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N- hydr oxyam de derivatives and use thereof Field of
the invention 5 The present invention is related to
N- hydr oxyam de derivatives of Fornula (1),

phar maceuti cal conposition thereof, methods of
preparation thereof and to their use for the treatnent
and/ or prophyl axi s of autoi mmune di sorders and/ or

i nfl ammat ory di seases, cardi ovascul ar di seases,

neur odegener ati ve di seases, cancer, respiratory

di seases and fibrosis. Specifically, the present

invention isr et i ves for
the i o nodul at | o@‘ﬁgoiﬁg# r&%éﬂe [ n Iﬂ?llﬁgﬁ{e %/ t he
activity or finction of matrix netalloprotelnascs
especi ally gel ati nases and netal |l oel astase. Background

Kiéld ol ehelifiedtibn On Met al | opr ot ei nases are a

superfam |y of proteinascs d for th

thep @rseRc &1VEBURR Jis nEslalf .tenﬂ‘%gsr%@syapﬁd TMEYeY e© .F@émula D,
phafindBRbtidaX RS Rl oﬁ@ﬁ&&(ﬁ‘ &@&6&5 éﬂ%}%}atfoﬁrtﬁ@r@of and to their use for the
netalloprotelnase sub- |y having as one of major

thsatyheny emd!orfpmphylms toaS a}mlmnysle dibardérs eankhowinflahmatory diseases,
%ﬁcﬁ&%ﬁé | ¥€d {séf&?é’le cFegI%r{e?a(,:tgll ! H s&Hs esmaéanc L ?s%?r%%p)f diseases and

erroant i se various conp oné
fibresis) Specrlﬁdfmly[ ihe praetctl’inmtlaﬁ)m&blb.&g 0] hy@ﬁi)@tnlni&e derlvatlves for the

rotcoglyc I broncctins and cl asti he matri .
‘ﬁ‘éf“i‘?qog‘pg‘ﬁﬁgy ‘@B’F’éﬂﬂni %a‘?t{Yi‘Wr‘i’é?mt?PQ‘i‘ 8 @aggc%?t&ﬁ?@“temases’
ééﬁec‘ieﬁ@ri clatiHikes hitimaafdocissbabr ates (Visse al., 2003,

rc. "Res., 92: 827-839) and conprises coll agenases
(MWP-1, MWP-8, MWP-13 and MWP-18), gel ati nases ( MVP-2
. lysins (MW3, MWP-10 and MWP-11),
é%gﬁ#gﬁ%g%%%g&gﬁgﬁps (MI-MWP-1 to MI-MWP-6 and 25
NMlldptoteMﬂEésh’ﬁc a Mldérﬂlﬁﬂy MVprofcinasbdien2vnah darvdd fo? Beir dependence
natrllﬁe ? é MWP- 26) and ot her uncl assified
A %E)ﬁ%F§@FBE1%@tase (MWP-12), enanel ysin
(MWP-20), cpilysin (Mw-28), MW-19, MWP-22 and

MWP-23. 2 of blologlcallﬁ i nportant nenbrane proteins
Theoswex motallpproteinayes (\VEFshfwn metaﬂqpmtzslgse subefamilyfpeing as one

(gf?ﬂaﬁgtﬁﬁ an gﬁ%lcfaﬂétfohqg E@ta%ge &1@ %ré av % ‘P%&:ti@@ giss%@ of @Qtracellular

esi ons an ere or e een a targ
thairix shrbught theio abitityug hgtdrodise pansous c@lﬁpmgalntstaf theetissiad or matrlx such as

2003, Expert in. Ther. Tar : 385-397).
e Bt oy ey 0t B o 1 ke 5

"Bct Mbdrixi ﬁle(am)ﬁbiénﬁﬁe Bmily? QO RurtheX @BAided 4dRbrdingl e their function and
Targets 19-34) resplrato%é”dlsorders such as

S@hﬁmfée(if{ﬁse ag h@ﬂés@qr@ riirsi $27 &i-689)dnd gpmprigps zollggepases (MMP-1,
REP-8, MWL PL arPRIMP I8 ;‘8 afifls @Q\/Iﬁ/ﬂfﬁ’r !\/Pvfé-léf;,hsu%ﬁlelysms (MMP-
mul t1 pfe

egenerative nervous § ten1 eases
H MM 30 sand | MR A1), enerabran@(pe, MBARs (MReMMIREVio, MT-MMP-6 and

WRETE RS, RSBk s 3, TR BnF oy Btfgysin (MMP-7 and

Ml\lﬁkl(i')t ardl (ﬁheralhnclagﬁlﬁgd MPe rstich-ad aletaflodlastieoMVa/i@L12), enamelysin
Medi ci ne, 14( 170-6) and wound heallqg have been
QYBYIBr79)-reailwsin %1\43)62838 -39-MME-2handBMEEZ 3 essi on

and/or activity. A wde variety of matrix

met al | oprot ei nase inhibitors (MWIls) has been

Afpaye [ feope dh¢iskiolee dn edegml_dingz @oanecidyer rtissue, NMYRsi aegl involved in the

bg(;] yﬁlh%&g it TﬁF-aﬁﬁ% aﬁz Ailn the ﬁ:’a%glatlglga(i)fbrotéﬁ}% er @ésLMé or shedding
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15 Reviews, 9, 63-79; Henrotin et alL, 2002, Expert
Qpin. Ther. Patents, 12(429-43). However, nmany MWPI s
exhi bit a nuscoskel etal syndrone (tendonitis,
fibroplasias, nylasia, arthralasia) as a dose-linmting
side effect. It has been proposed that inhibition of
MWP-1 or MWP-14 may be responsible for these effects.
20 Therefore, there is an increasing need to devel op
matri x netalloproteinase inhibitors with a

wel | -cl efmed specificity profile Speci fic inhibitors,

SRIELEA BB R e RERD L EROIVR sy 1. 21 265

279). \ONIPs @i enaroplei cnntﬁbuig t@tlmdmaé gmmhn andCepvesid @b mahignant lesions and

5 742-7 bi t 1/ 83461 MVP- 2
Birilotn s’ Pr b1tt187' P iRio8" droek fvehant B peieltesh o 2003,
Pryert20/n. 2By Takpérs,i(@)h385e3 &7y aDierdefs subte as 1nﬂammatory disorders like

nmet al | opr ot ei nase pathway in _sonme w de
PR crbeids S0 fpenhdgeing Breadaesasy 7 Hridbi4)grespirtory disorder

| 4401 RBhRIAC tdiYRosc RS f MVF’%()O?S?%J Ay 8:251-262
ge atlng% §S%such asoﬁWPSZ g@%?or MVP- 9 and/ or NW%ylz. )
Busilegieal yisorderh eudhnasedegenerative n¢r3015nsy@t@pe discasés, trhaltiple sclerosis

LR, a0 e oo RGP BR it fuptidiiagy g7 1996, .

Cln. a%ehadmwn 3 o?lzsarl d2y, pretaeh tbot (Mbiaan®éQily 2003 gabmtern Fetal &
car di ular di seases, neur od ggnera ive d|s§$ses

Neongiah Me %rl"(?)eslpﬂ)r%mvv@av aling hayee beeay demepshated to be

ﬁ%%&itpm%résblgﬁ Od/6r aclibity.s further an object of
the present invention to provide substances which are

suitable for the treatment and/or prevention of

[ [t .
b4 DB P e PohAEh P YR 5050 fovponsd s
aatlal?gl, aﬁur@kﬂtéﬂkdzaﬁal Beerpi g et 4125047t Readrsdr) J008Vildet Failure

I%Q%@gf g{l |6§0}5po %ggti’%l\??iéc c?%r@?’t ?foﬁﬁ f%?mn’g? {?' }gﬁ?{t g’ptq%vt rli2¢1):29-43).

&V &let, ORfRY EVINAHE SoxhfbHPC hﬁkédékél@tlclﬁts&ﬁlﬁ&%é onitis, fibroplasias,
el astase in nmanmal s, especi al | humans. 151t is

mylesihearthniasiol @s @b}%@-{nn@mng $ide Qggelﬁbas beeapropnsed that inhibition of
Rﬂx;ﬁghﬁgﬁﬁﬁhﬁg%%%%ﬁ&m leﬁ93ﬁ£983&£§03| formul ati ons

eat ne seases nedi ated sel ected
fron1autoinnune di sorders, |nflannatory di seases,
scul ar . di seases, enerat e dlseas
Erve, (i 8 incrogSpe Pg%dotpfﬁ 605 el purpagopibitors with a

WEHaMRicd kel it peofle.br osi s.
Specific inhibitors, especially towards MMP-1, have been reported, including MMP-13
inhibitors (Stotnicki et al., 2003, Current Opinion in Drug Discovery and Development,
6(5):742-759), MMP-12 inhibitors (WO 01/83461), MMP-2 and MMP-9 inhibitors (Wada
etal., 2002, J. Biol. Chem. 45: 219-232).

The high relevance of the metalloproteinase pathway in some widely spread diseases
stresses the need to develop inhibitors, including selective inhibitors of MMPs, especially
of gelatinases such as MMP-2 and/or MMP-9 and/or MMP-12.
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20 It is furthernore an object of the present

i nvention to provide processes for making chem ca
compounds according to the invention. It is finally an
obj ect of the present invention to provide a nethod
for the treatnent and/or prevention of disorders

sel ected from aut oi mune di sorders, inflanmatory

di seases, 25cardi ovascul ar di seases, neurodegenerative
di seases, stroke, cancer, respiratory di seases,
pre-term | abor, endonetriosis and fibrosis. 4 1In a

ﬁ : . i nvention provides N hydroxyam de
gd”ﬁrﬁg‘ G VL (1): R2 HOOn RA)R5 (3) ( (2)
IN#s @Rolject lof 3iR6ing entiontte rpeowideAsubRBncaRAvhiéB are RajtatiRS forRBe treatment

aﬁglo%n&epen%&? oq'e&ilscprggrsl r%lattetzle tod %}1 olirlnr(:f‘ltljlne(::j isor e@st 'a3@or inflammatory

diseases, cardiovascular disecases, neurodegenerative diseases, stroke, cancer, respiratory

diseases, pre-term labor, endometriosis and fibrosis.

It is further an object of the present invention to provide substances which are suitable for
the treatment and/or prevention of multiple sclerosis, arthritis, emphysema, chronic

obstructive pulmonary disease and fibrosis.

It is notably an object of the present invention to provide chemical compounds which are
able to modulate, especially inhibit the activity or function of matrix metalloproteinases,

especially gelatinases and elastase in mammals, especially in humans.

It is furthermore an object of the present invention to provide a new category of
pharmaceutical formulations for the treatment of and/or discases mediated selected from
autoimmune disorders, inflammatory diseases, cardiovascular diseases, neurodegenerative

diseases, stroke, cancer, respiratory diseases pre-term labor, endometriosis and fibrosis.

It is furthermore an object of the present invention to provide processes for making

chemical compounds according to the invention.

It is finally an object of the present invention to provide a method for the treatment and/or
prevention of disorders selected from autoimmune disorders, inflammatory diseases,
cardiovascular diseases, neurodegenerative diseases, stroke, cancer, respiratory diseases,

pre-term labor, endometriosis and fibrosis.
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5 1n a second aspect, the invention provides a
conpound according to Fornula (I) for use as a

medi canent. In a third aspect, the invention provides
a use of a conpound acconling to Formula (1) for the
preparati on of a pharmaceutical conposition for the
treatnment of a disonler selected o from autoi nmune

di sorders, inflanmatory di seases, cardi ovascul ar

di seases, neurodegenerative diaseases, stroke, cancer,
respiratory di seases, pre-terml abor, endonetriosis
A 388 U vkt B RS N A B8 imiad AEANSRE FBu 0
| east 15 one a compound accorgfng to Forrmula (1) and a
pharmaceutical ly acceptabIeLg'rrLer, di luent or
excipient thereof. In a @if hna§bﬁ%;{‘the i nvention
provi des a nmet hod ofiot r egtgreR? coprprisi ng the

admi ni stration of a co d agclrdirg to Fornula (1)
in a patient in need Eﬁere f Ih—a<sﬂ&th aspect, the
i nvention provi des nmethodsipf swfithes’s of a conpound
according to Fornula (1). R5 In"a seventh aspect, the
i nvention provides conpounds %;cording to Fornul a
(Ivy: R O i n RARS opNn'r N A O 126)c:R wherein
whergin A, RD, RZRR%, mff R, Rendarnee defined intbp nﬁe%:ed deseripgion.

detai |l ed descri ption.

In a second aspect, the invention provides a compound according to Formula (I) for use as a

medicament.

In a third aspect, the invention provides a use of a compound according to Formula (I) for
the preparation of a pharmaceutical composition for the treatment of a disorder selected
from autoimmune disorders, inflammatory diseases, cardiovascular discases,
neurodegenerative diseases, stroke, cancer, respiratory diseases, pre-term labor,

endometriosis and fibrosis.

In a fourth aspect, the invention provides a pharmaceutical composition comprising at least
one a compound according to Formula (I) and a pharmaceutically acceptable carrier,

diluent or excipient thereof.

In a fifth aspect, the invention provides a method of treatment comprising the

administration of a compound according to Formula (I) in a patient in need thereof.

In a sixth aspect, the invention provides methods of synthesis of a compound according to

Formula (I).



5 1n an eight aspect, the invention provides conmpounds
according to Fornmula (V): R5 00 wherein A R, R2,
R4, R5, R6, R7 and n are defined in the detail ed
description. In a neinth aspect, the invention
provi des conpounds according to Formula (111):
10(11'1) wherein A, Rl, R2, R4, R5, R6 and R7 are
defined in the detail ed description. Detail ed
description of the invention:s The fol |l ow ng
par agr aphs provi de definitions of the various chem ca
i8ld t . j .
B b Ra R AR ok PR BEER Euiiud GV
through- 6 out the specificagion and clains unless an
ot herw se expressly set ouﬂ;ﬁefipitiqp provi des a
br oader definition. T tedmRPs" Refers to "matrix
met al | opr ot ei nases". For| regent reviews of MWs, see
5Visse el al., 2003 vey Fi Nei onAel, al ., 2003,

above; Cark et al, 2003, gaboee éﬂﬁ<Do erty et aL,
2002, Expert Opi nion er apeut iR® Patrht s

12(5):665-707. Illustrative but not limting exanples
of such MWPs are: av)

wherein A, Rl, RZ, R4, R’ , R6, R’ and n are defined in the detailed description.

5  In an eight aspect, the invention provides compounds according to Formula (V):

R®
R%, R: R'
0 )n w)\A/
Nﬁ)\R7

6

HO
OH O R

V)
wherein A, Rl, RZ, R4, R’ , R6, R’ and n are defined in the detailed description.

In a neinth aspect, the invention provides compounds according to Formula (I1I):

RS

4
R 1

o am
wherein A, R', R%, R*, R®, R® and R are defined in the detailed description.

Detailed description of the invention:

The following paragraphs provide definitions of the various chemical moieties that make

15 up the compounds according to the invention and are intended to apply uniformly through-
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10 Col | akenases: wusually associated with di seases

i nked to breakdown of coll agen-based tissue e.g.
rheumatoid arthritis and osteoarthritis: MwW-1 (al so
known as col | agenase 1, or fibroblast collagenase),
substrates collagen I, collagen Il, collagen II1,

gel atin, proteoglycans. Over-expression of this enzyne
is believed to be associated with enphysema, with
hyper kerat osi s and at heroscl esosi s, overexpressed

15al one in papillary carcinoma. MWP-8 (al so known as
Co:tl‘} @aﬁ ,103 glagﬁy ngcol Igeglg ns@%ﬁl%%? ﬁt %Hpcféﬁ%ﬁfo?lsprowdes a
hroddeagﬁ'mmdd , col I agen | X, gelatin over-expression of
whi ch can | ead to non-healing chronic ulcers. MVP-
13 (al so known as col | agenase 3), substrates coll agen

The t6@h AYEMR" Idfers a6 I"hmagikméthlloptieidgdes'a o rdcdht rﬁﬁlﬁvﬁgﬁ‘MMPs see
| X, collagen X, collagen XIV, fibronectin, gela

Fisseet(taly 20802 abpve é‘ans(gton &l il 306+ -abeps Slerh eé%n%ﬂ% above and
r i hritis.

e e e R B IOl o e '

substrates collagen 111, collagen IV, collagen V, 25

“f§g§§?u%§h&ﬂuﬁggmn8§% #mﬁ%e |n§%#sggepn

atheroscler05|s aneurysm and restenosis. 7 MWP-2

| so known el atinase A, 72 k el ati nase,
S&Q@m rHHE R ASoEs 'efia‘glém Sisgasep | B@f“gtt%&gf'fa}fei‘m@é)coﬂagen-based
tfsk'ﬁé £ 3h&endal %ﬁ&@tﬁb dnd ogfébirﬁﬁ*ﬁﬁ H Col I agen 1V,

Col | agen V, Collagen VII, Collagen X, Collagen X,

M&lllf_hg@lﬁo Xknywn @k otlagenagei br gnlroblast @éllaafmaw puhats@;tem collagen I,
%%El?%eglvlﬁ%o 18 e?ﬁlllggt%ﬁﬁ]r g}(’?‘%’ﬁ ale %b%onf{xgp«{sgg% ﬁ? %ﬁ'%so%‘zyme is believed

te%rasmiaml whis emphgalsema with ihgpérkeratosisand alieriseleadist ovdrexpressed

ssaociated with their ability to grow, invade, devel op

Y B PHIIY E8EEOT3nd et ast asi ze) and to be invol ved

MMTAE Yh1So kH&GN ia8 fcbA4E¥Risc 0N cﬁ‘%uiréblﬁﬁ&ﬁlaﬁéﬁa@é){ s&’ds&&t@@ edllagen I,
ndr one éKrlshna et_ aL, 2004, Expert i n nves

qulg@gl I1,1c{1ggen 1Pl soljegen V pgllq)g@p M, (cgllwnl@{ogﬂatgg over-expressmn of

LG S et RIORA 050K, Gl | agen v,

Mb’[ﬂ-@e{mls\ﬂ k'ﬁpwn(ﬂsl (ﬂ@egenXse I)lehl&g‘eues XolNager|lasdliagen II, collagen III,

cgy eé]\f}&g lglgﬁlgﬁg’ h@e&% )glgﬁ Ibogl\,é%&?gééﬂbﬁecenﬂy identified

ds b g DR eSRPedsbddGldnt ih Qfeaﬁtwﬂﬁni&rﬁ@nhmedﬁ@ iR8matoid arthritis.
rel eased by eosinophils in response to exogenous

factors such as air pollutants, allergens and viruses,

ERvol ved in the 15 inflammtory response in
$ﬁ%2%§gpgésclerosis (Opdenakker et alL, 2003, The Lancet
MdB-3 |(algy anWn 48 3 arbéysiarig, msm enldgeroIlbecallagan I dbollagen V,

3 o Uhg :Ijﬂg%]n ];llag’ﬁm@{ali Idlg{]qge rﬁgﬁ{gg%)ndlpé %i?o be involved in
difdebileradg Aturyasi shdBedidfiosishna et aL, 2004, above).

MWP-9 is also thought to be involved in stroke
(Horstmann et alL, 2003, Stroke, 34(9): 2165-70). 20
@E)&Jziﬁz'?és‘ fﬂlﬁﬁlt%%llevew Xt a{fab&gblb @ﬁw oﬁ%ancer 1n articular invasion
oel astase, human macrophage el ast ase, B 3
andnsttastasiss fi bronectin, larninin, believed to play a
role in tunmour growh i nhi bition and regul ati on of
i nflammati on such as nmultiple sclerosis (Vos et aL,
2003, Journal of Neuroi munol ogy, 25 138, 106-114)
and to play a pathological role in enphysema, COPD
(Belvisi et al., 2003, Inflanm Res. 52: 95-100) and
i n atheroscl erosis, aneurysm and restenosis.
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The expression "MW-associ ated disorder"” refers to a
di sorder which is treatable according to the invention
and that enconpasses all disorders in which the
expression and/or activity 30 of at |east one MW
needs to be decreased irrespective of the cause of
such di sorders. Such 8 disorders include, for
exanpl e, those caused by inappropriate extracell ul ar
matrix (ECM degradation. Illwstrative but not
Iiniting exanpl es of such MVP-associ ated di sorders
e

%ﬁov&'&%&) i’agm?sge %3’{:2‘11892[] &?crltnﬁgg gﬁ&:xﬂeg%ﬁlléfmfﬁle collagenase,

ormﬁdnawgiydanasy:) lsobstdates ICot agond, @oldhgnn 113 @OﬂﬁgearWaCDHa‘geSl)CfCollagen

<l ol A S R B oreg iy ey dogen, belioved

8 Hehd¥Bocided! weth! tum@r E)Ng!ﬂésywn&fiﬂ)ugﬁ lsp@lﬁcﬁt:ypfoi aypv W Colla%en (high
di stress syndrone; dental di seases such_as periodonta

eépseéﬁ%owﬁafee isgliditemers and belicvadte scseociatedewitlether gbity to grow,
g%d@sﬁm tg vl'tﬂl d%‘&sél? %Emgésgasﬁre?’ Ia{; ttb e ﬁﬁ/M@%]d in acute lung

| seases su |ver rosis osis and chronic
ihflarematgons ewd @ relsplratptyr disiress diyndragwes(kgirbha @6 apu Ll dixpert Opin.

|br I S nc | upus, gl omerul oscl erosi s,
V§f2§?%§§%%éfggégvikln fibrosis, post-radiation
fibrosis and cystic fibrosis; vascul ar pat hol ogi es

such as aortic aneurysm at her oscl er osi s

MM;B;Q{%?%KI@WH a8 &FJ&PB%W @p qf ?l%lk]aﬁ ge ﬁ%”é%)r wbgqrates Collagen I, Collagen
L tgfl 90; ChRsple N0 ToflagdPV A MRE QX C@d11agS /T eélaQStlﬁ Ufstonectin,

etic retinopat hy; dry eye syndrong, nacul a

M@n aidagino Tharabiowoenyaaie isibekevad it be aswdcitagewith atmereprogression
JEF BB Bl O Al 3 Rt EeBHER dp gesponse o
dxegéﬁbﬁs)\fait(ﬁ'ltsudi lay lairgpellijiantd) aauief@nsl ahd) VoruSeay ln@rbeaihoased in the

1@Bﬁ9mato¥ymﬂ;aqs5)ﬁ§s:éeg$grgf Ifledy? ef gigu hggéf W Qlog,; The Lancet
Ntk dlo .12, hﬁ(ﬂh?%dt hehrhd k@d t@yb@nlﬁ}o‘l)&‘d in Qu‘t&l&g 1nﬂfmmat1on

- al ky refers fo nonoval ent al kyl groups 20 havin
thpry: ahisteeps aynsiieme,; ehapuidi qbgtrumveawlmana(yl disqgdau§<OPD) and/or

godecgﬁs }’ ?%&%gooa"ﬂé)%@ %ﬁ\ﬁ? 1% qls.ou qg%’ll()e A981ved in stroke

(ﬂﬁmmaiareértal aPWl S@dﬂ@uwﬂ\aﬁlﬁ}g@l to 10 carbon atons,
"Ci-C8 -alkyl" refers to nonoval ent al kyl groups
having 1 to 8 carbon atons and "Cl-Cs-al kyl" refers to

Uﬂﬂ@gﬁk@gﬂgﬁ}kyl groups having 1 to 5 carbon atons. 25
"Heteroalkyl™ refers to Cl-Cu -alkyl, preferably C -C6

MYBci2 (alsaimownss aetalloalsstassnbursan Baerophese blasiase; epHNHgisubstrates
jg‘*mat ngy gﬁ{‘feqalé\(eelgﬁs tpfaqlraf #Ogéng%@gﬁbggg%%ﬂa@éﬁ%% regulation of

iaflonmbtion sm;hkxsa;tdhpke sgtem,sis Oos fer e BOA3p JarnabofolNeuroimmunology,

’?’%ﬁ@i%?@é 8#@81% %ﬁ% mg,?f) empl e”%?,ncgﬁ‘iﬁlar?ﬂﬁkyéﬁﬁ al., 2003,

fphmhREs, 5 PTYSDRIDY Bl attRbehcleRRis] derysmand bstédosial i cy !

aryl" refers to aryl groups haV|ng a Cl-Co6-alicyl
substitucnt, including nmethyl phenyl, ethyl phenyl and
THeeexpicksion "MMP-associated disorder” refers to a disorder which is treatable according

to the invention and that encompasses all disorders in which the expression and/or activity

of at least one MMP needs to be decreased irrespective of the cause of such disorders. Such
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"Aryl Cl-C6-alkyl" refers to Cl-C6-al kyl groups having
an awl substituent, including 3- phenyl propanoyl,
benzyl and the like. 5 "Heteroaryl" refers to a
nonocyclic hetcroaromatic, or a bicyclic or a
tricyclic fused-ring heteroaromatic group. Particul ar
exanpl es of heteroaromatic groups include optionally
substituted pyridyl, pyrrolyl, pyrimdinyl, fury!,
thienyl, imdazolyl, oxazolylg isoxazolyl, thiazolyl,

I sot hiazolyl, pyrazolyl, 1,2, 3-triazolyl,

s MEAROY g, oG GULRER) Wi el i )

¢$nMMmm1a2|nyl 1,2, 3- tr|a2|nyl 10 benzofuryl, [2 3

ST BAOR Féwlth%eéﬁfgalfes?ﬁﬁusﬁw aﬁwgenz%ﬁogiﬁ'%%a’81 J0

tunoed skl as'!‘&]ea/dt carico? &lrizsolid ttﬂn@’s,ﬂhﬂhrﬂﬁlhtor}b@lﬁdtﬂél’@ ls@cmlsmbn example
benzoxa-zoly qui nol i zi nyl,. gui nazo

1Bflﬁgqnat9r3h§opweb g;Sﬁ@@wapﬁweuromﬂammatlonn Igw%h% intﬁlti‘ﬁl? sclerosis; lung
b

SEAGh Js UAE Ws pFEES LHEAA ), e, asima

aceter b,mgl injury 5 ;;1@(1 Acdtet @splgehgrdr daqmq:sa o$yy1k1rome dental diseases such as

etrah r ol soqui nol terld
seripadudl G5casd e Shori S ang Bond § | blenriis and
Ih&hﬁdt@lﬂlra{thll‘ltli elfge:r disdaﬁbsh&ﬂﬁisﬂliﬂey Fib@kie) Ld&ﬁhclkb@s}/arﬂg:lhﬁ)mcdhver disease;
fﬂg%%o q%gagles Félgg?%gfp;en({gprycé'% ud Ppang%ta@ss lpglgsy glgr?lerulosclerosm

et abkd0sisI5IaH PRorBAY,! Bgst-q'acﬁﬁcﬁlr %fdéis §h@séy'sttlé" Hbrosis; vascular
rncluding furyl nethyl’ and the
pa@lmsasukbmylaortrcea@uysm a&lek@nwosgr bmmtepmen,eqaabbmyomthy and

r%fovci 1f1£f21{“n§ 1R t%ngﬁ?g %ﬁﬁlaﬁlgcﬁ 1cﬁncﬁsog?e¥ ng:hazf &1 %ié r{%tlinopathy,

srtes uratiron erab
dry oyps/nidroeia, thacha Hegeylbra(loﬁmdﬁ)aal iﬂe&aﬁtﬁmﬂﬂrdeger(eadtivy ldiseases of
- CH2 C}Q and the like. - al ke aryl" refers
tP%ceé‘lgFZEﬁ‘%W ReIRb S S%ﬁsﬁﬁ"ya“%‘-’%t%llselgﬁws substi tucnt,
|nclud|ng V|nyI phenyl and the like. 25 "Aryl

Co-al kenyl " refers to a C2-Co-al kenyl groups havin
“éh %r?lkyls upletsi to greanoyaleniliad igreppp hayipg 1vp @ydarbpnditems This term is

éxe}ﬁ hﬁe(%/ ?Pouﬁé %@y %GB&I&]?{E %ﬁ{)ﬁll Sg{)?&f{ls&g}o yi“?lt Iﬁs%,%utyl, tert-

hmtyiylh hﬁw‘l iankd ﬁyal lﬂ@nBytahaiogy K'€:-Cr2 -alkyﬂ-kteée‘rlaj‘ 15nlonova1ent alkyl groups

f h
e b §F B e RIS eEaarig e g Peppiy st non
@Bshdyl undbdafoy] afd déa%c&%yﬁgfdaysmhd “Celcsy San&yqr ?éfbl@YtB}ﬂ‘lonovalent

oups preferabli having from2 to 6 carbon atons and
ﬁlsxhgﬁglpaha\{%éto Q carbon; alempyf“CaiGey#llyy]l” referste meppyakent alkyl groups

I%?glf :1: %)y %L%%%ﬁ?& OéPg Lcl%g ”%Erseﬁoh%gydvafen%@p groups having 1
to Catbenatomsoal kyl " refers to a saturated carbocycllc

?{eged&tlgl ];'erfgrgl;% F%%é%( yaﬁg rlggrgf??ﬁtb&ng g,ha%]kg]e P@gSl n?[r}aqsst one carbon

Ha$ b@en, repladdBPH DeterbatoteBeleEi¥ e roml (K,VN of § Clhé«ld&ng 2-methoxy cthyl.
Lcycl opentyl, cycl ohexyl, norborny] and the

Ak’ éﬁf?w& aaeﬂqéwatqde#remgtw wrhomh@gr%ly of éraarrk@to dft saghon atoms
A acgll oms %ike ﬂﬂ@ﬁ*lybltﬂlﬁlﬁgﬁ%ﬁ&‘ensé@m% & g H h"tﬁ:}ll)’:z Aryl include

car re ‘repl aced by heteroato f’rom
nlheylgmapbmyh pheiagtremy and the like.
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of 0, S, NR R being defined as hydrogen or nethyl.
Het er ocycl oal kyl i nclude pyrrolidine, to piperidine,
pi perazi ne, norpholine, tetrahydrofurane and the |ike.
"Cl - Co-al kyl cycloal kyl" refers to C3-Cs-cycl oal kyl
groups having a Cl-Co-al kyl substituent, including

met hyl cycl opentyl and the |ike. "Cycloal kyl

Cl-Co-al kyl" refers to G -05al kyl groups having a

C3- C3-cycl oal kyl substituent, 9i ncl udi ng 3-cyc|openty|
propyl and the like 15 "C - Co-al kyl heterocycl oal kyl "

ISR Al HARGY GP BK hi PR 008 oBosfihick ith il mothy1

SUbSt t I nclu |pera i ne an
phickd, ethﬁqxhemsdrayd:tlmdikkyl Cl - Co- aI kyl" refers to

3{5‘?@? Foallor (TP o Al e IREE A0S Lot inlcing -

mKankﬁﬁﬂaﬁ@ﬂkmmegroup CXO)Oll zo Carboxy
refers to Cl-Co-al ky rougs havi ng

“&%ﬁt%w §a%§St qom@ﬁtwcypmh@}apn@n@tleaqrt?o ig¥Rligyar aamlayqlwéused-nng
| ncﬁtm()ims %’o_u e?g{t%%tclp ehthr’};g?s; rgam]efegaparﬁdti@qgﬂ'oﬁ?ﬁntclude optionally

, P y "G - Co-
suhstmlt'ed pW@lepmlyu pyrifh@n;(l_sﬁ]@ylg thaeriyk yimidazolyl, oxazolyl isoxazolyl,

het &OC Cl Ozillll 5%@2(&%1 CVC# g‘ﬁzﬁlcf %hy azaql)[(lyﬁb rﬁ(;)x%,[i}é,zolyl, 1,2,4-

oxb.&ih%m,ycl ga{Skoﬂadﬁiolﬁﬁ Z5Cﬂhbxhdlazoily4;(l}ﬂb4-@iazﬁ@1 al kyp, 3-triazinyl,
t al kyl. groups having an acyl substituent,
heﬁéfrfataﬂ,ng[%% é#ygrollzenz‘a@&lw &0391}20 t hRenpetpignyly ABppzotriazolyl,

i88béhzothiehyd! $ndoBl ais\ﬂnd@fy@ um—lﬁlﬁ)\f)ﬂn %eﬁﬂmﬁﬁﬂﬂ%’l 1m1dazo[1 2-a]pyridy],
substituent, includi ng 2-acetylphenyl and 1k

bﬁmzdtmamlyixybemexaezcsylc oquinelizimyd.u pJuieoli) ik mbelazlwl quinoxalinyl,

RS Rortiriains® bya K oyrigypiRa 2 ¥y, pyrido 3-blpyriayl,

quirei gy ﬁ?squhﬁigl Kytkazoly'l as,917.8; tetrhl@ﬁﬁfcp&foj@ﬂ 3, 6, 7§8Aietrahydr01soqu1nolyl

é‘?ﬁ%bﬁpﬁéﬁ& Far'imqlpgt %@ﬂﬁpﬁ or BanegaTp L WE e yl

€2 (541181 Kivetbary 1" r§rt9q{e‘1éro Y ?ﬂf’t‘l K}Hﬁying a C1-C6-a1ky1 substituent,
%Y I, erocycloa yl

iordiog a1 fry gy G - Co- 1 Terers to

%e(tﬁqgaé?fn gYp o%@gﬁ?%f&g\éqod@bt yﬁ&}e/ é aeil?f)s zﬁgﬁl?h% Lﬁl%%&oearyl substituent,
including furyl methyl and the like.

“Cy-Cg-alkenyl” refers to alkenyl groups preferably having from 2 to 6 carbon atoms and
having at least 1 or 2 sites of alkenyl unsaturation. Preferable alkenyl groups include
ethenyl (-CH=CH,), n-2-propenyl (allyl, -CH,CH=CH>) and the like.

“C,-Cg-alkenyl aryl” refers to an aryl groups having a C,-Cs-alkenyl substituent, including
vinyl phenyl and the like.

“Aryl C,-Cs-alkenyl” refers to a C,-Cg-alkenyl groups having an aryl substituent, including
phenyl vinyl and the like.

“C,-Ce-alkenyl heteroaryl” refers to heteroaryl groups having a C,-Cs-alkenyl substituent,
including vinyl pyridinyl and the like.

“Heteroaryl C,-Cs-alkenyl” refers to Co-Ce-alkenyl groups having a Heteroaryl substituent,
including pyridinyl vinyl and the like.
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"Al koxy" refers to the group -0-R where R includes
"Cl-Co-alkyl"™ or "awl" or "heteroaryl" or "aw
Cl-Co-al kyl™ or "heteroaryl Cl-Co-alkyl". Preferred
al koxy groups include for exanple, nethoxy, ethoxy,
phenoxy and the |ike "Al koxy C -05al kyl" refers to

al koxy groups having a Cl-Co-al kyl substituent,

i ncl udi ng nethoxy, nmet hoxyet hyl and the |ike
"Alkoxycarbonyl refers to thm group C(O)OR where R
includes H "G -C6- aIkyI or or heteroaryl or

\é&tgéﬁ‘fgrar&ﬁ 1I%kelf§/ {](_) l%y& %%?5 ?geg‘%r%}lrlg&a% Eﬂoﬂb tQ 8 ¥bon atoms and

Itaau@at(IRstal-R)sitegoba]bﬁlyh ausatgatam, @tdfcrxe,dcaik)blyhgtoups include ethynyl
Ibst it uent 2-(.benzyl oxycar bonyfl et hyl and
(?(ﬁre gopar@ﬁ Lgﬁé¢ﬁgﬁglaﬂd &l@ﬁg‘f’s to the group - C(0)NRR
£c ﬁ&alhkyﬁ% rdfers 115 @l éd@lﬁ&ed e%s@ym@ rg}éwp ml%rﬁ&}ﬁfb Qrcarbon atoms

G -05al kyl "or aw or heteroaryl

kyl
havingiaetingloting (e.4 cycmhexilken multlphéﬂou@ﬁnﬁgi mngsr(egy Inorbomyl) Cs-Cs-

f t
SEHRS] 9pec O AMEPSRRRAN, oy UL uer €1, Lo
‘i%m@cfcgll@l”(ﬂfmhﬁﬁm Clymhmlltymgpdulpelbmtﬂmgl‘sb tHehdefinition above in

am d N- Di et hyl acet e and th
IR PR S 5arbOABImS e tcp age o ioroRsams Fhegn, iy the gepup consisting
d% @NRSH &ﬂﬁ@&b& d# Qﬁbth'lCiIt@fbt 18X includ lidi
o A M o

PiPRé‘tdéfreoEygqa@ap,mrpholg@, tegp.lwd-rofuran@g@} Gakile" | "aryi
»h | .
SRy oty R O %3'@5-@(?&2%6%%?"%@% a Ci-Cealkyl

sﬁﬁstﬁlienallkqlm;ahg‘ métiyd cpclopamyy] at? thebikal kyny! "

C&%ﬁ’?ﬁ%’ n(z/j -Eya I&qﬁa ?Qjﬁ’lsylt? e?bE ﬁ‘%ﬁPC%Cl 3 C%lg 8r Styfe-cycloalkyl

duastitmlt afcladig atEyelbpéruFﬁﬁrb%yltaE% thle:lilggl Udllgg U ci do”

ropi_onyl am no
K f((%raik)t dlqtq#ecyg}qghw " K op Nietqocygiaiey] gaeupsphavipg ap€i-Ce-alkyl

| kyl "
éuﬁstiu%?ﬁﬁz&ﬁﬂ% ”néi%gﬁ %%gﬁflf arﬁth‘%k@ ' Cs- Cs- cycl oal kyl "
Hmlw&lyb&]u@&alkyl” aefgts' (o Chré}g@lkya@d)up,s Hwngl a heterocycloalkyl

%St%e gl ﬁ%‘\’%} 'ﬁlﬁtEYé{lg%}d&, r@lzth%kgl Ik%:/lenyl ary!ar yl

@r@y’afdfaywﬂhe groubetjeo C2-C6- 5 allcynyl™
'cycl oal - C6- al ', heterocycloallcyl
aﬂl%‘yapkélﬁ*alkybnéefﬂﬁel?oe G Copligyl Reroups, Jiav g 2y qafbom esubstituent,

1Hé1¥1&1ﬁ§9rbaﬁio9§@tﬁyqa}‘i@tﬁérhl&ahey are attached, can

optiohally forma 3-8- nenbered heter ocycl oal kyl ring.
“AgyEi éerClo Gs- abmi—C(Q)Bf wheretR iI©€ludes -6 Kyd-algyluprsterably “Ci-Ce-

ayd n n ub ue .Rclaudi n » o« ”
S o by Errr e LSS stpenel, sapd GrCratlor
‘fheﬁ‘eﬂfaﬁylt 0,-Chalkglyp umg-mmhm Obhesgk@ache RhetBocyddoalkyl Ci-Ce-
ndependent |y hydr ogen, "Cl-C6-al kyI ", "C2-Coal kenyl ",
--C6- al kynyl ", "Cs-Cs-cycl oal kyl "
“AQ:?I el @%Mﬂ&y?a{ok@l C5-a1k?f Youps hﬁ%g‘?ﬁﬂ)ﬁéﬂ'substmfén%éﬁdﬁ acetyl, 2-
aryl "heteroaryl " aw e kenyl heferoary
a@ﬂt—ywyémfbihylhke ‘aml C2- C6- al kynyl "het er oaryl

oo vy sUBLERM 81 S e 3 soqpphnyan

thérBkgr oup - NRR' where each R R is |ndependently
hydrogen or "Cl-C6- alkyl" or "aryl" or "heteroaryl"”
or "Cl-05al kyl aryl" or "G -05al kyl heteroaryl”, or
"cycl oal kyl", or "heterocycl oal kyl", and where R and
R, together with the nitrogen atomto which they are
attached, can optionally forma 3-8-nenbered

het erocycl oal kyl ring. "Amno Cl-Co-al kyl" refers to
Cl- Cs-al kyl groups having an am no substituent,

i ncl udi ng
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20 2-0 -pyrrolidinypethyl and the |ike. "Ammoni uni
refers to a positively charged group -N-ERR R', where
each R R ,R" is independently "Cl-Co-al kyl" or
"Cl-Co-al kyl aryl"™ or "G -05al kyl heteroaryl™, or
"cycl oal kyl ", or "heterocycloallcyl", and where R and
R, together with the nitrogen atomto which they are
attached, can optionally forma 3-8-nenbered

het erocycl oal I cyl ring. 25 "Amoni um Cl - 05al kyl "
refers to G -05al kyl groups having an ammoni um

%‘:gﬁ)&b*’ %@1{3{5 wo i %‘?hﬁs ) o(@f)#y‘lvll?éfé 0y Hléi'ﬁcﬂ:k Ul—g‘r a&dCE—E‘ngl” “Cy-Ce-

uoro oro

allomgl at* ﬁhﬂﬁs—alky‘hﬂjl f'Cn{k-oxslbalkyll c Flect¢rocyalagikylip “afF02“Heteroaryl”,
r ssejectedf 0 »Cl -Ch-al kyl " ..,

B et o HRE RO G A e b e L ey pteroasy CrCo
aﬂEb‘ﬁQIZ’ Clagy] ng@Q-alk ”OBh@éxb@:wy|CTCG-£IETnﬁﬂO‘@Jc1@Mn¢l 'G1-Cs-alkyl”,
“ C3- C8-cycl oal |l cy " het er ocycl oal ky aryl

hﬁ@f‘@’@‘ﬁi‘lwlcl'cﬁa?%}’ Cl-06- 13 alkyl" or "heteroaryl

gcon%aF:. Cefai%/ 1” %llrsyg (%g(tégz{ﬂqﬁl gﬁﬁ#ﬁ habﬁl%g%ug?a{) ?’ substituent,

igdudieg atdpuylrrfyacid ethjd;ﬂ@teoaid@ab likhret er ocycl oal kyl

[13 f ‘C
%]lk%éf rFéy togt‘h % %°§ph§€ H%e ;R(U%Fgllﬂyﬁ o%/ %%]%gt {(}?u‘gﬁt o5 “hetero-
dryle :o%:l dargallyclzeé ?E&h}dtr Shlétér@mfyl ng%glkgw S\quvféi'rddfhﬂ(gxy |gﬁoups include for
ul f on refers to grou -R erein IS
couTBle; BRSOy BRI d ks oar y1 -+ Gl - Co- al kyl "

[13 2 t &
A%oﬁ%@ﬁ%?l&%%ﬁg {0 élﬁ(%@ %3/2%15’ ﬁh@it&%@%g 211&31/ gl)l/‘rﬁﬂtuent 1nc1ud1ng
mghoxys methokped Yd;alnd the'lik@t erocycl oal kyl ", "aryl"

HRRGEBR s3, SO Rk BORRA . 5o o

“hfylabik@irieroaryl” ar ydryl@l CalkylR ¢ﬂ§‘)11eteroarhl€1t 1e@9a1ky]l” or “heteroalkyl”.

Biaorsbybl sorkypki Sl i rC ool it heringsa gljorcarbonyl

suBdtRticht t1&1ﬁ1n§§%éﬁ¥&loﬁ§&%yﬁétﬂ 1N d aheSilef Ony!
substi t'uent, 1 ncludi ng % sul fonyl ) et hyI and t he
iArm@ocaSennNFererSr tofthe groub (Q:)Ni‘ﬁb wheS( each R, Rimoluden independently

ﬂgl'i}g%% or! égj faﬁl{im Ela éggé%lé@ro%l'ﬁ Y “aryl gdcé%@(yq;o ol ljﬁa\(éroaryl C1-Ce-

all@ﬂ Oﬁelminkgmﬂhényl fﬁmaaﬁﬁde al kynyl " Cs- Cs- cycl oaI kyl "

het er %Sr rg%slyltb &ﬁ@%elgalti%oubs "@%ng an aminocarbonyl
sﬁgstﬁ:@m@' HEMMing Ig ) 2 (diﬁ%ﬁ&ﬁﬁfﬂdca@%nﬁ%t@lkﬂ%yl acctilide, N,N-Dicthyl-
C2- C6- al kyny het er oaryl C2- Coal kynyl
acgipanideAng yhe ldsef Co-al kyl ", "het erocycl oal kyl Cr- C6-
| 2 ’t
Aetin A5 e RN e 3 ety e
‘i(hfﬂletkdkyig ‘&(@Emlkqﬂyﬁ’ul“ﬂiz-@-;a&yhyll” S0dCi-bgeloallkyd’”, “heterocycloalkyl”

LB i 57 b SRR BT SeR O, P atkenyr,

‘Qle@:roary':l e;@} éﬂfé’nyﬂ’f 0&&91 02@% afll§m 1”kemtéroary1 C»-Cs-alkynyl”, “cycloalkyl

Crcycl oal k

Clh@i’@kﬂ(’:’ ‘@pé@gcm}lpalkyl %r?d‘alkyl”het er oaryl ™, "aryl
QCy%lﬁ)(% l@{|C6-a‘il£y » @rtgaély({k-glﬁyl%r @%eﬁé\}ﬁ( an ac@ﬁfnino substituent,

keny "het er oar
iGdudibg a+(k15ppgdnyl,ammj)ktyyﬂwndeheelu1®ar yl C2- 06 "cycl oal kyl
Cr-05al kyl ", "heterocycl oal kyl CI-Co-aIkyI". Preferred
sul fanyl groups include nethylsul fanyl, ethylsulfanyl,
and the |ike.
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"Sul fanyl Cl-Co-alkyl" refers to Cl-Cs-al kyl groups
havi ng a sul fanyl substituent, including

2- (et hyl sul fanypethyl and the like. 14

"Sul fonylam no" refers to a group -NRSO2-R where each
R, i ncl udes i ndependently hydrogen, "C -C6-al kyl",

" C2- C6-al kenyl ", "C2-C6-allcynyl", "C3-Cg-cycloal kyl"
"het erocycl oal kyl", "aryl", "heteroaryl", "aryl
Cl-C6-al kyl™ or "heteroaryl Q2 C6-alkyl", "aryl

C2- C6- al kenyl ", "heteroaryl C2-C6- aIIcenyI", "aryl

o, A e B RN Sl oty

hy@fogah k y |“C;-Cé ﬁlldyl’bny‘l‘@ﬁCﬁdkéhy-lOB aCkSle ﬁlkyaflér s “Co-Cs-cycloalkyl”,

2% 19 2 [13 b t t ’T
TR R R e Nt A S R
“AyNC IR “hoitbayECY- @G@H@ﬁﬂup arﬁ@%ﬂﬁn&yn\yh’e r‘l@et@fasﬂyl Cr-Ce-

R R |“ncl udes inde endgntl dro " 06- .,
sy B " GiekBlig) €1-Crabot BripRgTIRRID | Gty raanian K and R
het Cl: I _
t%ge:tﬁé%_ v ﬁéllﬁlé&?k&ﬁét?gr tgz‘fvgich 'the X@t‘ee{t@%{eﬁlr can Ially form a 3-8
mmbﬂcwwcmlahkenyl "aryl C2- C6-al kynyl

éh &L8 Co %lk}g'z .rff(]}grts et? § d%l %kéil ng(l) péﬁllg%%!g E?{ ll&}efido substituent, including
2-@vrimahdufepdytthdian@hedikeyl " refers to G - C6-al kyl
%: oups having an _am nosul fon%/@ subs i tuen i ncl udin

arhamateo h SIS Ry s gToEB ke pRan&’ P15 C4C Lkg Ri51s inddpendently
hyakdpsh, t ut?@Gg[kyvnsu@tcg uik&d 1, Unbges aﬂl&ﬂﬁf’w' 3‘@3—C3—cycloalky1”

c¢onst rai ned thé definition of the Individ
“shalgmcwlgdhyl” tml”abmteth” OG- C@aﬁwbgryﬂ’ ioR é‘hetaNaeﬁﬂl-Ce-alkyl”

h P« —
ﬁ' { é:b(;g-alkeingar kljleiteroa lebebogﬁ(X ﬁl?% pﬁzc%n g]%/)fn 1 heteroaryl Cr-Cs-

cycC oup
aﬂl@b@t”l, tayicivelkyd ChCE—al_klyi”_J.“Hemr&y?uthyl Cu@gl-hrklyB’el ect ed
D Rl B 5o o s cacfi & R ?I'A(ey@gﬂep%wds%m or “C1-Ce-
allt‘ﬁ’t’ * QkOGHA Gy Q@!I *h)é{eroar)fla fof Ik“é;tc ! Ju?l/" or #Ci-0g%fkyPHedtoaryl”, or
al lI'cyl ™, oal
“cm@wkﬂcwl“b@tmoyycl@lkﬁo aad nipere R anthR i (wgetheawﬁb gheumtrogen atom to
wlﬁ?l% he glg?agtw:l%fylycan pgﬁgﬁa!élg%lﬂfa 3- 8] ﬁ%ﬂ&%‘%&gﬁ%%qloalkyl ring.
“Aine rCQe(Esydlky ” tefeds fto IQMCs -alkyd Lgrcﬁups yhaVing "aalalndinx yibstituent, including

ul fa ‘carboxy", trihal omethyl,
2(:'f/l q%‘iﬂi'p Wﬁ“ﬁgﬁ 0, nitro, and the Iike.
Zﬁmﬁbﬁﬁﬁia%fé}d ﬁﬁh'p)bsﬁ@él?ﬂihﬁ@e& grehg SNORR PONRIRKESach RRR” is

refers to salts or conpl exes of the below specified

le@ps@maag & 1-Eorlil"a of | C-Gaxelivg @5T3f ors (ErCGocllpd hetoroaryl”, or
‘ r, thetBobyd@iiicfi© Shi WhERR &@F’Qfﬁtﬁ't tom &
s fl Q?orms ﬁg{/%{eaclf}lr gn o?&conpgud)%é%gﬁ% ormul a ﬁr())genaom °
whitlnthey gersttached, ¢an@xpgatlallg fras23-8smembersd hgtduooyle@@;yl ring.
‘par bonat e .0 %ﬁ( rbonat e tal cation such

Ameanen Cebealyh PRE t GoeHHCe oS fFvite ) REppiivm substtent
in8lhdhg 1{catyolidR@ingsad teniee. | ithium, al kaline
“Halogen” refers to fluoro, chloro, bromo and iodo atoms.
“Sulfonyloxy” refers to a group —OSO»-R wherein R is selected from H, “C;-Cs-alkyl”,
“Ci-Ce-alkyl” substituted with halogens, e.g., an —OSO,-CF; group, “C,-Cg¢-alkenyl”, “C,-
Ce-alkynyl”, “Cs;-Cs-cycloalkyl”, “heterocycloalkyl”, “aryl”, “heteroaryl”, “aryl C;-C¢-
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15 earth netals (e.g. calciumor magnesium, or wth
an organic primry, secondary or tertiary al kyl am ne.
Am ne salts derived from et hyl am ne, di et hyl am ne,
ti met hyl am ne, ethylam ne, diethylam ne,

triethylam ne, norpholine, N Me-Dglucamne, NN -

bi s(phenyl net hyl ) -1, 2- et hanedi am ne, tronet ham ne,

et hanol am ne, di et hanol am ne, 5 ethyl enedi am ne,

N- et hyl nor phol i ne, procai ne,13pi peri di ne, piperazine
and the like are contenplated being within the scope

$ «l "y ”O S ’b S I » <y
%ﬁlcﬁpaéegéﬁs ned 3 gﬂl&n @Zde“ 't |1 nﬁgtg l%a éGSdék eyl

W€ halkyrorl’ gdfhletercmcyld(éz-(}ealjfynﬁy dfayclolalkyl Cliﬂzi-alkyl” “heterocycloalkyl

@‘Iyerc]g lgm c acid, sulfuric acid, phosphoric acid,
i tf¥cYacid, and the like), as well as salts formed

‘Wulfbn)ﬂﬁ)@ﬂ(ll-%-aﬁdyﬂ’srefdﬂsltb as-Caaiiyl groaps flavih® a @4Hbhydoxy substituent,
acid, tartaric aci succinic acid, nmalic acid,

1%“&]%‘&‘?88 (ﬁ’@ﬂ’éﬂsulfﬁqyé‘i”ﬁ’)‘ﬁbyldm ﬁ@clﬁﬁebl ¢ acid, benzoic
I’ 2% ¢ b
rfgn 1 %Mscto L% napht ha ol S{?% ?él&ft&i ﬁ'Gl!n , “aryl”, “heteroaryl”,

utam c oni c aci
‘iﬁhﬂtt-dilasﬂ’é ﬁ@lfﬁGQJlkyﬂ,b sibstitutdddwitiahalogeisye. ga Iaa cS06HH cgroup, “Cr-Co-

Cl dp G act i.ve,derivati efer »
iR e i e S S T O e AR S
‘2Bt QHEPilkyl or ChpRRJagyl af,-Qf-alk i) ragydCr-€galkéngdr, “heteroaryl C2-Cs-
i ndi r ect | the ct | VI t“ di scl osed herein. The .
alkegat]"r e@bil yC2-Gp alivert soayl (f zogmé | sovchalobdi-Coaliy?,

‘@1@!&}1&5’&1851@1@ t@@alﬁﬁt’l ve formof the drug via
endogénous” enzynmes” or metabolism Said prodrug is

‘iS@lfpnylfedlsceﬂksﬂh@f%re ta GeCeeliyl gronpschamingia subibyl sulptituent, including
Such masking group may be a

f{}%{&@é‘%@e %ﬁg‘ng%l%ég(renul a (l') wherein Y is a nethyl

‘@ulmyhyﬂf@g&na g “YS(0)R’hwhérgin, R & seldetdddirarh BY,|1“C,-Co-alkyl”, “C;-

], E ionally substjtuted with o e
Serkl by ottt heBeds: ke 5 m#Q#%cgr%Pky Lgalieayr, e
Ay “CQEQ—E?éanlkﬁm "‘Héteré‘@&i&)dk?l"ﬂ %ﬁl”d *‘l’l@érb%kﬂm‘zﬁ% Ci- C6—a1ky ?
chloro and fluorag, a, ind

qrbetgwpnt §11Geallyd’s déWbClz-&d aa@gzlr; phetemarylF@z Gralkgnyl”, H@yl Cx-Cs-

« . er

glfyg'l Eag h get%rﬁa&pgptgG%@ﬁ&Pn 5 d?ﬁ% la@;? a[].?él ‘ﬁle{egocglglgalkyl C1-Cs
albdynthesis, i.e. a synt heS| S i nvoI Vi ng non-racem c
‘% ﬁ{ny & Crga h(e A |fers t%n / 6-a la ngIES%aVIIIg a sulfinyl substituent, including
2-(methylsulfinyl)ethyl and the like.
“Sulfanyl” refers to groups —S-R where R includes H, “Ci-Cg¢-alkyl”, “Ci-Cs-alkyl”
substituted with halogens, e.g., a —SO-CF; group, “C,-Cs-alkenyl”, “C,-C¢-alkynyl”, “Cs-
Cs-cycloalkyl”, “heterocycloalkyl”, “aryl”, “heteroaryl”, “aryl C;-C¢-alkyl” or “heteroaryl
Ci-Ce-alkyl”, “aryl C,-Cs-alkenyl”, “heteroaryl C,-Cs-alkenyl”, “aryl C,-Cs-alkynyl”,
“alkynylheteroaryl C,-C¢”, “cycloalkyl C;-Cs-alkyl”, “heterocycloalkyl C;i-Cs-alkyl”.
Preferred sulfanyl groups include methylsulfanyl, ethylsulfanyl, and the like.
“Sulfanyl C;-Ces-alkyl” refers to Ci-Cs-alkyl groups having a sulfanyl substituent, including

2-(ethylsulfanyl)ethyl and the like.
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16 synthesis conprising at |east one enantiosel ective
step, whereby a surplus of one enantioner in the order
of at |east about 52%cc is yielded. An "interferon”
or "I FN', as used herein, is intended to include any
nol ecul e defined as such 5 in the literature,
conprising for exanple any types of 1FNs nentioned in
t he above section "Background of the Invention". In
particular, 1FN-a, M\-13 and #4FN-y are included in the
above defmtion. 1FN-13 is the preferred |IFN according
‘%ﬁlfgﬁ‘}gmﬁfngs %}{3 tg\ﬁe&{)hﬁ) nNR'SB}'—k"%VﬁéI‘ EQJﬁl K, ancludcs rn[d endently
accordance w th present I'nvention is conmer §p

tedeigen,bl é‘Cng—allarﬁ Re‘&lz‘-@&—)lkérﬁéf on6G;-Covaliyayily ) “C3—C3—cycloa1ky1”

SRR b B ncte (PRI PSSt 2R kBt CrCrallor

iaﬁﬂ @ZmG-an&nym eliBﬂ&dar&DC&-@@alk@@ylf itary0 @zﬁ%tallkﬁiyﬁ’r FRdt@Baryl Cp-Cs-
articular_ of human origin, as obtained

411%%’ 1 oKloabyhC plorbsyl ”earetqrvqypmlka}cags-éwbr ned by DNA
S TORAr laBt d.%% Wu%feH Q; @F@é% unéctu&f hlﬁ%hgaayahfoﬁylammo

host ce as Its salts I'ona
substitycant, |m<élsdlng/%n(¢tbyislslfonahahm@sthamdam likee fragnents.

Fo e T NS ST NN R p—

I@@ﬁgléd,gﬂc‘ellmgiahcyl g e b@fsgaﬂ%cesnylrvent‘cmaa&yﬁﬂm)m E‘gb-ﬁjglcycloalkyl”
val | a e . as epl r er nex(r
‘%Ptemﬁpékw 37 SChEFDHETs 9 T of Shibetognd torCoali,

TR QI Snchdragty POSLRAIERY TR @qrcdﬁadneﬁlyw Uiyl C-C

present | nvenfion e terminterféron, 20ds
dﬂemefl”n“cmcmlm @n@edlkwb’ ‘élmtﬁmyabglkghﬁ—@ﬁ-aﬂwﬁct i onal

I T R SECPRA ELbR AAFATER noony
duastesdnt JdscledingPgeycldhoxylahmbé fonpl)éthglraafyhd like. nul ti pl e

sclerosis (MS) and represents a significant advance in
treatment. Rebif(r) is 25 interferon (IFN)-beta Ia,

‘Wubieed of LAILIRMEE '[ﬁﬂesﬁ RkHerisd @§nstﬂaﬁ1e%§ tﬁes Hﬁﬂﬁﬂl(ﬁh@ﬂhe indi-
that interferon beta-la given sul bcut aneousl hr ee

\tldwésum@weme@e apgveaget p@tawmﬁshk “‘allkeayk’y ‘évélfmh‘ “agyl”, “heteroaryl®,

132% r onRge‘q g&FQE{ éhgpd & s?az?%lo@{t% vg' é@g‘%t‘%ﬁ Wihhefmm Tto>

dubstgudtm selectedrieen dfe g:/ﬁlﬂayonsstin@ oh{tCirOgddRyl“ A fCh-Gealleeniyl‘y “Ca-Co-

R e S T AR

“dcbdto 1|€11 tha lf‘e&héf&%y&éalﬁ |G LdEy1*, e Ginfidd” N GanMiRonium™, “acyl®,
according to the invention depends on ‘the t pe of w
1af:ﬂpx>é, us@aylaminoze cormimeerbomth t Fdkqyyearbony |,nvéﬁ@ “aryl”,

%Eﬁlaﬁeﬁl\l ‘hétefo%&@qb"‘glﬁﬁﬁyll’, aférgl’?r OQH&)S};, I Fkulfanyl”, “halogen”,

“carboxy”, trihalomethyl, cyano, hydroxy, mercapto, nitro, and the like.

“Pharmaceutically acceptable salts or complexes” refers to salts or complexes of the below-
specified compounds of Formula (I). Examples of such salts include, but are not restricted,
to base addition salts formed by reaction of compounds of Formula (I) with organic or
inorganic bases such as hydroxide, carbonate or bicarbonate of a metal cation such as those

selected in the group consisting of alkali metals (sodium, potassium or lithium), alkaline
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5 E Coli, comrercially avail able under the trademark
Bet aseron0O, it nmay preferably be adm ni stered

sub- cut aneously every second day at a dosage of about
of 250 to 300 rig or 8 MUto 9.6 MU per person. In
accordance with the present invention, where IFNis
reconbi nant | FN-Pl a, produced in 10 Chi nese Hanster
Ovary cells (CHO cells), conmercially avail abl e under
the trademark Avonex(r), it may preferably be
adm ni stered intra-nuscularly once a week at a dosage
BTN (Al forfagtislbh) ol ek (ol ScBRlapyor totary
dlisAl ansine.c Ao r3alist dbﬂ?Ndlﬁdznlamerhydmhmneddmtlﬂyﬁmﬂhe,nemethylannne

AP o oo PLNlaREps.HamPROT ¢ Noby D-glucamine, NN

Hs(phen Eﬁbétuylpe 2aftiEnBdiameieed touletiauiing e osbinpldnlih€e dictiagolamine,
a wee at a dosage of 22 to 44 rtg or 6 MJto

lcquﬁavnep re@wb@mwr%e@sf pirpgding pipgragine gadhihe like are
y acceptable 20
dgg?étﬂ@q%tﬂ{ekeg%@?l Pr gigerc 6@%% a{rﬁgrr%gééﬁ{t“?@llgh y acceptabl e

salts of the Formula (1) are acid addition salts
Alse reetnprisech agsh saltyawbigh i aéalfpvnedc Erept Kblagidgeddition palls formed with

1%%%%1%% gt;@ (gcgg.hh csjclhpc}?fc zﬁl %P{dlt%ﬂw Tic ac ﬂr g&ih@}é' Jcﬁf ?)h?sphorlc acid,

rogen pho nzoa
mtnxcaicl‘dataﬁd t]iﬁel,llimf)ahsa‘wehmh e;alltseforrlnat B)\allheorgmt meitle such as acetic acid,
artrate | uconat e, anesul fonate, . . ..
%%ﬂévé rFat S““&H’dc ifé » 04115 g1y Er@lﬂ“lcd‘ﬁlgt maleig gedd, aggorbic acid,

Hehzd]élsacIHJWaﬁlﬁ@ Macfdd Ynaehdid akidS callgi@iu Ngksd, OpolyBtalfi® Sefd naphthalene
i nventi on are nodul ators of the matrix

seHpRiF peidr rphihalese disulfyiergidang pelatealachisenie acidd

el astase, including MW-2 and/or MW-9 and/or MWP-12

When the matri x metal | oprotei nase enzynme is inhibited
‘Phamirecwwaidp acttde detivatine” pefessetot anyrooenpound that lnpon administration to

B Redpicis Hps of Brdvilifd AP & indie S, el debigiy displosed horein.

THeete R MRAKHELS, " Aisdt R oRpaSENprodAiEe ru/mémnﬁ Ebet bRkt ® the active
useful in the treatnment and prevention_of autoi mmunc

fams of a@rdguziawa FBiogenus SRR oF naptaholismsSaid pradres s sempesed of the
Aivé Bﬁmt ifse éhag%ﬁemﬁgpﬁ?&&r[g Q‘éi{ﬁ CSéth masking group may be a

neur o gen ratlve | seases , :
qyelscpaqemnmey)f oz €5) whﬂjemlﬁbrscisnethylﬁr larhydrogen, and Y’ is methyl, Cy-

(%1;[91%81 etl}'l’ b%ghég%g ! sﬁﬁgejd(w@ %1 ekil %telsxbs%tuents selected from

Ci1-C4 alkyl, Ci-C4 alkoxy, hydroxy, amino, methylamino, dimethylamino, chloro and
fluoro; A, R', R% R* R R® R”and nare defined in the detailed description.

R\\'R\T)\A—-

>ro o R
a

“Enantiomeric excess” (ee) refers to the products that are obtained by an asymmetric

HO

synthesis, i.c. a synthesis involving non-racemic starting materials and/or reagents or a
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AA.1 N O )KRR7 1 3R6 R(lI) wherein: Ais selected
from-C(B)- and N, io Bis Il or Bforns a bond with
either R5 or R7; 121 is selected from1l1; optionally
substituted G -C6 al kyl; optionally substituted C2-C6
al kenyl ; optionally substituted C2-C6 al kynyl ;
optionally substituted C3-Cs-cycloal kyl, including
cycl ohexyl; optionally substituted heterocycl oal kyl ;
optionally substituted aw, imcluding optionally
substituted phenyl such as phenyl, hal ophenyl such as

%l’lﬁ]]%{l i 5at( ?%algt ofis fé &Eﬂ@tﬁ%l Eteé fvxLHé% PReO¥lus of one
orophenyF), ¢ orophen hlorop enyl,
ehatiinoar apthe wydey of attéast abodt §2% ee opheded. and
2-fl uoro-5- net hoxyphenyl, cycloallcyl phenyl (e.g.
4- cycl ohexyl phenyl ), al kyl phenyl (e.g.
An tiaRpEtaahen YIFN 4as @ed hérdinyis piteraet to ﬁclﬁ@é zth)ﬂ mdéleRiydelined as such
alkoxy henyl such as met hoxy phen
[famprising for_cxampleany kynsH % S mentloned in the above section

PR et EFREIE Ay e i

abb%’lddﬁrﬂtﬁn JFN4B iselid prbﬁtréki(mzﬁ:ﬁ&ﬂd)ng t@ﬂﬂ@@ésyntm’ﬁeﬂtydn IFN-P suitable

(e g s ropoxyphen |, 3-fluoro-4-isgopropox
erwg@;nblﬁ@ffwlpn seccﬁnmqgma]éx Ft‘@klﬁﬂﬁ gfgyps Rebif® (Serono),

Avd%f?@ )6 &B%ﬁetafe”ro@@ séhEhﬁéguor oet hoxyphenyl),

cyanophenyl 2- cyanophenyl), trifluoronethyl

phenyl (e.g. 4 trlfluoronethyl phenyl),

rif uqr tho (4-1rj ”uorone OX)
i) gty geniyPie B be (GrERGPLRT GG FRREAGT gpded to include
tﬁﬁéﬁlﬁdt ﬁtlltéhﬂ’ér@ﬁfﬁi patticigad Jﬂﬂﬁahbrlgﬂlnhﬁé’otﬁhﬁlﬁi' 1s6131t16n from biological
di met hyl ami no ﬁhenyl , phenyl (e.g. 4-
ﬂw |0btqmirhy%§? ursmﬂgmant Aectmtqs%tﬁ@rprp@ﬂsmwypr eukaryotic host

C%Hgér%sr‘g%ﬁy 291 tflg@/ oxgcé%shal& y‘??%ﬁ; b% anaﬁ%en o ar any gjﬁagments

Brbieraply, (18N {l;etais inemded t(orrm&n:ieqdn)hmdlwﬂ Interfevprt baymadd.l y
substituted heteroaryl, including optionally
substituted pyridinyl, such as pyridinyl, nethyl

IIFN': Giufblﬁle iﬁleacGe)rdéﬁce%m’ {HRYprbsdhiNindention i6 'coémercmlly available e.g. as
ridin-2-yl), halo pyridinyl such as chloro
ﬂ%(%mno@ eA@neg@dquge@byrr %@tpfq:rcg]@/ (Schering). The use of interferons of
r r

thag o?ig}‘ﬁ 15 gisg yFeT%‘;}edb agcogda?i{;u d‘gil”tﬂ? g% )}J{%eﬁt ifty %I% ?Iglgée{rﬁt llnterferon

geyusedihengih, i§ ntended o érrcbiﬁlbass rsolsg tilmygLiprey rdeﬂvanwﬁs whriants, analogs and

4:§t%lf|u0 nmet hyl ) pyridin2-yl, 5-(trifluoromethyl)

e ?%n§“V@‘B yano pyridinyl (e.g

5- cyanopyrldln 2-y1), phenyl pyridinyl (e.g. 5-phenyl
yridin-2- and optionally substituted fused

l%bﬂt@j i(rggom 1garg 1nkpr{e3)n-[‘])ols the latest development in interferon therapy for

rﬁl?lgl | no%er(gt [ I(MSBI m%tplh %AthI g‘lglll 1can|‘%n (91 Lnace in treatment. Rebif® is

1ﬁ(éﬁb1®ﬁadIFN) Bd:tbSITa; btddﬁdedaﬁbﬂznﬂyimaﬂlen @ell lines. It was established that
}Ql_yrag)f hncludlﬁg optionally substjtuted,

riEren 2 6r i 18%1&4 cpancqisly Hucosumpeide) wepk isadticastouy n the treatment

((ffReQa st Fﬂ&%ﬁﬁin z Ml Tetgyléi‘é’slmg? IntédRdron bRfal 14iaR Bave a positive
Qj£)3t|ona substitu imdin g.
ol ol thed ong-erm 9¢urse50ﬁ piéobb pgdupmgdtumbgr agq_)severlty of relapses and

as
Ijg&\f(:ﬁquth{:] Qlir‘agﬁ hf’tﬁé‘a dasg g{&? glséal‘éé S(glvﬂ?%g hgRkd vy MRE
5(2 thlenyl) 1,2, 4- oxadlazol 3-y1l and 544-
fIuorophenyl)-1,3,4-oxadiazol-2-y1; i ncl udi ng
optionally substituted benzofuranyl (e.g. 1-

benzof uran-5-y1); including optionally substituted
thienyl (e.g. 5-chloro-2-thienyl) and including
optional ly substituted benzodi oxolyl (e.g.

1, 3- benzodi oxol-5-yl, 2,2-difluoro-1, 3-

benzodi oxol-5-y1); optionally substituted
C3-Cs-cycloal kyl G -C6 alkyl; optionally
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20 substituted heterocycl oal kyl C1-C6 al kyl, including
2-nor pholin-4-ylethyl; optionally substituted
heteroaryl Cl-C6 al kyl, including 2-thienyl ethyl;
optionally substituted am no, including optionally
substituted phenyl am no (e.g. phenyl am no,

3- net hoxyphenyl am no, 3-(di nethyl am no)phenyl am no,
4- et hoxyphenyl am no), heteroaryl amno (e.g. 4-
trifluoronethyl)pyrimdin-2-yl7, 3-am nopyridin-2-yl)
and optionally substituted al koxy, 25 including

R Tt R
depbradsioh WheeglpHFIEN-Busedl , i ncl udi ng i sopropyl

optionally substituted C2-C6 al kenyl; optionally
substituted C2-C6 ancYnyl; optionally substituted C3-

- | i i . : i | .
rEH AR i e BRECHHiGY RN b ro BB - f1p produced in
Bl G6IK Yeodimtdicialy pbsilple- viich yhce todedadyk Bepiséron@®| litymay preferably be

substituted aw, including 20 optionall¥ substi t uted

adndmisicred sebreaianganlsyevery seersdydag iab a dpsage ol about of 250 to 300 g or 8

tﬁ%ﬁi#@%ﬂﬁ?ﬁ XXophenyl and optionally substituted

qﬁa eroaryl; i'S selected fromll, optionally

substituted Cl-C6 al kyl, optionally substituted C2-C6

al kenyl and optionally substituted C2-C6 al kynyl: 5 )

TRaccqrdancRE e RPse ét’ll‘«ema@b MMFWS%@@&%% TR . jproduced in

©GRhdse rlﬂdléfersﬁpﬁ'%!c'é% S@H@lée@, botercialRF hitHabR JHRENMe: trademark
optionally substituted C2- al kenyl ; “optionally

Aulpsx®t ittneay [E2fe@blyabk gdnginjstaped Rira-amgcBarly ancef Dwaek at a dosage of
oget her a -CH2- |inkage for exanple to formwth the

%Pb@féﬁva@ 13 hgord M@-tggézl\éw BSFEED: 2. 1] hept - 2- y1

ring; nis an integer selected froml, 2, 3, 4, 5 and

6; 10 Carbons (2) and (3) are two chiral centers,

Inhaecarilance hwithathe peaserrinye@yiomaghea IEDNS irgpondinanh IRePég tpeatiuced in

rom"S" and."R' d rein chiral .center ) has _a
CHRER: JFarneit Qe s (O, PireifiRO b B yndR 1R trademark
lit fndy pfe?er%l? Be aBRinidtéred SaH-BREnBAAY kiiBe Bt & week (TIW) at a
assunmed to have the | owest priority anbng the carbons
dosageind 2Cadid ig gob MIBrtel1d MIthpergkisty. rul e (see 15 Eli el
et aL, 1994, in "Stereochem stry of Organic
compounds", WIley Interscience). Further chira

Cafipcings ARYrdig @ 86 Prsert inATHY URE ToREHSY stiaRBadeftically acceptable
Fornmula (1) and the invention intends to enconpass

as

st [thesprfi Eraleryeds pharpacqubically accepishlor sadigeelsthe Formula (T) are acid
er, nd.; - 0 .

AYATHCSERTTOMR it DIRARRTAIGHY 6, Wk AR hydoohlorids,
hydobratnidg, subfafeoemibriselfat¢,) phosprate onhydyogeat prosphate, ghétaw] benzoate,
cent er being ;+S". ;20 .1n referred enmbodi nent
ERanh, ShraR: Hapeiles g S0ri R SERRRG EBf hesponate,
He@izenBRu1Mnétc Jan@$ara-toluenesulfonate salts.

It has now been found that compounds of the present invention are modulators of the
matrix metalloproteinases, especially gelatinases and elastase, including MMP-2 and/or
MMP-9 and/or MMP-12. When the matrix metalloproteinase enzyme is inhibited by the
compounds of the present invention, the inhibited MMP(s) is (are) unable to exert its
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Rs (3)\)( HO(2) . NNA 1 HO 13) KR7’TRI 3R R (la) 21
I n anot her preferred enbodi nent, the invention Formul a
(1) having the followwng Formula Ib: R2 ri R4 (3) A

HX2) NNA. 0 0 6)RR

18

enzymatic, biological and/or pharmacological effects. The compounds of the present
invention are therefore useful in the treatment and prevention of autoimmune disorders
and/or inflammatory diseases, cardiovascular diseases, pre-term labor, endometriosis,

neurodegenerative diseases, stroke, cancer, respiratory diseases and fibrosis.

In one embodiment, the invention provides derivatives of Formula (I)

R
[_/
o lil. R{ F
Ho\ o 1 )
N N A\R1
H 0 o)
I R® R’
R3

wherein:

A is selected from —C(B)- and N;

B is H or B forms a bond with either R® or R7;

R' is selected from H; optionally substituted Ci-Cs alkyl; optionally substituted Cp-Cs
alkenyl; optionally substituted C>-Cs alkynyl; optionally substituted C;-Cs-cycloalkyl,
including cyclohexyl; optionally substituted heterocycloalkyl; optionally substituted aryl,
including optionally substituted phenyl such as phenyl, halophenyl such as fluorophenyl
(c.g. 2-fluorophenyl, 4-fluorophenyl, 3-chlorophenyl), chlorophenyl (e.g. 2-chlorophenyl,
4-chlorophenyl), chloro-2-fluorophenyl and 2-fluoro-5-methoxyphenyl, cycloalkyl phenyl
(c.g. 4-cyclohexylphenyl), alkyl phenyl (e.g. 4-propylphenyl, 4-tert-butylphenyl, 4-methyl
phenyl), alkoxy phenyl such as methoxy phenyl (e.g. 4-methoxyphenyl, 3,4-
dimethoxyphenyl, = 3-methoxyphenyl, = 3-fluoro-4-methoxy  phenyl.  3-fluoro-4-
(trifluoromethoxy)phenyl), butoxy phenyl (e.g. 4-tert-butoxyphenyl), propoxy phenyl (e.g.
4-isopropoxyphenyl, 3-fluoro-4-isopropoxy phenyl) and ethoxy phenyl (e.g. 4-
ethoxyphenyl, 4-propoxy phenyl, 2,2,2-trifluorocthoxyphenyl), cyanophenyl (e.g. 2-
cyanophenyl), trifluoromethyl phenyl (e.g. 4-trifluoromethyl phenyl), trifluoromethoxy
phenyl (4-trifluoromethoxy)phenyl), sulfonyl phenyl (e.g. 4-(methylsulfonyl)phenyl, 4-
(trifluoromethyl sulfonyl)), amino phenyl (e.g. 4-(dimethylamino)phenyl), biphenyl (e.g. 4-
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I 3 (Ib) wherein Ais a carbon atomand R, R2, R3,

R4, - 6, KR7 and n are defined in the detailed
5description. In another preferred enbodi nent, the

i nvention provides derivatives of Fornula (1) wherein
121 is selected fromoptionally substituted aryl and
optionally substituted heteroaryl. 10 In another
preferred enbodi nent, the invention provides
derivatives of Fornmula (1) wherein R2 is selected from
H, optionally substituted Cl-C6 al kyl, optionally

UL o™ e 0 LD WU b, o

brmnebiphmyl—@yla;\dxdnﬂyldnbelhyl z@ 'g vi3-opdzoFSryiphenyl hl)d bdnzofairanyl phenyl

€3 o Biar ey TohehbE I RrRBE Sl Tl jostuting | gptionally

ﬁbhﬁﬁtbd piAdinbEtsasioay (pbﬂdlh!ﬁwmeth)‘l Fydidye(c.pr afrﬁertliﬁplyndm-z-yl 6-
enbodi nent, the invention provides derivatives of

pefhyipyrdip2yyhhhelocpyridigy] |S§°1b?ﬁ ¢hdora nyyidinyb &g t@retdaropyridin-2-yl, 5-
&h&?@f}dggk' gi‘ nb%g dib'ﬂﬁi?éﬂ %i %d%%mof}%'\ﬂldggzQ?t’oﬁﬁﬁopyrldm—}yl),

pre ment , vention p
ti@noremethyt pywidinfoterg.l I3a(tl(11i11)0r0meh§§1|)pyrﬁm 25'1 - Qtriﬂg(uromeﬁwl)pyridin-

25, SRR R 3B o30S BBfriin 23,

;@ﬁﬂiﬂ\ya(d g/GSpmhylﬁsyﬂmi 2-y() a)ndvzdpebﬂny saéstmlREd aundd Pyriding (e.g. 4-[6-
I.n anot her preferr d enbodlnent t he |nvent|on

rﬁ?tbaol. Y lgrpmgty Dgwaolgr4wl, ndrapinalin-3ier &rpivpling>-yl);  including
(?p%bﬁé:lfye gulfsﬁfﬁ'f@dl byﬁﬁ‘iﬁﬁp L. go ﬂéﬂyﬁinﬁ t 'ﬁ&ﬁ(ﬁﬂg Qp‘tlgﬁallyh substituted

, i ncluding nme furt enbodri ment
thnd@mlylowct; ra@\sudegs aeﬂmmdtthlaé@ﬂd?l @fg ritm@nYH 2 dttbiadiazolyl-5-yl);
15(?1163\1/@ ogtlcalea}ly su s?i\t/uetéSH %}Fl’?rjndm ﬁ?}gr% &?ﬁhugrgpyrlmldm—}
iy idlidihg oj)tﬁbrﬁll@tsiii&hum&éﬂﬂiaedlyh sivhdis I’ﬁ%pﬁenylt— he,4-oxadiazol-3-yl, 4-

i nven prOV|des derivaiiyves rnul erein
Ry R 2o Bt et nen eoil Spraedaeoi o and S
efy1§-9 3&%)&11%&1'12 f‘find?lh(ﬁ 6§ﬂ161ﬁ11§|sﬁgstﬁ1ted benzofuranyl (e.g. 1-
dlazablc clof 2. 2. rin I n anot her
hynéqf@wanédylb n@é@dmnoptmhléy |snb6émt¢<b rﬁhlpm}dvﬁecgesﬁ ~chloro-2-thienyl) and
%@L{hﬁg%{gﬁ‘gﬁlﬁggf%ﬂéﬁ ugé#sﬁnéé%%ﬁ (% S REn R LAY Phifluoro-1,3-
benzodioxol-5-yl); optionally substituted C3-C3-cycloa1ky1 Ci-C¢ alkyl; optionally

substituted heterocycloalkyl C;-Cs alkyl, including 2-morpholin4-ylethyl; optionally
substituted heteroaryl C;-Cs alkyl, including 2-thienyl ethyl; optionally substituted amino,
including optionally substituted phenyl amino (e.g. phenyl amino, 3-methoxyphenyl amino,
3-(dimethylamino)phenyl amino, 4-ethoxyphenyl amino), heteroaryl amino (e.g. 4-
trifluoromethyl)pyrimidin-2-yl, 3-aminopyridin-2-yl) and optionally substituted alkoxy,
including 4-(pyridin-2-yloxy), 4-(trifluoromethyl)phenoxy and 2-chlorophenoxy;

R’ is selected from H; optionally substituted C1-Cs alkyl, including isopropyl; optionally
substituted C,-Cs alkenyl; optionally substituted C,-C¢ alkynyl; optionally substituted Cs-
Cs-cycloalkyl, including cyclopentyl; optionally substituted heterocycloalkyl; optionally
substituted alkoxy such as phenyl-methylene-oxy; optionally substituted aryl, including
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I n anot her preferred enbodi ment, the invention

provi des derivatives of Fornmula (1) wherein the
configuration of the chiral carbons is (2R, (3S). In
anot her preferred enbodi ment, the invention provides
derivatives of Formula (1) wherein Ais N In

anot her preferred enbodi nent, the invention provides
derivatives of Formula (1) wherein 25 Ais -CH 1In
anot her preferred enbodi ment,20t he i nventi on provides
derivatives of Fornula (1) wherein RI is selected from

AR AP By AR P lcmy), BB Dl BB Hothoxy phenyl and

qh$mdbphhﬂ¥Mpdh@tM@wy phenyl , ethoxy phenyl ,

3y an %E%? gnt?rﬁgﬁy%rt:’f%]:% ? rsog‘?{sﬂé‘#‘ ﬁp tte XI{(SII optionally substituted C,-Cg

Akeelbl aﬁfdcbpﬁoﬁdlmﬁwiﬁﬁ&ybz—cg alk
fluQrog5 met hoxy phen

met hoxyphenyl , al ky phen
BuRoxy gwbﬁy pre laﬂwa%nﬂpfrﬁ@med ﬂ@t“hé(wpﬁwly’l Subgmtﬁ% Sy1Cs alkyl,
1H fiiifg - rﬂ%ﬁmfsl suBRAE] yé %ﬁlééhyla;}?ptﬁlﬁ%?f gﬂlis%ﬁlted C2-Cs

pneny 0 Yy Su stltute et er oar
aﬂmnwb rmtIR yansluBs cant {prmdogesthérch ﬁ(]H;z- Bnkage der gramiplié t(yform with the

n chl ri.din trifluoronethyl
err?%nen&?( 95 a()zalgcﬁl@?% Hﬂepég en i pyridi nyl and
rDi@fahtift[tééeerelédﬂ&Bfrd)mut 2;B ﬁuse&h&yrl di nyl ; incl udi ng
optionally subst i t ut ed pyr azi nyl ; |ncuid|ng 0 tlonal

Garbesi @) ety (Drfire e £hira) | centgesy whgreiny elyral cenfer(fa Ags 2 configuration
JelbRdiRAPHY hind FRE bkl Rec AR RNRhlcY (3 HRSE 4 ueo%@igmtmn

pyrimdinyl; including optionally substituted

oxadi azol yl ; including optlonally substituted

'ﬂ1%' %Ol bﬂi)gféurat%&l%%ﬂ}rglgceg ﬁrl?% cét thEﬁé arfil(; eiahgk (T(mﬂ assumed to
I'ncludin rtonall'y Su ed benzofuran

Hane hhwlon@stqnidrmyl ainloyg meba&bdmtm dhd Gblﬁnmgdlde]?telogl chirbd2ty rule (sce

e froml- tigpally substitu
@re&ﬂ al. ?ﬁ@ld i ﬁref)%mlw%wf dlsﬁtl? B9 %u@ggw?'afréaw"ce)
Heth6o cﬁhh Rilers MRY IHRNFedMt w@&&p&&ﬂe%&&mﬁ@ 8! Forla (1) and the
and optionally substituted al koxy including
ipyration - mﬁqqdw tnecngsuppass  as Ryell RapticRlly apriivr2 fogms  |ay; crR@tiomers,
dlac‘sttez&len?&ag Pﬁ%ﬁlét ?fr)]%- mnﬁg Qf}éh ’a?ﬁ‘hérﬂ‘n gieut@%ﬂl &c&ﬁtaﬁ@ salts thereof
qf rcefnpomhls ytccsmdmg todtbrinatan)] th2 canfiigudatidnrof’ ahindllventer (3) being “S”.
preferred enbodi nent, the invention provides
derivatives of Fornmula (1) wherein 121 is selected
ThlagReRéd st diniert URS trveati I aifMla, (1) HAGIng Bh B 116W g TR LM Ta:
substituted pheny1 such as phenyl, fl uorophenyl
chl orophenyl, net hoxy phenyl, Réthoxy phenyl ,
cyanophenyl, 20 trlfluorone E henyls,
trifluoronethoxy phenyl, blph ﬁf
4- chl oro- 2-f1 uor opheayl , &7 "uor - nethoxyphenyl
al kyl phenyl, nethoxy ghe uboxy ‘igenyl, propoxy
phenyl, ethoxy phenyl K FAsul onyo p%en@l am no phenyl,
oxazol yl phenyl and benzofﬂxan enyﬂi optionally
substituted heteroaryl, including optionally
substituted pyridinyl, such asqggyridinyl, nethyl
pyridinyl, chloro pyridinyl, trifluoronethyl
pyridinyl, cyano pyridinyl, 25 phenyl pyridinyl and

Wik nels 's\éleééégsffdrﬁ %ﬁ%ﬂﬁ%qg RY, rn3dkn>ﬁ5 RY N0 M inNge dfﬁt;;ad in the

optionally substituted pyrazinyl;’includi’ng optionall
detddled desgtipidort hi adi azol yl such as such as 3-phenyl

t hi adi azol yl; including optionally substituted
pyrimdinyl; including optionally substituted

oxadi azol yl; including optionally substituted

qui nolinyl; including optionally substituted thienyl;
i ncl udi ng substituted benzofuranyl; including

optionally substituted benzodi oxol yl ;
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24 R2 is selected fromfl; optionally substituted CI
-C6 al kyl, including isopropyl; optionally substituted
C2-C6 al kenyl, optionally substituted C2-C6 all cynyl
and optionally substituted al koxy including

phenyl - net hyl ene- oxy; R3, R4, R5 and 122 are Il; R6
is selected fromIT and nethyl; Ais -Cl-1; and n is
an integer 5 selected from1l, 2, 3, 4, 5 and 6,
preferably selected from1, 2iand 3. In another
preferred enbodi nent, the invention provides

H1Sp B UGS crBGLE ol Rl 3SERSHL o ot
Ibubstltuted phenyl such as phenyl, quorophenyI

chl orophenyl, nethoxy phenyl, gthoxy phenyl ,
cyanophenyl, to trifluorone 2 phenyl ,
trlfluoronethoxy phenyl,ob|E Nyt and

4-chl or o- 2- f | uor ophenyl , f uor -5 met hoxyphenyl ,
al kyl phenyl, methoH9_ pt 4menyl pr opoxy
phenyl , ethoxy phenyl ,Nsul onyI p enyl>R'am no phenyl ,

oxazonI phenyl and benzoforadopg nyh\: optionally
substituted heteroaryl, ingtudi @y optR onally
substituted pyridinyl, such as pyridinyl, nethyl
pyridinyl chl oro pyridinyl ﬂbfluoronethyl

P o R AR R R 5P Ky pB ks Bingd ™ e dotaited

depdrippioal | y substltuted pyrazi nyl ; |nclud|ng optionally
substituted thiadiazolyl such as such as 3-phenyl

t hi adi azolyl; including optionally substituted
Iﬁléﬁbtﬁbr%r@féﬁed élﬁﬁ(l)d-iﬁilbﬂgthg RéveRAGH +Mvﬁ9@§éﬂvﬁﬁ\‘}£ @f Formula (T) wherein
oxadi a i ncluding optionally substituted

Ry mthom ppiddnally sepstimtadamgliang optidradly substithtedictangdryl.
substituted benzofuranyl; including optionally

substituted benzodioxolyl; 20 R2 is selected fromfl

Ia [ahbthélqirb&rrsdl brabodinitrilth€iinveation peplides detivatives@f Formula (I) wherein

o o T PraRTEl caboekied Kt Akl St upyiuied CrC

AKRST drdd ﬁanaaiylsawltﬁte&by@ AltyReny! - net hyl ene- oxy;
123"and RS aré 11; i's sekcted from Il and met hyl ;

R4 and 122 can forn1together a -Cl-12- linkage; Ais
r . . , .

