WD 2011/ 042399PCT/ EP2010/ 064770 BI CYCLI C HETEROCYCLES AND THEI R USE AS CCR2
RECEPTOR ANTAGONI STS The invention is concerned with novel bicyclic
conpoundswofofiaupisha (1), (1) wherein Ais aryl, heteroeryro@nydmet hyl or
het eroaryl met hyl, wherein the said rings are 5 optionally substituted by
one to three substituents independently. selected fromthe group consisting
of hal ogen, aryl, heteroaryl, G _6 alky} halo C1_ 6 al kyl, Cl1 6 al koxy and
hal o Cl1-6 al koxy; Eis CH2 or 0; Fis CH2, 0, N(R8), S, SO or S02; 10G s a
singl e bond, CH2, or CH2CH2, with the proviso that when Eis O then F is
not 0, S, SOor S2; Lis a bond NH-C(=0), NHC(=S), or CH=CH C(=0); Rl1l, R2
and R3 are ﬁlﬁH%IpT@nH%?ﬁﬁO&Y%TfESeé% THEFR USE b CFRY FTEﬁéhTQRhéN@G@Hbg"@onm sti ng
of : - hydrogen, 15- Cl1 6 alkyl, which is optionally substituted by one to

t hree substituents independent I y selected fromthe group consisting of
hydroxy, C _6 al koxy, carboxyl, carbanoyl, nono or di-Cl_6 alkyl
substituted am nocarbonyl and Cl-6 al koxycarbonyl, aryl and heteroaryl,
wherein the said heteroaryl and aryl rings are optionally substituted by

one to three BHIGIdntiUE N @ntdal@PemdsMtl Mlc?@ﬂc%h%duﬁdsw&ﬁﬁlaqg)ourJ consi sting
of hal ogen, Cl1_6 al kyl, 20halo G _6_al ky al koxy and hal o Cl1_6 al koxy

- C3_7 cycloal kyl, or V\D 2011/ 042R 9PCT/ EP2010/ 064770 - 2-
R R’ o) /N—R7
(CH,); V—w
A, N (N*GR:"
L”
152 /G
R' R® E—F

)
wherein
A is aryl, heteroaryl, arylmethyl or heteroarylmethyl, wherein the said rings are

5 optionally substituted by one to three substituents independently selected from the group
consisting of halogen, aryl, heteroaryl, C,.¢ alkyl, halo Cy¢ alkyl, C; alkoxy and halo C¢
alkoxy;

E is CH; or O;
F is CH,, O, N(R®), S, SO or SO»;
10 G is a single bond, CH,, or CH,CHj,, with the proviso that when E is O then F is
not O, S, SO or SOy;
L is a bond, NH-C(=0), NH-C(=S), or CH=CH-C(=0);
R', R? and R are independently of each other selected from the group consisting of:
- hydrogen,

15 - Crsalkyl, which is optionally substituted by one to three substituents independently
selected from the group consisting of hydroxy, C.¢ alkoxy, carboxyl, carbamoyl, mono
or di-C.6 alkyl substituted aminocarbonyl and C; alkoxycarbonyl, aryl and heteroaryl,
wherein the said heteroaryl and aryl rings are optionally substituted by one to three
substituents independently selected from the group consisting of halogen, C,.¢ alkyl,

20 halo Cy alkyl, C,.¢ alkoxy and halo C,¢ alkoxy
- C37cycloalkyl, or



aryl; R4 and R5 are independently of each other selected fromthe group
consisting of : hydrogen, ClL 6 alkyl, which is optionally
substi t utwo 2by/@e®9t o t hree substituents independently BCITaPeemas776 om t he
group consi sting of am no, hydroxy, carboxyl, carbanoyl, nono or di-Cl_6
al kyl substituted am nocarbonyl and Cl1_6 al koxycarbonyl, or C3_7
cycl oal kyl, which is optionally substituted by one to three substituents

i ndependent | ya@dt ected fromthe group consisting of am no, hydroxy,

car boxyl, car 5, _mono_or di -Cl | kyl . s tituted am nocarbonyl and
G2 6 koxyeds BT erbaGhsRiertly s Thah Skl i R BT BST e o "Whi
they are attadhldehgehorm C3_7 cycl oal kyl or heterocyclyl which is optionally
substituted by one to three substituents independently selected fromthe
group consi sting afyLeihiah yopfipnaliyspbsticsedbyenaip tpesudaiyeuh ndrgendiiyrR7 ar e,
i ndependentdoydqfoneat brQiptehsisifetfitithd, hMok @ aBbRUPc £V rhéth &idi-c, P _6
al kyl, 15- C3_6 al kenyl, C3 6 al kynyl’,” hydroxy 6 alKyl, G _6 alkoxy
C2_6 al kyalkyl substituted aminocarb@®/ Indc§jcd dlsdxygarbonghiach i s optional |y substituted

by one to three s I .20] ] | ect fr gr oup

consi sting ofq%dfgg%%%%ﬂggé 6%&@3%g%§§ggg%kﬁﬁﬁ%ﬁgg%%%ﬁSpﬁg%%%ﬁloaIkyI i's
opt i onal | mdspehddntlystlectedfromtke oup bomestiaybsimindeinidsoxyncependeaibaynose! ect ed
fromthe grou onsisting of Rd, . C7_.10 bicycl oal kyl , ' phenyl Cl1_3
Kyl wrBpE i SRa sgnah bR s ATopy Qe bRt PBRer Lo ¢ hf o
25subgpi t uentg* dHAFEPRBEBALIIYh B8 lc8BbER dtohd BRAHIEIFhEY AdR1t&PRE) f8fnh 09, of Rd,
heteroaryl ClL 3 al kyl, wherein the heteroaryl is optlonalléﬁsu stituted by

one to theystoaliybet hctaresiclyl whirlipe pptéanelly substiwtaddy one gmbrdssubytigigitsconsi sti ng
‘ A . ! . A .
subst |t e P EeREAEXHISHaY Al e BRLY CARaHe BLCTL L Rl Y BRALAIER o

het erocycl yl Kiand Rilaky lindepdreleetynoftdaeh bidtesetecied|fiom ths gopipiconsisting cfubst i t ut ed

by one to thre s%gﬁtituents i ndependently sel ected fromthe group
consi sting of ‘Rd2'6r" R6 and R7, together with the nitrogen atomto

whi chishey are atfaghgd, form heterocyclyl optionally substituted by one to
three substituents independently selected from

- Cigalkynyl,

- hydroxy C, alkyl,

- Cigalkoxy Cy6 alkyl,
- Cs5cycloalkyl, which is optionally substituted by one to three substituents
20 independently selected from the group consisting of RY,
- Csycycloalkyl Cy¢ alkyl, wherein the cycloalkyl is optionally substituted by one to
three substituents independently selected from the group consisting of R?,
- Cy.0 bicycloalkyl,
- phenyl C.s alkyl, wherein the phenyl is optionally substituted by one to three
25 substituents independently selected from the group consisting of R,
- heteroaryl C,.5 alkyl, wherein the heteroaryl is optionally substituted by one to
three substituents independently selected from the group consisting of R¢
- heterocyclyl which is optionally substituted by one to three substituents
independently slected from the group consisting of RY, or
30 - heterocyclyl Cy.6 alkyl, wherein the heterocyclyl is optionally substituted by one to
three substituents independently selected from the group consisting of R; or
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



WO 2011/ 042399PCT/ EP2010/ 064770 -3- the group consisting of Rd, and wherein
one of the ring carbon atons of said heterocyclyl fornmed by R6 and R7 is
opti onal Iworeplee®d with a carbonyl group or SO2; and/ oPCoHEP2@0/064720 ri ng
carbon atons of the heterocyclyl fornmed by R6 and R7 is also a ring carbon
atom of another ring which is C3_7 cyclgal kyl or heterocyclyl, which is
optionally substituted by C1 6 5 al kyl and wherein one or two ring carbon
at ons of aigbuponsistinglodRI kepll vorerdimomy aflycting carbonogompotdaldhataptabed by a

car bonyl group; i S drogen,. G .6 al kyl =0) R9, S ) R9;, R9i s .G 6al kyl
or Co Y CSemEhu b a RLN By Syl galom e i 81 B S

opt i onal | yingedoisdn dtothedf thy hetecitdyldormiaibysritatiR iesisa fingepbatannlof sel ect ed
fromthe group consisting of :  hydroxy, G 6 alkyl, G 6 alkoxy

hydr oxy- CIOAFRg Whichss €7 ¢y citakek r kstergexehkyThich kaiphgenly sBpstitted by Gi< 6

al kyl; sW 1@ 08 RherebdneQr 166 TiY cAHbPRHohs O?Qﬁ&ib% BYCAEDXY or RASB cl%'ﬁaRb’

hal ogen, CI_6 alkyl, halo G _6"al kyl, hydroxy Cl-6 alKyl, Cl1_6 al koxy, Cl_6
al koxy Clomioaklkyieplagal by aseebaal gpup; G 6 al koxycar bonyl, acyl, - C(0)NRaRb,

"N e-C(0) - Rb, o Nl €-C(0).+ “ N 6- GO} mNRo, N e- S02- Ro. - N e S02-  NRbRe,
-00(0) NRaRb, Rog( ofgffe‘g‘?m%f’? gl'%%’ai% )grf;%?@&’ 6 al kylsul finyl, CL 6

al kyl thi o, phehyl, ipbhepykylGt C3, eydiydlkylhet eroaryl, heteroaryl C1_3 al kyl and
het erocycl yl ,__and the phe of 25 said phenyl and said phenyl 3 al kyl,
the heteroaryY of daf _1ﬁ@@é¢eggr\mereélﬁaac SPPOR &S ’éé)PWnagI_sng&}/‘ﬁ?ﬂ%f%’?d t he
het er gy chtlvoREbdteucaRtih@pahd il shIsdidd ik B thdo@NEonkRtidd1seE substituents

i ndependently selected fromthe group consisting of hydroxy, cyano, NRaRb,

hal ogen, C1- ghydroxy,
- Cy.6 alkyl,
- C16 alkoxy,
-hydroxy-Ci. alkyl,

15 -C1 alkoxy-C, ¢ alkyl,

-halogen, or
- halo C¢ alkyl;
w is a bond, CH, or C(=0)
n isOorl;

20 R¢ is hydroxy, cyano, NR°R®, halogen, Cy_¢ alkyl, halo C, alkyl, hydroxy Ci.
alkyl, C,.¢ alkoxy, C; alkoxy C,¢ alkyl, Cs_; cycloalkyl, C,.¢ alkoxycarbonyl, acyl, -
C(O)NR'R®, -NR*-C(0)-R", -NR*-C(0)-OR", -NR*-C(0)-NR", -NR*-S0,-R", -NR*-SO»-
NRRS, -OC(O)NR'R", -OC(0O)OR?, C, alkylsulfonyl, C,_s alkylsulfinyl, C,.¢ alkylthio,
phenyl, phenyl C,.; alkyl, heteroaryl, heteroaryl C,.; alkyl and heterocyclyl, and the phenyl of

25 said phenyl and said phenyl Ci.3 alkyl, the heteroaryl of said heteroaryl and said heteroaryl
Cy.3 alkyl, and the heterocyclyl being optionally substituted by one to three substituents
independently selected from the group consisting of hydroxy, cyano, NR*R®, halogen, C
alkyl, halo Cy alkyl, hydroxy C ¢ alkyl, C,.¢ alkoxycarbonyl, acyl, -C(O)NR’R", -NR*-
C(0)-R", -NR*-C(0)-OR", -NR*-C(0)-NR", -NR*-S0,-R", -NR*-SO,-NR"R¢, -OC(O)NR'R",

30 -OC(0O)OR?, Cy alkylsulfonyl, Cy alkylsulfinyl and C alkylthio, and one or two ring
carbon atoms of the heterocyclyl being optionally replaced with a carbonyl group;

R?, R" and R are independently hydrogen or C. alkyl;

or prodrugs or pharmaceutically acceptable salts therecof.



al kyl, halo C1_6 al kyl, hydroxy C _6 al kyl, G _6 al koxycarbonyl, acyl,
-C(0) Nl eRb, -N eC(0)- Rb - NRa- C( 0) - ORb, ~ NRa- C(0) - NRb, - NRa- S02- Rb,

- NRa- S02-wBlz2Re/0429€( 0) NRaRb, 30 -0C(0)0ORa, Cl_6 al kyl sulpComp(100484760

al kyl sul finyl and G _6 alkylthio, and one or two ring carbon atons of the
het erocycl yl being optionally replaced X\nth a carbonyl group; Re', Rb and
Re are independently hydrogen or Cl1_6 alkyl; or prodrugs or

phar naceutical ly acceptable salts thereof. WD 2011/ 042399PCT/ EP2010/ 064770
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interconvertible species. Prototropic tautonmers result 5 fromthe migration

of a covaf@MMPILTRGEH! AP BR R INGHWEHBISPEGES - JIRIREOPIT AWBRET Esgéner al | y
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usual Iy produce a m xture whosé chem cal and physical properties are
consi st engengially caishineruilibrioh apd afinptsl &, isathie ap ivifdes taytomdre usglly pragdpéaum i s
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and an intermediate for the nanuf acture of the above conpound
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chenotactic protein 1 receptor) antagoni sts and/or also CCR5 receptor

( Chenoki ne Relﬁa'tblmrtheﬁ)w@midﬁ@rcomeed\etﬂeppmces(s@hémkimmeﬂmcefptthr: 3)

ant agoni st s. Cheno smal |, secreted proinflapgmatory
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I n addition are in discussion.to be related to the WD
2011/ 042 3votectioppeartanoearty of the cytoskeleton, activation of integrins and of cell motility

processes and an increase in the expression of adhesion proteins.

25 Proinflammatory chemokines are considered to be involved in the development of
atherosclerosis and other important diseases with inflammatory components like rheumatoid
arthritis, asthma, multiple sclerosis, transplant rejection and ischemia reperfusion injury with
specific prominent effects in nephropathy and peripheral vascular diseases. Monocyte
Chemotactic protein 1 is considered to be the major stimulated chemokine mediating

30 inflammatory processes in these diseases through the CCR2 receptor on monocytes and on

some T lymphocytes. In addition MCP-1 / CCR2 are in discussion to be related to the



-5- progression of the netabolic syndrone to nore severe stages of obese
and di abetic diseases. CCR2 has also been linked to HV infection, and
consequernwbyoting23®our se of aut oi nmune di seases, throughPCI&P2010/064770
het er odi meri zati on with CCR5 which has a role as coreceptor for viral entry
into host cells. 5Thus, CCR2 can be a target of a new nedicine for
treatnment of peripheral vascul ar di seases, and nore specifically for
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CCR2 receptor antagonists, sone antagoni st "activity a
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tautomerig form, Th res. i nvent i on. enconpas aut.oners, as
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and scope of the various ternms used to describe the invention herein,

The t er m MABPYEfe ﬁnacr@nhageo@e%utmeawn%rlw foarmsimal dyperelagipand e fymagien aidb,
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"Cl_6 alkyl™, “alone or in conbination w't groups, neans a branched

or strai gMiCPehaCARApatvwal énmampéy linjuiadind a yarboay inflgmomeory prasiesses andbatingt ons.
Thi s termr 25 f tbhﬁr exenplified by such radicals as nethyl, ethyl,

n- propyl , %Y%ﬁ % butyl, s- butyl, t-butyl. Cl 4 alkyl or CL 3 alkyl is
nor e preferred The term"C2_6 al kyl" means the sane as a "Cl1_6 al kyl "
excepti5t hat the pcXcht 1a{/dﬁy1bnba.sndem@etmvshoonmamhrtmf&trﬁmmsa (Dpwhiich he G@RIN "C3 6
al kyl" means the sane as.a "Cl 6 alk exce t ot _6 al kyl has
three to SFPIIANBEANISE OHED S‘E‘Eecamaﬂ‘?@ls{%qlr‘ﬁtyé 0 ﬁ%ﬁnd?fgfr?s the sane as a
"Cl 6 alkyl", except that that the Cl 20 al kyl has 30 one to 20 carbon

atonms. WO 20d&tQMEIQVRETY SR04 AP AAY OxisBin more thath@taﬁlﬁfnﬁBrch Ohe
al kyl carbonyl oxy-G _6al kyl" refers to the gr ou[) Rb| - -0-Rb2-, wherein

Rb2 is a RxeSept BVRALOBsacYRpsiRsallisychytagtomsty, %ﬁw as Iaeitla@sr eigef above.
The term "Cl_20 al koxycar bonyl oxy- Cl6al kyl " refers to the group wherein Rb3

is aCl6 al kryﬂllerreotmlsgiqld@tea LR hK 8X0hiti AR adtefct RRG 8 RANBae BAe term
"Cl_6 al koxy," alone or in conbination Wth other groups, neans the group

R - 0- 20whés rﬁheRneanglgaan@rscca)eallfklw VarwhetetrerInﬁed@ldﬁcewtbs’(yweetmdrmm 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 “Ci.6 alkyl”, alone or in combination with other groups, means a branched
or straight-chain monovalent alkyl radical, having one to six carbon atoms. This term is
25 further exemplified by such radicals as methyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl, t-
butyl. Ci.4 alkyl or Cy.3 alkyl is more preferred. The term “C,6 alkyl” means the same as a
“C1.6 alkyl”, except that the C, alkyl has two to six carbon atoms; and the term “Cs.¢ alkyl”
means the same as a “Cj.¢ alkyl”, except that the C;.¢ alkyl has three to six carbon atoms; etc.
The term “C;_» alkyl”means the same as a “C,¢ alkyl”, except that that the C;50 alkyl has

30 one to 20 carbon atoms.



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

al koxy 10 group, as defined herein. The term"Cl_6
al koxy- cawbanyloaz3py refers to the group | e-C(0)-0-, wherermr2@oioss7a0 C1 6
al koxy as defined above. The term"aryl™, alone or conbination with

other groups, neans cyclic aromatic hydgocarbon radical consisting of one
or nore fused rings containing 6-14 carbon atons, for 15b§xanpleb9henyl or
napht hyl . The Thertemi &€y allylegibonyleef-€r.abiy)’ rEan® the ploep R -CD-O -a

napht hyl - CH2 ragdbcal . The .term " phenyl - C al kyl " ans a G _3 al kyl, as
Gor 1 ned nEParIE s BRI BRaRgits s st el BRRE

"aryl carbonyl oxy- Cl6al kyl" refers to the group Rel-C(0)-0-Re2-, wherein le
is a 20 Cl_6 dllieybentC apakbeycadoayloay-¢l ¢ alkgl” defbis ne theapaipeR “Hi0)-O:RY*:,C3_6

al kenyl ™, aloneor in c i nations Wi th other gr s, ,neans a straight-
chai n or BPFERE d“ﬁVﬁWﬁ@ggﬁﬁﬁnggsﬂﬂﬁ léﬁﬁﬁyﬁ%gﬁggge%ﬂgﬁﬁn-carbon doubl e
bond, having three to six carbon atons, provided that the carbon atom of
the at sachmentTiabmi “Of dllbexyC3léhealr ke Bythbih&idh et @Bér gadupsh@camliecybe i s not
bonded to_anot her carbon atom of the C3_6 al kenyl by 25 a carbon-carbon
doubl e boRdO-AheEsiafplise? bfs dkXt3 6 al kenyl is 2-propenyl. WO

2011/ 042399PCT/ EP2010/ 064770 -7- The term"Cl_6 al kyl ene", alone or in
conbi nat i PR ik hcgg ARG xyOSO8HRS1” rARANS tide BEANRARY O, whifedl BN £0al k&St ur at ed
di val ent hydrocar bon radi cal "of one to six carbon atons, such as nethyl ene,
et hyl ene, astdsfingth#ltongl et hyl ene. The term "C3_6-al kynyl", alone or in

conbi nation with other groups, neans a straight- 5 chain or branched

hydr ocar bon r egj L Shr ¥ - b il QHQQ1 i three to
si x carbon atgﬁgg%gﬁﬁggﬁgﬁﬁ?ﬁgf%t e %§r5g§m§?@ﬁégygbﬁ% attégiﬁgﬁggpoint of
t he C306 gbhy.nydefiredthioeeir.est of the nol ecule is not bonded to anot her
carbon atomof the C3_6 al kynyl by a carbon-carbon triple bond. An exanple

of a C3_6 al kyRyl.. i S«R2- r » T 68 xyl o refers. a
ar oup -0y 011 | FOHRE € P R R sl et Eiting oMb BRE R kFOFR® 1 €.
t erm " C3_Q . calkdxyads kigfinéd #boocre or in conbinati on with other groups, neans a

satur ated nonoval ent nono-cyclic hydrocarbon radical of three to seven ring
carbons (e.g. clo cycl obut 0 The term

, | /| | oh ). )
O od K e P onc o Z Bt wih ofeE O Bicki e By BRE or v 6.

15 pref er @hirycaivd r@dicd] \6Onsisadg 6f 61yChrandrls Hlsed FigPSontasin g 6f14 e oh afodisNfor
The term " C7_10 bicycloal kyl," alone or in_conbination with other groups,

means 14 s@tiPi R sorltayl: Thaterm canipathyd apisématiy picans 2 ien¥dyldn ora t en

ring Carb&ﬁﬁ&1h@¥ﬁ?ﬂhﬁ%@ rings, in which two or nore ring carbon atons of
one ring are ?ing carbon atons of the other ring (e.qg.,

bicyclo[2.2.1]hepty1). 20The term"halo Cl1_6 al koxy," alone or in
conbi nati on wi the tethéphegyldupikyleapansa G128yl as defined herein, substituted by

phenyl.

The term “arylcarbonyloxy-C 6 alkyl” refers to the group R*'-C(0)-O-R*-, wherein R is a
20 Ci¢alkylene and R is an aryl, as defined above

The term “C; alkenyl”, alone or in combination with other groups, means a straight-
chain or branched hydrocarbon residue comprising a carbon-carbon double bond, having
three to six carbon atoms, provided that the carbon atom of the attachment point of the Cs ¢
alkenyl to the rest of the molecule is not bonded to another carbon atom of the Ci6 alkenyl by

25 acarbon-carbon double bond. An example of a Cs.¢ alkenyl is 2-propenyl.



al koxy substituted by one or nore hal ogens. In particular enbodi nents the
Cl-6 al koxy is substituted by one to three hal ogens. The term "hal o
Cl 6 al kywO 2namg39a C 6 al kyl substituted by one or noPeTEP2tl00647a0ME OF
di fferent hal ogen atons. Exanples are 1-fluoronethyl, difluoronethyl,
trifluoronmethyl, 1- 25 fluoroethyl, 2- fJ7uoroethyI and 2,2, 2- trrfluoroethyl
The nost preferred "halo C1_6 al kyI "is trifluoronethyl. WO

2011/ 042399 PllicER20 10/ O8yIAR” - encTirén t@nbimdthatvetloethgt groups) wers @branched

i h
oi cycl o o Pl AR BT R SoO R B s mstes i ng
het er oat omsthyRde Rayten] teirarsgh@ethe@nér om N, 0, and S, with the renaining

ring atons bei ng C. More specifically the term™" heteroaryl i ncl udes, but
isnot limte y ur I hi azol yl , isothiazqlyl,
ooyt b Sl RBRY o ipkoladn ith I RiADS. s DB
pyrazi gyl ehaﬁﬁkﬂﬂﬁi&r@héﬁ/ﬂl dr&%mfréﬁi%ydomph%lg@WM)@Q@[’%@M@B&{@ haV1n% three
i sobenzof uranyl benzot hi azol gartf?hl benzoi sot hi azol yl , benzotri azol

v

i ndol yl , 10564 GeRsINAOMS BFvekedA caghoinrigany pf the attpchneat prjit éhg Gp,dakynyl
. Y
| i dazof 10 SR, HBE R be ncRBOFIS W Aot baBbn ABRATAN CRMlIm by, e

t her eof . ddnlonrestionltfiplerbehér Aedxdeple pbaly.k alkyreylu@quymﬂyl , pyridyl, and

qui nolyl. The ter m "het er oar yI met hyl "nmeans a heteroaryl - CH2- radi cal .

The term "het.gr 13a means a | kyl substituted by a
het er oaryl , ﬁl&% Car Qﬁ(erel rSt?hgr?uégr &@éirocyclyl , alone or

conmbi nation with ot her groups, neans a non- 15 aronmatic nmono- or bi-cyclic
radi caD of f dlire tbin htarbamoylreditromsa grouphCOMNdhe to three ring atons are

het er oat ons independently sel ected from N, O and S(0)n (where n is an

i nteger from inin ns,being C_The nore
oreforred het BKGEyEI G bbRahaE; METTO T b it FEPCE B gt

The ter m sdnghted aryievadnt Gbnd-catliylydravamas rali€dl oBthadeky keves winglchibohie@.ghy one
het erocycl yl, 20 as defined herein. The term "hydroxy G _6 al kyl" neans
Cl-6 al ky‘FYClélli’H%HYitCM? lgbptyly ofislBExHtbr e, preferably one hydroxy group(s).

The term "nono or di-Cl_6 al kyl substituted am nocarbonyl” refers to a

group - OC(0)fRakme %ny@loﬁlkgd(,ee@l@}tl” ﬁi@@ns(HCRbilkﬁ@Qbsltlﬁltécﬁbaneﬁ)r%dﬁd and

t he other is hydrogen or term"nono or di-Cl_6 alkyl
subst ilf ut dfe m@@arrbwﬁWWlojéfvlegrguns@as@deéim%berelnoc( 0) NRv1Rv2wherein at
| east one of Rvl and Rv2 is C _6 alkyl and the other is hydrogen or C 6

al kyl. WO 201131{e%%§9@7ﬂ%{c§51%9ﬂ<91{’0£&7e7 il @5smbination 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).

20 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,.s alkoxy is

substituted by one to three halogens.

The term “halo C6 alkyl” means a C;.¢ alkyl substituted by one or more of the same or
different halogen atoms. Examples are 1-fluoromethyl, difluoromethyl, trifluoromethyl, 1-
25 fluoroethyl, 2-fluoroethyl and 2,2,2-trifluoroethyl. The most preferred “halo C;¢ alkyl” is

trifluoromethyl.



The term"acyl" means R-C(0)-, in which Ris a G _6 alkyl, halo C1_6 al kyl,
C3_7 cycloal kyl or C3-7 cycloal kyl C1_6 al kyl. The term "nono or

di -Cl_6 awhkybiigdksopi t ut ed am nocar bonyl oxy-C _6 al kyl " meamP2@0/0647a0 ky|
substituted by a nmono or di-Cl_6 al kyl substituted am nocarbonyl oxy, as
defined above. 5The term "Cl1_6 alkylsgéjonyl", "Ci_6 alkylsulfinyl" and
"C _6 alkylthio" neans a Cl-6 al kyl-S02-, Cl1 6 alkyl-SO and C 6 al kyl-S-,
respectivel y. The term Pregfrearyldchlomdircaimbinkpen wiik othleegrogpd, ngrougmsargihaise
definitions are.given above are tho ifically exenplifjed in the
Exanpl es. IOEYF AT BegRRa ROt SR T8 ok S eV LG ERE B  es or 1 bed
event or Hderohtool ifklepdicientiipyeldotetd fiv@eN, 00indds; Gidth, thardndikiag rihfetos deinigpt i on

i ncl udes instances _where the event gr circunstance occurs and instances in
which it do¥srenpecifipally thierp  Beteraary* dpgideyy brigs BRidingisd i pyedystiranyt-ed with
an a'kX';&&999ﬁnﬁ%ﬁ@ﬁyhﬂﬁbﬂ§@§m%%§Mhnﬁﬁ&ﬂ??koﬂﬁ%ﬂ&@@hpﬁ&;Hﬁﬁ§&ﬁ%; and the
description fncludes situations where the aryl %roup i's substituted with an
al kyl gr opyyazeohd. pyireaizli mmienidingl, dende@iray. tetgphydip berzofwenyd ipabenzaieredylwi t h t he
al kyl gr , " Bh I > l. XCl.pi " 1) I1pi ent
that i o odpof e bEREREIEE beRAEREN R BusTCBhaM . bEEANE T RUENE, 211
saf e, nontetrabsideoqairdlingl, isbquindliybbagimahiolylnbenzBbkevWl sebanaskehylabl e, and

includes excipient thaf is acceptable for veterinary use as || as human
phar nacey‘tn:?lg%%_thg'é]ﬁp}ﬂl i@ﬂdmlfiéée@ﬁ-gh@ Ty cindtsha el erath The®otised i n
the spgci prefepbll ABcRRE ] GleaidiRinong] p19RS1, BRI Huifd1§l. aRdi@r e than one such
excipient. 20 The term"a therapeutically effective anount" of a conpound
means an awiuerrylsrthybmprenne hettrgeryl-SHef fadisel ve to prevent, alleviate or
anel i orate synptons of di sease or prolong the survival of the subject being
treat ed. EEterfﬂgEy% " &h ”gqe [Wok:1 &1 €Giboki ﬁﬁ?) hsriMat hi n t he
skill inthe art. T g&t‘ﬁear p(glljﬁr al ﬁ% Igffée%:gtai \)Iaggﬁ%ﬁﬁ% réjlg%esrgéz’gé a
conpound édmedtémm.to this invention can vary within wide linmts and may be
determ ned in a manner 25 known in the art. Such dosage will be adjusted to
t he indi vi duajy, r i N L1eul i nel.udi e specific
conpound( s) §QF&§%§J%§%?§%§¢é3FS?ﬁg“?@%@%&%ﬁagaﬁﬁﬁﬁg@ﬂﬁfﬁ%%?QPEQ condition
bei ng 1651 eatrdtic msnovadrbi-agclichadipa bt fonk tdxehatng atemk édwhich ogetethek rinign t he
case of oral or parenteral adnministration t du humans wei ghi n

appr oxi medtehy arpdiciegeatomyinfeRenagdly gelegipd §86’J€ @?‘&A é&?)t g”ﬁhﬁﬁ%ﬁfs ,%@gefng,

pref er abl ﬂoﬁerQm2%%HithQrelne{ﬁﬁng fn@BRHEs bdin@@0 Th¥Bhore preferred heterocyclyl is

2011/ 042399PCT/ EP2010/ 064770 -10- ng, nore prefera%ly fromabout 0.5 to 500
my, and nPeidil ef epabinrofZ.alece®dut 1 ng to 100 ng, shoul d be appropriate,

al t hough the upper limt may be exceeded when indicated. The daily dosage
can be admi ni-ff8EG0«R%rdcyeiyie!, SaPB endhs h &, dheidethsHRRADY BE hE@fochayent er al
adninistrationﬁ It nayn%g%ﬁ?végaggﬁcont?nuégskyhsggion. 3 “The té¥21§’

" phar 2fceastdefiatd §ereiocept abl e carrier” is intended to include any and al
material conpatible with pharmaceutical adm nistration including solvents,
di spersi on neﬂi i M) r+ al At 1 f t i oni c
and absorptionfﬁgwgﬁﬁﬁggggaﬁggéhaﬁg&bt 'Fm:Pﬁ%ﬁﬁ%kg%gﬁﬁg8§%§%hﬁ§§ﬁaﬁ

conpat i bl eneiytifoxghasupggeut i cal adm ni strati on. Except insofar as any
conventional nedia or agent is inconpatible wth the active conpound, use

10 thereof in,the conpositjons of the.invention, are,caont | at ed.

Supp! enrent ar v OETy ATRBHoliRas B iR R SR SR BB PO A kR

conposi t i OUsO)NUCT 'S svhetelfatweas orleARE BARIR ! 1sh®, (lafityMan @the @R i dRfgei be
formul a" or "a conpound of fornula" or "conpounds of the fornula” or
"conp@énd@b@@kﬁornula" refers to any conpound sel ected fromthe genus of
conpounds as defined by the formula. 15Conpounds of forrmula (I) can form

phar maceut i cafieftedt CRMAR -Gk yRAMkGiuRA afifhdcrbofrPBRPUBRSs tbhatolave the

same nol ecul ar forpula but differ in the nature or” sequence of bonding of

t heir at oRE(ONR IR anheigiyd heant onsfof Rhednd Rat srfsi-ciatkyd pat e gthsr sdyydwogen or
"isonmers”« lg rs that differ in the arrangenent of their atons in space
are ternegL@s er eoi soners”. Stereoisoners that are not mrror inages of one
anot her are terned "di astereoners” and those



20 that are non-superinposable mrror inmges of each other are terned
"enantioners”. When a conpound has an asymmetric center, for exanple, if a
carbon atwon2osi/daessded to four different groups, a pair ®CTEPAMWIOHMTESS | S
possi bl e. An enantioner can be characterized by the absolute configuration
of its asymetric center and is describgd by the R- and 5-sequencing rules
of Cahn, Ingold and Prelog, or by the nmanner in which the nolecule rotates
25 the pl ane Bfec tpwh Zacyledeank @F@(Qiﬂdn vbshdghmtadd satkytidwtor Orotlgtlofy; or

| evor ot at or gw %i i somers respectively). A chiral conpound
can existcggm’ ! f ?37%m|V|HP§16% Antiomer or as a mixture thereof. A

m xture containing equal proportions of the enantioners is called a
"racem ¢ m XxtTiregérm “monoldralii(B L mikyl snmetﬁmredenﬁrhqcﬁrbioﬁyluspdl hdkel’mdaos Cngdi cat e

that a varjable is plied in a 0 instance ut o the

br esence B anbuiitie B2 oga i 4ot v R0 sy RSt e bR v ndd abd.

