WO 2011/ 048032PCT/ EP2010/ 065579 DI AZEPAN DERI VATI VES AS MODULATORS OF
CHEMOKI NE RECEPTORS The invention is concerned with novel heterocyclyl
conpoundswof2ofiauguasta (1), R6R5 RL (CH2) p AN R2 wherei n Bcs/BrRdto@sssao si ngl e
or a double bond with the proviso that when 'is a double bond one of R5 or
R6 is absent; Ais aryl or arylnmethyl wherein the said rings are being
optionally substituted by one to three Substituents independently sel ected
fromthe group consisting of halogen, aryl, heteroaryl, C 6 alkyl, halo
Cl 6 alkyl, G _6 al koxy and halo C1_6 al koxy; 10Lis a bond, N(R)-C(=0),
NH- C(=S), or CHAHeC{wrGErIvwiEres msRuopm.ahyel ogemmoxk G ratkydorsR1L and R2
are, independently-of each other selected fromthe group consisting of:

C 6 alkyl, C3 6 alkenyl, 15- C3 6 al kynyl, hydroxy C2 6 alkyl, G _6

al koxy C2_6 al kyl, C3_7 cycloal kyl which is optionally substituted by
one to three substituents independently selected fromthe group consisting
of Rd, 20- C3_Thedyednoiah kydon&Zinl Witk ybvehhaerecyellltemE3unds of &rmalaky), i s
optional Iy substituted by one to three substituents independently selected
fromthe group consistiRg of Rd,
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wherein
5 - is either a single or a double bond with the proviso that when - isa

double bond one of R® or R® is absent;

A is aryl or arylmethyl wherein the said rings are being optionally substituted by
one to three substituents independently selected from the group consisting of halogen, aryl,
heteroaryl, Cy alkyl, halo Cy alkyl, C;. alkoxy and halo C alkoxy;

10 L is a bond, N(R’)-C(=0), NH-C(=S), or CH=CH-C(=0), wherein R’ is
hydrogen or Ci4 alkyl;
R' and R? are, independently-of each other selected from the group consisting of:
- Cy alkyl,
- Cs6 alkenyl,
15 - Ci alkynyl,
-hydroxy C,.¢ alkyl,
-C1 alkoxy C,¢ alkyl,
-Cs.7 cycloalkyl which is optionally substituted by one to three substituents
independently selected from the group consisting of R?,
20 -C37 cycloalkyl C, alkyl wherein the C;7 cycloalkyl is optionally substituted by one

to three substituents independently selected from the group consisting of R?,



WO 2011/ 048032PCT/ EP2010/ 065579 -2 - C7_10 bi cycl oal kyl, phenyl C

1 3 alkyl, wherein the phenyl ring is optionally substituted by one to

t hree subwOI2buEMs®2i ndependent |y sel ected from the groupcrtmpeisinsssge of Rd,
heteroaryl Cl1_3 alkyl, wherein the heteroaryl is optionally substituted by
one to three 5 substituents independent%y sel ected fromthe group

consi sting of Rd, het erocyclyl which is optionally substituted by one
to three subs—ﬂﬂalécuc@ailk)dependent ly selected fromthe group consi sting of

Ebot i tuted By onEEY ek, ShSinbs PhanetBE R oBublla IR Rt o tha |

group consibstituéigs mﬁe@dder@?séléaéd&ednﬁagrohpgeﬁmhgmtaﬁ t he mtrogen atom to
whi ch they are attached orm heterocyclyl optionally substituted one to

three substi t%}@tﬁtoemlﬁd@@éﬁldévhﬂeyl @éh@éltoé’é}’lfsr%ﬁ*f){lﬁb’s@ %weébﬁevesfpﬂh@eof Rd,
and wher e s A& Ofndt edéﬂt gefeaw%nﬁh@@uﬁgoé@tﬂ Rekerocyclyl formed by Rl

and R2 being optiona p aced wth r and/ or one of the ring
car bon atons bétetdﬁﬁt‘flhlefs’leﬁlotsymtlymallb’onbmmtwbmn@n dhrRosubsti@bige indlepdndentlys
carbon atg c?edf?m{h@er url r(l)gSIVs(h ,{Ss C3_7 cycl oal kyl or heterocyclyl, which
is opti onaeiy su 2ROy e al kyl and wherein one or two ring

carbon atons -ﬁéteﬁ)@ydyl'c’(nlgtafE@ﬂ Whetgn e ieg:regiciyd tadptiyndl BpuBa BEedYy anciar bonyl|
group, ; and R4 are, independently of each other sle fte ced fromthe group
consi st i nGrGEULSHNARIRmEndsatin yelrcsd /fom dhe goup fappistingotR6 08| koxy, , C3_7

cycl oapkyl, 3 I@}’ﬁ)k@tﬁéﬂ%‘th @énﬁro%lellfxﬂom @50t M %Aﬂé QARNGRE Q‘Qﬂﬂ' car boxyl ,
car banoyl, nono or - (f/ substituted carbanoyl
al koxycar W‘PWW opt1onally sﬁbs‘utute by one to three substituents 1ndependent1y selected from

the group consisting of R®, and wherein one of the ring carbon atoms of said heterocyclyl
formed by R' and R? being optionally replaced with C=O or SO,; and/or
one of the ring carbon atoms of the heterocyclyl formed by R' and R*is also a ring
15 carbon atom of another ring which is Cs.; cycloalkyl or heterocyclyl, which is optionally
substituted by C;.¢ alkyl and wherein one or two ring carbon atoms of said another ring being
optionally replaced by a carbonyl group,;
R’ and R* are, independently of each other sleteced from the group consisting of:
-hydrogen,
20 -hydroxy,
-C16 alkyl,
-C1 alkoxy ,
-C37 cycloalkyl,
-Cs5 cycloalkyl C ¢ alkyl,
25 -C1.¢ alkoxycarbonyl,
-carboxyl,
-carbamoyl,
-mono or di-C.¢ alkyl substituted carbamoyl,
-C ¢ alkoxycarbonyloxy,
30 -mono or di-C.¢ alkyl substituted aminocarbonyloxy,
-C.0 alkylcarbonyloxy-C_¢ alkyl,
-C1-20 alkoxycarbonyloxy-Cj alkyl,



30-mono or di-Cl_6 al kyl substituted am nocarbonyl oxy, Cl1_20

al kyl car bonyl oxy- Cl6al kyl, Cl_20 al koxycarbonyl oxy-Cl-6 al kyl, WO

2011/ 04808DRCT/ERBO10/ 065579 - 3 - aryl car bonyl oxyc@Eg@aIO}oySS,wi n
whi ch said aryl are optionally substituted by one to three substituents
i ndependently selected fromthe group ((::?nm sting of hal ogen, Cl1_6 al kyl,
hal o C1-6 al kyl, G _6 al koxy and hal o 6 al koxy nono or di-Cl_6
al kyl substi tﬂtymrlamymEé}lbaldiyl oxyhich sﬁdat}kyte op&oaalgyl substthsted by obeito three

by one.t o DA Be e futer Rl i) Bl uaBalndPi PhetBrotis b o

consi st n@kﬂfCh@d]ﬁ@@mnd%loﬁjl%b]ﬂwxy halo C1_6 al kyl, C _6 al koxy and hal o
C _6 al koxy; hydroxy-Cl 6 al G _6 al koxy-Cl 6 al kyl, 10-hal ogen or
hal o C1_6 al k{1onogsr di-grofkyl; SubStlmteWIé‘ﬁ%PﬂP@Y&}Xéf Gigdpdndent |y hydr ogen

CL_6 akkyl or. &%a?bsﬁ‘bﬁ?éd%hﬁé@arb IY%?I%E(? fjnpgvhﬁh%lﬁ)é&yl anGpsishdllyS_

cycl oal kyl are’optionally substituted ne to three substituent
i ndependeswbbyiuisd bgoneth threg ﬁubsmelegtsonﬁisp@rmgﬂxsmlmedo?omtherwoumoaimw;g of

car boxyl , I%ﬁ%ﬁﬁag‘)%@lkylnl?khgl galgleglr%qu@ dh%l.lo a{ﬂﬁt ed carbanoyl and Cl_6

al koxycarbo er W &”tarbon atom to which
they are attahmdxy-bq)wlk@ 7 cycl oal kyI or heterocyclyl; R7, R8, RO and Rl
are i ndepende y  of ot her sleteced fromthe group consisting 20 of:
hydr ogen, %&@%@‘PXY éaft‘]lﬁélm)yl nmono or di-Cl_6 alkyl substituted

carbamgyl,  _halogenor
-halo C;¢ alkyl;
p isOorl;

R® and R® are independently hydrogen, C;.¢ alkyl or Cs_; cycloalkyl, wherein said Ci6

alkyl and said Cs; cycloalkyl are optionally substituted by one to three substituents
15 independently selected from the group consisting of amino, hydroxy, carboxyl, carbamoyl,

mono or di-C.¢ alkyl substituted carbamoyl and C,.¢ alkoxycarbonyl; or

R’ and R6, together with the carbon atom to which they are attached, form Cs 5
cycloalkyl or heterocyclyl;

R’ R®, R’ and R" are independently of each other sleteced from the group consisting

20 of:
-hydrogen,
- carboxyl,
- carbamoyl,
-mono or di-C.¢ alkyl substituted carbamoyl,
25 -C16 alkyl, is optionally substituted by one to three substituents independently selected

from the group consisting of hydroxy, C,.¢ alkoxy, carboxyl, carbamoyl, mono or di-Cy¢
alkyl substituted carbamoyl and C,.¢ alkoxycarbonyl, aryl and heteroaryl, in which said aryl
and said heteroaryl are optionally substituted by one to three substituents independently
selected from the group consisting of halogen, C; alkyl, halo C;.¢ alkyl, C;_6 alkoxy and halo
30 C,salkoxy;
-Cs7 cycloalkyl or
- aryl;



25-Cl1_6 alkyl, is optionally substituted by one to three substituents

i ndependently sel ected fromthe group consisting of hydroxy, Cl_6 al koxy,
car boxyl ,woantiznasosk, nono or di-Cl_6 al kyl substituted earkkzowploczsngd Cl 6
al koxycarbonyl, aryl and heteroaryl, in which said aryl and said heteroaryl
are optionally substituted by one to théee substituents independently

sel ected fromthe group conS|st|n9 of halogen, C1 6 alkyl, halo Cl1_6 alkyl,
Cl_6 al koxy ang han@hﬁﬁomcﬁml, NBxlSt hal@genYCq:y@lkyﬂahMyIClaalkyhthydlroxy(ZSDs

2011/ 048032P 010
G 6 al ky%y C‘; %a‘%f?% & ?XY %wﬁ”&;ly ~’c31"lfé%§‘ §¥716(éﬁ{‘%%yd§f‘%’8%§e @Q@%l al koxy
G _|6 al géaﬂ&%gcycacgl  c@IYWR R CINA"-a(BPRY,CRRBON®}-ORE) wm@mxmmm oxxlgb
acyl, ,

N 507 FRBRG MRS TR0 OB PR BIOR K k) w%wcl callsghating
al kyl syl fcpyahkylﬁu&lahélﬂ'ﬂ@éh}l@ Q,alkezh%@b&oar;ﬁ%ﬁ’éfba eﬂ‘H’I)ﬁhd hé}&fog%enr aaryl, Ly

het er oary and heterocyclyl, & heny sal d
sai d phe na}dd tmiphs%nal ¢<f>sra1d nhh@ylhed earld) ahqnlyl of s slbwldthh ére@marlyblf sah Hetemiag] and

et et 0ar vl Cheto I L P16 RSLELRSLLE BELAT, SRLIATE LoRubgiis vt ed by

one to thl‘ ee Su naepen roup consi st ng
of hydr owasman@mdéﬁeﬁﬂahmymaleageﬂomGhe_ @roap Iéyrhs,lsnhgloﬁhﬁ;ko@ alday| NRF‘B}dr oxy

Cl 6 al ky]| | k b , - 10 NRa- C(
AR o 6] bt CpelE S Koy Nt s re Rl et AR PRI Y5y 0) N eRb.
- 0C( 0} 0leg(HhrERE- NRF‘ 3708 RWNRa CloforPkywreid do)mit®, amek-§8,-R° akkykihi o, and

one or two ring carbon atons of the heterocyclyl being optionally repl aced

with a caNBdkyKN@KBNBJ€Pé3C«E£H%n@1@ékﬁwéﬁmﬁb@peﬂhéh@ pyihpdiogekybhioG _6
al kyl ; O{Hdd)nt%%r Ev% ﬁgge Earf))(g QOtlhg)ogt’he ﬂ%t%r cl%lnt;[e? aqp|t18}(1algr ré]glggeg Wit I's an

i nt eger dr o ugs or 1%e"shlts
t her eof . ¢aubsdxdyegroup;he |nvent|on i's concerned Wi th a process and an

internediate for the 20 manufacture of the above conpounds, pharnmaceuti cal
prepar at i ons rgh’%hﬁtﬁFﬁl H@ﬁl%g%$%ﬁﬁﬁ§°rghémgge of these conpounds for

the pneductiom of phak MAGREHSS ERI2; prepar ati ons. The conpounds of
formula (1) are CCR2 receptor ( Chenpki ne Receptor 2/ Mnocyte chemptactic

protein 1 recédptor)is ahtkgsh?ist ® 2and/ or al so CCR5 receptor (Chenokine

Receptor 5) andi g§ﬁ% r (Chenoki ne Receptor 3) antagoni sts.
Chenoki nes argﬂ;&th] r%ﬁggégnall secreted proinflammatory cytokines

functi oni ng aspmhhmnanmhamummn$aﬂpmmhﬁdwﬂstemnaﬁhey pronote trafficking of

| eukocytes fr cul ar .beds into surroundin issues in r gnse to
o | st or y ' STYRARE IS sen e S S B nL S Rt RIP e o ccept or
( GPCRg)  byahuFadtid ol i@ a%b%@mpwn@abﬁ%ﬁ&uhBM%éﬁafhﬁohmﬁl@ﬁiﬁ@ﬁal@@uéH ux,

i nhi bition of cAWP production, rearran enents of the cytoskel eton,

act i vat i ofPraoundy, disruspef hess compernds fahe prodycin o phamsayicaHICRARIMEr ease
in the expr esﬁ{e%nﬁfou@d%%?%rﬁﬂllep(ﬁ)o&rg AR2 receptor (Chemokine Receptor 2/Monocyte

chemotactic protein 1 receptor) antagonists and/or also CCRS receptor (Chemokine Receptor
5) and/or CCR3 receptor (Chemokine Receptor 3) antagonists. Chemokines are a family of
25 small, secreted proinflammatory cytokines functioning as chemoattractants for leukocytes.
They promote trafficking of leukocytes from vascular beds into surrounding tissues in
response to inflammatory signals. Chemotaxis starts upon chemokine binding to receptors
(GPCRs) by initiating signaling pathways involving increased Ca-flux, inhibition of cAMP
production, rearrangements of the cytoskeleton, activation of integrins and of cell motility

30 processes and an increase in the expression of adhesion proteins.

Proinflammatory chemokines are considered to be involved in the development of

atherosclerosis and other important diseases with inflammatory components like rheumatoid



WO 2011/ 048032PCT/ EP2010/ 065579 - 5 - arthritis, asthma, nultiple
sclerosis, transplant rejection and ischem a reperfusion injury with

speci fi c woaniwasis2ef f ects i n nephropat hy and peri pher alPCrapeubasssdd seases.
Monocyt e Chenotactic protein 1 is considered to be the nmgjor stinulated
chenoki ne nedi ating inflanmatory proce_rsréc_as in these diseases through the
CCR2 receptor on nonocytes and on 5 so T | ynphocytes. In addition MCP-1 /
CCR2 ar e arfhrdis sasthesd, onltipde fmderpsed, artaewlamretjdfceiopramgiselmi@repofﬁlttitmeinr'mtf atdl i c
syndronme to re severe. sta abet.i c . .di se S. has
MRl S e R b R R S e e

aut oi mmnehdna@ca@q)@oteﬁlhr@ugmdet@i tB®t EfcaddjoBitinzAdtedEhemokhe Kddatili ch has a
role as coreceptor for viral entry into host cells. 10 Thus, CCR2 can be a
target of NJamBIRQREBTOEEsSES i dhese Fl@a%SﬁSethfoutgh theelr FR P ECPOT ARS8 a_ es, and
mor e Sﬁecéofrﬁec"ﬁwn%’]oht)g’ytest iPAIRA MEP- PACERALR iMidlByioh i 68teiditdt hschem a.
Furt hernore y results and experiences fromthe devel opnment of a new
CCR2 nedi phgesdiar ofithé mciahalicaniomertayndrasiviictstages of dbebd M@eﬁ@deta&pﬂm nt

; ?{)mt ;ﬁ?;@ﬁ gse?l Oefenﬁ}%g cﬁto &&&Q&}r(%nd §on%e(ﬂuent a{h% Qr%g ét’?utmo ?rful_ rra':Ql_ ;)f]

backgr oundiscasdothirfightift dibtetdliemdditidd WERZ QR Wil hassa M&ﬂfote@bptf)lofor fpglocyte /
macr ophage recr and also for intimal hyperplasia and the formation
and st abi FTy"Gf 0§&qu§ -osclerotic | esions. In addition, numerous reports
descrijpe invol venent of the MCP-1 / CCR2 pathway in man post injury and in
various inflammatory processes, including such in 20 vascul ar beds. The
present i AsnECBA cpir by theget pﬁenmwﬂlcmrfpbwgemfofp@*mhﬁraévqsm)ﬂav\rlm@heSar e
CCR2 recept,o i CCR3 and

hd &or%%%%@&%?%%r%ﬂ%eﬁlt ?\ @Qw{%té% Sﬁ{ﬁé%%al%l ni ﬁ{ﬁons are set

fort h to sthdymtulahedazq&rlzﬁcedﬁbMeﬂmmmntn@mﬂC@R@md@dmetifoetmﬁr| ous
terms used to.descr] b t he i pventi on ereifn. Toge ter " hal g_gen".,

“hal ogen Ao Pay é‘r‘l igate g fliomsun develoniept 1o frpagmgnt F‘%‘ﬁﬁ)s p§do Pt erred

“hal 09@” '1afe RS o PIn@orilaHOK 8 aahAMebdels of MCPN@NY €0R2 KelmBe & Wy br'apeE-/~ | ower
al kyl", alone or in combination with other groups, neans a branched or

st rai ght - @HdPlrRp backaramds gdiowme thatthe MCP-h/ Rq?gpaéhréaw&ew&twé&rtmnoamﬁs 30

- propyl | ESu G e BRI bGP BB RO ond Sy of 1 6

nor e pr ef @herectlerdtieletiensnIh Gﬂdﬁoralnluyiet'ouﬁmsts tlmenlsamﬁo]arsmant oﬂiﬂtea\/[é?Pkly/l

except th e C2 6 alk has t to six rbon atons; and.t

2051, 048036 RENFEBIT TR divand i feste iR s e TlrauSh R o %
al kyl %0 exszenbrgdat the C3_6 al kyl has three to six carbon atoms; etc. The
term"C _20 al kyl "nmeans the sanme as a "G _6 al kyl", except that that t he
Cl 20 al kyl has one to 20 carbon atons. The term

"G -20al k - - 5
wherein %}E Qﬂp%k%%n%y %ér%gyéa%ak 13R{) |§1£% &éhgrﬁrg{ IEPVEWF},% a{é(@@ 6ngtaﬁove
The t er m &n@igoRBal Wok yome Mngdnmtyctmty@tsblayIGCRbai@r@CRb t he group wherei n Rb3
|saC| _6 al kyl ene _and. ako as defin The
Lorm a6 S s it e SR T B ARG B3P BliS e s e

gr oup2R - @finc\tran&intRindissopr Eithebvagibliylermd@eTheddseribe thCinventadk@xain.car bony! "

refers to the group Ral-C(0)-, wherein Rai is a C _6 al koxy as defined
above.

-

The term “halogen”, “halogen atom” or “halo” refers to fluoro, chloro, bromo or iodo.
Preferred “halogen” groups are fluoro or chloro.
The term “Cy6 alkyl” or “lower alkyl”, alone or in combination with other groups,
means a branched or straight-chain monovalent alkyl radical, having one to six carbon atoms.
30 This term is further exemplified by such radicals as methyl, ethyl, n-propyl, isopropyl, n-
butyl, s-butyl, t-butyl. Ci.4 alkyl or C;.3 alkyl is more preferred. The term “Cs.6 alkyl” means

the same as a “C¢ alkyl”, except that the C,¢ alkyl has two to six carbon atoms; and the term



The term"C _6 al koxy-Cl_6 al kyl" means a G _6 al kyl substituted by a Cl1_6

al koxy group, as defined herein. The term"Cl_6

al koxy- cawbanylloasod2 refers to the group | e-C(0)-0-, wherermr2@oiosssas 15 C1_6
al koxy as defined above. - The term "Cl_6 al kyl - car bonyl oxy" refers to
the group le-C(0)-0-, wherein le is a C1 6 alkyl as defined above.

The term"aryl", alone or conbination Wth other groups, neans cyclic

aromat i ¢ Hysdrabodt inomsrizdiao® as @0 'sk slikyligexstptama thor Cramlleyl hasbdeerto nigs
contai ni ng 6-14 carbon_atons, . for,. 20 exanpl e phenyl. or, napht hyl he term
aryt met noroonen el IR o R A BB SR S e Gon ey P e R | “The
t er m " phethylC; Glalidyl abkyic'toMoaBdor afoms3 al kyl , as defined herein, substituted
by phenyl . The term "aryl carbonyl oxy- Cl6al kyl" refers to the group
Rel - C(0)-0-Re2-, wherein le is a 25 Cl | kyl ene . and | e,j n_.aryl, as
defined above IRRFHd1410a65/53] @W@F’?gk@ﬁf)’&@ st the group R EF@@ " C3_6
al kenyk" , whdrOR&R 0ls o @ CaPEdémeahll RN ik (), PHRAT asdlc@HRBabovBaNS @ strai ght-chain
or branched hydrocarbon resi due conprising a carbon-carbon doubl e bond,
having three to six carbon atons, provided that the carbon,atom of .t he
attachnent poi Hte M theo B50%yCAbRBAPKY-fo6 2k refem tothethuntdl £601-0-Rs-not
bonded t F: b ay; Kk car bon-car bon
doubl e bgvr&{g&e%rq@eﬁg‘ﬁ%fgﬂkf %%CgffG 1§;|§Eg%aﬁk<?5g ’ %%S?SE%%%V@ The term
"Cl_6 al kylene", alone or in conbination with other groups, neans a
branched or stFhe tgim -Chedlkpxyatalongtasdn epnplinaion wilhoetherrdins, heahs ¢el grodp one to
si x carbop, at SUGE yl ene, ethylene, tetranethylethylene. The
term™ CSC_)% gl 8{/[%;%1&% %%C?]_J]%l%ﬁi n conbi nati on with other groups, neans a
straight- 10 chain or branched hydrocarbon residue conprising a
car bor0caFibonrm (Cpd dkdyrirbdnglVi mfgrstth tieezroap Bi'sC(Oar, bbareat RHss a Groalkaed t hat
t he carbon cgtfona?cit;c the attachnment point of the C3_6 al kynyl to the rest of
t he nol ecll €€ i3 bonded to anot her carbon atom of the C3_6 al kynyl by a
carbon-carbon triple bond. An exanple of a C3_6 al kynyl is 2-propynyl.
The term " car bbheyterin r€f illsoxtyC @ atitydUmear(S(e0) QHlkyl Sibsetiteirif'a Cay dileoxyy |
refers to a rng -ﬁﬁé]r(QNHZ. The term "C3_7 cycloal kyl," alone or in
conbi nat i FRUKi% HoHR Ytoups, neans a saturated nonoval ent nono-cyclic
hydr ocar bon radical of three to seven ring carbons (e.g., cycl opropyl,
cycl obutyl, orTigyeh@rEexydlRoxy-carbonyloxy Theré ®tHe $i6dp R*Cq@h)0al, kihkere@lRS igd Kyl "
means a Cl1 6 al kyl substituted by one or nore, 20 preferably one or two,
C3_7 dycl ond #kaxyge dapacd abgveief i ned herein. The term"C7_10
bi cycl oal kyl ," alone or in conbination with other groups, neans a saturated
monoval ent  cyctiGehty 4F OCAERRBbAAbER reRls BENESLPRIAN D) whekhors i havi ng
two rings, in which two or nore ting carbon atons of one ring are ring
car bon at onsalkyl as Hefinpdrabevari ng (e.g., bicyclo[2.2. 1] heptyl). 25The term
"hal o C1_6 al koxy,"™ alone or in conbination with other groups, neans a Cl-6
al koxy iggit | RGP Yarf al e SFROMbIALAIETR oo o BTPS hitth AychERRHlTENt S the
hydrocarbon radical consisting of one or more fused rings containing 6-14 carbon atoms, for

20  example phenyl or naphthyl. The term “arylmethyl” preferably means a phenyl-CH,- or a
naphthyl-CHj, radical.

The term “phenyl-C;_3 alkyl” means a Cy.3 alkyl, as defined herein, substituted by
phenyl.

The term “arylcarbonyloxy-C.¢ alkyl” refers to the group R*'-C(0)-O-R*-, wherein R is a
25 Ci¢alkylene and R is an aryl, as defined above



substituted by one to three hal ogens. WO 2011/048032PCT/ EP2010/ 065579 - 8
- The term"halo C1_6 alkyl"” nmeans a C _6 al kyl substituted by one or
nore of tweenmasese di fferent hal ogen atons. Exanpl es areTEPRI0os3ARt hyl |
di fl uoronethyl, trifluoronethyl, 1- fluoroethyl, 2-fluoroethyl and
2,2,2-trifluoroethyl. The nost preferreg_"halo G _6 alkyl" is
trifluoronmethyl. 5The term "heteroaryl,” alone or conbination with other
groups, neansltertear Yatalenybndoycorio combinbii@ywith othar groeps, ;epmdi talghof 5 to

from N oitRbe AR Aok o aificlca it SR iRk SRRITATEL e Ponry
g g y

t he ter m thhetiek@aaibon atons pu@eﬁied EHat thle Saboh atlonm)ftteel attaahmerytrpoday lof thie Lﬂ3@ny I,
t hi enyl, thiazol |soth|azol , triazolyl, |n1dazo%¥ , l1soxazo
O,

| )
pyrrol yi abwirﬁtér Fipt of ﬂi‘OmﬁW‘élEéﬁ At b%%ﬂdé%wher capen gfogn pfythe Cb@ﬁ%@%l@ényr
tetr ahgdr@Qeﬂ&pwmﬁafduble'b%ﬁeeﬂmmﬁ%ra c@gm%eﬁﬁrsazz@w{)knylbenZOI sot hi azol yl,
benzotri azolyl, 1 ndolyl, i1soindolyl, benzoxazolyl, quinadlyl,
tetrahydrqu|noI|nyI i soqui nol yI, ben2|n1dazolyl ben2|soxazolyl or
benzot hi enyl , Therfea G salodenc peredir iy Eombingtdaolpotherigrouns apeany ja, branslied he
derivatives, ,
pyridyl, and)ld %u.'ﬁgﬁf“i/?am%hgﬁf@rﬁ'?f ‘5‘{‘1‘3"%8?%‘%‘?418% 6‘JhtO%IXeCamo%qllljdnqsolse{(Jh *®
heteroary@emkmnem&@kmahﬁnmnmhwemhkneern1"heteroaryl Cl_3 alkyl" neans a
C 3 alkyl substituted by a heteroaryl as defined herein. The term
"heterocyclyl' | ong~or_co u means
e e ey ey L P AR P o BB B BP0 ¥ one
to thnee ¢hangor29a1ﬁhmycﬁmscerﬁmtreﬁm&td@mnsﬂngemeﬂbdemhﬂbysn siglebérid hdviomhie 0 and
QO)n(mhme nis an integer fromO to 2), wth erenmrungrrn%a

to
bei ng C. EXENTIRYE &mhreiee it Gashancagra of W&raﬁerélmeshw%tr% theot43 lsd to,
azet 1 di Ny, PGt SHehnBMbule REYRBYEI:A3E SRIRY barb8X o WHithe ! a{lﬁﬁl\y@'f)fﬁ uranyl ,

t et rahydr ot hi ophenyl, oxazolidinyl, thiazolidinyl, 1soxazolidiny

mor phol i ngarbonpéapeamatripieyond.pApexandplayfa Cyetlkuiy v Dpsopamytl , t hi orror phol i nyl
qui nuclidinyl, 25 imdazolinyl or 6-aza-spiro[2,5]oct-6yl. The nore

preferred hepﬂ{q&%e%%hgrgnqagﬁqbq§%mgr gg»gﬁgligiro[2,5]pct-6y1. The

term "het erocycl ns a substituted by one
heterocyclyl, as defined herern WO 2011/ 048032PCT/ EP2010/ 065579 - 9 -
The téﬁnr"nDﬁHKﬁmnd?Cﬁh%ﬁOﬂTK#@Sgubg®hpuCé®B&binocarbonyl" refers to a
group - OC(0)NRbile wherein at | east one of Rol and Rd is C1 6 al kyl and

the other is Ry %1919&'(?)30 19au<91 ’alllﬁ%ér or ii[ ggm{)ﬁﬁmn \KIRﬁ‘&hQF grghpscrjnegnsaal kyl

substituted am nocar
saturated monovalent mono- cychc hydrocarbon rad1cal of three to seven ring carbons (e.g.,

cyclopropyl, cyclobutyl, or cyclohexyl).

The term “Cs_; cycloalkyl Ci6 alkyl” means a C;.¢ alkyl substituted by one or more,
20 preferably one or two, Cs; cycloalkyl groups, as defined herein.

The term “C7.19 bicycloalkyl,” alone or in combination with other groups, means a
saturated monovalent cyclic hydrocarbon radical of seven to ten ring carbons, having two
rings, in which two or more ring carbon atoms of one ring are ring carbon atoms of the other

ring (e.g., bicyclo[2.2.1Theptyl).

25 The term “halo C;.¢ alkoxy,” alone or in combination with other groups, means a C¢

alkoxy substituted by one or more halogens. In particular embodiments the C. alkoxy is

substituted by one to three halogens.



5 OC(0) NRvlRv2wherein at |east one of RRv2 is G _6 alkyl and the other is
hydrogen or C _6 al kyl . The term"acyl" nmeans R-C(0)-, in which Ris a
G _6 al ky\lvo 2hal@s@B2_6 al kyl, C3_7 cycloal kyl or C3_7 cyelcoalrkylo/oci57% al kyI .
The term "nono or di-Cl_6 al kyl substituted am nocarbonyl oxy-Cl_6 al kyl"
means C1-6 10 al kyl substituted by a mopo or di -Cl1_ 6 al kyl substituted

anlnocarbonyloxy as defined above. The term "G _6 al kyl sul fonyl "
"G _6 aI kyI s ul'Hei temynh “hagnd -6 &Dcylt%mhlkwa €hé akylrelbatisuted l@ZLeI& @lnkoyrt o802 samEar 6
al kyl - Pre for the

Chen ear GiFEEaShamsE ety PrivmEn g TG o iguero RIS e s BReiFt Tt

exenpl i figgbrodthyih® fExaemlyEmd 25 Conpeiodsy ofhd @osmpheteridd) “harrC ftkyl” is
pharmaceutjcally acceptable acid addition salts. Exanples of such

phar maceufifigaronethydcept abl e salts are salts of conpounds of fornmula (1)

wi th physiol ogically conpatible mneral acids, such as hydrochloric acid,
hydr obsom c aCﬂQﬂmﬁﬂhﬁBﬂé&?ﬁ@ﬁ&@(ﬂ%@hﬁﬁﬁﬁ&9®u§6ﬂﬁr@bu 18RBROIM FoRgdid; or

with organic acids, such as net hanesul phonic acid, p- quenesquhonlc aci d,

aceti c achgnodyaliq-ios bigy¢lis-arpmptiq réicabaiettp d 0 aiwi @tonpchay ingrane t, MRuMmar i ¢

acid, nmal nj, & he term
pharnace%%%ggﬁﬁgng% 5%?&bpgﬂ§§ﬂfgﬁyﬁg?ér gﬁgﬁgifgg#hﬁghhgm%ﬁkgbm’ onal "

or opt|o@demspmaﬁaﬂbﬁhamnhﬁhﬁ&mm@équdn&%yhdesmﬁﬂhﬁ&dawthdﬁrﬁnmnmunstance

may but n ed t. that t e tion, incl n ces where
Thy vt ot By D it S B Hpeo b mided v Rt B AR T R er “or
exanplig, pﬁazdlylgﬁﬂamnﬁmyrmaﬂnw b@&oﬁh‘ﬁlﬁﬂ|té&dl@ﬂro%ﬁﬁ6ﬁﬁﬂhy@|1&ﬂenﬂffﬁlﬂﬂyl means

that the al k but need not be present, and the description i nci udes

situati on‘%en\am}aéolvh Bengoyppthagzglyh beazosiigzebil.tindadd. wpwHolih bé‘!@ﬂo@ﬁd}}b‘l
V0 2011 0TBEATEEHREsE, Kpaaayb bt fRbe A Bk AL finb MUY | BT OLP.

exci pi entinideafls2-ahpextnyl 1andazb[?al-b]tl$iaMﬁf ald thadpnepeesi thgea. Phamostceut i cal
conposition.th ner.a Oxi ¢ elther bi ol ogi cal Iy nor
ot norw sc URUER PaBrE T oo faSoak bRk E Al B’ Accept abi o f o
veternsarymuﬁanﬁﬁmwgﬂhn@msmua&@m@h@nﬂnﬁﬁuh]cal use. A "pharnmaceutically
acceptabl e excipient” as used in the 5 specification and cl ai s includes
bot h one and npre than one such excipient, The term" endent is used
herei n to i ndi BAEmE FERCTRRyAL | A Pganggi s 3eaé|k>i1ﬁu%§ﬁ§}“ " brleranieb 4 ¢ hout
regard togdfaed pEesmence or absence of a variable having that sanme or a
different definition within the sane conpound. Thus, in a conpound in which
R' appears twice and is defined as "independently carbon or nitrogen", both
R's can be callsdarm Hstrosely s glogar epmbingtiongeh othsr s5eHps RMCaAR 8- car bon and
the other uBihfiOBBRo- SRRy ARYaHAl bPRP i finBring Fbms BPMNRAGHS & HREEman one
time in any noiety or formula depicting and descri I ng conpounds €npl oyed
or cl abnedoinm atcHeteprataanindépradattliyoplcctcd Sonef i Mpnd 5(0)p(Wheach iscmoniegence i s

i ndependepnt of its .definiti.on at eve ot occ nbi nati ons
of “supar PR S ekt B Bhe SPENhaPte ExaRErS R e dlif Ruigfbounds
resul t 15inthd€ manieabit Iymﬁédatlal £cEORPOPRESidinyl, hekaiyaesapélsinfl hadetdigve the sane
mol ecul ar Formula but differ jn the nature or sequence of bondlng of thelr

at oms or &eﬁéhygqua%@n@ﬁﬁhwotbwehffny};uoesﬁ%ohﬂﬁlyg phiszoligiyl dsorpedidiny oner s,
Ismmrst termed
ot er ol o R Ry T R R h her

ar e t @b nenidafolisyler ésmesgito[andbet- h@b@hezmowmtfeaﬁ@hﬁmcmludw pippdydlot € mirror

i mges of_ea t e terned "enantioners”. When a conpound has an
asynnetrl%%cén?@fﬁ&¥6a[exanple if a carbon atomis bonded to four
different groups, a pair of enantionmers is possible. An enantioner can be
characterizedﬂhymmhﬁxﬁhsqkuMéh@mmyrgmmash@ngdkyikﬂwamyﬂﬂmkmhhmmﬂmyﬂyland is
descri bed ﬁé hlnR and S-sequencing rules of Cahn, Ingold and Prel og, or
by the meEfSHNIHPCh the nol ecul e rotates 25 the plane of polarized |ight
and designated as dextrorotatory or |levorotatory (i.e., as (+) or (-)-

i sonmer s respeTid tvigh Yydrdky@hislaidyl'Ciaeae g alkgnsubxiitited d§ odt bhebrd, pelifaratdal
enantiomer or as a mxture thereof. A m xture containing equal proportions
of t hélendisthydrREY €19W(Yal | ed a "racemic ni xture"



WO 2011/ 048032PCT/ EP2010/ 065579 - 11 - is intended to include both

i ndi vidual enantioners and m xtures, racem c or otherw se, thereof, as well
as i ndi viwoabiig@aseser s and m xture thereof The met hods f ecTiEreOIdAsTIM nat i on
of stereochem stry and the separation of stereoisoners are well-known in
the art (see discussion in Chapter 4 of,"Advanced Organic Chemstry", 4th

edition J. March, John 5 WIley and Sons,; New York, 1992). Wil e the
br oadest def i Hictterom“roénd ¢ri B-Giaabayt $ubstitued descackitbedylb effes €9 a g@upai n

Formt & PSORY T Rabdn BIERERRITH “Hts i Gy oclinh P R PRI o ny

bei ng optCpyakyly substituted by one to three substituents selected fromthe
10 group consisting of halogen, halo C1_6 al kyl and hal o Cl1_6 al koxy.

Preferably, A.is phenyl sufpstituyted by one or t substifuents sel ected
fromthe gr ou‘ﬂleéﬁ‘%% i @%H’g‘)fcfﬁ'ér\éﬁg‘agwbé%& ,amcﬂf‘qcfa%&d%étfﬁ s tQRdgroup -
trifluerogetdhpuy’R ARhercRf £1Qkadelof Rhledngqu% fsl ¢t Yanhys aid feloféeRaNERIEA ¥r

selected fromthe group consisting of chloro, fluoro, trifluoronethyl and
trifluorofetdedly. A is especially 3-chloro-4-trifluoronethyl-phenyl, 4
trifluoronethyl-phenyl, 3,4 bis 15 trifl uoronethyl-phenyl or

3,4-dichloro «JXOp> ch@lhl I -A- td | l@henyl, 4
trifluoronet Eg%r%llﬁneny rg?&%pgcg(?jgh?{%%g%ﬁgf;%d&myﬁ hE%liﬁjg@]Ir'grafﬂ%’e(lg);(;:l7orrpounds of
formul a (¢ycloaRyl an@: Ry clonlkgehedlkyli t h t he nitrogen atomto which they are
attached, form heterocyclyl optionally substituted by one to three

substituents 4 ; tly;.sel . 154 Skt D© dr oxy,
nal ogen. CL. 61 Ca e gyt 2R BREE SHKRS ¥ O
al kyl 416ar dhyiyshbstiyyted by aaowab vt di-Oheabi sulpyititaydminpeariaongloxly, anidfihgddboxy. C1_6
al kyl ; and/ or one of the ring carbon atons of the heterocyclyl forned
by RL and R2 i | so.a ri carban.ato f .anqgther. rin igh is 7
cycl oal kyl or ﬂbeta’[g%c ¢f 9‘? S"]"%Ely et @H)%%@Wﬁn qo?ﬂéoélﬁf%ﬂ\f{ﬂﬁ)ndn%§ gﬁ%@et her
W th the QikirsmgenC atatipl S0-vwhd ch tlkeyS-2kespdceivaelyt ached, is preferably
pi peridyl or pyrrolidinyl, and said piperidyl and pyrrolidinyl being
optionally substjtuted. by one or two substituents independently sel ected
fromthe group EGHSH &G felrt%ﬁyé%w SIS “éhowiefs PR DY RV SAINPE,
and/ or speciBBflydxehPafiéd AAhERK egtons of said piperidyl and pyrrolidinyl
formed by Rl and R2 isalso shared by a C3_7 cycloal kyl. or a heterocyclyl.
30More preferably, in the cog}gounds of formula (1), RL and R2 together with
t he nilfrogen G@MBRAUNES QfPERUlR KB gapfosmphameaseicply acaPtable reidRddigppealel yI such
as 6-aza-gpj Hafn¥deutiily 3EAHRbI A&lgreom f formula (1
2 aza epi Fop e ShACh s iy SRl S R roMhounds of formula (1
1, 8- di azasph physdelédidaly-®@mphiiblad nBn@altacidazacls pi InolfethSrgecid8hydrobromic acid,
2, 8-di aza-spi r.o[ 4.,5] dec-8-vyl., 1-oxa-3,.8-.. WD 2011/ 048032PCT/ EP2010/ 065579 -
1" o asutiriafn bt o o oSBT e SRR e R A
2- 0xa- 8- amathai¥stiiphdnid hele p-Bluchesubphopix acid; azde s¢ilriadtd. soldnafftubroaketic acid,
1-oxa-7-aza-spirq[3.5]non-7-yl, 9-aza-spiro[5.5]undec-9-yl, 1-

citric acid, fumaric acid, mal¢ic acid, tartaric acid, succinic acid or salicylic acid. The term

"pharmaceutically acceptable salts" refers to such salts.

"Optional" or "optionally" means that the subsequently described event or circumstance
may but need not occur, and that the description includes instances where the event or
circumstance occurs and instances in which it does not. For example, "aryl group optionally

25 substituted with an alkyl group" means that the alkyl may but need not be present, and the
description includes situations where the aryl group is substituted with an alkyl group and

situations where the aryl group is not substituted with the alkyl group.



oxa-4, 9-di aza-spiro[ 5. 5] undec-9-yl, triaza-spiro[4.5]decane-2, 4-di one,

2- 0X0- 1- oxa- 3, 8- di aza-spiro[4.5]dec-8-yl, 2,8-diaza-spiro[4.5]decane,

aza- spi r oyo.2611d=8038- yl , wherein the 5 spiro-heterocyclyPCrinrgoio®ecispe i onal |y
substituted by one to three substituents independently selected fromthe
group consi sting of hydroxy, oxo, al ko § fluorine or C1_6 al kyl. Mbst
preferably the spiro heterocyclyl is 6-aza-spiro[2,5]oct-6-y1 wherein the
spi ro- heter oc?bhlymaccliti@gll}" accopttblomadipignts mms anﬂxewidmythan's usefut npreparing
substituents independently.selected from I OQUp._con i n droxy or
S5 al kyt DRSSOt GG B b ol an i R bl tth Che

ni trogen @ch@mlgemnwaéﬁuable; zhﬁl}dnﬁﬁ&s@k&@iéhﬁﬂaﬁl@ hdBcpable Ghrdlcterinary use as well as
(S)-4-hydroxy-6-aza-spiro[2,5]oct-6-yl. iii) In the conpounds of formula

(1), Mer@}manmﬁaaﬂ%femzcaé\a@né thnaﬂnw‘}thaHy ﬁ‘l?’fép‘i%]ﬁrﬁéﬂﬁ@nbfas pegdrpthe (1), --is
pref er gbl %eéﬁ%é‘[ﬂﬁl a‘ﬁdle%ﬂﬁs 1n@udésnootﬂli‘§né:e9mﬁ&@%n%e E&rhrgilcﬁleﬁ{ ), pis

preferably 0. 15vi)l he conpounds of formul a , h+tmis especially 1 or
2, preferablynlso 1, MlSlorZandn+m|slor2 vii) In the
conpoundsThs fefp Findengndanyly” issedhereisrie ingfcarahatradvarablk i appliebigemny ohal ogen,

Egggg)r%iﬂ&}b&nce%@llo treg%ﬁqrt?ﬁ%tpbstl eﬁd{ré eC% 4\%4&%){121%{11% %oxya(r:g%glnyl
ﬁng t he odhlfferent éeﬂmytdmoglﬁnn tiGains pempainldyThmemlcn‘ coﬁ@wnminsah1cBRhyﬂrwgen
& "0 koyercuistiined i Eiestndy St pumbten RHER ey ey caB ORI s

hydr ogen, cafnltiéqlﬁta)géﬁ dnodk exyafBdcabdiydndandothbienigbdear is hydrogen . Mre
pref er abl y one of and R4 i s hydrogen or hydroxy-Cl 4 aI kyl and the ot her

i s hydroge Viii) he conpoupds of fornula ( g)ne of R5 and R6
i sprefer aWhgn AYYBigRIS (6g 55 ) OAIWPTCAAM Mseinet Hepy f[rgowalf GER2 Mor e
pref er abl yo,qg o Qhd ﬁ%”%cﬁﬁ‘lﬁgor bémlay%ﬁggéu QJcléIEfeH'Yﬂ th@ﬁ%i%i&rﬁ%\%hﬁ@l{ ity hydrogen

i X) I'n the conpounds of are especially
i ndependedtfingticmyar e@gleﬂccu@mn® lamdszlbendpntcﬁntbdnihytlon preafeyraidrypceRrienRg, ARG, and

R10 : - I d Rl
RL, 2t | ASSRERARCL! Y (YR0RD T T 8L Kb PLBCFRLY o SR AL, RyPnd
is canbanm)dhemmanﬂammhcoﬂnpdwﬂsogen and the other is hydrogen. Mre

preferably, one of or RL is methyl and the other is hydrogen and R7, R8

hyd Most
2011/ 048032PGIER %ﬁ@%‘%@g gt g mtecusy rpfS by i N SRR g7 e

(1), L isofyonlimiaptieiratdiaeh thdNr a%nt@lfﬂféhi%%ﬁhsmoe Moteem@y efomicabty L is
NH- C(=0) or a bond, Mst preferably is NH C(=0). Xi ) the conpounds

of f or mul Bopers thas diffesin s agprgerent &f tb@lre@temam SPARR/HE SFBRA OYCTRRIBPPSSand t he
other is QudbQgRB tﬁ% ard ont wl:ﬁoﬁﬁfé RIS AL Gndd 006 V\ﬁ" %%%&&rﬁ%n&@%e 0), 5

and Rl and R2 togetherwith e ni rogen atomto ey are attached
f or m ¢8) - that dry doroxypeSmpesebipiirof Anddes of eeahy)ther are ttXl'me)i "@rapfiemensd Whmpaund of

(9 - a7 [ 2 (8P nPoRY R e eals BT Rl a§ R RS clePufdoniyefo. met hy1- 3- o
X0opi per azdif@reht gaﬁlbsox phir 6f @hdorhérs iy pdséibier enEhbiytionmdreny b clardceized by
the absolute configuration of its asymmetric center and is described by the R- and S-
sequencing rules of Cahn, Ingold and Prelog, or by the manner in which the molecule rotates
25 the plane of polarized light and designated as dextrorotatory or levorotatory (i.c., as (+) or (-)-
isomers respectively). A chiral compound can exist as either individual enantiomer or as a
mixture thereof. A mixture containing equal proportions of the enantiomers is called a

"racemic mixture".

The compounds of formula (I) can possess one or more asymmetric centers. Unless indicated

30 otherwise, the description or naming of a particular compound in the specification and claims



10(S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-hydroxynethyl-4-o

X0-butyl]- 2-nethyl - 3-o0xo-pi perazi ne-1-carboxylic acid

( 3- chl or ow@-2bridsBaser onet hyl - phenyl) - ami de; PCT/EP2010/065579
(S)-4-(3-Chloro-4-trifluoronethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2
.5]oct-6- yl)-4-o0xo0-butyl]-3-nethyl - plqﬁra2|n 2- one;

1 [ (E)-3-(3, 4-Di chl oro-phenyl) - acryl oyl]-443- (4- hydr oxy- 4- et hyl - pi peri di n-
1-y1) - 3- kntoxdsdpo owipdi bpth, 114(}1mdazl@pamoﬁqemm],d mixtures, racemic or otherwise,

R R S N T e i e

1- ( 3- Chl Odie(ﬂerfh‘uﬁdﬁoflbﬂﬁél@ﬁﬁiehﬁsltryﬁﬁﬂﬁﬂh/eléepéra{lélﬁ)fs@&écﬁémﬂer@&tdﬁ@ﬂ)’l«ﬁv@ﬁﬂﬂﬁepl rof 2.
5] oct - 6- - 1- hydr oxyngt hyl - 4- oxo- but [1, 4] di azepan- 5-on
20(R) - 1- (@”f ogliscusyip vm@h%‘éﬁ@ Asﬁaélﬁec{%ﬁn C(@)eﬁa%(ysa‘“h eﬁ@@?éxva@halfanspu ro

Eé)5LOFE ﬁﬁky;ﬁdéoﬁygggxﬁggn@@by4 0xo0- butyl] - 2- net hyl -[ 1, 4] di azepan- 5- one;
R) - 3- Fl uor o 4W@(1@)he¢r¢ayld$tdﬁk}meom&ﬂ@pnvmpgn 5] dsedaribgd Pafpred cersean pampgorpds -

net hy1- 3- ne arboxylic acid

(3- c%lordgﬁg?&ﬂgﬁ% ZI Fﬁﬂf pheﬁzla anihe

( g) 41][ ( 8)25421§ (S)- 4n Idy@kro@muﬁdsazfabmmld (cII A ﬁ]gheﬁylnl Or ueﬂp}lfm i yaie phgndt 4- oxo
- but met 0XO0- pi | e-}rcarboxylic ac

(3, 2. bi 541 Smdmp@fﬁ&wg%@ﬂ% e 1'9@? ® t%ee mbstltuﬁnwéﬂeqte# ompthe r

f1 uor quet iy 6ﬂ BRRRYAY ofhaldgtd(Rlo é; J‘Mgﬁ%}i&[h@b @7 38Rk OPreferably A is phenyl

[2 5] oct an-6-y1l) - 4- 0xobutyl) - 6- met h 1- 5- oxopi per azi ne-1 -di car boxani de; (3
S, 65) - 444511(0@‘[3)11;611 by IGISI@I potwoysuBstiyengs sspcicd droppthe group cons1t1ng of halogen atoms,

5 oct - 6- lic acid
3o de. 10 S RERL A AR AR S B LART B h i WG BpREIY
enbodi mendeldched ﬁ‘di&mtng(bLtpmopSImﬂngfShbr@ (ﬂmtpm,lﬁdhmforﬂ@hjftﬂh@tr(ﬂuo)@metﬂﬁy A
2011/ 048032PCT/ EP2010/ 0 55 9 - , , 6,
o R P SR Ao Mgt -Brove A Tellipie iy Monkh 3@ i ocedur es i n
SChenﬁS 1 trﬁuoi&meﬁ%ﬁl-p%yl 583,4 Rdoh1878pheRl, midro esP&oialty RehlbroRLtrfR@rdinetiyl- P are

as defi ned
phenyl, 4 trifluoromethyl-phenyl or 3,4-dichlorophenyl.

i) In the compounds of formula (I), R' and R?, together with the nitrogen atom to
which they are attached, form heterocyclyl optionally substituted by one to three substituents
independently selected from the group consisting of hydroxy, halogen, C alkyl C;_¢ alkoxy

20 Cigalkyl, -NH-C(0O)-O(C,4 alkyl), Cy alkyl-carbonyloxy, imidazolyl, phenyl, pyridyl,
pyrazolyl and hydroxy Ci. alkyl; and/or

one of the ring carbon atoms of the heterocyclyl formed by R' and R*is also a ring
carbon atom of another ring which is C;7 cycloalkyl or heterocyclyl.

The heterocyclyl formed by R' and R?, together with the nitrogen atom to which they

25 are attached, is preferably piperidyl or pyrrolidinyl, and said piperidyl and pyrrolidinyl being
optionally substituted by one or two substituents independently selected from the group
consisting of hydroxy C; alkyl and hydroxy C;.¢ alkyl, and/or

one of the ring carbon atoms of said piperidyl and pyrrolidinyl formed by R' and R*is
also shared by a Cs_;7 cycloalkyl. or a heterocyclyl.

30 More preferably, in the compounds of formula (I), R' and R? together with the nitrogen
atom to which they are attached form a spiro-heterocyclyl such as 6-aza-spiro[2,5]oct-6-yl, 5-
azaspiro[2.5]oct-5-yl, 7-aza-spiro[3.5]non-7-yl, 8-aza-spiro[4.5]dec-8-yl, 1,8-diaza-
spiro[4.5]dec-8-yl, 1,3,8-triaza-spiro[4.5]dec-8-yl, 2,8-diaza-spiro[4.5]dec-8-yl, 1-oxa-3,8-



before. Conpounds of formula (1) in which --is a single bond. are
represented by 10 fornula (la) in schenmes 1 and 4, wherein A, L, Rl, R2,
R3, R4, RSO 2RG/048082 R8, R9, RL and n, m p are as defi nedThekawm6ss79 The
free heterocycle 1 of schene 1 is commercially available or can be

synt hesi zed wth nethods well known in tzhe art or as described later. R5,
R6- groups can be introduced on a suitabll e protected hetereocycle 1 through
depr ot onadiazrsparo[4. Dived- &»rybércactab& &aesmdo% Kgécal-iyb 3-0kB-8F olatspuweld . Mgecal-glegond

deprotonation and.a | at 7 nenb d _het cle an, al.s

oyt ool SRt FPRMIAL TBRaS i T PG TR B e ol iR o Rt

synt hesi soxef4,g-aideb-Bpis]5 5Salndseadyi, @h@k&-s@lrameaqdmmz ardiloﬂa:pmmpafxaza $e. Sun,
Chung- M ng. Department of = WO 2011/ 048032PCT/ EP2010/.065579 -

Chem st ryS I%wr@waﬂdﬁo%gl Priadiefer-sraiodt- f lecapgep éwro[ﬁféﬂ%ﬁ-ylwb%rémhq n Drug
Desi gns& DiQoRY&sd . R/‘?- g)s’op%()ﬂ-gl ABstrd by one to%@@tﬂﬂgﬁelﬁg ﬁd@ﬁéh‘d%ﬁl)z (L—

CH=CH- 00) can be I zed fr m secondatry am ne by reaction wt
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reaction wth Phosgene, di phosgene, or triphosgene, in .
a suitable protected hetereocycle™ through deprotonation™at low temperature and alkylation

protected heterocycle 6

15 followed by a second deprotonation and alkylation. The 7-membered heterocycle 1 can also
be synthesized from the corresponding piperazinone (see e.g. Design and synthesis of

combinatorial scaffolds-diazepinone and homopiperazine. Sun, Chung-Ming. Department of



25 the presence of a base such as pyridine, in a solvent |ike
tetrahydrofuran at tenperatures between O C and 70C or dichl oroethane at O
C t o 90C. wBhenyi4sasar bamat es A- NHC(=0) - 0- Ph can be pr eparet/Hreaiot3se9
correspondi ng arylam nes A-NH2 by reaction with phenyl chloroformate, in a
sol vent such as tetrahydrofuran, at terﬂgeratures bet ween -20C and 20C.
30Conpounds of fornmula la in which L is™NHC(=S) can be synthesized from
secondar yChenistgy, 8\ atipnal d2onigitdwma Wintviersétyi wdtlieh oaramrat lectiefs in irugBregalk f or mul a
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di chloro N, Ndi et hyl f or mam de,

N- met hyl pyr r aidnehonadeof foinitds DYl = SBH=IC0KIC®), canbe b @ithdsized Goandcdidstylingise WO
2011/ 048032PCT/ EP2010/ 065579 -_ 19 - thereof at te eratures bet ween OC and
120C i n they predentih pringpRisel dsrivaiisadeCHabh-6OQH (st B ingance, the

di i sopsopxh &y %B]c'aﬁy cAHEELIYA TROROQIN Oy su@l'i‘ & @iEhloromethane tetrahydroﬁ,lra

4- (di met hyl am no)Ypyridi ne. [sothiocyanates of the general formila N=C=
can be syNtNréEmez@dfoffm@tmdehE m@hylesrpdrqumg apg ylixtpicn dsreaf Nl-ﬂzmbslrame@ct ion wi t h
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li ke tet raeh uran at FF 85 ween and MSubstituents
R3 and/ ordlaépﬂopyllealymﬁnmej 4aﬁ¢'th§1mhh©llh@ anm/bemadje&iyﬁnﬁﬁ@)ppﬁdmmtaﬁd aotheer t ed

usi ng 1 eagent . and. 1efode kot (e Aikuidadlizoteoed inashens, 4 b

4 PR3 10Cl3d)yl)-3-clhyRedibodidnfdR h%roclﬁgnd&-(b@@mﬁé%omiyﬁﬂdﬁ\ﬁe Rf&udmelgli ned

uronium hexafluoro-phosphate, O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluoro-phosphate or bromo-tris-pyrrolidino-phosphonium hexafluorophosphate.
Alternatively, this reaction can be performed in two steps involving first formation of
the cinnamyl chloride A-CH=CH-COCI, and subsequent coupling reaction with amine 1 in
15 the presence of a base. Typically employed reagents for the formation of the acyl chloride
are thionyl chloride, phosphorous pentachloride, oxalyl chloride or cyanuric chloride, and the
reaction is generally conducted in the absence of a solvent or in the presence of an aprotic
solvent like dichloromethane, toluene or acetone. A base can optionally be added, like for
example pyridine, triethylamine, diisopropylethylamine or 4-methylmorpholine, and catalytic
20 amounts of N,N-dimethylformamide may be used. The obtained cinnamylchloride can be
isolated or reacted as such with amine 1 in an aprotic solvent, like dichloromethane,
tetrahydrofuran or acetone, in the presence of a base. Typical bases are tricthylamine, 4-
methylmorpholine, pyridine, diisopropylethylamine or 4-(dimethylamino)pyridine, aqueous
saturated NaHCO; or mixtures thereof.
25 Compounds of formula 2 (L= a bond) can be synthesized from secondary amine 1 by
reaction with halide A—Hal (Hal is F, Cl, Br, or I) or boronic acid A-B(OH),, using methods
and reagents known in the art (step a).
For instance, the reaction can be performed with halide A—Hal at temperatures between
20°C and 200°C, in the presence of a base, ¢. g., potassium carbonate, cesium carbonate or
30 tricthylamine, in a solvent such as acetonitrile, N,N-dimethylformamide or N-
methylpyrrolidinone, optionally under microwave irradiation.
Alternatively, the reaction can be performed with halide A—Hal in the presence of a

copper(l) salt, . g., copper(I)iodide, or copper(I)oxide in the presence of a base, ¢. g.,



WO 2011/ 048032PCT/ EP2010/ 065579 -21 - Internedi ate 15 can be synthesi zed as
outlined in schene 2. In schene 2, Re is tert-butyl, benzyl, or |ower
al kyl , e.wg.201wa8dsgl or ethyl, Rf is |lower al kyl, e. g.pcwarbyio/oess7et hyl ,
Rh is C1_3 alkyl or benzyl and R3, R4, R5, R6, -7, KR8, RO, RL and n, 5 m
p are as defined before. In step aqrschene 2, al dehyde or ketone 9
undergoes a reductive am nation reactfoﬁ’mﬁth am ne 10, leading to ha.
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Al dehydes” or ketones of fornmula 9-are either comercially avail able or can
be synt hegdlladinf(Blaceraienandpr hosphinelecand) 4. 21 3,2khis@iphenylphesphinp)-1.1- I n step
b, schene .2 econear y, .amn a 1.S..gonvest t rotecte rivative |lb
isi ng et HOA TR AR ALt AR RRD RS RELy E P LB YR i ase
V\mar e ]IE’GltriipStaE@llﬁﬁ )1{>lﬁ@s>p}a1s:ta.,rIim:amyilu;nf phoephagacddian nieﬂlymee%fo@ bmah dnd dsbogathenzy|
chloroformate in the presence of a base, e g., sodium rggencarhonat e,
'n S0l veritdvestiih &S et o -,Ghmf‘élewﬁ@a?eo?fdp%ﬁsoxm BB ragu S B QYoGR 80 C
thereqh, ald LerPaVIRIMAS baINRSNIde Rad 30C. In step c, scheme 2, the
acetal group of lib is cleaved, |eading to carbonyl conpound 12. The

reaction is peltdrestively. the regstiopmas bp performed vithdiosonic aeid AH-PEPH)2an thy. |

hydr ochl o i i f i i | U 4- i.c.acid, 1L dini um
Coluone. aerREbErnl M oSk Biuch @ R degid AU BuBRLE it RAhCL

2- but anongyralinayink sl est fuckne dichloadmdtieanpeatadmicesuiee byweeon 0T andt(26, 100C. I n

step d, schene 2, aldehyde or ketone 12 is transformed into 15 by reaction
with am n@’“fgf‘HWitﬁ rﬁ%ﬁ%ﬁg‘“%@?"rlarkghed’\% inthe art, e. g., reductive

am natj s onpefidRnbESCdfa0dé @ (L-Dte-rrACat @ albndSin ¢ freRecOM3 HsbREn@ ike!i t abl e
reduci ng agent, e. g., sodium borohydride, sodiumtriacetoxyborohydride,

sodi um cy&Hbl9s Ntrylimetae formamideritfec-ByNald pnbase shpiCeoptionilyst Riegivs 30 such as
met hanol , ;.ef hanal. 4 (?t%ﬁ%k%g?\lgfnggﬂoék%l' Q'céﬁfn%&ﬁhhﬁ}aﬁabl%r égn%teléﬁtﬁestié& reof, at

t enper at ures bet ween n general,” internedi ate cycli zes
spont aneowsh ynethods vell kedven octiie he ofl & delseribed srethefexparomad] @hiton, catal ytic
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20  Alternatively, amide 2 (L= CH=CH-CO or a bond) can be deprotonated at -78°C to -10°C
with a base such as lithium/potassium or sodium hexamethyldisilylazide in a solvent like
THF and can first be alkylated with methyl bromoacetate to give ester 4 (n, m=0 and R’=H,
R4=H). This ester can further be transformed to 4 (n=0, m=1 and R’ =H, R4=COOMe,
Re=tert-butyl) by e.g. deprotonation of ester 4 (n, m=0 and R*<H, R*=H) with

25 hexamethyldisilylazide in a solvent like THF and alkylation with t-butyl bromoacetate
preferably at -78°C. Ester 4 (n=0, m=1 and R’=H, R*=COOMe, R°=tert-butyl) can also
further be selectively reduced e.g. with LiBH, in ethanol to 4 (n=0, m=1 and R*=H,
R*=CH,0H, R°=tert-butyl), alkylation with methyliodide in N,N-dimethylformamide and
NaH as base gives 4 (n=0, m=1 and R’ =H, R4=CH20Me, R°=tert-butyl).

30 In step ¢, scheme 1, ester 4 is deprotected to give acid 5. In the case where R is tert-
butyl, the deprotection is performed, ¢. g., with hydrogen chloride, in solvents such as 1,4-
dioxane, water, or mixtures thereof, at temperatures between 0°C and 20°C. In the case

where R is benzyl, the deprotection is performed, e. g., by hydrogenation at pressures



lla (PGl=H) 11 b (PGl=protecting group) R6(CH2), (CH2)mO H2ZNr' X 3 y ,Re
(CH2)pR4 RO 19 ORh 13 PGINR 1 R Step d 15 In Scheme 2, n, m p, R3, Rand
Re are aswoebimaso3above. Am nes of formula 13 are eiPCh@P2@omwsrei al |y
avai |l abl e or can be synthesized as described in the experinmental section. 5
In schenme 3, A L, R, R, R3, R4, R5, , R7, R8, RO, R1I0 and n, m p are
as defined before. I nternmedi ate 12 c¢an be al so synthesi zed as descri bed
i N schenmeb@wedrhl ba a@il 1@ bal kydohentsisaeeizasi metR@dl,icthanols girtlaslrefupmnotteylt i ve gr oup

such as tert-butoxycarponyl .or, benzyl oxycarbonyl . 10l n step.a, schene 3,
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such as n&itikav@tharédal t BTREEAE whes Fiat Weenallll, airdlcpiectidhn s Reoandatyg.am ne
intermediate is then protected with a suitable protective gﬁoup, usi ng

reagent s BhRRSFEIadEER! derkrsis i sphenta Fych & AEdeT) BelHY EEhYEOTYHN pik case
where B Glmiﬁllnregftheggﬁt%(tﬁﬁéﬁt!ﬁfégY)EtfwelElli‘ &oreand 'rllﬁ’(g’g $yFiilbfdnRUbe agBeolor W th

di-tert-buty | carbonate, Iin a solvent suc
lithium hydroxide, sodium hydroxide, potassium hydroxide, sodium hydrogen carbonate,
sodium carbonate, potassium hydrogencarbonate and potassium carbonate.

In scheme 1, step d, carboxylic acid § is converted to amide I, by reaction with amine
HN(R")(R?), using reagents and methods known in the art. For instance, the reaction is

10 carried out in aprotic solvents such as dichloromethane, tetrahydrofuran, N,N-
dimethylformamide, N-methylpyrrolidinone and mixtures thereof at temperatures between
0°C and 80°C in the presence or absence of a base such as triethylamine,
diisopropylethylamine, or 4-methylmorpholine, and in the presence of a coupling agent such
as N,N’-dicyclohexylcarbodiimide, 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide

15 hydrochloride, O-(benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluoro-phosphate,
O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluoro-phosphate or bromo-
tris-pyrrolidino-phosphonium hexafluorophosphate and optionally in the presence of catalysts
like 1-hydroxybenzo-triazole or dimethyl-pyridin-4-yl-amine.

It is also possible to convert directly the methyl ester 4 (R°= Me) to final compound I,

20  (step ¢). Ester 4 is dissolved in solvents such as methanol, ethanol, tetrahydrofuran or
mixtures thereof and treated with an excess of the amine HNR'R? and stirred at RT to 60°C
for 1 night up to 3 days.

In case of ester 4 (n=0, m=1 and R’=H, R*=CH,0OMe, R°=tert-butyl; described above),
R® deprotection and coupling with an amine HNR'R? as described above gives the final

25 compound I, (n=0, m=1 and R*=H, R4:CHQOMC).

Alternatively protected heterocycle 6 which is commercially available or available by
protection of 1 (step f, PG' is a suitable protective group, ¢. g., t-butyloxycarbonyl or
benzyloxycarbonyl, which can be deprotected orthogonally to the COOR® ester), can be
transformed to acid 7 following steps b and ¢ described before. Carboxylic acid 7 is

30 converted to amide 8 by reaction with amine HN(R')(R?), using reagents and methods
described above (see step d) followed by deprotection of PG' (step g). In the case where PG'
is tert-butyloxycarbonyl, the deprotection is performed, e. g., with hydrogen chloride, in

solvents such as 1,4-dioxane, dichloromethane, alcohol, or mixtures thereof, at temperatures
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WD 2011/ m‘wmﬁt@g@@wlmm—wﬁa &chelle 3 12 In Scheme 3, p, R5, R7,
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R3, R4, R5, are as
tetrahydrofuran, N,N-dimethylformamide, N-methylpyrrohdlnone dimethyl sulfoxide,

acetonitrile and mixtures thereof at temperatures between 0°C and 120°C in the presence or

20 absence of a base such as triethylamine, diisopropylethylamine, 4-methylmorpholine, and/or
4-(dimethylamino)pyridine. Isocyanates of the general formula A-N=C=O0 or phenyl
carbamates A-NH—-C(=0)—O-Ph are commercially available or can be synthesized by
methods known in the art. For instance, isocyanates A—-N=C=0 can be synthesized from the
corresponding arylamines A—NH; by reaction with phosgene, diphosgene, or triphosgene, in

25 the presence of a base such as pyridine, in a solvent like tetrahydrofuran at temperatures
between 0 °C and 70°C or dichloroethane at 0 °C to 90°C. Phenyl carbamates A—-NH-
C(=0)—-0O—-Ph can be prepared from the corresponding arylamines A—NH,; by reaction with
phenyl chloroformate, in a solvent such as tetrahydrofuran, at temperatures between —20°C
and 20°C.

30 Compounds of formula I, in which L is NH-C(=S) can be synthesized from secondary
amine 8 by reaction with a isothiocyanate of the general formula A-N=C=S. The reaction is
typically carried out in aprotic solvents such as dichloromethane, tetrahydrofuran, N,N-

dimethylformamide, N-methylpyrrolidinone, dimethyl sulfoxide, acetonitrile and mixtures
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2011/ 048032PCT/ EP2010/ 065579 - 25 - For the second route wth variations in
the ami de part and fixed A-L group, 15 is deprotected (step c) to am ne 21,
and A-L group is introduced to give 22 (step d), all with conditions
described in schene 1. Internediate 22 (L= a bond, p= 0, R8 and R10= H) can
al so be synthesized follow ng the procedures described in schene 5.
Hydrolysis to the acid and 5 coupling with amine HN(RL1) (R2) with conditions
described in schenme 1 gives |I. (step a and b). Substituents R3 and/or R4 in
la or in any synthetic internediate can be interconverted using reagents
and net hods known in the art. For instance, esters (R3 and/or R4= Cl-6

al koxycarbonyl) can be selectively reduced to the correspondi ng al cohol s
(R3 and/or R4= 10 hydroxynethyl), e. g., with lithium borohydride in THF or
EtOH or with in situ generated Li BH2(OMe)2 in THF. These al cohols can
further be transfornmed to ethers (R3 and/or R4= CH20Cl-6 al kyl), e. g.,
with an al kyl halide in solvents such as tetrahydrofuran,

N, Ndi met hyl f ormam de or N, N-di net hyl acet am de with sodi um hydri de as base,
or with an alkyl halide in the presence of silver(l) oxide. For la (R3
and/ or R4= CH2OH and L=NH-(CO or 15 CS)) alkylation in acetonitrile with

al kyl halide in the presence of silver(l) oxide gives urea alykylated la
(R3 and/or R4= CH2OH and L=NCl-6al kyl-(CO or CS)). Simlarly, esters (R3
and/or R4 = Cl-6 al koxycarbonyl) can be hydrol yzed to the correspondi ng
carboxylic acids, (R3 and/or R4 = COCH), e. g., through base-nedi at ed
hydr ol ysi s using bases such as |ithium hydroxide or sodi um hydroxide in

sol vents such as water, nethanol, tetrahydrofuran, or 20 m xtures thereof
These acids can then be transforned to the correspondi ng am des (R3 and/ or
R4 = am nocar bonyl oxy, nono- or di-Cl-6 al kyl substituted

am nocar bonyl oxy), as described in schene 1, step d. For la or in any
synthetic internediate (R3 and/or R4 = C1-6 al kyl0-P&2), protecting group
P& can be cleaved, e.g. HCl in dioxane for tert-butyldinethylsilyl
protecting group or by hydrogenation at pressures between 1 bar and 10 bar,
in 25 solvents such as nethanol, ethanol, tetrahydrofuran, ethyl acetate,

or mxtures thereof, with or without an acid |like aqueous HCl in the
presence of a suitable catalyst, e. g., palladiumon activated charcoal, to
give alcohol la or internediate (R3 and/or R4= Cl-6 al kyl OH).
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In Scheme 1,n,m, p, A, L, Rl, Rz, R3, R4, R’, R6, R, RS, R9, R!° PG! and R®are as defined

above.
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Intermediate 15 can be synthesized as outlined in scheme 2.

In scheme 2, R® is tert-butyl, benzyl, or lower alkyl, e. g., methyl or ethyl, R"is lower
alkyl, e. g., methyl or ethyl, R"is Cy.3 alkyl or benzyl and R, RY R’ R, R7,R®, R”, R and n,

5 m,p are as defined before.

In step a, scheme 2, aldehyde or ketone 9 undergoes a reductive amination reaction with
amine 10, leading to 11a. Suitable reagents for this conversion are borohydride reagents, €.
g., sodium borohydride, sodium triacetoxyborohydride, or sodium cyanoborohydride. The

10 reaction is performed solvents such as methanol, dichloromethane, 1,2-dichloroethane, acetic
acid, water, or mixtures thereof, at temperatures between —20°C and 50°C, optionally in the
presence of dehydrating agents such as magnesium sulfate or molecular sieves. An organo-
R' complex can be used for the introduction of the R'® moiety. Aldehydes or ketones of
formula 9 are either commercially available or can be synthesized following procedures well

15 known in the art.

In step b, scheme 2, secondary amine 11a is converted to protected derivative 11b
using methods and reagents known in the art. For instance, in the case where PG’ is
benzyloxycarbonyl, the reaction is performed using benzyl chloroformate in the presence of a
base, ¢. g., sodium hydrogencarbonate, in solvents such as acetone, tetrahydrofuran, water, or

20 mixtures thereof, at temperatures between 0°C and 30°C.

In step ¢, scheme 2, the acetal group of 11b is cleaved, leading to carbonyl compound
12. The reaction is performed in the presence of an acidic catalyst, ¢. g., hydrochloric acid,
formic acid, toluene 4-sulfonic acid, or pyridinium toluene 4-sulfonate, in a solvent such as
water, methanol, acetone, 2-butanone or mixtures thereof, at temperatures between 0°C and

25 100°C.

In step d, scheme 2, aldehyde or ketone 12 is transformed into 15 by reaction with amine 13,
using methods well known in the art, €. g., reductive amination. The reaction to intermediate
14 is carried out using a suitable reducing agent, ¢. g., sodium borohydride, sodium
triacetoxyborohydride, sodium cyanoborohydride, or borane pyridine complex, in solvents

30 such as methanol, cthanol, acetic acid, 1,2-dichloroethane, or mixtures thercof, at
temperatures between 0 °C and 80 °C. In general, intermediate 14 cyclizes spontancously to
the heterocycle 15. In case of incompletion, catalytic amount of 1,5,7-

triazabicyclo[5.4.0]dec-5-ene finishes the cyclisation.
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can be al so synthesized as described in schene 5. In schene 5, A Rl, R2,
R3, R4, RSO 2RA/048082 RO and n, mare as defined before. ReTiER2010M6357@l kyl ,
benzyl or tert-butyl and Rf is lower alkyl, e. g., nethyl or ethyl, LGis a
| eaving group, e. g., 5 chlorine or br_c}?'_ne L= a bond, p= 0, R8 and R10= H.
In step a, schene 5, primary amne 13 IS converted to secondary am ne 24 by
reduct i veSchiehea2 i on reaction with carbonyl derivative 23A or by

nucl eophilic substitution reaction with halide 23B. The reductive am nation
reaction with 23A is perfornmed in 10 anal ogy i tgs scheme 2, step d. The
nucl eophilic subgtitutign reaction with 23B i erfrned, e. g., in a
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15
In Scheme 2, n, m, p, R, R*, R, R®, R” R® R’ R', PG', R"and R°®are as defined above.
Amines of formula 13 are either commercially available or can be synthesized as

described in the experimental section.

5
In scheme 3, A, L, Rl, Rz, R3, R4, R’ R6, R, RS, R9, R' and n, m, p are as defined
before.
Intermediate 12 can be also synthesized as described in scheme 3. R"is Cy.3 alkyl or
benzyl, PG’ is a suitable protective group such as tert-butoxycarbonyl or benzyloxycarbonyl.
10 In step a, scheme 3, amino alcohol 16 is reacted with acrylate 17, either neat or in a

solvent such as methanol, at temperatures between 0°C and 60°C. The secondary amine
intermediate is then protected with a suitable protective group, using reagents and methods
known in the art, thus leading to 18. In the case where PG’ is tert-butoxycarbonyl, the

reaction is carried out, . g., with di-tert-butyl dicarbonate, in a solvent such as
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temperatures between 0°C and 40°C, in solvents such as dichloromethane, acetonitrile or

mixtures thereof. Alternatively, dimethyl sulfoxide-based reagents can be employed, such as
20  dimethyl sulfoxide—oxalyl chloride, or dimethyl sulfoxide—trifluoroacetic anhydride, in the
presence of an organic base such as triethylamine in a solvent such as dichloromethane, at
temperatures below 0°C, typically between —78°C and —60°C. Alternatively, pyridine—sulfur
trioxide can be employed in dimethyl sulfoxide or dimethylsulfoxide—dichloromethane
solvent mixture in the presence of an organic base such as tricthylamine, at temperatures

25  Dbetween 0°C and 25°C.
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Step bR4 R30 R7 RO 22 (L= a bond, p= 0, R8 and R10= H)
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above.
6. In schene 6, A Rl, R2, R3, R4, R5, , R7,
benzyl or tert-butyl. Conpounds of formila (1)
are represented by Schemes8 (1 b) and conpounds of forrmula (1)

f 13RR7TRR7 23A23B24 50 R, Re A 6RI A (CF12),,
In Schenme 5, n, m
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Compounds of fornula | b can al so be produced as outlined in schene
R8, R9, 5 is |ower alkyl,
in whichis a single bond.

(CH2L 0

in which which

< is a double bond. are represented by fornula (I b (double bond) and

wherein p is 1,

in schenes 6 and 7, wherein A, Rl, R2, R3, R4, R5, R6, R7,

R8, R9, R10,
comercially
experi ment al

n and mare
avai |l abl e or
secti aH,N Bor

A

¢ defined befor®. N Aryl

can be synthesi
e-reddcti

ed g@

an no acids 27, are
descr$tepda 10 in the

al cohet—28=(step a).

Optionally R7 can be

rodu@bd from adid 2

vi a Wei nreb-am de,

fol |l onwed by

reaction with an orgrifo-R? complex to Bive ket one 29. Al cohol 28 can be

oxi di zed to al dehyde 29 (step b) as described in step b,

schene 3.

Reductive anination withé anine 13 follow fd conditions described in step d,

schenme 2 gives anlne 30 (step c). Coupling wth acid 3

commercially Ry R"
HO ,Rh Step b (CHz)p
N o) —_— [ s OR"
R PG R PG1/NIRR1°
18 0% R’
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In Scheme 3, p, R°,R’, RS, R9, RIO, PG' and R" are as defined above.

V\Bich i's

In scheme 4, A, L, Rl, Rz, R3, R4, R’, R6, R, RS, R9, RIO, R® and n, m, p are as defined

5 Dbefore.

Double-protected intermediate 15 can be transformed to final compound I, in two ways

(scheme 4). For variations in the A-L part with fixed amide, ester 15 is hydrolyzed (step a),

coupled with amine HN(RI)(RZ) (step b) to amide 19 and deprotected to the free amine 20

(step ¢) with conditions described in step ¢, step d and step g, scheme 1.

10

Compounds of formula I, (L= CH=CH—CO) can be synthesized from secondary amine

20 by reaction with a cinnamic acid derivative (step d), A-CH=CH—COOH or A-CH=CH-

COClI as described in scheme 1.

Compounds of formula I, (L= a bond) can be synthesized from the secondary amine 20

by reaction with halide A—Hal (Hal is F, Cl, Br, or I) or boronic acid A-B(OH), (step d),

15 using methods and reagents described in scheme 1.

Compounds of formula I, in which L is NH-C(=0) can be synthesized from secondary

amine 20 by reaction with an isocyanate of the general formula A-N=C=O or a phenyl

carbamate of the general formula A-NH—C(=0)-O-Ph (step d) as described in scheme 1.