IE snBREL otipd Bub il B0 o5 B LG ol BB deratvedor oty B0 whoroin

Esf miefo&ﬁﬂ ﬁ'nimodptrmmlly substituted/ €htCsenycloaldyl, dedluding cyclopentyl and
derl é Fornula.%@) wherein 121 is sel ected
%?@ﬂ? %ﬁ%? heteropdealitled aryl, including optional Iy
substltuted phenyl such as phenyl, fl uor ophenyl
chl orophenyl , net hoxy phenyl, ethoxy heny
I@yla gﬁgﬁfyrre& gpbedimenty, éﬁ@pﬁg}} prgﬁgﬁgﬂ?erlva ives of Formula (I) wherein

A DPAOAIEBGIDERY LA GEN Gy

fl uor o- 5- met hoxyphenyl, al kyl phenyl, nethoxy phenyl ,

e PR o RERBRRY RIS ALY oGS o ERAGRD e

mhs@byll sucBRb bpiivally ssbshsitddiphesy. het er oar yI i ncl udi ng
optionally substituted pyridinyl, such as pyridinyl,

nmet hyl pyridinyl, chloro pyrldlnyl trifluoronethyl

R%hoHE b forrEd BRBodIHEAC I Yhven® Ditibs B¥vhH 2 6r Fafshia (1) wh
0 t?olg¥%yn§uéﬂt?tuted ?uggg %y€£d¥ﬁvp¥vkné¥udfng a (1) wherein
Rips Honal | y substituted pyrazinyl; including optionally
substituted thiadiazolyl such as such as 3-phenyl

t hi adi azolyl; including optionally substituted
pyrimdinyl; including optionally substituted
oxadi azolyl; including optionally substituted
qgui nolinyl; including optionally substituted thienyl;

i ncludi ng optionally substituted benzofuranyl;
i ncluding optionally substituted



10

15

20

25

30

10 benzodi oxolyl; R2 is optionally substituted aryl,

i ncluding optionally substituted phenyl, such as

ei hoxy phenyl; R3, R4, R5 and 142 are H R6 is
selected fromH and nethyl; Ais N, and nis an

i nteger selected from1l, 2, 3, 4, 5 and 6, preferably
selected from1l, 2 and 3. 15 In a further preferred
enbodi ment, the invention provides derivatives of
Formula (1) wherein R is selmcted fromoptionally
substituted aw, including optionally substituted

£l .
Ilﬁrgtﬁﬁlél)a(r ﬁ%ﬁﬁ@%ﬂ%}%&%&% ﬁfé&%ﬁ&hﬁ:}[}?&g{) ény?ﬁa@ &8 ¥brmula (I) wherein
R} Rf bnbRoareHhy| phenyl, trilluoromet hoxy phenyl,

bi phenyl and 4-chl oro-2- 20 fluorophenyl,

2-fl uoro-5-net hoxyphenyl, al kyl phenyl, nethoxy

TRRAG6%ES prifetrek ymbéEmMyht, the iBRANYh Proeidyd dervatiaws)of BB6RYA () wherein

sul fonyl phenyl, ami no phenyl, oxazolyl phenyl and
Kdhsde B optigngjly sybgiteted Eurfoa alk3L jricjystinggpthyl.
optionally substituted heteroaryl, including

optionally substituted pyridinyl, such as pyridinyl,
Tnvetfgher gybpdiiment, theghyantion pyavidgs derivatives dfiRoomulegh) wterein R® is H.
pyridinyl, cyano pyridinyl, phenyl pyridinyl and

optionally 25 substituted fused pyridinyl; including

1ap fuehal dbalitacdt] tho tievbnfiyi povitke detivaivesloNBoraqild () &lhlesein RC is
substituted thiadiazolyl such as such as 3-phenyl
1¢th¥ldi azol yI ; including optionally substituted

pyrimdinyl; including optionally substituted

oxadi azol yl; including optionally substituted

Inahetber prgferred ervbedimant, hgtinvention prosidpssddrivativas of Hpemla (T) wherein

L NCl.ugi ' LI bsi.i : . .
Iima%filig!cgtgfo%ttbge%r ay—Ci-F}- :a{gg ?o:rgzx oo nl%% s ek {t/lil t;he PIPepggine ring a

=
-

I'ncludi'ng opt [y "subs enzZodi oxo
3,5-dipibiorid[2.9.131dps 2yl tihgd phenyl, such as et hoxy
phenyl; 26 R3, R4, R5 and 122 arc Il; R6 is selected

fromll and nethyl; Ais N, and n is 3. In another
TR'aRHBEN (RECAED SFbIRMERt, thaGnVcAMENHoPRePIRN GRS of Formula (I) wherein
derivatives of Fornula (Hp) wherein Rl is selected
the eanligpration af thy chigd satbpng 8 @2BW3S)-i ncl udi ng optional Iy
i |l s p . . .
ARt P oBURRECn R iR oo 86 AP R¥tmula () wherein
thy eondignentiph of the ichiralcarbord R Y2RP(BSyI , trifl uor onet hoxy
phenyl, bi phenyl and 4-chl oro-2- fluorophenyl,
2-f 1 uoro-5-net hoxyphenyl ; al kyl phenyl, nethoxy
TRRAGYES profieiroX ¥YmBEEME, theiRANNN ProGiAYd derRuiasYbof PB@RMA (T) wherein
sul fonyl phenyl, am no phenyl, oxazolyl phenyl and
&Mof uran phenyl (e.g. 1-benzofuran-3-yflphenyl;
optionally substituted heteroaryl; 10 optionally
substituted heteroaryl, including optionally
Is abethéert prefede ymbatlimgiht, the imlentien prypwides doyivativastoliybrmula (I) wherein
ri@#nyl, chloro pyridinyl, trifluoronethyl
‘%%%I ‘nyl, cyano pyridinyl, phenyl pyridinyl and
optionally substituted fused pyridinyl; including

optionaILé substituted pyrazinyl; including optionall¥ .

Ig gpathen nieferred ambefinme®) (e Tavsa HoRo¥dendesiyavesipl Fgymula (T) wherein
A PRl opl I LSRR L TR, fbpitod phenyl such
as xpletingiz ofludrophienygl| cidbroghayi,i methoky et iethexgdphenyl, cyanophenyl,

iGaielS! ok i §PaiBhors! Boaals DERTGbr ARppi"S Tbtopheny, >-

i ncluding optionally substituted benzodi oxolyl; R2 is
selected fromH optionally substituted G -C6 al kyl,

i ncluding isopropyl; optionally substituted C2-C6

al kenyl, optionally substituted C2-C6 al kynyl,
optionally substituted aw, 20 optionally substituted
het eroaryl and optionally substituted al koxy including
phenyl et hyl ene- oxy;
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R3, R4 and R6 are H, n is an integer selected from1,
2, 3, 4, 5 and 6, preferably sekcted from1l, 2 and 3.
25 Conpounds of the present invention include in
particul ar those selected fromthe foll owi ng group
(2S,3 S)-N, 2-di hydr oxy-5-net hyl - 3- {
[4-(2-pyridinyl)-1 -piperazinyl] carbonyl} hexanam de;
(2S, 3S)-N, 2-di hydr oxy-5-net hyl-3-{v-(3-phenyl-1,2,4-th
i adi azol - 5-y1) - 1- pi perazi nyl ]23car bonyl } hexanam de;

i P Bt AR IT ey phity Bage BV s phonyl,

atlanxiyophepyle xalftanyl gphenyl,2nifo phenyl, oxazolyl phenyl and benzofuran phenyl;
S).- N, 2- di hy. net. hy| (2R th

PhoPIST U o RaPBn TN S o S B, Such o
BiidinyB S)leth!ylzpﬁicﬁh&dr €hidfro 3, LiriBrubotrdhyl DyHginby tydaddpyridinyl,

ridin-2-ylpi pera2|n car bonyl |} hexanam de;
ylgygpd@y mﬁgﬁlﬂtcme@p ydxdpclgding optionally substituted
I{?ﬁ) %&{iﬁ% ﬁ%%{nm 's’ﬁbs?tltﬁ(tleﬁ)' &l?c{d%bﬁfl Isuch as such as 3-phenyl

tp@aaagyL énclutling bpiiopplhe sn;b:s)lmhd;da;ymnmglmlyb xigcl@lifig optionally substituted
Jg{%&@%ﬂ@ %cglljgl 8%&(6%&1 rslugsltpta/tea %ugl%fmyzll nr}éudmg optionally substituted
thidipy13 @cl@ﬂ% (?ilbl@llypﬁfb@&’tﬁﬂed’\be?rzdfuwgﬂ, Oytuding optionally substituted

[(2R net 4-pyrimdin-2-yl pi perazin-1

bepre nyllhexanan1de (2S,3 S)-6-(4-ethoxyphenyl)-3

R {s(sg@:teé Ml ﬁ %9&9(91'11? Wildinfedel I@é'a‘ﬂ&)@ ehakbifg idoprdpyl; optionally
car bonyl } - hydr oxyhexanam de;

sub{t28ed Sp-(N, @kemyh mm)a}ly?»uhﬁtt-ktcha&{a(nmyl andveptinally sbstituted
rim.ding.2-ylpi L& '] carbonyl} hexanam de;
igyinciidifie Sy e e“%"n%t hy1- 3- 1{ ( 25) - 2- net hy1- 4- ( 4-
Rﬁs}Rﬁy b;(ﬂid : 1 ﬁreZHny iy $pddcect ﬁkzn’i-H and methyl; A is N; and n is an integer
carbon ex S 3 95)-3-
ReredRmL 21 A 3 8 ﬁamrﬁmsiwfﬁrﬁi{iwp}-per azi - 1-

ylicarbonyl} -N,2-di 20 hydroxy-5-not hyl hexanam dc;
(2S, 3S) - 3-
I{l{a(lmr prefemred pmbedipheinthe inventien providepdariaatives of Fpinada go wherein

IQIVL éeleé\bdzﬁ(%l %g(grpa)ﬁéé sﬁBsﬂﬂRE&XJyﬂ %%Pcﬁﬁﬁ 9ﬁionally substituted phenyl such
as phenyl, fluorophenyl chlorophenyl, methoxy phenyl, ethoxy phenyl, cyanophenyl,
trifluoromethyl phenyl, trifluoromethoxy phenyl, biphenyl and 4-chloro-2-fluorophenyl, 2-
fluoro-5-methoxyphenyl, alkyl phenyl, methoxy phenyl, butoxy phenyl, propoxy phenyl,
ethoxy phenyl, sulfonyl phenyl, amino phenyl, oxazolyl phenyl and benzofuran phenyl;
optionally substituted heteroaryl, including optionally substituted pyridinyl, such as
pyridinyl, methyl pyridinyl, chloro pyridinyl, trifluoromethyl pyridinyl, cyano pyridinyl,
phenyl pyridinyl and optionally substituted fused pyridinyl; including optionally substituted
pyrazinyl; including optionally substituted thiadiazolyl such as such as 3-phenyl
thiadiazolyl; including optionally substituted pyrimidinyl; including optionally substituted
oxadiazolyl; including optionally substituted quinolinyl; including optionally substituted
thienyl; including substituted benzofuranyl; including optionally substituted benzodioxolyl;
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(2R, 3S) - N, 2-di hydr oxy- 3-

[4-(4- met hozyphenyl) pi perazi n-1-yl ] carbonyl 1

-5-nmet hyl hexanam dc; 25(2S, 3S)-3-{

[ (2R)-4-(4-chl oro-2-11oorophenyl)-2-net hyl pi perazin- 1-
ylicarbonyl|-N, 2- di hydroxy-5-nmet hyl hexanam de;

(2S, 3S) - 3-{

[ (2R) - 4- (5-chl oropyri di n- 2-y1) - 2- not hyl pi perazi n- 1-yl ]
carbonyl 1 -N, 2- dihydroxy-5-met hyl hexanam dc;

(2R, 3S) - 3-1[ 4- (4- Raor ophenyl ) pi perazi n-1-yl ] car bonyl }

RO AL ST SO 18T P R iy

substjsote@ GH(s allemigh rvpt1§>nalll)d spbstituted C»-Cs alkynyl and optionally substituted

hyd 5-,not d
é@@%@pl&%ﬂ(}%ﬁ@;&%@%&t (r:]yl 3-[(4-pyridin-2-yl pi per

Rz RA-R* k) RBdrb o1 ik @éqéd”t&m’rdﬂl H and methyl; A is -CH; and n is an integer
(2R, 38) N, 2- di hydr oxy-5-nmet hyl- 3-0444-(trif| uor onet hyl

S)e}sﬁ@ﬁmrbi Bep b iomnd 6, grﬁe@he%ﬁl%&ﬁﬁkfr%éx?awa#ﬁ dc; (2R 3

S)-3 -{ [4-(2-fluorophenyl) pi perazi n-1- yI]carbonyI }

- N, 2- di hydr oxy-5- et hyl hexanam de;

Ia2RptBS) prietred| bm‘y@tﬁmgg@ the imstentian m(/idetp@ﬂrivmiwﬁsmf Pomnhyda J¢ wherein

S .
HSTE st RO PRRDY bhostROSRTh S5 gy spbatito appny! such
dso?lgigzl, m?(;gﬁﬁyly bﬂloﬂbpﬂ@fyﬂzmﬁthoiy Yhehyl, ethoxy phenyl, cyanophenyl,
tflagqf)mzét &tﬂfiu(&;q_mgtﬁﬂ:@f pilyqnpﬂ %g‘hﬁ%ﬂ qng 4- <-3h'1(]ro—2 fluorophenyl, 2-
ﬁﬁﬁ&@fiﬂét]}loxyhh&lyﬂ dM4A TRy D me ik phOFt ANAGRyIShen(E Propoxy phenyl,
e[tl%m) phenyl? salfanyt phé¢nyhyanying phenyy pxAzplyt ghenyl ang |benzafiren phenyl;
%}t@)%a:l{\ly %ubdshplng %é%ro%ryl,l %néﬁ&lﬁg ! J})‘?Béﬁ‘ﬁ%msgl%uuﬁ&? p§lr1d1ny1, such as
ﬂybﬂﬁ)yl 4métBylcyristimphelyrd) pyzidirgl, hyiflnoetednil pydidiny 1, cgartvopyridinyl,

Ié’anyq' pznépﬁ%%g{pgnx%a gfé[lﬂe tl?té& E%%((ﬁﬂg%zﬁyéluﬂmg optionally substituted

pyfaziay®X &lﬁ’dlﬁﬁﬂ% gp‘tﬁﬁhll%ﬁrs%%tﬁut@d WiddidzBlyPOf¢h} as such as 3-phenyl

hexananmi de:

thjadigzalyly mv}tuhlag@pt@nﬁléx pybtigited] gyziRyidinykdndlyding optiongHy: gybstituted
RAKE a%c%dn JI?C]IY(ﬁ'Aé) oBt%n%ﬁ& rﬁuﬂ’sﬂtﬁﬂa& ﬁﬁfngﬁﬁwl 1&W%t%ﬁaﬂy substituted
thienyl; substituted benzofuranyl; including optionally substituted benzodioxolyl;

R? is selected from H; optionally substituted C;-Cs alkyl, including isopropyl; optionally
substituted C»-Cs¢ alkenyl, optionally substituted C,-Cs alkynyl and optionally substituted
alkoxy including phenyl-methylene-oxy;

R3 and R’ are H; R® is selected from H and methyl; R* and R’ can form together a —CHy-
linkage; A is N; and n is an integer selected from 1, 2, 3, 4, 5 and 6, preferably selected
from 1, 2 and 3.

In another preferred embodiment, the invention provides derivatives of Formula (I) wherein
R'is selected from optionally substituted aryl, including optionally substituted phenyl such
as phenyl, fluorophenyl chlorophenyl, methoxy phenyl, ethoxy phenyl, cyanophenyl,
trifluoromethyl phenyl, trifluoromethoxy phenyl, biphenyl and 4-chloro-2-fluorophenyl, 2-
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3-[ (4- bi phenyl - 4-yl pi perazi n-1-yl ) carbonyl ] - 3, 4- di deox
- (hydr oxyam no) - 5- 0-

(phcnyl net hyl ) -L-t hrco- pcnt osc;

(2R, 3S) - 3-0445- (4-f 1l uorophcnyl)-1

, 3, 4-oxadi azol - 2-yl | pi peridin-1-yl| carbonyl)-N, 2- 25

di hydr oxy-5- net hyl hexanam de; (2R, 3 S)-3 -{

[4-(4-fluorophenyl)- 3, 6-di hydropyridin-1(2H)-yl]carbon

yl'} -N, 2-di hydroxy-5- nw hyl hisxanam dc;

(2R, 3S) - N, 2-di hydr oxy-5-nwt hy1-3-[ (4- phenyl - 3, 6-di hydr

DK 3G PPl A BRI bR RO (i Pheny, proppy pheny’

qlzlﬁzxér-piwpyli allldiiznyB ggé@ygi puina zheayl; oydzplyhipbenyylandl benzofuran phenyl;
xanamn dc.:. , -3- | . . ) e

PR D G BURCAS 516 o o8 Reraln ibsiied pyifpyt such s

oL gb@[lylhet}lyl- Pyridtirdlil hotderoxpyridinyled iy bloexctyd Piyel@inyl, cyano pyridinyl,

I{hans(lzpmhm @ﬁrﬂpﬂmlb sybititytpdh [ped pyridinylpglpding optionally substituted

ity PO SO o SRADR gl spob e iyl g5 ot
thiadiexzelyl; axcdldigy ypt}th}@e substitwictl pyyididinyl; including optionally substituted
carbo )h nam de: ..(2 - 3- P . . .

SRR WATERE Bhlent sy aumpliowt nshydine, sppngly substuted
thﬁéh}l qﬂﬂhm@g)dptmxh‘dll& subgtitdicdysknesirdnylyeinblyitiing Xemahltie substituted
(2R 38) ?f 1[ 4- (5-chl oropyri di n- 2- yppi perazin-1-ylicarb

kil2- di hydr oxy- 5- met hyl hexanam de;

I(ZZB (;ﬁ%))nzﬁryliuﬂ)stﬁéfea ra?%ID Hﬁé[ddﬂignoﬁloﬁglw Qtﬁfsﬁﬁl'té?l %wﬁgl' Q@Jhbé% ethoxy

- N, 2-di hydr oxy nmet hyl- hexanam de;
p[hemdz) 4- (4-chl or opheny1l) - 2- net hyl pi per azi n 1-yli car bon

FoR) B A TR R (TR AR Bl o Y ppd s mceer

s‘etebtfeli lﬂmhomﬂ; By, Srayid ibgiprofezabyy delqeiqdeftaaa il j2 arkd 3,1 }
car bonyl ) hexanami de;

(2R, 3S) - 3-benzyl - N, 2-di hydr oxy- 4- oxo-4-1444-(trilluoro

THe4 Tende DiteRMbd RinbBHRALdNG - ﬁaeylh{/erf@ign tih%v’alHe'?’smd&i‘?vatlves of Formula (I)
(2S, 33 benzI-N2d|haédrox- -1(2R) - 2-net hy1- 444- (t

lelqrqng ofrescleeted ) e eptipnaly prubsiititad aryly including optionally substituted
RS SN BT Peprhenid hronhenyt, e Ppeh Plige, o’
ayetdphxyy)l pirifluptdopstind rphznyl; irifiibtorhethawyaphegl, biphenyl and 4-chloro-2-
fluorophenyl, 2-fluoro-5-methoxyphenyl, alkyl phenyl, methoxy phenyl, butoxy phenyl,
propoxy phenyl, ethoxy phenyl, sulfonyl phenyl, amino phenyl, oxazolyl phenyl and
benzofuran phenyl (e.g. 1-benzofuran-3-yl)phenyl; optionally substituted heteroaryl,
including optionally substituted pyridinyl, such as pyridinyl, methyl pyridinyl, chloro
pyridinyl, trifluoromethyl pyridinyl, cyano pyridinyl, phenyl pyridinyl and optionally
substituted fused pyridinyl; including optionally substituted pyrazinyl; including optionally
substituted thiadiazolyl such as such as 3-phenyl thiadiazolyl; including optionally
substituted pyrimidinyl; including optionally substituted oxadiazolyl; including optionally
substituted quinolinyl; including optionally substituted thienyl; including optionally
substituted benzofuranyl; including optionally substituted benzodioxolyl;

R? is optionally substituted phenyl, such as ethoxy phenyl;



10

15

20

25

25

(2S) - N, 2-di hydroxy-3-nethyl-4-1(2R)-2-net hyl -444-(trif
| uor onet hoxy) phenyl i pi perazi nl-y1l} -4-oxobutanam de;
(2S, 3S) - 3-{

[(2R)-4- (4" -fluorobi phcnyl -4-y1)-2-net hyl pi perazin-1-y
| ]carbonyl } -N, 2-di hydroxy-5-net hyl hexanam dc;

(2S, 3S) - 3-{

[ (2R) - 4- (4- et hoxyphenyl) - 2- medshyl pi per azi n-1-yl ] car bon
yl'} -N, 2-di hydroxy-5- 30 net hyl hexanam dc; 30

32 RV are H: R® is sel f hyl:
KR! il R arg . R is selectod from Hand mothy A fs Noandmip 3,

rbonyl} -N, 2-di hydroxy 5 met hyl hexanam de;

28 S)-N -d'h - 5- t.h 1-3- 2. -
r"?ﬁ?‘% Lﬁrf; 8%# )eéﬁ)rgﬁﬁ é%t]ﬁn (1%&{/1@: %erlvattlvgs ofMForrglula (Ib)
\ﬁl&fr&ﬁ rR/1| is ercarea rﬂ(ﬁlﬁ opﬁor(aﬂgi s'&ﬁétrtﬁiz& -agly1n )hh'hﬂmg- Sptionally substituted

(6- met hox napht h met hy I i perazin-1
pjfl gqg:lhb@ﬁnyp?ny 5 ﬁ?@tﬁéé}p&ﬁl@gﬂ me oxy phenyl, ethoxy phenyl,

yﬁrﬁ;pﬁél 1%&16?& ﬁ‘fié&)}%gg TS &ﬁ&ﬁé& Yhohl) &by PadBhRhioro-2-

ohéprilgxrl;i; l’lglunm -Prynheittenxarplzany alkyl phenyl methoxy phenyl butoxy phenyl,
S).- d R

SRS R A BT SllBUYT st Y e, ogpff ienyt anc

HeAZofn - Photrylli (mgdr Dlw‘nzBﬁﬁ‘ﬁi By DpBeryl; ( 3&)011%11%5&&%@%4 héteroaryl;

(%prg;)%elg]lrjys Lg@&%ﬁ%&% }2 $1[i)| lgsrrlgzci{prt]lollal}gl substituted pyridinyl, such as

t t
eIy ey S ‘W”yd?ﬁéi*‘g ) O RAE bI LRy, Y Pyridinyl,
rg)anﬁ p{yrldmyl and optionally substituted fused pyridinyl; 1nc1ud1ng optlonally substituted
m d 1
R by oA Sl Lo PR BB AL gy
thid&ia28yE Mchidingystionxsly @hmmtbﬁllpﬁﬁﬂlﬂ(n?l?)mcﬂudiﬁg bp‘ﬂlonﬁnﬁ siibstituted

0 .a%(g‘?l'eggl %{;‘i&é)ermi :’fé%lﬁ%‘ftc r.qgi%gﬁmh E@l_gzpptlonally substituted

tﬁfeﬁﬁ) ﬁclﬁ@ﬁé‘)blatlém{ll@ §db%ﬂ1ﬁ1{eﬁoﬁéh%ﬁ1%>§'y)mgﬂd1 % optlonally substltuted
pherRl/QKDE)I perazin-1 y 1} - 4-oxobut anam de;

5 3-di hydr o- 1- benzof ur an-5-y1) - 2- mat hyI p| peraz

1% Zlgjsgfeél)eli %%%*ﬁn%b}mnally | sabHuted % aiﬁ%@%hﬁ%’i?&b%ﬁy‘i optionally
subd)ted Co-Co 21eaylz oplicmalist sﬂas;dfh}edZCﬁ@& hiymlmtmmlly dubstituted aryl,
16%%%’3 gl)lqbn ﬁf\%eddy Zroad) Sg/r%r op on%llge st Ilj)glt tutecyi aar,]goxy 1Iic1ud1ng phenyl-

théth Eﬁg_gxyw nmet hoxyphenyl) 2-nmet hyl pi perazin-1-yl]carb

0;1144 and R6 are H;

n is an integer selected from 1, 2, 3, 4, 5 and 6, preferably selected from 1, 2 and 3.

Compounds of the present invention include in particular those selected from the following
group:

(25,35)-N,2-dihydroxy-5-methyl-3- {[4-(2-pyridiny])-1-piperazinyl]carbonyl} hexanamide;
(25,35)-N,2-dihydroxy-5-methyl-3- {[4-(3-phenyl-1,2,4-thiadiazol-5-yl)-1-piperazinyl]

carbonyl}hexanamide;
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5- met hyl hexanam de;

(2S, 3S)-N, 2-di hydroxy-5-net hyl- 34(2R) - 2- net hy1l- 4-
{4-[(trilluoromethypsul fonyl] phenyl}piperazin- 1

-yl ) carbonyl ] hexanam de; (2S, 3S)-N, 2-di hydr oxy- 3-
{[(2R)-4- (4" - met hoxybi phenyl-4-y1)-2-net hyl pi perazin-|
-yl] 30 carbonyl} -5-nethyl hexanam de; 31 (2S, 3S)-3-{
[ (2R) - 4- (4- cycl ohcxyl phenyl) - 2- net hyl pi perazin- 1

-yl ] carbonyll- 14, 2- di hydr oxy275- net hyl hexanam dc;
(25,3 95)-3-{ R2R) 4- (1

RS MR8 s SR

Hig&@a)in-4 y(l}x,aﬂ)odylf)helxamanmde,?, bcri zodi oxol -5-y1) - 2-net hyl p

gggﬁr@alpgg&%%% tﬁ)ar% @&Qﬁ) gl’yl—(lé%—’pgri%i)ny]gpi?erazinyl]carbonyl}
I{egaa}m@(s fl uoro - met hoxyphenyl) 2- net hyl pi per azi n-

1 | i car bony N 3/ r oxy- 5- net hyl hexanam de;
(@§,§ Ng dl@yc!mxy— —methy1—3 {[( S)- 2—methy1—4—pyr1 in-2-ylpiperazin-1-yl]

daf ;&ﬁax&i ddor o- 4- i sopr opoxypheny1) - 2- net hyl pi per azi
n- {} carbonyl} -N,2- 10
(@B B bddpthoxyphehyl)-he3dihadioaty-3 - { [(2R)-2-methyl-4-pyridin-2-ylpiperazin-1-

#ﬁgfbﬁe%lﬁﬁﬁ"%%"gg% 443- fI uoro-4-(trifluoromet hoxy) phenyl

azi n-

(QS,BSPBB(& Jethxyphdh iy, p&ﬂly&roﬁ?—B h§[(283RanediyIde(2-pyridinyl)piperazinyl]
2S, 3% N, 2- d| hydr oxy- 5- met hy1- 3- {
‘{a{bé’R)’ e’i‘?’B%rH $- 4- qui noli n-3-yl-piperazin- 1 -yl]
P _dih _3-{[(2R)-2-methyl-4- 2l 1
(Qg (Zig%@%lgefl%ﬁg@ﬁﬁﬂg o ogy y%ror)%tfl {[& 3 methyl-4-pyrimidin-2-ylpiperazin
Flicayoryl jhexamamide; ( 4- met hy 1 phenyl) p| perazin- 1 -yl]

GRRPBY bSR3 RO olen 2 methprresi1-91
myﬂdnyatmamydmﬂyh&aelmmdér oxy5- net hyl hexanami de;

(%?g §k§)24dN1P§drg|§¥ —e'iﬁi,[i%R)ZZ Fﬂ?‘fl}ﬂ/ f-pyrimidin-2-ylpiperazin-1-yl]
dgfzgé,?g%ggf,%?gmmb] carbonyl} - 20 5-nethyl hexanam de;

8 3R)-Ne2-iby digrpfrongthien| {293 mpthyl-féd-mpthylpeidin 2 lpiperazin-1-
ﬂ}éﬁbcﬁﬁ'}ﬁ’&gﬁe{n}lidé;'\" 2- di hydr oxy- 5- et hyl hexanam de;
(28,3S)-3-{[(2R)-4-(2-fluoro-5-methoxyphenyl)-2-methylpiperazin-1-yl]carbonyl}-N,2-di
hydroxy-5-methylhexanamide;
(25,35)-3-{[(2R)-4-(2-fluorophenyl)-2-methylpiperazin-1-yl]carbonyl } -N,2-dihydroxy-5-
methylhexanamide;
(2R,3S)-N,2-dihydroxy-3-{[4-(4-methoxyphenyl)piperazin-1-yl]carbonyl } -5-methy]l
hexanamide;
(28,3S)-3-{[(2R)-4-(4-chloro-2-fluorophenyl)-2-methylpiperazin-1-ylJcarbonyl } -N,2-
dihydroxy-5-methylhexanamide;
(28,3S)-3-{[(2ZR)-4-(5-chloropyridin-2-yl)-2-methylpiperazin-1-yl]carbonyl } -N,2-
dihydroxy-5-methylhexanamide;

(2R,3S)-3-{[4-(4-fluorophenyl)piperazin-1-yl]carbonyl } -N,2-dihydroxy-5-methyl

hexanamide;
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(2S, 3S)-N, 2-di hydr oxy-5-met hyl- 3- ({(2R) - 2- net hyl - 444- (
2,2,2-trifluoro ethoxy)phcnyl] piperazin- 1 -yl

car bonyl ) hexanam dc; 25(2S, 3S)-3-{
[(2R)-4-(4-tert-butoxyphenyl)-2-net hyl pi perazin- 1
-yl'] carbonyl} -N,2- di hydroxy-5-net hyl hexanam de;

(2S, 3S)-N, 2-di hydr oxy- 3-
{[(2R)-4-(4-isopropoxyphcnyl)-2-nmet hyl piperazin-1

-yl ] carbonyl} -5-nethyl hexamnsm dc;

(28 3S) - N, 2-di hydr oxy-5-net hy1- 3-{

f%kl%) y{l-[g‘gthcxan fﬁ%&&b‘ﬂl—%‘g) %,Eléﬂ%ﬁ‘%??%@[é' ]?%E{-zy% {A% . Y-N2-

dﬂvyck@XyFS -Hethyllemedamidg;pheny1] - 2- net hyl pi perazin-1 -yl11

GRS iy B N RS BB b i
2R;38y g pUihdivky-Bhasuyl3- D{4P[ﬂt(&iﬂldbrdlneth§ll)p11eﬁy?lhbpﬁi¥im -1-y1}
hexanamde 5(25,3 9-3 -( { (2R -

carhopy) W@W’lnﬂ?ﬂ no) pheny1] - 2- net hyl pi per azin-1 -yl1
R S T A e o

hxanadridey ami de der| vatives according to Formula (1)

RSy B SR BREH P R PR SR

HeRapagdd;i on conprising at | east one N- hydr oxyam de
derivative according to the inv Llon and
& i

(BhaP ety Caryy BRREpt dist o281 14 iriliggrameghoxy)phenyl]

Y& A0 iR §cxadamii® anot her enbodi ment of the
I'nvention, is provided a use of N-hydroxyam de

@835)at{[(PBY4iphenyi-hyl-2- okt pinrazip1yyljcsrbonyid-N,2-dihydroxy-5-
‘ﬁ Qﬁg&h&gmﬁpf a nmedi canent for the pr ophyl axi s and/ or

a di sorder selected from autoi mmune
(@8 38)-3[(@S)-4+i2-actophanyy)-UnwdgddscraAi-1 oflearbonyl} -N,2-dihydroxy-5-
Qh govascular di seases, neurodegenerative diseases,
8 fxangaids; ¢ at ory di seases and fibrosis, including
OZS|3S) Bl {ﬁzR%QB%Eloioph'eﬂsflb Q—%@ﬁﬂﬁi}ﬁe@%ﬁ'-ylﬁ’d gﬁ +N,2-dihydroxy-5-
hritis, ysema, pre-termla
Iéﬁhlﬂh@taml@@ﬁs chr on| c obst ructive pul nonary di sease,

RSNy BRI O B3 Slhpiergi -1

aafbonhB héxauanidepn, i s provided a use of N hydroxyam de

R as kR BRo 3 i R Pttt Phenyiidin-2-yDpiperasin-1-

yl]carbonyl} hexanamide;

3-[(4-biphenyl-4-ylpiperazin-1-yl)carbonyl]-3,4-dideoxy-1-(hydroxyamino)-5-O-
(phenylmethyl)-L-threo-pentose;

(2R,3S)-3-({4-[5-(4-fluorophenyl)-1,3 ,4-oxadiazol-2-yl]piperidin-1-yl} carbonyl)-N,2-
dihydroxy-5-methylhexanamide;
(2R,35)-3-{[4-(4-fluorophenyl)-3,6-dihydropyridin-1(2H)-yl]carbonyl} -N,2-dihydroxy-5-
methylhexanamide;
(2R,3S)-N,2-dihydroxy-5-methyl-3-[(4-phenyl-3,6-dihydropyridin-1(2H)-yl)carbonyl]

hexanamide;
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25 prophyl axis and/or treatnent of a disorder selected
frominflammatory bowel disease, nultiple sclerosis
and rheumatoid arthritis. 33 prophyl axis and/or
treatment of a disorder selected from asthma

enphysema and chroni c obstructive pul nonary di sease.
In another further enbodi nent of the invention, is
provi ded a use of N hydroxyam de 5 derivatives
according to Fornula (1) for f9he preparation of a

medi canent for the prophylaxis and/or treatnent of a

R ARy Sy B £ P o o lgein -

ﬂhmﬂnnﬂémxamsmeOV|ded a use of N hydroxyam de 10

ARSI TR A SRl St BNt

ﬁlétﬁﬂhmﬂﬁmmﬁa a di sorder wherein the disorder is a

cer. In another enbodi nment of the invention, is
@Sé&? ae{&‘ - G%Oﬂ?enxpwy%rﬁwﬂayﬂ%@oaéﬂ Nrdilpesoyctmetivhg
E Ia(I) for the nodul ation, in particular for
t |n I’bition, of the matrix 15 rretalloproteinase
(aBtasVN,&dlhE’dmyéuhahylﬁ (#4s[5p2 shricugdt 1 2. A1emdineoled-yl Ipigerazin-1-
12 A 1§txlﬁm. erein said matrix netal | oproteinase is
S EPEOMED TR -2, MWP-9 and MWP-12. Preferably,

(CRBSH3 n{CﬂQRE)QIC(GEdﬂllldiGp)trﬂld D) nuRitylpiperadie 1 Sajc@bbhyd p-N,2-
i.hhj bitors of netall opr ot ei neases sel ected from MWP- 2,

roxys ety hopmemidgyer MP-1. In anot her enbodi nent,
(Qﬁ%s?1 VRS- Qﬂoﬂggﬂﬂlﬁﬁﬁyl%ﬂéﬁﬂﬂq y@]‘caxﬁobﬁﬁ%ﬂ@@-fmlﬂvﬁfﬁx?fs-methyl
prop yl axi's of a disease conprising
hedanamide;r ati on of a conpound according to Fornula (1),

R8P e a8 RS R A P F A

mtkaeaasids, cardi ovascul ar di seases, neurodegeneratlve

BoaSEI Yt sl RmnL 2t D Engey oy IRy N diydroxy-S-

AsthNiBxanglidy sena, pre- tern1|abor endonetr|03|s
chroni ¢ obstructive pul nonar di sease 25( COPD) , liver

@RA8)-MeAidibpdrowyamethylt-GER)-2-methyl-A-[&ifleromethypyridin-2-y1]
[ d f th
pgégg%_qgnfcarg Fﬁaﬁ%%ﬁélﬁlhgn provi des a process for the

par at’ion o oXyam dc derivative according to

(PR8 S)-BvkenzylaN2- duhyktm)aysﬁi oxp-4-Hé-[4{(teifluofontedmxiy )phgnyd]piperazin-1-yl}
O%ﬂg of Formula (IV) with a derivative 112N 0-R8:

Butanam
(2S,35)-3-benzyl-N,2-dihydroxy-4-{(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl]
piperazin-1-yl} 4-oxobutanamide;

(2R,3S)-N,2-dihydroxy-3-methyl-4-ox0-4- {4-[4-(trifluoromethoxy)phenyl]piperazin-1-yl}
butanamide;
(25)-N,2-dihydroxy-3-methyl-4-{(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl |piperazin-
1-yl}-4-oxobutanamide;
(25,35)-3-{[(2R)4-(4'-fluorobiphenyl-4-yl)-2-methylpiperazin-1-yl]carbonyl } -N,2-di
hydroxy-5-methylhexanamide;
(25,35)-3-{[(2R)-4-(4-cthoxyphenyl)-2-methylpiperazin-1-yl]carbonyl}-N,2-dihydroxy-5-

methylhexanamide;
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(lIv) 5 wherein AA R, RR, R4, R5, R6, - 7 Kand n are
defi ned above and R8 is selected fromand a protective
group such as t-butyl, benzyl, trialkylsilyl,
t et rahydropyranyl. In another enbodi nent, the
i nvention provides a process for the preparation of a
N- hydroxyam de derivative according to the invention,
conprising the step of reacting a 10 conmpound of
Formula (V) with a hydroxyl amone or with a protected
hydroxylanine H2NOR8 2, R4, R5, R6, wherein A, R, RK7
fhne ' > + ed .
R e e e R e S e
lnﬂnawkyhmﬂWﬂkxmmnnmahydropyranyl IS In a further

@5@82&? i 3 RHGr LA Bl g ARPSES Rt ehg Sk

aifi\l S} dafidnyitixbaumsite;y further conpri sing a
protection step ERB renoval , when R8 i s not

(?ﬁ 3§)rb%21élh¥¢rmszrar -4- @HéeqlWe%rPﬁI&Wl)ﬁ}‘%me&ggplgerazm- —y]]
%} 51235 $2fh Iﬂgg@arpl{nq rat ion of a Nhydroxyam de
eril

tive CCOT ’to the inventi on, corrprl Si ng t he

€85p)- 6*({(@Bm1é+[4f(g-banz§xfwm8arh)phmyd)}2rmeﬂwlpiperwn-ﬂ e }daitonyl)-N,2-
(g wWth an amne of Formula (IH) to

‘@%V %@h? gpﬁﬁ?% ‘ate of Formul a (I'V) in presence

(QS 33) Ngm@ﬂlymgquhbm DY [@R EDGcth B W-pk¥goxyptdhid)piperazin-1-yl]

OP(r), Isobutyl chloroformtc or
%m%EYHywmﬁmEﬂForopyrldln|un1|od|de R (/)" R

(25,35)-N,2-dihydroxy-5-methyl-3-({ (2R )-2-methyl-4-[4-(trifluoromethyl)phenyl]

piperazin-1-yl}carbonyl)hexanamide;
(2S,35)-3-{[(2R)-4-(4-tert-butylphenyl)-2-methylpiperazin-1-yl]carbonyl} -N,2-dihydroxy-
5-methylhexanamide;
(25,35)-3-{[(2R)4-(5-fluoropyrimidin-2-yl)-2-methylpiperazin-1-yl]carbonyl} -N,2-di
hydroxy-5-methylhexanamide;

(28,3S)-N,2-dihydroxy-5-methyl-3- {[(2R)-2-methyl-4-(4-propylphenyl)piperazin-1-yl]
carbonyl}hexanamide;

(2S,35)-3-(cyclopentylmethyl)-N,2-dihydroxy-4-{ (2R )-2-methyl-4-[4-(trifluoromethoxy)
phenyl]piperazin-1-yl} -4-oxobutanamide;
(28,3S)-3-{[(2R)-4-(2,3-dihydro-1-benzofuran-5-yl)-2-methylpiperazin-1-yl]carbonyl} -
N,2-dihydroxy-5-methylhexanamide;
(28,3S)-3-{[(2R)-4-(1,3-benzodioxol-5-yl)-2-methylpiperazin-1-yl]carbonyl} -N,2-
dihydroxy-5-methylhexanamide;

(28,3S)-N,2-dihydroxy-3- {[(2R)-4-(4-methoxyphenyl)-2-methylpiperazin-1-yl]carbonyl} -
5-methylhexanamide;

(25,35)-N,2-dihydroxy-5-methyl-3-[((2R)-2-methyl-4- {4-[(trifluoromethyl)sulfonyl]
phenyl}piperazin-1-yl)carbonyl Jhexanamide;
(28,3S)-N,2-dihydroxy-3-{[(2R)-4-(4"-methoxybiphenyl-4-yl)-2-methylpiperazin-1-yl]

carbonyl}-5-methylhexanamide;
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OHO (A-111 OCouplingL kO O + HNXR7 0 R6k 0 R6 (I11)
wherein A 12.1, R2, R4, R5, R6, 12.2 and n are as

def med above and wherein the conpounds 5 according to
Formula (I11) are selected fromthe group bel ow

(3R) - 1-(2-fl uorophenyl) - 3- net hyl pi per azi ne;
(3S)-1-(2-Fl uorophenyl) - 3- net hyl pi per azi ne;

(3R)-3-net hyl -144-(trifluoromethyl)pyridin-2-ylipipera
zi ne; 31

5-11uoro-2-[(3R)-3-net hyl pi perazin- 1- yI]pyrirridi ne;

§(3§ﬁ24 {%ngﬁmg' 6ﬁé;{yiﬂ'fie§ﬂy§rn9&§?1€%lé%§¥rﬂ er azyh'ﬁhpe
Me)dy—i-ﬁ}eﬂafdﬁwmanﬁf dcnapgt hyl) - 3- met hyl pi perazi ne;
4 ; r ]
O3 By ok e s, Paﬂiﬁéygﬁ'ﬁlvﬁ%%fﬁ%la- PR P8 i aroxy-
5-fetPhetarathidd; | uor obi phenyl-4-y1) - 3- net hyI pi per azi ne;
-144- (trif]l uoromnet hoxy ITh| pera2| ne;

3R) - 3- net hy
ik {@@Rmmeqlﬂmﬂsaehwo@oﬁ@twﬁﬁ Hp Py lcatbonyl}-
| sul f onyl ) phenyl ] pi per azi ne;
Iﬁ %&@ﬁ%ﬂﬁﬂﬁr o- 1- bénzof ur a%- 2:fyl) y3] Preltohyl pi per az
888)-3-{[(2R)-4-(3-fluoro-4-methoxyphenyl)-2-methylpiperazin-1-yl]carbonyl} -N,2-
R).-d- - benzodi oxol-5-y1) - 3- net hyl pi perazi ne;
%‘g’&% ’é”%en{e#yﬁlefm{%n??t rifl uo%/oZnet hstuI)/f gnsl i phenyl } pi
(QS,BS%BT{@(QRQ—ZRB =flirotat4-idptopokiphey1pDimothydpiperazin-1-yl] carbonyl}-N,2-
- et hy perazi ne;

0Xy-3- ek mﬁ?l) 3- et hyl pi peraZ| ne; (35)-3
((2g,%??%{(z(%R?-@‘BITR%MMquO%&m\kg)pﬂbﬁﬁ W81 pBerazin-1-yl}

| uor o- 5- met hoxypheny hylplpera2|ne
@eponyl)-N,2-dihydroxy-5-methylhexanamide;

AP EmE Rl & ey ARG Sty Tl B A A1 1
daffshyl} hédiapineidy;l - 4- y1- 3- net hyl - pi pera2| ne

(&i@%i—%ﬂﬂg]ﬁ‘l o;(}}— —(n?e }rl]enilﬂ(ﬂ?)yi—lm%lthr}l 421 (X epth)H gnzyll)nplperazm- 1-y1]
carbonyl}hexanamide;

(25,3S)-3-{[(2R)4-(5-chloro-2-thienyl)-2-methylpiperazin-1-yl]carbonyl} -N,2-dihydroxy-

5-methylhexanamide;

(28,3S)-N,2-dihydroxy-3- {[(2R)-4-(3-methoxyphenyl)-2-methy] piperazin-1-yl]jcarbonyl}-
5-methylhexanamide;
(28,3S)-3-{[(2R)-4-(4'-bromobiphenyl-4-yl)-2-methylpiperazin-1-yl] carbonyl}-N,2-
dihydroxy-5-methylhexanamide;

(2S,35)-N,2-dihydroxy-5-methyl-3-({ (2R )-2-methyl-4-[4-(2,2,2-trifluoro ethoxy)phenyl]
piperazin-1-yl}carbonyl)hexanamide;
(25,35)-3-{[(2R)-4-(4-tert-butoxyphenyl)-2-methylpiperazin-1-yl] carbonyl}-N,2-
dihydroxy-5-methylhexanamide;

(28,3S)-N,2-dihydroxy-3- {[(2R )-4-(4-isopropoxyphenyl)-2-methy] piperazin-1-yl]
carbonyl}-5-methylhexanamide;

(25,35)-N,2-dihydroxy-5-methyl-3- {[(2R )-2-methyl-4-quinolin-6-y] piperazin-1-yl]

carbonyl}hexanamide;
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5(3R)-1- (4' - nwt hoxybi pheny1-4-y1) - 3-net hyl pi perazi nc;
(3R) - 1- (4-cycl ohexyl phenyl) - 3- net hyl pi per azi ne;
(3R)-1-(1-benzofuran-5-yl) - 3-net hyl pi perazi ne;

(3R -1-(2,2-difluoro-1, 3- benzodi oxol - 5-y1) - 3- net hyl pi p
erazi ne;

(3R)-1-(3-fl uoro-4-net hoxyphenyl) - 3- net hyl pi per azi ne;
10

(3R) 1- (3-fl uoro-4-isopropoxyphenyl) - 3- net hyl pi perazin

G o AT e

P&ﬁehlhwiromwﬂtyﬂmkanam«k | nvent| on provides a conpound

G393 s b R Ul eyl By Spovetiy

;ﬁpﬁriﬂi@-ﬂ }@mﬂ%hmi&xandnlﬂﬂel nvention provides a conpound
rdlgato For selected fromthe g

@@,@@5? « E\.)-dr[ﬂré{lﬁgpj_hygan(u(lo)phenyl]—2—methy1p1perazm— —}El}carbonyl)—N 2-
d 1)-1- I
B e dpde )T Ionleny()SS) 5. 5 met hyL-5- ((1
S) - 3- mathyl 1 -{ [4- (3 phenyl -1
l}'lbﬁt?(i}]}l h' adf)(giznnanto o % %Penﬁgrrl,a%}emf)wvi(fe%r W}/dlroxyamide derivatives

dcbépiling 1@ Feinid4 (Ty for 556[ 4saShedicdimdny | -
-({(2R)-2-nmethyl -4-[4-(trifluoro methyl)pyridin-2-
25yl ] pi perazi n-1-yl } car bonyl ) but y1] - 1, 3- di oxol an- 4- one

In a&?hér%r@o@mgntdbf“fﬁéqﬂveﬁ&& % ﬁroVﬁE&‘yal pillal{naceutlcal composition
2R) - 2-methyl - 4- (2-pyridin pi perazin

qpmpblgmg| atblg@sy 1()ne1N31ydrq;y@m dprtynuve accorci/mg to the invention and a

pharmaceutically acceptable carrier, diluent or excipient thereof.

In another embodiment of the invention, is provided a use of N-hydroxyamide derivatives
according to Formula (I) for the preparation of a medicament for the prophylaxis and/or
treatment of a disorder selected from autoimmune disorders, inflammatory diseases, stroke,
cardiovascular diseases, neurodegenerative diseases, cancer, respiratory diseases and
fibrosis, including multiple sclerosis, inflammatory bowel disease, arthritis, asthma,
emphysema, pre-term labor, endometriosis, chronic obstructive pulmonary disease, liver

and pulmonary, pancreatic fibrosis, skin fibrosis and liver fibrosis.

In an further embodiment of the invention, is provided a use of N-hydroxyamide
derivatives according to Formula (I) for the preparation of a medicament for the
prophylaxis and/or treatment of a disorder selected from inflammatory bowel disease,

multiple sclerosis and rheumatoid arthritis.

In another further embodiment of the invention, is provided a use of N-hydroxyamide

derivatives according to Formula (I) for the preparation of a medicament for the
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(5 95)-2,2-dinmethyl-5-((] S)-3-nethyl-1 -{

[ (2S)-2- et hyl -4-pyridin-2-yl pi perazin-I-yl] carbonyl
}butyl)-1, 3-di oxol an-4-one; 5(5 S)-5-((1

S) - 4- (4- ct hoxyphcnyl) - 1-{

[ (2R) - 2-nctt hyl-4-(2-pyridinyl) piperazinyl] carbonyl

| butyl) -2, 2-di met hyl - 1, 3-di oxol an-4-one; (5 S)-5-((1
S) - 4- (4- et hoxyphenyl) - 1- 1[ (2S) - 2- met hy1- 4- (2- pyri di nyl
) piperazinyl] 33

car bonyl } butyl) -2, 2-di met hyl- 1, 3- di oxol an- 4- one;

- ) . .
MRS ldcniiedid it 55 ERNURIF Rtod from asthma, ephysema and chronie
dbdcaative pylnjdmatyydijeads. 2- di met hy1- 1, 3- di oxol an- 4-one; (5
S)-5-((1 S)-4-(4-ethoxyphenyl)-1-{
[(2R)-4-(2-fl uorophenyl)-2-nethyl piperazinyl]
16 adnothdy |frthét YeinbodinZend ioMelid shkedticr, dé Provfidea- # ugnef N-Bydroxyamide
S)-2,2-di net hyl-5- (1%—3-msth -1 -{ . .
qepzﬁ)v_eg_q;p@fmqmg_ o d{grr,n dM-for yti{lg,, Pepaaian. of a );apqdlcament for the
- | - - N . .
;%?}?l‘g@ﬁ, 2}1’4 dml I/ %tf/e)ffr%?r% ()TI ja_,gﬁw 1 rrest e§c|@€ {roill?fnﬁmonary, pancreatic, skin and
ljvep Bbrogisiret hy 1- 4- (4- met hyl pyri di n- 2-yl ) pi per azi n-
1-yl]carbonyl | butyl)-1, 3-di oxol an-4-one; (5 S)-5-[(1
S)-1-0(2R)-442-11 uor o-5- (net hyl oxy) phenyl] - 2- et hyl pi p
[ar suother Furthek lentbddid@sny lof the invention, is provided a use of N-hydroxyamide

- 3- met hyl but y1] - 2, 2-di pet hy1- 1. 3-di oxol an-4-one;
Qegg&nt?\@_s {e{cggrg{ng]l to Form{lla ) yfor the priapa)éation of a medicament for the

;{/rf»%@laéﬁls e(zngfolr ke ARRANGYddorder VR e RROATE R-alcatiédrCar bon

met hyl butyl) -2, 2-di met hyl - 1, 3- di oxol an- 4- onc; _

Iggaﬁ%/tih?f éxé&o_%}nr%%%)]}{fgﬁeﬁ 1?@/%{059 g}ﬁg&g@d d Réepo%rﬁ-ﬁlyﬁlrb%}?é&lhg Qlrivatives
atioreingyd Forruldi(DXot @w-rdodulation( & @Yticaldr (fr B -idhibition, of the matrix
e 58 e b Dl LD R e nenon
witr@¥ GhRinmdnRNSectalSireteRas@ is( §clecd rom MMP-2, MMP-9 and MMP-12.

1%( 2R) - 4- (5-chl oropyri di n-2-y1) - 2- met hyl pi perazi n-1-yl ]
alerablyy | compoyngls hyapcording  to  the invention are selective inhibitors of

s et LN B s i 1 v

-ylicarbonyll- 3-net hyl butyl)-2, 2-di nct hyl 1, 3- di oxol an-
Ia-apetbgr embodiment, the invention provides a method of treatment and/or prophylaxis of

(g S ) SRR & A,
pasibtyin e WerdofZandi wiedréiy | thd ddesbc GX @blafted FORAC autoimmune disorders,
inflammatory diseases, cardiovascular diseases, neurodegenerative diseases, stroke, cancer,
respiratory discases and fibrosis, including multiple sclerosis, arthritis, asthma,
emphysema, pre-term labor, endometriosis, chronic obstructive pulmonary disease

(COPD), liver, skin and pulmonary fibrosis.
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38 (5R)-2,2-dimethyl-5- {(1 S)-3 -nethyl-
-[ (4-pyridin-2-yl pi perazi n-1-yl)carbonyl ] butyll -1, 3-
di oxol an-4-onc; (5R)-2,2-dinethyl-5-[(1 S)-3-nethyl-
-({4[4-(trifluoronethyl)phenyl]piperazin-1 -yl
carbonyl ) butyl]-1 ,3 -dioxol an-4-one; 5(5R)-5-((1S)-1-
[4-(2-cl uorophenyl) pi perazin-1
-ylicarbonyll-3-nethyl butyl)-2 1 , 3-di oxol an-4-one;
(5R) -2, 2-di net hyl-5- {(1 S)- 34 nethyl -

-[ (4-pyrimdin-2-yl pi perazin-1 -yl )c arbonyl ]b utyl} -

Iill aohoﬁ‘l F)%%lb%Fl(nzAéélEntﬁE inve tl()F ;i&w?«zf f (t rl ﬁ%r t('i_)i mle(‘r%@ag%tlo%] of a N-

hlyﬂrqzdyan;de}dqmlvptesreamcmcﬁng yd Yreainlyetion] lsompsisihg the step of reacting a

qf’[m(p?%l l DL ﬁ&‘?ﬂﬁfﬂi}%g‘f ‘?‘?gf'?]%% %E%am n-1-vyl ] car bonyl

- 3- net hydsbutyl) 2,2-di methyl-1, 3-di oxol an- one 4(5R

1
/R

" butyl)-2, 2-diRethyl-1, 3- d.LO)m_-Lﬁ ] R’
S5 546( 1 S)-1- o R°
[{2R)-4-(3-chl orophenyl) 2- met hyl pi per azi n- 1- yI]car bo

nyl } ?(I‘;;;et hyl butyl)-2, 2-di met hyl- 1, 3- di oxol an- 4- one; )
(5R) - 22d|methy1501 S) 3- et hyl - 1- { 4-(5-phenyl -

vihegein 4, (R(aBil &QR R°; R1)ndin aideined aboyt pnd BF froseldcted from H and a

}%?t_e ’Vé:? gﬁ?%s(uﬁk} 3 tglgti)t{lra%jn_z%l? ﬁg{lﬁl)]ﬁﬂy& (tc%ahydropyranyl.

[(2R) - 2- et hyl- 4- (5 phenyl pyri di n- 2 yl) pi perazi n201-yl
|carbonyllbuty1) 3- di oxol an- 4-on
Ig_ *[I’Pﬁlebleﬁ}b@ﬁwenh %;p r}pﬁé],tlglz,mm@des a process for the preparation of a N-

iydtoxGahRRYethvavetadto Yo theinderdibnebi gﬁﬁﬁ@ﬂé S8H DF reacting a

“0- (phenyhnethyl)-L-threo-pentonic aci

EBRpusd Pl Hesnula- (V) 4o hydfdxylamophenwifil ) proteated-hydroatiylamine HNO-
s2-yl ] pi peridin-1-yl}carbonyl)- 3-

nmct hyl butyl ] -2, 2 di nct hyl - 1, 3- di oxol an- 4-onc;

R\
(( \)\5‘% fluor opheny?} ?—\n@t hyl pi perazi n- 1- ‘KI ]Eéﬁb

25(5R)-5- (( i

S)-1-1[ 4- R4- le oghényl)Hﬁ g di hydropyrl &R N- 4(2 ){-\J
car bonylX}- y HO ).

butyl) RL, S_m_oxoﬁanJ_)o ,N Nw)\ ,
(5R) - 2" hyde 5- {(1 S)-3 -methyl - R
-1 (4- pherlyl 3, 6-di hydropyri di n-1(211) - ypc%"f' b%ny'F]
but yl } - di oxol ?{;5 4- onc; (5R) - 2, 2-di net hmeS 01
S) - 3- net hyl -

whdrdin (A5 ROYRY, dl"DRQ} R IR Larti ﬂa&&&ﬁhéﬂl gBov3apd Rb is selected from H and a
i perazi n301-ylicar bonl\’/l | butyl)-1, 3-di oxol an-4-onc;

protective group such as t-butyl, benzyl, tr1a1ky1s11y1 tetrahydropyranyl.

In a further embodiment, the invention provides a process for the preparation of a N-
hydroxyamide derivative according to the invention, optionally further comprising a

deprotection step (R® removal, when R® is not H).

In another embodiment, the invention provides a process for the preparation of a N-
hydroxyamide derivative according to the invention, comprising the step of coupling a

dioxolane-protected di-carboxylic acid of Formula (IT) with an amine of Formula (III) to
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39
(5R)-5-((1S)-1-{{4-(4-chl orophenyl) -3, 6-di hydropyridin

-1(211) -yl ] carbonyl -3-nethyl

butyl)-2, 2-di net hyl- 1, 3-di oxol an- 4-one; (5S)-5-((lI

S)-1 - {[4-(2-fluorophenyl)-1 -p

i perazi nyl]carbonyll- 3-nethyl butyl)-2, 2-di nethyl 1

, 3-di oxol an- 4- one;

5(5R) -2, 2-di met hy1-5-[ (1S) - 3-3%et hyl - 1- 0445- (2-t hi eny1)
-1, 2, 4- oxadi azol - 3-yl i pi perazin-1- y1l

BERIRIMANY 3 iy Y AR ouptns ety I, G THTU

Daeg; HATUyPyB@P%,dBI;bmlyl Shlosiforate or 1-methyl- 2—chloropyr1d1mum 1od1de
butyl) 2, 2; di mret hy1- 1, 3- di oxol an- 4- one;

(5R) - (( S)-1-1[4- (5-chl oropyri di n- 2- yI)plpera2|n|¥
- AcarBorly k1- 3- net hyR utyl) 2, 2- ( F AR’

10di QHB d‘ R4 oneCou ling

(SR?%%O( (BS) - 1+1[gn( 5 br onepyH—dB—n——z—iyl) pi 3 NMTR7
i ca nyl1-3- met hyl jut i) 2, 2- F(x_o O R

di met hy1-1, 3- di oxol &n- 4- one; (5 §-5-(0 R

{[(2R) - I(4 chloro%;ﬁnyl) 2- met hyl pi per azi n- 1- ylkfﬁfbo
nyli- 3- gl buty 2, 2-di net hyl- 1, 3-di oxol an-4

vilﬁarcélﬁ MASR'2R? R*, R’, R®, R’ and n are as deﬁned above and wherein the compounds

qca(g I i 5@3@44{1[53 ﬁr?éfge%:t?gﬁomtgé gr%ﬁ%) c.g,lorrEt hyl -445-(tril

; 1, 3- di oxol an- 4- one;
(QR%@’ (%ueroéhyﬂf}])cﬁnzy ‘“‘?%‘Y%] 1444-(trifl uor omet hoxy) p

(EiSh%(W{lmqphzmd) -3-methydpihgrazing 2-
@?_—?%@%}?y 11[_42@1?1‘1190’1‘(9&&Hy1‘§py9ﬂ%1 2 glﬁp&faéfng;( 1
iﬂ&&&é@ﬁﬁ@}bﬂkﬂﬂﬁﬁp@ﬁﬂﬂﬂhﬂnwﬂnmmhaxy)phenyl|p|pera2|n
-y1l-2- d 3- di I 4-
RES ot facrDtee By e pal A g 0. o
({m 4'1ﬁétli3;1f1| Mggrgﬁﬁﬁﬁeﬁwﬁlg&ﬁﬁmb,] pi perazin-1-
oxol an

é et hyl one; (5 §)-2,2-dinmethyl-5-0
Sryaphihydt hipethylpiparazine; | uor omet hoxy) pheny! ]

@15’2 [?—?H—'Bégz%ﬁm‘g?} QIR b3 REA RN - 4- one; 25(5
(BR{-2mpethyl{14(4-grbpaxyphinyhpipgiezibey 1) - 2- met hyl pi per azi n- 1-
Agriariopaieiy-Fabmaly ko © T S
(Qk?gﬁgaﬁﬂ(ﬂ @mmy@hgﬁ phenyBpi Yh@heer azi n-1-ylicarbo

buty I% -di met hy1-1, 3- di oxol an- 4- one,
(@é) 9(3,5 cknglgthg)}ypj_],enyl)— —methylplperazme

caé_gb n%;;lh?@f‘(n&@ﬂiﬁ&ﬂ%ﬁ%%h%ﬂ%ﬁﬁaﬁﬁé;hY' pi perazin-1-yl ]

(3R)-1-(2,3-dihydro-1-benzofuran-5-yl)-3-methylpiperazine;

(3R)-1-(1,3-benzodioxol-5-yl)-3-methylpiperazine;
(3R)-3-methyl-1-{4-[(trifluoromethyl)sulfonyl]phenyl } piperazine;
(3R)-1-(4-tert-butylphenyl)-3-methylpiperazine;
(3R)-1-(4-ethoxyphenyl)-3-methylpiperazine;
(35)-3-methyl-1-(4-methylpyridin-2-yl)piperazine;
(3R)-1-(2-fluoro-5-methoxyphenyl)-3-methylpiperazine;
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30 net hyl butyl)-2, 2-di met hyl- 1, 3-di oxol an-4-one; 40 (5
S)-2 ,2-di nethyl-543 -nethyl -

(2R) - 2- net hy1- 444- (et hyl sul f onyl ) phenyl ] pi per azi nl -yl
| carbonyl)butyl] -1, 3-di oxol an-4-one; (5S)-5-((1 S)-

- [(2R)-4-(6-net hoxy- 2- napht hyl ) - 2- et hyl pi perazin-1
-yl ] carbonyll- 3-

nmet hyl buty1) -2, 2-cl i net hyl - 1, 3- di oxol an- 4-one; 5(5
S)-5-[(1 S)-1-({(2R) - 444- (1- b®nzot hr an- 3

-yl) phenyl] - 2- met hyl pi per azi n- 1- yl} car bonyl) -

(ggj[gl(ﬁ%mg ﬂi‘ %pé r{i,z)r_@_gé&%] oon an- 4-one; (5
(BRERYS ZhhméliwiMi{y‘ﬂ)—bgmglyiwpﬁnmmi) p| per?éi n- 1 -

( _g_r on'—--XagyRm alzgféoan one;

(éﬁi smglmﬁﬂ%hylgﬂﬁ%{f eia%laet hyl ) phenyl ]

perazin- 1- rbon butyl ] -1, 3-di oxol an- 4- one;
? B)-&y4' 5‘16(&(1(]?‘}’9)1’11@}’1-4-}'1)-3 -methylplperazme

(HF e s 15 e

(BB)-Y1)-benzpfigamb iyttt Impasainean- 4- one; (5S)-5-((1

R4l Ao e S B BRBERIPS per azin- 1.y
(Bgm*@@ﬁmbﬂof-amthmmmhpmwﬁathgap@eﬁiz?iﬁt gyé 1,3
(i@é (1)35%) #ggm—?sggropoxypienyl) 3—niethy ;Ingg'azme ((

bR ARk ndotofoloapehaamy hhagsaging L Y1)
car bonyl } butyl) -1, 3- di oXol an-4- one; -5-((1
335(3&%m;e¢lly@mp¢ra§1nﬂesﬂmqohge 1(2R) - 2- met hyI 444-(trifluo
romet hoxy) phenyl ] pi perazin- 1-y1)

- 2-oxoet hyl ) -2, 2-di net hy1-1, 3- di oxol an- 4-one; (5

IBanbthér( cmbbdindent [ th@ Ry ertiohDrdvidistaydmpourdd according to Formula (IV):
- benzof uran-5-y1)-2-net hyl pi perazin- 1 -yl] 20

carbonyl} -3

- et hyI butyl) -2, 2-di net hyﬁ\l)r‘s oon an 4- one;

(55)-5-((1 5)-1-

[ (2R)-4- (1, 3- benzodi oxo%,@ thyI pi per azin-1-yl]
ear bonyl} -3- nethyl bubyl)¥2 i n& hyl -1, 3

-di oxol an-4-one; (5 9-41 ©®)-

[ (2R) - 4- (4- net hoxyphenyl) - 2- et hyI pi perazi n-1-yl ] car bo
nyll -3-methyl butyl)-2, 2-di Wyl 1, 3- di oxol an- 4- one;
25(5 §)-2 ,2-dinethyl-5-1(1S)-3

wheeéin W, R1- 1{2( RER’; RS REtahiy h-afe as defined above.

{4-[(tri f 1 uor onet hyI ) sul fonyl ]

In a further embodiment, the invention provides a compound according to Formula (IV)

selected from the group:
(55)-2,2-dimethyl-5-((1S)-3-methyl-1-{[4-(2-pyridinyl)-1-piperazinyl] carbonyl}butyl)-
1,3-dioxolan-4-one;

(55)-2,2-dimethyl-5-((1S)-3-methyl-1-{[4-(3-phenyl-1,2 4-thiadiazol-5-yl)-1-piperazinyl]
carbonyl}butyl)-1,3-dioxolan-4-one;
(55)-2,2-dimethyl-5-[(1S)-3-methyl-1-({(2R)-2-methyl-4-[4-(trifluoro methyl)pyridin-2-
yl]piperazin-1-yl}carbonyl)butyl]-1,3-dioxolan-4-one;
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phenyl } pi perazin-1-yl)carbonyl ] butyl}

-1, 3-di oxol an-4-one; (5 S)-5-(( i

S)-1-{[(2R) - 4- (4" - net hoxybi phenyl-4-y1)-2-net hyl pi pera
zin-|-ylicarbonyl} -3- nethyl butyl)-2,2-dinmethyl-1,3

- di oxol an-4-one; (5

S)-5-(1-1[ (2R) - 4- (4-cycl ohexyl phenyl) - 2- net hyl pi per azi
n-1 -yl]carbonyl} -3-nmethyl 30

butyl) -2, 2-di met hyl-1, 3-di oxod7an- 4- one; 41
(59)-5-((1S)-1-

2Bl BRISES Wi - B R R BSAR kb
dachoniy ]} b@tyD- 1@B—d19kbﬂy11—43c}n|3 di oxol an- 4-one; (5S)-5-((1
CYL2b bR S St s R eyt

B hutardioxdlar-4cinget hy1- 1, 3- di oxol an- 4- one;
cl uor o- 4- nethoxyphen¥1 - 2- et hy

é) ?j&@% T{4'fh139’|x}’léhfflﬂgﬁyﬁ[(21{)§_ -methyl-4-(2-pyridinyl) piperazinyl]
E 55:)H¥i§%§§§2_ %n%ﬂﬁ’l"f%‘ L% L51dn-3-0dk0x 0l an- 4- one;

(GBI 2HY1SH4{(B-cthonpplentl-1 s(ASdBengthyleh(Zlpyrilimd) pipérpripgl az

cgr%r%l?'w’%%ﬂt béi%l&ﬁr%l%gflinﬂ %3%di oxol an- 4- one;

(1) (@sb 4 Brethbx PRy H4- {[@H)lmemymu-pyﬁﬂﬂmy@mpm;mlp
henyl% neth | pi_perazi n-
BriyDy. &t 11%@‘9’1‘]13“242’“8’1 met hy1- 1, 3- di oxol an- 4

(Z5§)3§-((21 S54 (§4—ethoxyfiheny12 %SZR3-4 2- ﬂuoropheﬁl 2 ZIg)leﬂZlyl rrr)tle%eﬁa)'/zllqyél]
cadmnmk}buml)f?—,%rquﬁeﬂdz% -diodolgn-f-one;

@gg%gﬂ%@@ﬁ%@?ﬁ}%ﬁ’ﬂ (&%) %818y 1-4-pyrimidin-2-ylpiperazin-1-y1]
ch&)on?lr}hﬁiyt)s/ll}ilm{c{)léﬂ-ﬂ)onz met hyl - 4- (4- met hyl phenyl ) pi per
(?él—g,%)dnél 41?11%8 g?y ln}\ t1yl [(213) ?i—metgé% ?4{1 methy?pyr1d1n—2—y1)p1perazm—
it @aﬁ) byOh, 2aRx3mh iRy 1) - 2- met hyl pi perazin-1-ylic
@arw 11{@Mréﬂmxo -5-(aethyloaphanydly&-methylpiperazin-1-ylycarbonyl)
??’?ﬁéb‘&&%?z &ltn}? Llf?e%l)?)ﬁlﬁlﬁr?g?hyl pi perazin-|l-yl]carb

(685X (1S3 NEECIRYH4-(2-fluorophenyl)-2-methylpiperazin-1-yl]carbonyl} -3-
BB RO G061 des a compound
(BRE-SL(Ci)a - {[8-(A-HRdxFpHeHy HpiPsrazin-1-ylJcarbonyl} -3-methylbutyl)-2,2-
dimethyl-1,3-dioxolan-4-one;
(5S5)-5-((1S)-1-{[(2R)-4-(4-chloro-2-fluorophenyl)-2-methylpiperazin-1-ylJcarbonyl}-3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((1S)-1-{[(2R)-4-(5-chloropyridin-2-yl)-2-methylpiperazin-1-yl]carbonyl } -3-methyl
butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5R)-5-((1S)-1-{[4-(4-fluorophenyl)piperazin-1-yl Jcarbonyl } -3-methylbutyl)-2,2-dimethyl-
1,3-dioxolan-4-one;
(5R)-5-((1S)-1-{[(1S,45)-5-(4-fluorophenyl)-2,5-diazabicyclo[2.2.1 Jhept-2-yl]carbonyl} -3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
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00 wherein A, 121, R2, R4, 125, R6, R7 and n are as
defined above. 42

(2S, 3S) - 2- hydr oxy-5-i ncthyl -3-[ (4-pyridi n-2-yl pi per azi
n- 1-y1) car bonyl ] hcxanoi ¢ aci d;

(2S, 3S) - 2- hydr oxy-5-inct hyl - 3-1[ 4- (3- phenyl-1, 2,4-thi a
di azol - 5-yl ) pi perazi n-1-yl] carbonyl | hexanoic acid,
(2S, 3S) - 2- hydr oxy-5-net hyl- 3- (1(2R) - 2-net hyl -4-[ 4- (tri
fl uoromet hyDpyri din-2-yl] 5 pisgperazin- | -yl

carbonyl) hcxanoic acid; (2S,3 S)-2-hydroxy-5-nethyl-3

(sk ?Car gf& *{Y@éax%&lkﬁ ﬂg%@#ihﬂﬂ?&fp?ﬁér&hh-y1)carbony1]buty1}-1,3-
c(i@@,laiﬁ}-oﬁe hydr oxy- 5- et hy1- 3- {[ (2S) - 2- met hyI 4-pyri din

(B AR BSRLaa S b ROy R e S o hsingt 1)

dd%bﬁ 1ﬁﬂp&ﬁaﬁbﬂm&p4bh6arbonylI hexanoi ¢ aC|d
% ]Zﬁ X y- 5- met { 2S) - 2-net hyl -4- (4-net h
GRyy( - b o ﬁﬁP@@P@WDﬁIPPCanT -¥Heasbrnyly ?r@a@&wéb Bré 2dimethyl-

B o)§01§)1 “43tie:;

4- (2- T1aor o- 5- net hoxypheny1) - 2- net hyl pi per azi n-1
CR)-2 2aditvothy]-3- {(18)-31Bcthyd -t ypysinridintyy Inpremiv: bybedrohnyl[butyl} -

(g%ﬁS '§P (2R) - 4- (2- 11aor ophenyl) - 2- net hyl pi per azi n-
]1 9f8 rbonyt } - 2- hydr oxy-5- net hyl hexanoi ¢ acid; (2R 3

(S¥)- zzkm@lemyys-%( 15§- 3En4et(1ﬂ 1rrf((z‘m-2cmptm@nm {)’r{i[(tﬁﬁﬁ(&bhﬁthyﬂ)oxy]
-ylicarbonyl|l -5 -nethy hexan0|c acid

20
W@lh@yerszmlodh)ﬂb@nﬂlbW# drbdioxelpndegBhc ny 0- 2- net hyl pi
(ss)" 9;{1@) 3= pyborGAUARALA-4 912 Yy AsB ez BN RN O e thylbutyl)-

2 2 d1methy1— 1,3-dioxolan4-one;
(55)-5-((1S)-1-{[(2S)-4-(2-fluorophenyl)-2-methylpiperazin-1-yl]Jcarbonyl} -3-methyl
butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((1S)-1-{[(2R)-4-(3-chlorophenyl)-2-methylpiperazin-1-yl]carbonyl} -3-methy]
butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5R)-2,2-dimethyl-5-((1S)-3-methyl-1-{[4-(5-phenyl-1,2 ,4-0xadiazol-3-yl)-1-piperazinyl]
carbonyl}butyl)-1,3-dioxolan-4-one;
(55)-2,2-dimethyl-5-((1S)-3-methyl-1-{[(2R)-2-methyl-4-(5-phenylpyridin-2-yl)piperazin-
1-yl]carbonyl}butyl)-1,3-dioxolan-4-one;
3-[(4-biphenyl-4-ylpiperazin-1-yl)carbonyl]-3,4-dideoxy-1,2-O-(1-methylethylidene)-5-O-
(phenylmethyl)-L-threo-pentonic acid;
(5R)-5-[(1S)-1-({4-[5-(4-fluorophenyl)-1,3,4-oxadiazol-2-yl]piperidin-1-yl } carbonyl)-3-
methylbutyl]-2,2-dimethyl-1,3-dioxolan-4-one;
(5R)-5-((1S)-1-{[4-(4-fluorophenyl)-3,6-dihydropyridin-1(2H)-yl]carbonyl } -3-methyl
butyl)-2,2-dimethyl-1,3-dioxolan-4-one;

(5R)-2,2-dimethyl-5- {(1S)-3-methyl-1-[(4-phenyl-3,6-dihydropyridin-1(2H)-yl)carbonyl]
butyl}-1,3-dioxolan-4-one;
(5R)-2,2-dimethyl-5-((1S)-3-methyl-1-{[4-(5-pyridin4-yl-1,2,4-0xadiazol-3-yl)piperazin-
1-yl]carbonyl}butyl)-1,3-dioxolan-4-one;
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(2S,39)-3-{[(2R)-4-(5-chl oropyridin-2-y1)-2-net hyl pi pe
razi n-1-yl]carbonyl}-2-hydroxy-5- ntthyl hcxanoi c acid;
(2R, 3S)-3-{ [4-(4-fluorophcnyppi perazin- 1

-yl ] carbonyl | -2-hydroxy-5-nethyl hexanoi ¢ 25aci d;

(2R, 3S) - 2- hydr oxy-5- et hy1- 3-[ (4- pyri di n- 2-yl pi perazin
-1-yl)carbonyl ] hexanoic acid; (2R 3 S)-2

- hydr oxy-5-i nct hyl -3-(14[ 4

-(trifluoronethyl)phcnyl]pi pewazin-1 -yl} carbonyl)
hexanoi ¢ acid; (2R 3 S§)-3

e il | e 1] 2
A A58 o 15 0o s
HubyR)-2,3)didethydt 3 djoxolamet-byel - 3- [ (4- pyri mi di n- 2-yl pi peraz
dsﬁ%%{@jls}-g?{[{’-?i‘-}ihirﬁﬁ &Y l1gpi%grlagiﬁylﬁc%%o%yl%)-j-rzﬁeﬁ%%u?ﬁyiE-dimethyl-

{,{-aikoRnsaeddey 1- 444- (tri fl uor omet hoxy) phenyl i pi per azi n-
hexanoi ¢ aci d;

1 -yl ‘iicarbonlg (2S,3.9)-3 -{ . .

FR2PP-dimsiighenS)d-golog: A Bithiamab ] AAroxedias orgpiperazin-1-
; S . anoi id; (253 S)-3 -

YE%ZSS - 2 2 23_1?—[1!}5(}12% lgrg-?/_l%)ﬁ:é’g??rle?hsfbi pe$ azin- | 2Ac:ar E)onyl

(PR)-3-(hy{H2B ) ¢-(5~chleearyyid neXsh Frwethyipiherazits] -311@)rbGnyl §-3-methyl

A SE| SERBRR e e 1o bon
(BR-BR(139)1 - Q4 liy-dhleropyBdined-hydipetazih -4 -yl rafbofyly!3-thethylbutyl)-2,2-

.2, 4-oxadj azol -3 -yl )piperazin-1 -yl] carbonyl
dimethhbPdiogolan4-pnss, 3
S N S R TR S G e
dimethyk h3ydioxeka-bdphenyl - 4- yl pi per azi n- 1-yl ) car bon;/I ]1-3
] §)'—9 -'(Hi%l/{ [kﬂ{)M—&Qé (g‘gf)ﬁ)erﬁiyﬁ—f—li%gtﬁgll%iperazin— 1-yl]carbonyl}-3-methyl
butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-2,2-dimethyl-5-[(1R)-3-methyl-1-({(2R)-2-methyl-4-[S-(trifluoromethyl)pyridin-2-yl]
piperazin-1-yl}carbonyl)butyl]-1,3-dioxolan-4-one;
(5R)-5-((1S)-1-benzyl-2-oxo0-2- {4-[4-(trifluoromethoxy)phenyl]piperazin-1-yl} ethyl)-2,2-
dimethyl-1,3-dioxolan-4-one;
(5S)-5-((1S)-1-benzyl-2- {(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl]piperazin-1-yl}-2-
oxoethyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5R)-2,2-dimethyl-5-((1S)-1-methyl-2-0x0-2- {4-[4-(trifluoromethoxy)phenyl ]piperazin-1-
yl}ethyl)-1,3-dioxolan-4-one;
(55)-2,2-dimethyl-5-(1-methyl-2- {(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl |piperazin-
1-yl}-2-oxoethyl)-1,3-dioxolan-4-one;
(5S5)-5-((1S)-1-{[(2R)-4-(4'-fluorobiphenyl-4-yl)-2-methylpiperazin-1-yl]Jcarbonyl}-3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((1R)-1-{[(2R)-4-(4-ethoxyphenyl)-2-methylpiperazin-1-yl]carbonyl} -3-methyl
butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5S5)-5-((1S)-1-{[(2R)-4-(3 ,4-dimethoxyphenyl)-2-methylpiperazin-1-yl Jcarbonyl} -3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
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(2R, 3S)-3 -({445-(4-fluorophenyl)-1

, 3, 4- oxadi azol - 2-yl ] pi peridin-1 -y11 carbonyl)-2-

hydr oxy- 5- met hyl hexanoic acid; (2R 3 S)-3 -
[4-(4-fluorophenyl)-3

, 6-di hydropyridi n-1(2H) -yl ] carbonyl} -2-hydroxy-5-

nmet hyl hexanoi ¢ acid; 20

(2R, 3S) - 2- hydr oxy- 5- net hyl- 3-[ (4- phenyl - 3, 6- di hydr opyr
idin-1 (211)-yl)carbonyl] hcxamoi c aci d;

(2R, 3S) - 2- hydr oxy- 5-net hyl-3- [4-(5-pyridin-4-yl-1

R3PS 0L Al B EORTR o L AR, ponporin
l,ﬁl-}chrbgnyﬂ)bptyt]fm-dlok()m-ﬂ}eryet] car bonyl} - 2- hydroxy-5 -

@- SRR e - ot 2 eiiuingraind irarbouy) >

ﬁtyl)fm(-dﬁhﬁtlﬁ?ylﬂg—dwxolan-4 -one;
met hy1- 3- 1445- ( 2- thicnyl)-1, 2,

(%ahﬁ@év T4l R) Pt roamiakinan S iohea Lo aAgn 31 carbonyl)

I B3 1-1 ] -4
ﬁ%z%y&l%& %%8 yr3 oxoan 2 nmet hyl pi perazi n- 1-yl ]

8y 2),2611113413111}’1'2((?1{5)33@:@1135 1*{[@R)fﬂemhshlyhéa(%mmpoxmledyl)piﬂerazin-1-

Ri39)313- .
*ﬁa?bgnilhﬁé%éfr‘ihaxcf%ath"‘flnﬁypl perazi n-1-ylicarbonyl |
(58)-hy diidxiiybs-[(@B Ry mdiepi-ang (m)zlr;gﬁthl}]l( ?—@-ﬁtln]ﬁllgl?)gr&{qhyll)phznyl]
zZi -
Plrﬁra%iﬁ}acaph?évlﬁwylméaéa%e’v@a@é 1089 5( 25, éS) 3-{ ’
& Sfﬁ)(glé?] LE é{{&'k) argQ R&%ﬁﬂ%lp‘l@nﬂ?@ﬁﬂétﬂjlﬁiﬁéﬁﬂlﬂ 1A n T BRMethy]
yl1l -2-hydroxy-5 - nethyl

hexanoi ¢ aci d

Yupd)-33ydimethyllh.8djoxolanet-tmel - 3- (1(2R) - 2- met hyl - 445- (trif

G peRS R e Crlsropb idn 2o 2ty gy gebony) 3
r?aﬁﬂ?g@z})t&-%ﬁdmeﬂx%:lﬁ-dﬂxaaﬂ%ﬁei 4 -(tri obut n0| aci d:
At SR PR pg b cbompy B pierin-11)
&PJ&?BB&?BM)?H&QMHQL&QT azin-1- yll-4- oxobut anoi ¢

aci d

(SRE-4G5)-2-(pyeinnoniylracthl- Ayl 2R dmsthyl A4 -Atrifluorammaerxyinbenyl]
FEHAARRG ] b RBER G 2% dimmblHy1- DY AORh-AGhE:
(5S)-5-((15)-1-{[(2R)-4-(2,3-dihydro-1-benzofuran-5-yl)-2-methylpiperazin-1-yl]
carbonyl}-3-methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5S5)-5-((1S)-1-{[(2R)-4-(1,3-benzodioxol-5-yl)-2-methylpiperazin-1-ylJcarbonyl } -3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((1S)-1-{[(2R)-4-(4-methoxyphenyl)-2-methylpiperazin-1-yl]carbonyl } -3-methyl
butyl)-2,2-dimethyl-1,3-dioxolan-4-one;

(55)-2,2-dimethyl-5- {(1S)-3-methyl-1-[((2R)-2-methyl-4- {4-[ (trifluoromethyl)sulfonyl]
phenyl}piperazin-1-yl)carbonyl]butyl}-1,3-dioxolan-4-one;
(5S)-5-((1S)-1-{[(2R)-4-(4"-methoxybiphenyl-4-yl)-2-methylpiperazin-1-yl Jcarbonyl} -3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-(1-{[(2R)-4-(4-cyclohexylphenyl)-2-methylpiperazin-1-yl]carbonyl} -3-methyl
butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
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(2S) - 2- hydr oxy- 3-net hyl-4-1(2R) - 2- net hyl -444-(trilluom
nmet hoxy) phenyl Thi perazi n-1- yl11-4-oxobutanoi c aci d;
(2S,3S)-3-{[(2R)-4- (4" -fl uorobi phenyl-4-y1)-2-mnet hyl pi
per azi n-1-yl ] car bonyl} - 2- hydr oxy5- net hyl hexanoi ¢ aci d;
(2S, 39)-3-{

[ (2R) - 4- (4- et hoxyphenyl) - 2- net hyl pi perazi n-1-yl ] carbon
y1) - 2- hydroxy-5- 20 net hyl hcxanoi c acid; (2S, 3S)-3-{
R2R) - 4- ( 3, 4- di net hoxypheny1l) - 2- net hyl pi perazi n-1-yl]ca

(% gg&‘%@)s)-g- {E@ﬂ Z@%g%ﬁ?ﬁhﬁ?—?ﬁ%ﬁ ?grazmh }j_l]cﬂbfnzlr\?g ﬂlethyl
anﬂmbmphhathmma-am,n 1- vyl }carbonyphexanoi c
G5, mﬁﬁ&(@éﬁ it ook yEr 1) amethylpipgrazin-1-y
oy L3-mefhr ma yi bakaaayicl ,3dickolan4-one;
j 44- (1 enzof ur an- 3- yl) phcn J]‘b%(
<§sb$1sb1{am oioat B RYRZny Irg ARy PRGN esdonal -

, ?l) 2—%13%1}'& ! 3_dlox?11ja/ri-430nf’[ (2R) - 2- net hyl - 4- (4-prop
(égyﬁrlﬁ(dﬁyﬂ){MWa@rfhwlo ~$HijopBiposprtisoyl-2ithethdpipeazmel-yl]carbonyl} -
PPy 2o eVl HPRPP-S1 (2R - 2- ot hy! - 44d- (tri
(g E?g‘[(‘l‘s‘f—ﬂ YRy B boRd-pEtrEoRO NN G Fhoay1}-RheciyIpiperazin-1-y1}

YD'%"P% Y%Pttyl]t?u% inprtevlyl3-disxofeRAnsi per azin-1-yl ] ca
ldlr)ng%l{}lf[g-‘@ 3-§ne %1%’&119@&@&191 %hﬁllolm—) —yzlplpertaﬁl;l—l il

3S | uoropyrinidin
alz}bwbjljl 1\3- aolb@ﬁ;qn]e 2- hydr oxy- 5-net hyl hexanoi ¢

(?5%9’% él)l mﬁthﬁl)_/ d g(o )S( 2/3 5 ertrhé{l hly [Q'QR.){Q[ {nfﬂi)yl ﬁ_(‘r‘rgﬁgli}ilghf{l{dklg?r%zﬁn-l yl]

cattphen bty DiiBedi@xolan-i-one] car bonyl }hexan0| c aci d

(§§)S§j§)s ;{I &mlél %@i‘%%‘g? g“h%d 2°me Y£1%)é azin-1 §ﬁ bony - —methyl

Hﬁl?ﬁpyblﬁingﬁglpggnh&oya%};t gn@xobut anoi ¢ acid; (2S,3

(ﬁé)%?( Si-2- Ry @rocthonyphoryud-mettyInjnerazin-thedkgibpny kdamethyl
Hulyiio ¥l disRhBLN] dhoxofin 41481 OXY- 5- met hyl hexanoi ¢ aci d;

In another embodiment, the invention provides a compound according to Formula (V):

R®
R, R R’
o ), w)\ A~
Nﬁ)\R7

6

HO
OH O R

V)
wherein A, Rl, RZ, R4, R5, R6, R’ and n are as defined above.