2011/ 042399PCT/ EP2010/ 064770 - 1 1 - different deflnltlon W thin the sane
conpoupd. ThusThd t8rm@ “c:@m&yl@dlfcml’mhcpm&ls@ﬁpﬁaaﬁd tO Gy inseadeh Cngd as
"independentl car bon or nitrogen”, both R's can be carbon, both R's can be
ni t r ogen, aliyl- (Res g SbaE%FEQﬁkﬂﬁﬁ [SRRECHVHEr nitrogen. Wen any vari abl e

(e.g., R1L, R2) occurs nore than one tine in any noiety or fornula 5

depicting and st BidNG1sCOAC YRS Hic ARO Y OFhoS¢ G nRidH8 drd FivdnhioPE &S eitse
invention, its definition on each occurrence is independent of its

def i ni ti otpeeificelbersgmplified ingbe Bramalese. Al so, conbi nations of substituents
and/ or variables are permssible only if such conpounds result in

chem cal |y st a@@oﬁ?@pﬁgﬁnall{, ;&Qﬁ%‘tﬁ%thféﬁ% mgdegmt des&%d%gﬁ%ﬁeti nvention

provi des conpou rein Als ary eroaryl,

ar yl mét hy¢ircamshetemaenbytineed hgtloccwhardghat thmsgmtd)nnnqigks arsgncesopharothal | y
substituted ?g one Hp three s $stgtuents IE lepen %n% ¥ sel cted fromt

group conSi Bt IHY UPSRLICHGENS A0t PPtanges i Bigh i dotgiotg %3? r8f¥%W%|ky|
C1_6 al koxptioanitl sudbtiutcd withkh aﬁlﬂ@?@)ﬂp” mleﬁns@hlﬁ tleJ’alEyl nlr_dySQLﬂI’é’ed ot b&NpRBEnt, S, SO
or SO2; is a single bond or CH2CH2, with the prOV|so that when E is
0 then F § th%@eseﬂp@n lg@l(éﬁs sgeﬁzlonwhﬁrg the gyhgrouns sepstigted With eq alsyl grgpp

CH=CH- C( =Q)¢ situations where the aryl group is not substituted with the alkyl group.

15 "Pharmaceutically acceptable excipient" means an excipient that is useful in preparing
a pharmaceutical composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable, and includes excipient that is acceptable for veterinary use as well as
human pharmaceutical use. A "pharmaceutically acceptable excipient” as used in the

specification and claims includes both one and more than one such excipient.

20 The term “a therapeutically effective amount” of a compound means an amount of compound
that is effective to prevent, alleviate or ameliorate symptoms of disease or prolong the
survival of the subject being treated. Determination of a therapeutically effective amount is
within the skill in the art. The therapeutically effective amount or dosage of a compound
according to this invention can vary within wide limits and may be determined in a manner

25 known in the art. Such dosage will be adjusted to the individual requirements in each
particular case including the specific compound(s) being administered, the route of
administration, the condition being treated, as well as the patient being treated. In general, in
the case of oral or parenteral administration to adult humans weighing approximately 70 kg, a

daily dosage of about 0.1 mg to about 5,000 mg, preferably from about 0.1 mg to about 1,000



R1, R2 and R3 are independently of each other selected fromthe group
consisting of: hydrogen, Cl1 6 alkyl, which is optionally substituted by
one to thweeosudgidt uents i ndependently sel ected from t ReTEPOUP/064IMG] St i Ng
of hydroxy, C _6 al koxy, carboxyl, carbanoyl, nono 25or di-Cl_6 al kyl
substituted am nocarbonyl and Cl-6 al kgxycarbonyl, aryl and heteroaryl,
wherein the said heteroaryl and aryl rings are optionally substituted by
one to thmgemo@rAORblyIUD3IGRCT/SEPS 00 07208uiATQre-ptferablydimi thoaini sng to 100

i ndependent |y sel.ected fromthe oup consi sting of hal ogen,..Cl .6 al kyl,
nal o c1 g gia tEargogr e AR M R R B R RNE uise R
aryl; SRAddARdioREcanebe adipanaanis ysinflc éaelor of dieklcs edses, toe orfpatitdrdie gr oup
consi sting of :  hydrogen, . ClL 6 alkyl, which is optionally

subst i t ut EEBTEH ftanayhegdves i serttigemt 8fusitdependent | y sel ected from t he
group consi sting of am no, hydroxy, carboxyl, carbanoyl, nono or di-Cl-6

al kyl subshd fetth @shaaihdQ6 1§ ABNtaBRCafrler Bis dhtkted R HRRIAY lany Ad diOmatedal’
cycloal kyl, which is optionally substituted by one to three substituents

i ndependeffiatiBls| vt Rigrpacsiicah adgmstigticsivdmg nelverts.abspagioniyeflisx y |
car boxyl , ¥ TR - . L b | | and
Ci- 6 Al koS SRR M IRRa B o de G RS R A B R TS
whi ch t hegtharmeatartidlaahlesbmpoondn dG81p3tildy elithahkynhaceutichkbddariosirationl Ewdvpch i s
optional ly substituted ne to three .substituents, 15 i ndependent |
0B et od o By §rEaptul BRek R pt Rk RAF kst SRS bagha
hal ogen; MRereani thY cahsitiondenapdrbhtion £¢ carahplakhesupideakadaétvem t he group
consisting of: C _6 alkyl, C3 6 alkenyl, C3 6 alkynyl,

compounds can also beincorporated into the coOmpositions.

Unless otherwise indicated, the term “a compound of the formula” or “a compound of

formula” or “compounds of the formula” or “compounds of formula” refers to any compound

selected from the genus of compounds as defined by the formula.
15 Compounds of formula (I) can form pharmaceutically acceptable acid addition salts.

Compounds that have the same molecular formula but differ in the nature or sequence of
bonding of their atoms or the arrangement of their atoms in space are termed "isomers" .
Isomers that differ in the arrangement of their atoms in space are termed "stereoisomers".
Stereoisomers that are not mirror images of one another are termed "diastereomers" and those
20 that are non-superimposable mirror images of each other are termed "enantiomers". When a
compound has an asymmetric center, for example, if a carbon atom is bonded to four
different groups, a pair of enantiomers is possible. An enantiomer can be characterized 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 term "independently" is used herein to indicate that a variable is applied in any one

30 instance without regard to the presence or absence of a variable having that same or a



20- hydroxy C2_6 alkyl, G _6 alkoxy C2_6 alkyl, C3_7 cycloalkyl, which is
optionally substituted by one to three substituents independently sel ected
from t he wWoaop/@esysi sting of Rd, C3_7 cyclroalrgé10@54760 al kyl ,
wherein the cycloal kyl is optionally substituted by one to 25t hree
substituents independently selected frgmthe group consisting of Rd,

C7_10 bicycloal kyl, phenyl Cl1_3 al kyl, wherein the phenyl is optionally
subst i t ut éiffelent dfimition wikine dhesaips compemds Thndeperdathg insehiele R& dprfecasm t he
group congi.sti f. Rd, .. het eroar.yl C1, ,3 . aLkyl . .wherei he,,

et er oar yiv e sty adipsedsply BF0E) OEMEOpS R kL D B P bR

i ndependegunlty nsted @l @@dné RO becgbalgmdamnsthatdinggeaf Rd, heterocyclyl which
is optionally substituted by one to three substituents independently

sleeted fromthe group consisting of Rd, or WO, .

2011/ 042388PAPERBUR G/ D8 70t ) RS REFIPHLGREI (HC Brns maiasy pr GRBkei n t he
het er oy cidplicting aRPHERABI L YorhpBimids bpRJeddr Qdlfcl th thb HhRGeri WRRhiidh @Bt S

i ndependent|y selected fromthe group consisting of Rd; or R6 and R7,
t oget her dafiiona aark pesyeianGe: iy deRenApItOR its Henidpmatpver il ocuicpre. Also,

het er ocyc : ' : ' 'glﬁgﬂ]

i ndepende%%bﬁgﬁfgrggﬁél %%@%f}gf@dzﬁégg%@%pﬂ%g%r}sngsss%b%gtﬁ%?f% g@{ ¢ a h Sel}etséllllk one
of the rimgheaichbystablowsmpurgdai d het erocyclyl fornmed by R6 and R7 is
optionally replaced with a carbonyl group; and/or one of the ring carbon
atonms of the hheterocyclvyl foryed by R6 and R7 .is al sg a I} arbon at om of
another ring WAPCRSrSReoimt Ry EE Bty Mot ata Sy BrgPumi i B fEUSE Snally
substituted by G _6 al kyl and whergg$n one or two ring carbon atons of said

C3_7 cycl oal kyl or Ret gydocycl yl i Npti onally 10 repl aced by a carbonyl
group; R8is hydrog ©al kyl , C(ﬁl).%y, S(02)R9; R9is Cl1_6 al kyl or C3-7
wherei heach carbon atomis optionally

cycl oal kyl ; Wi C_~ yl ene\,,
substituted by(%)ﬁg)rpr t subsy YTt s i ndependently selected fromthe
group consi st jyng olt\'l : 15- IN R®
L/
1 52 /G
10 Q)
wherein
A is aryl, heteroaryl, arylmethyl or heteroarylmethyl, wherein the said rings are
optionally substituted by one to three substituents independently selected from the group

consisting of halogen, aryl, heteroaryl, C;.¢ alkyl, halo Cy¢ alkyl, C; alkoxy and halo C¢

15 alkoxy;
E is CH; or O;
F is CH,, O, N(R®), S, SO or SO»;
G is a single bond, CH,, or CH,CHj>, with the proviso that when E is O then F is
not O, S, SO or SO;
20 L is a bond, NH-C(=0), NH-C(=S), or CH=CH-C(=0);

R', R? and R are independently of each other selected from the group consisting of:

- hydrogen,

- Cisalkyl, which is optionally substituted by one to three substituents independently

selected from the group consisting of hydroxy, C.¢ alkoxy, carboxyl, carbamoyl, mono
25 or di-C alkyl substituted aminocarbonyl and C; alkoxycarbonyl, aryl and heteroaryl,

wherein the said heteroaryl and aryl rings are optionally substituted by one to three



C _6 alkyl, G _6 alkoxy, hydroxy-Cl1 6 alkyl, C _6 alkoxy-Cl_6 alkyl,
20-hal ogen, or halo G _6 alkyl; Ws a bond, CH2 or C(=0) nisQorl; Rdis
hydr oxy, woano/o4dRaRb, hal ogen, Cl1 6 al kyl, halo G _6 alPkyIEP20wpas475y Cl- 6
25 al kyl, Cl-6 al koxy, G _6 al koxy C _6 alkyl, C3-7 cycloal kyl, Cl-6

al koxycarbonyl, acyl, - C(0)NRaRb, -NRa-C(0)-Rb, -NRa-C(0)-ORb,

- NRa- C(0) - NRb, - NRa-S02-Rb, -NRa-S02- Re, -0C(0)NRaRb, -0C(0)ORa, Cl1_6
al kyl sul f onylsubgitudtsainftsriesddntly nglegtedCio thd gnphp borsjstipfefdlogephenydliky@l 3

al kyl, heterqa : teroanyl Cl | kyl .and heterocyclyl, and the phenyl
of said pheny aﬁ%{:ﬁag Iy b%%%%/’iya&@ﬁ%a#lr?y%ox?he heteroaryl of said

het eroaryl andC;saiéelofieylesoaryl 30 Cl_3 al kyl, and the heterocyclyl being
optionally substituted by one to three substituents independently sel ected
from the group™™onsisting of hydroxy, cyano, NRaRb, hal ogen, Cl-6 al kyl,

halo C2 6 al Wandwcil?é)i)ﬁ%%d&ﬂgolf}ééoh deider efélc{éﬁ)ﬁb%fh@%bﬁi{fp’coﬁﬁéﬂn ot 0) NI eRb,
“Nl eC(0) - Rb, - NRa- C(0)-CRb, -NRa-C(0)-NRb, -NRa-S02- Ro, - NRa- S02- NRbRe,
-0C(0) NRaRb, - hadraen.1/ 042399PCT/ EP2010/ 064770 - 14- -0C(0)0le, C 6

al kyl sul fonyl ,~C | .k | £.1 0y : L.t hi n [ ring
carbon atons o(f‘1'6ta#§'1’§&ékpé¢ %g) ?@i’wyﬁﬁﬁsﬁé‘l Q%dﬁ@l’ %lnegt?g Iﬂ;i/reér %%’ F%&lg%g)v%%? Iﬁengé cdr bonyl
group; Raselddeddiuin fRe gadwp donsietprdantino/ higrdxkngeiboeyl, &Erbdn@ll kdrio @rdi4y @dr ugs

or pharmaceutically acceptable salts thereof. 5 The conmpounds of formula
(1) ppss_eégﬁtsﬁbst‘&itfg%?’é‘o g?ﬁ?‘gf‘?qaél-ﬁzaélfﬁxé@%rgowﬁi%ss i ndi cated ot herwi se, the
descrijption ?rcgg%'%l@glk% whidhas bhifoabRy s bRIRRUMY ohb td MecesBBGinidn&at i on and

nt en

clainms is i ed to include both individual enantioners and m xtures,
racem c ondenchdanilyselecte¢&pmghe guyp gensistiag of #aing; kidaoxye pirhesyd carbameikt ur e

noreof, TRTELS0S 1 00008 SRAGLBR LA Ly LpRR0ET 3ty and he
Chapter 4 of RiAdd&icedetgaitt the Chdon stomytd whitththeglint iatschdd, v €h; John W ey
and Sons, cy'él?ove\lllk\}{/?(r)rkﬁete]fg(?y%%yl which is optionally substituted by one to three substituents
15 independently selected from the group consisting of Cy4 alkyl, halo C;.4 alkyl and halogen;
R and R’ are, independently of each other selected from the group consisting of:
- Cy6 alkyl,
- Csgalkenyl,
- Cigalkynyl,
20 - hydroxy C, alkyl,
- Cigalkoxy Cy6 alkyl,
- Csycycloalkyl, which is optionally substituted by one to three substituents
independently selected from the group consisting of RY,
- Csycycloalkyl Cy¢ alkyl, wherein the cycloalkyl is optionally substituted by one to
25 three substituents independently selected from the group consisting of R?,
- Cy.0 bicycloalkyl,
- phenyl C.s alkyl, wherein the phenyl is optionally substituted by one to three
substituents independently selected from the group consisting of R,
- heteroaryl C,.5 alkyl, wherein the heteroaryl is optionally substituted by one to
30 three substituents independently selected from the group consisting of R
- heterocyclyl which is optionally substituted by one to three substituents

independently slected from the group consisting of RY, or



Whil e the broadest definition of this invention is described before,
certain conpounds of fornula (1) are preferred. 15i)In the conpounds of
formul a (WP,204/04839phenyl or napht hyl, wherein sai d phenpCTamdoisas47mapht hyl
being optionally substituted by one to three substituents selected fromthe
group consisting of halogen, halo C1_6 glkyl, halo C1_6 al koxy and aryl.
Preferably, A is phenyl substituted by Oone or two substituents selected frm
t he group consi hétaycydlylHalsateh vatensrs therhdterodytlylis optrendhlylsubsttrted lpy efeetpabl y

t he substituentg are,independently. select from 20 the.group,gonsi sting of
chior fne. 11 dor THE SRAMEFY A RBiRaR o EELE o BTk S EHER B heny!

3- chl or 0- 4- t rRfdnd@® ot thyr wipthe yiitrapen 3todr tdivtidiothephe mythched, hami n parti cul ar
3-chloro4-triflugronethyl -phenyl or 3, 4-dichlorophenyl ii)ln the conpounds
of f or mul BERrP§ychikertenp!ryubstigih hetnedp thice fwestiientoigdepeadaiysslected ireh t hey

are at 5acied ouh Qb ARk & RE Yl Yth eIl bR thd/ri @ﬁﬁé&ﬁ&ﬁgowi&&%r&%i@r ee

Q
substituents(%% i ndependent |y sel ected fromthe group consisting o
hal ogen, feyedRyR’ @il B islokyonadlydergadd owth aGhri®ngl goup; aadidr ore of the rivghe of t he
ring carb t r I Qof. . . 7] I ring
car bon at Sy SroaRs fhiat BRSSP RO G iR 1
| n parti ctih@whichés Getacoakel o hetedsavelyl, wwhidR6is aptoally siilsgeaidiesy O ddikytl hed
nitrogen afomto 30 whi.ch they are attached, i i peridyl or pyrrolidinyl,
and said Bf‘edé?lio&ﬁf)f BHRIIRR AR aé‘i’IHWfaSBléiiﬁi@Cdﬁko?@(%g?fﬁﬂ?teé‘ﬁfé’ﬁltyﬁsﬁpéan one or
t wo sqbstﬂebmgw@,gmp?@%j y selected fromthe group consisting of
hal ogen, hydroxy, Cl _6 alkyl and hydroxy Cl 6 al kyl, and/or WO
2011/ 042399P&7 EP201bydregeny 016 dkyl, CFO)R", SfReRhet er ocycl yl formed by R6 and
R7, together yith t. nj . which they are attached, is
preferably pﬂ%gridﬁ?eﬁ?h%@ggggfg*%§$%ﬁhnd sai d piperidyl and pyrrolidinyl
bei ng optionaVly subs( 1 afkednbywhenegn eachtcarbos utost istopaoriadly isnlcheipaatienddey

sel ected fromthe group, consisti of . hydroxy, G 6 .al kyl and hydroxy Cl1_6
Srkyt . Canth P uiaRaR Berdeitndy il ot SurBif g 1 Gyl and
pyrrolikdi nyl foqarg by R6 and R7 is also shared by a CG3_7 cycloal kyl ring.
Mor e preferab&z, in the conmpounds of forrmula (1), R6 and R7 together with
the nitrogen dtisrAlld which they are attached form a nono spiro-heterocyclyl
such as 6-azaxgggmgk%,5]oct6-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-

10spi ro[ 4. 5] cbgdBxyC,¢ kgl 8-t ri aza- spi ro[ 4. 5] dec- 8-yl ,

2, 8-di aza-spiro[ 4.,5] dec-8-yl, 1-oxa-3, 8- diaza-spiro[4.5]dec-8-yl,
1-oxa-8-aza-§6ﬁf8%ﬁk§?&%%kézyl, 2- oxa- 8- aza- spi ro[ 4. 5] dec- 8-yl , ~ 2-

oxa- 728za- spi-h@bgebbpon- 7-yl , 1-oxa-7-aza-spiro[ 3. 5] non-7-yl,
9-aza-spiro[5.5]undec-9-yl, 1- oxa-4,9-diaza-spiro[5.5]undec-9-yl, wherein
t he spiro- het- 964@*ﬂ?ing is optionally substituted by one to three
substi tuents yndep 1 fromthe group consisting of 15

hydr oxy, oxo;“glkoggg%?%£g¥§§tegrégl_6 al kyl. In particular, the spiro

het erocyclyl s 6-adglopiro[2,5]oct-6-yl wherein the spiro-heterocyclyl ring

is optionally,subst.ituted by one_t subst it uept.s i nd dently sel ected
fromthe group const éﬁrﬂ@" 8¥a“r°r ﬁgrlgo h%@%@o A %ﬁ(g'llcpil% dé? E@QF ﬂY&OXY K;bét
pr ef enabl ykyihe, saké:q, 0el 8koeyC|.ydlkylSCHr B2Rab@i, KRk dikdk@etboayl dcypher ei n t he

spi r ohet er ocycl ri is tionall ubsti t ut ed one to,.two,.substituents
P emond R oNROE O PROPNRIRG0) HR RIS ) R PRS0 R X 382

NRPR¢, -OC(O)NR’R®, -OC(O)OR?, C¢ alkylsulfonyl, C,_¢ alkylsulfinyl, C;_ alkylthio,
phenyl, phenyl C,.; alkyl, heteroaryl, heteroaryl C,.; alkyl and heterocyclyl, and the phenyl of
said phenyl and said phenyl C, 3 alkyl, the heteroaryl of said heteroaryl and said heteroaryl

30 C;3alkyl, and the heterocyclyl being optionally substituted by one to three substituents
independently selected from the group consisting of hydroxy, cyano, NR*R", halogen, C
alkyl, halo Cy alkyl, hydroxy C ¢ alkyl, Ci.¢ alkoxycarbonyl, acyl, -C(O)NR’R", -NR*-
C(0)-R", -NR*-C(0)-OR", -NR*-C(0)-NR", -NR*-S0,-R", -NR*-SO,-NR"R¢, -OC(O)NR'R",



20 fromthe group consisting of hydroxy or Cl_6 al kyl. In the
conpounds of formula (1), R6 and R7 togetherwith the nitrogen atomto which
t hey are wotathaeBdor m especi ally (S)-4-hydroxy- 6-aza- spCrap2015joecve 6-yl .
iii) In the conpounds of fornmula (I), nis preferably 0. iv) The conpounds
of fornula (1), wherein Vis G _2 alkylgne. 25v)In the conpounds of fornula
(1), wherein Rl, R2, R3, R4 and R5 are independently hydrogen or G _6

al kyl . Pr @@O&@Ry, Canbkybil Ryl afick aReylsudfinyy dndGenalbyltidd, ad ahkyt twotrfreg ot her i s

ot ef o abi G EBY ORs B Bl ROy kg U PSS, “ant R1. R

and R3 are hydrogeand ROt Jddepérienttoimpiesrdsr of ¢ fleyirul a (1), L is preferably
NH- C(=0) or CH=CH C(=0 Most preferably L is Nt C(=0). vii)ln the
conpounds of RIS amﬁé?léﬁé%%ﬂ%p@laﬁ%ltwth%@ i ndependent |y 0 or CH2
with the proviso that when Eis 0 then Fis not 0. WO

2011/ 042399PCT/ EP2010/ 064770 - 16- viii) In the conmpounds of fornula
(I'), Gis preferably single bond or CH2. i X) the conpounds of formula
(1), wher Ehgcompoundsafiforpula () posgess twa opmgreRBy RS HiEdEBgEn Unigse inshigatad i s

NH 0 t
whi ch 1 hey PN e s Ao R S BRELARL A OB Bl gaS it om to
5x) Pr ef erisedeniedpointhdobothhedividudrehargioncess andovivpoesnthcehicfayothehaisé,l ), whi ch
I(gs 65, 8a8F=°st pPHWEL &) Individiat SR 209 JuKHrG BsO s e mEistordbhy 11 - 6- met hy! -
- oxoheBahydértninxias oF SbBodrealif Adithese paraBbOXYdrbsisdtfdrélare well-known in the

(3, 4-di chl or o- phenyl) - am de

(3S, 6S, 8afy (s8¢ fhzcl{selsal ingChapisr haf . "odyanged praasicChepueny etth pylitien hyMpl. JoBR hy | -

- oxohexa L zi ne-7-carboxylic acid

(3, 4-di c%r al‘i)(ﬁeny gL élg’h@%ﬁ Y

10( 3S, 6S, 8aR)WBail¢ Bm@@@ﬁeﬂdbﬁldtimxyftﬁisaz@nﬁpﬁ sajegerbd befots, ydrjaiBeammupdopy 1] - 6

- met hy1- 5- hexahyd azol of 3, 2- a] pyrazi ne- 7- carboxylic acid
(3- chi or 024¢ W?l?mgﬁﬁdjﬁ%t?ﬂ%phenyl) ani de,

(4S, 7$5-4-((9)-4- HyId Fd&)%nﬁmaﬁds POl 2(1R 201 thhényy bredphyty), -whehdih Baid pEen@k 0- hex
ahydropyrazi no[ 2, 1-b] [ 1, 3] oxazi ne- 8- car boxyl i c_acid
(3,4-dic h@élrséldﬂ}?@h@‘ heg}g Qj)émnally substituted by ofie to three substituents selected from the

15(4S, 7S, 43k cdhislsang bR adehidiiory; AxAZRiS Bl L AkExyPdRiGhy16 PYIRrablyh X - 7- met hyl

- 6- 0X0-
phenyl substituted by one or two substituents selected frm the group consiting of halogen

atoms and trifluoromethyl, more preferably the substituents are independently selected from
20 the group consisting of chlorine, fluorine and trifluoromethyl. A is especially 3-fluoro-
phenyl, 3-chloro-4-trifluoromethyl-phenyl or 3,4-dichlorophenyl. A is in particular 3-chloro-
4-trifluoromethyl-phenyl or 3,4-dichlorophenyl
i) In the compounds of formula (T), R® and R7, together with the nitrogen atom to
which they are attached, form heterocyclyl optionally substituted by one to three substituents
25 independently selected from the group consisting of halogen, hydroxy, C;.¢ alkyl and
hydroxy C;.¢ 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 Cs_; cycloalkyl or cycloheteroalkyl.
In particular the heterocyclyl formed by R® and R’, together with the nitrogen atom to
30  which they are attached, is piperidyl or pyrrolidinyl, and said piperidyl and pyrrolidinyl being
optionally substituted by one or two substituents independently selected from the group
consisting of halogen, hydroxy, Ci_ alkyl and hydroxy C;. alkyl, and/or



hexahydr o- pyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8-carboxylic acid

(3, 4-di chl oro- phenyl) - am de,

(4S, 7S, 9aRD-2411J@2399S) - 4- Hydr oxy- 6- aza- spi r o[ 2. 5] oct - 6- y PLTHPRY10J06477010L hy| -

- 0X0- hexahydr o- pyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8- car boxylic acid
(3-chloro-4-trifluoronethyl phenyl)-am

20(3S, 6R, 8aS)-6-[2-((S)-4-Hydroxy -6 aza sp|r0[2 5]oct-6-yl)-ethyl]-3-nethyl
- 4- ox0- hex ahyﬂrailepﬁmyolybfolmzd hy By pak Rhdogtheamibytlyd nitrogani afom to which they

(3, 4-dichlor 2n

(3S, 6S, 8aRy ‘g‘{ﬁ (%I%l)efeﬁa{%@%% 18- BYRIY 6 saif plerigy\ Ay PETaNGnH S BL] - 6- m
((at hy 1d5 hiqx@nbllgﬁaibytdmd oX @Z@bﬂtﬁ)@) Libajtmntainidpendentgsblocxtyd fromakd group

3, 4-di chl or o- phen

(3S, 6R, sa%)nsetllr%of(lxyéWm@wﬂﬂaﬂﬁnéhwaxgﬁiw&{vj HdRit - 6- y1) - 3- oxo- propyl] - 3-m
ethyl-4- 25 ox-JrecaiediafoRfdd (ﬁ{s;ld%qﬁ‘}rlﬁyf%'ﬁﬁogdlﬁ@rfgﬁﬁé’d byeR@GHIR i
(3-chloro-4-trifl uorormethyl phenyl)-amd

(4S, 7S, 9adyo shafed-by(aS)~4yElpdikpkyng - aza- Spl ro[ 2. 5] oct - 6-y1) - 3- oxo- propyl1] - 7-m

et hy 1-6- ox Ooﬁgﬁ%&%a%g?n}ﬁ dt% LORbSmdts 51 fohnith 215 3¢ G- SHRPMh' e fifoen

(3, 4-dichlor

g 618 7S, Qaddmib (:Bichth@r @e dttdched folrmiarmeny dpyioihpteestydiyt sch 3s §a29-spirdiy,dfooxy - 6-
azaspi r o[ ZY5PFEERIOB- Y53V X 35 L > PoRTr Ay 26 oK MRy Erb -4 tof 2, 1-

c] [ 1, 4boxgaionesfaéclkiyt, a3y faxamisfRo[4.5]dec-8-yl, 2,8-diaza-spiro[4.5]dec-8-yl, 1-oxa-3,8-
(4S, 7S 9aR) Rf:@ k%? Ioropheﬁ?% -i E y4 ‘4-di flgor%-%-azaz |r%£2 5] oct an-
6- d1aza—sp1ro[4 5]dec- 8-y1 1-oxa-8-aza-spiro[4.5]dec-8-yl, 2-oxa-8-aza-spiro[4.5]dec-§-yl, 2-

1Bt ) SO DL A7 AP Lk AR BB bovar

S, 6R, 9aS) o4, Q-d(a(ZS)spldo[B-b‘ZQimdxq@@l azszlaresmthecsbﬁ’o-ﬂi]:temcycﬁyyrﬁjgl@optmnahy opy1l] - 3- net
?él 44;“ g)és?ug?(:t %Hég&% Poy th{ea é{lbstlmen%sgx&e%élldﬂé ly se(fecte f)r((}lrrll Ithce gellroupdconsmtmg of
S, 6R, 93S) hRirds3; b4 ShikbxyHoaKY 0fE ﬁbzakﬁmnrpah?euﬂ agé slﬁroyti%}e'r&y@g@rsm-%y 1] - 3- et

hyl 4- oxo-octahydro-pyrido[1, 2-a] pyrazi ne-2-carboxylic aci

( 3- chl or osPaotZ, 5}pwcﬁwlow%qrhly|thqos1@erﬁ;hf)er0®clahm@s optionglly substituted by one to two

S, 6R, 9a95) | -4-0
xooct ahy d%ugstuta$1|{t§j§hfl§én§ylgﬁ)r%)é$égt§fi%é hE gFoglh%mFJlﬁffl o?gﬁgn)o, E&J}é{%] 51T ”%ﬁlQX

(3, 4-di chl or aMp$tensfdrpblanhdepiro heter((cC)’rclyl is 6- aza—sp1ro[2 5Toct-6-yl wherein the spiro-

xooct any o b gt oAb RERL BRh oyl Eb Rt hacbilenhy SalReY! -4 0
(3-chhor Oﬁ@hﬁlﬁWﬁrbulflmtﬁﬁtmﬁ-Qﬁ@droxy or Cy.6 alkyl.

S, 6R, 9a5) [2-((S dro§y 6- aza- % piro[,2. 5] oct -6-y1)-ethyl] - 3-net hyl -

XO- In the Compounds of formula (I), R and R” together w1th the nitrogen atom to which

they are attached form especially (S)-4-hydroxy-6-aza-spiro[2,5]oct-6-yl.

iii) In the compounds of formula (I), n is preferably 0.
iv) The compounds of formula (I), wherein V is C;, alkylene.
25 V) In the compounds of formula (I), wherein R', R?, R, R* and R’ are

independently hydrogen or Cy6 alkyl. Preferably, one of R* and R is hydrogen or C ¢ alkyl,
the other is hydrogen, and R' and R? are hydrogen and R? is hydrogen or C ;. alkyl. More
preferably, one of R* or R® is methyl and the other is hydrogen, and R', R* and R® are
hydrogen.
30 vi) In the compounds of formula (I), L is preferably NH-C(=0) or CH=CH-
C(=0). Most preferably L is NH-C(=0).
vii) In the compounds of formula (I), pereferably E and F are independently O or

CH, with the proviso that when E is O then F is not O.



oct ahydro-pyrido [1, 2-a] pyrazi ne-2-carboxylic acid (3-fluoro-phenyl)-am de.
WO 2011/ 042399PCT/ EP2010/ 064770 -18- Ceneral Synthetic Procedures
Conmpoundswof2ofioeasba (1) in which L is NH C(=0) are represare@doby7é or mul a
(la). A Ef F, G Rl, R, R3, R4, R5, R6, R7, V, Wand n are as defined
before. R RRO\IR?l H(CH2)V-wNI--- I§3ANyN 7( GO0 RR2
E-F1 5(1a) Compounds of fornula (I a) can be from secondary am ne 1 by

reacti on withviah i dodyeasvatpeunds dffengdnd), 41 is fporferably sgh=tond oo CHa. phenyl
ra, rs. re, v 05 Ak RaT BatRh s e Rl R Rt v
- - - - eR3 lhydrogen, wherein L is NHC(=0), V is C;., alkylene and R® and R together with the
nitrogen atom to which they are attached form (S)-4-hydroxy-6-aza-spiro[2,5]oct-6-yl.
5 X) Preferred compound of the invention is a compound of formula (I), which is
(3S,6S,8aS)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-methyl-5-oxo-
hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide,
(3S,6S,8aR)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl ]-6-methyl-5-0xo0-
hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide,

10 (3S,6S,8aR)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5Joct-6-yl)-3-0x0-propyl]-6-methyl-5-
oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-4-trifluoromethyl-
phenyl)-amide,

(4S,7S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-ylmethyl)-7-methyl-6-oxo-hexahydro-
pyrazino[2,1-b][1,3Joxazine-8-carboxylic acid (3.,4-dichloro-phenyl)-amide,

15 (4S,7S,9aR)-4-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl ]-7-methyl-6-0xo0-
hexahydro-pyrazino[2,1-c][1 4 ]oxazine-8-carboxylic acid (3,4-dichloro-phenyl)-amide,

(4S,7S,9aR)-4-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl ]-7-methyl-6-0xo0-
hexahydro-pyrazino[2,1-c][1 4 Joxazine-8-carboxylic acid (3-chloro-4-trifluoromethyl-
phenyl)-amide,

20 (3S,6R,8aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-0xo0-
hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide,

(3S,6S,8aR)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5Joct-6-yl)-3-0x0-propyl]-6-methyl-5-
oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide,
(3S,6R,8aS)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-4-

25 oxo-hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3-chloro-4-trifluoromethyl-
phenyl)-amide,

(45,7S,9aR )-4-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-0x0-propyl]-7-methyl-6-
oxo-hexahydro-pyrazino[2,1-c][1,4]oxazine-8-carboxylic acid (3,4-dichloro-phenyl)-amide,
(4S,7S,9aR)-N-(3-chloro-4-(trifluoromethyl)phenyl)-4-(3-((S)-4-hydroxy-6-

30 azaspiro[2.5]octan-6-yl)-3-oxopropyl)-7-methyl-6-oxohexahydropyrazino[2,1-

c][1,4]oxazine-8(1H)-carboxamide,
(4S,7S,9aR)-N-(3,4-dichlorophenyl)-4-(2-(4,4-difluoro-6-azaspiro[ 2.5 ]octan-6-
yl)ethyl)-7-methyl-6-oxohexahydropyrazino[2,1-c][1,4 Joxazine-8(1 H)-carboxamide,



H1?1 7( GRL R2/ E-F | The reaction is typically carried out in
aprotic solvents such as dichl oronet hane, tetrahydrofuran,

N, N- di mretwolzhoveresypde, N- et hyl pyrrol i di none, di net hyl ®OIrfEPRI10064770
acetonitrile and m xtures thereof at tenperatures between 0C and 120C in
t he presence or absence of a base such 13s triethylam ne,

di i sopropyl et hyl am ne, 4- nethylnnrphollne and/ or 15

4- (di met hyl anBBRSRSBaS)-Ai[B€(S Hisidydranad @ga- wlrQ[hé]OgEﬁed)a':} ok@pronyld-3Anptd=0 or

phenyl carba vai | abl.e or can be
Bynt hes 22 DO Aol Tt it R p Mg Sl 8B Saip e a N0
can be synt hG(SS,ZSRCDaBD 6B {({$9-4claydrospondi- Bllgro':p. $lorubRDs3 Axd\lbi%pm] naadyli-en wth
phosgene, hosgene or triphosgene, in the presence of a base such as

pyri di ne, 04%0%611@/ TozetdoL %é]ptywrnar?y%ﬂr‘aw}laﬁ61§ﬂ3f%lﬁﬁbﬁl -Sfiposamabylpheiiden 0 C
and 70€. Ph@ryl carbanmates A-NH C(=0)-0-Ph can be prepared fromthe

correspondi ng arylam nes A-NH2 by reaction with phenyl chloroformate, in a
sol vent such (35.6RetaSxhsla( 6 dr Hydrony-6 aerprirad? Glass 6 tybt e h3 120G dreko20C. WO

e L . e YO

R5, R6, R7, \(3S\Rems)-6- [34(6)&8H§iﬁbkﬁédzb§fmﬁj’[95]dct bYy1)5Boytpaundisylefoxfoor mul a

(1b) can be from secon e 1 by rea with i sot hi ocyanate of the
gener al ﬂﬂ@g’mﬂKEEEg' g%@??%%mF§“§§%F€QF1@“@¥ 'out in aprotic
sol venbs sucf(s@%@%@blhé[ﬁi@@%p&@ -6lar Ay 06 ﬁ@ayl)l-\éth\jblfiBfﬁ?ettﬁBMJ4f-&{anm de,
Nnethylpyrrolldlnone imeth foxi de, acetonitrile and mxtures thereof

at t enpereatdhydy md@éleiramraam 2r ol yhc aeid (bﬂé@@ﬂ&@nﬂb agbleence of a base
such as triethylamne, 10 diisopropyl ethylam ne, 4-nethyl norpholine, and/or
4- (di met hyl am no) pyri di ne. |sothiocyanates of the general fornula A-N=C=S
can be symtdnesicz@dbddimenttiteineanti@spornidesngeanpiuadbhfesmtaiiy by reaction with
t hi ophosgene in the presence of a base such as pyridine, in a solvent |ike
tetrahydrofuran at tenperature§3 etygen 0C and 70C. 15Conpounds of formula
(I') inwhich L is CH=CH C(=0) ar esented by fornmula (lc). A E F, G
Rl, R2, R3, R4, R5, R6 R7, V, and n are as defined before. ,6... r( \

R5N R7
(CH2)>L< V—w
G
R R E_ D)
¢ ),
15 wherein A, L, E. F, G, V, W, n, R', R% R®, R*, R’ R%are as defined above.