Compounds of formula I, in which L is NH-C(=S) can be synthesized from secondary

20

described in scheme 1.

amine 20 by reaction with a isothiocyanate of the general formula A-N=C=S (step d) as



15 avail abl e or can be synthesized fromthe corresponding esters, using
condi tions described by Mikaiyama et al. (Chem stry Letters, pp. 1045-1048,
1975) gi wee 20nivesosedi ate 32 (step d), which can be cycl ipsedPasiiocSFFA and
triethylsilane (follow ng conditions shown in step ¢, schene 5) to 33 (R5,
R6= H or 34 (R5, R6 not H) (step e). lnaternediate 33, in schene 6, can be
hydrol yzed and coupled with an anine HNRIR2 (step O to give the final
unsat ur at ed Z@)rdmrspmmddomtbwatﬂ;l\déstmrislhedheiamicktlwpt addindd gtlegrdup, Behenme 4. The
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HNRLR2 t obSgivnehesiped fojlpwing ihisproeqdafade irgheme P dhedsolysinto Beaeid ppdd in

ste azan 2 V4
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R5, R6, R?); R8 and n, mare as defined before. Re is Iovver al kyl or ben’zyl,
RO, RoH p Slubs‘u ?nt 3 and/d 'I@a}n Icgrgggﬁyg hetlg tFl%aela? ate Can%e ﬁtercgnve%leao be

synt hesi zed &as ou ned“ i h'sché
chl ori ne, usmg)nahgt@ts & nheditbde &nown in the bifd. B@ﬁnstalces@skmrm Elnd/aﬂRh:R[H 65 i's nmono
al kyl at ed

ert-butyl beta- al kanat e 36, 2, utidi ne as
base, ini %1lv<m%yp9r%aﬁ%flmfatbes@6 feGiaisty refiwlréﬂ W geBrHANdine PI@V%OA% U éﬁﬂ)é?F Btares
bet wegp 5195%)@1&%1)( SIERvA lithfubh Boro Ry BIRBRITAFSr EROL e Wil lﬁxlha%&ﬁra@eds econd

time with “g bronpacetate with sanme conditions to give internedi ate 37
(step b). Llﬁﬂz Meppn ¢ HFs dhesreal ohotsiven fithisybe mémngd toaeitherﬁéRsa@ﬂ@é& vel y

reduced LAV NS BRIALSONGIn FPaifiNRaEAURLAL il ARGQRRRINSY (N 2

sui tabl e reduci ng nt ‘U BOron a sol’vént such as
met hanol mrneetyltfanmdmldabr NMﬁmmﬁm&&mb&é \mb socﬁﬁinanydrldld}@ base, ot tvith iam akkiyt u

gener e o BN & T RSB Lot b P g oot

reactijgn k¥R rhn@ﬁgaat@ro%?mmm kyltaligd Mthﬁlfe%@e 39311V@11(BQ>|51Q16 oP@s @i be
oxidized to aI dehy dg: 39 s}e as described in stg}p$§ scheme 3.

Reduct i vealﬁlﬁﬁlfﬁafﬂ I:dR™ and/er By ﬁélz B ang IL=- IneplledrheOrar §i89). Singidar] Ybéﬂel’ls Rstep d,
scheme 2 gj or the
R R A R M e L SO
is cleave® andVocBé#lC@QlH},@ gltlldz]u@haaeplaemaed)hﬁlrdtys1$ gtiep béises Ahwk 111thlum
conditio rlbe st ep,c. an ste droI s and

coupl i ng DRGSR R RS N ol
descr phedmixturs$ BBre6f. andeséaa@s&ntﬁ@f&rfﬁn@fonné%ﬂtbbhd EOrEHRAR g Amilles (R? A Ri,

R2, R3, R4, R5,, R6, R7, R8, R9, R10, LG and Re are as defined above.
and/or R* = aminocarbonyloxy, mono- or di-C1-6 alkyl substituted aminocarbonyloxy), as

described in scheme 1, step d. For I, or in any synthetic intermediate (R’ and/or R* = C1-6
alkylO-PG?), protecting group PG can be cleaved, e.g. HCI in dioxane for tert-butyl-
dimethylsilyl protecting group or by hydrogenation at pressures between 1 bar and 10 bar, in
25 solvents such as methanol, ethanol, tetrahydrofuran, ethyl acetate, or mixtures thereof, with
or without an acid like aqueous HCl in the presence of a suitable catalyst, ¢. g., palladium on

activated charcoal, to give alcohol I, or intermediate (R® and/or R* = C1-6 alkylOH).



Internediates of formula 5 can al so be synthesized as outlined in schene 8.
A L Rl, R, R3, R4, R5, R6, R7, R8, R9, R1I0, m n and p are as defined
before. 5Wvo2et18ps®@2 schene 8, secondary am ne 42 i s conPemiEPdoo®635a9pound
43, in analogy with schenme 1, step a. In step b, schene 8, al cohol 43
is oxidized to carboxylic acid 5, usiqg6[eagents and conditions known in
the art. For instance, the oxidation is carried out with sodi um

hypochl orite, Schemetdwo- phase m xture of water and dichl oronethane, in the
presence of 10 sodiu ydr ogencar bonate and talytic anounts of potassium
brom de and 2, 2, 6, 6- t ramet hyl pi peri di n- 1ﬁ£xyl radical, optionally in

t he presence ofeqcﬂpa e tr'ansfer cataly§k ag™t et rabutyl amoni um

hydr ogensul f at R\ at" 't eNger at ur es bet wel 25C. Alternatively, the
reaction is pehfﬁgjd usi ﬁg_ sodi-tec hi e

presence of catalytic
amounts of sodiu t hyl pi peri di ne- 1- oxyl
radical, in a V® 2011/ 0RB032PG F£2010/065679 R'33 - buffered (preferably
phosphat e buffer €#H,pH,around 7) sol vent (BHYture of water and acetonitrile,
at tenperatures bet n 30C and 70C. synt hesi s of am no al cohol s
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RL (CH2)n (CH2)m N R4 R3 RY I nternedi ates of formula 15 and 19
can al so be synthesized as outlined in schene 9. A L, RlL, R2, R3, R4, R5,
R6, R7, R802RR/0488320, m n and p are as defined bef or e PCREP2&IOWISV9 but yI .
10 Rh is C1_3 alkyl or benzyl. In step a and c, schenme 9, al dehyde/ketone
12 (fromschene 2) is converted to ani% - nitriles 44 and 45 by reaction
with amine 13 (or 46 respectively) usi g'reagents and conditions known in
the art. Compiungs 3hca ba e ghthhehydds/destribaé inl®hé¢me feact ed with

trimethyl silylcyanide and and the hydrochloride salt of amne 13 (or 46) in
di chl oronet hane, 15 in the presence of a Lewis acid, e.g. zinc iodide, at
t enper at umashded feemR 'O ®I0R 2 RE RARY e’natiiny gl dye ad didinad debiedrf kedvwaeallh, i s
first converted to the cyanohy dr|n for instance b{/reaction wth

trinet hyl RnEy ryeitrba! pgd Rhg 1%@#% o Y OF ¢k LCaii @ leadhe greuRtced- wi t h

am ne %3 émoﬂeqﬂlbpgﬁggtﬂla@goﬂdn LbeRm@q@lmcg of an am ne base, e.g.

triethylamne, N- nethyl nornholine, at tenperatures between 0C and 25C. In
step b, conpounds 44 and 45 20 are cyclised to 15 and 19 (R8= C»D

respectivel V. IS GANRRASLENES HRLNGIR L U LER Proesas Ol Bl ErEL Ve

hydr ol yi s of est dase: edi are usi ng Ases
reductive amlnatlon reactlon w1th carbonyl derivative 23A or by nucleophilic substitution

reaction with halide 23B. The reductive amination reaction with 23A is performed in

10 analogy with scheme 2, step d. The nucleophilic substitution reaction with 23B is performed,
¢. g., in a solvent such as methanol, ethanol, N,N-dimethylformamide or acetonitrile, at
temperatures between 0°C and the boiling point of the solvent, in the presence of a base, ¢. g.,
potassium hydrogencarbonate, potassium carbonate, optionally in the presence of sodium
iodide.

15 In step b, scheme 5, secondary amine 24 is converted to amide of general formula 26
through reaction with N-aryl amino acid 25 using methods well known to someone skilled in
the art. For instance, the reaction is carried out in the presence of a coupling agent such as
N,N’-dicyclohexylcarbodiimide, 1-(3-dimethylaminopropyl)-3-cthyl-carbodiimide
hydrochloride, O-(benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluoro-phosphate,

20  O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluoro-phosphate or bromo-
tris-pyrrolidino-phosphonium  hexafluorophosphate, in aprotic solvents such as
dichloromethane, tetrahydrofuran, N,N-dimethylformamide, N-methylpyrrolidinone and
mixtures thereof at temperatures between —40°C and 80°C in the presence or absence of a
base such as tricthylamine, diisopropylethylamine, 4-methylmorpholine, and/or 4-

25 (dimethylamino)pyridine.

Alternatively, this reaction can be performed in two steps involving first formation of
the acyl halide derivative of 25 and subsequent coupling reaction with amine 24 in the
presence of a base. Typically employed reagents for the formation of the acyl chloride are
thionyl chloride, phosphorus pentachloride, oxalyl chloride or cyanuric chloride, and the

30 reaction is generally conducted in the absence of a solvent or in the presence of an aprotic
solvent like dichloromethane, toluene or acetone. A base can optionally be added, like for
example pyridine, triecthylamine, diisopropylethylamine or 4-methylmorpholine, and catalytic

amounts of N,N-dimethylformamide may be used. The obtained acyl chloride can be isolated



WO 2011/ 048032PCT/ EP2010/ 065579 - 34 - such as lithium hydroxide or sodium
hydr oxi de i n non-nucl oephilic solvents such as water, tetrahydrofuran,

1, 4- di oxawe 20r1/m8082ur es t hereof, and subsequent cycli sarCcomEP1@/oessi7gde bond
formation in analogy to step b, Schenme 5. In certain cases for conpounds 45
the af orenenti oned hydrol ysis conditi qgﬁ can lead directly to cyclised
products (w thout the need 5 for a secdnd am de coupling step) with

concomi t amtredyal wysrls with antiee 24 inranl prdtio splventc Bkb dicbloraes e ( tREaQANH2RN
Alternatlvel the nitri 5 and 19, (R8= can be .
Subsequent e at-df ¢ R rypRs b s FOTed Pt e aF uaRhbrtE s mnlite and
condi t i ongyridiaiidoprdpRtiBldminé oF 4-(difktpenihd)paidiRnsr mixtdiedicieogen per oxi de,
in the presence of catalytic or stochionetric inorganic bases such as

pot assi umrbePHSEHt such Fﬁaﬁf&nércag Sevsiioamed intwssteps iEplyiigofirst formation of a

di et hyl Slltﬁ)a(eaxéﬂﬁll?dﬁ&e UEHRRRBLY 85 Jth8M Oyt RadRACRR @'rEé’g’thafshéﬁehé’ Miyr the

al koxyam di ne I'ng reagents and conditidns known I n the art
t r eat ment chiproforvateal lyeblttylba:h@r@gnmates o ogliction peltyldode.den poﬁQiS@Tfuﬁthh as
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nucl eophiT'rc solven propanol enperatures
fromO0C tmba&lﬁeﬁnebcau@saquﬁMe Maj;rdebgttble@aWek up Furt her sel ective 15
hydr ol ysi s of thg car bo am de to the c rboxylic acid,can ,be achieved, using

condi ti ons des@rifh&aseny %9519&13@@6115? of AHPBN 1Bt ©OF R d§78 B8 0T 4535 )

013 ((l:b'lz)hy%!x or hydroxymeth ma 1nterfere w1th the amide coupling reaction of step b, the R1 NI
R7(CHDY . Dy O Mydroxymetiyl), may itptere with e amide S5 RS i 194 BN 45 10

(R8= CN olayd@mmf 2Hnmg fre riemporamly mfptepted/as thg trirRgthy IRyl qaer tRsrea@@n with R,
R10,e, K e Vv hesi zed
as descri %%Egnelﬁ?eﬁﬁ[a%e ﬁth%gﬁésgn% Oaf%% tgét%g%f]ﬂo%%ﬂﬁggcr |h%8%)%xmePCT In
Appl . W)2009/ (M(Mglgamﬂﬁahcﬂmds E’féz:oameaar&uily ablileblpootachd syathgsiotioss. dekaibed

i nst ance, tert- butoxycar bonyl and P& is benzyl, LGis a |eaving

gr oup, ndhe e’i?ﬁ’f”&‘fe’i“ﬁ]esefi? "romne, R3, R4, R5, R6, R7, R3, R9,, -10

15 In step ¢, scheme 5, cleavage of the acetal and reductive cyclization of 26 leads to
piperazinone 22 (L= a bond, p= 0, R® and R'’= H), described as intermediate in scheme 4.
This conversion is performed either in one step using an acid, e. g., trifluoroacetic acid or
methanesulfonic acid, and a reducing agent such as sodium borohydride or triethylsilane, in
solvents such as dichloromethane, 1,4-dioxane, tetrahydrofuran, water, or mixtures thercof.
20  Alternatively, the reaction may be performed in two steps, by first forming a 3,4-dihydro-1H-
pyrazin-2-one intermediate in the presence of an acid, e. g., trifluoroacetic acid or
methanesulfonic acid, in a solvent such as water or dichloromethane, and subsequent
catalytic hydrogenation at pressures between 1 bar and 10 bar, using a suitable catalyst, ¢. g.,
palladium on activated charcoal, in solvents such as methanol, ethanol, ethyl acetate, or

25 mixtures thereof, at temperatures between 0°C and 50°C.



X m n and p are as described before. In step a, schene 10, am no

al cohol 46b is reacted with halide 47 by nucl eophilic substitution, |eading
t o secondaoRoEni4sBs248, using reagents and conditions kneem/Epomiessast. 10
For instance, the reaction is carried out in a solvent such as nethanol,

et hanol, or acetonitrile, at tenperatur E‘S' bet ween 20C and the boiling point
of the solvent, optionally in the presénce of a base, e. g., potassium
hydr ogencafiemat e or potassi um carbonate, optionally in the presence of
sodi um i odi de. WO 2011/ 048032PCT/ EP2010/ 065579 - 36 - Am no al cohol s
of formul a aca,)ei ther camerci alf’y avajdyabl eRocha e nt hesi zed as
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is perfor g., In e case ere I's tert-butoxycarbony usi ng
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such di c r onet hane, . at. t tures 78C and,.+20 | n ep d,
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hydr ogenatjon at WD 2011/ 048032PCT/ EP2010/ 065579 - 37 - pressures between
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in scheme 5) to 33 (R’, R®= H) or 34 (R®, R not H) (step ¢). Intermediate 33, in scheme 6, can
be hydrolyzed and coupled with an amine HNR'R? (step f) to give the final unsaturated

20 compound I, as described in step a and step b, scheme 4. The olefin can be hydrogenated
selectively with Pt,0 in methanol in the presence of acetic acid to give the corresponding

saturated I, (step g). Alternatively 34 is received by hydrogenation of olefin 33 (conditions as

described in step g) can also be hydrolyzed and coupled with an amine HNR'R? to give the

final unsaturated compound I, (step f) as described in step a and step b, scheme 4.



the presence of a suitable hydrogenation catalyst, e. g., palladiumon
activated charcoal. Schene 10 46b4748 51 R6 R5 5In Schene 10, PGL,
P&, LG W8,20R#448B3, R6, R7, R3, R9, R10, m n and p ar eCagrdebionssds bef or e.
In schenme 11, A, R, R2, R3, R4, R5, R6, R7, R8 and n, mare as defined
before. Pgi is benzyl oxycarbonyl or tert-butoxycarbonyl, RO, Rlo H p

10Fi nal conmpound Ib (L= a bond, p=1) ca% "al so be synthesized as outlined in
schenme 11. Scheme6 | n step a, schene 11, protected amno acid 52 is coupl ed

with amne I-1NRLR2 and deprotected as described in schene 1 to give am ne
46. | RS ep b scherre w1, al dehyde or kegtone 39 is converted with a
reductive_a |on me 460Ho S$thebaniy| nel 53. An organo- R8 conpl ex can
be used fB fhe PRtrt oau'ctl on he 15—R& noi et the imno-internediate.
t-Butyl esteNH53 is cleaveg® and, cyclised to RY [1R4] di azepan-5-one | b
(step c) W th _conditions descritbed in step ¢ an step , schene 1. WO

2011/ 048032PCTf EP2010/ 065579 28
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-~ “R N~Rr?
A-N N RD(R3 \Ic])/ — = AN Y \n/ R
7
R1o; (Rg R|8 R R Ri 9 R|8 R’

I, (double bond)

In Scheme 6,n, m, A, R', R?, R, R*, R°, R®, R’, RS, R9, R'’, R and R¢are as defined above.



- 38 - Schenme 11 1(cH2). (cH2) PgN- )( Thr mOH HR4 R3 0 52 Step a
RL (CH2)" (CH2)m | H2N)<--...... N' "3 4 RRO 46 b I'n Schenme 11, n,
m A R1,wB2011R38803R%4, R5, R6, R7, R8, and Pgl are as defCcmag2&loo0579
Compounds of fornula | can have one or nore asymmetric carbon atons and can
exist in the formof optically pure erlaﬁt_i oners, mxtures of enantioners
such as, for exanple,

In scheme 7, A, Rl, Rz, R3, R4, R, R6, R, R® and n, m are as defined before. R® is

lower alkyl or benzyl, R®, R"=H, p=1.

Final compound I, (L= a bond, p=1) can also be synthesized as outlined in scheme 7.

5 LGis aleaving group, €. g., chlorine, bromine, or iodine.

In step a, scheme 7, aniline 35 is mono alkylated with e.g. tert-butyl beta-haloalkanate
36, with 2,6-lutidine as base, initially without solvent, then in acetonitrile, at temperatures
between 50°C to 60°C (step a). This intermediate is then alkylated a second time with methyl

bromoacetate with same conditions to give intermediate 37 (step b).

10 In step ¢, scheme 7, the methyl ester of 37, is selectively reduced, leading to alcohol
38. This conversion is accomplished with a suitable reducing agent, e. g., lithium
borohydride, in a solvent such as methanol or ethanol, at temperatures between 0°C and 40°C

or with in situ generated LiBH(OMe), in THF.

Optionally R’ can be introduced via selective hydrolysis of methyl ester 37, Weinreb-
15  amide formation, followed by reaction with an organo-R’ complex to give ketone 39. Alcohol
38 can be oxidized to aldehyde 39 (step d) as described in step b, scheme 3. Reductive
amination with amine 13 following conditions described in step d, scheme 2 gives amine 40
(step ¢). An organo-R8 complex can be used for the introduction of the R® moiety in the
imino-intermediate. t-Butyl ester 40 is cleaved and cyclised to [1,4]diazepan-5-one 41 (step f)
20 with conditions described in step ¢ and step d, scheme 1. Hydrolysis and coupling with an
amine HNR'R? gives the final compound I, (step g) as described in step ¢ and step d, scheme

1.



5 racemates, optically pure diastereoi soners, mxtures of diastereoisoners,
di astereoi soneric racemates or m xtures of diastereoi soneric racemates. The
opti cal | ywecebinvasder ns can be obtai ned for exanpl e by resoiarRéionessi t he
racemates, by asymmetric synthesis or asymetric chronat ography
(chromat ography with a chiral adsorbent,,or eluent). The invention enbraces
all of these fornms. 10As descri bed abo'v%,' t he conmpounds of fornula (1) are
CCR2 recepicbement agoni sts, with some antagonist activity also at CCR3 and
CCR5. These conpounds consequently prevent migration of various |eukocyte
popul ations through the bl ockadgloR R2 sti muk trksog. They therefore can be
tory and/or allergic

used for the tr nd arg/a08 prx{i on i nf

di seases, asu@hqa i p-h-ega-l-—ar eria %%cf{&iv gge, critical linb

i schemia (CLIS, | WO 2Gid/ 048032RCT/ EFS010/ 09 Y vul ner abl e

at heroscl erotic Y8 aque patients, |unstable ahgi nd, congestive heart failure,
left ventrigul ar hg‘f)ert rophy, igi&f(a reperfpyston i njury, stroke,

cardi onyopathy, restenosis, rheumatoid arthritis, diabetes and diabetic
conplications, diabetic nephropathy?” irritable bédel syndrome, Crohn's
di sease, multiple scderosis, (omyrapaphi c pain, atherothronbosis 5 and/or
burns/ulcers in B s/ CilgN/anWst‘hEac.’\Re Prevgntion and/or treatment
of inflamgpdqfy ¢ ses, partRtuRarlg peri pher§ ar?’e‘?44al ,occl usive

di seases e+—athefothroeBosis is tthe preferred iz%%éw R ETh .

i nvention themefOKe al so rel at €559 phar maceut igal % N i oconpri sing
a conpound as def iJned above and 2" phar naceut i %al ccEptalfttelexci pi ent .
10The invention @9 K& se enbraces conpounds as de®riRbed above for use as
therapeutically actpve substances, especially as therapeutically active
substances for the treatnent and/or prophylaxis of inflammatory and/or

all'ergic diseases, pagticularly as therapeutically acési ve substances for

the treatment and/ raphyl axi s of peri pheral ar tB\/Al ooccl usi ve Qi sease,
critical 1jnb ischefia vifitker@bde atherogg grotic ueCHat (@Hak.s )

unst abl e P8Pdngi pan_ congést e hepft R ai | efIN vent NI g‘m‘p'gf‘ﬁ?ophy,
i scheni a reperfusi om——{ur§, 'Stromke, cardi onyopat hy) st7é'ho§i S, @ heumat oi d
arthritis, diabetic nephRopathy, irritable bowel syndriegi® Crohn's disease,
mul ti ple sclerosis, neuropathic pain, atherothronbosis, burns/ulcers in

di abetes/ CU, and all ergystr asthma. The invention also reljates to the use of
conmpounds as descri bed ahove for the 20 preparation of nedi caments for the
t her apeut IncSchpi¢ 3rn.pr.apRy | BoR Rt RERWBAR A Rt Lemant Rraye amdifiopd adver gi ¢

di seases, particularly for the therapeutic and/or prophylactic treatnent of
peri pheral ar { i abaiQEehHiSniela d AR ARG bo Gl el ol biFinPENERA, § VAl pegab! e
at herosclerotic p aque patients, unst abl angl na, congestive heart failure,
| ef t ventRY, &) R, RAypeRt,RIpRY R '], sic memil p arepeddfiusd befoienj ury, st roke,

car di onyopat hy, restenosis, rheumatoid 25 arthritis, diabetic nephropathy,
irritable bo ndr g hn' s disease, . multjiple sclerosi neur ppat hi c
el 1 8t her ot ot SN, 7 SR el eRR°E RTRPLeRaTo EnFodR] RN RS

medi camentvih saapicils &c@aconpound as descri bed above. The invention al so
relates to the process and the internedi ates for manufacturing the

compoundsof hL4RA Sy o380 5uen S5 PR eas S E MBS e
conditions known in the art. For instance, the oxidation is carried out with sodium
hypochlorite, in a two-phase mixture of water and dichloromethane, in the presence of

10  sodium hydrogencarbonate and catalytic amounts of potassium bromide and 2,2,6,6-
tetramethylpiperidin-1-oxyl radical, optionally in the presence of a phase transfer catalyst
such as tetrabutyl ammonium hydrogensulfate, at temperatures between 0°C and 25°C.
Alternatively, the reaction is performed using sodium chlorite in the presence of catalytic

amounts of sodium hypochlorite and 2,2,6,6-tetramethylpiperidine-1-oxyl radical, in a



CCR2 receptor antagonistic activity by the conpounds of the present

i nvention can be denonstrated by the foll owi ng assays. Receptor binding
ay . s WwWO?2011/B8803di ng assays were done wth nenbranes PromrPaHOMISSECR2B- AS
cells 5 (Euroscreen) stably overexpressing the hunman CCR2B. Menbr anes
wer e prepared by honopgeni zing the cel l? in 10 MM Tris pH 7.4, 1 mM EDTA,

0. 05 nM benzami di ne, |eupeptin 6ng/L a 3'separ ating the debris at 1000g.
The menbrlarféscdipracrable phospbhtatbefcadt pHOOOOOG ) isolveO mivuTe oSwaset apd4, MyCl1210

mVv EGTA 1 .gl ycerol 109 i di Q.05 mM | eupeptine 6ng/l. 10For
bi ndi ng, %&%ﬂtgﬁt %38%???m568?%§i? gga\g?@%é)d?ied in various concentrations in
50 mM HEPES pH 7.2, 1 mM CaCl2, 5nM MyCl2, 0.5% BSA, 0.01% NaN3, together
with 100pM 1250ke\3Rthtsi§ Bémhmml:‘dlmbls 204 AR Jestiiballd@utunberf iV cdTTiRRe
menbr anes ated for 1 h m t enperature. For unspecific
cont r ol agolﬁ Wég“rfdfsﬁ %szgﬁgo@ 1Oélggpared at Roche) was added.
I\/tenbranes Védtenh@gvested through G-/ B (glass 15 fiber filter; PerkinEl mer)

plates, equilihsated with 0.3% polyethylenimne, 0.2%dSA air dried and
bi ndi ng wasRug er g ned by counting in a topcounter R Backard). Specific

bi ndi ng ec(calg) t@m),_bi ndi ng S nonsp | n@iHY, @HL)
typi cal I;’/Va(re tes @;t %of gzytotalp‘bt@ér‘\t%c ng. Y 1 SR agQHvVi ty
R |B concentration requiretL-+ 50%i naﬁl on (1C50)

is indicaH as i
of specific g | ci um nobi |'i zati on assay A- B-A5 cells
tabI y overexpressing the humaR'¢h i Re receptor 2

(from Eur R¥r &e
isoform B were cultured in Nutrient Hans F12 nedi um suppl emeg ed with 5%
FBS, 100U/ mil peniﬁjl lin, 100 ug/ml streptonycin, 400 ug/mL (418 and 5 ug/nl
pur omyci n. 25For e assay cells were grown overni ght igs 384-wel | bl ack
clear flat bottom polystyrene plates (Costar) at 37 0% CO2. After

washing with DMEM 20 nmM Hepes, 2.5 nM probeneC|d C“'HVE@I-E
buffer) cells were |oaded with 4 uM FteBd4 jn the s

for 2 hours at 30 C. Excess dye was renoved and**q_el- weréI wag d WI DI\/EM
assay buffer. 384-well conpound plates were prepareWM 0

2011/ 048032PCT/ EP2010/ 065579 - 41 - assay buffer g % Owth or

wi t hout various concentrations of test conpounds. Usu® IR/ conmpounds were
tested for agoni st and antagonist activity. Test conpoungls were added

to the as t agki y 0 £ escence for
80 secondzr?gm]{%h% 86&%#2?383%%1 gxcll%ﬁt gt |Rgﬁl§ ag?gi %gg%&znﬁdgg%n; 5

Mol ecul ar Devices). After 20 30 mn of |ncubat| on at 30 C, 20 nM MCP-1
(R&D; Roche) s added a or es noni tor.ed again for 80 seconds.
ner eases | h | HEACEGHEy P APyl o R oS b e b B e o
after agoni stR'eERPASURE RA Rﬁl5R7bR§€}i9 f{louﬁrﬁﬁﬁ&?%& RefeAah&l BFROSRIT 8 terfBhGOONI St
activity is indicated as i nhibitor concentration required for 50%

i nhi bilfi oR létclsﬁﬂfdfl ¢ikengd| ci um i ncreases. 10The conpounds | of the present

i nvention exhifig. .G Valhugs of Eldé% Pikﬂ LA ® ?%?6 o eJdtHMn‘irR) 10
uM preferably T AMTO 1@ E/Ifor % (fhl?ovmhne? & ows nmeasur ed
val ues fom1trﬂemﬁ4smde¢5 6y ceogpoumdd ahint hB pm*reet@n'espemnemntsmg reagent haad
conpounds of fornmula (1) and/ or_t hei maceuti cal | ept abI sal S can
be Used SSTHEBREAHRRES EEGHH T Fir G baiin b RAPHRRSITe o Gt Spard: Fohe 1 or
enteral, pPaeieNRyadide @Iﬁd &@Rh@ﬁﬂfdt@élﬂ'@ﬂﬂe%brt af ke 136Y46) A d@@ﬂ@aﬂmhﬁé ered,
for exarrpl erorallfy in the form
15 "in the presence of a Lew1s acid, e.g. zinc iodide, at temperatures between 0°C and 25°C.
Alternatively, the aldehyde/ketone 12 is first converted to the cyanohydrin, for instance, by
reaction with trimethylsilylcyanide in the absence of any solvent, and then reacted with
amine 13 in dichloromethane in the presence of an amine base, e.g. tricthylamine, N-
methylmorpholine, at temperatures between 0°C and 25°C. In step b, compounds 44 and 45
20 are cyclised to 15 and 19 (R*=CN), respectively. This can be achieved using a two step

process of selective hydrolyis of ester R, e. g. through base-mediated hydrolysis using bases



of tablets, coated tablets, dragees, hard and soft gel ati ne capsul es,

sol utions, enul sions or suspensions, rectally, e.g. in the form of

supposi t owpesii/g@sienteral ly, e.g. in the form of injectiPom/EPRIIONGIINE OF
suspensi ons or infusion solutions, or topically, e.g. in the form of

oi ntments, creans or oils. Oal admni ratlon is preferred. 20The
producti on of the pharnaceutical prepa atlons can be effected in a manner
whi ch wi | duchas ﬂidﬁhmila'ﬂrquemop'mnsbyﬂrsmdft iregbn-mcldephiic tsobyyntl tsucrhgatsn‘gattlhe
descri bed or nul hei.r tjca t abl e
aarts,  opeTanaran P diBiRael mh R hbeharu chBPRsRET T i R EnE
subst ancef®rmatitno il @alogii vaktepdiyi S¢Iﬁ:h’feaBl an ¢eptaii b%@tibﬁl’co‘ﬁdpbhn(&uhs afpke,
non-toxic, inert, therapeutically npatible solid or quid carrijer

mat eri al séfaisgentipneddiyd srwndug%%ndw&r%e%mq %’éllseédl’j“tﬂ}lﬁﬁt(g’lthom the il apl e
carri ek ngfef Is@éo%daaﬁlda%o@nh% d&H" GRRi @on%@thftérﬁrhﬁ&fsfs' 3k Sthe t}ﬁ&ﬂ@hé Othe
organic carrier materials for exanple, lactose, corn starch or
derivati v@gqu@m@ow (R*2CONH e dviconative!y, tbe nittiks is sbmpows 15eandsOIRISCHAr r i er
material s bet es.an t] | es
Sui t abl e %aél&)re Sélr Seﬁ?ﬁ %P’ sgl?@tgvfeg/ ﬁ@g‘? gfe%t ﬂ}eﬁ%gmé%}% dcej us%g rea%gnt? anctlnl gon%%Pq%lsl,
veget abl ekmiwnsin th@x@Sfor frﬁfaﬁceaﬂﬂ@nﬁ&iﬂwﬁﬁlhydﬂo@ﬁ@efdxﬂiu d1 nhe lpyeabisce (o e paret ng on
the nature of the active ingredient no carriers m be required

in the ca¥eSBNIQBFHIC JRTZRTiHdRFHUIGh &8 )PotasyimoePra9mg. O%zn@%f/seg%ticﬁﬂs%%?g -
42 - 3gi t Abhendtabmh@kylSoRIdL 8t SehPérafuRR REAMEL i0No®T sObhANRSA0HE ¥ T ups
are, for exanple wat'er, polyols, sucrose, invert sugar. Suitabl'e carrier
mat eri al salk@fyamwr}l@@tusmg rg%gemsm@d@@dl@onﬁl@m“@xlaﬁm art e\gatrestment wosh ghtglytic

pol yol s, 0 i npLelt rq
suppOSI to%sé;éﬁglr és ?tihﬁiutﬁqlge%cgﬁ%e pg{atsﬁlrngﬁglltho ﬁraaﬁ%éﬁstglcﬁo?le 1c ac1c?£1§chfa§t an d
sem - | i quhydir@genl clqomdi 5 m)ahycmbﬁhﬂlswoh@bﬂsesmhrarsl ﬁrethz[acblereﬂmhsl fopropapi cal

preparations are gl.ycer]jdes m thetic a ynth ,
Py oganaBRegTe. TG et wid Yhisar sohe Wodtin Farbe MICoe! s,
sterolis, PRIEYGLHWIane cﬂllbféﬁéﬁhiﬁe apAhé attek Pse a@i@rdaﬁaﬁd H&@Seved usirdSBéHditions
stabilizers, preservatives, mettln and enuIS|%¥|ng agents,

conS|sten@?mﬂﬁﬁﬁbﬂ%ﬁgs@@%NT@WM$@@0 f-§99r BupAY - hgent s, salts for varying
the osnotic pressure, buffer substances, 10 solubilizers, colorants and
maski ng agents and anti oxi dants cone into consideration as phar maceuti cal
adj uvants. The dosage of the conpounds of formula (1) can vary within
wide limts depending on the disease to be controlled, the age and the

i ndi vi dual condition of the patient and the node of adm nistration, and
will, of course, be fitted to the individual requirements in each 15
particul ar case. For adult patients a daily dosage of about 1 to 1000 ny,
especially about 1 to 300 ng, cones into consideration. Dependi ng on
severity of the disease and the precise pharmacokinetic profile the
compound could be adm nistered wth one or several daily dosage units, e.g.
in 1l to 3 dosage units. The pharnaceuti cal preparations
conveniently contain about 1-500 ng, preferably 1- 20 100 ngy, of a conpound
of formula (1). - 43 - WD 2011/048032PCT/ EP2010/ 065579 - 44 -



The conpounds of forrmula (I) and/or their pharmaceutically acceptable salts
can be used as nedicanents, e.g. in the formof pharnaceutical preparations
for enterwb,20pausosteral or topical adm nistration. TheyPCRIEPR@0/065579

adm ni stered, for exanple, perorally, e.g. in the formb5 of tablets, coated
tabl ets, dragees, hard and soft gelati & capsul es, solutions, enulsions or
suspensions, rectally, e.g. in the form of suppositories, parenteral Iy,

e.g. in the Scbeme®f injection solutions or suspensions or infusion
solutions, or topically{CHeng(CHzh he formof ointnents, creans or oils.

Oral administration ngN pr &%g r&r TRe production of the phar maceut i cal
preparations c pe effedte |n°a mann Pﬁthh 10 will be famliar to any
person skilled I e art by3bri ngi n sc,rl bed compounds of fornula I
and/ or their {fHar maseuyti c&tdma accept salPB, optionally in conbination
with ot her thﬁNEﬂtﬁ%al | y—val uabl & s/ulns'% nceec;Hzi,,n(r:az),a al eni cal
OSXPCWEPQ%OI 065579 - 45 -
Forpari bl @ solid or liquid

adni ni straffon BTk t oget her wi thP
sui tabl e, non- R, inert, therapeu{"i c& |

carrier materials and, if deS| red, usual arnmaceuti cal adjuvants. Suitable
carrier material 2are not only inorganic C%I’I’I er erials, but also
organic carrier materials. Thusg!for exanpl 3 Qs corn starch or
derivatives theerof Ci)e, (@bkarlic 5 acid or |ts salts can be used as

carrier masepical 5 HN" t‘m’ets\n’cola’t ed tablets, drageeg qid hard gel atine
capsul es. Suitabje carrﬁ eR matcerials for soft gelatine s for
exanpl e, veget ble oils, W#xes, fats and semi-soli d(caln,d I Wé
(dependi ng oh%ature of the active i ngredi ent no Icarr "brs4 ght
however, gt N the case of soft gelati n&G cap RsuRt abPe
carrier mate 5 for the prodygtion of solutions agitf Syqu s are, for

exanpl e, V\B.de.: 15 0 pdfyg| €H)sudr ose, invert sugar. Suitall e carrier

Hz)

mat eri al sPPor KT oMyEol ThyOngz are, for exanple, water, al cohols,
pol yol s, gl g rR)I“aHd Rled@talpe oils. Suitable carrier R M s f or
suppositories arey for exanple, natural or hardened oils, waxes, fats and

sem-liquid or | iq)fg d polyols. Suitable carrier materials for topical
preparations are g yceri des, semi -gynthetic and synthetic glycerides,

hydr ogenated oil s, id waxew | id parafflns, liquid fatty al cohols,
15 sterols, polyet hyét@,ng ycg,_, caj)l tdygﬁe erivatives. Usual
stabilizers, preservatives, | ng \gn N{ g agents,

consi st ency-i nprovi ng agentpggth av mw g agents salts for varyi ng
the osmotic pressure, buffer s Res sol ubilizers, colorants and

maski ng agents and anti oxi daRi’s Eoﬁ‘e into consideration as pharmaceuti cal
adj uvants. 20The dosage of the corrpound|§ st e‘ rg#@ (I) can vary within
Widelim}[ng[Hc dlngoo t §I|s3e§ t%q ) wan&éﬁ

i ndi vi dua™ ¢ P-4+ - Batlt eht d}% ﬁtl RPate fofieningflg
wll, of gRwese, be f|tted to the |nd| vi dual reqwrerrents in each
particular case. For adult patients a daily dosage of about 1 to 1000 nm,

especial ly about 1 to 300 ng conmes into consideration. Depending on
severity of tHatcgnsdiaisd2saubs nathsriged sedesgibsh 4t yehewril AapicBalpepithe t he

COWDOU@d Hembak &é@c@&ﬁ‘n‘i‘Pé*r% %Pg" Wb20080 P(542’§ell‘éf1 ahd PG LY (HRRAOGOHRIITS, €. 0.

in 1 to 3 dosage unit pharmaceutical preparations conveniently
cont ai n agoups. f%ﬁﬁtang&; Po/ @ftendobthyqarbm@@amrbl?Gors banzybrigoisrdeafing govmlea (1) .

Exanpl es g.ycglgrg)nlelo/r ro81r(i)1%g ng'FﬁEF%O&Q/ 96[?5?{9 R' m, n and p are as described before.
In step a, scheme 10, amino alcohol 46b is reacted with halide 47 by nucleophilic
substitution, leading to secondary amine 48, using reagents and conditions known in the art.
10 For instance, the reaction is carried out in a solvent such as methanol, ethanol, or acetonitrile,
at temperatures between 20°C and the boiling point of the solvent, optionally in the presence
of'a base, ¢. g., potassium hydrogencarbonate or potassium carbonate, optionally in the

presence of sodium iodide.



- 46 - The foll ow ng Exanples serve to illustrate the present invention

in nore detail. They are, however, not intended to limt its scope in any

manner AbWoevilzausesnas: ag. = aqueous, EDCl = PCT/EP2010/065579

N- (3- D net hyl am nopropyl)-N -ethyl carbodii mde 5 hydrochloride, eq. =

equi valents, FTIR = Fourier transform |3%frar ed spectroscopy, GC = gas

chr omat ogr aphy, HATU =

0- (7 azabenzotAlinam(ﬂleolloysbffmnnlﬂﬂyetreemfa:neommbmaﬂmauanidbwca‘fdambe ophosphat e,
HPLC = hi gh-pressure |liquid chromatography,

o-triaz
IPC = In- Slé%g}? o ?Wdlq%ﬁﬁte@gﬁ spray, MB = mass spectronetry, NVR =

nucl ear n'agnetm@tdp&ﬁ@dlﬁﬁﬁ60§§ée@ridaqsﬁﬁD1ﬁy48 ssadonverfodttdl bR gdiRl@muda 80 6, 6-
10 tetramet hyl pi peridin-1-oxyl, TLC =_thin | ayer chromatography

| nt er medi RfQIeh reaeP%yVltla P%Pr@r@@teé@frym afichresk TRyMUT AP apineaRsi we&d@ow&ﬁw ic

aci d et hydn &3t &illed in the art. P%)rlnstance the reactlon is gplcall camed out in aprotic
(S)-4-(tert-Butyl-di methyl-silanyloxy)-2-nmethanesul fonyl oxy-butyric acid

met hyI 1580émn§rsuch as dighlgiomgthiang tesfahgdig8iren, (LY - ddetiiddmapfiderdt-igthyl-
( S) ( t er t gljé léh)%n?r S #h%r )tem erk\%/lﬂa%)(%v %Iltl 656’%5 d é in the pjgshﬁgég nquOC.

2005, 127 Ior ne was trea ed W
(15.00 mmisenc% .o5a®q§e saéh isrtheﬁllmahﬂrm ﬂ&so@ﬁq;y&tth}ﬂk(ﬁndu,m-mgthgrlmmrphdﬂn%J‘an(d/cﬁ2 m

(10.50 |,. 1.051 eq) of nethanesul fonyl chloride. t OC the
react i om-fé@mﬁ@y 1?59?%41% a %t‘\z@%ﬁ%@% Q52 cppiigg %g%m%mgenphosphat e
sol utijgn/ g/l bhekyRLBEdiihN3) 1,-(3ténﬁ1e9f(y%2g@pr%saﬁ%thwﬁbmmagh/wrz)&m&%e aq.

sodi um hydr'ogencar bonat e sol uti on prepared) and 109 sodi um
chl ori de QdbenzotiazoldrylgdN. DN Nazmﬂthaln@n@vnb@raﬁve@ nms@aw@ox791 g (89% of

the titl )
(rac) - o (LAPREREOT- GRREN O A P By R nG e oo s o PRI et er
25A sol utpmlﬂtnoaﬂﬂaﬂ@n(lﬁq %(aﬁn@’bﬂ)hdsf)hate

(S)-4-(tert-butyl-d I-S|Ia v) t hanesul f but |c acid
ot T oot or RS g il SR YL s SR LR 3) B5BOE R Aol ) of

sodi umsi oginiRsiddifuskid Ihétﬁgdsades&%dﬁrpﬂlelu&étﬁreh The reaction was COO| ed,

filtered and evaporated. The residue was suspended in dichl oronet hane
treated with NazB0#. sphameil Dt eonmgupdSyiscenydicd to eogapdsratnNivg 5P usng jelodsy  of

(e L1 4L BRI 8 A ORI S AR M5y Ol 2
oct al r boxhydregeachidritle it I #dioxanesttafluondbiec?io 1did vl 80BIRRGTIERZ Ol the @6&5VIBTe
PG is tert-butoxycarbonyl. The resulting amino alcohol is cyclised to 51 using methods well
20 known in the art, e. g., Mitsunobu reaction. This reaction requires a phosphine, preferably
triphenylphosphine, and a dialkyl-azodicarboxylate, ¢. g., diethyl azodicarboxylate or
diisopropyl azodicarboxylate and is performed in an inert solvent, ¢. g., tetrahydrofuran or
toluene, at temperatures between 0 °C and 100 °C. A base may be added in order to
neutralise any residual acid from the deprotection step, ¢. g., tricthylamine or 4-
25 methylmorpholine.
Alternatively, in the case where R is H, oxidation of the hydroxyl of 50 in analogy
with scheme 3 step b leads to a hemiaminal intermediate, which undergoes both cleavage of
PG' and reductive cyclisation to 51. The latter is performed, ¢. g., in the case where PG is
tert-butoxycarbonyl, using trifluoroacetic acid in the presence of tricthylsilane, in a solvent
30 such as dichloromethane, at temperatures between -78°C and +20°C.
In step d, scheme 10, the hydroxyl protective group of 51, PG?, is removed to produce

42. This deprotection is performed under suitable conditions, e. g., by hydrogenation at



-47 - Method A To a solution of diethylzinc (1.1 Msolution in toluene,
37.5 mM, 0.04 mmol) in 1,2- dichloroethane (80 nm) at 0C was aded

chl or oi odwoebhi2038035. 99 m, 0.08 mmol ) under Ar. This nmMPKTEMPROMMESSSE i Ired
for 15 mnutes before a solution of 3-hydroxy-4-

5nmet hyl ene- pi peri di ne-1-carboxylic aci % tert-butyl ester (J. Og. Chem
2001, 66, 2487) (4.19 g, 19 6 mol) in ]7 2-di chl oroethane (10 m) was aded,
af t er whi phssureybetwren i dacandof0was is scrhr@xﬂ sfabras meﬂlmohethmlamdlcuhea@ichiﬂ owed

to reach foom tenper at. 0 urt n was
then: querthatBye Rt SnihRpAtiEhidd bl dridiioh deelified AR Eopar at eq,
and the organischdineeal (Na2SO4) and 10concentrated. Purfication by flash
col um chr omat ogr aphy (Si 02; ethyl acetate/heptane 2: 8 1:1) afforded t he

titled product &g 499, 54% @ﬁd*&w)stal line soli d 228. 2 (MH).
eRt-

Method B 2.00 g i;l;, (CHz) (CHy)r,

3- hydr oxy- 4- rreth? e bl'ber‘ di car boxylétc aci do H 136ut\l‘/eﬁcer wer e
di ssol ved in tol udn& at 25C. 17 05 M (2 eq 5 1. 1R1IQ/IItf| et hyi *zinc sol ution
in toluene were adgs at such a rgate as to naintain the rgaction tenperature
bel ow 30C. After 15-30 mn at 25C, 2.29 ml (3 eq.) diiodonethane were aded
over 2-3 h maintaining the reaction tenperature at 25C (the reaction is
best followed by Tr- g surenments and/or in-line FT1R reaction

noni toring). AftBE\30- mn after 2Qghr® end of adition, 4.57 ni

2- et hyl - hexanoi c amqﬂ-(mﬂer@H aded pe\t he ul§zhg(Gbint g _syspensi on at such a
rate as to maintain thegpeaction teﬁ‘p(ehzatuNe b\(we‘n/z?@oc The heavy
white suspensi omwas—stiTTed for 30 pt ane were aded fol |l owed
by a m xture consi sitemly of 20 mM 25% aqﬁ%‘bm a solution and 30 M water.
The organi ¢ phase was separated and waBhed’ with a ngoxt ure consisting of 10
m 25% 25aq. ammoni a solution and 30 M water. The organi c phases were
washed with 20 ml half saturated ag. sodium chloride solution, conbined,
dried over sodiumsulfate, filtered and concentrated under reduced pressure
to an oil (may crystal | RS ypon standi ng). The crude |Ro oPi peridinol was
purified by crystalli zabi onki tchgpcane Qr alternati vg (@.r; (EthI

met hyl et her/ hept ane pypvi di kG TRe, th edc;’product in ,(fa 80Ye: M
white powder . ) - 4- Xy F6- Bza- spi r o] 251 oct al¥<g- ¢ rb@e hfc aci d
tert-butyl estePPRit o titled conpoutttl has pio arleek’by chiral
separation of (rac)-4-hy d3<y 6-aza- WD 2011/ 048037PCTR'IBP2010/ 065579 - 48
- spiro[2.5] octane-6-carboxyic acid tert-butyl ester on o Chi ral pakO AD
col um (hept ane/ 2- propanol95:5).

5 In Scheme 10, PG’ , PG’ , LG, R3, R4, RS, R6, R7, RS, R9, RIO, m, n and p are as defined

before.

In scheme 11, A, Rl, Rz, R3, R4, R’, R6, R, R® and n, m are as defined before. Pg1 is
benzyloxycarbonyl or tert-butoxycarbonyl, R’, R'=H, p=1.

10 Final compound I, (L= a bond, p=1) can also be synthesized as outlined in scheme 11.

In step a, scheme 11, protected amino acid 52 is coupled with amine HNR'R? and

deprotected as described in scheme 1 to give amine 46.

In step b, scheme 11, aldehyde or ketone 39 is converted with a reductive amination
with amine 46 to the amine 53. An organo-R® complex can be used for the introduction of the
15 R® moiety in the imino-intermediate. t-Butyl ester 53 is cleaved and cyclised to final

[1,4]diazepan-5-one I, (step ¢) with conditions described in step ¢ and step d, scheme 1.



Met hod B 4- Hydr oxy- 6-aza-spiro[ 2. 5] oct ane- 6-carboxylic acid tert-butyl

ester (3.00 g; 13.07 5mmol) was dissolved in tert-butyl nethyl ether (20.5
m ) and woybiindgsogeat e (6. 5nl). The sol uti on was heat ed PCO/EPOG0AGRS7Y he
reaction started by the adition of Lipase TL (3.0 g; Meito Sangyo, Tokyo).
The solution was stirred at 50C for 46 %Euntil t he enantiomeric excess of
the retai ned al cohol was >99% The enz'y’5 > was filtered off, the filter cake
washed wit IBcheme-Abut yl met hyl ether and the filtrate concentrated in
10vacuo. The residual oil was chromatographed on silicagel (80 g;

0. 040-0. 063 nm di chl or onet hane 4 dichl or onet hane/ acetone 9: 1R't o separate
the formed optig Iy(%? Em( Ry but yr atep ar om t HEHlet dCHEd (1S) - al cohol
(1.18 g white cr N s; 029 . |Tytl cs+—>98 GH N>99%€e% ( oNRBGB- 176; 30
mx 0.25 mm H2; "b U%lr R80Cc10 210C with 3C/mn |R1] R200G, Det. 215C;
Retention tines: (R) al cohai 28.58 15mn, (S)-al cohol 24900 mn) [4) =
-43.35 (c=1.00, CHC13). Method C Step 1:

4- 0xo0- 6-aza-spiro[ 2.5l 0 ar xyllc acid tert-butyl ester The titled
conmpound was produced f %‘?( ﬁ%’%ﬂ( - aza-spiro[ 2. 5] oct ane-6- carboxylic
acid tert- bu | Rgst eHN ei t by JITE bI each oxi dation or by Swern

oxi dati on: T, Q bl cI‘BOX| @ation ¢ sol ution of
4- hydroxy-6 za- sRi ro[ 2. 5] oct gne- 6- car bo atl,d tert-butyl ester (20.0
g, 88.0 mml} in @hﬁmmwm s afedSsodi fm boni de (1.092 g,

2,2,6,6-tetraget hyl pi per| 1- oxyl A (CHW4CHylpl ). The mi xture was
cool ed to -0 d sodi um hypochl orite soIRFtln 25 (9.5% wat er, 55.16
M) was aded wifghin 10 min resulting in a red %gl oration and a tenperature
rise to 9C. The m xture was stirred for 35 mn~at 0-5C and, as conversion
was inconmplete (2.5% startipggeaterial remaining), aditional sodium

H
10. 6 nmmol B~ SBdI um bi car bo é g (2. 439 2P Um\amﬁ\,(

hypochl orite sol ution (9.5%N ter, 7.0 m)i1was aded within 30 mn and
the mixture stirred for an 3dChip (QHZ)Q 1 GC anal ysis indicated
conpl ete conversion (<0.1%st artnﬁg Nr~&%ai ni ng). Sodi um 30
t hi osul fate sol ution 10’%| er,R* mim was aded within 10 mn

resul ting in decol¥eREi on. The oRjanl c phase was separated, washed with
water (100 m), dried over sodRlm sul fate (50 g), filtered and evaporated
(15 nmbar, 40C) to afford 4-oxo-6-aza-spiro[2.5]octane-6- carboxylic acid
tert-butyl ester as yellow sh polder (19.84 g), GC purity 99a% The powder
WO 2011/ 048032PCT/ EP2010/ 065579 - 49 - was dissolved in warmtert-butyl

nmet hyl et he 20 ., heptape {3609+ ngs) S e a i ndu stalllzatlon
ond T he il S Edlehanafits R dbatad R & e it O RHERDEHEHE e ng
with heptane (20 m) and drying (10 nbar, 45C) afforded

4- 0X0- 6- aza- spimefuAdSH o traiie I 6an lamzeboe(yﬂ moreasydmiceictcathioh ytonasind caf dxist25 g,

87% as whi taII jne mat er i al urity 5 .100a% 1H NI\/R( 13, 300
MHz): 4. 08¢ %%f"”élﬁgf’@t)“ja QH’E%GHEW;‘O“%E’I-@P*i‘}‘@resffé%anflﬁ’ﬁm@ﬁ?%haﬂs) OT £XAab’es,
tert-Bg), raderftfled 6’%)’[10%11 ureQliflerddRond), milire? We il AsterebH8ikRNdiastercoidéindic
sol ution of oxalyl chloride (42.35 m’, 0.480 nol) in dichloronmethane (910

m) was a@edmaesyinxiugs afdiagicreiseyicso FefceRpigs Tegorzigally actige Gms gt be j n
di chl or On@[;tgiﬁ&?fog gga?nﬂ[l ?)y flofution of the racemates, by asymmetric synthesis or asymmetric
chromatography (chromatography with a chiral adsorbent or eluent). The invention embraces

all of these forms.

10 As described above, the compounds of formula (I) are CCR2 receptor antagonists, with
some antagonist activity also at CCR3 and CCRS. These compounds consequently prevent
migration of various leukocyte populations through the blockade of CCR2 stimulation. They
therefore can be used for the treatment and/or prevention of inflammatory and/or allergic

diseases, such as peripheral arterial occlusive disease, critical limb ischemia (CLI),



10 70C within 45 mn The solution was stirred for 15 mn and a sol ution of
4- hydr oxy- 6- azaspi ro[ 2. 5] oct ane- 6-carboxylic acid tert-butyl ester (91.00
g, 0.400 wol2pivaas@chl or onet hane (910 nl) was aded w t hiPaTAR20m0MN635EEPI NG
the internal tenperature at below -60. The m xture was stirred for 35 mn
and triethylamne (280.4 nm, 2.00 nol) Was aded at below -60C within 10 mn
The cooling bath was renpoved and the yéllow suspension was stirred for |h
15 t hen quémraiﬂdahlmohclmtieplaqae Phtights, uhhebbmgglmamopgﬂseehmtfsléparlaﬁt ed,
washed mnthtma e%8é3 X % and sat ..sodkug1chloride quH on.(3 1) and
evapor at e fHE" %ﬂ%y’ %eﬁlb‘%r%ﬁﬁisé?n (Y IS BICHEEPTYPPERY ¢ HERS S et hy
et her (1.AQuhjtoid dritisirdddbdtes ahdilliabdticfdohipticaidng, dydbkdc mphegam), ndtablenove sone
insoluble material and the clear filtrate evaporated to provide crude

4- oxo- 6- vl sPidree (Bplyes sises. @&H@&%ﬁi%@%ﬁl&%aéhl@p@m%}her@%ﬂf%?b%s yel | ow
pOMder5(9&mﬁn%hnmmh%ﬁ%gdﬁﬁk§§tﬁhEm@%yhﬁdeSSO|V6d in tert-butyl nethyl

ether (300 mM) and purified by filtration over silica gel (700 g) using a
3:1 heptane/tert butyl nethyl ether m xture (6.5 1). Evaporation and drying
(10 nbar, 40(13re‘e@rnr19n aecorgregiaens ofindlamplatasy dissases pamisuerly eyl peeriti d
tert-butyl oFRNEURRABE b PIUNIST, € B pRafleq B0 e puri Ly 100a% Step 2
(S)-4-H ydrox_y- -aza Spl rol oct ane- car ic acid tert-butyl ester
25[X+)-g|ucose nDnoydrate (300 g) and nagne5|un1chlor|de hexahydrate (1.0
g) were di ssolhegdvéantion GrerdivESlsbuélhies tquhaﬁn@e(l@cahchmp(Sit'gmacml@r?Sh)ga After

adition of 4- 0 -azaspirol2.5] oct ane- arbo ic acid tert-butyl ester
(300 o seostpefigis aGRET ByRst 3 PG RO G ARG i SxBieflagnost 1 oo cat - No.
10 004 626) the pH was re-adjusted and the suspension heated to 35C. The
reactilon mas'HkﬁhﬁﬁﬁobykadﬁmgnheummedmomasesKﬁﬁﬁb&mmhw&ﬁﬂt$amﬂ g; 30 former

Bi ocatal ytics, deeX|s and dro nase 102 (300 ny;

i ooat al FERue AL SuRtER. wast RS BEN T BBt S ABES KUdB ng i e pH

constant @atfemt aR¥/of HBpEARMS Of 1hﬁ§lnﬁﬂiorr}l' %/&r&'ﬂe ﬂlﬁea@és ParfedYrfiths sodi um

hydr oxi de sol uti on. ?er a consunption of (corresponding to 98%
conver si otrheraawt@allwwtm sylyEngeser the ﬁeaﬁr;@tltﬁmé/ormphylams of peripheral arterial

2011/ 0480 0 (10

D). The. o) gunive Sgat,reRaPIy sofidor, WiTerA EE RS id Dol i filel |

vacuo 16 20énhgiaacdngbEive indri faﬂemam&r\a'htrmnlaf bypertodphy, iMdemicwpbifusgort inpirgi | y

residue (411 g tarted to cr iz was .stirred with he e

for oh ke puiomicriieReehdd Bruphfo S thitReofia ity arRedodst

drynesss, syn@fbin%S Crotach diftadd, MlitiAe ll@bss, @%ﬁ@?ﬁhﬂc paind B eee6@pssiat ed in vacuo

as descri bed above. The crystal suspenS|on ormed agai n upon cooling was

stirred YRS/ Wept dhdiabsedClh andallgyeyvapdhime crystals filtered off. Both
crops of crystals were washed with heptane and dried under high vacuumto
yield the ti tT&Qn%ﬁBf?Hl@grélﬁesgt%%é’ﬁﬁlo‘# b ﬁ&m&? a9dAREheA%bEOR Gr i t e
crystals), each having a purit % GC and 99.8%ee. [a]]) = -44.970
(c=1. 60, I@em@)on quqdmamdtsm) K@ﬁleg_apeutlc and/or prophylactic treatment of

(S)-3- hydr i r Cl: - ster

5 by dr oy "R RT MO RSN BRAS PRRUER R IEhARRNE b Bt P llerf & 5o
g; 21.10 mmhant\mﬁer@bmﬂamhmmhl bmlmmddliwasqbnnmﬂ hipb iehb@ia, (@8erably and vi nyl
butyrate The saql ution s heated to the. reaction started
by t he ad‘igtg‘?TB%—Fl%‘Pt)l‘Ll? Ipdcaienty, Wﬁtiwgn%nﬁﬁo‘%%%qu@?“&‘i“ et XgWaHares,
Dennar K) . hyHefrop q&dh@ﬂnawaﬁelﬁis1dhrlﬁﬂr>a§tr&&6cafr%n&9pah§d Mstdnobifeh&nansiomeri c

excess of the retained al cohol was >9 he enzyne was filtered off, the
filterScaNthriiastieretignephrerathy. bitaplc b@e‘teh wndévh@ Crefgs @lﬁ@ser inhylfigle gclerosis,
concentr to ilicagel
(100 g: " o Gylio Rtk ekt i ey RS TR OERARE. SlRe o7 D) "o

separ at e mbhéicdmemechngpise e abmpowerras dhedbédR)bdvat yrate from the 20 retai ned
(S)-al cohol (1.83 g white crystals 419 . Analytics >99 GC, >99% ee (CC on
BGB176; 30 m.x Q.25 . 80C h 3C7n1 i 200C;
et 2106, 1 el FHOR Hh&lertd B Eiara b Re ot i bl iy
[a]) = - ldonffduhdsdf.BnulSHCas3yell S @P pdcess for manufacturing the intermediates.

(S)-4-H ydrox_y-6-aza-spiroi 2.5l octane-6-carboxylic acid tert-butyl ester
25The titled conmpound is produced anal ogously to internedi ate 2a, Method B
from (S)-3- hydroxy-4-nethyl ene-pi peridine-|-carboxylic acid tert-butyl
ester.



clS -6-Aza-s it_p_IS]Joaa, __y n-4-0][. hydrochloride A sol ution of
(S)-4-hydroxy-6-aza-spiro[ 2. 5] octane-6-carboxylic acid tert-butyl ester
(3.26 g, wo281mawd3r in ethanol (10 m) was treated at r ®OWEPROMPAGFEIUre W t h
hydrogen 30 chloride solution (4 Min 1,4-dioxane, 30 m), then after 1 h
tert-butyl nethyl ether (40 m) was aded. The suspension was stirred for 1
h, then the precipitate was collected by filtration to afford the titled
conpound (2. 1ACR? r@epepr anfigonatis adtiviky bivie dRgoindshilt)erpresiint myerditon\cen be
preparation_of =S |ro 2 51oct an-4-ol; hydrochl oride WO

2011/ 0480%??—%‘??%?%5’161 i) Cycl opropanecar boxylic acid
tert-butyl ester 219.1 g (1. 91 nol, 1 eqg.) potassiumtert-butylate were
suspended i n Recbptbr biadinglasdayd met hyl et her and cooled to 0-5C. 200 g (1
eq.) cycl opropanecarbonyl chloride were aded over 60 m n, maintaining the
tenperature between 0-5C £8: et hanol. bath co | ne. 5 FTIR

ottt on ot POPTRG RIS CBE: SR ERTed fof QdORLLCRFATRES  cacti on

M xture Waurdticth BehbdPovBrékpadssiflg &6 haitn LAR2H. 5% ag. sodium

hydr ogencar bonat e sol uti on was aded. The aqueous phase was separ ated and
extracted with 500 m tert-but met h The organic ses were
washed with 596 anﬁﬁawv?regéﬁpa?e&@éwaagg% e @rhod@%sm&ﬁ%ﬁ T g1 ned
and concepprrat 6ds M%eniaﬁﬂ&iﬁ@daﬁkﬁ%@h@&(a%a@éﬁa% g‘m%aebh@ aprmgd%@?ll g of

the titled 10 conmpound corrected for 8% residual tert-buty
met hyl et iwemprangy yerg | lgqlat@c};@tl 1600 H)ganedanbokyd vk 7de MEAleltmMuLEWT bt er

and cool el Bl 1B SR A R Rl | T um sol ut i on i

hexane were aded over 25 min, maintaining the tenperature between -10C and
0C. Aflper 50 Erirrlvimiting;@Cm%tagblhiet cbﬁmoeladstwetmaddeﬁtimma‘iomasormomﬂrzewns o 507/5C. A

solution o necar boxylic
acid tert- &@Fggg’?@r |%C@2@Mﬁ%@%#fﬁgw&aéﬁck ﬁlfg t’}tgn keepi ng
t he tenper@pv E°lagtweePerkliinend2000Gnmdh)€o hieues lﬂqal OCRQlﬂﬂi&nB@ﬁesaﬁdHEd 5 h
at - 75C (m | ky reaction m xture obtained after A solution of 12.87

g (1.10 e’(ﬁ‘C‘}baéﬂdl for I Bows#f eponpsengigene- owrunﬂ@C}ﬁcwon%lﬁﬂgnw\éc?érﬁﬁ&%t ure
bet ween -Jdat.angd gréﬂa{%ﬂ aTR%ct?ewa%&&euOMéHM&ﬂég %vemrﬁésteﬁrﬁ%ugg GFFBB@JSQr I'h,

war med to Toomtenperature and stirred overni e react ture was
cool ed5t oﬁ@@ﬁltmﬁﬁemlnfslmer) péﬁﬁesaﬁthbraw@hilhd)r-’t%aob’olhmenmmnwé)r?é/o@@édalﬂol | owed

by 30 m ter vidin cle asi.c_m xture.

extract edéﬁlal dtan %\Mgc\ﬁas%t?%rﬁml}egb?c ‘EI% mat(?%??une“f I{Nwargbjgg%ei%wphases

Wecrj e cgrrbblﬁ@ld g Wk de%ed\élgfotémﬁi;dﬂ[ﬁg lﬁﬂiuﬁﬁ?lfﬁpeégﬁ& téﬂaﬂiiﬁ@ aﬁﬂ]@p@@ﬂgeﬂﬁés@gt@d undﬁr
reduced press L4 ar to afford 16.44 g of crude product. The
crude prothoet 3%5%5 ?&C{e'tpﬁa[;@n@zg fagorsf a&@@tydlﬁé‘tq“ﬁ%éiﬁsdﬁ‘@h‘é%{&o?‘?ﬁﬁ%ti% ure)
to provideqhing %fﬁé%%&&ﬁ@&ﬁ@%)bﬁs&@lﬁ@%@doge i)
1- ( 2- Oxo- et hyl ) - cycl opr opanecar boxyl i ¢ aci tert butyl ester 6.9 g

(36.34 mol, 1 eq., 96% a% by GC) 1-allyl-cycl opropanecarboxylic acid
tert bdfyl est@ealciy@mobilizaiigngisayin 40 m  di chl or omet hane and 40 m  met hanol .
The sol ution was

CHOK1-CCR2B-AS5 cells (from Euroscreen) stably overexpressing the human
chemokine receptor 2 isoform B were cultured in Nutrient Hams F12 medium supplemented
with 5% FBS, 100U/ml penicillin, 100 pg/ml streptomycin, 400 pg/ml G418 and 5 pg/ml

puromycin.

25 For the assay cells were grown overnight in 384-well black clear flat bottom
polystyrene plates (Costar) at 37 °C at 5% CO,. After washing with DMEM, 20 mM Hepes,
2.5 mM probenecid, 0.1% BSA (DMEM assay buffer) cells were loaded with 4 uM Fluo-4 in
the same DMEM assay buffer for 2 hours at 30 °C. Excess dye was removed and cells were

washed with DMEM assay buffer. 384-well compound plates were prepared with DMEM



30 cooled to -72C and the ozone was bubbl ed through the reaction m xture
until a blue col or was obtained. Then nitrogen was bubbled to renpbve excess
ozone untwb 2a110@B@ar | ess sol uti on was obtai ned. 10 m ( Bce&reqopesdraet hyl
sulfide and 14 m (2.76 eq.) triethylamne were aded. The reaction m xture
was warnmed to roomtenperature and stirred overnight at that WO

2011/ 048032PCT/ EP2010/ 065579 - 52 - te'r%e'r ature (peroxide test negative, pH
7- 8) . Theasysl hudler 0.5V e@aMSwithioxwithert waisowmaencenoati@@l ofifess@impoagdsanmoni um
chlori dengol Qti on e>aot hertrritc and e%tgr(zctted 3.tines with 70 m

di chi or okt AN SOMRAIAS NEEHCHCH 03 S8 SPL AUEHBINAG VYt i ed over sodi um
sulfate, filtered and concentrated under reduced pressure to provide the
crude al dehydBsst vdm@univascrp udddd te chdngsdy (flatk tudidoaist axity Sia® thonitored as

(dichloroget hane; TLC ethyl .ace / hept ane 1:2) rovide. 3.90 g (96%
GC, 56% yglgqr%ce@p f@ PPN Wlmﬁa4§£maﬁxgﬁnp?y g 1%-5p7i0\;1)m emission; -
1- [ 2- ( BengiplechRE Delbdsg XX G 8y hite bhlcnBdiioR @ 3Etdhlne ¥t RP(RRBIRGBK)OXY! i €
acid tert-butyl ester 10.5 g (54.7 mol, 1 eq.) o

1- ( 2- oxo- wesaddpd eydflunsesspraes aves mipaxiTed @gaie ifer &%éﬁ@mﬁa-t {pcreasasan infigeddpr13. 21 g
(1.08 eq. o] - - j I ' 40 m

t ol uene. %ﬁ%&?g&%@&é&%ﬁgg&ﬁ%ﬂp ?%%%:%?%%(@%8?@&%5%%2%%@@5g glé (exot herm
from 25C flwor@86)cedrtbre trgposgac BAnagombtetctiviey wasdistt¢d asaohibitdr cabcenoation
tenperature (IP A ... A spluti.on of 2 m (0.64 eq.) acetic acid in 15 m
t ol uene \/\Egu‘;?‘flet&?%t@bl%n HFWG%CF@BW@%@*% ure, the reaction mxture
was cooled to OC and 100 ml sat. aq. sodi um hydrogencar bonate sol ution was

aded 16 over R odhipo(fid3dmif fg)preseft iAlentibh ykhibie &€ At sluveihehade chobilibgionm Xt ur e
was stirred for 30 mn at rgomtenperature. The m xture was extlracted W th

200 m  an®s& Sdchrdo {9 HiL Ricterally LM & hy VRS AR ROl ARl oha%es wer e
‘r’;anhed W §Basaf dNalg &for s@fle sQQH BRI QASIEAHBRARG MRt I on fol | owed by 50

sat. aq. sodiumchloride solution. The organi c phases were conbi ned,
dried over sodiumsulfate, filtered and concentrated under reduced pressure
to 20 give 21I'® qgnmppundsefforpuda Deandss dirrdr pharmagreii¢ally egcepabbyspltesay be
corrected f.Qr 39 i e 0 1 i terl .
0y 6 Benzy i s BRURIMGAS o R i Bk PR A PR BB WA B ot L
eq.) 15 [@ tofibdndminittertivn blihexsandk dmydisretybr amnpd), pebtwly] e.g. in the form
cycl oprop ar boxyl i cid ter -aut | ester were dissaolved in.35 ni
Lt ahydr Gianats, coug bIGE drassBisha S yoR R g GRTHEARELRy B £ de
sol ution dpdneionayAIBE BEaR tMefoemagteshpdtieRitk SRr@ve4lly2 e 2. i theforhafni ng t he
tenperature between 20C and 25C. After 2 h at roomtenperature (1PC by
HPLC), t higiacHat qleiPnRPKEUIPensoss At mfiangotutieny. iof iwpisslly &l ithedomeeizy 1- 4-
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titled compoupgl g, }f% (ﬁ@ﬂerh%niﬂoﬁﬁmcﬁf f(\ﬁ@rﬁlle{ (I?@atne\gr}y‘dvftlﬁn wide limits depending on
di-tert-butyl -di carbonate in nethanol in the presence of triethylamne The
crude t erthediscasrye be boriplled st agetand thermdividprledoditionattha patiopt el thy mode r al GC

(BGB-176; . 25 g_rﬁ 80G 1:D: ve e identi cal
wth int e?f?r?g Xteegﬁé’.a i (12 8&1%8#%?}6830 ;hgl ?alggduéﬁgqlﬁlireﬁe %nlti:g%ngound can be
obt ai ned pti¢ul@atsend ok b@lapsnnemala@lefhpﬂosagé bf 4Gt i 1o 100 yig, agetiallgabout 1 to

Prepar at i on of N-benzylglycine tert-hutyl ester 05 nmml, 1 eq.)

.40
t er t - but yfOPEFIRCEIY eoqﬁ/@ﬁeﬂavs%wéalg.%Sﬁmtwf@eétssw?mé PregE sol ution
was cool eghatBaddkafetid pRife/thd cOBPNiRBLIAD e Gdmiflsi@dd Wvithdns o} dvbRANddiy 90 m 10
acetonitrile were aded over 15 mn After 5 min, the reaction mxture was
war med t odgsagamtienperiat ge & dasdge shitsred for 3 h (I PC by GC). The resulting
suspensi on was filtered and evaporated to constant weight to give 49 g of a
yel l ow oi | . ijmes with
50 mM aqg. sodi ur@h%érogne%%:g% %)r%tg(?lg an\%g'% P%C&ﬁﬁgqg%gyc Ejgée%era/gl 1drl ed
over 20di UM mgldfatcempburnd drfenidnd).evaporated to gi ve 35. 8 g of the crude 15
product. Distillation under high vacuum afforded 27.2 g of the titled

product ([95%ptHe—hy—S—mternedi ate 3 [354S—4rMet+hy—pi peri din-3-o0l;
hydr ochl qri de A) (rac,
t r ans) - 3-|Hybtamype 4- fesOM)P] peri di ne- 1- carbdxehipte acildse@M)-fout yl ester
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2 1.9714 13 0.7707
3 0.5630 14 0.9073
4 0.3701 15 0.2372
5 0.5830 16 4.1057
6 2.0229 17 3.1674
7 04535 18 1.0430
8 0.8630 19 3.8311
9 2.3540 20 1.0767
10 0.7077 21 0.8443
11 0.4645 22 3.0737
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or topical administration. They can be administered, for example, perorally, ¢.g. in the form

of tablets, coated tablets, dragées, hard and soft gelatine capsules, solutions, emulsions or

suspensions, rectally, e.g. in the form of suppositories, parenterally, ¢.g. in the form of

injection solutions or suspensions or infusion solutions, or topically, ¢.g. in the form of

ointments, creams or oils. Oral administration is preferred.

The production of the pharmaceutical preparations can be effected in a manner which

will be familiar to any person skilled in the art by bringing the described compounds of

formula I and/or their pharmaceutically acceptable salts, optionally in combination with other

therapeutically valuable substances, into a galenical administration form together with



Di chl oromet hane was treated at RT wwth 3 drops of DWF. 4.15 ml (48.02 mol,
1.1 eq) of oxalyl chloride in 30 m dichloronethane were aded dropw se and
stirring waexotionasisaued for 3 h. The sol ution was evapor CedP2010063539| ved i n
170 m of dichl oronethane, cooled (0 C WD 2011/ 048032PCT/ EP2010/ 065579 -
57 - and treated with a solution of 4. 48 9 (39.29 mmol, 0.9 eq) of
2,3,6,7-tetrahydro-(1H) -1, 4- di azepi n- 5%4H)-one and 12.17 m (87.30 nmmol, 2
eq) of t rsuettbly) reom-taeici lnelaohmpeotlcai]ycmhmmbiescbim ligilecarrea otdtonlswad, Mar med
up over (zeghtdto RT. and tt ?e.il d artltl oned between di chl oronet hane/ MeOH 9: 1
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The residue v@ﬁ'taﬂie&amieveﬂteaiald amn&ponaztm@tgmm bartiod manealgrbdt alsy siganici zed wit h

i chl h E 7 %9 h | whi
SIOFI dor (l\)/gc‘ee{[rrge_'a?gr?a/éer%q%ﬁ_‘_ﬂt %/ gxamp e, lacto(sg,%ongstarcfl ore detrivtatl\?e% tﬁg%ot%{]dstge?ric 'te

{4-[(E}- 3ac(1c3®141ts[§aﬁ§‘&&r&iﬁmmc%}nc@%ﬂér%lﬂ)r tﬁzgﬁocdaleﬂhﬂbﬁzcﬁ*@@@§ bnd/hdrd - 10
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1- [ (E) - 3- g3atine gppsy e@r Suitdbdasatryer aagteriady oy soff géla&]mucanselﬂf‘ér@r%f@ﬁéa@nla 1.63 n
12. 77 I by t 0C
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Squeous o RERE TSt SRR OO RS US: BARTIRIS wer e
washedow jdly@gugayse, ﬂ;&e%ﬁgeaelsulehmee&n@ét%atéﬁm@ﬂm?&m cah@shsard for
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2011/ 048032PCT/ EP2010/ 065579 - 58 -
20 The dosage of the compounds of formula (I) can vary within wide limits depending on

the disease to be controlled, the age and the individual condition of the patient and the mode
of administration, and will, of course, be fitted to the individual requirements in each
particular case. For adult patients a daily dosage of about 1 to 1000 mg, especially about 1 to
300 mg, comes into consideration. Depending on severity of the disease and the precise

25 pharmacokinetic profile the compound could be administered with one or several daily

dosage units, ¢.g. in 1 to 3 dosage units.

The pharmaceutical preparations conveniently contain about 1-500 mg, preferably 1-

100 mg, of a compound of formula (I).

Examples



A suspension of 0.313 g (0.100 mml ) of

1-[(E)-3-(3, 4-di chl oro-phenyl)-acryloyl]- [1, 4] di azepan-5-one (internedi ate
5A) in 1Owol20ofo48iHE was treated at 0OC with 0.135 g (0. 120TmPoé1p/06ds79
potassiumtert-butylate. After 10 mn, 0.394 g (0.110 mmwol) of
(rac)-4-(tertbutyl-dinethyl-silanyl oxy) 2-iodo-butyric acid nethyl ester
(internmediate 1) was aded. The 5 reactlgn was stirred 1 h at 0 C 15 h at
RT and t hen nBwtipBdwingdExamples sctrt/dtoliﬂ%tlatp thppteags inventypdn agea dethil.allkey

sol ution and extract & t#} E?ﬂ‘ ES et.her (&?P} The organi ¢ phases were
washed wi §F OX{CVeraBOt TGP Fipd gsg?[% AP Boha¥R"dol uti on, 10% aq. sodium

chl ori de sol uAbmylaﬁbngd over Na2804 evapor at ed and puri fied by flash
silica gel colum (n- hetane/eth acetate 1:1 to 2: to.yield 0.19 g
(35% of the &% ﬂa@%rs% lwﬂtﬂ%ﬂ%ﬁpm élcaﬁylcarhodllwsie 10 543. 3
(M, 3CL) ydr r&hi Jrﬁl%i}e equlvalents FTIR = Founer transform infrared spectroscopy, GC = gas
{4-[(E)-3-(3, 4-Di chl or o-pheny1) -acryl oyl] - 7-oxo-| 1, 4] di azepan-1-yl |

4- hydroxyclb@m?tpgl@p@cmmﬂﬁfﬁ @@foelitzotrlazol IKybdl, uB Baetraspetaylarpsiugn (0. 320 nmol )

of (rac)-4 hyl I [0):¢
(00 o STl IO D onl B G b iguid gy
aci d net hgrostography) IE@An%rd‘desSIfonffel, EEH?F@ionV@ant MEat ﬁﬂss&fpe&ﬁn\iﬁtﬁthMIS m

(3.22 mol Min dioxane) of HCL and kept 1.5 h_ at raction with

col d sat. Qacdieaéé?ﬁgﬂ?ﬁorfﬁ%ﬂn& r?@%“rt{?é‘rpé’?’esa%olsﬁtflfw g%{P&} e@ﬁy@ ether (2x)

fol I owsd RitadlethiPhetila2SOH, ANd %Mﬁ@grea&ﬁr@&a@gvaﬁhp 165 g (quantitative) of
the titled conpound together with 50% of the ctone (1-[(E)-3-(3,4-

di chl or o- phenyl) - acryloyl]

4- (2-oxo-tetragh dr tg an-3-yl)-[1, 4] di azepan-5-one) as a white gum M5
429. 3 ( M+, ernediate 7

rac-(2-14- [(I:_()'a(a-é( aeﬁ-ﬂﬁtyhdllﬁreoh)phﬂmmﬂlbxﬁaipﬂa-)bll}yr‘femimdelhﬂl:dbazepan 1-yll -
succinic acid, 1-neth I

{4-[(E)-3- (3,48 : i R
aci d net hyderest er 25A suspen5| on of 2. 60 g (8 30 rrrml) of
1-[(B)-3- (3, 4-di chl oro- heny -acryl oyl ] - E , 4] di azepan-5-one (internediate
5A) in 46 ni féﬁ01WW%?s & g €8x @omeiebwif eyl (SHaiEtor-brtyslivethilsilyloxBe2-nmol )  of
l'ithium hv\g;&@ a T e

m xture éﬁ%n%ggdt% jnég'r @lg]ﬁf%gl tgosgogérll@if)é)e[ ﬁl|OIF11m§o 1%%1?%)%% Q}% %:Vgsgl ed to
- 78C j ust tradtddewith TA2ml (bS @(binmdl dnb er[) oftrﬂ%hy}rammaandl& 0?@lu)ying© nme thithl 0.82

b t 15 THE th | ut i
ohe oy or i 9 Rapitel 108! b STt iR ARSI ER A8 wtBie Bisiansh e ' "
ext r ag edpamifidhcELOMEEBX)% aahﬁ)t%ﬂﬁmlﬁyd}lﬂg’&@h(gk?ﬁatg kol86or/NaB PN erax®). the

evaporated to give 3.21 g (quant of the titled conpound as a Ilght br own
sol i d con®afHf AlpsERRCISoyashediingAt. aﬁrm%a%hy@@@ncweon%wl@mm%hlml) VO
2011/ 0480 6

(4.1 E) ) @%@&Jdﬁﬁ&? ag[ gﬁgnyi})ﬂgg%er s§)h(1:‘)u§)n ;ﬁle_dgo)zfgr azs% 3{1% S\éa orateid to gfve
-succi ni c2. 9hg|(&9%)¢feh¢ Httbadtqplmpesmcbas }_fellnwtdnlyMSe§t7.éﬂ (MHspl ution of 0.50 g
(1.30 mMmol) E) - J : : .