In a further embodiment, the invention provides a compound according to Formula (V)

selected from the group:
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(2S,39)-3-{

R2R) - 4- (1, 3- benzodi ox01-5-y1) - 2- et hyl pi perazin-1-yl]c
arbonyl } -2-hydroxy-5- nethyl hexanoi ¢ acid; 15(2S,3
S)-2-hydroxy-3 [(2R) -4

- (4- met hoxyphenyl) - 2- met hyl pi perazin-1 -yl ]carbonyl}
-5 - net hyl hexanoi ¢ aci d;

(2S, 3S) - 2- hydroxy-5-net hyl -3-[ ((2R)-2-nmet hy1-4-14-[(tr
i Il uoronet hyl)sul fonyl ] phenyl4 pi perazi n-

1- yI)carbonyI] hexanoi c acid; (2S,3 S)-2-hydroxy-3

(bé%? %éyg%?: Yo c}l?lx% Rﬁ@?ﬁﬁ?ﬁhz élgﬁk}azgl Wg@%h&ﬁﬁ%%oib abid;

(@SSSB%&O&RZR)I%YIG%{ Eéy(Gthhﬂydyll Dtegdipzdl-Sepigcirgprin &+ydlz
;carbo 2- hydr oxy-5- net hyl hexanoi ¢ aci d;
qugl%?? 4 (1- benzof uran- 5- y1) 2- nethylplperaz

©83%) 21hlyﬁ1®5(§3-6%éﬂ1 123-08(2IR P X Yoty 12l dﬂ)ﬁﬁdﬁh}}yl]
25(2S, 35)-3-{R2R) - 4- (2, 2- dllluoro - benzodi oxol -5-y1
r)lpezawlml}car%yla exnQieicids ar bony 1}

GOty BRI Sont s z“ﬁ%/@%ﬁ?é% o)
Imxmyh¢madbonyll -2- hydr oxy- 5- nethylhexan0|c aci d;

RS 7ok Py R BB ARy in Vs sy bopy)
hekandid &ad;bonyl } -2- 30 hydroxy- 5- et hyl hcxanoi ¢ aci d;

46 (2S,39) - 3- e . .

({“@é& 2211132% éé%thnl 3t kERY %me&%ﬁmwﬁﬂ&ww]pﬁ?zm-w%bonyl}
lhﬁﬁkﬁzaﬁd| yll carbonyl) 2- hydroxy -ntt hyl hocanoic

aci d ZS 3 S)-2-hydroxy-5-nmet hyl-3- {
(PS,Z&) -25 yd@KWmath S S kg thyl- ﬁr(ﬁ@m@lzylwridnyﬂiyl)plperazm- y1]

hexanoi ¢ aci d, 5
%9%#@@3¢%?h¥°§P§Xy 5- nethyl { .
(83B)-3 2{{(@9445(1-%0(045 mlhydyplm@wz)memlpmmn- L-yHydrbonyl}-2-
r bo % Ih xanoi c acid; (2S,35)-3- {
lpgﬁﬁy it g Tl 1% hlenyl) 2- et hyl pi perazin- 1
(zs I3k;3«9r{fp(<22nzl §2&uhyg9hw) -2 mdiBippérRa%a0aicartaaid:2-hydroxy-5-
r oxy
4W¢H#wme@ﬂﬂéthoxyphenyl) 2- et hyl pi perazin-1-yl]carbo
(QK!3}S) 25hyd1109(y§@ { [IZY(Ll %@m%ﬁen"i"f)bgerazm 1-yl]carbonyl}-5-methylhexanoic
acid;
(28,3S)-3-{[(2R)-4-(4-chloro-2-fluorophenyl)-2-methylpiperazin-1-yl]carbonyl } -2-
hydroxy-5-methylhexanoic acid;
(28,3S)-3-{[(2ZR)-4-(5-chloropyridin-2-yl)-2-methylpiperazin-1-yl]carbonyl } -2-hydroxy-5-
methylhexanoic acid;
(2R,3S)-3-{[4-(4-fluorophenyl)piperazin-1-yl]carbonyl } -2-hydroxy-5-methylhexanoic
acid;
(2R,35)-2-hydroxy-5-methyl-3-[(4-pyridin-2-ylpiperazin-1-yl)carbonyl]hexanoic acid;
(2R,3S)-2-hydroxy-5-methyl-3-({4-[4-(trifluoromethyl)phenyl]piperazin-1-yl} carbonyl)
hexanoic acid;
(2R,3S)-3-{[4-(2-fluorophenyl)piperazin-1-yl]carbonyl } -2-hydroxy-5-methylhexanoic

acid;
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I n anot her enbodi ment, the invention provides a
conpound according to Formula (I1l11): RS (111)

wherein R2, R4, R5, R6, 142 are as defined above and A
is Nand R is an optionally 15 substituted aryl or
optionally substituted heteroaryl and wherein the
conpound according to Fornmula (111) selected fromthe
group: (3R)-1-(2-fluorophenyl)-3-nethyl pi perazi ne;

(3S) - 1- (2- Fl uorophenyl) - 3- netdyl pi per azi ne;

(3R) -3-nethyl -144-(trifluoronet hyppyridin-2-ylipiperaz

(ggg_s F-h droxg -5- gﬁgyll %[ﬁéqyﬁm*ludm- e}llg Zperaz%fl PI])caS}'I?(I)nl%l]gexanow acid;
(@SBP)- 3M0|;Y45-mﬁtﬁy1€31({((§ll)ﬂ2>mﬂaﬂl ﬁy{ﬁf(?f)fﬂm*fm@hqﬂw)mlepﬂﬂmperazm-
; nmet propyl phenyl) pi per azi ne;
kgﬁsm'O hﬁ%?‘5f§d2 napht hyl ) - 3- ntt hyl pi per azi nc;
©8 @B)—M{ﬂ@kﬁhﬁp&a -2 BneyhylFiperaxial1-Aicarionyl} ii-RRl &gl SHiencthyl
(3 3- net hyl - 1- (4- propoxyphenyl ) pi per azi ne;
1{93?%)0-1‘13‘-‘(1 -f1 uor obi pheny1-4-y1) - 3- net hyl pi per azi ne;
PSR G N Tagmphe e tipiperszis-Lyllcarbpmy 1) 2-hydroxy. -
@ﬁ&lhqxa(l@cmm met hoxypheny1) - 3 met hyl pi per azi ne;

(%gg?)— '{T@Et)% (a CH%) d?p(h &yl?%—me fl;?lBXra%iBbl ¥ a]’lpongﬁrf‘ ﬁyd}oXy-S—
1n&ﬁﬂhaﬁMbﬁmcﬁby1) 3 netrylplpera2|ne

5(3R)-1-(1,3 3 ;
ESEEN Tttt AR TS R
calioR§T ﬁ@ﬂaﬁ@ic acid;

(3R) - -tert- bu;éh phenyl) - 3- met hyl pi per azi ne;

(825> Zh(vdmél&'-ﬁdn?tb YR B2-mesty)- (5 pplieepdpyristin-2-yl)piperazin-1-yl]

35 (4- et hyl pyridi n-2-yl) pi perazine; 10
<$§W§h h&%&%ﬁb 5- net hoxypheny1l) - 3- nethylplpera2|ne

3-BR)enyl{34H¢-biphenyl2-yipiporaaiphbpldarbahyiTed, Srdideopel akbco-entonic
%: ) - 1-(5-chloro pyridin-2-yl1)-3-nethyl pi perazine;
R) - 1- bi pheny1- 4-y1- 3- et hyl - pi per azi ne;

(Qﬁa)szzé =( 511/4 ﬂ&o&fh& Bhyd 4Bx5dlﬁzonz%:13miaeﬁuﬁer 3 b¥Bonyl)-2-

met hoxy i phenyl- 4 nethylplpera2|ne
hydroxy—S - ylhexan01c ac1d
(2R,3S)-3-{[4-(4-fluorophenyl)-3,6-dihydropyridin-1(2H)-yl]carbonyl} -2-hydroxy-5-
methylhexanoic acid;

(2R,3S)-2-hydroxy-5-methyl-3-[(4-phenyl-3,6-dihydropyridin-1(2H)-yl)carbonyl Jhexanoic

acid;

(2R,3S)-2-hydroxy-5-methyl-3- {[4-(5-pyridin-4-yl-1,2 4-oxadiazol-3-yl)piperazin-1-yl]
carbonyl }hexanoic acid;
(2R,35)-3-{[4-(4-chlorophenyl)-3,6-dihydropyridin-1(2H)-yl]carbonyl} -2-hydroxy-5-
methylhexanoic acid;

(2S,35)-3-{[4-(2-fluorophenyl)piperazin-1-yl]carbonyl } -2-hydroxy-5-methylhexanoic acid;
(2R,3S)-2-hydroxy-5-methyl-3-({4-[5-(2-thienyl)-1,2,4-oxadiazol-3-yl]piperazin-1-yl}
carbonyl)hexanoic acid;
(2R,3S)-3-{[(2R)-4-(5-chloropyridin-2-yl)-2-methylpiperazin-1-yl]carbonyl} -2-hydroxy-5-

methylhexanoic acid;



10

15

20

25

30

(3R) - 1- (4-cycl ohexyl pheny1l) - 3- net hyl pi per azi ne;

(3R) - 1-(1-benzof uran-5-yl) - 3-net hyl pi per azi ne;
(3R)-1-(2, 2-difluoro-1, 3-benzodi oxol-5-yl)-3-net hyl pi p
erazi ne;

(3R) - 1- (3-fl uoro-4-nmet hoxyphenyl) - 3- et hyl pi per azi ne;
20

3R)-1-(3-fluoro-4-isopropoxyphenyl) - 3- net hyl pi perazi ne
; 44

(SR) 143-fluoro-4-(trifluoronet hoxy) phenyl] - 3- et hyl pi

R e S YR IR A T IS Rk et

helkancg¢ anmdiar ds used in the 25 programﬂ " ACDY Nane" from

e m stry . Dey rrent o A ab 7. 00
e ORI S e R B R L
Hegﬁn(ﬁchﬁldreat rrent and/ or prophyl axi s of autoi nmune
di sorders | ammat ory di seases, cardi ovascul ar

@Séékée{éﬁmrédﬂzfa@g@hemdi 2yeetndpipgraziadsyllcarhogrly -2-hydroxy-5-
&gﬁq{exar{o?cs&'d atory di seases, pre-term| abor,
en

onmetriosis and fibrosis, 48 including nultiple
(28.38)-ddiydroxgiSthethyl-3 ({(élh)alh‘y@&mé-ﬁ-[é Hirdhiovonadskyl)nyitling2-yl]
ﬂ’eﬂ“%ﬂ?%% dlseﬁih aI|ver and pul nonary fibrosis. In
anotner e ?‘ NYRE gonpounds of the invention can
(2R, 3838 cheh#y1 12hiey didx624 6% - {af[45(trﬁlmbwnﬁeﬁhm@)ﬂ1bﬁﬁﬁﬁp§azm- -yl}
especi al ]y denyelinating diseases such as nultiple
st al one or in conbination with a co-agent
(§§ ng}lb Heﬁ‘zytlhﬁly(ifcﬁﬁm?(ﬁk 9 mar1Y- Wﬁu&bﬁ@tﬁ@)@f)phenyl] iperazin-1-
rein the co-agént is for exanple selected Tromt %
ﬂb#kumbﬁgmBQNp@unds (a) Interferons, e. g. pegyl ated

@R 330D l‘ﬁl@%ﬁ(l 3. 1%9 A Eﬁr{g?[ia(r &?mgtgﬁn géh%hgl }gger%%ﬂ 2

ubc aszcuI
bwtdnetdaeidyn beta 10(b) datiraner, e. g. in the

GSE B orrame i LN HaegkEct Pttt g petiin-1-

il qug(@gﬁtﬁmgam&ret hotrexat e, azathi oprl ne,
(ﬂécl oghos hami de, or steroids, e.

B8YB{@Bx 81 Brnsobiphenyd-ybrremethy nipesarin-hadleerbonyd} -2-hydroxy-
ng agents, e. ACTH; 15(d) Adenosi ne
%@gﬁl?%hgé%%ﬁ]%g%l tgorg e. g. Clgadri bi ne; geg I nhibitors

(@S,3S’§3AM[(2R¢-)4F(A@dmxgaphenyl)anhagﬂmmtagmf-yl]tasbdnyg}aMydtexy-S-
xg. ﬁ ta onl sts of the a4/ 131 |nt egrin VLA-4 and/or
FiaYiae B’é?taﬁl 7 integrins, e. g. natalizumab

CHFERIR 3 ookt et L sy
§mmlhgxan01c acid;
(2S,35)-2-hydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(methylsulfonyl)phenyl]piperazin-1-
yl}carbonyl)hexanoic acid;

(28,3S)-2-hydroxy-3-{[(2R )-4-(6-methoxy-2-naphthyl)-2-methylpiperazin-1-yl]carbonyl } -
5-methylhexanoic acid;
(28,3S)-3-({(2R)-4-[4-(1-benzofuran-3-yl)phenyl]-2-methylpiperazin-1-yl } carbonyl)-2-
hydroxy-5-methylhexanoic acid;

(28,3S)-2-hydroxy-5-methyl-3-{[ (2R )-2-methyl-4-(4-propoxyphenyl)piperazin-1-yl]

carbonyl }hexanoic acid;
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1101113 D R11) (R12 E-R 9 (VI) wherein: Eis
selected from-CHand N, 25 Dis the group: R9 is
selected fromH, optionally substituted aryl,
i ncludi ng optionally substituted phenyl such as
phenyl, cyano phenyl (e.g. 5-cyanophenyl,
2- cyanophenyl ), chl orophenyl (e.g. 4- chl orophenyl,
2-chl orophenyl, 3, 5-di chl oropyridin),
4-chl oro- 2-f 1 uorophenyl, nethsxy 5 phenyl (e.g.
2-met hoxy phenyl) and fl uorophenyl (e.g.
f I f ; . .
S S PR o URORP AR A L RSR oy Doy piperazin-1
B dasianyDhexdngic padazi nyl , optionally substituted

BYaSE iR dmrrbRY] %Z@Hk%-ni@va%’r‘a%lﬁi)&lhcéyb@wn-z-hydroxy-s-

rﬂetﬁylhemnamacﬁd;) chl oropyridinyl (e. g
oro 5-chloropyridin

@Séﬁ) ér{&éﬁﬁdﬁﬁwoyopye%ﬁyﬂ? aﬂﬁ&hlylleleergzm- -yl]carbonyl} -2-hydroxy-

Pk Yol 2-y1l), nmethyl pyridinyl (e.g. io
n1¥?ﬂ8? J %Hne 2-y and trifluoromethyl pyridiny

¢8.35) 2%y tony Shuch b {HGR Py ety 3-80pyiohony Dpiperazin-1 31
%ﬂ hHorgnet ﬁj)pyrldln) optionally substituted

J%e | |ﬁy such as 6-nethyl-2- (trifluoronethyl)
(QSJ3spB4(6ycllope@tptmamﬂb D shyatoag il §(OR pO-nfethyTst- [@y(ﬁimiﬂrérﬁbthoxy)
éﬂe al kyl ; tlonally substituted heteroaryl C -C6

AP PGRATRA roRpRdnoicadd (e, g.
(écg,@gcégf{'[@RXQQQ I3¥d1ﬁydr9-mﬁeﬁﬂ§1nlaﬂ p—QIdlétlﬁlﬁigerazm 1- lﬂcarbonyl} -2-

cycloallcyl,” including cyclohexyl” optionally
kwknnwinw@WHQEMWEU@KbcyCIoaIkyI Cl- 06 al kyl, incl uding

SBBISLER 84 TR Ao W g o -
¢wm?myﬁmokmeﬁhyl optlonally substituted an1go ;
G Sadsprron iy -Ganehsby TherEtpm e IRy 5
Iﬁ hétanbRAc t he fO||OMAng subsi tutents: phenyl,

oxy phenyl (e.g. 3-methoxy pheny

(284359 atﬁwémvﬁymetbym Eﬁ@ﬂl)ﬂ -ethyl-4-54- [Q?Oﬂuommethyl)Sulfonyl]Phenyl}
péérr%lér,#ggfnﬁéﬁ%§®i ﬁ@%{l& yPn 2-yl, 5-(trifluoromethyl)

am no phenyl (e.gqg.
o0 ek i sty ek o L g
X
ﬁﬂ?OEYﬂiP%§ hﬁ éh%?% and ogtloﬁallyysubs¥|t5tedy
(@’s BS)LSL{ [62R9J4L(dl Qloﬁé:dyiﬂh@@ﬁglzHi@étﬂylbm&laﬁiﬁqul]daﬁxﬂyl} -2-hydroxy-5-
rifluoromethyl)phenoxy pyridinyl oxy (e.
r{l ylh@faﬁomy‘ldoxy)) and chl oro phenoxy (e.g.

r
S PR o AR Per AT en BRI S Bhdfory-5-
ratthghgianaexdcidpt i onal | y substituted C2-C6 al kynyl ;
(28,3S)-3-{[(2R)-4-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-methylpiperazin-1-yl]carbonyl} -

2-hydroxy-5-methylhexanoic acid;
(28,35)-3-{[(2R)-4-(3-fluoro-4-methoxyphenyl)-2-methylpiperazin-1-yljcarbonyl} -2 -
hydroxy-5-methylhexanoic acid;
(28,3S)-3-{[(2R)-4-(3-fluoro-4-isopropoxyphenyl)-2-methylpiperazin-1-yl]carbonyl } -2-
hydroxy-5-methylhexanoic acid;
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50 R12, R13 and R 4 are are independently
selected fromH, optionally substituted G -C6 al kyl,

i ncluding nmethyl; optionally substituted C2-Co

al kenyl ; optionally substituted C2-Co allcynyl; or Rl1l
and R14 can formtogether a -Cl12- |inkage. 1245 is
optionally substituted Cl1-C6 al kyl, including
trifluoromethyl, nethyl and ethyl; as 5 well as its
optically active forns as enawti omers, diastereoners
and its racemate forns, as well as pharmaceutically

SRR S Bk RS SO TR B

aak@ng])ﬁ-k@drmcy-methynhdxaman a¢1ﬂ;ar enbodi nent, are

B84SR TRERD- P BRLI AN B BB Y dbony
Ha&ﬁmawmmeln R9 is optionally substituted amno. 15 In
a further emb ment, are provi ded conpounds of

(33l Aydsory- 5vm%thlé1r3T{E@R) Fmethyldr@amethphempiperazin-1-yl]

ﬁmﬁﬁ,lh&&ﬁ cg&hh optionally substituted aryl and am no
substi'tuted wth optionally substituted heteroaryl. 20

(8, 3Shéf{If(éR)éf(ﬁfshlmatthlewlwpnﬁwlmdamoﬂpﬁﬂqadwnm‘} -2-hydroxy-5-
Q&Wﬁxm$ wherein RO is optionally substituted
BrRY ? Other enbodi nent, are provi ded conpounds
(@8,36p0 Mytiwx{y-8l )[(2R)er- @Lxﬁetﬁaxypﬁe@ﬂ)-jzmylpipéruﬁﬁﬂ Ll}dagbdnyl}-5-
hﬁ%erocycloalkyl G -C6 alkyl. 25 In another
BESHRBRIE acldy & provi ded conpounds of Formula (V1)
wherein e is optionally substituted heteroaryl Cl-C6

al kyl. 51 In anot her enbodi nent, are provided

To anpiberratisbodimgng,rtheinaertign)preyidasai compoundsacsetdingt te & ofmg ar(ITD):
optionally substituted aw angsoptionally substituted
heteroaryl. 5 In a further,e d| nt, are provided
conmpounds of Fornul a (VI)R is optionally
substituted phenyl selectedmfro thlonally

substituted cyano phenyl (e.gY. 5Rcyanophenyl,
2-cyanophenyl ), optionally suBStit ut ed chlorophenyl

(e.g. 4-chlorophenyl, 2- chlgﬁﬁghenyl
3, 5-di chl oropyridin), 4-chl 2-f 1 uorophenyl ,

whd?Eh R nghé NP Rhgredad bémica %@W bnd W0 id N ﬁﬁkptRh 1 an optlonally
further enbodi ment, are provided conpounds of For nul

sqﬂwt)tum aryéion optipnially Sighstitwted hleyergmlsmdt wh@@lmpshea@myund according

AR OGP GATT 20, Pr vl ded compouncs
(3R)-1-(2-fluorophenyl)-3-methylpiperazine;
(3S)-1-(2-Fluorophenyl)-3-methylpiperazine;
(3R)-3-methyl-1-[4-(trifluoromethyl)pyridin-2-yllpiperazine;
5-fluoro-2-[(3R)-3-methylpiperazin-1-yl]pyrimidine;
(3R)-3-methyl-1-[5-(trifluoromethyl)pyridin-2-yllpiperazine;
(3R)-3-methyl-1-(4-propylphenyl)piperazine;
(3R)-1-(6-methoxy-2-naphthyl)-3-methylpiperazine;
(3R)-1-[4-(1-benzofuran-3-yl)phenyl]-3-methylpiperazine;
(3R)-3-methyl-1-(4-propoxyphenyl)piperazine;
(3R)-1-(4"-fluorobiphenyl-4-yl)-3-methylpiperazine;
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In anot her further enbodi nent, are provided conpounds
of Formula (VI) wherein RO is optionally substituted
qui nolinyl. In another enbodi nent, are provided
conmpounds of Fornula (VI) wherein 141 is H 1In another
enbodi nent, are provided conpounds of Fornmula (VI)
wherein R11, R 2, R13 and 1414 are H. I n anot her
enbodi ment, arc provided conpounds of Fornmula (VI)
wherein 1212 and 1213 are 25 44 and R11 and R14 form
together a -CH2- linkage. In another enbodi nent, arc

erein Eis
ect g%yffzpﬁ)ﬁ%ggﬁmﬁ%&ﬁ%)%é&sﬁ gJe%aiZ}g%al |y substituted
(éRyIl (3,éﬂhmemakym1en3db3ﬂmdth§ﬂp1de1’aan€r oaryl, optionally

GRS I e G By ering | (‘%;l optionally

(SR (b Butiledirb e tRhasfyah Bal kY imdBylsibearity; | opti onal | y
stituted G -C6 52 alkyl, optionally substltuted
Adlérmnmqwhémww RIPGRER al koxy; R10, R12 and

I 12-
(?ﬁﬁg‘gghﬁ 3 %ﬁf(s optl ond lfsﬁff%jb@ﬂlér%ﬂﬁi;%ﬁaqzu@% alkyl. In
@R)-Ur(fHhert- bwbmmmeMmpga@w ded conpounds of
ég{)pl‘g _etfl é%’he $)3eme abdisselected 5 from-CH and N,

a7 rom o p% %ﬁl?ey substituted cyano
(BSFSL)ﬁethyﬁb-ﬂt(HQﬁkahﬁyylﬁihbatyUphﬁe%imN or ophenyl ,

tionglly substituyted hoxy phenyl, optlonally
@Ehéﬂ?%&?@é “ethoryplieB R éﬁwt{iylawﬂaawaa |y substituted

(g)ﬁ JEMiorcﬁ@-@luéHy?ﬁéﬂy‘l)L@ ﬁféﬂi%lﬁlpéi*hﬂ{é Rm RII, R12, RI3

|4 are i's optionally gubstituted Ci-Co
@RXJH(5-chlorq pyriginoydr3-methylndperagitsodi ment , are provi ded

erein Eis selected from
@@P%@&%ﬁl A{?‘él éml%ﬁ'??’%’%%% nghsubst i tuted
(BB)-Sonatlyydd 108 Htighyl-gytidinR-H)pipbazin&13 and Rm are H 1415
i onal | ubstitu I - Co al kyl I n anot her
dag} ?1% j “A-g) é“‘b"rﬂi}X}P’Q‘é@Z‘B&n’pounds of Formul a
Sark m-CHand N, RO is
(Q)(t ?éﬁ?&l&ié&r@ﬁnﬁl)&t ed 1%1;5 gégaélﬁél:yl Rm R, R2, R3

@ B1M1belaﬂ0@ram—5ﬂ:1)53-mﬂwmlmsmm,y substituted G -C8
PO e oS- AR a8, £ o
BEH aMubto-zRﬁmetlﬁ)xmﬂtenplmaI-rhgthyslpipstaizmu; ed

3% 1%-1&1}/&0 z-illsok poxyphenyl?—lfll-(r}{ll:th?lg%erazine;
(3R)-1-[3-fluoro-4-(trifluoromethoxy)phenyl]-3-methylpiperazine;
3-[(3R)-3-methylpiperazin-1-yl]quinoline.

The compounds of invention have been named according the standards used in the
programm “ACD/Name” from Advanced Chemistry Development Inc., ACD/Labs (7.00

Release).

The compounds of Formula (I) are useful for the treatment and/or prophylaxis of
autoimmune disorders, inflammatory diseases, cardiovascular diseases, neurodegenerative

diseases, stroke, cancer, respiratory diseases, pre-term labor, endometriosis and fibrosis,
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25

20o0ptionally substituted heterocycl oal kyl G -Co al kyl;
121, RH, R12, R13 and R14 are 11; 1215 is optionally
substituted Ci-Co alkyl. In another farther

enbodi nent, are provi ded conpounds of Fornmula (VI)
wherein Eis selected from-CH and N, R9 is sel ected
fromoptionally substituted phenyl, optionally
25substituted pyrazinyl and optionally substituted
pyridyl; Rm R12 and R13 are 4 Rl11 and RI4 form
together a -CH2- |inkage; R15 is optionally

. £ 0 tut ' |
AR PG B, By ey cp R Al pugponary discae
IREOandRdmoniiy fibfEB. and R14 are 11; 1215 is optlonally
substituted C -Co al kyl. I n anot her enbodi nent, are
provi ded conpounds of Fornula (VI) wherein E is
I8 @nBthite Bmbodimen, tHeHtoajsduills &519%the Snvatio® 8@l by used in the treatment of
substituted al koxy; R10, R11l, K-12, R13 and Rl14 arc
aPleREPBe digcasps, |e§1??ﬁ1alli/’ dempdineling diseases suelyagmpliiple sclerosis, alone or
f ) $ itbintd herein th
PSS 50 O YRl 108004 B RUEULAR, whin e
doerdgentis fay cganaplp selected from the following compounds:

or 65 et b LS eh B ARt BB by s
(2S, S&Xmﬁéds fttatriuSculir(oe ot all kouteh; yrwempmwfe}mﬁ;e(taé} et hox
yph% N, 2- di hydr oxy hexanam de;

@tlm%eegwai DEACBIHPHPIN, 2- di hydr oxy- 3- ({445- (trif

@)Oﬂiﬁhﬁi@sﬁﬁ%&sﬁh@ v@thydﬂ;loﬂaﬁly anti gro11ferat1ve/ant1neoplast1c activity, e. g.
pi pérazi n-1-yl } carbonyl ) hexanam

( 28 3Rjtoxgranct hethgistratey Fyathjopring, hextHapkgspbarmide, ©Epystéraids, e. g.
S 3R ﬁl%tﬁ%%&idﬁ:%{)igg 3)5«%1661%'011(3 gra&eggxg&;hslﬂx% ?‘g{z&g& ’seic{rgtmg agents, €. g.
-yI]cACWHmyI) - 6- (4- et hoxyphenyl) - N, 2- di

h oxyhexangm de
yg{) eno)s%ne ean%nase inhibitors, e. g. Cladribine;

(¢) Inhibitors of VCAM-1 expression or antagonists of its ligand, e. g. antagonists of
the 04/Pl integrin VLA-4 and/or alpha-4-beta-7 integrins, e. g. natalizumab
(ANTEGRENO).

Another aspect of the invention is to provide compounds of Formula (VI):

0 D R11 R12
HO > < 0
N N N E—R
H —
? 0 13 14
R
(\D)
wherein:

E is selected from -CH and N;
D is the group:
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(2S, 3R) - 6- (4- et hoxyphenyl) - N, 2-di hydr oxy-3-{[ 4-(6-neth
yl pyri di n- 2- yDpi perazi n-1-yl] carbonyil hexanam de; (2
S,3R)-3 -1 [4-(6-chl oropyridin-2-yDpi perazin-1
-ylicarbonyl -6 -(4-ethoxyphenyl)-N, 2 -di

hydr oxyhexanam de;

(2S, 3R)-3-{[4-(5-ehl oropyridi n-2-yl)pi perazin-1-yllear
bonyl1l- 6- (4- et hoxyphenyl) - N, 2s9di 25 hydr oxyhexanam de;
(2S,3R)-3 -1 [4-(4-chloro-2-11 uorophenyl ) pi perazin- 1
-yl ] carbonyll-6-(4-ethoxyphenyl)-N, 2-

di hydr oxyhBexanam de; s
(2S, 3R) - 65(4<et 10"5@“ O-diRydr oxy- 3- ({444-(trif
| uor omet hyf)phenoxyl pi per=h n- 1-

yl [ car bonyl ) hexanam de; 54 (2 S, 3R)-3 - {
[4 (2- chl or ophenoxy) pi peri di n-1 - Acar bonyl
R’ s (sdleetd fnoypHe optionally ,igubf,tlttm;djargk yméudan@ npt@tmally substituted phenyl

3 4- 2 hi 1
LEPas Bhondh RSP 2 hoeRs P ichhenth SRR o -
chBsToishy16 - Z-6hlotdphyibh ewd;):hlbko%yﬂmhydnaﬂqjora»z(fm%hﬁﬁﬂh ymethoxy
l ’ 2 ( r | f | uo g’gﬁtpg%tp Bualmrc]lohlll(gogﬁen% {epglg p2e hggrloghe%lyl y4I ﬂl}lorophenyl)

((p%gnafi )s@sﬁtﬂfeﬁtﬁbﬂ%bf&pﬁ Byckd u[}# %p@éﬂ?ﬂdg rsﬁﬁéﬁt@ted &)qfef%ﬁlyl optionally

-(trifluoromet hyppyridin-2 I per azi n-
substivead | Dymestay ate. g:lef‘-pyrazme%y& @R)10®1{y4s'418t16lt @brrldlnyl such as

D N T e
A4S diRorpytiding)h oyanphyrididyl-(dlg2 5¢WMW¢M-23Y1§ methyl pyridinyl (e.g.
ég&&‘ﬂ}:\%ﬁ%ﬁgx%ggenyl% u(gerrrlgt yppyrld\{n)Jl (g g r? ?tn}iuéromethyl)pyndmyl 3-

dﬂ%ﬁ&hﬁ;ﬁlﬁﬁﬁﬁy | ﬁbr{hﬂ[vagdﬂgtlﬂite'dy Iflsc@ aﬁﬁﬂﬁ%‘l} such as 6-methyl-2-
6- (4- ethoxypheny rox&lhexananl e;

(sl qmolewmpypmwmwmd iRy ayaeaion-(i Qs gl coptionally
égﬂso;é)lt}élé pl?ei&{)?rﬁoxyp ngl ﬁ]&%‘lﬁq rl@fé%ﬂ;‘%% ({e(gz 2-(2-thienyl)ethyl);
dptietdlynsuipstiodted - @3—% extcloaliyil,p énchrdimg: leyclohexyl; optionally substituted
kSRR, T SR g opplling. Py (58 momRlgnfevethy:
dptiodalBt Rapsaiedyd )N k@l including propyl and hydroxyethyl; optionally
substituted amino, including amino substituted by optionally substituted aryl and optionally
substituted heteroaryl, e.g. amino substituted by the following subsitutents: phenyl,
methoxy phenyl (e.g. 3-methoxy phenyl), trifluoromethyl pyrimidyl (e.g. 3-
(trifluoromethyl)pyrimidin-2-yl, 5-(trifluoromethyl) pyrimidin-2-yl), dimethyl amino
phenyl (e.g. 3-(dimethyl amino) phenyl), amino pyridinyl (e.g. 3-aminopyridin-2-yl),
chloro phenyl, hydroxyl phenyl (e.g. 4-hydroxyphenyl); and optionally substituted alkoxy,
including trifluoro methyl phenoxy (e.g. 4-(trifluoromethyl)phenoxy), pyridinyl oxy (e.g. 4-
(pyridin-2-yloxy)) and chloro phenoxy (e.g. 2-chlorophenoxy);

R' is selected from H, optionally substituted C;-Cs alkyl, optionally substituted Cp-Cs
alkenyl and optionally substituted C»,-Cs alkynyl;
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20 hydr oxyhexanam dc;

(2S,3R)-3-1[4-(2-fl uorophenyl) pi perazi n-1-yl ] carbonyl }
- N, 2-di hydroxy-6[4-(trifluom

nmet hoxy) phenyl | hexanam de; (2 S,3R)-3 - {

[ 4- (6-chl oropyridi n-2-yppi perazi n-1-yli carbonyl |

- N, 2-di hydr oxy-644- (tri

f I uor onet hoxy) phenyl ] hexanami de;

25(2S, 3R) - N, 2-di hydr oxy- 3-[ (4s0pyri di n- 2-yl pi perazi n-1-
yI ) car bonyl ] 644 (trifluoromethoxy) henylihexanam de;

(1%2 ?)3 a%‘% Fif %g@g@;@?ﬁﬂﬁ%ﬁ%d groq{ gygéti%ﬁngsubsututed Ci-Cs alkyl,

1}1q;iuqllag| wethyl; loptiopaldy tsubgtitt}tbxk)(éf@dnadkenyl optionally substituted C»-Cs

%g%ﬁﬁ%ﬁﬁi hoéﬁ‘?’?g’ﬁ%&i é’éd {g%édroxy 3-({443-netho

1éﬁ§oqstmm¢9< Sl iueeRs C,-6p alkdh, idethdiag (dflidoromethyl, methyl and ethyl as
1(4d| met hylam no) phenyl ] am nol pi peri di n- 1- yl(? car bonyl ]
weé as. ity orsieylly ptig Ty as. WW%%MW%@ itogcepgte forms, as

Car%S[d;hgnﬁd‘%&?ﬁn ﬂdogt p]ﬁ%ﬂ?/{%l_ Ingir IhSIdPEnyl/h)éianam de;
TR A B R A e

(:25 3R) - 6- (4- et hoxyphenyl1)-3-{ [( 1
S, 4S) - 5- (4-f 1 uorophenyl) -2, 5-di azabi cycl o[ 2. 2. 1] hept -2
- yl]carbonyil -N,2-di hydroxyhexanam de; (2

= aﬁ&}let@éﬁl{bﬁlﬁﬁ%ﬁ ﬁﬁ%}%@ﬁ&% Icc%'gﬁoéfziillﬁﬂ 8{3‘15 &M%f wherein E is N.

car bonyl ) hexanami de;

2a§bé rétﬁ(df' & alalg P%Fo ¥de8|c'%88&rlup of Fx%ueia M%ﬂefe@ﬁ {14'ise(§ptionally

oxyp rox Xanam de;
suBs&hjtutOd Grhindt hoxyphenyl) N 2- di hydr oxy-3- {
[ 4- (2- hydroxyet hyl ) piperidin-1 -yl] carbonyl}
hexanam de;

1315&( f%?thé’t@m%dﬁﬂeﬁtd?@ ﬁﬁb@i&ﬂ%@ﬂm@m{d@ of FoRH@A Wi’)e\ﬂh/e%élﬁ IR3GS sclected
din-1-ylicar bony] 1-N, 2-di _hydroxyhexanani de;
ﬁ'om amino substituted with optlonally substituted aryl and amino substituted with

optionally substituted heteroaryl.

In another embodiment, are provided compounds of Formula (VI) wherein R’ is optionally

substituted alkoxy.

In another embodiment, are provided compounds of Formula (VI) wherein R’ is optionally

substituted heterocycloalkyl C;-Cg alkyl.

In another embodiment, are provided compounds of Formula (VI) wherein R’ is optionally

substituted heteroaryl C;-C¢ alkyl.

In a further embodiment, are provided compounds of Formula (VI) wherein R’ is optionally

substituted thienyl ethyl.
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(2S, 3R) - N, 2-di hydr oxy- 6- (4- met hoxypheny1) - 34( 4- propyl p
i peridin-1 -yl) carbonyl] hexanam de. zo |In another
enbodi ment, the invention provides a conpound
according to Fornula (VH): 12 RJ. 0 DE-R9 R14
/\---0 0 R13 (M) wherein Eis selected from-CH and
N; RO is selected fromoptionally substituted phenyl
selected fromoptionally substituted cyano phenyl

(e.g. 5-cyanophenyl, 2-cyanoptienyl), optionally
substituted chl orophenyl (e.g. 4-chlorophenyl,

2-chl orophenyl, 3,5- 25di chl oropyridin),

4-chl oro- 2- quorophenyI 2- met hoxy phenyl and

I4-anbiher epbatiment, aﬁ@mpﬂed)cmh}bqundu bEFormulae (V. Ipywhwzenm}ll is selected

i Y R g SHRTLI SR =vn =

5-chl oropyridi n-2-yl, dichloropyridinyl),
cyano yrldln | (e.g. 5-c anopyrldln 2- yl t hyl
IB)?rfP'a Ghpm ()@mgant ere[ﬁ;?ﬁg.q: Wgogpqlﬁe(z ¥ ‘g aﬂ{ b wherem R’ is optionally

I
S‘ilBétftl!ltg? F)Hé'[‘l?g rgréeﬂt%%&%/ frglslr :orrléllﬁr é?l’ostltzlteﬁllc?lintJ oghe%l ﬁ: )ﬁ 5- cganophenyl
%Waﬂldlph@)lyl),dpmoodw $15bSt$tut¢dtth0mIé1@n}"1L(sgd 4phlorefihayyl, g-ts;b]wrophenyl

£T0RpPRerbae A by A RUAPRIGVL Bothg it R Bin B

substltuted thlenyl et hyl (e g. 2- (2 thienykbthyl)

opt| tituted C3- ycl o i ncl udj
er Sﬁ‘f’P%‘H‘gPi Wesem{dieﬁ &P@BOWé%é%fgé’F@Plé »Il?rwherem R’ is

(?tmﬁﬁlyaslulﬁéﬁtute& ii?x'jrlng mor pholino ethyl (e.g.

nor pholin-4-ylethyl); optionally substituted Cl-C6
al kyl, |nclud|ng propyl and 10 hydroxyethyl;

pt | . 9 .

3610?@? réﬁgi?' E&% | n h%ﬁ ﬁ?ow ’eg tcp%g#t%{dﬂ g)vfﬁ‘ggﬁ la (VI) wherein R” is
smbﬂkmﬁabhyhaubstltuted heteroaryl, e.g. amno
substituted by the follow ng subsitutents: phenyl,
met hoxy phenyl (e.g. 3-nethoxy phenyl),
ThldnbindP RRRE BibodichiTabty bro(/ﬁle@ co&pounds of Formula (V wherem R’ is
-(trlfluoronethyl)pyrln1d|n -yl, "5-(trifluoromethy
qpyiengtydubstizutod Juinelinydt hyl ani no phenyl (e.g.
3- (di met hyl am no) phenyl), amno pyridinyl (e.g. 3-
15 am nopyridin-2-yl), chloro phenyl, hydroxyl phenyl
Thengtherbntodinony,phepyh )ded antdpapils ofBdrimlas Vi whéreindtlis H,
al koxy, including trifluoro nmethyl phenoxy (e.g.
4-(trifluoronethyl)phenoxy), pyridinyl oxy (e.g.
If- a[nlaﬁléf einBodim¥hiQ %) prodiaed ‘ébxhgélﬁld@ R FRXMule §VY) wherein R, R'?, R"

Joro henoxy) R and R 4 are

ﬂﬁd%p@ﬁéﬁntly sel ected fromH, optionally substituted
Cl-Co alkyl, including nethyl; optionally substituted
C2- Co alkenyl optionally substltuted C2- Co
In another embodlment are provided compounds of Formula (VI) wherein R'” and R" are

H; and R" and R" form together a —CH,- linkage.

In another embodiment, are provided compounds of Formula (VI) wherein E is selected
from -CH and N; R’ is optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted Cs;-Cs-cycloalkyl Ci-C¢ alkyl, optionally substituted Cs-Cs-
cycloalkyl, optionally substituted heterocycloalkyl C;-Cg alkyl, optionally substituted C;-Cg
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20 allcynyl; or R1' and 1214 can formtogether a
-Cl1l12- linkage; D is as described above; 12'5 is
optionally substituted Cl-C6 al kyl, including
trifluoronmethyl, nethyl and ethyl; as well as
pharmaceutically acceptable salts thereof. 25 In a
further enbodi nent, the invention provides a conpound
according to Fornula (VH) selected fromthe group: (5
S)-5 4(1 R -4-(4 -ethozyphenys)- 1 {
[4(4-fluorophenyl)piperazin- 1 -yl]carbonyl butyl)-

aégﬁ A:%tﬁﬁz gy%]u'bft}cuteé aﬁ‘qlll(p Fr&i (‘:jl}ﬁloﬂall)p Hﬁa’stlt(laedsd)lk&y,( f{wlRu and R" are

HAR'( phRy'form wgmpermer@m- tinkdge; R liceptiooalit supstisutes €)-Cs alkyl.

302, 2-di net hy1- 1, 3-di oxol an-4-one; 57
(58)-5-[(1R)-444-(ethy|oxy)phenylkl
In (alﬂiﬂtﬁet( nhibddlir@t,04¥e tpRraddr dothipdurdsydf] For@@Iad@ TN whéreiry E lis selected
carbon ) buty -2 2-di ni ct hyl -1, 3-di oxol an- 4- onc;

froge;)- ﬁl g R & ES4$e(lgqt¢g, ﬁ@gyymyy]su‘q_stltuted cyano phenyl, optionally

Ji.lﬂstftfﬁ;é& bﬂbf&gﬁer%i %@%A%ﬂ%@ﬁﬁsﬁhﬂf& Z—Xlehﬁ&g Bﬁé}wl | optionally substituted 4-

I oxol an-4-on
M@rgphefyl2eptiopally sdstiicd-pyiravinyhpad Subskioiad pyridimaoR SR Y4, R'%, R

PR s R WoR R iar R b BTG Y o
(58) 5- ((1R) - 444- (et hyl oxy) pheny1] - 1- {

n%.tl h%la ?:%;ﬂylp ! nn& a%tl. ?Q}p({y%hg}%%b% gfl i:‘gr?nr or6%;1) wherein E is

s@ﬁ@edgfro]i( ! aﬂd le 1£ @ {idHa Y %Elhﬁé(f‘fﬁ@C@@}&&rﬂ%ﬂ* RYIR" R'? RP
?arbonyg ?hyloxy)phenyl] but yl }

ant Ri afp Irthys_omw@amy s»beﬂltawd&&seﬂky(l 55) 5-1(1R) - 1- {

[4-(5-chloropyridin-2-yl)p iperazin- -yl ]carbonyl}

-4{ 4- (et hyl oxy) phenyl] butyl}

InZndthdt Mathey tmbodinttng) >and @fbvﬂded%m[(oﬁﬂs- &F Béridla LVI){wherein E is

Fikolbd 120 231N 4o nnanvl) PLRST SZ) & kMR ROR k2, r ana
R2aré }ﬂlwéf‘s B%{ flonhl1P sels G dr-d; ARE;

15(5S)- 5- 1(1R) - 444- (ethyloxySphenyl] 1-[(4-{[4-(triflu
oronmet hyl) phenyl] oxy} piperidin-1 -

In another further embodiment, are provided compounds of Formula (VI) wherein E is
selected from -CH and N; R’ is optionally substituted C3-Cs-cycloalkyl Ci-Cs alkyl and
optionally substituted heterocycloalkyl C;-Cs alkyl; R, R', R'*, R" and R are H; R" is
optionally substituted Ci-C¢ alkyl.

In another further embodiment, are provided compounds of Formula (VI) wherein E is
selected from -CH and N; R’ is selected from optionally substituted phenyl, optionally
substituted pyrazinyl and optionally substituted pyridyl; R'’, R'> and R" are H; R'' and R™
form together a—CH)- linkage; R" is optionally substituted C;-Cs alkyl.

In another further embodiment, are provided compounds of Formula (VI) wherein E is

selected from -CH and N; R’ is selected from amino substituted with optionally substituted
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yl)carbonyl] b utyll -2,2-dinethyl-1, 3-di oxol an- 4- one;

(59)-5-1(1R)-1-(14-[ (2-chl or ophenypoxy] pi peridin-1
-yl |l carbonyl) - 444- (et hyl oxy) phenyl] butyl}

-2,2-di met hyl- 1, 3-di oxol an-4-one; (5S5)-5-1(1R)-1- {

[ 4- (2-chl orophenyl ) pi perazin- 1 -ylicarbonyll
-4
-2,
5
[

{4- (et hyl oxy) phenyl] 20 butyl}

2-di nwt hy1- 1, 3- di oxol an- 4- onc;

S)-5-[(1R) - 444- (et hyl oxy) phsany1] - 1- ({ 446- net hy1- 2- (t
fl uoromet hyl )quinolin-4-yl] piperazin- 1

I

énﬁ%ﬁ?l?d”%bh?cﬂ%}{ &lﬁoﬁogﬂﬁ i't}lt%ciﬁetgfo(aﬁf?ll@m K- Of%8; R 3 and R™
m¢EMRﬁH{mnmhﬂbumbuﬁmhdﬁbﬂkm&wh 2 yl ] piperazin- 1 -yl|

car bonyl ) buty1] - 2, 2- di ni ct hyl - 1, 3- di oxol an- 4- onc;

25(5S5)-5- 1(1R) - 1- {

Th4mb6theb eibsdiment) Ay pxdvrde&cyﬂniaauﬂe lofl Fofmuld (VI) wherein E is selected

fr%rll fﬁfﬁ%ﬁl@@%@@%&kﬁé phe%,]RW, R R and R arc H; R'¥is
?&algr %ﬁsrltf?]teéédfdgﬁ Y' oxXy) phenyl k1l

(144 oxy) phényl ] pi perazin- 1 -yl } carbonyl)
butyl] 2, 2-di et hyl-1, 3-di oxol an- 4- onc;

S ) 5?%‘%&5%‘]-’“]11-%?2[ (#élé%r%pel){lyl)ngglﬁ}gy ljlglg(%p i llj)fnf} C}llar those selected

ﬁ&nﬂmdbnwwh, broup3- di oxol an-4-onc; 58 (5

S% égi)—% g(% %%@éﬁl&g%hgﬁ%ﬁ%ﬁ%g%%ﬂ)% 1p[e1(aim?ly ;ﬁcz a!rl?on%d }XN 2I —gi

ﬁ&énéngedloxolan 4-onc; (5 S)-5-((IR-4-[4-(ethyl

hen 1]-1

({Z[SAREZ [ﬁ%arphmmlpﬁrwnylﬂi)hafmmyb]e@ - ethoxyppeiyleNi2edihydroxy
l&% % .2, 2-di net hyl - 1, 3- di oxol an- 4- one;

&%%ﬁ 2R) 2-1(49) -2, 2 di net hyl- 5- oxo- 1, 3- di oxol an- 4-
(;ZS:BRMLH(eﬂ{dxyj)I(elel))-ﬂ}hE-ﬂmy}irmm (E{Flé[y'l(trlﬂuoromethyl)pyrldm— 1]

era2|n %B benzonitrile; (5 S)-5-((1R)-

Hﬁ%f oficar é%ﬁ%ﬁ@ﬁm? ?I)plpera2|n 1- yI]carbonyll 4-
£ 4:3R§6L( klfeltﬂb%l?l% W,2-dihydroxy-3-{[4-(pyridin-2-yloxy)pi eridin-1-yl
(oxy] ghenyl } bu W— 2- dIyITEt {[ (gyr(lh oxo}I’ anY)pp v

q%?OSYHBﬁMK@m¥ﬂ€4 [ 4- (ethyloxy)phenyl] 1 _
%1(3p @4 &5 &i&{/npyﬁf&g‘% r?l'r\\’l inch V/{/ -;E'yﬁb{}b&lﬁils-(l-%ﬁf&%enyl)-N,z-di
hﬁkd&ﬂhmmﬂhﬂé 1, 3- di oxol an- 4- one;

AR Ao aiengh N B 6 nLe(th i YA 1y

&@ﬁﬁ»qh&&ﬁghmgl 2, 2-di net hyl- 1, 3-di oxol an-4-one; (5

S% 1R)-1 4(4 %@» (di net hyl ani no) phe I]an&yné
é&ﬁdﬁ[ﬁ((lclglpyo@w 2y pimerain o egAbeny) HErephaspeapy)-N 2-di

liytrokyHbRiMGd: 1, 3- di oxol an- 4-one;

(2S,3R)-3-{[4-(5-chloropyridin-2-yl)piperazin-1-yl]carbonyl } -6-(4-ethoxyphenyl)-N,2-di

(
r

=
=

f-"

hydroxyhexanamide;

(2S,3R)-3-{[4-(4-chloro-2-fluorophenyl)piperazin-1-yl]carbonyl } -6-(4-ethoxyphenyl)-N,2-
dihydroxyhexanamide;

(2S,3R)-6-(4-ethoxyphenyl)-N,2-dihydroxy-3-( {4-[4-(trifluoromethyl)phenoxy]piperidin-1-

yl}carbonyl)hexanamide;
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15(5 S)-5-1(1R)-1-(14-[ (3

-am nopyri di n- 2-yDam noThi peridin- 1

-yl }carbonyl) - 444- (et hyl oxy) phenyli butyl}

-2, 2-di met hyl- 1, 3-di oxol an-4-one; (5

S)-5-[(1R) - 444- (et hyl oxy) phenyl] - 1- ({4-[ (4- hydr oxyphen
ypam no] pi peri din-1-yl |

car bonyl ) buty1] -2, 2-di net hyl - 1, 3- di oxol an- 4- one;

(5 5)-5-((1R) -444- (et hyl oxy) plaenyl ] - 1-
{[(1S,4S)-5-(4-fl uonphenyl) -2, 5-di azabi cycl o

(gg%&ﬁ)ﬁ {il—?ﬁ@ﬁlo%gﬁérlo‘i?fp%%h}-pyf]éqrﬁorgd}% ‘64 g&ﬁ)%e&yl?Ncﬁ -di
§rdxyh¢xaRymifles 4- et hoxyphenyl) 1- (1442- (2-thi enypet hy1]

(3%,3&&3%@?%% r}ogﬁ ey éﬁ%arb((ngrl} 6-(4-cthoxypheny)-N,2-di

HErdxy{hetdRamidd; ( 4- cycl ohcxyl p| per azi n-1-yl)carbonyl]-44
4_12‘55 hyl oxy) phenyl ] but yl
(@8 3BYfy(4-cthoxyphenx %—_dzh.ygﬁgy 32@(15[6-methy1-2 ~(trifluoromethyl)quinolin4-

ﬂpﬁfﬁrﬁ@gr%éégtﬁg@%@éﬁ%‘?gsﬂya] yll] car bonyl }

BE8R)-p (a—emodyplwpﬂ)m 2-dihydraxyS-EA-[3-(wiflmpropiethyl)pyridin-2-yl]

) phenyl ] - 1-

Iflﬁer ZZF{ Iyli%cflr H%lsl%ﬁ"?pﬁm@%. di n-1-yl ] carbonyl } butyl) -
(25 ARYB g4y, b -dichPorebhy@ide -ay1)Bipefagin-1-yl|cdrbon§) }-&-(4-ethoxyphenyl)-N,2-

2-di met hyl-5- 1( 1R) - 444- (et hyl oxy) phenyl] -1-[ (4- propy
dibydsexyheranamide; | ear bonyl | 30butyl} -
(2§'3R)}-@I-@Ibﬂfbx9%lﬁmyl )y N2 GHYRRAG S {[@ f‘(ﬁ%éi'ﬁd??pﬁéﬂybﬁﬁerazm 1-yl]
present invention al’so conpfise its taufoncrfs
qgedhoneki héxeapmidsorers, its optically active forms as

GRRR-2 2T BloB e ORI b CER TR By 1P

Iﬂﬂﬁfxgﬂreedlapiw maceutical |y accept abl e sal ts of t he

GRarsgauihckupiopy BN &gl i Pusiin Falbpersin- -y hearbony

HexsHaa68d;0r i de, hydr obrom dc, sulfate or bisulfate,

(phos hate or hydr g\en phosp hate acetate, benzoate,
383R)-Atethoxyphenzb 21dﬁlyémxer-3 {[4d2-aasphalin4-glethyDpiperazin-1-

% Lo 1% Lﬁﬁlggate met hanesul f onat e,
nzen onate’ andpar a-t ol uenesul fonate salts. In

(aBORNBF{ [e{moyhnnphmybmpeﬂamm Inylguatbongl} -G (4ecthoxypheted)-N,2-di

C nds of, Forrmula (VI) for use as a nedi canent. 10
I}Yﬁf%gﬁ?&? midfhodi ment of the invention, is provided a
(Eb BRYBCGUD- ﬂabroﬁpéﬂs}gﬁipaaem-p?mm@m}m@ _GRyROMNEL [ ftrifluoro

Forrmula (VI) and armaceutical |l y "acceptabl e
1aethexygphenyi] q}éliiﬁmlé% exci pi ent thereof. 15 In another

R S R e S S

flwwrorhéthoxyypheayldicxemnafle;a nedi canent for the

ol AT HaniRe dinralr T paPrafby 3R YRR Forometroxy)

@hymk@an@ﬁﬂ@h ovascul ar d| seases neur odegener ative
seases, donetri osi s

(2§§Bowéa(ﬂz9ﬂgpxuplse@&%‘§2ﬁﬁadqum3o[§ﬁ[4 (tﬁﬂPQIGmﬁ@lYHﬂmmﬁF’ez yll
a%ﬁhﬁ}f in-1- Rpéggg{@ﬁ RL¥nbAng! di sease, zo arthritis,
ema,

oni c bstructlve pul nonary di sease,
@_ﬂﬁﬂl)-ﬁ_e(#;cﬁhqa&pi@ﬂ)ﬂ‘i 2-ditiydraxgids({443-methogygherg)aminolpiperidin-1-
;lic%{'b%%lyﬁhexanamide;
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In anot her enbodi nent of the invention, is provided a
use of N hydroxyam dc derivatives according to Formul a
(VI) for the nodulation, in particular for the
inhibition, of the matrix 25 netall oprotei nase
activity. Particularly, is provided a use according to
the invention wherein said matrix netall oproteinase is
selected from MWP-2, MW-9 and MW-12. Preferably,
conmpounds according to the imsention arc selective
inhibitors of netall oprotei neases sel ected from MWP- 2,

A IR S PR i

Ithﬂﬂsd) NEZ?ﬂlh&mkadrexmanpﬂqf,l axi s of a disease conprising

B L RN ST TR -

MQ&m@m&ﬂwmﬁQMQﬁbgd fron1aut0|nnune di sorders,
inflanmmat ory di seases, _cardi ovascul ar_ di seases,

(aéékérée(é@ﬁmxxrhev@l)a{ 3 dihydroxyS-({4l @-hydipomhenyd)apinalpigeridin-1-

?% ngg HERhighosi s, respiratory di seases and
ros? uding multiple sclerosis, arthritis,
(éﬁﬁﬂyédﬁwthozhpl‘myb 3e{ié1tSr4$t5 {eflypuophongl)-9, Sedismbisgclo[2.2.1]hept-2-
ﬁgﬁP hl %&y §§| %nd uInDnary fibrosis. The
ﬁ%@u%é 8¥nﬁ ?@?@'are useful for the treatnent
(@B8RY6 (pfeﬂwiyﬂ)myﬁ—I‘QQ—dﬂ@dﬁiﬂy@ g2 chiswn@deiy$lpiperazin-1-yl}
|nflannatory di seases, cardiovascul ar di seases,
188 ve dlseases stroke, cancer, pre-term

(b@t?,R')-a [Wgﬁﬂi@kkylﬁﬁkﬁzm[ﬁ?ﬂéa&@&r&[]%-@l‘-étﬁ&%ﬁer@% 2- d1hydroxy

rosis, 1ncluding e sclerosis, "arthritis
lwwwWygéna chronic obstructlve puInDnary di sease,

L PO RTINS S e P B

dattil} ieavanidapl e startlng material s using the

GBBFE RSy e Bkl

H§ﬂ&§§hg§ﬁ&ﬁﬁccondltlons (i.e. reaction tenperatures,
tine, nol es of reagents, solvents etc.) are given,

@5AR) -Nod gy iliompoat m@h@iyphwé) THA-raopstpiberidind o) garbosy]]

‘%%Qﬁ&ﬁﬂ se stated. Optinumreaction conditions nmay vary
‘the particular reactants or solvents used, but

such conditions can be determ ned by the person

k|| ed i.n the art, usin tine o satio

bbbt RSt eoaidutt o fgmla (VID:

conpounds of the present invention are typically

adm nistered in the formof a phqfﬁaceutica

conposi tion. Hence, pharnacemfkﬁgL 2%0 conposi tions

conprising a conpound ofOt ion and a

pharmaceutically accep i | uent or

exci pient therefore are\allso Wt h@"he scope of the

present invention. A peﬁ§6ﬁ sKilPed in the art is

aware of a whole variety of such carrier, diluent or

exci pi ent conpounds suitable(ﬁﬂDfornulate a

phar maceutj cal conpgsition. he conpounds_ of

Whﬁy@ﬁtﬁ ricleeigd diomerCHliand N Boiﬁv@?'ﬂcteér%}m 9pté9mllwwtltuted phenyl
s%ﬁ:béé&% A6AAIS" subSlithidd yafy gﬁe@) ik, g.ns-cy%%gﬂglgg' AEHHophenyl),

into the form of pharnacedti cal Sit uni t

cu!mga@]b’s substiateld, elddrophenylic He.gor mqmoﬂd@nﬂnpl%glé@ogbenyl 3,5-

d h
d?&l{;}roﬁgmﬁn N 4 c%ﬂoro B ﬁ or(épn gn%lhsl2 met £ SuplhenyeI : X4 (8 Sil'ﬁugrophenyl

ut'1 ons,
capsules filled 5 Mﬁth t he sane, aII for oral usc, or
in the formof sterile injectable solutions for
parenteral (including subcutaneous use). Such
phar maceuti cal conpositions and unit dosage forns
t hereof may conprise ingredients in conventiona
proportions, with or wi thout additional active
conmpounds or principles, and such unit dosage forns
may contaln -any SU|tabIe effectlve anDunt of the

. o s . " o N
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Phar maceuti cal conpositions containing a conpound of
this invention can be prepared in a manner well known
in the pharnmaceutical art and conprise at |east one
active conmpound. Cenerally, the conpounds of this
invention are adm nistered in a pharmaceutically
effective 15 anount. The anount of the conpound
actually admnistered will typically be determ ned by
a physician, in the light of #he rel evant

ci rcunstances, including the condition to be treated,

EERA SERGEY S Brfr o “Lb AR Y SRR, prrdiny. such o

abforopyeridinydli (e.gu a6—cph)t0pym11n—2 b{le §edﬂompyr1cbﬁ 2tle  dichloropyridinyl),

SRRt TETS SRt 2nD. sheifi S BAbYE (e Gonstiv xridine2:yD

andn thﬂu@dﬂibmystpyrmﬁl y (@ VaS—(tﬁﬂMor@fneﬂ@l)bﬁ‘idlhﬁd Budtrﬂmromethyl)
or al rectal, transderm subcut aneous, intraveno

nmfiﬁ%nwewa&w siphstifufRdy Awpsd apyriding whpe%u@msml-%ﬁnﬂuoromethyl)
cgﬁrfy 'oﬁ&l ‘sﬁl&%ﬂuﬁéﬁ oX: %@%&1&@% mﬁ gmiwgordéfoﬁalﬂ substituted

U spensit ons,
tb@nyﬂoethyl (elrga We(2ethicnyhehghingroioneliyo sebstiutedpE e €enydealkyl, including

elohpS TSyl o o Bk AL Uiy APl mootino cnyt

(@igs Cr@bholn-4-s/16ahy1j; abptidnally Wabsitityd dNS@0ekkyl, Gicladid@npropyl and
subj e %; and ot her ma I's, . each _upit containi

Hyderaetay ki apdanajiya pitbstigpt ¢ 2R} JE iR AR é‘é‘PS&B%%% by optionally

duBstRaedusf Lhe c%ﬁéhzflﬁld sﬁﬂ%ﬁﬁﬁé&e HEtbﬁ)al%flf %%t »aniflo substltuted by the
association wt a suitab Ee ar miceutl cal exci pl ent

following| submiutentsoaahgyl,f mﬁthexy pl¢nydl €. pr e ricthosy phenyl), trifluoromethy!

f |
RERIEE {5 £ A SR BODRMAREE £ Bl My | pypimicin-2-1,
dumeﬂhly]e aﬂﬂme p:hfan;ﬂO(el gl 3iﬁcﬁnmdrypoamhop lp&enyil)l anigb pyridinyl (e.g. 3-
CQ OS.I t | or@ eri vat |(\(/Xfe}3, g]:flﬁntg[;&&q ({Xg{&&{yz{)ta fionally

M stiﬁﬁb& |§Iko§2¥~I ﬁélﬁfhﬁg aRYorb Rdh@Ahehoxy (e alb@ﬁ‘ﬂu(ﬂ'&rféthyl)phenoxy)

he remai nder bel ng varlous vehi c

nyaldmybwsv (&red 4@3@‘5@%@%@&% ard chisrphgnoxypte.§- érthQﬂgpltenexy)
Igle SRIQ e[gn qg@ kmgiré &d@%en{i?r{t Gs@iegtezl ?Iroﬂﬂ-l b'% oﬁgfl&ﬁ stQtrltu%rd% 1-Cs alkyl,
de & aqueaus or

adm ni stration ma a suit
1ncindlqg cmethyly edsptrohelly/vl substinutéd €CsCs alkepeln doptignalhyd substituted C,-Ce

iy qpt s, color rs and the |ike.
é&ﬂ%g Br%@g%ﬁ‘mPﬁ@W%H@e %ﬁéﬁﬁ? >any of the
m@gsmmedgw\,@dl ents, or corrpounds of a simlar
nature: a bi nder such as m crocrystalline cellul ose,

lis;urlﬁ entiogalbn pubistiticdyS1-6s iaheyl. ingluding itpileeremetlh magihyl and cthyl; as
a(%lgﬁisﬁﬁaﬂﬁacle%fgag? Qcce@taﬁle%hl&tt 3‘1‘ i ng agent such as

I C acl corn starch; a lubricant
such as nagne5|un1stearate a glldant such as
Sili ent..such_as

b PP aoh PRI el R P Sula (v
seRpRe fdhithe gfRphyl salicylate, or orange flavoring.
(55)-5-((1R)-4-(4-cthoxyphenyl)-1- {[4-(4-fluorophenyl)piperazin-1-yl]carbonyl } butyl)-
2,2-dimethyl-1,3-dioxolan-4-one;

(55)-5-((1R)-4-[4-(ethyloxy)phenyl]-1- {[4-(phenylamino)piperidin-1-yl]carbonyl } butyl)-
2,2-dimethyl-1,3-dioxolan-4-one;
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I njectabl e conpositions are typically based upon
injectable sterile saline or phosphate-buf- fered
saline or other injectable carriers known in the art.
As above nentioned, the N- 15 hydroxyam de derivatives
of Forrmula (I) in such conpositions is typically a

m nor conponent, frequently rangi ng between 0.05 to
10% by wei ght with the remai nder being the injectable
carrier and the |ike. The abosre descri bed conponents
for oraIIy adm ni stered or injectable conpositions are

(ggj;)g é@ R) %gﬁ?étﬁﬂfoﬁgjg AEP( A8 t o%ﬂlé‘chil%ﬂlzldﬂ@b—lyl]%erazm— -yl}

Si tec e are et out
daehony Bbuwyl]-R2rdimgthyh 18- cﬁbvwlaméﬁum cal Sciences, 20th

Gk ORr4at oy RR e Pl B oA R RR ik s Toarbony1)

H?lﬁnermmemyhmmndsn@f this invention can al so be
tered in sustained rel ease forns or

&1 ARV ed SR gmeintns arer - veioyo iy dre-L 4 etdoppPhamy U
I%Btaégﬁz@ﬁ&%lﬁ‘tl' Kﬁuﬁk@ éﬁtﬁheease mat erials can al so

corporated maferials in Rem ngton '
(PBRHHER)- ZS[ée(at&lybaY)PEmyé]‘lbéH (68 ethPpmtidioJ-w)mperazin- 1-y1]carbony1}

€.l ny, | on: The novel derivatives
bé@n‘gg’g ‘ﬂme 31'123 dlrﬂﬁ "%an be prepared fromreadily
(@8R J{@lbi)el ﬁma(stdlnﬁopmﬂﬁf 2@1)§1pbmzmelvsalq@kbcﬁ1yr}mpt -{cthyloxy)phenyl]

apprqaches th sol uti on- phase and sol I d- phase
l&‘ﬂa}nzsztﬁh?leﬂ‘ryg c‘gP’é"a‘EQSH%I es of synthetic pathways

(%gle{bﬁ{)w K- (@%h%?é;%ﬁﬁﬁﬁ»yl)&pyaﬁnf1%1?&%&91}4 [4-(ethyloxy)phenyl]

revi ati ons refer respectlveyto he déefinirtion

a1 bvds2-dipethardrl edigyolarmd-oheiur ), g (gram), L (liter), ny
S ST Ty P g ooy
phepylJHuoe} -2i2adjmetiyh B;diexplan-4-one;
(5S)-5-{(1R)-4-[4-(ethyloxy)phenyl]-1-[(4- {[4-(trifluoromethy]l)phenyl]oxy} piperidin-1-
yl)carbonyl] butyl}-2,2-dimethyl-1,3-dioxolan-4-one;
(5S)-5-{(1R)-1-({4-[(2-chlorophenyl)oxy]piperidin-1-yl } carbonyl)-4-[4-(cthyloxy) phenyl]
butyl}-2,2-dimethyl-1,3-dioxolan-4-one;
(5S)-5-{(1R)-1-{[4-(2-chlorophenyl)piperazin-1-yl]carbonyl } 4-[4-(cthyloxy)phenyl]
butyl}-2,2-dimethyl-1,3-dioxolan-4-one;
(5S)-5{(1R)-4-[4-(ethyloxy)phenyl]-1-({4-[6-methyl-2-(trifluoromethyl)quinolin-4-yl]
piperazin-1-yl}carbonyl)butyl]-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-[(1R)-4-[4-(ethyloxy)phenyl]-1-({4-[3(trifluoromethyl)pyridin-2-yl]piperazin-1-yl}
carbonyl)butyl]-2,2-dimethyl-1,3-dioxolan-4-one;
(5S5)-5-{(1R)-1-{[4-(3,5-dichloropyridin-4-yl)piperazin-1-yl]carbonyl } 4-[4-(ethyloxy)
phenyl]butyl}-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-[(1R)-4-[4-(ethyloxy)phenyl]-1-({4-[2-(methyloxy)phenyl]piperazin-1-yl}carbonyl)
butyl]-2,2-dimethyl-1,3-dioxolan-4-one;
(5S)-5-{(1R)-1-{[4-(4-chlorophenyl)piperazin-1-yl]carbonyl } 4-[4-(cthyloxy)phenyl]
butyl}-2,2-dimethyl-1,3-dioxolan-4-one;
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(equivalent), nL (mlliliter), tit (mcroliter), ACN
(acetonitrile), BINAP (2,2'- 10

bi s(di phenyl phosphi no) -1, 1' - bi napht hal ene), Boc
(tert-Butoxycarbonyl), CDCb (deuterated chloroforn,
CD3OD (Deuterated nethanol), CH3CN (Acetonitrile),

c- hex (Cycl ohexane), dba (di benzlylidene acetone), DCC
(di cycl ohexyl carbodiim de), DCM (Di chl oronet hanc),

DI C (Diisopropyl carbodiimdcy, DI EA

(Dii sopr opyl et hybam ne), DMF (D net hyl f ormam de), DVSO

(gu =il u#ﬁf{) dg{? Phg@ffﬁ%ﬁqﬁ%g%fp@g ﬁﬁ-ylz)cﬁrbonyl]butyl}-z 2

dimethgk la,ﬁ)d,loxlém 4-043

?5'5-‘3 1R ARl RGP A5y Titngragin- 11
le(}anst)im -dietdg1,3- E‘bﬁél&n-@lihbanol ), Froc

uor en met hoxycar bonyl )
2’( tﬁ {r@RPr;’/f[éf{%)ﬁe" ~fimetiyl-3 ﬂXPr1a3[61°6P]4n‘é -B]-pytdhrogphesyiln

ARl m hexaf | uorophosphatc), HPLC
ﬂéﬁ{aﬁﬁhgﬂﬁ%}girnarﬁggu qul cf'udworratography) i-PrOH (2-

(2 8)- @K@B&de{[y (6-kRioapy(idot2xgipiperatial bd]w:atbe)lyl}HC{"( L(trqlnoobmethyl)

0 S™ (Mva
LR A L v e Ve
(68)-5JuIRYl4- ﬁtdéﬁiyloxymbﬁiﬂ?l([@Oqﬂt(mfhioﬁﬂﬁétmﬁiyﬁ)mdlh@%ﬂﬂ
(Sodi ym hor ohydrj dc nmet hyl porpholine), NWR

ORI PREFId e L Beareo llébwgn%%)dlmﬁlryl( SOHFPBRFEE ur e) |
(%Bﬁg? 1@)—4 -[4- (ﬁthirloxg)phen yl}-1- [(4 {[3- (meth loxy)phenyl]am1no}p1per1d1n— -yl)
enzotri azo tris-pyrrolidi nd-phosphoni’um

Qaé)oaﬂ]bmﬁ(})ﬂh%dmsér)l 3 dlDX@&l-(HOQ@,entl on tine), SPE

(%SP% ]{% ﬁg éfff%%gﬁgﬁ@noigﬁ%ﬁa%mg}p1per1d1n— -yl)carbonyl]-4-[4-
(et Toaph b Iha - ]Zl,mduﬁéthglﬂ lBI?l(i)(ir)(gbt(r;lFeé??ma); TEA H
T TERclr G aronrishn RS RGIaPEHOR ARy arbomy B4 rfeyloxy)

ﬂ}ﬁﬂﬂbu@i}f Qr@a&ﬁﬂﬂ@pmmowamm aviolet). 64 Synt heti c

( roac €s: re erred process for preparl n
e

hﬁﬂﬁd—%[ﬂ (F—@me)@hmy)l] tsi(4hydionyrhsuyl)anrigo lpeﬂdln 1-yl}

Spohaumpeehsehe dapauboryhle ecld of formia (11)
(l5 B)- Mﬁﬁd*%{m(]gt@b'l@(y)phﬁfyé] h-{K1S,R8)-5-R& ﬂugtOéth‘?B 72, Rge{azablcyl*ﬂo
PN e SO TR RN R SRR
(GERPHRIA- @%myﬂ%w)m_g{nqzqml&mmgﬂ M@bbraklasawearb&ly1)buty1]-

those skilled in the art to prepare an am de bond from

Zadrdigpgthyd- 1a3‘rél°a°]é%n4t§l§1£yl ic acid or carboxylic acid
TS S bty DRIy 22

dhﬁél;hyl—m;ﬂd,m)daj@@%me) | sobutyl chlor of or mat e,
CREmalF B RsRDbhoI R BT g adlearbonyy
Bt }'12QSdlﬂiEtﬁy1 DB Bhox oM - bllib a sw tabl e sol vent such as

(55)- —((1R) -4- [4 (e[:)tl\lgloxy)phenyl] 1-{[4-(4- ﬁ)uoropqlenyl)plperldm— 1-yl]Jcarbonyl}butyl)-
2,2-dimethyl-1,3-dioxolan-4-one;

(55)-2,2-dimethyl-5- {(1R)-4-[4-(methyloxy)phenyl]-1-[ (4-propylpiperidin-1-yl)carbonyl]
butyl}-1,3-dioxolan-4-one.
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0 R6 Ov) Conpounds of Fornula (HT) are
comercially avail able or can be obtai ned from
protocol s 15 herein described. An attractive nethod
for the preparation of conmpounds of Fornula (IH)
wherein Ais Nand RL is an optionally substituted
aryl or heteroaryl nmay be the reaction of piperazine
of Formula (I X) with an aryl halide or sul fonate of
Fornul a (X) where X is a | eavigng group such as d, Br,
Vs, in the presence of a palladium cat aI yst

é(ﬁﬁéb Iﬁsn g&é@?‘f? ® tH% pl%%n?gﬁ@'\&%ﬁl) %Hg&%%(a qt@ﬁ?%t%m&s its geometrical

1sqrf1érs dispiptcally gelies folnins es émmmnas,edl@sjgprﬁr)leraanki s rmemate forms, as

xgeﬁg As Rngrfn& eug'<al UP?CSP]B% 58 s re?%ea pglarmaceltlt?cally acceptable

sal¢f bf thic Fokhilal(FRCAre \é,eld(ﬁdﬁlon%alt@ fdiih@d Rithi Iﬂiaﬂﬁac,euﬁcfaﬂy acceptable
reactjon can proceed w thout the palladiumcataly

agily like hydiochlngdg hhysebromyls, suHigeon BlSUIfatP’nPb‘PﬁﬁB%FP afte hydrogen
ﬂhfos;gﬁferméc@tagé Ve é&@eﬁﬁb udcAR CRmArdd) Fnalbag %Xéaém &@ath tartrate,

a proteéte roxyl amne 1T72NO-R8 where R8 I's
gugenatecoethangsygfanais, bmbn&aglfqnatm anyd parlpdolagresulfonate salts.

L al kyl si |yl bl e
PR e A oot pBh AR PR b ogmyla Y for we
Bfa iesdicadeat. (1) (Schene 2 bel ow). Schene 2

In another embodiment of the invention, is provided a pharmaceutical composition
comprising a compound of Formula (VI) and a pharmaceutically acceptable carrier, diluent

or excipient thereof.

In another embodiment of the invention, is provide a use of N-hydroxyamide derivatives
according to Formula (V1) for the preparation of a medicament for the prophylaxis and/or
treatment of a disorder selected from autoimmune disorders, inflammatory diseases, stroke,
cardiovascular diseases, neurodegenerative diseases, cancer, pre-term labor, endometriosis,
respiratory diseases and fibrosis, including multiple sclerosis, inflammatory bowel disease,
arthritis, emphysema, chronic obstructive pulmonary disease, pulmonary, pancreatic

fibrosis, skin and liver fibrosis.

In another embodiment of the invention, is provided a use of N-hydroxyamide derivatives
according to Formula (VI) for the modulation, in particular for the inhibition, of the matrix
metalloproteinase activity. Particularly, is provided a use according to the invention
wherein said matrix metalloproteinase is selected from MMP-2, MMP-9 and MMP-12.
Preferably, compounds according to the invention are selective inhibitors of

metalloproteineases selected from MMP-2, MMP-9 and/or MMP-12 over MMP-1.
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Internmediates of formula (I1) may be prepared by
nmet hods known or by protocols herein described. An
alternative route for the preparation of conpounds of
Formula (1) may be the coupling 15 of a carboxylic
acids of formula (V) with hydroxylamne or with a
prot ect ed hydroxyl am ne H2ZNO-R8 where R8 is a
protecting group such as t-butyl, benzyl,
trial kylsilyl, tetrahydropyragwyl (THP) or any suitable
protecting group, with or without standard coupling

orbvides al
I@%E%%r 3@6?2123 u’ttg? grgﬁlﬁgoﬁﬁ &ror masta ftdttod Bfreatdhbht Ynd/or prophylaxis of
dl divertsh gdmPrisihg threogdmindiratiannof aadomipm(rﬂmcaorylmgatosF ormula (VI), in a

reagent), .fol | qne a nown .depr ot D to..
B B oSO o IR 03 FRpReo ARegeq diogh Sragutc disorder,
iﬁﬂi}ﬁﬁﬁ&toﬁy d1§i§a€és agrdioRaplian gis&ised) nbiro&¥pRh @bkt digasds] §troRS, cancer,
IS not R8: H_or any protecting group . 126,

R2,
ety 4 a r, Rn Rripgs, ( efplratory diseases and fibrosis, including multiple
sclerosis, arthritis, emphysema, chronic obstructive pulmonary disease (COPD), liver, skin

and pulmonary fibrosis.

The compounds of Formula (VI) are useful for the treatment and/or prophylaxis of
autoimmune disorders, inflammatory diseases, cardiovascular diseases, neurodegenerative
diseases, stroke, cancer, pre-term labor, endometriosis, respiratory diseases and fibrosis,
including multiple sclerosis, arthritis, emphysema, chronic obstructive pulmonary disease,

liver, skin and pulmonary fibrosis.

The derivatives exemplified in this invention may be prepared from readily available
starting materials using the following general methods and procedures. It will be
appreciated that where typical or preferred experimental conditions (i.e. reaction
temperatures, time, moles of reagents, solvents etc.) are given, other experimental
conditions can also be used unless otherwise stated. Optimum reaction conditions may vary
with the particular reactants or solvents used, but such conditions can be determined by the

person skilled in the art, using routine optimisation procedures.

When employed as pharmaceuticals, the compounds of the present invention are typically
administered in the form of a pharmaceutical composition. Hence, pharmaceutical
compositions comprising a compound of the invention and a pharmaceutically acceptable
carrier, diluent or excipient therefore are also within the scope of the present invention. A
person skilled in the art is aware of a whole variety of such carrier, diluent or excipient

compounds suitable to formulate a pharmaceutical composition.
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The HPLC data provided in the exanpl es described bel ow
were obtained as follows. HPLC colums: Waters
Xterra(r) M5 Cg colum 50 mfmmx 4.6 mMmmat a flow of 2
m./mn for 5 conditions A and B. Waters Xterra(r) M
Cg colum 150 nmx 4.6 nmat a flow of 1 niL/mn for
conditions C and D. Conditions A 8 mn gradient from
0.1 % TFA in 1120 to 0.07 % TFA in CH3CN. Conditions

B: 8 mn gradient from95% H2Q to 100% CH3CN.
Conditions C 20 mn gradient from95% H20 to 100%

ﬂ?%o%ww\%gﬁ%rg t“ccl) %ﬁw?"vﬁ ga[ @&&v@?ﬁontdﬁf @n%ﬁ)ﬁa&'@@ uvant, car-

roapndiluenoersexcipiamt pmgrlmmiaqed mtblFﬂMCfovmrcﬁ pbarnmicaedalanipoaitions and

t Xt.erra( re m.,col.um 0 X
o deRoR el st 1 56ch o Sy S PR AP Pl st pats or flled
chpsulddbofl diaidpseeh e sblitibris heuspaitnk .emalsisay, i divids, bl @psules filled
were obtained as followed: Mass spectrum 15 LG/ VS

with thessame; 3lhfor oead|use, orHg ﬂvaﬁ?r@anaﬁt%ﬂ%w‘%fé@lq pplgtipas for parenteral
b [

(l?r%&iﬁm ?ub%?tgﬁédug%g)z %h Mc&%g%r%%%S@SB%i Lu#cﬁ\r[ﬁﬂ ‘dosage forms

themel mhy pq)mplwsmgl@dnp@ un ¢enehtigaal rputmrt(dn); wah] ob ev1thout additional

rtedtoaterntlve ou

S ShRgLS e, 85 SRILPLT SRoBe kel Blin spy suitable
dffé@Wé wo@t ATE® Actikdl inpedichi cohfimemdutate Witht the iAfeadsl d#ily dosage
of general synthetic nethods are not applicable to
13pgedr fe EBRISEhds according to Formula (1) and/ or
necessary internedi ates for the synthesis of conpounds
of Formula (1), suitable nmethods of preparation known
Rharmaqeuticad pompasitiogs contaihingarqomplend dfp this ip@eniigr dan heprepared in a

I t ' Lvidu
AEREE S bV BY R abiacB il B nd B6m 6 o, B Gt Blive compouna.
Getlogdlly] tht ecxhpounkds efuhis invdneion he aﬂﬁﬁhlstpmﬂ i hpharrﬁﬁcbutically effective

availabilit 67 intci t es necessary; again )
?@Etaﬂ?‘%‘%{%ﬁc thg CBB‘BP@Hn;;‘F@EIYWH{IWB@@ Xlotm'?%&k}e determined
‘térk shélaﬂ he (8¢ llﬁht':&f thalrblet i@ cRE@hsdiced rlnélﬁ&ing the condition to be
ero ection net secPlllpJKoc:|ensk| in

trqatedt thet ¢hegengrasip of ad@@eﬁtrgtlmm theractyaly ¢calg>osnd|tasigvatrlstered the age,
m&tYﬁ’r{d‘res;}o%ge of"ﬁjlg ’1ndﬂﬁﬂt%i% ﬁer}{\l the severity of the patient’s symptoms, and

the like.