In another embodiment the inventtion provides a compound of formula (I”’):

R
H
He 1 P N
te, V-W,
A—L—N N unlH
1 2 /G
R R E~F

(),
wherein A, L, E, F, G, V, W, R', R%, R%are as defined above.
20



[ (CF12)nV vv ----- eR3 (1c) Compounds of fornula (lc) can be from
secondary amne 1 by reaction with a cinnamc acid derivative,

A- CH=CH GUOHn11Rae399nst ance, the reaction is typically cacrirpdoiows47vn 20
aprotic solvents such as dichloronethane, tetrahydrofuran,

N, N-di met hyl for mami de, N- nethyl pyrroli %I none and m xtures thereof at

t enper at ures between 0C and 80C in the presence or absence of a base such
as tri et hyl anGemerakyinglagsicdrpcaturgd am ne, 4- net hyl noi phol i ne, and/ or

4- (di met hyl am no) pyridine, and in the presence of a coupling WO

2011/ 042399PCT/ EP2010/ 064770 -20- agent such as

N, N' - di cycl Of'@xmb(ﬁmdb@ﬂﬂohﬁﬁldﬂ) in which L is NH-C(=0) are represented by formula (Ia). A
1-(3-dinmeth I an, nozprgp]{llk 6eth -carbodi i m de hydrochl ori de,

0- (benzot i afbl ARy R - ’éYP%%@W)ﬂS@F@% #exaf | uor ophosphat e,

0- (7-azabenzotriazol -1-y1) - N N N, -tetranet hyl uroni um

hexaf | uor o- phosphat e lg m) tri Nyrrol i di no- phosphoni um

hexaf | uor ophosphat e. Qat i vel y,N-HRs reaction can be perforned in two
steps invol ving ((r;ﬁt) ti on\p.f.v\f he ci nnanyl chloride A-CH=CH 00C1, and
subsequent coupk] ng 'f'Eactl o] samne 1 in the presence of a base.

Typi cal | y enphdy entg foN\ the formation of the acyl chloride are

t hi onyl chl oride, phosghgyous ntachl ori de, oxalyl chloride or cyanuric
chlori ge, and t he @eakt Rén BE-spJeneral |y cong cted in the absence of a
solvent or in the presence of an aprotic 10Vl vent |i ke dichl oronet hane,
tol uene or acelBffindoPBaRYIEAR) %tﬂe% 'sééoﬁ@arﬁgﬁﬁfélﬁy' ﬂésctfoﬁmmrml €
pyridine, triethylam ne, diisopro et hyl am ne or 4-rethyl norpholine, and
cat al yt i cisegveugie of bp gwqxﬁldommlhwﬁgﬁrr@rﬁr@@hmg} cybamse@f thergenespl farmeld

ci nnanyl cRhl Qi a xS 2 e d $ n an
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presence lffora. base. Typical bases are tr| et hyl am ne, 4- 15

met hyl mor nhol i ne, pyridine, diisopropylethylanm ne or

4- (di et hyl am no)pyrldl ne or R\xtures ther eof Conpounds of fornula (1)
inwhich L is a ar@repres d by formula (Id). A E F, G Rl, R2
R3, R4, R5, R&:H) Wang n./are as defined before. R6\ /NR7 V w
2
Lo
R ——
10 R E~f’

The reaction is typically carried out in aprotic solvents such as dichloromethane,
tetrahydrofuran, N,N-dimethylformamide, N-methylpyrrolidinone, dimethyl sulfoxide,
acetonitrile and mixtures thereof at temperatures between 0°C and 120°C in the presence or
absence of a base such as tricthylamine, diisopropylethylamine, 4-methylmorpholine, and/or

15 4-(dimethylamino)pyridine. Isocyanates of the general formula A-N=C=0O 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
the presence of a base such as pyridine, in a solvent like tetrahydrofuran at temperatures

20  between 0 °C and 70°C. Phenyl carbamates A-NH—-C(=0)-O-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.



----e R3 20(1d) Compounds of fornula (1d) can be from secondary am ne
1 by reaction with halide A-Hal (Hal is F, d, Br, or I) or boronic acid
A- B(OH) 2,wo=nnig4ebhods and reagents known in the art. PCT/EP2010/0643170
instance, the reaction can be performed with halide A-Hal at tenperatures
between 25 20C and 200C, in the presencg of a base, e. g., potassium
carbonate, cesium carbonate or WD 2011/042399PCT/ EP2010/ 064770 -21-
triethyl am neCompouadsof foantla §ohwhsh dceNbhiC(F$) s radrdNetedrey foyinfibr(FamiAde or

A ternat 1 by KT8 Redt Rork ok o 450 p bR o6 a'rir i the

presence of a copper(l) salt, e. g., copper(l)lodlde, or copper(l)oxide in
the presence of a base, e. g., 5 potassium phosphate, sodiumtert-butylate

or cesium car bonat e, and optlonally2 diol ligand, e. g., 1,2-ethanediol,
in a solvent such as er or t | pyrrolidinone, at tenperatures
bet ween 60C and 15QC. atlvely / reaction nmay be perfornmed with
hal i de A- Hal |n}qﬁgkbhesenc of %Mladlun1source e. g.

palladlun(ll)cbj ri dedor II)acetate and a phosphine Iigand, 10
e. g., 2,2 -bAs(di N sphl - - bi napht hyl or

2', 4", 6'-tr||sopro yl i ph yl 2 yIdlcycIohexyIphosphlne a base, e.
g., potaSS|un1phos hafe soErUﬁ1nethyIate ce5|un1carbonate in a

sol vent such as tol uene or 1, 4- di oxane, nper at ures between 20C and

110C. Al t er naConn@uygs Mfferrmela(:]ﬂo) oan beafyorbeeqoedefrpamﬁda Mb;tﬂaad:timmviﬂna aci d

A-B(OH) 2 in the 15 presence 0 per ) acet n the presence
or 5 pasesoiotguit iES EnEG Rt BR R G B R e Ll

di chl or ongirb@@ivedts sheReliciistosRthaRs, WarRyQofad] W@lm@ﬂﬁyﬂf&ﬁﬁhh&e iNa t he
presence of nol ecul ar sieves. Am nes of ?or nul a I can be synthesised from

conmpou ndsméﬁl}’hjéﬁfﬁmhao@: dipsthyjl sulfpxady, aqetqnalceand rpiKBIEes; tb@e@fr%@alpe@turgs
benzyl_oryhenzyl-exaanheny Béas ROy Bind¥7. V. W and
n are as I ned or e. I.l;ge E&ﬁ“ﬁ? % H%Ce%ﬁl IB%%& a yhatmn
10 dusopropylethylamine, 4-methylmorpholine, and/or4 -(dimethylamino)pyridine.
Isothiocyanates of the general formula A—-N=C=S can be synthesized from the corresponding
arylamines A—NH; by reaction with thiophosgene in the presence of a base such as pyridine,

in a solvent like tetrahydrofuran at temperatures between 0°C and 70°C.

15 Compounds of formula (I) in which L is CH=CH—-C(=0) are represented by formula
(Ie). A, E,F,G, R, R% R, R*, R°>,R%, R7, V, W and n are as defined before.

R
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RR o \N—R7
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(CH,) V—w

(Ic)
Compounds of formula (Ic) can be from secondary amine 1 by reaction with a cinnamic
acid derivative, A-CH=CH—-COOH. For instance, the reaction is typically carried out in
20 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, 4-

methylmorpholine, and/or 4-(dimethylamino)pyridine, and in the presence of a coupling



R\ NR7/ VIiv ----- (-R3 GE F/ The deprotection from2 to 1 is
performed, e. g., by hydrogenation at pressures between 1 bar and 10 bar,
i n sol verwe 28uala23®8 net hanol , et hanol, tetrahydrofuran, PerpRolavet’at e, or
25 m xtures thereof, in the presence of a suitable catalyst, e. g.,

pal | adi um on activated charcoal. WD 20311/ 042399PCT/ EP2010/ 064770 -22-

Conmpounds of fornmula 2 in which Wis "are represented by fornmula 2A. PGl
i's a suitagdshesuph et N Hdieyddpheyycarbodignide.Hef@zdimethylapemopyompiytathbbearbe- E, F,

& R Regiidfe nffrociforiad - 08 lomh ALyl RNAR LRGSR O frexafiBlo- N K

phosphate, O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluoro-phosphate
or bromo-tris-pyrrolidino-phosphonium hexafluorophosphate.

5 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
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

10  solvent like dichloromethane, toluene or acetone. A base can optionally be added, like for
example pyridine, tricthylamine, diisopropylethylamine or 4-methylmorpholine, and catalytic
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-

15 methylmorpholine, pyridine, diisopropylethylamine or 4-(dimethylamino)pyridine or

mixtures thereof.

Compounds of formula (I) in which L is a bond are represented by formula (Id). A, E,
F,G,R', R% R’ R* R°,R®, R7, V, W and n are as defined before.

20 (Id)
Compounds of formula (Id) can be 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.
For instance, the reaction can be performed with halide A—Hal at temperatures between

25 20°C and 200°C, in the presence of a base, ¢. g., potassium carbonate, cesium carbonate or



---eR3 R R2 E-F 5Conpounds of fornmula 2A can be synthesised as descri bed
in schene 1. PGL is a suitable protective group, e. g., benzyl or

benzyl oxywerbomk3o9E, F, G V, Rl, R2, R3, R4, R5, R6, RTI/EXR@O06EE as
defined before. In scheme 1, step a, alkene 3 is converted to al dehyde
5 using methods and reagents known in the art. For instance, the reaction
is performed in with sodium periodate i'n the 10 presence of catalytic
anount s officthybmiinai esasent suhss acgenigile N, Nsdims thiylipniivaniifly ooXi de or pot assi um
osmat e( VI i hydrat.e, in solvents such as .acetone, tert-butyl al cohol,

vater - orenieRlifons, BuiRal i Bt B EefELn 6C and 30c

Al t er nat i vel yAltahgiBBbydetheredcsion cadheqrafofmanah baliuel A-4Hdl$i thg prestdvedsaand
reagents known in the art. For instance, the oxidation is carried out with
sodi um hy$soeRIB sl &; 84 sorrer{Biodigs. oteenRerthoxids ia therprsspes ofgrhase, e. €.,

di chl 05°”§(5t5‘5§ﬁ‘1ﬁ1 pHoRpHARE sRIiEREAE Bu9farSQ U UHoALENMARHRONAL & 1 digaal, al Yti C
anopunts of sodi um brom de or potassium brom de and 2, 2, 6, 6-

t et r anet hg:igpilpesthenicdil|in @ gglvenrtauéhoas 2-praparnod apmaathylpgrdjstingserat0C and 25C.
Alternati%gi&hdﬁ%%é%&aq%L n &?ﬂpge performed with trichloroisocyanuric
acid in t%eppresence of Cca a?y i c ‘amounts of

2, 2,6, 6-tetr anedrhatlvplypaicireliciien ira@ky berf@died atith Hahida AsHhMianhe groehcast a

di chl oronet hane, 20 at tenperatyres hetween QC and 40C. Alternatively,
di et hyl laf iy PG a5 &t HEB%CB%‘H@C@BHS%%T R@ﬂﬁ&& cpferpngd Oﬁg‘ﬂwga}gda
sul f oxpdes @xal ylpis bl@éﬁliyﬁi)ﬁospﬁ[nogjl b AYphteH ok 024" detiiidobldp9l-PacEphéyrhydr i de,

in the presence of an organic base such as triethylamne in a solvent such
as di chl orldieselpbaxelphasphinepnp bisgt &ige HoeIWPbEGPhety piodain ycthzlaige encesP8T and

R
g

am nation on w Ion s carried out
usi ng a sLi@bl e reduci ng agent, e. sodi um bor ohydri de, sodi um

triacet oxyborphydri de, sodi um cya obor.oh ri.de, or. baran i.di.ne conpl ex,
1 Sotvent SRR e R RIS ION Bien i O HE Y Baete 260 30 B i

2011/ 042303R%¥¢ ERAAIR0ELHHE(HRBctatd] 6 HhOFBRhBAHE: baE, oy XirktRSantilgbeof |
optionally in the presence of a dehydrating agent such as nagnesi um

sul fat e, Rridinenjer sl vpnesichat disbloransthgg. € empoSyherbetyeeiRg (¢ @dARC,

PGL. .. 5—231§tionally in the presence of molecular sieves.

Amines of formula 1 can be synthesised from compounds of formula 2. PG' is a
20 suitable protective group, ¢. g., benzyl or benzyloxycarbonyl, E, F, G, R R% R}, R* R® RS,
R’,V, W and n are as defined before.
R\
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The deprotection from 2 to 1 is performed, ¢. g., by hydrogenation at pressures between
1 bar and 10 bar, in solvents such as methanol, ethanol, tetrahydrofuran, ethyl acetate, or

25 mixtures thereof, in the presence of a suitable catalyst, e. g., palladium on activated charcoal.



RRE 3 (Z=CHCH2) 4 (Z = CH011)Step b RIn c 4R6\ ,NR7 (CH2)n R3 In
schenre 1, PG E F, G V, Rl, R, R3, R4, R5, R6, R7, and n are as defined
before. 5v02011@anounds of forrmula 2 in which Wis C(=0pcamP2010psa3ent ed by
formula 2B. PGl is a suitable protective group, e. g., benzyl or

benzyl oxycarbonyl, E, F, G V, Rl, R2, 253 R4, R5, R6, R7, and n are as
defined before. 6 R\ R5N R (CH2)nV --<-R 02B PGL'. 14-7( GRL R2 E-Fi
10Conpounds  dforhprumds of 2Bndad ubwhwhrW he€Hs et ralge@etedrbwtf@mmm&c R6fis 2. PGl
's a suitable protective group, €. g., benzyl or benzyloxycarbonyl, E, F, G, R',R% R’,R* R’ R’

R’, V and n are as defined before.
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5 Compounds of formula 2A can be synthesised as described in scheme 1. PG is a

suitable protective group, €. g., benzyl or benzyloxycarbonyl, E, F, G, V, R!, R% R’ R R’
R®, R’ and n are as defined before.
In scheme 1, step a, alkene 3 is converted to aldehyde 5 using methods and reagents
known in the art. For instance, the reaction is performed in with sodium periodate in the
10 presence of catalytic amounts of a suitable osmium source such as osmium(VIII) oxide or
potassium osmate(VI) dihydrate, in solvents such as acetone, tert-butylalcohol, water, or
mixtures thereof, at temperatures between 0°C and 30°C.
Alternatively, aldehyde 5 is produced from alcohol 4 using methods and reagents
known in the art. For instance, the oxidation is carried out with sodium hypochlorite, in a
15 two-phase mixture of water and dichloromethane, in the presence of sodium hydrogen-
carbonate and catalytic amounts of sodium bromide or potassium bromide and 2,2,6,6-
tetramethylpiperidine-1-oxyl radical, at temperatures between 0°C and 25°C. Alternatively,
the oxidation can be performed with trichloroisocyanuric acid in the presence of catalytic
amounts of 2,2,6,6-tetramethylpiperidine-1-oxyl radical, in a solvent such as dichloromethane,
20  at temperatures between 0°C and 40°C. Alternatively, dimethyl sulfoxide-based reagents can
be employed, such as dimethyl sulfoxide—oxalyl chloride, or dimethyl sulfoxide—
trifluoroacetic anhydride, in the presence of an organic base such as tricthylamine in a solvent
such as dichloromethane, at temperatures below 0°C, typically between —78°C and —60°C.
In scheme 1, step b, aldehyde § is converted to amine 2A by reductive amination
25  reaction with amine HN(R®)(R"). The reaction is carried out using a suitable reducing agent,
¢. g., sodium borohydride, sodium triacetoxyborohydride, sodium cyanoborohydride, or

borane pyridine complex, in solvents such as methanol, ethanol, acetic acid, 1,2



suitabl e protective group, e. g., benzyl or benzyl oxycarbonyl, E, F, G Ri1,
R2, R3, R4, R5, R6, R7, V and n are as defined before. In schene 2, step a,
al kene 3 WO 20xi/de®ed to carboxylic acid 6 using reagent eCamP20miobyds known
in the art. For instance, the reaction is performed using sodi um peri odate
in 15 the presence of catalytic anmount s, of ruthenium(lll) chloride, in a
sol vent m xture conposed of carbon tetrachl oride, acetonitrile, and water,
at t enperdithipwsthoet, \memnxtm@s smdeoma@tlonally lmﬂteenwanwwé]aﬂehWamwentcsualcasj 6is
produced from al co t 4£t %}1 c{%}ogods known in the art. For

i nst ance, TTHE PERET T ON| %m%eé | ng mchlorite in the WO

2011/ 042399PEche2®10/ 064770 - 24- presence of catalytic anpbunts of sodium
hypochl orite and 2, 2, 6, 6-tetramnet hyl pi peri di ne-1oxyl radical, in a buffered
(preferably phosphate buffer at pH around 7) solvent nmxture of water and
acetonitrile, at R{gpeoatures between 30C and 7% scheng 2, step b,

carboxylic aci gc)+sS—Konveried t@t@ry de 2B by(chg amne 5
HN(R6) (R7) , usi ng'rea Rand methodssknown in i nstance, the
reaction i s c&6iT8 t aprotic solvents BG d| ch or onet hane,

tetrahydrofuran, R k¥ E;I-l.lffet hyl f or mam de, N-net hyg'gyr Ealef di none and mi xtures
t hereof at tenperatures between 0C and 80C in the presence or absence of a
base such as trizgkdueoHpe, diisopropyl ethyl am ne, or 4-nethyl norpholine,

and in the presenge aM,om coupling agent such 10 as
N, N - di cycl ohexyl car bodii m de, J Step b
1- (3-di net hyl am nopropyl) - 3-et hyl - carbodi i m de hydrachl ori de,

0- (benzotriazol -1-y1)-N, N, N , N -t etranet hyl uroni um hexafl up(o- phosphat e,
0- (7-azabenzotriazol -1-y1)- N N,N,N-tetranmethyl g &'m N—R’
hexaf | uor o- phosphate or bronotri s- pyrrolidino d;hfﬁgm ugL_/
hexaf | uor ophosphate. Schenme 2 R5 ROR5 R40CH (E:H? " .Z%Lep a( CH2)2aV- i
-R3 PGIN-7( GG PGL...41 Rl R2 E Fi PG'—

R'RY E—p

In scheme 1, PG, E, F, G, V,R', R>, R®, R* R®> RS R’, and n arc as defined before.

5
Compounds of formula 2 in which W is C(=0) are represented by formula 2B. PG'is a
suitable protective group, €. g., benzyl or benzyloxycarbonyl, E, F, G, V, R!, R%, R’ R R’
RS R, and n are as defined before.
e
(CHZ)>A<
+R o 2B
R' R? E—F
10 Compounds of formula 2B can be synthesised as described in scheme 2. PG'is a

suitable protective group, €. g., benzyl or benzyloxycarbonyl, E, F, G, Rl, Rz, R’ , R4, R’, R6,
R’, V and n are as defined before.
In scheme 2, step a, alkene 3 is oxidised to carboxylic acid 6 using reagents and
methods known in the art. For instance, the reaction is performed using sodium periodate in
15 the presence of catalytic amounts of ruthenium(III) chloride, in a solvent mixture composed
of carbon tetrachloride, acetonitrile, and water, at temperatures between 0°C and 40°C.
Alternatively, carboxylic acid 6 is produced from alcohol 4 using reagents and methods

known in the art. For instance, the reaction is performed using sodium chlorite in the



3(Z=CHCH2) 4 (Z=CHO)Step b R\ RBHR7 (CH2),, INR ..7-1(RR3 | PG b
1 2'/@&B 15In schenme 2, PGL, E, F, G V, Rl, R, R3, R4, R5, R6, R7, and n
are as dewvprred/daefoor e. Compounds of fornula 2 in WRCEEPENI0H647Iy gen and
Fis CH2 are represented by general fornmula 2C. PGL is a suitable
protective group, e. g., benzyl or ben_zz)érl_oxycarbonyl, G Rl, R, R3, R4,
R5, R6, R7 V, W and n are as defined before. WO

2011/ 042399Ra% ER2610IC0BTAG of 2&lium hypochl@derpolihdé.tetetrioethylpmetddinedn be

prepared as,descri.bed i.n he, . PGL | sui tabl e otectjve. graup, e.
D P emey TSP 30 F Butiitaf fREETRL Srpporthele oyl M ot s SRR Rofe 8t Py byt
G Rl, R2watBBandRéctomrile RS terhplrafurc¥betaidch pocarandgscdef i ned before. Thus,

carbonyl compound 7 5 reacts in_a condensation reaction with am no al cohol
8, | eading tdlaFACHY %8FRP. Grbalie Acld fontoameidrise yudactl Betcastipnyyidh aning

l'act amy Z%Im(wg%gﬁEQ&gEﬁs B&S FehBBIoman MH £rAl R iReINKE Mo refetiofis T Ol uene,
at tenperatures between 40C and the boiling point of the solvent. Schene 3
R51 A N- - -caRfed 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

10 as N,N’-dicyclohexylcarbodiimide, 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide
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.

Scheme 2
RS R* 5 R*
>L<° R\ ° OH
(CH,): V—z Step a (CH,) v-(
(g (=
R'R” E—F R'R® E~f
3 (Z= CH=CH,)
4 (Z = CH,0H) I Step b
R6
4
Rs>£<° \N-R7
(CHy); S v—3<
+R
PG1/N‘ ( s (o) 2B
R' R E—p’
15 In scheme 2, PG, E, F, G, V, R, R>, R?, R*, R>, R®, R’ and n are as defined before.

Compounds of formula 2 in which E is oxygen and F is CH; are represented by general
formula 2C. PG' is a suitable protective group, ¢. g., benzyl or benzyloxycarbonyl, G, R, R?,
R}, R* R’, RS, R7 V, W, and n are as defined before.



(CH2),V/ ----WI1l ORe + PGIN RH2N---R3 vy G
OR2HO----/ 78 2C In schenme 3, PGlL, G Re, R, R2, R3, R4, R5, R6, R7 V,
W and n woeoas4epi ned before. 10 Ami no al cohol s 8 canPbe/Ere@pas4do as
described in the experinental section. Carbonyl conpounds 7 can be

synt hesi sed as described in schene 4. BGl is a suitable protective group,
e.g ., benzyl or benzyl oxycarbonyl, Re s nethyl, ethyl, or tert-butyl, Rf
is lower alkyl, e. g, methgy or ethyl, Hal is chlorine, bromne or iodine,
Rl, R2, R4 and R} as 15 g’ned before. WO

2011/ 042399PCT(cIEB 064V - 26- In step a, schene 4, al dehyde or
ket one 10 undergq&e a Rtive aminatig@ reaction with amne 11, |eading
to 12. SuitabP@ re ntsdor this conversion are borohydride reagents, e.
g., sodium bor ohnyrR de~4odi um tri acet oxybor ohydri de, or sodium

cyanobor ohydr | de. eactiqn is_ perforned solvents such as met han
di chl or onet ha%np%m S gh B ARYR é‘»t%aﬁépreaeré g deseriqdgn sgheme3. llwwtﬁ%&s

ther eof , @bk BIPEHAL, lérg%é@l%&lvm@nzﬁ&@c%gnﬁqg is RR¥dr @mﬁi kYo i RethbrorREgsence
of dehydr at i pg a%eng s Such as nmagnesi um sul fate or ecul ar sieves.
G,R, ,R°, R R V, W, and n are as defined before. Thus, carbonyl compound 7
5 reacts in a condensation reaction with amino alcohol 8, leading to amino ester 9, which
spontancously cyclises to bicyclic lactam 2C. The reaction is performed in a suitable solvent,

¢. g., toluene, at temperatures between 40°C and the boiling point of the solvent.

Scheme 3
5 R* RS B RS N
R (o] \ 7 5 R e \
(CH,) MNR "N OR  N=R
2/n V‘W CH Ve~
I 1 OR® (CH,) H w
PG1/N R + H2N+R3 - . f": ON R’
G PG — G
OIRZ HoO—/ R'R? 0—/

2C
In scheme 3, PG', G, R, R',R%, R*, R* R*, R, R” V, W, and n are as defined before.
10
Amino alcohols 8 can be prepared as described in the experimental section.
Carbonyl compounds 7 can be synthesised as described in scheme 4. PG’ is a suitable
protective group, e.g ., benzyl or benzyloxycarbonyl, R® is methyl, ethyl, or tert-butyl, R"is
lower alkyl, ¢. g., methyl or ethyl, Hal is chlorine, bromine or iodine, R, R% R* and R’ are as

15 defined before.



In step b, schene 4, secondary amne 12 is converted to protected
derivative 13 using nethods and reagents known in the art. For instance, in
t he case wbepa/(Re9i s benzyl oxycarbonyl, the reaction i #Cp@EPR@omeL7USI ng
benzyl chloroformate in the presence of a 10 base, e. g., sodium

hydr ogencar bonate, in solvents such as_ncet one, tetrahydrofuran, water, or
m xtures thereof, at tenperatures between 0C and 30C. In step c, schene 4,

t he acetal grlosgpafschemed, fdﬂ@afvledrkdt@wdlmdtltgowlt@dwive@minptﬁmdea?tionThe

eact ] on RSB L2 RHSBEReEREl PR Si S B

t ol uene 4e.%u|sf)dmﬁ1t‘tﬁ)rohyﬂrlde s@dlumnha@uﬁlyb@shﬁcﬁldemrebdluﬁ‘ﬁdyhmlrohyaﬁ&t one,

2- but anone or mixtyres thereof, at tenperatures between 0C and 100C.

Scherre 4 Teactis 1t REBY R SHRFYRSich GrRCHOL GRprOTEangy ey st REEhePRYHFEtC

PGL. . . 5. I\Llcid, 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.

In step b, scheme 4, secondary amine 12 is converted to protected derivative 13 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

10 base, ¢. g., sodium hydrogencarbonate, in solvents such as acetone, tetrahydrofuran, water, or
mixtures thereof, at temperatures between 0°C and 30°C.

In step ¢, scheme 4, the acetal group of 13 is cleaved, leading to carbonyl compound 7.
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

15 water, methanol, acetone, 2-butanone or mixtures thereof, at temperatures between 0°C and

100°C.



RLcXR2 0, f R13 1In schene 4, PGlL, Re, Rf, Rl, R2, R4 and R5 are as
defined before. Alternatively, conpounds 7 can be synthesised as outlined in
schenme 4,wetepw4eBop. In step d, schene 4, al dehyde or keComP2@4/07der goes a
reductive am nation reaction 5 with amne 11, leading to 15. This reaction
is performed in analogy with scheme 4, step a. In step e, schene 4,
secondary amne 15 is converted to protected derivative 16. This reaction
is perforned i¥$rhamakogy with schene 4, step b. In step f, schene 4,

t he al kene subunit of 16 is converted to a carbonyl group, leading to 7.
This reaction is perfornmed using nethods and reagents known in the art. For

instance, 10 the reaction |s performed in with sodluq1 griodate in the
presence of catQ |c anDunR %ﬁoa.SU|babhé osn1un1§?gg%? such &gl

osm um(VI 1) g (1) di hydr@etg X sol tsﬂch as
acetone, tert- b9t Ralc hoI e@R of = res therdof, &R tefpergh ures
bet ween 0C and 30CR 201 %%42399 / EP2010/ 064770 -28- Altfrnatively,
conpounds 7 cani®e synfhesidéd as ouflitld in scheneld, step [y. THEs,
conpound 17 is alkylatped with halidel 18. This reaction is performed in the
presence of a sui tebke| base, e. Stppd sodi um hydri de, potastpy
tert-butylate, sodiumtarbonate, or wodi um hydrogencarbonate,|in a sol vent

such as tetrahydrofuran 1, 4-di oxane, water, N, N 5 dinethylfprmm de, or
m xtures thereof, atgkeRpgratures bgt en 0C and 10QC. , mpounds of
formula 4 in whicheE,d Xygen andgfyggfc}Q are rep® ed by general

fornmula 4A. PGL is &fsujtep e pl@HECtI Ke group (€H,)gT" enzyl or
benzyl oxycar bonyl , BNNRT, R2, R3, yi4, rRF8R meénd n,@rqﬂéﬁidef ned before.
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In scheme 4, PG', R, R\, R', R, R* and R are as defined before.
Alternatively,compounds 7 can be synthesised as outlined in scheme 4, steps d—f.
In step d, scheme 4, aldehyde or ketone 14 undergoes a reductive amination reaction
5 with amine 11, leading to 15. This reaction is performed in analogy with scheme 4, step a.
In step e, scheme 4, secondary amine 15 is converted to protected derivative 16. This
reaction is performed in analogy with scheme 4, step b.
In step f, scheme 4, the alkene subunit of 16 is converted to a carbonyl group, leading
to 7. This reaction is performed using methods and reagents known in the art. For instance,
10 the reaction is performed in with sodium periodate in the presence of catalytic amounts of a
suitable osmium source such as osmium(VIII) oxide or potassium osmate(VI) dihydrate, in
solvents such as acetone, tert-butylalcohol, water, or mixtures thereof, at temperatures

between 0°C and 30°C.



(CH2) V--/4A PGL"*". . N7(G--- IRB RL R2 10---/ Compounds of fornula 4A
can be produced by thermal condensation of carbonyl conmpound 7 wth am no
al cohol MO 20rv/EePogy W th schene 3. Am no al cohol ®CTEP2616/064770
commercially available or can be synthesised as outlined in the
experimental section. Scheme 5 OH RS O; RL O\/-1(CHLiV- e + H2N-e
R3IINN-(_RPGL NGGHO--/RI RO--/ 71 EA In schemre 5, PGlL, Re, G R, R2,
R3, R4, R5, \Altandivalyacenpmindef caekt dysfhosiecd aSonmadh dsscbémé drstapl @ Bhdsn whi ch

compoundsCBioyhd7 b EATEN G BERIR R eich o B¥hPadPin Rt B, oy

formul a 4&itabiSbadese. . suiinath@rige,gloestinmacgbotyfite, Sodigm,catdbenay,| or@sdium
benzyl oxycarbonyl, mis an integer of 1 to 3, F, G Rl, R2, R3, R4, R5, V
and n ar eh%ogy@@qrh@@te@ B¥ qﬁoé\_/ent such as tetrahydrofuran, 1,4-dioxane, water, N,N-

5 dimethylformamide, or mixtures thereof, at temperatures between 0°C and 100°C.