[1, 4] di azepa %es treated

sl owl ysat - 78 sSlumbit @f21894§(8r$5 ﬁﬂno‘l’r)a)f@)ﬂ Iteﬁfbutylidlith@tﬁyltsemymm;d di si | yI azi de
IMin THF. After 30 mn a solution of 0O.67

tert-but ymevaﬁw&wﬂoa%yww@csi IﬁFthzslreSﬁeHrn Wal %%Butam%lﬁmaéérea%éw@ ﬁﬁg on
was stirr@gg 7@tmm31§§fm'iuétbdlde%a%ﬁn@dﬁat%%%1mqﬁe%% QB KRRl uti on and

extracted wth he organi ¢ phases were washed wth aqueous 10%
NaCl, dri ﬁlderqd\mmemoranqdl Breapodwt ea. suJeededag idthhéoromsth per trdaked dvidnNaSO4
Si 02- cqu Ohep ane/ Et 0AC t - 3)..to.afford t 3 ed conpound
- 185 yi SRGREed SRR R R ot Oub i fpfl {Ghyhd dik b 67

30 MS: 343.0 (M— CH3)

Intermediate 2

(S)-6-Aza-spiro[2.5]octan-4-0l; hydrochloride

a) 4-Hydroxy-6-aza-spiro[2.5]octane-6-carboxvlic acid tert-butyl ester




C© 2- {4-[(E)-3-(3,4-D chl oro-phenyl)-acryloyl]-7-oxo0-[1, 4] di azepan-1-yl |
-succinic acid 1l-nethyl ester A solution of 0.30 g (0.60 nmol) of)

2-{4-[ (E)jwB-208/0a8w2chl or o- phenyl) -acryl oyl]-7- 15 PCT/EP2010/065579

oxo0-[ 1, 4] di azepan- 1-yl |l -succinic acid 4-tert-butyl ester 1-nmethyl ester in
1.2 m of dioxane was cool ed down to - gC and 1.50 m (6.01 mmol) of
hydrochloric acid 4Min di oxane, then 1'drop of water were aded and
stirring was cMathodued overni ght at RT. The sol uti on was evaporat ed,

di ssolved in eto itri q v pPﬁﬁ ? 2x%_(al givgn%gf tl%ﬁ@ i?npound
T aoant- yier  aSotylin es L PYR T Sicigh fatichs i b fod B
rac-(2-14- [(E)dlaﬂél%emh Qmmnyb)wa@,caayd idibiolo ¥ @rbel¢sdbdhra@Ranndy vl | - succ
inic acid 1-nmethyl ester

1-[ (E) - 3- ( 3- m@s@pﬁ@myﬂ%m eymad-fpn ! ypinuies dp e ssdpiion A FBydroxvh- of
20.00 g (109.
di chl or ogret haﬁéet&g‘ghé{ ng?&elgr%l %a%gk%k?%&%{égr og}'s gtltmdgl\gré%% ?82@11’ ??fé 8 Z))O
mmol ) of oxal y¢.10h, &9 6ahano1muﬁn2ﬂlichd:ﬁrcd1hme(§h@3mh)m aded,eﬂaldwhﬁchltiopwhese and

t t d fo h ti t di | ved
Th 400 1 of dRBHB GaUREheT oot adC ot teh Ao R e TR Kt R ke on o
12.50 g (109. ﬁlmﬂ@fo}a‘ﬂfﬂl{eilﬁ] %@Z@l@ﬁ@r%a@tﬂ@n quiri cd Whdon(o23&. &b mmol ) of
triethylamne in 190 of dichl oromethane, The reaction was warned up 30

over night to W%Hmtqh@ﬁldé%lﬁ%‘?lhtﬁ@&mt%énbehé@F%?ptCaf’ff@d\i\%@S%%%@nded in 90
m of gater, S&h&éﬁqteﬁoP{I}ﬂ%auaﬂ@eﬁéshtc%ru% ch%ﬁﬁsga%}%s dg%@lzl to give, after

drying under reduced pressure rni e titled
conpound as a wkfatedieiptape pBwd ey affod:d t2678t1@1 1frivHact (21458 34% \¥®a crystalline solid.

2011/ 048032PCTc¥[§ ﬁ\qﬁ 579 - 60 - B)
{4-[(E)-3-(3- or'o-phenyl) - acryl oyl] - 7-oxo-[1, 4] di azepan-1 -yl | -acetic
aci d nmet hyl «esti@hod B In anal ogy to the procedure described in

internediate 7A, 1- % 3-(3-chl oro-phenyl)- acryl oylL [ 1, 4] di azepan-5-one
gave, after putddgg R0l ohed) Bhpdroxytumgihylpnaneiperidies- carhexgicacl gt

gradi ggt then M@&@P@% jﬁs%ol%d in Ct?ﬁ:lslflé 1th86c CONIXAUNG dqfy 180/ KiLRldiRs white

f oam : 351.1
{4-1(E)-3-(3- Gmﬂmmodlphaétwi)xzemdpd@yﬂl]ch ﬁm&@st[olnﬂiltdinahemcﬁol}tyﬂnperamd ni c

descr e tn 1YL e FaTE R LSS PATTEL DA frSaie

acryl oyl] - 7- oxp3 [hlnéh]ltdinﬂfg&ﬁ@fba&uc)ﬂ ttmp@eekd & 23ed dthrabdryibn %Siegtrfog@w&l byafter
purification on a Si02-colum_(n-heptane/EtQAc 1:1-0:1 radl ent), the
titled conpountf-Fiimgveyiaisandier inined HBaractipsmogiaring) (Mg 30%@upn afier ) .

{4-[ (Bh-3- (3 QH& Qﬁ@oﬂoiaﬁﬂiﬁll SRGILRN e arBOrcldw 4k diaP RPAB rdkuhnly T Nl ©

acid 1- nethyl ester
suspension at such a rate as to maintain the reaction temperature between 25-30°C.

The heavy white suspension was stirred for 30 min. 10 ml heptane were aded

followed by a mixture consisting of 20 ml 25% aq. ammonia solution and 30 ml water.

The organic phase was separated and washed with a mixture consisting of 10 ml 25%
25 aq. ammonia solution and 30 ml water. The organic phases were washed with 20 ml

half saturated aq. sodium chloride solution, combined, dried over sodium sulfate,

filtered and concentrated under reduced pressure to an oil (may crystallize upon

standing). The crude spiro-piperidinol was purified by crystallization in heptane or

alternatively in tert-butyl methyl ether/heptane providing the titled product in ca 80%
30 yield as a white powder.

b) (S)-4-Hydroxy-6-aza-spiro[2.5]octane-6-carboxylic acid tert-butyl ester
o Method A

The titled compound was prepared by chiral separation of (rac)-4-hydroxy-6-aza-



151 n anal ogy to the procedure described in internediate 7C, 2-
{4-1(E)-3-(3-chloro- phenyl)-acryloyl]-7-oxo-[1,4]diazepan-l-yll -succinic
aci d 4-t ew0-2butosBosest er 1-nmethyl ester gave the titled eommrooid/osisz7guant .
yield as light yellow foam Ms: 407.2 (MH, 1Cl). Internediate 9
(cis)-(rac)-3,4-Bis-(tert-butyl-dinet hy si | anyl oxy) - pi peri di ne 20Pr epar ed
via (cis)-(rac)-3, 4-di hydroxy- plperldlné 1-carboxylic acid benzyl ester
(Tetrahedron 25(1)06[2 ﬂﬁqtalﬁezma@mm acidgtrt-dweytledtyr omial Ghimdpa® AD column
(tert-Butyl-ch or o- %/ r?g :)ane /imdazol in DW) and hydrogenation (10%
Pd/C, H2 in etfighdt 'pfoﬁf‘(}l diate 10 (rac,

Cis)-4- Hydroxymghb)y;g4 met hyl - pi peridin-3-ol; hydrochloride 25A)
(rac)-1-Benzyl-4-met hyl-3- oxo-piperidine-4-carboxylic acid ethyl ester

A mlky sol ut.AoHYéwoxy-@aaagpl(r@Q S0 g1 9aﬂmXYB@@fa§§qrthle%terbm@/gdﬁéﬂu n 125

m of THF was

nmol ) gf et hylrif'iﬁq\i-gpenz(d?S @Xecﬁf}%ﬁeﬁ%ﬁ%@% ?é\th%:rcatrg oxy %q&eélﬁvcli)%gz%ﬁfgér so t he
t enperature di "Ehemotutuon sas bvaed © 50°C Aﬁdl Ehe rdachomstafRi byt the adieéac bf loipasead. cool ed

At of Tre. Aok N il et seltieh it (e TR obeG g R e 1

neutralized V\Aénfanﬁ’(ﬁndﬂc &Ees@@ﬂﬂl@lﬂ&aﬁa@d Moo 6 alNH49%,. I dhzi08 wad fiRer@GUEDUS
phase was extracted with Et20 The or?anl c phases were washed wth

aqueous sat ur aheflipeseke wayed 29 fﬁ@bgtykmbv ethond tiysltig2tg copeentratgd ied over

g‘f‘lzso‘iwos 3”27‘6”1 &@tﬁl@ rd@ndl éﬁ?wﬁs &?o&at()géﬁﬁecpén dif&elii (kb 8% GABOEN MRS OF ange

ci s)-1-Benzyl- (HGMVI@mﬁganeﬁshthmtha}ﬂe%amtm9 t te-s@pavdte thedomealoypticalgns) - 1-

26, 20 ol ) ofc R e BY el Rethe Ry Bo 36 S diveshhed Wi on or
2.01 g (7.30 rmmdl;\tlo(srms))@d: :lw%yd(@crmﬁwi% @J@@n@lopzsrmﬁ; He-14 b&agdroxyl i c
acid ethyl ester e sol.ution was natural |y

war med Lo RY. 638D Zan b 35 MuRdn AT SR haas - RerRtiny BBeIRY-Heshah s
tol uens, 7.30 \apDls)-dMonBl B L) = 4y el Rl chineact i on uas

neutralized with'ice cool ed aquéous 10% 10 KHSO4 sol uti on. The m xture was
extracted wet WethlnélC(Sx) t he organl c phases were washed with aqueous 10%

KHSO4 anda % NaCl so aporated to give
after flashqs § '%l?t?l"‘ﬁ% 0@%&@%&%—(@3&6 5p95 5) 0. 2899

(1699 of (racrheqnﬁe)ica;mp@mﬁy&asé}arME@wmmdio;égrsrezdawmpz pptiati-p- 3-0l as a
vi scous orange oil, Ms; g (12"/%(Pof a cis/trans m xture
of (rac)- qarmwiclqt%ww%teﬁywWﬁg?rbleﬁsh padpgeRrdygiwem oxidalipny 19 g

(1199 prac, tJ)mpé;b%gg%dcﬁlﬁydr oxynet hy1l- 4-net hyl - pi peridin-3-ol as a
vi scous orangée ol l VH+) O (rac,

ci s) - 4- Hydr oxl)mesdwtlolmfﬁmwwxyrﬁ pEzrSpitio - Zodhne-frgatbocHicaciddert-butyl ester
(20.0 g, 88.0 mmol) in dichloromethane (170 ml) was aded sodium bromide (1.092 g, 10.6

mmol), sodium bicarbonate (2.439 g, 29.0 mmol) and 2,2,6,6-tetramethylpiperidine 1-oxyl
(237.1 mg, 1.49 mmol). The mixture was cooled to -5 °C and sodium hypochlorite solution

25 (9.5% in water, 55.16 ml) was aded within 10 min resulting in a red coloration and a
temperature rise to 9°C. The mixture was stirred for 35 min at 0-5°C and, as conversion was
incomplete (2.5% starting material remaining), aditional sodium hypochlorite solution (9.5%
in water, 7.0 ml) was aded within 30 min and the mixture stirred for another 30 min at 0°C.
GC analysis indicated complete conversion (<0.1% starting material remaining). Sodium

30 thiosulfate solution (10% in water, 100 ml) was aded within 10 min resulting in decoloration.
The organic phase was separated, washed with water (100 ml), dried over sodium sulfate (50
g), filtered and evaporated (15 mbar, 40°C) to afford 4-oxo-6-aza-spiro[2.5]octane-6-
carboxylic acid tert-butyl ester as yellowish powder (19.84 g), GC purity 99a%. The powder



20Hydr ogenati on of (rac,

Ci S)-1-benzyl-4- hydroxynet hyl-4-net hyl -pi peridin-3-ol wth 1 equival ent of
aqueous WoHCh/as32Pd/ C (10 %9 over H2-at nosphere in Me@drgae@onbis7eit| ed
compound as light yellow solid. Ms: 146.1 (M#). Internediate 11 (3 SR
4SR) - 4- Fl uor o- pi peri di n-3-ol ; hydrochl gfide 25A) (3 SR

4SR) - 4- Fl uor o- pi peri di n-3-0l1-1-carboxyli’c acid tert-butyl ester

(rac) - 7- Oxas @ssabad i wyh of4butyl0héthptctive (23 wbr lnpapk (@) mbivbstaded toboduck est er

boe (1.5 Ty T egie Miisyipndod it 5} BRR ReERBFeBee Bt 150" ©

after whi lﬁdptdnbmﬁ)ﬁqbetnﬂﬂﬁgﬁﬁg Q0 &S, motymddwzt bxslbahh-opieoTebeRac-owashed with
sat. NaHCC3, then sat. NH4CL, dried 30 (Na2SO4) and concentrated.
Puri fi cat FaPPXBC peid &4t- ewwwf Ehron&33 g @p Mrite Evelaling Mmpdsstah GEC BUTY af f or ded

the tigl ePbdé%"meR((éD@lgao@mz)a@o@(smh'z@\ﬁ b b8 depNBy), 229 (b, €M), Al so

obt ai ned was t he regi ol soner

trans) - 3- F#16% @rﬂBh),'élH@X%bﬁbe(th(meﬁﬂ) carboxylic acid tert-butyl ester
(0.26 g, 12/()/%5 %Ilowml M5: 220.1 (MH). WO

2011/ 048032PCTPERIbTE/HEES79 - 62 - B) (3 SR 4SR) - 4- Fl uor o- pi peri di n-3-ol ;
hydr ochl ori deTo a solutidnr doxallyT @iénded4 EB Sl 06.980ao]) 6 dﬂleﬁioﬂ)hielheﬁha(qll@wﬂ) mwas aci d

af 1 or af ngpdeia sohebear pRbAT OO sl g 0oL i brpaber ChEII 0. 1

(MH+) 05! 7U°@rmﬁh @5 ¢hid.Zhe solution was stirred for 15 min and a solution of 4-hydroxy-6-aza-
3-[(S)-4-(3, 4-Di chl oro- phenyl car banoy1) - 3- et hy1- 2- oxo- pi pef azi n- 1-y1] - prop

i oni ¢ aci #iro[2.5]octaye- ésynngxlzczacﬂ fﬁfétﬁtm&ys@t(ﬁi/loﬁm aé9a mOBplil dighloraastepnget hy|

ester To 0 58

oty 1 CURUR PR PP IR B B R M S0 G R g

sol ution was st.tmeti-fcbnﬂSytmnmtilmyéth}dmhme (28024 1,100 Iﬂal)mmhdedrm@eﬂem -60AGsul f at e
38.8 g, d dj b h d 08

oo barh WAG BB SonBRE bt i R%nct A Gkesle! Mgt SRt dPed by

carefyk agibd hMcRId Wit wafl(1. éﬁngﬂérBr?Mﬂé’ ﬂﬂa@é“%& 9aAtR, wahdl Wil vaderQEx 1The
reaction mxture was partitioned ween sat. ag. sodi um hydrogencar bonat e

sol ution Baed &gl seséusn ghlerideryedution (3 e icwanosdfed- The sosikgherangg nowdsy Wie,

d d f. f d (5.50

g,“ 80%( W@Qﬂx{ed)}% f d’tﬂl unﬂ %W{@%ﬂﬂe h%g gfa H?&e& tﬁh?ods;%%HBS‘ﬂ& (

(S)-2-] Bemryolvoxgmamb«oimylle nfaZgrid ehchthe hkaxlyﬁla'aﬂewvapoammm]prm@@cmde ¢-oaciod net hyl
t B f t 4 46 4 8 I d i Xt

" o) e BRI Ry e S Ay BT B 0 182, " e

g, 2428 rmai@ﬂehalam réiad,ls@mchmdé%amafeﬂ@n@ch@f (660 &) Md pABfidd ByBltnatibMoRget one

(25 m) and water (25 nlL). The ice bath was renoved, then after 2 h the

reacti on ¥Hisags! QQ%@ upBg e dd hsRtancie byl methylihes mixae (6 Wbvapertgn and
acetat e. Qﬁzﬁgﬁg g§4bﬁjé%%fo¥k?ea4 1o€la '\4@ Qz)sg]o& eté‘fc% Orﬁd’;e VaReLa) ed-

Chr omat ogr pt ane- et hyl ace ent a the titled
conpound e{s&r@&w@;tlsh powder (80.58 g, 89 A>) GC purity 100a%.

25 D(+)-glucose monoydrate (300 g) and magnesium chloride hexahydrate (1.0 g) were
dissolved in 10mM MES buffer pH 6.5 (2.4 L; Sigma M3671). After adition of 4-0x0-6-aza-
spiro[2.5]octane-6-carboxylic acid tert-butyl ester (300 g; 1.33 mmol) and [J-NAD (3.0 g;
free acid; Roche Diagnostics Cat. No. 10 004 626) the pH was re-adjusted and the suspension
heated to 35°C. The reaction was started by ading ketoreductase KRED-NADH-117 (3.0 g;

30 former Biocatalytics, now Codexis) and glucose dehydrogenase GDH-102 (300 mg;
Biocatalytics). The suspension was vigorously stirred at 35°C keeping the pH constant at 6.5
by the controlled adition (pH-stat) of 1.0 M aq. sodium hydroxide solution. After a

consumption of 1.307 L (corresponding to 98% conversion; after 17 h) the reaction mixture



25 729% . Yellow oil, M5 (I1SP) = 348.2 (M-Na) +. @]

(S)-2-[Benzyl oxycar bonyl - (2- oxo- et hyl ) -am no] - propi oni ¢ acid nethyl ester

A sol ut i owoah11/048032 PCT/EP2010/065579
(S)-2-[benzyl oxycarbonyl - (2, 2- di net hoxy- et hyl ) - am no] - propi oni ¢ acid net hyl
ester (26.0 g, 80.0 mmol ) and pyridini t ol uene-4-sul fonate (10.0 g, 40 0
mmol ) in 2-butanone (260 nlL) and water (8.6 nlL, 0.48 nol) was heated under
reflux f owaﬂﬁctﬂacted fveth ethyé a@ats 0I0UL)i ‘Oinc evgsnipphdse iapdecl] det wbum et amt et at e

and wat er, ani ¢ | [ mashed wit rid.ne ried ( 04

oo e coptBdE Mg U P PR G ok g RS b SR PR - s
directly tsidge {(4n1gheanakio CS)ts&ithe\éﬁH IWQWst@ﬂréd wiMBhéptHR)(1 £) 3Ah3ThdMirNas. WO
2011/ 048032PCT/ EP2010/ 065579 -

(S) - 4- (2-verdl @W@&f@%@ﬁ%ﬁwe&mw@é t%@mﬁﬁ& dieelved pertidpprtete (B Boxyl i ¢

aci d bgnzyly c%ﬁ&e%'frated in vdeud 8 Hésb%doafbove The cgystal suspension formed again upon
(S)-2-[benzyl oxycarbonyl - (2- oxo-ethyl)-amn propionic acid nethyl ester

(1.25 g, @ob0gmapbtjrrddwieh hdivltamﬁ(ﬁ?-‘ﬂélmhﬁél)@Q@thmwsmﬁlmghofé@qfh)mﬂps ehperature

ydr oont of yae B SHRREr 8 B S AR LBHG RIAeEo F b lihe B Konfih!
acetic af:in(93f%0§(rj15ﬂi (|290 00g aid39. 6(% gmltse@f)swm) 'Ejeﬁtlﬁﬁ@ﬁr@é@/@ﬁft@h%?]hm C{(J.harQB g,
5.10 nmo i n dichl or omet hane .5 mL) and stirred over night. The
reaction %Qaép&t[ﬁgﬁ e%n% RT’I %%53@3)10 % KHSO4/ Et 0OAc (3x). The organic
phaseggwere, ?, W th aqueous saturated NaHCO3, 10 % NaCl and dried over
Na2SO4 to 10 yield after evaporation of the solvent 1.21 g (58% of the
titled conpousteh AdS)-Betytiroxgi4-mothgiche- pmlcllﬁﬁmeﬂ@mﬂ*%gl_d_t_e_rx -bufl ester
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triethylam ne After he réaction was warnmed to room tenperature and

ext ract edl i 6&%9@6@@1&1@2 %2251f NS Et(ﬁﬂdVIGIB&‘)C/mmhéljo}Q?aﬁl ]@etp HSes were
washed wi t ri_e S to
yield af t%&ng%ﬁﬁgiéﬁﬁgﬂ&%&?l W Flcj:cgl{%g? n?iﬁfn[u Pﬁt' w%pt ane 1:2

to 3:1) OCHCLyY (68% of the titled conpound as Wnitefoam I\/B 374.1 ( M+,
2Cl). G . L
BTUS) - 4- (3, 20 LSRR B e a5 gL STRUPASISE 1- y1] - prop

i oni €2530 aciThe thicd @batbb@id i9hrodudd Malbdouk; tIm@Miate 2a, Method B from (S)-3-
3-1(9S)-4- (3 4-di chl or o- phenyl car banoyl) - 3-
ydroxy -4-methylene-piperidine-1-carboxylic acid tert-butyl ester.

¢) (S)-6-Aza-spiro[2.5]octan-4-o0l; hydrochloride

A solution of (S)-4-hydroxy-6-aza-spiro[2.5]octane-6-carboxylic acid tert-butyl ester
(3.26 g, 14.3 mmol) in ethanol (10 ml) was treated at room temperature with hydrogen
30 chloride solution (4 M in 1,4-dioxane, 30 ml), then after 1 h tert-butyl methyl ether (40 ml)
was aded. The suspension was stirred for 1 h, then the precipitate was collected by filtration
to afford the titled compound (2.11 g, 90%). White solid, MS: 128.1 (M+H)".

Alternative preparation of (S)-6-Aza-spiro|2.5]octan-4-ol; hydrochloride




met hy1l- 2- oxo- pi perazin-1 -yl]-propionic acid tert-butyl ester in 3.0 m of
di chl oronet hane was treated at OCwith 5.40 mM (21.60 mmol, 4 Min di oxane)
of HC1 amstoviwvmssd2and WO 2011/ 048032PCT/ EP2010/ 065579 peTa@42010M6351€d Uup to
RT over night. The reaction was evaporated, dissolved in toluene and
evaporated (3x) to give 0.52 g (quant )5 of the titled conpound as |ight

yel low foam Ms: 372. 1 (MH— 2C1) Intérmedl ate 13
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ester | o i nt

( S) 4- ( 3- é?qe%?us%F Oexvg;e(l:s ¢ agegt%ﬁi a%}, %X[;r)?ﬁ%;d ﬁwth SOP| n?l t%tt buta/l methyl ether. The organic

pi per azi n@ralsesaaerrbwayﬁedmapsom hieafishtu@sé e iq. Q@M@m'fchbrfdb tdletbrg osmbidedlaridn
quantitative |elda brown o

('S) - 4- [ 4-qnegiztad HileRsgd 1@6%?565%% @8[%%?%@%0 %#d)&?&t&%ﬁtwiedz met hy1- 3- 0

Xopi pehazidigsohnd 85100¥Mld Greted fREIZHLidI & -butyl mHE paALPgy to the procedure
described in Exanple 15, (S)-4-(3-carboxy-propyl) 5

met hy1- 3- oxo-ipilpAl ﬁlﬂVﬁLﬂDtonaBﬁChrb@ﬁvlicr‘aC#HGﬁ -wenzgster ester and 1.1 eq. of
(S)-6-aza- 2 [ [ N ' gave
after flash glhf%frlr% ogsrég Cﬁ}s% g’é‘?ﬁlﬁed’)&c gg%r“%&éﬁ%? wé%}f%ﬁlg&rgﬁlg&% 2(1:)11%)1/ 2) the
titled cocqobudnd ca nlOB@%SymE(ld)m V1i.ght bwlllitlﬁumfsolatimn Mﬁdexdnﬂbélwéfe fdddigver 25 D)
S)-1-[4-((S 00X 6aza5|ro ct - met hyl - pi
Cr azi no- it MBS B PR s G e Qoo C Rkt S0 o ta? Sl Fhe™ Y1 ~P! P

(S)-41F4- &ﬁé)on‘tn&ﬁﬁjé R¥Y cRlz8- P! RlsSBbRGE Iﬁ Y97 thmol, 1 eq., 92% W/W purity)
0x0- buty1] - 2- net hy1- 3- oxo- pi per azi ne- 1-car boxyl ic acid benzyl ester was

hydr ogena@}@@mmnmfboaﬁle@mtemd&nxl@stgt Wi Oprpleetrahydecdurg rm&)e@?dl qvar By el d
as |ight l}/e%{)fng%eoﬂehlpeljyﬁre §e]t\Q/e&1 @W Zlnd |76$@r"lrﬂéqéeﬁt18n tixture was stirred 5 h at -

75°C (milky reaction mixture obtained after 2.5 h). A solution of 12.87 g (1.10 eq.) allyl

bromide was aded over 20 min keeping the temperature between -75°C and -60°C. The

20 reaction mixture was stirred at -78°C for 1h, warmed to room temperature and stirred
overnight. The reaction mixture was cooled to 0°C. 100 ml sat. aq. ammonium chloride
solution were aded followed by 30 ml water providing a clear biphasic mixture. The mixture
was extracted 3 times with 50 ml tert-butyl methyl ether. The organic phases were combined,
dried over sodium sulfate, filtered and concentrated under reduced pressure (40°C/20 mbar)

25 to afford 16.44 g of crude product. The crude product was distilled (2 mbar; ca 40°C
distillation head temperature) to provide the titled compound in ca 65% yield.

ii1) 1-(2-Oxo-ethyl)-cyclopropanecarboxylic acid tert-butyl ester

6.9 g (36.34 mmol, 1 eq., 96% a% by GC) 1-allyl-cyclopropanecarboxylic acid tert-
butyl ester were dissolved in 40 ml dichloromethane and 40 ml methanol. The solution was
30 cooled to -72°C and the ozone was bubbled through the reaction mixture until a blue color
was obtained. Then nitrogen was bubbled to remove excess ozone until a colourless solution
was obtained. 10 ml (3.68 ¢q.) dimethyl sulfide and 14 ml (2.76 eq.) tricthylamine were aded.

The reaction mixture was warmed to room temperature and stirred overnight at that



30 1-1soeyanato-4-trifluoronethoxy-benzene To a solution of 0.41 m (3.00
nmmol ) of 4-(trifluoronethoxy)aniline in 5.4 m of THF was added 0.22 ni
(1. 80 MWD 20f1/wsa3ehl or omet hyl chl or of ornat e an heat ed troTmEPRO0N06§50Y 45
mn. WO 2011/ 048032PCT/ EP2010/ 065579 - 65 - The sol uti on was evapor at ed
under reduced pressure, dissolved in t%luene and evaporated (2x) to give
0.60 g (99% of the titled conpound as 5Fnk solid. M5: 203 M

| nt er medi @mperbire (petaabytesiatgetile tpH 748U dho ryetltroisly rdaemonemextie was adrall todP0 t o
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14, 3-chloro-4-(trifluoronmethyl)aniline gave 73% of the titled 10 conpound
as | ight ®WedHragdundyedursq papaure poeryvide the cryegidepydcatigicppvas purified by =
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14, 3-chloro-4-(trifluoromethoxy)aniline gave Yo of t Itled conmpound as
| i ght br of¥%0GC, S4UByickD pf thettitled campourdliaseepitedi ate 18
L- Cnl or o-4-i sy anal g or L ik L MOLONELAQKY: D ol

14, 4-chl oro- (OT GITEL MOXY ) 3 7% t1tfed conpound as
| i ght br osid RithbutWiBste?37 (M-, 1Cl). Internediate 19 204- [(S)-4-(3-C
hl or o- phenyl car banpy1) - 3 - net hyl - 2- oxp-pi perazin-1-yl] -butyric acid

A 4- [(9)-4- g@ﬁ-%%“&’-%ﬁe‘%ﬂy)l %@r%%ﬁﬁﬁy@mﬁ%&tﬂﬁw@y&%6@15it%Plggk et -yl
-butynpc amCizth it entosdh W -best/Bllydift RABUADYstEOw &Y AMERIGedR 140 ml toluene. 21 g
34(S) - 3-net hyl - Z- oxo- pi perazin-1-yl)-propionic acid tert-butyl ester wth

0.1 HCl ((ilrfBeagmediametriac)xyhpghgdreds| varro pirdrigrothamdyenad € 9a288Cramhthé t he
titled 25 M) | f,0 ;394 + 4-
() <h- ( 7R REaD By ek s T o Ry b Sp O BT H a2 067
-but yri c eqydcdtic acid in 15 ml toluene was aded. After 30 min at room temperature, the reaction

hgrnediale
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OX

mixture was cooled to 0°C and 100 ml sat. aq. sodium hydrogencarbonate solution was aded

15 over 40 min (foaming). 50 ml ethyl acetate were aded. The mixture was stirred for 30 min at
room temperature. The mixture was extracted with 200 ml and a second time with 50 ml
cthyl acetate. The organic phases were washed with 50 ml sat. aq. sodium hydrogencarbonate
solution followed by 50 ml sat. aq. sodium chloride solution. The organic phases were
combined, dried over sodium sulfate, filtered and concentrated under reduced pressure to

20 give 21.5 g ofthe titled compound as an oil (ca. 95% yield, corrected for ca 3% residual
toluene and 3% amine starting material).

v) 6-Benzyl-6-aza-spiro[2.5]octan-4-one hydrochloride

10.8 g (24.4 mmol, 1 eq.) 1-[2-(benzyl-tert-butoxycarbonylmethyl-amino)-ethyl]-
cyclopropanecarboxylic acid tert-butyl ester were dissolved in 35 ml tetrahydrofuran. 50 ml
25 (2.05¢q.) 1 M lithium hexamethyldisilazanide solution in tetrahydrofuran were aded
dropwise over 2.5 h maintaining the temperature between 20°C and 25°C. After 2 h at room
temperature (IPC by HPLC), the reaction mixture (containing the lithium salt of 6-benzyl-4-
hydroxy-6-aza-spiro[2.5]oct-4-ene-5-carboxylic acid tert-butyl ester) was cooled to -10°C
(ice ethanol cooling bath) and 75 ml 1 M aq. sulfuric acid solution were aded (temperature
30 increased to 2°C). The reaction mixture was warmed to room temperature and the
tetrahydrofuran removed under reduced pressure at 40°C. The resulting reaction mixture was
heated to 40°C for 1 h, was stirred 15 h at room temperature and an aditional 3 h at 40°C to

complete the reaction (IPC by GC; intermediate 6-benzyl-4-hydroxy-6-aza-spiro[2.5]oct-4-



In anal ogy to internediate 12G
4-[(S)-4-(3-chl oro- phenyl car banoyl) - 3- net hyl - 2- oxo-

pi perazi rwo-2gtijo4Raseyric acid tert-butyl ester and HCl i RCUiEPR@0NO6IFAY €
quantitative the titled 30 conpound as white foam Ms: 354.12 (M#, 1Cl).
Internediate 20 2-Oxa-7-aza-spiro [S:Q#Qonane trifluoro-acetic acid salt
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1.0A) (S)-4 %é o? he &1 udte Syl sod]délba? UtT¥1e %Jrugle 8"’? aX dl g’dloexdor' %Bﬁleertﬁlzllaceefatl car boxy
lic acid oot it erfediate 1
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(S)-4-(4- Carboxy utyl %15 met hy1- 3- oxo- pi per azi ne- 1-car boxylic acid benzy
est er adetiteaand| doig underirgitusehprgssatceuntip gnstant weight to give 4.54 g of the titled
(S)-4-(4 met hy1- 3- oxopi per azi ne- 1-car boxylic
acid benzé?&%mpéégéﬁd%ﬁg§g¥ak§? d>d§bave the titled conpound in 99%yield
as brown oil .viMS)- 63&91zﬂ186-(ammr0[2.5]octan 4691

x020 pi per arh RIS W E Lo SBraT Barapmraide e in CopNaRa g (b The ~
pr 0Ceds! enRsarid)edsion X0l 1) d 30 dmaakbors: et oo 5 1) vas

met hy1- 3- oxo-p gera2|ne | -carboxylic acid benzyl ester and

(S)- 6 azahﬂ@telddP 5%]. dbe ahwasgp-adiyyigd &&Do?hedéaqtlpnw@ﬁ ﬁ@ai:cbbﬁea@l)lg @ggéDe(ﬂt er
flash ch /2@@1 t
85??5)Ct%@g?$%%£39%§ﬁ%%engmxgb%?épﬁle d 2§Q6 eﬁgg%%ﬁ%%&#%%ﬁrp OUQ?SOFId

MB: 458. 2@9(3Mag; Codexis x. BB)cathlytick [P Fhe(s@pedsibly dnostirred- aaZSf’C’slmepmg[tlﬂe pH
.5]oct-6-yl1)-5 - - pent -3,-meth i pe in-2-0

o o e Sk RS bt TR B SE AN G s Gt SRR @fiops.
0X0- peot YAfteZoiBtH¥ 0 a2 @X@niXiieh aZd Ne; firfhar Roxpahél (8iml) benzat éseﬁltgefreé/vas
hydrogenated 30 w t hout aqueous HCl to give the titled conpound in 83%

yield as 4q1(b ﬁocp@]);a@ﬁpséchs af\/io. @%42@60 Mggtoreductase KRED-NADH-117 (30 mg;
Codexis [ex. Biocatalytics]) and magnesium chloride (12.7 mg) were aded. After 4 d, 98.5

area% conversion and 5.9 ml consumption of 1.0 M aq. sodium hydroxide solution the
reaction mixture was stopped by the adition of sodium chloride (9 g), ethyl acetate (30 ml)

25 and filter aid (1 g Dicalite Speedex). The mixture was stirred 30 min. and filtered. The filtrate
was extracted 3 times with 30 ml ethyl acetate. The combined organic phases were dried over
sodium sulfate, filtered and concentrated under reduced pressure to provide the crude product
in over 99.9% c.c.. Purification by flash chromatography provided the titled compound as a
colorless oil.

30 vii) (S)-6-Aza-spiro[2.5]octan-4-0l

100 mg (S)-6-benzyl-6-aza-spiro[2.5]octan-4-0l were dissolved in 1 ml methanol and
hydrogenated over palladium on barium sulfate. After de-benzylation (IPC by GC), the

catalyst was filtered and the filtrate was concentrated under reduced pressure to provide the



Internediate 22 (rac)-4-Am no-3-hydroxy-butyric acid nethyl ester; HC1L WO
2011/ 048032PCT/ EP2010/ 065579 - 67 - 1.95 m (27.40 nmol) of acetylchloride
was car efwbl2giizdsisd at 0OC to 20 ml of MeOH fol | owed by PCISP10HE5509 Mol )
of DL-4-am no- 3-hydroxybutyric acid. Stirring was continued for 2h at 0C,
the reaction was then evaporated and drdi,ed under reduced pressure to yield
1.76 g (quantitative) of the titled co'rspo'und as colorless viscous oil. Ms:
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were washed with aqueous saturated NaHCO3 (2X 10 % NaCl and dried over
Na2504 t oG¢iel d after flash chromatography (5i 02 n-heptane/ AcCEt 2:1 to
1:4) 1.15 g ( e titled conpound as col orl ess viscous oil. M

365. 17 ( NH¥Y) | l@ll'e{f)me%atgg

(S-4-((RS) (3SQS)-bMyt~th—hipdndity3-pl dyyitgchboridet hy1- 3- oxo- pi per azi ne- 1- car box
ylic 30 acid Db I . 91..9 (.2. m)l of
(S)-4-((R 9)- perazi ne-1

-carbogylic a(%cdtrﬁlﬁﬁll}ﬁenéﬁtéﬁﬁqethgrl %%eﬁdlﬁis &f(nﬁ&ﬁea#wzdmf tzoem/4etmrls>l (1:1)
was treated at OC wth of Maqg. |lithium

2011/ 0480('415;9@1?%@2@1)0%%%%?@661 m@tseﬂlaWW ﬂaH@dl‘é@th@Iioéﬁle (v ogtaptwaée(ﬂl 1.5h at
RT. The r Dot cted
W th Et 20&1?% 'apaﬁﬁ%ér}ggéﬁl ?h%rﬁag‘glg@g&e s‘ﬁggﬁ %H?R%grq%eous fgln f’ Nagéélaiadrl ed

over Na2Sex-tayd devepoatai B8 £.003yinmod vaafstaécrd, pregeiagpion atiirgghfor 1 h, filtered
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1] - 2-

] B) (rac, cis)-4-Methyl-3-(4-nitro-benzovyloxy)-piperidine-1-carboxylic acid tert-butyl

ester
(rac, trans)-3-Hydroxy-4-methyl-piperidine-1-carboxylic acid tert-butyl ester (6.0 g, 28
mmol) was dissolved in tetrahydrofuran (40 ml) with triphenylphosphine (8.9 g, 34 mmol), 4-
30 nitrobenzoic acid (5.7 g, 34 mmol) and cooled to 0°C before dropwise adition of diisopropyl
azodicarboxylate (6.9 g, 34 mmol). The ice bath was removed and the reaction allowed to

come to room temperature, stirring for 16 h. The reaction was then directly absorbed onto



met hyl - 3- oxo- pi per azi ne-|-carboxylic acid benzyl ester In anal ogy to
the procedure described in Exanple 15, (S)-44R, S)- 3-carboxy- 2-
hydr oxy- pwopyiyo4@e3eet hyl - 3- oxo- pi per azi ne- 1- car boxyl i ¢ &cirdrPb@nnyis7est er
and 1.1 eq. of (S)-6-aza-spiro[2.5]octan-4-o0l; hydrochloride (internediate
2) gave after precipitation 10 (dichl r%et hane/ n- pentane) the titled
conpound in quantitative yield as off te solid. MS: 460.24 (MH).

silica gel and purified by flash column chromatography (ethyl acetate/heptane 2:8) to afford
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spiro[ 2. 5] oct - 6-y1)-4-0x0-butyl] -2-met hyl-3- oxo-pi perazine-| -carboxylic

aci d benzyl d&¢cefis M%@}dﬁoﬁj‘etﬁg?@anw%%hplp%@l% wajeryliccy) e-bafl fter
preci p5t atsl (p%1 14dhsbi) %9 a}%w@&ﬁh Elefihof 'g@ i) &A@@'Npéefp&am h @rosafa@%mh@ﬁ ive

yield e anor phous soli1d. M. 32 nt er nedi at e

(S)-4- Am > BL RY drroxly whesiedadi d haa:eadtlcpmwmtmdtf@rl h byt rvdaet ong dhe sgtyelntn
anal ogy to in e Cld
acety1 ohi SPioSRFITRRL BNy Rt PR PReT e I LB Ut BE LR e
yel | ow oi d)rgaﬂq’BcolﬂefB&dO(ﬁie(dWa)SOA adegoneditated ta fford the titled product (2 6 g, 87%)

Eg) rlre'E 55 ‘g%ﬁé%x%hﬂ M§)216 Wdroxy 6- aza-spiro[ 2. 5] oct-6-yl)-4-o0xo0-butyl]

25A) (9)- 44( S)pPaudh axMedyBib Y3 a1 ARAYdchRiARY 1) - 2- met hyl - 3- oxo- pi per azi ne
- 1-carboxylic acid benzyl ester ['n analogy to the procedure described

in CI?xarrplhe 12pc, 618)3 Plyfisan Aymetay b pippadipd- 1(C2tb06ﬂt¥~@tdﬁﬁyﬁ)bu§f}rﬁ$tﬁ]wiﬁr opi oni ¢
gg: d rrm\;t hgylelpar%?%1 Q%Iﬂ%r 3¢ o?%lﬁm%%ﬁé?r%g%oy Pt%nfgg?g})oave ?%gm?@(ﬁ gt(%)glrr;ound

30 in 59%1mn‘ed)1dera>sasldegﬂmtec;eellmmlh}(ahrdgen bMRorid6 Soldtton(ividigxane to affByd the titled
(S)-44(S) - 3- Car box XY. nmet hyl - 3- oxo- pi per azi ne- 1- car boxyl i
c acid bENRA E% %WE W%ﬁ"ﬁ%{lMgAgﬁé%ééé/)Eonlo/ 065579 - 69 - In anal ogy
to thQ5proceoMt@rn%$ﬁ5ubed in Exanmpl e 23B, (S)-44(S)-2-hydroxy-3-

nmet hoxycar bo% 1yl -propyI) - 2- net hyl - 3- oxo- pi per azi ne- 1- car boxyl i ¢ acid benzyl
ester and 1 MPa@S)-FiMpthyhpipptidbni-ob hydredhlanidggave after extraction with

Et OAc and pr e&i (@)t3a(§3|68£,1ggfogpga%&m%%&f@&ﬁ{i&?cﬁvﬁl%%} ed (c::;)rrpound in

81%y| eld as 11
(S) - 4-[(S) - 2-Hyathanoy (55-101) Bpeldd h)},(lfﬂoxqs-aﬁedazcm}ébrmpa (A] ok 0-66ny1) Yropwiseo- but y 1

Lol he o gt B eSS s S e Rt o RN 7 1683, 59 , 517, 3081 09

(S)-440S) 186 ca0.bawyyid eﬂMﬂélQl@’ﬁﬂPWﬁé—)ce %amdw&m&e%ad PicBicibh ABoe L@l boxyl i ¢
acid benzyl ester and 1.1 eq (S)-6-aza- 10 spiro[2.5]octan-4-ol;

hydr ochl oﬁea@broemﬁ@@p%f@reatféﬁqﬁh@éwﬁagﬁlﬁrr%ﬁﬂ@ev@is@@ttqe@tﬁated the residue

redissolved in dichloromethane, washed with sat. aq. sodium hydrogencarbonate solution,

dried (Na,SO4) and concentrated affording (S)-4-bromo-3-methyl-butyric acid ethyl ester
(33.6 g, quantitative). This was redissolved in ethanol (100 ml), cooled to 0°C and N-

25 Dbenzylglycine ethyl ester (28.2 g, 0.14 mol) and triethylamine (22.4 ml, 0.16 mmol) were
aded. The reaction was then warmed to 75 °C for 4 d after which time the reaction was
concentrated, the residue redissolved in dichloromethane, washed with sat. aq. sodium
hydrogencarbonate solution, dried (Na,;SO.) and concentrated. Purification by flash column
chromatography (ethyl acetate/heptane 5:95) afforded the titled product as a light gold oil

30 (203 g, 43%). MS (ISP) = 322.2 (M+H)".

B) (S)-1-Benzyl-5-methyl-piperidin-3-one

To a suspension of sodium hydride (55% dispersion in mineral oil, 6.4 g, 14 mmol) in

toluene (90 ml) was aded (S)-3-(benzyl-ethoxycarbonylmethyl-amino)-butyric acid ethyl



(di chl ronmet hane/ n-pentane) the titled conpound in 87%vyield as white solid.
M5: 460. 24 (M) . D)
(S)-1-[(Syo20tiydsmzy- 44( S) - 4- hydr oxy- 6- aza- spi r o[ 2. 5] octPC®APL)10A6331D- but y1]
-3- nethyl-piperazin-2-one 15In analogy to internediate 12E,
(S)-4-[(S)-2-hydroxy-4-((S)-4-hydroxy-g-aza-

spiro[ 2. 5] oct - 6-y1) - 4- oxo- but y1] - 2- net hy'1- 3- oxo- pi per azi ne- 1- car boxylic

aci d benzssteré3d.2g, Wasmal)dn odemat Homly fohlowed by ebend (HOL). Aovighureustrhestivnt | ed

conmpound in 64%yvyield as off-white oljd . .326. 21 o

"t o modi reshahet s Hoaathh FesTied Bih Pl RyfgebBEle i anal ogy
t o i nter ngdhicaickl sbitiod, dkiddi(B1a1S0,§ hnibdopo@ithaydamht rkiug aae pu@fediy ik titl ed
conmpound as yel |l ow solid. Ms:. 255 %%g). I nternediate 27 .

4- Ani no- 2¢uigR gempiogRhy (Gthyl sesteehertala 1 dsafErding g gppelsk hixye 9% |1 n anal ogy
to inter ngQidt&mel (7. 4x2u0RP- R péridh TEHWVLRLEN (B S 263 thndIfwacEiphehlpride in
MeOH gave the titled gonpound In 98% as off-white solid. Ms: 146.12 (MH).

| nt er medi 2% a@grydrochlofigpcid solusaf @0-ml) pydihensad- 16 adecsckywilased fue 8] 120°C for

oct-6-yl)x ~di et hyl-4-oxo-butyl] -3- pethylspi pernazin-2-one :

30m (510 M WL Aa o e b G50 RLORYPRaGaCsmsinn 1.
car boryl i eat.aqi sd))dbﬁrlﬂl[aydm@ar:z&bonate sollmiolanc&ﬁ@lg(wagso@ Elﬁl@fn@ﬁﬁﬂttﬁ'de Pdesicationed | nd
Exanpl e 12D, (S)-2-[henzyl oxycar ho -(2- oxo-e - am noJ - propi oni ¢ aci
met hyl esP® aSiﬂiCﬁ{l@Fh@a@a%/t%g@ {eﬁwﬁz%raﬁh%nﬁ,I%S&FHQFﬁ%ﬁt]%\@md%ﬁ asa

2011/ Q48032RKIRHERARNOABASTS 1S ) LUk yihEACI d methyl ester

hydr ochl oride (internedi ate 27&W£aye‘phe titl'ed conmpound in 90%yield as
| i ght yel | ow @i (BS.5851-Brpzylgirmeti-piperidin-3g)l

\

S)-4-(3-Car - 3- et - 1) =2- - 3= 0XQ-Dj i .- car boxylic
gc?d bénzyl e§¥%%ﬁ‘%ﬁ‘éng§§§%?%5%ﬁ%ﬁ%g%é%§%¥%%8§§@f?giﬁﬂﬁP%ﬁﬁﬁhp|éyzés
(S) - 4- ( 3- metinaxyfaan hpbhiyl)-a8-78 °C was aded K-selectride (10.8 ml, 11 mmol, 1 M solution in

nmet hyl - but - 2- et hyl - 3- oxo- pi.perazi ne-| - car boxylic .acid nzyl ester and
T a0, ORGSRt So7 Bt F o S ot DL CRPOA T FOSHT ol d as
l'i ght 15el 41RWcitd reabBrooRPRmbSrafMHile tetrahydrofuran removed by evaporation and the

residue the residue redissolved in dichloromethane, washed with sat. aq. sodium

hydrogencarbonate solution, dried (Na;SO.) and concentrated. Purification by flash column
chromatography (ethyl acetate/heptane 1:4) afforded the titled product as a crystalline solid
(0.9 g, 43%). MS (ISP) = 204.3 (M+H)".

20 D) (3S.5S)-5-Methyl-piperidin-3-ol; hydrochloride

To a solution of (S)-1-benzyl-5-methyl-piperidin-3-one (0.9 g, 4 mmol) was dissolved
in methanol, 25%aq. hydrochloric acid solution aded until the pH was acidic, followed by
palladium (10% on activated charcoal, 0.2 g). The mixture was stirred under 1 atmosphere of
hydrogen (balloon) for 6h. The reaction was then filtered through Hyflo and concentrated to

25 afford the titled product as a white powder (0.66 g, quantitative). MS (ISP) = 116.1 (M+H)".

Intermediate 5

3-{4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-propionic
acid
A) 1-[(E)-3-(3.4-Dichloro-phenyl)-acryloyl]-[1.4]diazepan-5-one
30 A solution 0f9.77 g (43.65 mmol) of (E)-3,4-dichlorocinnamic acid in 250 ml of
Dichloromethane was treated at RT with 3 drops of DMF. 4.15 ml (48.02 mmol, 1.1 eq) of

oxalyl chloride in 30 ml dichloromethane were aded dropwise and stirring was continued for

3 h. The solution was evaporated, redissolved in 170 ml of dichloromethane, cooled (0 °C)



)
(S)-4-[4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3, 3-di net hyl-4-oxo-butyl]
-2- 10 rwohyil/@8w@zo- pi per azi ne- 1- car boxyl i ¢ aci d benzylPCeatPe#10/06557¢ n

anal ogy to the procedure described in Exanple 15,

(S)-4-(3-carboxy-3-net hyl butyl) - 2- nethﬁh 3- 0X0- pi perazi ne-1-carboxylic acid
benzyl ester and 1.7 eq. of (S)-6-azaspiro[2.5]octan-4-o0l; hydrochloride

(i nt er medinsltteaR)l vgave seifitier offiAd § (O Ionnol/MOt%qf) of2.A 6c7ﬁtetra1m§tdm@‘( Hibhli4{ Si 02,

i ohl or ot hanel gh hAnely PR 2.1 790 Bhol Do) iEsl GRIRAHR ity 07% 15 vi el d
(S)- 1 [ 4- (i¢iE)rofdihede OXNe Raaon- Vﬁe@lWe@][an 51}> @Gdr-n(ﬁghyﬂd R'B, adddhdiBialitiondd 0xo- but y1]
-3- nmeth perazi n-2-o0 to |nterned|ate 12E,

(S)- ahaa( et oRy e Sl 451 Lol O KRG The organe s were

di met hyl - ds @@ wht ey ddouds M'Na%{%oanﬁ'aaﬁéo% '16‘% }Ja(ﬁadrlﬁé@%bf Naﬁ@h dnpenzyl
ester mas 20 hydrogenated w t hout aqueous to give the titled conpound
in 99% yi elagorated| iThhtesiydat maswdsdlyedvd esa&razad WiEHglueneanéeeallaedwh _
( -S%I. %4( g) %@%%e&éaﬁg@t 6;‘@' %\pel 7, ﬂ]%/ 51:8}’@;: i the tﬁﬂ'eé nﬁ?%l}ds a3 4v ”q}lte%l()fi(?._l\sfg:ojv_IE!Sper azl
25A)(S) ZQnHDi%HBenzyloxycarbonyl 3- nethyl - 0X0- pi perazi n-1-y1l) - pent anedi o
ic acid 5 tert but yl h Ao t he procedure
described in L.4]diazepan-1-yl}-

0XO0- eqbylﬁbgﬁhquﬁpﬁp@%ga;c acid nethyl ester (|nterned|ate 12C) and
L-glutam ¢ acid gamme-t-butyl ester alpha-methylester; hydrochloride gave

the titled cofhp@ﬁmmslm\ofglm g{1gd moobof [i[ght3-¢set- -flighlorst-phenyiaceyfayl b 1

( MtNa+) .

(S) - 24( s)L4 %‘ KPIEPD oSy 15T BRI Y Bromepropiopals i SO S oL MY o ¢
aci d 1- mewhytrcagsitae0°C \AﬁhZDS’Jllg Q48ﬁ3ﬁﬂ€[}'bERRHf(ﬁ)$ 26D D119 in thb portlons Then anal ogy

to the procedure descri i.nte

bonzy ! onyRsr sy s Sarber 30 auib ok Dt kb soniigh stelrfdnaldpreraighgat o

5-t er i sbudy IThe $éRfiod wadBdultlizc@SHiEH codeluebds l(T%@tI@S@I‘zﬁld%ﬁﬁctEch@uth Etd &6
compound in 97%yield as brown oil. M5 393.17 (MH). 50C)

(S) - 4- [ ( IPxu-Thesyrganicyhpsencyers vashedspil aupos] 19 Mricd onetwfQear bony1- 4- 0
X0- butyl In
anal gyt P Pard K oS QR E| AR ARy WOIRIRE ifla 391 € PRATH i EThES

(S)-2- ((Sﬁm@xha@zyﬂnﬁﬁe@ﬂbeﬂylB4&thﬂINHioX@Dplpera2|n | -y1l) - pent anedi oi c
acid 1-nmethyl : Of ( 6 2. | ;

hydr ochl ori d Lim-imii : 3 Wt - 10
chronabog@@EﬁMw@@mOz dlchloronethane/nethanol 98 2 to 9 1) the t|tIed
conpound 1n 71%yield as |ight brown oi

(S) - 54( S) - 4- Hydelskign e a¥he 6t @F@Dsqféc% %E;rb@ éﬁe@orsmenﬁmmﬁ%l Pper azi
n-1yl)-5- H?ﬂdﬁ%ﬁfi‘-@%;lf-p?o(bﬁ&l%&é‘[hylee%{eﬂn 8d%péﬂgﬂ?e{h(§lﬁfo%an/ethanol (1:1) was

treated at 0°C with 16.94 ml (16.94 mmol) of 1 M aq. lithium hydroxide solution, and kept 3

h at this temperature. The reaction was neutralized with cold aqueous 10 % KHSO,4 and
25 extracted with EtOAc (3x). The organic phases were washed with aqueous 10 % NaCl, dried
over Na,SO4 and evaporated to yield 3.20 g (98%) of the titled compound as white solid. MS:
385.0 (MH", 2Cl).
Intermediate 6

(rac)- 2-{4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-4-

30 hydroxy-butyric acid methyl ester
A) (rac)-4-(tert-Butyl-dimethyl-silanvloxvy)-2- {4-[(E)-3-(3.4-dichloro-phenvl)-

acryloyl]-7-ox0-[1.4]diazepan-1-y1} -butyric acid methyl ester




In analogy to internmedi ate 12E,
(S)-4-[(S)-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)- 15

1- met hoxywarbowmgdesd- oxo- but y1] - 2- net hy1- 3- oxo- pi per azi necImrasiloos3se ¢ aci d
benzyl ester was hydrogenated with 1 eq. of aqueous HCl to give after
preci pitation (dichloronethane/ Et 20) t titled conpound in quantitative
yield as off-white solid. Ms: 366.20 (MH). Internediate 30 20

4- (2, 2-Di net h@xu}spemdinyi @ ﬁd)g (©Out0P miroolof &[(Ee)+3t(3bludiylhlomsmlenyl‘r@cmo&doI ed

sol ution (0 .0 } f nob ric i d. tersbutyl ester;
myar ocnl o rabiargnas e Sgtgiienay 4t MG SRR Y Ga G BE il §A3p

di net hoxy(@cle‘()alhrdell)ysﬁ@otéﬂﬁl% &ﬁlbmttjvl@te Aﬂer’ﬂBMﬁh, 0. 3948@(0111()(151;5109Q>f (mv)Lz) (tort-
triethylamne, 16.75 g(135.00 nmol magnesi um sul f at e, 60. 00

mol ) of Wl%@%swyww -fody: ‘%‘/rfﬁﬁsr% m@hyls%@ff umeep%m@%} thieﬁd h¢ 1. 99
9, 31.6 nmolyon Jﬂ%tlﬁ@@?h'apﬂ O@’aﬁ'j BLET & t%@n ﬁ‘éutg{zed%% a8d 16’%%8 dﬂgtasgﬁ-m?o

mrol ) of di met hoxyacet al dehyde (45% sol ution iIn was adde nd after
1.5 h, theydregeosul@te selutionrad wetw@dwﬂxdl@thelcbtltﬁeKMeﬁhaqtg@owhws et ed

NaHCGO3 d Et 0Ac/ E 1:.1

Nqusous SSRTPA Nl REREeRIthgS g e d Rl 02 RO BRIT S, )
evialpor at ! dicdafvet ﬂg %@Q es@%&m antl. Iﬁlﬁﬁgd (3} ﬂ%%llﬁlﬁcatgaecdluﬁﬂh edhmm@mmd aésatk 1 ght
e oW Ol | . . . n rnedl e . . .

{R) 2-(3, Llﬁh@ﬁ @r%elé%éf%ﬂ (éér%afthﬁﬂslﬁgawpewéiaahgl@z%l%)wscv\éOﬂ MS:

2011/ 948032PMEP2@1/ 065579 - 72 - A mixture of 6.00 g (22.00 mol )

3, 4-di chl or oi odobenzene, 2.94 g (33.00 mmol) D-al ani ne, 0. 42 g (2. 20 mml)
copper (1) iodBde, (rak 2r1{4f HEXS-(ArfoDichlprawphinshiabeto §91 @ eRAn khr v

14.00 g (gg (Qrgx l)‘lctclélhnpe% ?gaéum phosphate in 32 -' of

N, Ndi et h t 80C for 16 h under argon, then after
cool i ng di | ut&dolutitthofH). mgmmdmao])df (ragd-(tat-phtyBdimyctiaddilidydoxypL- {26% aqg.

HCL1 solutjgn, The.m xtu S cte Et OAc_ ( rgani c .phases
ot o varo nk 3 ot B (R Hditisbit | Ao e A

chr omatogs aph s fhetHadel ﬂds&f&'a@ﬂ%ﬂ@‘td“&ﬂﬁb MBRH395 Bmbo 441 dléfcefn@I sedcBantl 9
(60% of the title conmpound (as 81:19 m xture of the (R and

(S
st er eoi sof §.5 hetBI7 Exackin yathiael saggq| Sod m kydsogeneabongite solitionand diethwl 1- 1- |
2C1). 10l r
2C1) 191 GRS TBAL e avine OeSOY andcrsporion e 0165 ¢ commtedaline |
anal ogy ttdtlddrttomprmmﬂ @ieth&DyitH S h afithe dacdonat (n{dﬁ)dn@ -2 -dodhlayo-pbent)edcrylbyljtor | de
gave 69% the 63: 37 m xture, f th S R
e oot ai-bR8 s Go RERBESREN Ao Su® 5t i Y el S M e 35w 1

a). 20 Intermedlate 7

rac-(2-{4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[1,4]|diazepan-1-yl}-succinic
acid 1-methyl ester)
A) {4-[(E)-3-(3.4-Dichloro-phenyl)-acryloyl]-7-oxo-[1.4]diazepan-1-yl} -acetic acid

methyl ester

25 A suspension 0f2.60 g (8.30 mmol) of 1-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-
[1,4]diazepan-5-one (intermediate 5A) in 46 ml of THF was treated slowly at -78°C with
9.30 ml (9.30 mmol) of lithium hexamethyldisilylazide 1M in THF. After 20 min at -78 °C,
the mixture was warmed to nearly -10°C to go entirely in solution and cooled to -78°C just
after. Then, a solution of 1.18 ml (12.45 mmol) of methyl bromoacetate in 15 ml of THF was

30 aded dropwise. Over night, the solution was naturally warmed to RT, poured on aqueous
10% KHSO4 solution and extracted with EtOAc¢(3x). The organic phase was dried (Na;SOy)
and evaporated to give 3.21 g (quant.) of the titled compound as a light brown solid
containing max 5% of methyl bromoacetate. MS: 385.3 (MH", 2CI).



15l nternedi ate 33

(S)-2-(4-Chloro-3-trifluoromethoxy-phenyl am no)-propionic acid (22% ee) In
anal ogy twointiesesdi at e 31, L-al ani ne and PCT/EP2010/065579

5- brono-2-chl oro(trifl uoronet hoxy)benzene gave 38% of the title conmpound
(as 61:39 mxture of the (S) and (R) stgreoisoners, BG175*0.25 colum) as

light brown solid. Ms: 282.01 (Ml 1-, '). 20I nterrredl ate 34
4-[(12) - 4- ( 3-Knd-A-¢E Digh , X ) ! idic7-t et r ah
ydro- [1, k%tyrlc aC|d (22%ee) A)

(R -2-(3- - phenyl am no) -propionic acid 1|n anal ogy

to internedi aA@olaﬁon &(R’ﬁ(ﬁgl(lnﬁ) Al Yofyrqrm- waﬂmhmhepmtymafcfymn] texgave 25
73% of the title conmpound (as 61:39 m xture of the (R

st er eoi soltet! élazeB@Biw 80Sis agig| iyl catsr P rBlp ST was Wedﬁwlazt W4-1-, co

B) (R)s52- \(v?th @1‘8%1‘(1 é¥8 tnhhﬁﬁvp Hﬂﬁtﬁ% ﬁe&hme!ﬁgmyéﬂgmzﬂehmnomﬂ -Ar@B300ag % 6R)
20.55 m orane-tetrahydrof uran conpl ex

sol ution ?K‘a@ sahil@em 06@ ébmlﬁfé&amn@ﬂ) efderabsiyl boimpacasdte i 20 nyg of FHEOVasmded  of
(R)-2-(3-ghl or o-A- r|fI t h n I ' 2%ee)
in 33 m %ﬁ&‘,’vmg he % S%Eltt Wff)%lt?m%n% h@élbcfgr %‘aigﬂ%nh 19)C()érqruc\ge Ousg Oa/glie{gl *uti on
stirred f@lutdnanb eﬁ&acfé_ﬂ wu&f E€O(39OThdgrgariid phdse OvedvRshanditiaghictis % H2SO4

dded, 0 t h at | t t
e conconie agel PhYa0dE CETE T BB RHE VBEPTHGHEG DEERBBH B M ag.
sod Uy VRyALLAQABTAZRGT) R ARY ACRRIomn g AL AILGR ATt

NaCl solution and EtO The organic | ayer was washed with brine,
dried (NaM§Cﬁ?91fMHte}Célh and evaporat ed. Fl ash silica gel colum
(CH2C12/ MeOH 29, 2 . 1 9 f > .

m xture of the '
) 5C) acid 1-methyl ester

4-[(R)-2-(3-Chl or o- 4- 0 h noj - ric acid
Cer - butyl cnsantpmod by AGTTn BT GRilEr Tl S Of&?\* BRI oal v
chlorijgde bd- 0 izl C 12} @&ccnﬁ@acﬁm T&Qbﬁyy‘@%rqqgﬁﬂyl%sﬁplnultlﬁﬂopaloQatféo n
(8.50 mmmol) dlrrethylsquOX|de|n . of CH2C12 within 10 mn The

sol uti on Wesscoptadrdoa te or0°6 andl -S4l (é 04 cmﬂn@lb eh hpdrochlone gead 49l ipeisixpng.R) - 2- 10

832 g;'zor Omdi § akdy) MUY AaANGRYEATL W) BT ARED: erRbhd £ 8% %) sbilidPwal of

Vaporated, dissolved in acetonitrile and evaporated (2x) to give the titled compound in quant.
yield as yellow oil. MS: 441.2 (M-H, 2Cl).
20 Intermediate 8

rac-(2-{4-[(E)-3-(3-Chloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-succinic
acid 1-methyl ester)
A) 1-[(E)-3-(3-Chloro-phenyl)-acryloyl]-[1.4]diazepan-5-one
A solution 0£20.00 g (109.52 mmol) of (E)-3-chlorocinnamic acid in 500 ml of
25 dichloromethane was treated at RT with 6 drops of DMF. 10.08 ml (115.00 mmol) of oxalyl

chloride in 60 ml dichloromethane were aded dropwise and stirring was continued for 3h30.
The solution was evaporated, redissolved in 400 ml of dichloromethane, cooled (0 °C) and
treated with a solution of 12.50 g (109.52 mmol) of [1,4]diazepan-5-one and 30.49 ml
(219.05 mmol) of triethylamine in 190 ml of dichloromethane. The reaction was warmed up

30 overnight to RT and then evaporated. The precipitate was suspended in 90 ml of water,
stirred 30 min, and filtered, washed with water to give, after drying under reduced pressure
overnight, 28.03 g (92%) of the titled compound as a off-white powder. MS: 278.9 (MH",
1CI).



added within 10 mn The m xture was stirred for 15 mn and 2.47 m (17.70
nmmol ) of triethylam ne were added within 20 m n The suspension was stirred
for 75 mwoand/eBweal y warmed to 0 C (conpl et e oxi dati onpColHEPode@6izy9 TLC,

Si 02, EtOAc:n-heptane 1:1). 0.73 g (3.70 mml) of 4-am nobutyric acid
tert-butyl ester; hydrochlorid was add and 0.41 m 15 (7.10 mmol ) of
acetic acid to adjust the pHto 5 followed by 0.85 g (3 90 mml) of SOdI um
t ri acet oxyborBhiAdi(E d&-(3-Ahicge-pbenylpacaylod |-C-cand 1 .4 Jdadepat-14R ¢ac
poured on & solution of sat. ag. NaHCO3 sol uti on and extract ed W th Et OAc
(3 ti rres)—efhe organi ¢ phases were washed with a solution of 10% aq. NaCl
sol ution. Theneasbiynecthep@attiee fhases 1wtefmtﬂiaedm\4e[r(Ej\la2§a410ﬁﬂphehpB

sol vent was rem)ved under_vacuumto give 1.31 (Qaz of the 20 title
conpound #&laylgit é@l%ﬁ%&@n%&avwéem}ﬂ%aow)aét stodrEb (bt FsPaRge oil .
M5. 39%. 17 (d\'f%vadlglt)then Et0AIMeOH 98: 2) the tltled compound in 85% yleld as white foam.
4-[[(R)-2-(3 l'oro-4-trifluoromethyl-phenyl am no)-propyl] - (3, 3-di met hox
ro ion 1)M&nBhol (Mbp, IKKD.. tert- but 1 ester 22%ee A solution of 1.25 g(3.20
mmol ) of 4-[( . .

phenyl am no) -
CH2C12 wegrtthuedkteer W(riefhvaeﬁﬁl ution of 1.00 g (3.80 mmol ) of 2 chloro-1
-met hyl pyri dini um i odi de and 0. (,3.80 I OXY- prapi oni c
aci d (synt hesPZBHO8Y © %@ﬁwuregecgﬁddetmw% teoB?r dﬁéf%) &?Hﬂerpdthﬁ%tl wi t h
Li OH) mn &rﬂbyﬁm &H%@lﬁdlaztgsn SYBNRRAE 80d WRth T Qtedvande Oﬁ&ﬁk@ﬁb@&n H Cwith

1.89 2 I'am ne The reaction was natural |y warnmed
to RT ove$1Q:t1Cgh1tmIl nHeptaee(Et®1f9¢1 IWal: 1 exadient), & titlerl somposnalgn 2/ as white

sol uti OI’I/%I 3 T?MF{ 3@1 The organi ¢ phases were washed with 10% aq.
KHSO4 sol Uf' |on (é § 21 NaHCO3 sol ution, 10% aq. NaCl sol ution and
dried over Na2SO44{®)\B-@Chldrogiheayli-gergtvlyljt7adtosH)4]diazdpar-1tylt secconepadihd as a
61: 39 mxtuEle of the (R and (S) diastereoners as |ight brown oil. Ms

511. 22 ( NAEhYSSer  \wp 2011/ 048032PCT/ EP2010/ 065579 - 74 -

) 4-[(R) - 4- (InGhkiogerodnd pibdios ausilioin PO Te! PURE s QXN 4, -t e 2
hydrol 4 di aze in- NApy_ ] _t ic acid. 22% ee A cool ed sol utlon (0
O of 1. ophegyl}ag(quyiﬂo'/[ -PXQy 1_4]d1azepan7 -yl}-succinic acid 4-tert-butyl ester 1-methyl ester

0 TR TR BB B e oty
was treated v]inttdrmﬂedﬁﬁem (29.40 nmol) of trifluoroacetic acid and after 2 h
at RT with 1.55 m Irl | silane.. The reaction was stirred
at RT for 16 S-03§ Z’éal%)lé'wmt'%?féiﬂ I' Bayoyymireridige i (29,40 mmol) of
tri et hgl am nepreghel vig sdidUeacyasi-dh $Eok ) e tidinglil Rafhpkylal el beanpdl LRt d water.
The reaction vva%- extrgdc?gd ?\A@th 1%(&)@aylﬁi@KHSO4 sol ut| on/ Et OAc521 (3x). The

organi c pq”Tﬁg’ akedfigrt @Qﬁa@%e"@%ﬁ@?ﬂh@@@‘d@fl bystio8 dlett BeH -chiprosimabylovigpe

Na2SO4 an Cl2/ MeOH 99:2 to 9:1)
af f or ded 912 anglh ﬁ@gﬁat %ﬁg%ﬁ%%@ﬁb?fﬁ‘etﬁﬁgﬁ 39 m xture of the (R

and (S) di astlemmmimea& brown oil. Ms: 389.09 (MH, I nt er redi ate 35

4-1(12)-4-(4-Chl fl h -3-methyl. 7- -2,3,4,7-tetrah
varo12) 111 dF s Sl rohu i et S o f Y oo etra
A) (R) 28- (4- ChA prira) 3 =B érizf/1- w&m% mrbt&iamieam d1Ddxyic apidettyt cael d (46% ee)

I n anal ogy to internediate al ani ne and

1-chl or 0- 4- i ofaan&ytsptuflplaa%ﬁ%glﬁ% & BERDH @otpasieméstdulataia 125 mlef EHpound
(as 73:27 5@3%%6{0@6) IherdaRy éﬁéﬁ%él(zﬁ%el\ﬂ_ti_ﬁﬁ@%g(%bé mnRP6 Ry 1-NDEAZ-3 NR

colum) as brown solid. M
(R - 2-(4- ¢t @pmeedmrqafhowhat@rivﬂtwhlopﬂesq/thamdnm)ratmedpfhmtrisebve(r456% gheffer 1

I n analo inter ate

(R -0 (A T PSSR b Esniefr i md ag s v il G GR7AmPobETe) and
bor anaot efodadyttarefitranl «famH. ez:(ft@aweh 8% ahe tdaetidn wisecoorUp@emyhnds | i ght
brown oi l 4. 06 ( , C )

4-[(R) - 2- Qe&t@%@é%ﬂe‘l‘tmw{%?%ﬁét“?tgﬁlte-déﬂ’étﬁlsawl%) Th MysPUAAS WSut yri ¢ aci d
25 met hyl o,g8kRl With#0®8X). The organic phases were washed with aqueous saturated NaCl,




In anal ogy to internediate 34C,

(R -2-(3-chloro-4-trifluoronethyl phenyl am no) - propan-1-ol (46% ee) and

met hyl 4-woi2noingsoseat e hydrochl ori de gave 94% of the ti PCe/RPoompo6335d as red
oil. Ms: 353.12 (MHH+, )
4-[[(R)-2-(4-Chloro-3-trifluoromethyl - %tienyl am no) - propyl] - (3, 3-di net hox
30ro ion 1)-am nonethyl ester 46%ee I'n analogy to internedi ate 34D,

4- [ (R) - 2- {riedotveoNaS8- tand £vaporataddet Igie-4enthi3 Sayion tie-titled opybamidrs prangt gili ¢
acid rrettr}[%ll z.zé ggMglr 6% ee) and 3, 3-di net hoxy-propionic acid gave 87% of the
title conpound” wn oil. M5 469.17 (NH+, WD

2011/ 048032P@8Y (eR26id 01 Beho/1-9-hydrdxymethyl-4-®thyl-piperidin-3-ol and (rac, trans)-1-

4-[ (R) - 4-(4-Chl or o- 3- trlfluoronethyl-phenyl) 3-nmet hyl-7-oxo0-2, 3,4, 7-tetrahy
dr o4 di azBenzyl-4-hydroxpmethyl-4- -2l6% ee In anal ogy to

I nterngdi ate 3 mfa(] I(/ﬁ)l’c&'lu&fé @"b@ﬁqﬂq&)}'&fﬂlﬁz&‘ﬂi %H?&ﬁ&%ﬂ)edpcb%%‘y REHAA

propyl]-(3, 3-di net hoxy propi onyl)-am no]-butyric acid nethyl ‘ester (46% ee)
and 5 TFA-3¢ ?(é)tSIQWtIQnIOé?-lQl@e(V/é()M%lbfraQ)HeanZIs’ll enetybownd-rageridingwh  waxy
solid. M5 12 .

2L (R - O R ML oo DAL RDHE Qs g oM YR, o ¢ oy
dro[ 1, 4] dﬂo&ZE,[Qb@led{Q/‘?(l)-abtﬂtMEﬂe@ a@ﬁﬂl drltﬁ@ﬁ%rﬁk:()l 2 Mrin amdn@gym mnidieofpr ocedur e

descri bed_for int i ate ) | or o- 0 .

trifl uoro%ﬁf%w éﬁ@gﬁ g)a tBY ﬁiﬁf“ 8%11@2&311%? itheice a@%ﬁmufau%]ocﬁ azepin-1-y
1] - butiyr i gH&E), doltEEN YIhGhkEire &é@e@tﬁe%dgﬁmeetw@rgik) ]th% Rniclphbdel Wy slhexi de
solution in THF/ MeOH the title conmpound in 96 as l'ight brown solid.
VS: 391. 10ith pseouy Hi%e Kbfdscend ageeous 10% NaCl solutlon dned (Na,S04) and evaporated

1514-[ (E) r)o?’gl\(e ity B GNiRLQ gep&ef%}dlal%r%hl%ﬁljalle/ﬁe%?@ tis éﬁdg)a(?ffp 2?161%)\/&1 aceti

c acid A

{ 4-[ (E) - 3¢4c3 c#8)-Dibeintyderyid roexigynt yhy b mydtiopt-bliperidoxd-o[ ds, Aistionz epage oit, M$: - aceti c
acid et hy% es&@fﬁl n anal ogy to the procedure described in internediate 5B,
1-[(E)- 3- chl or o- phenyl)-acryl oyl] -[ 1, 4] di azepan-5-one

(i ntengedi at e 20 (1B96) Ty trddk ANRRAES AR ) YRz mtﬁy@foxgxﬁleﬂm hih&myll on on a

Si 02-col umm (n- hept ane/ EtOAc 1:2 to 100% Et OAC) the fitléd conmpound in 51%
yiel d as mpgndnfgdm MS: 399.1 (MH+, 2Cl). B)

gél <[1I( F)n 2ng?6%§}%t%ﬁ 93?00eﬁ%)eﬁgéﬁﬂg??ié%gzgxg@ﬂl%? @Eg‘lﬁﬁgﬁg@ nl3.¥l §s 4 Acetic

{4-] (E) - 3vif@ud othnghdib™\dS: 236.3 (MH )
C) (rac, cis)-4-Hydroxymethyl-4-methyl-piperidin-3-ol; hydrochloride

20 Hydrogenation of (rac, cis)-1-benzyl-4-hydroxymethyl-4-methyl-piperidin-3-ol with 1
equivalent of aqueous 1N HCl and Pd/C (10 %) over H,-atmosphere in MeOH gave the titled
compound as light yellow solid. MS: 146.1 (MH").

Intermediate 11
(3SR, 4SR)-4-Fluoro-piperidin-3-ol; hydrochloride
25 A) (3SR, 4SR)-4-Fluoro-piperidin-3-ol-1-carboxylic acid tert-butyl ester

(rac)-7-Oxa-3-aza-bicyclo[4.1 .0Theptane-3-carboxylic acid tert-butyl ester
(Heterocycles 1994, 39, 163) (2.0 g, 10 mmol) was dissolved in a mixture of DCE (1.5 ml)
and trisHF.Et;N (1.6 g, 10 mmol) and heated to 80°C for 12h after which time the reaction
was diluted with dichloromethane, washed with sat. NaHCOs, then sat. NH4Cl, dried

30 (NaySOy) and concentrated. Purification by flash column chromatography (EtOAc:n-heptane
3:7) afforded the titled compound (1.5 g, 66%) as a yellow liquid. MS: 220.1 (MH"). Also
obtained was the regioisomer (rac, trans)-3-fluoro-4-hydroxy-piperidine-1-carboxylic acid

tert-butyl ester (0.26 g, 12%) as a yellow oil. MS: 220.1 (MH").



phenyl)-acryl oyl]-7-oxo0-[1, 4] di azepan-1-yl| -acetic acid ethyl ester and 1
Maqg. lithium 25 hydroxi de solution gave after acidification wth aqueous
10% KHSOMwofnitrssdszon and washing with water the title eormErand/ 0653579
gquantitative yield as white solid. Ms: 371.0 (MH+, 2Cl). Internediate 37
(rac)-(2-Methyl -pyrrolidin-2-y1)- nethaQ% 301.6 g (6 4 mmvl ) of

2- Hydr oxynet hyl- 2- met hyl - pyrrol i di ne- I-€¢arboxylic acid benzyl ester
(WD2008/ 8191 BABSRyESR )elt-Ekiotorpigeridin-Boolntydidehiridd. 1 g of 10% pal | adi um on

00 tred ondor st TR i 3P B P Ra i R BB At Mt "¢

reaction was ddpestedi¢d Wil BIC] ihdioxemR affgfding hodtedpoeni(@Bed, b diwigtet he
titled conmpound in %uantliatlve yield as white foam 1H NVR (300 MHz,

DVBO- d6) ; PavderMg: 120.14MHY. 83.2. 74 (m 2 H), 1.68-1.60 (m 4 H), 0.98 (s,
3H). 55l nt er nRgialRiA812 _
3-1(R-4-[(B)~-3-(3- or o- phenyl) - acryl oyl ] - 3-net hyl - 7- oxo-[ 1, 41di azepan- 1-
yl | propi oni ¢ at(Sp4-(3,4-Dichloro-phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-pfopionic

(R -2- [tert But oxycar bonyl - ( 3- hydr oxy- propyl)-am no -1-nethyl-ethyl}
-carbam c ﬁ% acid benzyl Ester To an ice cold solution of 25g (0.12
nol ) of Z-al anj nol (8p2200 mﬁneﬂfoxﬂdﬂﬁlﬁmﬁ@)dpraﬁloﬂilc atid. Iﬂéihmlst):r of
triethylam ne_was adde mol ) .of nethanesul f hl ori de. The
reaction was qulxé%onr%# @a@ﬂe %ﬁh@fe%.héfﬁr%%ﬂﬁ@é?& 3&%&%@8%&% hegyo

Ci trigoacidoal)wdr@Rdeddf D& diNARRAN IRAE (HOD AR diBh @&h-b Pf ﬁét@l&[‘@he’f’o}ﬁo g of

crystalline nesyate. This was then 15 added portionw se §0 84 nol)
of 3-ani noLlpt bparel imegnepinar yulfae ¢ sl £ g, YEanmaby ard sedfug @W@@bqrhhyﬁ@d@ He8 at 80C
t he react
extract edié\?mgfl%\@@)t ngJ ¢ lx\g}ﬁatﬁ %t % %lo\xgés}q%%r %??? hqﬁ:eoeﬁ(\é\%trs\t? %ag% %89%50% egé%;'rg %EY mat el y
200 m anchreXbl aglit{dh o’lf%atmni bo@ﬁm&@dﬂ@emﬁd&ﬂaﬁmdmﬂh@aﬁﬂo@t Uthe r&iction miktfior 3h
after which tine i W citric acid, Na2S and
Concent 1 A BB PESPbi O 30U 0D YIRS T b RO RE A ThE 1 o
é6~;>) 5 l?f f spsiae la‘SyE'Iewésl WasBed GARBAHA kN (F380Y) Bltdcte@and c CHoRK 8o AURE MS!
{(R-2-] tfetilqdcemp@sz%@r%@f)%() 3Lighty ey lpmsz (18R nd92. 2 (Hethyl -ethyl | -[(E)
3-chl or o- pheg Q [ - 45. 6
EO. 15 ool )pof ) , tbényl-£2. i , r%n%ac-[] 1 Zg
nmet hyl - et ingthyl esca rbanlc aci d benzyl ester in 300 M of MeOH was added 5g of

wdr ogen for e HRERE R 3 e T4ENR e@@ragaaﬁ%‘fﬁﬂer%@f 8By w th
MeOH) 28nddinRERAGRMHyIARS)- Jir@plam@ta&d iRy Fhtev@l BNE 24 InBolyhind Q)dl{ﬁn nol ) of

nmet hyl acryl ate was added and the m xture stirred for 16h after which tine

t he reacthskogcasarbeaicdrtly £ 697 manel) inrcstone {dpemk baidgvier(@gmdgdoiMhefeibathso

was removed, then after 2 h the reaction mixture was poured onto ice water and extracted

with ethyl acetate. The organic layer was dried (MgSOy), filtered, and evaporated.
Chromatography (SiO;; heptane—ethyl acetate gradient afforded the titled compound (5.84 g,
25 72%). Yellow oil, MS (ISP) = 348.2 (M+Na) .