The pharmaceutical compositions of the present invention can be administered by a variety
of routes including oral, rectal, transdermal, subcutaneous, intravenous, intramuscular and
intranasal. The compositions for oral administration can take the form of bulk liquid
solutions or suspensions, or bulk powders. More commonly, however, the compositions are
presented in unit dosage forms to facilitate accurate dosing. The term “unit dosage forms™
refers to physically discrete units suitable as unitary dosages for human subjects and other
mammals, each unit containing a predetermined quantity of active material calculated to
produce the desired therapeutic effect, in association with a suitable pharmaceutical
excipient. Typical unit dosage forms include prefilled, premeasured ampoules or syringes

of the liquid compositions or pills, tablets, capsules or the like in the case of solid
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G eene and Peter G M Wits in "Protective Goups in
Organic Synthesis", Wley 5 Interscicnce, 3th Edition
1999. Those skilled in the art will recogni ze that
certain reactions are best carried out when
potentially reactive functionality on the nolecule is
masked or protected, thus avoiding side reactions
and/or increasing the yield of the reaction. Exanples
of protecting group noieties ¢gray be found in Philip J.
Koci enski, 1994 above and in Geene et al., 1999,
R Siior! n NG cBAFoFARSC e UorRANLGH IRUINIRINS ' Rlarly o minor
trcular reaction |s nown to those skilled I'n
doknpoacrtt (o zﬂbepe&di g0 @houtfd% hy weight for {praderhblydtanpabdut 1 to about

ARELR iy B DeTeiat Yt 4o oD RETRRE anGpfoctssing aids

hefip feifot foemenghbd ddsitedlosing foght of the reaction
condi ti ons. Conpounds of this invention can be

sol ted in oci ation.with solvent. nolecyles b
ortnm syt ibi? ?06 ﬁrar? pERASICIHER MRy diflule ay wwpg%?réwnaqueous
\%ﬁicl’ee(i/‘ith bmﬁrsp B@drpm&gltah& @h§p¥n§i’f?g3 SRinaD Ics1oita51tsama%rs and the like.
addition salts t he” conpounds of  Formula (), which
%dlldtfams laaSbals'JUée cfem@rnplmyy pEthp feljpavieg) mgrﬁdeents or compounds ofa

N

axeipicnosuchras atam]nl drdhit@se,sa) Hisinteprating raderitsech ma] gltncmglds ®titnogel, or

i sol at ed ther by filtration or b ion., u
PR IER A TP SSp A STAEBET B Aicarais A, RD etk i Joplomar fiticon dio-
ES ARWRABAIND A8t 6N dsi sQEroSAb sacdMYn A& OMvaHAE Q%dnlﬂ s as pepper-

anal ogous nBnRer by treating a solu- 20 tion
rew#w%hvd selicylasn, RupAngq flavgring a suitabl e base. Both

types of salts may be forned or interconverted using

S LR SRR b ipol RCcHBIS RS S ¢ Bhosphate bub

fergdesalinanplotier injedtattic avamersoknqyangt theeatt.t &s lsbowei memiipngd, the N-

l I ML t(li]eeﬂv% 1ve% OPfFO V?Ili]tl p. 121150;; IC?IISf %l k 1caﬂ9 a minor

Péagng r eSS Cofmerclaf @)aval LSPEPREIAS L §P

daknpﬁﬁfnt Oftstueht) rahgingrieivadea (03 0% by ackaght with the remainder being
u% 6- pentafluorophenol (from Fl uka), 3-

tB? loarmgriapd thedtke (from Al drich), allyl bronide

(from Fl uka), HATU (from Al drich),

Phelatidh BRI QPYP E@lﬂg&ﬁn{sf 100 W dflyUdciinistekddnbtifectable compositions are
bi s(trinmethylsilyBamde (from 68 Aldrich),

merglyJepissrattivel Rurther mafonialsraswpll as processing techniques and the like are

 BOTE S R IRATTL P SIS ST ) 2o, s

Rubbisten g Company, Bastas Pensyppeia, Which lsc:lhd:(n'porded hEremrby reference.
Al drich), 2- chloropyridine (fromAldrich),

'lgl‘@ co%n ouﬁ ft tgl}/sp 0 r gngfl’oﬁé iaE T%ls%f He A{Hﬂnﬁlﬁ%%ﬁ%{: %? s(“it-aiﬁlﬁ‘ri irglﬁs)e forms or

fporp sustZined re(léafsé) Mrug delivery systems. A description of representative sustained

release materials can also be found in the incorporated materials in Remington’s Pharma-

ceutical Sciences.
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5 Aldrich), 3 -phenyl-5 -piperazino-1, 2, 4-thiadi azol e
(from Maybridgc), 2-bronopyrimdine (fromAldrich),
1- brono- 2-fl uorobenzene (from Fl uka),
2-chloro-4-(trifluoromethyl) pyridine (from ABCR),
2, 2' - bi s(di phenyl phosphi no) -1, 11- bi napht hal ene (from
Fluka), fluoro-N,N, N, N -tetranethylfornmam di ni um
hexaf | uor ophosphate (from Al drich), diiso propyl
(R-(+)-malate (from Al drich)e3
1- (4- nmet hoxyphenyl) - pi perazine (from Chess), 2- 10
[ n1/u drich),

sf 04'c Xﬁ(ﬁyd’f ﬁiéﬂl% l‘é({ nzene (from ABCR)

Tlhebmcmafbddravahmsr a:scﬁrcﬁﬂngm Bbmnu?le 1tB c(ahrbmpnépai‘cd (fto)n readily available

chl o rom
idrf’nzlg fateria k eﬁilvffal fyétfh%tl% a]?pé?e}ckﬁsy d{sglgﬁqﬂaiswéltlon-phase and solid-
phusly @@hﬂlsfﬁlylpﬂ@toé(ﬂi BXahpled 8] synfhretic pathways for the will be described.
phenyl-1, 2, 3, 6-tetrahydropyri di ne hydrochl oride (from
Acros), 4-(4-chlorophenyl)-1,2,3,6- tetrahydropyridine

'ﬁ%%f?&bl!n 'éb @w&tfl(frgg %f@f Igﬁﬂeemely Eo the deﬁmtlons below

1-(2-thi pi perazine’ (from 15 Enkachem,
g é@qub@hbxlyl(bwhraz(gmm),( Lr OrterEpmet fmudi)gram) MHz (Megahertz), min.

-pi.peridineeth . .
GRUBY Pt BRRERRS prndt GRS, S critipotso. m-pofelting poin), eq
(éditﬁbdlent)dr RAIO PrhiDliIREN), cum e(xﬁi‘cf&iferﬁl NCNh)acetonitrile), BINAP (2,2
Boc- pi perazine (from Fl uka), isonicotinic aci d (from

m(émh9ny1@0émhlm)&8blﬁwb@ﬂbm)r Bas GetrButoryenbanaip G&Q‘eﬁdeuterated
%}c&{)@?ﬁ% o%rrﬂo%j)}ir (D¢ nem?{lr omaﬁ%‘% éhp(&&'&&gﬁlﬁﬁsgbhex (Cyclohexane),

dbabr o@dﬂbeﬂzlphdqnyl benaems, (fPEE Al @idyclohexy2- broarbodmide)) DCM

('iS'3 ”%Q?e:)hﬁhgg Dl RO A Btimide)., M, (Piisgprony lethyl-amine),

Fredhid B NYOMEOr omlﬁi‘eﬂiylsaﬁ&au@r ) DMSO-ds (Deuterated
1- bronD 4- r|quoronethoxRé) (from Ap
dimpthylsulioxide) qdpmd: (A d xrlinkepdpkosphipg ﬁ?fmcﬁkh :DC (1-(3-Dimethyl-amino-

e R R e e

Didshydnetier)R- EtOH  (Ethanol), Fmoc (9-Fluorenyl methoxycarbonyl) HATU

(Dimethylamino-([ 1,2,3]triazolo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl-ammonium
hexafluorophosphate), HPLC (High Performance Liquid Chromatography), i-PrOH (2-
propanol), K,CO; (Potassium carbonate), LC (Liquid Chromatography), MeOH
(Methanol), MgSO,4 (Magnesium sulfate), MS (mass spectrometry), MTBE (Methyl tert-
butyl ether), NaHCOj3 (Sodium bicarbonate), NaBH, (Sodium borohydride), NMM (N-
methyl morpholine), NMR (Nuclear Magnetic Resonance), RT (room temperature),
PyBOP® (Benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate), Rt
(retention time), SPE (solid phase extraction), TBTU (2-(1-H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluromium tetrafluoro borate), TEA (Triethylamine), TFA (Trifluoroacetic acid),
THF (Tetrahydrofuran), THP (Tetrahydropyranyl), TLL.C (Thin Layer Chromatography),
UV (Ultraviolet).
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(et hyl enedi oxy) benzene (from Al drich),

1- br ono- 4- net hoxybenzene (from Al drich), 1- 25

chl oro-4-(trifl uoronethanesul fonyl)benzene (from
ABCR), 1-bronp-4-tert-butylbenzene (from Aldrich),

1- br ono- 4- et hoxybenzene (from Al drich),

1- br ono- 4- chl or obenzene (from Fl uka), 1-Boc- piperazine
(from Fl uka), thiophene-2-carbonyl chloride (from

Al drich), iodonethane (from Adrich), benzyl brom de
(from Flulca), (iodonethypcyclopentane (from Acros),

- - 3- [o-4-(trifluoronethoxy)benzene (from
%6’%@%?”&2;'}%80 br onobi phenyl-4-y1 methyl ether (from
AAIpieferrhr) prdcety foropréparing| © lvemypbiveh o fernjdla c(h)1 c@8ists in coupling a

ORI BReT e PPy S0 B b ah Y Bhriis ayine am o

farrh lﬂﬁHTﬁlte?mfatht@T(W )]-whéfeﬁlh&)(Rb Rtz RACRY RCORT AhdihiaghYefined as above

4, 4" - di bropobi phenyl (from Al drich)

(3chgnpsnh below). L@?n@rai p{qtiaqOﬂq f?énskb“r’f’e‘f%k% prereiebelgy fhthe Examples,
| dRitiofls gﬂ?ﬂﬂ&l Qvlell NGokh 9 @i%(%/g¥pﬂlla&l %lh(e art to prepare an amide

rono- 3, 5- tritluoronethyl nzene
bulnd ffophgn aming amhm carberestliayakiden zaibexx(lfcragrd dHrldamvﬂ(): 8- acid chloride),

brorm chl t hi gphene fro [
D F Wbl et ABRRE B, A4S €6 1B} EDG.TBTY. BEC, HATU,
BBORT, | LebaphehlorofodBte,2-1 Erﬁék@l-ﬁclﬂoropyndlmum iodide (Mukaiyama’s
di net hyl- 5- oxo- 1, 3-di oxol an- 4-y1]-4-neth 1%ent anoat e
Tg3gen é\qlog),ersulartg%ﬁr@ﬁ%ce ng{?t of_ bases'such as TE A, NMM 1n a suitable

sbflehdsath 4s Bet, MMy Iporroxo- 1, 3- di oxol an- 4-y1] - 4- et hyl
pentanoate O .F 0J1l FF To a solution of

2,3,4,5, 6-pent af | uor ophenyScheme 1
(2R) - 2- [£4S) - 2, 2-di met hy1-5- oxo- 1, 3-

() R® R R!

o
n 4 -—R1
)ro 0 * HNW)\R7 = 0 R
6 )To o R°

R

am () av)

Compounds of Formula (IIT) are commercially available or can be obtained from protocols
herein described.

An attractive method for the preparation of compounds of Formula (IIT) wherein A is N and
R' is an optionally substituted aryl or heteroaryl may be the reaction of piperazine of
Formula (IX) with an aryl halide or sulfonate of Formula (X) where X is a leaving group
such as Cl, Br, I, Ms, or Tf, in the presence of a palladium catalyst such as Pd(OAc), or
Pdx(dba)s;, PdCly(dppf), a phosphine such as (+/-)-BINAP, PPhs, P(p-Tol);, 1,1°-diphenyl
phosphino ferrocene (dppf) and a base such as t-BuOK or t-BuONa. In some cases, when
the aryl halide or sulfonate of Formula (X) is sufficiently reactive (e.g. 2-chloro-pyridine),

the reaction can proceed without the palladium catalyst and without phosphines.
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di oxol an- 4-y1] - 4- met hyl pent anoate (prepared accordi ng
to WD 94/ 02447 or simlarly to Seebach et alL, 1990,
Org. Syntheses, Coll. Vol. Ill, p153-159; 5.0 g; 12.62
nmmol; 1.0 eq.) 15 in DCM (30 nlL) was added TEA (1.81
m; 12.62 mmol, 1.0 eq.). After 24 h of reaction at
RT, the solvent was evaporated. Purification by
chromat ography (Si 02, gradient starting from 18/ 82

Et OAc/ c-hex up to 25/75 Et OAcdsc- hex in about 30 m n)
gave the tide conpound as a white powder (4.22 g; 84%
as a diastereoi soneric m r 45 (determ ned by
NVR). (CDCl13): 8 4.69 (d,&%#ﬁgfﬁilJ:4.51lz), 4.53 (d,
0. 4511, 20J=5112), 3.28 (m 111), 2.05-1.65 (mRrR°211),

1.62 ( 1), 1.59-1.48 (m 411), 0.97(m¥%1};./,§0
I nt er melrare Fpr matRbn_of A
(2R)-244$|)q- - di met’hy1- 5- oxo- 1, 3- di oxol an- AN} ~ge7( 4-

et hoxyphenyPpeft anoi ¢ acid A#MNtep a) Formatigen of
di - i sopropyR (2R, 3S) - 2- al Ry is-asylloy Hetevowlyut anedi oat e
(I'ntermedi @y 52a): XH 0 To a cold (-78C) sol gnon of
dii sopropyl (S)-(-)-malate (4.74 nL; 22.9 mol; 1.0
eq.) in anhydrous TIT (8 50 nL) was slowy added under
Tl
Iﬁfeﬁﬁ?ﬂl%l'b__ Jr fgfﬂuﬁhm bdﬁeﬁ@}‘éaﬂe&i%kee' pldlqﬁ' (?(ﬁleaﬁ%lgé— rr‘Bre &valﬁ)lu%rotected
HyeltaxplantC HLNQ-Bf  wherd 5R¥riis o fpraidditg gmupt hmhr @sctthutyl, benzyl,

was St i 78C fo
Pk A opiehiE Bk inkomrotde P ed B8 R itSimedenpogection step to
mﬁﬂe&nﬁ&ﬁdoﬁﬁbﬂmhmeschéxhalzbbbﬁper ature, the mxture
was cool ed at -78C and al | bromde (2.9 nL; 34.4
mmol ; 1.5 eq.) was added. ﬁ'ée“%? ution was stirred
over ni ght Ral |l owi ng the tenperature to reach RT. The R®
re t| hen quenched with ice water and aﬁz RY _R'
}5 rat ed s&bu)m(bf NHAC1. The aque a‘yér*
ed 3 tines vvltRi Et 0OAc and th W)\R7
[ I ers were washed wth a aturate slu R®
NaCT, dri ed ove$ eR/B)S]?ﬁPra'i‘?ﬁf“’é‘\ﬁﬁ&lmd%"eaDto obt al n an
or ange (% . Purl fication by chromatography @
(Si 02, /90 Et OAc/@h'é?)’a'@éﬂfét"FWég%“Pt‘lPe product as a
colorless oil (3.05 g, 51.5%. NWR (CDC13, 300 M-12)
8 5.76-5.59 (m 11), 5.07-4.80 (m 411), 4.08 %Y
Iptepmglistes ofl foymuly, (B3 niayr bespreparyd by ngharls kpowmor by jprotocols herein
%s%?b?i 41 (m 11), 202.34-2.21 (m 111), 1.14 (d,
¥VMz, 614), 1.07(d, J=6.4 Hz, 611). 71 Step b)
Formati on of di-isopropyl

A iSRG e Mrghe brepsration PCSEHpothas oFF SRR may be the coupling

of a carboxylic acids of formula (V) with hydroxylamine or with a protected

hydroxylamine H,NO-R® where R® is a protecting group such as t-butyl, benzyl,
trialkylsilyl, tetrahydropyranyl (THP) or any suitable protecting group, with or without
standard coupling agents, such as e.g. DIC, EDC, TBTU, DCC, HATU, PyBOP®, Isobutyl
chloroformate, 1-methyl-2-chloropyridinium iodide (Mukaiyama’s reagent), followed by a

known deprotection step to form compound of Formula (I) (Scheme 3 below).
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O 11 0 OH 0 To a solution of diisopropyl

(2R, 3S)-2-al l y1- 3- hydr oxybut anedi oate (3.0 g; 11.6
nmmol, 1.0 5 eq.) and DIEA (3.86 nL; 28.9 mol, 2.4
eq.) in CH3CN (30.0 nL) was added 4- bronophenetol e
(2.0 m,; 13.9 nmol; 1.2 eq.). To this solution was
added a m xture of trio-tolyl phosphine (0.35 g; 1.16
mmol; 0.1 eq.) and palladiumH) acetate (0.03 g; 0.12
mmol ; 0.01 eq.) in CH3CN (3. 0s6nL) which was soni cated
before the addition to the reaction m xture. The
reacti on was stirred under sat reflux for 2.5 h,
cooled to RT and the 10 sonents wer e evapor at ed under
reduce pméssure The resulting residue was then taken

nd washed wi th an agueous saturated r?
sgluﬁr/ Evapd%qﬁm@mmﬁﬁgthe sol vent gav an, \i;k
4H . Pur [
gr a8| ent r om 20/ 80 Bt Sivhdy) Dipestection (fBROIs@oEDOAC/ d" RS

|
)o
gave t title product & o o (4.41 g, 100
%. IV(BSI): 379.3, |||1{31irﬂr\/@RrE'EI '%{Ltﬁ'ﬁg %I\/Hz) g8 7.140

THe, HPEB dfia HZovuﬁﬂi)m te-ck8mpRs dekelb&d B‘éIow ﬂv@rééblémerfas%llows HPLC
(g J=15 6 ke HD) 6,005 86 (m H)

4. 83
luryns: Waters Offerra® MS s-poluma F0ompy X 414 yum 3t gcﬂoc’u f( 2 mL/min for

%r?mgﬂo o BV e %‘%ﬁf"@e%ﬁo 171394 § 59 418 tow or 1

rﬂh/fnlﬁftbﬂz:on@ml)scmdm 1.00 (m 1211). Step c)

GG} 87 i aERBL FBH A ERy B 1401 Gy TER G CHN.
@(QﬂlﬁtﬁﬁEB 8 min gredicat ﬁ@ﬂntgtsrypm@to 0% CPLORY |

R, 3S)-24 2E) 3-(4-ethox enyl enyl] 3- hydr ox
épnélé}%%‘ﬁgd? g gradiet fgom 95 :ﬁlh%r‘)OO 5}1 i n met hanol

(ﬁdlrﬁftldﬁkb 96 ‘i‘rﬁﬁ gM%héi‘ﬁ ﬁBﬁl@E‘% A,k 4@%‘@@3@ /U:’Y] g%@%on%axplot) for

Thé m xture was
ﬂwmmdg@mated under 2 bars of hydrogen for 14 h at RT.

TRbERE AR i S5 Rl Gt 9L cotumn
I0raRBt 99 harhyv(deidddon 2X548MEh@A00 GMe fbwd 3¥enlt Afin. The MS data
title product as a colorless oil (1. 959% .

peeyigs} Jn twgaxampleslosprroeddptorg wespobiiaell @ fpllgged:dMass spectrum:

3%%37 “’%"5 %EDD g%r)l fj]')hé ihg/r% gé‘tzaé) &ﬁd@%‘éﬂﬁ&a@ﬂ&é dgs%Tééﬂ( bolow were

abtaidetlias folRawitd: -BIMRerkGﬂDPX-ZOBMH?L 46 (m 2H),
1.87-1.49 (m 4H), 1.32 (t, J=7.0 Hz, 311), 1.24-1.10
(m 1214 10 Step d) Fornation of

AcRrdisy 302 2 ]tgrtlﬁrﬁo ghhaK prRIGERY bompcuid bf Fohielh QRY&iat Bnesliverted to
ol C acl
alternative compounds of Formula (I), employing suitable interconversion techniques well

known by a person skilled in the art.

If the above set of general synthetic methods are not applicable to obtain compounds
according to Formula (I) and/or necessary intermediates for the synthesis of compounds of
Formula (I), suitable methods of preparation known by a person skilled in the art should be
used. In general, the synthesis pathways for any individual compound of Formula (I) will

depend on the specific substitutents of each molecule and upon the ready availability of
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OH 0 To a solution of diisopropyl

(2R, 3S) - 243- (4- et hoxyphenyl ) propyl ] - 3- hydr oxybut anedi o

ate (25.4 g; 66.8 mmol; 1.0 eq.) in THE/ water (3/1;

500 nL) was added potassi um hydroxide 15 (22.5 g;

400.5 mol; 6.0 eq.) . The reaction m xture was then
stirred for 3 days at RI and the organic | ayer was
extracted with an aqueous sol ution of NaOH (1M . The

conbi ned aqueous | ayers were d7hen washed with MBTE

(2x), acidified to pill wth an aqueous sol ution of

. 0 i i . a11 o
e R e R YR 0D e R U O G gy s i
the \aet. dior arllatigepwidcti¢r? 2n@ dpprotddtios methodhy scevdhilipal e Koajenski, in

Ao R GRS KaTis ke Srefes RN ERL NEY P oios aifh Tlsadora .

@ebiti hh@ Pt G] Mr St iih atAreRedle GheupRr Rd0Btanid Sy@hdss”, Wiley
The produgt was then filtered to obtain a white solid )
Integserpnege, 31 idatiap 1999nThosg skillgd i theris wBl kpeQpnize that certain reactions
#dY lt':§rr§8|o;(ﬂ WaBn ggteﬁﬁ'yll \ ﬂewtiv@rlgn&?éflﬁlﬁgtoﬁ&h@@ﬁdi‘ec’c:rfe%‘}nasked or
to obtain after evaporation the title product as a
prbliccted,dhus avoiditig side m48ctivay andiorghersasinigihé st afithesteagtbinnExamples
- 11-1 NVR .(DVBO-d 00, 25 2..36. hr .
ooty e ve it £ gl Aol 994 gpove and in
Grebute Bi ab, [99€) above3 The GRed dnd ThSic8 ofibrotddiing grolss {dfl.a particular
J=7.0 Hz, 21), 2.63-2.53 (m 1H), 2.53-2.42 (m 21), ,
reacsion iy kngyvn iR thedg skifedsiy é@,aﬂ\]@ﬂ ¢rpppds opphe naturespl Hicgfnctional
%Qﬁgrﬁtﬂe%ot@&ed (hydroxy, amino, carboxy, etc.), the structure and the stability of the
2R) - 2- (4_Sé)- 2, 2-di met hy1-5- oxo- 1, 3- di oxol an-4-y11-5-(
mole¢Hoslywhich thersybstituent wpeitef theireaction conslffamsi on of
(2R, 3S) - 243- (4- et hoxyphenyl ) pr opy1] - 3- hydr oxybut anedi o

Caiyfihts S dngmydientthodWBlind bt eSSl UPEHAL ALty oy
talliZateon). frormneyaparpti@r ()f—l)m (apbmpr'ia_]ie s(>1]v_315t. e phaﬂﬁhcm_llilially acceptable
spiadifhich safls'gi e b s of SRl i SodeR eioiter, may be

8hrddia o REVEHOnAl andndke Fotigkakipld-a2BMutibh bt thaffie@ Bafmay be treated
pad of celite gave the title product as a greeni sh oi

|
wided syitabletngidneifer geat Ot K & yiéiable sefptions angh thejresulting;salf isolated either

PR T A B 40 oty A gt

acoeptabi e ladditipih palts3ndy0b@otddinédrin anldipjogdusrhaied by (reating a solu-

it pppOsofGopiia dpiinesiigb R padPahlyBs q3ugTy be formed or

inf¥BdoRydrtedl usidy idrdléxtharke)ttsih Rekdguase - Nr- \NH To a

sol uti on of %R) -2-nmet hyl piperazine (6.6 g, 0.066 nol)

in xylene (100 nL) at 140C under nitrogen was added

18- t68 MRk rtl'léjbfé@enQ 4nébntiOn QR H@lillusﬁ'htg&’{b\& M¥4tls &F some examples,
peri od of h.” 20 The heating was continlded for

velrich eriemabdonskeddn be vigoied ds HoutiRE thaseope of the irtveniaen.

renoved under reduced pressure and the resulting

resi due was purified by chromatography using

THel forl®biap rageritiresins cofmicidl avhilebid were uséd:or d t he

title p uct as a liquid (2.5 40 9% . TLC

OBV BES (BI Rvori) b 3.5 peelagypropenc fgm FHuka), 3-
bromo-2-methylpropene (from Aldrich), allyl bromide (from Fluka), HATU (from
Aldrich), 2,2-dimethoxypropane (from Fluka), lithium bis(trimethylsilyl)amide (from
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74 | nternediate 4:

(35)-3-net hyl - 1- pyri di n-2-yl pi perazi ne "S-NC\NH -N
The title conpound was prepared followi ng the protocol
used for the preparation of Internediate 3, but
starting from (S)-2-nethyl piperazine (43%. TLC
Chloroform/ 5 MeOH (8/2); Rl= 0.2. Internediate 5: (3
R)-1-(2-fl uorophenyl) - 3-net hyl pi perazine rTh N NH To
a m xture of 1-brono-2-fluorofdenzene (5.0 g, 28.5
nTmI) (R) - 2- et hyl pi perazine 10 (3.15 g, 31.3 nmol)

o0 Ll e bk, Bordio ETRIly iy ponssne (o
Mﬁﬁd‘l)nm o4olyIptmsphjnef @itolro Widrichy, Iﬁllﬁlﬁmn(ﬂb&emya (ftor® Acros), copper
T
A 3losgf dFom TR RE SRR Cotp & et fmetipberasine
(e Astathch) gSﬁMeﬂM@q{eﬁdzﬁfépgﬁnﬁ Al@sdhylue-(2-pledylr pipdtigine (from

was pur|f|e usin

chr omat
Arigo Bathen et waﬁ@zlneé;é‘?-ﬂa%dl@% ﬁﬁfom Maytrisieg), tbromopyrimidine

e ou %9 . i
Gl APEEER T A (5P PP o

©/5iline| ﬁfr@nné(ﬁ(al)e 25_2‘-bls(d1pheny1phosph1no) 1 1—b1naphtha1ene (from Fluka),

<o ( 2+Fl h
RN NN R B R K PIBRS A osa R (oM aign). diso
pie®d (RO(+HthelafRr Evai a\snth)Oi (Z5hektivixgplivagl) pligerdzined(@om Chess), 2-

iiartl n P{‘} ;) %{ln 4}1(1 es?v(gff%n &XT |)E;32r iﬂ,ﬂ,eb ggﬁoﬁme@oﬁxhwv‘e (from

&g&(R), 1-Bromo-4-chloro-2-fluorobenzene (from Aldrich), 2,5-dichloropyridine (from
Aldrich), 4-(4-fluorophenyl)-1,2,3,6-tetrahydropyridine hydrochloride (from Acros), 4-
phenyl-1,2,3,6-tetrahydropyridine hydrochloride (from Acros), 4-(4-chlorophenyl)-1,2,3,6-
tetrahydropyridine hydrochloride (from Aldrich), 1-(2-thienylethyl)-piperazine (from
Emkachem), 1-cyclohexylpiperazine (from Spectrum), 4-piperidineethanol (from Aldrich),
4-(4-fluorophenyl)piperidine hydrochloride (from Arch), 4-propylpiperidine (from
Aldrich), 1-Boc-piperazine (from Fluka), isonicotinic acid (from Fluka), 2-chloro-5-
fluoropyrimidine (from Carbocore), 2-Bromo-5-trifluoromethyl-pyridine (from ABCR),
2,5-dibromopyridine (from Aldrich), 1-bromo-4-propylbenzene (from Aldrich), 2-bromo-6-
methoxynaphthalene (from Fluka), 1-bromo-4-trifluoromethylbenzene (from Aldrich), 4-
bromo-4'-fluorobiphenyl (from Pfaltz-Bauer), 1-bromo-4-(trifluoromethoxy) (from Apollo),
4-bromo-1,2-dimethoxybenzene (from Fluka), 4-fluorophenyl methyl sulfone (from
ABCR), 5-bromo-2,3-dihydrobenzo[b]furan  (from  Fluorochem), 4-bromo-1,2-
(methylenedioxy)benzene (from Aldrich), 1-bromo-4-methoxybenzene (from Aldrich), 1-
chloro4-(trifluoromethanesulfonyl)benzene (from ABCR), 1-bromo-4-tert-butylbenzene
(from Aldrich), 1-bromo-4-cthoxybenzene (from Aldrich), 1-bromo-4-chlorobenzene (from
Fluka), 1-Boc-piperazine (from Fluka), thiophene-2-carbonyl chloride (from Aldrich),
iodomethane (from Aldrich), benzyl bromide (from Fluka), (iodomethyl)cyclopentane
(from Acros), 1-bromo-3-fluoro-4-(trifluoromethoxy)benzene (from Apollo), 4'-
bromobiphenyl-4-yl methyl ether (from Aldrich), 1-bromo-4-cyclohexylbenzene (from
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I nternediate 7:

2-[(3R)-3-net hyl pi perazin-1-yl]pyrimdine ArTh 7-N NH
-N To a solution of (R)-2-nmethyl piperazine (4.0 g, 40
mmol ) in xylene (100 nL) at 140C 5 under nitrogen was
added 2-brono pyrimdine (6.36 g, 40 nmmol) slowly over
a period of 30 mn. The heating was conti nued for
additional 15 h and cool ed. The solid precipitate was
filtered and dried under suctéoon and neutralized with
a saturated aqueous sol ution of sodi um bi carbonate.

dugt d DﬁM, 50 r4
ga e\fgporggtr&gétl?&g%%&&g m tit r%%’ungr%émg%’i &fiuoro 1.3
Henzpdwko@éz (forg, ApIBA),. 4‘5t(mao-Q}ﬂLmr(Dl -onathioxlyb@izieric) (BoR) Aldrich), 4,4'-
| nt er medj at.e, \8: .
Goropdeiphanl (el ik BiiFuy 4brpmpr - fyprork-GrifleormpaibgspBRizgRe (from
Apdio)h 6lb¥&h&td2noh&ie Enfroiﬁo Maybailipd)] drbromo(3H-bid(tiBldt¥inethyl)benzene
(p perazine mmol ) in xylem (100 nL) at
fromc Addrighyg rbrﬁmwo@éthymﬁ%wa@ ddérgm Addeighdp ¢riremgiSnehlorothiophene
(qi%n;s 400mm|) slowy over a period of 30 mn.

The heatl ng was continued for additional 15 h and
cooled. The solid precipitated was filtered and dried

SReEleaHE 1 R o s sl GERRIErbliath (8 sy 2.0
dnlﬁ):%@} mkm L3i<ggxcxﬂara§yn]e4 {n@tl@l;@ntaﬂ&témgﬂld péhtaflodsphienyl (2R)-2-
[§4531% ?:rfLri%ne 3%1|5| Cf)qouﬁ? e@ép%y ﬁiﬁ%ﬁa@ﬁ%@@w g, 40.0

mol ) slowly over period of 30 min. The heating was
conti nued for adgltl 12 h and coaled. The

mﬁiﬁ&ﬁi

To a solution of 2,3,4,5,6-pentafluorophenyl (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-
dioxolan-4-yl]-4-methylpentanoate (prepared according to WO 94/02447 or similarly to
Seebach et al., 1990, Org. Syntheses, Coll. Vol. II, p153-159; 5.0 g; 12.62 mmol; 1.0 eq.)
in DCM (30 mL) was added TEA (1.81 mL; 12.62 mmol; 1.0 eq.). After 24 h of reaction at
RT, the solvent was evaporated. Purification by chromatography (SiO,, gradient starting
from 18/82 EtOAc/c-hex up to 25/75 EtOAc/c-hex in about 30 min) gave the title
compound as a white powder (4.22 g; 84%) as a diastercoisomeric mixture 55/45
(determined by NMR). '"HNMR (CDCL): §4.69 (d, 0.55H, J=4.5Hz), 4.53 (d, 0.45H,
J=6Hz), 3.28 (m, 1H), 2.05-1.65 (m, 2H), 1.62 (m, 3H), 1.59-1.48 (m, 4H), 0.97 (m, 6H).



10

15

20

76 reaction m xture was evaporated to a residue and
the residue was purified by chronmatography using

chl orof ornf met hanol (8/2) as eluent to afford of the
title conpound as a liquid (3.5 g, 36%. TLC

Chl oroform/ MeOH (8/2); 121 0.25. 5 Internedi ate 11:
1- (5-phenyl141, 2, 41oxadi azol - 3- yDpi per azi ne

di hydrochl ori de Step a) Formation of tert-butyl

4- cyanopi perazine-1 -carboxylmte NC-NrTh N\/ 10 To a
sol ution of 1-Boc-pi perazine (25 g, 0.13 nol) in

%@ﬁgﬂl{? P elrafich rgf)(aﬁz Tfagias-aeie éﬁ?&g‘n 2% dfbholan-4-y1]-5-4-

diik&yphapyl)per@ahomdcjd i n anhydr ous DCM (250 nl) sI ova y
over a period of 30 min._ The reaction m xture was
stirred at RT for 16 hou\s and washed with a 10%
aqueous sol ution of sodi carbonate, water and
brine. The organic |ayer ied and the sol vent was
renmoved 15 under vacuum The residue was purified by
chr omat ogr aphy usi ng chl or of rT1me I_ranol (95/5) as
eluent to afford 15 g (57% oof -t itle corrpound as a
solid. TLC - ChIorofornimsth%n%l qQ9/1): Rf = 0.7. Step
b) Formation of tert-butyl

Sgégl_ &Idr}}/ﬂhz%%? d?‘?QJgth&z %}ér‘]ﬁé ?ﬂl]{gﬂﬁ%&%ﬁﬁlﬁarﬂed&ﬂfﬂ?ﬂ%ﬂxﬁ&mw

N 20HNO
2a)cyanopi per azi ne- 1- carboxylate (15 g, 76 nmol) in
et hanol (150 nL) was added hydroxyl am ne (50% aqueous
solution, 6.2 nL, 92 mml) and the reaction m xture
was stirred at RT for ;J\hOUD’S. The sol vent was
evapor ated under vacuu 07~ OY
OH O

To a cold (-78°C) solution of diisopropyl (S)-(-)-malate (4.74 mL; 22.9 mmol; 1.0 eq.) in
anhydrous THF (8.50 mL) was slowly added under argon lithium bis(trimethylsilyl)amide
(48.1 mL; 1.0 M in THF; 48.11 mmol; 2.1 eq.) keeping the temperature below -66°C. Afier
45 min of addition, the reaction mixture was stirred at —78°C for 2h, then the temperature
of the reaction mixture was allowed to reach 11°C. Afier 1h at that temperature, the mixture
was cooled at -78°C and allyl bromide (2.9 mL; 34.4 mmol; 1.5 eq.) was added. The
solution was stirred overnight allowing the temperature to reach RT. The reaction was then
quenched with ice water and an aqueous saturated solution of NH4Cl. The aqueous layer
was extracted 3 times with EtOAc and the combined organic layers were washed with a
saturated solution of NaCl, dried over MgSO4 and evaporated to obtain an orange oil (5.4
g). Purification by chromatography (SiO,, 10/90 EtOAc/c-hex) gave the title product as a
colorless oil (3.05 g, 51.5%). "H NMR (CDCl;, 300 MHz) § 5.76-5.59 (m, 1H), 5.07-4.80
(m, 4H), 4.08 (d, J=2.3 Hz, 1H), 3.03 (br s, 1H), 2.80-2.72 (m, 1H), 2.53-2.41 (m, 1H),
2.34-2.21 (m, 1H), 1.14 (d, J=6.4 Hz, 6H), 1.07 (d, J=6.4 Hz, 6H).
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77 and the solid obtained was triturated wi th hexane
(100 nmL) and filtered to obtain 15 g (80% of the
title conpound as a solid. TLC - Chloroform/ nethano
(9/1): Rt = 0.15. Step c) Fornzation of tert-butyl

4- (5- phenyl - 1, 2, 4- oxadi azol - 3- Apper azi ne- |
-carboxylate 5 To a solution of tert-butyl

4-[ (hydr oxyani no) (i m no) met hyl Thi per azi ne- 1- car boxyl at
e (7 g, 28.6 mol) in anhydrous DCM (150 nlL) was added
benzoic acid (3 49 g, 28.6 muol) foll owed by

ﬁ@a@%ﬁgﬁr{)& %/aésﬁﬁé{dﬁ2 rr ieg [£§E) Ril' folfzg)ggﬁmi?s) %mg%l] 3
%wﬁdq%uﬂhafﬂhe f||trate was evaporated and the residue
obtained io was refluxed in pyridine (100 nL) for 3
hours. The sol vent was renoved under vacuum and the
resi due was dissol ved irf The organic | ayer was
washed with a 10% aqueous tion of sodium

bi carbonate, water and brine. ! The organic |ayer was
dried and the sol vent maﬁLg pdrated. The residue was
purified by chromatographyousing petrol ether/Et0Ac
(9/1) as eluent to afford 5 gof33% of the title

e “”dn & %gf’rg{ﬁﬁg@'sg%@nyg% g%éra HuiAneGionte 3 0% 116 mmot; 1.0

eél()5arﬁh®lEA 6.85 AIQXZ89 aH@bL; &w%al)pﬁr EHL,ON (30.0 mL) was added 4-
hydrochlorlde NNH . 21-1Cl O..N A solution of
krempp @t9 le (2.0 mL; 13.9 mmol; 1.2 eq.). To this solution was added a mixture of tri-

4“%“8’5% R S AR R i b

100
(mls eq,i) iim (GFHCN (T niloy WBJCh owss sonidatedshsifererthe \additioe rtnm\tm:l reaction

R ) e bRl RS Sy 5
sB[vents @veie epbi@taduinidénreditéYressul 8. THetreslmmg @iduclwas then taken up in
ég(ﬁs}%gg %gm %)iﬁl Mq@%&x&%&%& Isolutlon of Igaé)lelri\?a?plo?aetlon of the solvent
gave an oil (4.3 g). Purification by chromatography (SiO,, gradient from 20/80 EtOAc/c-
hex to 100/0 EtOAc/c-hex) gave the title product as a colorless oil (4.41 g, 100 %).
M'(ESI): 379.3. '"H NMR (CDCls, 300 MHz)  7.14 (d, J=8.6 Hz, 2H), 6.70 (d, J=8.6 Hz,
2H), 6.46 (d, J=15.6 Hz, 1H), 6.00-5.86 (m, 1H), 5.05-4.83 (m, 2H), 4.13 (dd, J=7.0 Hz,
J=3.0 Hz, 1H), 3.90 (q, J=7.0 Hz, 2H), 3.10 (d, J=7.2 Hz, 1H), 2.89-2.78 (m, 1H), 2.70-2.55

(m, 1H), 2.52-2.35 (m, 1H), 1.27 (t, J=7.0 Hz, 3H), 1.22-1.00 (m, 12H).

Step ¢) Formation of diisopropyl (2R,3S)-2-[3-(4-ethoxyphenyl)propyl]-3-hydroxybutane

dioate
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The title product was prepared follow ng the procedure
of Internediate 11 (step a to d) but using
isonicotinic acid in step c). The title conpound was
obtained as a solid. TLC - 5 Chl orof or mi et hano

(8/2): Ri=0.2. HPLC purity: 97% Internedi ate 13:

5-0- benzyl- 3- car boxy- 3, 4- di deoxy-1, 2-0- (1- et hyl et hyl i
dene)-L-threopentonie acid io Step a) Formation of

I sopropyl 72

5- O benzyl- 3, 4- di deoxy- 3- (i sopr opoxycar bonyl)-L-threop

%‘Mt% O %&%@ﬂ({iﬁﬁ% ﬁféE?-?-ga@mo&%‘r[éﬂ%ﬁ@ 2ﬁrg"SEnyl]a-hydroxy

Hmﬁqmy:duoalyl@ ()]g) Stﬁj;) mwek;d.(poq) edmetharel {Y5H mlig ulddF NSGmosphere was

a 15, th n-Bu 3 N
B4l PR o BR T2 Dl i Thsi Hichish Wl %K vbgited wnder
Bbar6F Rydeogkn li)rt A6 a1 0D ITe rédéflblh ﬁﬁxtdeVthttHerr ﬂl&%cﬁeﬂﬂ dvBporated to
the reaction m xture was added dropwi se

obtain ap et 61:P1 g Parificatiog by cgror@twwwfmz, a@/§@ &t%ercﬁ%x) gave the
el b A2l o1 5% 630, MR LIA NIRRT, gpo v

homo(d) J+&3% Hadzidy .6.7’Bc(d1 8.1 Hs,WH)| fid0-4i86t (ur, Sk 1 At ed1 ), 3.93 (q,

B7ardean a8 8L dab: o varogani B 285 220 gty LB %, am,
mmﬁa(mi@amll(ﬁuﬁ 1210324{)2041) (13.0 g, 50 mol )

di ssol ved in anhydrous TI-1F (25 nL) and the reaction
m xture was stirred at -20C for 1 h and allowed to

R e e R L A i R

and then extracted mnth\gtOAc The aqueous | ayer was
acidified with an aqueouso.solution of 1-1Cl (1.5 N)
and i o was further extracte ith Et0Ac. The conbi ned
organi c | ayers were washed wat er, dried over
MySO4, concentrated and then ified by colum
chromat ography to obtain t |t eot nternmedi ate (7.0
g) as a colorless liquid. OH O

To a solution of diisopropyl (2R,3S)-2-[3-(4-cthoxyphenyl)propyl]-3-hydroxybutanedioate
(25.4 g; 66.8 mmol; 1.0 eq.) in THF/water (3/1; 500 mL) was added potassium hydroxide
(22.5 g; 400.5 mmol; 6.0 eq.) . The reaction mixture was then stirred for 3 days at RT and
the organic layer was extracted with an aqueous solution of NaOH (1M). The combined
aqueous layers were then washed with MBTE (2x), acidified to pH1 with an aqueous
solution of HC1 (37%) and extracted with EtOAc. The combined organic phases were dried
over MgSO4 and evaporated to give an orange oil (22.9 g). This residue was taken up in an
aqueous solution of NaOH (5M, 46 mL). 30 mL of water was then added and the resulting
solution was acidified until precipitation of the product (pH 3-4). The product was then
filtered to obtain a white solid (10.5 g, 49.6 %). This solid was dissolved in an aqueous
solution of HC1 (IN) and extracted with EtOAc to obtain after evaporation the title product
as a white oil (9.77 g; 49.4%) which solidified on standing at RT. "H NMR (DMSO-ds, 300
MHz) § 12.36 br s (2H), 7.01 (d, J=8.7 Hz, 2H), 6.80 (d, J=8.7 Hz, 2H), 5.42 br s (1H),
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Step b) Formation of

3-car boxy- 3, 4-di deoxy-5-0- ( phenyl net hyl ) -L-t hreo-pento
nic acid 0 HOAfIf 1SCH O isopropyl

5- 0- benzyl- 3, 4- di deoxy- 3- (i sopropoxycar bonyl) - L-t hreo-
pentonate (7 g, 19.8 mml) was taken in THF (50 niL),
cooled to OC and was treated with KOH (5.5 g, 99 mmol)
in water (50 nL) The resulting mxture was stirred at
RT for 3 h. TI-1F was renovedsand the residue was
taken in water. The aqueous | ayer was washed wth

By B iy b FR AP TS S P 2R AR e, 21, 161
k3G (raciDdl. 99 (th-HtMKe, 3. x 100 nl), washed with water,

dri ed over Na2SO4 and then concentrated to give the
title product as colorless liquid (3.5 g). 80 Step ¢)

SR IS5 Aot b3 e st R st
senf)pehichbieaci@ent oni ¢ acid The Internediate 13 was
_Ere pared fol |l ow ng[ﬁt he procedure of_ Internedi ate 2

a3 s¢Juldon of RRSFSItlBr{f-cthogpphenyl)propyl]-3-hydroxybutanedioic acid (3.06 g;
R 3ALARNYT @e%) ol Q&%\é (go ] m@h‘?&\’é@g& *235 n}eﬂfoﬁg;grg{)&%’tﬁ% g 17.6

nic acid cru
rowol; dr7 @B)@ndlcbppeKIBOh@rldeelm d1a3) mmak OUSfEI;{) The telvalting reaction
next Step.wilhou v furt her urlflcat|on as
Sl a8t B fe ERUR T B ool Wb el pg g rosidue
tAl¥en upt ; 11:{ E11207 Filtrﬁltlcﬁih b‘hl dp zﬁidc(ﬂd@ht@ gavid the Yitle prodhic4s-a grémishDil used in
- met met ridin erazi
theypgxt ft.epguéup%ﬁug é_ 4 ﬁ@%ﬁ@ﬁwﬁ(énq@mo MHz) & 7.05 (d, J=8.6 Hz,
% ( { n §

ﬁﬁét ﬁgﬁapﬁé?saﬁzl?ﬁzg) %%d]q é‘gﬂyh‘li’ﬁf 298 (U FLPE BNV, 3310-2.81 (m,
i) RARD-A- ¢d,) 31B); aeokﬂylﬁo(mﬂﬂ)zulrﬁa (s, 3H), 1.50 (s, 3H), 1.35 (t, J=7.0 Hz,

R) - 3-met hyl - 1- (4-tri fl uoronet hoxyphenyl) - pi per azi ne,

R) - 1- bi pheny1l-4-yl- 3- net hyl - pi per azi ne,
(3R)-1-(3-chl orophenyl) - 3-net hyl pi perazine and

(3R) - 3- metgéﬂé 5- phenyl - pyri di n- 2- yOpi per azi ne can

Imerweiaatﬁé ethy 1-pyrigin 3 8pigra8ziBg starting from
2-chl or o- 4- net hyl pyri di ne -C ro- 1-fl uoro- 4- net hoxy
15 benzene, 1-brono-4-ch{for®d-2rfl ngr obenzene,
2,5-dichloropyridine res i vey, 1-br ono- 4-

(t ri Ruor onet hoxy) benzene, 4- br onobi phenyl ,

e Do GO SR Shees 2 (B 090 ot AR b5 o 140
@m&ﬂ HiRoLen?whd &idbd 2-dHEdrb WyBURE (3%, 0:035 YhIPNOWR &VcR@ Paridd of 1h.
The heating was continued for additional 12h and cooled to RT. The solvent was removed
under reduced pressure and the resulting residue was purified by chromatography using
chloroform methanol (8/2) as eluent to afford the title product as a liquid (2.5 g, 40 %).
TLC- Chloroform /MeOH (8/2); Ry= 0.2. HPLC purity: 97%.
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HNTJ 20 A solution of 2-chloro-5-fluoropyrimdine (239
nmg, 1.80 mmol) and (R)-2- nethyl pi perazine (271 ny,
2.7lmol) in iPrOH (1 nm) and DI EA (617 RL) was heated
in MVat 130C for 30 min. Solvent was renoved under
reduced pressure and the crude (600 25 ng) was
purified by chromatography on silica using
DCM net hanol (9/1) as eluent to afford The title
conmpound as a white solid (41& ng, quantitative). TLC
DCM / Me014 81 (8/2); RJ: 0.3. 111 NWR (DVBO d6) 8

EY: G4, oah: =y 12 211), 4.33 (brs,
]?ie}%?&gﬂt‘éé%@ﬁ%ﬁeg%lquﬁ'{hnf éﬁ”‘%’rﬁm‘é‘h), 2.67 (t, J =
12.7 Hz, 111), 1.20 (m 3. ymternediate 15:
(3R)-3-nmet hyl-145-(trifl yor hyblyri di n-2-yl ] pi peraz
ine FF NF 5 A suspension \bf
2-brono-5-trifluoronethyl-pyridine (2.37 g; 10.0 mmol ;
TheOtif8 -chmpbiRd das PRépAVddP OMBGAZ OR Hroide8l sed®rOthl saration of
2.09;&;) gnd DIEA??ng4 ; %?%% nngl; 1.5 eq.) 'quh%L
Iatermediate 3, abseging remoG)2omethyh piprragingi (¢8%m.e Thigs Chloroform /

Oplo tenperature. After evaporation of the
]ggﬁggg?iaﬁﬁegabacuunl the residue was dissolved in a

1/1 m xture 10 of DCM/ Et20. A 4N solution of HClL was
ded 0 the resul ti reci.pitate was

Birrisolan ST I uar R D FIRESEARE o was ¢ hen

poured to an aqg. solutio o\ NaGR (514, 20 nL) and the

resulting m xture was ex&—« ad WNHh Et 20 (3X). The

conbi ned organic | ayers were ‘ed with brine, dried

over MgSM4, filtered and evdporatéd to give the titk

onpound as orapge solid 0 699 used ) )
T8 EHBtre (i Freromse PR ?l?zaaé %gﬁ 5743, (G spethyipiperazine
(B8(ESH )3 madH. ahd sHRiuﬁ-(eﬁOdﬁ@éﬁd@g.(ﬁg; 4 mmol) f dyokubR-G00 mL)
purity: 99.9°9%. Internediate 1
undemnipspgaropasraddehPHOAC) 2@ mez L 4enmpol) followed by BINAP (750 mg, 1.2
mmol). The reaction mixture was then refluxed for 16 h and cooled. The reaction mixture
was washed with water, dried and evaporated to a residue. The residue was purified by

chromatography using chloroform/methanol (8/2) as eluent to afford the title compound as

a liquid (3.0 g, 55%). TLC-Chloroform/Methanol (9/1); Ry 0.25. HPLC purity: 95%.

Intermediate 6: (3.5)-1-(2-Fluorophenyl)-3-methylpiperazine
QNMNH
- A
The title compound was prepared following the protocol used for the preparation of

Intermediate 5, but starting from (S)-2-methylpiperazine (40%). TLC-Chloroform/
Methanol (9/1); Rz 0.25. HPLC purity: 97%.
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The title conpound was prepared follow ng the
procedure of the Internediate 15, but 20 starting from
2, 5-di bronmopyri dine. Purification by chromatography
(DCM MeOH 80/ 20) gave the title conpound as a brown
powder (73% . MJSI): 244.2. HPLC (Condition A), Rt:
1.1 mn (HPLC purity: 79.7%. 82 Internediate 17:
(3R) - 3- net hyl1- 1- (4- propyl phenyl ) pi perazine A m xture
of (R)-2-nethyl pi perazine (3.130 g, 30.0 mmol, 1.0 eq),
1 br ono- 4- propylbenzene (6.27 g, 31.5 mmol, 1.05
04 eq.) 5 and

}lber%ﬁa%iéﬁz t oX n(d&ﬁl%ﬁl Zlill 12%@%&1@9? 1.5 eq.) in
toI uene (70 nL) was degassed for 15 min with N2
Pal | adium(11) acetate (33ZnmD, A mmol, 0.05 eq.) was
then added at once. The INON IHXt ure was then
heated to reflux for 16h i}en teof ed to RT. The
m xture was then filtered on a bed of cellite and

h [ r gani S 0
G AR b oG Pt B BEale 0 SRS RPN G e T mpa g1 140°C
vaidelr m\tagemr \aisea:ﬂdb? 2@}15(9!120 @yﬁﬁﬁcﬁn& (6.36 g0 mirol) sléwls over a period of
eS| Wwas.purirtie ro n si agel. ..
w kﬁ‘@ pdsy) cqrgma%/q, riag 1tlpp |§p€¥1ﬁﬁg 88?16‘5;1 'ﬁygqc*%wrempﬁate
\Pdsl ﬁl(&ecﬁgmgdnm&) sudfofrghd nediiatizéd whtﬁ%%aﬁﬁ%@taﬁuéeﬁs solution of
(3 6- met hoxy- 2- napht hyl ) - 3- met %Ig erazine HN, T

syélu’nrh élqarblon@tec Ehpmmﬂlcv\/a@smﬁmﬁeédw (% xt he mL), dried and
G Ex e LS QLR e il 2 244 oot i

@’)oRaayr aphy (DCM MeOH 80/ 20) afforded the title
conpound as an off white solid (43%. HPLC (Condition
A, R: 2.2 min (IIPLC purity: 98.4 9% . TOESI): 257.2
Tfernitdiate 8: 2-[(35)-3-methylpiperazin-1-yl]pyrimidine hydrobromide

C:\%QH;

Br

To a solution of (S)-2-methyl piperazine (4.0 g, 40.0 mmol) in xylene (100 mL) at 140°C
under nitrogen was added 2-bromopyrimidine (6.36 g, 40.0 mmol) slowly over a period of
30 min. The heating was continued for additional 15 h and cooled. The solid precipitated
was filtered and dried under suction to afford the title compound (4 g, 40%). TLC-
Chloroform/MeOH (8/2); Ry 0.15.

Intermediate 9: (3R)-3-Methyl-1-[4-(trifluoromethyl)pyridin-2-yl]piperazine

CF,
O
/
\ N \_/

To a solution of (R)-2-methyl piperazine (4.0 g, 40 mmol) in xylene (100 mL) at 140°C
under nitrogen was added 2-chloro-4-trifluoromethyl pyridine (7.26 g, 40.0 mmol) slowly

over a period of 30 min. The heating was continued for additional 12 h and cooled. The
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I nternedi ate 19:

(3R) - 144- (1- benzof uran- 3-yl ) phenyl] - 3- et hyl pi per azi ne
O The title conpound was prepared follow ng the
procedure of Internediate 17, but starting from

3- (4- bronophenyl) - 1- benzof uran (obtai ned as descri bed
in Malamas et al., 2000, J. 5 Med. Chem, 43,
1293-1310). Purification by chromatography (DCM N4e014
80/20) afforded the title conmgound as beige solid
(21% . HPLC (Condition A), Rt: 3.0 min (HPLC purity:

rgé%ct%ﬁ ?m%t&%(sy AL o?at&%] uET ?Ef&ﬂh@ s tﬁe;r@aéi&ue v(\;as purified by

- met poxyphenyl ) pi perazi ne
hyassingr dybar fodmfnodthane (8}2)t dselypnvwerdlore obthe title compound

a5 %&%@f%ﬁsﬁmﬂm S e d Ty Rag2s

chrorrat ography (DCM MeO1-1 80/ 20) afforded the title
nmpound as a brown oil (34%. 1I1PLC (Condltlon A,

IRterm_sdyltﬁih lcﬁmlenﬂdrh% 4Joxaghpzobd-yl)piperagise fiihygdrpshloride

Internedi ate 21:

(3R)-3-net hyl-114-(t uor onet hyl ) phenyl ] pi perazi ne F

F CN HN, r) 84 (CHC OI—& gaye the title conmpound

as a pale yellow solid. ) “\ie4he2. HPLC

(Condition A), R: 2.31 n?m(ll\ELz purity: 97.5 %.

I nternedi ate 22:

(3R)-1- (4" -fluorobi phenyl-4-y1)-3-nethyl pi perazine 5

Step a) Formation of tert-butyl 4-cyanopiperazine-1-carboxylate
— oY
Ne-N  N—(
/%

To a solution of 1-Boc-piperazine (25 g, 0.13 mol) in anhydrous DCM (500 mL) at 0°C
was added TEA (52 mL, 0.40 mol) followed by a solution of cyanogen bromide (28.5 g,
0.27 mol) in anhydrous DCM (250 mL) slowly over a period of 30 min. The reaction
mixture was stirred at RT for 16 hours and washed with a 10% aqueous solution of sodium
bicarbonate, water and brine. The organic layer was dried and the solvent was removed
under vacuum. The residue was purified by chromatography using chloroform/methanol
(95/5) as eluent to afford 15 g (57%) of the title compound as a solid. TLC —
Chloroform/methanol (9/1): R,=0.7.

Step b) Formation of tert-butyl 4-[(hydroxyamino)(imino)methyl]piperazine-1-carboxylate
iy O;<
(O
7/ %

To a solution of tert-butyl 4-cyanopiperazine-1-carboxylate (15 g, 76 mmol) in ethanol
(150 mL) was added hydroxylamine (50% aqueous solution, 6.2 mL, 92 mmol) and the

reaction mixture was stirred at RT for 6 hours. The solvent was evaporated under vacuum
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A m xture of (R)-2-nethyl piperazine (2.2 g, 22.1 mol,
1.0 eq.), tris(dibenz.ylidene acetone)di pall adi un(0)
(607 ng, 0.66 nmol, 0.03 eq.) and (+/-)-BI NAP (137 nmy,
0.22 mol; 0.01 eq.) in toluene was degassed 15 min
under N2. 4-brono-4'-fluorobiphenyl (4.99 g, 19.9
mol, 0.90 eq.) was added fol |l owed by sodi um
tert-butoxide (2.97 g, 30.9 nmol, 10 1.4 eq.). The
resulting m xture was heated t70 90C for 14h. The
reaction was cooled to roomtenperature, filtered on a
t T :
B8 0 aF bhinhEd 36 WARIES e My Bl oo 1) SEENERY to ohuin 15 ¢
(80%9 oMl;S@lle compaumdasl a aoldtl. SL&poChloadommo/ methendl (Ad): R,= 0.15.
brown oil. This residue was purified by chromatography
on silicagel (DCM1VIe0l11l 20/80) to give the title
08 FdrmaiorDdfiterdulye4-$9bhéhy(-3, ZQI &adbih3 j}l)ﬁlﬁ&@h}le-l -carboxylate
271.3. HPLC 15 (Condition A), Rt: 2.8 mn (HPLC
purity: 99.8 % . Int di ate 23:
144-(trifl uoromet ho henyl ] pi per azi
di hydrochl ori de HC NN./J\ O °PF\ A solution of
pi perazine (2.0 g, 23.2 \__/
1- br ono- 4- (trlfluoronethox§)benzene ?5.6 g, 20 23.2

o R SRRy RS o gty TR Byt 7

maﬁsnnhmg)assamyu;ouaw (60 DL )ngad axided(beniaic adide@.49 g, 28.6 mmol)

j?ﬁ‘lf‘!“ja‘{j%lfj 0 5 tﬁbom%lgggﬂﬁﬁ%ﬁ% Srgm gja%oéb %?ﬁgacuon mixture was

stieed lat RTGo13 hwﬁ andVliReret OTHe/filRBRveL efv 16l ah®the@bdidie obtained
and mai ntained at reflux for 1 hour. en the reaction

wisxellpeed iaPyEiduredd0q slpfona doutsn fh soluere gvasfg@pved under vacuum
dnB e REiduBRas dissolved in DCM. The organic layer was washed with a 10% aqueous

solution of sodium bicarbonate, water and brine. The organic layer was dried and the

solvent was evaporated. The residue was purified by chromatography using petrol
ether/EtOAc (9/1) as eluent to afford 5 g (53%) of the title compound as a solid. TLC — Pet
ether/EtOAc (9/1): R= 0.7). HPLC purity: 96%.

Step d) Formation of 1-(5-phenyl-1,2,4-oxadiazol-3-yl)piperazine dihydrochloride

/>—N NH 2HCl

O~N

A solution of tert-butyl 4-(5-phenyl-1,2,4-oxadiazol-3-yl)piperazine-1-carboxylate (5 g) in
a 2M solution of HCI in ether (100 mL) was stirred at RT for 6 hours. The solvent was
removed under vacuum to afford 4.3 g (93%) of the title compound as a solid. TLC —

Chloroform/methanol (8/2): Ry=0.2. HPLC purity: 97%.
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15

pressure. The residue was taken up with Et20 (200 ni),
filtrated on Cate and washed with brine. The organic

| ayer was dried (MgSO4) and the sol vent was renoved
under reduced pressure to give a dark brown oil.
Purification by flash chronmat ography (DCM MeOH 25% aq.
anmoni a 80/ 20/2) gave a brown oil. This oil was taken
up with DCM Et 20 and treated 5 with activated charcoal
at RT for 10 min After filtration on Cclite, the

sol uti on was concentrated under reduced pressure. Then

.of i . .
T Rl B e stebr Do Do g st
Et 20 and dryi ng undeg=reduced pressure gave 2.87 g
(39% of the title c n’p¢und as a white powder. TCESI):
247. 2. HPLC(Condltlo 24 mn (1-1PLC purity:
98.6 % 10 Internedi ate 4/>—N NH .2HCI
(3R) - mst hyl-144-(trifl uor'l‘)mst}m%y) phenyl ] pi per azi ne

'ﬁg tltPe rpé st tu x;vrgse r%;f)aﬁ'&ffoﬁg utﬁgp%gdoup&{ (?lpl? dgalt# ?g'hs?«%) ato d) but

usi)e- (sdﬂecstﬁﬁdwydnﬁupet@zc)n a‘he Ritlei cfdnthnd) Nvalswbtdlmdhas a solid. TLC —

ave e title conpound

(g@ W‘g@aﬁ@i@w%%%;% 1iy§ ‘HPLC (Condi tion

Rt: 2.3 mn (HPLC purlty 100 % . Internedi ate 25:
(3R) 1- (3, 4-di rnet hoxyphenyO net hyl pi perazi ne 0
Inkermedise m o ch@p@l@rcamxy@,s  Somar b eeiniode TdonaL-sireo-
I%ntﬁ% 4- br ono- 1, 2- di net hoxybenzene (4.33 g, 20

and SOdI umtert- but oxide (2.88 g, 30 mmol) was
). The sol ution

prepared i n anhydrous tol uene (
was degassed by argon bubbling f 10 m n. Then

pal | adiun(l1) acetate (220 ny, pl ) and (+/-)-BlI NAP
(500 ng, 0.8 mmol ) were added. The resulting m xture
was heated at reflux for 4 hourQ. Then the reaction

m xture was 86 cooled to diluted with Et20 (50
m.) The salts were renoved[by :filtration on Cclite and
the solvents were rennve®4$1ﬁilj uced pressure to
give a dark brown oil. Pykig capi on by flash

chr omat ogr aphy (CHC13/ MeO gave a brown oil. This oi

) tcl%gre"ga?f @f%qps?p%(fg!@ 41%5’%469&- &}sg?r%%’%y¥$’ ony)-L-threo-

pEhfnaRl vents were renoved under reduced pressure to
give 1.33 g (28% of the title conmpound as a yell ow
oil. MF(ESI) 237.2. HPLC (Condi ¥ A, R: 1.2 mn
(HPLC purity: 93.2 9%.

O
o -
Aoy Ayer
OH O
In a 3 necked 250 ml round bottom flask under N,, DIEA (15.0 mL, 100 mmol) and 2,2’-
bipyridyl (10 mg) were poured in anhydrous THF (50 ml), cooled to 0°C and was treated

with n-BuLi (3 N, 34 mL, 100 mmol). The resulting solution was stirred at 0°C for 1 h then

cooled further down to —78°C and to the reaction mixture was added dropwise D-
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I nt er nedi ate 26:

(3R) - 3-net hyl- 144- (et hyl sul f onyfi phenyl ] pi per azi ne 0,
10 A m xture of 4-fluorophenyl nethyl sulfone (2.00
g9), (R -2-nethylpiperazine (2 30 g) and K2CO3 (3.20 9)
i n anhydrous DVF (80 nlL) was heated at 100C for 5
hours. The reaction m xture was filtered to renove
salts and the solvent was evaporated under reduced
pressure to give a yellow oil79 Purification by flash
chr omat ogr aphy (CHC13/ MeOH) gave 1.36 g 15 (47% of

‘gggpl‘%b)t'll'fﬁaﬂég :f' gﬁ‘ gid(t) IQZ?SSSaxR?ﬁl sé’l@%& %Wﬁ:? q‘]—{lﬁ'_BL g&E)SIA)ﬁer the addition,
the @eatsion ImisteraTwds ataemay o —20°C and then HMPA (16. 3 mL, 91 mmol) was
oL T5 iRryesclub e PR S S Rip AL PSR BREF foroparcd

fonbwidg the ptdiscoly @éseﬂlbﬁ’demOMahEHo@i BEsll, atg88 2 Belbd @hzmzca Acta, 71(8),
starting From ronp- 2, 3-di hydrobenzo bl fara

3¢ 20¢ Dat1Bh gb§0 ﬁmaglh dissplypé id gniaystigus EHELGP I\?Bb)[ apd the reaction

| @
548 i I R o el i

99.9 %. 87Intermad|ate 28

R 0 01-5- net ' e
st e oAt B Blactels o P o A BT and @egfextfacted
With BIOVRE] iTht @qidous Biybr waddidifigd Withah aqueous solutlon of HC1 (1.5 N) and
4- by opo- 1, 2- (et hyl enedj oxy) benzene. Purification b

WasaHh e GAseG HbIHOAS. (hs-eambifebereagislaycrhwerivashed with water,

i, IiBhatography to obtain th
%&%P{vgg@%\)@? &h{r&% Qﬁd the ﬁgﬁ%&} bpyzu‘%%ltugn ofors %gl.'ap y to obtain the

titletintermagsliate €/.0 9) as a coiorless 11qu1d
(3R) - 1- (4- met hoxypheny1l) - 3- et hyl pi per azi ne

Step b) Formation of 3-carboxy-3,4-dideoxy-5-O-(phenylmethyl)-L-threo-pentonic acid

0
o -
HO ~ O

OH O

isopropyl 5-O-benzyl-3,4-dideoxy-3-(isopropoxycarbonyl)-L-threo-pentonate (7 g, 19.8
mmol) was taken in THF (50 mL), cooled to 0°C and was treated with KOH (5.5 g, 99
mmol) in water (50 mL). The resulting mixture was stirred at RT for 3 h. THF was
removed and the residue was taken in water. The aqueous layer was washed with ether (100
mL) and was acidified with an aqueous solution of HCI (1.5 N), then was then further
extracted with EtOAc (2 x 100 mL), washed with water, dried over Na,SO4 and then

concentrated to give the title product as colorless liquid (3.5 g).
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rN HNyi 10 The title conmpound was prepared foll ow ng
thc procedure of Internediate 25, but starting from
1- br ono- 4- met hoxybenzene. Purification by flash
chromat ogr aphy (CHC13/ Me011) gave the title conpound
as a yellowoil. MESI). 207.2. HPLC (Condition A),

Rt: 1.2 mn (HPLC purity: 92.2 % . 15 Internedi ate 30:
(3R)-3-nethyl-1-{4-[(trifluoromethyDsul fonyl] phenyl }pi
perazine The title conmpound gvas prepared fol |l ow ng
thc procedure of Internediate 26, but starting from

-chl - A- i £ .
O e b D R e AR S O PERR 6 Ol -
4 enlogictdacid d I [ lid. Is/11
N PR T T
at esym fate %w_asp e (& oyying Uip'procedurc o ntermediate 2 (step ¢) but
AadRg Urdmd -3-edrbo:bn ¥ldpteery 8- (pRhyitefyDer-aabseoni®lr icid (3.2 g,

The title conpound was prepared follow ng the

HrBcemede Te crude drodugt olorioshoil, JeQ et oo yickihwas used in the next
- - A- c £ t o A

Hpr WAL il TR DIRERAE RS e sl of P lerdlipomers, 72128). HPLC

(Elondition A):fRyr Hednifiand 1 Bt(HELEmwitu9d.426).a | iquid (1.5 g,

27% . MES1): 233.3. HPLC (Condition A), Rt: 2.8 mn

(HPLC purity: 96.6 % . 10 Internedi ate 32:

(68R} -mietyd1 g8 ivotyyipaitid-R=yd)pipetditlepi [P3R)AEZ (21 fRuoro-5-methoxyphenyl)-3-
methylpiperazine, (3R)-1-(4-chloro-2-fluorophenyl)-3-methylpiperazine, (3R)-1-(5-chloro
pyridin-2-yl)-3-methylpiperazine, (3R)-3-methyl-1-(4-trifluoromethoxyphenyl)-piperazine,
(3R)-1-biphenyl-4-yl-3-methyl-piperazine, (3R)-1-(3-chlorophenyl)-3-methyl piperazine
and (3R)-3-methyl-1-(5-phenyl-pyridin-2-yl)piperazine can be obtained from similar
protocols by starting from 2-chloro4-methylpyridine, 2-chloro-1-fluoro-4-methoxy
benzene, 1-bromo-4-chloro-2-fluorobenzene, 2,5-dichloropyridine respectively, 1-bromo-4-
(trifluoromethoxy)benzene, 4-bromobiphenyl, 1-bromo-3-chlorobenzene and 2-chloro-5-

phenylpyridine respectively.

Intermediate 14: 5-fluoro-2-[(3R)-3-methylpiperazin-1-yl]pyrimidine

A solution of 2-chloro-5-fluoropyrimidine (239 mg, 1.80 mmol) and (R)-2-
methylpiperazine (271 mg, 2.71mmol) in iPrOH (1 mL) and DIEA (617 pL) was heated in
MW at 130°C for 30 min. Solvent was removed under reduced pressure and the crude (600
mg) was purified by chromatography on silica using DCM/methanol (9/1) as eluent to
afford The title compound as a white solid (416 mg, quantitative). TLC- DCM / MeOH
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The title conpound was prepared follow ng the
procedure of Internediate 22 but starting from

1- br ono- 4- et hoxybenzene. Purification by flash

chr omat ogr aphy (CHC13/ MeOH) 15 gave the tide conmpound
as a brown solid. IVl" (ESI): 221.3. HPLC (Condition
A, RR: 1.5 mn (1LIPLC purity: 97.6 % . Internedi ate
33: (3R)-1-(4-chl oropheny0- 3- net hyl pi perazine CI 89
The title conpound was prepar@ad followi ng the
procedure of Internmediate 22 but starting from

1g 241415 RaRO d jfd
? ﬁggogfgphy (@?ﬁﬁgﬂg?ﬁgg%ig Qﬁ% ?%gytltﬁgaggﬁggghd33(bm’
1:Hs) 2.988i13dms 3H),2.83Mn(, 28),) 2.6 2,11 212 APLZCT Hy i 20y(m, 388 %) .
5 Internmedi ate 34:
145- (2-t hi eny0- 1, 2, 4- oxadi azol - 3-yl ] pi per azi ne,

Tk ribdaae | Sr(BRE3 —iﬁeﬁlﬁ’ylﬁ)—[b (@rﬁ‘ﬁlﬁlﬂérﬁéthyl)pyrldm—}yl]p iperazine
4- cyanopi perazi ne- 1-carboxylate NC-N\-/ 0 To a cold

(0C) sol ution of 1-Boc- piperazind g, 0.13 mol) in
dry dichl oronmet hane (500 io s'Fadded TEA (52 ni,

0.40 nol) foll owed by a-s & i of cyanogen brom de
(28.5 g, 0.27 nol) in a ous DCM (250 nlL) over a
period of 30 min. The r fon mxture was stirred at

RT for rs, the wash a 10% a sol uti on
ﬁu%‘aﬁlwg? BYALE uorﬂﬁl@@eﬂ-pm ‘FFe(Zade’dﬂ? @ ‘*Lfihéo eq.), (R)-2-

erade (3.6 V@G’o%ﬁﬁi&fzv} L PTEAL @4 295 QURMYRS 5 4
purlﬁﬁgg'b Ggh chromat o ?gghy ( CHC13/ 1 1 95/5) °q) in

mb of |DMA1\Sanle@®¢% 149°Crios 114htTh§: mauu@rvmwnglleééo goom temperature-
zfuﬁér e% UQOI%H%E (tf%@ 3Ivént Nﬁge}*/ %&ﬂﬁ")thej IFéglthe gf]az m?éh%& IB) ]{1 mixture

r oxy amno I ' m’no perazi
of CIMJ )Ed()atéeﬂﬁ@alhhén GKHGths- ddd@d o IﬁL)Sltthlu the@ésudlfng prec1p1tate was

qqﬁﬁqtﬁé) F.lila/ maéxfﬁ ]erl_&gBBe e so 1d was ?hr gop)é) Ie ttg a 1a§1. %6lut7i((>3n of NaOH
(5N, 20 mL) and the resulting mixture was extracted with Et;O (3X). The combined
organic layers were washed with brine, dried over MgSQy, filtered and evaporated to give
the title compound as an orange solid (1680 mg, 69%) used without further purification for
the next steps. M'(ESI): 246.3. HPLC (Condition A), Rt: 1.0 min (HPLC purity: 99.9 %).

Intermediate 16: 1-(5-bromopyridin-2-yl)piperazine

N\Br

B
HN
The title compound was prepared following the procedure of the Intermediate 15, but
starting from 2,5-dibromopyridine. Purification by chromatography (DCM/MeOH 80/20)
gave the title compound as a brown powder (73%). M'(ESI): 244.2. HPLC (Condition A),
Rt: 1.1 min (HPLC purity: 79.7 %).
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20 nL) was added hydroxyl am ne (50% aqueous sol uti on,
6.2 nm., 92 mol) and the reaction mxture was stirred
at RT for 6 hours. The sol vent was evaporated under
vacuum The residue was triturated with hexane (100
m.) and filtered to give 15 g (80% of The title
conpound as a solid. TLC - CHC13 / Me0O11l (9/1): Rf =
0.15. 90 Step c) tert-Butyl
445-(2-thienyl)-1,2,4-oxadiaaQI-B-yI]piperazine-l-carb
oxyl at e /2-N NNK O-N\, /0 To a cold (0C) solution

o PRt R s 34%0%&’?%?3%?%%”%% .

carboxylate (8 g, 32.7 mmol drous DCM (150 nlL)

was added t hi ophene-2- 5 car chloride (4.8 g,

32.7 mmol) fol lowed by BIENT(722 ni, 39.2 mol). The
reaction mxture was sHNL/éd at RT for 12 hours and

then filtered. The filtrate was evaporated and the

resi due was refluxed in pyridine (100 nmL) for 3 hours.
Ahenigtotev efit (R\)axnreﬂtyﬂpapﬁamnﬂ e3.00aq,uB.anehnidle T.@seqiyel-bromo-4-

PR oAba & Sd il S SEhiin- BRAP KAREre! el 004 ca)

adisb@umner BuioRile (4B sS04, %ﬁholWPS c§9 n&ﬁil\ldh@"(‘ﬂﬂm'L@ wab degassed for
t he resi due was urlgled ¥ hromat o

Eimi it DagabBynilh agpigie (5 | SOHOIA 034 it fhen added at once.
'EI%BFQ%BQ ﬁﬁ%&?ep‘ag th«% hegl}eg to é&%:)fﬁﬁc fgé ﬂﬁfthén g&o@é%f:to (RQI‘ ]1)he nﬁf(ture was

rrty >
ther( 61¢r2d bhiadwey Df cdl]ile, ahdoxasﬂemwﬂh E32Ql I'l)lplcpmbamd veganic layers were

tﬁl h%dr Dk %{ I}PS (]3 e OV%P%E%%% filfeked tév(a),;r)]orgtfed to give a dark

tﬂo@ﬁoﬁZTmb Ir@mﬁé)wa% ific@ ¥ Shrdznal loﬁ%ﬂﬁ:égélQD@M‘/Meb)H 80/20)
xylate ( %6% M HC1 |n Et 20 gﬂp nm.) was stirred
tgRivRthg 'atlle woditst psyeltpeoik@135eda 8O M (EFDY 2H-Under

vacuumto give 1.6 g (78% of The title conpound as a
solid. TLC - CHC13 / MeOH (8/2): Rf = 0.2. HPLC purity
Inggmedixde | 85PRB 1-(ormetlydxyL-naphthyl)-3-methylpiperazine

- (4- et hyl pyri di n-2-yl) pi perazi ne, o
(3R)-1-(2-f|uoro-5-nethoxyp 3-"~Nret hyl pi per azi ne,

(3R)-1-(4-ch|oro-2-f|u?P& 3 - et hyl pi perazi ne,
(3R)-1-(5-chloro pyri y1) 3 met hyl pi per azi ne,
(3R) - 1- bi phenyl-4-y1- hyl - pi perazine, (3R)-1 -(3-
chl or ophenyl) - 3- net hyl |perazine and

'é%R 3-nmet hyl - 1- (5- phe yr|d|n 2- yI)F per azj ne,

(tﬁh)coaimeundcveq prRRarGd &’Xﬂewm the pracedire BT Petermediate 13ut starting
fhorh 12 BRSHEAE Wh @RI niphthaen@® tBiHfication by chromatography (DCM/McOH
80/20) afforded the title compound as an off white solid (43%). HPLC (Condition A), Rt:

2.2 min (HPLC purity: 98.4 %). M'(ESI): 257.2



10

15

91 pi perazi nc,
(3R)-1-(2, 2-di fluoro-1, 3-benzodi oxol-5-y1)-3-net hyl pi p
erazine, (3R)-1 -(3- fluor -4
- met hoxyphcny1l) - 3- net hyl pi per azi ne,
(3R)-1-(3-fluoro-4-isopropoxyphcnyl) - 3-

nmet hyl pi per azi ne,
(3R)-1-[3-fluoro-4-(trifluoronethoxy)phenyl]-3-nethylp
i perazine, 3- [(3R)-3-nethyl pgsperazin-I-yl ]quinoline,
and (3 R -1 -(5-chl oro-2-thienyl)-3-nmethyl 5

. . . b, obi Al ko il . < by
e R A B e S
2-chl oro- 1-fl uor o- 4- net hoxy benzgrie

1- br ono- 4- chl or o- 2- f | uor obenzene
chl or opyri di ne, 4-bronobi phg

1- br ono- 3- chl or obenzeng~g -phenyl pyri di ne, 1-
brono-4-cyc|ohexy|beqiggg 5- br onp- 1- benzof ur an,

5- brono- 2, 2-di f | uor o- ,Er) benzodi oxol e, 4 -brono
-2-fluoro-1 -nethoxybenZene, 4- br ono- 2-fl uoro- 1-

opr.opoxy 10 benzene, ) . .
Theppltrompopnd wporepartd followinedie PrRSSTe ohiatpmediate 17, but starting
Mem&hﬁﬂ{eh?&tl ‘RAsbférall (EbRRcE Y QbREBEPRNSRRImas et al., 2000, J.

. n

respective ernedi ate 35: Formation of

MaR) Cher( 48) - B93-1di Pet Ryyificatiank by 1 clyomatogesphy - GM[MeOH 80/20)

. - . : i r L
F5RRIRL 08 Elpopnd B Ble ot T AL AT, (O G dafigB RR H0 min grpLC
moityd 93478CM §BSD129312 of dii sopropyl-(S)-(-)-mal ate

(4.72 nmL, 22.9 mmol, 1 eq.) in anhydrous TI-1F (8.50

nm.) was added slowy a solution (1 M of lithium 20

Tal idTE 2B RY- 11d@ -fréfo I, 2.10
eéﬁ?ﬂe?%d@}H%&hLBﬂén%g?ur e V\)jajjgﬁgrﬂgil)g%gétz igegoc over 30

m nutes, than | owered agai nAt®&~98C~ odonet hane (1.7
m., 28 mmol, 1.20 eq.) s and the m xture
stirred at RT for 16 h6%? . The reaction m xture was
t hen cooled to 0OC andH turated sol ution of NH4C1l
was added. The resultind m xture was diluted with

wat er, extracted three tinmes with Et0Ac. The conbi ned
Thegilei compleskwas prepared following the procedure of Intermediate 17, but starting

=

from 1-bromo-4-propoxybenzene. Purification by chromatography (DCM/MeOH 80/20)
afforded the title compound as a brown oil (34%). HPLC (Condition A), Rt: 1.9 min
(HPLC purity: 80.2 %). M'(ESI): 235.2

Intermediate 21: (3R)-3-methyl-1-[4-(trifluoromethyl)phenyl]piperazine
F_F

O

The title compound was prepared following the procedure of Intermediate 5, but starting

from 1-bromo-4-trifluoromethylbenzene. Purification by flash chromatography
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25 were washed with brine, dried over MgSat, filtered
and evapor ated under reduced 92 pressure. The residue
was then purified by chromatography (Si02, 20/80

Et OAc/ c-hex) to give the product (m xture of

di atereoi soners) as a colourless oil (3.77 g, 71%.

Di i sopropyl (2S,3R)-2-hydroxy-3-nethyl succi nate (3.70
g; 15.93 mmol, 1.0 eq.) was taken in TI-1F (55 nl),
cooled to OC and treated wi thgaKOH (5.36 g, 96 Mol ) in
water (18.5 nmL). The resulting m xture was stirred at

CHEARMEOM Jayd The HS <L RARNA%AT Bulb JRUEFROREM (R 2054 HPLC
(CbﬂmUmuﬁ)dhdZthanMHuﬁpwd@vﬂlﬁ?@n aqueous sol ution of
HC1 (1.5 N, then was extracted with Et OAc (continuous
extraction during 20 hours). The organi c phase was
tdratkdtie 22:N3R S04 aMbrébistitn FONGH B-MmathgBigefaztticve t he
title product (n1xture of di astereoi soners) as pale
yellow oil (2.4 g, quant.). 'f Fornzati on of
(2R)-2-[(45)-2, 2-di net hyl- 5- di oxol an-4-yl ] prop
anoic acid To a solution of
(2S, 3R) - 2- hydr oxy- 3- ne Nstcgtnic acid (2.40 g; 16.2
nmmol; 1.0 eq.) in aceﬁgﬂz (80.0 nL) was added
2, 2- di met hoxypr opane (3@9% g; 32.4 mol, 2.0 eq.) and
copper(11) chloride (218 ngy; 1.62 mmol; 0.1 eq ) The

Itin n re s 2 tirred
éﬂx% g (%eg@af}net% lpn%eaézgne Wé% e%a%o ?ar{lmaf" 1 Gf‘qr?é trls(% benzylidene
arcetsne)d@anakm(a)l |c(6(D71 nfgH018. mAwl,i 63 eq.) exhdr(eo)aBINAP gdaechg, 0.22
and t sul ture stlrred fqQr one hoyr
ek Pgﬁ.ea Iplagng agps S sasead éémgéwéerﬁwegthr?m%ﬂpﬂwa@?henyl (499

g( Mot b1 Qf9(ﬂécf‘ﬁ$v§sr £RIc8 WMIwad BSscih &ePbsbxid (2.972g480.9 mmol,
8299 used in the next step W thout fluffier

]p{“eqﬁ kg regwiting mixtgs was Be 10a9@®C3fpr 14h. The reaction was cooled to

rggm%erﬁPegﬁhfe‘,z fiterdl BR % B¥h oPeiiBatd g(f'aﬂleﬁ)%{h%ﬁd' Mo LR organic
o1 Cc acC

layers were then washed with H,O (3x), dried over MgSO, filtered and evaporated to give

a dark brown oil. This residue was purified by chromatography on silicagel (DCM/MeOH
20/80) to give the title product as off white solid (3.0 g, 50%) M'(ESI): 271.3. HPLC
(Condition A), Rt: 2.8 min (HPLC purity: 99.8 %).

