaund.
sulphorodamine B binding compared to control cultures. The ICso values (reported
in Table 3 for H460 cell line and in Table 4 for HCT116 cell line) were calculated
5  with the “ALLFIT” program.
Results
The compounds of the present invention demonstrated a very good inhibition pro-

file, very often much better than that observed for the reference compound SAHA.

Table 3
H460 cell line
Example | ICs0 (UM) | Example | ICs0 (WuM) | Example | ICs0 (WM)
SAHA + 10 +++ 18 4+
1 +++ 11 +++ 19 +H+
6 +++ 14 +++ 41 ++
7 +++ 15 +++ 42 +++
8 +++ 16 +++ 48 +
10
IC50< 0.5 uM: +++; 0.5 uM < ICs0 < 1.0 uM: ++;
1.0 uM < ICs0 < 10 uM: +
Table 4
HCT116 cell line
Example | ICso (UM) Example I1Cs0 (UM)
SAHA + 20 ++
14 +++ 22 +
17 + 31 +
19 +++ 33 +
IC50< 0.5 uM: +++; 0.5 uM < ICs0 < 1.0 uM: ++;
15 1.0 uM < ICs0 < 10 uM: +
EXAMPLE 46

Compound of example 21 was further investigated on an extended panel of cell lines
in order to assess its cytotoxicity in comparison with SAHA used as reference com-
pound.

20  Tumour cells (A2780, SKOV-3, MDA-MB436, MCF-7, HSC3) in adhesion were
grown in RPMI 1640 medium containing 10% heat-inactivated foetal bovine serum

and 50 pug/ml of gentamycin sulphate, meanwhile DMEM was used for MDA-MB231
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ovarian A2780 0.062 1.71 SKOV-3 0.38 5.7 breast A- MB231
“ALLFIT” program.
U937, HUT78 and K562 were grown in suspension in RPMI 1640 medium contain-
ing 10% heat inactivated foetal bovine serum and 50 ug/ml of gentamycin sulphate,
20 meanwhile MV4-11 cells were grown in Iscove’s modifyed Dulbecco’s medium. The
experimental procedure was as described above except that removal of the super-
natant was made by means of centrifugation of the plates at 1600 x g for 10 min
(operation effected twice).

Results are reported in Table 5.
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Table 5
Tumour cell lines Drugs tested ICs0 (WM)
Cancer Type Cells Type Example 14 SAHA
. A2780 0.062 1.71
ovarian
SKOV-3 0.38 5.7
MDA-MB231 0.23 1.41
breast MDA-MB436 0.18 1.71
MCF-7 0.19 2.55
head and neck HSC3 0.77 8.6
acute monocytic MV4-11 0.19 2.1
leukemia U937 0.049 0.071
T-Lymphoma HUT78 0.48 1.5
chronic myeloid K562 0.19 0.13
leukemia

Results reported in table 5 explicitly demonstrate that compound of example 14 1s
endowed of potent anti-cancer properties on a wild panel of cell ines meanwhile the

5 comparison compound SAHA generally demonstrated a generally much lower bio-
logical activity.

EXAMPLE 47

Tubulin and histone acetylation
Western Blot analysis of cytoplasmic and nuclear extracts of NCI-H460 cells which
10  had been previously incubated with compound of example 14 or SAHA, was con-
ducted to measure o-tubulin and histone acetylation, using various antibodies as
reported underneath:
v" mouse anti-acetyl-tubulin monoclonal antibody (Sigma; cat. T'6793);
v" mouse anti-B-actin monoclonal antibody (Sigma; cat. A5316);
15 v rabbit anti-acetyl-Histone H4 polyclonal antibody (Upstate; cat. 06-598);
v' mouse anti-Histone H4 monoclonal antibody (Upstate; cat. 07-108).
The experiments were conducted using ECL Plus Western blotting detection re-
agents (from Amersham Biosciences) and the intensity of the bands were analyzed
by using a computed phosphoimage analyzer (Phospholmager; Molecular Dynamics,
20  Sunnyvale, CA, U.S.A)).

Results
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Antitumour activity
HCT116 colon cancer cells, or NCI-H460 NSCLC, or H929 multiple myeloma cells,
all suspended 1in 0.1 ml of Medium 199, were inoculated subcutaneously (s.c.) in the
right flank of CD1 nude mice (i.e., 5x106 for HCT116; 3x106 for NCI-H460 and
20x10¢ for H929). Treatments (1.e., as reported in table 6) started three days after
tumour 1njection according to the schedule qd x 5/w x 3w with the exception of cis-
platin which was given q4d/w x 3w. The tested derivatives were administered as a
suspension in PBS / DMSO / Cremophor EL (Sigma): 85/10/5 (volume percentage).
The antitumour activity was determined by measuring tumour diameters with a
Vernier calliper according to the Formula

TV =dz X D/2
where d and D are the shortest and longest diameters, respectively.
When tumours reached a volume of about 1000 mm?, mice were sacrificed by cervi-

cal dislocation. The efficacy of the drug was assessed as the tumour volume inhibi-

o

Body weight recording was carried out to evaluate body weight loss as calculated in

tion according to the Formula reported underneath:

(mean TV of treated group

TVI% =100 -
(mean TV of control group

the equation underneath:

BW
%BWL:IOO—{ﬂ}dOO

dayl

n conparable to that
pbrpound of exanple 14
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. . . 74 15
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SAHA 100 1.p. 21 3
H929
Example 14 50 1.p. 30 11
10 EXAMPLE 49

Antitumour activity

The experiment of example 48 was repeated with another compound on mice animal

model developing HCT116 colon cancer as described above or A2780 ovarian cancer,

and administering the drugs solubilised in orally in PEG200 / DMSO / Cremophor

15

EL (Sigma): 85/10/5 (volume percentage). The results are reported in table 8.