O (S)-2-[Benzyloxvycarbonyl-(2-oxo0-ethvl)-amino]-propionic acid methvl ester

A solution of (S)-2-[benzyloxycarbonyl-(2,2-dimethoxy-ethyl)-amino]-propionic acid
methyl ester (26.0 g, 80.0 mmol) and pyridinium toluene-4-sulfonate (10.0 g, 40.0 mmol) in
2-butanone (260 mL) and water (8.6 mL, 0.48 mol) was heated under reflux for 16 h, then the

30 solution was partitioned between ethyl acetate and water. The organic layer was washed with
brine, dried (MgS0O,), filtered, and evaporated to afford the titled compound (24.3 g), which
was directly used in the next step. Yellow oil, MS (ISP) = 348.3 (M+Na)".



30 CH2C12, cooled to OC and rapidly added via cannula a to a cooled (-15C
solution of 24.3 g (0.12 nol) of 3-chloro-cinnanoyl chloride and 24 m
(0.17 nolwoabittmsesthyl am ne in 200 m of CH2Cl2. On conplCEtEPRe10063379 t he
addition the reaction was stirred for a further 15 mnutes WO

2011/ 048032PCT/ EP2010/ 065579 - 77 - after which tinme the reaction was
washed with 10%C|tr|c aC|d sol ution, sat. ag. NaHCCB drled (Na2804) and
concent r at ed.DPu Bntogy&i ol pi ;
?H_ﬁr déd thaebé[nlzgl esge
(R)-1- [(E) 3 Agolﬁhd)mmspnqnmﬂzy}oawayﬂmyuz-éxo(-ahylyalmm-pwm@ﬁaaciczmmtyhy| -5
[ 1, 4] di azepan-5-0 (I:j mol) of 3- {

{(R)-2- [t (bdl s»&é%mﬁ&wp de%l %9@?‘8%‘%_—@?8&91’52‘5&%%]@9@ SRS et hyl }
-[(B) - 3- (@ophl it & é’s*ﬁ%%%n%?@éhﬁi/d %;Sgillé'n&oic1d%ﬂmh8ﬂh§ieﬁgﬂdfbcﬁﬁhﬁé’ 0.§5¢ €0 hWaS

dissolved in 130 mMl of 4 N HCL in he react’ion s stirred for
af t er whi R0 trinmd), itrictindamioe 4p60 al.cld’G vy amsss aadﬂo 6he9 (lenindleandesdilizgol ved

concent AR IBH <508 g MO Ep it (RO R IR 5" one

was t hen wmidbiethardctidheyayiextriit@l with bgudud m%ﬂﬁhsei/E&]iAMng: hTld ergaiibe sol vent
was evaporated. The re e was redissolyv OH and 6N NaCH
was addedPIRES WorE HashsH mﬁyqﬁs@%éa‘a%dtlﬂ@fﬁsaler} P@FW %@éeﬁb@m lﬂazg@h&)
sol venh Was|deYRPQ/apbaton Bﬂﬁe §<§-1§én‘i“¥@1rg5(€|8%§ ef fﬁ@@tlbd‘c@ﬁ%ﬁ%@ as Reowbith 10%
citric acid solution, washed with sat" 15 dried (Na2s™) and
concent ralt/féd377l?$1(MHa)‘ forded the titled corrpound | n 62% yield as a
col ourl ess fog ; . 3 . i
{(R) 4-[(E)- 3 Y 2 s

- propionis& S@lﬁtlﬁh dtol. D) 523 g) (nilnolh)l"(ﬁb }1 (b-ftert butoxycarbonyl ethyl) 2-methy1 3 -0X0-
(R) 1-T(E

2 et hyl - Pera%la%f%@%gm DGt B (b RorBae] YR iby SR A dlghon e ol g

CH2C1Z5wag, 3@% %Ell 01 eroéﬁ’loﬁc BBk lu@dn Qﬂt(ﬁﬁﬁ% amcbcgm%ﬁaﬂdnmﬁs sfigkdbl@n of
4.6 mM (6 mol) of 1 /ySOdI um hypochlorite saturated with NaHCO3 The

m xture V\Hgalina)@pltﬁrg/fog thr Adgr filsietion.ihmiplwionafas svangidted dissehecdinf ew drops of

ML and rSeRERhANe PRARNESR) FRREARG JOF SOIRELESIFE Ak AAE W i AT
colncen]t ra(@@?lﬁ) oTﬂ1e31t]aﬂbmnﬁ®d1dtahhghn vellewt ou:lo]m}olamm (MHOR% yi el d as a
col ourl ess faa

[4- ((S) - 4- HydroxybH oG BRIP - D

di azepgn- @@ﬁg buWPeBt@le/ 048032PCT/ EP2010/ 065579 - 78 - To 1.49 (5
nmmol ) of 6-am no-5- o0xo- 4] di azepane- 1- carboxylic acid benzyl ester and
2.1 g (7 rmol4 septipmofi Gy 5(& wmod ) f 3t % )di- ﬁ@fhﬁ/&%’r%ﬁé’@eﬁazllslﬂ) “IPPIPVE cool ed

Lo 0C vas,aftediel JiffFa! enh 184NN AKH ARl L RIS FioRIn 070G

reacti on was al to reach roomtenperature and stirre
whi ch ti n®.T0hemobat 8 i4ehcharmpllinlylitsecyanitt hnd0.62 ntl (U yinma} diyttictbylamincand

d Cl. h th
ROt e b Ber iRt adin i b e B GRS ARt ER G aaopt 8% M
helot aals/ EKQISOF;/EtOAC (3 oheegdahibPhiset verd veRRRDEHIE aduboBYYnythtedl MaBS B, 10%
col ourl ess Ol

S T el apitdied omdiens O toatild abeapiBcationdpLRY piliee edicaBBHEARST or

heptane 1:2 to 3:1) 0.91 g (68%) of the titled compound as white foam. MS: 374.1 (MH",
2Cl).

corrpound in 64% yi eI das a coI ourlessgm VB: 483 3

G) 3-[(S)-4-(3.4-Dichloro-phenvlcarbamovl)-3-methyl-2-0xo0-piperazin-1-yl]-propionic

30 acid
A solution of 0.45 g (1.10 mmol) of 3-[(S)-4-(3.,4-dichloro-phenylcarbamoyl)-3-
methyl-2-oxo-piperazin-1-ylJ-propionic acid tert-butyl ester in 3.0 ml of dichloromethane
was treated at 0°C with 5.40 ml (21.60 mmol, 4 M in dioxane) of HCI and stirred and



10To 1.1g (3 0 mmmol ) of 444-(tert-butyl-dinethyl-silanyl oxy)-butyl]-5-o0xo-

[ 1, 4] di azepane-| -carboxylic acid benzyl ester in 5 mMl of MOH at 0C was
added 0. O8ormb11(@s@2mol ) of acetyl chloride. The reacti enTwe301alobisred to
warmto roomtenperature, after 20 mnutes stirring the reaction was
evaporated to dryness, affording the titled conpound in quantitative yield
as a colourless gum Ms: 321.2 (MH). (@)

4-[ 4- ((EDwwmkMdmd&?Jﬁnaza@h@Wh@ﬁﬁwﬁynemwﬁayﬂwﬁd4b%oWbmﬁwmpwﬁsmxb [ 1, 4] di aze
pane- 1-car ox ! an sol ut i of 0.44 ¢
(2" ol 5 B oS af's D5 2R oy 0 €F eejurd s oS HERLRUER ui S ot o
benzyl es3®er1 (m-I5, 1dl).of acetonitrile:water (1:1) was added 0.043 g (0.3
mrol ) TEMPO and 0.97 ¢ §3.0 mol ) of (diacetoxyi odo)benzene. The m xture 20
was stirred iaty 13 each roon1tenperature and was stirred for a further
sh after whi Gy iR )la-HRarRYARRLALAHIS) gw SLoxgl B ALUAR §2ifeS
redlssolved ﬁﬁ) [gﬁ(g %ﬁFﬂﬁ% 689 [ ¢ HA%ﬁ)a DE?HQH ﬂnnl) of
triethyl avone added fol | oned by addltlon of 0 259 (2.0 nnDI) of
§§;C?| gﬁawz_gl‘&()[ 2. -Sf:[ ?—I:[]_Ai 91%0‘ OFhlo 1 %em t nltfr e I glta 1ng)1 ca}:b%?( lic nt o
sat. aq. MNaHeEByl Rkrextracted with EtOAc. The conbi ned organi c phases were

washed with brine, drie 2S onc ted, Purif] ion_on a
Si 02- col umm (IEBERY Wé@ﬁ‘é@a afy 12 g‘éf éggdg Y?% ?Uéfér %%6‘5»&‘3&%%5% yi el d
as a ggl %bféﬁﬁ at:fﬁ%thﬁ@stef%ﬂteﬁne(d%h@@nd 4-amino-butyric acid tert-butyl ester

4-[4-((S)-4-Hydroxy-6-aza-spiro[ 2. 5] oct-6-yl)-4-0x0-but % Q%MQ%PBazepan 5-
+Na

one To Ohwlerhioridmeaye thetitle compound n 98% yield as orange oil. MS:
4-14-((S) - 4- hydeo 3 .

oxo-[1, 4]d|ah¥o; éy‘ XV ‘

added 0. 05 g]nhnmﬁgymﬂhkaﬂuhmrmmGp@a#qeaﬂibiheymﬂxmyrmnww$2ahuhﬂeﬂommder 1
at nospher e of g en for 5h after whjc ?ﬁﬁ nme the reaction meﬁrflltered
t hr ough I-B/‘P?%ZIB é)éliﬁa}" Zylaels%g%}’eﬁbe it GomporRd ERBBIRE S Yicl8 886 yi el d
as a g8l opolveosl. M3anss MaurBil0. 4 (MH+) . WO 2011/ 048032PCT/ EP2010/ 065579 -
79 - Internediate 40 44H&4 (3-Chl oro-4- trlfluoronethoxY pheny I% 7- 0XO0-
[1,4] di azepdHSiA=[1({S)-Aoklydipky-6z4&p-8pir[2.5Joct-6-yl)-4-0x0-butyl]-2-methyl-3-0xo-

- (3-Cnl or o= 4-1r 1§ | U 00®E NoxysPReRY%, am no) -prop ionic acid tert-butyl ester
A sol uti 3-chloro-4-trifluoromethoxy-phenyl am ne
and 4.39 5 mm(adéiogy tlnrtbd: j)rooéduzc @estuitbaddn Eeample 36, (H)-4eB -daddongpeopyB2-t r eat ed
slowy wt |onate and stirred

> Gy w el Pox ik Rt et bl T A B R e ed Dot veon
aqueous 1okt arnch ] EtyAASh(oBX} (1n‘EEhﬁecﬁﬁtgQﬁlgﬁvemﬁéﬁﬂ&h\@ﬁf&w@g&ﬂﬂﬁ (8id,h 10%

NaCl, dried over Na2SX evaporated and purified by flash silica gel colum

( n- hept anBCpapropanol 1§V aktong tg 189 thg t’(ﬂG@@@mB@unﬁH’é@ﬂ‘%tﬂlfédé%h%Wﬁ Vas br own

l'i quid. ﬁ@?i 391 6 B) 3- [(3
- Chl or o- iBt Eﬁoronyhﬁl§y phenyl) - nethoxycarbonylnethyl anlno] proplonlc
acid tert-butly] (Sedt[dr((S)-4-Hydromehtazgopi b q )

3-(3-chloto-4-trifluoronet hoxyphenyl am no) - proplonlc acid tert butyI ester,

10.71 m € 6 mol) of nethyl brompacetate 15 and 13.07 ml (112 6 mmol)
of 2, 65l uti dimenxagy ﬁ)tlhfe‘frﬁéﬂlétélﬁEE(S) 694.GS) Ak @G -6Mias pEO[ 2 Jo&f6-@HACN and
heated at 115 C for 20 h. reaction was then partitioned between aqueous

10% KHSO40X0Puiyl] 8@@%-%9@/:@119%@%}16 11‘1%@063’]@%%1@%&]5?&“%@? Bydfagsiagdwi t h

aqueous 1@1(1&&!@%&% H@‘i’t 64 thbRA Pl BYARATROSY gf’cn(‘ija@lgéﬂt gélfcﬁi)v Dy Nisaglp silica
gel colum (nheptane: EtOAC 95:5 to 85:1) to yiéld 5.94 (64% of the title

conpound @éHDlght yel | ow oi
Intermediate 14

30 1-Isocyanato-4-trifluoromethoxy-benzene
To a solution 0of 0.41 ml (3.00 mmol) of 4-(trifluoromethoxy)aniline in 5.4 ml of THF was
added 0.22 ml (1.80 mmol) of trichloromethyl chloroformate an heated to reflux for 45 min.



20 Ms: 412.11 (M+, O
3-[(3-Chloro-4-trifluoronethoxy-phenyl)-(2-hydroxy-ethyl)-am no]-propionic
acid tertwotyli/asizer A solution of 3.00 g (7 3 nmol) of PCT/EP2010/065579
3-[(3-chloro-4-trifluoronethoxy-phenyl)-

met hoxycar bonyl net hyl - am no] - pr opi oni ;:fn()%c_i d tert-butyl ester in 20 m of
THF was treated 25 with 4.44 m (8.9 ) of LiBH4 (2 Min THF) and 0. 59
m (14 6 "himodojutmh wm&kaﬁmttmumﬂeotddngedbammat diR¥p)ved Tholueaend ovapesscdsBk) r ed

for 2h at, RT C sto wi.th 2. 0 tone. The reaction
wes ai 1 vy ER0% K hiorafe B59ShBRERE Yl sofiechsien B 5 N RacH wer e
added and af tiiterdfedmt@1®xtracted with EtOAc (3x). The organic phases were
washed with aqueous 10% NaCl, dried (Na2SO4) and evaporated to give after
flash si |1éwcwat%é-tél&uemmftht)mbewn%pt ane 1:4 to 1:1) 2.21 g (78% of the
titledscopng %%ﬁﬁ intdrn@Bdiat qh! ?Wﬂﬁhé)ronﬁ@()x filihe gh 704 o MER titled compound

2011/ 048032PCT P2010/ 065579 -

3- [ ( 3- Chl &rwhitk-soHil VG0t hoxy phenyl) (2- oxo- et hyl ) - ami no] - pr opi oni ¢ aci d

tert- butyl Sl edi o a solution of 0.55 M (6 3 mvl ) of oxalyl
chloride in at -50 to -60 C was added a solution of 0.93 ni
(13 1 mot-Chibraes- hyé}&uhfoomldﬁuamlﬂetﬁm-b@ﬁzeﬁblzC12 within 20 5 min. The

solution was stirred fo a_solutio nmo| ) of

3-[ ( 3- chl Brigalogy i IFIE%%QE}@F H% Clb‘ﬂ %lﬂtl%owmﬁ}ﬂv B¢ E?ﬂe)%é‘h?fﬁ%‘] U$%%pi oni ¢
aci d tgrtchsionhd 88L&t bidwnldil WhS: @jz@w wag added within 20 min The mxture
was stirred for 15 mn and 3. 81 (27.4 mml) of triethylanine were added
within 20 mrUﬂIelj.ﬂ!&pél‘lsmn vvas stlrred for 3 hand slowy warned to -5 C
The react] yeous 10% KH2PO4 10 (adjusted with
solid KH (fro'4 ?l rrofatmce Od{y b%gﬁenét OAc (3x). The organi c phases
wer e was hhchnmiogjntcamtwmemats anw alilech-NaHE@Bro(fere fayilipe gpar&&d) of thgudedis 10%

NaCl, dried over S evapoQr at ield 2.21 g (quantitative) of the
il consuuminda Gay bt Maadd e Yol @ 2259,
{2-[(qstert- m}&mﬁtpwyl ethyl)-(3-chloro-4-trifluoronmethoxy-phenyl)-amn

oE 15 et hyl am noI} -butyric acid nmethyl ester A solution of 0.50 g (1 3
mol ) of 1-Chloro-4-isocyanato-2-trifluoromethoxy-benzene

3-[ (3-chl grQagd; ‘Ed 1fn gﬂ%ﬂ@iﬁtlﬂ :F)fhl&f}) —Ktillhu&%n%ﬁl%ggéx%&l g&(!e'?/}’/? ApkifQ ¢ acid

tert-butyl est i chl oronet hane was a ew se to a cooled (O

C, pH ca. cc&)po&nd;mamg]tbmmfomm 237(M AlGhol ) net hyl 4-ami nobutyrate

hydrochl ori d 01% ;13mml) triethylamne, 0.15 m (2.6 nmol) acetic

acid and 0.3 mmol ) sodiumtri acet oxyborohydride in 4 m of

di chl gponet hm&sm%—ﬁﬂléﬂoéﬂb AQIcmthﬂJyTPs-ﬁnetﬂ'}l‘lez -b ﬁfpleﬁﬁhr%—?l]%tyﬁefa@i@l with
c

aqueous saturated NaHCQO3/ (3x) he gani ¢ ases were \lNashed with

£\

aqueous sat uréted MakPeh-(rdlare gyanyg; - G
of the so (83% of the t|tled corrpound as yeIIow oil. Ms

283. 19 ( ch\f(?{éh ‘tmeljcstgr

{2-](2- Cahltmxlpgsetdma)r}p(@x B+(Cﬁr)€$rme1thyl 2 owopoesizhokybphemyiy aciditerobutgk hyl ami n

0 butyri e(:stear%xlllgl J'F H@f |(1nfee§r%ee jats 1 %Csh h%rlogl?enyl isocyanate gave 79% of'the titled
25 compound as white foam. MS: 354.12 (M-tBu+H+, 1CI).

B) 4-[(S)-4-(3-Chloro-phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1 -yl ]-butyric

acid
In analogy to intermediate 12G, 4-[(S)-4-(3-chloro-phenylcarbamoyl)-3-methyl-2-oxo-
piperazin-1-yl]-butyric acid tert-butyl ester and HCI in dioxane gave quantitative the titled
30 compound as white foam. MS: 354.12 (MH", 1Cl).

Intermediate 20

2-Oxa-7-aza-spiro[3.5|nonane trifluoro-acetic acid salt



A solution of 0.30 g (0O 6 Mol ) of 4-

{2-[(2-tert-butoxycarbonyl -ethyl)-(3-chl oro-4-

trifl uor owetzhmossshkenyl) - am noj - et hyl am nol -butyric acipdTmeeégloczsster in 2
m of dichl oronethane was cooled (0 C), treated with 3.10 m (12 4 mmol) of
HC1 solution (4 M 30 in dioxane) and s%)irred at RT for 16 h. The solution
was evapor ated, suspended in WD 2011/ 28032PCT/ EP2010/ 065579 - 81 -

acet oni t r ThBu@oatcay apd (125 e, (13xinmod) waselldedoat 83C ¢ § 0§onodf 2tdra-%-i t | e

d I 7. 12 I
2T (3 s e Shib By SRR T ST Suapssbatou 305 503 B2: B yr
aci d net hiyl, @31 ﬁlmcﬁ)ﬁmsﬂ(idhllirbmathaie Qhéktaf@r ( @ the rea®ion miktde was concentrated to
{2-[(2-carhoxy-ethyl)-(3-chloro-4-
trifluoro¥ffrdh ltbweﬁgmnda@ﬁ - whigly copingd anprexpmpiely e dddigiona) eqwzglent
di hydr QChJ)ﬂﬁﬂg@rohd%tlg aédgt&%dﬁ%%él‘éﬁg I\i(l\gﬁzi(ﬁﬂ\/lﬁ 33)Y e )r@ 4 (8. 3 onpply 3o of

triethylam ne and of EDCI. The Gdoli ng bath
was al l om@&ﬂmw%dmmfﬁnw&ﬂt%ﬁn,@h the reaction was extracted with

aqueous 10% ﬁcﬁrmeﬁmﬁ 2{ 3x). The organic phases were 10 washed with 10%
KHSO4, 10% d over Na2SO4 to yield after evaporation of the

sol vent 0. 11 @)478%S)HY heoxyi-ha-ormnspdt-691a5-yed-pony i meidsl- 409. 11

( MH+, : .

4-[4-(3- PIPEYASIN20PE £ | uor omet hoxy- pheny1) - 7-oxo-[1, 4] di azepan- 1-y1] -butyric
acid 190 In aml 09Y(s{-2-(4 A&1-BLRK Seliib By ABSG N 2D8Ekh {103 -0k b e B o AL @urBfxvlic

444- (3-chl oro-4- “trifTuoromet hoxy- phényl)-7-oxo-[1, 4]diazepan-T-yIJ-butyric
aci d net h&dldbﬁlzﬁlrestﬁﬁve with 1 M15 ag. |ithium hydroxide solution in
;I-I\H/Ilflfl-lvblort ';:16 I% %{llgg%%”ﬁ%%éhlétg 1?lg?/esy-lzg[‘agnﬁ?oxlycl:agl%ny}/-@-!»?é’yetﬂlyll)-'am%]- 395.10
(S) - 2 Ami psmpian(c(a&)d Iﬁethyl(tsmxyntﬁﬂmlaats p2@)dnd . 45dmoiadb-pbatgdgie beid xot-payitateoi ¢ aci d
nmet hyl este onpound_wi th

(S) - 2- t er g @%&%éﬁ%ﬁw&ﬂ‘i ﬁ%n@u(l@g)%/ pirl e yelloy dhMFAOdPEMH 8- y 1) - 5

- 0X0 1pent anopy(s§4aid- O‘@Ed?&lbu@»ﬂi-@fmethvl 3LdkoANpdrRaNe-1 RafbBRyIRY RiEskib @ cdescr i bed
for exanple 15, BOC-L-glufamc acid "al pha nmethylester and 1.05 equi val ent

of (S)-6- aza-18gnalegptogpisenetiatg 18; (Swdﬂ&Ilfrlbbﬁom@rb(qnﬁl—blrrtvﬂéarra@téylzé ozgave t he
titl 258
(IS) g Zonﬁgagg?% 'Cgﬁ)é%%/ﬁ(ﬁf Acgd llzeg{%gallycﬂg{:gm %’%:an? - etﬁgéﬂoxo nt i c) acid

nmet hyl esQ%ymﬂrbamﬁnumloWMS }4(9118 ([M]Hanal ogy to the procedure described for
i nternedi ate
but oxycar bon . i y

ic achgd nﬁb&yhn@?gig@fbo@ﬂ% a;bmmnge@{eents of HCl |n d| oxane gave after 30 mn

at 0 C, 30 mn at RT,
In analogy fo the procedure described in Example 15, (S)-4-(4-carboxy-butyl)-2-

methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester and 1.1 eq. of (S)-6-aza-
spiro[2.5]octan-4-ol; hydrochloride (intermediate 2) gave after flash chromatography (SiO»,
dichloromethane/MeOH 100% dichloromethane to 85/15) the titled compound in 61% yield
25 as light yellow amorphous solid. MS: 458.26 (MH").
D) (S)-1-[5-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-y1)-5-0x0-pentyl]-3-methyl-

piperazin-2-one

In analogy to intermediate 12E, (S)-4-[5-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-5-

oxo-pentyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester was hydrogenated
30 without aqueous HCIl to give the titled compound in 83% yield as light yellow oil. MS:
32423 (MH").
Intermediate 22

(rac)-4-Amino-3-hydroxy-butyric acid methyl ester; HCI



WO 2011/ 048032PCT/ EP2010/ 065579 - 82 - evaporation with acetonitrile and
precipitation with CH2C12/Et20 the title conpound in quantitative yield as

of f - whi t ewpaedersosd/s: 271. 16 (M) . | nt er medi at e 42 PCT/EP2010/065579
(S)-2-[(R S)-4-(3,4-Bis-trifluoronethyl -phenyl)-3-nethyl-7-oxo-[1, 41di azepa
n-1- 5 yl]-pentanedioic acid 1-nethyl ter A)
2-(3,4-Bis-trifluoronethyl-phenyl am no)-propionic acid ethyl ester I n

anal ogy t b9% mil & 7dinatod) of@&;tylghldritk wag eardfhllpadivd eh@Datei20imleofMeDIdt hyl 2-

brormprop nat re .heat for 20 h 82 C, diluted
o acer BAPEFE P! 44 Pab iyt RS ButF Sk oRs iyt SRR SHeDr opi ona e
and 2, 6- |¢Hnlt1dudalefoﬁﬂdatl’(l9tl thy eghction wds taly svapdfitddrapdideidd agii Fedebddprdssure to
equi val ent. of eth 2- brom)ﬁro pi onate and 2, 6-1utidine and continued,t
reflux foyeld 1d7a§y% umtm\ﬁ)a e Hled eqraraund As eRjoRgsa yiseays|oile NSy &p4- %(Mhln)

(nI Iheptjan?e/ et rnRtGgliiab e 9H)1 tg)z 1) yielded 49% of the titled conpound as
yel | ow oi V& 3Z28.08 (M

2-(3,4-Bis- tr(SHIddR,ShﬁtPhxdrOphér(ﬁﬂ)&mlmmmero[2a5:]pct- -yD)-4-oxo-butyBsdal ogy
to internedja o3 bi s-trifluoronethyl -phenyl am no) - propi oni c 15

(6
acid et hy'ine{ehé'ﬁ glperaznf aq. lithium hydroxide solution gave 97% of the
title conpountl) as abfi-4MiR, SE2-EHXJd'rdkv-%ethBQﬁbaﬁﬁ)n@%ervl)-@)methvlﬁ-oxo-

2-(3,4-Bis-trifl Lfor%math | - henyl am no) - pr opan- 1- ol I'n anal ogy to
i nter md.%m#MM%r onet hyl - phenyl am no) - propi oni ¢ acid
and bgpane- t%t@m&lﬁ@{aﬁﬁ%gnwmi @ére%%ﬁbtrat@dlwaﬁv&u&é"(ggfberd?@u&hg'I e conpound
as light 20 yellow oil 7 (M D)

(S)-2-[ (R, 9)-2s¢igtion <B?Q;8&g(5‘181mmﬂﬁeqﬂﬁw) ﬂrﬁemq érhiydr@)iy-bmpyaqmmﬂ]ﬂp@m anedi
d t
|O|ntC e?(r:r{edl é?i 8@%@?&%&{% fﬂlgrls%tn%%c%?@rg’rét% Et;gllezh%a(%n? 51%3?1(8% gg)c/)pa(rjl 1-ol and

L- gl utam dnc]aloro(thegmmm Omuasweaesltmmakqj(naﬂnﬁ)\hy]h esdletiorhyfdr. dicil A0L3de gave

L B ey i b i1 P B o et i s ey S SV ot hox

propi QBylérrdadﬂef\P]Sh RERT anediehtwacdvpRatg ihddWdike®St&rel - Net hyl ester
In analogy to internedi ate 34D,

(S)-2-[(R S) -"Phe(cgude-pdct wps wamndﬁ%trr%ﬁlﬁ@héﬁ@ml@lmwhane and 0.70 ml (4 94
|
propy| am it Q&%@g&gﬁ%ﬂf Co 38 (P 45 ﬁh{ol)b&FAYJO}FQ{ g%mf?ﬁﬁé (§

3, 3-di rret I ohi'c ac ave ‘quantit orrpound as
or ange gusodiuubtria6&8x @ordhiyHiide weM@d@@llTh@tbﬁ&&%R@E/cE@E@ IOP/C()@B&Vr@ated 83 -
I n anal og(f)_({ to.i nter

(&) 203 D obsing Ot A i e A S e R 2y acid

, 3- di met hethy pésee@gaf&ytﬁédlammg] mPONh PTG mathsk. The t&3lingDdthyibasasingied
1 met hyl ester and TFA/triethyl sil ane gltave 46% of the t|t| e conpound as

| i ght br o¥d tBe reactigm; wagggrredpugrnight at RT. Tigy reaction was poured on aqueous 10 %
(S)-2-[( 2904/E42% @xp' "PhetcfrF%hé’ﬂ{a%Ee\L‘%}X LaPRQRYid aq%e(grffstsg‘é(l}atgd N%I@Cbl(f}(b di azepa
n-1- 5 y1]-pentanedi oi ¢ acrd 1-nmethyl ester

10 % NaCl and dried over Na,SOy4 to yield after evaporation 1.83g of the crude compound as

yellow oil. This oil was dissolved in 80ml of THF, 40ml of 25%AcOH were added, and after

25 1.5h the mixture was extracted with aqueous 10 % KHSO4/Et,0O (3x). The organic phases
were washed with aqueous saturated NaHCO; (2x), 10 % NaCl and dried over Na,;SOs4 to
yield after flash chromatography (SiO,, n-heptane/AcOEt 2:1 to 1:4) 1.15 g (61%) of the

titled compound as colorless viscous oil. MS: 365.17 (MH").

B) (S)-4-((R.S)-3-Carboxy-2-hvdroxy-propvl)-2-methvl-3-o0xo-piperazine-1-carboxylic

30 acid benzyl ester
A solution 0of 0.91 g (2.50 mmol) of (S)-4-((R,S)-2-hydroxy-3-methoxycarbonyl-

propyl)-2-methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester in 12.6 ml of
tetrahydrofuran/ethanol (1:1) was treated at 0°C with 5.0 ml (5.00 mmol) of I M aq. lithium



In anal ogy to the procedure described for exanple 126,

(S)-2-[(R S)-4-(3,4-bistrifluoronethyl-phenyl)-3-nethyl-7-o0xo0-2,3,4,7-tetra
hydr o- [ 1, wpdoazEgi3n- 1- y1] - pent anedi oi ¢ aci d 1-net hyl estrer/Epame/00dsth Pt 02
and H2-atnosphere in EtOH the title conmpound in 93%yvyield as |light yellow
foam WMs: 485.15 (MH). 10Internediate %

4-[(S)-4-(3,4-Bis-trifluoronethyl- hen)?) 3-net hyl - 2- oxo- pi perazin-1-yl]-bu
tyric aC| laly (i) scBatidipt dndlstiedx Shpi BErElza mwaction Was mattyalized weth doldextedosit v

(9 a (o: fb Rt iiammeng b PRl Fhrafih SR SR Erds i pouserboxy i

aci d benzy% eatCerdrict ovamNesi ikl ddpgranaso i?;yldrasﬂgeplaé1pdatht(hlcl?@tcﬁqelﬁan(e/110% to
yield the titled com{)q)und in 95%yield as oran?e oi . M 257.19 (&YIM-H).
4-1(9) - 4-pBiapcH) 80 g FhLrtentdadaonprundas light Helfowyiseous 8- M pdtlai WHy 1] - bu
tyric SaC' d 1 ef {s)Dufk!S)OSHGdroxy- 4-( S)'%f H@f&f&w 6.a0f s&ro?é)SBcﬂ-@-Vﬁ& S Pbuy1Ph-
44(S) - 3- Met hy1-2-0x0- prperazi n-1-yl)-butyric acrd tert-butyl ester; 0.1 eq.
of HCl O0msBYh3-ox&piperaaing-ladartioxiyliclacid bendyl esterr i f | uor oet hyl - 20 benzene

(W200703428 4 7 Y i
bi's(tri-ter t-BOgPBAsSn e el Tt bt o xamed o) (R Sy 2

L ri poéI as shm@hl?rspﬁaﬁendtmylz -tito-giperhzide- (ﬂlcﬁﬂ)‘ohﬂ)ty&ﬁd'll&d(ijﬁ?/l%&(rj d&gﬂﬁ eg. ofnd

eated at 0C for crowave i iluted wit

di oht or orYRaHE, Sp‘F?[%tSé %ﬁﬂ‘h&k&g@f)a@% CRA 4 OhE S YR col umm
(i-pr qpan@hchuren@maﬁ@ﬁ?&ﬁa&%m t2fdi.co Mﬁlcﬁlhguﬁﬂthét% VRQIROMR hi B sSrPavYd el d as
| i ght brown oil - CAH8

4-1(S) - 4-48.24- B )trl f1 uor omet hyI phenyl) 3 met hyI 2- 0X0- pi perazi n-1-y1] - bu
tyric acid
4-1(9)-4-(3, ' ' =2

0X0- pi permzﬂm}-ﬁmvrﬁhnnucbnerl c acid tert-butyl ester and HCL (4 Min di oxane)

84% of the titl NS: 4711 MH). WO
Jo11/ 0asoazpcrresbityoasBeis 15 CIER S RapRi s B hrdOheb e 1 1) wo ro
net hyljsp 41%{219 §r lt%ny&xo%lﬁy Q‘Iﬁ’étﬂyli’ei 627 piPerhzifé-ll -cadbox Y RKYenb it ek ¢ aci d

(61 %ds) A 2 D|rret - et hyl am no) - 3- hydr oxy-butyric” acid net hyl
ester A sw&mdmgemtectwybog anguv glvwﬂf(rwecml@ﬁpmEﬂl@ﬂmmeww@b@yr| c

aci d net i treat ed
wth 610 st Ehmpnel ol SO S i hloRibls BiddbTR bR ES 1 o
di et hoxyacet]mltdﬁtvddiﬁeMn H20 60%, 0.250 g of Pd/C (10% and was stirred
over H2- sphere r. 4h.. After ti tlon was evapor at ed,

i S50l ved LB IE A Eaei etk s ESE (20 to vl el 4 3. 781
g (70% o dbRgl td inRdme@rRUNG)26)-4.8imMB-Bidroxy¥atyrik2idlahd Gbtithloride in

10B) (S) - 4- S)-2-(3-Chloro-4-trifluoronethyl -phenyl am no) - propi onyll-(22-
di met hox M[éb&il g_a)veam%atwslh? tﬁkéﬁomﬁaunq%lgé%/ﬁﬂﬁmm MSd P8 GM%Q To a

solution of G fdmhcdidta24 nmol) of

(S)-2-(3-chl oro-2- or onet hyl phenyl am no) - propi oni c acid (26% ee)

(i nt er medi at eSE2)[(HFPIHYdBOA- 4ﬂ(SI &lﬁdmuyl-(j agi-spiro[ 28t dey-6rpd)-plovd-bneyli- 10. 0
of DMF, was, , added at. gC 1. 86 .9 mol ) of HATU, 15 followed after 30 mn
by 1.20 gmEYVSPHEEI4NGrones) 4 (2 2- di met hoxy- et hyl ami no) - 3- hydr oxybut yri ¢
acid methyl esfer i(8)-6-(8)M-HodroMS-mdkhexysaboit vl PopyRs? -Sletivl-8dxaMibet@imeed up
over night. The reactl on was poured on aqueous 10 % KHSO4/ Et OAc (3x). The
or gani ¢ pHasi@sSixk ARBRRESH t h aqueous 10 % KHSO4, saturated NaHCO3, 10 %
NaCl and dri { und as
[ gnt br own ?ﬁlaﬁéﬂﬁéqug%c&ﬁné/&&lﬂbzeh u%xgmﬁ@%% @;)_24ﬂ%??é”<§’4éﬁ%8&gmﬁr g

-t ri f1 uor owetthyl)-apheipiopi@ic amd hl;thyzemcﬂm@nnpdletedZCi) andl(S)y#1gmigo-3-

hydroxy-butyric acid methyl ester, hydrochloride (intermediate 24) gave the titled compound
30 in 59% yield as light yellow oil. MS: 365.17 (MH").

B) (S)-4-((S)-3-Carboxy-2-hvdroxy-propvl)-2-methyl-3-oxo-piperazine-1-carboxvlic

acid benzyl ester




hydr oxy-butyric acid nethyl ester (61% ds) 1.82 g (3.9 mmol ) of
(S)-4-[[(S)-2-(3-chloro-4-trifluoronethyl -phenyl am no) -

pr opi ony IWe(2B1124sk3pet hoxy- et hyl ) - am no] - 3- hydr oxy- but yr PCTEPR@OMBISAY | est er
were dissolved at RT in 39.0 m of dichloromethane, cooled (0C) and treated
with 4.4 m of trifluoroacetic 25 acid. .;,After 30 mn at OC and 2.5h at RT
3.2 mM (19 3 mmol) of triethylsilane vve|9e added and stirred over night at
RT. The reactTn@nalvxgﬁtortbmplroad:duzedbsmmbdd i8 Example 23B, (®rgdt-((S)ed-hydrory-By| am ne at

0C and afte pour eous .10 9% K / Et OAC The

phases nerepSaletvRHrd b dR BT o R Lt SR i ek (RG] REE and
dried oveiq. M&]Zlﬁﬁ)ﬂlyﬁl@xbdb Sd)ldtl@d g8k aﬁbﬁ&ha@tﬁb’n&ﬂiﬂi B@Apind fr&ipidatiofrt OAC/ Hept an
from1l:1t0 4:1) /99 of the titled conpound as yeIIOW0|I VE:
409. 2 (M%d)chloromethe;)e/lt Bt)nt@e) El{eéaﬂeﬁcolpgounéﬁv §F6-Yéleldf1~°r light yelohueryiaigheny 1) - 3
- met hyk- 2y@x9sP14 @ranazin-1 -yl1l]-3 - hydroxy-butyric acid (61%ds) WO

2011/ 048032PCT/ EP2010/ 065579 - 85 - In analogy to internedi ate 3B,
(S)-4-] ( S) 4- CR(DH-KBh2-Alydraxiy4: (5 bty Huolxy 1ohezayspiro[2.5 Joct-6-y1)-4-oxo-butyl]-2-
met hyl - _ n-1- 14 -ﬂg) th Y%z bzuwrl c acid nethyl ester was

hydrolyz (1 h) to give after
extraction (Eh@ﬁﬂbgyafmdh@pmecmré adsb@bbd(ldmblhplreqerﬁ(tsblaq@)m p&bbd-anBhydey-titl ed

conmpound in 82% yield as |.i Wfam

I nt er nedi%rpgyl%o i eyl 40quesﬁgra@n ?:?ar XHi% &henﬁyheﬁteamdohé%ﬂ;ﬂf@ #8243y 1) - 3
- met hy@- 25005 1Bk En 8- dla[zyd%cmomkhnre%nedlate hPXWeRERE FRGhfRaRfmi d (61% ds) A)
(S)-4-B enzyl oXyc arbonyl am no-5 -hydroxy-péntanoic acid tert-butyl ester

10 In anaﬂd@érﬂzromth@le/mm@@é thegitled IseBipguioig §7Y20dlyl as whyebalid. yH5:460.8400 g (14
8 mmol) O(if I%SJIU(OLBU) OHin 74.0 M of THF was treated at -10C with 1.63 ni
(14 8 rrrm]\sl f 4- nethyl noi pholine, 1.41 m (14.8 mol) of ethyl

chl or of or mat &) @h+1€S)IDHYdIvxF-46@R)-4rh ydrdx b6 rmmkpira)?. S fvat-6 iyl oxwbyei]idd was
added in on ortion.. Methanol (148 ml) was then added dropw se over a

peri od of;iél%ﬂﬁe—%@é&ﬁe solution was stirred 20 nin, and then 15
neutraki zed Whtahale ylf%%miéHMaté@tElt(Spﬂl [(SFth}er&s@zm @(S?-th\&@ﬂi@ @iA- evapor at ed

under reduced g)]ressure and the obtalned residue is poured on a 10% KHSO4

ext r act edspiioth Etlffﬁﬁ\bfl)(‘%@é()o-blfF}‘iMélﬁ@bﬁﬁcOW@@@Zl%ﬂé?aW%ﬂefdaOm bdzEpsEHUS 10%
KHSO4, 10 r

Cquant i {2t g RN g bR R R CHRRREEL SR PR 5T 0 By . 208
(S)-4- Benwkrﬂte)wy;qaeroﬂlanISammbl ®GAHBt hoxy- pentanoic acid tert-butyl ester

A sol ution of 4.82 lm é)?? 3 mmol ) of iodonethane and 2.50 g (7.7 nmol)
(S)-4- Benzyl am no- 5- hydr oxy-pentanoic acid tert-butyl ester in
25 m of mﬁcmﬁgqﬁlmﬂﬁmn@dhﬁqg}lzmd treated with 2.72 g (11.8 nmmol)
of Sllverl(ﬂe@?sl oxi de. The reaction mxture was stirred at RT for 3 days. The

reaction alpgy teinggmgdiate d¢ apbbi(@dupemgtholaniting e3ver8 % of{Batided onmt ogr aphy
i 02, di 0 f th | ed d
(5i 02 i i 0| {fr.gst**@% sg)g)gqgs 5’%@} 70 g (65%9 of the titled conpound as

i ght yel © (S)-4-Am no-5-nmet hoxy- pent anoi c
acid tert- butI\nIteraB{dmteZY-lm I n anal ogy to exanple 14H,

(S)-4- ben a a(:|d tert-butyl ester was
hydr ogena ﬂ%?ﬁgg’&%@%r‘fﬁ% ﬁ%loqp ]T%OECC'H ¢t aqueous” HCL for 30
2h t 028i VB aahlogy tdomemedltnatza omal(ndiociwtianﬁmylbapﬂé Ebl@@lﬁtl &g chiditletih McE¥H
conmpound in 90%yield as off waxy s M5: 204.16 (M+). D)

(S) - 4- (2, vpitheditisg epme Wlar%ﬁbﬁs@f%{t%W@ Wntlé%b?@/lgc)id tert-butyl ester
WO 2011/ 048032pGH HRA03§! 065579

(S)-1-[4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-y1)-3,3-dimethyl-4-oxo-butyl]-3-

methyl-piperazin-2-one

30 A) (S)-4-(3-Methoxycarbonyl-3-methyl-butyl)-2-methyl-3-oxo-piperazine-1-

carboxvylic acid benzyl ester

In analogy to the procedure described in Example 12D, (S)-2-[benzyloxycarbonyl-(2-

oxo-cthyl)-aminoJ-propionic acid methyl ester (intermediate 12C) and 4-amino-2,2-dimethyl-



- 86 - In analogy to internedi ate 44A, (S)-4-am no-5-net hoxy-pentanoic
acid tert-butyl ester; HCL and 1 eq. of dinethoxyacetal dehyde (in H20 60%
gave t he wotbhad4spsapound in 69%vyield as yell ow oil NS PRIZP2A10(0b43 .

B) (S-4-[ [(9-2-(3 -Chloro -4 -tri fluoronethyl-phenyl am no) - prop
ionyl]-(2 ,2 -dinetho xy5 ethyl)-am no] 5- met hoxy- pentanoic acid tert-butyl
ester (61% ds) In analogy to |nte|pmed| ate 44B,

(S) - 4- ( 2, g etichokihybesty) lnlrovblorile mptehozdipte A agroie theatatied compbuBliny0%est er

and (S)-2- chl or 0-=.4-tri phenyl am no) - propi oni c acid (26% ee)
(i nter rrele(glg S48 tyﬁgv‘é’otdhy#? ?gﬁ 1\Q%In)pound in 79%yield as orange oil. MNB:
539. 21 ( M+, BYG$)-4-3QRybdxS)3-thethyv][-bifiyb2-thethyIChbos-9ipdraink-1-carboxylic acid

fl uoronet hyl - phenyl)-3 -nmethyl-2 -o xo-pip eraz in-1 -yl] -5 -

met hoxy- pRSPERFSIE” aci d (61% ds) I n anal ogy to internedi ate 44C,

(S)-4-F[(S)- zln(aﬁalﬁé‘)éfbrtﬁe ﬁrot:édufré &QE%@IM&%&@%BH@Q RHARRYbba - 2- di met

hoxy- et hyl ) - am no]j oxy-pentanoic acid tert ester was tcyclized
with trifnobybawed2enethyled- oxq-emhlgam@ﬁlméoogcmlugw@bmml ctsitetrlae(bl%m)él@ndrm n 36%

15 yield br. il. M, 4. t
(9 71k B SR Bl epVBiey g Combfuat 1A viskt s T BRI NS B0 90- but v

]-3- net h@MHpi per azi n- 2- one A) (rac)-4-Am no- 2 hydroxy butyric
acid nethyl ester; H 07 S
careful |y adoet>3 : AP , ale ZealalTA TN ) of

(rac)14- a@ibﬂﬁ@ribmgmew&@twar&x@ﬁbQeldﬁéﬁzmm& was continued for 2h at 0C,
the reaction was then evaporated and dri éd under reduced pressure to yield

6. 98 g (quantlntatlpgelo th¢ prokedurs desedbadombaampleds. Whidt(@-cgdioxg3-mshyli 34, 08
(MH) . pyopyl)-2
-nmet hyl-3 ut%l) %61?%?1%(33”502 %QIR?L"%I Caﬂk}%ghc ch(ééB%gyge%Eg%%d(ﬁegtmg% e[ut i on of
0. 840 g (5)11@[m‘iﬂbbtﬁn@fol;(lr}alc@chmrﬂﬂm@ﬂﬂedlytdQ@gg{vemﬂ*ﬂypurdicaﬁmrdwrmﬁhyi ester,;
HC1, 0.69

hGi 4, 1. 19RO SRS b B Sy bt 4ucy prpegund i 855

of d| qbl oylglra[algIﬁ?meyegbwl?a'aﬂ@gsunagge@[@*r)opw se (10 mn) with a solution of
1.26 45 mo e[hi enzyl oxycar bonyl - 30
(2- oxo et hy | )YDR@-AdR=(p )rflnHM oxv«érazal-snmfwﬂocaréw&B Bidimetheltpre-butydy in 35.0

Ot eHLASRRRLRS e roact| on was StTred oterm ght ot AT CTBﬁases
wer e washed vhtahalagyn@dn&nﬁém% KHSO8)-4 444 (3 dtledlrdNaHCER,-s piro[ 206 etk yia3dB-dr i ed
over Na25 f'ne hyl oxo%u%‘yl]t f tﬂy?%hox\(/)vi))lgqu'zjﬁlleodfégOgoxy%/algf ZbOelji%l%sGth‘S \Z/gs - 87 -
20 hydrogenated without aqueous HCl to give the titled compound in 99% yield as light yellow
oil. MS: 338.24 (MH").

Intermediate 29
(S)-5-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yI)-2-((S)-3-methyl-2-oxo-piperazin-1-
yD)-5-oxo-pentanoic acid methyl ester; hydrochloride

25 A) (S)-2-((S)-4-Benzyloxycarbonyl-3-methyl-2-oxo-piperazin-1-yl)-pentanedioic

acid S-tert-butyl ester 1-methyvl ester

In analogy to the procedure described in Example 12D, (S)-2-[benzyloxycarbonyl-(2-
oxo-cthyl)-aminoJ-propionic acid methyl ester (intermediate 12C) and L-glutamic acid
gamma-t-butyl ester alpha-methylester; hydrochloride gave the titled compound in 97% yield

30 as light yellow oil. MS: 471.21 (M+Na").

B) (S)-2-((S)-4-Benzyvloxycarbonyl-3-methyl-2-oxo-piperazin-1-yl)-pentanedioic acid

1-methyl ester



chromat ography (Si 02, n-heptane/AcOEt 1:1 to 0:10) 0.428 g (26% of the
titled conmpound as light yellow viscous oil. M 365.17 (MH). O

(S) - 4- (( RyB)R08B/0@803R0XY- 3- hydr oxy- propyl) - 2- net hy1- 3- oxoPpirEPe@piosss7d - car box
ylic acid benzyl ester 5A solution of 0.556 g (1.5 mmol) of

(S)-4-((R S)-3-hydroxy- 3- net hoxycar bon)g

propyl) - 2- net hyl - 3- oxo- pi per azi ne- 1-car l%oxyl ic acid benzyl ester in 8.0 m
of tet rahydrdhundngsetohhﬂpﬂocfcnlrddesmlxdtmaatmatdate G WER(S)B-m (3 1 mol)

of 1Maueo I|th| ide solution, and stirre

Ceact | on WEe eSS S S SRk 60 Pl T en e 0ac
(3x). Them@tlhgbésteﬁ apHSE & iBx e \Wasd el tinkd Fonaspued us9 70 yikQPaskinSiHd oil IM%e NaCl,
dried over Na2SO4 and evaporated to yield 0.585 g (quanti tative) of the

titled cotpod¥ B9 1ight grey oil. MS: 351.15 (MH+). D) (9)-4- [(R
S)-3 -kydro X(Y)'(é“) (4([@) 44((St1¥qi[\%¥(}$(v66 ai-"azs%u%@ 316&-d-2)-19mdthoxycarbonyl-4-oxo-
oct-6-yl)-4- 0x0- u V1] : -3 -0X0 -p I p efazine -1 -carboxylic acid
benzyl iyl]-Q-1687ylep -0 =; i i‘ % 1-1 [ Benzg) esger - carb oxy 3

oy ony %”%thﬁPgedu%@eSﬁ? o AT Rl Rl

( )1 7 mmol 3- rtﬁﬁhy(lS)OXG @Z@aﬁmlﬂy@xﬁenﬁinlealbﬁmcﬁl-logl,ethpyeh’[@@hﬂ (Dl’lledeoi((SDlB%IZﬁFEdl ate
2), 0.443 i et am and after 10 m.n at with 0.665
g (17 mmrf)[?faﬂom%o Olﬁwér%%roa@r: hicimediae ) e afgepurHicghen Wi Ty med up to
RT. The r@aRchhBPrapRs(SieH lcdldréteniMd e Baeeo8s td 6" ?}lﬂé‘%d@&ﬁg&ﬁhﬁﬁ‘?l%d W th
Et 0Ac (3x). The ordani c_phases 20 were washed with aqueous 10% KHSO4, 10%
NaCl, dr i ¥ieldgydightNeiogoail aWd: 02a3oMiled to yield after precipitation

(di chi or omot ha1ad 0 RS IS 0004 fir (82 e 8T DS izl LROROYT D 1

(S)-1- [(RylS)S-d&omdlaomvadld(nﬂeﬂMésthtvﬂvdmmlﬁﬁc&za spiro [2 .5 ] oct-6- yl) 4- oxo

o5 PR BB SRR B RS e A e o .

oct - 64¥1) t-AreoRycAbtnvl-4- xg'b'il?}ll “htethyl-9%o dAde- | 08bdx lfé%fa@éﬁi 1¢staci d
benzyl ester in 18 HXI of0 met h aﬁ%l eWas tre?tllsebg with 0.0 5 g of Pcf;Cs(lo%

and was sWﬁSrfP@éjOgW@?d pith 1 panefagnequs H(drto givaija§erpredapitasions i | trati on, the
sol ution under
reduced pres soﬁér{@gt?@%{ n)clt(ﬂE ?121%& Xﬁ?yﬁu@%ﬂi\ﬂﬁ%ﬂ a{ﬁ ﬂ%&ﬂaﬁﬂﬁ o %p@%%gegg g (94%
of the tildec) @ddound as off Wmte powder. Ms: 326. 21 (M—|+)

I nternediate 47

(S)-1-[ () - 3-emediatedV o) _ 4 hydroxy- 6- aza- spi ro[ 2. 5] oet - 6- y1) - 4- oxo- but y1]
- 3- meY'N@Wﬂeﬂm&yQﬂﬁ&larﬁ‘%) W&H&&%QBR&C&&PZMO/ 065579 - 88 - A)
(S) - 4- Am no- 2- hydr oxy -buté/)r c acid nethyl ester; In analogy to

i nt er medi &¢ écm@s&i sqlggyan(Q§C)Af el D Oﬁylap@&gr%ﬁwnqbu%lp dcigier-edesarenl or i de
in MeOH (ﬁoc%‘giﬂ% éfg%gn\f l(f %ﬂgtah&éhfmw}@g)o@@m'o%e waxy solid. M5

134. 1 (M-|+ roxy-3
ar bonyl - pdiopthbky®Rermbichyde- (35 %oxitiopipTBMER| Hh&6 ml (15 O(bambbw friathydonigebenzy|

est er gﬁjlge-l% ﬁgﬁ!&%@ﬁ 8%1@1%%1‘565@19‘%‘8‘ ate4§ Bs nﬁ%go G0 A o2 T LK Y 28 lét yric

acid neth

('S) - 22k benpyRXM6R6DRIVIM é%n@K&oﬁﬂidﬂdle)(t a6 PR, OhcGeREbE waRtthdd 2st er
(interendi ate 12C) gave the tit ound in 15%yield as |IT%ht el |l ow
oil. Ms: aARK @got@qr ?M_m} (1.50 mmo&)of (1@)1@‘[ X(ye@)tale\}_),ehyée %Y Syo WVIO\']BI in TBME) was

- hydr OXY - RIRRY¥Ad afer BN ¥he BactRY ixfird W Bitified betwedt RRXYI Grur@d d benzyl
est NaHCO; and EtOAc/Et,O (1:1) (3x). The organic phases were washed with aqueous
saturated NaHCO3, 10 % NaCl and dried over Na,SOj4 to yield after evaporation of the
30 solvent 1.87 g (50%) of the titled compound as light yellow oil. MS: 248.18 (MH").

Intermediate 31

(R)-2-(3,4-Dichloro-phenylamino)-propionic acid (62% ee)



In anal ogy to internediate 46C,

(S)-4-((S)-3-hydroxy- 3-nmet hoxycar bonyl - propyl) - 2- net hyl- 3- oxo- pi perazi ne-1
- car boxylwo 2aci/dsizenzyl ester and 1 M aqueous |ithi um hpdrmpede/nds7sol uti on
gave after extraction with EtOAc the titled conpound in 98%yield as |ight
yell ow viscous oil. Ms: 351.15 (MH). D)
(S)-4-[(S)-3-Hydroxy-4-((S)-4-hydroxy- 67 aza-spiro [2 .5 ]0 ct-6-y1)-4-o0xo0

- but y1] - 2A mireirdgfle.@ g (c)0-pmo]) 3ek-dzhlomiedbberzand @9 § G340indmble Bzylhniest er | n
anal ogy tp,.in di e 46

(S)- aa( < 742 BT BTN Gyleh jogitcopy ) G A0mgh 240 bspBBeF azi ne- 1

- car boxy| piengidiy@rab@rz 4. 0®g ((ﬁsromdloﬂ) tA-p@ehssi@h phosphate in 32 ml of N,N-
(S)-6-aza-spir t[82 S]octan-4-ol ; hydrochl oride (internediate 221 l%ave after
preci pi t atimsHytigipamige Wﬁéﬁtﬁéﬁﬁ’éﬁ A0 ﬁ’efwéﬁ@)unfiﬁ@rgqnt then aBgfRoslingdilHed s¥h yi el d

as white v%’tH Qrd MR 468 “p?l43 ﬁ}b@dmon of 2@% e( HC:E solu{l&rs) The mf?&‘tgé %é( eﬂracfe(is

) - 4- hydr oxy-6-aza-sp iro . ct-6-yl)-4-o0xo0-butyl]- hyl-p ip
erazi n- 2 wohEtGH31 (25the angamlggbascbwr:mtveeﬁhﬁhwaln briukg gried (NazSO4) ﬁltered and
(S)-4-[(S Xy 1 oxo

- butyl ] %Vaﬁ'erta %HI 9§¥h gl%él(“@oﬁrea#” gg?é;@ digﬂ %Sthggﬁ/lﬁ/%dé%%gs enzileff§ it (?3 ﬁ

hydr ogenag @ﬂ)mdflthd%dleeoﬁlb@&ﬁd am 8 e hdxtadftiine (.R)eqd (DfstoRrepidEss, IBGIB f or | h to

give afte recipjtation i chl or.onet h ther he titled conmpound in 99%
yield as 17025 seluma) @ m&h(tgmwhém)%sé Miterreldi at e 48

(S)-116R S) - Fmdiaeitd 39S) - 4- hydr oxy- 6- aza- spi ro[ 2. 5] oet - 6- y1) - 4- oxo- but y1]
- 3- et hyl pi perazi n-2Z2-one; HCL A) rac-4-Am no-2-fluoro-butyric acid nethyl

ester: HAB)-2-OS HonorAaufosapETthaAtenpla0eae7Y opiadx acid R6dhatlogy to

|nterrred|t A, rac-4..am,nor 2+.f 5 | Qp i in
MeOH gaveﬁ( af @g}' toz?%%“@%&%il glr'éragln%t% hgéti%%?%'& 'Chﬁ)%%ﬁl n@%g@&ﬁé’&%& 6?4’ %S
sol i d. Mshe 186 cQ8pgukdHas 63:37 mixturBof (hS)(S)ﬁland((RRsteﬁ))tsameIE, BGBF175%325 net ho XyC
ar bonyl - pr -2-methyl-3 - - pi ine-1 - 5 carboxylic acid benzyl
ester CO%%%&%%‘&FE%‘?X’%O]F%w&géﬁaﬁﬁ6%, ‘rac- 4-am no- 2-fl uoro-butyric
acid nmethyl egf@medifed3gnd (S)-2- [b enzyl oxyc arbonyl-(2 -oxo-ethyl)-am no
- prop acrd nmethy (interendiate 12C) gave the titled conpound
in 25% yi &)3-@<Clioro3teiflyoxsimetheys-plygylanring propiomom)id (3%4¢) (R, S)-3 -C

arb oxy- 31n anfalo#g:éo 1n[%'i‘89%/ #)e?a%,a I{f-%félmﬁ% aﬁd 39%8mo .-dh%%%%[b?ométhoﬁ%gﬁé}/el ic

aci d benzyl ogy to Internediate
(S)-4-( ( Fgeﬁ)s 38% dfulor 10 Ssomgtond fes &i B@myilxmpﬂ’ offtrd )S)2nd (R) stereoisomers, BGB-

nmet hy1- pe car bo ester and 1 M aqueous

| i th| um h%%g? lru ﬁﬂléﬁbb%vi’/nes llﬁtlg& g@&l@ﬁ%tﬁ%xt raction with EtOAc the
tltleqocorrpoquwemdm@gm tative 15 yield as white foam Ms: 353.15 (MH).
D (S - ro-4-( hydr oxy-6 -aza-sp iro [2 .5 ]0
ct-6- y1) 4- ox‘b[(m@1(fh12r0'4'r%‘ﬂH?Wthﬂﬂdlenbl)ﬁpméﬂléﬁ:?ﬂéo 233 4@&?‘5@)‘%?“’1: aci d
benzyl esfl,eéf]dlazepln- 1-yl]-butyric acid (22% ee)

A) (R)-2-(3-Chloro-4-trifluoromethyl-phenvlamino)-propionic acid

In analogy to intermediate 31, D-alanine and 4-bromo-2-chlorobenzotrifluoride gave
25 73% of'the title compound (as 61:39 mixture of the (R) and (S) stercoisomers, BGB-
175*0.25 column) as yellow solid. MS: 266.02 (M-H', CI).
B) (R)-2-(3-Chloro-4-trifluoromethyl-phenylamino)-propan-1-ol (22% ee)

20.55 ml (20.55 mmol, 1 M in THF) of a borane-tetrahydrofuran complex solution was
added dropwise at 0°C to a solution 0f2.20 g (8.20 mmol) of (R)-2-(3-chloro-4-
30 trifluoromethyl-phenylamino)-propionic acid (22% ee¢) in 33 ml THF, then after 10 min the
ice bath was removed and the solution stirred for 2.5 h at RT. After cooling, 14 ml of MeOH
and 0.7 ml of H,SO4 were added, and after 30 min at RT and 1 h at reflux the reaction

mixture was concentrated in vacuo. The residue was partitioned between 1 M aq. sodium



In anal ogy to internediate 46D,

(S)-4-((R ' S)-3-carboxy-3-fluoro-propyl)-2-nethyl-3- oxo-piperazine-1

- car boxylwo 2aci/dsizenzyl ester and 1.1 eq. of PCT/EP2010/065579
(S)-6-aza-spiro[2.5]octan-4-ol; 20 hydrochloride (internediate 2) gave
after precipitation (dichloronethane/ q-@e_nt ane and di chl or onet hane/ et her)
the titled conmpound in 84%yield as white powder. NMS: 462.24 (MH). E)

((: tS) 61 ‘1 ) [lﬂ y gc))(x%e s%tur%cedi Yoth Nact 501(1(1(§) arf mlggxrc%}{) 1R %850 R 1hye® wlag wa?neklg)i/lgl ‘o
nt or medi . ﬁ%@u &%s%oﬁ filteﬁs%n e\fﬂBaraIffé} E?a@% @Iw%gﬁya %‘ ég i rogf’z 5

] oct - 6- ya9:1 Yeftoxded- 100t i (93 %) D1 et thtdel cotpooxdaspi (e Smnixture ol the (RY aih i ¢ aci d
benzyl els_%ﬁr? ?Jﬁxggaggp& %\@55%42 & @.0% in nethanolwith 1 eq. of

aqueous give after ev porétlon with acetonitrile (3x) the

titled corrpound in uantltatlve yield as Wmte powder . MS: 328.20 (MH).
30! nt ePedi ate #HR hloro<-triflyoromethyilsphenylamino rmgl.ammohbutvm: acid tert-

oet - 6- yl)blﬂwlr@teh(m%red)hyl 4-oxo-b utyl] -3 - nethyl- p| pera2| n- 2 one ; HCl

WD 2011/ 048032PCT/ EP2010/ 065579 - 90 - A) (S)-4-((S)-3 -tert-Butoxyc
b I t I

ZLI gnﬁenzy ({‘QS&I{% B! 56%P@y1%)m]§oﬂ%$¥akh§bgro%tdé%P%(EEII BH, Ol 5055 RPx Yl i

(S)-2- [berﬁ?’%@@ﬁ’éé%@lﬁwn P @k@?é& #ymmobrdimethylspiopdonizet mbptCheElhy| est er
(inter errdwama 1526 mdso(lﬁ)on%aaml@é& for FRitiR axy a PEIGHANG 00008GI 3 BmbB (Ry-but vl

e L IR Ay el A0 it L] el U ey 58

- et hoxyn&tdhgj!Mthnnlri)ﬂmm ZPheret Xtyie-vais strced fop 15 piepak? Aeml {1 7.7Cantodpofl i ¢ aci d
benzyl esfgf P/ﬁ (%)%Elle%'ad&f withifl %Q ngn (’ﬂheASugﬂgﬂgl))n Qhas stirred for 75 min and slowly
(S)-44( S)- ut oxycar bon

met hoxy mevAe ﬁ? 8p9:|§YQIQD ﬁ‘@toﬁﬁé‘tl@l f?)U@WﬁIi Bel ke R EOMgRhsntne 1ok 8. 7B&nzy|
est er [ n @.7 Iﬁinol)fofdlaﬁhﬂl(ﬁbh@ﬂ‘ﬁtabﬁlﬁertwa@l egtaahﬁﬁoc&ﬂoﬂ‘lﬁm etdhecYarﬂdi) m m{28. 5
&qIO) mmal) of a%e? 8'%(1_%5 ]ttlile LRIQ OXR ?onlowg E% 8%§tg;t§ S §0| rn%rnﬁ d over
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t ol uene @meqj@xyéwemy(hm@) Afguspeinded °Crand1¢étltm|&Tr,Iheere@mmnwapomradema(3x) to
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- 4- rox--azaswo
.51 oct - 6- \yé Qsh%\f%%%’é %{ﬁf 19%%&@%1%% %ﬁ'ﬂ%pﬁaaew Fine-1

- car boxy! dréedasieNDSAZ yhd éstselvent was rémo@aalajndquabmm m greaedil at(e4%Hex the
(S) 4-6( I - :

ny 203 RGNS 618 BEAUTHIRE RELABI A S sreomep as omange pil MS; 3957
(S) 6 azaMHQ Cégl ro[ 2. 5] oct an 4-ol ; hydrochloride (internediate 2) gave
after precipitation (dichloronet hane/ n-pentane) the titled conpound in
quantitative Bj 43IIdR)’sli&(Dbh}dmnttﬁﬂﬁ@btrﬂthvl\@;en4&&112cﬁ prdfyt)-(3.3-dimetHk y-
(S)-1-1(9)-4- i o2 0Ct-6-y1)-1
- met hoxy T perazin-2-one HC1 251 n anal ogy
to |nterrred|ate 46»@&(]‘1%)54 S) 4- ((S)-4-hydroxy-6-aza-spiro
[ 2. 5] oct - 6- ylf)sohﬂtlo FY)ALGRR ber3-ehlote- i fiyprargethyx o - p i per azi ne
-1 - cakbopiehiemad) Hrdysimyiho Eisitt@ic e\@@@teh%’tﬁ@ﬁ@@@@%é%t@ﬁﬁl @chllg%@asl n

met hanolw th 1 eq for reci
(i chi or OfAHaKE) %ﬁﬁmnq#eﬁ“@ (1 BB e GaSly B g8 R 1 o
MB: 354. 285 pkB-30 nB®ilne e, Ird et axyg@opionic acid (synthesized from methyl 3,3-
dimethoxy-propionate by hydrolysis with LiOH) in 5 ml of CH,Cl,. The suspension was
cooled and treated at 0 °C with 1.89 ml (7.90 mmol) of tributylamine. The reaction was

30 naturally warmed to RT over night. The reaction was extracted with 10% aq. KHSOj4

solution/diethyl ether (3x). The organic phases were washed with 10% aq. KHSO, solution
(2x), sat. aq. NaHCOs solution, 10% aq. NaCl solution and dried over Na,;SO4 to yield 1.68 g
(quantitative) of the title compound as a 61:39 mixture of the (R) and (S) diastercomers as
light brown oil. MS: 511.22 (MH", Cl).



(R -5-((S)-4-Hydroxy-6-aza-spiro [2.5] oct-6-yl)-2

-((S)-3-nethyl-2-oxo- pi perazin-1- yl)-5-o0xo0-pentanoic acid nethyl ester;
HC1. WO WwO0Xa110M48B32PCT/ EP2010/ 065579 - 91 - A) PCT/EP2010/065579
(R)-24(S)-4-Benzyl oxycar bonyl- 3- net hyl - 2- oxo- pi perazi n-1-y1) - pent anedi oi c
acid 5-tert-butyl ester 1-nethyl ester_74_ In anal ogy to the procedure
described in internmedi ate 12D,
('S) - 2- [ benzy| puyaRyr PNy h(of-2%0A 63BNk hyRHAP)3PHORYIOND o881 4l ttYdro e st er
(internedja ,12(122 a D- gl ut ¢ acld 5 gamua-t-butyl ester

al pha- net ,'1 € ZefVe the titled conmpound in 97%yield as
yellow oil. MS: 449.22 (MH). B)

(R) - 24( S) A4oBed zgthty@2 (D 0fY.00 32O hynhelPe () p€F-aldbr-4-tnflijoresthdnedi oi ¢
acid ( % r@{e?%ﬂ'% %) Sy BRARRhokP:phHorB RSHNF G ARSI RAthuty cligf @a9Pdl ate
benzy| &xydibbhid CElib sy treated with 3i 9epHZP A0 1)al) ohfgifiugreacrtisizcidggy gfter 2
5-tert - but ¥ RESA@I.55-mNEIgOMhmERs b frietidkilld, The reficoxanes gired at RE foi 1d 1gd

conpound | n Y.yl el d as Vi SCOUS 0 Ojrl . 393, 16 . S Q)
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1- 4- oxobudigspfved-imdicHyl cBeraad cpldpeaterz iThe raactar axgptiactcdavith I0eney KiEYer 151 n
anal ogy toiRa/MOACEI &hd @amhicidsds W eeX A& wi:10% aq. KHSO; solution, dried
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b
acid 1%me
hydr ochl 00.6de (14%} eithedilatenpidlind aves BB 9 etixtprerdftheq®) amd(Sdidatctdoaslns as

chromat o A G)}- @nd precipitation from

di chl or ogn%{taﬁ’g)r(l)él/ ﬁsgéﬁ%g%@ﬁﬁ’eépi tled conpound in 61%yield as anorphous

of f-white soly ; .25 (MH). 20D)

(R -54(S) - 4- % emMﬁ! ?an- spiro[ 2. 5] oct-6-yl)-24(S)- 3-net hyl - 2- oxo- pi per azi
n-1 - yl) - &{ @ e-@e@hlaneddriflnbcomehplyphemst)S-metigl-7-0xo-2,3 4, 7ataahbygdrot o

internedigte 12E,. (S)-4-] (R -4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-

1- met xy@a‘ﬁﬂ’é‘ﬁﬁ‘-‘ﬂ-’%k@-‘%’&cﬁ]qé‘gr{%f y1- 3- ox0- pi per azi ne- 1- car boxyl i ¢ acid
benzyl ester aps hygnogensiied-urdinolonthyl PhedGMRYSplobibnicicll 46%ak) er
precipitation 25 (dichloromethane/ Et20) the titled conpound in quantitative

yield as of f -KuintlegwiedpisHoedate 81 eralagige and -chlore-fripgo-2-trifluoromethyl-

Exanpl e 1 % of the titl 27 mj fthe (R tercoi

1- [ (B) - 3- (379seen PO ol the ditle compoung (35 1324 MU e (e Ry aud () Siereoisomers: 1y - 3.

ox0- pr opyREprogClital- NRi¢ ameppas-tBowmeolid\NI 2 @ 64.00 4863 260T/ EP2010/ 065579 - 92 -
20 B) (R)-2-(4-Chloro-3-trifluoromethvl-phenylamino)-propan-1-ol (46% ee)

In analogy to intermediate 34B, (R)-2-(4-chloro-3-trifluoromethyl-phenylamino)-
propionic acid (46% ec) and borane-tetrahydrofuran complex gave 87% of'the title
compound as light brown oil. MS: 254.06 (MH", Cl).

C) 4-[(R)-2-(4-Chloro-3-trifluoromethyl-phenylamino)-propylamino]-butyric acid
25 methyl ester (46% ee)

In analogy to intermediate 34C, (R)-2-(3-chloro-4-trifluoromethyl-
phenylamino)-propan-1-ol (46% ee¢) and methyl 4-aminobutyrate hydrochloride gave 94% of
the title compound as red oil. MS: 353.12 (MH", Cl).

D) 4-[[(R)-2-(4-Chloro-3-trifluoromethyl-phenylamino)-propyl]-(3.3-dimethoxy-
30 propionyl)-amino]-butyric acid methyl ester (46% ce)

In analogy to intermediate 34D, 4-[(R)-2-(4-chloro-3-trifluoromethyl-phenylamino)-
propylamino]-butyric acid methyl ester (46% ee) and 3,3-dimethoxy-propionic acid gave
87% of the title compound as brown oil. MS: 469.17 (MH', Cl).



A solution of 0.100 g (0.26 nmol) of 3-

}4-[(E)-3-(3, 4-di chl oro-phenyl)-acryloyl]-7-o0xo[1, 4] di azepan-1 -yl |

- pr opi oniwoaeiith4gi3nt er medi ate 5) and 0.032 g (0. 31 mol PCoOfEP4610/065579

hydr oxypi peridine in 5 m of dichloronethane was treated at OC with 0.060 g
(0.31 mmol) 5 of EDCI. The cooling bat[?was allowed to cone to RT and after
4 h the reaction was extracted with aq dous 10 % KHSO4/ Et OAC (3x). The

organi ¢ phases) MERE4AVBIIHESW-{TluBRMRANS-pRETIN AhRth NatRED 3 16-13Me&b- and
dried ove o yie er evaporation of the solvent 0.108 g (89%
of the t i HrbliiagisboNP Rt Bebg Sl (e 68, 3 (M, 101). Example 2 10
1-[(E)-3-(3, 4-Di ehl oro- phenyl ) -aeryl oyl] -4-[3-( (3RS, 4SR) - 3, 4- di hydr oxy- pi pe
ridin-1-y1)- IB-aoxlogyrooptetthedidte 44kdi4alf @pcirtbeldore- Hoifluordnethyl-phéyylamino)-

| 1] - 3-
oyl 1 ?'1.SP1% L5 yg&ﬁé R G teﬂrglﬂl@gggmn%w ReRagiligats 11 -3 oxo.pr
anal 0gy t tbvfl a@e Hes eF Ppte FRmESAE ropm\gaxysmd MS: 405.12 (MH,

14-1(B) - 3c()3 4-di chl oro- phenyl) - acryl oyl ]-7-o0xo-[1, 4] di azepan- 1-yl |
-propionic acid (internmediate 5) and

(cis)-(rac)-3mdr| i

(|nterrred|at ) e ti I com
MS: 712. i@@g@@wﬂw@)
(rac)-cis-1-[(E)-3-(3,4-Dichloro-phenyl)-acryl o ZJ 3R 4S -3 4-dih
drox - 20 pi pBenapay 1o:the progediredisephsdTpt interapdintg éipéﬂi chloro-3-1 n anal ogy

to theypr eql BLEL!
(rac) qm s&g]%g%%%s%ﬁ@ﬁéﬂ- f?tjlﬂeﬁla':l ne?‘l(%;g’%j’h gttgtﬁay %&y[ﬁqﬁ& g&ﬁ}}n P%I]Ibut ]C a§1 0XO0- pro
pyll -1- [@E&lyB@s(dB(%/de@)rgaw with IMaqamhmﬁﬂla@MdOEmalme}HHWQH tigJitle

henyl Io aze 5-0n i HCl | p,«di.oxane gave the titled
(F:)orrpgu%d § @é&bﬁ éql/ayi?gd & %?‘meﬂlSf’gd-%%%mﬁé:dvﬂm.@-(|vH+,g 2C1) .
Exanpl e 3
(rac)-2-14-[(E)-3-(3,4-Dichl oro-phenyl ) -acryl oyl] - 7-oxo-[ 1, 41di azepan- 1-y11
- 4- hydroxy5 N, N-di met hyl - but yram de Cl Cl

Intermediate 36

15 {4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[1,4]|diazepan-1-yl}-acetic acid
A) {4-[(E)-3-(3.4-Dichloro-phenyl)-acryloyl]-7-oxo-[1.4]diazepan-1-yl } -acetic acid

cthyl ester
In analogy to the procedure described in intermediate 5B, 1-[(E)-3-(3,4-dichloro-

phenyl)-acryloyl]-[1,4]diazepan-5-one (intermediate SA) and ethyl bromoacetate gave, after
20 purification on a SiO,-column (n-heptane/EtOAc 1:2 to 100% EtOAc), the titled compound
in 51% yield as white foam. MS: 399.1 (MH", 2Cl).
B) {4-[(E)-3-(3.4-Dichloro-phenyl)-acryloyl]-7-oxo-[1.4]diazepan-1-yl } -acetic acid
In analogy to the procedure described in intermediate 5C, {4-[(E)-3-(3,4-dichloro-

phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-acetic acid ethyl ester and 1 M aq. lithium
25 hydroxide solution gave after acidification with aqueous 10% KHSOy, filtration and washing

with water the title compound in quantitative yield as white solid. MS: 371.0 (MH", 2C).

Intermediate 37

(rac)-(2-Methyl-pyrrolidin-2-yl)-methanol
30 1.6 g (6 .4 mmol) of 2-Hydroxymethyl-2-methyl-pyrrolidine-1-carboxylic acid benzyl
ester (WO2008/81910 A1) was dissolved in 10 ml MeOH, 0.1 g of 10% palladium on



A solution of 0.081 g (0.19 nmmol) of (rac)- 2-
{4-1(E)-3-(3, 4-dichl oro-phenyl)-acryloyl]-7- oxo-[1, 4]diazepan-1|-yll

- 4- hydr oxwyohotyms@es2aci d nmet hyl ester (with 50% of the | crmpe)10bes5519
[(E)-3-(3, 4-

di chl or o- phenyl ) -acryl oy1] - 4- ( 2- oxo- te%rahydro-furan-S-yl)-[1,4]diazepan-5-
one) (internediate 6) was suspended in f m of THF, treated with 0.34 m
(1.89 mm¢har®3%/asradﬁcc0&ﬂ)d b noxtmetshiyt dmdee amathdsplatre df ptdr@RE (Hadlon 16 30

Evapor ati on e_sol ven dryin ve 0.08 969 f.the titled
conpound i, BE pafcpnsefthi?BY i dnd Solad ARfarfigibl 'k
(rac)-2- Mﬁoﬁhd&qﬁnﬁm&@ﬁbmm@mﬂemﬁrﬁ ‘HaxyiRo® 00 MHA XM G-t dilazepan; 1-y11
-4-hydrod¥N N-di et é%I-b In anal ogy to the procedure

descri bedZPir2eddmpt &Dgl 0% rleﬁél(%ﬁtH)@W@K%éﬁ) 2-{4-[(E)-3-(3, 4- 20

di chl ogo- phenyl) -acryl oyl] - 7-oxo-[ 1, 4] di azepan- 1-yl | -4-hydroxy-butyric
acid nethyl ester (with 50% of the |actone, 1-[(E)-3-(3, 4-

di chl or o- pherintermediate 3§ 1] - 4- ( 2- oxo-t et r ahydr of ur an- 3-y1) 41, 4] di azepan- 5- on
e) (internediate 6) in EtOH with piperidine for 1.5 days at WO

2011/ 048032 PCH RpAclB)-3655 idoro-gheny hagwylaviit3 amethyk7-axo-Rr4 idiazepaslaybf t he
titled copppivific #gal i ght yellow foam Ms: 482.2 (M, 2Cl).