Intermediate 23: 1-[4-(trifluoromethoxy)phenyl]piperazine, dihydrochloride

//\N/Qﬂ/F

HN\J
A solution of piperazine (2.0 g, 23.2 mmol), 1-bromo-4-(trifluoromethoxy)benzene (5.6 g,
23.2 mmol) and sodium tert-butoxide (3.3 g, 34.8 mmol) was prepared in anhydrous
toluene (50 mL). The solution was degassed by argon bubbling for 10 min. Then
palladium(II) acetate (260 mg, 1.16 mmol) and (+/-)-BINAP (580 mg, 0.93 mmol) were
added. The resulting mixture was slowly heated from RT to reflux and maintained at reflux

for 1 hour. Then the reaction mixture was cooled to RT and concentrated under reduced



10

15

20

Step a) Formation of di-isopropyl

(2R, 35) - 2- net hy1l- 3- hydr oxybut anedi oate 0 o"-LlIy-y OHO
5To a cold (-78C) solution of

dii sopropyl-(R)-(+)-malate (9.4 n_.; 45.8 mmol; 1.0
eq.) in anhydrous TI-1F (17 nL) was added slowy a
solution (1 M of lithiumbis(trinethylsilyHam de
(96.2 nL; 1.00 M 96.2 muol; 2.1 eq.) in TI-IF. The
tenperature was rai sed to 20Q®sover 30 m nutes, than

| onered again to -78C. Iodorrethane (3.4 nL; 55.0 mol ;

oSyl Ao BB, R By S e i

Wideahbe argsmit Uayet echs sloled (MgROa)f aINI thd Amenmamsaﬂnheded titer reduced

s b B ® i S e . Pt s ek P Ppn AP AP Moo 25%

A ABmMdARIBBD 0/ ) davd ki bRRviesitl Thid Sillwey @kedMiS®ith DAV and treated
and evapor at ed under reduced pressure. The resi due was

withs ﬁctb\@itqdf chageogl) at Relofast Wy i i fgrsfilitation png@elite, the solution was
Jg %@Ila&ﬁ%)ielt fod g%e\’l rbddGreP rIﬁng tsoflﬁq'oﬁtolf (IQClofM in EtéO (25 mL) was

I ast er eol soner s a colourless oil
dddesdropwipe. Filirateniod thegfrecipitate, washmg w1th Et,O and drylng under reduced

2R 35) - 2- I Q%Yo 3-.et hyl succi ni
AR R E B o) ob T NS $5a0ing, At Srdeiiat g sD: 2472
HPLAE 2Céhditual A), Rt:0M fiéh (HRIESplirtie98.62%)i n THFE (146 nl),
cooled to OC and was treated with KOH (14.1 g, 152
mol) in water (49 nL). The resulting m xture was

FhtdrinRiheB 24 TR S Im Ay (4 Th RO ERBR B }hp i fine

resi due was taken in vva er. The aqueous ayer was
washed with ether (100 nL) a dified with an
aqueous sol ution of 1- 1/81\|(I , en was extracted

wi th EtOAc HN7) F

The title compound was prepared following the procedure of Intermediate 20 but starting
from (R)-(-)-2-methylpiperazine. Purification by flash chromatography (DCM/MeOH)
gave the title compound as a yellow solid. M'(ESI): 261.2. HPLC (Condition A), Rt: 2.3
min (HPLC purity: 100 %).

Intermediate 25: (3R)-1-(3,4-dimethoxyphenyl)-3-methylpiperazine

A mixture of (R)-(-)-2-methylpiperazine (2.0 g, 20 mmol), 4-bromo-1,2-dimethoxybenzene
(4.33 g, 20 mmol) and sodium tert-butoxide (2.88 g, 30 mmol) was prepared in anhydrous
toluene (50 mL). The solution was degassed by argon bubbling for 10 min. Then
palladium(II) acetate (220 mg, 1 mmol) and (+/-)-BINAP (500 mg, 0.8 mmol) were added.

The resulting mixture was heated at reflux for 4 hours. Then the reaction mixture was
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94 (continuous extraction during 20 hours). The
organi ¢ phase was dried over Na2SO4 and then
concentrated to give the title product (m xture of

di astereoi soners) as a pale yellowoil (2.49 g). 5
Step c¢) Formation of

(29)-2-[(4R) -2, 2-di net hyl- 5- oxo- 1, 3-di oxol an-4-yl i prop
anoic acid To a solution of

(2R, 3S) - 2- hydr oxy- 3-net hyl sucgsi nic acid (2.48 g; 16.8
mol; 1.0 eq.) in acetone (80.0 nL) was added

Eafah FEOUPLIRES 3 0. T BTk a9 gl n ot

andsthet salgpntseactd gemoved: under vigduestli pressiird ¢o gite la darkRrown oil.

The. react i xture and he residue .

R e Ghespat rith CURINROR] Rfis bl i hilwes aken

dph@ith Bmh/Etzmg treat¥d WitR aSfivatddedhafcoil £ R 100 UO midhdd ﬁl@ére@&l Celite.

on a_pad of celite ave the title product (m xtur

H}eafcéve@éﬁ gvswefeér)ova% ugdeyy edugednprgssurq to giyegl 335@/628ds)e@|f the title
t fapth

dloﬁltpg)r 98! }é&lg)gfpm\g:moﬂr/[h i nzlézfz GIPIRY{CEddT@d Y, Rt: 1.2 min (HPLC

HURiRY: 922[%NS) - 2, 2- di net hyl- 5- oxo0- 1, 3-di oxol an- 4-y1] - 3-

15 phenyl propanoic acid Step a) Formation of

Di i sopropyl (2R, 35)-2-benzyl- 3-hydroxysucci nate CH

TatektnedigtoR6t (BRY.8Q)etisyd! 1UMi@ietidfisulfonyl)phenylJpiperazine

dii sopropyl-(5)-(-)-malate (4.72 , 22.9 mol, 1 eq.)
in 20 anhydrous THF (8.50 nL) wasvadded slowWy a
solution (1 M of lithiumbis ' hyl si | yBam de
(48.1 nmL, 48.1 eq., 2.10 . tetrahydrofitran. The

tenperature was raised tlo 20C over 30 m nutes, than
| onered again to -78C. | bromde (4.70 g; 27.5
mol ; 1.20 eq.) was addedland the m xture stirred at

RT for 16 hours. The reaction 95
A mixture of 4-fluorophenyl methyl sulfone (2.00 g), (R)-2-methylpiperazine (2.30 g) and

K>COs (3.20 g) in anhydrous DMF (80 mL) was heated at 100°C for 5 hours. The reaction
mixture was filtered to remove salts and the solvent was evaporated under reduced pressure
to give a yellow oil. Purification by flash chromatography (CHCl:3/MeOH) gave 1.36 g
(47%) of the title compound as a pale yellow solid. M"(ESI): 255.2. HPLC (Condition A),
Rt: 1.0 min (HPLC purity: 100 %).

Intermediate 27: (3R)-1-(2,3-dihydro-1-benzofuran-5-yl)-3-methylpiperazine

The title compound was prepared following the procedure of Intermediate 25, but starting
from 5-bromo-2,3-dihydrobenzo[b]furan. Purification by flash chromatography
(CHC1:/MeOH) gave the title compound as a brown oil. M (ESI): 219.2. HPLC (Condition
A), Rt: 1.3 min (HPLC purity: 99.9 %).
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m xture was then cooled to OC and a saturated sol ution
of NI -4Cl was added. The resulting m xture was dil uted
with water, extracted three tinmes with Et0Ac. The
conbi ned organic |ayers were washed with brine and
dried over MpSH, filtered and evaporated under
reduced pressure. The residue was then purified by

chr omat ography (Si 02, 20/80 EtOAc/c- 5 hex) to give
the product as a colourless o871 (3.00 g, 42% . Step b)
Formati on of (2R 3S)-2-benzyl-3-hydroxysuccinic acid

PR QR e S TR 2

m.), cooled to OC and was tre @i th KOH (3.17 g,
56.4 mml) in water (14.5 ni) resul ting nixture
was stirred at RT for 48N NTIF @as renoved and the
resi due was taken in wafel .’ The aqueous | ayer was

washed with ether (100 nL)] and was acidified with an
aqueous solution of HC (1.5 N, then was extracted
Tﬁettﬁle@oggﬁund-raﬁs b RMoRiARE BrdcadiRE of MREAn&liAR 25, but starting
over Na2SO4 and then concentrated to give the title

fi@pr dduemods2-pgthdenediaxgbenzepg. gPurdizelion Seepflash chromatography
UGS S gln}eth% 'tigla gg&géﬁ&fdf’a's %Qné%fsiﬂa%@lﬁaﬁz?/ﬂmﬁc REondition

C aci sol uti‘on

AR R:3%) mih (LY furBy hy00roéxysucci nic acid (1.70 g; 7.58
mmol ; 1.0 eq.) in acetone (50.0 nL) was added
2, 2-di met hoxypropane (1.86 g; 15.2 mmol; 2.0 eq.) and

TiteraRARRE 09 (BR - i plbhy I-mBth yRip¥i@ine 0.1 eq. ).
The resulting reaction mxture was stirred for 2 h at
RT. The reaction m xture was evaporlated and the

residue taken up in CHC13. Actifatéd charcoal is added
and the resulting m xture stir for one hour.
Filtration on a pad of chTTm gave the title product
as a greenish oil (1.46 ed in the next step

wi t hout further purificati¢n. 96 Internedi ate 38:

For mati on of

ThAjtheZbipBinPwids plep@td PllobringBe prodedlird sOltbrdedidde23; but starting
_¥henylpropanoic acid Step_a) Formation of Diisop

|
o, e Ry benERe, Buicitien by bash Giromatography (CHCI/MCOH)

gave the title compound as a yellow oil. M"(ESI): 207.2. HPLC (Condition A), Rt: 1.2 min
(HPLC purity: 92.2 %).

Intermediate 30: (3R)-3-methyl-1-{4-[(trifluoromethyl)sulfonyl]phenyl}piperazine

The title compound was prepared following the procedure of Intermediate 26, but starting

from 1-chloro-4-(trifluoromethanesulfonyl)benzene. Purification by flash chromatography
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OH OS5 To a cold (-78C) solution of
diisopropyl-(R-(+)-malate (9.4 niL; 45.82 mmol; 1.00
eq.) in anhydrous THF (17 nmL) was added slowy a
solution (1 M of lithiumbis(trimethylsilyBam de
(96.2 n,; 1.00 M 96.2 mml; 2.10 eq.) in THF. The
tenperature was raised to 20C over 30 mi nutes, than
| onered again to -78C. Benzyl bromide (9.40 g; 10 55.0
mml ; 1.20 eq.) was added andssthe m xture stirred at
RT for 16 hours. The reaction m xture was then cool ed
[ .
ERVEOR e WL BAE ComBiubli 7, B Yoflod sORE, FRASD; 7092, HpLC
(Clonditgion AnERt: B tfin BIBRC puiiitye 92.696). ned or gani c | ayers
were washed with brine and dried over MgSH, filtered
and evaporated under reduced pressure. The residue was

Tnbéineditite B1:99RPY-(S-roBREREERNY-nfeiyBiper2fn80 Et OAc/ c-

15hex) to give the product as a colourless oil (9.76

g, 69% . Step b) (2R 3S)-2-benzyl:3-hydroxysuccinic
acid CH O 97 Diisopropyl
(2S, 3R) - 2-benzyl- 3- hydr axysn te (9.76 g; 31.65

mmol ; 1.00 eq.) was tak® _ih THF (150 mL), cooled to

0C and was treated with HOH (10.65 g; 189.90 mol ;

6.00 eg.) in water (50 nL). The resulting m xture was

Hiei titteecbnadourr V\fae Ipre@&reki folldwingalse precainedobhdertvheliate 5 but starting

esi d e was wat er. The aqueous | ayer was
PPNl GestioRs 1 PUSHGAIRES CRY | | GAMIARERG  using
&éiﬂéﬂoﬁiéﬁﬂaﬁe/ﬁh@thﬁh&l'(@@}% ElhicANafRAMRIO IS G0 éﬁrhﬂﬁm@fas hAglid (1.5 g,
he solid that separated

unt i
?%&b)[\%ﬂc(@d) 89 Bi HPLG(Comditien 4),\Ré: 2% enin (HPLL pu@tcru%6%)
(single diastereoisoner) as white solid (2.08 g, 29%.
Step ¢) Formation of
Inemediqté AR)(3R)-2(dHethekiptitn)-3xoethylBipdiaeiel an- 4- y17- 3-
10 phenyl propanoic acid To a sol ution of
(2R, 3S) - 2- benzy1- 3- hydr oxysucci ni cfacid (2.08 g; 9.28
nmmol, 1.00 eq.) in acetone (50~Q 1) was added
2, 2-di met hoxypropane (2.3 rrL; 55 nmmol ; 2.0 eq.) and
copper (I'1) chioride (124 73N79s=0.93 mol; 0.10 eq.).
The resulting reactionHNXture was stirred for 4 h at
RT. The reaction m xture s evaporated and the
resi due taken up in 15 13. Activated charcoal is

AR &Bﬂ)oﬁﬁ@wﬁ@ﬁﬂé{)&b@ %H&ﬁﬁglfh‘é podelir8 Gf flﬂt@rlﬁ@ﬁam but starting

Filtration on a pad celite gave the title product
feam nlgb@nmé@ﬁlexsdmnmne Pyrifieatign ghye dlasts Ighesimatqgraghy  (CHCly/MeOH)

%ﬁ?e@t Mk cdnﬂpotuﬂ& a¥ ?ﬁ%r(é Wi S %gl_ugv'tl\g*@gf) 29”3 I'ﬁf;LC (CPndltlon A), Rt: 1.5

I ca nat 1 on

rhidHPR Copueityo 9816t%1L- 2- [ (4S) - 2, 2-di et hy1- 5- oxo-1, 3- 20

di oxol an- 4-yl ] propanoi ¢ acid
Intermediate 33: (3R)-1-(4-chlorophenyl)-3-methylpiperazine

HN.
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Step a) Formation of diisopropyl (2R

35)-2- (cycl opentyl net hyl ) - 3- hydr oxysucci nat e 98 To a
cold (5C) solution of diisopropyl-(S)-(-)-nmalate (50.0
g, 229.1 nmol, 1.0 eq.) and fiodonet hyBcycl opent ane
(55.6 g, 264.6 mmol, 1.15 eq.) in anhydrous THF (250
nm.) under N2 was added over a period of 90 mn. a
solution (1M of lithiumbis(trinethylsilyBamde (481
m; 1.OM 481.1 mmol, 2.1 ex9) in THF. The
tenperature 5 was allowed to warmto 20C and the

Tl i Al OO A, R 22 s v
fmmt bbeniy-4-chlembenizens.t Runiddatibali tyy ﬁlasld)chroﬁtaecggr@y (CHCly/MeOH)

2585 15 e BB oo 91 MBS BIG N 2 HRHCP Y9669 1O
O A soI utlon of potaSS| um hydroxide (183.2 nL; 5.0 M
water was to added tg the
Iﬂremeéwe %a‘cﬁ @rfhwpxlaﬁ Pet-axrdliazab3-ylpiperashicatiBydseghiqridg
at RT over 3 days. MIBE (200 nlL) was added to the
reaction mxture and after 5 minutes under stirring,
Stery@rtertbiatyd 4sypacrapasezizmt-cabgaylite phase was extract ed
wi t h pot assi um hydr oxi de 1N (4 x 100 niL). Conbi ned

aqueous | ayers were mash (2 x 150 nL) and
cooled to 5C under sti Nd concentrat ed
hydrochl oric acid was added_df opyi se unti | pH = 15

3.9. Alter 30 m nutes under stlrrlng at 5C, resulting
Bus padd £0°61) solasionl bf t@oe@inemzfgie\@S £i 0.33 mol)ap dof dichlerdmadtliane (500

B0 PSR aRA PP RO Eaic S5toeen prgmice 285

e was s uraft

& O meR) tinu hstiyidedus (D@MS(QB(D ehIafetidpetid Do IemiH. S[rhblreadtmn mixture
sol uti d precipitation vva,s observed, filtrafion

WasSUgsha al Fc“érf] i \pchoutse thep washsd vgth 3 % jagy solytion 9& sedigm bicarbonate,

wathl e %nmeﬁ Sy s@lv@gt s QemWe@ undBftvalRSn WA Qhe residue was
conbi ned, taken up in nL 20 of hydrochloric acid

mm@eéWrﬂashe@mmathgrmhyy(C%leMﬂ@{ 9260 terigive 1§ ge(57Pnadelhe title
ration, i u as tyraged with sodi um

SR o e TR T P RE2D05, & (150 ) |
This | oop was repeated tw ce then conmbi ned organic

e dr ed ove red and conce trated
%Paél iRyt (]Hdéo’i:}’raa’b‘[i%ﬁs mH%’) HE}%Z“%FTCGT P182§7 g,
3899 99 Step c) Formati gn of
(2R) - 3- cycl opent y1- 2- HO4R) 2/—2\d| @{yl 5- ox0-1, 3-di ox

ol an-4- vyl | propanoi ¢ aci
HN

To a solution of tert-butyl 4-cyanopiperazine-1-carboxylate (15 g, 76 mmol) in EtOH (150
mL) was added hydroxylamine (50% aqueous solution, 6.2 mL, 92 mmol) and the reaction
mixture was stirred at RT for 6 hours. The solvent was evaporated under vacuum. The
residue was triturated with hexane (100 mL) and filtered to give 15 g (80%) of The title
compound as a solid. TLC — CHCl; / MeOH (9/1): Ry= 0.15.
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To a solution of (2R

3S) - 2- (cycl opentyl nmet hyl ) - 3- hydr oxysucci ni ¢ aci d
(18.97 g, 87.73 5 nmmol; 1.0 eq.) in acetone (300 ni)
was added 2, 2- di met hoxypropane (21.6 ni, 175.46 mmol,
2.0 eq.) and copper (I1) chloride (1.18 g; 8.77 mol,
0.1 eq.). The resulting reaction mxture was stirred
for 16h at RT. The reaction m xture was evaporated and
the residue taken up in CHC130(200 nmi). Activated
charcoal (10 g) was added and the resulting mxture

Y85 o 495 (KT 3. 40016513, PhbibbAlih . afhody R

he t| uct 1 ow sh
Purlflcatlon by fl as hronatography (S|6O 40- 60
mcrons) eluting wt ptane/NWBE 6 gave the
title product (16.30 orl ess oi
Exanpl e 1: >_ _<
(25, 39) - N, 2-di hydr oxy- 5- néfhnyE/f14p(2 pyridinyl)-1-p
T(f @l %lﬂngd b?] esg?lkﬁgﬂ vt w??(ﬁﬂ?ﬁﬂ[@l)@}axygtlﬂlrgftngm%%&hylﬁhﬁé}azine—1 -

a) Formatio
aB®Ky 212 (% g8 Ay mn®l) {n Shhironst BEM (13] 4s1()2wps addtidnhdgphene-2-

hu TR0 e 5570850 Rbkph by Bl 02 e 8. HRo rocion

paairaivasl ﬁ[rmﬂfhe RSU fot ZBhouts idddbgn Altcted. Ade filtrate was evaporated and the
di_-met hy1l- 5- oxo- 1, 3-di oxol an-4 ]g 4- et hyl pent anoat e
rﬁﬁgpepgﬁq (rﬂﬂuﬁg} gbp‘gﬁqu glé)ﬂ)mé) for 3 hours. The solvent was removed under
Vabtuph ard dioFbdidichvas- cﬁss@md i Bl OPifElo?ﬁhn'fc M%J véas%ﬁéfd ‘Qﬁh a10%
ntanoate (Internediate 1, 792.

agq sglution Qﬁ\ﬁbd(ums bieajbonats, walde dbrll.le (azd |dy¢ql dlihe)qglvget wzs mncentrated

%@%%I{%Sl AL oqu\}'l?? lbé(é:érog*{?g%gphyg{’déteﬁthmﬁlit%&c 7/§)aet$cgt1veof2 g (20%)

d?lIFHeftitIEaiohIpbulhxyas:h kel Togr-aphyethdsi/ EPAGH9A ):tRye= 0.i75 ]| BPLC purity

c%gpound as a colorless oil (as a m xture of 2

/st er eoi soner s 50/50). This product was dissol ved on
iPrAi (10 nL) at kept 5 at -20C for 48h. The

super natant was col |l ected and evaporated to give a

Sep &) 1-6s€-bicnyl)d P14-nxadiarobd -ybpipgraging; diydspehdoridsner ) .

WESI): 376.3. HPLC (Condition A): Rt: 5.0 mn (HPLC
purity: 77.1 % . 1H (CDC13, 300 MHz) 822 (d,

J=4.2 Hz, 1H), 7.58- 1k 6.74-6.63 (m 2H),

4.54 (d, J=6.0 Hz, 1H) 8?—& 41 NHmHAH), 3. 33-322
m 1H) 1.89-1.62 (m H)\Nl 6)5, 311), 1.55 (s, H),

(

8 1 e Fornat
R salusay SRjeb Tl bScheyhisniin otk {3 DRpeeging tbesglae (22
)RR M iHUih FRAY PSUWHIL) RRX3NABA GERT for 6 hours. The solvent was removed
under vacuum to give 1.6 g (78%) of The title compound as a solid. TLC — CHCl; / MeOH
(8/2): Ry=0.2. HPLC purity >98%.

(35)-3-methyl-1-(4-methylpyridin-2-yl)piperazine, (3R)-1-(2-fluoro-5-methoxyphenyl)-3-
methylpiperazine, (3R)-1-(4-chloro-2-fluorophenyl)-3-methylpiperazine, (3R)-1-(5-chloro
pyridin-2-yl)-3-methylpiperazine, (3R)-1-biphenyl-4-yl-3-methyl-piperazine, (3R)-1-(3-
chlorophenyl)-3-methyl piperazine and (3R)-3-methyl-1-(5-phenyl-pyridin-2-yl)piperazine,
(3R)-1-(4-cyclohexylphenyl)-3-methylpiperazine, (BR)-1-(1-benzofuran-5-yl)-3-methyl
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To a solution of
(55)-2,2-dinmethyl-5-((1S)-3-nethyl-1-1[4-(2-pyridinyl)
- 1- pi perazinyl] carbonyl }butyl)-1, 3-di oxol an-4-one
(250 ng; 0.67 mml; 1.0 eq.) iniPrOH (5 n) was 15
added an aqueous sol ution of hydroxylamne (50% 0.195
m.; 3.35 mol; 5.0 eq.) and the resulting reaction

m xture was stirred at RT for 2.5 h. After evaporation
of the solvents, the crude mi«ture was purified by
rever se- phase chromatography to give the title

A %0 29O PRL R TR VP R | 6R-1-C-

ﬂl@@%metmﬁ(yﬁhmyﬁl-f!emzthylplperazme (3R)-1-(3-fluoro4- 1sopropoxypheny1)—3—

2-dj 144 1-1..2. 4-t.
*ﬁ%ﬁ%lp'g%?ﬂg [ es rther bR E s b grrpapine. -
& s 2 2 eka;zgﬂll@é]ﬁ&hohﬂd;)l Saep a) (ﬁqurresrémmcn‘ thienyl)-3-methyl
i me -
@“%%Pﬁy be 1Qb(tfpmd( @Dﬁh sigyjlar jprofocply By axiarting | frpny, 2ychjorgi4-methyl
ATl @X:HB _ParYtoL! H{dal\ﬂé%? herdzdib OXBlodb-4- cﬂlB% §ﬂu?rogghz@ne 2,5-di

ol ution o a 55/ 45 stereol soneric mxture o
qh@omfridm é—,bkmmhlpl(egg) libupr(iqrg)chg)rdoenzene 2-chloro-5-phenylpyridine, 1-
%rao ?lF)a’g 2‘,]3: oX b? %%zo%narrr? thyl %ebr&%ﬂ %ai-giﬂuoro—l,fl—
l{eﬁﬁcﬁﬂ)m&le@ dl4ﬂi?rbllii§$flj2- ﬂucﬁéﬁ-ﬂ -rihetﬁo@b@mhégn 44- brb}no|42-lﬂ&blby1-ﬁepropoxy
I 1, 1 ;
lgé%:lg? 1tl.| %m(wpnt%ﬁlg}s | atnﬁagrog@?}gag)benz’eng 3§1§r0mumolme and 2-bromo-
§ic}g&%ﬁﬁ(l,plén@fe cﬁ;él{,]o 1,2,4- thialiazole (93.2 nu;
0. 38 nmol ; 1. g.) and the resulting reaction m xture
was stirred at RT for 14 h. An aqueous sol ution of

e S t, U
Thig B3 R ERREET R LS 2 s B el 30
revpgnofcaicild to give an oil. This residue was taken up
in CD30D. The precipitate was filtered off and the
not her |iquids were evapor gted| and the resulting
resi due was then purifiedyby~ ﬂﬁtography (Si 02,
gradient from2/1to 1/1 6x/ g OAc in about 30 min)
to give the title produc s a colorless oil (10 ny;
5.8% . TOESD: 459.0. HPLC (Condition A): Rt: 4.5 mn

St&b)F okmptién &fdi-isoPrépyI2S, 3R)-2-methyl-3-hydroxybutanedioate

Satas

To a cold (-78°C) solution of diisopropyl-(S)-(-)-malate (4.72 mL, 22.9 mmol, 1 eq.) in
anhydrous THF (8.50 mL) was added slowly a solution (1 M) of lithium
bis(trimethylsilyl)amide (48.1 mL, 48.1 mmol, 2.10 eq.) in THF. The temperature was
raised to 20°C over 30 minutes, than lowered again to —78°C. Todomethane (1.7 mL, 28
mmol, 1.20 eq.) was added and the mixture stirred at RT for 16 hours. The reaction mixture
was then cooled to 0°C and a saturated solution of NH4Cl was added. The resulting mixture
was diluted with water, extracted three times with EtOAc. The combined organic phases

were washed with brine, dried over MgSQ,, filtered and evaporated under reduced
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Step b) Formation of

(2S, 3S) - N, 2-di hydroxy-5-net hyl - 3-{[ 4- (3-phenyl -1, 2, 4-t
hi adi azol -5- y1)-1-pi perazi nylicarbonyl } hexanan de To
a solution of (5 S)-2,2-dinmethyl-54(1 S)-3-nethyl-
-{[4-(3-phenyl-1 ,2,4 -thi-yl) 20

- 1- pi perazi nyl i carbonyl } butyl) -1, 3-di oxol an-4-one (9.0
ng; 0.019 mol; 1.0 eq.) in iPrOH (0.20 nL) was added
an aqueous sol ution of hydroxgel am ne (50% 0.0029 ni;
0.098 mml; 5.0 eq.) and the resulting reaction

ﬂ{%ﬁ)gﬁllér ?h@%ldﬁ& 'vJaE%jen 1lﬁlad fbg e n{hﬁ g@&ﬁﬁa 0 QG/SQfEtbR%/c-hex) to

solvents gave the t| orless
giee thg proﬂﬁﬁ()@nlxtMeEﬁﬂlatetétﬁsotnerMaESIc))loudésﬁibll (BIPLE, 71%).
(Condition A): Rt: 3.1 mn (HPLC purity: 79.3 %9. 25
102 Exanple 3:

St&Pb) Ik mbikian @}f(bs GRMWErd%ﬁBW&hﬁsz(c{:l(n?ocaacZ met hyl - 4- 14-

(trifluoromethyl)

pyri di n-2-vl I ni perazin-1- viQ caf bonv! | hexanani de (3) CF
3HOH 0 (3) Step a) ForM t55) - 2, 2- di net hyl -
[(1S)-3-methyl-1-({(2R)-2- nebhyl 4-14-(tr(luoro 5

met hyl ) pyri di n-2-yl | pi perazin-1 -yl )earbonyl)butyll
-1, 3-di oxol an-4-one cF3 1 N N To a 55/45

Igllzsg;ltn%g(ﬁ@;g%% ! o ;‘&/ %yguccp neatt &f’}oug,rl%pﬁem%ol 1.0 eq.) was taken

AXIHE #5% QL?’Q%'O&G téW@]aﬁ&Tﬂé@ﬁeHWﬂﬁKﬁ)ﬁ‘%@gﬁgﬁjmmol) in water (18.5
pent a Iuoropheny (2R) -

(4
rdldihp yqsusmmxmlr@ Wb 9t>tlm¢<£¢t R& ﬁor]484h nigith yapeamayed and the residue
v('alsqménrﬁﬁ%a%r?ﬂe acﬁl%éusslagé} was Wdshed with Et,O (100 mL) and was acidified

with an aqueous solution of HCI1 (1.5 N), then was extracted with EtOAc (continuous
extraction during 20 hours). The organic phase was dried over Na;SO4 and then

concentrated to give the title product (mixture of diastereoisomers) as pale yellow oil (2.4

g, quant.).

Step ¢) Formation of (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]propanoic acid

To a solution of (25,3R)-2-hydroxy-3-methylsuccinic acid (2.40 g; 16.2 mmol; 1.0 eq.) in
acetone (80.0 mL) was added 2,2-dimethoxypropane (3.98 g; 32.4 mmol; 2.0 eq.) and
copper(Il) chloride (218 mg; 1.62 mmol; 0.1 eq.). The resulting reaction mixture was
stirred for 4 h at RT. The reaction mixture was evaporated and the residue taken up in
CHCls. Activated charcoal is added and the resulting mixture stirred for one hour. Filtration
on a pad of celite gave the title product (mixture of diasterecoisomers) as a greenish oil (2.48

g, 82%) used in the next step without further purification.
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onmol; 1.0 eq.) and triethylamne (339.13 1.11; 2.45
mol; 2.0 eq.) in DVF (10 0 nL) was added
(3R)-3-nethyl -114-(trifluoromethyl)pyridin-2-yl]pipera
zine (Internediate 9, 300 ng; 1.22 mmol; 1.0 eq.).
After 14 h of reaction at RT, the solvent was
evaporated and the residue dissolved in ether and
extracted with water (3x). The conbi ned organic |ayers
were dried and evaporated to give an oil. This residue
was purified by chromat ography to give 15 the title

BT AR Bty
Rt: 4.1 mn (HPLC purity: 8@@ Step b) Fornzation

f OH

(()ZR) _N, 2- di hydr oxy- 5- net r% - ({[(2R) - 2- et hyl - 4- P1- (tn

fluoro methyl)
- 2- pyridinyllpiperazinyl}e rbonyl ) hexanam de 20To a

t
S?%DS@ frﬁza? on nEf c{] lengp[Vf é@,.?Sé 2-m%tf11)§/l liyd(q{xezéﬁfm?’zoat% hyl -
44- (trifluoro methyl) pyri digh- 2 yI]plperaZ|n 1-yl
car bonyl ) butyl] -1, 3-di I - 42 ng; 0.31 nmo
1.0 eq.) in MeOH (5 0 nL) wa ded an aqueous
sol uti on of hydroxyl ani ne (5@%; .046 nL; 1.55 mol ;
5 0 eq.) and the resulting reactlon m xture was

B b bRY- ’}"Bbcglsolﬁt%n af cﬁlso%xQ) I d)ﬁlglgfaﬁat (9 mPE 45 BE8nmol; 1.0 eq.) in

sol vent's e an ol l was taken up In
anbmror.l_s/ AU«IIF( z(lmmL)rrLWasamddpdlr slowéyj by splatien s €l pMseof lithium

%W%ﬁ%ggn{%&% gtlgﬁ/al\ﬁ,aéég (ﬁg? gteq 21 THF. The temperature

whisagised en2Eon®ier 3Mnﬁﬁht):s thahlloGeredll agalhRSI—Y8°(438d(ﬁnethane (34 mL;

11PLC condltlon . 10.8 mn (1-1PLC purity:
@g) 17%0 Eﬂ rmqsea ed and the mixture stirred at RT for 16 hours. The reaction

thikfre Wo3 thbR o618y & PEVena a@ﬁﬁlmféd' soldtd oﬁ%'fNa{KfF {VQA/ Jldd%d (’ﬁwf}esultmg

yridinth piperazinyllearbonyl | hexananm de (4)
rixjure was Stleted ax)lthﬁ(gatﬁlmextmpt three times with EtOAc. The combmed organic

1 _51%%/ ;wl%gélz 'nvs%s%%t ik S &t Ve ﬂ?Ig%bg 2Rhérda TRk hé(/ap(ﬁat(ad under
rpdyved prdssurt. i’Ilttmrr&‘.xixh.yel wdsuhenlpurilitd bgtichromatserdphe(8i0,,120/80 EtOAc/c-
t
( 0}550 ggve[ gf%?odgctligﬁvfthr&qﬁg!gs@re@kssmfr% 23# eplayriass ol 99_@0 92%).

nmet hyl pent anoi ¢ acid (prepared according to WO 94/ 0244

or simlarly to Seebach et alL, 1990, Org. Syntheses,
Soen b). Foywation of (2R, 88B82-hpdroxyr3- %@’l@lcﬂglc @8 mol; 1.0
eq.) and DI EA o

__OH
Ho)ﬂ/ﬁr

OH O

Diisopropyl (2R,35)-2-hydroxy-3-methylsuccinate (9.75 g; 42.0 mmol; 1.00 eq.) was taken
in THF (146 mL), cooled to 0°C and was treated with KOH (14.1 g, 152 mmol) in water
(49 mL). The resulting mixture was stirred at RT for 48 h. THF was removed and the
residue was taken in water. The aqueous layer was washed with ether (100 mL) and was

acidified with an aqueous solution of HCI (1.5 N), then was extracted with EtOAc
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15 (1.18 n; 6.89 nmmol; 2.1 eq.) in DW (4 nL) was

added HATU (1.37 g; 3.61 mmol; 1.1 eqg.) and the

resulting reaction mxture was stirred for 2 mn at

0C. (3R -3-nethyl-1- pyridin-2-yl pi perazi ne

(Internmediate 3, 639.3 ng; 3.61 mmol; 1.1 eq.) was

then added and the resulting reaction m xture was

stirred for 14 h at RT. Water was added and the

m xture was extracted wth EtR0 (3x). The conbi ned

organic layers were washed with an aqueous 20

CARHLBLE Sl uEPl0 MK, e o Bhack ricd SUGP RSSO, and

therr ¢dncerdraleyl to lgive st il mpduct (gixade eﬁdhaétcmms@ﬁ&fsﬁts&mala yellow oil
498X up to 50% EtOAc in c-hex in about 30 mn) to

(gi &the title product as a white solid (625 ng, 49%

as a mxture of 2 diastereoisonmers (1-1PLC (Condition

D: R major: 13.7 min;, Rt mnor: 13.8 104 mn

teq @rﬁWﬂ’lﬂf" of5B8)ad5| (4R} 32 dime thglry-oxazd g -dioxofgar !/ propanoic acid

'fsotCQ ggl%glé rof é?—&—h;/??bxgl Tm(at’h}f)h&:uﬂy ral:ltiy(2 48 4%/‘)8 mmol; 1.0 eq.) in

a(c@t@n@ So.N nzL)dwhsy dddedy2, 5~dm¢thma>p%1{1‘( IR)3 2; MBtéhyimod;- 2.9-eq.) and
Pﬁﬂb %hl%rfu?e &ZQerrng,Z ll%%' | Ca{ b(?[] a)e)iﬁg arcrarsluiiue}lg-rl%agtion mixture was

91151'8)1 -fér 26 Hiat®ThThe Yedc{ibRmitufeeway bvabofdidd?48d- the residu¢l taken up in

(2 pyridinyl) : S : I
%ﬂsﬁbréﬂvﬁ%‘ii chageprd i 2ddsd pgd the fesyltme igfusgstirred fer qus frpur. Filtration
JHa pak: (ﬁ‘%eﬁﬂé nale thl ti@le E)?()dubﬂrﬂlgﬁlg'bi(cgatgre%ammfasaéj%%&ﬁﬁf‘oil (1.85

aqueous sol ution of 1’%0 roxyl am ne (391
gnBY0) usedgn the nexbsted W mégmerpwg‘iqa@actl on mxture was

stirred at Rl for 40 min. HPLC anal yses showed the 10

presence of 2 diastereoisoners (75/25). This reaction
Inkerimedéatead7:diFesadtiond of N(2RHL2 €(4.5)-8,24dimediyl5 cbixodc3-tipxolan-4-yl]-3-

urified ver se- phase chromat ography (maj or
Ig‘l%%lPr@P%t&l‘gﬁﬁﬁ‘gr as the

)Téo

Step a) Formation of Diisopropyl (2R,3S)-2-benzyl-3-hydroxysuccinate

! O

wl T
To a cold (-78°C) solution of diisopropyl-(S)-(-)-malate (4.72 mL, 22.9 mmol, 1 eq.) in
anhydrous THF (8.50 mL) was added slowly a solution (1 M) of lithium
bis(trimethylsilyl)amide (48.1 mL, 48.1 eq., 2.10 eq.) in tetrahydrofuran. The temperature

was raised to 20°C over 30 minutes, than lowered again to —78°C. Benzyl bromide (4.70 g;
27.5 mmol; 1.20 eq.) was added and the mixture stirred at RT for 16 hours. The reaction
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first elated peak, gradient starting from 100% H20 up
to 75% H20 in ACNin 5 mn, then isocratic 75% H20 in
ACN for 25 mn; flow 50 nmL/mn) to give the title
product (4) as a white powder (230 ng; 479 . 111 NWMR
(CD30D, 300 MHz) 5 8.10 (m 1H), 7.58 (m 1H), 15 6.84
(m 1H), 6.69 (m 110, 4.84-4.70 (m 1H), 4.60 (m
1H), 4.48 (m 0.4H), 4.19 (m 110, 4.13-3.98 (m 21),
371355(m0 611), 3.30-3.0 (m 21), 3.05-2.82 (m
Hi), 1.94-1.76 (m 11), 1.55-1.38 (m 31), 1.35 (d,

xéﬁ)ﬁi'ré' W%@%l za'%lé%to O’LC%%EE)%, %dl%lutégﬁé% 1 Ia%) Iac%%d (B'gﬁ,e resulting

hRixtur@ was dilated MGy o, icktyact&irthfee Mmes AGHEK Wivpd. d'hs: combined organic

2S, 3S) - N, 2- di hydr.oxv-5-nmet.hyl - 34
I 5397 VaFhsd, TR Bty Ml IS (B CVafRiplod under
Bdced pResédre. (Fhk resl@e was then purified by chromatography (SiO,, 20/80 EtOAc/c-
hex) to give the product as a colourless oil (3.00 g, 42%).

Step b) Formation of (2R,3S)-2-benzyl-3-hydroxysuccinic acid

OH O

Diisopropyl (2R,35)-2-benzyl-3-hydroxysuccinate (2.90 g; 15.9 mmol; 1.0 eq.) was taken
in THF (44 mL), cooled to 0°C and was treated with KOH (3.17 g, 56.4 mmol) in water
(14.5 mL). The resulting mixture was stirred at RT for 48 h. THF was removed and the
residue was taken in water. The aqueous layer was washed with ether (100 mL) and was
acidified with an aqueous solution of HCI (1.5 N), then was extracted with EtOAc. The
combined organic layers were dried over Na,SO4 and then concentrated to give the title

product as white solid (1.73 g, 82%).

Step c¢) (2R)-2-[(4S)-2,2-dimethyl-5-ox0-1,3-dioxolan-4-yl]-3-phenylpropanoic acid

To a solution of (2R,35)-2-benzyl-3-hydroxysuccinic acid (1.70 g; 7.58 mmol; 1.0 eq.) in
acetone (50.0 mL) was added 2,2-dimethoxypropane (1.86 g; 15.2 mmol; 2.0 eq.) and
copper(Il) chloride (102 mg; 0.76 mmol; 0.1 eq.). The resulting reaction mixture was
stirred for 2 h at RT. The reaction mixture was evaporated and the residue taken up in
CHCls. Activated charcoal is added and the resulting mixture stirred for one hour. Filtration
on a pad of celite gave the title product as a greenish oil (1.46 g) used in the next step
without further purification.



10

15

Step a) Formation of

(559-2, 2-dinmethyl-5-((]S)-3-nethyl-1-([(2S)-2-nethyl -4
- pyri di n-2-

yl pi perazin-|-ylicarbonyl)butyl)-1, 3-di oxol an- 4-one

To a solution of a 55/45 di astereoi someric m xture of
pent af | uor ophenyl (2S)-2-[(4S)-2,2- 5

di met hy1l- 5- oxo- 1, 3- di oxol an-4-y1] - 4- net hyl pent anoat e
and pent af | uor ophenyl (2R)-2-96

[(4S)-2,2-di met hyl-5-0xo0-1, 3-di oxol an- 4-y1] - 4- et hyl pe

(4t ot L9 B gxod- £
AfRENGe () FORRAIA 8L 0I5 TyRIZ Ry BS oo Raffoln 4.1}
pheyylpwpancde adighi per azi ne (I nternediate 4, 88.6 ng; 0.50
mol; 1.0 eq.) and the resulting reaction m xture was
stirred 48 h at RT. Water was r@n and the mixture
was extracted with Et20. The o_eéQpbi ned organic | ayers
were washed with brine, drijed:over MgSH, filtered and
evaporated to give an oilp ¥4t i on by
chr omat ography (Si 02, grati rom 10% Et OAc i n c-hex
up to 40% EtOAc in c-hex”1\n 15 nin) gave the title
conmpound as a colorless oil (43 ng; 22% (m xture of 2

Sﬁ?ﬁ@tlafrﬁt@ii&ﬂ@@z%bpr%ﬁ@ﬂﬁm-3%n§11—33@d1&xmcahaz€0r mat i on

0

(2R, 3S) - N2- di hydr oxy- 5- net hyl - 5) -2-nmet hyl-4- pyri
I

di n-2- yl pi perazin-1-ylicarbony ananmi de The title
product (5) was prepared f& | on ng the procedure of

Exanple 1 (step b) but_sta @mﬁ&?
S)-2,2-dinmethyl-5 -((1 S)-3- | -

[(2S)-2-methyl -4-pyridin-2-y

T P651a7i78°CAy hitiearop aﬁsdpkdwt-m;)(:z;nﬁwé (Zmphmn 414.8% REnd125.00 eq.) in

a mxture of 2 diastereoisoners ay28 0 mt; 719 . o
auhpkpys  BHE, A17 vy Ywaszemided sjondy @ sohufign ni(h,” MipLaf lithium

i : . 0, : . .
oy s (8T SR 52 ol 510,25 i T Thg (gmperature
wisyraisdd 1o\A0°dioner230 minuigsctharz lowetedvagamao 6380 [Braxyd haomide (9.40 g;
§5@ mn%’l\!'\hlz_@ zl.q.) \Nva's a&&ed%!ndq;le Qni)gtlﬁl)e stirred at RT for 16 hours. The reaction

mixture was then cooled to 0°C and a saturated solution of NH4Cl was added. The resulting

mixture was diluted with water, extracted three times with EtOAc. The combined organic
layers were washed with brine and dried over MgSQ,, filtered and evaporated under
reduced pressure. The residue was then purified by chromatography (SiO,, 20/80 EtOAc/c-
hex) to give the product as a colourless 0il (9.76 g, 69%).

Step b) (2R,3S)-2-benzyl-3-hydroxysuccinic acid

H
HO ©

OH O
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Step a) Formation of (5S)-5-((J

S) - 4- (4- et hoxyphenyl) - 1-{[ (2R) - 2- et hyl - 4- (2- pyri di nyl
) 5 piperazinyll

ear bonyl } buty1) -2, 2-di et hyl - 1, 3- di oxol an- 4-one The
title product was prepared follow ng the procedure of
Exanple 4 (step a) but starting from

(3R) - 3-net hyl - 1- pyri di n-2-yl pi perazi ne (Internediate
3) and (2R)-2-[(4S)-2, 2- 97

di met hy1- 5- oxo- 1, 3-di oxol an- 4-y1] -5-(4-et hoxyphenyl) pe

1 BRg1 £94, 58 B LR Ay Boystloingt? (1986, EPRADY 100 ca) was

aketio THIVA1E0 0L0), bovlad todXCi and atis itca®d withrR Oa(18.65 lgs 189.90 mmol

talentio top i an itca®d wi .90 mmol;

G40 e B SRR Th )2 urSaHEe ixlute by S ackT\pfgs B THE was

1(316@%11 dnkiglib v%)sltdueRﬁvas 3keh i watdrHPhCaguubustlyyer Y%s &alfed whth ether (100
ornmati on

r{ﬂzv@s/yaseph(llﬁdé? 9&9%%1999513\@@2&@% Yithgsypaaeous solpgioneldCl (1 N)
L&@’ br43. ? 2Thd¥] 'd%ﬁyée%ﬁht@& kg 'cBMéétgxﬁ?)b ﬁl}’dtﬂoﬁ &% gﬂ%‘%@' fitle product

etitlhe pro uct was prepare OW ng
(pinglealinstoecodfoner)easpvhate 5ol 8 H29%0t starting from
(5S)-541R) - 4- (4- et hoxyphenyl)-1-{[ (2R) - 2- et hyl -4-(2-p
yri di nyppi pera

mp@lﬂﬁﬁab@w‘l(mm—m)e)-Zg%zﬂbmyﬁhwa-l,ﬁﬁ&howm#@t]-% one
(185 ny; 7mm| g.). 20 Purification by

Hhé@él”s?éa’[tﬂﬁ%\g‘é chr omat 6gr aphy (gradi ent from10/90 0. 1%

'lT(J: ﬁsélﬁtl(ﬁg)\f RQS;-Y%E 113[}1y4?l;(3(95dé@11ﬁ@a&@(ﬁ& 9. 43/8 Eﬁ:rﬁ)l‘ 100 eq.) in
1% TFA in 112070 n n) gave the tit

av;@tnp@(ﬁﬂﬁ ad.) awagtrdded @dv@imeﬂ(ozmopﬁgle @ 8ombs 1&55nmmells 8.0 eq.) and

Phpeal] A 7R po3tatEh g0 M6 Robiing R mixure was
soived thyr 4 104 RA.. THIdPte@ctfidﬁom@ttﬁneomasQ)vap&htedlmﬂahe @iesidiic . taken up in

|as m n_yaj or/ mnor: 56/4
%ghp‘g‘%twpte@c arcoa is added and tile resultmn% mixture stlg'red for one hour. Filtration

aiof &l a% Wﬂ@?@&&&t -(M¥nge Wit omevedy asld grednish HF (1.81 g,

-442- 5 yridinvl erazi nvl | car bonvl | hexanam de
7(4‘7/;/) ued in the next step without furt er purification.

Intermediate 39: Formation of (2R)-3-cyclopentyl-2-[(4S)-2,2-dimethyl-5-0xo0-1,3-
dioxolan-4-yl]propanoic acid
O
Q O OH
)Y o

Step a) Formation of diisopropyl (2R, 3S)-2-(cyclopentylmethyl)-3-hydroxysuccinate

VoY
HO  / 7/
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H OHO0 = (7) Step a) Formation of
(5S)-5-07S)-4-(4-ethoxyphenyl)-1-11(2S)-2-net hyl -4-(2-
pyri di nyl)

pi per azi nyl i carbonyl }butyl)-2, 2-di net hyl1- 1, 3-di oxol an-
4-one 10 The title product was prepared follow ng the
procedure of exanple 4 (step a) but starting from
(3S)-3-nethyl-1 -pyridin-2-yl pi perazine (Internedi ate
4) and (2R)-2-[(4S)-2, 2- 98

di met hy1- 5- oxo- 1, 3-di oxol an- 4-y1] - 5- (4 et hoxyphenyfi pe

1 981€() o Bk BB 105, 9 10 <o)

(icdomethy ¥t Ghiotane (55.6ex 26p.6t mmeN%. B 049 inranbydress THF (250 mL)

L}:{@O Utlﬁ%s S‘F{?nr ea?dgg‘?vgv&tf agt tg{irtéo R gongﬁ g ?Iﬁg St( aé psom%}%o i@% O/%fh lithium

Wé(trimethylsilyl)amide (481 mL; 1.0 M, 481.1 mmol, 2.1 eq.) in THF The temperature
(2S, 3R) - 6- (4- et hoxy hen 1) -N 2-di hy drox m@ig

lelozweé 30 Wi tg .%‘Mg bails ;S]éf‘r B tHp) W@;Sasft%ﬁ;fp ﬁ'érmuasl completion

|

GRRASHI S ORIy PlogNRant iR RSy, St Rplintic acid)
595 -5-((1R) -4-(4- ethoxyphen 1)-1 -

ét(pzla)F maemyf (2R-39)- Jp@ycrlezi'qw’lmghd)aﬁ dwydroxysuccinic acid

zi nylj carbonyl | butyl)-2, 2-di met hyl -1, 3- di oxol an- 4-one

(110 ng; 0.22 mmol, 1.0 eq.) [ after purification
(reverse-phase chronatogr ite solid (51 ny;

49% as a 108 m xture of I gst ercoi soners). MESI):

469.3; |se(ESI): 471.4. HAPLE ition A): Rt: 2.2

mn (HPLC purity: 99.2 % .HO
(2S., 38)-6-(4-ethoxyphemd) - N, 27di | i vdr oxv- 3- 11(2R) - 2- m

Rlsbtidn By potidstlini Bydroxide (183.2 mL; 5.0 M; 916.4 mmol, 4.0 eq.) in water was

2- vl pi perazin-1- vIIcarbonvIIhexanan1de (8) NC, -211 0
added 9 thepprevioys, reagiiqn mixture and the solution was stirred at RT over 3 days.

MTBE (200 mL) was added to the reaction mixture and after 5 minutes under stirring,
layers were separated and organic phase was extracted with potassium hydroxide 1N (4 x
100 mL). Combined aqueous layers were washed with MTBE (2 x 150 mL) and cooled to
5°C under stirring. Then concentrated hydrochloric acid was added dropwise until pH =
3.9. After 30 minutes under stirring at 5°C, resulting suspension was filtered to give first
crop of the half potassium salt as a white powder (12.88 g, 22%). Filtrate was saturated
with sodium chloride avoiding super saturation (no solid sodium chloride visible in
solution) and precipitation was observed, filtration was done to give second crop of the half
potassium salt as a white solid (9.86 g, 17%). Batches were combined, taken up in 200 mL
of hydrochloric acid and extracted with ethyl acetate (150 mL). After phase separation,
aqueous phase was saturated with sodium chloride and extracted with ethyl acetate (150
mL). This loop was repeated twice then combined organic phase were dried over MgSO4,

filtered and concentrated to give the title product as an orange solid (18.97 g, 38%)
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(8) Step a) Formation of
(55)-5-((JS)-4-(4-ethoxyphenyl)-1-{[(2R)-2-nmethyl -4-(2
-pyrimdinyl) piperazinyll

ear bonyl } butyl) -2, 2-di et hyl - 1, 3-di oxol an-4-one | 10
The titk product was prepared follow ng the procedure
of Exanple 4 (step a) but starting from
(2R)-2-[(48)-2, 2-di met hyl - 5- oxo- 1, 3-di oxol an-4-y1] -5-(
4- et hoxyphenyl) pent anoi ¢ aci do( I nternediate 2, 150 ny;
0.45 mmol ; 1.0 eq and

@egl %%mﬁtz%@é{?%&f&%ﬁnﬂﬂ-}yﬁﬂsgl VZI gﬁ&k}%}? 2 5 (DS R 124-9-

wlmwreddnomtdcish by chr omat ogr aphy (Si 02 grad| ent from
33% Et OAc in c-hcx up to 50% EtOAc in c-hcex in 15
about 30 min) the titk corgound a white foam (110
ng; 45% as a m xture of 2 0i somers) .
Is/11(ESI): 497.4. HPLC Q g A: R: 4.0 mn

(I PLC purity: 98.5%. b) For mati on of
(2S) - 6- (4-et hoxyphenyl) -N}2-di hydr oxy-3- ([ (2R) - 2- net hy

G sphii 5%%“5@“%@&3‘/@@,3%%&5&%%&@ R SR (1537 &, 87.7

HOL S0 ER) dé&ﬁiéT(B@O inI( s\mpadakd b1t dimethox ropane (21 6 mL 17546
starting r 4- (4- et hoxyphenyy};

mmel, B }ﬂ €qy). a(ng csgpqr ,(‘{Ihq:lﬂ%lqe (1 18®; I§'7f3 el ﬁyl| - ) The resultmg reaction
rﬁﬁﬁﬁg Q\éﬁg}sﬁﬂ&?’ or l%hzat qiﬁﬂg’uﬂf?%rlogarﬁxgﬁ@ Itv)ﬁg ¥4 \}%?ageéé 2 atshg residue
talkﬂnoumtlm Mﬁy@@@]m@l érrtivited mh20680(10. g)%va'ﬂzﬁdded #@N\the resulting

[10Q.1% TF 0.1% TFA

RS i St ot RIoToh P . Py o sl ede e produc
Mell@wﬁh\wEPuﬁﬁcﬁtlﬁm by 4&% al&oﬂlafdﬂgi@phy €Si60; 40-60 microns) eluting with
di ast ercoi soners, %é 470. 2 | se(ESI):
HWMWE@("@&W thie éﬂe (esodup&(l 630072 rohata eplerless il

mnor diast. 10.1 min mjor/minor: 68/ 32. HPLC

(Cond|t| orsl A) NRt:' 2.6 mn (I IlF;LC plz,lrl ty: 1010%

: inyl
gz&.éﬁ%-ﬂ@ Afniﬁt ?ﬁxvphenvo 3-11(2R) 4- (2-fl uor ophenvO- 2-

-yIIearbonyII-N2 di I i vdr oxvhexa de (9) ii 0 HO
N ﬂ N

_ZI—""I

@™
Step a) Formation of (55)-2,2-dimethyl-5-((1S)-3-methyl-1-{[4-(2-pyridinyl)- 1 -piperazinyl]
carbonyl}butyl)-1,3-dioxolan-4-one
O
N

N

0 -
~ N
o N
0 O

To a solution of a 55/45 diastereoisomeric mixture of pentafluorophenyl (2S)-2-[(4S)-2,2-

dimethyl-5-oxo0-1,3-dioxolan-4-yl]-4-methylpentanoate and pentafluorophenyl (2R)-2-
[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-4-methylpentanoate (Intermediate 1, 792.6
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H OHO 1l (9) Step a) Fornzation of (5S)-5-07

S) - 4- (4- et hoxyphenyl)-1-{[ (2R) - 4- (2f | uor ophenyl ) - 2- et
hyl

pi per azi nyl i carbonyl }butyl) -2, 2-di net hyl - 1, 3- di oxol an-
4-one 0 t1 15 The titk product was prepared follow ng
the procedure of Exanple 4 (step a) but starting from
(2R) - 24(48) - 2, 2-di net hyl - 5- oxo- 1, 3-di oxol an-4-y1]-5-(4
-ethoxyphenprentanoic acid (bnternedi ate 2, 150 ny;
0.45 mmol ; 1.0 eq and

A b it éﬁféﬂp@%ﬂﬁé’s A Mo B2 I biperazine (326.5 me; 2.0

mpool; f1i.Q aq.). oftdyyl Ach ob neacogr alpRY, (hSisoRenigwas] eeporatadoimn give an oil.

Pileetesobine o el R dsutiy e SRR dsch e of (s o

rﬁﬁturéa% aRastarebis¥thbts S050). Thel p’i&d\ﬁ:t @24 8i9¢Btved)on iFFOIFH()0 mL) at kept
513.6. HPLC (Condition A): O min (I]PLC purit

agt;gZ(b/g for 48y T éltpeg)atqné Wﬁ&p@l}ﬁgtegfand evapora ed to give a color)fess oil (301

nés),()f’/@ §1ﬂ%1%tcl19§féf9+l dlﬁgsﬁ)il@%é ( ;gég&ﬁ{‘&{‘ BAJ)) R& 5.0 min
hyl” pi perazin ony roxyhexanam’'de

(ARE.Ct purite ’ﬂb&l’d.)c \AEDQM éf)@\ﬂ\/ﬂdiz)f&)BJZ@\(\d ng4t2ndz, 1H), 7.58-7.47

(%ﬂ%ﬁ&’ﬁfs% @ ,éltfh ETp:(ﬁy%l U SR e Hi°5533 22 (m, 11),

1142 Rb2 4m( 2, 1 1601(9BMBMY33 (s23ME 0/99L0.88 (m, 6H
p|peragllngyl)l;carlgonm?lbutgll)]mE 2- dlneghyl)l 3-di oxol an-
4-onc (112 ng; 0.22 nmmol; 1.0 eq.). Purification by

S1ep/B) Emphionsef (05) BS)W,UQM)&@M $-@egi-2914-1xpm)C0pPerdhinyl]
TFA"in ACN /0. 1% TFA in H20 up to 65/35 0.1% TFA in

carhenylihaxgnanidei n 1120 in 20 nin) gave the title
'fU 0duGtuas & 6K e RANLRYI- iégsmmeﬁﬁr EJ‘{‘i4 %ﬂﬁl?—‘l Yiperazinyl]

di ast ereol soners, 67/
%ﬂ@n!tl}bwu@ ¥ @@ndan%cnme@)lSO Rtg, Orﬁi wmodii heteq.) in. 1BrOH 3 mL) was

a%gecmm gquegusaso ut10n of gy&poxyl%ln% r(éd‘%,” 0195 glil §%5 mmglmg I0 ©q.) and the
r(aél&@&)aa@sloammlyeﬂwwsm&drmkﬂ\&br 35 hk ARpr Srap®tation ofithpydlvents, the
c[rnli | rpnxture wa purlige?lzby reverglel-rl)h%gé gh%] L,t}o gr%,él?; t%rgl\geethg: tl(t)lzz compound (1)
as a white powder (74 mg; 31%). M (ESI): 349.2; M'(ESI): 351.1. HPLC: Rt: 1.3 min

(HPLC purity: 100 %).

Example 2: (2S,35)-N,2-dihydroxy-5-methyl-3-{[4(3-phenyl-1.2 .4-thiadiazol-5-yl)-1-

piperazinyl]carbonylthexanamide (2)
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15 The title product was prepared follow ng the
procedure of Exanple 4 (step a and b) but starting
from 2-[(3R) - 3-net hy] pi perazi n-1-yl ] pyri m di ne
(Internmediate 7). Purification by reverse-phase
chromat ogr aphy gave the title product as a white
powder. 1% (EST): 364.2; WESI): 366.0. HPLC
(Condition A): R: 2.0 min (HPLC purity: 99.4 9% . 20
Exanpl e 11: 101

(25-3S)-N, 2-cli hydroxv-5-net hvl -3-1112S1- 2- et hvl - 4- (4
St{}f%%g%ézbr%fb\?}u Z-dimetiuli S (1) Semetl I{4:5-phepyle o2, ¢ybiadiazol
5 jlll)I-pzpekazmy'r}wrhanyd}btqd}-ddudszamwpnepar ed follow ng
the procedure of Exanple 4 (ste / and b) but starting

from (3S)-3-nethyl-1-(4- nﬁih yjr yDpi per azi ne.
Purification by reversg- hﬂb graphy gave the
title product as a wdte r W (ESI): 377.2;

(ESI): 379.2. HPLC ( di t6 on A: R: 2.2 min (HPLC
purity: 84.4 %9. 5 Exanple 12:
1(<2§ selatio3ofld 6285 dftslcAbisicAc niRRtEPYRRENY opheryleiS)V-[#4S)-2,2-

perazin-1-v11

@@P@@h@-ﬂoﬂ;@@*ﬂ%‘&ﬂﬂﬂy‘l methyineplaneatainard deertafiuorqphenyl  (2R)-2-
t h
[g{ﬁﬁgié@p@é@%?dg@é ﬁx\gﬁ)gg{?ﬁﬂ)aﬁgﬁ rﬂé%ighg%/ﬂge{rhgaﬁe &P&'}%‘éﬁ&% 9; 1500
OSRY 38 - fhthol;| UOr eq. bAmEdME X (1ph emiy)l wa8 - added\j nﬂlepg]r-i}pipnmzino 1,2,4-

tF%.{lia%(ng ?%#d% g{gb ég% it ]Is ? é)p %asélgqt {2 n?lbgg feaep % ture was stirred at

R’V'f(ﬁlf—ﬁlh Aﬂl&&ouﬁ?&l@tl&p@ﬂﬁd (Illg) s added agd lhd’ﬁe@ul(nlé— Rlikture was
uri | e

e(xggcteg 3\3511_ ]jt%(( zh@dzpveg Mgﬁg@ (tered 1andoevaporated to give an oil. This
reﬁ&ﬁJ‘%h?t REL ﬁﬁ '1H -Cbg,% ef%gfégé{n#l%é zv]ef,% )ﬁltered off and the mother liquids

- di roxv- 5- met'hyl hexan
were evaporated and the resulting residue was then purified by chromatography (SiO,,

gradient from 2/1 to 1/1 c-hex/EtOAc in about 30 min) to give the title product as a
colorless oil (10 mg; 5.8%). M'(ESI): 459.0. HPLC (Condition A): Rt: 4.5 min (HPLC
purity: 98.5 %).

Step b) Formation of (28,3S)-N, 2-dihydroxy-5-methyl-3-{[4-(3-phenyl-1,2,4-thiadiazol-5-
yl)-1-piperazinyl]carbonyl}hexanamide

To a solution of (5S)-2,2-dimethyl-5-((1S)-3-methyl-1-{[4-(3-phenyl-1,2 4-thiadiazol-5-yl)
-1-piperazinyl]carbonyl} butyl)-1,3-dioxolan4-one (9.0 mg; 0.019 mmol; 1.0 eq.) in iPrOH
(0.20 mL) was added an aqueous solution of hydroxylamine (50%; 0.0029 mL; 0.098
mmol; 5.0 eq.) and the resulting reaction mixture was stirred at RT for 2 h. Evaporation of
the solvents gave the title product (2) as a colorless oil (9 mg; 100%). M(ESI): 432.1;
M'(ESI): 434.3. HPLC (Condition A): Rt: 3.1 min (HPLC purity: 79.3 %).
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(13) The title product was prepared follow ng the
procedure of Exanple 4 (step a and b) but starting
from (3R)-1-(2-fluorophenyl)-3-nethyl piperazine
(Internmediate 5). Purification by reverse-phase
chromat ogr aphy gave the title product as a white
powder. M (ESI): 380.1; 20 MESI): 381.9. HPLC
(Condition A): R: 3.1 min (HPLC purity: 100 %. 112

Exanpl e 14: 102
(2R, 35) - N, 2-di | wdr oxy- 3- 11444- et hor yphenvl bi per aai n- 1
Exahiple S20RHUYYIN. 2 QiHValrb Y- SHARAT- A R ne b4l [4-(triftbiDhethyl

in2 ip€rafin{14 h 3 B®razi n-1-yl | carbony
1)-3- 5 nethyl butyl)-2, 2-di net hyl 1.c3; di oxol an- 4-one
To a cold solution (OC) of

(29)-2-[(4R) -2, 2- di met hy1- 5- -1, 3-dj oxol an- 4-y1] - 4-
nmet hyl pent anoi ¢ aci d (pr ared adtorN ing to WO
94/ 02447 or siml arIyHPQ ¥h-et aL, 1990, Og.

Synt heses, Coll. VoL |HH péh5331 9 but starting from
dii sopropyl (R)-(+)- io malate, 150 ng, 0.65 nmol) in
anhydrous DCM (3 mL) were added® DI EA (115 1it, 0.69

and .flu - N N-t t hyl § or 1 gli_ni,u .
SR oSN s el el A b Ry Popiritoro
h&R)pyBidin 3 -y piperaas ﬁl}daﬁb@ﬂl)&&ty@@ I-oxdanAiogwe Then a
sol ution of 1-(4-nmethoxyphenyl)-pipgrazine (138 nyg,
0.72 mmol, Chess) and DI EA (115 A, 0’69 nmmol) in
anhydrous DCM (1 nlL) was added. T eaction m xture

was stirred for 1 hour 16 at RT- hen poured on a
silica colum (30 g, in<wti?|€]/>Ll<extEtOAc 4:1).
Purification was perfor gr adi ent cHex/ Et 0Ac
4.1 to c-Hex/ EtOAc 1:1i'n 30mntog|ve158rrgofa
Recr ¥ stalllz |on

H 8o Erop FEREE bifate & b RRPh) SoRER I Eght - ettt 5-
dib 1,3 did&olah 4 -] paHmdilyylphPan0bte . zhxﬁ/ I\/ﬁentmlﬁ‘ﬁbphenﬂOS(ZR)-z -[(4S)-2,2-

I\/Fi_ CD30QD, 30 MHz). 37.00 (d, J=9.2 Hz, 2H), 6,89

methy 0201]123—(11 an-ﬂ-_y -0\§ ,lpegtgggafe @tet@gd@t_esl; 4{%8 mg; 1.22
riéﬁa)ils 1%0 %cg) %Irﬁﬁ tré&%)amiﬁe (33913 u113ns mdnel9 20Mq.)it)DMF (10.0 mL) was
added (3R)-3-methy1—1-[4-(triﬂuoromethyl)pyridin—2-yl]piperazine (Intermediate 9, 300

mg; 1.22 mmol; 1.0 eq.). After 14 h of reaction at RT, the solvent was evaporated and the
residue dissolved in ether and extracted with water (3x). The combined organic layers were
dried and evaporated to give an oil. This residue was purified by chromatography to give
the title product (170 mg; 30.4% as a mixture of 2 diastereoisomers). M'(ESI): 458.4.
HPLC (Condition A): Rt: 4.1 min (HPLC purity: 91.8%).

Step b) Formation of (2R)-N,2-dihydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(trifluoro
methyl) -2-pyridinyl]piperazinyl}carbonyl) hexanamide

To a solution of (5S)-2,2-dimethyl-5-(1S)-3-methyl-1-({(2R)-2-methyl-4-[4-(trifluoro
methyl)pyridin-2-yl]piperazin-1-yl} carbonyl)butyl]-1,3-dioxolan-4-one (142 mg; 0.31
mmol; 1.0 eq.) in MeOH (5.0 mL) was added an aqueous solution of hydroxylamine (50%;
0.046 mL; 1.55 mmol; 5.0 eq.) and the resulting reaction mixture was stirred at RT for 4.5
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4H), 1.93-1.72 (m 2H), 1.66 (s, 3H), 1.58 (m 1H),
1.56 (s, 3H), 0.98 (d, J=6.4 Hz, 611). 113 Step b)
For mati on of

(2R, 35) - N, 2-di hydr oxy- 3-{[ 4- (4- met hoxyphenyl ) pi perazi n
-1-yl] carbonyl)-5-net hyl hexanam de (14) To a
suspensi on of
(5R)-5-((1S)-1-1[ 4- (4- et hoxyphenyl ) pi perazi n-1-yl ] car
bonyE- 3- net hyl butyl) -2, 2-di met hyl - 1, 3- di oxol an- 4- one
(108 nmg, 0.27 nmmol) in iPrOHd (4 nL) was 5 added a 50%

&ﬁu&%f%& QB1vBAits g}i% a8l a’i‘h@ ‘}ﬁ%ﬁ@ Llﬁélﬁﬁp H‘%OH/ACN @

resutln m Xture wa rred ourss

mh8 mh) ami puwified byasvdrsd- plmse dlroﬁlhtogvmhh eulgine tthe tidet pnoduct (3) as a

B B IR B R oS B B e 433
HPEG(aﬁmnbﬁﬂDiRW10SQnﬂ%ﬂPLtﬁhﬂﬁa9&WQ§E 380.2, MESE

378.2. 'H NMR (CD30D, 300 MHz) 8 7.01 (d, J=9.1 H,
211) 6.89 (d, J=9.1 Hz, 21), 4.05 (d J=6.8 Hz, 10

Mmmmmjmnmgs(@ 15.2.99 (m 0.96 (d, J=6.5

Hz, 311), 0.95 (d, J64HZ% /O
N
HO NM?
H on o
@
Step a) Formation of (55)-2,2-dimethyl-5-((1S)-3-methyl-1-{[(2R)-2-methyl-4-(2-pyridinyl)
piperazinyl]carbonyl}butyl)-1,3-dioxolan-4-one

b O
o

To a cold (0°C) solution of (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-4-
methylpentanoic acid (prepared according to WO 94/0244 or similarly to Seebach et al.,
1990, Org. Syntheses, Coll. Vol. 111, p153-159; 7; 755.0 mg; 3.28 mmol; 1.0 eq.) and DIEA
(1.18 mL; 6.89 mmol; 2.1 eq.) in DMF (4 mL) was added HATU (1.37 g; 3.61 mmol; 1.1
eq.) and the resulting reaction mixture was stirred for 2 min at 0°C. (3R)-3-methyl-1-
pyridin-2-ylpiperazine (Intermediate 3, 639.3 mg; 3.61 mmol; 1.1 eq.) was then added and
the resulting reaction mixture was stirred for 14 h at RT. Water was added and the mixture
was extracted with Et;O (3x). The combined organic layers were washed with an aqueous
saturated solution of NaCl, dried over MgSQy, filtered and evaporated to give an oil. This
residue was purified by chromatography (gradient from 33% EtOAc in c-hex up to 50%
EtOAc in c-hex in about 30 min) to give the title product as a white solid (625 mg, 49%) as
a mixture of 2 diastereoisomers (HPLC (Condition D): Rt major: 13.7 min; Rt minor: 13.8
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Exanpl e 15:
(25.35)-3-11(2R) - 4- (4-ehl oro-2-fl uorophenvl) - 2- et hyl p
i perazi n-1-vg 15

ear bonvl | - N2- di hydr oxv- 5- net hyl hexanam de (15) (15)
The title product was prepared follow ng the procedure
of Exanple 4 (step a and b) but starting from
(3R)-1-(4-chl oro-2-fl uorophenyl) - 3- net hyl pi perazi ne.
Purification by reverse-phasaochromat ography gave the
title product as a white powder. M (ESI): 414.2; 20

ESQL): 418 L diéd oM ¢ R adiad N .
%’1{2 I‘?i{leg_}or/rg%lgbz%%/lﬁ W'a?r%q% Ifgic @ondr’t%wﬂ Ay, "Rét P3-Chin (HPLC
HuRiby: 33493- { [ (2R) - 4- (5- ehl oropyri di n- 2-yl ) - 2- met hyl pi pe
razi n-1-yll earbonvl|-N2-di hydroxv-5-net hyl hexanam de
(16) G o rNHON, ic,....-HNT) . HOCHO (16)

Step b) Formation of (2S,3S)-N, 2-dihydroxy-5-methyl-3-{[ (2R)-2-methyl-4-(2-pyridinyl)

piperazinyl]carbonyl}hexanamide

To a solution of (55)-2,2-dimethyl-5-((1R)-3-methyl-1-{[(2R)-2-methyl-4-(2-pyridinyl)
piperazinyl]carbonyl}butyl)-1,3-dioxolan4-one (517 mg; 1.33 mmol; 1.0 eq) in iPrOH (2.0
mL) was added an aqueous solution of hydroxylamine (391.5 pl; 6.64 mmol; 5.0 eq.) and
the resulting reaction mixture was stirred at RT for 40 min. HPLC analyses showed the
presence of 2 diastereoisomers (75/25). This reaction mixture was dissolved in water (6
mL) and directly purified by reverse-phase chromatography (major diastercoisomer as the
first eluted peak, gradient starting from 100% H>O up to 75% H>O in ACN in 5 min, then
isocratic 75% H,0 in ACN for 25 min; flow: 50 mL/min) to give the title product (4) as a
white powder (230 mg; 47%). "H NMR (CD;0D, 300 MHz) & 8.10 (m, 1H), 7.58 (m, 1H),
6.84 (m, 1H), 6.69 (m, 1H), 4.84-4.70 (m, 1H), 4.60 (m, 1H), 4.48 (m, 0.4H), 4.19 (m, 1H),
4.13-3.98 (m, 2H), 3.71-3.55 (m,0.6H), 3.30-3.07 (m, 2H), 3.05-2.82 (m, 1H), 1.94-1.76
(m, 1H), 1.55-1.38 (m, 3H), 1.35 (d, 1.3H, J=6.7Hz), 1.23 (d, 1.7H, J=6.7Hz), 0.93 (m,
6H). M (ESI): 365.2, M'(ESD): 363.2. HPLC (Condition B), Rt: 2.4 min (HPLC purity: 97.6
%).

Example 5: (2S,35)-N,2-dihydroxy-5-methyl-3-{[(2S)-2-methyl4-pyridin-2-yl

piperazin-1-yllcarbonyl}thexanamide (5)

N a

L
HO\NWNQ
H ~ o -

OH
®)



10

15

20

25

The title product was prepared follow ng the procedure
of Exanple 4 (step a and b) but 5 starting from
(3R)-1-(5-chl oropyri di n-2- y0- 3- net hyl pi per azi ne.
Purification by reverse-phase chromatography gave the
title product as a white powder. W(ESI): 397.2;

M EST): 399.2. HPLC (Condition A): Rt: 1.4 min (HPLC
purity: 97.7 9. Exanpl e 17:

(2R, 3S) - 3-114- (4-f 1 uor ophenvhypi perazi n-1-yl | car bonyl |
-N, 2-di hydroxy-5- io0o nethyl hexanam de (17) HON OH O

epar
S oIRGB PG (PO PALAI L UG DB pyridin
yipiperatin-14}darhomy Bbppkiy3- ()’sz(ﬂeu-d-mnae di - hydrochl ori de
and DVA. Purification by reverse-phase chromat ography
gave the title product as a white powder. M (ESI):
366.2; 15 MESI): 368.2. HPLC (Coion A: R: 2.1
mn (HPLC purity: 100 %o 2 pﬁé nple 18:
OR, 351-3-11(1S.45)-5-( nyl) . 5-di azabi evel o
12. 2. 11hept - 2-v11l %W
ear bonvl | - N2- di hydr oxv- rret hyI hexanam de (18)
HO N IyH N % OH 0

To a solution of a 55/45 diastereoisomeric mixture of pentafluorophenyl (25)-2-[(4S)-2,2-
dimethyl-5-oxo-1,3-dioxolan-4-yl]-4-methylpentanoate and pentafluorophenyl (2R)-2-
[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-4-methylpentanoate (Intermediate 1, 198
mg; 0.50 mmol; 1.0 eq.) in DMF (4 mL) was added (3S)-3-methyl-1-pyridin-2-ylpiperazine
(Intermediate 4, 88.6 mg; 0.50 mmol; 1.0 eq.) and the resulting reaction mixture was
stirred 48 h at RT. Water was added and the mixture was extracted with Et,O. The
combined organic layers were washed with brine, dried over MgSQ,, filtered and
evaporated to give an oil. Purification by chromatography (SiO,, gradient from 10% EtOAc
in c-hex up to 40% EtOAc in c-hex in 15 min) gave the title compound as a colorless oil

(43 mg; 22%) (mixture of 2 diastereoisomers). M (ESI): 390.3.

Step b) Formation of (2R,3S)-N, 2-dihydroxy-5-methyl-3-{[ (2S)-2-methyl-4-pyridin-2-
yipiperazin-1-yl]carbonyl}hexanamide

The title product (5) was prepared following the procedure of Example 1 (step b) but
starting from (55)-2,2-dimethyl-5-((1S)-3-methyl-1-{[(2S)-2-methyl-4-pyridin-2-yl
piperazin-1-yl]carbonyl}butyl)-1,3-dioxolan-4-one (as a mixture of 2 diastercoisomers) (28
mg, 71%). M'(ESI): 363.2; M"(ESI): 365.2. HPLC: Rt: 1.4 min (HPLC purity: 100 %).
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(18) The title product was prepared foll ow ng the
procedure of Exanple 4 (step a and b) but 5 starting
from

(1S, 4S)-5-(4-fluorophenyl)-5-aza- 2-azoni abi cyclo[2.2.1
] heptane chloride and DI EA. Purification by
rever se- phase chronmat ography gave the titk product as
a white powder. N(ESI): 378.2; lse(ESlI): 380.0. "'PLC
(Condition A): Rt: 2.8 min (HRLC purity: 98.0 %. 10
The novel derivatives according to Fornula (VI) can be

i '31 tf{ﬂe?ﬂ -4-pyridin-2-

atazins1 ylesdoayiihemnanki 6);e chem stry protocols.
Exanpl es of synthetic pathways for the will be
described. A preferréﬁ/p cess for preparing a
compound of Forrmula (VT) eonsists in upling a 15
di oxol ane-protected di-car o IiFAﬁ of formul a

(MT) wth the approprlm;ejg%?qfn( IMto formthe

i ntermedi ate (TX) wherei njE d R15 and n are
defined as above (Schenme 4 bel ow) General protocols
for such coupling arc given be‘§MIln t he Exanpl es,
usi ng condi ti ons and nethods known to those

i ) eiation BR(S85-((15)-(& pibo S heni-dEC RO i Bpyridiny)
an ne bo i r ca xylic acid
e P bSO 5 At S SBled S o it hout

standard coupling ag uch as e.g. DIC, EDC, TBTU,
DCC, HATU, PyBOP(r), Iso | chl or of or mat e,

| - met hyl - 2- chl or opyri di ni urn| i odi de |(Mikai yama's
reagent) or others in the presencenornnot of bases
such as TEA, DIEA, NW in ELSUHI e sol vent such as
DCM THE or DMF. 116 Sch 4oOH "R9 0Coupling

koHN, .) (Vi1)(ViIl) Co unds of fornmula (VH) are
commercially avail abk or can be obtained from

Thegitlsaspduch @ag prepaied deollayang the nragedprecafiExample 41(gfepra) but starting
fhdrid) (g B?ﬁ&?ﬁggﬁ&in\& {1 1pE gﬁlgx i’éFhﬂe‘al E SEnBeaR)2[@48)-20-

reac ot ecte roxyl am nC
meihsl-él-om-dt3e¢bbxolg1-g-rydtfp(43eth¢v<y@herty-l)pam1yﬂlqw baoid y(Intermediate 2).

sl Bty by bt erpt Ui WY, adrt %, HioBg e-hex up 1o 50%

WAQhﬁ ¢theR i §60ap30 Mid)@ae the mme doslpAindrae afidtangé M13d (190 mg; 52%,

(Schene 5 belo i oSchene
as a mixture of 2 diasfereoisomers). M (ESI) 496.5. HPLC (Condition A): Rt: 3.2 min

(HPLC purity: 98.2 %).

Step b) Formation of (28,3S)-6-(4-ethoxyphenyl)-N,2-dihydroxy-3-{[ (2R)-2-methyl-4-(2-
pyridinyl)piperazinyl]carbonyl}hexanamide

The title product (6) was prepared following the procedure of Example 1 (step b) but
starting from (5S)-5-((1R)4-(4-ethoxyphenyl)-1-{[(2R)-2-methyl-4-(2-pyridinyl)pipera
zinyl]carbonyl}butyl)-2,2-dimethyl-1,3-dioxolan4-one (185 mg; 0.37 mmol; 1.0 eq.).
Purification by reverse-phase chromatography (gradient from 10/90 0.1% TFA in ACN /
0.1% TFA in HyO up to 40/60 0.1% TFA in ACN / 0.1% TFA in H,O in 20 min) gave the

title compound as a white powder (160 mg; 91% as a mixture of 2 diastercoisomers, 56/44).
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9112N-0 Step a)\Rs Step 1)) deprotection (if |leis not
(I X) The HPLC data provided in the exanpl es descri bed
bel ow were obtained as foll owed. HPLC. Waters
Xterra(r) Cg 3.5 pmcolum 50 mmx 4.6 nm W
detection (maxplot); flow 2 nL/mn; 15 Conditions: 8
mn gradient fromO0.1% TFA in 1120 to 0.07% TFA in
C113CN. The preparative HPLC were obtained with a
Waters Xterra(r) Prep M5 Cg 1067 pm col um 300 nm x 30
nm UV detection (254 nM and 220 nM; flow 30 ni/mn.

ST #7007
NIt @ (Gondifion ©)SK): majorediddh/R Odernan; prioridikst] 1047 nhinenajor/minor: 56/44.

exanpl es descri bed bel ow were obtai ned as foll owed:
I'1l-NVR Braker DPX- 300l\/Hz The foI | owi ng reagents

i iperazinvilcs hexamamide h F| ul ca), 3-
brorm 2 methyl propenev(ofrmAldrlch) ally] brom de
(from Fluka), HATU (fro drich),

2, 2- di met hoxypr opane (kaa) Ipt [
bls(trlrrethyIS|nyIamde (foro AJ/dN

4- br omophenet ol e (fromHalg

1- brono- 4- (trifl uoromet hoRy)he zene (from Al drich),
tri-o-tolyl phosphine (from Al drich), palladiun(11)
acet ate (from Acros), copper 1@)(11) chloride (from

E&Peﬂ éf{é%{ (q ¥pr 6@ F@er e n?)'fw'imgéﬁlf”g{h:”é‘é Apyidinyy

p%éi&izﬁﬁy\%aarﬁﬁ?l}éﬁtﬂ)fﬂM%DYBWY@L%& yl'i pi perazine

from Maybri dge) ploperldl ni um 4-yl oxy) pyri di ni um
d| chloride (from Array),
pi perazi n-1-yl ni coti noni e (from bri dge),
1- (6- et hyl pyri di n-2-yfl pi pe aziPe m EnkaChemn),
1- (6-chl oropyridin-2-yflpi erézim (f'i'om Bi onet),
1- (5-chl oropyridin-2-yl) erazine (from

JW Phannl ab), 1-(4-chloro- QI Qor ophenyf | pi per azi ne
(from ABCR), 4- (2-chl orophenoxy) pi peridinium chloride

'flfert‘i?tl'ﬁ pﬁfﬁ!)ilﬁ:‘{ was prdparcdibRéwiRB eRY plobédes aZéaepld 4 @ep a) but starting
feme(w.ﬁ-metbylplepmdmr%ﬂylpe@zm r (Intereredinge ) lagdii @R)i2nK4S)-2,2-

A RO PR el ey peranss g psrmediate, 168
vy irohoyad) 1. Ojbq()BPlﬁ'lﬁcdtlmhby) clopyaiogiaphd (§i0h, padientazomd0% EtOAc
IR U (b EDBp 3 R ibAp e ol SRHE TRty (126 me:

A9 iap 8 ha#tufe of-2ydiiYdradbdgerf)f  om EnkaChenm), 4-(2-
pi perazin-1 -yl ethyfl norpholine (from EnkaChem,

2- pi perazin-1-yl benzonitrile (from EnkaChen), (1

ﬁ? ?%Fé oﬁw&ﬁoerf b f(?.g %R&P—gﬁ‘-\éﬂi%@'h%@' 3y 2%9)53;‘9}}1 f—YﬁbS) i—gzegtyl-4 (2-
pyrzdmyl)pzperazmyl]carbonyl}hexanamzde

The title product (7) was prepared following the procedure of Example 1 (step b) but
starting from (5S)-5-((1R)4-(4-ethoxyphenyl)-1-{[(2S)-2-methyl-4-(2-pyridinyl)pipera
zinyl]carbonyl}butyl)-2,2-dimethyl-1,3-dioxolan4-one (110 mg; 0.22 mmol; 1.0 eq.)

giving after purification (reverse-phase chromatography) a white solid (51 mg; 49% as a
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I nternedi ate 2:

(2R)-2-[(4S) -2, 2-di net hyl-5-o0x0-1, 3-di oxol an-4-y1]-5-(
4- et hoxyphenyl ) pentanoic acid was synthesized as
decri bed above. 5 Internedi ate 2a: diisopropyl

(2R, 3S)-2-al lyl1- 3- hydroxybut anedi oate "..0... OH A was
synt hesi zed as decri bed above. iolnternediate 10:
(2R)-2-[(4S)-2, 2-di met hyl-5-oxo0-1, 3-di oxol an-4-y1]-5-[
4-(trifluoro nethoxy)phenyl]pantanoic acid 00 119
Step a) Formation of diisopropy

3 t t 0
iR B2 g oo i kan )
mnmo{HRipfypur(tQFQ%%)z al | yl1- 3- hydr oxybut anedi oat e

(Internmediate 2a, 5.0 5 g; 19.4 mol; 1.0 eq ), TEA
(6 23 m; 46 5 mol, 2.4 eq.) in CHBCN (50 L) mas
) (2 dinyd 2K

pyrimidin-

IS SO utlon was added a

BRinesAziE jcarho; ide )y | phosphi ne (0.59 g;
1.94 nnDI O 10 eq. ) pal | adi um(H) acetate (43.46
ng; 0.19 mml 0.01 eq.) CH3CN (4 nmL). The reaction
was stirred at 80C for 147h, cool ed ¥ 0|RT and the

sol vents were evaporat ed (mo‘avapTN)T
HO. '
N

=
H on o

®
Step a) Formation of (5S)-5-((1S)-4-(4-ethoxyphenyl)-1-{[(2R)-2-methyl-4-(2-pyrimidinyl)
piperazinyl]carbonyl}butyl)-2,2-dimethyl-1,3-dioxolan-4-one

“°\©\
N
o ﬁN*@

}ooNf

The title product was prepared following the procedure of Example 4 (step a) but starting
from (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-5-(4-cthoxyphenyl)pentanoic
acid (Intermediate 2, 150 mg; 0.45 mmol; 1.0 eq.) and 2-[(3R)-3-methylpiperazin-1-
yl]pyrimidine (Intermediate 7, 87 mg; 0.49 mmol; 1.1 eq.) giving after purification by
chromatography (SiO», gradient from 33% EtOAc in c-hex up to 50% EtOAc in c-hex in
about 30 min) the title compound as a white foam (110 mg; 45% as a mixture of 2
diastercoisomers). M'(ESI): 497.4. HPLC (Condition A): Rt: 4.0 min (HPLC purity:
98.5%).