Compounds of formula 4 in which E is oxygen and F is CH; are represented by general
formula 4A. PG' s a suitable protective group, ¢. g., benzyl or benzyloxycarbonyl, G, Rl, Rz,
R*,R* R’, V, and n are as defined before.

R5>E4<0 JOH
CH V
) .
10 R'R" 0~/
Compounds of formula 4A can be produced by thermal condensation of carbonyl
compound 7 with amino alcohol 19, in analogy with scheme 3.
Amino alcohols 19 are commercially available or can be synthesised as outlined in the

experimental section.

Scheme 5
4
RAR s R
° OH R o OH
(CHz)’n " oR"® v—v (CH,); v—/

PN R T HN—CR’ - N N

I s PG'— H s

o0? R HO—/ R'R? o0—/

7 19 4A

15
In scheme 5, PG', R®, G,R', R%, R?, R*, R®, V, and n are as defined before.

Compounds of formula 3 in which E is CH, and V is (CH,), are represented by
formula 3B. Similarly, compounds of general formula 4 in which E is CH are represented
20 by formula 4B. PG is a suitable protective group, ¢. g., benzyl or benzyloxycarbonyl, m is

an integer of 1 to 3, F, G, R',R?, R*, R* R’, V and n are as defined before.



WD 2011/ 042399PCT/ EP2010/ 064770 -29- 3B (Z = CH=CH2) 4B (Z = CH2OH)
Conmpounds of fornula 3B and 4B can be prepared as described in schene 6.
PGL, P&,weandiiR@3are suitable protective groups - for POSIER@E/0647BL | S
benzyl oxycar bonyl, P& is tertbutoxycarbonyl, and PG3 is
tetrahydropyran-2-yl. Re is nethyl, et_t&yél_, or tert-butyl, mis an 5 integer
of 1to 3, F, G Rl, R2, R3, R4 and R5are as defined before. In step a,
schenme 6, al dehy &etone 20A, 20B, or 20C undergoes a reductive

am nation reac&Fin M h fom ester 11, leading to 21A, 21B, and 21C,
respectively. Thfg re i i sZperfornmed in analogy with schene 4, step a.
In step b, sche'rel ec ary amne 21A, 21B, or 21Cis converted to
protected 10 deripgf e A, 22B, and 22C, respectively. This reaction is
perfornmed in analogy with schene 4, step b. In step ¢, schene 6,
compound 22A is transfornmed into 3B. This conversion is perforned in two
steps. In the ca3ZiltdFEHRe is nmethyl or ethyl, and P& is

t ert but oxycar borf (Z=E#EOMH)s c| eaved under acidic conditions, e. g., using
hydrogen chloride in 1,4- 15 dioxane or trifluoroacetic acid i

I N
di chl or omet harmeRungsahfarmgla 3 Bend 4B 6eB he dtepaisd 25 descritggeinsglasme & RS ahbno

ester is gyalG’sedsdiRbichRotPéRe SRGDs QffoAnARR,; PG is BenzyRALBABOMN IR PRAAL €, 1N
a solvent such as nethangl, at tenperatures between 0C and 60C. In the case

wher e Re buioxysetbopylt and Blids reahydomyeint-24ylit Ry exthdrofiyl, dseerhbiel, anid aPG2 ar e
cl eaveg Ufﬁge%%%qi&g%cl:cgn[gli Eltz’qgs agncplgs&%ia?g %H‘BX 1re‘i. e., using hydrogen
, 4-di

chloride i'n oxahe or trifluoroacetic acl i'n di chl or onet hane at
t enper at ur es Ihstepaeschefte anadahyde ofkeonee2A, 28R} or@®iChimdagock 4 ®deaindensed to

| actam 3B usi ng net hods and reagents known_jn the art, e. g,.using.a

St t abl o BB pBACUORD S INeadngger bt bl isaFewdinthy T

0- ( 7- azabgpaRhrié rméd Ynldmaldiy Wit schémd £tstpreet hyl uroni um _
hexaf | uor o- phosphate, in the presence of a base, e. g., triethylamne or
4- et hyl noi pHBsierd, s¢thamg 6sgsicordery iR 244, 288,04 R{d ivanvericdde PROpeted 5

di met Ryl f ﬂ;gp% t . _het [ - I nal ogy with
the t Irﬂgtns(?e(r)r TR e:j%ﬁ& ? ?gm%t?%&gﬁﬁwg@Bﬁ?}? %gﬁfg?b gjregieg ?dnltnoa n?ﬂﬁBY %ﬂgc hene 6,
step c. ABEeRO2PAR3I99PCT/ EP2010/ 064770 - 30- Simlarly, 22Cis
transfornmed into 4B in schene 6 p C. re,.in the case where PG3 is

tet 1 ahydr opyrBAED S ICped. fnanad 3280 Gins bR ELINT S bk PRI PGo, as
descri bedpapmed inSabers 6n e QR wWheld) s i Rtthyl or ethyl, and PG is tert-

butoxycarbonyl, PG* is cleaved under acidic conditions, ¢. g., using hydrogen chloride in 1,4-

15 dioxane or trifluoroacetic acid in dichloromethane at temperatures between 0°C and 25°C.
The resultant amino ester is cyclised in the presence of a base, ¢. g., potassium carbonate, in a
solvent such as methanol, at temperatures between 0°C and 60°C. In the case where R® is
tert-butyl and PG? is tert-butoxycarbonyl, both R® and PG? are cleaved under acidic
conditions as described above, i. €., using hydrogen chloride in 1,4-dioxane or trifluoroacetic

20 acid in dichloromethane at temperatures between 0°C and 25°C. The resultant amino acid is
condensed to lactam 3B using methods and reagents known in the art, e. g, using a suitable
coupling agent such as N,N'-dicyclohexylcarbodiimide or O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetramethyluronium hexafluoro-phosphate, in the presence of a base, ¢. g.,
triethylamine or 4-methylmorpholine, in a solvent such as tetrahydrofuran or N,N-

25 dimethylformamide, at temperatures between 0°C and 60°C.

In analogy with the transformation from 22A to 3B, 22B is transformed into 4B in

scheme 6, step c.



| R NH2 1120A (Z = CH=CH2)21A (Z = CH=CH2) 20B (Z = CH20H)21B (Z = CH2OH)
20C (Z = CHRO P&3)21C (Z = CH2ZOP&) 0 ORe BB F&X (CH2),, (CH2) 4 /4 1 R
NR3 "Z PEUN2P1104B922A (Z = CH=CH2) 22B (Z = CH20H) 22CPCT/ER2@MA7AG3) I n
schene 6, PGl, P&, P&, Re, F, G Rl, R2, R3, R4 and R5 are as defined
before. 5 Conpound of fornula 22B ¢an be synthesised from 22A as
outlined in schene 7. PGL and PG are Suitable protective groups - for

i nst ance PGlSurslaﬂje,rizﬂ io ke ipdyih to #illdn BER niesH, @p c- bi@tmmy@apaﬁ@nwerd%& s
nmet hyl , r ter

o e ey @ophh-b iy ol oo MGAT kB e b 222 rdsoripit i ()

22B t hr ough asdmgsieebor ati on reaction, using

e
o, OR (CH,)

0. _OR®
2 5 pg2
TS SO Ly
R + N R Step a 2r|1 R* N 3
(CH)\ , 0, — HN R
R F,

NH
2 R R
1 20A (Z = CH=CH,) 21A (Z = CH=CH,)
20B (Z = CH,OH) 21B (Z = CH,OH)
20C (Z = CH,0-PG?) 21C (Z = CH,0-PG?)
O, OR’
Step b j; (CH),.__ Stepc >L< (CH,),_
(CHZ) / { , (CH) { ’
PG1/N
R
22A (Z = CH=CH,)
22B (Z = CH,0H) 3B (Z = CH=CH,)
22C (Z = CH,0-PG?) 4B (Z = CH,0H)

In scheme 6, PG', PG?, PG*, R%, F, G, R, R%, R?, R* and R® are as defined before.

5
Compound of formula 22B can be synthesised from 22A as outlined in scheme 7. PG’
and PG” are suitable protective groups — for instance, PG is benzyloxycarbonyl and PG is
tert-butoxycarbonyl R® is methyl, ethyl, or tert-butyl. m is an integer of 1 to 3, F, G, R' R?
R*, R* and R® are as defined before.
10 Thus, alkene 22A is converted to alcohol 22B through a hydroboration reaction, using

reagents and conditions described in the art. For instance, the reaction is performed in the
presence of 9-borabicyclo[3.3.1]nonane in a solvent such as tetrahydrofuran, at temperatures
between 0°C and 30°C, followed by oxidation of the 9-borabicyclo[3.3.1]non-9-yl adduct
with hydrogen peroxide or sodium perborate, in solvents such as water, methanol,

15 tetrahydrofuran, or mixtures thereof, at temperatures between 0°C and 30°C.



reagents and conditions described in the art. For instance, the reaction is
performed in the presence of 9-borabicycl o[ 3.3.1]nonane in a solvent such
as tetrahyonofumaiyy at tenperatures between 0C and 30C, PCol/HPoM®M64770

oxi dation of the 9-borabicyclo[3.3.1]non-9-y1 adduct w th hydrogen peroxide
or sodium perborate, in solvents such ag water, nethanol, 15
tetrahydrofuran, or m xtures thereof, at tenperatures between 0C and 30C
WO 2011/ 042398Hheme EP2010/ 064770 -31- Schenme 7 0 ORe0 ORe 22 (CH )11 INR3
.7(CHR2)m (CH 2)TIN----RB G(CHR2)m?2...... / OH PGLNPGLN GG // RR 22A22B In
schenme 7, PGl, PG&2,oReorf, G Rl1, R2, R3, R4 and.  Rprare as defined before.
Corrpounds of forrrul ay20A, gOB and 20C can be pr pared as described in

schene 8. (CHZ) jéR )’ i(CHZ) (CHZ) iR )’ t(CHZ) OH

R R

22A 22B
In scheme 7, PG', PG, RS, F, G, R', R%, R®, R* and R’ are as defined before.

Compounds of formula 20A, 20B, and 20C can be prepared as described in scheme 8.
5 PG’ and PG’ are suitable protective groups; for instance PG? is tert-butoxycarbonyl and PG’
is tetrahydropyran-2-yl, m is an integer of 1 to 3, R® is methyl, ethyl or benzyl, F, G, R, R?
and R’, are as defined before.
Compounds of formula 20A, 20B, and 20C in which R'is H can be synthesised as
outlined in scheme &, steps a and b.

10 In step a, scheme 8, ester 21 A, 21B, or 21C are reduced to alcohol 22A, 22B, and 22C,
respectively. This reaction is performed under suitable conditions, €. g., using lithium
aluminum hydride in tetrahydrofuran or diethyl ether, or using sodium borohydride or lithium
borohydride in methanol or tetrahydrofuran, at temperatures between —50°C and +50°C.

In step b, scheme 8, alcohol 22A, 22B, or 22C is oxdised to aldehyde 20A, 20B, and

15 22C,respectively, using methods and reagents known in the art. For instance, the reaction is
performed using dimethyl sulfoxide-based reagents such as 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, the reaction is performed in the presence

20 of 1,1,1-tris(acetyloxy)-1,1-dihydro-1,2-benziodoxol-3(1 H)-one (Dess-Martin periodinane),
in a suitable solvent such as dichloromethane or acetonitrile, at temperatures between 0°C
and 50°C.

Alternatively, compounds of formula 20A, 20B, and 20C in which R'is H can be
synthesised directly from esters 21A, 21B and 21C, respectively using a suitable reducing

25 agent,¢. g., diisobutylaluminum hydride, in a solvent such as tetrahydrofuran or

dichloromethane, at temperatures between —78°C and 0°C.



5 P& and PG3 are suitable protective groups; for instance P& is
tert-butoxycarbonyl and PG3 is tetrahydropyran-2-yl, mis an integer of 1
to 3, Rg weatdagidoe et hyl or benzyl, F, G Rl, R2 and RBCT@Peo1asmesied i ned
bef ore. Compounds of fornula 20A, 20B, and 20C in which RL is H can be
synthesised as outlined in scheme 8, stgps a and b. 10In step a, schene 8,
ester 21A, 21B, or 21C are reduced to a3lcohol 22A, 22B, and 22C,

respect i vel y.Canpamndeaithimowla 28Ap2H, end2eC imdbich Ritabh be syonsisedms, e. g.,
using i thid,lm a}l u?:g num h%dri dned[an tetrahydrofuran or diethyl ether, or
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bet ween -/78C and -60C. Alternatively, the reaction is perforned in the
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reduci ng @Bangeagnesiem (R -MgtiHak gkl 1syFlaBuer busegepts ingesolvept suck e vent such as
tetrahydr i I algo res between -78C and 0C.
WO 2011/ 0%%%%@?‘%&%8%%%%&%? s b%@%gggudjnds of formula 20A, 20B, and
20C in which b#hes8 can be synthesised as outlined in schene 8, steps ¢ and

d. In step ¢, schene 8, esters 21A, 21B, or 22C are converted into
N- et hoxy- Nnet hyl am des 23f¢h,23B, and 23C, respectizvely,(_cugi ng net hods and

reagents known in the\art / 5 °FoiZ i nstgpce, the réd@\iop i s pezformed using
N, O- di net hyl hydr ogyl a iR the pre of tHQ net Rimnum in a

sol vent such as di rongt hane, at tenperatures DAL ween - 20C and +30C.

In step d, schpue-BR t hoxy- N- net hyl ani des 23R E or 23C are

transfornmed into ketones of fornula 20A, 20B, and 20C, respectvely, using
met hods and reage®l8EmeNFFH0 in the art. For i ns®@AfeeCHIHR) reaction is
performed using orddBffot F¥HIm (R1-Li) or organonedRésT GHhOHR1- My-Hal , Hal is
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In scheme 8, PG%, PG, RE, F, G, R', R? and R?, are as defined before.
15
Compounds of formula 21B and 21C can be synthesised from 21A as outlined in
scheme 9. R®is methyl, ethyl, tert-butyl or benzyl, PG is a suitable protective group, ¢.g .,

tert-butoxycarbonyl, m is an integer of 1 to 3, F, G, R* and R’ are as defined before.



21A (Z = CH=CH2) 22A (Z = CH=CH2) 21B (Z = CH2OH)22B (Z = CH2OH) 21C (Z =
CH2O P&3) 22C (Z = CH2OPG3) Step cStep b In schene 8, P&, PG3, Rg, F,

G R1, RawvendiiR@23%re as defined before. Conmpound®CofEPR@omed7ao 21B and
21C can be synthesised from 21A as outlined in schene 9. Rg is nethyl,
ethyl, tert-butyl or benzyl, P& is a _$3l3l[tab|e protective group, e.g.,
tert-butoxycarbonyl, mis an integer of "1 to 3, F, G R2 and R3 are as

def i ned bef orle step\Wchomg POARSEIRATS ERRRHO] ®6AGN01 213Bthrough alhydgbertian schene
9, al kenerg iA‘ il%acolnvertgd ﬁ(l)na; cohol 21B through a hydroboration reaction,
in anal ogy M PhISRAGHE W7D SN 1 "sen b, scheme 9, al cohol 21B prot ect ed,

| eadi ng to 21@stepdr; sdhosik@ngleohal 1B peotedsk leatiap eo P&, F&r instance, in the case
tetrahydroEyran-sz-yI, the reaction is perforpmed usi r&&&di hydr o- 2H pyr an
in 5 the PPEsEfcé Birahydipyiaam-¥, thareacyian is nerfogned ysgebhdiydoat Heneg ici d or
pyri di i Uﬁbﬁ)@s%@%fé'sui%lef&%sﬁ’e. b NioRuchOU NG HbniS HGD oRSy:Hliicilhb RERLpane,  at
about room tenperature. Schene 9 10Conmpounds of fornula 21A can be

synt hesi swadfoasfegnrisphyert sieh sschelterongthapGat dpuprooni teaberetuns.ot ect i ve group,
e.g ., tert-bé{:il%ggarbonyl, Rg is methyl, ethyl, tert-butyl or benzyl, mis
an integer of to 3, F, G R2 and R3 are as defined before. Thus, ester 24

is functionalised at the acidic a-position using nethods known in the art.
(CH,).,

For instance, in thec (CHy). P2
\ A4 \ P
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In scheme 9, PG%, PG, R&, F, G, R” and R’ are as defined before.

10 Compounds of formula 21A can be synthesised as outlined in scheme 10. PG? is a
suitable protective group, ¢.g ., tert-butoxycarbonyl, R® is methyl, ethyl, tert-butyl or benzyl,
m is an integer of 1 to 3, F, G, R” and R® are as defined before. Thus, ester 24 is
functionalised at the acidic a-position using methods known in the art. For instance, in the
case where R” is alkyl or cycloalkyl, ester 24 is deprotonated using a suitable base, . g.,

15 lithium diiosopropylamide or lithium bis(trimethylsilyl)amide, in a solvent such as
tetrahydrofuran, at temperatures between —78°C and 0°C followed by treatment of the enolate
intermediate with halide R>-Hal (Hal is C, Br or I), leading to 21A.

Scheme 10
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case where R2 is alkyl or cycloalkyl, ester 24 is deprotonated using a
suitabl e base, e. g., 15 lithiumdiiosopropylam de or lithium

bi s(tri nawbybsi/d4giopam de, in a solvent such as tetrahydrofTmaParn/oet770
tenperatures between -78C and OC foll owed by treatnent of the enolate

intermediate with halide R2-Hal (Hal is,d, Br or I), leading to 21A
Scheme 10 2(CH) 2m, PG\ 0 N-R3 ,GRI-OF 2(CH) __ , pG , 2 mO *R3 p
R 0 , F R2In st 10, POA RO IPGTR ERRIR Diro 8udtfded Beforel ' scheme 10, P&, Rg, F,
G R2 and R3 are as defined before. Compounds of fornula 24 can be

RGN TR RN AR T I TN
an i nt egeduit@ble brdtécti¥e gfoup@. anterRButdk R atsongieRk Refkth@f @AEA, tert-butyl or benzyl,
5 misaninteger of 1 to 3, F, G and R are as defined before.

In step a, scheme 11, compound 25 is protected at the amide N-H, leading to 26. In the
case where PG’ is tert-butoxycarbonyl, the reaction is performed using di-tert-butyl
dicarbonate, in the presence of triethylamine, 4-(dimethylaminopyridine) or mixtures thereof,
in solvents such as dichloromethane or acetonitrile, at temperatures between 0°C and 30°C.

10 In step b, scheme 11, compound 26 is reacted with a Grignard reagent of the general
formula H,C=CH—(CH>),—Mg—Hal (Hal is CI, Br or I), leading to 27. This reaction is
performed in a suitable solvent, ¢. g., tetrahydrofuran, at temperatures between —78°C and
0°C. The Grignard reagent can be also branched as expressed with the more general formula
H,C=CH-V-Mg-Hal, in which V is as defined before.

15 In step ¢, scheme 11, compound 27 is deprotected and cyclised to 28. This reaction is
performed in the presence of a suitable acid, e. g., trifluoroacetic acid, in a solvent such as
dichloromethane, at temperatures between —20°C and +30°C.

In step d, imine 28 is reacted with a Grignard reagent of the general formula R>-Mg—
Hal (Hal is CI, Br or I), leading to 29. This reaction is performed in a suitable solvent, ¢. g.,

20 tetrahydrofuran, at temperatures between —78°C and 0°C, optionally in the presence of a
Lewis acid such as boron trifluoride etherate.

In step e, scheme 11, secondary amine 29 is protected, leading to 24. In the case where
PG? is tert-butoxycarbonyl, the reaction is performed using reagents and conditions described
in the art, e. g., using di tert-butyl dicarbonate in a solvent such as dichloromethane.

25 Compounds of general formula 25 are commercially available or can be synthesised as

described in the experimental section.



In step a, schene 11, conpound 25 is protected at the amde N-H, leading to
26. In the case where P& is tert-butoxycarbonyl, the reaction is perforned
usi ng di -werzbtinge3gh di carbonate, in the presence of tri eChyHraniones770

4- (di met hyl am nopyridine) or m xtures thereof, in solvents such as

di chl oronet hane or acetonitrile, at t enper atures between 0C and 30C. 10In
step b, schene 11, conpound 26 is reactéd with a Gignard reagent of the
general form$cheRC=CH (CH2) m My-Hal (Hal is d, Br or I), leading to 27.
This reaction is perforned in a suitable sol vent e. g., tetrahydrofuran,
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e. g., using di tert-butyl dicarbonate in a solvent such as

di chl oronet hane. 25Conpounds of general fornula 25 are comercially

avai | abl e or can be synthesised as described in the experinmental section.
WD 2011/ 042399PCT/ EP2010/ 064770 -35- Scheme 11 PG\ 0 0 d G, R9-0F Step
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In scheme 11, PG* R, F, G, R? and R are as defined before.

Compounds of formula 24 in which R? is hydrogen are represented by formula 24A.
5 PG’ is a suitable protective group, ¢. g., tert-butoxycarbonyl, m is an integer of 1 to 3, R®is

methyl, ethyl, tert-butyl or benzyl.

PGy _((CHZ)—/

o
& s 24A
R0 F

Compounds of formula 24A can be synthesised from compound 27 (scheme 11) by
reaction with a silane reagent, e. g., triphenylsilane or triethylsilane, in the presence of a
10 suitable Lewis acid, preferably tris(pentafluorophenyl)borane, in a solvent such as
tetrahydrofuran, at temperatures between —78°C and +30°C.
Compound of formula 24A can also be synthesised as outlined in scheme 12. PG is a
suitable protective group, ¢. g., tert-butoxycarbonyl, R® is methyl, ethyl, tert-butyl or benzyl,
F and G are as defined before.
15 In step a, scheme 12, compound lactone 25 is reduced to lactol 30, using reagents and

conditions known in the art. For instance, the reaction is performed in the presence of a



2526 (CHAINjDr-12(CH2)mM H4 3 NRStep e,..., \ 0 MR3 (@ R OFRg-O0F 2924
In schene 11, P&, Rg, F, G R2 and R3 are as defined before.
Conmpoundswof2ofioesba 24 in which R3 i s hydrogen are represare@doby7é or mul a

24A. 5 P& is a suitable protective group,

e. g., tert-butoxycarbonyl, mis

an integer of 1 to 3, Rgis nethyl, etg%[, tert-butyl or benzyl. PG O N-(

24A p R9- OF

suitable reducing agent, . g., lithium triethylborohydride, in a solvent such as

tetrahydrofuran, at temperatures between —78°C and 0°C.

In step b, scheme 12, lactol 30 is converted to compound 31, using reagents and

methods known in the art. For instance, the reaction is performed in the presence of a

5 suitable acid, e. g., toluene 4-sulfonic acid, in methanol, at temperatures between 0°C and the

boiling point of the solvent.

In step ¢, scheme 12, compound 31 is transformed into 24A, using reagents and

methods known in the art. For instance, the reaciton is performed using a Grignard reagent

of the general formula H,C=CH—(CH,),—~Mg—-Hal (Hal is CI, Br or I). This reaction is

10 performed in a suitable solvent, e. g., tetrahydrofuran or diethyl ether, at temperatures

between —78°C and 0°C, in the presence of copper(I) bromide dimethylsulfide complex and

boron trifluoride etherate. The Grignard reagent can be also branched as expressed with the

more general formula H,C=CH-V-Mg-Hal, in which V is as defined before.

Alternatively, in the case where m is 1, the reaction is preferably performed with

15 allyltrimethylsilane, in the presence of a Lewis acid such as boron trifluoride etherate, at

temperatures between -78°C and 0°C.
Scheme 12
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In scheme 12, PG% R, F and G are as defined before.

20 Compounds of general formula 30 can also be synthesised from alkene 32 as outlined

in scheme 13. PG is a suitable protective group, e. g., tert-butoxycarbonyl, R¢ is methyl,

ethyl, tert-butyl or benzyl. For instance, the reaction is performed in analogy with scheme 4,

step f. Alternatively, this conversion is accomplished through ozonolysis, in solvents such as



Compounds of fornula 24A can be synthesised from conpound 27 (schenme 11) by
reaction with a silane reagent, e. g., triphenylsilane or triethylsilane,
in the prweenté4ef9a 10 suitable Lewi s acid, preferablyPCI/EP2010/064770
tris(pentafl uorophenyCoorane, in a solvent such as tetrahydrofuran, at
tenperatures between -78C and +30C. _37. Conpound of formula 24A can al so
be synthesised as outlined in schene 123. P& is a suitable protective
group, e.dighlpronmthanpumahgnobebomyires Rgrep§ antemipytafurestbephgent-@RB G gt 67C, or
benzyl, F.and are .as defi.ne efpre. 15ln step a, schenme 12, conpound

| act one 2%39¥e$%%ﬁ?gﬁmf8%Lg8?%yﬁgﬂﬁd%sing reagents and conditions known in
the art. For $onsihamtze, the reaction is perforned in the presence of a WO

2011/ 042399PCT/ EP2010/ 064770 -36- suitable reducing agent, e. g., lithium

triethyl borohydride, iLbn a solvent such as tetrahydrofuran, at tenperatures

bet ween -78C and OQPG\ In step b, scheq#"i , Plctol 30 is converted to
i_r( the art. For instance, the

conmpound 31, using %\e Blérl%_s/an.d_n:at hods kn
reaction is perf@l’.@%ﬁ.ﬂ,{ he presence ofegy 5 j;?abl e acid, e. g., toluene
4-sul fonic acid, in nethanol, at tenperatures between OC and the boiling

poi nt of the solvent .32 In step ¢, schene3012, conpound 31 is transfornmed

into 24A, usi reagent s, met hods knaown jn the art. For instance, the
reaciton is p]gg?]%ff% E@l ’ﬁ%?gaéggaﬁ%?@]e%é‘%h#?reof the general fornula
H2C=CHs(CH2) m My-Hal (Hal is O, Br or 1). This reaction is 10 perfornmed in

a suitable solvent, e. g., tetrahydrofuran or diethyl ether, at )
t enper at ur es GEIR@BAS Oﬁfg@ﬂdﬁélcm}am N¢ FeMPeas WRESIsFcathep geyrs) and sap prige
di net hyl sul.f | - if. [ - t h ' rd
reagent o SR BRcHly B FAGRRRct il o R £ o e
H2 C=CH- V- fberiiatts, opticalifripote dvastesecanebes, mietdrds ef diasteredisomemadinst@byisomerict he
case where mis 1, the r & ct{'on.is ref erabl y_perfor

R TepleRiihe th

. S ko ef er al d.V\A'tfh15
al Tyl tr i RS qramatofos pTHasteppisoiinb Rspruatep shconrly wiidh Rus B by
trifluorieRaigéderatenpl@by FLORESRHUNE FacBRLISE DR asyiBie @ddyfthesisyihefBmiicPG2\ 0
0 N chromatography (cc;hs)n?alt:og?etlp%g vx?ithPaGchiral adsorbent or eluent). The invention embraces
all of these forms.
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

15 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),
vulnerable atherosclerotic plaque patients, unstable angina, congestive heart failure, left
ventricular hypertrophy, ischemia reperfusion injury, stroke, cardiomyopathy, restenosis,

20 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/CLI, and asthma.

Prevention and/or treatment of inflammatory diseases, particularly peripheral arterial
occlusive diseases or atherothrombosis is the preferred indication.

25 The invention therefore also relates to pharmaceutical compositions comprising a
compound as defined above and a pharmaceutically acceptable excipient.

The invention likewise embraces compounds as described above for use as

therapeutically active substances, especially as therapeutically active substances for the
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treatment and/or prophylaxis of inflammatory and/or allergic diseases, particularly as
therapeutically active substances for the treatment and/or prophylaxis of peripheral arterial
occlusive disease, critical limb ischemia, vulnerable atherosclerotic plaque patients, unstable
angina, congestive heart failure, left ventricular hypertrophy, ischemia reperfusion injury,
stroke, cardiomyopathy, restenosis, rheumatoid arthritis, diabetic nephropathy, irritable bowel
syndrome, Crohn’s disease, multiple sclerosis, neuropathic pain, atherothrombosis,
burns/ulcers in diabetes/CLI, and allergy, asthma.

The invention also relates to the use of compounds as described above for the
preparation of medicaments for the therapeutic and/or prophylactic treatment of
inflammatory and/or allergic diseases, particularly for the therapeutic and/or prophylactic
treatment of peripheral arterial occlusive disease, critical limb ischemia, vulnerable
atherosclerotic plaque patients, unstable angina, congestive heart failure, left ventricular
hypertrophy, ischemia reperfusion injury, stroke, cardiomyopathy, restenosis, rheumatoid
arthritis, diabetic nephropathy, irritable bowel syndrome, Crohn’s disease, multiple sclerosis,
neuropathic pain, atherothrombosis, burns/ulcers in diabetes/CLI, and asthma. Such
medicaments comprise a compound as described above.

The invention also relates to the process and the intermediates for manufacturing the
compounds of formula (I) as well as the process for manufacturing the intermediates.

CCR2 receptor antagonistic activity by the compounds of the present invention can be
demonstrated by the following assays.

Receptor binding assays

Binding assays were done with membranes from CHOK1-CCR2B-AS5 cells
(Euroscreen) stably overexpressing the human CCR2B.

Membranes were prepared by homogenizing the cells in 10 mM Tris pH 7.4, 1 mM
EDTA, 0.05 mM benzamidine, leupeptin 6mg/L and separating the debris at 1000g. The
membranes were then isolated at 100000g in 50 mM Tris pH 7.4, MgCl, 10 mM, EGTA 1
mM, glycerol 10%, benzamidine 0.05 mM, leupeptine 6mg/1.

For binding, CCR2 antagonist compounds were added in various concentrations in 50
mM HEPES pH 7.2, 1 mM CaCl,, 5SmM MgCl,, 0.5% BSA, 0.01% NaNj, together with
100pM 251.MCP-1 (PerkinElmer, 2200Ci/mmol) to about 5 fMol CCR2 membranes and
incubated for 1 hour at room temperature. For unspecific control 57.7 nM MCP-1 (R&D
Systems or prepared at Roche) was added. Membranes were harvested through GF/B (glass
fiber filter; PerkinElmer) plates, equilibrated with 0.3% polyethylenimine, 0.2% BSA, air



3124A In schene 12, P&, Rg, F and G are as defined before. 20Conpounds of
general fornula 30 can al so be synthesised fromal kene 32 as outlined in
schenme 13WOR@2/G4239a suitable protective group, e. g., tecrAreeionysas bonyl ,
Rg is nethyl, ethyl, tert-butyl or benzyl. For instance, the reaction is
performed in analogy with schene 4, stepg f. Alternatively, this conversion
I s acconplished through ozonolysis, in“solvents such as WO

2011/ 0423 dEEnd Emmg)\ﬂ'@ﬁm?emineéby cdurghmigan e hapcharier, (NaSt Peckaid).o$pagifict ur es

t her eof t te u -78C and 0 b vvorku with

di met hyl s Gingingals %af?{é &0351 SREERGES Boﬁﬂei‘f? bl&ﬁmg@“ﬁgﬁe ‘é”ﬁ“‘d’ﬁesﬁ 30 In
schenme 13abok3N)- 95%,0f theaod] knding. Astagedibtedvibe didicatdl donpbitsrdsne@htrhtommul a |
can have one or mretric carbon atonms and can exist in the form of
opti cal | yreptiFe! f@h%%lnﬂ’d%‘%n (ot elirResifigidiiht i omers such as, for exanpl e,
racemates, OptdiSiah Mol Lol &g} er eoi somers, mxtures of di ast er eoi Somer s,
di ast ereoi sormeri ¢ racenmates or m xtures of di astereoisoneric racemates. The
optical ly act¢NEKALER2B4 dsts (fom Bredserech) fStablyevargpbestiye thedomari on of the
racemat es { IS S h 1.9

(chromat o%hreg% %%%qgﬁtt Sr??élrﬁﬁﬁgggeo? ?télﬁet% %m eﬁ%n? ]?1 %ﬁl)'gﬁqe nvesq\g lglr?eréte races
all of t h@ﬁESf/@H“B& 100U/ml penicillin, 100 pg/ml streptomycin, 400 pg/ml G418 and 5 pg/ml

puromycin.

10 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

15 assay buffer/ 0.5% DMSO with or without various concentrations of test compounds.
Usually compounds were tested for agonist and antagonist activity.

Test compounds were added to the assay plate and agonist activity was monitored as
fluorescence for 80 seconds with a FLIPR (488 nm excitation; 510-570 nm emission;
Molecular Devices). After 20-30 min. of incubation at 30 °C, 20 nM MCP-1 (R&D; Roche)

20  was added and fluorescence was monitored again for 80 seconds. Increases in intracellular
calcium are reported as maximum fluorescence after agonist exposure minus basal
fluorescence before exposure. Antagonist activity is indicated as inhibitor concentration
required for 50% inhibition of specific calcium increases.

The compounds I of the present invention exhibit ICs values in the Ca mobilisation

25 assay of 1 nM to 10 uM, preferably 1 nM to 1.5 uM for CCR2. The following table shows

measured values for some selected compounds of the present invention.
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The compounds of formula (I) and/or their pharmaceutically acceptable salts can be

used as medicaments, ¢.g. in the form of pharmaceutical preparations for enteral, parenteral

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.
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buf fer / DPBOPNECHH fohexsmpld. YA ovkariegd oo eEnt fat pshsnibfiqpidsy liquid
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excitation; 510-570 nm em SSign; | ecul ar Devices). After 20-30 mn of
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was nmpi t or edua@pdtibififdis, Ps&@EDdRY SwethiNEiRiamalsifyingd AehBC@InkivleAdy-@@)r6iikign ar e

reported as nmaxi mum fl uorescence after agoni st exposure m nus basal
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The foll ow ng.tabl e shaows nmeasured .val ues. for so sel.ect.e 0 unds of
the present i Hve Pril%:r?}}?he compoun so(%formua(%) can VaI'erVTEhln wi efmqﬂs geprégc?mg on

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

30 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).