Exanpl e 5

rac-(1-[(E)- 3- Qqné let arIldlne 1-
car bonyl) - ure
descrd@ed&l@h@XﬁﬁhﬂE "treatment of (rac)- 2-{4-[(E)-3-(3,4-

di chl or o- phenyl) - acryloyl -7-0xo0-[1, 4] di azepan-1-yl| -4-hydroxy-butyric

aci d nethyl este ivoc¢ldisolitionos 8fg (e mpdk dealaningl(iEp0@mi gf GH,Cl, and 25

di cht or o- BRNKIIGAST Y AXHEs: (5 58 BN aBYral Al Shythglsopgo- S on

e) (internediate pyrrolidine o ave Yo of
the titl eﬁaamﬁpmsrsdrrasfombisthaﬂ%mmch Wbie ido8 \izas@hde;chOPl’o)curE)aammbmnGn 15
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15 added portionwise to 43 ml (0.84 mol) of 3-amino-propan-1-ol pre-heated to 70°C. After a

further 1h heating at 80°C the reaction was allowed to cool and poured into water (200 ml)
and extracted with EtOAc. The EtOAc was partially concentrated to approximately 200 ml
and 26 g (0.12 mol) of Boc,0 added and the mixture stirred for 3h after which time it was
washed with 10% citric acid, dried (Na,SO4) and concentrated. Purification on a SiO,-
20  column (n-heptane/EtOAc 1:1 to 1:3), afforded the titled compound in 63% yield as a
colourless gum. MS: 367.3 (MH).
B) 3-{{(R)-2-[tert-Butoxycarbonyl-(3-hydroxy-propyl)-amino]-1-methyl-ethyl} -[(E)-3-

(3-chloro-phenyl)-acrylovl]-amino} -propionic acid methvl ester

To 45.6 g (0.12 mol) of {(R)-2-[tert-Butoxycarbonyl-(3-hydroxy-propyl)-amino]-1-
25 methyl-ethyl} -carbamic acid benzyl ester in 300 ml of MeOH was added 5g of 10% Pd/C and
the mixture was stirred under 1 atmosphere (balloon) of hydrogen for 2h. The mixture was
then filtered through Hyflo (washing with MeOH) and reconcentrated to around 150 ml
volume. 11.2 ml (0.12 mol) of methyl acrylate was added and the mixture stirred for 16h after
which time the reaction was concentrated to dryness, the residue redissolved in 50 ml
30 CH)Cly, cooled to 0°C and rapidly added via cannula a to a cooled (-15°C) solution 0of24.3 g
(0.12 mol) of 3-chloro-cinnamoyl chloride and 24 ml (0.17 mol) of triethylamine in 200 ml

of CH,Cl,. On completetion of the addition the reaction was stirred for a further 15 minutes



OHO 0 N\) A) rac-2-
{4-1(E)-3-(3, 4-Di chl oro-phenyl)-acryl oyl] -7-oxo-[1, 4] di azepan- 1-yl |

- 4- 0x020 wWopopes@en- 1-yl -butyric acid nmethyl ester PATEPRUI06IT70f 0. 286
g (0.65 mml) of 2-{4-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-7-
oxo0-[ 1, 4] di azepan-I1-yll -succinic aC|d7:l7 met hyl ester (internmediate 7) in

15 m of dichl oronet hane was treated with 0.070 ml (0.71 mol) of
pi peri di n&teamdhicttindQheir¢aation w48wash@l 2ith 1004E 0B 2PTROERR0,101. 063648 C0O:,95 - ¢

oepenar ol il fredtprked riredion g i s B A ol uti on
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saturated NaHCOZ and aqueous 10 %NaCl dr| ed (dNaZSO4) iand e\flaorat ed to

gi ve 0.332 g {HBarel(E)-3{3-Chlorep N h Oy} 2n et 510. 1
(M, 2CL;.41diazepan- Ig)one
rac- (1-[(%5 ]3 (§ 4-Di chl or o- phenyl) - acryl oyl] - 4- (1- hydr oxynet hyl - 3- oxo- 3-
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saturat ed NaHCOB/ Et The organi ¢ phases were dried (Na 804) and

evapor at e@laz@ug‘iweg-ﬁ@@ Vgls (ﬂ%%dd@i‘ andifbe mixtprg dticethivs | flalafies wihgh tem¢ dgm  MS:
482.2 (

(R 5 -2 1y PE s PRI e fidus s rodissolvd iy 0 ) fMEOH g GNNOM Mo 1.
4-0S) - 4- &idd antyl-the pid @&as padiofiil th¢ ﬁﬂituﬁ-s]ﬂﬂr):d &}rdhOTlhnﬂoWenCWMVdpdsmtehythe ester
In anal ogy to t des rlbe exa

a1 B - PrsbatedRadhafia Lty Ty B on vater agsanea. y1 |

- succisi CN@HC@g,Jeh*ﬂé'&YlhélzgO‘?ﬁérﬁrcoﬁd:dﬁhﬁtreﬂeﬂh@ﬂ%raéd W tifled eom@Aind ‘ﬁf 6251'6 3Ni{ aded

before cooli n? and 1.05 iilv - aza-spiro[ 2. 5] oct an- 4- ol
hydr ochl o#siaRe fﬁﬁsefph@dM& é5123 (M aeCl)after purification on a Si 02- col um
(di chl or onet hages g 3 d,.69npeund in

33% vyield as ' % HF, 2C1 S
rac- ( 2- 14@1@25}1&3161(13 4-Di chI oro phenyl) acryl oyl] 7- 0XO- RAdl azepan-1-yll-N'N

di met hyl - succt g ¢ (PGS RY B £13-cnifR A0 )%%% ST BEEO2pR095°

20  2-methyl-[1,4]diazepan-5-one, 0.002 g (0.01 mmol) TEMPO in 5 ml of ice cold CH,Cl, was
added 0.018 g (0.2 mmol) of potassium bromide in a solution of 4.6 ml (6 mmol) of 13%
sodium hypochlorite saturated with NaHCO3. The mixture was rapidly stirred for 5 minutes
after which time a few drops of MeOH were added and the phases separated. The aqueous
was acidified with 1N HCI and repeatedly extracted with CH,Cl,, dried (Na,SO4) and

25 concentrated. This afforded the titled compound in 92% yield as a colourless foam. MS:
365.2 (MH", Cl).

Intermediate 39

4-14-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-[1,4]diazepan-5-one

30 A) 4-[4-(tert-Butyl-dimethyl-silanyloxy)-butyl]-5-0x0-[1 .4 ]diazepane-1 -carboxylic acid
benzyl ester




- 96 - CICl In analogy to the procedure described in exanple 6A,
2-{4-[(E)-3-(3, 4-dichl oro-phenyl)- acryloyl]-7-oxo-[1, 4] di azepan-1|-yl|

- succi ni cwaend/aseset hyl ester (internediate 7) with 4 egCcTEpredioms3M (aded
before cooling) and di met hyl am ne hydrochl ori de gave, after purification on
a Si 02-col um (dichl oronet hane/ MeOH 98: 7%) the titled conpound in 57%yield
as white foam Ms: 470.0 (NMH+, 2Cl1).

Exampl e 9 To 1.4g (5 mmol) of 6-amino-5-oxo-[1, 4]d1azepane-1 -carboxylic acid benzyl ester

(R S)-2-14-] 4- D ch acry l.oy1] - 7- o |.aze -y11-4-(
(35, s - gl by bR o s P RS e 1 Bl B BRI e
ester | n anadddgy 0uQ (§ henddy eeduntchydede (5medlspaslemmmbeea@ﬁon was allowed to
2-{4-[(B) - 3- (3, 4-di chl or o- pheny 1%{{ acr | oyl ]-7-0ox0-[1, 4] di azepan |-y

-succi ni creaeh r&O&l—tﬁ@quuree@@éfmeql rdpha @raf(féchrt)lme 1hege%¢é|10n gfes dtlaigd (’Véfaed

bef or escophl@meid dh&dna Bhurk SnBShRalTeh ! PRErEtic phl wabyduRgh! ori de
15 (internedi dae 4) gave, ter purification on a 2-col um

(di chl or owih hanmﬁhs@ﬁﬂaa@@ﬁ@mdwn@n@atid duaticgon)on a$10coluhednconpound in 54%
yreld as piheGR8 1:Murrcidl the et cofifgihu 4 90, 3P OF AR ARG RO 0/ 065579
(R'S) - 2- 14893 &)H3: ( 3- Chl or o- phenyl) acryl oyl] 7-0x0-[1, 4] di azepan- 1-y11- 44(
S) - 4- hydroxy-6 2 utyrlc aci d rrethyl ester pH

C 0-0 5 In°

2-{4- [[4E) - 3- o7 orpha |-yl -
2ol d o (ﬁé‘é?%?f?’. i e?‘ynfﬁj.f“ @Mﬁ@y&lﬁeﬁf@m‘{yﬂo’@ gﬁ‘?gﬁp@?dedybef ore ¢
cool i ng) Lelpféd@zqmsn@trcar@pxx@)acsﬂmayl@ptier m[ﬁzms?ﬁM@(aH a0yl Wamdﬂed@tﬂ3dnll de

(i nternedj r t S| al

el or oot il AT Bl BHE (L FRL ALRRE kit £ M Memerinr afir

whit e foal miiites3fiBing thdvidactichGlgs.cvafidiEadrpl dryrdeks, affordiiy thad tlflé(Becﬁ‘nﬂsﬁundm p
henyl)-a cryl.o 1 6-aza-spiro [2.5] oct-6-yl

1- hg;dz oxy‘ﬂf'@%/‘ ‘]33’18@6‘[5%1‘8@‘11?55%@%“)4}\@ gﬁgémﬁs one pHIO Cl [ I n Lnal ogy %/o) t he
procedyre deS@M-&edS} mm)aml@az@%mreaﬁbct% &144L&<%)bu$v1(§nszblrpm1&e@m1) 15
acryloyl]-7-oxo-[1, 4] di azepan-1-yl|l -4-((S)-4-hydroxy-6-aza-spiro

[ 2. 5] oct - boegrbyxylicsgidhenzy csterci d rret hyl ester (exanple 10) and 2 eq. of

Li BH4 gave, 10, _]?;ﬁﬂ n a
Si 02- col umm (di dé ﬁL C%?égﬁeélﬁg%rgmg{g EIBA g{%cg?%t)@p% %%’H e 5gorl)m(&agound in 88%
yi el d as Miv]diezdpemar -chBoxylMcidd Helkit esteGh)S ml of acetonitrile:water (1:1) was added

0.043 g (0.3 mmol) TEMPO and 0.97 g (3.0 mmol) of (diacetoxyiodo)benzene. The mixture

20  was stirred allowed to reach room temperature and was stirred for a further 3h after which
time it was evaporated to dryness. The crude residue was redissolved in 5 ml of DMF, 0.68g
(2 mmol) of HATU and 0.6 ml (4.0 mmol) of tricthylamine added followed by addition of
0.25g (2.0 mmol) of (S)-6-aza-spiro[2.5]octan-4-ol. hydrochloride (intermediate 2). The
reaction was stirred for 16h after which time the mixture was poured onto sat. aq. NaHCOs3,
25 extracted with EtOAc. The combined organic phases were washed with brine, dried
(NaS0y) and concentrated. Purification on a SiO,-column (CH,Cl,/MeOH 95:5), afforded
the titled compound in 55% yield as a colourless foam. MS: 444 3 (MH").
D) 4-[4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-ox0-butyl]-[1.4]diazepan-5-one
To 0.44g (1 mmol) of 4-[4-((S)-4-hydroxy-6-aza-spiro[2.5 Joct-6-yl)-4-oxo-butyl]-5-

30 oxo-[1,4]diazepane-1-carboxylic acid benzyl ester in 10 ml of MeOH was added 0.05 g of
10% palladium on charcoal. The mixture was stirred under 1 atmosphere of hydrogen for
1.5h after which time the reaction was filtered through Hyflo and concentrated, affording the

titled compound in 85% yield as a colourless foam. MS: 310.4 (MH").



Exanmple 12 20

rac-(2-14-[ (E)-3-(3-Chl oro-phenyl)-acryloyl]-7-oxo-[1, 4] di azepan-1-yl|-N, N
di et hyl swoennzms@2aci d nmet hyl ester) WO 2011/ 048032PCPCERPOM0/06B5H79 - 98
- In analogy to the procedure described in exanpl e 6A,

2-{4-[(E)-3-(3-chl oro-phenyl)- acryl oyl}],- 7-oxo-[1, 4] di azepan-1| -yl |

-succinic acid 1-methyl ester (internediate 8), 1.2 eq. of Et3N (aded

bef ore cool i nNaterarediage 4@t hyl am ne hydrochl ori de gave, after purification on
a 5 Si02-colum (dichloronethane/ MeOH 99:1-95:5), the titled conmpound in
73% yi el d4-#Grihloroficaifluon@nethggy-phemth+7-0x¢1) 4] disegnpn-&-ylisbutyric jggid- 3

-(3-Chl oro-phenyl)-aeryloyl]-4- [(R S)-3-((S)-4-hydroxy-6-aza-spiro [2.5]
oet-6-yl)- 1-AptBaxusiititudrandhddyihylaminod pfpidhieaepPai-trt@Reer 100-0

A) 3- { 4-[(E)-3 -(3 -Chloro-phenyl)-acryloyl] -7 -oxo- [1

orocedur . degksPBA PV ELE L EOLEY S5 Rtb b Snghogy g dhl 8R4 59 0
acryl oy1] m17(4(3x4dn{1191)43]f él%@éé@ﬁ in SQIIIHI Oﬁtthéﬁﬁ Wﬁﬁt:tf%{ﬂéﬂdcﬁlwlb’e‘rlthbiﬁ 19?1I1 (4gst er

1-met hyl @s{o®oriat- (nhtglt EhglpadForffe) andnelréd @gayschft rdfluBémSaNare. @hd Rhctyl y 1
night of stirrin urification b dichl or one hane/NEOH
5875 o5: sy PHPATEPEATEHEB Ao AT A AROMIPE. HOAREREPAGE. o ( M,
1C1). were vBBh&Fwith 40% (N8 3lric(l dverTd.800 e‘{zﬁpemydd)aﬂdquyﬁﬁylb}] flash stl@axol [ 1

4] di 0 : | uti
of 0. Z‘SS"COE*“%‘BJL b pn B L S P S R P ConRb L aci By ol Ut O
oxo- [ 104] Sa%‘b@ﬁ-alc-l)y - 4- hydr oxy- butyric acid tert butyl ester in 0.73 m
of DMF was aded dropvvlse 0.142 m (2.29 rrm)l) of |odonet hane The sol ution

was treatke - € D PTo HH-BLG OO MO XY PNEN AN MO RO K CRT T

acid tert-butyl ester

A neat solution of 8.50 g (22.5 mmol) of 3-(3-chloro-4-trifluoromethoxy-

phenylamino)-propionic acid tert-butyl ester, 10.71 ml (112.6 mmol) of methyl bromoacetate
15 and 13.07 ml (112.6 mmol) of 2,6-lutidine was stirred 14 h at 60 °C, diluted with 30 ml of

CH;CN and heated at 115 °C for 20 h. The reaction was then partitioned between aqueous

10% KHSO4 solution and EtOAc (3x). The organic phases were washed with aqueous 10%

NaCl, dried over Na,SO4 evaporated and purified by flash silica gel column (n-

heptane:EtOAc 95:5 to 85:1) to yield 5.94 g (64%) of the title compound as light yellow oil.
20 MS:412.11 (MH", Cl).

C)  3-[(3-Chloro-4-trifluoromethoxy-phenvl)-(2-hydroxv-ethyl)-amino]-propionic acid tert-
butyl ester

A solution of 3.00 g (7.3 mmol) of 3-[(3-chloro-4-trifluoromethoxy-phenyl)-

methoxycarbonylmethyl-amino]-propionic acid tert-butyl ester in 20 ml of THF was treated

25 with 4.44 ml (8.9 mmol) of LiBH4 (2 M in THF) and 0.59 ml (14.6 mmol) of MeOH (with
cooling bath at RT). The reaction was stirred for 2h at RT, cooled to 0°C and stopped with 2
ml of acetone. The reaction was diluted with 4.5 ml of cyclohexane, 18 ml of aqueous 2 N
NaOH were added and after 30 min extracted with EtOAc (3x). The organic phases were
washed with aqueous 10% NacCl, dried (Na,SO4) and evaporated to give after flash silica gel

30 column (EtOAc:n-heptane 1:4 to 1:1) 2.21 g (78%) of the titled compound as light yellow oil.
MS: 384.12 (MH', Cl).



- 99 - g (0.55 mmol) of NaH (55 %in oil). The reaction was stirred for 3 h
at 0 C, neutralized with cold aqueous 10 % KHSO4 and extracted with EtOAc
(3x). Thewongnrmi4sgo3phases were washed w th aqueous sat ur aCedphiakiCasd7and
aqueous 10 % NaCl, dried (Na2SO4), evaporated and purified on a Si02-col umm
(di chl or onet hane/ | sopropanol 99:1-98:2),.to give the titled 5 conpound in

61% yiel d as col orl ess gum MS: 451.2 (MH+, 1CL). C 3- { 4-[(E)-3
- (3 - Chl oPb- phByIhleraektyiflogtomettip xyphgmyl)-(210x04dthlylhammodprdpiani¢ acid tert-

- 4- met hox tyric acid In anal ogy to the procedure described in
i nter mdi@% 3-

{4-](E)-3-(3-chl orophenyl)-acryl oyl]-7-oxo-[1, 4] di azepan-1-yl |
- 4- met hoxy- bUTcyai i;cﬂutami af OtBrik (thmfnoE)sif ekalglanhdorideen 1Dnﬂ IAH,€8 ac o uel°a

uant. yield as |i | ow 393.
q 1-[ (E) - )9: vas F((B'F‘é(% g,tjﬂ 9%@?@?&3}1110@ dnﬁet%rlgglf x§1e 7] 7Hn]cﬂ’f(gHQC12 \2/1th1n 20
- 6- azaspi m@l. @h@];&&ﬁorﬁwé’sjs)tm%d 'ﬂ‘&tmw Rh Bx&mﬁoﬁ)zspz (%) %I(Wéhnﬁél) gt Hj(3zaRRA- 5- one
In analog to the procedure described in exanp
3-{4-[(E) mﬂwmqrtgw mw}ﬁ}-hyq’er@wr:tbyhﬁalmnqimomIQmA]a@méezrbbwl qstey jinp 14 ml
- 4- met hox t i nd 1.05
eq. of (S ?Ht@l %ﬁ%& gd%é{)%&b o@'?har?ﬁ ztﬁ% &%r ocﬁ?gérrlqa%lg’ g(r%rlre 2 2) gave
after purmfnod:)atﬁtmhylammeﬁrdﬁéadmﬂmnhn(zﬂ mhi the)smpémnm/vvacsprreqbﬁndlh a8 2-9:1),

the title owgzwoungto N %G%XIre%Ltcljonav%as%iu re?lizfeggvmh CMIS(f aqueouszlog/I%QP& CL).

Exanmpl e 1

(R -24104- (i dﬁlte@vﬁtiﬁ‘s@dl mP@h@rmbm?a]yd OMrhbred wakEtDAc43 81 anepananitphids 4- hydr
oxy- N, N20 met hyl - but yram de

A) 3-[ Benzvﬁr@mh@do‘@ﬁwqwuwmr@@NéHﬁ% yirestyusrasedpiaseeus 19% Nakleftiedyut yi

h
Co1<] 5 iRyl ARcol, SIS SO\ IR RSORS00yl ot e

t enper at uM&; 38UNInGwar mi ng up to roomtenperature the reaction started and
was kept with cooling at 25-30C and then stirred 18 h at room tenperature.
The oi l ter,
27.42 (11 09k HL& om%@gxg-gﬁ)ennﬂ - ﬁ%]néf 0C WO
2011/ 04808R RGP h0icA6hSi&hyl ed@0 - fol |l owed by 27.88 ml (200 mmol ) of
triethlam ne. The reaction was stirred at roomtenperature over 3 h, then

partitioned b en 10% assi ydr ogens Ifate solutio nd dlethyl
Brher (3. TheoBrguito G iare Che B R S S tadl Gt

hydr ogensahmaﬁnﬁ)qdpwpl@m acﬁ@-fert-l:ﬂigyl cSRdinmMnYidh 0 gRNGIAnE SR8 heeds@bpiwifo 10%
aq. sodium5 chloride solution ried over Na2SO4 evaporated and purified

by flash &§99ld0gét plécsauﬁ}ﬁumﬁﬁsem alr{b7 g A4 maedt sreghyd 4pntipobutyrytet o yi el d
27.53 g ( @chﬂfnd%@lﬁf l'n? OW@Wlaﬂﬁné lo9Rtmy@ !l Ao Blaketi é“!l@ld 2D P 4 MH).

B) 3- [ Benzyl oxycar bony am no] - propionic 'acid tert-but ester
To a 261 utli fommi) mdﬁﬁn mac¢®5yt®sohydotly inof mbaidighlowhiedrane end siirfgg 3fHmin at 0

di chl or On?(]f hﬁlle reac ion was extracted with aqueous saturated NaHCOs/EtOAc (3x). The organic

phases were washed with aqueous saturated NaHCO3 and dried over Na;SOj to yield after
evaporation of the solvent 0.61 g (83%) of the titled compound as yellow oil. MS: 483.19
(MH", CI).

25 F)  4-{2-[(2-Carboxy-ethy]D)-(3-chloro-4-trifluoromethoxy-phenyl)-amino]-ethylamino } -

butyric acid methvl ester dihvdrochloride

A solution 0f 0.30 g (0.6 mmol) of 4-{2-[(2-tert-butoxycarbonyl-ethyl)-(3-chloro-4-
trifluoromethoxy-phenyl)-amino]-ethylamino} -butyric acid methyl ester in 2 ml of
dichloromethane was cooled (0 °C), treated with 3.10 ml (12.4 mmol) of HCI solution (4 M

30 in dioxane) and stirred at RT for 16 h. The solution was evaporated, suspended in



10 50 to -60C was aded a solution of 5.81 m (74.40 mmol) di nethyl sul f oxi de
in 16 m of dichloronmethane within 20 mn The solution was stirred for 5

m n and awecabutd4gos2of 10.03 g (31 0 mMml) PCT/EP2010/065579

3- [ benzyl oxycar bonyl - (2- hydr oxy- et hyl ) - am no] - propionic acid tert-butyl
ester in 67 nl dichloronmethane was ade 1vvlthln 20 mn The m xture was
stirred for 15 nin and 21.6 m (155 Mol ) of triethylani ne were aded w thin

25 mn Th@ceﬁiﬂﬁﬂfe%ﬂ@%ﬁ@?ﬁecﬁ@kf 1085c1d9.38Y (979 0P i1k @%ﬁo%ﬁ%@%@hﬁ;@ll@wc The
cold 10% aq. potassi um di hydrogenphosphat e

reaction e

sol ution ¢ d]1\45 &zd%l\f[ﬁ é\ﬂ id potassium di hydrogenphosphate to pH 4-5) and
extracted with diethyl ether (3x). The organi c phases were washed with 10%
aq. pot as€) um-gi-@Gydulogehpifhspdhrattbogephenyldd oxodt 4 ]dezepandiviipbutyric acid

hydr ogenc&g{ggp&ge@ solution, 10% aq. sodium chloride solution, dried over
Na2SO4 20 evapor at ed to yi eId 9.94 g (99.8% of the titled corrpound as

yel | owsoil . '\@solﬁt’r&q o 3 mmol)&ﬁ %f[(@%@?ook?%th‘ B3 %hlo%'lZ tert-butox

carbon 1-eth - am no am nol * - yric acid hyl ester 3.71 g (11.55
mol ) of @Lﬂpbmzeyhoaxw@amﬁbmyinoq Qﬂlabaunm}kiguty)rlmdrm]:thmsmr difiydroglgiodde in

tert-butyl .e nd 3.0 2amno4 = butyric
not d ot py & TR g duly o Ru T Il R B & B SHI £

1, 2- di chl @roehbynd/Eeidiamat cdolﬁlgaﬁtmas a&lllﬁdreﬁ tceaineaio\mt indlaf@81%h tHcl 3. 86 mml)
of triethylamne, 3.03 nl of acetjc acid o3m (24.25 mmol, 8 Min
pyri di ne) CBFIOBYYAS FKFaLiEbY idh aduegmpl 53 E% %xa)t iﬁh%loxga@leph%a% Ko room
tenpern gt UfRhed WiB 109ARHSOR I‘N%N%l eﬁ{d%eéfové&@a[}‘s@?Wél@%ﬁéﬁev@f!@rﬁu&%f"ch@

then partitioned between agq. sodi um hydrogencarbonate sol ution and diethyl
et her (3xjolvenh@.1bedarirofshatdeca@uanad es saelvadoii Mis: 40011 AdH .€8Ni um

hydr ogencar bonat e sol ution, 10% aq. sodium chloride solution, dried over
Na2SO!_ evgpor aLem Al e ~ i

(di chl or onmetha
di chl or onet hane/ et hyl acet ate 4:1 WD 2011/ 048032PCT/ EP2010/ 065579 - 101 -
to et hyI acetIataealogy)toyh@pmceﬁmd@m(ib@l@@r iofermpdiateiSC, éd4-<dablotmét as col orl ess

oil. M

()" 4 BenTu oy S mpd b b AMmapA L RaPES A aps Y ghg it 1 M

et hyl am( nay. lltlbmh%&dmxﬁlelsdluff@i hyTHFEMe@H tIEd Itytﬁ:l[ b@@i}ioftﬂd ﬂ1€99‘%6§1é\1di5@|(light on of
4.58 ¢ zyl oxy-2-{2-[ benzyl oxycar bonyl - (2-tert-
but oxycarﬁglﬁwnglr&\’%ﬁ/ﬁ)% éphyl am nol -butyric acid nethyl ester in 17
m of di oxane was cool ed (10 O, treated with 21.7 M (86 7 nmmol) of 4 M
hydr ogen chl omitdeheapitbifyti on i n di oxane, 10 drops of water and stirred at
roomtenperature for h. The sol ution was evaporated, suspended in

acet oni t r (9)-2- Qi E5-{SM4% oi)zls)aza@pﬁsplﬂ@@-ﬂ-ﬂ)-dt(ﬁblpmmidmmmemlt reat ed
wi th Na2SO4 fllteredj‘&ﬁﬁ &vaporated to yield 4.42 g (quantitative) of the

titled colpdsymaeu} Vel l ow foam Ms: 471.2 (MH). E)
4- ((S)-3-Benzyl oxy-1- net hoxycar bonyl - Pr op) 1) - 5- oxo- [1 4] di azepane 1-
carboxX{l i c achSharigxHBui ey anifeiS9i6eS f-hudrary-§-az&simm [Aaaci-6 o) -5-oxo-

(S)-4- benﬁéﬁkaﬁwa&dxﬁahhte@ﬁzyl oxycarbonyl (2- 15 _
car boxy et hyl) - am noj - et hyI am nol -butyric acid nethyl ester; hydrochloride

in 85 dic g)ln'gy E)atﬂe proc duld gesgrefgedv}‘mI examp%e 15( %()Q?’Lngfl?taﬂnc acuf alph(:’at hyl am ne

and at OC Wi t
methylester and 1 .05 equivalent of (S)-6-aza-spiro[2.5]octan-4-ol; hydrochloride

(intermediate 2) gave the title compound in 59% yield as light yellow oil. MS: 371.22 (MH").

25 B) (S)-2-Amino-5-((S)-4-hydroxvy-6-aza-spiro[2.5]oct-6-vI)-5-0x0-pentanoic acid

methvl ester; compound with HCI

In analogy to the procedure described for intermediate 12G, (S)-2-tert-
butoxycarbonylamino-5-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-y1)-5-0x0-pentanoic acid
methyl ester and 10 equivalents of HCI in dioxane gave after 30 min at 0 °C, 30 min at RT,



(210.37 mmol ) of N (3-dinethylam nopropyl)-N -ethyl carbodiim de

hydr ochl ori de. The cooling bath was allowed to cone to roomtenperature and
after 15 Wwotha/memeti on was extracted with 10% aq. pot aPETmPR010/065579

hydr ogensul f at e sol uti on/di ethyl ether (3x). The organic 20 phases were
washed with 10% aq. potassium hydr oger%lil_f ate solution, 10% sodi um chl ori de
sol ution and dried over Na2504 to yield after evaporation of the sol vent

3.74 ¢ (9@@301(&{101{ Qﬁh Taéett&ﬁ‘gll& bmﬁjlta?-i%n Wlﬂr@Hz\CQJ/EQW R fitle MaipotRdPin? (MH) .
F) Lithium 2, % ox%pvé% @grzﬁ ar bonyl-7 -0 xo- [1

, 4] di azepql’ai‘ﬁ“i “yﬁﬂledaﬁlﬁ? VYt A ] )2.01 g (4.40 mmol) of
44(S) - 3- benzyl oxy- 1- net hoxycar bonyl ropyl 5-

OX(() %1 4] di a)z%é%{ﬁg’hl—éégboiyl iC a)él dpbeﬁgyl) ester in 12 m of

t et r ahydr of Ur(?ﬂ-ér[m B?-m(k 4(ﬂis-¥}1ﬂﬁ@§)1ﬁertﬁﬂt[ﬂﬂn§i) 301§em%ri-47‘-040 4?4]”&1a2(eﬂa14=@ nmol )

of 1 Magq. umh droxi de sol ution, and ept 3 at this t enper at ur e.
The reéct}’lbnemye(bw&ﬁéhhl methydeste| ved in acetonitrile and evaporated again
(3,00 ue &1 9% 9 (M. AhubBielihbith ARTROMI Bficlub Aty ke foam VB
4- ((R) - 3- BenzlylanxlygﬂtodnteﬁhhydtteAﬁlﬁa}my[s(tpﬂomy)ﬂn)eﬂfyl)ambmﬁ dnddthyl&zepane- 1-

S n SO hRm iy idin & hemed R 36 bl 67 dted St dgeton i ana

(R) - 4- bengyh@xyit2t e4uibanzyd it arenypiofionat® hid 2k ditaepaa-rbiskl 1Hut yaat e
was suspended at roomtenperature in 25 m of N, Ndi net hyl f or mam de fol | owed

by adili oicatid agamgvigh | aquregrlentofytha AromoniARiARAth gt He M titincrad contgmegito
(17.00 t 1 et f O(7- 5
azabenzg.trﬁ?:ﬂgég{rzdyg W# ﬂgpgife}?(?agl%%?ﬁ \é%ﬁ’%l}’lll L%lllﬁ &fl %g?op /éth ate The
sol uti on aattsy:l to 2d) ylvblnmﬁ%tofdwdlthmnmdom asqeﬂmmltMSpéESaQ&J(MH JThe
reaction was POHI£S i um hdroe sul fate sol ution,
fol |l owed by exttacti BN PIORQRICSLani ¢ phases were washed

with a soluti OIﬂaﬁﬁlogﬁio1n@ﬁnecﬁ&éISQFQ-f(Blﬁhbibgl@llﬂ@afthﬂi}ﬂ-@h@@%M@)hpr@pﬁﬁﬂcUt| on of
10% a&é sodi um chl ori de. The conbi ned. organi c phases were dried over Na2SO4

and thé 18ideihyissicr apes! Moaplidaum hydioxids soluen s2vgi0e of thotide qanpannd ¥ of t he
titled compuid «a%1 RIGNYE 09 éM B 468.3 (MH). H)

(R) - 4- Hydr oxy- N—d| rret hyl - 0x0-[ 1, 4] d| azepan- 1- y1) - but yr ani de

hydr ochl ori de B il orpimethy@Hphenyla nopany-1-ol

4- ((R) - 3-benzyl ox a

oxo-[ 1, 4] di aze%é‘ﬁ%lo %)al}l %Cilat 52@%@04 lfq[ﬁﬁ%%r rethlyrr)plaﬁly}'?fm 9)'pr¥%1?1 nlﬁol was
treated vadihaml t&@iﬂéttbt@athyﬁfof&aﬁ 601ﬁi)le§)‘sohlt1(b‘1/l @tfe 7nYyocfeled ity dodnpaahdlassligdhyt | on
and 0,20 g.of Pd/C &1824}4 and was stirred over H2-atnmosphere for 16h. After
filtraPiofelopril Mﬁ 8 (Mal'sl)evaporat ed, dissolved in nethanol and
evapor at ed ( i i
reduced pressute y 06 =2l i

foam MNS: ac2l8-tcht- Elﬁtvfd’s&dﬂl methvlesﬂeif (R) 2 { 4-

[ (E)-3-(3-Chl oro- phenyl) acryl oyl] 7-o0xo0- [1,4]diazepan-1 -yl
- 4- hydr oxy N, N-ldianelb gy to-ibtetpediae d4C, 2-(3.4-bisrtrifinaoogthyt-phanlyenprn@eedpanel -ol

d i bed i le 1, (R)-4-hyd - N, N- di met -2-(7- o

oo 1 1, 4] A0 7ENETE Sty G o B e e s P e
acid wst hotlthd tigflcondSouadl ad vdlRENYil ans:ng7gay®H e titled conpound in 72%yield
as white foam Ms: 408.1 (M+, 1Cl). Exanple 15

E) (S)-2-[[(R.S)-2-(3.4-Bis-trifluoromethyl-phenylamino)-propyl]-(3.3-dimethoxy-
propionyl)-amino J-pentanedioic acid 5-tert-butyl ester 1-methyl ester

In analogy to intermediate 34D, (S)-2-[(R,S)-2-(3,4-bis-trifluoromethyl-phenylamino)-
propylamino]-pentanedioic acid 5-tert-butyl ester 1-methyl ester and 3,3-dimethoxy-
30 propionic acid gave quantitative of the title compound as orange gum. MS: 603.25 (MH").

F) (S)-2-[(R.S)-4-(3.4-Bis-trifluoromethyl-phenvyl)-3-methvl-7-0x0-2_.3.4.7-tetrahydro-
[1.4]diazepin-1-yl]-pentanedioic acid 1-methyl ester




WD 2011/ 048032PCT/ EP2010/ 065579 - 103 - (S)-4- [3
-((S)-4-Hydroxy-6-aza-spiro [2.5] o ct-6-yl)-3-0x0-p ropyl] -2-nmethyl-3 -0
Xopi per azwoeol@sm3boxyl i ¢ aci d (3, 4-di chl or o- phenyl ) - aniPde/EP2010/0653% N- 0,/ 0
A solution of 0.070 g (0.20 mmol ) of
3-[(S)-4-(3,4-dichIoro-phenylcarbanDylk-S-nethyl-Z- 5

0XO0- pi perazi n-1-yl]-propionic acid (iﬁtéfnediate 12) in 1.5 mM of DWVF was
treated w th 1Q..84i8gyMo ihRrRA&1ifEBLD, (gjs.z([@cs?rza@acr.ﬁi@hﬁﬁlﬁ&oémgit@&n?raﬁimo)-

hydr ochl ori de g%?ternﬁdlate 2%, 0.0 m (0, 40 naglg Ef trle Hg m ne and
at 0C wi t oBYl§8> ¢ mpshoy-Rengieylipm eNEslRd oIt - CHRUY SRS d HEFIBH SRISE

nat ur al | yantdePRredidtioylihne pogriéth ofithatieaispafdakiigdbreal oit.iMS: 488 dMVEKY.r act ed
with EtOAc (3x). The organic phases were washed with aqueous saturated 10
NaHODB and aqypays. (40 sy haGlais dinGfoAgSRth 3R EN AP Aduif, Galg - af t er
purification with fiash chromatography (S 02, di chloromethane/ net hanol 99:1
to 96:4) @logyangdiorgagid hmatngd estet | ed conpound as white foam Ms: 483.2
(MH, 2C1). Exanpl e 16

(S) - 2- Met hy1-13-a0xi0gyto(tBe prooeRBuigseribadi for deayipiapr26p§sh)2- IR BHa@idnkis-1- car boxyl i

c acid (3,4 Hoé}?{ggﬂs&gh@iﬁﬁ{%whio@zmz‘??,4,7-tetka{ﬁyé‘1%?ﬂ19|£}é’ia£e8int- DSnYRERANEE

descri bed i o ' ' '

3-[(S) - 4- ¥cad bnghithsth eergshe Wyth AP bandoy3tnRsphstchip EfOHahe titks gravrpxng im 2341 - pr opi
oni ¢ aci dyiélidrhtsg@]ﬁg@h@@%@@)Mgﬂ@ﬂﬁiﬁmgj ne gave the titled conmpound in 73%
yield as white solid. M5 441.1 ( , 2Cl). 20Example 17 WO

2011/ 948032PGh&ER2ALAL §65579

4-[(S)-4-(3,4-Bis-trifluoromethyl-phenyl)-3-methyl-2-oxo-piperazin-1-yl]-butyric acid

A) 4-((S)-3-Methyl-2-oxo0-piperazin-1-yl)-butyric acid tert-butyl ester, 0.1 eq. of HCI

In analogy to intermediate 12E, (S)-4-(3-tert-butoxycarbonyl-propyl)-2-methyl-3-oxo-
piperazine-1-carboxylic acid benzyl ester (intermediate 13A) was hydrogenated with Pd/C
15 (10%) to yield the titled compound in 95% yield as orange oil. MS: 257.19 (MH").

B) 4-[(S)-4-(3.4-Bis-trifluoromethyl-phenyl)-3-methyl-2-oxo-piperazin-1-yl]-butyric
acid tert-butyl ester

A mixture 0f0.20 g (0.78 mmol) of 4-((S)-3-Methyl-2-oxo-piperazin-1-yl)-butyric
acid tert-butyl ester, 0.1 eq. of HCI, 0.53 g (1.56 mmol) of 4-iodo-1,2-bis-trifluoromethyl-
20  benzene (W02007034282), 0.04 g (0.078 mmol) bis(tri-tert-butylphosphine)palladium(0)
and 0.33 g (1.56 mmol) tripotassium phosphate in 2 ml of 1,2-dimethoxyethane was degased
and heated at 120°C for 2h under microwave irradiation, diluted with dichloromethane,
filtered and evaporated. Purification on a SiO,-column (i-propanol in n-heptane 2 to 5%),
gave the titled compound in 35% yield as light brown oil. MS: 413.13 (M[-C4Hg]H").
25 C) 4-[(S)-4-(3.4-Bis-trifluoromethyl-phenyl)-3-methyl-2-oxo-piperazin-1 -yl ]-butyric

acid

In analogy to intermediate 12G, 4-[(S)-4-(3,4-bis-trifluoromethyl-phenyl)-3-methyl-2-
oxo-piperazin-1-yl]-butyric acid tert-butyl ester and HCI (4 M in dioxane) gave 84% of the
title compound as brown foam. MS: 411.11 (M-H").

30 Intermediate 44




- 104 - (S)-4- [3 -((R S)-3 -Hy dro xy-pip eridin-1-y1)-3-0xo0-p ro pyl]

-2-nmethyl -3 -0 xo-piperazine-1 - carboxylic acid

(3, 4-di chwonotphagesgl )-amide CI 0 Q 21C COH | n anal ogypCo/EPh@opssscedur e

described in Exanple 15, 3-[(S)-4-(3,4-dichloro- 5

phenyl car banoyl) - 3- et hy1- 2- oxo- plpera% n-1-yl]-propionic acid
(intermediate 12) and rac3- hydroxyplperldlne gave the titled conpound in
6% yI el d(Sag-[6%)F4-(hChiored-irdluoknethy Fp hen(yl-8-meRll)2-oxo-piperazin-1-yl]-3-

(S) 4- [31€%hP§HPBQ§“ﬁwHL@Hy((5 ! peri di n- 1-y1) - 3- oxo- pr opy1] - 2- net hyl - 3- 0xo0- p
i perazi nel0 LAD(@D-QQX)QHD@M@I@OX@ e&l&;l&nﬂb?@h@d@xﬂfb&ﬂﬁba&mm&&hw esttd 1 n anal ogy
to the procedure descr
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conpound in 51%yield as off-white solid. ,
Exanpl e 1gatriumhydrogencarbonat, 2.2 ml (14.7 mmol) of dlmethoxyacetaldehyde (in H,O 60%),

(S)-4-13 5 ) - gg X 1 1.0X r nethyl
- 3- oxoplpééég §. -9H¥ /32%98“%c&1‘?égfp§f %PO%%e%h%ﬁ ) %ﬁ@aPﬂ%fL%\@
21 C solution was evaporated, dissolved in toluene, evaporated under reduced pressure (2x) to
yield 3.781 g (70%) of the titled compound as yellow oil. MS: 222.13 (MH").
10 B) (S)-4-[[(S)-2-(3-Chloro-4-trifluoromethyl-phenylamino)-propionyl]-(2,2-

dimethoxy-ethyl)-amino]-3-hydroxy-butyric acid methyl ester (61% ds)
To a solution of 0915 g (3.4 mmol) of (S)-2-(3-chloro-4-trifluoromethyl-

phenylamino)-propionic acid (26% ee) (intermediate 32) and 0.394 ml (3.6 mmol) of 4-
methylmorpholine in 10.0 ml of DMF, was added at 0°C 1.86 g (4.9 mmol) of HATU,
15 followed after 30 min by 1.20 g (3.3 mmol) of (S)-4-(2,2-dimethoxy-ethylamino)-3-hydroxy-
butyric acid methyl ester in 6.5 ml of DMF. The solution was stirred and warmed up over
night. The reaction was poured on aqueous 10 % KHSO4EtOAc (3x). The organic phases
were washed with aqueous 10 % KHSO,, saturated NaHCOs, 10 % NaCl and dried over
Na,SOy4 to yield 1.91 g (62%) of the titled compound as light brown oil. MS: 469.14 (MH").
20 C) (S)-4-[(S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-3-methyl-2-oxo-piperazin-1-yl]-3-
hydroxy-butyric acid methyl ester (61% ds)
1.82 g (3.9 mmol) of (S)4-[[(S)-2-(3-chloro-4-trifluoromethyl-phenylamino)-

propionyl]-(2,2-dimethoxy-ethyl)-amino]-3-hydroxy-butyric acid methyl ester were dissolved
at RT in 39.0 ml of dichloromethane, cooled (0°C) and treated with 4.4 ml of trifluoroacetic
25 acid. After 30 min at 0°C and 2.5h at RT 3.2 ml (19.3 mmol) of triethylsilane were added and
stirred over night at RT. The reaction was neutralized with 8.1 ml (58 mmol) of tricthylamine
at 0°C and after 10 min poured on aqueous 10 % KHSO4EtOAc (3x). The organic phases
were washed with aqueous 10 % KHSO,, saturated NaHCOs, 10 % NaCl and dried over
Na,SOy4 to yield after flash chromatography (SiO,, EtOAc/Heptan from 1:1 to 4:1) 0.114 g
30 (7%) of the titled compound as yellow oil. MS: 409.2 (MH").
D) (S)-4-[(S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-3-methyl-2-oxo-piperazin-1-yl]-3-
hydroxy-butyric acid (61% ds)




OH WD 2011/ 048032PCT/ EP2010/ 065579 - 105 - In analogy to the procedure
descri bed in Exanple 15,

3-[(S) - 4-w08,2411di4si32 0r ophenyl car banoyl) - 3- net hyl - 2- oxo- piPpEER20 104065574 ] - pr opi
onic acid (internmediate 12) and 1.1 eq. (3S,5S)-5-nethyl-piperidin-3-ol;
hydrochl ori de (internediate 4) gave the titled conpound in 84%yield as
off-white solid. M5: 471.3 (M#+, 2Cl1). BExanple 20

(S) - 4- [ 3- (( 39n48)al@yHya rioteymediaret By (PHpEG)-di(B-chloyd}-tGflaxompthybytichyd-3aet hy 1

- 3- oxopi perazj ne-1-carboxyl j.c, aci d (3, 4-di chl orosphenyl)-am.de HO.O N N\ N
o R DR R PR Vel S B T bR L B RS S 1
3-[(S) - 4- 4@cdusdilietih@r Bydrddde (1 h) to give after extraction (EtOAc) and precipitation
phenylcarbannyl)-S-nethy1-2-ox01pkﬁerazin-l-yll-propionic acid

(i nt er medidighioramgthanegn-penfancy the Bidedreympougd tim B2 Zpyigkl psglight3egow foam. MS:

hydr ochl ofg3d® @iptyer medi ate 3) gave the titled conpound in 84%yield as
off-white solid. M5 471.3 (MH+, 2Cl).

Exanpl e 21  Intermediate 45

S)-4- 3- ARS) -3 _4-h 1- 4. met hyl -0iper i din-d-y1) - 3-
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A) (S)-4-Benzyloxycarbonylamino-5-hydroxvy-pentanoic acid tert-butyl ester

10 In analogy to G. Kokotos (Synthesis 1990, 299), a solution of 5.00 g (14.8 mmol) of Z-
Glu(OtBu)-OH in 74.0 ml of THF was treated at -10°C with 1.63 ml (14.8 mmol) of 4-
methylmorpholine, 1.41 ml (14.8 mmol) of ethyl chloroformate. After 10 min 1.682 g (44.5
mmol) of natriumborohydrid was added in one portion. Methanol (148 ml) was then added
dropwise over a period of 25 min at 0°C. The solution was stirred 20 min, and then

15 neutralized with a 10% KHSO, solution. The organic solvents are evaporated under reduced
pressure and the obtained residue is poured on a 10% KHSO, extracted with EtOAc (3x). The
organic phases were washed with aqueous 10% KHSO4, 10% NaCl, dried over Na,SO4 and
evaporated to yield 5.16 g (quantitative) of the titled compound as yellow oil. MS: 324.18
(MH").

20 B) (S)-4-Benzyloxycarbonylamino-5-methoxy-pentanoic acid tert-butyl ester

A solution of 4.82 ml (77.3 mmol) of iodomethane and 2.50 g (7.7 mmol) (S)-4-

Benzyloxycarbonylamino-5-hydroxy-pentanoic acid tert-butyl ester in 25 ml of acetonitrile
was cooled (0°C) and treated with 2.72 g (11.8 mmol) of silver(I) oxide. The reaction
mixture was stirred at RT for 3 days. The reaction was filtered and evaporated to yield after
25 flash chromatography (SiO,, dichloromethane/ether 2.5%) 1.70 g (65%) of the titled
compound as light yellow oil. MS: 360.18 (M+Na).
C) (S)-4-Amino-5-methoxy-pentanoic acid tert-butyl ester; HC1

In analogy to example 14H, (S)-4-benzyloxycarbonylamino-5-methoxy-pentanoic acid

tert-butyl ester was hydrogenated with Pd/C (10%) in methanol with 1 eq. of aqueous HCI for

30 2h to give after precipitation (dichloromethane/n-pentane) the titled compound in 90% yield
as off-white waxy solid. MS: 204.16 (MH").

D) (S)-4-(2.2-Dimethoxy-ethylamino)-5-methoxy-pentanoic acid tert-butyl ester




HC. NOHA OHd Cl In anal ogy to the procedure described in

Exanpl e 15,

3-[(S) - 4-w08,24t11di4si32 or ophenyl car banoyl) - 3- net hyl - 2- oxo- pippEER20 1040485574 ] - pr opi

onic acid (internediate 12) and 1.1 eq. (rac,

Ci S) - 4- hydr oxynet hyl- 4- net hyl - pi peri di_rk- 3-ol ; hydrochl oride (internediate

10) gave 20 the titled conmpound in 81%YVyield as white foam WMs: 499.2

(MH, 2Cl1). IBeanppeto2ftermediate 44A, (S)-4-amino-5-methoxy-pentanoic acid tert-butyl €st¢6 -

CS e el A o BE BBy catiliso 62 B RIAD Y0y BBt RE BB 1R V!
yield as yellow oil MS: 292.21 (MH").

E) (S)-4-[[(8)-2-(3-Chloro-4-trifluoromethyl-phenylamino)-propionvl]-(2.2-dimethoxy-

5 ethyl)-amino]-5-methoxy-pentanoic acid tert-butyl ester (61% ds)

In analogy to intermediate 44B, (S)-4-(2,2-dimethoxy-ethylamino)-5-methoxy-
pentanoic acid tert-butyl ester and (S)-2-(3-chloro-4-trifluoromethyl-phenylamino)-propionic
acid (26% ce) (intermediate 32) gave the titled compound in 79% yield as orange oil. MS:
53921 (MH", 1Cl).

10 F) (S)-4-[(S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-3-methyl-2-0xo-piperazin-1-yl]-5-

methoxy-pentanoic acid (61% ds)

In analogy to intermediate 44C, (S)-4-[[(S)-2-(3-chloro-4-trifluoromethyl-
phenylamino)-propionyl]-(2,2-dimethoxy-ethyl)-amino]-5-methoxy-pentanoic acid tert-butyl
ester was cyclized with trifluoroacetic acid/triethylsilane to give the titled compound in 36%

15 yield as brown oil. MS: 421.2 (MH", 1Cl).

Intermediate 46

(S)-1-[(R,S)-3-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-3-

methyl-piperazin-2-one
A) (rac)-4-Amino-2-hydroxy-butyric acid methyl ester; HCI
20 7.79 ml (109.6 mmol) of acetylchloride was carefully added at 0°C to 70 ml of MeOH

followed by 8.60 g (40.0 mmol) of (rac)-4-amino-2-hydroxybutyric acid. Stirring was
continued for 2h at 0°C, the reaction was then evaporated and dried under reduced pressure to
yield 6.98 g (quantitative) of the titled compound as white solid. MS: 134.08 (MH").

B) (S)-4-((R.S)-3-Hydroxv-3-methoxycarbonyl-propvl)-2-methyl-3-0xo-piperazine-1-

25 carboxylic acid benzyl ester

A solution of 0.840 g (5.0 mmol) of (rac)-4-amino-2-hydroxy-butyric acid methyl ester;

HCI, 0.690 ml (5.0 mmol) of tricthylamine, 0.514 ml (9.0 mmol) of acetic acid, 1.13 g (5.2
mmol) of sodium triacetoxyborohydride (pH~5) in 17.5 ml of dichloromethane at RT was
treated dropwise (10 min) with a solution of 1.26 g (4.5 mmol) of (S)-2-[benzyloxycarbonyl-

30 (2-oxo-cthyl)-amino]-propionic acid methyl ester (interemdiate 12C) in 35.0 ml of
dichloromethane. The reaction was stirred overnight at RT. The reaction was poured on
aqueous 10 % KHSO4/EtOAc (3x). The organic phases were washed with aqueous 10 %
KHSO,, saturated NaHCO;, 10 % NaCl and dried over Na,SO4 to yield after flash



In anal ogy to the procedure described in Exanple 15,
3-[(S)-4-(3,4-dichloro- 5

phenyl carwarmoyljus@2 et hy1- 2- oxo- pi perazi n-| -y1] - pr opi oniPCTAPR@ 0/065579
(internmediate 12) and norpholine gave the titled conpound in 45%yield as
white foam Ms: 441.1 (MIT, 2Cl). 87 - Exanpl e
23
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SExanple 25 (S)-4-[4 ((S) 4- r 0X aza-spiro
oct - yl)ﬂlﬂilﬂ%bCQilenilthﬁ‘étgmb’lOIBM%ﬁébllééMélz) ne- I -carboxylic acid
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methvl-3-o0xo-piperazine-1-carboxvlic acid benzvl ester

0.557 g (1.6 mmol) of (S)-4-((R,S)-3-carboxy-3-hydroxy-propyl)-2-methyl-3-oxo-

15 piperazine-1-carboxylic acid benzyl ester were dissolved at RT in 16 ml DMF followed by
addition 0f 0.222 g (1.7 mmol) of (S)-6-aza-spiro[2.5]octan-4-o0l, hydrochloride (intermediate
2), 0.443 ml (3.2 mmol) of thiethylamine and after 10 min at 0°C with 0.665 g (1.7 mmol) of
HATU. The solution was stirred over night and warmed up to RT. The reaction was
neutralized with aqueous 10% KHSO4 and extracted with EtOAc (3x). The organic phases

20 were washed with aqueous 10% KHSO., 10% NaCl, dried over Na,SO, and evaporated to
yield after precipitation (dichloromethane/n-pentane) 0.564 g (77%) of the titled compound
as off-white solid. MS: 460.24 (MH).

E) (S)-1-[(R.S)-3-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-3-

methvl-piperazin-2-one

25 A solution of 0.546 g (1.2 mmol) of (S)-4-[(R,S)-2-hydroxy-4-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-yl)-4-0x0-butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester in
18 ml of methanol was treated with 0.055 g of Pd/C (10%) and was stirred over Hj-
atmosphere for 1 night. After filtration, the solution was evaporated, dissolved in
dichloromethane, evaporated under reduced pressure (3x) and precipitated with ether to yield
30 0.363 g (94%) of the titled compound as off-white powder. MS: 326.21 (MH").
Intermediate 47

(S)-1-[(S)-3-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-3-methyl-

piperazin-2-one; HCI



10 oxo-butyl]-3-nmethyl-piperazin-2-one (internediate 13) in 1 m of

di chl oronet hane was treated with 0.030 g (0.20 mmol) of 3, 4-dichl orophenyl
i socyanatwo 28f1t@go3h t he reacti on was evaporated and purcCTiEpdolopedsiash
silica gel colum (dichloronethane/nethanol 98/2 to 9:1) to yield 0.039 g
(48% of the titled conpound as white f Qam M5: 495.2 (MIT, 2Cl). Exanple
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titled cobifouMHin 17% vyield as mhlte foam MS: 463.2 (M#+, O). Exanple 27
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anal ogy to the procedure described in Exanple 25, ' ' '
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razin-2-o &4 6 fgﬂ;dlate 13) and 3- (trlfluoronethyl)phenyl i socyanate
gave the %%%ﬁeﬁ&tonpound in 24%yield as white foam N5

In analogy to intermediate 46C, (S)-4-((S)-3-hydroxy-3-methoxycarbonyl-propyl)-2-

methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester and 1 M aqueous lithium hydroxide
15 solution gave after extraction with EtOAc the titled compound in 98% yield as light yellow
viscous oil. MS: 351.15 (MH").
D) (S)-4-[(S)-3-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-butyl]-2-

methvl-3-oxo-piperazine-1-carboxvlic acid benzyl ester

In analogy to intermediate 46D, (S)-4-((S)-3-carboxy-3-hydroxy-propyl)-2-methyl-3-
20 oxo-piperazine-1-carboxylic acid benzyl ester and 1.1 eq. of (S)-6-aza-spiro[2.5]octan-4-ol;
hydrochloride (intermediate 2) gave after precipitation (dichloromethane/n-pentane) the titled
compound in 75% yield as white solid. MS: 460.24 (MH").
E) (S)-1-[(S)-3-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5Joct-6-yl)-4-oxo0-butyl]-3-

methyl-piperazin-2-one; HCI
25 In analogy to intermediate 46E, (S)-4-[(S)-3-hydroxy-4-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-yl)-4-0x0-butyl]-2-methyl-3-oxo0-piperazine-1-carboxylic acid benzyl ester
was hydrogenated with Pd/C (10%) in methanolwith 1 eq. of aqueous HCI for 1h to give afier
precipitation (dichloromethane/ether) the titled compound in 99% yield as white solid. MS:
370.20 (MH").

30 Intermediate 48
(S)-1-[(R,S)-3-Fluoro-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0xo-butyl]-3-methyl-

piperazin-2-one; HCI
A) rac-4-Amino-2-fluoro-butyric acid methyl ester; HCI




15 497.2 (MH). Exanple 29 (S)-4-[4-((S)-4-Hydroxy-6-aza-spiro [2.5]
oct-6-yl)-4-oxo-butyl]-2-nmethyl-3 -oxopi perazine-I|-carboxylic acid
(4-trifl wwoanatdagiszphenyl ) -am de WO 2011/ 048032PCT/ EP2@L0/mMPe&5/085579 109 -
(trifluoronethyl)phenyl isocyanate gave the titled conpound in 32%yvyield as
white foam Ms: 497.2 (Mit). Exanple B%é’
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(5) - 1- [ 4- gidbenzylgstdr oxy- 6- azaspi r o[ 2. 5] oct - 6- y1) 4- oxo- but y1] - 3- net hyl - pi pe

(it or e at SnbsloTE B BB ol S SR g8 L R 0o e
solid. MSnethgR3 BSO-@Mdﬂa)zineExmﬁhni@hGBmd DAE-2 0dttY SUBD 3L RETOHEPROLO A6E5XEc- 110

oot b y1ySOHl (Séga%a% | B R ARG 30l r i Pl ahe it g mgpeptiative

(4-chlgr lgrdtagwllllt@%m@;;/j53glgqpm+_ am de In anal ogy to the procedure
descri bed in Exanple 25, (S)- 1-} 4-((S)-4-hydroxy-6-aza-
D) (S)-4-[(R.S)-3-Fluoro-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0xo-butyl]-2-

methvl-3-oxo-piperazine-1-carboxvlic acid benzyl ester

In analogy to intermediate 46D, (S)-4-((R,S)-3-carboxy-3-fluoro-propyl)-2-methyl-3-
oxo-piperazine-1-carboxylic acid benzyl ester and 1.1 eq. of (S)-6-aza-spiro[2.5]octan-4-ol;
20 hydrochloride (intermediate 2) gave after precipitation (dichloromethane/n-pentane and
dichloromethane/ether) the titled compound in 84% yield as white powder. MS: 462.24
(MH").
E) (S)-1-[(R.S)-3-Fluoro-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-ox0-butyl]-3-

methyl-piperazin-2-one; HCI
25 In analogy to intermediate 46E, (S)-4-[(R.S)-3-fluoro-4-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-yl)-4-0x0-butyl]-2-methyl-3-oxo0-piperazine-1-carboxylic acid benzyl ester
was hydrogenated with Pd/C (10%) in methanolwith 1 eq. of aqueous HCI for 1h to give afier
evaporation with acetonitrile (3x) the titled compound in quantitative yield as white powder.
MS: 328.20 (MH").

30 Intermediate 49
(S)-1-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-methoxymethyl-4-oxo-butyl]|-3-

methyl-piperazin-2-one; HCI1



5 spiro[2.5]oct-6-yl)-4-o0x0-butyl]-3-nethyl -pi perazi n-2-one (internediate
13) and 1-chloro-4- isocyanato-2-trifluoronethyl-benzene gave the titled
conpound WO 2quamsistati ve yield as white foam M. 531. 20CTMH2010D63Ey9
Exanpl e 33 (S)-4-[4-((S)-4-Hydroxy-6-aza-spiro [2.5]
oct-6-yl)-4-oxo-butyl]-2-nethyl - 3- oxol% pi perazi ne-|-carboxylic acid
(3-chloro-4-trifluoronethyl -phenyl)-am 8e Cl FFIn analogy to the

procedur e desa) (Shde($)m-ExtaBywbryc@tbonyl-1-methoxymethyl-propyl)-2-methyl-3-oxo-
(S)-1-14-(. S|r02 5] oct-6-yl)-4-oxo- butyl] - 3-net hyl - pi pe
razin-2- one=t Ted JENd>2E chl or o- 4-

i socyanat o- | -Tar Iaﬁilugy qaeﬁﬂtyﬂmda@mazeﬁr@ ((g)tza[‘u@&@ﬂ@iyearb@ﬂylgamoIeh@l)taxﬁlh@]d
conmpound in 83% 15 yield as white foa 20, (MH+, 1Cl1). Exanple 34
(S)-4-[4- Qr@g&m@ q%fn@;gyl Sstgrzgntgﬁp}déatf i2@] and (S) 4 -amino-5-methoxy-pentanoic acid

0Ct - 6- ¥ 1) fA-1R%A- elgjté} Yt %ln?@%ﬁl@dlhfe&rﬁogvpQE@%IIHQ@ <bmpSIROHY 8d% AL s light
(3-chloro-4-trifluoronmethoxy-phenyl)-am d

2011/ 04808PETHENMD #05 B65WFD).- 111 - In anal ogy to the procedure described
i n Exanpl e 30 S . .

(S)-1- [4 ((S)=4
razin-2- mbdmneecrmmz&mteks) and 2- chl or o- 4-

i socyanato-I|-trif]| uoronet benzene er d' te ve the titled
conpound in %WL’@P@I E rh@‘/?[ %réﬁrﬁ f‘éi’a’ﬁb Mg_e Eﬁ'f} %‘Wg&ut‘i’@fﬂr bomyhlanp| e
35 (- %Eﬁoﬁﬁ@thﬂ ﬂ?b/ﬂfz})%ﬁie@i}@é%x%mlﬁ&ail@e Plarboxylic acid benzyl ester in 4.2 ml
oct-6-yl)-4-o0xo-b %ﬁé)n(}- oxop| erazi ne-"1-carboxylic acid

(4-chl orooiédl@hlﬁnTomthawamwe Wltha?ri ol ROSFmnplA0 9q9) ridN egycovs HChe
brocedur SRRkt DT yRPTRL Syl of @ adal dr( (- IV R1Y i Sefinod Qe

spirof 2. 51]noc erazin-2-one nt ernedi at e 13)
and 1- chl erperdted] sepynalbdirotobiche, a‘vlapmatedrmﬂpmphﬂnd én ecetonlith&r aeldivap@attd)

%
gg\{)e _ the E3x§ ltoeglv(e:%rg%qun?quantltggve)yof tLe tlaed co pounBr VWght ygﬁnw N% M% §7& ?9( MHt,
15 (MH).
C) (S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-methoxymethyl-4-0xo0-

t hyl - pi pe

butyl]-2-methyl-3-o0xo0-piperazine-1-carboxylic acid benzyl ester

In analogy to intermediate 46D, (S)-4-((S)-3-carboxy-1-methoxymethyl-propyl)-2-
methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester and 1.1 eq. of (S)-6-aza-
20 spiro[2.5]octan-4-0l;  hydrochloride  (intermediate 2) gave after precipitation
(dichloromethane/n-pentane) the titled compound in quantitative yield as off-white solid. MS:
488.28 (MH).
D) (S)-1-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-methoxymethyl-4-0x0-
butyl]-3-methyl-piperazin-2-one; HCI
25 In analogy to intermediate 46E, (S)-4-[(S)-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-

1-methoxymethyl-4-oxo-butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester
was hydrogenated with Pd/C (10%) in methanolwith 1 eq. of aqueous HCI for 1h to give afier
precipitation (dichloromethane/ether) the titled compound in 93% yield as white solid. MS:
35424 (MH").
30 Intermediate SO
(R)-5-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-2-((S)-3-methyl-2-oxo-piperazin-1-

yD)-5-oxo-pentanoic acid methyl ester; HCL.



Exanpl e 36

(S)-2-Methyl-4-[4-(2-oxa-7-aza-spiro[ 3.5]non-7-yl)-4-o0xo0-butyl]- 3-o0xo-pi per
azi ne-1- Wb 20mnwrdasosgl i ¢ aci d (3-chl oro-phenyl)-am de RCIEPPEND6IIM9 Of
0.035 g (0.10 nmol) of 4-[(S)-4-(3-chloro-phenyl carbanoyl) - 3-net hyl -

0XO0- pi perazin-1-yl]-butyric acid (int erﬁgi ate 19) and 0.012 g (0.11

nmol ) N- hydr oxy- 2 pyrldon in 1.5 m of was treated at OCwith 0.021 ¢
(0.11 mol) oo a3 el (Wers B2z yiadygarhdi wW-3vmeth el -0xo-Rp e | -pli)-gbmtanclioic

sol ution of]g Ogg 24 %9 i rrql of 2 oxa- 7-azaspi ro[ 3. 5] nonane
trifluor (|nterrred|ate 20) and 0.030 m (0.30 nmol)
of triethyl anihngalbgy tb.the mocafur%cm ih h&ﬂn&dﬁ&dlzanqsymgodheﬁciyc@fbom@ls

stirred for | h at RT, The solution was poured g(g”\%gueous 10% KHSO4 . sol uti on

and ext r d@re9- leha@tn@drpws@mc agibmgthybentes (infeaa £e) HkPedrtinicrrcidqueous
sat ur atSEd% +Bu gﬁ@%tﬂﬁes%r%%chﬂfﬂd%%avé@e titled compound in 97% yield
2011/ 048032PCT/ EP 010/0 5579 -7 112 - (Na2SO4)” and evaporated to give 0.013
g of the Qsl}telleWOdoMSoﬂﬁ%m/v[MH Jexi mal 60% purity. The agueous phases were
reextracted v% h S .
evapor at ed and dr v —02¢ CO2

titled COMM‘HQN yeIIowfoam VS: 463 21 (M—|+ 5Exarrp|e 37 and 38
Acetic acid

(S) - 1- 14- [ ( S)n4nglegntodhe ROSF B p AR BsRRFTIAtRL AR (RYE (B 0- pi per azi n- 1-
%’fsl) - 2 llf)zzll?(/eél%ylgx%gﬂrog?l;ﬁﬁleﬂﬂﬂ PeIxoHiptrdiy-1-yBS@tandiibic acid 5-tert-butyl ester 1-

di met hy| - pEhekdsair and HE in dioxse ghva te Titlod erseopnd 81 Wlo yisidesrasconebrovaailboxy | i
c acid ( - 36 mel\?ﬁ@) phenyl)-amde HC NIlip 0Cl Exanple 37 C . C OH
Exanple 387 "7 '

C) (S)-4-[(R)-4-((S)-4-Hvydroxvy-6-aza-spiro[2.5]oct-6-y1)-1-methoxycarbonyl-4-oxo-

butyl]-2-methyl-3-o0xo0-piperazine-1-carboxylic acid benzyl ester

15 In analogy to the procedure described in example 15, (R)-2-((S)-4-benzyloxycarbonyl-
3-methyl-2-oxo-piperazin-1-yl)-pentanedioic acid 1-methyl ester and 1.1 eq. of (S)-6-aza-
spiro[2.5]octan-4-0l; hydrochloride (intermediate 2) gave after purification with flash
chromatography (SiO,, EtOAc) and precipitation from dichloromethane/n-pentane the titled
compound in 61% yield as amorphous off-white solid. MS: 502.25 (MH").

20 D) (R)-5-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-2-((S)-3-methyl-2-0x0-piperazin-1 -

yl)-5-ox0-pentanoic acid methyl ester; HCI
In analogy to intermediate 12E, (S)-4-[(R)-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-

1-methoxycarbonyl-4-oxo-butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester
was hydrogenated with 1 eq. of aqueous HCI to give after precipitation

25  (dichloromethane/Et,0) the titled compound in quantitative yield as off-white amorphous
solid. MS: 368.21 (MH").

Example 1
1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[3-(4-hydroxy-piperidin-1-yl)-3-oxo-propyl]-
30 [1.,4]diazepan-5-one



10 A)-yl)-4-oxo-butyl]-3-nmethyi piperazin-2-one; Acetate A sol ution
of 0.050 g (0.1 mmol) of (S)-444((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-

y1) - 4- oxowbubylus®2net hyl - 3- oxo- pi per azi ne- 1- car boxyl i c patir®24e0g3sh9 est er
(internmediate 13C) 15 in 3 nm acetic acid was treated with 0.026 g of Pt02
and was stirred over H2-atnosphere for days. After filtration and
evaporation, the crude conpound was agdi'n hydrogenated with 0.026 g of
Pt02/H2 for 3 days On 3 m acetic acid. After filtration and
evaporation, the regli due waglreevaporated (3 tines) with toluene and the
solvent was r Rd underNVacuymto give 0.057 g (99% of the titled
conpound as | {ght Jyellow djl. X ). 20B)Acetic acid

(S)-1-{4-[H&T - 3, 4-di chl ¢pheny|carba y1) - 3- net hy1- 2- oxo-

pi perazin-1-yl]-but3lyll-4,4-di ridin-3-yl ester and (S)-4- 4-((S
-3-H drox -4 4- 3 Cl

di met hyl - pi peridin-I-yl)-4-oxo=butyl]- t hyl - 3- oxo- pi perazi ne- 1- car boxyl i
c acid (3,4- dichloro-phenyl)-am de WO 2011/ 048032PCT/ EP2010/ 065579 -
113 - A solutioran80.6¢fg {26 menoprad Sedul(B)-3+€ S ¢ rdidhéatoipheisbaanyleyl3(; oxo-

(S)-1-[4- t)( - ; - _

di net hyl - ) 2élra A Xqﬁqiﬁopif’ nécx%:l%gltltye/ﬁe-d?-ten%)[%ldlo-o&ngeﬁoézllnﬁmﬁl)Sr%; Acet ate and

3,4- di chhm«u{ypmemﬂmeaﬁéytﬁlrtﬁtdech\lmrbﬂnetﬁamwasafea&drmOWWm|0pi}60lgi(061gﬁﬂ@l) after
0,

LS § SR e ol AIGEbans! Tk Panead AV HSRsy et hane to

{4-( S) 4ex(t1%ct%d %t%"ah@éd%rs RO @/E‘KHS@IJE@@RM Bx) 3‘[‘H€Bf'g¥lﬂrc%h9§é@ w@ke%ésﬁéd {iritﬁ y1] - but
yryll -4,4- dimet eri -3-yl ester (exanple 37) as white foam MS:

563. 18 ( MeNGaus szmla)ted wﬂ)@ow 0(diNeRIl émcbwdmﬁéwéﬂq dnpieht af.ger eviorg9s of
S)-4-[4- 1 net hy1l-3
f02<o pEpé&éﬁ?%é“?ﬁ%§ o%é ?@ﬂggﬁgp%%mﬁgg?%%ﬁ%ﬁ%“%ﬁe%@ﬁ?égﬁl e (%%nple %8)
as white foam Ms: 499.19 (MH+, 2Cl)Exdsiple250 (di chl oronet hane/ met hanol

109: 1) ) -4-14-((S)-4- - 6- -spi.r 2.5] ...

oct - 619 1) 1 REGRGO Py sy ety oo BaRSARE S £ Bedfitberiding -
(3-chl or03_g;a@.i3y$[)y1]aﬂl,4jemgpal,55 bRe @anal ogy to the procedure described in
Exanpl

(S)-1-[5- ((Qﬁo hydr oxy- 6- azaspi ro[ 2. 5] oct- 6-y1) - 5- oxo- pentyl] - 3-net hyl -pi p
erazin-2-one (I rmedi ate 21) and 3, 4- dichl orophenyl isocyanate gave the
titled comgos’d i NY74% vyield as white fQﬁnl MS: 511.19 (MH+, 2Cl). Exanple
40 20
(S)-4-[(R §-2-Hy
y1l]-2- methyl- 3-oxp-p
(3, 4-di chl or o- phedy1) -

&l spiro[ 2. 5] oct - 6-y1) - 4- oxo- but
acid

A) (rac)-cis-3.4-Bis-(tert-butyl-dimethyl-silanyloxy)-piperidin-1-yl]-3-oxo-propyl}-1-
[(E)-3-(3.4-dichloro-phenyl)-acrvlovyl]-[1.4]diazepan-5-one
15 In analogy to the procedure described in Example 1, 3-{4-[(E)-3-(3,4-dichloro-phenyl)-

acryloyl]-7-oxo-[1,4]diazepan-1-yl} -propionic acid (intermediate 5) and (cis)-(rac)-3,4-bis-
(tert-butyl-dimethyl-silanyloxy)-piperidine (intermediate 9) gave the titled compound in 95%
yield as a white solid. MS: 712.5 (MH", 2C)).

B) (rac)-cis-1-[(E)-3-(3.4-Dichloro-phenyl)-acryloyl]-4-[3-((3R.4S)-3 .4-dihydroxy-

20 piperidin-1-yI)-3-oxo-propvl]-[1.4]diazepan-5-one

In analogy to the procedure described in intermediate 6B, treatment of (rac)-cis-3,4-bis-

(tert-butyl-dimethyl-silanyloxy)-piperidin-1-yl]-3-oxo-propyl} -1-[(E)-3-(3,4-dichloro-



/[--\Cl - 114 - and 3, 4-di chl orophenyl isocyanate in dichl oronet hane/ DVF
gave the titled conpound in 57%vyield as white powder. M. 513.16 (M,
2Cl) . Exawpl2e114il8032 PCT/EP2010/065579
(S)-4-[(R' S)-2-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5] oct-6-yl)-4-o0xo0-but
yl]-2- 5 nethyl-3-oxo- pi perazine-1- carQ@xylic acid
(3-chloro-4-trifluoronethyl -phenyl)-am’de Cl In anal ogy to the procedure
descri bedphenylEﬁenybllyé] [3@1]d1@;$pa11 5{0([1Rv~$7n 2Chy diqmye gave ({18) titked compound in 82%

??/g{ g)r()r/rngS eas gfﬁo 2te5f1)OCt%[§ %%I)zﬁwﬂxozcﬁytyl] - met hyl - pi per azi n- 2- one

2-chl oro-4-isocyanat o-1-trifl uoronetiydmpleszene (internmedi ate 16) gave the
10 titled con})ound in 57%¥| eld as white ;l) owder. Ms; 547.19 (M+, d).
Exanpl e 4rac)-2-{4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo- [1,4]diazepan-1 -yl}-4- hydroxy-

(S)-4- B(Sﬁﬂaﬁﬂ&ﬁ%yutgrilﬁrﬁ% 4- hydr oxy- 6- aza-spi ro[ 2. 5] oct - 6-y1) - 4- oxo- butyl
]-2-methyl- 3-o0xo-pil perazi ne-1-carboxylic acid

(3-chloro-4-trifluoromethylChhengl)-amide C F /--\ i-NN( N( OHO
0 \
0] N
N\
N
O O

A solution of 0.081 g (0.19 mmol) of (rac)- 2-{4-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-7-
oxo-[1,4]diazepan-1-yl}-4-hydroxy-butyric acid methyl ester (with 50% of the lactone, 1-

10  [(E)-3-(3,4- dichloro-phenyl)-acryloyl]-4-(2-oxo-tetrahydro-furan-3-yl)-[1,4]diazepan-5-one)
(intermediate 6) was suspended in 1 ml of THF, treated with 0.34 ml (1.89 mmol, 33% in
EtOH) of dimethylamine and heated at 50°C for 16h. Evaporation of the solvent and drying
gave 0.08 g (96%) of the titled compound as light yellow foam. MS: 442.3 (MH", 2C]).

Example 4

15 (rac)-2-{4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-4-hydroxy-

N,N-dimethyl-butyramide
Cl Cl

In analogy to the procedure described in example 3, treatment of (rac)- 2-{4-[(E)-3-(3.4-
20  dichloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-4-hydroxy-butyric acid methyl ester

(with 50% of'the lactone, 1-[(E)-3-(3,4- dichloro-phenyl)-acryloyl]-4-(2-oxo-tetrahydro-

furan-3-yl)-[1,4]diazepan-5-one) (intermediate 6) in EtOH with piperidine for 1.5 days at



15 In anal ogy to the procedure described in Exanple 30,
(S)-(S)-1-[2-hydroxy-4-((S)-4-

hydr oxy- 6wazarig@ses3e| 2. 5] oct - 6- y1) - 4- oxo- but y1] - 3- et hy| PpirPe@»i065529 one
(internmediate 25) and 1.2 eq. of
2-ch|oro-4-isocyanato-1-trif|uoronethylhbenzene (internmediate 16) gave the
titled conpound in 36%yield as mhite'gbﬁher. MS: 547.19 (M+, d). WO
2011/ 048068PPGHA ERRYY &/Rb 5HEH3%% dftthe titled compound as light yellow foam. MS: 4822 Exanpl e
43

(S)-4- [ (MY. A7 dk oxy- 4- ((S) - 4- hydr oxy- 6- aza- spi r o] 2. 5] oct - 6- y1) - 4- oxo- but y1
]-2-methyl- 3-oxo-pi perazi ne-1-car bcmﬂmls_]esm d

(3-chloro-4-trifluoronethyl - henyl) am de /[-\ --0HQ The
title conﬁtﬁtﬁi‘nd@%@“'&*@ﬁww )wrylaylléelédwém!@nl -gtyrrolidine-1- carbonyl)-

(S)-4- E(?.%})gﬂ [ UgHiezepa - -4-

hydr oxy- spirof 2. 5]oct -y1l) - 4- oxo-butyl] - 2- net hyl- 3- oxo- pi per azi ne-| -
carboxylic acid (3-chloro-4- trh@;&gronethyl-phenyl)-anide (exanple 41) on a
an

Reprosil Chiral NR, (4080 2- | in n-heptane) to give 36% of
(S)-4-[(S)-2-hydroxy 4-1(S) - 4- hydNoxy- 6- aza- 10

spiro[ 2. 5] oct - N ]-2 hy1- 3- oxo- pi perazi ne- 1-carboxylic
acid (3-chlor trlfluo one pheqia) am de (exanple 42) as off-white
anor phous . 547. d 30% of

(S)-4- [(R) 2- hydroxy 44(°S) - droxy 6-aza-spiro[ 2. 5] oct-6-yl)-4-oxobutyl]-

2- et hyl - 3- oxo-{i per azi ne- 1- caﬁ%oxyllc aci d
(3-chloro-4-trifluoronethyl-phenyl)- am de (exanple 43) as an off-white
anor phous solid. Ms: 547.19 (M#, Cd). 15Exanple 44

(S) - 4- [ ( RnShaoiAhepyscdadré @éscﬂbéwlqresawplésa&@mpmro@Erac)Sbo{qt[(@y3/@3)44 0xo0- but

yl]-2- net hyl- 3-oxo-pi perazine-1-carb oxylic ac

( 3- chl or odighlpyo-phenph)-eertaybixiroxhBEdidiazensndeyl} 4—h}@r®y@umlq36k@6ﬂwll‘¢ster
10 (with 50% of the lactone, 1-[(E)-3-(3,4- dichloro-phenyl)-acryloyl]-4-(2-oxo-tetrahydro-
furan-3-yl)-[1,4]diazepan-5-one) (intermediate 6) in EtOH with pyrrolidine over night at RT
gave 88% of the titled compound as white foam. MS: 468.1 (MH", 2C).

Example 6
15 rac-(1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-(1-hydroxymethyl-3-0xo0-3-piperidin-1-
yl-propyl)-[1,4]diazepan-5-one)
HO
0

PN
O»’\\,@—m

A) rac-2-{4-[(E)-3-(3.4-Dichloro-phenyl)-acryloyl]-7-ox0-[ 1 .4 ]diazepan-1-yl } -4-0xo0-

20  4-piperidin-1-yl-butyric acid methyl ester
A solution 0f 0.286 g (0.65 mmol) of 2-{4-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-7-

oxo-[1,4]diazepan-1-yl}-succinic acid 1-methyl ester (intermediate 7) in 15 ml of

dichloromethane was treated with 0.070 ml (0.71 mmol) of piperidine and at 0°C with 0.148



(cNd OHO 0 In analogy to the procedure described in Exanple 30,

(S)-1-[(R S)-2-hydroxy-4-((S)-4- 20

hydr oxy- 6wazarig@ses3e| 2. 5] oct - 6- y1) - 4- oxo- but y1] - 3- et hy| PpirPe@»i065529 one
(internmediate 23) and 1.3 eq. of

2-chl oro-4-isocyanato-1-trifl uoromet hoxy-benzene (internediate 17) in

di chl or onet hane/ DMF gave the titled co'ry%o'und in 52%yield as white solid.
MS: 563. 19(QWmOU®fEDGA@nQ©m9@4BOBM BEAZ0B0/ 06651 ght; the $@pensiorawmpl e 45
and Exanp 0 . :

(S)-4- [(s}}a“%‘ér EWF‘%’%V R Te Bpugd A AUy BUAKEIS P Bon 4PGRETasted (Y IERRS- but y1
] - 2- met hyBx). %Mgml@ﬁ[aazs Wére kfaglaerdbmydqueo@cshﬁrated NaHCOj3 and aqueous 10 %
(3-chloro-4-trif| uoromethoxy-phenyl)-am de

(S) 4- [ (RYeQL et GlaySAy @e@yvaapomirytagy/eé) %&@Bwapﬁths]t@é@wnmm&s ke but y1

] - 2- meshyfon O 9X@1 RVIRE! A ne- 1- carboxylic acid
(3-chl oroOZalmtrlfI uoromethoxgl phenyl)-amde HO /--\ ¢ N),/ | Exanple 45
B) rac-(1-[(E)-3-(3.4-Dichloro-phenyl)-acryloyl]-4-(1 hvdroxvmethvl 3-0x0-3-

piperidin-1-yl-propvl)-[1.4]diazepan-5-one)
A cooled (0°C) solution 0f 0.150 g (0.29 mmol) of 2-{4-[(E)-3-(3,4-dichloro-phenyl)-

acryloyl]-7-oxo-[1,4]diazepan-1-yl} -4-ox0-4-piperidin-1-yl-butyric acid methyl ester in 3.7

10 ml of EtOH was treated with 0.013 g (0.59 mmol) of LiBH,4 (in 3 portions during 48h until to
the end of the reaction). The mixture was stirred at RT for 48h, cooled to 0°C and aqueous
10% KHSOj4 solution was slowly aded. The mixture was partitioned between aqueous
saturated NaHCOs/EtOAc (3x). The organic phases were dried (Na,SO4) and evaporated to
give 0.136 g (96%) of the titled compound as white foam. MS: 482.2 (MH", 2Cl).

15 Example 7
(R,S)-2-{4-|(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-4-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyric acid methyl ester

Cl
Cl

In analogy to the procedure described in example 6 A, 2-{4-[(E)-3-(3,4-dichloro-phenyl)-

20 acryloyl]-7-oxo0-[1,4]diazepan-1-yl} -succinic acid 1-methyl ester (intermediate 7) with 1.5 eq.
of EtsN (aded before cooling) and 1.05 eq. of (S)-6-aza-spiro[2.5]octan-4-ol; hydrochloride
(intermediate 2) gave, after purification on a SiO;,-column (dichloromethane/Isopropanol
97.5:2.5-9:1 gradient), the titled compound in 33% yield as white foam. MS: 552.0 (MH',
2C1).