Step b) Formation of (25)-6-(4-ethoxyphenyl)-N, 2-dihydroxy-3-{[ (2R)-2-methyl-4-(2-
pyrimidinyl)piperazinyl]carbonyl}hexanamide

The title product (8) was prepared following the procedure of Example 1 (step b) but
starting  from  (5S5)-5-((1R)-4-(4-ethoxyphenyl)-1-{[(2R)-2-methyl-4-(2-pyrimidinyl)
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to residue was taken up in Et0OAc and washed with an
aqueous saturated solution of NHA4Cl, an aqueous
saturated solution of NaHCO3 and then with an aqueous
saturated solution of NaCl and dried over MgSO4.
Evaporation of the solvent gave an oil. Purification
by chromat ography (Si 02, gradient from 10/90

Et OAc/ c-hex to 100/0 EtOAc/c-hex in 30 mn.) gave a
colorless oil (6.98 g, 86.2%1091ise(ESI): 419. 2;
1?4-(ESI): 417.0. IS Step b) Formation of diisopropyl
: = - 3 if s )
AT SN o g L S AL OO RED D> mmot; 1.0
aii)i Popficyiph by reverse-phase chromatography (gradient from 20/80 0.1% TFA in

ACS A G RS 43 A R AR AR AP 20 min

ghv thetfile)compPouRit 3ar@ite( eNish nu) A% ¥4 mikéfde of 2 diastereoisomers,

at nosphere was added Pd-C (10% 200 ng; 0.17 mmol; .

B/ MAESD: #RR2nMBNE W< R MyenddipanG) &Y gnipsrdigst. 9.8 min;
; . : - 4 : CA Y- ' .

P e T I OB RRZD), REYD i (IBLC puriy

Woppound (6.95 g; 99.1%. 5 Step c) Formation of

(2S, 3R) - 2- hydr oxy- 3- (344-(trifl uoronet hoxy) phenyli prop

yl) butanedioic acid HO OH O To a solution of

Eha D O(2B3S)-6-(4-ethoxyphenyl)-3-{[(2R)-4-(2-fluorophenyl)-2-methylpiperazin

droxy-3-{3[4-(trifluoronethoxy)phenyl ]
pdlcarbanyli Vs dihvdrgxyhexanamide(P) 6 mp|; 1.0 eq.) in
THF/ water (3/1; 140 nlL) added i 0 potassium
hydroxi de (5.59 g; 99.6 |; 6.0 eqg.). The reaction
m xture was then stirred for] 14h at The aqg. |ayers
were acidified with an aqueous solutien of HCL to pH
2, extracted wth EtOAcHO-J C [nedForganic | ayers

were then dried over MgSO4 amdoevhporated to give the
title conpound as an oil (6.19 g), used in the next
steps without further purificdPion. 15 Step d)

I UG (5951t ebogphenl!- QUL uoroghenggmeih!
pigarazinnl{cortpnyibitpheg) dinaifiyl- hSrdicvabined-and d

28 B

OMNf F

)To o)
The title product was prepared following the procedure of Example 4 (step a) but starting
from (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-5-(4-cthoxyphenyl)pentanoic
acid (Intermediate 2, 150 mg; 0.45 mmol; 1.0 eq.) and (3R)-1-(2-fluorophenyl)-3-methyl
piperazine (Intermediate 5, 95 mg; 0.49 mmol; 1.1 eq.) gave after purification by
chromatography (SiO», gradient from 33% EtOAc in c-hex up to 50% EtOAc in c-hex in

about 30 min) the title compound as a white foam (106 mg; 42% as a mixture of 2

diastercoisomers). M"(ESI): 513.6. HPLC (Condition A): Rt: 5.0 min (HPLC purity: 99 %).



10

15

To a solution of

(28, 3R) - 2- hydroxy-3-13-[4-(trifl uoronet hoxy) phenyl ] pro
pyl | but anedioic acid (5.58 g; 16.6 nmmol; 1. 0 eq.) in
acetone (61 nL) was added 2, 2-di net hoxypropane 20 (3.5
m.; 28.2 mmol; 1.70 eq.) and copper(11l) chloride (220
nmy; 1.66 mmol; 0.1 eq.). The resulting reaction

m xture was stirred 14 h at RT. The reaction mxture
was evaporated and the residueotaken up in Et20 and
filtered on a pad of cellite. The Iiquids were

D P o8 PR IS g LIRS LZ PRSI D ey
Mdrezm)d]cg'rbmyt}H%Zazz'_ilozkimxpkaxdnaml'das a greenish oil used
10 G0 pRc, LSRR SRR SR B o

sléing from  (5S)-5-((1R)-4-(4-cthoxyphenyl)-1-{ [(2R)-4—(2—ﬂuortheny1)—2—memy1
(25, 3R)-6-(4-ethoryphenvl)-3-1141-(4-fl uorophenyl) pil pe
e A oo Rt Reilet-h jabesitichanrkl 46 TES)2E gmol; 10

. N - i 9 i % :
Gl I D A B SO 00
AQNr/dz1%-TEA 1 H,O up to 65/.35 0.1% TFA in ACN / 0.1% TFA in H,O in 20 min)

lvéé g%&ﬁf%g‘%Jc%%%% %%lrﬁ]t%_ diae! &&lrﬁél';”?%%j LOX U oS Siastgl%oisomers,

67233) - RAES)): 3841 OMEESTY 4881 0KMPLL, @odiitseIGNRE-nididr Siakt412.3 min;
ethoxypheqyl)pentanoic acid (Internediate 2, 150 ng,
mingudigsio} 2.6 mipymajer/mines: e/ (242 10 ny, 1.9 mmol, 4.1

eq) in anhydrous DMF (2 nL) was added

di met hylam no-([1, 2, 3]

1-(4-f|uoro-pheny|)-pipera%LQS di - hydrochl ori de was

added and the reaction stir over ni ght at nom
tenperature. Water was |t hen ad%ed\anmg,he aq. phase
was extracted mﬁthlflagL§3&7TNhercg@bi ed organic
phases H o )}—/ N

a0
The title product was prepared following the procedure of Example 4 (step a and b) but
starting from 2-[(3R)-3-methylpiperazin-1-yl]pyrimidine (Intermediate 7). Purification by

reverse-phase chromatography gave the title product as a white powder. M (ESI): 364.2;
M'(ESI): 366.0. HPLC (Condition A): Rt: 2.0 min (HPLC purity: 99.4 %).
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15 were dried over MgSH, filtered and concentrated.
The crude conpound was purified on Silica gel
(gradient from33% EtOAc in c-hex to 50% in about 30
mn) to obtain the title conpound as a white solid
(120 mg, 49 %Y. MESI): 499.4; HPLC (Condition A), Rt:
4.53 min (HPLC purity: 98.7%. 20 122 Step b)

(25, 3R) - 6- (4- et hoxyphenyl) - 3, 74- (4-f | uor ophenyppi per az
in-1-yllearbonyl}-N, 2- di hydnoxyhexanam de To a

sol ution of

fé%tlegg&&&ﬁ)wa? PeéafldBHYRRE W brobedré 3 ExhHPILR REDY Thnd b) but
startitng igoim 038 )y3HnehyR 1 -4 ettty yritli32-gi)pipetaaine 4 Ponficatib® (by reverse-

. 0.24 mmol.: 1.0 eq.) in.iPrO45.(1 ! ; 8 g )
i SifrpPERPr 2iaFEsls ke dodtcpenger Nt Er ARr@sn:
790, BRLL (@oaditibe A)-cRae L 2 alin (HRLOpAria 84 g%y red for 45

mn. Cl43CN (4 nL) was then added and the resulting
m xture was purified by chromat ography by

Ee0Ie §2 BLFHR)-AL
IS A
avTPN i ' -":uuu | yophilized to
glve t he t|tIe conpound (19) as @ ite 10 solid (75

ng, 66% . 11-1 NMR ( CDCL3, \300 7.1-6.99 (m
6H), 6.80 (d, J:82Hz 2H oMd. 4.06 (m
1H), 3.96 (t, 2H, ?N (m 1H), 3.63 (m
2H), 3.40 (m 1H), 3.H3-% 2.58 (m 2H),

1.85-1.52 (m 4H), 1 38 P'f' °J 9 Hz 3H). M (EST):

472.1; MF(ESI): 474.6. IIPLC‘L . 3.2 mn (11PLC

purity: 93.7 % . 15 The conpo Bds of Exanpl es 20-49

TR Q100588 Sfhs PYepah@ RBNOWRGURE pﬂfcecﬁi?é”&'ﬂ lE&aﬂa%lm IISI\/% hhgd b) but

appropriate amine (in the presence of

S\ang tﬁ’@marﬁ”ﬁbl'&%‘@Hoﬁos5'ﬁlem9ﬁﬂ3h?9ﬂﬂ'ééh¢tb¥1pwa§’épt Pugifigation by

%é;@na% %gﬁlfghg G0 ﬁtﬁltﬁl% fg‘gﬁ%btt ;ag\%ex?fg&é;ﬁ dr M ESD: 410.2;
Mr(@lﬁh)r ai2. &mm@m;tmhaas)ekc ot ot GRLADpyrityHIBLY). 20

Exanpl e 20:
(28 312) - 3- 1(4 ani |'i nopi per| d| n-1- vI)earbonvll 6- (4 et

il X A Y MG Lo g
Nphenyl pi per| d| n- 4 amine. MEST) . 468.0; MES]L):
470.3. HPLC. Rt: 2.5 min (HPLC 25pu ©99.8 9. 123

o £ (N

Ho\u)ki/\f(nj) F
OH O

a3)
The title product was prepared following the procedure of Example 4 (step a and b) but
starting from (3R)-1-(2-fluorophenyl)-3-methyl piperazine (Intermediate 5). Purification
by reverse-phase chromatography gave the title product as a white powder. M (ESI): 380.1;
M'(ESI): 381.9. HPLC (Condition A): Rt: 3.1 min (HPLC purity: 100 %).
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Exanpl e 21:

(25, 3R) - 6-(4-ethoryphenyl)-N, 2-cli hydroxy-3-(14-15-(tr
i fl uoronethyl)

pyri di n-2-vl | pi perazi n-1-vl | car bont hhexanan de (21)
NFJ" 1 O04HdO0 (21) The title conpound was prepared
follow ng the procedure of Exanple 19 using 145-
5(trifluoromethyl)pyridin-2-yl]piperazine. MEST):

523; Ne(ESI): 525. 11PLC. Rt:118B.4 min (TIPLC purity:
96 9 . Exan'pl e 22:

ga‘i‘bdﬂﬂﬂ-S-nNtMlhﬁa’ﬂhmidd\(ld)-IO 10( 22)

sl
HO\HMN\)

OH O
(14)
Step a) Formation of (5R)-5-((1S)-1-{[4-(4-methoxyphenyl)piperazin-1-yl]carbonyl}-3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one

I

3<O o

To a cold solution (0°C) of (2S)-2-[(4R)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-4-
methylpentanoic acid (prepared according to WO 94/02447 or similarly to Seebach et al.,
1990, Org. Syntheses, Coll. Vol. III, p153-159 but starting from diisopropyl (R)-(+)-
malate, 150 mg, 0.65 mmol) in anhydrous DCM (3 mL) were added DIEA (115 uL, 0.69
mmol) and fluoro-N,N,N’,N’-tetramethylformamidinium hexafluorophosphate (190 mg,
0.72 mmol, Aldrich). The reaction mixture was stirred at 0°C for 40 min. Then a solution of
1-(4-methoxyphenyl)-piperazine (138 mg, 0.72 mmol, Chess) and DIEA (115 pL, 0.69
mmol) in anhydrous DCM (1 mL) was added. The reaction mixture was stirred for 1 hour
at RT and then poured on a silica column (30 g, wet with c-Hex/EtOAc 4:1). Purification
was performed with a gradient cHex/EtOAc 4:1 to c-Hex/EtOAc 1:1 in 30 min to give 158
mg of a white powder. Recrystallization from iPrOH gave 112 mg (43%) of the title
compound as a white powder. HPLC, Rt: 3.02 min (purity: 99.0%). LC/MS, M'(ESI):
405.3. "H NMR (CD;0D, 300 MHz) § 7.00 (d, J=9.2 Hz, 2H), 6.89 (d, J=9.2 Hz, 2H), 4.56
(d, J=8.7 Hz, 1H), 3.87 (m, 3H), 3.78 (s, 3H), 3.73 (m, 1H), 3.50 (m, 1H), 3.15-3.00 (m,
4H), 1.93-1.72 (m, 2H), 1.66 (s, 3H), 1.58 (m, 1H), 1.56 (s, 3H), 0.98 (d, J=6.4 Hz, 6H).
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The title conpound was prepared follow ng the
procedure of Exanple 19 using 2-

(pi peridi ni um 4-yl oxy) pyridi ni umdi chl oride and D EA.
IVI(ESI): 470; 1Se(ESlI): 472. 11PLC. Rt: 2.8 mn
(11PLC purity: 98.3 %9 . 15 Exanple 23:
(25,312)-3-114- (5-cvanopyri di n-2-yl) pi perazi n-1-vll car
bonyl | - 6- (4- et hoxV phenvl)-N. 2-cli hydroxvhexanam de
(23) O CN1OI1I)NHO,N H=ImOH 0 124 The title
conmpound was prepared follow ng the procedure of

S A N e e T e U e
6, B12) 2 (4 ot P PR} NG | hxdr oy 3- 114- ( 6 e

o SRR o LR T s bR O S b iony1) -3-
ethy bty G, Ddin2eflyl TR dbké b8 4 BT 008 Ehe RS 7 PABFIRHEPrOH (4 mL) was
foll owm ng the procedure of Exanple 19 using 1-(6-

addedh g1 50k aquepns salytionellardsorylamineGp0 uLY and e japyling mixture was
s%n%d m RT (fclrl ZD ﬁ'o%rsp lﬁl&ﬁ e vx§19te %olid was filtered off, washed with water and dried
under reduced pressure to give 56 mg (55%) of the title compound as a white powder.
HPLC, Rt: 1.57 min (purity: 99.1%). LC/MS, M"(ESI): 380.2, M(ESI): 378.2. '"H NMR
(CDs0D, 300 MHz) & 7.01 (d, J=9.1 Hz, 2H), 6.89 (d, J=9.1 Hz, 2H), 4.05 (d, J=6.8 Hz,
1H), 3.96 (m, 2H), 3.80 (m, 1H), 3.78 (s, 3H), 3.68 (m, 1H), 3.49 (m, 1H), 3.15-2.99 (m,
4H), 1.72 (m, 1H), 1.54 (m, 1H), 1.29 (m, 1H), 0.96 (d, J=6.5 Hz, 3H), 0.95 (d, J=6.4 Hz,
3H).

Example 15: (2S.385)-3-{[(2R)-4-(4-chloro-2-fluorophenyl)-2-methylpiperazin-1-yl

carbonyl}-N.2-dihydroxy-5-methylhexanamide (15)

—
o

as
The title product was prepared following the procedure of Example 4 (step a and b) but
starting from (3R)-1-(4-chloro-2-fluorophenyl)-3-methylpiperazine. Purification by
reverse-phase chromatography gave the title product as a white powder. M (ESI): 414.2;
M'(ESI): 416.2. HPLC (Condition A): Rt: 3.4 min (HPLC purity: 99.0 %).
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10 Exanpl e 25:

CS. 3121-3-114-(6-ehl orouvri di n-2-vl | pi perazi n-1-vl | car
bonv1l- 644- et hoxv phenvl1ll-N. 2-cl i hydroxvhexanam de
(25) CIII N" Il ONHO .1.NOHO (25 15 The title
conmpound was prepared follow ng the procedure of
Exanpl e 19 using 1-(6- chloropyridin-2-yl)piperazine.
MESI): 489.3; IVE(ESI): 491.7. HPLC. Rt: 3.8 mn
(HPLC purity: 98.1 9. 20 12% Exanple 26:

(28, 312) 3-114- (5-chl oropyri di n- 2- yupi perazi n-1- vl | ear

DA ThidofiGdintd
arbonyl}-N,Z-dlhydroxy-S-methylhexanamld 16)

SJ\; r/\NJi;]/m
Ho\umn\l)

(16)

The title product was prepared following the procedure of Example 4 (step a and b) but
starting from (3R)-1-(5-chloropyridin-2-yl)-3-methylpiperazine. Purification by reverse-
phase chromatography gave the title product as a white powder. M(ESI): 397.2; M'(ESI):
399.2. HPLC (Condition A): Rt: 1.4 min (HPLC purity: 97.7 %).

Example 17: (2R,38)-3-{[4-(4-fluorophenyl)piperazin-1-yljcarbonyl}-N.2-dihydroxy-5-

ek

OH O
an

methylhexanamide (17)

HO\N
H

The title product was prepared following the procedure of Example 14 (step a and b) but
starting from 1-(4-fluoro-phenyl)-piperazine di-hydrochloride and DIEA. Purification by
reverse-phase chromatography gave the title product as a white powder. M (ESI): 366.2;
M'(ESI): 368.2. HPLC (Condition A): Rt: 2.1 min (HPLC purity: 100 %).
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OH 0 (26) The title conpound was prepared foll ow ng
the procedure of Exanple 19 using |-(55

chl oropyri di n-2-yl ) pi perazi ne. M ESH. 489; | VI AESO
491. HPLC. Rt: 2.9 min (HPLC purity: 97.9 9% . Exanple
27:

(28,311)-3-11. 4-(4-ehl ore-2-fl uorophenvl) pi perazin-1-y
I I ear bonyl | - 6- (4-

ethoxvphenvl) N, 2-cl i hydr oxvhexanam de (27) [I |. ON
HO F H=" OH 0 10(27) The title conpound mas prepared

Exanple 28

(28, 3R) - 6- (4- et honphenyl) - N\2-cli h xy-3-(14-144trif
| uor onet hyl ) 0 . N

phenoxyl pi peri di n- 1HH| r jony )Xexanam de (28) O O L1

HONi N OHOf r H
OH O

a8)
The title product was prepared following the procedure of Example 4 (step a and b) but
starting from (1S,4S)-5-(4-fluorophenyl)-5-aza-2-azoniabicyclo[2.2.1 Jheptane chloride and
DIEA. Purification by reverse-phase chromatography gave the title product as a white
powder. M (ESI): 378.2; M"(ESID): 380.0. HPLC (Condition A): Rt: 2.8 min (HPLC purity:
98.0 %).

The novel derivatives according to Formula (VI) can be prepared from readily available
starting materials by several synthetic approaches, using both solution-phase and solid-

phase chemistry protocols. Examples of synthetic pathways for the will be described.

A preferred process for preparing a compound of Formula (VI) consists in coupling a
dioxolane-protected di-carboxylic acid of formula (VII) with the appropriate amine (VIII)
to form the intermediate (IX) wherein E, R' and R"® and n are defined as above (Scheme 4
below). General protocols for such coupling are given below in the Examples, using
conditions and methods well known to those skilled in the art to prepare an amide bond
from an amine and a carboxylic acid or carboxylic acid derivative (e.g. acid chloride), with
or without standard coupling agents, such as e.g. DIC, EDC, TBTU, DCC, HATU,
PyBOP®, Isobutyl chloroformate, 1-methyl-2-chloropyridinium iodide (Mukaiyama’s
reagent) or others in the presence or not of bases such as TEA, DIEA, NMM in a suitable
solvent such as DCM, THF or DMF.
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126 The title conpound was prepared foll ow ng the
procedure of Exanple 19 using 444-
(trifluoromethyl)phenoxy] pi peridi nium chl ori de and
DIEA M (ESI): 537.1; Ise(ESI): 540.6. HPLC. Rt: 4.3
mn (1-1PLC purity: 94.8 % . 5 Exanple 29:
(25.312)-3-114-( 2- ehl orophenoxy) vi peri di n- 1- vl | ear bonv
11- 644- et hoxv phenvb-N, 2-cl i hydr oxvhexanam de (29) ci
HOHO0 (29) The title conmpoand was prepared

followi ng the procedure of Exanple 19 using 4-(2-

chl or ophenoxy) pi peri di ni u jde and DIEA. M (ESI):
503.8; IVQESI): 505.0. HPrLTE?ﬂ%R%: 4.1 min (IIPLC
purity: 90.7% R"™Exanpl e 30: 15
(25, 3R) - 3- 11A4=( 2- ehl or ophenvf | pi per azi n- 1- vl | ear bgn %1
- 644- et hoxv envl) - N 2-cli hydroxyhexanam de (30)
"- HON - - HOH O (30) 15 The title conpound

prepargd followi ng the procedure of Exanple 19 ing oo
1- (2- Jehllor gphenyl )fpj\E?RsaZi ne. MER): 488. 0 ESP T E”
490. D ;. Rt; 3[/8 Fin (HC@ppgity: 9694 20

Exa 0319 HN. ) g 0

(25, 3R) - 6- (4-et horyphenyl)-N, 2-cli hydr oxy-@ﬂol4-016- met
hyl - 2- (Vi | uoro  “(vVIll) (IX)

L ho\{l?lﬁsnl)fr}gll'nllﬂg _O\Hli)%.lr«? gorrr?rrzlel:rgih }_l \a{\lra!ileagfe %(r) ga\llrl ILehcﬁ))%aangc{%(gnel protocols
1)

herein described.

Intermediate of formula (IX) can be reacted with hydroxylamine or can be reacted with a
protected hydroxylamine H,NO-R® where R® is a protecting group such as t-butyl, benzyl,
trialkylsilyl, tetrahydropyranyl (THP) or a any suitable protecting group, followed by a
known deprotection step to form compound of Formula (VI) (Scheme 5 below).

Scheme 5

s HN-0 _R
0o (\E - Step a) R® Ho 0o (\j
N\) + - ~N N
o) Step b) deprotection (if R8 is not H) H OH O
o O

(1X) (V1)
The HPLC data provided in the examples described below were obtained as followed.
HPLC: Waters Xterra® Cg 3.5 um column 50 mm x 4.6 mm; UV detection (maxplot);
flow: 2 mL/min;
Conditions: 8§ min gradient from 0.1% TFA in H>O to 0.07% TFA in CH3CN. The
preparative HPLC were obtained with a Waters Xterra® Prep MS Cg 10 um column 300
mm X 30 mm; UV detection (254 nM and 220 nM); flow: 30 mL/min. The MS data

provided in the examples described below were obtained as followed: Mass spectrum:
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1IF FINHON ,,N" r OHO (31) The title conpound
was prepared follow ng the procedure of Exanple 19
usi ng 6-methyl 5 4-pi perazin-1
-yl-2-(trifluoronethyl)quinoline. MESI): 587.1;, MJSH
589.8. HPLC: Rt: 3.9 min (HPLC purity: 95.9 %.
Exanpl e 32:

(25, 3R)-6-(4-ethoryphenyl)-N, 2-cli hydroxy-3-(14-134tri
f 1 uor onet hyl) 117

pyridin 2-vl | ni perazin-1- vIIearbonvI)hexananide (32)

If}_@M owi g t%ﬁj rocggure o @dﬁé usl ngﬁg.af%fibedbelowwefe

dbtaindd asdolbovesdh YH-NMR i leukeﬂ)m{ﬁp()}sﬂ{zam ne. MESI):
523.2; IV(ESI): 525.1. HPLC. Rt: 3.7 min (HPLC purity:
93 % . 15 Exanple 33:

TheFoBdwlhg &a&érﬁs tombeiaipla0siRpyy wete dsedt: t hpi perazin-1-vl
| carbonvll- 6- (4-

lélmesappsh éﬁ)ximmﬂatz (Eonh pypesdoh Sdhadrrsataflygophenol (frpm Fluka), 3-

brbmo2-mbth{dpkdpene (from Aldrich), allyl bromide (from Fluka), HATU (from
Aldrich), 2,2-dimethoxypropane (from Fluka), lithium bis(trimethylsilyl)amide (from
Aldrich), 4-bromophenetole (from Aldrich), 1-bromo-4-(trifluoromethoxy)benzene (from

Aldrich), tri-o-tolylphosphine (from Aldrich), palladium(II) acetate (from Acros), copper
(II) chloride (from Aldrich), 1-(2-pyridyl) piperazine (from Aldrich), 1-(4-fluoro-phenyl)-
piperazine di-hydrochloride (from Aldrich), 1-[5-(trifluoromethyl)pyridin-2-yl]piperazine
(from Maybridge), 2-(piperidinium-4-yloxy)pyridinium dichloride (from Array), 6-
piperazin-1-ylnicotinonitrile (from Maybridge), 1-(6-methylpyridin-2-yl)piperazine (from
EmkaChem), 1-(6-chloropyridin-2-yl)piperazine (from Bionet), 1-(5-chloropyridin-2-yl)
piperazine (from JW-Pharmlab), 1-(4-chloro-2-fluorophenyl)piperazine (from ABCR), 4-
(2-chlorophenoxy)piperidinium chloride (from Array), 1-(2-chlorophenyl)piperazine (from
EmkaChem), 6-methyl-4-piperazin-1-yl-2-(trifluoromethyl)quinoline (from Maybridge), 1-
[3-(trifluoromethyl)pyridin-2-yl]piperazine (from Maybridge), 1-(3,5-dichloropyridin-4-yl)
piperazine (from Maybridge), 1-(2-methoxyphenyl)piperazine (from Fluka), 1-(4-chloro
phenyl)piperazine (from Acros), 2-piperazin-1-ylpyrazine (from EmkaChem), 4-(2-
piperazin-1-ylethyl)morpholine (from EmkaChem), 2-piperazin-1-ylbenzonitrile (from
EmkaChem),  (1S,4S5)-5-(4-fluorophenyl)-5-aza-2-azoniabicyclo[2.2.1]heptane  (from
Aldrich).
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15

128 The title conpound was prepared foll ow ng the
procedure of Exanple 19 using 143, 5-

di chl oropyri di n-4-yfl pi perazi ne. | SAXESI): 522.09;
Ise(ESI): 525.0. IIPLC. Rt. 3 2 min (HPLC purity: 97.1
% . 5 Exanple 34:
(25.312)-6-(4-et honnhenvl) - N2-cli hydroxv-3-114-(2-neth
oxyphenvl) piperazin-1-vll carbonvill exanam de (34)
r>,0 11 0 jN OH 0 (34) Thaigitl e conmpound was
prepared followi ng the procedure of Exanple 19 using

i O RRDGINDS 13€xoM 3l okplaf 8AvIPs -(4-
e R 2T PR SR S PP P pnoyphens?
m@atariofacidExanpl e 35:

(28. 3R) - 3- 1[ 4- (4- ehl orophenvl | pi perazi n-1-vl | ear bonv1l

- 644- et hoxv phenvl)-N,Zfdihydroxyhexananide (35) S

The title conpound was pr ed follow ng the

procedure of Exanple 19 usi -(4-

chl or ophenyDpi per azi ne. M ESI 488.1; IWESI): 490.0.
HPLC. Rt: 3.8 mn (HPLC purit 910§©. 20 129 Exanple

36: O T
(28,3R)-6-(4-ethoryphenyl)-b%?ocﬂ?hydroxy-3-[(4-pyraz
n- 2-yl pi perazhi-1 -thcarbonyl| hexanam de (36) 11|

was synthesized as decribed above.

Intermediate 2a: diisopropyl (2R,3S)-2-allyl-3-hydroxybutanedioate
|
ISy
N
was synthesized as decribed above.

Intermediate 10: (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-5-[4-(trifluoro
methoxy)phenyl]pentanoic acid
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(36) The title conpound was prepared follow ng the
procedure of Exanple 19 using 2- 5

pi perazin-1-yl pyrazine. MESI): 456.7;, MEST): 458.6.
TIPLC. Rt: 2.7 mn (11PLC purity: 85.8 % . Exanple 37:
(28. 3R) - 6- (4- et hoxvphenvl)-N, 2-cli hydroxv- 3-114-( 2- nor
phol i n-4-vl et hyl) piperazin-1-vll carbonvl| hexanam de
(37) OH O 10(37) The title conmpound was prepared

foll owing the procedure of Exanple 19 using 4-(2-

pi perazin-1-ylethyl)notpholine. MESI): 491. 1,

A%A E@rgﬁgﬁ?ﬂuﬁ@rg}fﬁt o8R)- 21far B3 Y EFSG R obomPody

p(hZ@zU}Ee)pr@;ehylﬂbz(t&eedephenvl ) pi perazi n-1-vll carbonvl| -
6- (4- et hoxv phenvl)-N, 2-di hydr oxyhexanani de (38) HO
OH 0 (38) 130 The titk conpound was prepared
fol l owing the proceduré\pf Exanpl e 19 using 2-

pi perazin-1-yl benzoni trik ESI): 479.1; 1Se(ESl):
481.5. HPLC. Rt. 3 6 mn LC purity: 83 %9. 5
Exanpl e 39: |

(25.312)-3-114- (2-fl uoropheny)pi perazi n-1-vll car bonyl
| - Na- di hydr oxv- 6- Py

14- (trlfluoronethoxv)phenyllhg%qhaﬁide (39) ".111 H OH
0

To a solution of diisopropyl (2R,3S)-2-allyl-3-hydroxybutanedioate (Intermediate 2a, 5.0

g; 19.4 mmol; 1.0 eq.), TEA (6.23 mL; 46.5 mmol; 2.4 eq.) in CH3CN (50.0 mL) was

added 1-bromo-4-(trifluoromethoxy)benzene (5.13 g; 21.3 mmol; 1.1 eq.). To this solution
was added a sonicated mixture of tri-o-tolylphosphine (0.59 g; 1.94 mmol; 0.10 eq.) and
palladium(IT) acetate (43.46 mg; 0.19 mmol; 0.01 eq.) in CH3CN (4 mL). The reaction was
stirred at 80°C for 14 h, cooled to RT and the solvents were evaporated (rotavap). The
residue was taken up in EtOAc and washed with an aqueous saturated solution of NH4Cl,
an aqueous saturated solution of NaHCO; and then with an aqueous saturated solution of
NaCl and dried over MgSQO4. Evaporation of the solvent gave an oil. Purification by
chromatography (SiO», gradient from 10/90 EtOAc/c-hex to 100/0 EtOAc/c-hex in 30 min.)
gave a colorless oil (6.98 g, 86.2%). M"(ESI): 419.2; M'(ESI): 417.0.

Step b) Formation of diisopropyl (28,3R)-2-hydroxy-3-{3-[4-(trifluoromethoxy)phenyl]
propyl}butanedioate

To a solution of diisopropyl (2S,3R)-2-hydroxy-3- {(2E)-3-[4-(trifluoromethoxy)phenyl]-2-
propenyl}butanedioate (6.98 g; 16.68 mmol; 1.00 eq.) in methanol (105 mL) under N,
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(39) The title conmpound was prepared follow ng the
procedure of Exanple 19 using 1-(2-

f 1 uor ophenyl ) pi perazi ne and

(2R) - 2445S) - 2, 2- di met hy1- 5- oxo- 1, 3- di oxol an-4-y1] - 544-
10(trifluoromet hoxy) phenyl ] pentanoi c acid
(Internediate 10). MESI): 512.6; IVI(ESI): 514.7.
HPLC. Rt: 3.9 min (HPLC purity: 93.4 % . Exanple 40:
(2S, 311) - 3-114- (6-chl oropyri dem- 2- vf | pi perazin-1

-yl 'l carbonyl | - N, 2-di

- 6= i £ . | '

B ot PP e
hydrqgouated wadsr pbans af ytirdginl foxl 41ngat RAe Tpc waathnrmixfre was then
iﬁﬁagcrg)al,n% c.a%a?poli'la‘?’tleci1 & bidiSne it ¢ 2oBY dd(|6 52 g; - %b )l‘% perazine

(2R)-2-[(4S) -2, 2-di met hy1- 5- oxo-1, 3-di oxol an-4-y1] - 5-
[4-(trifluoronethoxy)phenyl]pentanoic acid

Skp&)eromndiion & (2OIR)-2Wydres)-3- {3mgrmuo+mmy))phemrdpyl}
HPLC. Rt: 4 min (I1-1PLC purity: 97.9 %
butanedioic acid

F
F\okF

(@)

OH
HO = ]

OH O
To a solution of diisopropyl (2S,3R)-2-hydroxy-3-{3-[4-(trifluoromethoxy)phenyl]
propyl}butanedioate (6.98 g; 16.6 mmol; 1.0 eq.) in THF/water (3/1; 140 mL) was added
potassium hydroxide (5.59 g; 99.6 mmol; 6.0 eq.). The reaction mixture was then stirred for
14h at RT. The aq. layers were acidified with an aqueous solution of HC1 to pH 2, extracted
with EtOAc. The combined organic layers were then dried over MgSQO4 and evaporated to
give the title compound as an oil (6.19 g), used in the next steps without further

purification.

Step d) Formation of (2R)-2-[(4S)-2,2-dimethyl-5-oxo-1,3-dioxolan-4-yl]-5-[4-(trifluoro
methoxy)phenyl]pentanoic acid

To a solution of (2S,3R)-2-hydroxy-3-{3-[4-(trifluoromethoxy)phenyl]propyl } butanedioic
acid (5.58 g; 16.6 mmol; 1. 0 eq.) in acetone (61 mL) was added 2,2-dimethoxypropane
(3.5 mL; 28.2 mmol; 1.70 eq.) and copper(I) chloride (220 mg; 1.66 mmol; 0.1 eq.). The
resulting reaction mixture was stirred 14 h at RT. The reaction mixture was evaporated and
the residue taken up in Et;O and filtered on a pad of cellite. The liquids were evaporated
again and the residue was treated with activated charcoal in Et;O and filtered on a pad of
cellite to give the title product as a greenish oil used in the next step without further
purification. (5.85 g; 93.7%). M (ESI): 377.0; M"(ESI): 375.1.
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Exanpl e 41:

(2S.,3R)-N, 2-di i vdroxy-3-1(4-pyridin-2-yl pi perazi n-1-
vQcar bonyl I -6-14- (trifluoronethoxv)nhenvil hexanam de
(41) FI NHO-N'" HOH O (41) The title conpound was
prepared followi ng the procedure of Exanple 19 using
1-pyridin- 5 2-yl pi perazine and

(2R)-2-[(48)-2, 2-di met hyl-5-oxo0-1, 3-di oxol an-4-y1] - 544
-(trifluoro nethoxy)phcnyl ] papt anoic acid
(Internediate 10). MER): 495.5; Ise(ESlI): 497.3.

%’ le To: (28;3R) - -dehyFnBivi)-5 4 j4-ndorddheny )it Fih 9 v

arborBiy N@-dihydtdxghexanemide AN 2- di hydr oxy- 3- [ (4f 14- (tri
fluoronethyl) 10 0

pVri m di n-2-vil am nol pi p di n-1-yfi carbonyl | hexanam d

e (42) F 11 NNH HOr ,N OH|0 (42) e title conpound

was prepared follow ng theop oc@r of Exanple 19

usi ng MOy N

Npi peridin-4-yl-4-(trifl udr Het hyl ) pyri m di n- 2- am ne.
MESI): 538.1; 1VI(ES1l): 540. 6 HPLC: Rt: 3.7 mn

(14PLC purity: 99.4 % . 1S Exanple 43:

StasaBRpr@atiap. ef RBUIpll SRvAY4-sthoxonhényllr bild-(3-lupropherndimiperazin-1-

SIS S 3D BB RS i 21 bOnVI | hexanari de

\/0

or
0 N
A0y
To a cold (0°C) solution of (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-5-(4-
ethoxyphenyl)pentanoic acid (Intermediate 2, 150 mg, 0.44 mmol, 1.0 eq) and DIEA (242
mg, 1.9 mmol, 4.1 eq) in anhydrous DMF (2 mL) was added dimethylamino-([1,2,3]
triazolo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl-ammonium hexafluorophosphate (186
mg, 0.49 mmol, 1.1 eq). After 2 min of reaction, the 1-(4-fluoro-phenyl)-piperazine di-
hydrochloride was added and the reaction stirred overnight at room temperature. Water was
then added and the aq. phase was extracted with Et;O (3x). The combined organic phases
were dried over MgSQ,, filtered and concentrated. The crude compound was purified on
Silica gel (gradient from 33% EtOAc in c-hex to 50% in about 30 min) to obtain the title
compound as a white solid (120 mg, 49 %). M"(ESI): 499.4; HPLC (Condition A), Rt: 4.53
min (HPLC purity: 98.7%).
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111 1 0O HOH OH 0 132 The title conmpound was prepared
follow ng the procedure of Exanple 19 using N (3-

nmet hoxyphenyl ) pi peri di n-4-am ne. MESI): 498. 2;
Ne(ESI): 500.3. HPLC. Rt. 27 min (HPLC purity: 99.3

% . 5 Exanple 44:

(25.312)-3-1(4-113-(di net hvl am no) phenvl | am nol pi peri d
i n-1-thearbonvl |

- 6- (4- et hoxyphenv1l) - N. 2-cl i hydr oxvhexanam de (44) ON
(1111 1 HOlIlIl OH 0 (44) The title conpound was

RS IR P MBI BT PRENL R en B 35O, 2-

diky(dESBtyhexabahide; M ESI ) : 513 3 HPLC: 10 Rt: 2 5 nin

HPLC purit g% | e 45:
163 Sopbin o p P3G RIS -4 Mgt A perasiny]
atdoaal bawyl2)2-8imethyl-1,3-dioxolan4-one (120 mg; 0. 24 mmol 1 .0 eq.) in iPrOH
4 et horypheny1) - Na- ¢l i fydroxyhexanam de % N<.

R8s a ded an aq solutlon of hydroxylamine (50%, 71 pl 2 mmol; 5.0 eq.) and
the reaction mixture was stirred for 45 min. CH3CN (4 mL) was then added and the
resulting mixture was purified by chromatography by reverse-phase preparative HPLC
(gradient from 25 % to 45 % of CH3CN containing 0.1% TFA, in water containing 0.1%
TFA). The collected fractions were lyophilized to give the title compound (19) as a white
solid (75 mg, 66%). '"H NMR (CDCl, 300 MHz) & 7.1-6.99 (m, 6H), 6.80 (d, J=8.2 Hz,
2H), 4.26 (m, 1H), 4.06 (m, 1H), 3.96 (t, 2H, J=6.8Hz), 3.80 (m, 1H), 3.63 (m, 2H), 3.40
(m, 1H), 3.23-3.00 (m, 4H), 2.58 (m, 2H), 1.85-1.52 (m, 4H), 1.38 (t, J=6.9 Hz, 3H). M’
(ESI): 472.1; M'(ESI): 474.6. HPLC: Rt: 3.2 min (HPLC purity: 93.7 %).

The compounds of Examples 20-49 were prepared by the procedure of Example 19 using
the appropriate amine (in the presence of 1 eq. of DIEA when the amine used is a mono-
hydrochloride salt, and in the presence of 2 eq. DIEA when the amine is a di-hydrochloride
salt). The products were purified by preparative reverse-phase chromatography (HPLC).

Example 20: (2S.3R)-3-[(4-anilinopiperidin-1-yl)carbonyl]-6-(4-ethoxyphenyl)-N.2-

dihydroxyhexanamide (20)

YUoN
HO. N
OH T
OH O

20)
The title compound was prepared following the procedure of Example 19 using N-
phenylpiperidin-4-amine. M'(ESI): 468.0; M'(ESI): 470.3. HPLC: Rt: 2.5 min (HPLC
purity: 99.8 %).



10

H OHO (45) 15 The title conpound was prepared

follow ng the procedure of Exanple 19 using N2-

pi peridi n-4-yl pyridine-2,3-diamine. |se(ESl): 486. 3.

HPLC. Rt: 2.3 min (11 PLC purity: 96.3 %. 20 133

Exanpl e 46:

(28, 3R) - 6- (4-et horyphenyl)-N, 2-cli hydroxy-3-(14-1(4-hy

dr oxyphenyl ) ami nol pi peri di n-1-vl | car bont hhexanam de

(46) OH (46) The title campound was prepared

foll owi ng the procedure of Exanple 19 using 4-
olje G Q

BTN AhakBS i

/kidin-2-yl]piperazin-1-yl}carbonyl)hexanamide (21)
(28, 3R) - 6- (4- et horyphepyl) - 3-{[ (18, 48) - 5- (4-f | uor ophen
yl)-2,5-di aza T F

bi cycl 012. 2. 11hept - 2-yl | carbonyl | -“{\l@f;-%l i hydr oxyhexana
mde (47) OHO (47) 10 T I t1'e"conpound was
prepared follow ng the Hroc: Me- of Exanpl e 19 using
(1S, 4S) - 5- " oon o
(4-fl uorophenyl)-5-am 2-azoni qm cycl o[ 2. 2. 1] hept ane
chloride and DVA. MESI): 484.1; (ES1): 4863. EPLC

Rie: titke dompoun ERASCpiepared yoll®Ging th) procedurx affixmmiide 19 using 1-[5-

@f@§%@®1@gg¥€%ﬂ%Fﬁé§§%§é %éé)l\ﬁy({abﬂ' 0L TREPEE 3.4 min

(HPLC purity: 96 %).

piperidin-1-yllcarbonylthexanamide (22)

\/0 =
\ES |
0 (o]
N
OH O

Q@2
The title compound was prepared following the procedure of Example 19 using 2-
(piperidinium-4-yloxy)pyridinium dichloride and DIEA. M'(ESI): 470; M'(ESI): 472.
HPLC: Rt: 2.8 min (HPLC purity: 98.3 %).




OH- HHOHO (48) The title product was prepared
follow ng the procedure of Exanple 14 (step a and b)
but starting from 1-(2-pyridyl)piperazine (A drich).
Purification by reverse-phase 134 chronmat ography gave
the tide product as a white powder. MESI): 349.1;, M
(EST): 351.2. HPLC (Condition A): Rt: 1.1 mn (HPLC
purity: 100% . Exanpl e 49:

(2R, 35) - N, 2-di hydr oxv-5- et hyb4 3- (14- 14-(trifl uoroneth
vhphenyl | 5 pi perazin-1-yl| earbonvOhexanam de (49)

b s i 90N BFE G TBa bl 19 v o
ffipaasiti-1 {ynicotinohimlen®E (BSp H&M;LM A SIEr482i80 $IPLCh s }.2 min (HPLC

Purificat{on by reverse-phase chromat ography gave the
Huinltxe%% }ijuct as a white powder. MESI): 416.3;

MESI): 418.3. 10 HPLC(Condltlon A: R: 3.4 nmin

@4)

The title compound was prepared following the procedure of Example 19 using 1-(6-
methyl pyridin-2-yl)piperazine. M'(ESI): 471.3. HPLC: Rt: 2.3 min (HPLC purity: 80.2
%).

@5

The title compound was prepared following the procedure of Example 19 using 1-(6-
chloropyridin-2-yl)piperazine. M'(ESI): 489.3; M'(ESI): 491.7. HPLC: Rt: 3.8 min (HPLC
purity: 98.1 %).



10

15

(50) 15 The title product was prepared follow ng the
procedure of Exanple 14 (step a and b) but starting
from 1-(2-fl uorophenyl) pi perazine (Al drich).
Purification by reverse-phase chromatography gave the
title product as a white powder. MESI): 366.2; M
(EST): 368.2. HPLC (Condition A): Rt: 2.7 mn (HPLC
purity: 99.7%. 135 Exanple 51

(2R, 35) - N, 2-di hydr oxy-5- met hybs 3- 1(4- pyri m di n-2-yl pi p
erazhi -1-vO0 earbonvllhexanan1de (51) oN N HO. H11 IN

me,ﬂmdr_w@ﬂ)ne (Em cachen) F’urlfI cati on
by reverse-phase chronmgf ography gave the title product

as a white powder. M ES 50.2; Ae(ES]): 352.2. HPLC
(Condition A): R: 1.4 m HPLC pdritty: 100% .
N

Exanpl e 52:

(25.3S)-N. 2-cl i hydr oxv- 8 get NSJ(l(ZR)-Z-rretth-4-14
-(trifluoro 10 OH

nethoxy)phenvllplpera2|n 1-vil % ar bonvl | hexanam de (52)
HON .""" OH 0 (52) The titl & product was prepared

T}ml inma/vcmgpmma wisopregarcé folloviaxgid erotedigt eff Exantyle 1P using 1-(5-

%&@ %ﬁb#wﬁplfpéz%amﬂ M ESDr 488t Mo & refdh )R GeRb A hanin (HPLC
Pty forgakj. on by

Example 27: (285,3R)-3-{[4-(4-chloro-2-fluorophenyl)piperazin-1-yljcarbonyl}-6-(4-
ethoxyphenyl)-N,2-dihydroxyhexanamide (27)

@n
The title compound was prepared following the procedure of Example 19 using 1-(4-
chloro-2-fluorophenyl)piperazine. M(ESI): 506; M'(ESI): 508. HPLC: Rt: 4 min (HPLC
purity: 95.6 %).

Example 28: (2S5,3R)-6-(4-ethoxyphenyl)-N,2-dihydroxy-3-({4-[4-(trifluoromethyl
phenoxy]piperidin-1-yl}carbonyl)hexanamide (28)

(o]
P
HO. N F
N7 F
OH O F

238
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rever se- phase chromat ography gave the title product as
a white powder. IWESI): 446.2; 15 MESI): 448.3. HPLC
(Condition A): R: 4.0 min (HPLC purity: 83%. 136
Exanpl e 53:
(2S.,39)-3-{[(2R) - 4-bi phenyl -4-y1-2-net hyl pi perazin- 1-
yl I carbonyl | - N. 2- di hydr oxv- 5- net hyl hexanam de (53)
Or HOL -Nr-rl1 11 OH 0 (53) The title product was
prepared followi ng the procedps e of Exanple 4 (step a
and b) but 5 starting from

Y, l .
bl e oS v piarta TERIE MG BEREARE o RAATIAIE DS Bihe 4
(al;ﬂm)r(vm«:thyd)g]nemHﬂplpMdﬁﬁm)n cHIBBd@ ;anti{ BBLA.. MIHRIB. SHDL,CM "(ESI):

%ﬁgﬁﬂﬁi" gbgﬁ.“% min (HPLC e d4 oG purity: 1009 .

(2S,3S)-3-{1125)-4- (2 f 1 uorophenvl) - 2- met hyl pi per azi n-

1 -V|IcarbonvI|o N, 2- di hvdr oxy- 5- nethylhexananlde (54
28 4 | 1}-6-(4-ethox

h

@9
The title compound was prepared following the procedure of Example 19 using 4-(2-
chlorophenoxy)piperidinium chloride and DIEA. M'(ESI): 503.8; M'(ESI): 505.0. HPLC:
Rt: 4.1 min (HPLC purity: 90.7 %).

Example 30: (2S.3R)-3-{[4-(2-chlorophenyl)piperazin-1-yljcarbonyl}-6-(4-ethoxy
phenyl)-N,2-dihydroxyhexanamide (30)

Cl

30

The title compound was prepared following the procedure of Example 19 using 1-(2-
chlorophenyl)piperazine. M(ESI): 488.0; M'(ESI): 490.1. HPLC: Rt: 3.8 min (HPLC
purity: 96 %).
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(54) The title product was prepared follow ng the
procedure of Exanple 4 (step a and b) but starting
from (3S)-1-(2-fluorophenyl- 3-nethyl pi perazi ne
(Internmediate 6). Purification by reverse-phase
chromat ogr aphy gave the title product as a white
powder. IWESI): 380.2; 15 MESI). 382.1. HPLC
(Condition A): R: 3.1 min (HPLC purity: 92.4%. 137
Exanpl e 55: 127

(25,39)-3-{[(2R) - 4- ( 3- ehl or ophenyl ) - 2- net hyl pi per azi n-

%wgm&;%ﬁéﬂ? E—gg%—&j:ﬂ&hg@-aﬁgmlg&éﬁ@L&hﬂuoro

thethyDouinglin-Heyl eziutleylddar eganhnjide €}1)a and b)
but 5 starting from Fe
(3R)-1-(3-chl or opheny0- t hyl - pi perazi ne.

Purification by reverse-
title product as a white pg
(EST): 398.1. |IPLC (Cordjti
purity: 98.5%. Exanpl en
(2R, 35) - N, 2-di hydr oxy- 5- net hyl - 3- 114- (5- phenyl -1, 2. 4-0

xadi azol - 3-v1) 10 pi perazin-|-¥M earbonyl | hexanamn de
'f@@tlevco%bﬁnd"&;’és_prepared following the procedure of Example 19 using 6-methyl-

4-piperazin-1-yl-2(trifluoromethyl)quinoline. M (ESI): 587.1; M'(ESI): 589.8. HPLC: Rt:
3.9 min (HPLC purity: 95.9 %).

Ngr aphy gave the
: 396.2; M
3.4 mn (1-1PLC

Example 32: (25,3R)-6-(4-ethoxyphenyl)-N,2-dihydroxy-3-({4-[3-(trifluoromethyl

ridin-2-yl]piperazin-1-yl}carbonyl)hexanamide (32)

(32)
The title compound was prepared following the procedure of Example 19 using 1-[3-
(trifluoromethyl)pyridin-2-yl]piperazine. M'(ESI): 523.2; M'(ESI): 525.1. HPLC: Rt: 3.7
min (HPLC purity: 93 %).
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11r OH 0 (56) Step a) Formati on of

(5R) - 2, 2-di met hy1-5-07S) - 3- net hyl - 1- ([ 4- ( 5- phenyl - 1, 2,
4- oxadi azol 3-y1) - 1- pi perazi nyl ] carbonylibutyl)-113-dio
xol an-4-one 138 To a cold solution (-15C) of
(25)-2-[(4R) -2, 2-di net hy1- 5- oxo- 1, 3-di oxol an- 4-y1] - 4-
nmet hyl pentanoic acid (150 ng, 0.65 mmol, prcparcd
according to WO 94/ 02447 or simlarly to Seebach et
al., 1990, Org. Syntheses, Cakd. Vol. 111, pl1l53-159
but starting fron1diisopropy| (R-(+)-malate) in

RN P ol B R 9 B8 105

dltiﬂd)rppﬁhdnk—é)ylmrafzﬁmorM(ESIl)l S22.8¢ M (ESI): 5250 HPLC: Rt: 3.2 min
éﬁﬁéﬁ thxh ?an1d|n|un1hexafluorophosphate (206 ny,
Ald ich). The reaction mxture was stirred
at -15C for 15 min and at RT for 1 h, then cool ed at
OC A solutl%P6of

%E zﬂ;[fp_m p%ﬁﬁ %% 3 arent for and DIEA (115
ZI& i “ﬂl’ 3‘BDCM (1 m) io was added.

The reaction mxture wa8
then poured on a silica c
4:1). Purification was perfgp
cllex/EtOAc 4:1 to c- HexdoEL 0y 1 to give 120 ny
(42% of the titk conpound ag; @ white powder. HPLC
Rt: 4.5 mn (purity: 100% . LCYNB, I VF (ESI): 443.3.
Is Step b) Formation of
T&th%s}:o&b&mdl W pRpired-ORSWiN, gfo’l:e&lﬁe RITEERAmple 2194usqhg 1-(2-
xadi azol - y1) pi perazin-1-yl aﬁ% exanani de %
m?fbowh%/ )arp@ww@ M Shr: 48410 £BDo b HRECpRECR G mig (HPLC
14 (step b) but starting from

ﬁg 2, 2 dlnethyl -((15)-3-nethyl -1- {
[4 (5- phenyl 1, 2, 4- oxadi azol - 3- yl) 1- pi perazinyl ] carbo

I d

irred for 5 hours at RT and
(wet-with c-1-1ex/Et0Ac
'ngJa gr adi ent

(xample 3 (4-chlorophenyl) A7 Yicarhg 6-(4-eth
wzﬁ@m#@mm 2 15e(ESI): 418.3.
HPLC (Condition A REJJB. mn (HPLC purity: 99.3%.

Exanpl e 57:
(28.3S)-N, 2-cl i hydroxv- 5- hvl - *R) - 2-net hvl - 4- (5
- phenvbwri di n-2- vl )ni per aai -1 h rbonvl | hexanam de
(57) 139 The title prodagt- epared foll owi ng the
procedure of Exanple 4 (sﬁepHanand b) but starting
from

'&@R) 3-met hyl- 1- (5- phenyl - pyrlgln 2- yl) pi per azi ne.
r §ifl eermpemdpyas pigparee ffalllra@eg dhe orasediye 0 Hixageple 1Ohusing 1-(4-

Dbl PR PETD) 2P NEERL Y 1Py By: g min aPLC

ubPOC%urity: 97.0% . 5 Exanple 58:

3- 1( 4- bi phenyl - 4-v1pi perazi n-1-t hear bonv1l1- 3, 4- di deoxv
-1- (hydroxv am no) - 5- 04phenvl net hvb- L-t hr eo- pent ose
(58) 111
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0-11" HO N-- H OH 0 (58) Step a) Formation of
3-[ (4-bi phenyl - 4-yl pi perazin- 1

-yl )carbonyll- 3, 4-di deoxy-1,2-0-(1- |lo

nmet hyl et hyl i dene) - 5- 0- 0) henyl net hyl ) - L-t hr eo- pent oni c
acid OrNQOYh-rN) AL 0 The title product was
prepared foll ow ng the procedure of Exanple 4 (step a)
but starting from

5- 0- benzyl- 3- car boxy- 3, 4- di daexy- 1, 2- 0- (1- et hyl et hyl i
dene) L- threo pentonlc acid (327 ng, 1.06 nnDI

f)‘p iperazin-1

4yhcdibonyl ]hgammulet(k@ ti tI e product as a colorl ees oi |
(300 ng, 54% . Ne(ES1): ¢529.4. 1-1PLC (Condition A):

Rt: 4.9 mn (11PLC purit 90 7% . 140 Step b)

For mat i on of L

3-[ (4-bi pheny1l-4- ylplpera2| rivony11- 3, 4- di deoxy
-1- (hydr oxyami no) - 5- 0- ('fhenyt bﬁyl) L-t hr eo- pent ose

(36)

The title compound was prepared following the procedure of Example 19 using 2-
piperazin-1-ylpyrazine. M (ESI): 456.7; M (ESI): 458.6. HPLC: Rt: 2.7 min (HPLC purity:
85.8 %).

Example 37: (2S5,3R)-6-(4-ethoxyphenyl)-N.2-dihydroxy-3-{[4-(2-morpholin-4-ylethyl)
piperazin-1-yljcarbonylthexanamide (37)

\/0 0
INQ
o N
H on o
37

The title compound was prepared following the procedure of Example 19 using 4-(2-
piperazin-1-ylethyl)morpholine. M'(ESI): 491.1; M'(ESI): 4934. HPLC: Rt: 1.8 min
(HPLC purity: 90.2 %).

Example 38: (2S.3R)-3-{[4-(2-cyanophenyl)piperazin-1-yllcarbonvl}-6-(4-ethox
henyl)-N,2-dihvdroxyhexanamide (38)

~_0
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The title product was prepared follow ng the procedure
of Exanple 4 (step b) but starting from3

-[ (4- bi phenyl-4-yl pi perazin
-1-yl)carbonyl] -3, 4-di deoxy-1 , 2-0-(1 -nethyl et hyl
dene)- 5 5-0-(phenyl nethyl)-L-threo-pentonic acid
(300 ng). Purification by reverse-phase chromat ography
gave the title product as a white powder (55 ngy, 199%.
MESI): 502.1; MESI): 504. 21yHPLC (Condition A): Rt:
3.6 mn HPLC purity: 94.19%. Exanpl e 59:

ﬁ%Ru&eS oﬁlpgt&n% bvas (gtefdrP TARNERY 'the brocadkadt! REhple Y8 using 2-

pxpdrmm—b@ml;dn)zeml;rne oMFEEN0ATY.5; ME(ESI): Bl dfRIde REP.6 kin (HPLC
. §F> H OH (59) The title product was prepared

Wﬁ¥X§ ﬁb the procedure of Exanple 14 (step a and b)

but starting from

445 (4 quggo-hen 1 1 3, 4 oxadlazm

I peridine
onyl}-N.2-dihydroxy-6

roduct as a white
; r@%ﬁ% M‘g“ Me ﬂ(F S1): 435.3. HPLC
(Condition A): Rt: 2. i( i (HPLC purity: 97.8%.
Exanpl e 60:
(2R, 3S)-3-114-(4- fluorophenv

1)-vl |l earbonyl I N, 2- dlhydroib
(60)

3::
EE
[

=<

-3 ydrouvridin-1(21

%thexanan1de (60)

|
HOHO

(39)
The title compound was prepared following the procedure of Example 19 using 1-(2-
fluorophenyl)piperazine and (2R)-2-[(4S)-2,2-dimethyl-5-ox0-1,3-dioxolan-4-y1]-5-[4-
(trifluoromethoxy)phenyl]pentanoic acid (Intermediate 10). M(ESI): 512.6; M (ESI):
514.7. HPLC: Rt: 3.9 min (HPLC purity: 93.4 %).

hydroxy-6-[4-(trifluoromethoxy)phenyllhexanamide (40)

SUSH
H on o
“40)
The title compound was prepared following the procedure of Example 19 using 1-(6-
chloropyridin-2-yl)piperazine and (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-5-
[4-(trifluoromethoxy)phenyl]pentanoic acid (Intermediate 10). M (ESI): 529.0; M'(ESI):
531.1. HPLC: Rt: 4 min (HPLC purity: 97.9 %).
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20 The title product was prepared follow ng the
procedure of Exanple 56 (step a and b) but starting
from4-(4-fluorophenyl)-1, 2, 3, 6-tetrahydropyridi ne
hydrochl ori de (Acros). 141 Purification by
rever se- phase chromat ography gave the titk product as
a white powder. IVI- (ESI): 363.2; |Ise(ESH 365. 2.
HPLC (Condition A): Rt: 3.2 min (I1PLC purity: 99.49%.
Exanpl e 61: 131

(2R, 35) - N, 2- di hxdr oxx- 5- net hyl - 3- 1( 4- phenyl - 3, 6- di hydr

i fﬁ:—gﬁjﬁ%?gtz&ﬂlm&%?: 1]-6-4-

(tfifldocrametlexyiphepvRirexanamitle(#1)out starting from
4- phenyl-1, 2, 3, 6-tetrghydropyridi ne hydrochl oride

(Acros). Purificationrb’ ver se- phase chromat ogr aphy

gave the title product ‘as er. MESI):

345.2; io(ESH 347.2. "'PLG 'ﬂ A: R: 3.1 mn
(IIPLC purity: 99.49%.
(2R, 35) - N, 2- dlhydroxy 5- nethy403 114- (5-pyridin-4-'4-1

, 2. 4- oxadi azol - A1)
vl)plvera2|n 1- xIIearbonvIIhexananlde (62) OO INOHO
Ts2itle coBpphed was prepged thllowingbe prc@péure of Ezamplg ngsurtgel -pyridin-

PR, O RS 05 RSB PR oo

xﬂéthmr)ptmhy@pentmo(cu atidr (fatbraiedial®)10).PM (HSIE at908; M/ (ESI): 497.3.

rse-phas mat o gave the title product as
éﬁ@%@ Z]FI%E{;/IPPEQI ?523/1 .2; TOESI): 419.2. |IPLC
(Condition A): R: 1.9 min (IIPLC purity: 1009 .

Example 42: (285,3R)-6-(4-ethoxyphenyl)-N.2-dihydroxy-3-[(4-{[4-(trifluoromethyl)
pyrimidin-2-ylJamino}piperidin-1-yl)carbonyl|hexanamide (42)

“2)

The title compound was prepared following the procedure of Example 19 using N-
piperidin-4-yl-4-(trifluoromethyl)pyrimidin-2-amine. M(ESI): 538.1; M'(ESI): 540.6.
HPLC: Rt: 3.7 min (HPLC purity: 99.4 %).

Example 43: (25,3R)-6-(4-ethoxyphenyl)-N,2-dihydroxy-3-({4-[(3-methoxyphenyl

amino]piperidin-1-yl}carbonyl)hexanamide (43)

\/O /O
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142 Exanpl e 63:

(2R, 35)-3-114- (4- ehl or ophenyl ) -3, 6-cli hydropyridin-1(2
H) -yl | ear bonyl | N2- di hydr oxv- 5- nmet hyl hexanam de (63) 0
HO -1 11111 CH 0 (63) The title product was prepared
foll ow ng the procedure of Exanple 56 (step a and b)
but 5 starting from

4- (4-chl orophenyl) -1, 2, 3, 6-tetrahydropyri di ne

hydrochl oride (Al drich). Puriigzcation by reverse-phase
chromat ogr aphy gave the titk product as a white

'ﬁ%ovﬂgé n’lqﬁ\%d &%{Sa—&%argg ?Olﬁ)\h{l% %ﬁ@wﬁ%}i@% 0? Eggﬁl?% 19 using N-(3-

Iﬁt)thovpipherﬁdl)plperldm—4 amine. M (ESI): 498.2; M (ESI) 5003. HPLC: Rt: 2.7 min
) horyphenv1l) - N, 2- cllhydroxy 3-(14-1242-t

WR%WT\%QI% 0/%30 pi perazi n-1-vl | earbonvl ) hexanam de

(64) O NHOH (64) Step a) Fornzation of

(1R) 4- (4 ethoxyphenyl) 1-({4-12-(2- thlenyl)et

; R 4 0) 1 idi I)carbonyl

“9

The title compound was prepared following the procedure of Example 19 using N,N-
dimethyl-N'-piperidin4-ylbenzene-1,3-diamine. M(ESI): 511.2; M'(ESI): 513.3. HPLC:
Rt: 2.5 min (HPLC purity: 100 %).

Example 45: (2S5,3R)-3-({4-[(3-aminopyridin-2-yl)Jamino]piperidin-1-yl}carbonyl)-6-
(4-ethoxyphenyl)-N.2-dihydroxyhexanamide (45)

“5)

The title compound was prepared following the procedurc of Example 19 using N-
piperidin-4-ylpyridine-2,3-diamine. M'(ESI): 486.3. HPLC: Rt: 2.3 min (HPLC purity:
96.3 %).
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143 m.) were added DI EA (80 !'LW 0.47 mmol) and
fluoro-N,N,N ,Isr-tetranmethyl formam di ni um

hexaf | uor ophosphate (130 ng, 0.49 mml, Aldrich). The
reaction m xture was stirred at 0OC for 30 mn. Then a
solution of 1-(2-thienylethyl)-piperazine (96 ng, 0.49
mmol , Enkachenm) and DVA (80 pt, 0.47 mmol) in
anhydrous DCM (1 nmL) was added. 5 The reaction m xture
was stirred for 3 hours at Rli13and then poured on a
silica colum (30 g, met with c-11ex/EtOAc 4:1).

btk 967 (28ARIFS 484 PN aibyBF AL L0 16-h oggggzm

ayhinbhperidin 4 -dimapbemdhe sarmnride (mi)kss oil. MESI):
513.2; MESlI): 515.4. HPLC, Rt: 3.4y n (purity:

97.99@. 10 Step b) Fornad.i
(2S, 3R) - 6- (4- et hoxyphenyl
i enyl)ethyll piperazin-l -yl )lear bonyphexanam de (66)

{442- (2-thienyl)cthyl]- 1Hpﬁpera I nyl
car bonyl ) but y1] - 2, 2- di net hy1-°f, 3- di oxol an- 4- one (101
ng, 0.20 nmmol) in iPrOH (3 nL) ®as added a 50% aqueous

'ﬁ{%l Hhid %r\}\lgéu%WaQ)&}flaﬁa%d] %I%%r pﬁ&g(riﬁljé I ﬁﬂlﬂ]ﬁ)k?@ using 4-

m xture stirred Then wa
(bibRridin}4-ylamireshedolaNd (BSTE 486 6UHPLEQGR 28t aing HRAE purity: 87.3 %).
purified by reverse-phase chromat ography (using a

n1xture of water and |PrOH\Mtr|a ratio from4:1 to

65: )
(28.3R)-3-1(4- evelohenlp razi n- 1-thcarbonv1ll- 6-(4-et
hoxvphenvl) - Na-di hydr oxvhexanani d 65) 0 HO61 OH O
(65) 144 chronatographé gdv title product as a
white powder. MESI): 4BON3: EST): 462.3. HPLC
(Condition A): Rt: 2.3 min CI'PLC purity: 100% .
Exanpl e 66: @n

1593&%%%?3@1 %tﬁszﬁr?}g FﬁPqY%%mgetﬁ?él s q‘i,«gg ﬁ%w'éew(%l)g (s asy-s-

(@'ﬂ&rdﬁhenyl)—S-azaQ-azon1ab1cyc10[2.2.1]heptane chloride and DIEA. M(ESI): 484.1;

M'(ESI): 486.3. HPLC: Rt: 3.4 min (HPLC purity: 98.2 %).

“8)
The title product was prepared following the procedure of Example 14 (step a and b) but
starting from 1-(2-pyridyl)piperazine (Aldrich). Purification by reverse-phase
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OH O (66) The title product was prepared foll ow ng
the procedure of Exanple 64 (step a and b) but
starting from 4-piperidi neet hanol (Al drich).
Purification by reverse-phase chromatography gave the
title product as a white powder. MESI): 421. 2,

1% e(ESI): 423.3. HPLC 10 (Condition A): Rt: 2.5 mn
(HPLC purity: 78.8% . Exanple 67:

(2S, 3R) - 6- (4- et hoxvphenvl) - 31134.1444-f | uor ophenvf | pi per
i din-1-01 earbonvll-N, 2-di hydroxyhexanam de (67) 11

éﬂﬁ&rﬁﬁg%c%%ﬁ awg} ﬂf:xg(e' o %?géjéf%vhﬁ@ o{a&&é;rﬁgf@gl%g%@.?w@zsnz 351.2.
HPIE (Co‘rghtionom R4:(141 minuGFRIEpumitly) 1WI0P@r i di ne

hydrochl oride (Arch). Crystallization fromthe
reaction mxture followed by filtration and washing

M_M&EEW(@ 79 . 145 Exanpl e 68:
(28, 3R) - N, 2- di hydr oxy- 6- (4- net hOF) 3-[(4-propyl
pi peridin-1vtlearbonvl| hex am de @ OH 0 (68) The
t|t| e product was prepared f }-t he procedure of
Exanpl e 64(stepa gnd |b) “buty tartingfrom
(2R)-2-[(48) -2, )hm%)x 1, 3-di oxol an-4-y1]-544
- met hoxyphenyl ) pent anoi@H aeid (prepared follow ng the

procedure of Internediate 2 but using 4- bronoanisole
in step b) and 4-propyl pi per(4'9)di ne (Al drich).

B SRR IR AN 9916k Dt
sMrinty i‘oqu(ﬂrtﬁﬂubiBhﬁtl(yﬁﬂiéﬂylb “piperatine (Bhéss)3 Plrifitation B lréverse-phase

urity 9
c romatography ga\/r% the title product as a white powder. M(ESI): 416.3; M'(ESI): 418.3.

HPLC (Condition A): Rt: 3.4 min (HPLC purity: 98.8%).

(50)

The title product was prepared following the procedure of Example 14 (step a and b) but
starting from 1-(2-fluorophenyl)piperazine (Aldrich). Purification by reverse-phase
chromatography gave the title product as a white powder. M (ESI): 366.2; M"(ESI): 368.2.
HPLC (Condition A): Rt: 2.7 min (HPLC purity: 99.7%).
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10 Exanpl e 69:

(28, 38) -3-{1442-f1 uorophenvl) pi perazi n-1-vl | ear bonvl | -

N, 2- di hydr oxv-5- net hyl hexanam de (69) oCN ,

HO N.kN.") HOH O (69) The title conmpound was

prepared followi ng the procedure of Exanple 4 (step a

and b), but 15 starting from

1- (2- 11uor ophenyl) pi perazine. Purification by

rever se- phase chromat ography igave the title product as

a light pink powder. MESI): 366.2; MESI): 368. 4.
oy \ . Joooo

) N Adih 25-indth-3-[(T py ridiiaid-Y-yIpiperaziti t
daphoBShetardmdii (51) oxy- 5- net hyl - 3- ( 14- 15- ( 2-t hi eny1) - 1.

2, 4- oxadi azol - 3- vl ni perazin-1-vl| earbonvl | hexanam de
(70) 0 ;> CN HO N)NL) C]—|O<

N‘ N
hN*N/

o =
Ho\N)HA(NJ
"o

OH
(E1))
The title product was prepared following the procedure of Example 14 (step a and b) but
starting from 1-(2-pyrimidyl)piperazine (Emkachem). Purification by reverse-phase
chromatography gave the title product as a white powder. M (ESI): 350.2; M'(ESI): 352.2.
HPLC (Condition A): Rt: 1.4 min (HPLC purity: 100%).

Example 52: (2S.3S)-N.2-dihydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(trifluoro

methoxy)phenyllpiperazin-1-ylicarbonyl)hexanamide (52)
O_ _F
\‘\ /©/ T:<F
o ﬁN
~__N

HO
N :
H =
OH O

(52)
The title product was prepared following the procedure of Example 4 (step a and b) but
starting from (3R)-3-methyl-1-(4-trifluoromethoxyphenyl)-piperazine. Purification by
reverse-phase chromatography gave the title product as a white powder. M (ESI): 446.2;
M'(ESI): 448.3. HPLC (Condition A): Rt: 4.0 min (HPLC purity: 83%).
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(70) The title conmpound was prepared follow ng the
procedure of Exanple 4 (step a and b), but 5 starting
from 145-(2-thienyl)-1, 2, 4- oxadi azol - 3-yl i pi perazi ne.
The title conmpound was purified by crystallization in
EtOAc / iPr20 as an off white solid. |SAXESI): 4224;
MESI): 424.4. HPLC (Condition A), Rt: 2.9 min (IIPLC
purity: 97.8 9. Exanmple 71

(2R 39)-3-1112111- 4- (5- ehl orapgri di n- 2- 0) - 2- net hyl pi pe
raZ|n 1- 10

dlhdno 5 eﬂhl xanamid SNf Exanple 4 (step a and b) ,

but starting from

(3R)-1-(5-chl oropyridin-2-yl)-3-net hyl
hydr obr om de and DI EA. Purificati,' y
chr omat ogr aphy gave t title pro as a white

solid. 1\4- 15(EST): 3 -2; ©399.2. HPLC

(Condition A, RtHoL, ;@WM purity: 99.8 9% . 147
Exanpl e 72:

(2R, 35) - 3- 114- ( 5- ehlordﬂ&r?dln 2-yupi perazin-1-yl |l earb
onyl | - N, 2- di hydr oxv-5-net hyl hexanam de (72) 4CCl
OCNI--NNNI" HO NKr-J.1( N,) 0

The title product was prepared following the procedure of Example 4 (step a and b) but

er se- phase

starting from (3R)-1-biphenyl-4-yl-3-methyl-piperazine. Purification by reverse-phase
chromatography gave the title product as a white powder. M (ESI): 438.2; M"(ESI): 440.3.
HPLC (Condition A): Rt: 3.7 min (HPLC purity: 100%).

Example 54: (2S.385)-3-{[(2S)4-(2-fluorophenyl)-2-methylpiperazin-1-yljcarbonyl}-

N.2-dihydroxy-5-methylhexanamide (54)

TR

N : :
H - ] :
OH O =

€0
The title product was prepared following the procedure of Example 4 (step a and b) but
starting from (35)-1-(2-fluorophenyl-3-methylpiperazine (Intermediate 6). Purification by
reverse-phase chromatography gave the title product as a white powder. M (ESI): 380.2;
M'(ESI): 382.1. HPLC (Condition A): Rt: 3.1 min (HPLC purity: 92.4%).



(72) The title conmpound was prepared follow ng the
procedure of Exanple 14 (step a and b), 5 but starting
from 1-(5-chl oropyridin-2-yl)piperazine. Purification
by reverse-phase chromatography gave the title product
as a white powder. MESI): 383.2; WEST): 385.2. HPLC
(Condition A), R: 1.7 mn (HPLC purity: 99.8 %.
Exanpl e 73:

(2R, 3S) - 3-114- (5- bronopyri di n32- vl | pi perazin-1-vllcarb
onv1l1-N, 2- io dilivdroxv-5-nethyl hexanam de (73) N CN

1E1553 128 367 3)s 1 2RDQ-(BLh) g ofil ﬂbﬁl%#@i@%&‘iﬁﬁﬁ&l}ggrbonﬂ}-
M2tdibvdroky-Seméthekimetanamide G pyri di n- 2-yl ) pi per azi ne. ,

Purification by reverse-phase chromatgQgraphy gave the
title product as a white solid. MESl). 427.0;
IVI(ESI). 429.2. 15 HPLC (Condition Rt: 1.8 mn
(HPLC purity: 100 %9 . Ex le 74:

(2S,3S5)-3-1112R) - 4- (4- ehf or oph %\qﬂ) - 2- met hvl pi per azi n-

| -yll carbonvll- N, 2- W Rpydr =pet hyl hexanam de (74)
CN O HO'N H H on 6
(55
The title product was prepared following the procedure of Example 4 (step a and b) but
5  starting from (3R)-1-(3-chlorophenyl)-3-methyl-piperazine. Purification by reverse-phase
chromatography gave the title product as a white powder. M (ESI): 396.2; M"(ESI): 398.1.
HPLC (Condition A): Rt: 3.4 min (HPLC purity: 98.5%).

Example 56: (2R,3S)-N.2-dihydroxy-5-methyl-3-{[4-(S-phenyl-1,2.4-0xadiazol-3-yl)
10  piperazin-1-yljcarbonylthexanamide (56)

(56)
Step a) Formation of (5R)-2,2-dimethyl-5-((1S)-3-methyl-1-{[4-(5-phenyl-1,2,4-oxadiazol-
3-yl)-1-piperazinyl]carbonyl}butyl)-1,3-dioxolan-4-one
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OH 0 (74) 148 The title conpound was prepared
follow ng the procedure of Exanple 4 (step a and b),
but starting from

(3R) - 1(4-chl orophenyl) - 3- net hyl pi per azi ne.
Purification by reverse-phase chromatography gave the
title product as a white powder. MESI): 396. 2;
Ae(ES1): 398.2. HPLC (Condition A), R: 3.5 mn (HPLC
purity: 99.1 9% . 5 Exanple 7538

(2S. 3S) - Na-cl i hydr oxv-5-net hvl - 3- (1( 2R) - 2- net hyl - 4- 15-

rjf r V@150 i i
08 GAESOIRRIIEL0), of LRI syl Singd Y ol eie
Iﬁethlf-lp&ltaﬁd@ apitl. (150Nmg, $)65NmitholOpraiz8) acthuelintg 1d VO 94/02447 or

SRTRS B R SRR £ SPMhaTy Gt PP T 533D but starting from
dlﬁEi)roﬁﬂr(Ri;J(mLmala{e;S i irﬂlwﬁllou_@ DURE (NS MDY érdiaddedt BIHA(PSIUL, 0.69

azine. Purification by reverse-phase chromatography

yaeb, ﬂmdnokyﬂeazwaamt@@zqks (89 msi 9é5 pomndb Fluke) (aE@;rﬂ)loro -N,N, N’ N°-

?t%éf ur| %ﬁmﬁé‘ggﬁ%aﬁﬁ%p%ﬁ%}aé@g @g, d¥s &m&, rrMllnch). The

r(aél:lﬂpﬁ Bixtrdreay stiredd, a2 - i °Byfdr 0% wrid -and at RT (fér 1L 4; then cddledat 0°C. A

1toh0),<ﬂi)| N}i? g'lf:rg‘\{ E 4foxa 1%,%0? 3|—y13/p|1;|)e?gziﬁ::na@3%e 1(1176) 007'% mmol,
Intermediate 11 parent form) and DIEA (115 pL, 0.69 mmol) in anhydrous DCM (1 mL)
was added. The reaction mixture was stirred for 5 hours at RT and then poured on a silica
column (wet with c-Hex/EtOAc 4:1). Purification was performed with a gradient
cHex/EtOAc 4:1 to c-Hex/EtOAc 3:1 to give 120 mg (42%) of the title compound as a
white powder. HPLC, Rt: 4.5 min (purity: 100%). LC/MS, M (EST): 443.3.

Step b) Formation of (2R,3S)-N, 2-dihydroxy-5-methyl-3-{[4-(5-phenyl-1,2,4-oxadiazol-3-
yl)piperazin-1-yl]carbonyl}hexanamide (58)

The title product was prepared following the procedure of Example 14 (step b) but starting
from (5R)-2,2-dimethyl-5-((15)-3-methyl-1-{[4-(5-phenyl-1,2,4-0xadiazol-3-yl)-1-pipera-
zinyl]carbonyl}butyl)-1,3-dioxolan4-one. Purification by reverse-phase chromatography
gave the title product as a white powder. M(ESI): 416.2; M'(ESI): 418.3. HPLC
(Condition A): Rt: 3.1 min (HPLC purity: 99.3%).

yl)piperazin-1-yl]carbonylthexanamide (57)

.

HO N
H

OHO

(57
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(76) The title conmpound was prepared follow ng the
procedure of Exanple 4 (step a and b), but starting
from 1-0-(trifluoronethoxy)phenyl Thi perazi ne.
Purification by reverse-phase chromatography gave the
title product as a white powder (yield 63%. MESI):
466.0; 20 Ne(ESl). 467.9. HPLC (Condition A), R: 3.4
mn (HPLC purity: 99.7 %9. 149 Exanple 77:

(28, 38) - 3-benzyl - N, 2-cli hydr azy- 4-f (2R) - 2- net hvl - 4- 14-
(trifluoro

'ﬂ?ﬁl L&MW %pg?é'dai%h@w Wg\{ﬁ‘)e ?ro%éﬁﬂé‘%?%l??ig%ﬁ‘ng z%tﬁpea and b) but

he t ound epar ed
Sflnrtmgﬁ'ume(flﬂf) 3Enah]dl-b(54pl(e$lyb]pymhl&ﬂdll)lq)lperbzine Pusifimatiannlgy reverse-

Ithﬁ?-?) chgomatpgranhy, gave the {ils Produchas goviedosor MIERN:a4A%3 M “(BSI:
441 by siPo.chlCondidien Aﬁmu b Beahi([ERLOYuFeN 97 8¢5 phase

chromat ogr aphy gave the title product as a slightly
p| nk solid (yi eI d 27% I\/(ESI) 480. 3; 19%H( ESl)

10K pienginnathly Reorpeitose $8pxo- 4- 14- 14- (tri fl uor
omet hoxv) phenvl | pi pera2| n- h*ll but anam de (78) 0

HO- NYIN s) HOH 0 (78) Thetl e conpound was
prepared followi ng the procedure of arrpl e 4 (step a
and b), but o

Step a) Formation of 3-[(4-biphenyl-4-ylpiperazin-1-yl)carbonyl]-3,4-dideoxy-1,2-O-(1-
methylethylidene)-5-O-(phenylmethyl)-L-threo-pentonic acid

7 oC

o N
2y

The title product was prepared following the procedure of Example 4 (step a) but starting
from 5-O-benzyl-3-carboxy-3,4-dideoxy-1,2-0O-(1-methylethylidene)-L-threo-pentonic acid
(327 mg, 1.06 mmol, Intermediate 13). Purification by chromatography on silicagel
EtOAc/c-hex (20/80) for 5 min up to 50/50 in 20 min gave a the title product as a colorlees
oil (300 mg, 54%). M'(ESI): 529.4. HPLC (Condition A): Rt: 4.9 min (HPLC purity:
90.7%).
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starting from1

[4-(trifluoronethoxy)phenyl]pi perazine. Purification
by reverse-phase 15 chronat ography gave the title
product as a white powder (yield 46%. MER): 375.2;
MES1): 377.4. HPLC (Condition A), Rt: 2.6 mn (HPLC
purity: 97.0 %9. 150 Exanple 79:

(28) - Na- di hydr oxy- 3-net hyl - 4-f (2R) - 2- et hyl - 444- (tri fl
uor onmet hoxv) phenvl | pi perazi n4d- vl | - 4- oxobut anam de
(79) (79) The title conpound was prepared foll ow ng

SEDERHEIN b DLt ARSI 5B Py Dby - D tidRory-1-

ting
(hdroxyrantika) o O@hmmwﬁbh-yhr]eqait)pe‘oazi ne. Purification

h h h ti
g RirRis) Bar RSeirtanoner O atBGr doiled g PERY saring
ﬂcﬂ%ﬁ [(ME@EénylﬁlOﬂpi%eraZlﬁHSjﬂ)caﬂﬁﬂ@]«'S éﬂ-dlﬁb&ny,D-lﬂ)i(lt-m@thyl‘é)hyhdene)
m 11PLC purity; 99,6 . 10 Exanpl e, 80

S(Qa(phmyheethnlwﬁslre@ r{entpnﬂ 6o dﬁ% eWMPWﬁzatwm Byl peysEse-phase

?&gze{l%éraf!ﬂé) %_a%rtﬂ@ﬂ%lﬂp%dﬁctddsrb)/%@}io@dé”r'%?%r_é; ?225? ?lgﬂn(@g ): 502.1;
M)(ESH)15042 HPLC (Condition A): Rt: 3.6 min (HPLC purity: 94.1%).
S)-1-([(2R) - 4- (41-fl uorobi phenyl-4-yl)-2-methyl pi peraz
in-1 -
Brangsle 89112 R)383-30E 4154 Auyrophényl)-1i] liazbl-B-vllpipepidani-

4-one
I}carbonyl)-N.2-dihydroxy-5-methylhexanamide (59)

N

P L g
SO

OH
(59)
The title product was prepared following the procedure of Example 14 (step a and b) but
starting from 4-[5-(4-fluorophenyl)-1,3,4-oxadiazol-2-yl Jpiperidine (Peakdale). Purification
by reverse-phase chromatography gave the title product as a white powder. M (ESI): 433.3;
M(ESI): 435.3. HPLC (Condition A): Rt: 2.7 min (HPLC purity: 97.8%).

Example 60: (2R,3S)-3-{[4-(4-fluorophenyl)-3.6-dihydropyridin-1(2H)-yl]carbonyl}-

N.2-dihydroxy-5-methylhexanamide (60)

(60)
The title product was prepared following the procedure of Example 56 (step a and b) but
starting from 4-(4-fluorophenyl)-1,2,3,6-tetrahydropyridine hydrochloride (Acros).
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Ohn-rt )s--O 151 The title conpound was prepared
followi ng the procedure of Exanple 4 (step a) but
starting from

(3R)-1- (4" -fluorobi phenyl-4-y1)-3-nethyl pi perazine.
The crude product (m xture of 2 diastereoi sonmer) was
purified by chromatography (Si 02, 20/80 i Pr20/c-hex)
to give the title conmpound as a single diastereoi somer
(219% . 11PLC (Condition A), Asr 5.2 5mn (11PLC
purity: 100 0/0). Ise(ESI): 483.6. Step b) Formation

quléicgtécsn bg f?[e(‘rief_\)sahaje fﬁrfmfa o ra hg ga¥]e the t1t12 proﬂuct as a w]'hltei %deer M
(E8bha2612; MYESBI): 365.2. HPLC (Condltlon A) Rt 3.2 min (HPLC purity: 99.4%).
car bonyl ) - N2- di hydr oxy- 5- net hyl hexanam de 10To a

suspensi on of

Kxample 61 { N,2d dx-8-rdet AL R it avit3 X ih-12H)-

pI perazin-1-
ﬁw&h&wﬂuﬁw buty1) - 2, 2- di net hyl - 1, 3- di oxol an-

4-one (230 ng, 0.48 mmol, 1.0 eq) in e n1xture of
iProH (4 nl) and THE (4nl) was adde50% aq.
sol uti on hydroxyl am ne (&. 08 ~43-mmol, 3.0 eq)
The reaction m xtur gas strrru at rt for 8h.
Evaporation of the so Ven e a white solid. This
product was washed wi t h 20)(2x) 15 filtered and
dri ed under vacuumto glve the title conmpound as a
white powder (89% . TV1- (ESh) 456 3; Isr(ESl):

'é15f>8' féogrl)él%t(' g, %ge%grlfd foﬁ]ow&lg the procedure oan)Qn{q?llé g6 (step a)g,nd b) but
I I ?@onﬁ 2{phéD1;243 64etﬁih|9@ﬁé¥gxﬁkﬁﬁé’ ) dréchIBEidy k&d:r@@r ®atification by
-y

ear bonyl I'N, 2-di hydr oxv met hvl hexanam de_(

reyfres-paes ehromatography @a&«b tsditledpraguct gp @p‘am&jpcf‘mqrdw) (F8D: 345.2;
f@sﬁ’f 9 %ﬁ@(c&?&ﬂ{m'ﬁ RO 3 ShEPEPIRNSurkty- 9ddsk).

(3R) - 1- (4 ethoxyphenyl) 3- nethylplpera2|ne
h

(62)
The title product was prepared following the procedure of Example 14 (step a and b) but
starting from 1-(pyridin-4-yl-[1,2 ,4Joxadiazol-3-yl)-piperazine dihydrochloride
(Intermediate 12). Purification by reverse-phase chromatography gave the title product as
a white powder. M"(ESI): 417.2; M"(ESI): 419.2. HPLC (Condition A): Rt: 1.9 min (HPLC
purity: 100%).