WO 2011/ 042399PCT/ EP2010/ 064770 - 40- The conpounds of fornula (1)
and/ or their pharmaceutically acceptable salts can be used as nedi canents,
e.g. in twe:2aveae3d phar maceuti cal preparations for ent@ecalEp2panetstveral or
topi cal adm nistration. They can be adm nistered, for exanple, perorally,
e.g. inthe form5 of tablets, coated tablets, dragees, hard and soft

gel ati ne capsul es, solutions, emnmulsions”or suspensions, rectally, e.g. in
the form of dkpagles ories, parenterally, e.g. in the formof injection
solutions or suspensions or infusion solutions, or topically, e.g. in the
formof ointnments, creans or oils. Oral admnistration is preferred. WO
2011/ 042399 POl OMBRADE @nd fhgenid)&vhivhaduot howr tbdir §yehepbasutaeglititigal
preparatigns can be effected in_a manner which will be fam liar to any
person skfipgleggdihgreim arcgepergly yailaAF Aigm seraersial SMESS Eb¥Hp 6 HHHE PEPAEr mul a |
and/ or st hgif, ABRALIRGAMEASA h¥hASERRIRILE is@k b, optional ly in conbination
w th ot her ﬁ%erapeutically val uabl e substances, into a gal enical

adm nistration formtogether with 5 suitable, non-toxic, inert,

t her apeuti cal i i F o LisQui rries YAl ]
desired, usua1¥Hﬁ§$ﬁ@%Sg%ﬁ@gf&ngﬁ$§%F§%hgp&%oﬁﬁﬁF%ﬂF%%@%???EﬁgﬁaFB%ﬁa|s
are not ointepdedworigainihe scaperof ée dlaEined irdkstionout al so organi c carrier
materials. Thus, for exanple, |lactose, corn starch or derivatives thereof,
talc, stedPPrevigtiofsior jts salts can be used as carrier materials for

tabletg, coatgd=tgiloat Bocd! REDRTFOHLART,DAN kRbIMRIEARIHNES= yAdi t abl e
carrier materials for soft gelatine capsules are, for exanple, vegetable

oi | s, waxésgethyifosnamde oy =daicthylantine.|5tgaic o qilil pedtate (iepen BihagoloHOse
nature of _t ty L edj . i ] _h required in
The Case sPigAfuutce -Raneleall, M FaLbLALEFh e AR M EPOM T e

pr oduct i omethbnd VI8t was sperdrometryat. arsaeturdted, Téanpltehydwafuem, pol yol s,
sucrose, invert sugar. Suitable carrier materials for injection solutions
are, for 15 exanple, water, alcohols, polyols, glycerol and vegetable oils.
Sui t ahke car ripgdrnfEAtRENal S for suppositories are, for exanple, natural or
hardened oils, waxes, fats and sem-liquid or liquid polyols. Suitable
carri er mat er(Si2dBeasylaxygahonybeparethylramingleprgpipaiy acidmethyd gsteynt het i ¢
and synt heticy gl yoqi des, hydnngenatemifl ] Sopbh@ULd MBKASsl | qui d
paraffins, liquid fatty afcohols; sterols, polyethyfene giycols and

cel | ul ose derTwatsalwes. of204suia¢ nethabedtérhedwmchlpridser0fat, 39 Ssnmebtin Me@Hand
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phar maceuti cal adjuvants. The dosage of the conpounds of formula (1) can
vary w t hi3dP8g d6-61mmph s Thejse Rathrigs emoved, then after'16 h the excess reagent was

destroyed by careful addition of sat. aq. sodium hydrogencarbonate solution at 0°C. The

reaction mixture was partitioned between sat. aq. sodium hydrogencarbonate solution and
EtOAc. The organic layer was washed with brine, dried over magnesium sulfate, filtered,

25 and evaporated to afford the title compound (5.50 g, 80%). Light yellow liquid, MS (ISP) =
1922 (M+H)".

B) (S)-2-[Benzyloxvcarbonyl-(2.2-dimethoxy-ethyl)-amino]-propionic acid

methyl ester
Benzyl chloroformate (4.46 g, 24.8 mmol) was added at 0°C to a mixture of (S)-2-(2,2-

30 dimethoxy-ethylamino)-propionic acid methyl ester (4.75 g, 24.8 mmol) and sodium
hydrogencarbonate (4.17 g, 49.7 mmol) in acetone (25 mL) and water (25 mL). The ice bath
was removed, then after 2 h the reaction mixture was poured onto ice water and extracted

with EtOAc. The organic layer was dried over magnesium sulfate, filtered, and evaporated.



25 the disease to be controlled, the age and the individual condition of
the patient and the node of admnistration, and will, of course, be fitted
to the i miOvoduER39pequi rements in each particul ar case. PEOEPadlos47p@t i ent s
a daily dosage of about 1 to 1000 ny, especially about 1 to 300 ng, cones
into consideration. Depending on severlgy of the disease and the precise
phar macoki netic profile the conpound could be adm nistered with one or
sever al d@hﬂomasm@bs 8O uhwiptese—tgO0ghc gradicntt affogdadlabagee composind (5.84 g,THE0).

phar maceu,i niently contain about 1-500 ng, preferably
1- 100 % 1 é\gﬁg@%d%gg 2(@?:@ Va (). WD 2011/ 042399PCT/ EP2010/ 064770

-42- Exarrpl eSC)The s(santrBalgavmtvearrb@ivi»(aaﬁb edaentiso]-prbpictic deid agthyhaver t hei r
synthetic route explicitl di scl osed herein, are qenerally avai l abl e
fr om conmmer ci‘apolEden efds) 8r[b%92¥10|x@%aali>qnyl (Gr2sAmethpxs-cliay hymined-REBLMGAC known

to thespegns@n é‘s'&'rki 6419104 &%o%raﬁldp ridiniuh@ 1At |4%\Mf819at@§1 Y @fssz%ﬁomﬁ’v' ded
for the purpdse o further il ustratlon and are not in ed limt the

scope of % h@tanclm (A anli) avémeico (8.6 mbh e vwinaal) w&ssheaMamderfeﬂwu@om&h Beethe
tert-but oxY, NR de,
e aN o 1o SRR e O T BRI ARE Rt Qi SRR BRI

aci d, HPL&Gisd difbgﬂﬂa@feeﬁlﬁiﬂ’uefaﬂel ﬁlhﬂréti @hd embﬁzgardatp hayford tbetite t@npspd §Y/45 YeOH =
met hanol %ﬁﬁ QP' %gne % 47 saturated, THF = tetrahydrofuran.
15 nt er medii ‘4 0“@% ? hz§ﬂ % nyI-(2-oxo-ethyI)-anino]-propionic
acid nethyl ester A (S -2- (22 D net hoxy- et hyl am no) - propionic acid

nmet hyl ester To a solution of L-al anine nethyl ester hydrochloride (5.00 g,
35 8 mol ) i ninkenmediated i) were added at OC di net hoxyacet al dehyde (45%

solution int - | I her nlsulfate
(38.8 g, 322 'ET[??%%‘H‘?? 'g%“%'e@"%‘ o%'%BBﬁ%é‘g %t‘“("é WA‘)‘Z@%’%&’F

i ce bath was Temoetthn dfieda@ht methizﬁeslnerthlyéroebﬂoaees(6r(l§)agémo mmsl)aieMechyed by
careful addjti n of ro car honat e sol ut.ion at O The
Conet Lon 119 imSah et B R iR S SRRt BBl a Tkt o
sol utijgn ﬁﬁﬁ)l)E&rQi%dlu]}h@yaﬁélﬁtﬁﬁhﬁnh@YﬁVO gva% ﬂ@ﬁ@f)e@h&\dc% BathriReemE¥ddeheRVer

nagne3|un1sulfate filtered
after 16 h the excess reagent was destroyed by careful addition of sat. aq. sodium

hydrogencarbonate solution at 0°C. The reaction mixture was partitioned between sat. aq.
sodium hydrogencarbonate solution and EtOAc. The organic layer was washed with brine,
dried (MgSOQs), filtered, and evaporated to afford a 1:1 mixture of (S)-2-(2-methyl-

20  allylamino)-propionic acid methyl ester and (S)-2-isobutylamino-propionic acid methyl ester
title compound (5.4 g). This was reacted with benzyl chloroformate in analogy with
intermediate 1B, leading to a mixture of (S)-2-[benzyloxycarbonyl-(2-methyl-allyl)-amino]-
propionic acid methyl ester and (S)-2-(benzyloxycarbonyl-isobutyl-amino)-propionic acid
methyl ester (9.8 g). This was suspended in acetone (60 mL) and water (60 mL), then

25 sodium periodate (13.8 g, 64 mmol) and osmium tetroxide solution (2.5% in tert-butylalcohol,
2.2 mL, 0.43 mmol) were added at 0°C. The ice bath was removed, then after 16 h the
reaction mixture was partitioned between EtOAc and water. The organic layer was dried
over magnesium sulfate, filtered, and evaporated. Chromatography (SiO,; heptane — EtOAc
gradient) produced the title compound (1.88 g, 14%). Colourless oil, MS: 294.1 (M+H)".

30

Intermediate 3

(S)-2-|Benzyl-(2-oxo-propyl)-amino]-propionic acid methyl ester



25 and evaporated to afford the title conmpound (5.50 g, 80% . Light yellow
liquid, M5 (I1SP) = 192.2 (M+H) +. B)

(S) - 2- [ Banoyboosempbonyl - (2, 2- di met hoxy- et hyl ) - am no] - piropiErRé10/06477@ net hyl
ester Benzyl chloroformate (4.46 g, 24 8 mol) was added at 0C to a mxture
of (S)-2-(2,2- 30 di methoxy-ethyl am no),propionic acid methyl ester (4.75
g, 24 8 mol ) and sodi um hydr ogencar bonate (4.17 g, 49.7 mol) in acetone
(25 nL) and vsmrextu(cmfI‘hmnzylﬁlf@uneaaetbﬁtehtem)agim@ﬂmw@d1 Oflgeh3ahmenl).2 h the

reaction u gy and e c Et0 The
or aant o1 S eRont 3P R ErR b g B BP Do SpTRESH i, A SRR it g
VO 2011/ 042 3R (1ERROYIGEAF D mi43vas Gosedrat 09C A dySi 1B parepsnaae- Et OAC
gradient) afforded the title conmpound (5.84 g, 729 . Yellowoil, M (1SP) =
348. 2 ( MHREAYSEn IEPps)and 2%@&%%%‘?%%%@%%86 RAZAYF JayahivALITisdrst oni ¢

aci d met hyl.estaf su'ffat%oﬁl‘t@rb@ 'ln@Evaporated Chromato raphy (8102 heptane — EtOAc |
(S)-2- [benzyl oxycar bon 2 di met hoxy- et% -am no] -propionic acid 5
i

met hyl esgrediciit? pSuepd the mnmopnch(ﬁilopw 58P0 GrloudbsseoneMp: 2501 OMate (1. 13
g, 4.52 mmol) in 2-butanone (30 mL) and water (8.6 nm., 54 mmvl) was heated
under reflux for 16 h, then the solution was partitioned between Et 0Acand
wat er. The orig#tnediaaydr was washed with brine, dried over nmagnesium

sul fate, filtered, ) thetltle corrpound(Z 45 g,
979 . Yel | ow FReEFRNER e 2

(S) - 21pBenzyl Slli&’e?%eﬂ Q&h’ﬂﬁ’dle 5126 @24%3 I%P %M lﬂg)% 'a@de'd% QBbﬂﬂb&oﬁ@h%u@Hhﬁb ester
To a solution of al ani ne nethyl ester hydrochloride (6.00 g, nmol )

in MeOH (QZ@SWE9[2V%¢Céan§t§d@dbfa<B’la@ﬁdP@értlhaeﬁmﬂ &V 2089019439; 1980 mept )44 mm@ihem um
| f
ou e (452l PIBL s RS PP/ QORRRL OB 8,3 10 B

destr oyed(3b1yg,d3r3erhnnlol)am1thlmanel(13 éfml)swas slawly asldeil e kqsdltmganmrdmam&teetedm ut i on

at 0C. Th rea tlg xltu e artlm'g née n 4 sodi

hydr ogenc ¥ boRd e GG REAUUTC TR % P’E‘ with
brine,sdr ;!uﬁgl) (M&Qiﬁbn ﬂﬁfdnldé @Z%C{ng,aﬂﬂl Iﬁmg%ath@dlyhﬁoafyfaﬁfn@bnwﬁ cH—loHlié<(fltJ9€ of
(S)-2-(2- rret%dleOa amno)-pr0|on|c acid nethyl ester and

(S)-2-i sobét o weieadierhatd 03¢ inpd Fbétnwtur@y@%%tlrtemar &0 @oﬂ@p@mmﬂl@@ahl@bl

Thi s was t te 1B,

[ eadi ng ¢ ranpte tat RoqEPEbof uARBURl TR Sk e At 2o b B )

pr opi oni Ch}&h@)ddermﬂlh;pln (€& tdywlaitecthe pH was maintained around 8.5.The organlc phase was

(S) 2- (benz yca i sobutyl - am n i oni id nmet h ester (9.8
Thi < WERHGHepenaRd S et By S Hﬁtmpﬁ?’?ic@@l}?ﬁ Ntten 55 Sodtum

per i odgt ehe(pla%eéﬂgd ac%tm} aff@fa@h @ mly %ﬁqﬁédn@é‘!ﬁﬁﬁm@ 0}gd} @v@m(e%oﬁ% VIR:

tert-butyl al cohol nmol ) were added at The ice bath was

renoved, QM(MTHH 16 h the reactl on m xture was partltl oned between Et0Ac

and water. T - si.umsul fate, filtered,

and evapor at et Ac gradient) pr oduced

the title conpalrogen(chldsitle ¢ erﬁ%loxaﬁb,lm ke 43 .20mhol) MBS a@d .td a Gdltrtntof 30

tert-butyl 4,4-difluoro-6-azaspiro[2.5Joctane-6-carboxylate (592 mg, 2.39 mmol) in ethanol

25 (0.5 ml). The solvents were evaporated to give a white solid. The solid residue was washed
with tert-butylmethylether to afford the title compound (404mg, 92%).White solid, MS:
1482 (M+H)".

Examples 1 and 2
30 (3S,6S,8a8)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-methyl-5-oxo-

hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide and
(3S,6S,8aR)-3-[2-((S)-4-hydroxy-6-aza-spiro|2.5]oct-6-yl)-ethyl]-6-methyl-S-oxo0-
hexahydro-oxazolo[3,2-a|pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide



Internmediate 3 (S)-2-[Benzyl - (2-o0xo0-propyh-am no]-propionic acid nethyl
ester WD 2011/ 042399PCT/ EP2010/ 064770 - 44- A m xture of

N- benzyl avenonie4edhyl ester hydrochl oride (1.00 g, 4.3BCEEPR(10/064770

chl oroacetone (1.21 g, 13.1 mmol ), and sodi um hydrogencarbonate (951 ng, 11
3 mol) in 1,4-dioxane (11 nL) and matgf_(l m.) was heated at 70C for 2
days, then partitioned between Et0Ac and 2 M ag. sodium carbonate sol ution.
The organic |ayer was dried over 5 magneshum sulfate, filtered, and
evapor at ed. Chr onmat ogr aphy (Si 02; hep = Et OAc gradient) produced the
title conpound (540 ng, S0%WO Col ourfess\oil, M5 250.1 (MH)+.

Internediate 4 A) tert- N """OH Example 1: (S)-epimer
4,4-dif|uoro-6-azasé%$g . géfﬂExG-carboxylate 10Silica gel (particle
size 32-63 p )\ M) added{ to a solution of tert-butyl.4-0x0-

6- azaspi r 6]2-¢ Ve ¢- 6- carpoxybate (PCT Int. ApplﬁkW@ﬁﬁ%ﬂgﬁfﬁﬁﬁﬁ; 1000 ny,
4. 44 mmol) —2- ditthl or ot Hane (1 ml). Then a solution of

bi s(2- met hoxyét hyl )am nosul fur trifluoride (3.1 g, 13.3 mml) in toluene
(3.6 M) was slowy added. The resulting m xture was heated to 70C and was
then stirred at this tenperature for 6 h. Sodi um bi carbonate (74.6 ng, 888
15 iunol), poapssi UB)-f(Rrevideexy(c2nd)-P0;didhe h{l-orm@blidi@nstcarboxylic acid benzyl

met hyl tri octyl anmoni um chl oride (179 ng, 444iunol) were added at 70C and
the m xt P& was stirred at 70C for an additional 15 h. The mixture was
cool ed to roOR§IBANES NE(LRRA1 arb SYBREIbanE-1,428% @D0 25D Ml

hydr oxi de sol ution (f%gﬁi)(mﬂﬁﬁﬁafheaﬁﬂkmas mai nt ai ned é?oué% 8.5.Tﬂ%

&2 gani ¢ pmistélum%@lﬁaﬁca@%momdé@( & mgwat emmodkid 2e?v@i§@ﬂ@g<mrppane (32dO .
P SonER RS bt o RO B e Al B0 SRBL MY AGROREEy oy Bkt dec the

4, 4- Di f | ueascadded zlasyfieo] 2 h Hleaciaioe nfiyaroei @irtitth@ed betweetdy Agenl sehhbqr i de (4
Min diox%gg, Eg§9 m, 13 2 muol) yas addgd to a sojution of . tert-butyl

4, 4- di f 1 i8I HTAEeBPRAGIHORN d 18 CBRP ISR HPR AsHD chifiagnesHgn Bl | n

et hanol  2§itdry, andByaporal®. Sk Y@L WiB kB g RODENE (h00aNIY), MRn aftWHdERIoRGKT d.

The solid residue was washed with tert-butyl nethylether to afford the title

conmpound $i404%R)2) aypdogatankt B anlgghe gurrpmas stirgdXoy fpptiroomyampirayre Afid 2
30(3S,/8S, = 3 14— ks = Spl ct - = :6-nmethyl
5. oxay H Ry oA g B B AR bRy b T m LA s
(3, 4- di chitcorowepbefilpatiamihdenghniiatomaceous earth. The filtrate was evaporated and
(3S, 6S, 8aR) -3-[ 2- -4~ hydr oxy- 6-.aza-spi k.0 5).oct - 6-y1)- :0-methyl-5
! owonoxangur B ERb s D oKl AT IR AR S ttpiid (8T B3
(3, 4- di chiLighoydpBemybVEISE) = 280.1 (M+H)'.
B) (S)-2,2-Dimethyl-4-(2-oxo-cthyl)-oxazolidine-3-carboxylic acid benzyl ester
15 A solution of dimethyl sulfoxide (6.39 g, 81.8 mmol) in DCM (25 mL) was added at —
70°C to a solution of oxalyl chloride (5.59 g, 44.1 mmol) in DCM (90 mL), then after 15 min

a solution of (S)-4-(2-hydroxy-ethyl)-2,2-dimethyl-oxazolidine-3-carboxylic acid benzyl
ester (8.79 g, 31.5 mmol) in DCM (45 mL) was added dropwise. After 60 min Et;N (15.9 g,
157 mmol) was added, then after 20 min the cooling bath was removed and the reaction

20 mixture was stirred for 2 h. The reaction mixture was poured onto water and extracted five
times with DCM. The combined organic phases were dried (MgSQy), filtered, and
evaporated. Chromatography (SiO,; heptane/EtOAc 1:1) produced the title compound (8.52
g, 98%) as light yellow liquid.

Q) (S)-4-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-cthyl]-2.2-dimethyl-

25 oxazolidine-3-carboxylic acid benzyl ester
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A (S)-4-(2-Hydroxy-ethyl)-2,2-di net hyl - oxazol i di ne-3-carboxylic acid benzyl
ester woARosdl4er9on of (S)-N-(benzyl oxycarbonyl) - 2- anPoore@n®edr;7el- di ol
(8.00 g, 33 4 nmml) and tol uene-4-sul fonic acid nonohydate (318 ng, 1.67
mmol ) in 2,2-di met hoxypropane (320 5 ny% was stirred at room tenperature,
then after 2 h 2-nethoxypropene (7.71 107 mmol ) was added, then after 72
h the react|dﬁ3m$dummxpﬂﬁ$2@ahwmmybﬁéhObecMEwaﬁmmAmedﬁdm@awhcaqdbgaulum

hydr ogencar b ut| dr| ed magnesi um
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stirred for 64 h at. roomtenperature. After. 10 dilution with DCM and

addi ti on BMoRAN 4P tHagsiePerrdide 42-41 i HeQmulkat reqma fsmperafye. Adbled by
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chromat ographed (Si 02; heptane/ Et 0Ac 1: to afford the title conpound
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(310 e SRl st e l
ydrieky—etii 2228 e ; ciae! B P benzy
ester 108. ga%egmcggid@eﬁgwgs)terl n DCIVI (45 m_) was added dr opW| se. After 60 mn
Et 3N (15.9 g, 157 mmol) was added, then after 20 mn the cooling bath was

removed and theolpgeref (Shd 22-(¢h) ¥t hdeoxyatsazaripinokds Ipero-2l) fsthylins2 dimethylon
m xture was poured onto ﬁ’éeatc%rbcfﬁgﬁ g?t?l}\ggg&%e (b}) n?ﬁﬁoll) LR oM AR5 TQ@)

conbi ned organi ¢ phase S Were ed, ‘and evapora
Chr onat ogwaspdmmeait 2 m ﬂamptnmmd mttbApredents oﬁAmﬂen@&(? IRhEOtreslh (alSc&g)aoﬂfml (8.52

, 98% a I h t hvi
g 5 ox £ ol f T%SHX gﬁ%g(ﬂi;pﬁe& %gglltaatlﬁg ﬁ%l/ Wa%fi é\]cﬁchEﬁHy "l)he %tltr te was gls rgn%i
2011/ Q§23£91Q1Rﬁ3-f)1%812& 10k 0&A YA bfl BigestMgahSRhBENRT Bfin three times in 7 M

(S)-2,2-dinmethyl-4-(2-oxo-eth -oxazol i di ne-3-carboxylic acid benzyl ester
(8.51 g, @gthgnq}wp)mqma mmogl:(ﬁ@nﬂq)ﬁt NepEcHgerare over 15 min. The ammonia

(582) 36 az asoo 059[&/% 5(]0&?0@1%@ (aéd %l/apm{aq%f]tggkﬁfd tﬂ? tlﬁg g&g%(g{nal é}f‘@f’) %, 95\&3. 2009010429;

tri acet ox@b)lomd)dfsydrl; M8 ((W) ¥134§,3 (M}FIG)) mmol ) at roomtenperature. After 1
E) (S)-6-((S)-3-Amino-4-hydroxy-butyl)-6-aza-spiro[2.5]octan-4-ol
20 A solution of [(S)-3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-hydroxymethyl-

propyl]-carbamic acid benzyl ester (350 mg, 1.00 mmol) in MeOH (5 mL) was stirred for 1%
h at room temperature under a hydrogen atmosphere (1 bar) in the presence of palladium
(10% on activated charcoal, 35 mg), then insoluble material was removed by filtration
through diatomaceous carth. The filtrate was evaporated to afford the title compound (215
25 mg, 100%) Colourless gum, MS (ISP)=215.3 (M+H)",
F) (35.65)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-methyl-5-0x0-

hexahydro-oxazolo[3.2-a]pvrazine-7-carboxylic acid benzyl ester

A solution of (S)-2-[benzyloxycarbonyl-(2-oxo0-ethyl)-amino]-propionic acid methyl
ester (intermediate 1; 570 mg, 2.04 mmol) and (S)-6-((S)-3-amino-4-hydroxy-butyl)-6-aza-
30 spiro[2.5]octan-4-0l (445 mg, 2.04 mmol) in toluene (6 mL) was heated at reflux for 16 h,
then the reaction mixtrue was concentrated. Chromatography (SiO,; DCM —
DCM/MeOH/25% aq. ammonia solution 90:10:0.25) produced the title compound (763 mg,
84%) as a 70:30 mixture of (R)- and (S)-epimers. White foam, MS (ISP) = 446.2 (M+H)".



5 h the reaction mxture was partitioned between sat. aq. sodium

hydr ogencar bonat e sol uti on and DCM The aqueous | ayer was extracted tw ce
wi t h DCMwoOheliogedwned or gani ¢ phases were dried ( MySO4PCTIEPRG1O070 and
evaporated to afford the title conpound (11.6 g, 97% . Light yellow gum N5
(1SP) 389. 3 (M+H) +. D)

[(S)-3- ((S) 4- Hydr oxy- 6-aza-spiro[ 2. 5] oct 6-y1l) - 1- hydroxynet hyl - propyl k 10
car bami c aci ﬁbenz;@_é&ﬁﬁ) -3-[2-((8)-4 el yahroxyn6-afa-spiro[2. 51oct 6-yl)-ethyl]-6-methyl-5-
(S)-4- [2- , thloxazol

(50 rrL) was, &ﬂsaanedzatS)m@mr@;e,:mammifoez mcit @QI)FHTIB,&BM&tIQ/ﬂ SMer | i t e(r)
IR-120 resin (15. : After 16hthere5|n was coIIected byflltratlon and
washed wi 24RO S P .- 1A [ YA ASATRORVLS AgLd, 34—hC Homg-Ren ANHIYCt was

recovesed by Ails&ﬁﬁ&ﬂ @gssegg é\r[@‘%(fs,') 411%&1&axyr@§iargphla[zeﬁo&ﬂ s e{h@rl]76 Mergt-anol i c

anmoni a sol ution onltenperature over nmmoni a
sol uti onsowheecah,mmpne@kdha aélmfpmeafe@rbowhafa‘p@rmnzyiesttfli (@D@H@oﬂﬁ@ﬂﬁ@bll 4.27

(56 (( STHONRTEO hyurdR ittt a5 aiiena bugroegn ohoyphors o

sol uti on gdr) in the presence of palladlum (10% on activated charcoal 96 mg), then insoluble material

o 1 b oS Ningiadhs o B faBh b iy tho B V% YTREMHE40 m) was
stirred fﬁfora@j%é) ap {(gpmhyem%%aézwsﬁlré{mq‘dcte ﬂy@lﬁﬁq}enn&hg%mgrdeo (1 bar)
in the presence o % on acti vat ed ‘charcoal hen

e e s O o Ca! ko st b,
The filt r&%ﬁo@ﬁ@Y?P%@&t@?& %ga(; %% tlmaste{dtde(g (2P %ngce(b%&lswgs G%VeleO%

Col ourl ess gu
(3S, 65) - 3h2n 4ftB)304niklylittioplymie alxamgpi.2 Hob) mtadﬁeq/a'hjd-thda fmbt]on&nnmnhwhs 5- oxoh

Corut 1 on SERCRFICpERI AR ATbORE R (' DRy Rs e NBYOBaBIgRR c aci d

et hyl eswroéas Al 69,829 B 20s)-2h laya-851€b[2.5]oct-6-y1)-ethyl]-6-
(S) - 64?8) 3-am n%)ﬁ[6 d?jox - bell? D% )aza?&om& 2;215[12 [5]51;)((::% ar%,)4eto}ll]‘s 45
2. 04 ol pefhil- ﬁewéwe @Orﬁ_X)az Zhlpyraging/-ceeioxybic Fei (31%dﬁh10fmeh¢nfy

reacti on b
DOM NEOHY A)L%‘?‘@ﬁ%ﬁ?%*@?%?‘.’hﬁﬁS%@?W%‘%%Wpﬁ YA SO b oung
(763 Ny, BABHxyaEaze-PiroB5 loitd-yb ethyl]-§-RethyhAax0 Sexayilmeosizo o, 2- e]pfymamm VB

(1'SP) = 446, 011/ 04 99PCT/ EP2 10/.06477

& (35, o5, Faepoulb g AP oo S 0 734 ey MS et hy 1.
5-  oxQ- hexahgarmypxazol of 3, 2- a] pyrazi ne-7-carboxylic acid

(3, 4-di chl oro- phenyl) -am de and
(3S,6S,8aR)-3-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-nethyl-
- oxohexahydr o- oxazol o[ 3, 2-a] pyrazi ne-7-carboxylic acid

(3, 4-di chl oro-phenyl)-am de 5A solution of

(3S, 6S) - 3424( S) - 4- hydr oxy- 6- aza- spi r o[Examipe- 6-y1) - et hyl ] - 6- net hyl -

T, 045 rol SR BB 3 AL RSE- LR R T e AR %ﬁﬁwiiaﬁ?g

under 28 hidiaBg@ro- @aﬁ@ﬁmﬁ-hﬁ)yﬁ‘ﬂzm@ﬂ%aiﬁb hea@aesenoeo-phea)- Juaiheum (10% on

activated charcoal, 96 ng), then insolu Ie mat eri al was renoved by
filtration throu atoejace us earth. The filtrate was concentrated to 10
afford

(3S, 68)-3-[2-&( gﬁﬁ-spl ro[ 2. 5] oct-6-yl)-ethyl]-6-nethyl-hexah

i

The title compound was produced in analogy with examples 1/2G from (3S,65)-3-[2-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-cthyl]-6-methyl-5-0x0-hexahydro-oxazolo[3,2-



oxazol o[ 3, 2- a] pyrazin-5-one (130 ng). This was redissolved in DCM (2 nl),

then 3, 4- dichl orophenyl isocyanate (88 ng, 0.45 mmpl) was added at 0OC. The
i ce bat h we=oriemessed, then after 30 min diethylam ne (1@CREP2@0A&47M00D] ) was

added and the reaction m xture was evaporat ed. Chronat ography (Si 02; DCM
DCM MeOH 25% aq. ammoni a sol ution 15 99}}0:0.25) pr oduced

(3S, 6S, 8aS) -3424( S) - 4- hydr oxy- 6-aza-spiro[ 2. 5] oct-6-yl)-ethyl]-6-

met hyl - 5- gryrabies-dpdosyloxzrzdbalzgl Btea]pymales n&+7 awd3-obboydphenyd eiodyanate.
(3,4-dic r.0-phenyd) - ! exanple 1; 17 ng, 8% white solid, M 497.3
(Vi +] “ani g SER S NG T

hydr oxy- 6-aza-spiro[ 2. 5] oct - 6-y1)-et hyl] - 6- net hyl - 5- oxo- hexahydr o- oxazol o[ 3
, 2-a] pyrazi ne7-carboxylic acid (3,4-dichloro-phenyl)-am de (exanple 2; 127
My, 57% whl te foam MBS 20 497.3 (M-H)E3ampled4

Exanmpl ¢ 3 (3S,68)-3-[2- ((S)-4-Hydr0x -aza-splro 2.5 0ct-6-y 8 -ethyll- 6 meth 1-5-0x0-
(3S,69)-3-[2-{(9)-4-Hydr oxy: 6-aza-spiro[ H y1] - 6-met hyl- 5- oxo
25 hex ahyhﬁxahmlalz@a@{ﬂ:eﬁm-a]mymm ﬁ@avbmhbwgl I($1:hlac¢-d ﬂuoro-phenyl)-amide

(3-chl oro-phenyl)-amde jr0 0,4 -48- alpyrazine-7-c arb oxyli ¢ acid
benzyl ester (exanples 1/2F) and 3 -chloro yl is ocyan ate . Wite foam
MS: 463.2 (M-H) +. Exanple 4

5(3S,6S)-3-[2-((S)-4-Hydrony-6-aza-spir

o- hexahydr o- oxazol o[ 3,@- a] Zi ne, 7- xylic acid

(3-chl oro-4-fl uorgo-phen N diE| The title conmpound was produced in

anal ogy with Ol &% 1//2G (35, 6S)-3-[ 2-

((S)-4-hydroxy- 3/ S rof 2. 5] ~6-y1l)-ethyl]-6-nethyl -5-o0xo- hexahydr o- ox

azol o[ 3, 2- 10 a] gyrazi ne-7-carboxylic acid benzyl ester (exanples 1/2F) and

3-chl oro-4-fl udrlophenyl isocyanate. Wiite foam MS: 481.3 (M-H) +.

Exanple 5

(3S, 69) - 3- [ 2- {edjtlesopparykyaerraduced g #gfogy syithemplps | 26 Fom3%0et#y1- 5- oxo

- 15 hexahy 49{@1’6%%@1&5 1?0[QBEB(:'E @é’lﬁ&hﬁ] 63 ARNY-b:%o-R&Kally dro-oxazolo[3,2-

(3-trifluoronethyl=-phenyl)-amd
10 a]pyrazine-7-carboxylic acid benzyl ester (examples 1/2F) and 3-chloro-4-fluorophenyl

isocyanate. White foam, MS: 481.3 (M+H)".

2. quH-G-yl)-ethyl]-6-nethy1-5-ox

Example S
(3S,65)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yI)-ethyl]-6-methyl-5-0xo-
15 hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-trifluoromethyl-phenyl)-amide

The title compound was produced in analogy with examples 1/2G from (3S,65)-3-[2-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-cthyl]-6-methyl-5-0x0-hexahydro-oxazolo[3,2-
alpyrazine-7-carboxylic acid benzyl ester (examples 1/2F) and 3-(trifluoromethyl)phenyl

20 isocyanate. White foam, MS: 497.3 (M+H)".