25 Example 8
rac-(2-{4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-N,N-

dimethyl-succinamic acid methyl ester)
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In analogy to the procedure described in example 6 A, 2-{4-[(E)-3-(3,4-dichloro-phenyl)-

acryloyl]-7-oxo-[1,4]diazepan-1-yl} -succinic acid 1-methyl ester (intermediate 7) with 4 eq.
5 of EtN (aded before cooling) and dimethylamine hydrochloride gave, after purification on a

Si0;-column (dichloromethane/MeOH 98:2), the titled compound in 57% yield as white

foam. MS: 470.0 (MH", 2Cl).

Example 9
(R,S)-2-{4-|(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl}-4-((3S,5S)-3-
10 hydroxy-S-methyl-piperidin-1-yl)-4-oxo-butyric acid methyl ester

HO
T o g

N
O

\
N
In analogy to the procedure described in example 6 A, 2-{4-[(E)-3-(3,4-dichloro-phenyl)-
acryloyl]-7-oxo-[1,4]diazepan-1-yl} -succinic acid 1-methyl ester (intermediate 7), 1.5 eq. of
Et;N (aded before cooling) and 1 eq. of (3S,5S)-5-methyl-piperidin-3-ol; hydrochloride
15 (intermediate 4) gave, after purification on a SiOz-column (dichloromethane/Isopropanol

97:3-9:1 gradient), the titled compound in 54% yield as white foam. MS: 540.0 (MH", 2Cl).
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Example 10

(R,S)-2-{4-[(E)-3-(3-Chloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl1}-4-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0xo-butyric acid methyl ester

Cl

In analogy to the procedure described in example 6 A, 2-{4-[(E)-3-(3-chloro-phenyl)-
acryloyl]-7-oxo-[1,4]diazepan-1-yl} -succinic acid 1-methyl ester (intermediate 8) with 1.1 eq.
of EtsN (aded before cooling) and 1.05 eq. of (S)-6-aza-spiro[2.5]octan-4-ol; hydrochloride
(intermediate 2) gave, after purification on a SiO;-column (dichloromethane/MeOH 98:2-
95:5), the titled compound in 76% yield as white foam. MS: 518.3 (MH", 1Cl).

Example 11
1-[(E)-3-(3-Chloro-phenyl)-acryloyl]-4-[(R,S)-3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-
1-hydroxymethyl-3-oxo-propyl]-[1,4]diazepan-5-one

Cl

In analogy to the procedure described in example 6B, (R,S)-2-{4-[(E)-3-(3-chloro-phenyl)-
acryloyl]-7-oxo-[1,4]diazepan-1-yl} -4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-
butyric acid methyl ester (example 10) and 2 eq. of LiBH,4 gave, after only 1 night of stirring
and purification on a SiO,-column (dichloromethane/MeOH 98:2-95:5), the titled compound
in 88% yield as white foam. MS: 490.1 (MH", 1CI).

Example 12
rac-(2-{4-[(E)-3-(3-Chloro-phenyl)-acryloyl]-7-oxo0-[1,4]diazepan-1-yl}-N,N-dimethyl-

succinamic acid methyl ester)



- OHO The title conpounds were prepared by chiral separation of
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solid. Ms 3.19 ( : Rxanpl e 47 WD 2011/ 048032PCT/ EP2010/ 065579 -
117 - (9 -4-[ (R SpzZ oxXy-@ ((S)-4-hydroxy-6-aza-spiro [2.5]
oct-6-yl)-4-oxo-butyl] -2- nethyl-3-oxo-piperazine-1-carboxylic acid
83,4-bLsdhmmmkgpnnmephybmphéﬂymbahmggamHEbA,@{Hdg@ﬁhgbq2m®gﬂmmﬂ}procedure
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(inter WEdE@NQac%a)beﬁ)lﬂ@cdohaFﬁﬂld dﬂiﬁethylamlne hydrochloride gave, after purification on a
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titl ed>comsbrRlm{dihirgmeshancideHiPd %%wmetltmcomqu@ﬂn@%we EXHRI e 48
and Exa”pfo%n%s. 436.3 (MH", 1CI).

Example 13
1-[(E)-3-(3-Chloro-phenyl)-acryloyl]-4-[(R,S)-3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-
1-methoxymethyl-3-oxo-propyl]-[1,4]diazepan-5-one

Cl

10 O
A) 3-{4-[(E)-3-(3-Chloro-phenyl)-acryloyl]-7-oxo-[1 .4 ]diazepan-1-yl} -4-hydroxy-
butyric acid tert-butyl ester

In analogy to the procedure described in example 6B, 2-{4-[(E)-3-(3-chloro-phenyl)-
acryloyl]-7-oxo-[1,4]diazepan-1-yl} -succinic acid 4-tert-butyl ester 1-methyl ester
15 (intermediate 8C) and 2 eq. of LiBH4 gave, after only 1 night of stirring and purification on a
Si0,-column (dichloromethane/MeOH 98:2-95:5), the titled compound in 84% yield as white
foam. MS: 436.9 (MH", 1Cl).
B) 3-{4-[(E)-3-(3-Chloro-phenyl)-acryloyl]-7-ox0-[1 .4 ]diazepan-1-yl } -4-methoxy-
butyric acid tert-butyl ester
20 To a solution 0f 0.200 g (0.46 mmol) of 3-{4-[(E)-3-(3-chloro-phenyl)-acryloyl]-7-

oxo-[1,4]diazepan-1-yl}-4-hydroxy-butyric acid tert-butyl ester in 0.73 ml of DMF was aded
dropwise 0.142 ml (2.29 mmol) of iodomethane. The solution was treated at 0°C with 0.024
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g (0.55 mmol) of NaH (55 % in oil). The reaction was stirred for 3 h at 0 °C, neutralized with
cold aqueous 10 % KHSOj4 and extracted with EtOAc (3x). The organic phases were washed
with aqueous saturated NaHCO; and aqueous 10 % NaCl, dried (Na,SOj,), evaporated and
purified on a SiO,-column (dichloromethane/Isopropanol 99:1-98:2) to give the titled
5 compound in 61% yield as colorless gum. MS: 451.2 (MH", 1Cl).

C) 3-{4-[(E)-3-(3-Chloro-phenyl)-acryloyl]-7-ox0-[1 4 ]diazepan-1-yl } -4-methoxy-
butyric acid

In analogy to the procedure described in intermediate 7C, 3-{4-[(E)-3-(3-chloro-

phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yl} -4-methoxy-butyric acid tert-butyl ester gave the
10 titled compound in quant. yield as light yellow gum. MS: 393.0 (M-H, 1Cl).
D) 1-[(E)-3-(3-Chloro-phenyl)-acryloyl]-4-[(R.S)-3-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-y1)-1-methoxymethyl-3-oxo-propvl]-[ 1.4 ]diazepan-5-one

In analogy to the procedure described in example 6 A, 3-{4-[(E)-3-(3-chloro-phenyl)-
acryloyl]-7-oxo-[1,4]diazepan-1-yl} -4-methoxy-butyric with 1.1 eq. of EtsN (aded before
15 cooling) and 1.05 eq. of (S)-6-aza-spiro[2.5Joctan-4-o0l; hydrochloride (intermediate 2) gave,
after purification on a SiO,-column (dichloromethane/Isopropanol 98:2-9:1), the titled
compound in 66% yield as white foam. MS: 504.2 (MH", 1Cl).
Example 14
(R)-2-{4-[(E)-3-(3-Chloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-y1}-4-hydroxy-N,N-
20 dimethyl-butyramide

Cl
\
O
OH V\\ ~
\\\\“‘. N/\\ -
N
O O
A) 3-[Benzyloxvcarbonyl-(2-hydroxy-ethyl)-amino]-propionic acid tert-butyl

ester
6.11 g (100 mmol) of ethanolamine were cooled (0 °C), treated with 14.52 ml (100
25 mmol) of ter-butyl-acrylate and stirred 15 min at this temperature. During warming up to
room temperature the reaction started and was kept with cooling at 25-30°C and then stirred
18 h at room temperature. The oil was dissolved in 500 ml of tetrahydrofuran and 500 ml of
water, 27.42 (110 mmol) of N-(benzyloxycarbonyloxy)succinimide were aded at 0°C
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followed by 27.88 ml (200 mmol) of triecthlamine. The reaction was stirred at room
temperature over 3 h, then partitioned between 10% aq. potassium hydrogensulfate solution
and diethyl ether (3x). The organic phases were washed with 10% aq. potassium
hydrogensulfate solution, sat. aq. sodium hydrogencarbonate solution, 10% aq. sodium
chloride solution, dried over Na,SO,4 evaporated and purified by flash silica gel column (n-
heptane/ethyl acetate 4:1 to 1:1) to yield 27.53 g (85%) of'the titled compound as light yellow
oil. MS: 324.2 (MH").

B) 3-[Benzyloxvcarbonyl-(2-oxo-ethvl)-amino]-propionic acid tert-butyl ester

To a solution 0f'4.53 ml (35.65 mmol) of oxalyl chloride in 76 ml dichloromethane at -
50 to -60°C was aded a solution of 5.81 ml (74.40 mmol) dimethylsulfoxide in 16 ml of
dichloromethane within 20 min. The solution was stirred for 5 min and a solution of 10.03 g
(31.0 mmol) 3-[benzyloxycarbonyl-(2-hydroxy-ethyl)-amino]-propionic acid tert-butyl ester
in 67 ml dichloromethane was aded within 20 min. The mixture was stirred for 15 min and
21.6 ml (155 mmol) of triethylamine were aded within 25 min. The suspension was stirred
for 2 h and slowly warmed to 0 °C. The reaction was neutralized with cold 10% aq.
potassium dihydrogenphosphate solution (adjusted with solid potassium
dihydrogenphosphate to pH 4-5) and extracted with diethyl ether (3x). The organic phases
were washed with 10% aq. potassium dihydrogenphosphate solution, sat. aq. sodium
hydrogencarbonate solution, 10% aq. sodium chloride solution, dried over Na;SO4
evaporated to yield 9.94 g (99.8%) of the titled compound as yellow oil. MS: 322.1 (MH").

Q) (S)-4-Benzyloxy-2-{2-[benzyloxycarbonyl-(2-tert-butoxycarbonyl-cthyl)-

amino]-cthylamino}-butyric acid methyl ester
3.71 g (11.55 mmol) of 3-[benzyloxycarbonyl-(2-0x0-ethyl)-amino]-propionic acid

tert-butyl ester and 3.00 g (11.55 mmol) of (S)-2-amino-4-benzyloxy-butyric acid methyl
ester; hydrochloride (intermediate 7) were dissolved in 1,2-dichloroethane/ethanol 1:1 80 ml)
and treated with 1.93 ml (13.86 mmol) of tricthylamine, 3.03 ml of acetic acid and 3.03 ml
(24.25 mmol, 8 M in pyridine) of pyridine-borane complex (cooling with a water bath to

room temperature). The reaction was stirred at room temperature over 1% h, then partitioned
between aq. sodium hydrogencarbonate solution and diethyl ether (3x). The organic phases
were washed with sat. aq. sodium hydrogencarbonate solution, 10% aq. sodium chloride
solution, dried over Na,SO,4 evaporated and purified by flash silica gel column

(dichloromethane/n-heptane 1:1 to dichloromethane, then dichloromethane/ethyl acetate 4:1
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to ethyl acetate) to yield 4.81 g (79%) of the titled compound as colorless oil. MS: 529.2
(MH").

D) (S)-4-Benzyloxy-2-{2-[benzyloxycarbonyl-(2-carboxy-ethyl)-amino]-

ethylamino!-butyric acid methvl ester; hydrochloride.

A solution of 4.58 g (8.66 mmol) of (S)-4-benzyloxy-2-{2-[benzyloxycarbonyl-(2-tert-
butoxycarbonyl-ethyl)-amino]-ethylamino} -butyric acid methyl ester in 17 ml of dioxane was
cooled (10 °C), treated with 21.7 ml (86.7 mmol) of 4 M hydrogen chloride solution in
dioxane, 10 drops of water and stirred at room temperature for 12 h. The solution was
evaporated, suspended in acetonitrile and evaporated (2x), dissolved in dichloromethane,
treated with Na,SOy, filtered and evaporated to yield 4.42 g (quantitative) of the titled
compound as light yellow foam. MS: 471.2 (M-H).

E) 4-((S)-3-Benzyloxy-1-methoxycarbonyl-propyl)-5-oxo0-[ 1 .4]diazepane-1-

carboxvylic acid benzyl ester

A solution of 4.40 g (8.64 mmol) of (S)-4-benzyloxy-2-{2-[benzyloxycarbonyl-(2-

carboxy-ethyl)-amino]-ethylamino} -butyric acid methyl ester; hydrochloride in 85 ml
dichloromethane was treated with 1.20 (8.64 mmol) of tricthylamine and at 0°C with 1.99 g
(10.37 mmol) of N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride. The
cooling bath was allowed to come to room temperature and after 15 h the reaction was
extracted with 10% aq. potassium hydrogensulfate solution/diethyl ether (3x). The organic
phases were washed with 10% aq. potassium hydrogensulfate solution, 10% sodium chloride
solution and dried over Na,SO4 to yield after evaporation of the solvent 3.74 g (95%) of the
titled compound as light yellow oil. MS: 455.2 (MH").

F) Lithium; (R)-4-benzyloxy-2-(4-benzyloxycarbonyl-7-oxo-[1.4]diazepan-1-yl)-
butyrate

A solution 0of 2.01 g (4.40 mmol) of 4-((S)-3-benzyloxy-1-methoxycarbonyl-propyl)-5-

oxo-[1,4]diazepane-1-carboxylic acid benzyl ester in 12 ml of tetrahydrofuran/methanol (1:1)
was treated at 0°C with 4.43 ml (4.40 mmol) of 1 M aq. lithium hydroxide solution, and kept
3 h at this temperature. The reaction was evaporated, dissolved in acetonitrile and evaporated
again (3x) to give 1.94 g (98%) of the titled compound as light yellow foam. MS: 439.2 (M-
H).

Q) 4-((R)-3-Benzyloxy-1-dimethylcarbamovl-propyl)-5-oxo-[1.4]diazepane-1-

carboxylic acid benzyl ester
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phases were washed with a solution of sat. aq. sodium hydrogencarbonate and with a solution
of 10% aq. sodium chloride. The combined organic phases were dried over Na,SO, and the
10  solvent was removed under vacuum to give 2.00 g (quant.) of the titled compound as orange
o0il. MS: 468.3 (MH).
H) (R)-4-Hydroxy-N.N-dimethyl-2-(7-0x0-[1.4]diazepan-1-yl)-butyramide

hydrochloride
A solution of 1.85 g (4.00 mmol) 4-((R)-3-benzyloxy-1-dimethylcarbamoyl-propyl)-5-

15 oxo-[1,4]diazepane-1-carboxylic acid benzyl ester in 57 ml of methanol was treated with a
solution 0f 3.96 ml of 1 M aq. hydrochloric acid solution and 0.20 g of Pd/C (10%) and was
stirred over Hy-atmosphere for 16h. After filtration, the solution was evaporated, dissolved in
methanol and evaporated (3x), followed with dichloromethane and evaprorated (3x) under
reduced pressure to yield 1.10 g (99%) of the titled compound as a white foam. MS: 244 .1

20 (MH).

I) (R)-2-{4-[(E)-3-(3-Chloro-phenyl)-acryloyl]-7-oxo0-[1.4]diazepan-1-yl } -4-hydroxy-
N.N-dimethyl-butyramide

In analogy to the procedure described in example 1, (R)-4-hydroxy-N,N-dimethyl-2-(7-
oxo-[1,4]diazepan-1-yl)-butyramide hydrochloride and (E)-3-chlorocinnamic acid with 1.1 eq.
25  oftriethylamine gave the titled compound in 72% yield as white foam. MS: 408.1 (MH ",
1CI).
Example 15
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0.054 ml (0.40 mmol) of triecthylamine and at 0°C with 0.081 g (0.22 mmol) of HATU. Over
night, the suspension was naturally warmed to RT, poured on aqueous 10% KHSO, solution
and extracted with EtOAc (3x). The organic phases were washed with aqueous saturated
10  NaHCOs and aqueous 10 % NaCl, dried (Na;SQO4) and evaporated to give after purification
with flash chromatography (SiO,, dichloromethane/methanol 99:1 to 96:4) 0.069 g (70%) of
the titled compound as white foam. MS: 483.2 (MH", 2Cl).
Example 16
(S)-2-Methyl-3-0x0-4-(3-0x0-3-piperidin-1-yl-propyl)-piperazine-1-carboxylic acid (3,4-
15 dichloro-phenyl)-amide
Cl

Q H
/\ N Cl
N N N
() g
O
In analogy to the procedure described in Example 15, 3-[(S)-4-(3,4-dichloro-
phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-propionic acid (intermediate 12) and

piperidine gave the titled compound in 73% yield as white solid. MS: 441.1 (MH", 2Cl).
20 Example 17
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to give after }lash sitita gé) colum 5 (dichl oronmethane/ MeOH 96:4 to 95:5)
and preci pi ion (dochl o¥omet hane/ether) 0.19 g (68% of the title
conpound as whphie anorphous powder. Ms: 561.21 (M+#+, CO. Exanple 54
(S)-2-[(S)-4-(3-Chloro-4-trifluoronethoxy-phenyl carbanoyl) - 3- net hyl-2- oxo-p
i perazi n-Inlanylbgy E}t@é @océddwdémﬁbecﬁnﬂamppi 1508 2(SH-HoGt4~Mieydo- 5- 0x0- pent anoi ¢

[ hyl
acid m53t ‘ghen%%gr amoyl) -3 met%yl 2-0x0-piperazin-1-yl]-propionic acid (intermediate 12) and rac-
3-hydroxypiperidine gave the titled compound in 56% yield as off-white solid. MS: 457.1
(MH", 2C)).

Example 18

(S)-4-|3-(4-Hydroxy-4-methyl-piperidin-1-yl)-3-oxo-propyl]-2-methyl-3-oxo-piperazine-

10  1-carboxylic acid (3,4-dichloro-phenyl)-amide

0
>\—N N N
Cl N
H 0

Cl

OH

In analogy to the procedure described in Example 15, 3-[(S)-4-(3,4-dichloro-

phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-propionic acid (intermediate 12) and 4-

methyl-piperidin-4-ol gave the titled compound in 51% yield as off-white solid. MS: 471.2
15 (MH", 2C)).

Example 19
(S)-4-13-((3S,55)-3-Hydroxy-5-methyl-piperidin-1-yl)-3-oxo-propyl]-2-methyl-3-oxo-
piperazine-1-carboxylic acid (3,4-dichloro-phenyl)-amide

Cl

Q H
N—< />—CI
N N/_\N—<
—~ 0

OH



In anal ogy to the procedure described in Exanple 30,
(S)-5-((S)-4-hydroxy-6-aza- spiro [2.5] oct-6-yl1)-2-((S)-3 -nethyl-2-o0xo
-p ip eraxDrofli/o4g@BR-5 -0xo -p entano ic acid nethyl estecT(ipraiensisdd ate 29)
with 3 eq. of 4-nethyl norpholine and 1 2 eq. of 2-chloro-4-isocyanato-1-
trifluoronmethoxy-benzene (intermnedi a (:)Lg) gave the titled conpound in 67%
yield as white 15 foam WMs: 605. 20 . Exanpl e 55

(S) - 4- [ ( In-ahalpgBjo the bl;mtr:dmg/dﬁcalzailsﬁxamp[ezwﬂ -[(S)-4-(3,4-dichloro-

(r)rgz hs 1y§) ]&gg?%ar% ég?-%ﬁ%h@gg%%@z@lﬁ%%lzihblfﬁj-propionic acid (intermediate 12) and 1.1

(3-chl or oe}¢39, 5$)L54ﬁ1leﬂll?3pip@ﬂdﬁn{3h@ny§l'd)ro@ﬂﬂrdﬁ (lk¥nediateMPgave the titled compound

2011/ 048032PCT/ EP2010Q/ 065579 - - A sgl ution of 0.200 g (0.34 mmol) of
(S)-2-[ (Sp-347 {3‘9@Wﬁ8iffowllﬂt@c5rolhflilﬂ§r‘b7&ei%ﬁy’- Ghenyl ¢ arb anoyl)-3 -methyl-2-0
Xxo-p ipgerazin-1 -yl] -5 -((S)-4-hyd z a-spiro[2.5 ]oct-6 -

yl) - 5- gxo- pent anoi ¢ acid net hyl est%%l e 54) in 1.0 M of THF was
treated WS)H-IB-(G5.49)- X-Hyﬂmmﬂ%hyetloﬂ-pmeﬂddn-(lﬂ’lm-iOnO-FFF[)yllame@hﬁ%‘OXﬂ- (0.68

mol ) of MeOH Jhe.reaction was stirred for 2h
at RT, co%lpgﬁzine'%er;’ﬂﬁylstolégbéﬁ dcp rﬁ'BBIﬁXl)' 34T et one. The reaction was
di | ut ed with 0.3 m of cycl ohexanEIO 0.9,m of aqueous 2 N NaCH were added
and after 30 mn extractegd wgh EtO X). The organi c phases were washed
wi th aqueous 10% NaCl, dNi ed/ (Na2SQ4) and evaporated to give after flash
silica gel colum (dichl éronet hane/ MeOH' 98:2 to 9:1) 0.172 g (88% of the
titled co 3 \Mﬁ fo 77.20 (MH, CO Exanple 56 Lithium

(S)-2-[(S QR 0- 4-tT1fl uo thoxy phenyl ear banoyl) - 3- met hyl - 2- oxopi
per azi n-1-y1] -)5=9S) -'4- hydr oxy- 6- aza-@pi r o[ 2. 5] oct - 6-y1) - 5- oxo- pent anoat e
.-,- Li 00 &5 A solution of 0.050 g (0.10 mmol ) of

(S)-2-[(S)-4-(3-chloro-4-trifluoronethoxyphenyl car banoyl) - 3- net hyl - 2- oxo- pi
per azi n- Ihlen]a}o@ﬂ(cﬁhe @fdcydirreidgecﬁbatla-l?s;pinpm[lz 5—][@()%(64 Jithleto~ 0X0- pent anoi ¢

acid th est in 0. f tetra of ur an/ H(1:1) was
Freat db atheeubimOg) SaRe B Bt - gF PETATE] (g G el 4
sol uti on @neBkePts-dethyBpipbidis- 3t&npﬁfr@6hllﬁrﬁle§@'fé?ﬁ@dluﬁ 3) @aRTthé Hh&l donyREngt i | |

a trace of starting material) and 20 cooled to again to add 0.008 m (0.01

mmol ) of 111&W/aijeldlﬁspffr\ﬁlﬁ*ﬁWﬂoMSd‘eﬂs%(Mﬂl B&D.After 2h at RT, the reaction

was evaporated, dissolved in aceton nd evapor at ed (3x) and
precipitated (d| chl or onet hane/ n- pen|EtXEl e 2 give 0.027 g (54% of the

titled cofspadd(I8R,4R813-Hy droxy+t-hiyBroxydftiyl-4( ik tHyl-piperidin-1-yl)-3-oxo-
15 propyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid (3,4-dichloro-phenyl)-amide
O

o
CIQ” N\_/N_\_/<:
Cl

In analogy to the procedure described in Example 15, 3-[(S)-4-(3,4-dichloro-

OH

phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-propionic acid (intermediate 12) and 1.1
eq. (rac, cis)-4-hydroxymethyl-4-methyl-piperidin-3-ol; hydrochloride (intermediate 10) gave
20 the titled compound in 81% yield as white foam. MS: 499.2 (M-H’, 2Cl).
Example 22



Exanpl e 57 WD 2011/ 048032PCT/ EP2010/ 065579 - 122 -
(S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro

[ 2. 5] oct -woydit/dsdsgdr oxynet hyl- 4- oxo- but y1] - 2- PCT/EP2010/065579

met hy1- 3- oxo- pi per azi ne- 1- car boxylic acid
(3-chloro-4-trifluoronethoxy-phenyl) - hyl -am de 5 A solution of 0.02 m
(0.345 nmmol ) of iodonethane and 0.040" f%b. 069 mmol) (S)-4-[(S) - 4-

((S) - 4- hy(S)axYletryade3 sponpbpin-8}1dcted-mrbpy D-3nyr wpymeiteylkearboxdicaeid 1] - 2- met

hyl - 3- oxo i ne-1-carboxylic acid

(3-chl oro@‘zfpﬁﬂfﬁﬁ’mé’PSWéf _phenyl) - ami de (exanple 55) in 1.5 i of
acetonitrile was cooled (0C) and treaed with 0.023 g (0.100 nmol ) of
silver(l) oxi Thereaction m X e was stirred at RT for 1 day, treated
again with O. (0.345 10 i@domst hane and stirred for 3 days.
The reaction rti/ti oned /Het Ve aqueous 10% KHSO4/ Et 0Ac (3x). The
organi ¢ ph sed) vvere she h aqueous saturated NaHCO3, aqueous 10% NaCi,
dried (Na2SO4) sand ev tedOto give 0.040 g (88% of the titled conpound
as of f-whi t@—+oam Mg 592 22 (MH, CO Exarrple 58 and Exanple 59 15

(R -4-(3, 4-Di chl oro- phenyl) 1-[44(S) - 4- h?/droxy -aza-spiro[ 2. 5] oct-6-y1l)-4-
0x0- but y 1ip-angloggtchipr ppsicpérradésaribedon Examile(1S) 34(5)3;@-Apliehlber o- pheny1) - 1-

[4-((S
oct - 3%/1) }%Xgl‘:%%m?ﬁ? ﬁglﬁ@%ﬁ{’/’%’-’é’;}g@%zﬁ HIBrRiiq s bemedaElanie 58 son
Cl H@pfpBbline gave the titled compound in 45% yield as white foam. MS: 441.1 (M-H', 2Cl).

Example 23
(S)-4-|3-((3SR,4SR)-4-Fluoro-3-hydroxy-piperidin-1-yl)-3-oxo-propyl]-2-methyl-3-oxo-

piperazine-1-carboxylic acid (3 4-dichlor0-phenyl)-amide

oS d

CI@
O

10 Cl
In analogy to the procedure described in Example 15, 3-[(S)-4-(3,4-dichloro-
phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-propionic acid (intermediate 12) and 1.1
eq. (rac, trans)-4-fluoro-piperidin-3-ol; hydrochloride (intermediate 11) gave the titled
compound in 59% yield as white foam. MS: 475.13 (MH", 2Cl).

15 Example 24
(S)-2-Methyl-3-0x0-4-[3-0x0-3-(4-trifluoromethyl-piperidin-1-yl)-propyl]-piperazine-1-
carboxylic acid (3,4-dichloro-phenyl)-amide



Examle 59 I>CN 4 \-NCN 4. C i \__/ 0 WO

2011/ 048032PCT/ EP2010/ 065579 - 123 - A)
4-[ [ (R) - w0217k or o- phenyl am no) - pr opi onyl] - ( 2, 2- di FeETHP2Y10063579 ) -
am no] -butyric acid tert-butyl ester (62% cc) A solution of 0.99 g

(4.00 mmol ) of 4-(2, 2-di met hoxy- et hyl g?@yp)-butyri c acid tertbutyl ester
(intermediate 30) in 24 m of DWVF was eated with 1.03 m (4.40 mmol) of
(R) - 5 2-Ih3pdlody ahiho pwcpheagtsanbeibh Hxampledidi 8-[@didel3(d6dithlew) (i nt er nedi at e
31), 0.48 m (4,40 I f.triethylamne.and.at 0C with 2.28 ,00 mmol )
of T, et T ke B s S B A PP AT bk f i it e on
aqueous 1G%ukKidbthyspipetitde haudclexitidagive themtted cEndBur(d3x B1%ieldas gane c phases
were washed Wit h _aqueous, sat urated NaHCO3 and aqueous 10 % NaCl, dried
(Na2sos) Roaw- Mpapbt-at Bt 2 (di-ve after purification with flash
chromagography 10 (Si 02, dichl ororretEi}gﬂlgﬁéEﬁzo 97.5:2.5to 4:1) 1.37 g (749
of the titled conpound as |ight yellFow viscous oil. M. 463.17 (M+, 2Cl).
B) 4- [ ( R) ¢S34¢[3;(68)B-Hydory-phenspio] 35 tost-hypl-2ons-bupiljpzmeethyl-3toxot | - but yri c
acid (62%.cc) .0.69 m (9. 00 | f trifluoroacetic acid was added to a
ool ed sobitttagint Bt Bertith Pyt Bra gl fiide

4-1[ (R) - 2- (3, 4-di chl or o- phenyl am no) - propi@ny1] - (2, 2- di et hoxy- et hyl ) -

am no] -butpMp ¢ acid tert-butyl ester (§2%cc) inin 6 m of

di chl oronet hgne. After 30 min the i removed, then after 1 h,
0.49 M (30 ~- i | Ane added. After 16 h the reaction

m xt ure ?@‘ 00 adtr@ﬁéd Wth 1.25 m (9.00 nmol) of

triethyl am nes—then @fter n p&titioned between Et20 (3x)/ aqueous 10
% KHSO4, the 20 organi c ph@ses re washed with aqueous 10 % KHSO4 and

aqueous 10% NaCl, dried over Na2SO4 and evaporated. The residue was
preci pi t afealugien efHd-87betd Hamayoh-qf éht bk (Sh-6-hyiiexy -4 8pGo[2PG04t-6af])-the

titl edyconpo as v j SCOL i : . 07 O
L SO 30N e Pl B Pl g L) g
- 0X0- butrgdtdd-Bitn@OBY b P2 Ppemant) of-324-dicklo(d@hhyd sJocyddbien Adteall bgye eactihevas
procedur eev%%ér%{eld %gg plllrri]ﬁe%)ﬁaayr?alsﬁ s&i%él gé-c[)ﬂlltz\gn- (ﬁfcﬂl%rgﬁqg‘[hgnhel/n%tﬁélﬁ)li' 82? /¥ :lfg 9:1) to

yield 0.039 g (48%) of the titled compound as white foam. MS: 495.2 (M-H', 2Cl).

Example 26
15 (S)-4-|4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-o0xo-butyl]-2-methyl-3-oxo-
piperazine-1-carboxylic acid (3-chloro-phenyl)-amide
Cl

HO, N —~ H@
O

In analogy to the procedure described in Example 25, (S)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-ox0-butyl]-3-methyl-piperazin-2-one (intermediate 13) and 3-
20  chlorophenyl isocyanate gave the titled compound in 17% yield as white foam. MS: 463.2
(MH", CI).
Example 27



3- et hyl- 2- oxo- pi perazin-l-yl]-butyric acid (62%cc) and 1.1 eq. of
(S)-6-azaspiro[2.5]octan-4-0ol; hydrochloride (intermediate 2) gave after
preci pi t avoan11(E8®B/ n- pent ane) the titled conpound in 7PeasEPedid/ess7d i ght

yel l ow foam MsS: 454.16 (M#, 2C1). D)

(R -4-(3,4-Di chl oro-phenyl)-1-14-((S)-4 §1ydr oxy-6-aza-spiro[ 2.5l oct-6-yl)-4
- 30 oxo-butyl]-3-nethyl -pi perazin-2- e and

(S) - 4- (3, ®BrdH(DroHydeoxy19- aza—spmco[255}0¢t-b-}d)=4mxe-6utyl] -2-methyl-3-oxo0-

aza-spir

2. 5] oct-6- t pi perazin-2-one The title
comoundsPRERE bR i U P Braosl £R) - (34 di chi oro-
phenyl) - 1-H® ((S) - 4- hydr oxy- 6- aza- spi r @ 5] oct - 6-y1) - 4- oxo- but y1] - 3- net hyl
- pi per azi n- 2% 20 0480 CT/ E@p - 124 - one (81%ds) on a
Repr osi | i R (40 oEr{IOH N he 2) to give 64% of (R)-4-(3,4-

di chl or o- ptiegyl),-1- ((S) -h -6-aza-spiro [2.5 ] oct-6-yl)-4-0xo0
-butyl] -3 -nethyl p| razi n;ﬁ% (exanple 58) as light yell ow foam Ms:
454,16 (MH+, 2Cl) and 14%Q - 4-(3 ,4 -dichloro-phenyl)-1 - [4 -((S

%efhg?’dr lﬁeﬁ)"flgg?tzogthgE@Cf@éﬁwe%@s%cﬁégmaﬁ%%ﬁxﬁo@ay Bl s a7as ( M+,

2Cl). 5 g 1ro[2 5]oct-6-yl1)-4- oxo-butylg 3E¥féﬁ’ﬁllﬁpe@£)z1ﬁﬁf!)n ﬁf@?{h@dl@t@ 13 and 4-

?

(S)-4-(3-Chloro-4-tiifluoronethyl-p heny 1- droxg -aza-sp
iro [2 Squorepmbwmnatﬂg@é@dh%tlﬁlﬁ%m}npogn t Ry ylpldpﬁsevlnfa;_foam MStde and
(R -4 @ ro-4-trifluo ro methyl-p henyl)- 1- [4-4S)-4-hyd

r oxy- 6az |)ro [2.5] oct-6-yl)-4-0 x0-b utyl] -3-nethyl-pip erazin-2-o0

ne HO O\: CI F Exanmile 60 \-NN >0£xample 28
(S)-4-14-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-o0xo-butyl]-2-methyl-3-oxo-
10 piperazine-1-carboxylic acid (3-trifluoromethyl-phenyl)-amide

£ F

F

HO, H
; N

Sotater
0 p 0

In analogy to the procedure described in Example 25, (S)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-ox0-butyl]-3-methyl-piperazin-2-one (intermediate 13) and 3-
(trifluoromethyl)phenyl isocyanate gave the titled compound in 24% yield as white foam. MS:
15 4972 (MH").
Example 29
(S)-4-14-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-o0xo-butyl]-2-methyl-3-oxo-

piperazine-1-carboxylic acid (4-trifluoromethyl-phenyl)-amide

Ho, ’
oo TaYax
0 OH 0

20 In analogy to the procedure described in Example 25, (S)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-ox0-butyl]-3-methyl-piperazin-2-one (intermediate 13) and 4-



10

15

20

HO, 0 Cl FF Examl1l le 61 1>CN4 /

WO 2011/048032 PCT/EP2010/065579

- 109 -
(trifluoromethyl)phenyl isocyanate gave the titled compound in 32% yield as white foam. MS:
4972 (MH).

Example 30
(S)-4-14-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-o0xo-butyl]-2-methyl-3-oxo-
piperazine-1-carboxylic acid (4-trifluoromethoxy-phenyl)-amide

O
0 H Q
ROSBEGS
7

OH

A solution 0f 0.050 g (0.16 mmol) of (S)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-
oxo-butyl]-3-methyl-piperazin-2-one (intermediate 13) and 0.053 ml (0.48 mmol) of 4-
methylmorpholine in 1 ml of dichloromethane was treated at RT with 0.033 g (0.16 mmol) of
1-isocyanato-4-trifluoromethoxy-benzene (intermediate 14) in 1 ml of dichloromethane.
After 1h again 0.005 g 0f 0.033 g (0.16 mmol) of 1-isocyanato-4-trifluoromethoxy-benzene
(intermediate 14) were added and after 30 min the reaction was extracted with aqueous 10 %
KHSO4/EtOAc (3x). The organic phases were washed with aqueous saturated NaHCOs, 10%
NaCl and dried over Na,SOj4 to yield, after precipitation with dichloromethane/pentane, 0.077
g (93%) of the titled compound as white amorphous solid. MS: 51323 (MH").

Example 31
(S)-4-14-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-o0xo-butyl]-2-methyl-3-oxo-

piperazine-1-carboxylic acid (3-trifluoromethoxy-phenyl)-amide
F

otr
F

SO OR
0 OH 0

In analogy to the procedure described in Example 30, (S)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-ox0-butyl]-3-methyl-piperazin-2-one (intermediate 13) and 1-
isocyanato-3-trifluoromethoxy-benzene (intermediate 15) gave the titled compound in 70%

yield as white amorphous solid. MS: 513.23 (MH").
Example 32



0 10 A)

4-[[(S)-2-(3-Chloro-4-trifluoronethyl -phenyl am no) - propi onyll-(2, 2-

di met hox wetbhiilg#s@ai no -bu ric acid tert-butyl ester 26PCEEP2010/06557N

anal ogy to exanple 58 and exanple 59 A

4- (2, 2-di et hoxy- et hyl am no) - butyric eﬁ'(ﬁl_ tert-butyl ester (internediate
30) and (S)-2-(3-chloro-4-trifluoronet %/ - phenyl am no)- 15 propionic acid
(26% ee) (Si)#t-[ér((ﬂa)dét-thdr@@w gmfmlﬁﬂ%shfct-ﬁbé)-4-bkd>-bdt)d]e2mmuhw-3aosxd-i ght yell ow

vi scous oil. . oro-4-tri
71 vor oret PYEE DIV HeAeH 4 hlgsocd-g borgriéhﬁﬁfﬁliﬁeqﬂmyn ¢ acid (26%
ee) In anal ogy to exanple 58 anq: exgnpl e 59 B,
4-1[(S)-2-(3-chloro-4-trifluoromethyl 20

phenyl am nQYy pr opi ony1] - (2, 2-di met hoxy- et hylf-am no] -butyric acid
tert-butyl ester (26% ee) gave 94°/d-bf ti&lI ed conpound as |ight green

foam WM 37

(S)-4-(3- ro- N- i | rret hen tY-1- 4- S -4-h drox -6-azasp iro
[2.5 ] oct-6- -4-@o -but -3 Orethyl-p ip erazin-2-one (63%ds) In
anal ogy to the procedure dgscriYed in Exanple 15, 4-[(S)-4-(3-chloro-4- 25
trifluoronethyl-phenyl)-3-nethyl -2- oxo- pi perazin-1-yl]-butyric acid (26%
ee) and Hn]anemgym‘the \ﬁ@cé&l&éﬂ&éﬁﬂé&ﬁﬁ%ﬁﬁ%%Q(S)&S@?@SM Hl?dioxy-6 -aza-

(S)-6-aza- s 0 ]oct an-4-al ;. hydrochl ori |nter a ve after
pr eci pﬁta%m %]Eetz% ‘34&%%@1 -Supdhyl; .H@%%Fl%-gf%é&lﬁerm d/éym) ldgﬁ%roﬁ-gm
yel | ow fO@@g aVi2o-2488 udBnicMt-berzlde gav ethe tltled com ound in quantitative yield as white

D () -4- | oro-4 trlfluoronethy phenyl) 4-drox -6-aza- 5

spiro[ 2. Sljoél@th@—frﬂ 20 (MKo-5ehk-y 1] - 3- met hyi - pi per azi n-2-one and

(R -4-(3-Chl oro-4-

trifluoronethyl-phenyl)-1-[4-((S)- 4%6 aza-spirof[2.5]oct-6-yl)-4-o0x0
- but yl ] - 36S)-4rt((8)-4-Hiyd esxaz6-nza2spireg2.5]oct-6-yl) Ihexo-butyd] --angplydiddexoaer e pr epar ed

by chiral se on _of -4-( 3-chl or q- 4- )
DY F B oBERG R Sty xvie Foid (A ST Ry aitirometing-phepyl)-gmide
[ 2. 5] oct-6-yl)-4-o0x0-butyl]- 3- Cl

F

~ H
(O O F
0 OH 0

In analogy to the procedure described in Example 30, (S)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-0x0-butyl]-3-methyl-piperazin-2-one (intermediate 13) and 2-chloro-4-
isocyanato-1-trifluoromethyl-benzene (intermediate 16) gave the titled compound in 83%
15 yield as white foam. MS: 531.20 (MH", 1Cl).
Example 34
(S)-4-14-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-o0xo-butyl]-2-methyl-3-oxo-

piperazine-1-carboxylic acid (3-chlor0-4-triflu0romethoxy-phenyl)-amide

%@ _\_>_C><



10 et hyl - pi perazi n-2-one (63%ds) on a Reprosil Chiral NR, (40% EtOH in

n- heptane) to give 27% of

(R) - 4- ( 3-wbl20or104d0e32r i f | uor onet hyl - phenyl) - 1-[ 4- ((S) - 4- hpdT®PY018/065539 Spi r Of 2
.5]oct-6- yl)-4-oxo0-butyl]-3-nethyl -pi perazi n-2-one (exanple 61) as
off-white foam Ms: 488.19 (M#, d) and 42% of
(S)-4-(3-chloro-4-trifluoronethyl - pheny 1)3 1-[4-((S)-4-hydroxy-6-azaspirof 2.
5] oct - 6- yth)andlogy &> thapydcgdiBe drmchlyddripiEprema]@i 30; ) dnrig-(DxbhpdrexB0yzas of f-white

foam 15 488. 19 ( l.e .62 hl o

AR Thic st I T R Bt R S e LA

1 o et -6-isycyhndtoax€ifldondingthoxy-Beneaé Lintermddiate 17 azvathe titled Bémpdchd in 68%

(R -4-(4-Chloro-3-trifl uoronet hoxyphenyl)-144-0S) - 4- hydr oxy-6-aza-spiro

[2.5] oetYigldyps fight tiwo frany MS:547.1 l%ﬁ)-per azin- 20 2-one F Exam 1l le 62

HO, (:)s0 FF >CNd \_N 'N .0 C /\/Examplej)j
(S)-4-14-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-o0xo-butyl]-2-methyl-3-oxo-

piperazine-1-carboxylic acid (4-chloro-3-trifluoromethoxy-phenyl)-amide
F

otr
F

HO, ’
SO OR O
0 OH 0

In analogy to the procedure described in Example 30, (S)-1-[4-((S)-4-hydroxy-6-aza-

10  spiro[2.5]oct-6-yl)-4-oxo-butyl]-3-methyl-piperazin-2-one (intermediate 13) and 1-chloro-4-
isocyanato-2-trifluoromethoxy-benzene (intermediate 18) gave the titled compound in 67%
yield as light brown foam. MS: 547.19 (MH", 1Cl).

Example 36
(S)-2-Methyl-4-[4-(2-0xa-7-aza-spiro[3.5]|non-7-yl)-4-o0xo-butyl]-3-oxo-piperazine-1-
15 carboxylic acid (3-chloro-phenyl)-amide

NR\\N)\/EO Q
R

A suspension of 0.035 g (0.10 mmol) of 4-[(S)-4-(3-chloro-phenylcarbamoyl)-3-methyl-2-
oxo-piperazin-1-yl]-butyric acid (intermediate 19) and 0.012 g (0.11 mmol) N-hydroxy-2-
pyridon in 1.5 ml of DMF was treated at 0°C with 0.021 g (0.11 mmol) of EDCI and was

20 naturally warmed to RT over night. A solution 0f 0.035 g (0.10 mmol) of 2-oxa-7-aza-
spiro[3.5]nonane trifluoro-acetic acid salt (1:2) (intermediate 20) and 0.030 ml (0.30 mmol)
of triecthylamine in 1.5 ml of DMF was then added and the reaction was stirred for 1h at RT.
The solution was poured on aqueous 10% KHSOj4 solution and extracted with Et,O (3x). The

organic phases were washed with aqueous saturated NaHCO3 and aqueous 10 % NaCl, dried



F Examle 63 HO O0OF -, \ F >0. C

A4-[[(S)-2-(4-Chl oro-3-trifluoronethoxy-phenyl am no)-propi onyll-(2, 2-
di met hox wet2hiilo48@ai no -bu ric acid tert-butyl ester 22%CE®EP20MD065579
2011/ 048032PCT/ EP2010/ 065579 - 126 -

-112 -

(NaS04) and evaporated to give 0.013 g of the titled compound with maximal 60% purity.
The aqueous phases were reextracted with EtOAc (3x), the organic phases were dried
(NaS04), evaporated and dried under reduced pressure to give 0.029 g (62%) of the titled
compound as light yellow foam. MS: 463.21 (MH", CI).

5 Example 37 and 38
Acetic acid (S)-1-{4-[(S)-4-(3,4-dichloro-phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-
vll-butyryl}-4,4-dimethyl-piperidin-3-yl ester and (S)-4-[4-((S)-3-Hydroxy-4,4-
dimethyl-piperidin-1-yl)-4-oxo-butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid (3,4-
dichloro-phenyl)-amide

0O

3 f\ N)\\\ H ¢l
)\\ N\(\/\ \\/N N\@ Example 37
o s Y
o cl

O
OH
Cl N N\\/NU—N Example 38
H

Cl

10
A) (S)-1-[4-((S)-3-Hydroxy-4.4-dimethvl-piperidin-1-yl)-4-oxo-butyl]-3-methvl-

piperazin-2-one; Acetate

A solution 0f 0.050 g (0.1 mmol) of (S)-4-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-

yl)-4-ox0-butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester (intermediate 13C)

15 in 3 ml acetic acid was treated with 0.026 g of PtO, and was stirred over Ha-atmosphere for 2
days. After filtration and evaporation, the crude compound was again hydrogenated with
0.026 g of PtO,/H; for 3 days in 3 ml of acetic acid. After filtration and evaporation, the
residue was reevaporated (3 times) with toluene and the solvent was removed under vacuum
to give 0.057 g (99%) of the titled compound as light yellow oil. MS: 312.23 (MH").

20 B) Acetic acid (S)-1-{4-[(S)-4-(3.4-dichloro-phenylcarbamoyl)-3-methyl-2-0x0-
piperazin-1-yl]-butyryl}-4.4-dimethyl-piperidin-3-yl ester and (S)-4-[4-((S)-3-Hydroxy-4.4-

dimethyl-piperidin-1-yl)-4-oxo-butyl]-2-methyl-3-0x0-piperazine-1-carboxyvlic acid (3.4-

dichloro-phenyl)-amide




I n anal ogy to exanple 58 and exanple 59 A

4- (2, 2-di nmet hoxy-et hyl am no)-butyric acid tert-butyl ester (internediate
30) and (\&p-28t1(od8@shl or o- 3-tri fl uor omet hoxy- phenyl am no) PCpmEepé10sIS7AC d
(22% ee) (intermediate 33) gave 46% of the titled conpound as |ight yellow
oil. Ms: 513.19 (M,

5B)4-[(S)-4-(4-Chloro-3-trifluoronet h(')>]<§/31 pheny1l) - 3- met hyl - 2- oxo- pi perazin-1
- y1] but yri c lachdog@Rheplocedure desciibedan&ixegylet30, ©ydAPHES)SBhahdxyesdnpl e 59
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t tIed conmpound as green vi scous
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anal ogy to the procedure I bed 1M Exa or o- 3-
trifluor o@lﬁ&ﬁb’kpmphém;ﬁlyl-esten@hmmlezﬂb&&)Wbutm@ﬂlazm I56§/ 1§ (MﬂJNy L 2EDaBF 5§ 22%
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(i or medt e B ShatihafeRi S Bl e arl SRS ey RS ne N et e
conpound i Iyl)613%@!‘!)1&&1(]1-2aﬁethylghbxqﬁ@bbﬂminéﬂacmb&@hc addh(318 d{cMdto-phenyl)-amide

o £ bl 5. SEEETDE iR b 190 HRTHy YR BEP 43 i hio e g methenal
(R)-4404- §;ij or o- 3-

trifluoromet hoxy-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-ox
o-butyl]-3- 20 nethyl - pi perazi n-2- @ixampfh¥ titl e conpounds were prepared

by chiral f -4-

071 11 bor ofr R R EN g R e 2 A D one R B 51 - - y 1) - 4- o
o- butyl] - lﬁpemiﬂeyl-eﬂbpeylﬁzacm@—ﬂﬂeroﬁﬂi&@u&)mldl a Reprosil Chiral NR, (40%

EtOH in n-heptane) to give 25% of

(R -4-(4-chloro-3-trifluoronet hoxy-phenyl CI1-[4-((S) - 4- hydr oxy- 6-aza-spir o
2. 5] oct - ZUOB-yl) 4- oxo-butyl ] -3-nmgf hy per azi n-2-one (exanple 63) as

white foam 504.
(S)-4-(4- or 0-Rtd
. 5] oct - 6- y1) \4- gxo- tyl] hyl -Cpl perazi n-2-one (exanple 62) as white

foam Ms: 504.19 ( , | eN64 ~ WO 2011/ 048032PCT/ EP2010/ 065579 - 127 -
(S)-4-[(E)-3-(3-Chl oro- 4 fYuor o- phenyl) - aeryl oyl] - 143- ((S) - 4- hydr oxy- 6- azas

Pi r o[ 255] pehafpy b 3 pRXeaRt 8¢ ibe i BahLMYle Rl R§N2BL [0S 210G oxy-6-aza-
spiro[2.5]oct-6-yl)-5-0x0-pentyl]-3-methyl-piperazin-2-one (intermediate 21) and 3.4-

y-1- [4-((S)-4-hydroxy-6-azaspiro[2

dichlorophenyl isocyanate gave the titled compound in 74% yield as white foam. MS: 511.19
(MH", 2CI).

Example 40
20 (S)-4-[(R,S)-2-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-2-
methyl-3-oxo-piperazine-1-carboxylic acid (3,4-dichloro-phenyl)-amide
Cl

A
HO N N
2 H o)
o)

In analogy to the procedure described in Example 25, (S)-1-[(R,S)-2-hydroxy-4-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-butyl]-3-methyl-piperazin-2-one (intermediate 23)



A)3- {(S)-4-[(E)-3-(3-Chl oro-4-fl uoro-phenyl)-acryl oyl]-3-nethyl-2-oxo- 5

pi perazin-l-yll -propionic acid Saturated aqueous sodi um hydrogencar bonat e
sol uti on wo2ondg4sasas added to a sol ution of PCT/EP2010/065579
(S)-4-[(E)-3-(3-chloro-4-fluoro-phenyl)-acryl oyl]-1-(3-hydroxy-propyl)-3-ne
t hyl - pi perazi n2-one (PCT Int. Appl. m1§£99010429 A2; 5.70 g, 16 1 mmol),
pot assi um brom de (191 ng, 1.61 mmol),

2, 2, 6, 6- t @tdrdichiorgrihpeyliisicpanhteon yichi@&methaneDVE gamothe titlad doropdumdamet hane

10 (300 ium ochl t 0 10%in water, 9.6 m, 16 mol)

was addegH&SP'{ ?cgwlélgy %rﬁﬁﬁé@% .?glé of the oxidation was ronitored
by thin | ayer chromat ography After Eahinpd@rti ng material had reacted, the
reaction m xture was washed wi th sodi um hydrogencarbonate, and the aqueous
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2- 0X0- pi perazi n-1 - yII - propi onal dehyde (5.Q15 g, 91% . The aqueous | ayer was

acidified to pH3 with 1 Maq. hydr o4 ACI i

wi t h di chl oronet hane. The organi ¢ hpyé

filtered, ﬁgd evapor at ed t,ﬁ/_gfa}*,\cl)r th

Col ourl ess gum WMs: 367/3 : F

20B) (S)-4 -3- (35 ro-%&tjor@phenyl)-acryl oyl]-1- 3- S -4-h drox

- 6-aza- s@ t - 68GHQ- 3- oko- propy1] - 3- net hyl - pi perazi n-2-one To a
O

sol uti on of

{(S)-4-[(E)-3-(3-chl oro-4-fl uoro-phenyl)-acryl oy nmet hyl- 2- oxopi per azi n-
|2yl 1 - pribpinakiy teibe @rch@lrﬁgescobexﬁnrﬁa@mple 0s96- &ﬁé&)@phmxz 45{(Stfan- 4- ol

hydr ochl e j ne 41
o, 0. 41 DHGk-HERE G A o Sn gt Ot S E e ABLRR 95 ne {
0- ( 7- azabsmnizio? eq.af @4ch1brg'-4)1sd‘dyﬁd1am ] Wi fludremetapietidnyéner(ondronailiate 16) gave the

hexafl oro osphat 0 mmo erature, then after 16
h thelPed thp R?Cﬁwé%\@gglﬂg,sﬁ%?@ﬂgﬂgfb@%\égﬂ%g (Ealﬁd ethyl acetate. The
organi c | ayer was washed with brinegxdmpd4over magnesi um sul fate,

filtered, and eva%yr ated. WD 2011/ / EP2010/ 065579 - 128 -
Chr omat ogSadhlySx BHygroxy-e Sy ddr erne-aza-spirelRiStecévex hdmeap hatlAangthsls, aq.

SN 2 <Ol AR50 DAL PAIAVEA P GRS, 549

(R)-1-(3-Chloro-4-trifluoronethyl-p henyl)Cl444-((S)-4-hy dro xy-6-aza-spiro
[2.5] oct-6-yl1)- 4-oxo-b F

Utyl]-2-methyl-1,2,3, 4-tetr ahydro- | 5-one (61% ds)

@ﬂN |

15 In analogy to the procedure described in Example 30, (S)-(S)-1-[2-hydroxy-4-((S)-4-

2 ped over magnesium sul fate,
| el conpound (254 ng, 49%.

hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-3-methyl-piperazin-2-one (intermediate 25)
and 1.2 eq. of 2-chloro-4-isocyanato-1-trifluoromethyl-benzene (intermediate 16) gave the

titled compound in 36% yield as white powder. MS: 547.19 (MH', Cl).



F FIn analogy to the procedure described in Exanple 15,
4-[(R)-4-(3-chloro-4-trifluoronethyl phenyl)-3-nethyl-7-oxo-2, 3,4, 7-tetrahyd
ro-[ 1, 4] awaezepimas@2yl] - butyric acid (22% ee) 10 (i nter mediratreo184yssand 1. 1
eq. of (S)-6-aza-spiro[2.5]octan-4-ol; hydrochloride (internediate 2) gave
after purification by flash chronmat og[?giw (50 g am ne-silica, ethyl
acetate/n-heptane 1:1, 4:1, 9:1, 100% hyl acetate/ethanol 99:1 to 95:5)
69% of the title conmpound as of f-whiixemipbedd ©MS: 500. 19 (MH, C ). Exanple

66 15 (R« 1-(3: 0y.0-4-tri.fluoronethyl-p. h 1).-444-((9),-4- dr

y- 6- oz SRSl S M T R s Mo S ppfy -ty

di azepan- $006\pifebdAné sXafboxylidadal(3-chofo-Aitrifludffm@h{IbHenpTRInidef

(R -1-(3-chloro-4-trifluoronethyl-phenyl)-4444(S) - 4-

hydr oxy- 6- aza-spiro[ 2. 5] oct - 6-y1) - 4- oxo-b Iyl -2-nmethyl-1, 2, 3, 4-tetrahydro-
[1, 4] di azepi n-5- 20 one (61%ds) (exanp in2mM MOHwas treated with
0.007 g of Pt02 and was sti ovéN ere for 2 days. After
filtrationgand evaporatiany th de ¥ was agai n hydrogenated in 2
m of MeOH ahd 0. 007 M,WI)SPf acetic'acid with 0.007 g of Pt02/H2
over nigh yitrati aNd evaporation, the residue was reevaporated
(3 tines) / EP2010/ 065579 - 129 - with tol uene and the
solvent was r ved @Qnder vacuumto give 0.057 g (86% of the titled
conpound as white foam Ms: 502.21 (MH#, CO Exanples 67-94 5 Gener al
Procdufe for exanples 67-94 To a solution of 0.04 g (0O 1 mvl) of 3-
{4-[(E) - 31k3ritf- & ; M QY arahroR @l -4t/ pze -4.Y(sh-4-

- propionic %c%d%?ﬁsﬁveﬁ?g%%?%gﬁd 0¥%I]4 mo )é)f Es'g)ri le(t FlS?I aﬁlﬁﬂn%)gy( 0¥d§')rnn)| ) in

0.8 m DNWdigy-Géetedin[ DE ogl-¢-pl)-F20xenpityl]-d fmetagitd -oxprpiperasinerd ecahesyliasien f or
10 (3-chloro-4-trifluoromethyl-phenyl)-amide (example 41) on a Reprosil Chiral NR, (40% 2-

propanol in n-heptane) to give 36% of (S)-4-[(S)-2-hydroxy-4-((S)-4-hydroxy-6-aza-

10  spiro[2.5]oct-6-yl)-4-oxo0-butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-
trifluoromethyl-phenyl)-amide (example 42) as off-white amorphous solid, MS: 547.19 (MH",
Cl) and 30% of (S)-4-[(R)-2-hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-
butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-
amide (example 43) as an off-white amorphous solid. MS: 547.19 (MH", CI).

15 Example 44
(S)-4-[(R,S)-2-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-2-

methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethoxy-phenyl)-amide

In analogy to the procedure described in Example 30, (S)-1-[(R,S)-2-hydroxy-4-((S)-4-

20  hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo0-butyl]-3-methyl-piperazin-2-one (intermediate 23)
and 1.3 eq. of 2-chloro-4-isocyanato-1-trifluoromethoxy-benzene (intermediate 17) in
dichloromethane/DMF gave the titled compound in 52% yield as white solid. MS: 563.19
(MH", CI).



10 m nutes before being added to the appropriate amne (0.12 mmol) and the
m xt ure shaken overnight. The m xture was then directly purified by

pr epar at iwe 2piRLIEG803Tabl e 1. Exanpl e No. Conpound Nare Ampo@/E¥E10(0543y9 67
(rac)-1-[(E)-3-(3, 4-Di chl orophenyl)-acryl oyl] - 4-[ 3-( 2-

hydr oxynet hyl - pi peri di n-1-y1)-3- oxo- 9;? yl']-[1, 4] di azepan-5-one o0 /----- \
40....4\ leOH CION C (rac)- Piperidin- @T-met hanol 482.3 68
(rac)-1-[(E)-3-(3, 4- D chl or opixayiple &5 and Byxdmple-463- ( 3-

o e PR SR B o PR Pl

3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethoxy-phenyl)-amide and
(S)-4-|(R)-2-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0xo-butyl]-2-methyl-

5 3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethoxy-phenyl)-amide

CIF F
H ><|:
/\ N O Example 45
HQ N N
7 >—< @]
I>CN OHO
@]
Cl F
F
H ><|:
/N ©
HQ N N Example 46
7 3 >—< @]
I>CN OHO
@]

The title compounds were prepared by chiral separation of (S)-4-[(R,S)-2-hydroxy-4-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-ox0-butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid
(3-chloro-4-trifluoromethoxy-phenyl)-amide (example 44) on a Reprosil Chiral NR, (40% 2-
10 propanol in n-heptane) to give 39% of (S)-4-[(S)-2-hydroxy-4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-ox0-butyl]-2-methyl-3-0xo0-piperazine- 1 -carboxylic acid (3-chloro-4-
trifluoromethoxy-phenyl)-amide (example 45) as white solid, MS: 563.19 (MH", CI) and
38% of (S)-4-[(R)-2-hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-2-
methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethoxy-phenyl)-amide
15 (example 46) as an white solid. MS: 563.19 (MH", Cl).
Example 47



482.3 69 1- [(E)-3 -(3,4-Dichloro-phenyl)-
acryl oyl] - 4-[3-(4-hydroxynet hyl pi peridin-1-yl)-3-o0xo-propyl]-
[ 1, 4] di azwpantiF4eose Pi peri di n-4-yl - net hanol 482.3 WD PCT/EP2010/065579
2011/ 048032PCT/ EP2010/ 065579 - 130 - C 4. A OH 70 (rac)-1- [(E)-3 -(3
, 4-Di chl orophenyl)-acryl oyl]-4- [3 -(C_%l- hydroxy-p iperidin-1 -yl)-3 -oxo-
propyl]- [1,4]diazepan-5 -one o Ni:( N YC--NCI OHC . (rac)-Piperidin-3-ol
(S)-4-[(R,S)-2-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-2-
methyl-3-oxo-piperazine-1-carboxylic acid (3,4-bis-trifluoromethyl-phenyl)-amide
F

F
H F

/ \ N
HO, N N i
7 )
)

In analogy to the procedure described in Example 30, (S)-1-[(R,S)-2-hydroxy-4-((S)-4-

F

F

5 hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-butyl]-3-methyl-piperazin-2-one (intermediate 23)
and 1.2 eq. of 4-isocyanato-1,2-bis-trifluoromethyl-benzene (intermediate 26) gave the titled
compound in 51% yield as white powder. MS: 581.21 (MH").

Example 48 and Example 49
(S)-4-[(S)-2-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-2-methyl-

10  3-oxo-piperazine-1-carboxylic acid (3,4-bis-trifluoromethyl-phenyl)-amide and (S)-4-
[(R)-2-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-butyl]-2-methyl}-3-0x0-

piperazine-1-carboxylic acid (3,4-bis-trifluoromethyl-phenyl)-amide

F
F
F
H F
N F p
/ \ Example 48
HQC N N £
7 >—< O
[>CN OHO
O
F
F
F
H F
N F p
/ \ Example 49
HQC N N £
» / H 0
[>CN OHO
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468.3 71 (rac)-1- [(E)- (
hydr oxy-4 -net hyl -piperidin-1
HOCl i ki cwop11/048032- M I P o (
(W2007122103A1) 482.3 72 1 -

3 ,4-
-y
rac) -
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(3,4-bis-tr1ﬂuoromethyl-phenyl)-amlde (example 47) on a Reprosil Chiral NR, (40% 2-
propanol in n-heptane) to give 41% of (S)-4-[(S)-2-Hydroxy-4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-ox0-butyl]-2-methyl-3-oxo0-piperazine- 1 -carboxylic acid (3,4-bis-
trifluoromethyl-phenyl)-amide (example 48) as white powder, MS: 581.22 (MH") and 24%
of (S)-4-[(R)-2-hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-butyl]-2-methyl-
3-oxo-piperazine-1-carboxylic acid (3,4-bis-trifluoromethyl-phenyl)-amide (example 49) as
white powder. MS: 581.22 (MH").

Example S0
(S)-4-14-((S)-4-Hydroxy-6-aza-spiro|2.5]oct-6-yl)-3,3-dimethyl-4-0xo-butyl]-2-methyl-3-

oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-amide

o YA oH
F N N
F N
F : N
o)

Cl

In analogy to the procedure described in Example 30, (S)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-y1)-3,3-dimethyl-4-oxo-butyl]-3-methyl-piperazin-2-one (intermediate 28)
and 1.2 eq. of 2-chloro-4-isocyanato-1-trifluoromethyl-benzene (intermediate 16) gave the
titled compound in 53% yield as off-white foam. MS: 559.23 (MH", CI).

Example 51
(S)-4-14-((S)-4-Hydroxy-6-aza-spiro|2.5]oct-6-yl)-3,3-dimethyl-4-0xo-butyl]-2-methyl-3-

oxo-piperazine-1-carboxylic acid (3-chloro-4-triﬂu0romethoxy-phenyl)-amide

7O &

In analogy to the procedure described in Example 30, (S)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-y1)-3,3-dimethyl-4-oxo-butyl]-3-methyl-piperazin-2-one (intermediate 28)

Di chl or ophenyl)-acryloyl]-4- [3 -(3 -
1)-3 -0 xo-propyl]- [1,4]diaz epan5 -one
4 Met hyl - pi peri di n- 3- @CThypdoiombisey | de

-4-

-one



ci Akt Cl o--\-"--ThRP NM\......... zN O 4- Met hyl - pi peridin-4-ol 482.3 WO
2011/ 048032PCT/ EP2010/ 065579 - 131 - 74 (rac)-1- [(E)-3 -(3

, 4- Di chl owophamgd)3zacryl oyl]-4- [3 -(3 - hydroxy-3 - net irgirmpe@enssin- 1 -
y1l)-3 -0 xo-propyl]- [1,4]diaz epan5 -one n)Cl H...),CNO hr,ci o\- LIP o
(rac)-3-Methyl - pi peridin-3-o0l 482.3 751 %gc)-l -[(B)-3

-(3, 4-Di chl orophenyl)-acryloyl]-4- [3 - - hydroxynet hyl-2-nmethyl- p

i peri di n-dnd-i2}q.31 2 shbrphomeidnatd- 1 tdfuhirametbaxy-Benzemeg ing¢rmediate 17) gave the

titled compound in 53% yield as light yellow foam. MS: 575.22 (MH', Cl).
Example 52
(S)-2-[(S)-4-(3-Chloro-4-trifluoromethyl-phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-
5  yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-S-oxo-pentanoic acid methyl ester

03/ Ci
OH\\ H‘< S—FF F
02(_N\—/N_\<o ]
O—
In analogy to the procedure described in Example 30, (S)-5-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-y1)-2-((S)-3-methyl-2-oxo-piperazin-1-yl)-5-oxo-pentanoic acid methyl ester;
hydrochloride (intermediate 29) with 1.4 eq. of 4-methylmorpholine and 1.4 eq. of 2-chloro-
10  4-isocyanato-1-trifluoromethyl-benzene (intermediate 16) gave the titled compound in 75%
yield as off-white foam. MS: 589.20 (MH", CI).
Example S3
(S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-hydroxymethyl-4-oxo-butyl]-2-

methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-amide

-1 OH

N

0 cl

— O

-

—N N £

( o

s OHO

A cooled (-20°C) solution 0f 0.29 g (0.50 mmol) of (S)-2-[(S)-4-(3-Chloro-4-trifluoromethyl-
phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5]Joct-6-
yl)-5-oxo-pentanoic acid methyl ester in 1.5 ml of THF was treated with 0.25 ml (0.50 mmol)
of LiBH, (2 M in THF) and 0.04 ml (1.00 mmol) of MeOH in 0.3 ml of THF. The reaction



oahl ci HO .--ThWN\N O (rac)-2-Methyl-p iperidin-2-yl)- methanol
hydrochl ori de (W2007122103A1) 496.3 76 1- [ ( E) - 3 -(3

, 4- Di chl owo-2phiemy@Bp- acryloyl] -4- [3 -(4'-hydro xy- 3 PCT/EP2010/065579
",4",5 6" -tetrahydro-2 '"H [2 ,41bipyridinyl-1'-y1l)-3 -oxo- propyl]-
[1, 4] di azepan-5 -one cici \afr H 0o. 1/'26 ----- \' NN Ny 2',3,5
',6'-Tetrahydro-1 "H[2,4']b i py diny i "-ol 545 .3 77 1- [ ( E) - 3 -(3
: 4 Di ChI owwwkrmwll() +1 €T (@hoyg h)-and s[11$ed~ foa1 ShytRd, oq{oled30 0°C and stopped with

I[ 1, 4] dl az% E:)éﬁltl éf hydr o 1)20f atEtohe Thé FOLRYY L4l pna¥t]1fio%1le(_1 ¥t agieOus RpoPy1l -
KHSO4/EtOAc (3x). The organic phases were washed with aqueous saturated NaHCO:s,
aqueous 10% NaCl, dried (Na,SO,) and evaporated to give after flash silica gel column

5  (dichloromethane/MeOH 96:4 to 95:5) and precipitation (dichloromethane/ether) 0.19 g
(68%) of the title compound as white amorphous powder. MS: 561.21 (MH", CI).
Example 54
(S)-2-[(S)-4-(3-Chloro-4-trifluoromethoxy-phenylcarbamoyl)-3-methyl-2-oxo-piperazin-
1-y1]-5-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-5-oxo-pentanoic acid methyl ester

_0._0

N

10
In analogy to the procedure described in Example 30, (S)-5-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-y1)-2-((S)-3-methyl-2-oxo-piperazin-1-yl)-5-oxo-pentanoic acid methyl ester
(intermediate 29) with 3 eq. of 4-methylmorpholine and 1.2 eq. of 2-chloro-4-isocyanato-1-
trifluoromethoxy-benzene (intermediate 17) gave the titled compound in 67% yield as white
15  foam. MS: 605.20 (MH", Cl).
Example S5
(S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-hydroxymethyl-4-oxo-butyl]-2-

methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethoxy-phenyl)-amide

Cl



cici N\ afr HOo.1/-------- \' NN Ny 2',3,5"'",6'-Tetrahydro-1 "H[3 ,4']b
I pyridinyl-4'-ol 545 .3 78 1- [ ( E) - 3 -(3 ,4-Dichloro-phenyl)-

acryl oyl J]wo4e11)@s03¢4- hydr o PCT/EP2010/065579

xy3, 4,5, 6-tetrahydro-2H 4, 41bi pyridi nyl-1-yl)-3-o0xo- 2,3,5

, 6-Tetrahydro-1H [4 ,41bipyrid inyl- 4_1-%) - 545.3 WO

2011/ 048032PCT/ EP2010/ 065579 - 132 - pyl]-[1, 4] di azepan-5-one Cla N. _
\afr HO A solution 0f 0.200 g (0.34 mmol) of (S)-2-[(S)-4-(3-chloro-4-trifluoromethoxy-

phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5]Joct-6-

yl)-5-ox0-pentanoic acid methyl ester (example 54) in 1.0 ml of THF was treated with 0.17

ml (0.34 mmol) of LiBH4 (2 M in THF) and 0.027 ml (0.68 mmol) of MeOH (with cooling
5 bath at RT). The reaction was stirred for 2h at RT, cooled to 0°C and stopped with 0.1 ml of

acetone. The reaction was diluted with 0.3 ml of cyclohexane, 0.9 ml of aqueous 2 N NaOH

were added and after 30 min extracted with EtOAc (3x). The organic phases were washed

with aqueous 10% NacCl, dried (Na,SO4) and evaporated to give after flash silica gel column

(dichloromethane/MeOH 98:2 to 9:1) 0.172 g (88%) of the titled compound as white foam.

10 MS:577.20 (MH", Cl).
Example 56
Lithium; (S)-2-[(S)-4-(3-chloro-4-trifluoromethoxy-phenylcarbamoyl)-3-methyl-2-oxo-
piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-5-oxo-pentanoate

Li" OTO

15 A solution 0f 0.050 g (0.10 mmol) of (S)-2-[(S)-4-(3-chloro-4-trifluoromethoxy-
phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5]Joct-6-
yl)-5-ox0-pentanoic acid methyl ester (example 54) in 0.2 ml of tetrahydrofuran/MeOH (1:1)
was treated at 0°C with 0.083 ml (0.10 mmol) of 1 M aq. lithium hydroxide solution and kept
2 h at this temperature warmed up to RT (their was still a trace of starting material) and

20 cooled to again to add 0.008 ml (0.01 mmol) of 1 M aq. lithium hydroxide solution. After 2h
at RT, the reaction was evaporated, dissolved in acetonitrile and evaporated (3x) and
precipitated (dichloromethane/n-pentane) to give 0.027 g (54%) of the titled compound as a
white foam. MS: 589.17 (M-H’, Cl).

Example 57



N1I'1 N y 79 1-[(E)-3-(3,4-Di chl oro-phenyl)-

acryl oyl] - 4-[ 3- oxo- 3- (3- oxopi peridin-1-yl)-propyl]- [1, 4] di azepan-5-o0ne
Y--NCl 0.wa@l208iqaeesedi n- 3-one 466.4 80 1-[(E)-3-(3,4-D earmreeiplessyd) -

acryl oyl] -4-[ 3- (4- met hyl - 3- oxopi perazi n-1-y1) - 3- oxo- pr opyl ] -

[1, 4] di azepan-5-one \ N\ 0)C 'NOC O0O\5;4 N /[ 0 Met hyl - pi perazi n-2-one
481.3 81 (rac)-1-[(E)-3-(3,4-Dichl oréé)%ze'nyl) “acryl oyl] - 4- [ 3- ( 2-

hydr oxy metSid-[(D-46Shr Ebydnosy -6¢liza-spirg [2) 5]8e tebepb {1 Flgplrbfymethyl-4-oxo-butyl] -2-

methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethoxy-phenyl)-

I ]
H)’LN ey
o)
Y L‘f
Cl N N
LT
F><o Ho“‘g

5 A solution 0of 0.02 ml (0.345 mmol) of iodomethane and 0.040 g (0.069 mmol) (S)-4-[(S)-4-

methyl-amide

((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-hydroxymethyl-4-oxo-butyl]-2-methyl-3-oxo-
piperazine-1-carboxylic acid (3-chloro-4-trifluoromethoxy-phenyl)-amide (example 55) in
1.5 ml of acetonitrile was cooled (0°C) and treated with 0.023 g (0.100 mmol) of silver(I)
oxide. The reaction mixture was stirred at RT for 1 day, treated again with 0.02 ml (0.345
10  mmol) of iodomethane and stirred for 3 days. The reaction was partitioned between aqueous
10% KHSO4/EtOAc (3x). The organic phases were washed with aqueous saturated NaHCOs,
aqueous 10% NaCl, dried (Na,SO,) and evaporated to give 0.040 g (88%) of the titled
compound as off-white foam. MS: 591.22 (MH", CJ).
Example S8 and Example 59
15 (R)-4-(3,4-Dichloro-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-
3-methyl-piperazin-2-one and (S)-4-(3,4-Dichloro-phenyl)-1-[4-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-yl)-4-0xo0-butyl]-3-methyl-piperazin-2-one
HO

O Cl
DCN{_\—NHNGC' Example S8
o \__/

HO,

O S Cl
DCN{_\—N%NGC' Example 9
o \__/




[ 1, 4] di azepan-5-one o Cl OLiN oio (rac)-(2-Methyl-pyrrolidin-2-yl)-

nmet hanol (internediate 37) 482.3 82 1-[(E)-3-(3,4-Di chloro-phenyl)-
acryl oyl]wo-208/m@8@32 3- pi peri di n- 1yl - propyl) -[ 1, 4] di azeparCIAP2@ 0065579 \ O
M(,....__ (N,........ serD O Piperidine 452.3 WO

2011/ 048032PCT/ EP2010/ 065579 - 133 - 83 3443- (8- Aza-spiro[ 4. 5] dec-8-y1)-
3- oxo-propyl] -1-[(E)-3-(3, 4- dichloro- %e’nyl) -acryl oyl] -

[ 1, 4] di azepan-A} onet-lH{R)g2-¢3-.4-Dichldth@henylamino)-propionyl]-(2,2-dimethoxy-ethyl)-

amino]-butyric acid tert-butyl ester (62% ee)
A solution 0f 0.99 g (4.00 mmol) of 4-(2,2-dimethoxy-ethylamino)-butyric acid tert-

butyl ester (intermediate 30) in 24 ml of DMF was treated with 1.03 ml (4.40 mmol) of (R)-

5  2-(3.4-dichloro-phenylamino)-propionic acid (62% ce) (intermediate 31), 0.48 ml (4.40 mmol)
of triethylamine and at 0°C with 2.28 g (6.00 mmol) of HATU. Over night, the suspension
was naturally warmed to RT, poured on aqueous 10% KHSO4 solution and extracted with
Et,O (3x). The organic phases were washed with aqueous saturated NaHCO3 and aqueous 10
% NaCl, dried (Na;SOj4) and evaporated to give after purification with flash chromatography

10  (SiO,, dichloromethane/Et,O 97.5:2.5 to 4:1) 1.37 g (74%) of the titled compound as light
yellow viscous oil. MS: 463.17 (MH", 2C).
B) 4-[(R)-4-(3.4-Dichloro-phenyl)-3-methyl-2-0x0-piperazin-1-yl]-butyric acid
(62% ee)
0.69 ml (9.00 mmol) of trifluoroacetic acid was added to a cooled solution (0°C) of

15 0.28 g (0.60 mmol) 4-[[(R)-2-(3,4-dichloro-phenylamino)-propionyl]-(2,2-dimethoxy-ethyl)-

amino J-butyric acid tert-butyl ester (62% ee) in in 6 ml of dichloromethane. After 30 min the
ice bath was removed, then after 1 h, 0.49 ml (3.00 mmol) of tricthylsilane was added. After
16 h the reaction mixture was cooled to 0°C and treated with 1.25 ml (9.00 mmol) of
triecthylamine, then after 15 min partitioned between Et,O (3x)/ aqueous 10 % KHSO,, the

20 organic phases were washed with aqueous 10 % KHSO4and aqueous 10% NacCl, dried over
Na,SO4 and evaporated. The residue was precipitated (dichloromethane/n-pentane) to give
0.198 g (96%) of the titled compound as brown viscous oil. MS: 345.07 (MH", 2C).

Q) (R)-4-(3.4-Dichloro-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-

oxo-butyl]-3-methvl-piperazin-2-one (81% ds)

25 In analogy to the procedure described in Example 15, 4-[(R)-4-(3,4-dichloro-phenyl)-
3-methyl-2-oxo-piperazin-1-yl]-butyric acid (62% ee) and 1.1 eq. of (S)-6-aza-
spiro[2.5]octan-4-ol; hydrochloride (intermediate 2) gave after precipitation (Et,O/n-pentane)
the titled compound in 77% yield as light yellow foam. MS: 454.16 (MH', 2C).