152 Exanple 82: (25, 3S)-3-{

[(2R)-4- (3, 4-clinmet hoxyphenyl) - 2- net hyl pi perazi n-1-yl |
ear bonvl | - N2- di hydr oxv- 5- net hyl hexanam de (82) (82)
The title conpound was prepared follow ng the
procedure of Exanple 80 (step a and b), 5 but starting
from (3R)-1-(3, 4-di met hoxyphenyl) - 3- net hyl pi per azi ne.
Purification by reverse-phase chromatography gave the
title product as a white soliiee MESI): 422. 4,
IVI(ESI) 424, 4 1-1PLC (Condi tion A) Rt: 2.1 mn

9 -Samth lhl:ﬂa v(63p| pera2| -1
-vl'l earbonvl ) hexanam de (83) HO N)L-r-

The title conmpound was prepared fol Vi ng the
procedure of Exanple 80, (st 3~-and

from
(3R) - 3- net hyl - 144- (rreN y yI") phenyl ] pi per azi ne.
Purification by rever He- as(e chr omat ogr aphy gave the

title product as a white sol{g M ESI): 440. 4;

15(ESI): 4422. 1-1PLC (Condititon A), Rt: 2.4 mn
The-titReZoguct intay prepared Blowind Ba&: procedure of Example 56 (step a and b) but

5 starting from 4-(4-chlorophenyl)-1,2,3,6-tetrahydropyridine hydrochloride (Aldrich).

Oz

Purification by reverse-phase chromatography gave the title product as a white powder. M
(ESI): 379.3; M'(ESI): 381.2. HPLC (Condition A): Rt: 3.4 min (HPLC purity: 99.2%).

Example 64: (2S5,3R)-6-(4-ethoxyphenyl)-N.2-dihydroxy-3-({4-[2-(2-thienyl)ethyl
10  piperazin-1-yl}carbonyl)hexanamide (64)

\/O

(64)
Step a) Formation of (5S)-5-[(1R)-4-(4-ethoxyphenyl)-1-({4-[2-(2-thienyl)ethyl]-1-
piperazinyl}carbonyl)butyl]-2,2-dimethyl-1,3-dioxolan-4-one

15
To a cold solution (0°C) of (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-5-(4-
ethoxyphenyl)pentanoic acid (150 mg, 0.45 mmol, intermediate 2) in anhydrous DCM (3
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Exanpl e 84:

(25, 35)-N, 2-cli hydroxv-341(2R)-446- met hoxy- 2- napht hyl )
- 2-nmet hyl pi perazin-1-vl | carbonvl 1-5- et hi rl hexanam de
(84) The title conpound was prepared follow ng the
procedure of Exanple 80 (step a and b), 5 but starting
from (3R)-1-(6-net hoxy-2-napht hyl) - 3- et hyl pi per azi ne.
Purification by reverse-phase chromatography gave the
title product as a white powdey. M (ESI): 442.5;
IVI(ESI): 444.5. 11PLC (Condition A, R: 3.3 mn

55 G A0 D oty o 375 SR S ) Bpemal g Y ppmety

fptrparpidindgrh hedddyibtophésphate (130 mg, 0.49 mmol, Aldrich). The reaction mixture

%}fsgggx e%%’ﬁl ‘%hgé Qfﬁu? |r )é'\&/@:ﬁ%‘l-}ﬂ%gbg?( @1.1 WL%% (Iﬁg%rﬁ%% &%6 mg, 049
hingl, BnaGesishend DIEsa®e! 8., 37 3hRD iR aAiréls DEME (1 mL) was added.

starting from
TI&R)aacI}o{l m&ﬂud)wa&sﬁrwdafm 3B hydrs phBangl -t8nrpeuted| qui pslicez¢atumn (30

st Wik QO 1L PUTHATRR VSl RREY 8y Sk moAc 41

td\ Q(EE&I/ ECtDAébSDI $n 30 nﬁlll,@ él@@ mdl frlgC(M%) of ﬁiﬁa t1tlé .cdm@biihd as a colourless
-1PLC purit
125/1 RIS 2 1% W;ﬁé} ék§f45HWe‘t3,rRiF 3 é n{ﬂ[lmtyzwn%@hyl 4- (4
- propoxyphenyl ) pi perazin-I-vllearbonvlihexanam de
86
.Sgtep g) Formation of (28, 3R)-6-(4-ethoxyphenyl)-N,2-dihydroxy-3-({4-[2-(2-thienyl)ethyl]

piperazin-1-yl}carbonyl)hexanamide (66)

To a solution of (5S)-5-[(1R)-4-(4-cthoxyphenyl)-1-({4-[2-(2-thienyl)ethyl]-1-piperazinyl}
carbonyl)butyl]-2,2-dimethyl-1,3-dioxolan-4-one (101 mg, 0.20 mmol) in iPrOH (3 mL)
was added a 50% aqueous solution of hydroxylamine (60 1L) and the resulting mixture was
stirred at RT for 1 hour. Then water (12 mL) was added and the resulting mixture was
purified by reverse-phase chromatography (using a mixture of water and iPrOH with a ratio
from 4:1 to 1:1 as eluent) to give 40 mg (42%) of the title compound as a white powder. M
(ESI): 488.4; M'(ESI): 490.4. HPLC, Rt: 2.5 min (purity: 97.0%).

Example 65: (2S.3R)-3-[(4-cyclohexylpiperazin-1-yl)carbonyl]-6-(4-ethoxyphenyl)-

N.2-dihydroxyhexanamide (65)
~o_ o

The title product was prepared following the procedure of Example 64 (step a and b) but
starting from 1-cyclohexylpiperazine (Spectrum). Purification by reverse-phase
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O HO NLr HOH O (86) The title conmpound was prepared
follow ng the procedure of Exanple 80 (step a and b),
5 but starting from

(3R) - 3-net hyl - 1- (4- propoxyphenyl ) pi per azi ne.
Purification by reverse-phase chromatography gave the
title product as a white powder. M (ESI): 420.5;

M EST): 422.5. TIPLC (Condition A), R: 2.8 mn
(1-1PLC purity: 98.1 %. 1&xanpl e 87:

(25.3S) - Na-cl i hydroxv-5-net hvl -34{(2R) - 2- net hvl - 4- 14- (

SHEuPREATERL o o0 prpdct s i pandor MCESR, 1603, (BSD: 4623
HHRE-C KCMiditiohA )} R 2.3 HirOHRLG ﬁlﬂ’)tyﬂwo/ﬁ)l tle conpound was

prepared follow ng the procedure of Exanple 80 (step a
and b), but starting from

Kx3mipld 66ER2BBR)-6L@=dthésyph AP B AR e dPddyeehyl
urification by reverse-phase chronmatography gave the
Ripenidind-yigarbonydthexapamide ¢fder . M ER): 430.4; 15

MES1): 432.4. TIPLC eCo
(1-[PLC purity: 99.3 % 55 Exanple 88: (25,3S)-3-{
[ (2R) - 4- (4-tert-butyl ph - 2-net hyl piBérazin-1-vli
ear bonvl | - N, 2-di hydr oxv-5-net hyl hexanam de (88)

0

ition A, R: 3.7 mn

(66)
The title product was prepared following the procedure of Example 64 (step a and b) but

starting from 4-piperidineethanol (Aldrich). Purification by reverse-phase chromatography
gave the title product as a white powder. M (ESI): 421.2; M'(ESI): 423.3. HPLC
(Condition A): Rt: 2.5 min (HPLC purity: 78.8%).

Example 67: (25,3R)-6-(4-ethoxyphenyl)-3-{[4-(4-fluorophenyl)piperidin-1-
carbonyl}-N.2-dihydroxyhexanamide (67)

\/O

()]

The title product was prepared following the procedure of Example 64 (step a and b) but
starting from 4-(4-fluorophenyl)piperidine hydrochloride (Arch). Crystallization from the
reaction mixture followed by filtration and washing with water gave the title product as a
white powder. M(ESI): 471.4; M'(ESI): 473.4. HPLC (Condition A): Rt: 3.7 min (HPLC
purity: 99.7%).
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OEN N HO NYThf H OH O (88) The title conmpound was
prepared foll ow ng the procedure of Exanple 4 (step a
and b), but 5 starting from
(3R)-1-(4-tert-butyl phenyl) - 3-net hyl pi perazi ne.
Purification by reverse-phase chromatography gave the
title product as a white solid (yield 33%. M ESO
418.4; |IVE(ESI): 420.5. HPLC (Condition A), R: 3.5
mn (14PLC purity: 98.7 % . 145 Exanple 89:
(2S.39)-3-11(2R) - 4- (5-fl uoropyri m di n- 2-v1) - 2- nethvlm
5 . | . lipe

ﬂ&arbmﬂhexaﬁamule (68) NN ") 7Nl ) HO- N:
H= OH 0 (89) Step a) Fornatlon of (55)-541 S)-1-(

[(2R)-4- (5-fluoropyrimdin-2-yl)-2-nethyl pi perazi nl

-yl
car bonyl}- 3- et hyl bui y1) - 2, 2-d
ne

yl -1, 3-di oxol an-4-o0

(68)

The title product was prepared following the procedure of Example 64 (step a and b) but
starting from (2R)-2-[(45)-2,2-dimethyl-5-ox0-1,3-dioxolan-4-yl]-5-(4-methoxyphenyl)
pentanoic acid (prepared following the procedure of Intermediate 2 but using 4-
bromoanisole in step b) and 4-propylpiperidine (Aldrich). Purification by reverse-phase
chromatography gave the title product as a yellow powder. M (ESI): 405.4; M'(ESI): 407.4.
HPLC (Condition A): Rt: 3.6 min (HPLC purity: 94.9%).

(69)

The title compound was prepared following the procedure of Example 4 (step a and b), but
starting from 1-(2-fluorophenyl)piperazine. Purification by reverse-phase chromatography
gave the title product as a light pink powder. M (ESI): 366.2; M'(ESI): 368.4. HPLC
(Condition A), Rt: 2.7 min (HPLC purity: 95.1 %).
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The title conpound was prepared follow ng the
procedure of Exanple 4 (step a), but 15 starting from
(2R)-2-[(4S)-2, 2-di met hyl-5-oxo0-1, 3-di oxol an-4-y1]-4-m
et hyl pentanoi c acid and

5-fluoro-2-[(3R)-3-nethyl pi perazin-1 -yl]pyrimdine.
The crude was purified by chromatography on silica
using a gradient of EtOAc: cHcx (0/10 to 4/6). The
title conpound was isolated as a yellow oil (413 ny,
5% TLC ( Et OAc: cI|ex 3:7) Rf= 0.25; NWR (DI\/SOdG)

% ..j, diazol-3-

ipéiadin-1- xananmdA 7(th 4. 26 mn (HPLC pur| ty
: 96.1% . LCO Ms: Ise(ESI): 409.6. Step b)
Formati on of g
(2S,39)-3-([(2R) - 4(5f|uoropyr|md|n y1) - 2- net hyl pi
perazin-1- 5 vyi
car bonyl | - N, 2- di hydr oxy- 5- %f_hyl he anajrn de The title
conmpound was prepared fcoII plr ocedure of

Exanple 4 (step b) |-tmt f om5
- Ruoro-2-[ (3R) - 3math|p| er zin-1 -yl]pyrimdine.
Purification by reverse- s@ chromat ogr aphy gave the

title product as a white powde(’ HPLC (Condition A)
%}%t%:c%ﬁo@é v:;rflg%‘;ge%éd f’oiilloévin]gqgg/%rocé‘ﬂrm E;;l%ﬁle )4:(step a and b), but
fattng f%]onN 1%[—56(i2hh1éhﬁ)(-\1 254-o%idinebl- %ylljﬁlljalatﬁkma maé hitle- é%&ﬂp(mnd was
PR B GO ITRUCT TS et aa S0 AL W B P e BRD Sy M (ESD:
4oy, HP‘E@G(@'éﬁ&uGﬁ AR@pbenitt (pL.epuAnAddsl}). but 15

starting from
(3R) - 3- net hyI 1-(4- propyl phenyl)pl pera2| ne.

ﬁrBhn K -|5emet/h ei&nalﬁd ('m)n' ( HPLC pur| y:

90.8 9. Exarrpl e 91:
(2S, 3S) - 3- (evel opent yl net hvb- N, 2- di G- 4- {(2R)-2-m

ethyl - 4-14- 20

(trffluoromet hondphenvly pi perﬁ 1-M1- 4- oxobut anami de
(91) FF 157 HO< NN

H on o
a1

The title compound was prepared following the procedure of Example 4 (step a and b), but

starting from (3R)-1-(5-chloropyridin-2-yl)-3-methylpiperazine hydrobromide and DIEA.

Purification by reverse-phase chromatography gave the title product as a white solid. M~

(ESI): 397.2; M'(ESI): 399.2. HPLC (Condition A), Rt: 1.9 min (HPLC purity: 99.8 %).
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15

The title conpound was prepared follow ng the
procedure of Exanple 80 (step a and b), but starting
from

(3R)-3-nethyl-144-(trifl uoronet hoxy) phenyl ] pi perazi ne.
Purification by reverse-phase chromatography gave the
title product as a white solid. MESI): 472.4;
IVI(ES1): 474.5. HPLC (Condition A), Rt: 4.1 mn (HPLC
purity: 98.6 % . 5 Exanple 937

(2S.3S)-3-111214)-4- (2. 3-cl i hydro- 1- benzof uran-5-v11-2

XTI 78! BR 23.13074.Y4 RAidih2N1yigh ONYcarn SN 21

10 but starting from
(3R)-1-(2, 3-di hydro-1-benzof uran-5-
ine. Purification by rey,lr\se-

the title product as aQwhite id. WESI): 404. 4;

1VI (ES1): 406.5. HBRC N A, R: 2.0 mn (HPLC
purity: 99.8 9. EManghe $3:

(2S,39)-3-{1(2R) - 4- (13- benzodi ox% -5-y1) - 2- net hvl pi per
azin-1 15 earbonvll-N, 2-di hydr J&A- 5- et hyl hexanam de

TR tLcdMpothll whls pHéptdd® féﬁcﬁ’)ingmlfé protddRre SMPRUAIeIAS(step a and b),
prepared follow ng the procedure of Exanple 8 step a

bahd stantingp rony t bn(3-chigropyadin-2-yDpiperazine. Purification by reverse-phase

Bihadishgye0E e IcBdcp s d hnfls Boick RHE@RIEEES, M (R 385.2.
HPLC 6CqrditincA), RS 127 wivi (HPLLOpurily: M ER)) © 406. 3: 20

M ESI): 408.3. HPLC (Condition A), R: 2.5 nmin (HPLC
purity: 99.8 9%.

Example 73: (2R.38)-3-{[4-(5-bromopvridin-2-yl)piperazin-1-vl]jcarbonyl}-N.2-

dihydroxy-5-methylhexanamide (73)

AN

OH
3)

The title compound was prepared following the procedure of Example 14 (step a and b),
but starting from 1-(5-bromopyridin-2-yl)piperazine. Purification by reverse-phase
chromatography gave the title product as a white solid. M (ESI): 427.0; M'(ESI): 429.2.
HPLC (Condition A), Rt: 1.8 min (HPLC purity: 100 %).

Example 74: (2S.38)-3-{[(2R)-4-(4-chlorophenyl)-2-methylpiperazin-1-yljcarbonyl}-

N.2-dihydroxy-5-methylhexanamide (74)

O\K o /©/0|
O\NMN\)

H

H

OH O
)
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158 Exanple 94: (25,38)-N, 2-clihydroxy-3-f

[ (2R) - 444- met hoxyphenyl ) - 2- net hyl pi perazinl -vl | car bonv
11-5-nethirl hexanam de (94) 0 HONrNiH OH 0 (94) The
title conpound was prepared follow ng the procedure of
Exanple 80 (step a and b), 5 but starting from

(3R) - 1- (4- net hoxyphenyl) - 3- net hyl pi per azi ne.
Purification by reverse-phase chromatography gave the
title product as a white solilgg MER): 392.4; |V(ESI):
394.4. |1 PLC (Condition A), Rt: 2.1 min (14PLC purity:

Tt didpmgpn AR olowing by ppcsys afExpmple f fog 2 e . bus

star(mg iffoinu G3R)- 1‘I_-04—chloropheny1) 3—methy1p1peraz1ne Purification by reverse-phase

t hybsul I I h [ I j
FRlsBrie g G prodicl 5] § e et GRD: sPEARERSD: 3082
HELLC quénditidn), RE:GCEahid @IRIC fucapidel &). (step a and b),
but starting from(3R)-3 -nmethyl-1 -14 -[(trill
uor onmet hypsul fonyl i phenyl } piperazine. Purification by

ELM001E 95 Nhi-ﬁ ﬁ&ﬂlﬁﬁometh I

Thefol I ovv| ng exan‘pl es 96 106 wer e prtfzpared accordl ng

to the nmethod described in Exanple ting
respectively from N| F
(3R) - 1-(4' - met hoxybi phgnyd- 4-x T3> hyl pi per azi ne,

(3R) - 1-(4-cycl ohexyd ph ny - 3. 20net hyl pi per azi ne,
(3R) - 1-(1-benzofi traH-S 1)} 3- et hyl pi per azi ne,
(3R -1-(2,2-difluoro-~ OH O

(75)
The title compound was prepared following the procedure of Example 4 (step a and b), but
starting from (3R)-3-methyl-1-[5-(trifluoromethyl)pyridin-2-yl]piperazine. Purification by
reverse-phase chromatography gave the title product as a white powder. M (ESI): 431.3;
M'(ESI): 433.3. HPLC (Condition A), Rt: 2.8 min (HPLC purity: 96.5 %).

Example 76: (2R.3S)-3-benzyl-N.2-dihydroxy-4-o0x0-4-{4-[4-(trifluoromethox

phenyl]piperazin-1-yltbutanamide (76)
F
Oﬁ/F
;) :NQ
A N
HO- J

H OH O
(76)

The title compound was prepared following the procedure of Example 4 (step a and b), but
starting from 1-[4-(trifluoromethoxy)phenyl]piperazine. Purification by reverse-phase
chromatography gave the title product as a white powder (yield 63%). M(ESI): 466.0;
M*(ESI): 467.9. HPLC (Condition A), Rt: 3.4 min (HPLC purity: 99.7 %).
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159 1, 3- benzodi oxol - 5-y1) - 3- ntt hyl pi perazi ne,
(3R)-1-(3 -fluoro-4-rnethoxyphcnyl)-3 -nethyl

pi per azi ne,

(3R) - 1-(3-fluoro-4-isopropoxyphcnyl) - 3-ntt hyl pi perazin
e, (3R)-143-fl uoro-4-

(trifluoronethoxy)phenyl] - 3-nethyl pi perazi ne, 3
-[ (3R) - 3- net hyl pi perazin- 1 -yl]quinoline,
(3R) -3-nethyl - -(4-nethyl phemgll ) pi perazine, (3R -1

-(3- nethoxyphenyl) 3 -nethyl 5 piperazinc and

X Zi'— Htrifluoro

ahoSAph serazinylowi-4xabiap@nide¢AT)- et hoxybi phenvl -
4-vl)-2-met hvl F

pi perazin-1-vllearbonvll-5 thiT ide (96) (96)

i o Exanpl e 97: £

25, 3S1- 3-1112141444- cyel oHe R - 2- et hyl pi per azi

n- 1- 0lcar bonvl | - N, 2-gi hydr oxv- %- met hyl hexanam de (97)

o HO N) LW H= OH Q69¢) “Exampl g 98:

(2S, 3S)-3-{112R) - 4- (H- b@mzof ur'an- 5- v1) - 2- et hvl pi per az

i n-hvl | earbonyl | -N,2-di|mdrox&-5-nethylhexananide

(98) 15(98) 160 Exanple 99: 7
i}%iltﬁ%bm%oﬁﬂd Wi prépdred R118WilgURE Probatups SERE e l4- wl)and b), but
2- et hyl pi pera2|n1 vl | earbonvl11l-N. 2-clih droxv 5 net hy
starine n dé3I{Ebpe@ybiiﬁétr}ﬂﬂoromethoxy)phenyl piperazine dihydrochloride.
Purification by reverse-phase chromatography gave the title product as a slightly pink solid
(yield 27%). M(ESI): 480.3; M'(ESI): 482.2. HPLC (Condition A), Rt: 3.8 min (HPLC
purity: 100 %).

Example 78: (2R.38)-N.2-dihydroxy-3-methyl-4-0x0-4-§{4-[4-(trifluoromethox

phenyllpiperazin-1-yl}butanamide (78)

N
OH O

HO-N

H
(78)

The title compound was prepared following the procedure of Example 4 (step a and b), but

starting from 1-[4-(trifluoromethoxy)phenyl]piperazine. Purification by reverse-phase

chromatography gave the title product as a white powder (yield 46%). M(ESI): 375.2;

M'(ESI): 3774. HPLC (Condition A), Rt: 2.6 min (HPLC purity: 97.0 %).
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15

HO - NJL-hi N OH 0(99) Exanpl e 100: (2S, 3S)-3-{

I (2R) - 4(3-fl uoro-4- et hoxvphenyl) - 2- net hvl pi perazin-1-
5 vl I earbonyl | -N, 2-di hvdr oxv- 5- net hvl hexanam de (100)
OCN HO,NiN,f) H= OHO (100) Exanple 101:

(2S, 35)-3-1112R) - 4- (3-fl uor o- 4-i sopr opoxyphenvl) - 2- net
hyl pi perazin-1- vl

car bonyl | - N, 2- di hydr oxv- 5- et hyl hexanam de (101) 0 HO
N:. H= OHO (101) 10 Exanple 1Q%o
(2S3S)-34{(211)-4-13-fluoro-4-(trifluoronethoxy)phenvl

N
o
H OH O

79

The title compound was prepared following the procedure of Example 4 (step a and b), but
starting from (3R)-3-methyl-1-[4-(trifluoromethoxy)phenyl]piperazine. Purification by
reverse-phase chromatography gave the title product (mixture of diastercoisomers) as a
white powder (yield 74%). M (ESI): 404.3; M'(ESI): 406.3. HPLC (Condition A), Rt: 3.0
min (HPLC purity: 99.6 %).

Example 80: (25.35)-3-{[(2R)-4-(4'-fluorobiphenyl-4-yl)-2-methylpiperazin-1-yl]
carbonyl}-N.2-dihydroxy-5-methylhexanamide (80)

o foNF

HO‘N :
H OH O
(80)

Step a) Formation of (58)-5-((1S)-1-{[(2R)-4-(4'-fluorobiphenyl-4-yl)-2-methylpiperazin-1-
yl]carbonyl}-3-methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one

o xQF

/)k:O O
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O HON N HE OH 0 (102) 161 Exanple 103:

(25,3S)-N, 2-clihydroxy-5-nethl4-3-11(2R)-2-net hl4-4-qu
i nolin-3-yl piverazin-1-141carbom | hexanam de (103) O
NHONi) HOHO0 (103) Exanpl e 104:

(2S, 3S) - N, 2-di hydr oxy-5-nmet hyl-3-1. 1(2R)-2-net hyl -4- (4
-met hvl phenyl) 5 piperazin-|-yllcarbonvl| hexanam de
(104) Exanpl e 105:

(2S, 3S) - 3-{k2R) - 445- chl or o- 24thi envl ) - 2- et hyl pi per azi
n-1-01 earbonvll - N, 2-di hydr oxy- 5- net hyl hexanam de (105

The title compound was prepared following the procedure of Example 4 (step a) but
starting from (3R)-1-(4'-fluorobiphenyl-4-yl)-3-methylpiperazine. The crude product
(mixture of 2 diasterecoisomer) was purified by chromatography (SiO,, 20/80 iPr,O/c-hex)
to give the title compound as a single diastereoisomer (21%). HPLC (Condition A), Rt: 5.2
min (HPLC purity: 100 %). M"(ESI): 483.6.

Step b) Formation of (28,3S)-3-{[(2R)-4-(4'-fluorobiphenyl-4-yl)-2-methylpiperazin-1-yl]
carbonyl}-N, 2-dihydroxy-5-methylhexanamide

To a suspension of (5S)-5-((1S)-1-{[(2R)-4-(4'-fluorobiphenyl-4-yl)-2-methylpiperazin-1-
yl]carbonyl}-3-methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one (230 mg, 0.48 mmol, 1.0 eq)
in a mixture of iPrOH (4 mL) and THF (4mL) was added a 50% aq. solution
hydroxylamine (0.08 mL, 1.43 mmol, 3.0 eq) . The reaction mixture was stirred at rt for 8h.
Evaporation of the solvent gave a white solid. This product was washed with iPr,O (2x),
filtered and dried under vacuum to give the title compound as a white powder (89%). M
(ESI): 456.3; M'(ESI): 458.4. HPLC (Condition A), Rt: 3.9 min (HPLC purity: 97.5 %).

Example 81: (28.35)-3-{[(2R)-4-(4-ethoxyphenyl)-2-methylpiperazin-1-yl]carbonyl}-
N.2-dihydroxy-5-methylhexanamide (81)

FNO
M Y

@1
The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-1-(4-ethoxyphenyl)-3-methylpiperazine. Purification by reverse-
phase chromatography gave the title product as a white solid. M (ESI): 406.4; M'(ESI):
408.4. HPLC (Condition A), Rt: 2.5 min (HPLC purity: 99.0 %).
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cl 10 HOON Hz OH 0 (105) Exanple 106:

(2S, 3S)-N, 2-di hydroxv-3-1112R) - 4- ( 3- net honpheny1) - 2- ne
t hyl piperazin-1-yllcarbonll-5-nethyl hexanam de (106)
(106) The foll ow ng exanpl es 107-114 can be
prepared according to the nethod described in 15 above
Exanpl es respectively from 162

(3R)-1-(4' - bronobi phenyl-4-y1) - 3-net hyl pi perazi nc, (3R)
-3-nmethyl-1 4442,2 ,2-trifluaso
ethoxy)phenyllplpera2|ne

L LLalM ot -
@ar N2-dhih xpiSome lhexinai q82)noline, (3R -1 -

* )
HO\H/H\?/&ig/N\rJ

OH
82

The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-1-(3,4-dimethoxyphenyl)-3-methylpiperazine. Purification by
reverse-phase chromatography gave the title product as a white solid. M (ESI): 422.4;
M'(ESI): 424.4. HPLC (Condition A), Rt: 2.1 min (HPLC purity: 100 %).

(83)

The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-3-methyl-1-[4-(methylsulfonyl)phenyl]piperazine. Purification by
reverse-phase chromatography gave the title product as a white solid. M (ESI): 440.4;
M(ESI): 442.2. HPLC (Condition A), Rt: 2.4 min (HPLC purity: 99.5 %).
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[3,5-bis(trifluoronethyl)phenyl]-3-nethyl pi perazi ne,

(3R)-3-nethyl-1 -[4-(1 ,3-oxazol-5 -yl) 5

phenyl ] pi perazi ne, and

N, N- di met hy1-4-[ (3R) - 3- net hyl pi perazin-1-yl]aniline

respectively. Exanple 107: (28, 38)-3-{

| (2R)-4(4' - bronobi phenvl-4-0)-2-net hyl pi perazin-1 -01

ear bonv1l1- N, 2- di hvdr oxy- 5- met hyl hexanani de; i o Exanpl e

108: 153

(28, 38) - N, 2-di hydr oxy-5-net hyl-3- (((2R) - 2- met hyl - 4- 14-
I

nel - rbonyl}-5-methylhexanamide (84)
(28, 38) -3-11(2R) - 444-tert - but oxvphenvl1l- 2- met hyl pi per a

zin-1-01 earbonvll-N, 2-dih droxy hyl _hexanam de;

15 Exanpl e 'ii

110: (28, 38) - N, 2- di hyw 4- i sopropoxvphen
nvll 5-

vl) - 2- et hyl
piperazin-l-vllearbﬁ
Exanpl e 111:
(28.38) - N, 2- di hydr oxv- 5 met hyl(sB 11( 2R) - 2- net hvl - 4- qui

noI|n 6-v1l 20 piperazin-1-yllearbonyl lhexanam de,
dit}s eompppnd was prepared following the procedure of Example 80 (step a and b),

ftﬁ%?ﬁé&l& P SRR P b RS AL i frcrion by
Ihﬁarm-‘lpi’msﬂ chroRatographyp Igavd 18 title product as a white powder. M'(ESI): 442.5;
]\%[2@’8@8%%4{;# %giq_é] (éjon%ﬁlon%&)nﬁ Igy31 rh?n_ (HP‘L@&%VB%%%B' 444-(

vl ) phenvl | pi perazin-I-vll earbonvl | hexanam de; Exanple
614 (%8 38)-3

Thexananlde

Q@?hylhexanan1de 163

the present
i nvention may be subjected to the fol

Exanpl e 115: Enzyne | nhi bi Elon AsSg

ng assays:
pounds of

the invention were tested Lo ass A
as inhibitors of MVRy1, MLvl P- 14 and

MWP-12. MWP-9 Assay Rrot coIN ounds of the
i nvention were Hﬂ@t d For ifbi tory activity agai nst
92kDa gel atinase H OH O

(85)
The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-1-[4-(1-benzofuran-3-yl)phenyl]-3-methylpiperazine. Purification by
reverse-phase chromatography gave the title product as a white powder. M (ESI): 478.5;
M'(ESI): 480.5. HPLC (Condition A), Rt: 4.1 min (HPLC purity: 98.8 %).
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10 (MWP-9) in an assay using a coumnarin-| abel ed

pepti de substrate, (7-nethoxycoumnarin-4-

yl )acetyl -Pro-Leu-d y-Leu- (342

, 4-di ni trophenylj-L-2,3di am nopropi onyl) - Al a- Ar g- NH2
(McaPLG.DpaAR) (Knight et al, FEBS Lett. 1992;

263- 266) . St ock solutions were nmade up as foll ows:

Assay Butter: 100 InM Tris-HCl pH 7.6 15 contai ni ng

100 mM NaCl, 10 InM CaCl2, ane4 0.05% Brij 35.

Substrate: 0.4 mM McaPLG.DpaAR (from Bachem

£l B3 NOEHins Al divi @ hekiy 150 ﬁfmx%@g%mm

I assday DUl LUl
@mmim—hgﬂtarbmm@ﬁnmeg%)atl nase (Mv1P-9; APMA
(4-am nophenyl nercuric acetate) -actgyated i f
necessary) appropriately d Iuted saybutter. 20
Test Conpounds were B epg ly as 10 niV
conmpound sol ution in 100@6 diluted to 1 mMin
100% DVBO, then geL| erd 3-fold in 100% DVSO
across colums 1- 1OHof mcrotitrc plate

Assay concentration range, 100pM (colum 1) to 5.1 nM
(colum 10). 25 The assay was@perforned in a total

i Ecaiposnd s PR ooring disbropesors ol fimaleMotsE5 a and b),
Huelstaetived froph @()A—lﬁ&thﬁﬁﬁ-@#p%biygihen e@aﬁﬁﬂeatP@nﬁcatlon by reverse-
i’ Ss

concentrations of test conpounds olved in 10 A

hipmatogrply eayvgdbe fide Prodiact apy vaigtepasrderdM BERE): tﬂ?&/ﬁRM "(BSD):
J Oo(ttg V(| p Y ol 164
‘g%égyy% H?ES ? éh%ﬁ%%g%gggé en co%cgﬁﬁratlon;nof

test conmpound were exami ned in duplicate. Contro

ipers Al 7z L ‘"-§?bd |nnEd|ater Wi th
an SLT Fluostar quoroneter (SL T Labignsgrunents GrbH,
Grodig, Austria) using 320 nm 5exci wi t hout
stopping the reaction. The feCtGE:§Tﬁ2 test conpound
was determ ned fromtige d sp n curve generated
by the 10 duplicate copnce s of inhibitor. The
| C50 (the concent rf+\n of onp und required to give a
50% decr ease in enzyre éﬂﬂl&lty) @@s obt ai ned by
fitting data to the 10 equati on, =a+ ((b-a [/ (1
Fhe(tﬂl@ecﬂh)p)ound Wag propbiclifolloring ¢y groesiutcosf Bxgraplei80ubep a and b),

dose; ose in ti M zero %

Buh rfr%ﬁn%g S‘i‘?m 23 ety (@uimw&hm%vﬁlpwﬁm@e— Ppgfication by
M@seLﬁﬁ@e cﬂ‘omafo%ra[ph? gab@ar%)uue;%dﬁ&%y |atwlﬁ?e9p6v@dé? dleﬁtﬁs;) 430.4;

one significant gure r ot ocol

Md#SH %%4 dfPIt(hécmdwmA)oRt et min iy ﬂ%ﬁw%bu tory
activity against netall oel astase (MW-12) in an assay
using a counarin-|abell ed peptide substrate,

(7- met hoxycounmari n- 4-

ypacetyl - Pro- Leu-d y- Leu- (342, 4di ni t rophenyl kL- 2, 3-di a
m nopr opi onyl) - Al a- Arg- NH2 (McaPLG.DpaAR) (Kni ght et
al, 1992, above). The protocol for this assay was as
descri bed for the MW-9 assay above. 20



10

15

20

MWP-1 Assay protocol Conpounds of the invention were
tested for inhibitory activity against coll agenase
(MW- 1) in an assay using a coumarin-|abelled peptide
substrate, (7-methoxycoumnarin-4-
ypacetyl - Pro-Leu-d y-Leu- (342 , 4-di ni trophenyl kL

-2, 3di am nopr opi onyl) - Al a- Arg-N112 25 (Ma PLG.DpaAR)
(Kni ght et al, 1992, above). The protocol for this
assay was as described for thes MVWP-9 assay above.

M MP- 14 Assay protocol Conpounds of the invention

Biityl géb#%-@%ﬂ@h !ﬂgﬁzlﬁ i

cauboyi -dihyd j27C) thexanamifle(®8)cet yl - Pro- Leu- 3 y-
165 Leu- (342 , 4-di nitrophcnyl kL
-2, 3di am nopr opi onyl) - Al a- Arg- N112
(Kni ght et al, 1992, above),. The p for this
assay was as described for assay above. 5

e
MVP- 2 Assay protocol npqundﬁﬁa the invention were
{Z o ai nst gel ati nase A

tested for inhibitory
ourtari n-1 abel | ed pepti de

PLGLD paAR)

(MW2) in an assayHQI gﬁg
substrate, (7- nethoxyco rtn-4- &1) acetyl-Pro -Le
u-dy-Leu- (342, 4- d|n|trophenyIkL

'%%eatg‘e%ﬂ'@gﬁ]’lm %%/re@r@d ﬁﬁlgwwgzth %@@?iﬁﬁgﬂ% 4 % Btnd b), but

stasting fram3R)- bé@tdrbbutﬂpbenvﬂf?» Methylpiperadioy @uﬂﬁcaéloné)we\tesse-phase

RiSniSRARL Ebel e’ B Bredhod SB M s R0 AR S 0rMRbsD: 4184

MOESY): 430.5. HFLE(ConditRanex) Re 31 miaPiPE. Clpdeiy:®8. 71 %),
conmpounds of Fornula (1) and in Table 2 bel ow for
conmpounds of Formula (VI). 15Table 1: 1C50 on

B anh Rk 894 2885 3- (s RYALES-AYFo gy rifiRiin -2 A2 -methylpiperazin-1-yl

carbonyl}-N,2-dihydroxy-5-methylhexanamide (89)

é;l\é r/\Njizer

39)
Step a) Formation of (5S)-5-((1S)-1-{[(2R)-4-(5-fluoropyrimidin-2-yl)-2-methylpiperazin-
1-yl]carbonyl}-3-methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one

The title compound was prepared following the procedure of Example 4 (step a), but
starting from (2R)-2-[(4S)-2,2-dimethyl-5-0x0-1,3-dioxolan-4-yl]-4-methylpentanoic acid
and 5-fluoro-2-[(3R)-3-methylpiperazin-1-yl]pyrimidine. The crude was purified by
chromatography on silica using a gradient of EtOAc: cHex (0/10 to 4/6). The title
compound was isolated as a yellow oil (413 mg, 75%). TLC (EtOAc: cHex 3:7) Rf=0.25;
'H NMR (DMSO-d6) §: 8.16 (s, 2H), 4.85-5.0 (m, 0.6H), 4.41-4.52 (m, 3.4H), 4.23 (m,
0.4H), 3.46-3.67 (m, 0.6H), 2.80-3.20 (m, 4H), 1.70-1.79 (m, 1H), 1.056 (m, 3H), 1.38 (s,
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MWP-2 1050 (nM MWP-9 1050 (nM 1VIMP-12 1050 (nM
Exanple 1 418 3 5 4 Exanple 2 876 17 7 103 Exanple 3
>5000 42

156

6H), 1.13-1.32 (m, 2H), 0.90 (m, 6H). HPLC (Condition A) Rt: 4.26 min (HPLC purity :
96.1%). LC/MS: M (ESI): 409.6.

Step b) Formation of (28,3S)-3-{[(2R)-4-(5-fluoropyrimidin-2-yl)-2-methylpiperazin-1-
yl]carbonyl}-N, 2-dihydroxy-5-methylhexanamide

The title compound was prepared following the procedure of Example 4 (step b) but
starting from 5-fluoro-2-[(3R)-3-methylpiperazin-1-yl]pyrimidine. Purification by reverse-
phase chromatography gave the title product as a white powder. HPLC (Condition A) Rt:
2.7 min (HPLC purity : 100%). LC/MS: M (ESI): 284.4.

piperazin-1-yljcarbonylthexanamide (90)

O\K ﬁNQ/v
HO\HJKE/E\(NJ

OH O
00

The title compound was prepared following the procedure of Example 4 (step a and b), but
starting from (3R)-3-methyl-1-(4-propylphenyl)piperazine. Purification by reverse-phase
chromatography gave the title product as a white solid. M (ESI): 404.4; M'(ESI): 406.4.
HPLC (Condition A), Rt: 3.2 min (HPLC purity: 90.8 %).

Example 91: (28,3S)-3-(cyclopentylmethyl)-N,2-dihydroxy-4-{(2R)-2-methyl-4-[4-

trifluoromethoxy)phenyl]piperazin-1-yl}-4-oxobutanamide (91)
F
F+F

SN es

o ! N

: N
0y AN
HHo o©

on
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285 31 Exanple 4 301 4 12 17 Exanple 6 >5000 8 22 20
Exanpl e 9 >5000 136 233 33 Exanple 14 >5000
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The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-3-methyl-1-[4-(trifluoromethoxy)phenyl]piperazine. Purification by
reverse-phase chromatography gave the title product as a white solid. M(ESI): 472.4;
M'(ESI): 474.5. HPLC (Condition A), Rt: 4.1 min (HPLC purity: 98.6 %).

Example 92: (28.385)-3-{[(2R)-4-(2.3-dihvdro-1-benzofuran-5-yI)-2-methyvlpiperazin-1-

llcarbonyl}-N.2-dihydroxy-5-methylhexanamide (92)

92)
The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-1-(2,3-dihydro-1-benzofuran-5-yl)-3-methylpiperazine. Purification
by reverse-phase chromatography gave the title product as a white solid. M (ESI): 404.4;
M'(ESI): 406.5. HPLC (Condition A), Rt: 2.0 min (HPLC purity: 99.8 %).

Example 93: (2S.385)-3-{[(2R)-4-(1.3-benzodioxol-5-y1)-2-methyvlpiperazin-1-vyl

93)
The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-1-(1,3-benzodioxol-5-yl)-3-methylpiperazine. Purification by
reverse-phase chromatography gave the title product as a white solid. M(ESI): 406.3;
M'(ESI): 408.3. HPLC (Condition A), Rt: 2.5 min (HPLC purity: 99.8 %).
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Example 94: (2S.3S)-N.2-dihydroxy-3-{[(2R)-4-(4-methoxyphenyl)-2-methylpiperazin-

1-yljcarbonyl}-5-methylhexanamide (94)
ISSes
HO‘N»\/Y \H
H OH O
94)
The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-1-(4-methoxyphenyl)-3-methylpiperazine. Purification by reverse-

phase chromatography gave the title product as a white solid. M (ESI): 392.4; M'(ESI):
394.4. HPLC (Condition A), Rt: 2.1 min (HPLC purity: 100 %).

methyl)sulfonyl]phenyl} piperazin-1-yl)carbonyllhexanamide (95)

. )/ a NQ 4

95)
The title compound was prepared following the procedure of Example 80 (step a and b),
but starting from (3R)-3-methyl-1-{4-[(trifluoromethyl)sulfonyl]phenyl}piperazine.

Purification by reverse-phase chromatography gave the title product as a white solid. M~
(ESI): 494.4; M'(ESI): 496.4. HPLC (Condition A), Rt: 3.6 min (HPLC purity: 98.2 %).

The following examples 96-106 were prepared according to the method described in
Example 4 starting respectively from:
(3R)-1-(4-methoxybiphenyl-4-yl)-3-methylpiperazine, (3R)-1-(4-cyclohexylphenyl)-3-
methylpiperazine, (3R)-1-(1-benzofuran-5-yl)-3-methylpiperazine, (3R)-1-(2,2-difluoro-
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1,3-benzodioxol-5-yl)-3-methylpiperazine, (3 R)-1-(3-fluoro-4-methoxyphenyl)-3-methyl
piperazine, (3R)-1-(3-fluoro-4-isopropoxyphenyl)-3-methylpiperazine, (3 R)-1-[3-fluoro-4-
(trifluoromethoxy)phenyl]-3-methylpiperazine, 3-[(3 R)-3-methylpiperazin-1-yllquinoline,
(3R)-3-methyl-1-(4-methylphenyl)piperazine, (3R)-1-(3-methoxyphenyl)-3-methyl
piperazine and (3 R)-1-(5-chloro-2-thienyl)-3-methylpiperazine respectively.

Example 96: (2S.3S)-N.2-dihydroxy-3-{[(2R)-4-(4'-methoxybiphenyl-4-y1)-2-methyl

piperazin-1-yljcarbonyl}-S-methylhexanamide (96)

H
(96)

Example 97: 28,35)-3-{[(2R)4-(4-cyclohexylphenyl)-2-methylpiperazin-1-yljcarbonyl

-N.2-dihydroxy-5-methylhexanamide (97)

o »QQQ

OH O o7

HO.

Example 98: (25.385)-3-{[(2R)-4-(1 -benzofuran-5-y)-2-methylpiperazin-1-yljcarbonyl

-N,2-dihydroxy-5-methylhexanamide (98)

A
HO\NEE/%N?N@

9)
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Example 99: (25.385)-3-{[(2R)-4-(2.2-difluoro-1.3-benzodioxol-5-y1)-2-methylpiperazin-

1-yl]lcarbonyl}-N.2-dihydroxy-5-methylhexanamide (99)

L p@ﬁ

O
HO\N

H =

Example 100: (25.3S)-3-{[(2R)-4-(3-fluoro-4-methoxyphenyl)-2-methyvlpiperazin-1-

yl]carbonyl}-N,2-dihydroxy-5-methylhexanamide (100)

A
Hc)\H/ﬂ\E;:kig/N\]/J

(100)

Example 101: (2S.35)-3-{[(2R)-4-(3-fluoro-4-isopropoxyphenyl)-2-methyvlpiperazin-1-

1] carbonyl}-N,2-dihydroxy-5-methylhexanamide (101)

LT

OH O

HO\N

H
(101)

Example 102: (25.3S)-3-({(2R)-4-[3-fluoro-4-(trifluoromethoxy)phenyl]-2-methyl




179 133 34 Exanple 116: IL-2-induced peritonea

recrui tment of |ynphocytes 5 Admnistration of IL-2

i ntraperitoneally causes migration of |ynphocytes into
the intraperitoneal cavity. This is a nodel for the
cellular mgration that occurs during inflanmmation.
Protocol 10 C3H/ BEN m ce (El evage Janvier, France)
were intraperitoneally injected with IL-2 (Serono

Phar maceuti cal Research Institsute, 20 p.g/kg, in
saline). Conmpounds of the invention were suspended in

ExrutBiE g()il.gés’,{jg}ﬁ#@ﬁ&hwﬁ%@m@%@#éz%%ﬁﬁ& %b@%y_l

apini-byl]¢aybanliexghamideqh0Df | L-2. 15 Twenty-f our
hours after admi nistration of IL-2, peritoneal white

bl ood cells were collected y 3 sugceysive | avages of
the peritoneal cavity MAth p ~s, 3 buf f er ed
saline (PBS)- 1mM ED (+4C3 suspen5|on was
centrifuged (1700% The resul ting
pel |l et was suspen Qlen 1WM EDTA. Lynphocytes
were identified and Souf ed u5|n Becknan/CbuIter
counter. 20 Experlnental deS|gn anlnals wer e
Ehansie 404: 134 [@R2phethd

_base] 0. 25% t ween- 20 (vehi cl e

apide; (0 and saline (vehicle of
recei ved 0.5%
2; Goup 3:

5 piperaginglsyilear >2.8

IL-2); 167 C}oup 2: (control 1L-2)
CMC/ 0. 25% t ween- 20 and ©n ectlon of
Experi nental group (Cbngo ( Z entlon Dose 1)
recei ved a conmpound of {lhe 1nv- tijon and injection of
I L-2; Croup 4: Emperi &Egup (Conpound of the
i nvention Dose 2) recélvegHa ound 5 of the

i nvention and injection of IL-2; (1049

Example 105: (25.3S)-3-{[(2R)-4-(5-chloro-2-thienyl)-2-methylpiperazin-1-yl

carbonyl}-N,2-dihydroxy-5-methylhexanamide (105

Cl

L i
0 : ﬁN ==
NT/J
HO—N H

10
Example 106: (25.3S)-N.2-dihvdroxy-3-{[(2R)-4-(3-methoxyphenyl)-2-methyl

(106)
The following examples 107-114 can be prepared according to the method described in

15 above Examples respectively from:
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Croup 5: Experinental group (Conpound of the invention
Dose 3) received a conpound of the invention and
injection of 1L-2; Goup 6: Reference group received
ref erence conpound dexanet hasone and i njection of
IL-2. toCalculation Inhibition of |ynphocyte
recruitnment was calculated as follows: 1 - (LyX - Lyl)
% i nhi bition X 100% (Ly2 - Lyl) Where Ly 1=
Nurmber of |ynphocytes in group2z1 (E3/111), Ly 2=
Nunmber of |ynphocytes in 15 group 2 (E31R1), Ly X=

HESRE i HEASE 2 BB %, D ERR1 1192 o
qﬂhwhmbmﬂhnipﬂrmﬁﬁak@k) B(z&raﬂt—b@oxmm)ﬂmﬂwmpmnmg (ﬂﬁ) 1-(4-iso
or nul Tabl 0T e 3:.Per ent
I T SR N T S o b BT Rt LIS
[8f5 ms(fﬁih@wﬁaﬁylbpheﬁﬁ]rmwm@aplpéramhe (memmemm-ufmenplogazol -5-y1)

Dose_(ng/ kg) Route % i nhibition Exanple 4 1 EJ
phenyl]piperazine, and N,N-dimethyl-4-[(3R)-3-methylpiperazin-1- ]amllne respectively.

Example 107: (28.3S)-3-{[(2R)-4-(4'-bromobiphenyl-4-yl)-2-methylpiperazin-1-yl]

carbonyl}-N.2-dihydroxy-5-methyvlhexanamide;

Example 108: (25.3S)-N.2-dihvdroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(2.2.2-trifluoro

yl)phenyl]piperazin-1-yl}carbonyl)hexanamide;

Example 114: (25.3S)-3({(2R)4-[4-(dimethylamino)phenyl]-2-methylpiperazin-1-yI}
carbonyl)-N.2-dihydroxy-5-methylhexanamide.
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Biological assays:

The compounds of the present invention may be subjected to the following assays:

Example 115: Enzyme Inhibition Assays
Compounds of the invention were tested to assess their activities as inhibitors of MMP-1,

MMP-2, MMP-9, MMP-14 and MMP-12.

MMP-9 Assav Protocol

Compounds of the invention were tested for inhibitory activity against 92kDa gelatinase
(MMP-9) in an assay using a coumarin-labeled peptide substrate, (7-methoxycoumarin-4-
yl)acetyl-Pro-Leu-Gly-Leu-(3-[2 ,4-dinitrophenyl]-L-2,3diaminopropionyl)-Ala-Arg-NH2
(McaPLGLDpaAR) (Knight et al, FEBS Lett. 1992; 263-266).

Stock solutions were made up as follows: Assay Butter: 100 mM Tris-HCI pH 7.6
containing 100 mM NaCl, 10 mM CacCl,, and 0.05% Brij 35.

Substrate: 0.4 mM McaPLGLDpaAR (from Bachem) (0.437mg/ml) stock solution in 100%
DMSO (stored at —20°C). Dilute to 8 UM in assay butter.

Enzyme: Recombinant human 92 kDa gelatinase (MMP-9; APMA (4-aminophenyl

mercuric acetate) -activated if necessary) appropriately diluted in assay butter.

Test Compounds were prepared initially as 10 mM compound solution in 100% DMSO,
diluted to 1 mM in 100% DMSQO, then serially diluted 3-fold in 100% DMSO across
columns 1-10 of a 96-well microtitre plate Assay concentration range, 100uM (column 1)

to 5.1 nM (column 10).

The assay was performed in a total volume of 100 puL per well in 96-well microtitre plates.
Activated enzyme (20 pL) was added to the wells followed by 20 pL of assay butter.
Appropriate concentrations of test compounds dissolved in 10 uL. of DMSO were then
added followed by 50 pL. of McaPLGLDpaAR (8 uM, prepared by dilution of DMSO stock
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67 168 Table 4: Percentage of inhibition of

| L- 2-i nduced peritoneal recruitnment of |ynphocytes by
conmpounds of the invention: Exanple Dose (ng/kg) Route
% i nhibition Exanple 20 1 po 38 Exanple 37 1 po 42
Exanmpk 47 1
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in assay butter). For each as say ten concentrations of test compound were examined in
duplicate. Control wells lack either enzyme or test compound. The reactions were incubated
at 37°C for 2 hours. The fluorescence at 405 nm was measured immediately with an SLT
Fluostar fluorometer (SL T Labinstruments GmbH, Grddig, Austria) using 320 nm

excitation, without stopping the reaction.

The effect of the test compound was determined from the dose response curve generated by
the 10 duplicate concentrations of inhibitor. The ICso (the concentration of compound
required to give a 50% decrease in enzyme activity) was obtained by fitting data to the
equation, Y =a + ((b - a) / (1 + (¢/X)%)). (Y = inhibition achieved for a particular dose; X =
the dose in nM; a= minimum y or zero % inhibition; b = maximum y or 100% inhibition; ¢

= is the ICso; d = is the slope). The result was rounded to one significant figure.

MMP-12 Assay protocol

Compounds of the invention were tested for inhibitory activity against metalloelastase
(MMP-12) in an assay using a coumarin-labelled peptide substrate, (7-methoxycoumarin-4-
yl)acetyl-Pro-Leu-Gly-Leu-(3-[2,4dinitrophenyl]-L-2,3-diaminopropionyl)-Ala-Arg-NH2
(McaPLGLDpaAR) (Knight et al, 1992, above). The protocol for this assay was as
described for the MMP-9 assay above.

MMP-1 Assay protocol

Compounds of the invention were tested for inhibitory activity against collagenase (MMP-
1) in an assay using a coumarin-labelled peptide substrate, (7-methoxycoumarin-4-
yl)acetyl-Pro-Leu-Gly-Leu-(3-[2 ,4-dinitrophenyl]-L -2,3diaminopropionyl)-Ala-Arg-NH2
(Mca PLGLDpaAR) (Knight et al, 1992, above). The protocol for this assay was as
described for the MMP-9 assay above.

MMP-14 Assay protocol

Compounds of the invention were tested for inhibitory activity against MMP-14 in an assay

using a coumarin-labelled peptide substrate, (7-methoxycoumarin-4-yl)acetyl-Pro-Leu-Gly-
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po 41 5 Exanple 117: CC-induced liver fibrosis nodel
Carbon tetrachloride (CCL) induces liver fibrosis when
adm ni stered intraperitoneally (Bul bena 0, Culat J,
Bravo M.., Inflammation 1997 Cct; 21(5):475-88).
Compounds of the invention can be evaluated for their
ability to prevent the CCL -induced formation of
fibrotic tissue. 10 Animals Mal e Sprague-Dawl ey rats,
7 weeks ol d, weight approx. 380 g from Charl es
River/lffaCredo, St-GermainifArbresle, France. Rats

&389 Chldiht fr- i i -AYTRYNKIH2Y
e e BB o GL B2 SRRSO eq PLOLD padR)
(&aight efTemp@92atnbow). BRGro®coRPk #iis assai was @b tdgscribed/dor ibe MMP-9
Li hg: 12 hour cycle (7 aam - 7 p.m), Cage:

% Pgh(r) cage 42.5x26.6x15 on each fitted with a
stainl ess steel cover-feed rack. The study invol ves
the follow ng groups of 8 animals each, as indicated
Qgﬁﬁﬁﬁﬁﬂﬂliﬁﬁggp 1:"Shant ani mals receive CCl4 vehicle

| o1 ¢

S e Lt R A
i inpan assapcisingce avainagin-labeled, phptilcesubbtratte(Fmsthoxycoumarin-4-yl)

SRVTPREG G- Eheeet o) S50 e TR Rl B

(MaOPUGNDpAAR Y (Knighv ?tﬂtzl', 03992,25%65@)) Unlegproﬁ)bbl Elfbﬂlﬂﬁldl ?bsay was as
royp .receives CCl4 (i.p.), and once daily, 10 ng/kg

‘%?‘E?beéffortth%%ﬁm 288¥ording to the invention.. 169

G oup 5: Experinental group receives CCl4 (i.p.) and

once daily, 20 nmg/kg s.c. of the conpound according to

Thegresulls arstexpresseran termeoblUsalted erticeniratipe pf caneidugd reflaiged to give

ale%gﬁé lgécg:%rfg 1nf«%%g%§ g%t?]‘v%) afd]gx\lﬁ%'seﬂtéd BRI Now %crtcgrrnpounds of

Formula (I) and in Table 2 below for compounds of Formula (VI).

Table 1: ICs) on different MMPs:

Example MMP-1 MMP-2 MMP-9 MMP-12
ICs (nM) ICs (nM) ICsp (nM) ICsp (nM)
Example 1 418 3 5 4
Example 2 876 17 7 103
Example 3 >5000 42 285 31
Example 4 301 4 12 17
Example 6 >5000 8 22 20
Example 9 >5000 136 233 33
Example 14 >5000 89 585 4
Example 53 >5000 7.5 7 5
Example 56 >5000 4.8 41 6
Example 58 >5000 38 194 7
Example 61 >5000 8 48 2
Example 91 1150 3 49 <1
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5 Procedure CCl4 (Prolabo) in olive oil is
adm ni stered every 3 days for three weeks by
intra-peritoneal injection (0,25 nml CCl4/ kg body

wei ght, diluted in oil 1:1 vol:vol for a total volune
of 0.5 m/kg). Animals are weighed daily. If body

wei ght decreased by nore than 10% of the initia

wei ght, the animal is excluded fromthe study. 10
Vehi cl es and conpound are usae as follows: CCl4 was
adm nistered in olive oil (Prolabo) at a 1:1 dilution;
The conpound of the invention is suspended in 0.25 %
Tween- 80 and 0. 25% car boxymet hyl cel lul ose in sterile
0. 9% NaCl . The sol TiahleR: I@solon;dliffa'enﬂmms:oughout t he

oavnori nnnt And 1end Anc~h AN + A +hn

/N LI LAY &9 LAV | AUCTI uu.y 19

sus m%ns. 15 m@P'onpcund ﬂrF |nven¥p%ﬁ' MMP-12
admi ni st er ed| daiicy (Rvpys ucutr@Re@ng) (St C. ICkth tl(”1fﬂm(nhﬂ
a volunme of ddmnistratiqn of 5 n1/kn Gr aups and 2

arxampie?) s. ¢. wR0G ni /kg of 8%ehiclp. Fre¥hly 29

Wz ]T‘I‘UW . e uget oM gact day uf 33 1
experﬁhen ) Adnlnlg rati gns are?carrled out %ach day 7

atEtdneplszare {i me>5000 The [treat 6&8nt of | group® of thjs 23
cfurl\/ is started for eachH aninmal at the tinme of the

f|E¥%n@&ﬂQ-ajninPépP%tior and 178 contj nued #3r 21 34

CONSecutive days. The fast admnistration of Test
substances or vehicle is done 1 day before the
Examplt il t@ 1bF2-induced pertoneal 286t eng oDlyaiphogytes

orte dat nd. supposed cause ar.e r.e d. .Serum.
ARBGRRan, ot L2 upREpRSTy R HiBaloRot, Sramilingne e
ihfdgpetitonsdl €dvitd. alhisnis Sd mtdeD Morbthei Guiilar anigratioh ahat b&irs during
30 Blogd is withdrawn individually at the tinme of
Igh¥POAe | e. one day after the last 170
adm ni stration of test substance or vehicle. Blood is
centrifuged at 4C. Plasma is carefully collected and
Rlokapabt ed in 3 fractions Pl asma aspartatc am no
6&%@&%}? ln?ige? (gﬁ, JQI[]vqeraI cmcef Wi qgtir%{e%po a%l? ected with IL-2

evel neasure In or 45659

(Semne§hamab¢mrce1a€£ehré}5ﬁ?tnated2a\p§(ﬁg iegai).i n ser um ar e

Gaiagendy B 453 Oveneh, P BAPTFERY i orad o s RDg ot (CMCY

0.7%%, GRERQ2 g et SinhifRRLd ssnset ot Ploefouttl {ToemeRE) 15 min prior to
dosages are reported. Histological evaluation of Iiver

gdppigsation of IL2 ver fibrosis is eval uated by measuring

'f‘xp&tyg (ﬁ]? th&f]rs ah%r é%ﬁljlnﬁls{rﬁlogbq‘ I'L M ?Erggﬁeaﬁ] gvh%tg blood cells were collected
m cr esults are reported asS percentage area

HByrBatuccassive Invagesmf the peritoneal cavity with 5 ml phosphate buffered saline (PBS)-
ImM EDTA (+4°C). The suspension was centrifuged (1700g x 10 min at +4°C). The

resulting pellet was suspended in 1 ml PBS-1mM EDTA.

Lymphocytes were identified and counted using a Beckman/Coulter counter.

Experimental design
The animals were divided into 6 groups (6 mice each group):
Group 1: (baseline) received 0.5% CMC/0.25% tween-20 (vehicle of compound of the

invention) and saline (vehicle of IL-2);
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W

The liver is renoved, the three | obes are dissected
and sanples are renoved and either fixed in 10%
f ormal dehyde or frozen at -80 C. 15 Liver sections are
enbedded in paraffin blocks. Sectioning and staining
with Sirius red are perforned. Quantification of the
fibrosis in liver is carried out on a mnimum of 3
sections taken fromdifferent | ocations in the liver.
The quantitative analysis isiperformed using an inmage
anal yser (Instar) and the software Morphostar.

t
N e P AP ST 08 s R A or L2
Goronpd: Expdrdmentilrgooipd Cobpbnud¢fi the inPedtiomdosy 1Dreseisieda compound

D del . Conpoun f the invention can be
éﬁ%g%%ﬁg%nf%?"?%ﬁP?og@f ity to prevent cigarette snoke
G oupust @kp&ihéhtal Poodp @b othd 6 theinyERidndDose 2Y receizéd gEompound
are exposed da|I to CI arette snoke (CS) for 11
of dhsiarention andinjes P1F1° jps of 5, in individual clear

I

QAR pra ol o] CofoGIest B hibui ADEED KRS ed Plompound
Qﬂ&ﬂ@WQan@n@HM®mDe9fﬁu2£hased fron1the Instltute of

esearch, Univ Kent LS .
érff’“é'l G RAlRIOPES elparediyed 8 an%e ‘F"mp"t““‘i 8?’%56%%35? aé‘f‘ inygggion of
miZ.min 171 In order to mnimse any potenti al

robl ens caused by repeated exposure to a high I evel

c CS, the exposure of the mce to TS is
mﬂﬁft%ﬁ%?wlﬁgﬁékéc}‘mﬁﬂéﬁ whi8albd18Bd hOroRowEXi mum of 6
cigarettes fromday 5 to day 11 (approximately 48 mn
exposure). A sham gr augLgX -itytle i s al so exposed to
air on a &éwﬂwmﬂaglS—for—equrvafent %8s of time 5
as controls (no CS exposu®¥-Lybeat ment Conpounds of
the invention are prepared in 0.5%
car boxynet hyl cel l ul ose Na salt (CMC, Signa reference
Whér8 8&) 1=aSuniBdtiof lyenphbOytéinTgbsp B{ES/@l),dly Y= Nambek dimriphocytes in
dai ava e in_a dose volunme of 5npi/kg, 1 h prior
grou Pai/ (E%ml PstheroklprpBogytesan group ReCcB B Hon of

t he exposure. Shan1an|nals (n=10) received vehicle and
are exposed to air for up to a maxi rumof 50 m nutes
B@r regigl(s. forlsempeunds @ccaydiog o (Hermalp (Deareipresgntatekiio| kabland and for
. i f 6 cigarettes per
@a %lﬁ%u&%cfl gg(fr&l%ﬁg(l’sl:&rﬁgu&é @@%@%&%E@gwt o CS (fromup to
a 15 maximum of 6 cigarettes per day) and treated wth

one of the test conpounds or_ the, referenge conpound.
Table 3: Percentage of inhibition of IL.-2-induced peritoneal recruitment of

lymphocytes by compounds of the invention:

Example Dose (mg/kg) Route % inhibition
Example 4 1 po 39
Example 6 1 po 46
Example 6 3 po 65
Example 7 1 po 46

Example 53 1 po 61
Example 61 1 po 67
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Bronchoal veol ar | avage and Cytospin analysis

Twenty-four hours after the | ast CS exposure,

bronchoal veol ar | avage is performed as 20foll ows: The
trachea is di ssected under deep anesthesia (sodium

pent obar bi t one) and cannul ated using a Portex nylon

i ntravenous cannul a shortened to approximtely 8 nmm
Phosphat e buffered saline (PBS, G bco) containing 10
units/m heparin (0.4 mM) isigently instilled and

wi thdrawn 3 tinmes. The lavage fluid is placed in an
Eppendorf tube and kept on ice prior to 25 subsequent
determi nations. Then, lavage fluid is separated from
cel |'Babidy 4:cRertenthgeeftinibitionh IE.induaediperitopeal eearvitthent of
and frozen for, suhseguent analys The cel|l pellet is
resuspended i n fgﬂg' % F}SP&‘PPS‘@‘* s of the oy entign:

cal cyl at qﬁiaﬁw@oun I wsa(rﬁg/gg)nﬂg al Igyed  ( Tul ks inhibdtidh)
under_a _ni croscopelusi ng haenncyt onet er
Differerﬁ’ﬁaalpl%?éll fount ils t hen perfd?QTed as| f ol 138ws:
The rest Fpid H—pettet5sdirtjuted—tp—36 2
appr oxi natel'y 105 cells per m .| A vol e of 500 gI2 IS
pl aced iBxatipie 4unnel of a cytospin I1p? slidp andilis
Centu_f_u_g_erl for 8 mn at 800 roym The slide |s
air-dried and stained using Kwi k-Di ff' solutions

Kxatafle 9 ééhlln?dﬁc@& LiREY ARARRmddeet ructions. Slides are
dried and cover-siipped and differential cell count is

Gasben (ttanlgotide HECh) dndisen ;btyer Gprosis #ben edininistered intraperitoneally
nted f /8 h sl [ ]s.we ff
(% ena é g}& r]g%ﬁ%vr IHE pamm tzgézhf;]9%73§ec§, ?{ﬁﬁ % jta é@t a{Jilpounds of
tl%laivyﬁtll(m a'dméodmamaﬂeﬂ foBtHBﬂ abﬁ:htszab (ptdveiitetﬂe g1, @aiubed formation of
fgﬁ erinental group. Results are anal yzed using a
UGnal ysis of variance (ANOVA), followed by a
Bonferroni correction for nultiple conparisons.
St atistical significance is considered with p 10<0. 05.
Avnimald e 119: Experinental Allergic Encephal onyelitis
r [
1@ %&9:? Jdﬂ% ?&Eé’ L‘f;?@e@c@?,\/&{agﬂt ép%r(;;p %8br};\’fr8£1 Chlarfed River/Iffa
Onéld |Sp4(krmmihé’rm19fwle; Framdece. 15 Animal s C57BL/ 6NCr 1BR
lgaé ce, a({ﬁ)g ce are kept in wre ca es (t.cmd
&irﬁii“i Fyatige @&Y%‘Pe qE cemBEnep @&&r@eaﬁdmf ogfitigned rooms,
ShiandRPér dAgt TehPEre: noC 1163 RIIMBe, hukdidiy )5 5904 mallgﬁt 12 hour

ad |ibitum Fromday 7, we p ell ets are al so pl aced
oler(y admy Tammn Eags Makmolen” cage 42e5@6.6p] e pach fitted with a stainless

steel cover-feed rack.

The study involves the following groups of 8 animals each, as indicated below.

Group 1:“Sham” animals receive CCly vehicle (i.p.) and once daily, the vehicle of test
substance (s.c.)

Group 2: Positive control group receives CCls (i.p.), and once daily, the vehicle of the test
substance (s.c.)

Group 3:Experimental group receives CCls (i.p.), and once daily, 2 mg/kg s.c. of
compound according to the invention.

Group 4: Experimental group receives CCly (i.p.), and once daily, 10 mg/kg s.c. of the

compound according to the invention..
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20 bottles are used in addition to the automatic water
system Experinental procedure Mce are i nmuni zed (day
= 0) by infjecting s c inthe left flank 0.2 m of an
emul si on conposed of 200 |ug MOG35_55 pepti de
(Neosystem Strasbourg, France) in Conplete 25
Freund's Adjuvant (CFA, Difco, Detroit, U S A)
containing 0.5 ng of Mycobacterium tubercul osis.

I medi ately after, they receitg® an i.p. injection of
500 ng pertussis toxin (List Biological Lab, Canpbell,

Cfoap SEGplipfihia? Qo Foldh A% (o Tand WRELHE 2 e - of the
aaypolnd 4deerdang trehcsingentiogi ven a second injection of 500

8 B HB9AF o 540y 5 TRel e DrshBEnBL AP G Voo, atr
dvBiyeCCR6hjsction. i N the right flank. Starting

approximately fromday 8-10, this procedure results in

Brogeeessing paralysis, arising fromthe tail and
%13 ?@?g&% ﬁﬂﬂ)lirvg _ohr@%érgi%lgltéréﬁ)éve am!dg%lcﬁr k& weeks by intra-peritoneal

y wei ghe are e for the presence
infectier @25snECERAR tiody Setght.atiluteddo il Ingvelorol fre a total volume of 0.5

fol l\owi ng.score-.sys (1. =no, sik.gns of , di sease O

afh” Sl 58 FEha! Gl b bod, FPERChARGeRl o] EFE Wy 10% o the
iﬁﬂilamivwghﬁthl'b apiid] iisaééc_c}mﬂéd ﬁ'bllﬁ}lrtgé_ stg?y_ng% i b Ear alysis 10 2

=tall paralysis + bilater I ndl | weakness or
%%vql?%n%ﬁamapw age 5o as Tyllgys: paral ysis + partial

hi ndl j ra%m@‘ l; i Fhagl.cpar al ysi s
+corrp|b§?4e‘9%i ndl'i ?%regél? gﬁ/eg(?ls@g&%ﬁ&): a?%ﬂlqélgfla ysis +

hi nd| Th® cpmpeaindsoEthe inmemiohi isenspended=-inaD 25 Par Bvgei-&) and 0.25%

ni ndl 1 DAl yShSod PAK0GE %0 Bl RACH ThoPBIAIISHS i a 4
f or el PHISE

throughout the experiment and used each day to prepare the suspensions.

The compound of the invention is administered daily by subcutaneous (s.c.) injection at a
volume of administration of 5 ml/kg. Groups 1 and 2 are dosed s.c. with 5 ml/kg of vehicle.
Freshly prepared solutions are used on each day of the experiment. Administrations are

carried out each day at the same time.

The treatment of groups of this study is started for each animal at the time of the first CCl4
administration and is continued for 21 consecutive days. The last administration of test

substances or vehicle is done 1 day before the sacrifice of the animals.

Results

Death are reported, date and supposed cause are reported.

Serum enzyme levels
Animals are killed 21 days following the first CCl4 administration by isofurane inhalation.

Blood is withdrawn individually at the time of sacrifice, i.e. one day afier the last
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15 5 = noribund or dead Mortality and clinical signs

are nonitored daily in each group of treatnent, by a
technician who is unaware of treatnments. Daily

treatment with conpounds, their vehicle or with a

ref erence conpound starts on day 7 and conti nued for

15 or 21 consecutive days in all groups. 20
tlistopathol ogi cal exam nation At the end of the

treatment period, each aninmali7os anestftetised with

sodi um pentobarbital and is transeardially

J&ﬁ{iﬁiyt?eﬁ nlof E&gs%&ﬁcedf%v%ﬁfcfg Bidyalid 8%?(1%:1 4 45? epia&thd is carefully
ventricle. Fi xed spinal cords are then farefu ly

whllsged hedl abgioted? 51SP fregclionso (AJasslai aspartae @mamb erdusdetasen(ASAT) and

ar.af fin bl ocks. t.ioni ng and stai ni.n i th . .
iRl s drstitroe SAERTE R YA A T i By 48 asscss tiver nccrosis.
TnéYehsdMESATOIhd ANATVECHS iKlstrieT arPASsotibtéd Hithf 1agt ifdpdi@nent. Average
Aglus Periodic Acid Schiff staining) and Biel ehowsici's

AT e fAlsAT lgvgls fge cenitol gpingls 59 Heatebowith ke egrappand of the
ih@e?ﬁion?{t&fe@%ﬁif'&éﬂ!%gsages are répo g&. spinal cord, the total

area of all slices IS neasured for each aninmal as

poi nts of 30 intersection of a 10x10 grid at a

nif.ication.of Q.4xQ 4 ogm per grid. The perivaseul ar

@gﬂ"?ﬁ%ﬁq&%i‘%?’y“ﬂqﬁf’r ?‘Pr%llses are counted in each slice
LLier0 FiBedsist G Gvhlahtad aby ahedsuniid UBe f#6a edCAbeismal tAddiver using
eval uated as nunber of .infiltrates per . .
fPJ@FﬁFEPtPH‘é(t Reswlis Arg repasied ps Paseiageased thatds frgler ed f or

each animal as points of intersection of 10x10 grid at

a magni fication of 0.1x0.1 nmper grid and are

Eheplives detempyed, {herthrentlohps and dissctdd Sdesapwpldsrage irenovedesad either
var. e f e abjces. Data eval uation and

%iegtull g@é‘é&%‘#&?‘%&ﬁ%ﬁ%Qtr'géu ts of clinical and

hi st opat hol ogi cal observati ons are expressed as the

an (SEM scaores jn eac eat nent group. Values. . .
IGHRACHAES 5P FRRPHRL e ﬁ?[oegi- SeCtiprdie AT saining with Sirius rod arc
(ePORAEE QuihiifitalibR bl @b AbhRidiATives ¥RakRA UL §HKiPhum of 3 sections

Significance of differences anong groups relating to

talkdnnfrera diffesent docgtiensaindhe Heer. Ble auratijghiye apatxsts istpstibongddusing an

. LARif ] y Fisher test.

lhﬁgggigﬁgégégﬁgﬁghg?%%ggggggmgﬁém%fesence of

perivascul ar inflammatory infiltrates and the extent

Aferaenared peratritages afidibaoseminl the diversi of drimals g tlad didferant geoups are
|1 as body weight data are Is anal ysed by one-way

%ﬁ@%ﬁ@ffollomed in case of significance (p<0.05) by

Fi sher test. Exanple 120: Preparation of a

har maceutical  formul ation .
xample 118: Chronic Obstructive Pulmonary Disease (COPD) model

()

Compounds of the invention can be evaluated for their ability to prevent cigarette

smoke -induced COPD.

Female AJ mice (Harlan, 17 — 25 g) are exposed daily to cigarette smoke (CS) for 11
consecutive days in groups of 5, in individual clear chambers. Animals are weighed prior to
treatment, on day 6 of exposure and on day 12. The CS was generated using 1R1 cigarettes
purchased from the Institute of Tobacco Research, University of Kentucky, USA and is

allowed to enter the chambers at a flow rate of 100 ml/min.
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The follow ng fornulation exanples illustrate
representative pharmaceutical conpositions according
to the present invention being not restricted thereto.
20 Forrmulation 1 - Tablets A conpound of the
invention is adm xed as a thy powder with a dry
gelatin binder in an approxinmate 1:2 weight ration. A
m nor anount of magnesium stearate is added as a
| ubricant. The m xture is fonmed into 240-270 ny
tablets (80-90 ng) of active N 25 hydroxyam de
I .
R4 B8 ¥ BoRSlank BBLRE prdpidpd LR ol foed SODIUL R B tovel of
@sly @Sdtlye eppumia?r ofithd mica te Tarncincathsed nadunlly aver the time to a maximum

TRGSBUER iy 15 087 11 bl ABir sy ' €

A\|sliatﬁ1 pEvOY dntee ﬁa[sb\éapd>3é& P&k oft ALY Basis fot é§uivalent lengths of time
Fornulatlon 3- uid A conpound of the invention

3 £oBipplF {0 C%ﬁﬁpﬁg (1.75 g) and xanthan gum (4 ngy) are
5 bl ended, passed through a No. 10 nesh U.S. sieve,
and then mxed with a previ ously prepared solution of
Tﬁ%ﬂm@ﬂystalline cel l ul ose and sodi um car boxynet hy

[ | ul 8
%ISII’)O%P S 9/% %Jl“nvrﬁ:atu% flrgrﬁ%qared i, u?lré Cfal%ogﬁmg&lble%flgﬁ%%\]é g‘a?t (CMC,
Sighile eofende SUBSY)iapgehi&uf fi ci ent water is then added to

rod ce a total volume_ of 5 nlL. 10 Fornul ation 4-
2o orply dessaiviee gpily Reervge i 2 dhseiv velugti 3t ks 1 b prior o air

&rf@s @c‘f&\’)&{ﬁé atd é B aﬁe&ﬁé’c&@itf%h'o@tlﬁ'eﬁﬁ&{ué n an approxi mate

1:2 weight ratio. A mnor anount of magnesium stearate
Shemaaidwals 48=H) Iredsivied anchicleTand an¢ gxnosed fosaif frmpdoiarmaximum of 50

- I -30 f 0

AR B TP R TR ST €S o
thaji@ain 66 Aigacotes paddaf). Aldeitional erdupsnare expossd ab \GSd(flom up to a
a buffeﬂfg sterile saline jnjectahle aqu gus nmedi umt

maxinyme figasettes ipeg gyl 3nd fealp vgthnﬁl} the test compoungs or the

reference compound.

Bronchoalveolar lavage and Cytospin analysis

Twenty-four hours after the last CS exposure, bronchoalveolar lavage is performed as
follows:

The trachea is dissected under deep anesthesia (sodium pentobarbitone) and cannulated
using a Portex nylon intravenous cannula shortened to approximately 8 mm. Phosphate
buffered saline (PBS, Gibco) containing 10 units/ml heparin (0.4 ml) is gently instilled and
withdrawn 3 times. The lavage fluid is placed in an Eppendorf tube and kept on ice prior to
subsequent determinations. Then, lavage fluid is separated from cells by centrifugation.
The supematant is removed and frozen for subsequent analysis. The cell pellet is
resuspended in PBS and total cell numbers are calculated by counting a stained aliquot
(Turks stain) under a microscope using a haemocytometer.

Differential cell count is then performed as follows: The residual cell pellet is diluted to

approximately 105 cells per ml. A volume of 500 pl is placed in the funnel of a cytospin
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20 176 Cainms 1. A N hydroxyam de derivative
according to Fornmula (1), R2 5(I) wherein: Ais
selected from-C(B)- and N, Bis Hor B forns a bond
with either R5 or R7; Te is selected fromH, Cl1-C6
al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-Cg-cycl oal kyl,
toheterocycl oal kyl, aryl, heteroaryl, C3-Cg-cycl oal kyl
Cl-C6 al kyl, heterocycl oal kyl Cl- C6 al kyl, heteroaryl
Cl-C6 al kyl, amino and al koxy72 R2 is selected fromH,
C1-C6 al kyl, C2-C6 al kenyl C2-C6 al kynyl,

i Y SAALA 1o LGSR oIt LB B an g v

‘vkilemiff” aoldtiGR- (&halaxldny rfy]lqwmg Rirchie§er 1'Rﬁrtmtwth'Slldb£ are dried and

oo g R 5 pound 1 e e oo ERp 400 colls are

cotiéd fdri eﬁ&ﬂ@ﬂe @ellsSvei)@dﬂﬂléfeﬁﬁ%d ﬁﬁh% sthdhrd merPhdmettic t&hniques.
4, 5 and 6; Carbons (2) and (3) are two chiral
centers, wherein chiral center (2) has a configuration

%%&Ecggggh&gp "8" and "R' and wherein chiral center

20configuration as well as
Preaneaaciét.De sl caleulateddpt caoh expesintental proupof

Results are analyzed using a one-way analysis of variance (ANOVA), followed by a

Bonferroni correction for multiple comparisons. Statistical significance is considered with p
<0.05.

Example 119: Experimental Allergic Encephalomyelitis (EAE) model
Compounds according to the invention can be evaluated for their activity in a model for

multiple sclerosis in mice.

Animals

C57BL/6NCrIBR female mice are used. Mice are kept in wire cages (cm 32x14x13h) with
stainless steel feeders and fed on a standard diet (4RF21, Charles River, Italy) and water ad
libitum. From day 7, wet pellets are also placed every day on the bottom of the cage. Plastic

bottles are used in addition to the automatic water system.

Experimental procedure

Mice are immunized (day = 0) by injecting s.c. in the left flank 0.2 ml of an emulsion
composed of 200 pg MOGss.ss peptide (Neosystem, Strasbourg, France) in Complete
Freund’s Adjuvant (CFA, Difco, Detroit, U.S.A.) containing 0.5 mg of Mycobacterium
tuberculosis. Immediately after, they receive an i.p. injection of 500 ng pertussis toxin (List
Biological Lab., Campbell, CA, U.S.A.) dissolved in 400 pL of buffer (0.5 M NacCl,
0.017% Triton X-100, 0.015 M Tris, pH = 7.5). On day 2, the animals are given a second

injection of 500 ng pertussis toxin.
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177 2. A N-hydroxyam de derivative according to claim1
having a Formula (la): R2 OR4(13.6 HONNA O 0 ) 1
3R6R7 (la) wherein Ais selected fromCH and N, Rl is
selected fromH, Cl-C6 al kyl, C2-C6 al kenyl, C2-C6

al kynyl, C3-Cg-cycl oal kyl, heterocycl oal kyl, aryl,
hcteroaryl, C3-C8-cycloal kyl Cl-C6 al kyl,

het er ocycl oal kyl CI-C6 al kyl, heteroaryl Cl-C6 al kyl,
am no and al koxy; R2 is seleated fromll, Cl-C6 al kyl,
C2-C6 al kenyl, C2-C6 al kynyl, C3-Cgrcycl oal kyl ,

GEPE] PHE FAE 1ive BN 9ol A 2@ SRS b gl nescd
sad Kty miyd ggl:tdl%k EErtn@Ga@ﬂﬂmRZte@r Roml’diylmljm@ethid ptocedure results in a
sel ecte romH, .Cl- a
PEPREGHIE PGy St 2HiF{pE fﬁ?mft@? wi(ltaa@ éi%éﬁn%up tOc%Q Torf%ﬂk%g e;
Anitrdlsedde '1%@66&11%&1@&&?&& 418 Bxdminéd &b thé ,pré:Seﬁ&doiﬁparalysm that is

are two chiral centers, wherein
sgmedapccggm @rth? 10IW&@8 sgoreotySliegu it i on sel ected from
0> ;Hfgcé R' allg&sg\her ein chiral center (3) has a

15co | onas wel|l as pharmaceutically acceptable
Bakt qaattm‘etaﬂqﬁral)&lsA N-hydroxyam de derivative according
to ar%1 of the precedi ng clains wherein R is selected
kT om@I DAYHE het er oaryl .

1.5=tail para1y51s + partial unilateral hindlimb paralysis

2= (tail paralysis + bilateral hindlimb weakness or partial paralysis

2.5 = tail paralysis + partial hindlimb paralysis (lowered pelvi)

3= (tail paralysis +complete hindlimb paralysis

3.5 = (tail paralysis + hindlimb paralysis + incontinence

4= tail paralysis + hindlimb paralysis + weakness or partial paralysis of forelimbs

5= moribund or dead

Mortality and clinical signs are monitored daily in each group of treatment, by a technician
who is unaware of treatments.

Daily treatment with compounds, their vehicle or with a reference compound starts on day

7 and continued for 15 or 21 consecutive days in all groups.

Histopathological examination

At the end of the treatment period, each animal is anesthetised with sodium pentobarbital
and is transcardially perfused-fixed with 4% paraformaldehyde via the left ventricle. Fixed
spinal cords are then carefully dissected out.

Spinal cord slices are embedded in paraffin blocks. Sectioning and staining with
hematoxylin and eosin and CD45 staining for inflammation, and with Kluver-PAS (Luxol
fast blue plus Periodic Acid Schiff staining) and Bielchowski’s staining for the detection of
demyelination and axonal loss, are performed.

In the spinal cord, the total area of all slices is measured for each animal as points of

intersection of a 10x10 grid at a magnification of 0.4x0.4 mm per grid. The perivascular
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204. A N-hydroxyam de derivative according to any of
the preceding clains wherein R2 is selected fromll,
Cl-C6 al kyl, C2-C6 al kenyl and C2-C6 al kynyl. 5. A

N- hydr oxyam de derivative according to any clains 1 to
3 wherein R2 is al koxy. 256. A N-hydroxyam de
derivative according to any clains 1 to 3 wherein R2
is aryl. 178 7. A N-hydroxyam de derivative accordi ng
to any clains 1 to 3 whereiniR is selected from
optionally substituted C3-Cs-cycl oal kyl and optionally

Hmﬁlhtto%ﬁﬁltpaﬁéseé Q‘Eé&%tg@g#n%a!cg fsﬁct:dﬁm'\braé(rcpbgfﬁmﬁ Q't&gl value for each

erlvat e accord e precedi ng
anfrealednd ¢R@luated%s runhbeln yod rim!ilyzam er de’ \Mnyehnaimmmdl axgnal loss

to any of the prece C i.n R4 .toR5 and. | e.

T TR N 2 e R S S
rﬁigtuﬁlfatlbllﬂﬁ)fp() 2g@di Meh peAighe Whdraed rex ﬁ@sde& s laepéreéhtage of total
from1l-1 and Cl-C6 aIkyI 1511. A N-hydroxyam de

deaprelinatiop arca oy er the infalpragftheslicese precedl ng cl ai ns
wherein R5 and R6 are H and R4 and R7 can form

dﬁg%{'hﬁﬁu@n and-Shiti ﬁésﬁ%ﬂﬂgnylz A N hydroxyam de

ivative accor of the preceding clains
ThHeerasults bﬁ elicioal§ aglihistapathobifgidah e)bsdwa“tu)hs @z legprsssed as the mean

GSEDaFATE? Doaahjumen grow YRS 1Eed IF i drk ierpated groups are

dofipateduriet thaofPhe pd3Rivelbhtad] gedupd Sizdificande2dRdifférdseks among groups
14. A N-hydroxyam de derivative according to an

of
th@“@rt@C@éﬂl??é P 3 WRdysedn by ene-way ANOVA, foll)(;wed in case of
significance (p<0.05) by Fisher test.

Differences among groups for the presence of perivascular inflammatory infiltrates and the
extent of demyelination and axonal loss in the spinal cord as well as body weight data are

analysed by one-way ANOVA, followed in case of significance (p<0.05) by Fisher test.
Example 120: Preparation of a pharmaceutical formulation
The following formulation examples illustrate representative pharmaceutical compositions

according to the present invention being not restricted thereto.

Formulation 1 — Tablets

A compound of the invention is admixed as a dry powder with a dry gelatin binder in an
approximate 1:2 weight ration. A minor amount of magnesium stearate is added as a
lubricant. The mixture is formed into 240-270 mg tablets (80-90 mg) of active N-

hydroxyamide derivative per tablet) in a tablet press.