OH The title conmpound was produced in analogy with exanples 1/2G from
(3S,69)-3-[2-

((S) - 4- hywioar/B2@2a- spi ro[ 2. 5] oct - 6-y1) - et hyl] - 6- met hyPCHERR@Oewahy dr 0- 0X
azol o[ 3, 2- a] pyrazine-7-carboxylic acid benzyl ester (exanples 1/2F) and
3-(trifluoronethyl)phenyl 20 |socyanat%_ VWiite foam Ms: 497.3 (MtH) +. WO
2011/ 042399PCT/ EP2010/ 064770 - 49- Exanples 6 and 7 (3

S, 6S, 8aS)-3-[2-((S)-4-Hydroxy- 6- aza_ggmmkﬁﬁzmﬂL_o ct-6-yl)-ethyl]

- 6- net hyl- 5- o z 3,.2-2a] 7=C Xylic aC|d (3-c
hlo ro-4-fluo Sgﬁé;aﬁi_%[%(&i% %8%’%& %Za§pg'ygf é] 6'§l)fgh}( Fg %L
Xy- 6-aza- lsepdahpdl{oZoy&]zol@ga“,z-ﬁ}p,yﬁz-lﬂé-mch}boxﬁhmlh)(1cﬁmﬁm-ﬂlﬁr&@hampﬁmdbxazoI 0
[3,2-a] pyrazine-7-ca b lic acid (3-¢ hlo ro-4-fluo ro-p henyl)-am de
C The m 3M9,E38:6568 B&TWF@S) -hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-methyl-5- oxo-
( 3S, 65}5 3he[x%h§&l%)-ox4125‘l¥[:§'?§ aﬁﬁ@7§9fﬁ fe i@ ¢ -cRro¥dy-rRloPY-pheny)- amlde

- 0x0- hexahydr d- 0Xazo yrazi ne-7-carboxylic dc
(3 chloro 4-f| uorophenyl) - anlde (exanpl 4; 176 ng, 0.37 mmol) mas
separated by HPLC using a Chiral pak( columm as the stationary phase
and heptane/ Et OH 70: 30 s t@e eluenf. This afforded 10
(3S, 6S,8aS)-3-[2-((,9)-4 oxy- 6-a i Q2. 5] ocExaBapyd§:-(8)-hyifker 6- net hyl -
- 0X0- hexahydrooxazogﬁ__ 2- a\pyrAzi~+ie- 7- car boxylic acid

(3-chloro-4 e [exanple 6; 31 ngﬁm$§ﬁ@7w@5%&n%9lid, VS

481. 3 (M

(35, 65, 8aR) - -((@D 4- hyﬂr@xy-G-azaspiro[2.5]oct-6-y1)-ethy1]-6-nethy|-5-
ox0- hexahydr0- oxazol o[ 3, 2-a] pyrazi ne-7-carboxylic acid

(3-chl oro-4-fluoro-phenyl)-am de [exanple 7; 107 ngy, 61% white solid, M
481.3 15 (M+rH) +]. Exanples 8 and 9

(3S, 6S, 8aS) - 3FeAnix(uB) o fepiinelis OB1H:66)-34 2 ENidr IofdR05} Gata-GinplD).5lottyL)-cthyiiet hy1- 5

i gx;) :] ?1)‘(?8 %ﬁgﬁ-ﬁ%ﬁ%hﬁ%%ﬁp Wa@%a@g@%ﬁ%- -ce}/ llz)oxyhc %cl:ig (3-chloro-4-fluoro-
(3S, 6S, 8aRengY4Hi® @ Lﬂathel B OX¥ g, AX ﬁﬁio[)G){/a% sepRabd ﬁy vik) calstiglal Ciframikhy! - 5-0

xohexahydr o- oxazol o[ 3, 2-a] p ra2|ne -carb (méllc aci d

(3-trifl udPowbipygst %tﬁwl)a%phaa@anov@p@m@ 2959 pethembryt. gFlgs affqrded
10 (3S,6S,8aS)-3-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-cthyl ]-6-methyl-5-0x0-hexahydro-

oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-4-fluoro-phenyl)-amide [example 6; 31
mg, 18%; white solid, MS 481.3 (M+H)] and (3S,6S,8aR)-3-[2-((S)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-ethyl]-6-methyl-5-ox0-hexahydro-oxazolo[3,2-alpyrazine-7-carboxylic
acid (3-chloro-4-fluoro-phenyl)-amide [example 7; 107 mg, 61%; white solid, MS 481.3

15 (M+H)'].

Examples 8 and 9
(3S,6S,8a8)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-methyl-5-oxo-

hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-trifluoromethyl-phenyl)-amide
20 and (3S,6S,8aR)-3-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-methyl-S-o0xo0-
hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-trifluoromethyl-phenyl)-amide



- 50- The title conpounds were produced in anal ogy to exanples 6/7
by HPLC separation of the m xture of epiners,

(3S, 6S) - WP20(1(\2394- hydr oxy- 6- aza- spi r o[ 2. 5] oct - 6- y1) - ePRFEP2@E0/064770

met hyl - 5- oxo- hexahydr o- oxazol o[ 3, 2- a] pyr azi ne- 7- car boxyl i ¢ acid
(3-trifluoronethyl phenyl)-am de (exanplg 5). This produced the (S)-epiner
[exanple 8; white solid, M5 497.3 5 ( +] and the (R)-epiner [exanple 9;
white solid, M5 497.3 (MtH)+]. Exanples 10 and 11

(3S, 6S, 8a5) - 3- (S)-@- Hygr oxy- 6-aza-spiro[ 2. 51oct-6-yl)-ethyl]-6-nethyl-5

-oxohexahyﬂto- ‘olo[e,;hdlp Aazi ne-7- Carboxyl'cjﬁgh%ﬂeg(S)qnnmr

2.51oct-6-yl)-ethyl]-6-nmethyl-5
- oxohexahydr o- oxazolo[3 2- ?g?at*{ff yl'ic Bgintble 9: (R)-epimer

(3-chl oro-phenyl)-amde H Ahe/title !

exanpl es 6/7 by HPLC separatlion of the m xiQQ#e of epiners,

Qupyunds were produced I n analogy to
(3S,6S)-3-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-
met hyl - 5- oxo- hexahydr o- oxazol o[ 3, 2- a] pyr azi ne- 7- car boxyl i ¢ acid

3-chl or o- ph i '
ol 10 e icABhBEuiR s AR R bl ppal o RRAIMECH) bOTILD) spBTBlor |
vvhi te sol thd mikBreAF3pmdrivih).69)-3-2ABS 2O Iy A04L IGREPIrER20A0/08 R Fthel]-6-5 1 -
nple 12
(35 65)e 3‘“{”’%‘“(? §j He’ﬁ;l}éi?r8x°§‘a%"l%[z”§ %]BY%IP% 7§]a§’c°€‘ylé" %Fi‘} (3'tP§Byijeéhyéa di met hy1
- 5- oxohexjHugn-aniaeEdmfld 52 - Hipyroddéddahd (S)apinx Yéxatpacs; Gvhite solid, MS 497.3

(3, 4- dlchloro henﬁb am de
M-+H) ﬁ)andt e (R)-epimer [example 9; white solid, MS 497.3 (M+H)'].

Examples 10 and 11
(3S,6S,8a8)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-methyl-5-oxo-

hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-phenyl)-amide and
10 (3S,6S,8aR)-3-[2-((S)-4-hydroxy-6-aza-spiro|2.5]oct-6-yl)-ethyl]-6-methyl-S-0x0-
hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-phenyl)-amide

O
0 o
C|/©\ )J\NJY Example 10: (S)-epimer
N
S(J/\/ N/Dd Example 11: (R)-epimer
H o) L,

OH

The title compounds were produced in analogy to examples 6/7 by HPLC separation of
the mixture of epimers, (3S,6S)-3-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-cthyl]-6-
methyl-5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-phenyl)-amide

15 (example 3). This produced the (S)-epimer [example 10; white solid, MS 463.2 (M+H)'] and
the (R)-epimer [example 11; white solid, MS 4632 (M+H)'].



5A) (S) - 4- ( 3- Hydr oxy- propyl) - 2, 2-di net hyl - oxazol i di ne- 3-carboxylic acid
benzyl ester The title conmpound was produced in anal ogy wth exanpl es
1/ 2A fromwOSpriNgbenzyl oxycar bonyl) - 2- am nopent ane- 1, 5- diPOIT/EPRO1gI06479@| | Oow
l'i quid. B) (S)-2,2-D nethyl-4-(3-o0xo0-propyl)-oxazolidine-3-carboxylic
acid benzyl ester 10The title conpoundgwas produced in anal ogy with
exanples 1/2B from (S)-4-(3-

hydr oxy- propy1) - 2, 2- di net hyl - oxazol i dExemplec® boxyl i c aC|d benzyl ester.

Li ght yel |l ow thyI 3- |d benzyl
ester 15The téb%g gd%@ﬁ"‘ﬂ%ﬂ%‘é"xﬁro @ H“Tﬁgﬁﬁ*'g'é@mm 6 %‘Eﬁ @Eﬁ T2€ fr om
(S)-2, 2- nkxanydyolohzQB{3-atpRioaney canaaolic A¢io €3 Zmaﬂ&mxmim Damiide benzyl
ester and (S)-6-azaspirof 2. 5]octan-4-ol hydr ochl ori de. Light yell ow gum NS
(1SP) = 403.3 (MtH) +.

[(S)-4- ((S) 4-hydr oxy- 6- aza- sp|r0[2 5]

1) - 1- hydr oxynet hyl - but y1] -
o] was produced in anal ogy

carbamc acid --f« est 20The titl

wi th exanpl es 1/ lom S) [ 3- ((S)

hydr oxy- 6-azag .ul\a prop ]-2,2-dinethyl-oxazolidine-3-carbox
ylic acid benzyl esterH Col urI Ss o~ Ms (1 SP) 363.4 (MtH)+. E)

(S)-6-((S)-4-am no-5-hydr oxy: tyl -6-aza- sp|r0[2 5] octan-4-ol The title

conmpound was produced in an th the procedure desribed in exanples 25
1/ 2E from O

[(S)-4-((S)-4-hydroxy-6-aza- sp|r0[2 5 oct-6-yl1)-1- hydr nethyl butyl] carb

am CcC a | d be /) l s - 3 d [ If 1 - ) O—XaZQV'HE' X.V 1C benZV

2011/ 0423Q9RCT/ EP2010/ 064770 52- F)

(3S,6S)-343-((S)-4-Hydroxy-6-aza-spiro[ 2. 5] oct-6-y1)-propyl E8a-di neth

5- oxo- hexahydﬂnﬁﬁkamokmﬁmi@aaﬁpwnadhn@wkgwahﬁnxympbs&@Mdﬁbam&»NFester

The title,co roduce w th exanples 1/2F from (S)-2-
[benzylox@@%%@%ﬁywb@ﬁﬁk'8mBF@5 ie %ﬁfﬁ&' é?%%?ha ﬁmg@id met hyl ester

(i ntermedi at EB)Z) ang)-2.2-Dimethyl-4-(3-oxo-propyl)-oxazolidine-3-carboxylic acid benzyl ester
S)-6-((S)-4- 5- hyd tyl)-6- - spi 2.5 4-0| . Light

3(/el) | o éu%n hﬁl@tﬁl%zcomp%ﬂmrqowxy pprgcli]uc%d )1n ana 0%;3 vﬁ% erxgr[nplesll%% c?m (S)O4 3- '9

hydroxy-propyl)-2,2-dimethyl-oxazolidine-3-carboxylic acid benzyl ester. Light yellow

liquid.
C) (S)-4-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-vl)-propvl]-2.2-dimethvl-

oxazolidine-3-carboxvlic acid benzyl ester

15 The title compound was produced in analogy with examples 1/2C from (S)-2,2-
dimethyl-4-(3-oxo-propyl)-oxazolidine-3-carboxylic acid benzyl ester and (S)-6-aza-
spiro[2.5]octan-4-o0l hydrochloride. Light yellow gum, MS (ISP) = 403.3 (M+H)".

D) [(S)-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-hydroxymethyl-butyl]-

carbamic acid benzyl ester

20 The title compound was produced in analogy with examples 1/2D from (S)-4-[3-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-2,2-dimethyl-oxazolidine-3-carboxylic acid benzyl
ester. Colourless oil, MS (ISP) = 363.4 (M+H)".

E) (S)-6-((S)-4-amino-5-hydroxy-pentyl)-6-aza-spiro[2.5]octan-4-ol

The title compound was produced in analogy with the procedure desribed in examples
25 1/2E from [(S)-4-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-hydroxymethyl-butyl]-carbamic
acid benzyl ester. Yellow gum, MS (ISP) = 229.3 (M+H)".



G (3S,6S)-343-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl E8a-di neth

hexahydr o- oxazol o[ 3, 2-al pyrazi n-5-one A sol ution of

(3S, 6S) - B2 B)Y042439hydr oxy- 6- aza- spi r o[ 2. 5] oct - 6- y1) - pr op¢rjEPé) 1864710

di met hy1- 5- oxo- hexahydr o- oxazol o[ 3, 2- a] pyr azi ne-7-carboxylic acid benzyl

ester (295 ng, 0.63 mmol) in MeOH (3 was stirred for 11/2 h at room

t enperature under a hydrogen atnDsphere (1 bar) in the presence of

pal | adi um (108 g reiridyd 332-$11 oeR6iyH rd tneq

renmoved byofr _

evaporat-- 0 o T I ; 5°SEDI our | ess gum MS

(1 SP) 338.3r Iﬂe‘ilt(el‘dbhb)pdmnd was prbﬂuced in analogy with examples 1/2F from (S)-2-

(3S, 68) 343- (ﬁS) 4- Hydr oxy- 6-aza- spi ro[ 2. 5] oct - 6-y1) - propyl E8a- di et h

5- 0x0- hexRRYHOYERRIOBI 6L 8Xo PPy raasnolaironiphie B@Mqﬂ%ﬂa&tmp termediate 2) and

(3, 4-dichy S‘?%Q((%’)D@Qﬂﬁiln)o @H}rd}@xy ﬁexﬁyl%%% QiR e MetanL @%l@@ﬁ%ll&@%uﬁngo 15
nmol ) was add at 0C to a solution

(3S, 6S) - #T3 (\(8)43- hydroxy 6-aza- sp|r0[2 5]oct 6- y1) propyl] 6, 8a di met hyl

- hexahydro- 2C€ G \ . | |

bat h was reno A 0 W vap

resi due chﬂﬁﬁﬁh@@kﬂ@hﬂd2@$h@£mnEEM%DCNTNEOFV25@6aq ammoni a solutron

22512 (()M%-Eig +tlg glr U%u@ﬁc (ég zg)-g-[g I(&) 4- Ig}zlroxy- za—sp 57]0c?6-y1§2%lr0%l§ S gum M.
(3S, 63D~ dihtHyl-S)oxA -t ib\lo;@rzé‘lé% ﬁe]pryd&%e&lc%m?ny adid Bé&@yés]ter@wﬁmgl net hyl

- 5- oxohexahydr o- oxazol o[ 3, 2- a] pyr azi ne-7-car boxylic acid
( 3- chl or 0043 mymql) md‘rldﬁﬂt(hwlﬁ hesg ytirrechiod &2 h/@rczm 190 y9 ru(mvrerbwdmﬁm 64770

oy i AmethRR ofi ey e AMARTANEALE  APEDA SLEAC LR (530 MBincl 15

bi s- (tri cinkadnlmetabyria) wesarchowed y ﬁ]ﬂ:rﬁtmngthr&(ghmmdn)laaenusamﬂlo fAiht rﬁitime wes 5 nl)

o DY S0 3 B T ey, B0 BB LSTRUEsTde0 g0

propylik- 6pngap i met hyl - hexahydro oxazolo [3 , 2-a] pyrazin-5 -one (exanple

12G in acetonitrile . was added After 3 h t he reactron nlxture was

evapor ated and 3 () 76 B SHE o byl Bk

?g'g’ VeoH é%( Adan g&%ta%m@'vzs&rbgg@l% 7]cgrb%,x@1§c) actld)(3p4-r MR Bﬁ‘é‘?wf) lig conpound
i 34- D1chlorophenyl, isocyanate (28 mg, O 15 mmol) was added at 0°C to a solution of

(3S,6S)-3-[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6,8 a-dimethyl-hexahydro-

20  oxazolo[3,2-a]pyrazin-5-one (50 mg, 0.15 mmol), then the ice bath was removed. After 30
min the reaction mixture was evaporated and the residue chromatographed (SiO,; DCM —
DCM/MeOH/25% aq. ammonia solution 90:10:0.25) to pruduce the title compound (57 mg,
73%). Colourless gum, MS: 525.3 (M+H)+.

25 Example 13
(3S,65)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yI)-propyl]-6,8a-dimethyl-S-oxo-
hexahydro-oxazolo[3,2-a|pyrazine-7-carboxylic acid (3-chloro-4-trifluoromethyl-

phenyl)-amide



10 Exanmple 14 (3 S,6S,8aR) -3-[2-((S)-4-Hydroxy-6-aza-spiro [2.5]
oct-6-yl)-ethyl] -6, 8a-dinethyl-5- oxo-hexahydro-oxazolo [3

, 2- a] pyr awonetifdempboxylic acid (3 ,4-dichlo ro-p he nyPrT@arde/06477Cl

15A) (3S, 6S, 8aR) - 7- Benzy1- 3-[ 24( S) - 4- hydr oxy- 6- aza- spi ro[ 2. 5] oct - 6-y1) - et hyl
1- 6, 8a-dinmethyl - hexahydr o- oxazol of 3, 253a] pyr azi n-5-one The title
conpound was produced in anal ogy with eXanples 1/2F from

(S)-2-[benzyl (2- Qx0- propyl)-an noj - propi o acid nmethyl ester

(i nternedi at eF and
(S)-64(S)-3-am droxy-butyl)-6-azg- spi
1/ 2E). Orange kgu 41% 4 (M+H) +,
B) (3S, 65, 8aR) -

di met hyl - hexah hro oxaz Io[
(3S, 6S, 8aR) - 7- benzy1- 342- (( 4-Npydr gxy- 6-aza-spiro[ 2. 5] oct-6-y1) -

et hyl ] - 6, 8a- di net hyl - hexahydr o[ 3, 2-a] pyrazi n-5-one (160 ng, 0.39
mmol) in EtOH (3 nmL) was stirr@d-at 50C for 3 h under a hydrogen atnosphere
(3 bar) in the presence of palladium (10% on activated charcoal, 63 ng),

t hen i nsol ubl & sotatier oit-amems- 2rdﬂmbd12b§rif510ﬁd¢ (30ang, &nl Strhmol) gin actitcant tohe(©Sou s
N RS eSS RS BT B £ Rl i ohbhl 5o ERTRAY T 3% ™

C) (3S, 6S, ;&aa)) in3ade®n(t£i)(0 4-rhlyindpyriBmaz B3 Bl 0.0 Rnkll 0 ClthreBedyPath #hdedioved, 8a-

di met h 0x0- hexahydr o- oxazol o yrazi ne car hox %I ic acid

(3, 4- dgchqh@i& @%ﬁ@ﬁw)asoluamlafeﬁs ﬁeBt(}gBr‘thfBﬁ’@bﬁn%a - [pr baeal- i n anal ogy

W th exa g'é 398 { BRx AR BB 2201 -5- 1 12G itril
penoy o3 TSR B 0SS @RBaBle bl Salpyrin-Song example PGy il

xahydr oox(é)zi)mtxp Bfaszacbj]e@yA&zr hh ﬂaeanastandmst;une— waschiaporateh @m@/the irssabganafied Wi t e
foam M. byS&%oéathmlﬁBy-"(SiOz; DCM — DCM/MeOH/25% aq. ammonia solution 90:10:0.25) to
pruduce the title compound (39 mg, 47%). White solid, MS: 559.4 (M+H)".

#0PH 5] oct an- 4- ol (exanpl es

10

Example 14
(3S,6S,8aR)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6 ,8a-dimethyl-5-

oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide

P ""OH
0 N
-
SaTAS
H O
Cl

15 A) (3S.6S.8aR)-7-Benzyl-3-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-

6.8a-dimethyl-hexahydro-oxazolo[3.2-a]pyrazin-5-one

The title compound was produced in analogy with examples 1/2F from (S)-2-[benzyl-
(2-oxo-propyl)-amino]-propionic acid methyl ester (intermediate 3) and (S)-6-((S)-3-amino-
4-hydroxy-butyl)-6-aza-spiro[2.5]octan-4-ol (examples 1/2E). Orange gum, MS: 414 .4

20 (M+H)".
B) (3S.6S.8aR)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6.8a-

dimethvl-hexahydro-oxazolo[3.2-a]pyrazin-5-one




15Exanpl e 15

(3S,6S)-3-[3-((S)-4-Hydroxy-6-aza-spiro[ 2. 5] oct-6-yl)-propyl]-6-nethyl-5-o0x
ohexahydrwoaxuaz2abidp 3, 2- al pyrazi ne- 7- car boxyl i ¢ aci d ( 3- ebrmpresipletTyd ) - am de
A) (3S, 63) - 343- ((S) - 4- Hydr oxy- 6- aza- spi ro[ 2. 5] oct - 6-y1) - propyl] -6-nmeth 20
oxo0- hexahydr o- oxazol o[ 3, 2- a] pyr azi ne- 7- qar boxylic acid benzyl ester

The title conpound was produced in anal'ogy with exanples 1/2F from (S)-2-

[ benzyl oxycarfb@@iytl@l( O (3% 0S8Ry benayil 3P -(V ephphoxy-Geraspms{ h§locesybr

(1 ntermedi

(S 6 ( (5 PUTabBREn et o3 2- Um0 998 008D 1 Bl e
12E) . Br o@mEpwis stiMed attS®CAof M ldhder a2fyBjoghh @t@iosﬁheyd: )3t oipthd prosaed &iv h
hexahydr o- oxazol ob(g 2- al pyrazi n-5-ane WO 2011/ 042399PCT/ EP2010/ 064770

- 55~ pafigdivg (1 P& WeHBURHCRAE b O dird<len HSAHBIE Syeriat VRS BRIYRT BY 12G from

(3S, 6S)- 3filrdrion through diatomacequs ¢arth. The ﬁltrate was eva orated to afford the title

((S)-4-hydroxy-6-aza-spiro[ 2. 5] oct-6-y1)-propyl] - 6- met hyl- 5- oxo- hexahydro-o
xazol o[ 3, omppppy (DA -83~gaPbowditd Hame MS$: Bé‘hiﬁMJréBter Li ght brown oil, M
324.3 (M+H) +.

O (3S,69)-3-]
0X0- hex ahdﬂdfeﬂryd}xaﬁrollﬁfiﬁwar(ﬁibﬂibla?& I}&]p?zrazmreboo@ylbdx@haemd ( 3 4- d1ch10ro-phenv1)
(3-chloro-p enyl) am de The title conpound was produced in anal ogy
with examdt¥€€12H from (3S, 6S) - 3-[ 3-

(( S) 4ohydr oxprebitRZAnHBhkP & bAkkd &r Mthlogh WalYekbmBreMBHYdm h%@élxﬂ()cn oxazol o

[3,2- a] pyrazin-5-one and 3, 4-di chl orophenyl isocyanate. Li ght yell ow f oam
VS 477.2 e(npw-lr% R- ((&bﬁhaﬁrpp%éie@a- piro[2 5]oct 6-yl)-ethyl]-6,8a-dimethyl-hexahydro-

(3S, 6S) - 35 a%ol(a Oﬁg{%&;éi{ pag}dgjéﬁ dﬁﬂlf{ f@%%@ﬁ];%%%%n%% i:k%j]ﬁlr[)g AR <33 B4 hy1- 5- ox

0- hexahy I ne-
(3, 4-di chdl\d)ﬂd} phenyl) am de

15 Example 15

(3S,65)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yI)-propyl]-6-methyl-5-oxo-

hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-phenyl)-amide
+OH
O

. )LN/'\fo

k(N
O

A) (3S.6S)-3-[3-((S)-4-Hvdroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6-methyl-5-

20 oxo-hexahydro-oxazolo[3.2-a]pyrazine-7-carboxyvlic acid benzyl ester

The title compound was produced in analogy with examples 1/2F from (S)-2-
[benzyloxycarbonyl-(2-0xo0-cthyl)-amino]-propionic acid methyl ester (intermediate 1) and
(S)-6-((S)-4-amino-5-hydroxy-pentyl)-6-aza-spiro[2.5]octan-4-ol (example 12E). Brown
foam, MS: 458.4 (M+H)".

25 B) (3S.6S)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6-methyl-

hexahydro-oxazolo[3.2-alpyrazin-5-one




The title conpound was produced in analogy with exanple 12H from
(3S,6S)-3-[3- 15

((S)-4- hywsoasy/@2m2a- spi ro[ 2. 5] oct - 6-y1) - propyl] - 6- net hpCThpz@lapet70e oxazol o
[3,2- a]pyrazin-5-one (exanple 15C) and 3, 4-di chl orophenyl i socyanate.

Col ourl ess gum WMs: 511.3 (M+H) +. Exa es 17 and 18

20(3S, 6S, 8aS)-3-[3-((S)-4-Hydroxy-6-aza-spiro[ 2. 5] oct-6-yl)-propyl]-6-nethy
1- 5- oxo- hexakhedrts-cormpahdf s, Iﬂod;]cm} ragialngy Pitaaxbopiel 26 faan @3S.6S)-3-[3-

(3, 4-di chl or o5 )

(35,65, 8o SIS YA AT SR & shrom g ap s SRR TP - ety 1-
5- oxohexaﬁ]yﬁﬁ@ﬂaﬂ%ﬂio&&& a&ncﬁl])@i;t;rlae&teneﬂghcabbrﬁbyl | MS: g4 8l (M+H)".
(3,4-dichloro- phenyl d V\D 2011/ 042399PCT/ EP2010/ 064770
The m xture of 4

Jc) cts6 o%lﬁexem@a/ %Lazoﬁ)‘fg@la%az{ﬁle %abomr%@iawrcﬁlor@ﬁﬁa&n'athhe? 2
-a] pyrazine-7 -carboxylic acid él 9 -dichloro -phenyl)- "am de (exanpl e 16;
®

210 ng, 0. 41 Theditle cpawospersare irHPla gy Vil xamRep2iSirem G0k 3-NR col umm

s L St GELPNRENPRARR. AR, BRLANGL SL 0L % 38, dRGrebusfby T 5 af forded

-yl)-propﬂﬁhﬂﬁﬂn£GMNﬁﬂ34meE0HmhanX&hyﬁm@&OXﬂﬁmyﬂﬂn{ﬁwﬂlNHJQYV&&NHQB?-C arb
oxyli ¢ acid (3 ,4-dich |oro-ph enyl)-am de [exanple 17; 106 ng, 50%
white foam M 511.2 (MH)+] and (35, 65, 8aR)-3-[3-((S)-4-hydroxy-6- az a-sp

iro [4295 ] oct-6 -yl)-propyl]-6-nmet hygxsmy®e - hexahydro -o xazo lo [3
, 2- a]pyra2|ne -7 - carboxylic acid (3,4-dichloro-phenyl)-am de [exanple 18;

65 ng, 31% viAB8)-BdantS)NEHydmx5 ﬁazz S(pMDH; 5]]00t-EyBrm‘pE$l]-§9nehhml >{xo- ol
3S, 6S, 8 6-
( Zﬁ gll}%él% ((x(a§ loFSzf-%ﬂ) %%{ne 7%%% 11£ {)3 )£§ Qt(%ﬁéhl(?rozgﬁen?f) a%al: et ny

5- oxohex oxazo yrazine- car
(3-chl oro- phenyl) am de and 15
(3S, 6S, 8aR) - 3- HS ((S)-4-hydroxy-6-aza-spi¢o[ 2. 51oct - 6-y1l) - propyl] - 6- net hyl -

5 OXO' .|\\OH

The title compound was produced in analogy with example 12H from (3S,6S)-3-[3-

- 56-

CI N

15  ((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6-methyl-hexahydro-oxazolo[3,2-
alpyrazin-5-one (example 15C) and 3,4-dichlorophenyl isocyanate. Colourless gum, MS:
511.3 (M+H)".

Examples 17 and 18
20 (3S,6S,8a8)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6-methyl-5-oxo-

hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide and
(3S,6S,8aR)-3-[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-y])-propyl]-6-methyl-S-oxo-
hexahydro-oxazolo[3,2-a|pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide



hexahydr o- oxazol o[ 3, 2- al pyrazi ne-7-carboxylic acid (3-chl oro-phenyl)-am de
The title conpounds were produced in anal ogy to exanples 17/18 by HPLC
separ at i omoab11tdae3omi xt ure of epiners, (3 PCT/EP2010/064770
S,65)-3-[3-((S)-4-hydroxy-6-aza-spiro [2.5]oct-6-yl)-propyl]-6-
nethy1-5-oxo-hexahydro-oxazolo[3,2-a]péggzine-7-carboxy|ic acid

(3-chl oro-phenyl)-am de WD 2011/04239 éCT/EP2010/064770 -57- (exanple 15).
Thi's produced the (S)-epiner [exanpl 9; white foam M 477.2 (MH)+] and

the (R)- e%gner [ exanpl e 20; white f MS: 477.2 (MrH) +]. Exanpl es 21 and
22 .OH

5(3S, 6S, 8aS) H- (($) - 4-Hydr oxy- 6x azg- spi r o[ 2. 510etandle I} {(Preapyti - 6, 8a- di m
et hyl-5- oxg 2 ol©[ 3, 2-M[pyr azi ne- 7- car boxyl i c acid

(3,4-dich NL) - am deland

(3S, 6S, 8aR) - 3434( S) - 4- hydr -6-aza-spiro[2.5]oct-%ﬁ%@%qbﬁé%bfq@§f8a-dineth
y1l-5- oxo-hexahydro- 0xazs —2% a] pyrazi ne-7-carboxylic acid

(3, 4-di chl or o- pheny1l) - The m xture of epiners,
(3S,6S)-3-[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]- 10

6, 8a- di net hyl- 5- oxo- hexahydr o- oxazol o[ 3, 2- a] pyr azi ne-7-carboxylic acid

(3, 4- di chl or'Bsheipny oberiigiers( @R&¥PB d31()-451ay diexy-@8zaivnino) 2. last-Eharenytld by
L s bt o BN aRS 2B Sy RRirk e AR BANY: R ford Meny-

(3S, 6S, 8a£hmﬁ(¢@ﬂ@&£mhQimy@r@xyﬂﬁmﬂZQm&npmekab§}ﬁnﬂjﬁﬁ@@aRﬂmﬁswmhﬂa,8a di ne

R R P

525. 2 §M+HgHs @R6l3 ([?—3(825»—1%@1@){)/36 bAx E(pﬁtgp‘ ﬂbct 6-yl)-propy1] -6- methyl -5-0x0-
hydr oxy- 6-aza-spiro -6-yl)-propyl] hy1- 5- oxo- hexahydr o- oxa
zol o[ 3, 2- h@c]alp:mr@r@W@bﬁ admosama- C@rbpwl(cacm(aﬂcctwld@r@ ileeyhyppidgripxienlexanpl e

(2§s 9 - T g S A M s A s BN T i 1% et iy
- 5-

aza-sp1ro[2 5]oct- 6-yl)-propy1] -6- methyl -5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-

of

carboxylic acid (3,4-dichloro-phenyl)-amide [example 18; 65 mg, 31%; white foam, MS:
10 511.2 M+H)].

Examples 19 and 20
(3S,6S,8a8)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6-methyl-5-oxo-

hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-phenyl)-amide and
15 (3S,6S,8aR)-3-[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-y])-propyl]-6-methyl-S-oxo-
hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-phenyl)-amide

-I“OH
O Example 19: (S)-epimer
H S(N Example 20: (R)-epimer
H

O

The title compounds were produced in analogy to examples 17/18 by HPLC separation
of the mixture of epimers, (3S,65)-3-[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6-
methyl-5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-phenyl)-amide



0x0- hexahydr o- oxazol o[ 3, 2-a] pyrazi ne-7-carboxylic acid

(3, 4-dichloro-phenyl)-anm de WO 2011/ 042399PCT/ EP2010/ 064770 c A)
(S) - 2- Amiwo-2panu2de- 1, 5- di ol A sol ution of PCT/EP2010/064770

(S)- N (benzyl oxycar bonyl) - 2- am nopent ane-1,5-diol (2.00 g, 7.90 nmmol) in
EtOH (30 nlL) was stirred at roon1tenpegﬁture for 2 h under a hydrogen

at nosphere (3 bar) 5 in the presence of palladium (10% on actlvated

char coal , (ctaBgled}). Thieproidneditud(Se-cpimes féxamplealy); mitoked, BYS #77.2 (Mdt-Hdn

t hr ough d| eQus rth. drat ted to afford the title
conpound %@ig% PO AL 1%13-(267 %{fr ﬁg ii; £ MPH%?