D) (R)-4-(3.4-Dichloro-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-

30 oxo-butyl]-3-methyl-piperazin-2-one and (S)-4-(3.4-Dichloro-phenyl)-1-[4-((S)-4-hydroxy-6-

aza-spiro[2.5]oct-6-v1)-4-0x0-butyl]-3-methyl-piperazin-2-one

The title compounds were prepared by chiral separation of (R)-4-(3,4-dichloro-
phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5Joct-6-yl)-4-oxo0-butyl]-3-methyl-piperazin-2-



Nc_...... rN 8- Aza- spiro[ 4. 5] decane 506.3 84
4-13-(4-tert-Butyl-4-hydroxypiperidin-1 -y1)-3 -oxo-propyl]-1 -

[ (E) - 3- (3wo-2dilahaBaseo- phenyl) - acryl oyl] -[ 1, 4] di azepan- 5P0m&EP2016/0655790 1
(_ci OAkCIi O\Th ....... ZNRP O 4-tert-Butyl-piperidin-4-ol (Chem Pharm
Bull. 1993, 41(11), 1971) 524.3 85 1- 5 ) - 3- (3, 4-Di chl or o- pheny1l) -

acryl oyl] -4-[3-(4-nethyl pi peridin-1-yl)=3-oxo-propyl]- [1, 4] di azepan-5-o0ne
N ) /\) Clomi(81%NMs) tryh Rpprpeit Chliral NRL,G60%3 BBGH i nfheBjand)-t6 Zjv4-BYcdil (Br-6-(PHeny 1) -

sy o7 BB RML L B S B S PLAR L iy )
piperazin-2-one (example 58) as light yellow foam, MS: 454.16 (MH", 2Cl) and 14% of (S)-
4-(3 ,4-dichloro-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5 Joct-6-yl)-4-oxo-butyl]-3-
5 methyl-piperazin-2-one (example 59) as an white solid. MS: 454.16 (MH", 2C]).
Example 60 and Example 61
(S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-

4-0x0-butyl]-3-methyl-piperazin-2-one and (R)-4-(3-Chloro-4-trifluoromethyl-phenyl)-
1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0xo0-butyl]-3-methyl-piperazin-2-one

HO @) N C
~ >\_\ _
X A 5
HO @)
I
X A

A) 4-[1(S)-2-(3-Chloro-4-trifluoromethyl-phenylamino)-propionyl]-(2.2-
dimethoxy-ethyl)-amino]-butyric acid tert-butyl ester (26% ee)

Example 60

MN——
M

Example 61

MN——
M

10

In analogy to example 58 and example 59 A, 4-(2,2-dimethoxy-ethylamino)-butyric
acid tert-butyl ester (intermediate 30) and (S)-2-(3-chloro-4-trifluoromethyl-phenylamino)-
15 propionic acid (26% ee) (intermediate 32) gave 73% of'the titled compound as light yellow
viscous oil. MS: 519.18 (M+Na’, Cl).
B) 4-[(S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-3-methyl-2-oxo-piperazin-1-yl]-
butyric acid (26% ee)

In analogy to example 58 and example 59 B, 4-[[(S)-2-(3-chloro-4-trifluoromethyl-
20 phenylamino)-propionyl]-(2,2-dimethoxy-ethyl)-amino]-butyric acid tert-butyl ester (26% ce)
gave 94% of the titled compound as light green foam. MS: 379.10 (MH", CI).
Q) (S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-0xo-butyl]-3-methyl-piperazin-2-one (63% ds)

In analogy to the procedure described in Example 15, 4-[(S)-4-(3-chloro-4-
25 trifluoromethyl-phenyl)-3-methyl-2-oxo-piperazin-1-yl]-butyric acid (26% ec) and 1.1 eq. of



508. 3 87
4- met hyl - pi peridin-1-yl)-3-0x0-
(4- Met hylwpi2pawa4sisn- 4- y1) - net hanol
134 - 0 LO10CI OAIl C \-tIP N
{4-[(E)-3-(3,4-D chl oro-phenyl)-acrylo
- propi onyl) - piperidin-4-yl]-carbamc’

s

1 [(E)-3-(3,4-Di chl oro-phenyl)- acryl oyl]-4-[3-(4-hydroxynet hyl -
propyl]-[1, 4] di azepan-5-one
496. 3

WO 2011/ 04802PEPLEHPAGSOY 065579

INO 88 [1-(3-
-7-0x0-[1, 4] di azepan-1 -yl |
d nethyl ester CICl JL411 olN N

(S)-6-aza-spiro[2.5Joctan-4-ol; hydrochloride (intermediate 2) gave after precipitation

(Et,O/n-pentane) the titled compound in 95% yield as light yellow foam. MS: 488.19 (MH',

Q).
D)

(S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-vy1)-4-oxo-butyl]-3-methyl-piperazin-2-one and (R)-4-(3-Chloro-4-

trifluoromethyl-phenvl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]Joct-6-y1)-4-oxo-butyl]-3-

methvl-piperazin-2-one

The title compounds were prepared by chiral separation of (S)-4-(3-chloro-4-

trifluoromethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5 Joct-6-yl)-4-oxo-butyl]-3-

10

methyl-piperazin-2-one (63% ds) on a Reprosil Chiral NR, (40% EtOH in n-heptane) to give

27% of (R)-4-(3-chloro-4-trifluoromethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2 .5 Joct-6-

yl)-4-oxo0-butyl]-3-methyl-piperazin-2-one (example 61) as off-white foam, MS: 488.19
(MH", Cl) and 42% of (S)-4-(3-chloro-4-trifluoromethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-yl)-4-ox0-butyl]-3-methyl-piperazin-2-one (example 60) as off-white foam,

15 MS: 488.19 (MH", Cl).

Example 62 and Example 63

(S)-4-(4-Chloro-3-trifluoromethoxy-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-

yD)-4-ox0-butyl]-3-methyl-piperazin-2-one and (R)-4-(4-Chloro-3-trifluoromethoxy-

phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-o0xo-butyl]-3-methyl-piperazin-

20 2-one

Example 62

HO,

’ o) O—T—F
Sgreve et

Example 63

A)

4-[[(S)-2-(4-Chloro-3-trifluoromethoxv-phenylamino)-propionyl]-(2.2-

dimethoxy-ethyl)-amino]-butyric acid tert-butyl ester (22% ee)




1H Pi peridin-4-yl-carbamc acid nmethyl ester (W?2007122103 Al) 525.3 89
8-(3-{4-[(E)-3-(3,4-Di chl oro-phenyl)-acryl oyl] - 7-oxo-[ 1, 4] di azepan- 1-yl |
- pr opi onyP-201/@8@2t ri aza- spi ro[ 4. 5] decane- 2, 4- di one CPCTIEP2410/8bFsy9 00
1, 3,8-Triaza-spiro[ 4. 5] decane2, 4-dione (J. Org. Chem 1996, 61, 22,
7650- 7651) 536.2 90 8-(3-{4- [(E) 3-(3, chl oro-
phenyl) acryl oyl] - 7-oxo-[ 1, 4] di azepan- ia propi onyl)-1 -

oxa- 3, 8- di aza-lspnalofytcsixdepkrt-s2and eren@de 53A)4€(212| -dimPthoxy-cthylamino)-butyric

acid tert-butyl ester (intermediate 30) and (S)-2-(4-chloro-3-trifluoromethoxy-phenylamino)-
propionic acid (22% ee) (intermediate 33) gave 46% of'the titled compound as light yellow
oil. MS: 513.19 (MH", CI).

5 B) 4-[(S)-4-(4-Chloro-3-trifluoromethoxy-phenyl)-3-methyl-2-oxo-piperazin-1-
yl]-butyric acid (22% ee)

In analogy to example 58 and example 59 B, 4-[[(S)-2-(4-chloro-3-trifluoromethoxy-
phenylamino)-propionyl]-(2,2-dimethoxy-ethyl)-amino]-butyric acid tert-butyl ester (22% ce)
gave 98% of the titled compound as green viscous. MS: 395.09 (MH", Cl).

10 Q) (S)-4-(4-Chloro-3-trifluoromethoxy-phenyl)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-oxo-butyl]-3-methyl-piperazin-2-one (61% ds)

In analogy to the procedure described in Example 15, 4-[(S)-4-(4-Chloro-3-
trifluoromethoxy-phenyl)-3-methyl-2-oxo-piperazin-1-yl]-butyric acid (22% ee) and 1.1 eq.
of (S)-6-aza-spiro[2.5]octan-4-ol; hydrochloride (intermediate 2) gave after precipitation

15  (Et;0/n-pentane) the titled compound in 63% yield as light yellow foam. MS: 504.19 (MH",
Cl).

D) (S)-4-(4-Chloro-3-trifluoromethoxy-phenyl)-1-[4-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-y1)-4-ox0-butyl]-3-methyl-piperazin-2-one and (R)-4-(4-Chloro-3-

trifluoromethoxv-phenyl)-1-[4-((S)-4-hydroxvy-6-aza-spiro[2.5 Joct-6-y1)-4-ox0-butyl]-3-

20 methyl-piperazin-2-one

The title compounds were prepared by chiral separation of (S)-4-(4-chloro-3-
trifluoromethoxy-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5 Joct-6-yl)-4-oxo-butyl ]-3-
methyl-piperazin-2-one (61% ds) on a Reprosil Chiral NR, (40% EtOH in n-heptane) to give
25% of (R)-4-(4-chloro-3-trifluoromethoxy-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5Joct-

25 6-yl)-4-oxo-butyl]-3-methyl-piperazin-2-one (example 63) as white foam, MS: 504.19 (MH",
Cl) and 33% of (S)-4-(4-chloro-3-trifluoromethoxy-phenyl)-1-[4-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-ox0-butyl]-3-methyl-piperazin-2-one (example 62) as white foam, MS:
504.19 (MH", Cl).

Example 64



1- Oxa- 3, 8-di aza-spiro[ 4. 5] decan2-one (J. Med. Chem 1995, 38, 3772) 523.3
91 1-[(E)-3-(3 4-Dichloro-phenyl)- ' acryloyl]-4-{3-0x0-3-[4-(1H

pyr azol - 3vQbprpi4pesei di n- 1-y1] - 4- (1H Pyrazol - 3-y1) - pi pePCadiEPR010/065579
(W2004/ 094371A2) 518.3 WD 2011/ 048032PCT/ EP2010/ 065579 - 135 - propyl}
-[1,4]diazep an-5-one CICl HNN\I 0.-:55-- \NNT"..... UONL L 92

(S)-4-|(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-1-[3-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yI)-3-o0xo-propyl]-3-methyl-piperazin-2-one
OH Cl F

N

3~
O\—NN
—/ o

A) 3-{(S)-4-[(E)-3-(3-Chloro-4-fluoro-phenyl)-acrylovl]-3-methyl-2-oxo0-

5 piperazin-1-yl}-propionic acid

Saturated aqueous sodium hydrogencarbonate solution (15 ml) was added to a solution of
(S)-4-[(E)-3-(3-chloro-4-fluoro-phenyl)-acryloyl]-1-(3-hydroxy-propyl)-3-methyl-piperazin-
2-one (PCT Int. Appl. WO 2009010429 A2; 5.70 g, 16.1 mmol), potassium bromide (191 mg,
1.61 mmol), and 2,2,6,6-tetramethylpiperidin-1-oxyl (25 mg, 0.16 mmol) in dichloromethane

10 (300 mL). Sodium hypochlorite solution (10% in water, 9.6 ml, 16 mmol) was added
portionwise at 0°C, and the course of the oxidation was monitored by thin layer
chromatography. After all starting material had reacted, the reaction mixture was washed
with sodium hydrogencarbonate, and the aqueous layer was extracted twice with
dichloromethane. The organic phases were pooled, dried over magnesium sulfate, filtered,

15 and evaporated, thus affoding 3-{(S)-4-[(E)-3-(3-chloro-4-fluoro-phenyl)-acryloyl]-3-methyl-
2-oxo0-piperazin-1-yl}-propionaldehyde (5.15 g, 91%). The aqueous layer was acidified to
pH 3 with 1 M aq. hydrochloric acid solution and extracted with dichloromethane. The
organic layer was dried over magnesium sulfate, filtered, and evaporated to afford the title
compound (254 mg, 4%). Colourless gum, MS: 367.3 (M—H, CI) .

20 B) (S)-4-[(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-1-[3-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-vl)-3-oxo-propyl]-3-methyl-piperazin-2-one

To a solution of 3-{(S)-4-[(E)-3-(3-chloro-4-fluoro-phenyl)-acryloyl]-3-methyl-2-oxo-
piperazin-1-yl} -propionic acid (50 mg, 0.14 mmol), (S)-6-aza-spiro[2.5]octan-4-o0l
hydrochloride (intermediate 2; 24 mg, 0.15 mmol) and 4-methylmorpholine (41 mg, 0.41

25 mmol) in N,N-dimethylformamide (1 mL) was added O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-
tetramethyluronium hexafluoro-phosphate (77 mg, 0.20 mmol) at room temperature, then
after 16 h the reaction mixture was partitioned between water and ethyl acetate. The organic

layer was washed with brine, dried over magnesium sulfate, filtered, and evaporated.



1-[(E)-3 -(3 , 4-Di chl oro-phenyl)- acryloyl] -4- {3 -0x0-3 -
[ 4- (2- oxoi m dazolidin-1-yl)-piperidin-1- yl]-propyll 41, 4]di azepan-5-one
H\1) ---Wodon/04kg32Cl 1- N\ -0 .-ThiIP\ _....... /N O PCT/EP2010/065579

1- Pi peri di n-4-yl -i ni dazol i di n-2- one (W2005/101989 A2) 536.3 93 843-
{4-[(B)-3-(3,4-Dichl oro-phenyl) - acryloiéﬁ 7-o0xo-[ 1, 4] di azepan-1 -yl |
e-

-propionyl)- 2 ,8-diaza-spiro [4.5]dec

r...) 00 an@t@z@hsp‘ﬁ@@{ddﬂmwm@ 1, ichlronehinAORINADEDPS 6AMBARBa 3H 94

10

15

20

solution 90:10:0.25) produced the title compound (37 mg, 54%). White solid, MS: 478.2
(M+H, C)".

Example 65
(R)-1-(3-Chloro-4-trifluoromethyl-phenyl)-4-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-
4-oxo0-butyl]-2-methyl-1,2,3,4-tetrahydro-[1,4]diazepin-5-one (61% ds)

F
F

-

F

A O
) ,

0 OH
In analogy to the procedure described in Example 15, 4-[(R)-4-(3-chloro-4-trifluoromethyl-
phenyl)-3-methyl-7-0x0-2,3,4,7-tetrahydro-[1 ,4 ]diazepin-1-yl]-butyric acid (22% e¢)
(intermediate 34) and 1.1 eq. of (S)-6-aza-spiro[2.5]octan-4-ol; hydrochloride (intermediate 2)
gave after purification by flash chromatography (50 g amine-silica, ethyl acetate/n-heptane
1:1, 4:1,9:1, 100%, cthyl acetate/ethanol 99:1 to 95:5) 69% of the title compound as off-
white foam. MS: 500.19 (MH", CI).

Example 66

(R)-1-(3-Chloro-4-trifluoromethyl-phenyl)-4-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-
4-o0x0-butyl]-2-methyl-[1,4]diazepan-5-one (61% ds)

F
F

-
-

F

C' QW_OHQQ

”
e

O OH
A solution 0f 0.066 g (0.1 mmol) of (R)-1-(3-chloro-4-trifluoromethyl-phenyl)-4-[4-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0xo0-butyl]-2-methyl-1,2,3,4-tetrahydro-[ 1,4 ]diazepin-5-
one (61% ds) (example 65) in 2 ml MeOH was treated with 0.007 g of PtO, and was stirred
over Hy-atmosphere for 2 days. After filtration and evaporation, the crude compound was
again hydrogenated in 2 ml of MeOH and 0.007 ml (0.1 mmol) of acetic acid with 0.007 g of

PtO/H; over night. After filtration and evaporation, the residue was reevaporated (3 times)

1,3- dione CI Cl41, / O HN NI.

r N



1-(3- {4-[(E)-3-(3,4-Di chl oro-phenyl)-acryl oyl] -7-oxo-[1, 4] di azepan-| -yl

- propi onyl) - piperidine-4-carboxylic acid amde a Ni (it H2ZN1\1----- Nr\ |

Pi peri di rwo4etiankaszyl i ¢ acid am de 495.3 WO 2011/ 04803PPTEPEHAOIB965579 -
136 - Exanpl es 95-100 General Procdure for exanples 95-100 To a solution
of 0.04 g (01 mml) of {4-[(E)-3-(3, 45 gichloro phenyl)-acryl oyl] - 7-oxo- 5
[1, 4] di azepan-1 -yl| -acetic acid (|nté diate 36) and 0.04 m of

tri et hyl anithelide 3ndrthelsplvient vias8embvdivAdwasicadu edgife 0959 g (% pofithotifledof

HATU. The m xture haken, f ' es before being added to the
appr opr i at S RO E mﬁ&ﬁ%aﬁﬁ%‘s%a%w?’mture shaken overnight. The nixture
was then directly purified by preparative HPLC. 10 Table 2. Exanple No.

Conmpound Nanme Amine Ms: (MH) 95 1-[(E)-3-(3,4-Dichloro-phenyl)-
acryl oy1] - 4- ( 2- oxo- 2- pi peri di n- 1yI_&_'E\9_£$-ﬁi-ﬁE 241 di azepan- 5-one 0

5
General Procdure for examples 67-94

To a solution 0f0.04 g (0.1 mmol) of 3-{4-[(E)-3-(3,4-dichloro-phenyl)-acryloyl ]-7-oxo-

[1,4]diazepan-1-yl}-propionic acid (intermediate 5) and 0.04 ml of triecthylamine (0.3 mmol)
in 0.8 ml DMF was added 0.05 g (0.12 mmol) of HATU. The mixture was shaken for 10
10  minutes before being added to the appropriate amine (0.12 mmol) and the mixture shaken

overnight. The mixture was then directly purified by preparative HPLC.

Table 1.
Example | Compound Name Amine MS:
No. (MH")
(rac)-1-[(E)-3-(3,4-Dichloro-

phenyl)-acryloyl]-4-[3-(2-

hydroxymethyl-piperidin-1-yl)-3-

oxo-propyl]-[1,4]diazepan-5-one

0

67 ~ ~ (rac)-Piperidin-2-yl-methanol 4823

Cl

N W
Y

(rac)-1-[(E)-3-(3,4-Dichloro-
phenyl)-acryloyl]-4-[3-(3-
hydroxymethyl-piperidin-1-yl)-3-
oxo-propyl]-[1,4]diazepan-5-one

0 o

68 _ . o g 2 _
?HNJ\/\N)‘\> (rac)-Piperidin-3-yl-methanol 482.3

K’N cl
HO O%\\_O»CI

1-[(E)-3-(3,4-Dichloro-phenyl)-
69 acryloyl]-4-[3-(4-hydroxymethyl-
piperidin-1-yl)-3-oxo-propyl]-
[1,4]diazepan-5-one

Piperidin-4-yl-methanol 4823




ON ONCI piperdine 438.2 11 C

4-[2-(8-Aza-spiro[4.5] dec-8-yl)-

di chl or o-wbenylss@er yl oyl] - [1, 4] dia

96

2-oxo-ethyl]-1-[(E)-3-(3, 4-
zepan- 5-one oa 0 a RCOEPENY/065579 ., ,

-130 -

m’@’_\\__(o

cl Q o~ hOﬁow

NO

70

(rac)-1-[(E)-3-(3,4-Dichloro-

phenyl)-acryloyl]-4-[3-(3-

hydroxy-piperidin-1-yl)-3-oxo-

propyl]-[1,4]diazepan-5-one

Sage

N

(rac)-Piperidin-3-ol

468.3

71

(rac)-1-[(E)-3-(3.,4-Dichloro-

phenyl)-acryloyl]-4-[3-(3-

hydroxy-4-methyl-piperidin-1-
yl)-3-oxo-propyl]-[1,4]diazepan-

5-one

I
A

o}

(rac)-4-Methyl-piperidin-3-ol
hydrochloride
ol (W02007122103A1)

4823

72

1-[(E)-3-(3,4-Dichloro-phenyl)-

acryloyl]-4-[3-(4-hydroxy-4-

phenyl-piperidin-1-yl)-3-oxo-

propyl]-[1,4]diazepan-5- one

o% j —
N\J

O

4-Phenyl-piperidin-4-ol

5443

73

1-[(E)-3-(3,4-D1chloro-pheny1)-

acryloyl]-4-[3-(4-hydroxy-4-

methyl-piperidin-1-yl)-3-oxo-

propyl]-[1,4]diazepan-5-one

HO%>
N

U
\\/N

o 4-Methyl-piperidin-4-ol

4823




8- Aza-spiro[ 4. 5] decane 492.3 98 1- [(E)-3 -(3,4-D chloro-phenyl)-

acryl oyl]-4-[2-(1-oxa-8-azaspiro[4.5]dec-8-yl)-2-o0xo-ethyl]-

[ 1, 4] di azwpant1Z48032 oa 0 a 00 1- Oxa-8-aza-spiro[4.5] decane/EPeio®6H9 1-
[(E)-3 -(3,4-Dichloro-phenyl)- acryl oyl]-4-[2-(4-hydroxynet hyl -

4- et hyl - pi peridi n-1-y1)-2-o0xo- ethyl 1-&%_, 4] di azepan- 5- one

(4- Met hyl - pi peridin-4-y1)- nethanol 485 WO 2011/ 048032PCT/ EP2010/ 065579
- 137 - | A C p@dc)-1-[(E)-3-(3,4-Dichloro-
phenyl)-acryloyl]-4-[3-(3-
hydroxy-3-methyl-piperidin-1-
yl)-3-oxo-propyl]-[1,4]diazepan-

5-one
74 @ (rac)-3-Methyl-piperidin-3-ol 4823
Oh_'?/\
N =

o)

(rac)-1-[(E)-3-(3.,4-Dichloro-
phenyl)-acryloyl]-4-[3-(2-
hydroxymethyl-2-methyl-
piperidin-1-yl)-3-oxo-propyl]-

[1,4]diazepan-5-one (rac)-2-Methyl-piperidin-2-yl)-
75 N methanol hydrochloride 496.3
N o o | (WO2007122103A1)
HO oh—r?/\
K/N =
o}

1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-[3-(4"-hydroxy-
3'4',5',6'-tetrahydro-2'H-
[2,4'bipyridinyl-1'-yl)-3-0x0-

-6 propyl {1 4]diazepan-3-on¢ | 51 31 51 61 Tetrahydro-1'H-[2.4']bi

pyridinyl-4'-ol 3453
o —
HO ) Q[/\N
\”/\/N\J o)
0
1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-[3-(4'-hydroxy-
3'4',5',6'-tetrahydro-2'H-
[3,4'|bipyridinyl-1'-yl)-3-0x0-
- propyl -1 4]diazepan-3-on¢ | 51 31 51 61 Tetrahydro-1'H-[3.4']bi
oy . 5453
/N pyridinyl-4'-ol
HO o =
N\”/\/N\J o)
)
A R PR e m—
78 ryloy yewoxy [4.4'bipyrid 5453

3.4.5,6-tetrahydro-2 H-

[4,4"Tbipyridinyl-1-yl)-3-0x0- inyl-4-ol




100 (rac)-1-[(E)-3-(3,4-D chl orophenyl)-acryl oyl] -4-[2-(3- hydroxy-3

- met hyl

-piperidin-1 - yl)-2-oxo0-ethyl]-[1, 4] di azepan-5-
o(\ - - - NClwoldii@4s@3eac) - 3- Met hyl

- pi peridi

one H --

n-3-ol 468.3 Erammresioh

cNN) r N
57404

General Procdure for exanples 101-104 5 To a solution of 0.04 g (0 1 nmol)
of 3-
{(R-4-[(E)-3-(3-chloro-phenyl) - acryl 6\1&% -3-net hyl 7-oxo-[ 1, 4] di azepan-1 -yl |
-propionjc acid (prpeified]datzepsd8y-omnd 0.04 M of triethylam ne (0.3 mmuo|)
in 0.8 n1 DVF was dded 0.05 g (0. F | ) of HATU. The m xture|was shaken
for 10 m nutes be bei ng added t e appropriate amne (0.12 mmol) jand
the m xture shaka vern| ght. The my«/urle was then directly puri{fied by
preparat|jve HPLCl H bl e© e No. Conpound Narme Am ne Ms: (MH) (101
(R-1-1(B-3-(3-£h aeryl oyl]] - 2- net hy1- 4- ( 3- oxo- 3-
pi peridin-1-yl- propyl) o[ 1, 4]\dJazepan-5-one "ad _\.N)\__ ., Ne|
1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-[3-0x0-3-(3-oxo0-
piperidin-1-yl)-propyl]-
[1,4]diazepan-5-one
79 j\ﬁ 2 Piperidin-3-one 466 4
N N)‘w
K/N Cl
1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-[3-(4-methyl-3-0x0-
piperazin-1-yl)-3-oxo-propyl]-
[1,4]diazepan-5-one
80 W Methyl-piperazin-2- 4813
yl-piperazin-2-one .
O=<__> cl
N (6]
I
N
(6]
(rac)-1-[(E)-3-(3,4-Dichloro-
phenyl)-acryloyl]-4-[3-(2-
hydroxymethyl-2-methyl-
pyrrolidin-1-yl)-3-oxo-propyl]-
[1,4]diazepan-5-one
81 o (rac)-(2-Methyl-pyrrolidin-2-yl)- 487 3
NN methanol (intermediate 37) '
N
cl K,Q OH
Cl
1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-(3-ox0-3-piperidin-1-
yl-propyl)-[1,4]diazepan-5-one
82 C'_§:>_\\ (O Piperidine 4523
Cl N
% ol




pi peridine 432.3 102 (R)-1-[(E)-3-(3-Chloro-phenyl)-

acryl oyl]-4-[3-(4-hydroxy-4- nethyl-piperidin-I-yl)-3-o0xo-

4- Met hyl -wopert/dses24- ol 462.2 WO 2011/ 048032PCT/ EP2010,0652Z@10/063538 -
propyl] - 2-net hyl -[ 1, 4] di azepan- 5-one oci el OH 103

(R -1-[(E)-3-(3-Chl oro-phenyl)- acryl 9){.3].} -44343S, 5S) - 3- hydroxy-5

-nmet hyl -pi peridin-1 -

4-[3-(8-Aza-spiro[4.5]dec-8-yl)-
3-oxo-propyl]-1-[(E)-3-(3.4-
dichloro-phenyl)-acryloyl]-
[1,4]diazepan-5-one

83 % 8-Aza-spiro[4.5]decane 506.3
N o cl
Jaa .
NN
0

4-[3-(4-tert-Butyl-4-hydroxy-
piperidin-1-yl)-3-oxo-propyl]-1-
[(E)-3-(3.4-dichloro-phenyl)-

acryloyl]-[1,4]diazepan-5-one 4-tert-Butyl-piperidin-4-ol

84 i (Chem. Pharm. Bull, 1993, 5243
o 41(11), 1971)
N o) cl
O>_\—N>/\
\\/N ==
(o]

1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-[3-(4-methyl-
piperidin-1-yl)-3-oxo-propyl]-
[1,4]diazepan-5-one

o0

N Cl

85 4-Methyl-piperidine 466.3

1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-[3-(1-oxa-8-aza-
spiro[4.5]dec-8-yl)-3-0xo0-
propyl]-[1,4]diazepan-5-one

86 % 1-Oxa-8-aza-spiro[4.5]decane 508.3
N o cl
LN
(0]

1-[(E)-3-(3,4-Dichloro-phenyl)-
87 acryloyl]-4-[3-(4-hydroxymethyl- | (4-Methyl-piperidin-4-yl)-
4-methyl-piperidin-1-yl)-3-oxo- | methanol

propyl]-[1,4]diazepan-5-one

4963




y1) - 3- oxo- propyl] - 2- net hyl -
- pi peri di n- 3-ol
(R - 1- [ ( Byo20113M4€l32 0r 0- pheny1l) -
aza- spiro[ 2. 5] oct - 6-y1) - 3- oxo- propy1] - 2- net hyl -

(3S, 59)-

07

474.3 Exanpl es 105-115 General

sol uti on

4-1(9)-4:

acid (in
DVF was
m nut es
m xture
pr epar at

5- Met hyl

\NN111

(interme

(S)-6-Aza-spir
Pr ocdu

_].,.

pat

[ 1, 4] di azepan-5-one oci

N\
diate 4) 462 2 104

5]octan 4- ol
fo

. N 1401

acryl oyl] - 4-[ 34(S) - 4- hy @#COAP2@-0/065579
[ 1, 4] di azepan- 5-one a OH
(internediate 2)
exanples 105-115 5 To a

0 H

of 0.04 0 1 mmol) of
(3-chl oro- nyl car banmoyl) - 3- met hy1- 2- oxopi perazi n-1-ylL] - butyri|
ternedi at e and 0.04 m of triethylamne (0.3 nmol) |n 0.8 n
added 0.05 ¢ ) of §'U. The mi xture was shaken for 10
bef ore bei ng cad tal t he opriate amne (0.12 mmol) | and the
shaken oyer ni ght. Xture was then directly purified by
ve HPLC 10 o
[1-(3-{4-[(E)-3-(3,4-Dichloro-
phenyl)-acryloyl]-7-oxo-
[1,4]diazepan-1-yl} -propionyl)-
piperidin-4-yl]-carbamic acid Piperidin-4-yl-carbamic acid
88 methyl ester o methyl ester (WO2007122103 5253
o ol
Al)
SOR
)J\H N/\\N .
OA\J 0
8-(3-{4-[(E)-3-(3.,4-Dichloro-
phenyl)-acryloyl]-7-oxo-
[1,4]diazepan-1-yl} -propionyl)-
1,3,8-triaza-spiro[4.5]decane-2 ,4-
dione
Cl
cl 1,3,8-Triaza-spiro[4.5]decane-
89 2.,4-dione (J. Org. Chem. 1996, 536.2
61,22,7650-7651)
:<H ° o
0 N
% (
8-(3-{4-[(E)-3-(3.,4-Dichloro-
phenyl)-acryloyl]-7-oxo-
[1,4]diazepan-1-yl} -propionyl)-1-
oxa-3,8-diaza-spiro[4.5]decan-2-
one
Cl
cl 1-Oxa-3,8-diaza-spiro[4.5]decan-
90 § 2-one (J. Med. Chem. 1995, 38, 523.3
x 3772)
(@)
=
N
)—\L_f/\N o
(0] N)‘)
o
1-[(E)-3-(3,4-Dichloro-phenyl)- Y
4-(1H-Pyrazol-3-yl)-piperidine
91 acryloyl]-4-{3-ox0-3-[4-(1 H- (véoz OO}; 00 437f A)21; p 5183
pyrazol-3-yl)-piperidin-1-yl]-




Tabl e 4. Exanpl e Conpound Nane Am ne MS: No. (M-1) W

2011/ 048032PCT/ EP2010/ 065579 - 139 - 105

(S) - 4- [ 4-Wo-2bindrsosy - 4- met hyl pi peri di n- 1-y1) - 4- oxo- but y1PCZAEP2010/065579
met hy1- 3- oxo- pi perazi ne-1- carboxylic acid (3-chloro-phenyl)- am de oe
.1,1-"7-\ H / N XOH O 4-Met hyl - pi pg;%ﬂi n-4-ol 451.11 106
(S)-2-Methyl- 3-0x0-4-[4-0x0-4-(4- tri oronet hyl -piperidin-1 -y1)-

but y1] - p| per azi nnpﬂopszlar[ﬂ);émhzeparaﬁ-lode(3 chI oro- phenyl)-amde o )4 4. N)-

--71- \
~N
N\J

o}

1-[(E)-3 -(3 ,4-Dichloro-phenyl)-
acryloyl]-4- {3-oxo0-3-[4-(2-0x0-
imidazolidin-1-yl)-piperidin-1-
yl]-propyl}-[1,4]diazepan-5-one
9 Hﬁ 1-Piperidin-4-yl-imidazolidin-2-

O one (WO2005/101989 A2)

Cl
N O
0

(¢}

536.3

8-(3-{4-[(E)-3-(3.,4-Dichloro-
phenyl)-acryloyl]-7-oxo-
[1,4]diazepan-1-yl} -propionyl)-
2 8-diaza-spiro[4.5]decane-1,3-
dione
Cl

Cl
93 2,8-Diaza-spiro[4.5]decane-1,3-

dione (WO2004169256A1) 535.3H

HN N

1-(3-{4-[(E)-3-(3.4-Dichloro-
phenyl)-acryloyl]-7-oxo-
[1,4]diazepan-1-yl} -propionyl)-
piperidine-4-carboxylic acid

04 amide c. ¢ Piperidine-4-carboxylic acid

O amide 4953
Jeal
H,N
2 N/\\ __
° AN Y

N\



4-Trifl uoromet hyl -pi peridine 489.1 N Cl 0\ 107

(S)-2-Methyl- 3-0x0-4-[4-o0xo0-4-(2-

0X0- | - oxaw®,28t1di48mBa- spi r o[ 4. 5] dec8-y1l) - but y1] - pi per azi necirarasiboxishie c aci d
(3-chl oro- phenyl) - am de Cl . ¢)-K 1-Oxa- 3, 8-di azaspi ro[ 4. 5] decan- 2- one
(J. Med. Chem 1995, 38, 3772) 492.1 1?26 i
(S)-2-Methyl-444-(1-oxa-8-azaspiro[4.5]dec-8-yl)-4-oxo-butyl]- 3-

0XO0- pi perazi ne-1-carboxylic acid (EangisdSetdbhenyl)-am de ci nc\ N4
\_1\1/-\NIl 0 /0c) 1-Oxa-8-aza-spiro[4.5]decane 477.1 109

General Procdure for examples 95-100

To a solution 0 0.04 g (0.1 mmol) of {4-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-7-oxo-

5 [1,4]diazepan-1-yl}-acetic acid (intermediate 36) and 0.04 ml of triethylamine (0.3 mmol) in
0.8 ml DMF was added 0.05 g (0.12 mmol) of HATU. The mixture was shaken for 10
minutes before being added to the appropriate amine (0.12 mmol) and the mixture shaken

overnight. The mixture was then directly purified by preparative HPLC.

10 Table 2.
Example | Compound Name Amine MS:
No. (MH")

1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-(2-ox0-2-piperidin-1-
yl-ethyl)-[1,4]diazepan-5-one

0]
@)
95 Y\NJ\> piperdine 4382
N
()

Cl

O N Cl

4-[2-(8-Aza-spiro[4.5]dec-8-yl)-
2-oxo-cthyl]-1-[(E)-3-(3,4-
dichloro-phenyl)-acryloyl]-

926 [1,4]diazepan-5-one

. 8-Aza-spiro[4.5]decane 492 3
Oh
Cl
N
OCN{ \/NY%/@
O
1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyl]-4-[2-(1-oxa-8-aza-
spiro[4.5]dec-8-yl)-2-ox0-cthyl]-
98 [1,4]diazepan-5-one 1-Oxa-8-aza-spiro[4.5]decane 494 3

1-[(E)-3-(3,4-Dichloro-phenyl)-
99 acryloyl]-4-[2-(4-hydroxymethyl- | (4-Methyl-piperidin-4-yl)-
4-methyl-piperidin-1-yl)-2-oxo- | methanol

cthyl]-[1,4]diazepan-5-one

4823




(S)-4-[4-(4-Hydroxynet hyl pi peridin-1-y1)-4-oxo0-butyl]-2-

net hy1- 3- oxo- pi perazi ne-1- carboxylic acid (3-chloro-phenyl)- amde o,.0 /<
afr N - Nweo-2611v04€130\ OH P i peri di n- 4-yl - net hanol 451. 1 1PQT/EP2010/065579
(S)-444- (1, 1- D oxo- 11anbda*6*- thi onor phol i n-4-y1) - 4- oxo- buty1] - 2-

met hyl - 3- oxo- pi per azi ne-1- carboxylic gg d (3-chl oro-phenyl)- am de

Thi onmorpholine 1,1-dioxide 471.1 W0 2011/ 048032PCT/ EP2010/ 065579 - 140 -

Cl ONChi r CI’QQ\\\’(OH N -NMC HS\ NS
o N o
BROS
(rac)-1-[(E)-3-(3.,4-Dichloro-
phenyl)-acryloyl]-4-[2-(3-
hydroxy-3-methyl-piperidin-1-
yl)-2-o0xo0-cthyl]-[1,4]diazepan-5-

100 One . .« qe
jG o (rac)-3-Methyl-piperidin-3-ol 468.3

Examples 101-104

General Procdure for examples 101-104

5 Toa solution 0f 0.04 g (0.1 mmol) of 3-{(R)-4-[(E)-3-(3-chloro-phenyl)-acryloyl]-3-methyl-

7-0x0-[1,4]diazepan-1-yl} -propionic acid (intermediate 38) and 0.04 ml of tricthylamine (0.3
mmol) in 0.8 ml DMF was added 0.05 g (0.12 mmol) of HATU. The mixture was shaken for
10 minutes before being added to the appropriate amine (0.12 mmol) and the mixture shaken

overnight. The mixture was then directly purified by preparative HPLC.

10
Table 3.
Example | Compound Name Amine MS:
No. (MH")

(R)-1-[(E)-3-(3-Chloro-phenyl)-
acryloyl]-2-methyl-4-(3-oxo-3-
piperidin-1-yl-propyl)-

[1 4]diazepan 5-one
101 piperidine 4323

Q u

(R)-1-[(E)-3-(3 -Chloro-phenyl)-
102 acryloyl]-4-[3-(4-hydroxy-4- 4-Methyl-piperidin-4-ol 462.2
methyl-piperidin-1-yl)-3-oxo-




111 (S)-4-[4-((3S,4S)-3-Hydroxy-4- nethyl -piperidin-1-yl)-4-o0xo0-butyl]-
2- met hy1l- 3- oxo- pi perazi ne-1- carboxylic acid (3-chloro-phenyl)- am de

(3S, 4S) - awbdbbhwd4speri di n-3- ol hydrochl oride (interne#cateP2@p/o045191 im
1, INN\/ r__ WH N Cl 0\ 112

(S)-4-[4-((RS) - 3- Hydr oxypi peri di n-1- yll- 4- oxo- butyl] - 2-

met hy1- 3- oxo- pi perazine-1- carboxylic” %% d (3-chloro-phenyl)- anide C1Q/-
OH 1\ 1- 1N\ ( 1\ 1-\ /[ pifopgld-R-Rether(il dijcha@pad- 437. 1

5-one
0 o Cl
L0
OH 20

(R)-1-[(E)-3-(3-Chloro-phenyl)-
acryloyl]-4-[3-((3S,5S)-3-
hydroxy-5-methyl-piperidin-1-
yl)-3-0xo0-propyl]-2-methyl-

. . 462 .2
o) 0 cl (intermediate 4)
'V N\
...... Q NEINEN
OH =0

(R)-1-[(E)-3-(3-Chloro-phenyl)-
acryloyl]-4-[3-((S)-4-hydroxy-6-
aza-spiro[2.5]oct-6-yl)-3-oxo-

propyl]-2-methyl-[1,4]diazepan-

5-one )
104 cl ('S)-6-Aza'-sp1ro[2.5]octan-4-01 474 3
(intermediate 2)
OH
: O —
S
N\n/\/N\// o

Examples 105-115

General Procdure for examples 105-115

5 Toa solution 0f 0.04 g (0.1 mmol) of 4-[(S)-4-(3-chloro-phenylcarbamoyl)-3-methyl-2-oxo-
piperazin-1-yl]-butyric acid (intermediate 19) and 0.04 ml of tricthylamine (0.3 mmol) in 0.8
ml DMF was added 0.05 g (0.12 mmol) of HATU. The mixture was shaken for 10 minutes
before being added to the appropriate amine (0.12 mmol) and the mixture shaken overnight.
The mixture was then directly purified by preparative HPLC.
10
Table 4.

Example | Compound Name Amine MS:

No. (MH")




H soN L\ 113 (S)-4-[4-((3S,5S)-3-Hydr oxy- 5-

nmet hyl - pi peri di n-1-y1)-4-o0xo0-butyl]- 2-nethyl-3-oxo-piperazine-1-
car boxyl iwoaeiih4¢@2chl or o- phenyl) - am de oe COH PCT/EP2010/065579
> - Nl Cdo (3S,5S)-5-Mthyl-piperidin-3- ol Hydrochloride (internmediate 4
) 451.1 114 (S)-4-[4-((3SR 4R5) - 3- Hyglli%é(y- 4-

hydr oxynmet hyl- 4- net hyl - pi peri di n-1-y1)-%4-oxo0-butyl]-2-net hyl - 3- oxo- pi per azi
ne- 1- carpoxyl i c acbE4{84-tlytloxp-4phethyl) - arfi de ci HO40 \-NnN- HQ O Cr\
(3SR, 4R5) - 4- Hydr ppipoedihyi-yl#4oedivptyd pi-per i di n- 3- ol hydr ochl ori de
(W2007122103 Al ) methyl-3-oxo-piperazine-1-
carboxylic acid (3-chloro-phenyl)-
105 amide 4-Methyl-piperidin-4-ol 451.11

o Y4
O

H
(S)-2-Methyl-3-0x0-4-[4-0x0-4-(4-
trifluoromethyl-piperidin-1-yl)-
butyl]-piperazine-1-carboxylic acid
106 (3-chloro-phenyl)-amide

0]

SO
P 0Ot

(S)-2-Methyl-3-0x0-4-[4-0x0-4-(2-
0x0-1-oxa-3,8-diaza-spiro[4.5]dec-
8-yl)-butyl]-piperazine-1-carboxylic

4-Trifluoromethyl-piperidine | 489.1

1-Oxa-3,8-diaza-

107 acid (3-chloro-phenyl)-amide o | spiro[4.5]decan-2-one (J. 492.1
HO Med. Chem. 1995, 38, 3772)
HN 7
FHKOHL
O

(S)-2-Methyl-4-[4-(1-oxa-8-aza-
spiro[4.5]dec-8-yl)-4-oxo-butyl]-3-
oxo-piperazine-1-carboxylic acid (3-

hloro-phenyl)-ami
108 chloro-phenyl)-amide o | 1-Oxa-8-aza-spiro[4.5]decane | 477.1

H

DQ{&FN—«“@

o o) OH o)

(S)-4-[4-(4-Hydroxymethyl-

piperidin-1-yl)-4-oxo-butyl]-2-
methyl-3-oxo-piperazine-1-
carboxylic acid (3-chloro-phenyl)-
109 amide Piperidin-4-yl-methanol 451.1

O}—N?://{
ST O

(S)-4-[4-(1,1-Dioxo-1lambda*6*-
thiomorpholin-4-yl)-4-oxo-butyl]-2-
110 methyl-3-oxo-piperazine-1- Thiomorpholine 1,1-dioxide 4711
carboxylic acid (3-chloro-phenyl)-
amide




481.1 115 (S)-4-[4-((3SR 45R)-4-Fl uoro-3- hydroxy-piperidin-|-yl)-4-oxo-
butyl ] -2- met hyl - 3- oxo- pi perazi ne-1- carboxylic acid (3-chl oro-phenyl)-
am de ( 3SRp48BR)04403E1 uor opi peri di n- 3-ol hydrochl ori de (i rCeEmPR@ivAbIETL]1)

455.2 WD 2011/ 048032PCT/ EP2010/ 065579 - 141 - 0, e NN-  OH
- 140 -
Cl (0] /\ Chirl
>: >—N N
N k
H :‘Ho N ,(o
O O
(S)-4-[4-((3S,4S5)-3-Hydroxy-4-
methyl-piperidin-1-yl)-4-oxo-butyl]-
2-methyl-3-oxo-piperazine-1-
car‘poxylic acid (3-chloro-phenyl)- (3S.4S)-4-Methyl-piperidin-3-
111 amide ol hydrochloride (intermediate | 451.1
0
o I 3)
N N OH
O
H N
ol 0
(S)-4-[4-((RS)-3-Hydroxy-
piperidin-1-yl)-4-oxo-butyl]-2-
methyl-3-oxo-piperazine-1-
carboxylic acid (3-chloro-phenyl)-
112 amide (rac)-Piperidin-3-ol 437.1
(S)-4-[4-((3S,55)-3 -Hydroxy-S-
methyl-piperidin-1-yl)-4-oxo-butyl]-
2-methyl-3-oxo-piperazine-1-
carboxylic acid (3-chloro-phenyl)- (3S,5S)-5-Methyl-piperidin-3-
113 amide o ol . . 451.1
o \/ 2, Hydrochloride (intermediate
N N oH |4
N —/
O A
cl 0 4
(S)-4-[4-((3SR,4RS)-3-Hydroxy-4-
hydroxymethyl-4-methyl-piperidin-
1-yD-4-oxo-butyl]-2-methyl-3-0x0- | (3gp 4RS)-4-Hydroxymethyl-
14 piperazine-1-carboxylic acid (3- 4-methyl-piperidin-3-ol
chloro-phenyl)-amide -, | hydrochloride 481.1
H (W02007122103 Al)
o J—-QN <\ _<N
HO © H 0o
(S)-4-[4-((3SR.,4SR)-4-Fluoro-3-
hydroxy-piperidin-1-yl)-4-oxo- (3SR ,4SR)-4-Fluoro-
115 butyl]-2-methyl-3-oxo-piperazine-1- | piperidin-3-ol hydrochloride 4552
carboxylic acid (3-chloro-phenyl)- (intermediate 11)
amide




00 N )1I-N ) F cl 0\ Exanpl es 116-119 5 General Procdure for
exanples 116-119 A solution of 0.03 g (0.1 mmol) of

4444( S) - AWbipdrionge3s- aza- spi r o[ 2. 5] oct - 6-y1) - 4- oxobut y1] PLI/EPpadivagzspan- 5- one
(internmediate 39) in 0.8 M DWMF was added to the appropriate isocyanate
(0.1 mmol) and the m xture shaken for IIJ?I The m xture was then directly
purified by preparative HPLC

>\—N N OH
QN \_/‘\_()>*Nc>_F

Cl

Examples 116-119

5 General Procdure for examples 116-119
A solution 0f0.03 g (0.1 mmol) of 4-[4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-
butyl]-[1,4]diazepan-5-one (intermediate 39) in 0.8 ml DMF was added to the appropriate

isocyanate (0.1 mmol) and the mixture shaken for 1h. The mixture was then directly purified

by preparative HPLC.
10
Table S.
Example | Compound Name Isocyanate MS:
No. (MH")

4-[4-((S)-4-Hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-oxo-butyl]-
5-0x0-[1,4]diazepane-1-
carboxylic acid (3-chloro-

116 phenyl)-amide 3-chlorophenylisocyanate 463.1

S
4-[4-((S)-4-Hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-oxo-butyl]-
5-oxo-[1,4]diazepane-1-

carboxylic acid (3,4-dichloro-
117 phenyl)-amide 3 4-dichlorophenylisocyanate 496.9

Cl j)l\N .
A 0

4-[4-((S)-4-Hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-oxo-butyl]-
118 5-0x0-[1,4]diazepane-1-
carboxylic acid (4-chloro-3-
trifluoromethyl-phenyl)-amide

1-Chloro-4-isocyanato-2-

trifluoromethyl-benzene >31.0




10 Table 5. Exanple No. Conpound Nane |socyanate Ms: (MH) 116
4-[4-((S)-4-Hydroxy-6-azaspiro[ 2.5]oct-6-yl)-4-o0xo-butyl]-

5- oxo- [ 1,Wpdnazagsae- 1- car boxylic acid (3-chl orophenyl pcampde /065579

alN, ......... \0 00 Nc...41-\ ,-ND< 0--o0H 3-chl orophenylisocyanate 463.1 117
4-14-((S)-4- Hydr oxy- 6- azaspl ro[ 2. 5] oct 65 y1) - 4- oxo- but y1] -

5-oxo0-[1, 4] di azepane-1- carboxylic aci Ji 3,4-di chl orophenyl)-ami de ciakt0 W
N)I-N No| ci HL. I Nt \2;@\< Qbi d 3, 4-di chl|orophenyl i socyanat e

: “ﬁ@q

4-[4-((S)-4-Hydroxy-6-aza-
spiro[2.5]oct-6-yl)-4-oxo-butyl]-
5-0x0-[1,4]diazepane-1-
carboxylic acid (3-chloro-4- 2-Chloro-4-isocyanato-1-
119 trifluoromethyl-phenyl)-amide trifluoromethyl-benzene 531.0

F%\ o (intermediate 16)
F e

~— o
cl NNy SN

N )<

OH

Example 120
(2RS,5S5)-4-(3,4-Dichloro-phenylcarbamoyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-
5 yl)-4-oxo-butyl]-5-methyl—6-ox0-piperazine-2-carboxylic acid (60% ds)

_\_>_C><

A) 4-[({[Benzyloxycarbonyl-((S)-1-methoxycarbonyl-ethyl)-amino]-methyl} -cyano-

methyl)-amino]-butyric acid tert-butyl ester

10 To 2.0 g (7 mmol) of (S)-2-[benzyloxycarbonyl-(2-0x0-ethyl)-amino]-propionic acid methyl
ester (intermediate 12C) in 15 ml of CH,Cl, was added 1.4 g (7 mmol) of 4-aminobutyric
acid tert-butyl ester hydrochloride, 0.7 g (2 mmol) of Znl; and finally 1 ml (8§ mmol) of
trimethylsilylcyanide. The reaction was stirred for 3h after which time it was washed with
aqueous saturated NaHCOs3, dried (Na,SO4) and evaporated to give after flash silica gel

15 column (n-heptane/EtOAc 4:6 to 1:1) the title compound in 31% yield as a colourless gum.
MS: 448.3 (MH).

B) (S)-4-(3-tert-Butoxycarbonyl-propyl)-5-cyano-2-methyl-3-oxo-piperazine-1-

carboxvylic acid benzyl ester

To 1.0 g (2 mmol) of 4-[({[benzyloxycarbonyl-((S)-1-methoxycarbonyl-ethyl)-
20 amino]-methyl}-cyano-methyl)-amino]-butyric acid tert-butyl ester in 2 ml of THF was



496.9 118 4-[4-((S)-4-Hydroxy-6-azaspiro[2.5]oct-6-yl)-4-oxo-butyl]-
5-oxo-[ 1, 4] di azepane-1- carboxylic acid (4-chloro-3-

trifl uor owetzhylospisenyl) - am de 1- Chl or o- 4-i socyanat o- 2- PCT/EP2010/065579
trifluoronethyl-benzene 531.0 WO 2011/ 048032PCT/ EP2010/ 065579 - 142 - C(C
FAN. "------ \O FFI..,IN-\ )-ND < 1191

4-[4-((S)-4-Hydroxy-6-azaspiro[ 2. 5] oci 1% y1) - 4- oxo- but y1] -

5- oxo- [ 1, #lddil 84 ep@maemad}) of hthpow Y1y droxide nndlBrdedit or @S Ml of water. The reaction

2 o or o I YRR 40 T s e RYPOBEURHEbern BY 8Uflares 16) 531 o
redissolved in 2 ml of DMF and 0.5g (2 mmol) of EDCI and 0.3g (2 mmol) of HOBT was
added and the mixture stirred for 2h. The reaction was then evaporated, the residue
5 redissolved in EtOAc, washed with water, brine, dried (Na;SO4) and concentrated to give
after flash silica gel column (n-heptane/EtOAc 4:6 to 1:1) the title compound in 78% yield as
a colourless gum. MS: 416.3 (MH).

C) (S)-4-(3-tert-Butoxycarbonvl-propyl)-6-methyl-5-oxo-piperazine-1.3-dicarboxvlic

acid 1-benzyl ester 3-methyvl ester

10 To 0.63 g (2 mmol) of (S)-4-(3-tert-butoxycarbonyl-propyl)-5-cyano-2-methyl-3-oxo-
piperazine-1-carboxylic acid benzyl ester in 10 ml of DMSO was added 0.21 g (2 mmol) of
potassium carbonate, followed by 0.6 ml (6 mmol) of 35% aqueous hydrogen peroxidide.
The mixture was heated until the reaction began to bubble and then heating was stopped. The
reaction was filtered, diluted with water and extracted repeatedly with tert-butyl methyl ether.

15 The combined organic washings were dried (Na,SO,) and concentrated to give crude
carboxamide. This was then dissolved in 15 ml of acetic anhydride/acetic acid (3:2), cooled
to 0°C and 0.76 g (11 mmol) of sodium nitrite added and the reaction stirred for 16h. The
reaction was then concentrated to dryness, partioned between CH,Cl, and aqueous saturated
NaHCOs, the organic phase was collected, dried (Na,SOy4) and evaporated. The residue was

20 dissolved in 10 ml THF and 0.1g 82 mmol) of lithium hydroxide monohydrate added in 0.5
ml water and the reaction stirred for 16h after which time Amberlite IR120 resin was added
until the pH was 5, the reaction filtered and concentrated. The residue was dissolved in 5 ml
of MeOH/ CH,Cl,(1:1) and 0.83 ml (2 mmol) of 2 M trimethylsilyldiazomethane in
diethylether was added (vigourous bubbling) and the reaction stirred for 15 minutes.

25 Concentrataion and purification by flash silica gel column (n-heptane/EtOAc 4:6 to 1:1) the
title compound in 30% yield as a light yellow gum. MS: 4493 (MH").

D) (5)-4-[4-((S)-4-Hydroxy-6-aza-spiro[2 .5 ]Joct-6-yl)-4-ox0-butyl ]-6-methyl-5-0xo0-

piperazine-1,3-dicarboxylic acid 1-benzyvl ester 3-methvl ester

To 0.15 g (0.3 mmol) of (S)-4-(3-tert-butoxycarbonyl-propyl)-6-methyl-5-oxo-

30 piperazine-1,3-dicarboxylic acid 1-benzyl ester 3-methyl ester in 5 ml of THF was added 1.5
ml of 37% hydrochloric acid. The reaction was stirred for 2h after which time it was
evaporated to dryness. The residue was redissolved in 2 m of DMF, 0.14¢g (0.4 mmol) of
HATU and 0.06 g (0.4 mmol) of (S)-6-aza-spiro[2.5]octan-4-ol hydrochloride (intermediate 2)



Exanmpl e 120

(2RS, 5S) - 4- (3, 4-Di chl or o- phenyl car banoyl) - 1444(S) - 4- hydr oxy- 6-aza-spiro[ 2.5
] oct - 6- Swopri4sose- but yl ] - 5- met hyl - 6- oxo- pi per azi ne- 2- earhrzyioioessaci d ( 60%
ds) St0 0 0 N-\ C OH OH C

4-[ ({[ Benzyl oxycar bonyl - ((S) - 1- et hoxyEQLf bonyl ethyl)-amno -neth -c

anonet hyl )-am no] -butyric acid tert-bu ester 10 To 2.0 g (7 mol ) of

(S) - 2- [ bewargladstadctal bwedy/by ¢.2 ndX b2enthyl) pf B{Mhywmlm.oﬂimacnioa(wad sm¢chipk 1lest er

(i nternediate of CH2C s _added..1. . I f, .

. o nobatF et e de et chbeanrsRiiPufld b BTSN vih 22
and fi nal wyted bithe, (d8icdn0d,BOQf antiicon®@htiytks td ¥l € yfedrifden silihegdl eslainnon was
stirred for 3h after which time it was washed with aqueous saturated
NaHCeB, diGHes(Ms9BGH)5) dhrtits copponpe i qugnifetes Yisldas aPP18§HGS§|<P%n?:M%eI 15
col urm5(n5d'ﬁpl\qﬁe/Et0Ac 4:6 to 1:1) the title conpound in 31%yield as a

col ourl ess gum N&: 448.3 (MO
E) (S)-4-(3.4-Dichloro-phenylcarbamovyl)-1-[4-({(S)-4-hydroxy-6-aza-spiro[2.5]oct-6-

yl)-4-ox0-butyl]-5-methyl-6-0x0-piperazine-2-carboxvlic acid methvl ester
To 0.17 g (0.33 mmol) of (S)-4-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-

butyl]-6-methyl-5-oxo-piperazine-1,3-dicarboxylic acid 1-benzyl ester 3-methyl ester in 5 ml
10 of MeOH was added 0.05 g of 10% palladium on charcoal and the reaction was stirred under
1 atmosphere of hydrogen (balloon) for 1h. The mixture was then filtered through Hyflo and
concentrated. The residue was redissolved in 2 ml of CH»Cl; and 0.06 g (0.34 mmol) of 3,4-
dichlorophenyisocyanate was added. The reaction was stirred for 0.5h after which time it
was concentrated to give after flash silica gel column (EtOAc/MeOH 1:0-9:1) the title
15  compound in 77% yield as a colourless gum. MS: 555.1 (MH", 2Cl).
F) (2RS.55)-4-(3.4-Dichloro-phenylcarbamoyl)-1-[4-((S)-4-hydroxy-6-aza-

spiro[2.5]oct-6-y1)-4-0x0-butyl]-5-methyl-6-ox0-piperazine-2-carboxylic acid (60% ds)
To 0.15g (0.26 mmol) of (S)-4-(3,4-dichloro-phenylcarbamoyl)-1-[4-((S)-4-hydroxy-

6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-5-methyl-6-oxo-piperazine-2-carboxylic acid methyl
20  esterin 2 ml of MeOH was added 0.01g (0.26 mmol) of lithium hydroxide monohydrate. The

reaction was stirred for 16 h afeter which time Amberlite IR120 resin was added until the pH

was 5 and the reaction filtered and concentrated to afford the titled compound in 73% yield, a

6:4 mixture of diasteriomers as a colourless gum. MS: 541.3 (MH", 2Cl).

25

Example 121
(BRS,65)-4-[4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-6-methyl-5-oxo-
piperazine-1,3-dicarboxylic acid 3-amide 1-[(3,4-dichloro-phenyl)-amide] (50% ds)

Cbé\\{\gﬁ NO;H

H,N



B)
(S)-4-(3-tert-Butoxycarbonyl - propyl)-5-cyano- 2- net hyl - 3- oxo- pi per azi ne- 1-
car boxyl iwoaeiidh4kisnzyl ester To 1.0 g (2 mmol pCofEr4010(0§5579

[ benzyl oxycar bonyk( S) - 1- net hoxycar bonyl -et hyl )- 20
anino]-nethyl}-cyano-nethyl)-anino]-bg%%%ic acid tert-butyl ester in 2 ni
of THF was WD 2011/ 048032PCT/ EP2010/0 79 - 143 - added 0.1 g (2 mmwol) of
l'i t hi um hydpoxg dlal nmn[dmfdehﬂé3j4rdi@11@0mhemﬂcanm1myl) IFife ((Beadtydomyvwasast i rred

for 16 h aft tinme .t rated to drynes The, r

o ssol vaioP s BTy S YRR S Rl i R T ol o
HOBT was bitieglasdiided 004510t thin®1 S fiIHAEY ah®0.08 Ml of g th @ atink GflloMas] HyletRg
evaporated, the residue 5 redjssolved in EtOAc, washed with water, br| ne,
dried (Na®SBamah@f apmoaRN arbenaico g whs Stirsd forglib afierwhieh tises) them

f:(rjll 25?}5 22%5(5&)%%s%0§cehﬁat@d The 1te|§'1%e %1@145@1@(?1%‘191‘1{@12 WashE8 %t sl PRitR
(S)-4-(3- aq@mussatu@é@d;m%@y|¢@d@§¢§wmnmhgqnxrsw@mglpe plarflabingiliea @1 di car box
ylic aci 0

(S)-4-(3- tpx?g@lfl%dl /fg/[;er Ony qg% g%g ugdén%-&/ yle(?%%sg? Qioure s20118 MS:

pi per azi anB@aHhmj.l c acid benzyl ester in 10 n of DVSO was added 0.21 g
(2 mmol ) of potassium carbonate, followed by 0.6 mM (6 nmol) of 35% aqueous
hydr ogen peroxi di de. The m xture waBxsmepledd2until the reaction began to
bubbl e and then heating was stopped. The reaction was filtered, diluted

wi th wat ef LE afthSom by st (St Qb VY -6. 065 Qo 1)6 -6 iR a The
conbi \r@l,gd orﬁgﬂ}@msﬁjlﬁ)g \?\gl‘raojﬁr%e}gy\?[ é('ssa }girillgwcgnceﬁyr ? &{g%l?ve
crude car%&'&‘!ﬂ’ﬂd 41‘11?75?9\%35 Men dissolved in 15 n of acetic

anhydri de/ acetic acid (3: 2) ooled to OC and 0.76 g (11 mmol) of sodium

nitrite addedgand the r stirr for 16h W& reaction was then
concentrated toNe&rRQESS, par,\flon b @J,Zand aqueous saturated

NaHCO3, the or @- ase—was col |l ette N dr| d (Na2SO4) and evaporated. The
resi due was =Bl ved in 10 mMl THF a 82 mmol ) of lithium

hydr oxi deFro ohydrate added in 0.5 nm wat d the reaction stirred for
16h after ch time Anberlite | R120 reS|n was added until the pH was 5,

the reacti oﬁ filtered and concentrated. The resi due was dissolved in 5 m
of MeOH CH2C12(1:1) and 0.83 m (2 mml) of 2 Mtrinethylsilyldi azonet hane

in diethylet hﬁranwag f@)dﬂ@ﬁroﬁé/dlﬁ@&é’s@ﬂﬂ&d@lb@da ge)wan qaihenioeagtion stirred for

15 mnutes cen urifi fIahS|J C | um
(o hent ar Bt BRET G s E 1D e AL P rine G iR e BBy Rl R (e

yel | ows guama-shiBo[2446ctdh- {r-IVH-h)'drochlorlde (i})termedlate 2) gave the title compound in 54%
(S)-4-[4- §1@1§)as%§fﬁyﬁﬁ18&%116 @,0@'@9 @&)oct-6-yl)-4-oxo-butyl]-6-nethyl-5-0

X0pi per azi ne- carbox I C acl 1 be%zyl ester 3-nethyl ester To 0.15 g
(0 3 nmmol) of (S)-4-(3- tert but oxycpERpREl12pr opyl) - 6- net hyl - 5- oxo- 30

pi per azi ne-1, 3-di carboxylic acid 1-%7%&& 3-nmethyl ester in 5 m of
THF was a@d@d4ﬂ(3££?ldbrtn4-tﬂﬂ%ﬂwchthbdmlmnylo\ﬂamoe[l Altiazepandtylph-(st-stirred for
2h after inme it ratedt nes e residue was

o ssol vrBR5F sirollof G B S pentastie BT Rt 1ZERS. 66° 9" (0. 4 ot )
of (S)-6-aza- sp|r0[2.5]octan 4- ol hydrochl orlde (internediate 2) WO
2011/ 048032PCT/ EP2010/ 065579 - 144 -




were added followed by 0.2 m (1.2 nmmol) of triethylam ne The reaction was
stirred for Ih after which tine the solvent was evaporated, the residue
redi ssol weo 20m/E8@GAC, washed with water, brine, dried (RaZEPI)10863579
concentrated to give after flash silica gel colum (CH2Cl12/ MeOH 95:5) the
@ colourless foam Ms: 5 502.4

title conpound in quantitative yield a

(VH) . E) (S-4 -(3,4-D ichlorofzﬁenylc arb anoyl)-1

44-((S)-4-hyd 6-aza- po0[2 .5 ] oct-6-

y1) - 4- oxo- but -neqﬁgfgﬁ%ox&tpiperazine-2-carboxy|ic acid nmethyl ester
To 0.17 g (8. 33 mL)Nof  N—® 0\

(S)-4444(§ S ‘xy-Bnazé-s iro[2.5]oct-6-yl)-4-oxobutyl]-6-nethyl-5-o0xo-

pi perazi ne-1 1- benzylowster 3-nethyl ester in 5 m 10
of MeOH was gdded 0.05 g of 10% pal | a0r+4m on charcoal and the reaction was
stirred under 1 atnosphere of hydrogen ( | oon) for Ih. The m xture was
then filtered through Hyfl o and conc aned. The residue was redissol ved
in 2 mM of CH2Cl12 and 0.06 g (0.34 mmol) of 3,4- dichl orophenyi socyanate
was added. The re j on was stir%eo for, 0.5hn after. which tinme it was
concent rat ed £6°% ¢ lyqramethyl-phenylamino)-pronionic agd EAbuasies . - 9: 1) t he
title 15 conpound in 77%yield as a colourless gum MsS: 555.1 (M+, 2Cl1).

F) (2RS, 5 S)-la-2ap8ogy 0 thhpocaduphdagtiloalribainteymydidte 34 - Abrbmme2-cBlogr &

spi rof 2. %mggfo%m.béﬁz%pamﬁ%ﬁg%mgmﬁoﬁa@ RINBE Al BfnRuRd iy i
acid (60%.ds) 1o 0,159 (0.26 mmol’) of (S§-4-(3 , 4-di'chl or o- phenyl c
arb amdy1yichas yelioy ?é)Mﬁchfg/BXQ& az a-sp iro [2.5]0 ct-6 -yl1)-4 -0

xo-butyl] -5 -nethyl -6-0x0, - rhoxylic acid nethyl 20
ester in 2 n15¥§iﬁhéﬁkﬂﬁééﬂ%gg

C OL0 v g .i Spava 01 S “15"' "-:’e’-"e’-‘a
monohydr aj&gd tefitutyi@et i on was stirred for 16 h afeter which time Anberlite
| RL120 resin was added until the pH was 5 and the reaction filtered and
concentrated to afford the titled conpound in 73%yield, a 6:4 m xture of
di ast er i omer sin&g8alggy:t9) theiprosedirgdaseripgd: fosimermedipd0BoEA3-chlow-4=v anpl e 121
(3RS, 63) - dirludrchictly] PRS- SofbRic R0 10k -afla Yidohtiy b ROARs B Ighv - et hy
I-5-oxopipe%gg%%%)&%3§%?£ar%%@??ﬁcCagpégg§gﬁégﬁ&%1dx*Q}le%&mBH ¥g'W§
1- [ ( 3,18- dihc titlocomphvedyih p4%vidé hs Y3096 db M 13002 OVH'LSH) YNG) WO
2011/ 048032PCT/ EP2010/ 065579 - 145 - To 0.05g (0 1 mmol) of

0
(S)-4- (3, 4-di &P ps QNS GRLRATRY L hdiyh i ytod - - 280 P R Bnic acid

tert-butyl ester

In analogy to the procedure described for intermediate 40C, 3-[(3-chloro-4-
trifluoromethyl-phenyl)-methoxycarbonylmethyl-amino]-propionic acid tert-butyl ester and
15 LiBH4 (2 M in THF) / MeOH gave the title compound in 84% yiceld as yellow oil. MS:
368.12 (MH', Cl).

D) 3-[(3-Chloro-4-trifluoromethvl-phenvl)-(2-oxo-ethyl)-amino]-propionic acid tert-
butyl ester

In analogy to the procedure described for intermediate 40D, 3-[(3-chloro-4-
20 trifluoromethyl-phenyl)-(2-hydroxy-ethyl)-aminoJ-propionic acid tert-butyl ester was
oxidized to the title compound in quantitative yield as yellow oil. MS: 365 (M, Cl).

E) (S)-2-{2-[(2-tert-Butoxycarbonyl-ethyl)-(3-chloro-4-trifluoromethyl-phenyl)-

amino]-ethylamino} -5-((S)-4-hydroxy-6-aza-spiro[2.5Joct-6-y1)-5-0x0-pentanoic acid methyl

ester



spiro[ 2. 5] oct-6-yl)-4-o0xo0-butyl]-5-nmet hyl - 6- oxo- pi perazi ne-2-carboxylic
acidin 1l m of DV was added 0.04g (0.1 mmol) of HATU and 0.05 m of

tri et hyl anoree1fBdzewed by 0.02g (0.03 mmol) of anmoni umPcamronatess7ahe

m xture was stirred for |h after which time the 5 reaction was
concentrated, the reside reidssol ved IOE ,FHZCIZ washed wi th washed with
aqueous saturated NaHCGOB3, dried (Na2S and concentrated to give after
flash silica Ig@halogy @rthe pmemmaave@bed%r &amiphel 47, 8HE3-cldopetstrdluonondaBsly i el d
as a colo

2 (5- Cht s SR Sy B RO BTG P S PRI Ey PS4 i rog 2. 57 0
ct - 6-y1) - Hydrensos-bet-3pldofd. i]oét}@lyazecp@tpeataﬁae aaaumahyl ester; compbuhdanigh HFY to the
procedure described for exanp 444-

trifl uor ofemesdaHhowpyg the tlélsz SQI[HRO%I]ddP é%%@/a«ﬂd ps yal]t YBHW Q. 3d$:§20.27

(1 nt ergeda\@lt{ed} ) and (S)-6- 15 aza-spiro[2.5]octan-4-ol; hydrochloride
(internmediaté 2) gave the title conpound in 54%yield as light yellow oil.
M5: 504.19 (MH, C). Exanple 123 (S)-2- [4-(3-C hlo ro-4-trifluo ro

net hyl - p he rml(s)-B= @X@2-Catbod}-ctyBZ@RAId0-b=t)iihoroRdth$)-plenyhyeiifxly - 6- aza- spiro

[2(2)1?} 82;@%@%@38& a%g-!smro%lﬂ% -V?) § OXO-\égltaHOIC acid methyl ester

3- ( 3- Chl odibydtochlptfideor onet hyl - phenyl ami no) propl onic acid tert-butyl ester
I n anal ogy to the procedure described for internediate 31,

4- br ono- 2- chl QkEudsd b1fd. 40§ mglﬂydl)' HRRY.ene- [@Qrttlﬁftéxy@wf)bﬁh la%t O(GQWI&@Monat e
ga\[/?Stlgl %‘?%@?%%PH%%@L@?@ & Bﬂéﬁ%ﬁ@?%@@%&%g P ﬁ%’f‘?‘[ ?03%& 2pr op| on

i c aci d tercpdntinglc aggltmethyl ester in 2 hnﬁnﬁﬂmggn Wwas tookedit @€ teacdlesbdided for

I nt er red @t mﬂ‘{aﬁ’of%l'dl%o Bbl‘ri’réﬂxﬁrld dxahd UP&&g?BWLtePJh%Wh%@‘aM F&b@ﬁf oni ¢

acid tert- ester an acet ave (S COI'T'pOUﬂd in
34%yi el dT 1R 3VAS §VaPOratssl, sgsggn 11@ Rggionitrile andgyvaporated (3x) to yield 0.47 g

3-[(3- Chl@Q%)@fﬂfeltfﬂlew@mpaiﬁidwIhgnhﬁnw/)foéxa MRl @ yES3t del (MFETTNO] - pr opi oni ¢
acid tert-butyl ester

15 G) (S)-2-[4-(3-Chloro-4-trifluoromethyl-phenyl)-7-oxo-[1.4]diazepan-1-y1]-5-((S)-4-
hydroxv-6-aza-spiro[2.5]oct-6-v1)-5-0x0-pentanoic acid methyl ester

In analogy to the procedure described for intermediate 40G, (S)-2-{2-[(2-carboxy-
ethyl)-(3-chloro-4-trifluoromethyl-phenyl)-amino]-ethylamino } -5-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-5-0x0-pentanoic acid methyl ester dihydrochloride was cyclized to the

20 title compound in 27% yield as off-white solid. MS: 546.20 (MH", Cl).

Example 124

1-(3-Chloro-4-trifluoromethyl-phenyl)-4-[(S)-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-
1-hydroxymethyl-4-oxo-butyl]|-[1,4]diazepan-S-one

O
Cl

|: ‘\OH



In anal ogy to the procedure described for internediate 40C, 3-[(3-chloro-4-
trifluoronethyl-phenyl)-nmet hoxycar bonyl net hyl - am no] - propi oni ¢ aci d
tert - but woestiemusead 15 LiBH4 (2 Min THF) / MeOH gave trhe/mpRelbmezsenpound
in 84%yield as yellow oil. Ms 368.12 ( M+, D)
3-[(3-Chloro-4-trifluoronethyl -phenyl) %% oxo0-et hyl ) -am no] - propi onic acid
tertbutyl ester In analogy to the procé re described for internediate 40D,
3-[ (3- chl or o-l4-an@0gy to the procedure described for intermediate 40C,  (S)-2-[4-(3-Chloro-4-

et or was DD EAN PRURRE or b b1 ek RSB GRS BRNE sk ow”

oi . M5 @AfS5-oxbkpentanoic acﬂ)me(t@leaer(e{(aanpl{: (123) afne UBBAJ@CMXM THR) bargH gily! ) -

(3 -ch loro -4-tri fluoroomath é/{ M%‘ethylamnol -5

- ((S) - 4- g g goBpynddn %A’iyl“é E‘We”&?wjmb SéIS;}Qf ©Xo- pent anoi ¢ aci d
met hyl ester WO 2011/048032PCT/ EP2010/ 065579 - 147 - In analogy to the
procedyre described for exanple 14Gixanpled28h!l oro-4-trifl uoronethyl -
phenyl)-(2 oxo ethyl)-am no]-propionic acrd tert-butyl ester and

(S)-2-am no- éh0r4 hydr oxy- 6- aza-spiro oct-6-yl)-5- oxo%gent anaoi c

aci d met h{R)- 1e£~,4r e@ﬁﬁwﬁww@lml-nkm Dt «ﬁb&haﬂ@m@a@a%rql loct-p1yd-
conpound Ni-E I t L A VH, F)

(9 2 2 OB b A ey G011 AR =80 ()

fl uoronet hyl - phenyl)-amino ]- ethylamno -5 -((S)-4 -hydroxy-6 -aza-sp iro
[2.5] oct-6-y1)-5 -oxa_-péhtano ic acid methyl ester dihydrochloride A

sol ution of 0.A : pl ) of (S)-2-

{2-[(2-tect hyl)-(3-chloro-4- 10 tri

fl uoroneth hyl am nol ,©8- ((S) - 4- hydr oxy- 6-aza-spiro

[ 2. 5] oct - 0- pent anoi\c agf thyl ester in 2.2 m of dioxan was

cooIed(lO sy treated with 1.9 l\(76 ) of HClL solution (4 Min
di oxane), 7 drops of water andOstir RT for 22 h. The solution was
evapor at ed, suspended in acetonitrile and evaporated (3x) to yield 0.47 ¢

(92% of the t|tIe conpound as |ight yellow foam z{ LC/ MB) . 564 (MHH,
150 In analogy to the procedure described for example 15, 4-[(R)-4-(4-chloro-3-

(S) - 21b4- ISR '1? )fi Hf%f t(ﬂ)ﬂll ?E‘?Qé’t;a)hyarool? Qﬂ&l;zefﬁ i gﬁ %"f’ﬁlc]acﬁﬁll 5-4S

) -4- hydroxy-6-az 0[2 5 5- 0x0- pen ol ¢ acl d ‘nmet’hyl ester
| n anal ogi#6toeed hetepn@b@daﬁ)earde@):mab@eblfaﬁ Sloataerdredhpdrechd@@e (intermediate

| not - senes e AR S i 5o i iy AL AP Sl BRIV O D 20 4= ™

met hyl ester di hydrochl ori de was cycl ized to the 20 title conpound in 27%
yield as off-white solid. MS: 546. 2Bxdrivpte 126
Exanple 1

1- (3- Cnl o&é:h(“rﬂﬂfor iR P BRERRANY D[4 €5 - Sy dy oG- ine &S s 69 1 of 2.
5] 0et 16- yAxo-bulNo2 St M) didzepsR-sD8HcYy Plilasd 1di azepan- 5-one

NI Ve

A solution 0f 0.049 g (0.1 mmol) of (R)-1-(4-chloro-3-trifluoromethyl-phenyl)-4-[4-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl ]-2-methyl-1,2,3 4-tetrahydro-
[1,4]diazepin-5-one (73% ds) and 0.006 ml (0.1 mmol) of acetic acid in 2 ml MeOH was

20 treated with 0.005 g of PtO; and was stirred over Hy-atmosphere for 1 days. After filtration

and evaporation, the residue was reevaporated (3 times) with toluene and the solvent was



WO 2011/ 048032PCT/ EP2010/ 065579 - 148 - I n analogy to the procedure
described for internediate 40C, (S)-2-[4-(3-Chloro-4- tri

f | uor onetwpl2epinasysl) - 7- oxo 41, 4] di azep an-1 -yl] -5 - @CHEPA010p6EI09 XY - 6- az
a-sp iro [2.5 Joct-6 - yl)-5-o0xo0-pentanoic acid nmethyl ester (exanple 123)
and LiBH4 (2 Min THF) / MeOH gave the %étle compound in 62%yield as
yellow oil. Ms: 518.20 (M, CO 5Exa e 125

(R) - 1- ( 4-€hioweduBlet vadubmgp gretOBAIS-gORBN pilthe 4iddd ¢§rE)ousd lay wiirte foayr. 84%za- spi ro
[ 2. 5] octgﬁgﬁ%%q &3%0 b utyl] -2-nethyl-1, 2, 3,4-tetrahydro-[1, 4]

di azepi n- QB d In anal ogy to the procedure described for exanple
15, 4-[(R) -4-(4- chloro 3- 10 Example 127
trifluoronethyl-phenyl)-3-nethyl-7-oxo-2, 3, 4 7 tetrahydro-[1, 4] di azepin-1-y
1] - butyri cid (46% ee) (internedi ate 35)

(5)-6- aza fsg%-lﬂs g0 BT om e e B B AeprH i eEpay- Ty ¢ he
title song xg%%z&ﬁLﬁhH)[@ﬂdct-Q?ﬁ) -36%d-p¥ntRhéic alMa mafié for( MFHCOO0-, 4).

A soluti on of

(R -1-(4- chloro 3- trlfluoronethyl phenyl) - 444-

((S)-4- hyd Oxy- 6-aza- sp|r0[2 S]oct-6-yl1)-4-oxo-butyl]-2-nethyl-1,2, 3, 4-tetr

fration and evaporation, the residue was

r eevapor afe 3 tinmes and_{ he,s@9l vent was WO

2011/ 048032PCT/ EP201 579 - Nenoved under vacuumto give 0.048 g
(98% of the titled corrpoug as white oa : 502.21 (M#, d). Exanple
127 0

In analogy to the procedure described for example 15, (S)-2-[(R,S)-4-(3.4-bis-
trifluoromethyl-phenyl)-3-methyl-7-oxo0-[1,4]diazepan-1-yl]-pentanedioic acid 1-methyl ester
(intermediate 42) and (S)-6-aza-spiro[2.5]octan-4-o0l; hydrochloride (intermediate 2) gave the

10 title compound in 73% yield as off-white foam. MS: 594 .24 (MH").

Example 128 and 129
(R)-1-(3,4-Bis-trifluoromethyl-phenyl)-4-[(S)-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-y])-
1-hydroxymethyl-4-oxo-butyl]-2-methyl-[1,4]diazepan-5-one and (S)-4-[4-((S)-3-

Hydroxy-4,4-dimethyl-piperidin-1-yl)-4-oxo-butyl]-2-methyl-3-oxo-piperazine-1-
15 carboxylic acid (3,4-dichloro-phenyl)-amide
F Example 128




(S)-2-[(R S)-4-(3,4-Bis-trifluoromethyl -phenyl)-3-nethyl -7-oxo-[1, 4] di azepa
n-1-yl1l]-5- 5 ((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-5-0x0-pentanoic acid
met hyl eswoenro11F4Bi32Nr oo 0 vy I n anal ogy to the procedumP2adesncisibed for
exanpl e 15,
(S)-2-[(R,S)-4-(3,4-bistrifluoronethyl-a?enyl)-S-nethyl-?-oxo-[l,4]diazepan
-1-y1] - pentanedi oic acid 1-nethyl est &1 nt er nedi at e 42) and
(S)-6-azanpH?o[2 5] octan-4-o0l; hydrochl ori de (iExampled@Pate 2) gave the 10
title conpoyld ig 73@6y|eld as off-white foam |[MS: 594.24 (MH).
Exanpl e 12% an
(R -1-(3,4-Bi ro 9I-phe 1)-4-[(S)-44(S) - 4- hydr oxy- 6-aza-spijrof 2

. 5] oct -6 ¢ ‘1 ydrox%gﬁﬁ yl - but yl ] - Zsyet hyl -[ 1, 41di azepan- 5- ong and
(S)-4- {5 cdrboxylig” rch Ti%iﬂzéyyb-anide WO

2011/ 048032PCT/ EP2010/ 065579\ - n|anal ogy to the procedure¢
descri bed in exanple 53, OH
(9-2-[(R S)-4-(3,4-bistrifluoronethyl -phenyl)-3-nethyl-7-o0xo-[1, 4] di azepan
-1 -yl] E5 -((S)-4-hydroxy-6-azaspirao [2 5]loct-46-y1)-5-0xo-pentanoic acid
met hyl ester and LiBH4 (2 Min THF) / MeOH gave 5 after flash silica gel

I di chl
?%)ugn(g chlgﬁgrlkpﬂa’ %E%Qéﬁﬁé %ﬁ? %1%é%%%@£33(§§§[g{ﬁ§4#%§$ 6- aza- spi ro[
2. 5] oct - GHymmexm%mmhm%mpihmﬂmmqamo[bﬂmyékpa}nﬁﬂhy«SI4k@ﬁ®x@b&a&n 5-one

E grimgsoﬁﬁ%@ﬁg?%yﬁ %n%c%ggef anaﬁ&g%g%%g*l(elg{?f an%fLi%Hl% M in THF) / MeOH gave

(S) - 1- 63, shdpifiasH dilida gé@é&ﬁi%h I(dﬁbhl@M{Mahe/methanol 95: 5) 47% of (R)-1-(3 4-bis-
4 [(S) 44(ﬂL 4- hydr oxy- 6- aza- sp H;)th(b ] oct-6-yl)-1-hydroxy nethyl 4- oxo- buty
X

- et hi Olpane[ﬂnyl Phemyhizefdnt (o Rahiprieea- w@)ﬁ ébcmwbé -yt ey mehyl-

566 25
(S)-4- (gl\%?oﬁ tglr]oﬁ (3 %ﬂéﬁﬁ%?%ﬁ_eﬁy ;(E&a%ﬁz g%)%z WhEéoxy %§5§6528| IrVHT% 5] oe
':hG y1) - 4Rf (mi(&(dacltlgﬂ_o]glegmn@mﬂﬂanqdi%braad 2D%f@B)el -Chi-bs-trifluoronfethyhphénydly t o

e proce c r_exa
0 (8 e P S N BRSOy R Rp oS WY K2R 1) - bt
yric aoi d[l(4&@1ﬁ%pﬁﬁ>@'-cﬁﬁe§e>éﬁ}pl@f@)éss)vhﬁe adid; B1%: 564.25 YraCk RAOHs0l ;
hydr ochl or i i nternedi ate 2% gave the title conpound in WO

2011/ omo@@@rmﬁbm%‘r@émﬁ

Example 130

(S)-4-(3 4-Bis-trifluoromethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yI)-4-
0x0-butyl]-3-methyl-piperazin-2-one

OH

In analogy to the procedure described for example 15, 4-[(S)-4-(3,4-bis-
trifluoromethyl-phenyl)-3-methyl-2-oxo-piperazin-1-yl]-butyric acid (intermediate 43) and
(S)-6-aza-spiro[2.5Joctan-4-ol; hydrochloride (intermediate 2) gave the title compound in



- 151 - 39%yield as off-white foam (in 80% di astereosel ectivity, com ng
probably fromthe harsh m crowave conditions during the synthesis of

i nt er mediwDe0tiAU803dS: 522. 22 (MH). Exanple 131 PCT/EP2010/065579
(S)-4-(3-Chloro-4-trifluoronethyl-phenyl)-1-[(S)-2-hydroxy-4-((S)-4-hydroxy
-6-azab5 spiro[2.5]oet-6-yl)-4-oxo0-buty % 3- nethyl pi per azi n-2-one (80% ds)
YLNNa' A CINf OH 0 F In anal ogy to exar %

(S) - 4- [ ( S9%% yi{cB} sshifbwbitd ftani in WMtemdselpmHWJQonﬁngrmohybly fromdbphgmln azin-1-

Yo YRR B R e SO A bR R RS L MR a2 T e Ol ter

flash chromat ography (Si 02, 10 d| chl or onet hane/ net hanol 2% and
precipitation (dichloronethane/ n-pebkanple 18he titled conmpound in 61%yvyield
(80% ds) as white powder. Ms: 504.19 (M+, 1Cl).