Formulation 2 — Capsules

A compound of the invention is admixed as a dry powder with a starch diluent in an
approximate 1:1 weight ratio. The mixture is filled into 250 mg capsules (125 mg of active

N-hydroxyamide derivative per capsule).
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15. A N-hydroxyam de derivative according to any one

of clains Ito 13 wherein Ais -CH 179 16. A

N- hydr oxyam de derivative according to any one of'

claims 1, 2, 3, 5to 14 wherein Rl is selected from

aryl and heteroaryl; R2 is selected fromH, Cl1-C6

al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C8-cycl oal kyl,

het er ocycl oal kyl and al koxy; R3, R4, R5 5and R7 are

Il; R6 is selected fromlIl andsnethyl; Ais N, and n

is an integer selected from1,2 and 3. 17. A

N- hydr oxyam de derivative according to any one of

clainms 1, 2, 3, 5to 14 wherein R is selected from

aryl and heteroaryl; R2 is aryl; R3, R4, R5 and R7 are

ﬂ% tiis I sel cted fromH and nethyl Alis N, and n

' Belected from1, 2 and 3 18. A
vambﬁi@/@ﬂ‘lﬂhd Gnﬂaﬁﬁbtv QIZS@ )';@@cfrdseng 50 )Cén’ﬂl Xﬁnilhah ¢ mg) are
a Formula (1b (3). NA 0130

Blpnsedi pasged; ﬁmalgéaaf Ben 19tra YBRpiqve, and ﬁlstléamﬁ mjhrp previously
C%pa@&i s%lhh aff E}gﬁr%&ﬁflﬁg Xéllﬁl&% la% F&iulf&i IEfﬁjbo.i‘g]ymethyl cellllllose (11:89,

C8-cyc etcrocycl oa , aryl, teroary
03mgpincyeten Hodim Genzoate 11 k yig), Naer.candcspldrqat MititeCwiiowater and

a%hlé&/ with stlrtn%;r; oﬁiﬁcwr& wa(t:e61' is lheX adde%% Bl%dlalgeda 0 Ealf O8Mime of 5 mL.

Formulation 4 — Tablets

A compound of the invention is admixed as a dry powder with a dry gelatin binder in an
approximate 1:2 weight ratio. A minor amount of magnesium stearate is added as a
lubricant. The mixture is formed into 450-900 mg tablets (150-300 mg of active N-

hydroxyamide derivative) in a tablet press.

Formulation 5 — Injection

A compound of the invention is dissolved in a buffered sterile saline injectable aqueous

medium to a concentration of approximately 5 mg/ml.



R2 is selected fromll, Cl1-C6 al kyl, C2-C6 al kenyl,
C2-C6 al kynyl, C3-Cg-cycl oal kyl, heterocycl oal kyl ,
al koxy, aryl and heteroaryl; 20R3 is selected fromH,
Cl-C6 al kyl, C2-C6 al kenyl and C2-C6 al kynyl; R4, R6
and R7 are independently selectgd fromH, Cl-C6 alkyl,
C2-C6 al kenyl, C2-C6 al kynyl; or R4 and R7 form
together a -CT-12- linkage; n is an integer selected
1, 2, 3, 4, 5 and 6; 180 Carbons (2) and (3) are
two chiral centers, wherein chiral center (2) has a
configuration selected from"S" and "R' and wherein
thi r &l Ndedtexyafndle deaisativecmodridgigrtattioonulaghwel | as
pharmaceutically acceptable salts thereof 519. A
N- hydr oxyam de derivative according to claim 18
wherein RL is selected fromary: and hcteroaryl; R2
selected fromH, Cl-C6 al kyl C6 al kenyl, C2-C6
al kynyl, al koxy, aryl, cgocs[eycl al KyR®
heterocycloalkyl andHQete oaryb, R4, R5, R6 and
12.2 are H, and n is Vﬂkggﬁﬁﬁs ectgd froml, 2, 3,
4, 5 and 6. t020. A N hYdrokya >de<|Vgt|ve
according to any one of theOpree 1ainms, selected
fromthe follow ng group: ( 25, 3 dihydroxy-5
-methyl1l-3 -{[4-(2-pyridinyl)-1 -p |pera2|nyl]
carbonyl} hexanam de; U
(2S, 3%) 2 di hydr oxy-5-nmet hyl -3- {
[ 4- (375K&ky1- 1, 2, 4- t hi adi azol -5-y1)-1 - 15pi perazi nyl |
car b%ﬂM'sel&&e@Xroﬁné‘(m'BjCand N;
(2S, 3S) - N, 2-di hydr oxy- 5- net
((2R)&12H1@t1w<|>lmzp4b0(nérwh@Wbﬁe?h§|)pyr. di n-2- yl]
p|2pe § Qe'lécté’c{a_frgﬁlh}qoﬁgldé Q?éﬂ‘”é?b?%lkaﬁ%sd’zﬁé eﬁl(ynyl C;3-Cs-cycloalkyl,

ydr ox
g 2R) hétemlybiyglgﬁé @ﬁl—l ri;elterdatlmé IQﬁngp@ffchmlskyy C{l h(igzi\)ﬂlgd,rhﬁltelﬁcycloalkyl Ci-
exana | e -
[ (2Sk ﬁg‘hﬁ‘gthﬁﬁﬂloaﬂ ?3@?'\{#2% %1 152‘ X:yl] carbonyl }
hexapamg gﬁectéc?§o§1 ﬁg ngﬁda‘llg}ll hC?C6 yipkey b)- @}! alkynyl C5-Cg-cycloalkyl,

, 2-di hydr oxy- 3 -4-pyrid in-2 -yl
pi pe haizrqn:ybloylﬂwb a}kb@mdl Yirver dm@m%mbl,,

t( ﬁ)sl | ] 1% 551 %:ﬁdle ﬁ/ g&h e@g’ajﬂ)iyll%zz-Cg Iaﬁ%%gl%)r(l C’gzéga(lkzyg _1;2_ me
R* R, R® and R’ are independently selected from H, C;-Cs alkyl, C,-C¢ alkenyl, C,-
Ce alkynyl; or R* and R’ form together a —CH,- linkage;
n is an integer selected from 1, 2, 3, 4, 5 and 6;
Carbons (2) and (3) are two chiral centers, wherein chiral center (2) has a

configuration selected from “S” and “R” and wherein chiral center (3) has a “S”

configuration as well as pharmaceutically acceptable salts thereof.
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25

25pi perazi nyl] carbonyl | hexanam de;
(2S, 3S) - 6-(4-et hoxyphenyl)-N, 2-di
hydroxy-3-1[ (2R)-2-nmet hyl -4-pyrimdin-2-yl
pi perazin-1 -yl]carbonyl | hexanam de;
(2S, 3S) - 6-(4-ethoxyphenyl) - 3- 44 2R) - 4- (2-fl uorophenyl)
-2-met hyl pi perazin-1-yl] carbonyll-N, 2-di hydr oxyhe X
anam i de; 181 (2S,3S)-N, 2-di hydroxy 5- et hy| -
R 2RA M=hydecryamiglepslpriv ai v agcor wgﬁpﬁl@ﬂra h@Vlnﬁa@?I}Hula (Ta):
car bonyl hexanam de; (2S, 3S)- -di hydroxy-5 -nmet hyl -3
- { [(2S)-2-nmethyl-4-(4-nmeth I ridin-2-yl)
pi perazin-1-ylicarbonyll gexahamgt de;rY2S,3 S)-3-
[ (2R) - 4- (2- 11uor o- 5- net hoxyphépy1l) \2- gret hyl pi perazin-1
-yl]carbonyll - N, 2-8P hyde® - ¢t hyj hexanani de;

“R

(2S,39)-3-{ N

R2R) - 4- (2-fl uor ophenyl) - Ho et hyPpi y}Jg\zJ n- 1-yl ] car bony
I} -N,2- di hydroxy- 5- net hyl fexandhi de; R

(2R, 3S) - N, 2-di hydr oxy- 3

[ 4- (4- met hoxyphenyl ) pi per azi n- | (WI ear bonyl }

r (szg;é$hglye|€rgfggg)p(% ggzgrom éﬁ ang’ NS)
f | uoopheny g aofetiny] i QﬁfﬂZC{;Cé’a}ﬂeh?a Chanydiky2 - di-0¥-cycloalkyl,

dr oxy- 5- met hyl hexanam de;

[ ( 2RpewrdcSelohlkpl, arypyhetaparyR Gs)s- @c}mﬂmf Cpilpetiadi hatergcycloalkyl Ci-
i%l( ]2§ar H@T )i@teroe{rylzC -8' Qlyc amyno andmﬁgo@()f/l hexanam de;

[ 4- (&2 1 y9tQah el PEIRZMmy @;b@an&ﬁﬂyﬁz-cé alkynyl, C3-Cg-cycloalkyl,
N, 2- di hydr oxy- 5- net hyl hexanani de; R, 3S) - 3-

{1(1Ser¢$)cysloe vk alls@mpmwﬂ)he@rwm azab eyclo [2.2.1

l hepgﬁgﬁ %ell c)%;{ tg }{h ))I% I%]Ia%z 8& alkenyl and C,-Cs alkynyl;
(2R, 3(5) RN l@ dﬂldwciiﬁ@myieﬁandently selected from H, C-Cq alkyl, C,-Cq alkenyl, C,-
- mst ridin-2-yl pi perazin- geear bonyl ]

20he r@HﬁmYHQI R{z@@ fgymoget r?y&%wmka et hyl-3 -
444- h 4 @i razi n-1 1
éarbo(& b it 95&9&3&& gﬂ en ;(d@an?%i AR ugroph
enyl )qmjrtpﬁ]sa@)naﬁld ) ]acartb/onyllnial d¢nersli Mpdreax yohsaheehter (2) has a
| hexapam de; s " P
D5 2ROBSURIOR aslestt Giop S5 Tranty R Andan pgrings hih csnigy G has a S
per azh i it HERANPAN I]halmaceutlcally acceptable salts thereof.

3. A N-hydroxyamide derivative according to any of the preceding claims wherein R'is

selected from aryl and heteroaryl.

4, A N-hydroxyamide derivative according to any of the preceding claims wherein R%is

selected from H, C;-Cg alkyl, C,-C¢ alkenyl and C,-Cs alkynyl.
5. A N-hydroxyamide derivative according to any claims 1 to 3 wherein R? is alkoxy.

6. A N-hydroxyamide derivative according to any claims 1 to 3 wherein R? is aryl.
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hexanam de; (2S, 3

S) - N, 2-di hydr oxy-5-net hyl - 3- ({(2R)-2-net hyl -444- (trifl

uor onret hoxy) phenyl ] pi perazin- 1 -yllearhonyl)hexan

am de; (25,3 5)-3 - {
[(2R)-4-bipheny1-4-y1-2-nethybg%rerazin-l-yl]earbonyl}

-N, 2-di hydroxy305- net hyl hexa ide; 182 (2S,39)-3-{
[(2S)-4-(2-fluorophenyl)-2-net hylpi perazin-1

-ylJcarbonyl|l -N, 2- di hydroxy-5-nmet hyl hexanam de;

éé?é% ﬁ);hy%rqérm[ng%ga%%ﬁé%} ac?:&déx?gr ‘Pop Qn%lnéie:{iznszl fe § I&Xlletpelin R? is selected
di hydiaxy-oprifRIRY | Bessanad d&;-Cy-cycloalkyl  and orl)tionally substituted
5(2R, 3S) - N, 2- di hydr oxy- 5- net hy1- 3-{[ 4- (5- phcnyl-1, 2,
oxadhazwicydoglkylpi per azi n- 1- yl ] car bonyl | hexanami de;

(2S, 3S) - N, 2-di hydr oxy-5-net hyl - 3-

[ (2R) - 2- et hyl - 4- (5- phenyl pyri di n-2-y1) piperazin- 1

gy | aaNhgaxyhmhexraai@iccdrding to any of the preceding claims wherein R’ is
[ (4- bi phenyl-4-yl pi perazin-1

-yl ) &ar bony11- 3, 4- di deoxy- 1 - (hydroxyami n 0) - 5- 0-

| o( phcnyl net hyl ) - L-t hreo- pentose; (2R, 3
S)-3-({4-[5-(4-fluorophenyl)-1, 3, 4-oxadi azol - 2-yl } pi pe

91 di A N-hyldteanbédeyderivative according to any of the preceding claims wherein R,
N, 2- di;hydr exy- 5- net hyl hexanam de; (2R 3 S)-3-

[ 4- (K fP48r #5HENy 1) - 3, 6- di hydropyri din-1(211)-y1 J

carbonyl -N, 2- di hydroxy-5-nethyl hexanam de;

13( 2R, 3S) - N, 2-di hydr oxy-5-net hy1-3 -1

(@ pReNytdByGanideydtiriopyvd atcordir 21y of the preredimgydldims wherein R® is

h i de: (2R, 38)- N, 2-di hydr oxy- 5- met hy1- 3-
Lo (SaRyef B RIRepE LY G ASha arol oyl

pi perazin-I|-ylicarbonylf hexanam de;

11. A N-hydroxyamide derivative according to any of the preceding claims wherein R’

and R®are H and R* and R can form together a ~CH,- linkage.

12. A N-hydroxyamide derivative according to any of the preceding claims wherein the

configuration of the chiral carbons is (25), (3S).

13. A N-hydroxyamide derivative according to any one of claims 1 to 11 wherein the

configuration of the chiral carbons is (2ZR), (3S).

14. A N-hydroxyamide derivative according to any of the preceding claims wherein A is

N.

15. A N-hydroxyamide derivative according to any one of claims 1 to 13 wherein A is

-CH.
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(2R 3S)-3- { [4-(4-chl orophenyl)-3, 6-di hydropyri d
n-1 (2H) -ylicarbonyl -N,2- 20di hydroxy-5
- met hyl hexanam de; (2S, 3S)-3- {
14- (2-fl uor ophenyl ) pi pe razin- 1-yl] carbonyl }
-N, 2-di hydroxy-5-nmet hyl hexanag de; (2R 3
S)-N, 2-di hydroxy-5 -nethyl-3 -(
{4-[5-(2-thienyl)-1, 2, 4- oxadi azol -3-yl] piperazin- 1
-yl I car bonyehexan anide 25(2R, 3 §)-3-{
R) i AZi .
IO AT A e G e PO T g 3 to 14 wheren
(2R 'S séiectécﬂﬁ()ﬁl- aiyl and)bytlmoadylnRé-lgllsglpcttgbe@m bk, (i-Cs alkyl, C-Ce

iglRl g?{rgl?ﬁg%l |q64a’1\lt35nzyl,g¢2 - égg}?yl %E‘Eep(}/clycloaliap aﬂ(eo;xy; R3 R4 R’

n-2- gxg]&?{p Eﬁefrlalﬁ ¥ slere)éiehcﬁfn?@ﬁé/dd theth: 25 i My £HAOX s an mteger selected
30met e xanami de; 183 (2S, 3S)- 3-{

[(ZRﬁnA}(&zUHKbrophenyl) 2- nethylplpera2|n 1-yl]carbon
yl f-N, 2- dihydroxy-S-nEthyIIaexananide; (2S,3S)-N, 2-di
hydr oxy-5-nmethyl-3 -( { (2R)-2-nethyl-4- [5-(tri

iy uonoNBtAYdyRMide drivative ackblding to any one of claims 1, 2, 3, 5 to 14 wherein
pi perazin-| -yl | earbonyl )hexanam de;

B( DRR3% Scledsichipim nyban Rgrasy: K dscouds R, RY, R and R are H; R is
éﬂ'f’g sl ectI%J ho;‘(%legﬁgé Hl%ﬁ}&l p& ! ] Andm Q%B%Eé]er sde¥lell from 1,2 and 3.

S) - 3-benzyl - N, 2-di hydr oxy- 4- {(2R) 2- nethyl 4-[4-(tri 1l

uor onmet hox henyl I perazi n- -

bt a.zeawrlwé¥3x82w EV’NE’@ RSP &ffe %Cm@ L l??afw} Formyya (Th):

{4- [4- (trlfluoronethoxy)RhenyI]plpera2|n- | 0l-yl]

but anami de;

(2S) - N, 2-di hydroxy-3ne h&l -1(2R) 2-nmethyl -444- (trif

Iuoronethoxy)phenyl] pi pekazi y11
- 4- oxobut anam d& /H\Y/A\W—

(Ib)
wherein A is a carbon atom;
R! is selected from H, C;-Cg alkyl, C,-Cs alkenyl, C;-Cg alkynyl, Cs-Cg-cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, Cs-Cg-cycloalkyl C;-Cs alkyl, heterocycloalkyl C;-
Cs alkyl, heteroaryl C;-Cg alkyl, amino and alkoxy;
R? is selected from H, C;-Cg alkyl, C;-C alkenyl, C,-Cg alkynyl, C3-Cg-cycloalkyl,
heterocycloalkyl, alkoxy, aryl and heteroaryl;
R? is selected from H, C;-Cy alkyl, C;-Cg alkenyl and C,-Cs alkynyl;
R* R® and R’ are independently selected from H, C;-Cg alkyl, C;-Cg alkenyl, C-Cs
alkynyl; or R* and R’ form together a —CH,- linkage;

n is an integer selected from 1, 2, 3, 4, 5 and 6;
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(25,3 §5)-3- { RRR)-4-(41-fl uorobi phenyl

-4-yl)-2-net hyl pi perazin-1 -yl]carbonyl 1-N, 2-

di hydroxy-5 -net hyl hexanam de; 1|s(2S, 3S)- 3-

[ (2R) - 4- (4- et hoxyphenyl) - 2- et hyl pi perazin- 1

-yl Jcarbonyl | -N, 2- ydroxy-5-nmgghyl hexanam de; (2S, 3

S)-3- [(2R)-4-(3,4-cli m

et hoxyphenyO0- 2- et hyl pi per azi.n %/I ] ca{lbon yl

“N, 2 1b0ﬁ§/0@bxﬁﬂ-d5 (?HE?Wy [txﬁgxcgﬁr@h] qgaters erein chnal center (2) has a

Eis( %r;ogrif'l%}lf ony n«l‘%BI %W 26%’ ahd wHefR) cglrgfe{‘:é}l\f& (’5’) has a “S”

perazin- 1-yl}
car bosyfeluex mnaimvdaéal as(plh&ma&S)tidﬂlli-achebga&itmys Brercof. |

(2R) - 4- (6 met hoxy- 2- napht hyl ) - 2- et hyl pi perazin- 1

-yl ] carbonyl 1-5-nethyl hexanam de; (2S,3 S)-3 -( {

(2R AN }{gﬂic(x%r m%?(fe dHlQatﬁ\Ver &@01%11 égyﬂo)d%ﬁnm Jvhc?rm@iq{hﬁ'sellected from aryl

pl per azi car bonyl) hydr oxy nmet hyl h
ex anahilderoRg I8, gels)ted\lfmrd|Phy6r-6x)allsdn€tz+€ylalkenyl C,-Cs alkynyl,
E\ErR z) ﬁ%gfrir? taﬁhéig - glggl@of%gtlgleo%yclz)glk?l %ﬁmeperoauyl, ¥{3 ,] R*, R’, R® and R’

(2S, 3RHNn@-Lisiah YHE Lot ¥eloctB® ElM 1,3 6{4, 5 and 6.
(2R) - 2- met hy -4-14-(tri |l uoronethyl)phenyl]

pi per azin- -yl I carbonyl ) hexanani de; (2S,3
g@r aé %I(}?B)ﬂ%yﬁcar e?{vt ‘fl\peEJ %@éé{%ﬁg]%le)n'y%hg%tf Iy Pleceding claims, selected

30di Iﬁmﬂ»rm&folﬁwwaglgwdpexanam de; 184 (2S,3 §)-3- {

2R) - 4- [ 1)-2-neth
[1( SIS A8 NG by o 2-meih A G %mpé@”ﬁwym&épe@fﬁa%onyn

%%%n% §% , 2-di | | ydroxy-5 -nethyl - {
2R ne -4-(4-propyl phenyl) pi per azin-1- yl[
ar bQIS/B$)-N®(<ah@dﬂod525 Iﬁétﬁﬁ, 3B-{[4-(3-phenyl-1,2,4-thiadiazol-5-yl)-1-

S)-3-(cycl o entyl&g%@{b 2- di hydroxy-4-{(2R) - 2- met hy
1- 44 BRCFAISE nyI ] pi perazin-1

[ . 2R)§s 9FPRUL @ﬁﬁ(‘f%ﬁ?—ﬁ -thé&Ry33-P)2R)-2{methyl-4-[4-(trifluoromethyl)pyridin-2-

- benz/dfpiptnaznn-ﬂ y;llqarlzc;mb)hhmnpmm’ azi n-1 -yl]

g)a r g?%@{'[z%)'zﬁsz_ﬁlﬂ(ﬁ}%gpﬂ %Xx}ﬁétii/f]?-t{ﬂ%h?- Z(r%&ﬁ}rfqi-g—%i-pgll%ﬁh}g’l)piperazinyl]

- benz®b AN heRawiide- met hyl pi per azi n-1 -yl [ carbonyl | - N

o (28,38)-N,2-dihydroxy-5-methyl-3-{[(2S)-2-methyl-4-pyridin-2-ylpiperazin-1-yl|
carbonyl } hexanamide;
(2S,38)-6-(4-ethoxyphenyl)-N,2-dihydroxy-3-{[(2R)-2-methyl-4-pyridin-2-yl
piperazin-1-yl]carbonyl}hexanamide;
(28,38)-6-(4-ethoxypheny!)-N,2-dihydroxy-3-{[(2S)-2-methyl-4-(2-pyridinyl)
piperazinyl] carbonyl}hexanamide;
(2S,38)-6-(4-ethoxyphenyl)-N,2-dihydroxy-3-{ [(2R)-2-methyl-4-pyrimidin-2-yl
piperazin-1 -yl]carbonyl}hexanamide;
(28,38)-6-(4-ethoxyphenyl)-3-{[(2R)-4-(2-fluorophenyl)-2-methylpiperazin-1-yl]
carbonyl}-N,2-dihydroxyhexanamide;
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10di hydroxy-5 et hyl I i exanam de; (2S, 3

S)- N, 2-di hydr oxy- 3-{

[ (2R) - 4- (4- et hoxyphenyl) - 2- et hyl pi perazin- | -yll

car bonyl } - 5- met hyl hexanam i de;

(2S,395)-N, 2-di hydroxy-5 -net hykr 3- [((2R) 2-met hyl-4-

{4- [(tri nuoronethyl)sul fonyll]8 phenyl

pi per azi n-| -yCcar bonyl ] hexana

1 5( 2 8BEY)-IN22dibydrgay- ,Wetgyl -3-{ (2R) 2 methyl -4-pyrimidin-2-ylpiperazin-1-yl]

[(2 et h bi phenyl-4-y1)-2-m et hyl pi perazin-1
I?C ﬁgﬁ’géhey e 1)é%/r‘et hyl hexanam de; (2S, 3S)-3-{

[( 2 RI23$)AN oydihadiexy-b phahylk3-{R2 Srplhgdtlmlﬂe(ﬂanetﬁlylpyylmmﬁyl)

rbonyl | -N, 2- di hydroxy-5-net hyl hexanar ni de;

(25, Bss’ﬁl@lr{lﬂ spgpomyl fhexandBidsof ur an- 5- y1) - 2- net hyl

R o A st g o

f 1 uomNg2-di hycﬁe;b}eﬁ-zmihﬁh@(hnémyib)

et hyl pi perazi n-| - car

hyd&%?s? AT RRED e %n%)(%gleé@il@@ela%m[1(%11353120‘(%} N2

-fl U%[hgrd h{é YRR&MAdiNe:2- met hyl pi perazin-1-yl ] car bo

nyl | ydr oxy -5 met hyl hexanani de; 25(2S, 3 Sf

[ (2RX2RL3SBNﬁ2 dkthm&yﬂsﬂﬁf(éﬁ@@@W@h?q})lmWWﬂﬁ Oséwoazh} -5-methyl
ar bonyl { - N, 2-di hydr oxy-5- net hyl

hexaﬁé’l‘ﬁn& %25, 39) - 3- (

{ (2R)(284351)33-f{[(QR§-q (4= c@llderLﬂlmer%FEhbD)QyﬂlBihg?nmberdz1n 1- yl]carbonyl}-

-2-met hyl piperazin-1 - yllcarbonyl)-N, 2-di hydroxy-5

- met iV, yidedeara- m&lylhexanamlde (2S, 3S) - N, 2- di hydr oxy-5

( 2R) é’%3 ﬁk% ﬁi}%R& -4- (LSJI crgl(l_)cilowrgh I281%%rn%leztftllylp pelilﬂn 1-yl]carbonyl}-N,2-
30c ardigidyd gy ﬁﬁrea@amxdﬂamldass

e S 0 A

(2S, 3
[ (2R 1§%lan%gnceiﬁloro 2-thienyl)-2-nethylpi perazin -1 - ll]]
car b@g2R3SE3- {m(184&j+%@dﬂwypl&nwbtﬂq§ﬁldh@&bm[ééﬁ 1]hept-2-y[]carbonyl}-

5(25ﬁg)dﬂg,@§%cy ?‘yesrf}]%&anat&@%ﬁ) 4- ( 3- met hoxyphcnyl) - 2-

met h
(2R,38)-N,2-dihydroxy-5-methyl-3-[(4-pyridin-2-ylpiperazin-1-yl)carbonyl]

hexanamide;
(2R,38)-N,2-dihydroxy-5-methyl-3-({4-[4-(trifluoromethyl)phenyl|piperazin-1-yl}
carbonyl)hexanamide;
(2R,3S)-3-{[4-(2-fluorophenyl)piperazin-1-yl]carbonyl}-N,2-dihydroxy-5-methyl
hexanamide;
(2R,3S)-N,2-dihydroxy-5-methyl-3-[(4-pyrimidin-2-ylpiperazin-1-yl)carbonyl]
hexanamide;
(28,38)-N,2-dihydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl]
piperazin-1-yl} carbonyl)hexanamide;
(28,38)-3-{[(2R)-4-biphenyl-4-yl-2-methylpiperazin-1-yljcarbonyl }-N,2-dihydroxy-

5-methylhexanamide;
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car bonyl1-5- net hyl hexanam dc; (25, 35)-3-f

[(2R)-4- (4" - bronobi phenyl-4-y1)-2-inethyl pi perazin-1-y
'] carbonyll-N,2- di hydroxy-5-nmnethyl hexanam de;

(25, 35) - N, 2-di hydr oxy- 5-ntt hyl - 3- ({(2R) - 2- net hyl - 4-[ 4-
(2,2,2-trifluoro ethoxy) tophggyl] piperazin-1

-yl } car bonyl ) hexanam de ; (25, 35) - 3-

([(2 4- (4-tert-butox phen 1) - 2- net hyl pi per azi n y}g
car b@ZMS) {28 ) ﬁ%rﬂid@f)@}? &, mﬁw&awaﬁﬁdeyl]@'@@ 2-

[ ( 2R 1%2(91(0%% L%y ?hexarfaﬁnde

i'sopr poxyp enyl) - 2- met hyl piperazin-I-yll
car bQZ{S YD) 13-5H PR}- Iy B -lakashohy e -methPpBSrazih-1-yl]carbonyl } -N,2-
S) - N - di hydr ox met hyl - 3- f
[ (2Ryihyd %%Vﬁ&qm%wgﬁﬁﬁﬁmp f6-y1 plpera2|n | -

yl'] C?{ 9%Nf2h$}ﬁzﬂl%% @emetﬁfl% g eﬁ@ﬁ) 24 (Bx%dﬁdzopB yl)plperazm 1-

s(tr r onmet I'i cnyl] yl pi perazin-1-y1
car behydrbery] thedadayddexy - 5- nethylhcxananlde

E gg) ?2? }gflﬁ 3;? lg%/(g—r ongm%Hﬁ-e%%é%@’f’? methyl-4-(5-phenylpyridin-2-yl)

(20p| B%E@aéhprJerrbs@lpwﬁem@éanam de; (25,39)-3-( {

4- (dBriet- hlyvh@rmlﬁoylpmewm}l-zl)ﬁsebwwlbﬁ Petideay=1rthyHraxypmétp)-5-0-
yl) - 1@%ﬂ8“¥%%ﬁﬁﬂﬁ%ﬁo glhexanan1de 21. A conpound

acco alnﬁ 1 to 20 for use as a

medi (3210381}-3 -(Pb[R&- ﬂh&@pl&fnyli} Coapadtidza s gifspagdind -yl carbonyl)-
clains 0 as well as mxtures of these for the
prepéﬁéﬂﬂﬁﬁ“ﬁ%’iﬂWﬁ@Hﬂ@éWﬁWﬂ $:0r the prophyl axi s and/ or

treapreng, 9f 4 6he§v§g§a{ry¥> d%%iﬂ@a?épynaﬁ%@ﬁsgﬂwbahm\;w 2-

di sease€s, I'sea stro ancer
pre- Hﬂwﬂnﬁgbbﬁmﬂgﬂﬂamﬁmndm3|s -fibrosis and
respirat

whor G0 Sk HTasEs up B e ador sy 6 PRS- Y

g?rﬁk?gbﬁﬁ?§§mngﬂkklple sclerosis and rheunat oi d
(2R,3S)-N,2-dihydroxy-5-methyl-3-{[4-(5-pyridin-4-yl-1,2,4-oxadiazol-3-yl)
piperazin-1-yl]carbonyl }hexanamide;
(2R,38)-3-{[4-(4-chlorophenyl)-3,6-dihydropyridin-1(2H)-yl]carbonyl}-N,2-
dihydroxy-5-methylhexanamide;
(28,35)-3-{[4-(2-fluorophenyl)piperazin-1-yl]carbonyl}-N,2-dihydroxy-5-methyl
hexanamide;
(2R,3S)-N,2-dihydroxy-5-methyl-3-( {4-[5-(2-thienyl)-1,2,4-0xadiazol-3-yl]
piperazin-1-yl}carbonyl)hexanamide;
(2R,38)-3-{[(2R)-4-(5-chloropyridin-2-yl)-2-methylpiperazin-1-ylJcarbonyl}-N,2-
dihydroxy-5-methylhexanamide;
(2R,38)-3-{[4-(5-chloropyridin-2-yl)piperazin-1-yl]carbonyl}-N,2-dihydroxy-5-
methyl hexanamide;
(2R,3S)-3-{[4-(5-bromopyridin-2-yl)piperazin-1-yl]carbonyl}-N,2-dihydroxy-5-

methyl hexanamide;
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Use according to claim 22 wherein said diseases are
sel ected in the group including asthm, enphysena and
chroni c obstructive pul nonary di sorders. Use according
to claim 22 wherein said diseases arc selected in the
group including pul nonary fibresis, pancreatic
fibrosis, skin fibrosis and |iver fibrosis. Use of a

N- hydr oxyam de derivative in the manufacture o
medi (:?a%ﬁvw - SR - rghlosorbsyy pRenehy lpipgras- - Y%]sarbenxlbrN 2-

the tr f MRL.ory di seases,
neurgggg %ra?gﬂglgfégaseé cardlovascular di seases,

st r okxs, 3pangetihyq@oey-5 endrhylsh Of(2 R pRraetet] 4- kjs(tlsﬂuoromethyl)pyndm 2-
fibrosis and res |rator% di sorders. A pharmaceutica
conpddiPtResH It dripraesiony B ap@BYIe: one N- hydr oxyani de

der ' gﬁ{ B%’):%J ?)I‘érgzgr? 4 ﬂgl@gp(%gyd[ 80849k [@fl(ﬁiﬂ[ﬁ)r&nétﬁogygpﬁ&gfﬂplpel azin-

Iy ac e carrier, diluent
ex0| pivénbuttuenidef . A conpound according to Fnmul a

I R6 20 mhe

&4\%@@75%3 her R aeind’ f@@ﬁémﬁ?%- -&ﬁt&fp‘e‘m@%hoxwphenﬂ]
PRRIRE Q,@gg@&ghﬁgng@ claim 28 sel ected fron1the

roué1 (58) 2-di methyl-5 é@ -3 -nmethyl -1-{ &@
i n{PR,3SEN,bilihpdoay3-mythy bbeap oty 4 (b wcypl)ne XBIP enyl]plperazm-
an- 4- OTf 187 %5 S)-2,2-dinmethyl-541 S)-3 -nethyl -

[ 4431L BHERAMYY: 2 4~ t hi adi azol -5-y1)- | -

i pe LN I-dlh 6808 ¥hethyl o 21 3theli-oX ol @ifludrammehoxy)phenyl

58) (};%2 ’gl rre}f(ﬁ )b}?S- [(1 yS)wfs?'R))rnet hyIgl 4»1{(( Yphenl
(2Rp1-r@rmh;yl} Mﬁﬂbwmﬁmlﬂ@»or o net hyl)
pyr

oyl : gé %% éL(Q%{E @'Zﬂlgb éblg enyl ﬁl:}ﬂ) (2) r%réethylplperazm 1-yl]carbonyl}-N,2-
5( SSnr}@dﬁaxgiLﬂrﬁieﬂyyﬂre&diﬁahS)ieS rrr:t hyl -1 I "
- 0
[ 2Rl (v cLion) Bl Rerazion | cauboml.,
S) BFﬁghﬂ%%ﬁ;rkPg@§&m%mggghyl 4- pyridi n-2-yl pi perazi n-

| -yl - 1,3 -di oxol an- 4- one;
(2S,39)-3-{[(2R)-4-(3,4-dimethoxyphenyl)-2- methylplpelazm— -yl]carbonyl}-N,2-di

g
di
{
p
(
{

hydroxy-5-methylhexanamide;
(28,35)-N,2-dihydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(methylsulfonyl)phenyl]
piperazin-1-yl}carbonyl)hexanamide;
(28,35)-N,2-dihydroxy-3-{[(2R)-4-(6-methoxy-2-naphthyl)-2-methylpiperazin-1-yl]
carbonyl}-5-methylhexanamide;
(2S,38)-3-({(2R)-4-[4-(1-benzofuran-3-yl)phenyl]-2-methylpiperazin-1-yl}
carbonyl)-N,2-dihydroxy-5-methylhexanamide;
(28,38)-N,2-dihydroxy-5-methyl-3-{[(2R)-2-methyl-4-(4-propoxyphenyl)piperazin-
1-yl] carbonyl}hexanamide;
(28,39)-N,2-dihydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(trifluoromethyl)phenyl]
piperazin-1-yl}carbonyl)hexanamide;
(28,39)-3-{[(2R)-4-(4-tert-butylphenyl)-2-methylpiperazin-1-yl]carbonyl }-N,2-
dihydroxy-5-methylhexanamide;
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(55)-5-((1 S)-4-(4-ethoxyphenyl)-1 - {
[(2R) - 2- ntt hyl - 4- (2-pyridinyl) piperazinyll
10car bonyl} butyl)-2,2-dinmethyl- 1,3 -dioxol an-4-one;
(5S)-54(1S) - 4- (4-ct hoxyphenyl)-1- {
[ (2S)-2-net hyl-4-(2-pyridinyl)gpiperazinyl] carbonyl}
butyl)-2,2-dinethyl- 1,3 -dioxol an- 4- one
(58) 54 S 4- et hoxyphenyl) (2R) - 2- net hy (2-
pyri M f‘r)y}i [( bé—,(%—ﬂuﬁmpyn@é@lggnyp% met ylplpeIazm 1 yl]carbonyl} -N,2-

but I
b Db ygad orol . - one
( 2R) (25, 1D-N Rudihnprbeny hetﬁylrﬁsl{ HYR)-Pinpeehiyd Zi- @y propglahboi)pliperazin-1-

butél) 2, 2- dlnethgl 1,3 clloxolan-4-one; (5
5) - 2yBcdboRy Hgxanuac:s) - 3- et hyl

[(2 %Zssfﬁthijflroéelﬂyfnﬁéﬂlﬁ) Widiﬂy@fc&?ﬁa?@ﬂ)—@ methyl-4- g4 ~(trifluoro

car bon i oxol
S) 2n®tld1xy)phenﬁ1ﬂlpﬁdtz(m1 33)43)x0|betahgffmd‘.t; [(29)- 2 mat hyI

7ROV 91025 o 0 02 2 s LSRN

({ 6@%1’1}4}5 -N,2- dlhydloxy 5- methylhexanam1de
[ 2-11uor ] 2-meth pi perazin-1-yl|

phenyl
car b&HyB9)-3- 3[(2%%%5190%(1@02 52)!%2@@%@@@61&231 1-yl]carbonyl}-N,2-
- di o0l a S (19- 1 {
[ (2R 1%1 I(Ofyfslotﬂlgtr eé%%?f}ldéz nmet hyl pi perazin- 1-yl

| car E8y$IN; 23d1hyd”IBi§i‘131{[@lRt)§4lO4 Iﬂeﬂiﬁﬂymﬁhiﬂ) )Zl-methylmperazm 1-y1]
, 3-clioxol an-4-one; 25(5R)-5-(( IS)-

4- (ACHEOWGXyPREAYINPFIEBYGS | n- 1 yIIcarbonyI }

SRR Ny s RN R Bl g X0l ARG @RS rethy Dsulfony )

phenpﬂényz}—pimtrdizw-ll g{l)cpﬂioayh ]mdangm]]dep ar bonyl 1- 3
( 5S) P%é 5@%&; dlgycf TOXY- [E»HT 2@94 (4 methoxyblpﬁ y?q )ﬁ) 8 methylplperazm 1-

2R) 1) - 2- met hyl |
o e e v D) 2. 2l met byt -

1 3 CBSO&%)Fhl{IE(ZR)}ﬁéﬁr CyQISBGP(YWn‘ﬁL){ZEme@)’LplmlaZM 1-yljcarbonyl}-N,2-
[4 ( quor razin-1 -yljearbonyl | -3

- %0 P%Meg?‘%é? 1, 3- di oxol an- 4- one;

(5R) (fS‘ §§)13 %?(2&) L‘1-~{(1{b%1120fu1'a.n 5-yl)-2-methylpiperazin-1- yl]calbonyl} -N,2-

S, 4S) - uor thenyl) 2, 5-di azabi cycl o[ 2. 2."1] hept -
y| ] d&gdmﬁyﬂ methglhexanamide;

5 (5R I;‘féz?%)t ?{Egeg% 4 ]{E% (ﬂ?{‘@% Sl; + ggnﬂ)ldﬁ(?&%i—?—r}}ﬂ?-%%ylpiperazin— 1-y1]

[ ( 4- pyrbomll p{xZQsdlﬁmdwyai nm}ﬂ;ﬁlb@amrhﬂey | f butyl |

S) 3 (gﬁg? f)}(lgf% ?[n(_QLR) (1 (? ﬂu(o}soRzl -rr%étg(_)xdylpgertlyqy% _n?e_t}[\)glg)'iperazin- 1-yljcarbonyl}-

b ger a1 01
(25,35)-3-{[(2R)-4-(3-fluoro-4- 1sopropoxyphenyl)-2—methylpiperazin— 1-yl]
carbonyl}-N,2-dihydroxy-5-methylhexanamide;
(2S,39)-3-({(2R)-4-[3-fluoro-4-(trifluoromethoxy)phenyl]-2-methyl piperazin-1-
yl}carbonyl)-N,2-dihydroxy-5-methylhexanamide;
(2S,3S)-N,2-dihydroxy-5-methyl-3-{[(2R)-2-methyl-4-quinolin-3-ylpiperazin-1-yl]

carbonyl}hexanamide;
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(5R) -5-(( 15)-1 -{ [4-(2-fluorophenyl)piperazin- 1

-yl ] carbonyl -3-nethylbutyl)-2,2- 10dinethyl-1 ,3-di o

x ol an-4-one; (5R)-2,2-dinethyl-5- { (1 S)-3-nethyl-

- [(4-pyrimdin-2-ylpiperazin- 1 -yl)carhonyl] butyl)

-1,3 -dioxol an-4-one; (5 S)-2,2-dinethyl -5- { (1

S)-3-rnethyl- 1 -[((2R) -2-methyp-4- {4-[(tri 11

uor onet hyl ) oxy] phenyl | piperazin-I|-yl)carbonyll

but y|(23 3S)1N@ dlﬁy&%%/-@%é‘thﬂﬂﬁv{ [(AR{-2DhctByl (4-U-Bhthl] phe{nyl) piperazin-
nyl-4-yl- nethylplpera2|n- 1 -ylJcarbonyl

I -3eré10h5h0ﬂbﬁh§/xa)lalzl® di nethyl - 1 ,3 -dioxol an- 4- one;

[ (25 33N sy -2 iR eglpazig yfnbonyt) N2
Car bamyldtoxy fo SSXMyhiéxaMi&lé) 2, 2- d| met hyl -
an- 4-

e I LR R (O N "
I car ggﬁ%h 12\5%eth§%@§%@&1d@“t yl) -2, 2-di met hyl -

'OX 01 22drrethy15 -(( 1 95-3
- nret B8, 3&}3{{@1{54;(#1 ehsmh}omphexzﬂyleb(ﬁd-a ratbypieyalin-1 41} carbonyl} -N,2-

pi per zin kiy hut 1,3 -dioxol an-4-one; (5

S) - 2d St h ﬂ%’f net hyl -1- {

[ (ZRXZS’ZBS'FNW&h?dr()?y-@t}ﬁMMW( (QR?lzgnéthyl -4 40@Ir Zln-iﬂuém ethoxy)
-yl I earbonyi } b an -4-

[ (4- bhelnlh]@rnﬁlamn Wyyb}ca;i@malz)hwanamlde

o o PRSI R s g 5 e SR v baronl) N.2-
(SR dﬂryd{o(xyls %)erhyihexér{a‘hﬁaew fluor 0pheny1) 1

, 3, 4- oxadi azol - 2-yl ] peridin -1 -y

car b6AyBY)- Tﬁ%hmrpmﬁy{i ?—R2 %C%ﬁsﬁmepwpherzyliﬂ methyl piperazin-1-yl]

iil ((DEQJP?@() gfﬁ“)%% g“(gf(ﬁyg)r orlJyl-rl din- 1 (2H) -yl

car bors/BS)IN; ﬁdlh}'ﬂ(ﬂlﬂﬁﬁh)ﬁhethwt-yl{ )2R)-2-midthEthylinolln-8-yl piperazin-1-
- di oxol an-4-one; 189 (5 R)-2,2-dimethyl-5-{(1
S) - 3¥heathgay }.’Lhe?‘a‘[la(nﬂlmfrhenyl 3 ,6-di hydropyridin-1

(211 XZSY,}E),) £ (QR?M' ]B,SbME(Yni}lum c]méfh? )Qﬁgﬂlyﬂrk fhe@ﬂfﬁnperazin— 1-yl}
carbonyl)-N,2-dihydroxy-5-methylhexanamide;
(28,3S)-N,2-dihydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(1,3-oxazol-5-yl)phenyl]
piperazin-1-yl}carbonyl)hexanamide;
(25,35)-3-({(2R)-4-[4-(dimethylamino)phenyl]-2-methylpiperazin-1-yl} carbonyl)-
N,2-dihydroxy-5-methylhexanamide.

21. A compound according to any of claims 1 to 20 for use as a medicament.

22.  Use of a compound according to claims 1 to 20 as well as mixtures of these for the
preparation of a medicament for the prophylaxis and/or treatment of inflammatory
diseases, neurodegenerative diseases, cardiovascular diseases, stroke, cancer, pre-

term labor, endometriosis, fibrosis and respiratory disorders.
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(5 R-2,2-dinethyl-5-((1 S)-3-methyl- 1 - [445
-pyridin-4-y1-1, 2, 4- oxadi azol - 3-y1)

pi perazi n-1-yl]carbonyl |l butyl)-1,3 -di oxol an-4-onc;
5(5R)-5-((1 9-1 - {

[ 4- (4-chl orophcnyl) -3, 6- dlhydrogyrldln 1(2H) -yl | earbon

yll -3- nethyl butyl)-2,2-dinci8

- di oxol an-4-one; (5 S)-5 -((19)- 1 { [4-(2-

Db uonrpheeytdirglopdlRier 22i wydrkidadahbdiskdses Ire selected from inflammatory
-met hyl butyl)-2,2- dinmethyl-1,3 -di oxol an-4-one; (5

R) - 2 boweli digaapg Tnatinle fcls)osrs anﬁéli%lgnaiqzd agthitis, [ 5. (2-t hi

enyl)-1 , 2, 4-oxadi azol -3 -yl] lc)piperazin-1 -yll
carbonyl)butyl] -1,3 -dioxolan-4-one; (5R) -5-(1 - {

R4 2R)sedicCErdizlpl toariaipy22 whhierei? said )di2agee tay bgdeqpeet azihe-grdup including
-yl]carbonyQ -3 - t hyl . ) )

but yma, gnahlwemﬁwﬁ ghrgnig; by Byciive Rulgpnary giseflens. ( (1

S)-1 - [4-(5-ehloropyridin-2-yl)piperazin-1 -y-1 1

carbonyl} -3-nethyl utyl)- 2,2-dinmethyl- 1,3

20l oXxbk apsotdinpao claim 22 wherein said diseases are selected in the group including

15(5R { 5- br.onop d aZ|n 1
ToL ) PRl o3 e %ﬁf&% Bl gt he I35
- di oxol an-4-one; (5 S)-5 - I R-1-{
2R) 4- (4-chl orophenyl) - 2 nethylplpera2|n 1
1 | ke v ayHhyd@xyamise rlvatlve in"the manufacture of a medicament according

g;"tg %}yﬁgg% ql. EYafTin ”%O an he ? gt’meglis of inflammatory diseases,

- (1( Zlalroaegéﬁéﬂa}{{/e AiskHsel tdahdleEﬂﬁﬁﬂhyds):s,?sﬁBNé,i cafltdy; Breyterm labor,
Upi per azi - 1 carbonyl)butyl 1-1,3
- di oﬁ@qi%etmoeﬁe’\{w ISSI(ll(aiOTS)dlsﬂ?ld%Sanzyl 2- 0X0- 2-
{414-(trifluoroneth oxy)phenyl]pi perazin- 1 -yll
ethyl)-2,2-dinethyl-1,3 -dioxol an 4 one; (5 S)-5 -((
D7.S) A pharbaoayitaleomposition comprising at least one N-hydroxyamide derivative

2R 2- meth yl -4[ 4- %trlfluorone%ﬁoxg) IJ ?iﬁ razin-

gFgording 69&@}1&1} )° fxlajmg | 4P eutic acceptable carrier,

'd' oxalan ofle)gd?gentaﬁé@oﬁ) 2,2-dimethyl-5-((1 S)- |
-ntt hyl- 2- oxo- 4 (trlfluoronethoxy)phcnyl

pi perazin- 1- yl 1 ethyl) 1 , 3-di oxol an-4-one; (5

-2,2-d th

ehy - Bty atite EB Aoy ot 1 enyi

pi perazi n-1 -yll -2-oxogthyl)-1g83 -di oxol an-4-onc; (5

S)-5 - ((15) 1 {1(2R) 4- E&\ R‘k\uﬁo@ b%phenyl

-4-y1)-2- et hyl nperazi nO1 earoonyl It -
o%ﬂr”%
)y~o o R

Iv)

wherein A, R!, R%, R*, R®, R®, R7and n are as defined in the preceding claims.

29. A compound according to claim 28 selected from the group:
(58)-2.,2-dimethyl-5-((1S)-3-methyl-1-{[4-(2-pyridinyl)-1-piperazinyl]
carbonyl}butyl)-1,3-dioxolan-4-one;
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303 -nethyl butyl)-2, 2-di met hyl- 1, 3- di oxol an- 4- onc;

190 (SS)-5-((1 R-1-{ (2R -4-(4-ethoxyphen

y1l) - 2- net hyl pi perazin- 1 -yl]carbonyll -3- nethyl

butyl)-2,2-dinmethyl -1 ,3-dioxolan-4-one; (5 S)-5-(( 1

5)-1-

{1(2R) - 4- (3, 4- di met hoxypheny1)$2- net hyl pi per azi n- 1
-yl']carbonyll -3 - methyl butyl)-2,2-climethyl- 1,3

- di oxod)am? 4iaaay1-5(@ SHB-rdetRyldl yihehyll B2 Aethiaglazo L5 y()-1-
(2R) )62 )?npetlh 1 44 (5 ﬁet hy t l{TFLConyI gphenyl ] =oll5y
pi perpa);eifa‘imlyll%ﬂlb@ygé)ﬂb’éhifﬁjwo}@l‘l ope; 3 -di oxol

?2 ( g&fé‘ﬁ'z %%1?1%2@2 i@ nap%tm (LORYZ; tnﬁequ&ﬁp@ (triflyoro rethyl)
3yl ] @@fl@m@bll]blperazm 1 yl}calbonyl)butylj 1,3- c}loxolan -4-one;
net | OXO0l a

h
5b) (BRXT3-dbyiety - I npa (I R A - yridinyl) piperazinyl)
( Ig [ ( ‘

- | azi n-
1%ca?€%ﬁ¥§(lfﬂ’%ﬁéﬁ§{aéﬁlta§%% o-dimethyl - 1,3

d| oKSﬁ)ahQ-ﬁimethyl—fQ-ﬁ(lS) 3 an@hyli v k(A 12-Bretlfy] %pyr@m@t)ﬁyilperazin-l-yl]
- [(2R)- 2 4 -(4- henyl 1

| GRARE sl pggponeny ) prver i

S)-2 ;
S (S TR Rl i v

pi percabonyl } hatah Bohdindlglyl,3-diokoRBn=4dpasx ol an- 4- one; 15(5
S) - 5- . .
o) (O TR Bty by AR Ry e Papridins] piverasiny
yl ] %airbb@yubutazr)&z Hﬁﬁé’ﬂWl mmmmaarafzo@a methyl- 1,3

xol an- -one,

[ ( 2R)(55!D 5( S(JSD édﬁﬁﬁwwﬁﬁl@wﬁ 12{&213) -t yA- @ pebaiginyl ppiperazinyl]

I t hethyl-1,3
Lucg:( %bmﬁré TR 1y31%j50%§%n2 o et 1 hy1-5- ( (
15) '\35$I)E5 k- 414-et}[0(><§%ﬁ)en2})me( YR -4 2-4tuprophenyl)-2-methyl piperazinyl]
4 DXL BTl fosfhied Hgjolictind et 1.8
. -2 \ 1_ _ Al . q i1
eg % ?@Eeny?@ é@;szgfrﬁéﬁ%l %@Rw méthids-bifinfdisotARperazin-1
-2- owbambbdnyL}Bu@l)dl B rledioya-4-08e;di oxol an- 4- one;

Lo G0 Db g

N gl(eg )lpélalzmiﬂ mpcal%oﬁylt}lbﬁ?t)hys- &roxdlag-4-gh@xol an- 4- one;

[ (2R(O%)-F- iglgg @érﬁ@%@%%ﬂwgogﬁl()mezhﬂﬁmph%me% -gttylpipgrpyin-1-yl}

earb %Q%lon}{fl) 33 methylbutyl]-2,2-dimethyl-1,3-dioxolan-4-one;
(58)-5-((18)-1-{[(2R)-4-(2-fluorophenyl)-2-methylpiperazin-1-yl|carbonyl}-3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5R)-5-((1S)-1-{[4-(4-methoxyphenyl)piperazin-1-yl]carbonyl}-3-methylbutyl)-2,2-
dimethyl-1,3-dioxolan-4-one;
(58)-5-((1S)-1-{[(2R)-4-(4-chloro-2-fluorophenyl)-2-methylpiperazin-1-yl]
carbonyl}-3-methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(58)-5-((1S)-1-{[(2R)-4-(5-chloropyridin-2-yl)-2-methylpiperazin-1-yl|carbonyl}-3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
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methyl b utyl)-2,2-d inmethyl- 1,3 -di oxol an-4-one; (5
S)-5-((1 95- 1- {1 (2R -4-(4-nethoxyphenyl)-2-ne

t hyl pi perazin- 1 -yl]carbonyl -3 nethyl

butyl) 2,2-dinmethyl - 1,3 -dioxol an-4-one; (5
S)-2, dlnethyl 5- {(1 S)-3-nmethyl- 1 -1

((2R) 2-nmet hyl -4- {4- [(trlfluoW§nethyI)

30sul fonyl ] phenyl | piperazin- 1 -yl)carbonyl] butyl}

1 3 (51@1) 6XlSan - £[4=(¢RIoroph8y {BpeBdzi®- ((l ea®bpnyld=3-ethylbutyl)-2,2-
%4 - met hoxybi phcnyl1-4-y1) - 2- net hyl pi perazin- |
ylld@H? bh%ﬁ‘?m“@ﬂlﬁ@ﬂ%ylbutyl) 2,2-dinethyl -1, 3

- O SRR APSH (OB Dl hycrbpheny):2 - diazabicyclol2. 3 1hept-2-y1
: é: |o ccanrbboﬂym meﬂlylb(ilieﬁlhyﬁ ~Binieyty) 3- ﬂemblm(aﬂhmle 1,3
benigﬁkﬁﬁaﬂ% t?vk? {Zlﬁe} N1z fyﬁéﬁ%wfhém% 59@@&%5arpparbonyll

1-3- lﬂﬁﬁp¥b<ﬂHbM534%m% dlnethyl 1,3-di ox ol
an- 4- one; S) -

[ (2RYSRF2.2; cﬁmdthm adﬂ@)ﬁ metmghmm b%eﬁmﬂsom])emlmbcm]mperazin-1-

b t hyl buty1 2- di et hyl -
gegag o%?%{ﬁ’])ﬁ @hef)gldé‘}@ans% Y (u[{z)Fe) 4- (3|-nFi d
uor O(ﬂﬁﬁsi(utswpﬂemy@uo%pm@ﬁﬁ)ﬁl&l@ﬁﬁa Zyl]mblm 1}-3-methylbutyl)-2,2-
-yl ]carbon - 10net hyl buty1l) - dlﬂEt% | - 1,%
- di oximl@thyﬁl 6Tdeex04@ Bpng- ((1 S)-1 -

2Rt 2 031 SR A B P TSRS Pl
1 3 (ﬂ)ugf)lpﬂ,ar-ﬁléxdlﬁ]lﬁ4 dno; S) - 5- [(1 S) - 1 ( {(ZR) 4-13
1f ! ;%@a} %%f}{;);:tquylgg r{?lr‘rﬁt}r(r)l)e(%l P 1- [(( R; 2- methyl I {E t1e1fr130210methyl)oxy]

oL X2 R ed B h QLR s 15(5

[ (2RX5D- 7l E)/-l {4!(2@1)+4Hm|phdfny34w1@ -pethglpiperazin-1 -yljcarbonyl } -3-methyl

yt_| %utyk]))oﬁ% dnilet yy %)3 d‘logolgr; )g%le;an -4-one;
(55)-5-((1S)-1-{[(2S)-4-(2-fluorophenyl)-2-methylpiperazin-1-yl|carbonyl } -3-
methyl butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((1S)-1-{[(2R)-4-(3-chlorophenyl)-2-methylpiperazin-1-yl|carbonyl}-3-
methyl butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5R)-2,2-dimethyl-5-((1S)-3-methyl-1-{[4-(5-phenyl-1,2,4-0xadiazol-3-yl)-1-
piperazinyl] carbonyl}butyl)-1,3-dioxolan-4-one;
(55)-2,2-dimethyl-5-((1S)-3-methyl-1-{[(2R)-2-methyl-4-(5-phenylpyridin-2-y1)
piperazin-1-yl]carbonyl}butyl)-1,3-dioxolan-4-one;
3-[(4-biphenyl-4-ylpiperazin-1-yl)carbonyl]-3,4-dideoxy-1,2-O-(1-methyl
ethylidene)-5-O-(phenylmethyl)-L-threo-pentonic acid;
(5R)-5-[(1S)-1-({4-[5-(4-fluorophenyl)-1,3,4-oxadiazol-2-yl|piperidin-1-yl}
carbonyl)-3-methylbutyl]-2,2-dimethyl-1,3-dioxolan-4-one;
(5R)-5-((15)-1-{[4-(4-fluorophenyl)-3,6-dihydropyridin-1(2H)-yl]carbonyl} -3-
methyl butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
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(5 95)-2,2-dinmethyl-5-((1 S)-3 -nmethyl -1 -{

[ (2R) - 2- et hyl - 4- (4- et hyl phenyl) piperazin- 1

-yl ]carbonyl }butyl)- 1 ,3-dioxolan-4-one; (5 S)-5-((
| §)- 1 -

[ (2R)-4-(5-chl oro-2-thienyl)-2-nethylpi peraZ| n- I

- Acarbonyl} -3- 20ret hyl buty1)82, 2-di net hyl -

-di oxol an-4-one; (59)-5-((1 95)-1 -{ [(2R)-4- (3

- met gy pheiivdhyRsetd)yd- ﬂlbﬂ@[-&ll[(mpﬂenyyl’)bccﬁhﬁﬂﬁp’ﬁ%ﬁl(2H) yh)
met hyl butyl)-2, 2-di methyl - 1, 3 -di oxol an- 4- one. .
corrp@%ﬁ’ﬁ’@nblé ‘ét(z’{}emfdﬁ@iﬂlﬁtrh%og? oup: 25(2S, 3

S) - 2- [e] I, b=

) g/l ) égg)g K?fm?thggi-gﬂﬁ-%émé‘%?%?xg égfjgﬂld%n—\ﬁf ﬁ-l?ﬁﬁ%l&&az&-}yl)
S) - 2pmewzexy-yﬂcmbml}bayl){1zs~aibxplheWy¢m 1, 2, 4- t hi adi

?E%’ SRS I8 RT3 Hiotopitngy S B AR ops ittt 18- AfdaTbony1y-3-

S) - 23 1%@9 %ﬁrhé&hyﬁx 6{diaRharga WRENY! - 4-[4- (trifluor

onet pyri n- 2-yl']”30pi perazin-1-yll carbonyl)
hexalﬁiﬁ)ei € B 1-{[4-92110@8pBerS))- Rpipgthzowylc&bomtl 3 imgthyibutyl)-2,2-

2R di n- 2- |-yl | bony|
R A0 PRy Yy oo
[ (2S)5R: ml&méﬂl§rr-9>((rllsqll3%ah§zli mépegfagz -thienly])= V2 H-oxadiazol-3-yl]

carbonyl } hexanoi c aci d hydroxy 5- nmet hyl

- 3-  pifefzRyl zfl}r?éth@ml-)hlltblﬁﬂb%ﬁ@ixﬁla% Aonsi per azi n-1 -yl ]

((: gga gfg)y)_-%-_( ﬂ-g g 7 oz§%g:cﬁre%r%pﬂr£d§1-g-yl)—2-methylp1perazm- 1-yl]carbonyl}-3-
[( ZS}neZh}lI‘bhny)ZLE Qdﬁxﬁetﬂm-h,_\zlcnwdlﬁi Modeyl )p perazin- | -

yI ] car exanoi ¢ aci
[ (2Rf2By- %éﬁﬁﬁﬂ ol b 5chler cmyazbglﬁhéﬂy)mpﬁ@zwe% wlrgppwyl armethylbutyl)-

n-1 Qﬁ-lllnféﬂ{}@-q walo}(olan-4-one,
(5R)-5-((1S)-1-{[4-(5-bromopyridin-2-yl)piperazin-1-yl|carbonyl}-3-methylbutyl)-
2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((1R)-1-{[(2R)-4-(4-chlorophenyl)-2-methylpiperazin-1-yl]jcarbonyl }-3-
methyl butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-2,2-dimethyl-5-[(1R)-3-methyl-1-({(2R)-2-methyl-4-[ 5-(trifluoromethyl)
pyridin-2-yl]piperazin-1-yl}carbonyl)butyl]-1,3-dioxolan-4-one;
(5R)-5-((1S)-1-benzyl-2-0x0-2-{4-[4-(trifluoromethoxy)phenyl|piperazin-1-yl}
ethyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((15)-1-benzyl-2-{(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl |piperazin-1-
yl}-2-oxoethyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5R)-2,2-dimethyl-5-((1S)-1-methyl-2-0x0-2-{4-[4-(trifluoromethoxy)phenyl]
piperazin-1-yl}ethyl)-1,3-dioxolan-4-one;
(55)-2,2-dimethyl-5-(1-methyl-2-{(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl]
piperazin-1-yl}-2-oxoethyl)-1,3-dioxolan-4-one;
(59)-5-((1S)-1-{[(2R)-4-(4'-fluorobiphenyl-4-yl)-2-methylpiperazin-1-yl|carbonyl } -
3-methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
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() 2- hydr oxy- 5- net hyl hexanoi c aci d; (2S, 3S)-3-{
[(2R)-4-(2-fl uorophenyl)-2-net hyl pi perazin-1-yl]carbon
y1l1l- 2- hydroxy-5- nethyl hexanoic acid; (2R 3
S)-2-hyclroxy-3- { [4 -(4-methoxyphenyl)pi perazin- |
-yl ] carbonyl } -5-nethyl hexalggi c acid; 15(2S,3 S)-3

[ (2R) - 4- (4-chl or o- 2-f | uor ophenyl) - 2- net hyl pi perazi n- |

I gls] (3D ANRY-11H{2R) by di-akyx<yphemil Y nexadpipeezaci gl carbonyl ) -3-

[(ZRﬁK@n@@UB%I%?GE?@WMIh32hvﬁﬂmﬁ4ﬁ@?hylp|pera2|n 1-yl]
i R
- 2 hyrettiopyutpl)-2rfetlimydthy2 Ak e olaa-4aeied ;

Y nc?ﬁ%)lf %rqtf{l%gﬁy%-f%mt%}r% (3R Zapethy r4-I§1imeylhgpyphenyl]
hexa?ﬁiefazﬁfm-q&}cgi%%n%l%utgl] hydpRx¥mr4a®chy1- 3 - (14-

rifluoroneth phenyl [ pi perazin- 1 -ylf carbonyl)
hexaﬁiﬁ)eﬁ €e P i - {PBRIR-(®-Byth@xy-L-npghthyl)-2-methylpiperazin-1-yljcarbonyl } -

I h . in-,.1 -yl b I
A d%%th@l%g%%yﬁ%%ﬁfﬁﬁ%%kﬁ-d&xo&a‘ﬁé%ﬂﬁé‘ﬁr R
8) - 2¢ sz) 5({(@@341[4?(1 I{eﬁﬂofﬁﬁénf henylj 2-methylpiperazin-1-yl}
m di n- 2- 5) erazi n- -yecar bon exan0| c acid;

(2S, sa@?nﬂ ﬁymtby(lyutgl raegﬁwetgglzlw XOPNAEPRG| - 4-

4-

SR RS TR B AR ¢ -propoxypheny)
2

( 2Rpiptrdaird h@h]}éérbén}yl }bﬁylﬂﬁtﬁ&ﬂo&b]}@ﬂ%eﬂ I

yl | carhonyl } hexanoi ¢ i.d;

23, & SQ)Z %‘dlmftk@ls; [dsz -3- mffth‘ﬂr Iobﬂ{%%%,%-)mezhyhéle[% trifluoromethyl)phenyl|

| oI pefepatd 1 41 roktdofi A RRRY 1Y 8% ¥ mR4-one;
(55)-5-((15)-1-{[(2R)-4-(4-tert-butylphenyl)-2-methylpiperazin-1-yl|carbonyl} -3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5S)-5-((1S)-1-{[(2R)-4~(5-fluoropyrimidin-2-yl)-2-methylpiperazin-1-yl]carbonyl} -
3-methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(58)-2,2-dimethyl-5-((15)-3-methyl-1-{[(2R)-2-methyl-4-(4-propylphenyl)piperazin-

[
1
[
(
y

1-yl] carbonyl}butyl)-1,3-dioxolan-4-one;
(55)-5-((15)-1-(cyclopentylmethyl)-2-{(2R)-2-methyl-4-[4-(trifluoromethoxy)
phenyl] piperazin-1-yl}-2-oxoethyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((15)-1-{[(2R)-4-(2,3-dihydro-1-benzofuran-5-yl)-2-methylpiperazin-1-yl|
carbonyl}-3-methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-5-((18)-1-{[(2R)-4-(1,3-benzodioxol-5-yl)-2-methylpiperazin-1-yl |carbonyl } -3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(5S)-5-((1S)-1-{[(2R)-4-(4-methoxyphenyl)-2-methylpiperazin-1-yl|carbonyl}-3-
methyl butyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(55)-2,2-dimethyl-5-{(18)-3-methyl-1-[((2R)-2-methyl-4-{4-[(trifluoromethyl)
sulfonyl]phenyl} piperazin-1-yl)carbonylJbutyl}-1,3-dioxolan-4-one;
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met hyl hexano ic acid; 5(2S,3S)-3-{ [(2R)-4-(3 -ch

| orophenyl) - 2- et hyl pi perazin-1

-yl ] carbonyl}-2- hydroxy- 5-m et hyl hexanoi ¢ aci d;

(2R, 3S) - 2- hydr oxy-5-net hyl- 3- [4-(5-ph enyl -

1, 2, 4- oxadi azol - 3-yl ) pi perazin-1 -y]] carbonyl}
hexanoi ¢ aci d; (28, 3 191

S) - 2-hydroxy-5-incthyl-3- { [(2R)-2-nmethyl-4-(5
hphel(lsé)py((qimﬂi%{(mwgar - AihdAMdiphondi-3-yerr aemlipiperazin-1-yl]
exanoi c acid

5- 0- batheyyl} 3- rp(:rlnywumh)ehgfdlmewmﬁeck@quan 4-pne;

R S - P 20 Rgh PPloe g Sjicabgpyts-3-
plpghkﬂbe&deiQemmaﬁyyﬂa2hmhﬂﬁf¢%ne5 nEththexan0|c
aci

[ 4- (ﬂiﬁ‘f)réﬂﬂ %bhéﬂy?l_@ A9 1 ghegrofennobyPi2-aethylpinergzny) -x}jgarbonyl}-3-
b d;
(oR JB bt 2SRty PEGIADERAED € B
, 6- di(§8)elr- (I(ﬂ)S)(;ﬂC{I[(ﬂRJ.—@Q(IZ Z)dlfl]l)éloch,zldxengddud)@i(—émb) 2-naathylpiperazin-1-yl]
2R, 3S I ox - 3- = .
Es pwr)bamﬂ? i Igﬂithilbytx&l %23%11591&[ 13-4oxqlasdonsi n- 1 -

20yl rdpn hvl _ _
147 §S§h§|3g1r¥ Fg%%ﬂ@??'ﬂ%bfb @?I%]eslaorxggl)%%?) ﬁmet y piperazin-1-yl]carbonyl}-3

( 2H) mpethyllioay DA rditeeghiyidi- dm@lanéltmd hexan0| c aci d;

PR an;f@i}ﬁ SR RSB SE b ReARamL L 1)

y 5 Biub@ﬁ}hy-k I%Gl'h aéj@ c(n%eihls}l @Bycﬂib)xolan 4- -one;

, 2, 4- oxadi azol perazi n-
y | c a(jﬁ-)nﬁy [() ﬁ}gk—éh@&) 4 orQ ARty olget{loxy)phenyl] -2-methylpiperazin-1-
2R Ior t in- 1

B A

(2R, 8592, 3dml<£ti4yl(5(((l Eb Orrﬁ@llﬁ]ll- i [IQR) 2In@hylpleq@noie-3dylpiperazin-1-

-yl I carbonyl a g -5 -net hyl 30hexanoi ¢ aci d,
yl]carbonyl} butyl)-1 3 10x01an 47 -one;
(58)-2,2-dimethyl-5-((1S)-3-methyl-1-{[(2R)-2-methyl-4-(4-methylphenyl)
piperazin-1-yl]carbonyl}butyl)-1,3-dioxolan-4-one;
(58)-5-((1S)-1-{[(2R)-4-(5-chloro-2-thienyl)-2-methylpiperazin-1-yl]carbonyl}-3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one;
(59)-5-((18)-1-{[(2R)-4-(3-methoxyphenyl)-2-methylpiperazin-1-yl]carbonyl}-3-
methylbutyl)-2,2-dimethyl-1,3-dioxolan-4-one.

30. A compound selected from the group:
(28,38)-2-hydroxy-5-methyl-3-[(4-pyridin-2-ylpiperazin-1-yl)carbonylJhexanoic
acid;
(28,38)-2-hydroxy-5-methyl-3-{[4-(3-phenyl-1,2,4-thiadiazol-5-yl)piperazin-1-yl]
carbonyl}hexanoic acid;
(28,3S5)-2-hydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(trifluoromethyl)pyridin-2-yl]

piperazin-1-yl}carbonyl) hexanoic acid,
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194 (2R, 3 S)- 3-

[4-(5-bronopyridin-2-yl)pi perazin-1-ylicarbonyll-2-hyd
roxy-5 -methyl hexanoic acid; (2S,3 S)-3- {

[ (2R) - 4- (4-chl orophenyl) - 2- net hyl pi perazin- 1 -yl

lcar bony11l- 2- hydr oxy5- nmet hyl hcxanoi ¢ aci d;

(2S, 3S) - 2- hydr oxy- 5- met hy1- 3- (#22R) - 2-met hyl - 4-[5-(tri
| I'uoromet hyl ) pyri di n-2-y11 piperazin- 1 -yllcarbonyl

Thex a9 g)-26l8kox{-3Bndhyl-3-{[(2R)-2-methyl-4-pyridin-2-ylpiperazin-1-yl]
S) - S%ng) % ﬁrox }A/f oi[)( -1414- (trlp?/l uor onet hoxy) p

henyICaI]bplpjéPf étzxarmomac :f but anoi ¢ aci d; (2S,3

S)-3 A
Ok LR e S e b S Rk TEE N2 yigiperazin-1-y1)
-4- owbuﬁﬁmisﬁanaﬁi ai;d (2R 3

S) - dr ox é4 14- (triflugromet hoxy)
Dhem@ PPhd &fifPﬁY”ﬁ-methME(aﬁb cm%téyld‘l -pyrimidin-3-yipiperatin-1-yl]

(25) < %Fb@( E)ﬁ anl%c”é'%ﬁdjyl 4-{(2R) - 2-nmet hyl-4-[4-(trilluo
eny

r omet pi perazi n-1-y11-4- oxobut anoi ¢ aci d;

15( 288 )-Bhydroxy-5-methyl-3-{[(2S)-2-methyl-4-(4-methylpyridin-2- yl)piperazin—l—
[ (2R) ;I uor qbi phenyl-4-y1)-2-methyl pi perazin-1

-yl ] é(QF‘HgW&Ml hexﬁnmﬁ?‘gaoxy 5- met hyl hexanoi ¢ aci d;

(25, 3 (2R)-4-(2-1 -5-meth henyl)-2-methylpiperazin-1-yl]carbonyl
R2R) - %@ %11)_ oxg/ph(enyufIO 2 nrlr%t%}ilylpple%ye)r azin- ylp)r;l i car bg%’f“ onyl}-

11- 22 dnuwyﬁnwﬁnﬁykhmxan@dt aci d; (2S,3S)-3-

(2 A A e Rt 2 R S et by oy
(2S, %&hﬁh%ﬂ&@émﬁ met hyl - 3-({ (2R)-2-nethyl-4- [4-
(et hyl “sul fonyl) hcnégpetgl perazin-1 -yl f carbo

yI ThésdaAs)-é-hadioey - Hs; otghpesipiEagin-1-yilcarbonyl}-5-methyl
(ZR%effan%lc T .hoxy- 2-napht hyl ) - 2-net hyl pi perazin-1

-y1] "carbonylI- 5- net hyl bcxanoic acid; 25(2S,3 S)-3 -({

(2R) {25,383 ﬂ(2R) 4-(4-chloro-2-fluorophenyl)-2-methylpiperazin-1-yl]carbonyl} -2-

- benzof ur an- 3- %&hen y1l1-2-nct hyl pi perazin- 1-yll

car b&nJoxy-2- Iﬁ?%?/ §/ar‘5’lcn@§ﬂchyl hexanoi ¢ aci d;

E (ZSR)%@ 3%?%3(%@95; (§ c'ﬂﬁ}rg%ﬂr ﬁéy y%-methylféllperann 1- :\{l]caranyl} -2-

4- ("4- pr opox
car bchyghio}cyirjemamplhexzamncdamd

‘E (ZgRi%?’g'b? ’r@{%ﬁﬁﬁamp )pt}}‘}[fagflfbhy} Cjnﬂ?ﬂg}'@ﬂ hydroxy-5-methyl

30pi pekadiducid -Yy-11 carbonyChexanoic acid;
(2R,3S)-2-hydroxy-5-methyl-3-[(4-pyridin-2-ylpiperazin-1-yl)carbonyl|hexanoic
acid;
(2R,3S)-2-hydroxy-5-methyl-3-({4-[4-(trifluoromethyl)phenyl]|piperazin-1-yl}
carbonyl) hexanoic acid,;
(2R,35)-3-{[4-(2-fluorophenyl)piperazin-1-yl|carbonyl}-2-hydroxy-5-
methylhexanoic acid;
(2R,3S)-2-hydroxy-5-methyl-3-[(4-pyrimidin-2-ylpiperazin-1-yl)carbonylThexanoic
acid;
(28,38)-2-hydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(trifluoromethoxy)

phenyl]piperazin-1-yl}carbonyl)hexanoic acid;
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195 (2S,39)-3- {

PR) - 4- (4-tert-butyl phenyl) - 2- net hyl pi perazi n- |
-ylicarbonyll-2- hydroxy-5-inethyl hexanoi ¢ aci d;
(2S,39)-3- [(2R)-4-(5 -fluoropyrimdin-2-yl)-2-m et hyl
pi perazin- | -yl]carbonyll -2-

hydr oxy- 5- nact hyl hexanoi ¢ aci d?3

5(2S, 3S) - 2- hydr oxy-5-net hy1-3- {

[ (2RX2§3 @)93Jqy@RM(mpmsimdypnaﬂeth}lpip@ﬁl&axz1Jyt]caﬁrboww -2-hydroxy-5-
car onyl}hexan0|c acid
(25 w}hﬂhemlw&nyl met hyl ) - 2- hydr oxy- 4- { (2R) - 2- met h

R e e T

Mﬁ@ﬁmﬁamﬂ) 2 nethylplpera2|n 1 yI]

1OCarbon ; -2-h - 5- yl hexanoi c ac
(2 S %)_— —{{ [(2R)- 4 (3 ch orophenyl) 2 methylpiperazin- 1 yl]carbonyl} -2-hydroxy-

[(2 3I%T§%E§“ﬁ5§%%ﬂ1°X°1 5-y1)-2-net hyl pi perazin-1-yl ]

car bony Xy-5- met hyl hexanoi ¢ aci d;

(2S, 38,38y B-)hddm)xy Bmethyl-3-{[4-(5-phenyl-1,2,4- 0xad1azol—3—yl)piperazin—1-yl]
{1(2 4- met hoxypheny1) - 2- et hyl pi perazin- | -y | ]

car bG%%PP?’gl}]Ee%?lﬁ%‘ﬁéxanoi c acid;

15(2 ?%Sg,@)' ?nh?&'l@& )SYmg’th?FiJ]W@R&QJmé’rﬁ%E‘a (?pﬁ@ltyn:%h idfn-D 41 fpiperazin-

tri uoronet hyl fonyl ] phenyl} piperazin-
-beénbbﬂ¥b¢DhHwamun@a®@4 . (25,3 S)-2- hydroxy 3- {

R T A o T e R

R2R)péﬁ6ﬁ3@ygjohexylphenyl) 2-m et hyl pi perazin- 1
yl]carbon y - ZOthroxy 5- met hyl hexanoi ¢_ac
( 2 S, 82I5pSR3- (H f'RyL fugrpphenyl)-1,3,4-oxadiazol-2- yl]piperidin- 1-y1}carb0ny1) 2-

-ben t pi perazi n-1 -yl]c arbonyl}
é&%‘ 2%I§m%%ﬂ&%1ﬂﬁe§%%0|c acid; (2S,3 5)-3- {
[ ( 2RX2143$§23%{4H4 ﬂhblmpﬁerilyl) 3,6-dihydropyridin-1(2H)-yl]carbonyl}-2-hydroxy-
3- benzodi gxo0l- 5-y1) - 2- nethylplpera2|n- 1 -yl]

carbéﬂ?@?y OXPVHrBidy- 5 - net hyl hexanoi ¢ aci d; 25(2S, 3

SR

carb omjobglyl]hexanmc acid,
(2R,35)-2-hydroxy-5-methyl-3-{[4-(5-pyridin-4-yl-1,2,4-oxadiazol-3-yl)piperazin-1-
yl]carbonyl } hexanoic acid;
(2R,35)-3-{[4-(4-chlorophenyl)-3,6-dihydropyridin-1(2H)-yl]carbonyl } -2-hydroxy-
5-methylhexanoic acid;
(28,3S)-3-{[4-(2-fluorophenyl)piperazin-1-yl|carbonyl}-2-hydroxy-5-methyl
hexanoic acid;
(2R,35)-2-hydroxy-5-methyl-3-({4-[5-(2-thienyl)-1,2,4-0xadiazol-3-yl]piperazin-1-
ylcarbonyl)hexanoic acid;
(2R,35)-3-{[(2R)-4-(5-chloropyridin-2-yl)-2-methylpiperazin-1-yl|carbonyl }-2-
hydroxy-5-methylhexanoic acid;
(2R,38)-3-{[4-(5-chloropyridin-2-yl)piperazin-1-yljcarbonyl}-2-hydroxy-5-methyl

hexanoic acid;
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2- hydr oxy- 5- net hyl hexanoi ¢ acid; (2S,3 S)-3 - {
[(2R)-4- (3-fl uoro-4-isopropoxypheny

)-2-met hyl pi perazin- | -yl]

car bonyl1- 2- hydr oxy- 5- met hyl hemoi ¢ acid; (2S,3 S)-3-(
(2R)-4- [3 -fluoro-4- (trlfluororrethoxy)phenyl] -2-

met hyl pi perazin- 1 -yll earbonyt)-2-hydroxy-5- met hyl
hexanoi ¢ acid; 196 (2S, 3S)-2-hydroxy-5-nethyl-3-{

[ (2R\2R38p8yA- Abputiopgtitin=B bpemaziNeatbonyll 1-2-hydroxy-5-methyl
carb gnyl '?Phg¥agmc adg)?é (2?@% 2nhyg]rjoxy I}'Sylﬂmat I%Iyioxg- e

ft [ hoRpor-asithyl - 4- (4- met hyl phcnyepi perazin- | -yl]

??E g _’%é)(%?gggg C(4 %ﬁ (ﬁlcl)%h%}%?Q%né)n%/ﬁ) )Hebzlizbne r1 3'2 carbopyl} -2-hydroxy-

-yl ] sans&yiexhdoie Reld,hydr oxy- 5- met hyl hexanoi ¢ aci d:

S~ 5 a5 AP oy 6 2R SRR RmS BB pomegoplngeidin2-1]

razi Biﬂefa}ﬁﬂ- 1 -%/ﬂrcg%}ﬂrl})héx%ﬁ&@ tdQM! hexanoi ¢ aci d.
(2R,38)-3-benzyl-2-hydroxy-4-oxo0-4-{4-[4-(trifluoromethoxy)phenyl|piperazin-1-
yl}butanoic acid;
(28,35)-3-benzyl-2-hydroxy-4-{(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl]
piperazin-1-yl}-4-oxobutanoic acid;
(2R,3S)-2-hydroxy-3-methyl-4-o0x0-4- {4-[4-(trifluoromethoxy)phenyl]piperazin-1-
yl}butanoic acid;
(28)-2-hydroxy-3-methyl-4-{(2R)-2-methyl-4-[4-(trifluoromethoxy)phenyl]
piperazin-1-yl}-4-oxobutanoic acid,;
(2S,35)-3-{[(2R)-4-(4'-fluorobiphenyl-4-yl)-2-methylpiperazin-1-yl|carbonyl } -2-
hydroxy-5-methylhexanoic acid;
(28,39)-3-{[(2R)-4-(4-ethoxyphenyl)-2-methylpiperazin-1-yl]carbonyl } -2-hydroxy-
5-methylhexanoic acid;
(2S,3S)-3-{[(2R)-4-(3,4-dimethoxyphenyl)-2-methylpiperazin-1-yljcarbonyl } -2-
hydroxy-5-methylhexanoic acid;
(28,38)-2-hydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-
(methylsulfonyl)phenyl]piperazin-1-yl}carbonyl)hexanoic acid;
(2S,3S)-2-hydroxy-3- {[(2R)-4-(6-methoxy-2-naphthyl)-2-methylpiperazin-1-yl]
carbonyl}-5-methylhexanoic acid;
(2S,35)-3-({(2R)-4-[4-(1-benzofuran-3-yl)phenyl]-2-methylpiperazin-1-yl}
carbonyl)-2-hydroxy-5-methylhexanoic acid;
(2S,38)-2-hydroxy-5-methyl-3-{[(2R)-2-methyl-4-(4-propoxyphenyl)piperazin-1-yl]
carbonyl }hexanoic acid;
(28,35)-2-hydroxy-5-methyl-3-({(2R)-2-methyl-4-[4-(trifluoromethyl)phenyl]

piperazin-1-yl}carbonyl)hexanoic acid;
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(2S,38)-3-{[(2R)-4-(4-tert-butylphenyl)-2-methylpiperazin-1-yl]carbonyl }-2-
hydroxy-5-methylhexanoic acid;
(2S,3S)-3-{[(2R)-4-(5-fluoropyrimidin-2-yl)-2-methylpiperazin-1-yl]carbonyl}-2-
hydroxy-5-methylhexanoic acid;
(28,35)-2-hydroxy-5-methyl-3-{[(2R)-2-methyl-4-(4-propylphenyl)piperazin-1-yl]
carbonyl}hexanoic acid;
(2S,35)-3-(cyclopentylmethyl)-2-hydroxy-4-{(2R)-2-methyl-4-[{4-(trifluoromethoxy)
phenyl]piperazin-1-yl}-4-oxobutanoic acid;
(2S,35)-3-{[(2R)-4-(2,3-dihydro-1-benzofuran-5-yl)-2-methylpiperazin-1-yl]
carbonyl}-2-hydroxy-5-methylhexanoic acid;
(2S,35)-3-{[(2R)-4-(1,3-benzodioxol-5-yl)-2-methylpiperazin-1-yl|carbonyl } -2-
hydroxy-5-methylhexanoic acid;
(28,35)-2-hydroxy-3-{[(2R)-4-(4-methoxyphenyl)-2-methylpiperazin-1-yl]
carbonyl}-5-methylhexanoic acid;
(28,35)-2-hydroxy-5-methyl-3-[((2R)-2-methyl-4- {4-[(trifluoromethyl)sulfonyl]
phenyl} piperazin-1-yl)carbonyl] hexanoic acid;
(28,35)-2-hydroxy-3-{[(2R)-4-(4"-methoxybiphenyl-4-yl)-2-methylpiperazin-1-yl]
carbonyl}-5-methylhexanoic acid;
(28,39)-3-{[(2R)-4-(4-cyclohexylphenyl)-2-methylpiperazin-1-yl|carbonyl } -2-
hydroxy-5-methylhexanoic acid,
(28,35)-3-{[(2R)-4-(1-benzofuran-5-yl)-2-methylpiperazin-1-yl|carbonyl } -2-
hydroxy-5-methylhexanoic acid,;
(2S,39)-3-{[(2R)-4-(2,2-difluoro-1,3-benzodioxol-5-yl)-2-methylpiperazin-1-yl]
carbonyl}-2-hydroxy-5-methylhexanoic acid;
(2S,39)-3-{[(2R)-4-(3-fluoro-4-methoxyphenyl)-2-methylpiperazin-1-yl]carbonyl} -
2-hydroxy-5-methylhexanoic acid;
(2S,3S)-3-{[(2R)-4-(3-fluoro-4-isopropoxyphenyl)-2-methylpiperazin-1-yl]
carbonyl}-2-hydroxy-5-methylhexanoic acid;
(2S,39)-3-({(2R)-4-[3-fluoro-4-(trifluoromethoxy)phenyl]-2-methylpiperazin-1-yl}
carbonyl)-2-hydroxy-5-methyl hexanoic acid;
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(2S,38)-2-hydroxy-5-methyl-3-{[(2R)-2-methyl-4-quinolin-3-ylpiperazin-1-yl]
carbonyl} hexanoic acid;
(28,38)-2-hydroxy-5-methyl-3-{[(2R)-2-methyl-4-(4-methylphenyl)piperazin-1-yl|
carbonyl! }hexanoic acid,;
(2S,35)-3-{[(2R)-4-(5-chloro-2-thienyl)-2-methylpiperazin-1-yl|carbonyl} -2-
hydroxy-5-methylhexanoic acid;
(2S,38)-2-hydroxy-3-{[(2R)-4-(3-methoxyphenyl)-2-methylpiperazin-1-yl]

carbonyl}-5-methylhexanoic acid.