44 3 NCl - H460 SAHA 100 i.p. 27 0 Exanmple 14 50 i.p. 36 2 Cisplatin 2 i.p.
56 3 Exanple 14 + cisplatin 50 i.p. +432i.p. 74 15 HO929 SAHA 100 i.p. 21 3

Exanpl e 1%0 2013/041480 PCT/EP2012/068230
Table 8
Dose
Xenograft Drugs TVI % | BWL %
(mg/10 ml/kg)

SAHA 100 p.o. 32 1

HCT116 Example 21 60 p.o. 62 1
Compound A 100 p.o. 11 0

SAHA 100 p.o. 53 4

A2780

Example 21 110 p.o. 89 7

Compound of example 21 demonstrated a potent biological activity affront of its
analogue Compound A which 1s deprived of the side-chain, thus demonstrating the
5 1mportance of the lactam-carbonylamino moiety of the scaffold. Moreover, com-
pound of example 21 also showed strong biological activity in an ovarian cancer
animal model with a TVI superior to that engendered by SAHA. It is also important
to note that even after oral administration, a potent biological activity was found

suggesting a high stability to first pass metabolism.
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1 Conpound A

Formula |
5 wherein,
R! is H, (Ci-Ce)-alkyl or aryl; or alternatively
R! and one R4, each being linked to two adjacent carbon atoms, in case n is 2 or
3, are taken together to form a cyclopropane ring;
R2 1s phenyl optionally substituted with halogen, benzyloxy, (C;-Cs)-alkyl or CFs;
10 (Cs-Ce)-cycloalkyl; aryl-(Ci-Ce)-alkyl wherein the aryl is optionally substituted
with benzyloxy, (C;-Cs)-alkyl or CFs;
R3 1s H, PO(OH)g, or a group of Formula (IT)
-(CO)-R7 Formula 11
R71s (C:-Cq)-alkyl, (C;-Ce)-alkoxy or -CH(NH2)RS,;
15 R381s H, or the side chain of a natural a-amino acid;
R4 and R5 are at any occurrence independently H, halogen, (Ci-Ce)-alkyl, or al-
ternatively,
when n 1s 2 or 3, one R* and one R?, each being linked to two adjacent carbon at-
oms, are taken together to form a cyclopropane ring;
20 R¢ is H or alternatively,
R2 and R® are taken together to form a five- to six-membered heterocycle which
can be optionally fused with an aryl moiety;
-A-E- is -(CO)-(NR9)- or -(NR9)-(CO)-;
R? 1s H or (C1-Cs)-alkyl,
25 m is an integer comprised between 0 to 3;
n is an integer comprised between O to 3 with the proviso that when is 2 or 3,

each of R* and R5 can adopt different meaning at each occurrence;
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2. A compound according to claim 1, wherein n 1s 1 or 2.

10 3. A compound according to claim 1, wherein m is 1 or 2.

4. A compound according to claims 1 to 2 selected from the group consisting of:
thioacetic acid S-{(S)-6-[((S)-4-o0x0-azetidine-2-carbonyl)-amino]-6-
phenylcarbamoyl-hexyl} ester, thioacetic acid S-[(S)-6-[((S)-6-oxo-piperidine-2-
carbonyl)-amino]-6-(4-trifluoromethyl-benzylcarbamoyl)-hexyl] ester, thioacetic

15 acid S-{(S)-6-(3-benzyloxy-benzylcarbamoyl)-6-[((S)-6-oxo-piperidine-2-carbonyl)-
amino]-hexyl} ester, thioacetic acid S-{(S)-7-(3,4-dihydro-1H-1soquinolin-2-yl)-7-
0x0-6-[((S)-6-0x0-piperidine-2-carbonyl)-amino]-heptyl} ester, thioacetic acid S-
[(S)-6-[((S)-6-0x0-piperidine-2-carbonyl)-amino]-6-(2-m-tolyl-ethylcarbamoyl)-
hexyl] ester, thioacetic acid S-{(S)-6-[((R)-6-oxo-piperidine-2-carbonyl)-amino]-6-

20 phenylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[((S)-6-oxo-piperidine-2-
carbonyl)-amino]-6-phenylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[((S)-6-
oxo-piperidine-2-carbonyl)-amino]-6-p-tolylcarbamoyl-hexyl} ester, thioacetic acid
S-{(S)-6-[((S)-6-0x0-piperidine-2-carbonyl)-amino]-6-m-tolylcarbamoyl-hexyl} es-
ter, thioacetic acid S-{(S)- 6-[((S)-6-oxo-piperidine-2-carbonyl)-amino]-6-

25 cyclopentylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[((3R*,45%)-2-0x0-4-
phenyl-pyrrolidine-3-carbonyl)-amino]-6-phenylcarbamoyl-hexyl} ester, thioacetic
acid S-{(S)-6-[((BR*,4R*)-2-0x0-4-phenyl-pyrrolidine-3-carbonyl)-amino]-6-
phenylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[((R)-5-oxo-pyrrolidine-2-
carbonyl)-amino]-6-phenylcarbamoyl-hexyl} ester, thioacetic acid S-{(S)-6-[(R*)-

30 (2-oxo-piperidine-3-carbonyl)-amino]-6-phenyl carbamoyl-hexyl} ester, (S)-6-oxo-
piperidine-2-carboxylic acid ((S)-6-mercapto-1-phenylcarbamoyl-hexyl)-amide,
(S)-6-oxo-piperidine-2-carboxylic acid ((S)-1-cyclopentylcarbamoyl-6-mercapto-
hexyl)-amide, (S)-6-oxo-piperidine-2-carboxylic acid [(S)-1-(3-benzyloxy-
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