Exanpl e 1?%_ 3-Chl . S)2 4

(S) - 4- ( 3- QbR PrriresRe Ay eI O 2 ey oS 4G PZE- aza- spi
ro [2.5] §REdG2.5 foct-8-yRs-60xBaBA|3 Arefhydpip ditiinld ok (B8YHOYS)- pi per azi n- 2- one
(90% ds) In anal ogy to internedi ate 15,
(S)-4-[(S)-4-(3-chloro-4-trifluoronethyl - phenyl) - 3-

nmet hyl - 2- oxo- pi perazi n- 1-y1] - 5- net hoxy/- pent anoi ¢ acid (61% ds)
(intermediate 45) and 1.1 eq. of (S

2011/ 048032PCT/ EP2Q10 65 92N cht omat ography (Si02,
n- hept ane/ i sopr opano Me conmpound in 30% yi eI d (90% ds) as
of f-white waxy | i 53dH22 d M+, 1Cl1). Exanple 133

(9-4-[ (R S) - v oxy-4 ((S)-4-hydroxy-6-aza-spiro

[2.5] oct-6Fy1 gx0- butyl]-2- 5 nethyl- 3-o0xo-pi perazi ne-1-carboxylic acid
(3-chl oroF {riT™uoronet hyl - phenyl)-am de OH YLN-rila' A OCH NO 11

In analogy to example 15, (S)-4-[(S)-4-(3-chloro-4-trifluoromethyl-phenyl)-3-methyl-2-oxo-

piperazin-1-yl]-3-hydroxy-butyric acid (61% ds) (intermediate 44) and 1.1 eq. of (S)-6-aza-

spiro[2.5]octan-4-ol; hydrochloride (intermediate 2) gave after flash chromatography (SiO»,
10  dichloromethane/methanol 2%) and precipitation (dichloromethane/n-pentane) the titled

compound in 61% yield (80% ds) as white powder. MS: 504.19 (MH", 1C).

Example 132
(S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-1-[(S)-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-
6-yl)-1-methoxymethyl-4-oxo-butyl]-3-methyl-piperazin-2-one (90% ds)
| OH

In analogy to intermediate 15, (S)-4-[(S)-4-(3-chloro-4-trifluoromethyl-phenyl)-3-
methyl-2-oxo-piperazin-1-yl]-5-methoxy-pentanoic acid (61% ds) (intermediate 45) and 1.1
eq. of (S)-6-aza-spiro[2.5]octan-4-ol; hydrochloride (intermediate 2) gave after flash



FO F A solution of 0.079 g (0 2 mmol ) of
(S)-1-[(R'S)-3-hydroxy-4-((S)-4-hydroxy-6-azaspiro[2.5]oct-6-yl)-4-o0xo-buty
1] - 3- met hwb-2pi1pEs@2i n- 2- one (i nternedi ate 46) and 0. 080 Pai/EPRV16/06550% ) oOf

4- et hyl norpholine in 1.25 m of dichloronethane was treated at RT with 10
0.065 g (0 3 mol ) of 2-chloro-4-i SOCY?%O_ 1-trifluoronethyl-benzene
(intermediate 16) in 1.25 m of dichlo thane. After I h the reaction was
ext [1 agt edchmmhtog;qpbp&Oﬂ,(D -ep KRISGopispard 1(13xHe. titIEH@gmggmddio 3phageld (o els)
washed wit ous sat % NaCl an ried over Na2SO4 to

yi el d, afri‘e(i‘f?f’]\#4 Jiks @h?oéﬁa%es%\%ﬁg&% d%’q) di chl or onet hane/ net hanol 4%,

0.087 g (66% of the titled conpoungxafipefiB3white foam MS: 15 547.19 (M,

1C1). Exanpl e 134

(S) 4- [ ( I PSbfy dropy dyU3-trudnoy-5s3 72, Ri%o-PlOr 65Dt exwbyt}l-24- oxo- but y1
hy | -

(3 chI gr oﬂiﬁtlﬁlr ?1)‘%% rl%qrr%?lﬁs qecp? %2 11992%1%?%94[) qztr}ﬂuozri(r)llgetc%i/p!tl%nytl)h%mglr ocedure

described in exanple 133, (S)-1- [(S) 3- hydr oxy-2H((S) - 4-

hydr oxy- 6- aza- spi ro[ 2. 5] oct - 6-y1) - 4- oxo- y1] - hyl - pi per azi n- 2- one;

Nz e (internmediate 16) gave
wder. MS: 547.2 (MH+, 1Cl).

of 2-chl oro-4-isocyanat o-1-
the titled corrpound in 74%y| Id a white
Exanple 135 5C \[{ o

(S)-4-[(R S)-3- Hyd4 ((®) - 4- hydr oxy- 6- aza- spi r o[ 2. 5] oct - 6- y1) - 4- oxo- but
y1l] - 2- nethyilf s#per azP ne- 1- car boxylic acid

(3,4-bis-trifF rorrethyl phenyl)-am de OH I n anal ogy to the procedure
described in ex&nple 133, (S)-1-[(R S)-3-hydroxy-4-((S)-4-

ot ot o o SRIGEPARAL P bl Sr0Pr R G H-A bR Y ) R REA 86 o one

4- i socyangtiof2l53etx- yl-)I4F<bxfol-bmylpﬁehdﬂyjrl -tignzAamne-oht (ihernmedatate) 26)0.exvel t he

titled co nd 900 el of f wder .. M5: 58
B o 108 ! o appetdinpihiBs B LTS B RGRRSienagt kabguspfy W s
[ 2. 5] qgt - @06/512 (043 ﬁfﬁ@ﬂp&tﬂéﬂlo@ 4’1'@5&%11&1{5 13ﬁ1@1>&@roﬁieﬂﬁf'l-%éﬂz'éﬁe ént@ﬁﬁ&ﬁ’&fé’ h(‘})cln acid

(3-chloro-4-trifl uoronethyl Ehenyl -am de OH
1 25 ml of dichloromethane. After 1h the reaction was extracted with aqueous 10 %

KHSO4/EtOAc (3x). The organic phases were washed with aqueous saturated NaHCO3, 10%
NaCl and dried over Na,SOj4 to yield, after flash chromatography (SiO»,
dichloromethane/methanol 4%), 0.087 g (66%) of the titled compound as off-white foam. MS:
15 547.19 (MH', 1C)).
Example 134
(S)-4-[(S)-3-Hydroxy-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-2-methyl-

3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-amide

cl \H/N\) 0
F O
F
20 In analogy to the procedure described in example 133, (S)-1-[(S)-3-hydroxy-4-((S)-4-

hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-butyl]-3-methyl-piperazin-2-one; HCI1



In anal ogy to the procedure described in exanple 133,

(S)-1-[(R S)-3-fluoro-4-((9S)-4-

hydr oxy- 6wazatig@ses3e| 2. 5] oct - 6- y1) - 4- oxo- but y1] - 3- et hy| PpirfPe@pionss29 one;
HCl (internmediate 48) and 1.2 eq. of

2-chl oro-4-isocyanato-1-trifl uoromet hy:l ?enzene (internediate 16) gave 20
the titled conmpound in 57% yvyield as V\,ﬁ e powder. Ms: 549.19 (MH+#, 1C1).
WO 2011/ o@a&mm@nﬁﬂp}z@m D66 5T 9-chlot&4-isockamnpll ¢rifl@rometlylt3BzereS) - 4- [ (R or

S)3Fluo aza-spi.ro. | 2. oct-6-y1)-4-0x0-hut yl ] - 2-
met hyl - 81'%6% E)g% (ljélgﬁ% ﬁl élil;%g)%}i)quga é%? oyle‘?cl as wltnte chV(?er.ﬂ\/Ig.XSQWB (E\XIAI ,
(3-chl orot@l)trl fl uor onet hyl - phenyl ) - am de and (S)-4-[(S or

R) - 3- Fl uoro-4- ((S) - 4- hydr oxy- 6- aza-spiro [2.51oct-6-yl)-4-oxo0-butyl]-2-
5met hyl - 3- oxo- pi per azi ne- 1- car boxyl i @Eiﬂ_f’

(3-chlero L f W . I nds were
pr epar gd @% 1frszl)ilsqggpargt |((g$?h€1ﬂy‘?l)o ?r@% slglm 2?&? 63‘ ﬁo}ﬁpﬁ%ﬂ

((S) - 4- hynethyy-3@xazapapzine-d-azboglip aon:lt(3ﬂ-mi)tnﬂummeﬂm’cghﬂlylﬁamdmy1 3 -0
X0-p ip erazine-1 - carboxylic acid

(3-chloro-4-trifluoronethyl -phenyl)-am de ( xa | e 136) on a Reprosil

Chiral NR, (40% i sopropanol in n- hept e the two di astereoi soners:
33% (7.9% 10 cal cul ated for tiEe synth SI s and separation) of (S) 4- [(R or

S)-3-fluoro-4-((S)-4-hydr .5 ] oct-6 -yl)-4

Xo-butyl] -2 g npt hyl-3 Hoxo p | eraz in -1 -carboxyllc acid (3

-chl oro4-trifPyor onet -am de QExanple 137) as white powder, NG5
549. 19 (M—I+,Flcl (8 4% cal cul ated for the synthesis and

separ ati on) 4 [(Soor R)-3-fluoro-4- ((S)-4-hydroxy-6-aza-sp iro [2
.5 ] oct-6-y, 4 0X0 -butyl]-2-nethyl-3 -0 xo-p ip erazine-1- 15
carboxylic acidrF(3-chloro-4-tri fI uor onet hyl - phenyl ) -am de (Exanple 138) as
white powder, MS: 549.19 (M, et)b Exanpl e
139 (S) 4- FI( gl}aiggy(‘r(og}le @rqqg@r@glg,s_c & i 3Pl |38, §9)-1-(R,S)-3-hydroxy-4-((S)-4-

oct - 6- yl) t E

et hyl - 3- %XO Iéggir(aé 1o§ta€ggxb?>%6cwat‘%l 3%nethyl -piperazin-2-one (intermediate 46)
(3-chllBr cangl- 1.2 |e¢1 | afch mcmahe}tb=lpﬂablayﬂ1ﬂucamndfbyl WBzAR Y IN@UROBRPID)/gER2 it 011885579
In analogy to th ribed in.e 3,

(S)-1-[( 0112?0%1{1% ﬁy g?ci‘l as yofgwﬁﬁe powc?er s %(831@ &[I—JI%
aza-spirof[2.5]oct-6-yl)-1-net hoxynet hyl-4-oxo-butyl]-3-nethyl-pi perazin-2-o0

ne; HCL (internediate 49) and 1.2 eqg. of

2-chl oro-4-i socyanato- 1-trif| uoroneﬁ-!ﬁﬂlp-'sééﬁene 5 (intermedi ate 16) gave
Lo L1 1 o, ORRAYAharoL 41(sy4oh rasy-lah SpROUESTict- 14285 A Mernd L)
(S) - 21p ( S}-ose-pipeCrding-b-carhoxyli¢ acid ¢irehloye-dhidingraeethplrmhenyl)Jumide hy 1- 2- 0x0- pi
perazin-1- yl]-54(S)-4-hydroxy-6-aza-spiro[2.%5]oct-6-yl)-5-0xo-pentanoic

beia o 10 Wéﬁ
) \ff

In analogy to the procedure described in example 133, (S)-1-[(R,S)-3-fluoro-4-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-butyl]-3-methyl-piperazin-2-one; HCI (intermediate
48) and 1.2 eq. of 2-chloro-4-isocyanato-1-trifluoromethyl-benzene (intermediate 16) gave

20 the titled compound in 57% yield as white powder. MS: 549.19 (MH", 1C).



In anal ogy to internediate 5C
(S)-2-[(S)-4-(3-chloro-4-trifluoronethyl phenyl carbanoyl) - 3- net hyl - 2- oxo- pi p
erazi n- 1-w0]20 5448)324- hydr oxy- 6- aza- spi ro[ 2. 5] oct - 6- y1) PET@®PROIPAGISAN0I C
acid nethyl ester (exanple 52) gave with 1.1 equivalent of 1 Mag. |ithium
hydr oxi de solution in THF/ MeOH after éﬂlng up to RT over night,
quantitative 15 the titled conpound as Ite solid. Ms: 575.2 (M#+, 1Cl).
Exanpl e 141 Example 137 and 138

(55 9 A PN R SR S SBLe bl ut

(3 chl or o-feth! gl—B-lobI@-l’p(i{S’@'hiihé-lFﬂﬁﬂbMyllc atdqe-chBPssdsifluprahedl kpkehyl) Lnkide banoy |
and (R)-1-Car ) WD 2011/ 048032PCT/ EP2010/ 065579 - 156 - O ON_ a'A OH
H2 N. rN ClARdESE4-[(S or Rp3-Fhnaretds¢Shé-hydong-Gazaspiry [Zisict-63f)-4-oxo-butyl]-2-
(S)-2-F(9mém s O Aot L f I . - Oh e TRL ~2-0
Ko pi por ar a3 SR AT CaPRIE WM (B QBB 3 iR oAbl pherFR ice

y1) - 5- oxo- pent anoi ¢ aC|g|(exaane 140) ivn 1 m of DWMF treated at 0 C
with 0.033 mM 5 (0.20 mo m ne and. 0. 049 (0.11 mmol ) of
HATU. Ahter 1 h, 0.009 g { ni um bi ¢ onat e were added,
then the suspension wasNa poured on
aqueous 10% KHSO4 sol g 3 The organic
phases were washed w th aqueous saturated NaHCO3®) and aqueous 10 % NaCi,
dried (Na2SO4) and evaporated to give after purification wth flash
chromat ography (Si 02, 10 di chl oronet hane/ MeOH 95:5) and precipitation

(di chl oronet hane/ n-pent ang) 0.031 g4 46% of the titled conpound as w ght
solid (80%ds, 1H NVRin NVB0H at O . Ms: §74 20 $H+, d ). Exanple
142 (S)-4ﬁ ( -j;jydro
[2.5]oct-6-yl)-1- neth¥ cararoyl- -OXQ;5/

but yl ] - 2- net hyl - 3- oxo- pi per azi neOlL- car boxyl i ¢ acj
(3-chloro-4-trifluoronethyl- phenyl)-am de (95.

The title compounds were prepared by chiral separation of ((S)-4-[(R,S)-3-fluoro-4-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-ox0-butyl ]-2-methyl-3-oxo-piperazine-1-
carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-amide (example 136) on a Reprosil
Chiral NR, (40% isopropanol in n-heptane) to give the two diastercoisomers: 33% (7.9%

10 calculated for the synthesis and separation) of (S)-4-[(R or S)-3-fluoro-4-((S)-4-hydroxy-6-
aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-
4-trifluoromethyl-phenyl)-amide (Example 137) as white powder, MS: 549.19 (MH", 1Cl)
and 37% (8.4% calculated for the synthesis and separation) of (S)-4-[(S or R)-3-fluoro-4-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-ox0-butyl ]-2-methyl-3-oxo-piperazine-1-

15 carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-amide (Example 138) as white powder,
MS: 549.19 (MH", 1Cl).

Example 139
(S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-methoxymethyl-4-oxo-butyl]|-2-

methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-amide



OH 0 I n anal ogy to exanple 141,
(S)-2-[(S)-4-(3-chloro-4-trifluoronethyl phenyl carbanoyl) - 3- net hyl- 2- oxo-pi p
erazi n- 1-wo0]205/048@» - 4- hydr oxy- 6- aza- spi ro[ 2. 5] oct - 6- 20P¢T)EP20100655p€Nt anoi ¢
acid (exanple 140) after 5 mn of preactivation with HATU and 1.5
equi val ent of nethalym ne (8Min ethan %3 gave the titled conmpound in 53%
yleld as off-white solid (95.5% ds, reg osi| chiral -NR, n-heptane: et hanol
3:2). Ms: 588.22 (M+, 1Cl1). Exanple }43 WO @011/ 048032PCT/ EP2010/ 065579
- 157 -

0]
(S)-2-[(S)-4-(3,4-Bis-trifluor thgT-phenyIcarb y1) - 3- net hyl - 2- oxo- pi per
azin-1- y1]-54(S)-4-hydroxy6-

a- Spi rol2. 5hQct -6-y1) - 5- oxo- pent anoi ¢ aci d
met hyl ester In anal ogy to the pﬂﬁ%ﬁﬁﬁf&gqéécr'bed in exanple 133,
(S)-5-((S)-4-hyglr oxy< 6- aga-
spiro[2.5]oct-6-y S) - - nethyl - 2- oxo- pi per azi n-1-y1) - 5- oxo- pent anoi ¢
acid nethyl epter; ochporide (internediate 29) and 1.3 eq. of
4-i socyanat o- “trifluoronethyl-benzene (internedi ate 26) gave the
titled compoundgin 89%yield as anorphous white solid. Ms: 623.22 (M#H).
Exanple 144 10(S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro [2.5]
oct - 6- y1) - 1- hipdmalogyid tht]prdsedurﬁ:-described in example 133, (S)-1-[(S)-4-((S)-4-hydroxy-6-
but y1] - 2- net hy1- 3- 0x0- Qi er i ne- rboxylic,acid, . . )
(3. 4 b1 o EPPI TG O] H raRg et oA PGy Pipern B edur eHC!
descri bed(uht@rn@ﬂ@dﬁéﬂ @9p3and 1.2 eq. of 2-chloro-4- 1socyanato 1 trlﬂuoromethyl -benzene
(S)-2-[L(9).- 4-bis-trifl uoromethyl - phenyl car bamo
3- net h% nté&léﬁdﬂﬁ%b(r)&f}/%thf tifleq cgnle%ﬂim%{»da%&?& whléez%mgd;ﬁr rMF257§]2(§(,(M%¢y1) 5
- OXO- pentﬁﬂﬁlc acid nethyl ester (exanple 143) and LiBH4 (2 Min THF) /

MeOH gave the titled conpound in 79% yield as anorphous white solid. Ms:
595.23 (MH). Exanple 145 Example 140

( R) 2-[( S()S)% [Qé})) ZFRJ' 851?0r(d)'-4t-trri lllolf‘l(())liil(e) i hMenyE)car }gls 9-met¥1§7 2-0x0 plph a!lzm-lgxo-

pl per azi nyll-5y{9)=Bh{drdxy-b=42dps}2.5 0 ZE yBF- 6o Pentditi¢ addy 1) - 5- 0x0- pent anoi ¢
acid nethyl ester = WO 2011/ 048032PCT/ EP2010/ 065579

OOQ§?/OH
\HkN/'\/\g/N

SEA N

In analogy to intermediate 5C, (S)-2-[(S)-4-(3-chloro-4-trifluoromethyl-

10

phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5 Joct-6-
yl)-5-oxo0-pentanoic acid methyl ester (example 52) gave with 1.1 equivalent of 1 M aq.
lithium hydroxide solution in THF/MeOH after warming up to RT over night, quantitative
15  the titled compound as white solid. MS: 5752 (MH', 1Cl).
Example 141

(S)-4-[(S)-1-Carbamoyl-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-
2-methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-amide
(80% ds, probably (S)-1-Carbamoyl and (R)-1-Carbamoyl)



- 158 - In anal ogy to the procedure described in exanple 133,

(R -5-((S)-4-hydroxy-6-azaspiro[2.5]oct-6-yl)-2-((S)-3-nethyl-2-o0xo-piperaz
i n-1-y1)-Wwoaro/q@eestanoci ¢ acid nmet hyl ester; hydrochl ori e#eT(fpraiensisdd at e 50)
and 1.2 eq. of 2-chloro-4-isocyanato-1-trifluoronethylbenzene (internediate
16) gave the titled conpound in 8596y|?gg as white anorphous solid. 5 Ms:
589. 20 (M+, CO Exanpl e 146
(S)-4-[(R)-4-((S)-4-Hydroxy-6-aza- sp|r0[2 5] oct - 1) - 1- hydr oxymnet hy1l- 4- oxo
-butyl] - 2-nethyl - 3-oxo- pi perazi ne* ¢§§?Nh9xyllc
(3-chloro-4-trifluoronethyl - phen Oln Janal ogy to the procedure

described in exanple 53, (R ;k{@;ehﬁgpﬁ 4-
trifluoronethyl - phenylcarbanny ) I\#nathyl 2-10x0- pi perazin-1-y1]-5-((S)-4-hy
dr oxy- 6- azaspi r ¢}l o-pentand?c acid methyl ester (exanple

145) and Li BH4 £2 NBOH gave the titled conmpound in 66%yield as
anor phous white 1.20 (M#, 1Cl). 15Exanple 147

(3S, 6S) - N1- ( 3- Ehl &r 0- 4- (trlfluoronethyl)phenyl) 4- (44(S) - 4- hydr oxy- 6-
azaspiro[ 2. 5]octan 6-y1) - 4- oxobut y1) - 6- et hyl - 5- oxopi per azi ne-1, 3-di car boxa
m de H 2N CA s@@Adn of 0.068 g (O 10 mmol) of (S)-2-[(S)-4-(3-chloro-4- triﬂuoromethyl-

é??e?gf?né“§yl€% Eb%é bjﬁ" gy %% aélgtlefd] éxﬂ@égqﬁé@é@%@%% 065579

- 159 - %1) -5-ox6Rnfahdit @cmm%mamﬁl pﬁﬁ@ﬁm@F s Gefed hlrd with blog3 fullr st

HF)

step of t preparation of exanple 120 (step C affordlng a colourless gum
VS: 434, 3@ 2(0m4m))1) of triethygmine and 049 g (0.11 mmol) of HATU. Ahter I'h, 0.009 g (0.10

(2S, 5R) - X0- but
Vil b bRt frchloSh o B R E SRl Sk ebhed 8

(2S, 5S) - SRMWélangiprodﬁe[d%n aqueous 10% KHSOj solution and extracted w1th EtOAc (3x). The

e 1 CRPUORT e e e Dt Sy itharcd RO Dl o B i Nl

descri bed(Na@S@ﬁ ARV RapdAfkdstb %Pve@:ﬂer purlﬁcatlon with flash chromatography ﬁSlOQ,
(2S, 5RS) -(3-tertbutoxycarbonyl - propyl) - 5- car banoyl- 2- net h 3- 0X0- pi peraz
i ne-11@ar @éb(ly{qng’eﬂgl@? ngéh 2§§) and prec1p1tat10n (dlchloromethane/n-pentane) 0.031 g (46%)

of the titled compound as wight solid (80% ds, 1H-NMR in de-DMSQO at 120 °C). MS:
57420 (MH", Cl).
Example 142
(S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-methylcarbamoyl-4-oxo-
15  butyl]-2-methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethyl-
phenyl)-amide (95.5% ds)

: \_—N
4@’ . \y 64

In analogy to example 141, (S)-2-[(S)-4-(3-chloro-4-trifluoromethyl-
phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5]Joct-6-
20  yl)-5-oxo-pentanoic acid (example 140) after 5 min of preactivation with HATU and 1.5
equivalent of methalymine (8M in ethanol) gave the titled compound in 53% yield as off-
white solid (95.5% ds, reprosil chiral-NR, n-heptane:ethanol 3:2). MS: 588.22 (MH", 1Cl).

Example 143



10 ester was first hydrolysed with HCL and then coupled with
(S)-6-aza-spiro[ 2. 5] octan-4-o0l hydrochloride (internmediate 2). The two

di asteri oveanar®s@soul d be separated by flash col unm chr ecatergeiapbss7¢ 5i 02,

Et OAc/ MeOH 1:0-9:1) affording first (2S,5R)-5-carbanoyl-4-[4-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6- yig - 4- 0x0- but y1] - 2- met hy1- 3- oxo- pi pera
zine-1- carboxylic acid benzyl ester i 5'2% yield as an anorphous white
solid, NS 4872-88)-4NBi#)BiiSrifindronmethyl-phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-

Vi1 2. el CaB ey Shir o RV SRl S bR 2006 i e

as a col ourl ess f:oam MS: 487.30 (MH). Cl (2 S5 95-1-

[44(S) - 4- Hydrd 6 -aza-spiro | .9@ -6-yl) - 45px0-butyl] -5 -nethyl-6 -
0XO0- pi perazi ng car boxyl i c\ggiam de 20In andll ogy to the procedure
described in_the JiT{_part gf ex@g 120 stEp 2S, 595) -

e
5-carbam)y1-5 4-h bxy- - aza-Spi . 5] gct=6-yl) - 4-oxo-butyl]-2-ne
t hy1- 3- oxopifpe 3 -caflboxyl'ic acid benzyl er was treated with 10%

pal | adi um on ¢harcoal and the reaction wa8 stirred under 1 atnnosphere of

hydr ogen af 0l Dukl SLaduSOTRGHAL T SHARL L1 4Rs Y(s54h AR08 -6 aza-

col ourl ess foam

(3S, 6S}- NbifoR.Elottes-9h2-~((($ »-3-hictot-armexb ipiprptienyyl) 5-dxd-Per(tirdlic deith yabtioN wstbr
azaspiro[ 2. t an- 6-y1)-4- oxobu - 6- net.hyl - 5- oxqpi.per.azi ne-1, 3- di car boxa
eepndtil TR A Sty AR b R Bl A SR
exanpl e 120cstRRtdED26)f SO titled compound in 89% vield as amorphous white solid. MS:
1-[4-((S)-4-hydroxy-6-aza-spiro[ 2. 5] oct-6-yl)-4-oxo-butyl]-5-nmet hyl-6-oxo-p
i perazi net23-22MMoxyl i c acid am de was reacted with

2-chl oro-4-isocyanato-1-trifluor orrei%gzlh-fgqggene 30 (internmediate 16) to
give the titled conpound in 88% yi olourless solid. Ms: 574.3

(M, 10C1) . WO)-3IARE8PIARATbERETAsPird R A oet-6LGID-1-hyldxaxyphethylldBoxo-

(3R, 6S)-NL-(3-chl gro-4-(tr.ifluorqgnethyl)phenyl)-4-(44(S)-4-hydroxy- 6-

st ol it flzcimsfivga ap aibeseBen oy DI AR - RIP IR c.ar boxa
mde H 2N\mide- --O F N \ HO 5 In analogy to the procedure described in the
exanple 120 step E, (2S,5R)-5- carbanoyl-4-[4-((S)-4-hydroxy-6-aza-spiro
[2.5 ]c) ct-6F '5-4- oxo- butyl] - 2omet hyl.3 -oxo - (%‘ perazine- 1 -carboxylic
aci d benzyl e e

2 (exanp|.e 3)/\A/as first protected using 10%
pal | adi um on_char H t he @ th
2- chl -4-i al 1- N
chl oro-4-i ¢ 7]/ ~_t N

In analogy to the

procedure described in Example 53, (S)-2-[(S)-4-(3.,4-bis-trifluoromethyl-phenylcarbamoyl)-
15 3-methyl-2-oxo-piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-5-0x0-pentanoic
acid methyl ester (example 143) and LiBH4 (2 M in THF) / MeOH gave the titled compound
in 79% yield as amorphous white solid. MS: 595.23 (MH").
Example 145
(R)-2-[(S)-4-(3-Chloro-4-trifluoromethyl-phenylcarbamoyl)-3-methyl-2-oxo-
20 piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-5-oxo-pentanoic acid methyl

ester

0 © o/ OH
F;/\O/HZ//&NI/%N@



10 trifluoronethyl -benzene (internediate 16) to give the titled conpound in
73%vyield as a colourless solid. Ms: 574.3 (M+, 1Cl). Exanple 149

(3S, 6S) - Wp2o1(1(8%634- Hydr oxy- 6- aza-spiro PCT/EP2010/065579

[ 2. 5] oct-6-yl)-4-o0xo0-butyl]-6-methyl-5-oxo- 15 piperazine-1, 3-dicarboxylic
acid 3-am de 1-[(3,4-bis-trif|uoroneth¥§ phenyl) amde] O In analogy to the
procedure described in the exanple 147 % D, (25,595)-1-[4-((S)-4-

hydr oxy- 6- ain aradqeyito the[[ZoceBuie dosdribed irydx)am@le— @3x61)hﬁj(($)kil—h5dpowm6mzh‘ 6- 0x0-p
ip eraz ine-2 :=¢ baoxyl i.c, aci.d acte

471 Sooyantivsta BeB e FuBRUR RATART I FRE R ooyt oty ve
the titl elydeeumpsaido dinteimé%teS0phidl BS c@ dethWrbaslsocﬁy@[hat@ll -tIB10r6M8thdl- ( MHH) .

WO 2011/ 048032PCT/ EP2010/ 065579 - 161 -

(3R, 6R) - 4bqraenc((yfenmedip ot o taiaﬂ%,dp@ompotnzd 51185(% akel%aﬁy&blte@%%s SRLigk |

- 6- net By Infa- §eocpingar @zl ne- 1, 3-di carboxylic acid 3-am de

1-[ (3-chl or o- 4- trlfluoronethyl phenyl)-am de] 5The title conpound was
prepared in anal ogy to exanple 147, _Eﬂnehﬂﬁﬁhat instead of starting with

(S)-2-[benzylo 2- 0X0z et h iqQni c ac ster

(i ht o redi at @ VB AR bE 850 REt I 3 SR B R A e 651 o
acid net hyﬁneeﬁﬁlsﬂoikﬁﬁlpuﬁﬁdleéhMbﬁgylt&ﬁid m-emwd-tanmlabﬁgﬂuhyypﬁern@mdmﬂbanl ne
nmet hyl ester) to give a white solid. Ms: 574.2 SNH+, 1Cl). 10Exanple 151
(3R, 6R)-4-[44(S) - 4- Hydr oxy- 6- aza-spiro

[ 2. 5] oct - 6-y1l) - 4-oxo- butyl] - 6- net hy1- 50Hoxo- pi e-1, 3-di carboxylic
acid 3-amde 1-[(3,4-dichloro-p nyl -am de] Cl |The title conmpound was
prepared in anal ogy ot exa i chor ophenyl i socyanat e
being used in the last stgp t a mhlte SO|Id M5: 540.3 (MH, 2C1).

Exanple A Cl N\H/N
F O
F
10 In analogy to the procedure described in example 53, (R)-2-[(S)-4-(3-chloro-4-

trifluoromethyl-phenylcarbamoyl)-3-methyl-2-oxo-piperazin-1-yl]-5-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-5-0x0-pentanoic acid methyl ester (example 145) and LiBH4 (2 M in THF)
/ MeOH gave the titled compound in 66% yield as amorphous white solid. MS: 561.20 (MH",
1Cl).
15 Example 147
(3S,65)-N1-(3-chloro-4-(trifluoromethyl)phenyl)-4-(4-((S)-4-hydroxy-6-
azaspiro[2.5]octan-6-yl)-4-oxobutyl)-6-methyl-S-oxopiperazine-1,3-dicarboxamide
H,N

HF_Q: \\\ﬁ/?:_\ )N ﬁ>4

20 Al (2S,5RS)-4-(3-tert-Butoxycarbonvl-propyl)-5-carbamoyl-2-methyl-3-0xo0-

piperazine-1-carboxvlic acid benzyl ester




Filmcoated tablets containing the follow ng ingredients can be

manuf actured in a conventional manner WD 2011/ 048032PCT/ EP2010/ 065579 -
162 - | ngwednamugo3RPer t abl et Ker nel : Conmpound of formrk@0635740. 0 ny
200.0 ng Mcrocrystalline cellulose 23.5 ng 43.5 ng Lactose hydrous 60.0 ny
70.0 nmg Pol yvi nyl pyrrolidone K30 159 -

The title compound was prepared as described in the first step of the preparation of

example 120 (step C) affording a colourless gum. MS: 434.30 (MH")

B](2S.5R)-5-Carbamovl-4-[4-((S)-4-hydroxv-6-aza-spiro[2.5]oct-6-v1)-4-0x0-butyl]-

5 2-methyl-3-oxo0-piperazine-1-carboxylic acid benzyl ester and (2S.5S)-5-Carbamoyl-4-[4-

((8)-4-hydroxy-6-aza-spiro[2.5]oct-6-v1)-4-oxo0-butyl]-2-methyl-3-oxo-piperazine-1-

carboxvylic acid benzyl ester

In analogy to the procedure described in example 120 step D, (2S,5RS)-4-(3-tert-
butoxycarbonyl-propyl)-5-carbamoyl-2-methyl-3-oxo-piperazine-1-carboxylic acid benzyl
10 ester was first hydrolysed with HCI and then coupled with (S)-6-aza-spiro[2.5]octan-4-o0l
hydrochloride (intermediate 2). The two diasterioisomers could be separated by flash column
chromatography (SiO2, EtOAc/MeOH 1:0-9:1) affording first (2S,5R)-5-carbamoyl-4-[4-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-ox0-butyl ]-2-methyl-3-oxo-piperazine-1-
carboxylic acid benzyl ester in 22% yield as an amorphous white solid, MS: 487.30 (MH")
15 and then (2S,5S)-5-carbamoyl-4-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-2-
methyl-3-oxo-piperazine-1-carboxylic acid benzyl ester in 20% yield as a colourless foam
MS: 487.30 (MH").
C1(28.5S)-1-[4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-5-methyl-6-

oxo-piperazine-2-carboxvlic acid amide

20 In analogy to the procedure described in the first part of example 120 step E, (2S,5S)-
5-carbamoyl-4-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl ]-2-methyl-3-oxo-
piperazine-1-carboxylic acid benzyl ester was treated with 10% palladium on charcoal and
the reaction was stirred under 1 atmosphere of hydrogen affording the titled compound in
quantitative yield as a colourless foam. MS: 353.4 (MH").

25 D] (3S.6S)-N1-(3-chloro-4-(trifluoromethyl)phenyl)-4-(4-((S)-4-hydroxy-6-

azaspiro[2.5]octan-6-yl)-4-oxobutyl)-6-methvl-5-oxopiperazine-1.3-dicarboxamide

In analogy to the procedure described in the second part of example 120 step E, (2S,5S)-
1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-0x0-butyl ]-5-methyl-6-oxo-piperazine-2-
carboxylic acid amide was reacted with 2-chloro-4-isocyanato-1-trifluoromethyl-benzene

30 (intermediate 16) to give the titled compound in 88% yield as a colourless solid. MS: 574.3
(MH', 1CI).



12.5 ng 15.0 ng Sodium starch glycolate 12.5 ng 17.0 ng Magnesi um stearate
1.5 nmy 4.5 ng (Kernel Weight) 120.0 ng 350.0 ng Fil m Coat: Hydr oxypr opyl
met hyl ceWwbubowes®25 ng 7.0 ng Pol yet hyl ene gl ycol 6000POTAPRgI0N6H79y Tal

1.3 ng 2.6 ny
- 160 -

Example 148
(3R,6S5)-N1-(3-chloro-4-(trifluoromethyl)phenyl)-4-(4-((S)-4-hydroxy-6-
azaspiro[2.5]0ctan-6-yl)-4-0xobutyl)-6-methyl-5-0xopiperazine-l,3-dicarboxamide

\—o

0O
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In analogy to the procedure described in the example 120 step E, (2S,5R)-5-
carbamoyl-4-[4-((S)-4-hydroxy-6-aza-spiro[2.5 Joct-6-yl)-4-oxo-butyl ]-2-methyl-3-o0xo-
piperazine-1-carboxylic acid benzyl ester (example 147 step B) was first deprotected using
10% palladium on charcoal and then subsequently reacted with 2-chloro-4-isocyanato-1-

10 trifluoromethyl-benzene (intermediate 16) to give the titled compound in 73% yield as a
colourless solid. MS: 574.3 (MH", 1Cl).

Example 149
(3S,65)-4-[4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-oxo-butyl]-6-methyl-S-oxo-
15 piperazine-1,3-dicarboxylic acid 3-amide 1-[(3,4-bis-trifluoromethyl-phenyl)-amide]
0O

5 Y,

F
In analogy to the procedure described in the example 147 step D, (25,5S)-1-[4-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-4-ox0-butyl]-5-methyl-6-oxo-piperazine-2-carboxylic acid
amide was reacted with 4-isocyanato-1,2-bis-trifluoromethyl-benzene (intermediate 26) to

20 give the titled compound in 70% yield as a colourless solid. MS: 608.1 (MH").



Iron oxide (yellow) 0.8 ng 1.6 ng Titaniumdioxide 0.8 ng 1.6 ny The
active ingredient is sieved and m xed with mcrocrystalline cellul ose and
the m xt we 20s1/g8@aul ated with a sol ution of polyvinyl ppcrapedonessin wat er .
The granulate is m xed with sodium starch glycol ate and nagesi unst ear at e
and conpressed to yield kernels of 5 }ig or 350 ny respectively. The
kernels are | acquered wi th an aqueous ution / suspension of the above
mentioned filmcoat. Exanple B ECappk(168 cont ai ni ng the fol |l owi ng

capeul e ORISR P bR (v p B0 TP gt Tag o PS8 21

20. 0 ng Tgiper&zide-NB-dicarboxylic acid 3-amide 1-[(3-chloro-4-trifluoromethyl-phenyl)-amide]

O

5 The title compound was prepared in analogy to example 147, except that instead of
starting with (S)-2-[benzyloxycarbonyl-(2-oxo0-ethyl)-aminoJ-propionic acid methyl ester
(intermediate 12C), (R)-2-[benzyloxycarbonyl-(2-0x0-cthyl)-amino]-propionic acid methyl
ester was used (having been prepared analogously from D-alanine methyl ester) to give a
white solid. MS: 574.2 (MH', 1C).

10 Example 151
(BR,6R)-4-|4-((S)-4-Hydroxy-6-aza-spiro|2.5]oct-6-yl)-4-0x0-butyl]-6-methyl-5-
oxo-piperazine-1,3-dicarboxylic acid 3-amide 1-[(3,4-dichloro-phenyl)-amide]

O///<N

The title compound was prepared in analogy ot example 150, with 3 4-
15  dichorophenylisocyanate being used in the last step to give a white solid. MS: 540.3 (MH",
2Cl).
Example A
Film coated tablets containing the following ingredients can be manufactured in a

conventional manner:



10 The conponents are sieved and m xed and filled into capsul es of size 2.
Exanple C WD 2011/ 048032PCT/ EP2010/ 065579 - 163 - Injection solutions can
have t he wol2bowi4sags2conposition: Conpound of forrmula (1) PBTMEPag0Bedsyet hyl ene
gl ycol 400 150.0 ng Acetic acid g.s. ad pH 5.0 Water for injection
solutions Ad 1.0 nl The active i [I%fpli ent is dissolved in a mxture of
pol yet hyl ene glycol 400 and water for [ection (part). The pHis adjusted

to 5.0 by acdhgedmois d The vol une is|adjuB¢rggbleto 1.0 (m 5 by addition of
the resi gual—ghount wat-er—Fhe——seolutioen—+s—+fHiltered—Fittedinteovials
usi ng an appr]gf)rﬂe te overage and sterilized. Exanple| D Soft gellatin
capsul es| cont@mphradoffriglad (@M NG T NYredi enp smecan be [manubggpuied 1 n ja
conventipnal manner Capsule contents| Conpound of formila (1)

Microcrystalline cellulose 23.5mg 435mg

Lactose hydrous 60.0 mg 70.0 mg

Polyvinylpyrrolidone K30 12.5 mg 15.0 mg

Sodium starch glycolate 12.5 mg 17.0 mg

Magnesium stearate 1.5mg 4.5mg

(Kernel Weight) 120.0 mg 350.0 mg

Film Coat:

Hydroxypropyl methyl cellulose 3.5mg 7.0 mg

Polyethylene glycol 6000 0.8 mg 1.6 mg

Talc 1.3 mg 2.6 mg

Iron oxide (yellow) 0.8 mg 1.6 mg

Titanium dioxide 0.8 mg 1.6 mg

The active ingredient is sieved and mixed with microcrystalline cellulose and the
mixture is granulated with a solution of polyvinylpyrrolidone in water. The granulate is
mixed with sodium starch glycolate and magesiumstearate and compressed to yield kernels of

5 120 or 350 mg respectively. The kernels are lacquered with an aqueous solution / suspension
of the above mentioned film coat.

Example B

Capsules containing the following ingredients can be manufactured in a conventional

manner:
Ingredients Per capsule
Compound of formula (I) 25.0 mg
Lactose 150.0 mg
Maize starch 20.0 mg
Talc 5.0 mg

10
The components are sieved and mixed and filled into capsules of size 2.

Example C



5.0 ng Yell ow wax 8.0 ng Hydrogenated soya bean oil 8.0 ng Partially

hydr ogenated plant oils 34.0 ng Soya bean oil

110. 0 ng Wi ght of capsule

cont ent s WO200/0ag03¢el atin capsule Celatin 75.0 ng G ycecolEP8® 086329 0 nyg
Karion 83 8.0 ng (dry matter) Titaniumdioxide 0.4 ng Iron oxide

yellow 1.1 ng 163 -

Injection solutions can have the following composition:

Compound of formula (I) 3.0 mg
Polyethylene glycol 400 150.0 mg
Acetic acid q.s.adpH5.0
Water for injection solutions Ad 1.0ml

The active ingredient is dissolved in a mixture of polyethylene glycol 400 and water for

injection (part). The pH is adjusted to 5.0 by acetic acid. The volume is adjusted to 1.0 ml

5 by addition of the residual amount of water. The solution is filtered, filled into vials using an

appropriate overage and sterilized.

Example D

Soft gelatin capsules containing the following ingredients can be manufactured in a

conventional manner:

Capsule contents
Compound of formula (I) 5.0 mg
Yellow wax 8.0 mg
Hydrogenated soya bean oil 8.0 mg
Partially hydrogenated plant oils 34.0 mg
Soya bean oil 110.0 mg
Weight of capsule contents 165.0 mg
Gelatin capsule
Gelatin 75.0 mg
Glycerol 85 % 32.0mg
Karion 83 8.0 mg (dry
matter)
Titanium dioxide 04 mg
Iron oxide yellow 1.1 mg

10

The active ingredient is dissolved in a warm melting of the other ingredients and the

mixture is filled into soft gelatin capsules of appropriate size. The filled soft gelatin capsules

are treated according to the usual procedures.

Example E



10 The active ingredient is dissolved in a warmnelting of the other
ingredients and the mxture is filled into soft gelatin capsul es of
appropri ave 20i12a803Zhe filled soft gelatin capsul es are trreatredomcisey ding to
t he usual procedures. Exanmple E WO 2011/048032PCT/ EP2010/ 065579 - 164 -
Sachets containing the foll ow ng ingregé nts can be manufactured in a
conventi onal manner Conpound of fornul fl) 50.0 ny Lactose, fine powder
1015. 0 ny M cSavbety stradihing ¢hecfell pwingsegrédisf tOpin b@mm@ctm@m aQcomgerdodalum
carboxynetQég cellulose 14.0 ng Pol yvi nyl pyrrolidone K 30 10.0 ng

Magnesi unbfedfate 10.0 ng Flavoring additives 1.0 ng

Compound of formula (I) 50.0 mg
Lactose, fine powder 1015.0 mg
Microcrystalline cellulose (AVICEL PH 102) 1400.0 mg
Sodium carboxymethyl cellulose 14.0 mg
Polyvinylpyrrolidone K 30 10.0 mg
Magnesiumstearate 10.0 mg
Flavoring additives 1.0 mg

The active ingredient is mixed with lactose, microcrystalline cellulose and sodium
5 carboxymethyl cellulose and granulated with a mixture of polyvinylpyrrolidone in water. The
granulate is mixed with magnesiumstearate and the flavouring additives and filled into

sachets.



The active ingredient is mxed with |actose, mcrocrystalline cellul ose and
sodi um 5 carboxynet hyl cellul ose and granulated with a m xture of
pol yvi nylwonrooli4ssre in water. The granul ate is m xed WPCH/EP2010/065579
magnesi unstearate and the flavouring additives and filled into sachets. WO
2011/ 048032PCT/ EP2010/ 065579 - 165 - C#g%ms 1. A conpound of fornmula (I):
R6R5 R1L (CH2)p AN R2 doubl e bond one o 5 or R6 is absent; 10Ais aryl or
aryl net hyl wherein the said rings are b@lamgs:optionally substituted by one
to three substituents independently selected fromthe group consisting of
hal ogen, aryl, heteroaryl, Cl1_6 alkyl, halo C1_6 al kyl, Cl_6 al koxy and
hal o Cl-6 al koxy; is a bond, N(R)-C(=0), NHC(=S), or
CH=CH C(=0), wherein R is hydrogen or Cl4 al kyl; 15Rl and R2 are,
i ndependent | yL-of caapopnédphormila|(Bet ed from the group consisting of: Cl 6
al kyl, C3_6 al kenyl, Ig8_6 alkynyl, hydroxy C2_6 al kyl, 20-Cl1_6 al koxy
C2_6 al kyl, C3_7 cylo Rkyl which is optionally substituted by one to
three substituents indepengéntly s@ ected fromthe group consisting of Rd,
C3_7 cycloal kyl Cl1_6 al kyt:- i the C3-7 cycloalyl is optionally
substituted by one t{GHhree sub$tituents independeptly selected fromthe
group consistang of Rdf 25-C7_1 FCYyBl 0 y (N\Rz

\

L—N N
4 O
7 i R
R
R o g
5 R™ R
@)
Wherein
- is either a single or a double bond with the proviso that when - isa
double bond one of R® or R® is absent;
10 A is aryl or arylmethyl wherein the said rings are being optionally substituted by

one to three substituents independently selected from the group consisting of halogen, aryl,
heteroaryl, Ci alkyl, halo Cy.s alkyl, Ci.¢ alkoxy and halo Ci.s alkoxy;
L is a bond, N(R’)-C(=0), NH-C(=S), or CH=CH-C(=0), wherein R’ is
hydrogen or C4 alkyl;
15 R' and R” are, independently-of each other selected from the group consisting of:
- Cy alkyl,
- Cs6 alkenyl,
- Ci alkynyl,
-hydroxy C,.¢ alkyl,
20 -C1 alkoxy Cy.6 alkyl,
-C37 cycloalkyl which is optionally substituted by one to three substituents
independently selected from the group consisting of R?,
-Cs; cycloalkyl C; ¢ alkyl wherein the Cs.; cycloalkyl is optionally substituted by one
to three substituents independently selected from the group consisting of RY,

25 -C7.10 bicycloalkyl,



WD 2011/ 048032PCT/ EP2010/ 065579 - 166 - phenyl Cl1_3 al kyl, wherein
the phenyl ring is optionally substituted by one to three substituents

i ndependewol2gi1igebeset ed from the group consisting of Rd, PCT/EP201hmb3sroar vyl
Cl_3 alkyl, wherein the heteroaryl is optionally substituted by one to

t hree substituents independently sel eciﬁj_from t he group consisting of Rd,
5-heterocyclyl which is optionally sub tuted by one to three substituents
i ndependent | y-pbalyeCi.edkyl whetcimghgploanyl comis ioptipmadly fibsRditat by one to three

het erocyc| yl..Cl1 6. al kyl., wherein_.the, heterocyclyl issoptionally substituted
by one t o PRI BT ISEE S S e SRR SRR EsRE EREr om the gf oup

consi sting of-hRdioagl (R1 alapld wR2scirt 1hg @t baryMst dptiohalykubstdged babadmotterewhi ch
they are attached, form 10 heterqcyclyl optionally _sybstituted by one to
three sub¥Ppitenri Bdepcadpelyaelsetry fioby tBe eryP crRystpEef Broup consisting of Rd,

and wher ein O-Béte&fc%&?ﬁwﬁi'bl?g HRERAN sBbMRcPhy St i del GIRGMEMY IndbRinBdLPY RL
and R2 being optionally replaced with C=0 or SO2; and/or one of the ring

car bon at ssiestedffranh helgequprasoyisting ofRSomed by R1 and R2 is also a ring carbon
atom of another. rin i Ch is 7 cyel oal kyl . or_.hetero I which is
ol Pl et SRR B P RIBR BRI oy L

optionally 15 SUbst S a ring carbon
atoms of thadedubnioidnerinddpagichal Bgeaat franahd grote@nasetk MR @ocar bonyl group;

R3 and R4 are,, indgpendently of each other sleteced fro he group
conet sti ng. ofk ahir Gaeher vl e alipeonBiopriog BiEy areftiehedi Rey - 3.7

cyc lbOEIb kl}’llleterogélﬂ optGHafakpskiteki 15 Rk three Gbsttudlk@UYaldeRYtlec@@ by boxyl ,
car nanoyl ,
Y the group consisting of R®, and wherein one of the ring carbon atoms of said heterocyclyl

formed by R' and R? being optionally replaced with C=0O or SOy; and/or
one of the ring carbon atoms of the heterocyclyl formed by R' and R*is also a ring
carbon atom of another ring which is Cs.; cycloalkyl or heterocyclyl, which is optionally
15 substituted by Cy.6 alkyl and wherein one or two ring carbon atoms of said another ring being
optionally replaced by a carbonyl group;
R’ and R* are, independently of each other sleteced from the group consisting of:
-hydrogen,
-hydroxy,
20 -C6 alkyl,
-C1 alkoxy ,
-Cs.7 cycloalkyl,
-Cs5 cycloalkyl C ¢ alkyl,
-C ¢ alkoxycarbonyl,
25 -carboxyl,
-carbamoyl,
-mono or di-C.¢ alkyl substituted carbamoyl,
-C ¢ alkoxycarbonyloxy,
-mono or di-C.¢ alkyl substituted aminocarbonyloxy,
30 -C.0 alkylcarbonyloxy-C_¢ alkyl,
-C1.20 alkoxycarbonyloxy-C; ¢ alkyl,



nono or di-Cl_6 al kyl substituted carbamoyl, Cl1_6 al koxycarbonyl oxy, nono
or di-Cl_6 al kyl substituted am nocarbonyl oxy, 30-Cl_20

al kyl car bwoybmoss@2_ 6 al kyl, Cl1_20 al koxycar bonyl oxy- CPC®/ERRKIpl06557%0

2011/ 048032PCT/ EP2010/ 065579 - 167 - aryl car bonyl oxy- Cl6al kyl, in
which said aryl are optionally substitg% d by one to three substituents

i ndependently sel ected fromthe group nsi sting of hal ogen, Cl1_6 alkyl,

hal o Cl1-6 aI kgtylca@ongloal Ko x glkah dh Whicb s@il afyl atekapxipnally substitutediby one ithi€d 6

o rocar Eo TS E ARG R e B U PE s pBoh bt VISEie Ei ut e

by one thlkﬁ[@%eﬂkkb@ztdnﬂlh@I@t(Sl 6|aﬂldﬁpendently sel ect ed fromthe group
consi sting of hal ogen al halo C1 6 al k C 6 al koxy and hal o
C _6 al koxy HSP&P@?(QI @16 %Eﬂlskkﬁ“mte@m’@o%ﬁrmw aéhyﬂoyl 10- hal ogen or

hal'o C3_6 al kx@g sﬁsﬁm%doéinn]rocarbo lo%? candi 1@&/ﬁlch @Qﬁ Qﬁn gFeerltl}SnilM/d r 09 en,

ClL 6 aI kyl or 7 cycl oal kyl ere| n sa sal d

cycl oal kysubstitated by ioontd vhy:e§ulbﬁ$1tuentst1@¢tpbtydeoﬁ3eset1@t¢drfme tlmgmlm Qcmelamg qf5

i ndependent | eGt ( ro consi am no, hydroxy,

car boxyl , hal%gegaﬁb%/aﬁkﬁ%oafrl\% '?‘l‘[gﬁigiiégaﬁyky h%f 6|at 0txé(d carbanoyl and Cl_6

al koxycar bony-hydroky-cl6a1kﬁ5 and R6, together vmth the carbon atomto which
they are attaﬁ? " form 7 cycl oal kyl or heterocyclyl; R7, R8, RO and Rl
are’ i ndependeftt §kg¥y-Each kBt her sl eteced fromthe group consisting 20 of:

hydr oggn, -halogen or
-halo C;¢ alkyl;
p isOorl;

R® and R® are independently hydrogen, C;.¢ alkyl or Cs_; cycloalkyl, wherein said Ci6

alkyl and said Cs;; cycloalkyl are optionally substituted by one to three substituents
15 independently selected from the group consisting of amino, hydroxy, carboxyl, carbamoyl,

mono or di-C.¢ alkyl substituted carbamoyl and C,.¢ alkoxycarbonyl; or

R’ and R6, together with the carbon atom to which they are attached, form Cs 5
cycloalkyl or heterocyclyl;

R’ R®, R’ and R" are independently of each other sleteced from the group consisting

20 of:
-hydrogen,
- carboxyl,
- carbamoyl,
-mono or di-C.¢ alkyl substituted carbamoyl,
25 -C16 alkyl, is optionally substituted by one to three substituents independently selected

from the group consisting of hydroxy, C,.¢ alkoxy, carboxyl, carbamoyl, mono or di-Cy¢
alkyl substituted carbamoyl and C,.¢ alkoxycarbonyl, aryl and heteroaryl, in which said aryl
and said heteroaryl are optionally substituted by one to three substituents independently
selected from the group consisting of halogen, C; alkyl, halo C;.¢ alkyl, C;_6 alkoxy and halo
30 C,salkoxy;
-Cs7 cycloalkyl or
-aryl, ;



carboxyl, carbanmoyl, nono or di-Cl_6 al kyl substituted carbanmoyl, 25-Cl1_6
al kyl, is optionally substituted by one to three substituents independently
sel ect ed Wwoamttdagosgr oup consi sting of hydroxy, Cl 6 al kexy/Ercanloessyd
carbanmoyl, mono or di-Cl_6 alkyl substituted carbamoyl and Cl_6

al koxycarbonyl, aryl and heteroaryl, E yhlch said aryl and said heteroaryl
are optionally substltuted by one to t ?ee substituents i ndependently

sel ected fromRhe gsbubogpnsmsmNRQRohdhaﬁoébn@kﬁﬂh60£hkymylha&pX£E16 al kyl,

%I?/ 8%8@%}9&? 6EJF]’g %b@%&?%é %ﬁl?% Rfi & ]ZW@'EQO @%Célfboﬁlﬁaébf alﬂ%'ogen,

a_6 al ky&axbdi@ldxy GcyB (adO()NR.athyNRﬁleopr ENRF qu)) o@ﬂi le@@)sNRbCiNI& al koxy
G 6 al kyl -7 ggcl oal ky Cl- 6 al kox carb G _6 al car bon ony,
eyt - LR AR SRS ROk Bl s TR

- 5 2- Hd | sul
a:\IEf/ll sul fléllr?{;elﬁgy1 C%%)Jg%%lﬁlgg %g%maggﬁl%ﬁﬁ%’&éé% Jﬂgﬁ%c} h%ﬁgg}r,%}z’ilr yl,

het er oar y¢nd@h€ phealykgfl sa@nﬂhehsétaed ou¢ phqnlyl Can@lleh‘éle Fblh@rwlryl@f Sas@hdemh@th gid and

sai d phen I t
het er oary J@g rlyL@/ au%lda dﬁﬁé ﬁet er o ? gonr?g gp ?}{é)l%eéil tfyyons?ﬁgg}r?et uted by
one to thgubetltaubﬁldépeﬁa&@wslléeq@eﬁdﬁnhé groﬁipb@lﬁsﬁﬁldgfof@y‘drbm cgarrmuNRéwhsi sting

of hydrox cya e aIk 0 Kyl , hydroxy
Cl 6 al ky}{alo ‘3 ”Rm%i? ﬂ%% ﬁl}éf’é%y Lo g %?JF@%M Owiaa %0) - R,

- NRa- ¢50) c@R3R R NRRRCCR) - NRbNR*‘ 3-OR2: JR#R %@OZNR%BR*’ NREGO), NRaRb,
-0C(0)01le, 16a|k|sut!fon C 6a| ylsulflnyl and C16alkylth|o and
one or t WRIRNPEEDDHBR atQFEOIR "t Bes mléﬂf@@ybﬁyhalbélﬁhlénﬂ&nﬂ&alalkylth@pl aced
with a carboxyl 0 r or G _6
al kyl ; 15%1@58%??{}’1 ﬁg%‘r’apg?“ %ﬁgo&g@e ﬁgtgl%a Cl}’lnt e‘% ﬁS %?&IBMF @X%d%%nﬁﬂal S an

i nt eger ofarbxtybgi@dup:or prodrugs or pharnmaceutically acceptable salts

thereol 1 R RPnd RS ARRUIS, AFGRALING b0, Shgf m 1 wherein A i pheny!
15 n is an integer of 0 to 2;
m is an integer of 0 to 2;

m+n is an integer of 0 to 3;

or prodrugs or pharmaceutically acceptable salts therecof.

2. The compound according to claim 1, wherein A is phenyl or naphthyl,

20  wherein said phenyl and said naphthyl being optionally substituted by one to three
substituents selected from the group consisting of halogen, halo Cy alkyl and halo C.¢
alkoxy.

3. A compound according to any one of claims 1 and 2, wherein A is phenyl
substituted by one or two substituents selected from the group consiting of halogen atoms,

25  trifluoromethyl and trifluoromethoxy.

4. A compound according to any one of claims 1 to 3, wherein A is phenyl
substituted by one or two substituents selected from the group consiting of chloro, fluoro,
trifluoromethyl and trifluoromethoxy.

5. A compound according to any one of claims 1 to 4 wherein A is 3-chloro-4-

30 trifluoromethyl-phenyl, 4 trifluoromethyl-phenyl, 3.4 bis trifluoromethyl-phenyl or 3 ,4-
dichlorophenyl.

6. A compound according to any one of claims 1 to 5, wherein R'and R?,

together with the nitrogen atom to which they are attached, form heterocyclyl optionally



20 wherein said phenyl and said naphthyl being optionally substituted by
one to three substituents selected fromthe group consisting of hal ogen,
hal o G _6wal2kulo4s03d hal o Cl- 6 al koxy. 3. A conpedmakpracionsdrng to
any one of clainms 1 and 2, wherein A is phenyl substituted by one or two
substituents selected fromthe group g?@§iting of hal ogen atoms, 25
trifluoronmethyl and trifluoronethoxy. 4. A conpound according to any
one of cl substuttdby 08¢ tavhecaibstitucnts ipdepaydengdybdedteduira theygrourecansistivgof

substituents selected . fr t he group, consj ty or f lLuor,
trifluorohet Ay hSREr 14 AU ratiegis: S S, 'NﬂQ%@)A&?dﬁﬁ@‘MHd&h%%%pai ng to
any one ofarlsdndloXy, imidaxofy ihen gl pyridyi, pyRz 6l aidarydrox3Q ;¢ alkyl; and/or
trifluoromethyl-phenyl, 4 trifluorongethyl-phenyl, 3,4 bis,. .
trifluoromet HAC-YHEHNE @rdog apmspfdhg laﬁrt%%@ﬁg} formed by R gnd R issis9cuiite

accor dsNGediGhrAYm F &ndificr ¢in@ Wichlis Q. E’%clmgl%ir Retfibeddid. R2, together with the

nitrogen atomto which they are attached, forn1heterocyc]yh optgonally WO
2011/ 048032PCF/ EP20410¢10p8HAGRCcordigg to anyudnstolf tlatnesd! 19y6 wheseind? ‘tahd &¢,

substi tuen i.nd ndent | | ect,e rom.t I nsi.st,i n f. r oxy,
nal ogen. - CERbAMADRC AR B SfhheP s UGSy § BRRUEY AR hy Y

a: ty: car bmmyshd/ @@,{perid]yi ﬁﬁlz;gAnyoh lidinpl’i&nygé opti@nﬂi}dsy]flbstitﬁ&d ﬁ?@heybr mlcku}astgﬂmmydabﬁ

al kyl; and/or one of t ring carbon atoms_of the heteroc rme y R1l
and R2 i smgmeagalﬂafﬁﬁl@ctsg ERPBHERABAPIAR B REFOTY Gigr 31 and ﬁﬁrezgz Gl

cycl oahkydik@r afuedrer ocycl yl . 7. A conmpound according to any one of
clains 1 to 6 wherein RL and R2, together with the nitrogen atomtao which

they are att awked thefringrmatbopiapans afiphidpipapilyk adingimalidinylfremesHiyeR pinddt jitlyl  and
pyrrolidi£l4sﬂ%%dgg thk89%£ﬂ¥ 89?&5&%9%%ﬂ,by one or two substituents
? dred h

i ndependently sel romthe group Sisting of hydroxy Cl1_6 al kyl and
hydroxy Cl-6 80 al k¥kompmalarcording toms @ik of blaims hep T ahbmim Rt ansR0f sai d

pi peridyl an rrolidinyl fornmed. Rl and R2 i.sal so.shared by a 7
Byer oal y PRt B g R & whick gy R ot BN SOCHATORED! S e o
clai mgsl §-Qzalspites Bbile-RAL sanekpiR3[ A DeatNer 7:9:4-Lhitd® 5 Mohr7ogegLagt om t o whi ch
they are attached forma spiro-heterocyc such as 15

6- aza- spi %Hﬂ[oﬁ“,-%]}i%g=YG-1)ﬁ'¢ia53'ﬁé@£"p§]dé{'§1Y$]%%8'11‘532?151330[4-5](160-8-}’1, 2,8-diaza-
6-aza- sp 36- b1 APl
U875 bl hOCRs T W £ 8RGa AR Shdec RLAPED B Mlaga-spivora, SYdee 841, 2-

2, 8- di azasypi-3-adadspopflet]d8-§y], 2lexaxkhazd Pird|3a¥aerspiyt, d[-dxas]-deespirojd.5 Inon-7-yl,

1- oxa- 8-aza-spi.rol 4. 5] dec- 8-yl - oxa- 8- -spiro [4.5]dec- 8-

2 o - G e g O e -y P TP E SRR P Bpbnog s Metane-

9- aza2gpi 7 0{dfork] 20868 -RaBl8-dikzDArofd. Fried-828-25P i Rod-SpiR 4 BRISEmS; ath-
trlaza-spltokf.S]decane- 20 2, 4-di one, o ) )

2- 0x0- 1- o3Pt Bldeg-82h vdsrainfhe spirerbetemeyglyl negs gptipnglly pisiueddyae dne, aza-

e S S S SR S e S S S
group conBuwtnerg Cof alkyldr oxy, oxo, al koxy, fluorine or Cl1_6 al kyl.
9. A compound according to any one of claims 1 to 8, wherein R' and R?

25 together with the nitrogen atom to which they are attached form a 6-aza-spiro[2,5]oct-6-yl
wherein the spiro-heterocyclyl ring is optionally substituted by one to two substituents
independently selected from the group consisting of hydroxy or C.¢ alkyl

10. A compound according to any one of claims 1 to 9, wherein R' and R
together with the nitrogen atom to which they are attached form a (S)-4-hydroxy-6-aza-

30 spiro[2,5]oct-6-yl.

11. A compound according to claim 1, wherein wherein R' and R? are methyl.



9. A conpound according to any one of clains 1 to 8, wherein RL and R2 25
together with the nitrogen atomto which they are attached forma

6- aza- spiwo[2B1158ws- 6- y1 wherein the spiro-heterocyclyl PCTER2018/06§579 onal |y
substituted by one to two substituents independently selected fromthe
group consisting of hydroxy or G _6 aRTy 10. A compound accordi ng
to any one of clains 1 to 9, wherein and R2 together with the nitrogen
atomto which they are attached forma (S)-4-hydroxy-6- azaSO/

wheroi n' RL and R 4 ementt e (SR BT ERNS BB TuPoRbTo " I%" "

12. A compnglatdomtcordi ng to any one of clains 1 to 11 V\/nerel n--is a

si ngl e bond. 13. A conpound. accor di ng) to. an f claj 1to 12,
wherein p is G A compoupg acqordigg 3y Pns OF sl t°t 3’ §eBHESOf clains 1 to

13, wherein m4.s O &Eorﬁpodﬁ‘d'a@c&dﬁﬁg%ar%r MG BlaitiR 1 & 1B, ¥heréin n is 0 or¥dm id
conmpound according to ané one of €laifms 1 to 14, wherein one of R3 and R4
T

i s hydPogkfrt 2 prdl gens LRydr oxy, Cl4 aI kyl, hydroxy-Cl4 al kyl ,

G _z1 al koxy- Gy 21 al Ky G0 FiorRRPT 16, Shistl, AT Wi R

car banoyl , G 4 a y-car ony I's hydrogen
conpound lad:lgdmogem@a]bgerahydromﬁ @fy aﬂdyalhnyéroiy{mﬁ&yl \ﬂmlekea)xy-@malhyt cRPoayld R4

is hydroge or drox 4 al k d the r n. 17. A
compound SR ERe g e Sartion g €l s ARG FEPO e b ol ind ro
i s hydrogenir@ienC _zi al kyl and the other is hydrogen. 18 A
corrpound according to any one of clains 1 to 17, wherein R7, apd 15

R ar é0i ndepelfdent |f§/cwpmlwg@ﬁcor®lg@ Qe Oérela@a%b@rﬂéywheremonewR ﬁ:ﬂfé:Bnpound
accordi ng;q @nﬁ goone of RO and Rl is

hydr ogen 0%9(&%3 B lﬁe #&ﬁf%ﬁﬁr\é\%& and one of R7 and R8 |s

car bam);(gl cak@oxylemmwmd@gmdlagd) mfrye)mtotﬁeltalmssl %ldir ofemin one offR an®B® A
conmpound accordin 1l to 19, erein one of RO or R10
20 is mtﬁ§V8r8ﬁ%l (?rhé 4%‘?% ain(ar%lé © ¢ %frl%g%cﬁsgegnd R7, R8 are hydrogen, nost
preferably R78 RS, fR@orﬁﬁkﬂm@bc@fr@m@Y(dﬁr@gﬁl@ of claims Rib 1 7AwhonRpoRNE® aeagdi ng to
any one of ,claims 1 to wherein L is a bond, NH C(=0) or CH:CH-C( =0) .

22. A éon%o@mnawamﬂa@ymg@h%oﬁlskYbPreara@%v1 to 21, wherein L is
NH C(=0) 25 ofg a bond, IS%%H agéﬁﬁlﬁg@tp&%& dnelo? WA s, where1n(%1%ofﬁ9ﬁﬁ’cm)ound

accordi ng 0 any one of clains 1 , Wherein one of R5 R6 iIs
hydr ogen BI’ mb}tdwgen@m@m%l@'l@mhém qtl@r sy tehrdoagsn, anjope RER #81 &nd cmalaoyal
hydr ogen, f n Ia n Cfé’ %ﬁ & F(Q)leﬁ;md R2 togetherwith the nitrogen
atomto ICCH(y Py 5%3 P9 ey for g
(S) - 4- hydr oxy206- azaAsphipo{uRi &k oclingte hy o@Oof2aids ¢ ampOuvtttrah ohosRA@ R't ' )
according. to claim1, ,
20 ng methyl and the ‘other is hydrogen, and R’, R® are hydrogen, most preferably R”, R®, R” and
R'%are hydrogen.
21. A compound according to any one of claims 1 to 20, wherein L is a bond,
NH-C(=0) or CH=CH-C(=0).
22. A compound according to any one of claims 1 to 21, wherein L is NH-C(=0)
25 orabond, most preferably L is NH-C(=0).
23. A compound according to any one of claims 1 to 21, wherein one of R® and R®
is hydrogen or methyl and the other is hydrogen, R’, R®, R” and R’ are hydrogen, wherein L
is NHC(=0), and R' and R” together with the nitrogen atom to which they are attached form
(S)-4-hydroxy-6-aza-spiro[2,5Joct-6-yl.

30 24. A compound of formula (I’) according to claim 1,



WO 2011/ 048032PCT/ EP2010/ 065579 wherein A, L, n, m p R3,

R4, R5, R6, R7, R8, R9, R10 ,Rd are as are as defined accordlng to any one of
claims 1 WO 280/0480325. A conmpound of forrmula (I") accordi rgTiEP2€As3TL, R9
R8(1"), wherein A, L, n, m Rl, R2, R3, R4, R7, R8, RO, Rl1O, -d K are as
are as defined according to any one of fiains 1 to 22.. 10 26. A conpound of
claim1, selected fromthe group consi $ ng of:

(S)-4-[4- ((S) 4- Hydr oxyRrR- azaRSplro[Z 5] oct - 6- y1Fd4 oxo- butyl]-2-methyl-3-o

-butyl] 15 2 nethy% - O0X0- pi i ne-1- carboxyll
(3-chloro-4-trifluo 8 %hyl phenyl) .am de

(S) - 4- (3- Chl of trlf uor onet h ey )1 [ & ~=A- hydr oxy- 6- aza- spi ro[ 2
. 5] oct - 6- yl) G\bm 1] - 3- yl - pi azin-Zﬂone

1 [(E)-3-(3,4-D chloro- enyl)/ acryl ort] -*443- (4chydr oxy- 4- net hyl - pi peri di n-
1-y1)-3- oxo-propyl]- [1 di a aq—S one RW0 2011/ 048032PCT/ EP2010/ 065579 -
172 -

4-14-((S)-4- Hydroxy- % aza$€p|R0[2 5] oct-6-yl)-4-o0xo-butyl] ? oxo-[ 1, 4] di aze
pane-1- carboxylic acid (3-chloro-4- trlfluoronethyl henyf} ‘am de;

1- ( 3- Chl or o- 4wharéifi lAyar, oet hRF, RINRHRE R R R SR AR 5 amrbydddmdﬁec&z@ngm ro

[ 2. 5] oct 1) dr oxynet hyl-4-o xo- butyl] [1,4] di azep an-5 -one;

5(R)-1-(312“éf§f%?F?¥h6PénethyI phenyl) 4-1(S)-44(S)-4-hydroxy-6-aza-spiro[
2. 5] oct - 6- yl) 1 - hydr oxynet hyl-4-o0 xo-butyl]-2 -nethyl- [1, 4] diazep an-5

-one; (S)-4-]

R) - 3- F[guoﬁ) 4- fé@gym@m%nirf@wﬂaa(la)ﬁ&c%mgé? olagh bct - 6- y1) - 4- oxo- but y1] - 2-

met hy1- 3- oxo- pi per azi ne- 1- car boxylic acid
(3-chloro-4-trifluoronethyl-phenyl)-am de;

(S)t4l%(8) 4-((S)-4- FMﬂgoxy}ﬁ aza-spiro[ 2. 5] oct gt y1) - 1- hydr oxynet hy1- 4- oxo

- u y

1),
wherein A, L, n, m, R, R%2, R*, R?, R7, RS, R9, RIO, RY are as are as defined according to
any one of claims 1 to 22..
10
26. A compound of claim 1, selected from the group consisting of:
(S)-4-[4-((S)-4-Hydroxy-6-aza-spiro[2.5Joct-6-yl)-4-oxo-butyl]-2-methyl-3-oxo-
piperazine-1-carboxylic acid (4-trifluoromethyl-phenyl)-amide
(S)-4-[(S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5Joct-6-yl)-1-hydroxymethyl-4-oxo-butyl ]-
15 2-methyl-3-oxo-piperazine-1-carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-amide
(S)-4-(3-Chloro-4-trifluoromethyl-phenyl)-1-[4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-
yl)-4-ox0-butyl]-3-methyl-piperazin-2-one
1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[3-(4-hydroxy-4-methyl-piperidin-1-yl)-3-
oxo-propyl]-[1,4]diazepan-5-one



10 2- net hyl- 3- oxo- pi perazi ne-1-carboxylic acid
(3,4-bis-trifluoronethyl-phenyl)-am de;

(3S, 6S) - Nvo(28tlab@reo- 4- (tri fl uoronet hyl ) phenyl) - 4- (4- ( ( 8rTAEPRy10655y9 6-
azaspiro

[ 2. 5] oct an- 6-y1) - 4- oxobut y1) - 6- net hy1- g7§xop|pera2|ne 1, 3-di car boxam de;
(3S, 65) - 4444(S) - 4- Hydr oxy- 6- aza- spiro[ ] oct - 6-y1) - 4-oxo-butyl]-6-nethyl -

- 0X0- pi per az-fed3)-3-HidoayBoexaatspooBcd |det3-piidehexo-butyl]-5-oxo-[1,4]diazepane-1-

1-1(3, -trifluor t hyl - phenyl) - am.de 1527. The conpounds according to
any of clﬁfﬁgwkci%gﬁﬁgq’§Xl3§¥ %?%B@ﬂ%ﬂ%%gg?ﬁée subst ances. 28.The
conpounds  acc(XChGrd-o-taMyrehetdllapHrayl}-4 368 Fa((SHs yamxtterappub 26 |@ctkt ve

substances for the treatnent and/or ropthaX|s of peripheral arterial
occl usi veYlil dwdesymgthyt-4-0x0-brivhin li4ddiRekrer -OPe1 ner abl e at heroscl erotic

pl aquespat i engy.;- q:‘!rhsﬁﬁq}lﬁu&lfﬂﬂfeﬁ‘@l-pl%gg%f(S)V@ (Y- 4hﬁ»ﬂf&xyf6aéﬂa%ﬁoﬁo[2|ﬁf)$t 6-

ventricul ar hypertrophy, i1schenia repérfusion injury
cardlonyoﬁhﬂHydﬂmﬁgmé@béwsqbnhﬂdhﬁmﬁwﬂ[bﬁﬁh@ﬂﬂn§<M¢Labetes and dlabetlc

conpl i cati ons) i ROGIY 3 REANS 4 vy '5£'é§£ﬁ;m% oo D00 b

di sease, nulﬁlb 4 scle%05|s 9 dﬁ g'pa e# 4 nb05|s % /or

]E)ur ns/ ul ;:me&yl ﬁod@«pk;ﬁta@ﬁa/eglrctatrnfm@hc h¢1fﬂo3 bllslcfmmrtr&lmﬁrorﬁahﬁqﬂle Aijgmﬂepr ocess
or manufactu onmpounds 0 rmul a '
conprising a {§ -gg(ﬁfwgbéﬁxﬁi@owm gz PCtﬁgﬁMrlﬁ’dé )V“) -4- OXO'buty?])

2011/ G48 R 7 a A-N=C=0
A NECS  Ch pheny | Car bana: B of oLl e ANk o) O Ehany

A— CH:CH- COOH, (3&6@%&1@-430:@@10 4Atrrﬁb(10r@netwln(h@3)1)z4m-é(rsé14rhwdrom6 p, A L, RL,

7, 9, ay f. rd 5to any
clalns 1 Zaﬂggﬂzggbﬁﬁproge§g0]nyln&ﬂu%%f#g?ﬁﬁég%g{ dun%ﬁﬁ% ]%gghula (la)
(3S,6S)-4-[4-((S)-4-Hydroxy-6-aza-spiro[2.5]Joct-6-yl)-4-oxo-butyl]-6-methyl-5-0x0-
piperazine-1,3-dicarboxylic acid 3-amide 1-[(3,4-bis-trifluoromethyl-phenyl)-amide].

15 217. The compounds according to any of claims 1-26 for use as therapeutic active
substances.
28. The compounds according to any of claims 1-26 for use as therapeutic active

substances for the treatment and/or prophylaxis of peripheral arterial occlusive disecase,
critical limb ischemia, vulnerable atherosclerotic plaque patients, unstable angina, congestive
20  heart failure, left ventricular hypertrophy, ischemia reperfusion injury, stroke,
cardiomyopathy, restenosis, rheumatoid arthritis, diabetes and diabetic complications,
diabetic nephropathy, irritable bowel syndrome, Crohn’s disease, multiple sclerosis,

neuropathic pain, atherothrombosis and/or burns/ulcers in diabetes/critical limb ischemia or

asthma.
25 29. A process for manufacturing compounds of formula (Ia)
RY R®

0 .

(CH,) /

AN N//(wixfdA%\T/N\Rz

7 R4 RS °

R e ke T (Ia)

comprising a step of reacting compouunds of formula (8)



R6R5 R1 (CH2)p/ ALN --R2 (la) conprising a step of reacting conpouunds of
formula (5) A? ....NLi - 174 - 31.The invention as herei nbefore defined,
parti cul avbyow/ioseef erence to t he new conpounds, i nter FediERR@ED/065579

medi canment s, uses and processes.

-173 -
6 R°
ey, X (CHp), (CH),, |
[}

Nwp?
HN N R‘?ga R
7 0

R R

with compounds of formula A-N=C=0, A-N=C=S, with phenyl carbamates of formula

A-NH-C(=0)-O-Phenyl, A-CH=CH-COOH, A-CH=CH-COCI, A-Hal or A-B(OH),

whereinn, m, p, A, L, R',R?, R’ R* R°,R®, R’, R7, RS, R9, R'" are as defined according
5 to any claims 1 to 25.

30. A process for manufacturing compounds of formula (Ia)

R R®

R (Ia)

comprising a step of reacting compouunds of formula (5)

HO 5

10 with an amine of formula HN(RI)(RZ) wherein n, m, p, A, L, R',R?, R’ R* R°,R®, R’,

R’ R® R’ R" are as defined in claim 1.



WO 2011/048032 PCT/EP2010/065579

174 -

31.  The invention as hereinbefore defined, particularly with reference to the new

compounds, intermediates, medicaments, uses and processes.