(3S, 6S)-3-(3-Hydroxy-propyl) - 6- nethyl 5- oxo- hexahydr o- oxazol 022-

al pyrazi ne-7-carboxylic acid benzyl ester 10Condensati on of

(S)-2-[benzyl oxycar bonyl - (2- oxo- et } pionic acid nethyl ester
(i ntergedi at . anpl es
L BT S B o gl b ok, D ahek ke 2

yel | ow gueno- mgahgdn@ (g(a@m[%)}]a]mndzme 7-carboxylic acid (3,4-dichloro-phenyl)-amide

(3S,55) - 5, fy @ RS )-'ﬂﬂz,b@@’lflh a‘QX%'SOC 0??¥]?)CP6-[}T)OX%P}2IIJI aqddlmei’h 15-

benzocycldﬁe ow gu

MS: 349. 3 4M*lrexhhydrb5oxaholemmr@mﬁmvahﬂd)xbuc aﬁﬂmm-d@dmmmyaw(ié Si 02;
DCM DCM MeOH 25% aq. anmoni a sol uti on 90: 10: 0. 25). O

(3S, 6S)-3-(2-Carboxy-ethyl)-6-nmethyl oxo0- hexahydr o- oxazol o L3, 2-
alpyra2|n%:7 carboxylic acid benzy ter The title conmpound was
produced inh 78 -gy th exanpl e Cf 6&“{38 68)§§

hydr oxy- prop r o- oxazol of ﬁ&gT €¥é§)ﬁ%nﬁrcarboxyl
c acid beppy S gu M5: 361. 2 (MJﬁ

(3S, 6S) - 343- ((S) 4#}& -aza iro[ 2.5]oct- yg&m@ﬂ@xp(ayqaﬁé} 6-
nmet hy1- 5- oxo- hexahydro-§§€§& , 2-a] pyrazi ne-7-carboxylic acid benzyl
ester The title conpoun s /produced i n anal ogy with exanple 29D from
(3S,6S5)-3-(2- 25

carboxy-ethyl)-6-nethy| 5- oxo- hexahydr o- oxazolo[3 2- a]pyrazine 7 carboxylic

? g;(rjn b(:/gzy|472 te%ﬁa{jéj ofe 1mersa(§%6§5) [9[(85') Cdtr((;ixr;/-é1 agal-spl oﬁi ((:)cr:]tl -propy Ite
(3S, 63)- 3¢8a &@alﬂyllﬂy&(oqﬁa@d@@@x%w[pb%]@&% Boirbdxydc A¥@- (@mopyl ]-6-

met hyl - 5- oxo- hexahydr o- oxazol o[ 3 ra2|ne 7-carboxylic acid
( 3, 4- di chdlighlerophemy)iamide @ma@l@le 12; 50 mg, 5 umol) was separated by HPLC using a Lux™

Cellulose-2 column as the stationary phase and heptane/EtOH 70:30 as the eluent. This
afforded (3S,6S.,8aS)-3-[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6,8a-dimethyl-5-

oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3.,4-dichloro-phenyl)-amide

15 [example 21; 3.5 mg, 7%; colourless gum, MS 525.2 (M+H)'] and (3S,6S,8aR)-3-[3-((S)-4-
hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-6,8a-dimethyl-5-oxo-hexahydro-oxazolo[3,2-
alpyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide [example 22; 20 mg, 40%; white
solid, MS: 525.2 (M+H)'].

20 Example 23
(3S,65)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yI)-3-oxo-propyl]-6-methyl-5-

oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3.,4-dichloro-phenyl)-amide



WO 2011/ 042399PCT/ EP2010/ 064770 - 59- The title conpound was produced in
anal ogy with exanples 1/2G from (3S, 6S)-3-[ 3-
((S) - 4- hywioar/@B2@2a- spi r o[ 2. 5] oct - 6-y1) - 3- oxo- propyl] - BCHEPRY10/06470X 0- hexah
ydr ooxazol o[ 3, 2-a] pyrazi ne-7-carboxylic acid benzyl ester and
3, 4-di chl orophenyl isocyanate. Wite s_%lgi_d, M5: 525.4 (MtH)+. 5 Exanple 24
(3S,6S,8aR)-3-[3-((S)-4-Hydroxy-6-aza-spiro
[ 2. 5] oct - 6- y1) - 3- oxo- propy1]- 6- gt hyl 5- Xo- hexahydr o- oxazol o
[ 3, 2- al pyrazi ne-7-car boxyl i c\acyd (3-chl hics i fl uoronet hyl phenyb-am de

. 5l oct - 6- L)~ Nhydr oxynet hyl- 4- oxobut y1]

10 A
[(S)-4-((S)-4-Hyd -6-§z—an
- carbam c aci@l =;@ eN er Theltitle conpaupd was produced in anal ogy
wi th exanpl e 29D Neevh ($) - 5- hydr 8Xy- 4- (benzyl car bonyl ani no) - pent anoi ¢
acid [prepared f jom N- (benzyl oxycarbonyl)-L- 15 glutami c acid follow ng the
procedure described in Indian J. Chem 1988, 27B, 1124] and
(S)-6-aza-spifp[ 2. 3kpelaAmd-Rhtahydaghl oride. Light yellow gum Ms: 377.4

( M-H) +. B

('S) - 4- Ani no- 5A hglitexeL (B)-gbenzyhgarukgnd) remingpentence | 5142 60 ¢17 9pamath- 1-
oS, The i OHAGTRAY ks e hIBR kb RaBRTLCIH w15 SRIEBh EunfRfhckt PFBar
hydr oxy- 6inaz@psgincophabihdiab+ (G0 Ion-attivatelt dwyovel, hybR-o4-thoroinknltlyld hacainbaad ¢

acid benzyl ester. Caloyrless.gum NS 243.4 +. C

S 6a BanoyasbY gy Moy e e Rcst borbe BB was veporatlia e Borgber) - o-
met hy1- 5-@&&@9@@3&/@24@1@@@@%%@ 251&lrRys &Ei ne- 7- car boxyl i ¢ aci d benzyl
ester Condensation o

(S)-2-[ benzyl Bk DAV )- Y EXN RO
ester (in L at i |k
(S)-4- am'JI - - %%&@0}‘ I\M by 1ye tre(r)xy- 6- aza-spiro[ 2. 5] oct - 6-
y1l) - péfit an- 1-Gomelensatiamaf (S4p2- [werizyl ey earpd gt (2ZLH e thylpdonced-promersc heid methyl
statistical mxture of th itle.co un l.i ght brown.gu VB: 2.4
(MH) +] | gﬁe&r&n{eémg Fltﬁelp w1t§é§-%—§%n§n§qnfgz%€§?{n anafogy With er;&mples lélz
4- hydr oxypréd@ed asiphryodtisola GhixBry/d) thStiXeonBfuay P]gh@yﬂﬁiv@%‘tﬂm,ﬁ‘vlgxmx ahydr o-
oxazol o[ 3, 2- a] pyrazi ne-7-carboxylic acid benzyl ester [Ti ght _brown gum
VB 472. ANRHH) ajd (i udrasymehybd- i deamcr st o vea 3 7 2e0-
benzocycloheptene-2-carboxylic acid benzyl ester [light yellow gum, MS:349.3 (M+H) '],
15  which were separated by column chromatography (SiO,; DCM — DCM/MeOH/25% aq.

ammonia solution 90:10:0.25).

C) (3S.65)-3-(2-Carboxy-ethyl)-6-methyl-5-ox0-hexahydro-oxazolo[3.2-

alpyrazine-7-carboxyvlic acid benzyl ester

The title compound was produced in analogy with example 29C from (3S,6S)-3-(3-
20  hydroxy-propyl)-6-methyl-5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid
benzyl ester. Colourless gum, MS: 361.2 (M—-H) .
D) (35.65)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-0xo0-propyl]-6-

methyl-5-o0xo0-hexahvdro-oxazolo[3.2-a]pyrazine-7-carboxylic acid benzyl ester

The title compound was produced in analogy with example 29D from (3S,6S)-3-(2-
25 carboxy-ethyl)-6-methyl-5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid benzyl
ester and (S)-6-aza-spiro[2.5]octan-4-ol hydrochloride. White foam, MS: 472.4 (M+H)'.
E) (35.65)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-0xo0-propyl]-6-

methvl-5-o0xo0-hexahvdro-oxazolo[3.2-a]pyrazine-7-carboxvlic acid (3.4-dichloro-phenvl)-

amide



separated by colum chromat ography (Si 02; DCM DCM MeOH 25% aq. ammoni a

sol ution 90:10: 0. 25). D)

(3S, 6S, 8aRP-28UA4LI9Y) - 4- Hydr oxy- 6- aza- spi r o[ 2. 5] oct - 6- y1 PCIERR@006400Y 1] - 6-
met hyl - hexahydr o- oxazol o[ 3, 2-a] pyrazi n-5-one 5The title conpound was
produced in analogy with exanple |E fram (3S, 6S, 8aR)-3-[ 3-
((S)-4-hydroxy-6-aza-spirof[2.5]oct-6-yI)-3-o0xo-propyl]-6-nethyl-5-oxo-hexah
ydr ooxazol o[ 3[2-tdleppnwpimewss aduzost yi analogyivdthizamples éSGefrom (3 50$)-3-63-1 ow
gum ME5: 8 M+H) +. .

155, 65, aalky 5RO EE Sre sy RIa 20k 6252 50 POPY IS BEDYES 919 M5 BY O opy] - 6-
10 net hyl exazels(Fhepghiyihe o-axieaglio hdd Beradypystazhd 8 44diciastophanlyl Bo@@ahdte.
(3-chloro-4- trifluoranethyl-phenyl)-am de The title conpound was
produced MRitGAAIGYS weof ( @aﬂ?pl e 13 from (38 6S, 8aR) - 3- [ 3-

((S) -4shydroxy-6-aza-spiro[ 2. 5] oct-6-yl)-3-0x0-propyl]-6-nethyl -hexahydro-o
xazol o[ 3, 2- a] pyrazi n-5-one and 4-am no- 2- chl or obenzotrifl uori de.

Col our | ess gum M5: 559.2 (MtH)+. 15 EKEED.MS
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(3-chlor 05-4x(5-ht:idh}tﬁ[‘@ﬁﬁ2b)d [RRayyragiie-Jeca2boxylic acid (B)chloFod-itmoBomehyB

-[3-((9)-4 (%roxy 6-aza-spiro [2.5 ]Joct-6-yl)-3-o0x0-propyl] -6- nethyl-he
xahydr o- o&léf’i'é’ Amide  2_ 3] pyrazin-5 -one The title conmpound was
produced in anal ogy W|th exanp Ie | E from @3S, 6S, 8aS5) - 3-[ 3-
((S)-4-hydroxy-6-aza-sp iro [ oct-6-W) - X0 -propyl]-6-nethyl-5
-ox0 -he xahydro- 25 oxazO| o ]pyr ' e-W—car oxylic acid benzyl ester
(exanmpl e 24C). ol oy ss%&mj L2 (M B) (3 S6 S,8 aS)-3

-[3-((S)-4- Hyd @ iro 5 ]oct 6-yl) - 3—oxo propyl] -6- methyl -

- 0x0 - hexahydro |-o p g [3 ,24a razine -7-cOHrb oxylic acid (3 -chloro

-4 - trifluorondt hY phenyl) - am de WO 2011/ 042399PCT/ EP2010/ 064770 -61-
The tiipl e conpoun® was produced in anal ogy wi th exanple 13 from
(3S, 6S, 8aS) - 3; :

--OX Q=

((S) - 4-hydr oxy Rexahydr o- o

xazol o[ 3, ]anyla.bmaﬁzaaarcﬁge@m egﬂad 4- am no- 2 chI orobenzotr| fI uori de.
Col ourl ess gum WMs: 559.2 (M-H) +. S5Exanpl e 26 zg S, 6S, 8aR) - 7-
[(E)-3-(3 - CthﬁrtﬁleﬁmeGW%WWﬁ%c)@d&b gy ¥jithzxgupks) 2ok ﬁﬁ%&%&%rhﬁdmé}zé spiro

Lir 2 ]ZI ﬁ g el gfl'dlx)ycgfbQﬁ@arﬂnBPBéﬁlte]nowaacW[tppéf)lareﬁ% RYEELyR53&8bshyh)3.2- al
15 glutamic acid following the procedure described in Indian J. Chem. 1988, 27B, 1124] and
(S)-6-aza-spiro[2.5 Joctan-4-ol hydrochloride. Light yellow gum, MS: 377.4 (M+H)".

B) (S)-4-Amino-5-hydroxy-1-((S)-4-hvdroxy-6-aza-spiro[2.5]oct-6-yl)-pentan-1-

one
The title compound was produced in analogy with example 23 A from [(S)-4-((S)-4-
20  hydroxy-6-aza-spiro[2.5]oct-6-yl)-1-hydroxymethyl-4-oxo-butyl]-carbamic acid benzyl ester.
Colourless gum, MS: 243 .4 (M+H)".
C) (35.6S.8aR)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-0xo-propyl ]-6-

methyl-5-o0xo0-hexahvdro-oxazolo[3.2-a]pyrazine-7-carboxylic acid benzyl ester

Condensation of (S)-2-[benzyloxycarbonyl-(2-oxo-ethyl)-amino]-propionic acid methyl
25  ester (intermediate 1) with (S)-4-amino-5-hydroxy-1-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-
yl)-pentan-1-one in analogy with examples 1/2F produced a nearly statistical mixture of the
title compound [light brown gum, MS: 472.4 (M+H)'], and its epimer, (3S,6S,8aS)-3-[3-((S)-
4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-6-methyl-5-oxo-hexahydro-oxazolo[3,2-
a]pyrazine-7-carboxylic acid benzyl ester [light brown gum, MS: 472.4 (M+H) "], which were



FCI The title conpound was produced in analogy with exanple 29D from
(3S, 6S,8aR)-3- 10
[ 3- ((S) - awbydriony398- aza- spi r o[ 2. 5] oct - 6- y1) - 3- ox0- pr opy PrTaPowvlogd77hexahydr
0- oxazol o[ 3, 2- a] pyrazi n-5-one (exanple 24D) and 3-chl oro-4-fluoroci nnamc
acid. Wiite solid, Ms: 520.3 (MtH) +. Exanple 27 15(3 S, 6S,8aS)-7- KE)-3
-(3-Chl oro-4-fluoro-phenyl)-aeryl oyl] - 3434(S) - 4- hydr oxy-6- aza-spiro [2.5]
0 et - 6- y 19ep@ated by o luopydhfom@o graphyy(Si Gue 04 M y-o IDE-NRAgOHE 53R amjnonia
pyrazi n- 5- | The title conpound was produced in anal ogy with
exanpl e > r%q()é)sz%s 8as) - 3-
[3-((S)-4- hydDny G38.28:88R)-B 9B -2 SHHOE §drbx 8 bz Bs 502 . Bloop§-I])-Boxmeploplbexahy dr
o-oxazolo[3 2 20 a pyra2|n 5- one (exanple 25A) and

ey olof3.LoplDNIR-g-s| i d, MS: 520.3 (MrH)+. WO
2011/ 0§2399quﬂeﬁﬁ%%g{pg%7\z§s pr@&cemlo%y%@th exam ple lE from §3S ,6S,8aR)- 3 -[3-
(3S,55)-54(S)-4-Hydroxy-6-aza-spiro oct-6-yl met hyl) t’hyl - 4-oxo-
oct ahydr od9)-bhudRx%4- aaaawa)[béHm@é%}%hé@pmﬁl]@manhbb&ymhe@@y@m-

E g S4 5CS“) ¢ h&%f@f %2? %ggzi%ren ﬁgaét%é(ysgé acKCl) Pgnzgl esteq Eéght P/ell v%]glfn,_l\g:Q} rr3e 3{8h2

1- 4- oxooc\ahMyr o- 9- oxa- 2, 4a- dlaza benzocycloheptene 2-carboxylic acid
benzyl eSter b\ (35.68.8aR)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-y1)-3-0x0-propyl -6-

10 methyl-5-ox0-hexahydro-oxazolo[3.2-alpyrazine-7-carboxyvlic acid (3-chloro-4-

trifluoromethyl-phenvyl)-amide

The title compound was produced in analogy with example 13 from (3S,6S,8aR)-3-[3-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-6-methyl-hexahydro-oxazolo[3,2-
a]pyrazin-5-one and 4-amino-2-chlorobenzotrifluoride. Colourless gum, MS: 559.2 (M+H)".

15
Example 25

(3S,6S,8a8)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-6-methyl-

5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-4-trifluoromethyl-

phenyl)-amide

A) (3S.6S.8aS)-3-[3-((S)-4-Hydroxv-6-aza-spiro[2.5 Joct-6-y1)-3-0xo-propyl]-6-

methvl-hexahydro-oxazolo[3,2-a]pyrazin-5-one

The title compound was produced in analogy with example 1E from (3S,6S,8aS)-3-[3-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-0x0-propyl ]-6-methyl-5-0x0-hexahydro-
25 oxazolo[3,2-a]pyrazine-7-carboxylic acid benzyl ester (example 24C). Colourless gum, MS:
338.2 (M+H)".
B) (3S.6S.8aS5)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5Joct-6-yl)-3-0x0-propyl ]-6-

methvl-5-o0xo0-hexahvdro-oxazolo[3.2-a]pyrazine-7-carboxvlic acid (3-chloro-4-

trifluoromethyl-phenvyl)-amide




2,2,6,6,-Tetranet hyl pi peridi ne-1-oxyl radical (0.05 ng, 0.3 pnol) was added
at room 10 tenperature to a suspension of

(3S, 5S) - Swbhydrionyivet hy 1- 3- met hy1- 4- oxo- oct ahydr o- 9- oxa2 pe¢asge@pastienzocycl o
hept ene- 2- carboxylic acid benzyl ester (exanple 23B, 102 ngy, 0.29 nmol) and
trichloroisocyanuric acid (72 ng, 0.29 qymol) in DCM (1 nlL), then after 5
mn the mxture was washed with 1 Maq. sodiumsulfite solution and brine.
The organi ¢ |'Bydrtlewasipduideetasgueducd gnesiagmve thl dxamele 1f3i frane (306 S ., 3avd-3-[3-

evapor at e e.residue [. wDS) -5+, 15

oxonet hy 18- RO TE G I SR e Brcsr oA S D by Qr s e 2- car
boxyl i c aglpgrabiarszyte #8Uempinp@schttirsisapkoteidudmdeDCIqutlesd gunaMS asdded Mirldpwi se
at roomtenperature to a suspension of (S)-6-aza-spiro[2.5]octan-4-ol
hydrochl oride (48 ng, 0.29 mml), Et3N (30 ng, 0.29 mmol), HOAc (35 ng,

0.58 nmgol ) and sodiumtriacet oxyborohEQg‘}ngfe;((;?O ng, 0.32 nmml) in DCM then
after 16 h the reaction m xture was cool e 0 OC and partitioned 20 between

Et 0AC and 1 MNB&S.89BHTHGE 3 H6idare-4BuarorphrenylFaerdoyhai(3-(Sylehy draxy-fas hed

Cor ot ogAERY T Es B S AR OS b s Baanstp el AR BHIRSR2E 0t o, 2
produced the title cbrrpound 0 ng, &% . Light yellow gum M5 458.4

( MHH) +. B) (3S, 55&-5-% S) - 4- Hy\ir oxy=6- aza-spiro[2.5 oct-6- Ineth 1
-3-neth 1-4-o0x025 octiahydfo- a-@(%i?&e?nzocycloheptene-2-carboxy|ic
acid (3,4-dichloro-ph £} The Ny )eNgonpound was produced in

anal ogy with exanpjes 1/2 on1(35,55)-5-(éﬁ%-

4- hydr oxy- 6- aza-spi ro[ 2. 5] o4t -yl net hyl ) - 3 t hyl- 4- oxo- oct ahydr o- 9- oxa- 2,
4a-di aza- WO \ 042399PCT/ EP2010/ 064770 - 63-

benzocycl ohepi\g -carboxylic acid benzyl ester and 3, 4-di chl orophenyl

i socyanate. Coyoukl ess gum WMs: 511.3 (MtH)+. Exanple 29

5(3S, 6S) - 3-[ 2F(( S)CHU- Hydr oxy- 6- aza- spi ro[ 2. 5] oct - 6- y1) - 2- oxo- et hy1] - 6- met hy
| - 5- oxo- hexahydr o- oxazol o[ 3, 2- a] pyr azi ne-7-carboxylic acid

(3, 4- di chl or ol'lisHéleyaempaimbwas producay iy Qal%mmhrﬁyamni\éa?r?&fxqm@ﬁ,%8aR)-3- The

title gonpouad, rodyced. | L Qa2 W, L | 3 (S)- )
(benzyPorbatebsn Ty o e T SRy S oS R gt e bk

(3S, 6S) - alpParipdrmey(extnipit 241B) anelt Jaghl erd-doftwerhernaimyid noid o Nér el solid MV -520.3

al pyrazin -z-qar boxylic acid benzyl ester Condensati on of

(S)-2-[be yW)xycar bonyl - (2- oxo- et hyl ) -am no] - propi oni c acid nethyl ester
(intermediate 1) with (S)-2-am no-butane-1,4-diol in analogy with exanpl es
1/ 2F 15 produced a nearly statistical mxture of the title conpound [|ight
yel low gum Ms: 335.5 (MtH)+] and Example 27

(4S, 7%9)-4- hy WA R- TRl -~ 610X 0= h¢ _lgl-_.yq)(ﬁr__i_ 4= -

b][1, %foxazi Elj(ggég?grggz;tglﬁﬁlﬁa@?&rgg%rt}%’?@g% i"g tl]azflglﬁgi\ﬁéhg%m%é 335.4

(MtH) +] ,  avaispirols§ P cseydr o esp npyt of-urethydhe printdogrosptvio 3 302y rabibhs-one

DCM MeOH 25% aq. ammoni a sol ution 90:.10: 0. 25) .

200) (3S, 6S) - 3- Car boxynet y1- ) net hy 1-1p- oi<5he§hydr 0- oxazol o[ 3, 2- a] pyr azi ne
N

- 7-carboxylic acid penzy ter

F Cl
The title compound was produced in analogy with example 29D from (3S,6S,8aS)-3-
[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-6-methyl-hexahydro-oxazolo[3,2-
20  aJpyrazin-5-one (example 25A) and 3-chloro-4-fluorocinnamic acid. White solid, MS: 520.3
(M+H)".



Sol utions of sodiumchlorite (66 ng, 0.58 mmol in 0.5 nL water) and 10% ag.
sodi um hypochlorite (4 pL, 6 pnmol in 0.2 nL water) were added

si mul t anew0201/@e3985C to a m xture of PCT/EP2010/064770

(3S, 6S)-3-(2-hydroxy-ethyl)-6-nmethyl-5-o0xo0-hexahydro-oxazol o[ 3, 2-a] pyrazi ne
-7- 25 carboxylic acid benzyl ester (9_2gg, 0.29 mmol),
2,2,6,6,-tetranet hyl pi peridine-1-oxyl radical (3 ng, 20 pnol) in 1 M aq.

pot assi um phosphate buffer (pH 6.85; 0.75 nL) and acetonitrile (1 nL). The
reaction m xture was heated at 45C foE 16 E%g:hen cooled to OC, diluted
with water and EtOAc and treated with um t hi osul fate solution. The
pH was WO 203$/58423E)ACHy B39 1d04£30¢pird2 .5 fod -6ty Bth§ B13-in0thy1-4-oy- addl tl on of
2 Maq. hydrochloric acid solution. The organic |ayer was washed w

brine, drfdghyiyer ?Fﬁ'g%é%‘ﬂli‘r??@ﬁm%b’%bh?ﬂtﬁ“e?éﬂrboém wjd phi-gicddpro- Phe“yl)'
ChromatogsaRfay (Si02; DCM DCM MeOH 25% aq. ammoni a sol ution 90: 10: 0. 25)
afforded the title conpound (84 ngy, 82% . Colourless gum Ms: 347.1 (MH)-
5D) (3S, 6S) - 3- @’ dr oxy- 6- aza-spi ro[ 2. 5] oct-6-yl) - 2- oxo- et hy1l] - 6- met
hyl - 5- oxo- hexah oxéﬁ&}o[B 2- a] pyrazi ne-7-carboxylic acid benzyl ester
0-(7- Azabenzo /N -tetran®Hhyl uroni um hexaf | uor ophosphat e
(138 ng, O. 36 I) ma ad a sol of

(3S, 6S) - 3- carboxynethy - 6- T oxghexa r o- oxazol o[ 3, 2- a] pyr azi ne-7-ca
rboxylic acid benzyl ester 0.2 , (S)-6- 10

aza-spiro[ 2. 5] oct an- 4- ol hyd(bchl ride (39 ng, 0.24 mol) and

4- met hyl nor phol i ne (73 ny, 1) in DNF(l m.), then after 16 h the
reaction m xt i ' 13lﬁehqﬁﬂ nlc | ayer
was washed w

evaporataﬁnﬂﬁhﬁﬁ%ﬁk@gMa@mya&éhﬂﬁydﬁmﬁﬂ&%mﬂ&&ﬂ&%ﬂ&&maamﬁﬁnnnna sol ution

'8 L B b R Dl RSB 05

OXO'lbeX@ﬁ%Qfaﬁlr@Wﬁkﬁk{ngl’og RIS ?Z R dxyaRiR8YhEfyafbLb-octahydro-9-oxa-
(3, 4-di chl oro- phenyl) - am de he titl'e conpound was produced in anal ogy

W t h exanphediazd- Q@zpemhql@gtgn@@)ca@o{(glc ac1d benzyl ester (example 23B, 102 mg, 0.29

) - 4- hy gl ox Jyan?:gff‘zgﬁ’or 865 hreld @ 9%m% nﬂ)@(}l @L@?@@Jﬂeﬁa%‘? hexahy

t
((S
dro- 20 oxaz azl ne- |c a d ben
3, 4- di chl the apktarebasi \sa:shycawah & .M Sbéluﬁnsluilﬁic sdtiorbantl. bhn@Mf h orgafixdayet e 30

4S, 7S) - 4- 2.5 t-6- t hyl) t hyl - 6- -
0 herenn s Y st A R, o Bl gStaia g Fesiugufag a5y ! - 60X
(3, 4- dichbQiepNsybhsah deoShigro m@xagmz@&a%%afﬂélgﬁ%@emzzo@m&nc

acid benzyl ester] was dissolved in DCM (1 mL) and added dropwise at room temperature to

a suspension of (S)-6-aza-spiro[2.5]octan-4-ol hydrochloride (48 mg, 0.29 mmol), Et;N (30
mg, 0.29 mmol), HOAc (35 mg, 0.58 mmol) and sodium triacetoxyborohydride (70 mg, 0.32
mmol) in DCM, then after 16 h the reaction mixture was cooled to 0°C and partitioned

20  between EtOAc and 1 M aq. sodium carbonate solution. The organic layer was washed with
brine, dried over magnesium sulfate, filtered, and evaporated. Chromatography (SiO,; DCM
— DCM/MeOH/25% aq. ammonia solution 90:10:0.25) produced the title compound (70 mg,
52%). Light yellow gum, MS: 458.4 (M+H)".

B) (3S.5S)-5-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-ylmethyl)-3-methyl-4-oxo-

25  octahydro-9-oxa-2.4a-diaza-benzocycloheptene-2-carboxylic acid (3.4-dichloro-phenyl)-

amide
The title compound was produced in analogy with examples 1/2G from (3S,55)-5-((S)-
4-hydroxy-6-aza-spiro[2.5]oct-6-ylmethyl)-3-methyl-4-oxo-octahydro-9-oxa-2 ,4a-diaza-



- 65- The title conpound was produced in anal ogy with exanple 28A from
(4S,7S)-4-

hydr oxy mewbyatiidesd hy 1- 6- oxo- hexahydr o- pyr azi no[ 2, 1- b] [ PC3|ErR@pions7@- car box
ylic acid benzyl ester by oxidation to

(4S, 7S) - 4- oxomet hy1- 7- met hy1l- 6- oxo- hex_a6lgydr 0- pyrazi no[ 2, 1-

b] [ 1, 3] oxazi ne-8-carboxylic acid benzyl“ester, which was subjected to a

r educt i vebawmpeyatohepterts-2-eaboxydia agadttienzyd)ster and 3.4 gichlofaphsiyd ctoayerndteo|

hydr ochl oxide. Light,yve + V5. 444.3 (MtH) +.

B) (4S, 7S)¢9L19tlr(le§-g%?l-®//§r %Lf;g\lgﬁgﬁé spiro[2.5 oct-6- Inmeth 1 -7-nmeth 1-6-oxo-
hexahydr o- pyrazi no[ 2, 1-b] [ 1, 3] oxazi ne- 8- car boxylic acid

(3, 4-dichl oro-phenyl)-am de The title cor‘rPound was produced in anal ogy
with exanpl es 1/2G from (4S, 7S) - 4- (( SExample29 _
4- hydrexy- 6 3338palol@) AL Achrdty -l Aol 3TobREIN1r-Bs Ry NFXABURIS-RY! azi no

[2,1- b][1, 3]oxazine-8-carboxyltc acid benzy ter and 4-di chl or ophenyl
i socyanat kexatipiioaoNagslo [32ralpyr@zinetBraboxili¢-heid (Lt atighlerogghenyl)-amide
15(4S,7S,9aFQCﬁ-[2-((S)-4-FNdroxy-G-aza-spiro[2.5]oct-6-y1)-ethy1]-7-nethy|

- 6- oxo- hexahy azi go[ 2,g1-c] [ 1, 4] oxazi ne- 8- car boxylic acid
(3, 4-dichloro-ph - am|/de 0 H
A) (3S, 5R) - 3- ALY IS8y fro t - nor phol i ng-'4- carboxylic acid tert-butyl

ester 200sm um tetroxi te so]utign (2.5% } -butyl alcohol, 0.49 m, 77
unmol ) was added at 0OCto a s t f

(S)-3-al lyl oxy-2-tert-butoxycarbgnyl No. opionic acid nethyl ester (Og.
Lett. 2007, 9, 3061; 1.00 g, 3.86 ) and 50% aq.

4- et hyl nor phol i ne-4-oxi de solution (1.81 g, 7.71 nmml) in THF/ water 2:1 (8
m.), then aft&y 1 KSyddimimofaranodat-éio 2. 47 g, 11.6 mmol ) was added. The ice
bath was re ed, then after 2 h the reactian m xtur S treated with
T0% aq-sodi uliSIPREogH Gt RN S e r PP B oo ASAdd 11 onal 3 h,
then pour @enzacnBbeN)-2aghifwhfaael addivl. tdbi&lRéceil. The organic |ayer was

washed with brine, dried over magnesi umsulfate, filtered, and evapor at ed.
The residue [BBS, NRN adroxy-cthpyh-o-meilnird oxo dprghyerpr oxazo o6

- 66- R(S)agﬁgghgg&%ﬁﬁ&ggpghég gmgg;ﬁo)-netﬁylf:ﬁnfpholiﬁe-4-éarboxy|ic
acid tert-putyl ester] was drssofved in MeOH (5 L), treated with tol uene
4- sul f oni ¢ acCahdemvaobry df &@)-8-[b&GyhyycBbBF1-(Arok9-¢cthgl)-iamired-piramioriic Acidimetlgbm

t enper at ur and cancentrated.in.v 0. The.residue was redi ssolyed in
FtOAc. and VASRBIMSPHR 1] MG 2 eBin i Hirah St LB WGP PRS A 2F e 5
or ganiis | gy@liccdancstly QatisovamiRRgNeShemisednhiuad [idht valrdguanseyssporated to

afford crude :
(M+H) ] and (4S,7S)-4-hydroxymethyl-7-methyl-6-0x0-hexahydro-pyrazino[2,1-

b][1,3Joxazine-8-carboxylic acid benzyl ester [light yellow gum, MS: 335.4 (M+H)'], which
were separated by column chromatography (SiO,; DCM — DCM/MeOH/25% aq. ammonia
solution 90:10:0.25).

20 Q) (3S.6S)-3-Carboxymethyl-6-methyl-5-oxo0-hexahydro-oxazolo[3.,2-a]pyrazine-

7-carboxvlic acid benzyl ester

Solutions of sodium chlorite (66 mg, 0.58 mmol in 0.5 mL water) and 10% aq. sodium
hypochlorite (4 uL, 6 umol in 0.2 mL water) were added simultaneously at 35°C to a mixture
of (3S,65)-3-(2-hydroxy-ethyl)-6-methyl-5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-

25 carboxylic acid benzyl ester (98 mg, 0.29 mmol), 2,2,6,6.-tetramethylpiperidine-1-oxyl
radical (3 mg, 20 pmol) in 1 M aq. potassium phosphate buffer (pH 6.85; 0.75 mL) and
acetonitrile (1 mL). The reaction mixture was heated at 45°C for 16 h, then cooled to 0°C,

diluted with water and EtOAc and treated with 1 M sodium thiosulfate solution. The pH was



(3S, 5R) - 3-nmet hoxy-5-[ ((S) - 1- met hoxycar bonyl - et hyl am no) - net hy1] - nor phol i ne-
4- carboxylic acid tert-butyl ester (908 ng) as a brown oil. This was

di ssol vedwpreoD@NRI920 nl), cooled to -78C, then boron tripCrEreéldecevher at e
(928 ny, 6.54 mmol) and allyl trimethylsilane (560 ng, 4.90 nmol) were
added, then after 2 h the reaction mxt6grre was 10 poured upon sat. ag.
sodlunlhydrogencarbonate solution. The organic |ayer was dried over

magnesi unthswbdt &t &4 By dddgroadf 2avi dq dwdpwhbriedcidGhluommt ‘g @ghnyic (a8E10R3s

glelot ane/ = OAC(}[_7O%E)R%5: ac{ne8 rog/eerdné%g%%sﬂtnlntsuffat e(r)el“(lin gncf gv%%org%d. %ﬁg{?matograﬁlur less

(3S, 5R) 3OS YIcNd —hy}iEMXMB(BH}'P.sﬁl% A aphehiswhdion 8010:0y15) affecied tHeattle- but yI
ester 15A solution

(3S, 5R) - 3C%mnoymd58mar88%g)n§9mlewéﬂ$ é74-®btboxyl i c acid tert-butyl
ester §595 ngy) 2. 09(3%“6%)5 rz m(sTtﬂﬁ{&d%om a»@mﬁﬁﬁi%c%-vﬁfé b-ansiisRaason of

I|th|un1alun1nun1hydr| (158 ng,” 4. nmol) F (3 nL), then after 10
mn exceq&ox@rhwhwdlf@ax@mg@@ogﬂewameﬂmﬂmmhm beinmnl asfer1 M ag. sodi um
hydr oxi de soly .act , e
i T L s e)

filtered, mgﬂm@m&mb)\ﬂﬁs@dldécbtom‘S‘odlftﬁbnbﬁ(é&&(ﬁﬂ)l%cafmmﬁmﬂ@'l 64iZhyieh-0:88%) .
Col ourless o

VEB: 3. ( MrE O .
(3S, 58) - 306 4%019%@? aﬂﬁ(ylri;ﬁ%qt{ ﬁ%fbaxy&%s?as%aﬂ% 3l G4 028 qpppDdShbr
Di net hyl aszlalsbﬁasuzdﬁo&é&% omydrgeh:ﬁ%ld@m )ngV@§4 ﬁﬁﬁ&nga@u -mé@SIh&pRolae!(# § mgn of

oxal yl chl oride then"after 15 mn

sol uti on &3 G@@lbs)DMFn?IZIBLhIth@PﬂBI hlﬁ@(?@?élphwlxwwmaﬁﬁ@nﬁd b%th@kyl | C
dtert
feact | on EOALInGSRAE” TR fedPlaser S WHRHel syt ! b MBS

(1.29 g, filZer8d, andkyapotaein (Efrdraato@@ping (r&(Di;dD(IMe—ﬁXtM/M/a@Hﬁé%acpdmnAﬁﬂeer 30

mn the reactiqon m r ed with . agq,, i um hydr og nat e

ol ut 1 on. “Ohion DB 2R R fomintt (16 e doreT o el B R RE 25

sul fatie, fvithgred, and evaporated to afford 30 the title corrpound (608 ny)

as a Ilght yel | ow gugn whi ch vv%s di rectly used in tge next st'ilel. 1D3S 5R
& AW £ P 1 =0 49.83-SIHEDL H © S -@XQ-€C

| J -67 : T OXY[ Iride (628 ny,

2.96 nTTDI) werle t&td:cb@dlpaund)@limoducg(bimc’mamgy(mhth examples 1/2G from (3S 6S)-3-[2-
(38 5S) - 3- 1-5-f I|n -4-car ylic.,a r tyI ester (608
g, 2. 12 @DHY%{% B ARSI Lot G R bERPE Pt REsbEtRY. 5715 o)
i n DCb ( Boxuklo[3 hepyrakinel7- daébdxyh&l@cm@acztyl éslferfihéIBuE(ﬁcM@@ﬁ]ﬁ@ryl isbéyanad bet ween
sat. ag. sodiumh dro?encar bopate solution 5 and DCM The organic | ayer was

washed wi MhiBselile MY ed WP -magnesi um sul fate, filtered, and evaporat ed.
The residue [(3S,5R)-3-allyl-5-1((S)-1-nethoxycarbonyl -et hyI am no) -

met hy1] - mor phol i ne- 4-carboxylic acid tert-butyl ester, MS: 343.3 (M+H) +]
was taken up in acetone (3.5 rrL) and MS m), then after addition of

sodi um hydro 4.23 he,r xture was
cooled to 0OC g(gﬁgg '?'Zgg} H&ﬁ ?H’Sﬁpl %)?é’ 18?%6%9 @Wl' ?¥°2.12 mmol ).
The ice bréxahydo-pyaapmerd,1-bijep]xhkiae- sicalirbéiyﬁcraeﬂqwomcmbmpn@y\l%nide
partitioned bet\gaen Et OAc and water. The or8ani c layer was dried over

O Re8 (K

A) (4S.75)-4-((S)-4-Hvdroxy-6-aza-spiro[2.5]oct-6-ylmethyl)-7-methyl-6-oxo-

hexahydro-pvrazino[2.1-b][1.3]oxazine-8-carboxyvlic acid benzyl ester




magnesi um sul fate, filtered, and evaporated to afford the title conpound

(1.01 g, 100% . Light yellowoil, Ms: 477.3 (MtH) +. E)
(4S, 7S, 9aRp-2411A423p9 - 7- met hy 1- 6- oxo- hexahydr o- pyr azi no[ 2 pPCTEPpAIOA$4TI@ZI Nel5
8-carboxylic acid benzyl ester The title conpound was produced in

anal ogy with exanples 33/34C from (35, %Ig) 3- allyl-5-

{[ benzyl oxycar bonyl - ((S) - 1- net hoxycar bonyl - et hyl ) - am no] - net hyl |

- nor phol i ne- 4Fhegélelyormpbim wes prodwed irbanaldgy egtheaxample$A fyah (6w/oF4-, MS:

345. 2 (

(45, 75 oa ot gymehi P sye e PSP B R B et by - 6
- 20 ow bwxdles@i by bLidatie. tb (43,78)-Lodorbeth f1t7-beth§]-§-oke-hie by Sro-peadexylii ¢ acid

benz 1 ester The title conpound was produced in anal ogy w.th exanples
33/ 34D f b %]@52127156 §-§pjooxyhc acid benzyl ester, which was subjected {0 a reductive amination

4-al 1y3- TrmihdnAsron BKAlY di e -8p ny&%c%lo%dgl Llnflarazhie dscanboxyl i c

acid benz&[ ester and (S)-6-aza-spiro[2.5]octan- hydrochl ori de.” Li ght

yel | ow gu 458.5 (I\/H-|)+
téhgjg 7-meth

25G) (4S, 7S, 93R) - 4- [%SQ
yl - hexahydr o-pyra pound was

pr oduced lneﬁ;amfihd)-@giﬁzi\ﬁb [2h1 -BK &BmxeﬁnéLS QErbf)Rﬁm 2(C45(,3?|5d191a1830-1éhenvl) amlde

[2-((S)- 4hy aza-spir 5] oct - 6- t 0- hexahydr o
- pyrazino[ 2, hecti/'[efoﬁ]p{%?(%fg‘f"?‘?eg d‘tclﬁ ﬁ/gé( “5&‘1 #@LW&Q/M&BK?S ﬁég‘h{(%gr ey
foam 14548 Cﬂroﬁy 6%&’-‘)&15&0&2 5]oct -6- lmethyI% 7- methyl -6-0x0-hexahydro-pyrazino[2,1-

30H) (45, 75, 9aR)-4-[ 2-( a/roxy aza- |rog2 5] oct - gryl) et hyll] 7- et h
yl - 6- ox"d{hél@aml@ﬁ*&ﬂfif @é&ﬂicrﬁé{dﬁemﬂd]@ﬁ@f dichlorgpheryl piogydnate. 4lenriess
(3,4-di CM QurRNRAYSL ()I\/{gllq_?+de - 68- The title conpound was produced in
anal ogy ] exarrpl e from (4S, 7S, 9aR) - 4-
[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-7-nethyl-hexahydro-pyraz
ino[2,1- c][1, 4] oxazi n-6-one and 3, 4- %I chl ?rophenyl i socyanate. Wite foam
Ms: 511.3 (MrH) +. 5Exanpl e 32

(4S, 73592aR) - 44k 2s(%aR)- 44[2tdmrapﬂydﬁm§72@a§mmﬁ>ii 2)0el- 69@)tetﬁylyl7)m@ﬂ1 ¥6Joxo-

- 7- met hy1- 6- oxohexahydr razi nof ] oxazi ne- 8- car boxylic acid
(3-chlor ohwbyillformcmanel p];bhé]waymerﬁrcaébqa@hcmsl (§d-dichloro- phenyl) -amide

HO

C@“%H:%N
e

A) (3S.5R)-3-Allyl-5-hydroxymethyl-morpholine-4-carboxvlic acid tert-butyl

ester

20 Osmium tetroxide solution (2.5% in tert-butyl alcohol, 0.49 mL, 77 umol) was added at
0°C to a solution of (S)-3-allyloxy-2-tert-butoxycarbonylamino-propionic acid methyl ester
(Org. Lett. 2007, 9,3061; 1.00 g, 3.86 mmol) and 50% aq. 4-methylmorpholine-4-oxide
solution (1.81 g, 7.71 mmol) in THF/water 2:1 (8 mL), then after 1 h sodium periodate (2.47
g, 11.6 mmol) was added. The ice bath was removed, then after 2 h the reaction mixture was

25 treated with 10% aq. sodium sulfite solution (5.2 mL) and stirred for an additional 3 h, then
poured upon water and extracted with EtOAc. The organic layer was washed with brine,

dried over magnesium sulfate, filtered, and evaporated. The residue [(3S,5R)-3-hydroxy-5-



H O 10The title conpound was produced in analogy with exanple 13 from

(45, 75, 9aR) - 4-[ 2-

((S) - 4- hywioary/B23@2a- spi r o[ 2. 5] oct - 6-y1) - et hyl] - 7- met hyPChaEpradpdsI7Qyr azi no
[2,1- c][1, 4] oxazin-6-one and 4-am no-2-chl orobenzotrifluoride (exanple
31G . Li ght yell ow solid, MsS: 545.3 (Mrég)+ 15Exanpl es 33 and 34 (3
S, 6R 8aS)-6- [2-((S)-4- Hydroxy 6-aza-spiro [2.5] oct-6-yl)-ethyl]

- 3- met hy 1{@) dxobbrafvptooylpthylahop knRthy] loyerphoine-Rcarhoybix ptid serabitgl ester]

(3, 4-dichlor enyl) - anj de . .

(35,65, saty EPORTNEH R GapERyecd v lppsrdBiece IR A et hy1- 4
- 0Xx0- hexaby dmwlipytitial ©OF 1 h2t adopytcapeinan -aaaichasyirated moiaduo. The residue was

(3, 4-di chI Qro-p henééé am de WO 2011/ 042399PCT/ EP2010/ 064770 -69- The title
conmpound RESSHYSHD EEQAF ﬁn%waffh@aw% It M agxsndhiing wegwaﬁm%%;oh@wgr g 5-
Q%SLOXX ma&gXIhC BXES \Q%S:J(ﬁileg?gbr rﬁ@énléﬁﬁﬂﬁl s'uffat@cﬁlgeréa(e hhd %E)Mllate%% @fforﬁ?hﬁle Lett.
(S)-2-A I@S,SB-) 3{1[nb@mzsyﬁ156@1:hﬁmﬁﬁbwcqrb@)yl-mthmw;ln@thﬂdmwp@ﬂth) ami no] 5
met hyl } r u 31

compound MRl RREH PRI My d ke Tl P fiosd mBPM 105
fornyl-pmebedk@aylﬁﬁarmemyém@tﬁﬂnaﬁd&embmhupy$ng§664nbmﬂ}aduﬂbdve

amnation with L-al anine nethyl ester hydrochlorjde, followed b

deri vat i s&fiegIgkeng &B 9[06{%}{1 @ggbﬁf&lﬁp@, then q,f@rbgél)le reaction mixtur¢ was

2-al | y@- %d%&&bley%nw Etf%M&iﬁﬁqb@awgeﬁatwna@sBﬂ)loﬁrﬁfﬁ%rigarﬁyr (Ké%lw&ild?ﬁdlov&ar boxyl
Ly

ic acid tert- ester 'with benzyl chloroformate | ourless |iquid,
VB: 461. 2magpepipmn sulfate, filgyred, and evaporated. Chromatography (SiOz; heptane/EtOAc 70:30)

(3S, 8aS) - e@fd%‘hé&ét?!% %tlé@?rﬂ%o]l%né r(é)d(lomE ?S@Dy %ro?ou%gsfoq Risl %D§|1 RMJr%')me 2-

car boxylic aci enz [ ut1on

(S)-2-allyl-8BY]| ber(zSJSBX\3e‘fdhbdnb/sldrdivﬁieﬂﬂvlmmimimeaFdadmvt'hceadnd/te)“c-butvl

am noj - %gl | -pyrrolidine-l-carboxylic acid tert-butyl ester (298 ng, 0.65
mmol ) in ‘hydrogen chloride solution (4 Min 1,4-dioxane, 3 nmL) was

stirred at roQRHLAHPST (3R 3EMK1-8 hg}dro&ly@athgrm@ﬁjhatneed4 cdmiexylRScRIUS - Was/1 t aken
up in MeOH (3 L), then after addition of pOtaSSI um car bonate (268 ng, 1.94

mol ) t heeséuspEnsg.or0mmodrin T3 el rwsrmddehpdr attep suspersiopefiithimen
partition ‘iﬁ’@ﬁl PR, I e The
organic I%ﬁlg% \?\lgg ﬁfsg ﬁgﬁh bri ﬁl %g?]?e(g%g etrh%(r?rgﬁénrel?%l?ln%ga% gent

evapor at edas desabfedrby catedultailditien 301 ybap sadidm(h32bxidg, solh@@ﬁé) Thd_uegdfttonbr own
solid, MS;..329.4 (MtH) +. . ) ) ) )

(3S, 8aS) - %“’T%‘Ee (W(aé%’“ﬁa%d?”g&?t%@aﬁhe? U GREerayas drashed wirh Ring, 451ed0veEt hy - 4-
0XO0- hQKahﬁ’ldgrﬁslmﬁfgu@a@[ﬁl,teﬂrecﬂ]aﬁ&é%bfh@edzto@ﬁbﬁl&h&hﬂ@ccﬂﬁpdﬂm@m}&h asvgr Sodi um
periodi ate (206 nq .and osm um tetroxide sol ution %2 5%in tert-
butyl al CGW@PﬂeSBS pMS %5&33 Mﬁ were added at OC to a suspension of

(3S, 8aS) - 6- al @/1 3'( 3§§S) 3-Allyl-5-formyl-morpholine-4-carboxyli¢ acid tert-butyl ester
met hyl - 4- oxo-"hexahydr o- pyrr ol o[ 1, Z-a] pyr azi ne- Z2-carboxyl 1 c atid benzyl

ester (110 npRin@ty3 Slmlfmdlqe BH3 mge@ 6819111Q(5_Il) wh adalndi atwa08C tq d satijon Afoelyl r enoval

of the iceg, ba t|o m S, Sti for 3 h at o}

Cemer at a4l e 7T PR MG T Rk M P SufpB a1 ayer

was was heglystHydeyxyethybiogsholid&n-camgRES d¢id ©t Hull @steid(3d7 81ap0B aingsl) in0
DCM (3 mL) was added. The reaction mixture was stirred at —70°C for 30 min, then treated

with Et;N (1.29 g, 12.8 mmol), then after 20 min the ice bath was removed. After 30 min the
reaction mixture was washed with sat. aq. sodium hydrogencarbonate solution. The organic
layer was washed with brine, dred over magnesium sulfate, filtered, and evaporated to afford
30 the title compound (608 mg) as a light yellow gum, which was directly used in the next step.
D) (3S.5R)-3-Allyl-5-{[benzyloxycarbonyl-((S)-1-methoxycarbonyl-ethyl)-

amino]-methyl}-morpholine-4-carboxylic acid tert-butyl ester




furni sh

(3S, 8aS) - 3- et hyl- 4- oxo- 6- ( 2- oxo- et hyl ) - hexahydr o- pyrrol o[ 1, 2- a] pyr azi ne- 2-
30 car boxwbi2et1zae9benzyl ester [MS: 331.2 (MtH)+]. Thi sCraEP2@dionsoirved in
DCM (1 nlL) and added at roomtenperature to a suspension of
(S)-6-aza-spirof2.5]octan-4-ol hydrochl69r|de (53 nmg, 0.33 mmol ), Et3N (33
ng, 0.33 nmmol), HOAc(39 ng, 0.66 nmol), 'and sodi um tri acet oxybor ohydri de
(77 my, 0.36 %dmmtnawetwm(rqhyldn;le (628 ey, 206 nhtnolhweree@;ldt:di atrD [ tr o le tio\ef

2011/ 0423 /,E 770 arti t| we EtO and M aqg.
sodi um ca&%oﬁl@e H%’g'% %m%}' 'mafﬂléo 1(519 a depxp'fé&%(i'ld\/\éteb% tgaﬁ%é%tnﬁg l% ried
over nagnagiLatasit hatie esfteﬂHyefcedl,onaact%\mggarlatrﬁ@hol)@hmtmmmﬁm a(fs%t 02; DCM
DCM I\/EOH/ 25% aq.. anmoni a sol utjon 90:10:0.25) afforded the title conpound
(88 ny, %e rea[glelp]pn%qup@{mpnﬂ@etwg@ sat. @Msﬂjlmm hydrogencarbonate solution

SE) (3Ss8am)rbel2-1Heds ﬁlldﬂ?é'r%k’ WasiRzar PR il (Rpsif m@gﬂe@uﬁ?&pﬂét]el fiert®t hy! -

- oxo- hexahydr o- pyrrol o[ 1, 2- a] pyrazi ne-2-carboxylic acid
(3, 4- di chingrayapshiatag. 1Thea1r¢f>1dee [(FhéRy-B tallgl-T-Otpolnt theagcqpbanglretaglaimmnanal ogy

wth exa I

(- & hy e Ry R bR Ce VP Oy oo M5 - 3 e WS8Ry i o- py
rrolo[1, 2acea>]ney(3 amm?ngwaa:lr tﬁ)xmn) crhacattbrla&anﬁmh ofsaim aytﬂog’bnéarﬂortaltﬁ ©sdphenyl
i socyanat e. jt I 10 MS:

F) (35S, 6R @&Sﬁv% )( theyreagtip BHgRLF. %as;fféMg V'8t gt vgthybepzdt hy 1] - 3- net hyl
-4- qp0- HpxBhyshR-(BYU he! P[Lﬂ-m%‘f(ﬁ)l P aLd B8 waLRRQXY ket &t fh the reaction

(3, 4-dichl oro-phenyl)-am de and

(3S, 6S, 8a19)>dmzm§ pg)tmnnmﬁ\m@pfeoémnémaM[ihfsgbr@@mc Bygnyasedriggiove3- net hy1- 4-
0XO0- hexa 0

R anvg I%QM £ %%&r@dﬁ)@%@%&ﬁ?%ﬁf@ O¥é lific @o%gomd(l 0l g, 100%).

(3S, 8aS) - Brg[lee(ﬂ()Sr)oﬂé}M&dmxyNBm?a spiro[ 2. 5] oct 6-yl)-ethyl]-

3- et hyl - - hex % 1 2-al) - -carbox )
(34d|chlor : PYRAS PSR

a RepneSi §-c&Bbkaic awa&ﬁi@rmelas the statl onary phase and hept ane/ EtOH 60: 40
as the eluent. This afforded (3S, 6R, 8aS)-6-[2- -

4- hydroxy 6- abhs- tg}mompgu@]w@stpredlgﬁwnmmipgy“gﬂlr@ﬂmp les 43840 foaxE@y®-pyrrol o

1,2- 20 anpl e
g 3l 22 aﬁiygboé /g’[‘ﬁé\,&gfroﬁy 8%@(%}513 n?eglgoq(én(:a?mw ?;'3! g%é)ﬂnmﬁ&)% TR AGinkexanp
(3S, 6S, 8a@)rbcﬁqzﬁdg®ue4t-m¢1ramy Bl-ghzjae—llsp/l (anMZS sp@at(mmi)
et hyl ] - 3- et 5
(3, 4-dichl orop

( M+H) 9b. &m{@m(ﬂo%@azmon 1 c][l 4]oxazme 8 carboxvhc acid benzvl ester 1 -
(3S, 6S, 8aR) - (S) 4- droxy 6- aza Sﬁ)giO[Z 5] oc 11)) - 0X0- yro%l] 6- m
ethyl- 5- oxo- Hleyearpowndhyen Ripduced i) $ M@W@a}%é%ﬂ droag{4p.7S

4- di chi gfi Q- PREMYLE 030 hEEahyY0- I%Qéz]ﬁcﬁé@ 399294 R KL QBG L Qi Bliizyl
ester and (S)-6-aza-spiro[2.5Joctan-4-ol hydrochloride. Light yellow gum, MS: 458.5
(M+H)".

25 Q) (4S.7S.9aR)-4-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-7-methyl-

hexahydro-pvrazino[2.1-c][1.4]oxazin-6-one

The title compound was produced in analogy with examples 1/2E from (4S,7S5,9aR)-4-
[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl ]-7-methyl-6-0x0-hexahydro-pyrazino[2,1 -
c][1.,4Joxazine-8-carboxylic acid benzyl ester. Light grey foam, MS: 324.5 (M+H)".

30 H) (4S.7S.9aR)-4-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-7-methyl-6-

oxo-hexahydro-pvrazino[2.1-c][1.4]oxazine-8-carboxvlic acid (3.4-dichloro-phenyl)-amide




The title conpound was produced in analogy with exanple 12H from

(3S, 6S, 8aR) - 3-

[ 3- ((S) - awbydriony398- aza- spi r o[ 2. 5] oct - 6- y1) - 3- ox0- pr opy PrTaPowvlogd77hexahydr
0- oxazol o[ 3, 2- a] pyrazi n-5-one (exanple 24D) and 3, 4-di chl or ophenyl

i socyanate. Wite solid, Ms: 525.3 (MtH)+.

Exanpl e 36

(3S, 6S, 8aS) - 3ljc3itle(c@mpdundydasgxydBed raarsjsigy ofith. e@&mpte-lalmqm%Sﬁ&Qm)e%}y 1]-6-m

ethyl 5- h dr 0- oxazol . 2z al\pyr ne-./-car ho iC ac

A i oSO B RS g SR P B R AR & ced 1
anal ogy vw][1h4]exmfp5e>n&2ﬂrﬂ $ natieh| @SpebyBa&)yadate. White foam, MS: 511.3 (M+H)".
[3-((8)-4-hydroxy-6-aza-spiro[2.5]oct-6-y1)-3-oxo-propy1]-6-nethy|-hexahydr
0-oxazol o[ 3, 2- a] pyrazi n-5-one (exanple 25A) and 3, 4-di chl or ophenyl
i socyagate. Wiite solid, Ms: 525.3 ( MgR)iplel2Exanpl e 37
(3S,6S)-3-[3-((S)-4-Hydroxy-6-aza-spiro[ Z. 5Joct-6-yl)-3-o0xo0-propyl]-6, 8a-d
met hyl- 5- oxd4hgRaRdel2dazbHylenxy-ehmysriva[A8lort-6-albashyll{7emedy Ho-oxo-

S0 (35, o8ty PRI HAGSPAAEN Grpansli ach eblory tyrifugrometints 1) g g

a- di met hyHenhaxmideexahydr o- oxazol o[ 3, 2- a] pyr azi ne-7-car boxyl i c acid benzyl
ester The title conpound was produced in anal ogy with exanples 1/2F
from (S)-2- [benzyl oxycarbonyl - (2- d¥& pr 1) - ami no] - propi oni ¢ aci d net hyl
ester (internediate 2) and WD 2011/0 9PCT/ EP2010/ 064770 -72-
(S)-6-((S)-4-am no-5-hydroxy-pentyl){6-azpn-spiro[2.5]octan-4-ol (exanple
12E). Light brownsgum MsS: 486.5 (Mt B

(3S,69)-3-[3-((P-4 droxy-6-aza1§pi o[ 2. 5] oct - 6-y1) - 3- oxo- propyl] -6, 8adi m
et hyl - hexahydlr:o- 0X [ 3“2- aw i I\ 5-one
r NN
O

HS O
10 The title compound was produced in analogy with example 13 from (4S,7S,9aR)-4-[2-
((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-7-methyl-hexahydro-pyrazino([2,1-
c][1,4]oxazin-6-one and 4-amino-2-chlorobenzotrifluoride (example 31G). Light yellow

solid, MS: 545.3 (M+H)".

15 Examples 33 and 34
(3S,6R,8aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-oxo-

hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide and
(3S,68,8a8)-6-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-0xo0-
hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide

0 .
) . \ “"OH Example 33: (R)-epimer

N
Cl N>_ < Example 34: (S)-epimer
R

20 A) (S)-2-Allyl-5-formyvl-pyrrolidine-1-carboxvlic acid tert-butyl ester




5The title conpound was produced in analogy with exanples 1/2E from

(3S, 6S)-3-[ 3-

((S) - 4- hywioary/@B2@2a- spi r o 2. 5] oct - 6-y1) - 3- oxo- pr opy1l] - @CFEPAINWE4TYA - 5- OXO-
hexahydrooxazolo[3,2-a]pyrazine-7-carboxy|ic acid benzyl ester. Light
yel l ow gum MsS: 352.4 (M+H) +.

(3S,6S)-3-[3-((S)-4-Hydroxy-6-aza- spi r06[2 5] oct - 6-y1) - 3- oxo- propyl] - 6, 8al0
di met hy1- 5- oxH}eHeLcaﬂlompmubwmbch[csdm@]abggya\zihrfe(amptca}rlﬁdxqm (XS)aeallyl-5-

it PR Bt e D . R e

4- hydr oxy€e6loagas siguidof1R: 330 tM6HY1) - 3- oxo- propy1l] - 6, 8a- di net hyl - hexahydr o- o
xazol o[ 3, 2- a pyra2|Sn25 i)ne and 4 1 am né) 21 chl (l)rlr(l)etgfor;(zgér{xl)gl u%rllde Li ght

yel | ow gum -

(3S, 9aR) - ﬁé@%}%vrﬁmhbﬁ@noes)fbo@vﬁé@cﬁw&{t%e'éﬂepct 6-y1l)-ethyl]-3-nmethyl-4-oxoo0
ct ahydr o- pyrkﬁ%tlﬂez a] pylgﬂam he- @ngr boxyT i KV%CI dméflﬁﬂ:gﬁlrch{bg&gprgg}yb am de
201 A (R -6 I momppu Yo@s- o (3150 1@ ¢xeingle Qm er

2- et hyl % E'El E) g tnll 1M EMF 11.2
M, 11 2 & fl)pyrrohdlg %rﬂéﬁm pl\%m acg d %{i 19[¥§%%95y e%u%ﬁ?veua 18%9[10%1 wi Lgla

1- (tert bm'et(hyy@wrh?dmdhlolﬁﬂeﬁf(ﬂmdrb@@lehvallsainnd)flﬂt&tIhwltaﬁﬁﬁiee(ﬁnd(a@/ anfdhg.(Shem
reacti on’ H G Hls BbRsH RaBB AP oL BT ey o sed er o
hydr oggncgrprRat &ith Beattyl Qlﬂoﬁ)ﬁqnﬁi%t @b BksWiddid, MiOAR1 2Tive- 19y gani ¢ | ayer was

washed with brine, dried over magnesi umsulfate, filtered, and evaporat ed.

The resi due MSJS@S\M AHVWMWV)# QﬂO‘rheXﬂhSﬁm-éﬂl‘Q@Hﬂ ahwaamaad sul foni c
aci d nonohydr at.e. {0 Q- 93 mml) stirred for 2 h at room WO

2011/ 042399PCY/ EPZ0L0/ 064770 -73- tenperature, then concentrated under
vacuum The rA&soldtien uﬁs)-éhﬂl@hﬁ{{ﬁgna;pa@dal(bSnﬁZ((S)kﬂepmﬁm&ydirmm ghﬁqh ent) to

afford (R th arboxylic ac t butyl ester
o ot hy!  dpaP e R b i B iR e E¥litut 1 GLOI i m° o (25
m), geol Eﬂirég%n hBEde Adl6kidd @&l | Widibkaak Isyth; C\/hi@ﬁféﬂ'aﬂdoﬁﬂ@nﬁoéraﬁﬁe 21l 4
nmmol ) and boron 5 trifluoride etherate(2 nmol ), then after 2 h

the reacth.dhengvapqrpied vﬁhe oidpeyadiRken wakn, MaaH (é @&r)uﬁlﬁ‘m y@r@g@ﬁ@apﬁo nat e

sol uti on. ﬁﬂwﬁﬂ m
sul f at e, ¥ %glél?{e an%? (g%?gpg\?,\g?% rorraﬁ)%g?(%f\ﬂ% g%gggoﬁ%%m gtgf%fg

gr adi ent ) 16l ftbm:teadtmdmed betireen saomgoamuhofid6xhiayide _”Bdﬁz()lon hncglﬁuOAcelirlmwrganmjl d,
MB: 184.2 (M+H Boc) +. . : : . :

10B) (R) - 295 1V v%sﬁgﬂd%&m% Agied pypareRisiEe i BukeTaparatdii K GRS )
ester 20 cobffpuhd {128 B@TPOWNJLWaSHBHAdLIEENIS B2aRaMIgY) Wi t h exanpl e 31B from
(R -6-al lyl pi peridine-1,2-dicarboxylic acid 1-tert but}<| ester 2-nethyl
ester. Col ourh&Mﬁm&aZ“mmmﬂ“t 6-yl)-ethyl]-3-methyl-4-

(R) - 2- Al 1 gl R diy by Rb BRI S -Hpm e SALROYLiL Gei@Bbithyl &hd- Putyl ester

Sodium periodiate (206 mg, 0.96 mmol) and osmium tetroxide solution (2.5% in tert-

butyl alcohol, 33 pL, 3.3 pmol) were added at 0°C to a suspension of (3S,8aS)-6-allyl-3-

25 methyl-4-oxo-hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid benzyl ester (110 mg,
0.33 mmol) in acetone (1 mL) and water (1 mL). After removal of the ice bath the reaction
mixture was stirred for 3 h at room temperature, then partitioned between EtOAc and water.
The organic layer was washed with brine, dried over magnesium sulfate, and evaporated to
furnish (3S,8aS)-3-methyl-4-0x0-6-(2-0x0-cthyl)-hexahydro-pyrrolo[1,2-a]pyrazine-2-

30 carboxylic acid benzyl ester [MS: 331.2 (M+H)']. This was dissolved in DCM (1 mL) and
added at room temperature to a suspension of (S)-6-aza-spiro[2.5]octan-4-o0l hydrochloride
(53 mg, 0.33 mmol), EtzN (33 mg, 0.33 mmol), HOAc(39 mg, 0.66 mmol), and sodium
triacetoxyborohydride (77 mg, 0.36 mmol) in DCM (1 mL). After 16 h the reaction mixture



15The titl e conpound was produced in analogy with exanple 31C from

(R)-2-al lyl-6- hydroxynethyl - pi peridi ne-|-carboxylic acid tert-butyl ester.
Col our | esw0Oani1/042399 D) PCT/EP2010/064770

(R -2-Alyl-6-{[ benzyl oxycar bonyk(S) - 1- met hoxycar bonyl - et hyl ) - am noE

met hyl } - piperidine-I-carboxylic acid tgrt-butyl ester The title conpound
was produced in analogy with exanple 31D from (R)-2-ally1l-6- 20

f or nyl - pi w@rﬂ)anﬁitﬁmledbctavreblmE;OA@a@dl Ml 4ge padipucybomase sﬂutbyl rldd weganiedayam nat i on
reaction with L- alani.ne th est er. yd C ride d by

o vat 1 55 we M RBHPE R B SRS THE i &3hoe

(R) - 2-al I@HroﬁraR(gﬁiphﬂz(mm@ME%]b@WMee}H%%rxqrmmmh Btlitionpd (P60 @5 ne- 1- car bo

xylic acid _tert-butyl ester with benz;i chl oroformate. Yellow oil, NS
475. 3 (M+q.ﬁ)°qrded the title com@und (88 mg, 62%). "Light yellow gum, MS: 442 4 (M+H)".

(3S, 9aR) - 6- Al py 1- 3-8 K16 fo QX P2 IHIBENH- L7t 104 1de t26- 2 RV RZI AR A1-4- 25

carboxylic aC|d benzyl ester The tTitle conmpound was ﬁroduced I n anal ogy
with exangio {0 i h. ymzmle+2>\1qa.rlmxvhc acid (3.4-dichloro-phenyl)-amide

{[ benzyl oxyc | h hy!l -
i peridine-1 aﬁge?{? %&)?%3 ?%:ndlavgl o1§ i %ﬁggt%%%éf %lrég( '@%P o}\/}v@gfﬁgn%gt(%%k&% 5025
(MtH) +.  ((S)-4-hydroky-6-aza-spiro[2. 5]oct 6-yl)-ethyl]-3-methyl-4-oxo-hexahydro-pyrrolo[1,2-

(3S, 9aR) a-s oct - 6- eth -4-
30 oxo- ocfﬁa{a%%’é-gwf Og%‘fcla%&/ 'éﬁlw eé?irﬁ%f[ghc?é% einﬁylé%ﬁyan%%lqé@lte g@t‘ﬂr The
titlejgonpgunss yes+pyoduced in analogy with exanples 33/34D from

(3S, 9aR) - 6-
al | y1- 3- nmet hy
benzyl esf el
MS: 456. 4

(3, 4-dich duced in anal ogy

with exanpl est Hje/tﬁ&nfré @f‘ép(u:ﬁegrs 88%1@) 5@2 SS) -4- hydroxy-6 aza-s r[1)1r0[2 .S]oct-6-yl)-ethyl]-
(S) 4- hydr oxy- 6-aza- spi ro[ 2. 5] oct - 6- et hy é - 0X0- oct a% dr o- py
rido[ 1, 2- 3@6&]YWr%@rh¢éa@dmm9ﬂl|,2ca]msr|aan%-8r¢f§h0><élsq @rld rﬂjdlchlorO-phenyl)

3, 4-di chl i E?ﬁﬁ" 9
(3 S, 6S, 9%—5)99@%@%@2 0 1?‘%?%@3{?5 &%ééﬁ) za- spl r og F?ég 0%11@#@ o lf]ﬁethg
- 3- net hy Btﬂimmamﬁhymam/ﬁﬁfﬂ 4of0 a2 thalepyenta Zimeafbordar (58)6}21 8&8)-é€[i2€[(S)-
(3, 4-di Cth-%glger}b-ggl%etl)-spaip(])[9.%]0%1[-6-yl)-ethyl]-3-methyl-4-oxo-hexahydro-pyrrolo[1,2-

j
‘<

20  aJpyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide [example 33; 22 mg, 40%; white
solid, MS: 4952 (M+H)'] and (3S.,6S,8aS)-6-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-
ethyl]-3-methyl-4-oxo-hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-
phenyl)-amide [example 34; 18 mg, 33%; white solid, MS: 495.2 (M+H)'].

25 Example 35
(3S,6S,8aR)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-6-methyl-
5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide

0 0
@) N
>_N Nj/\)\\ Qﬂ
C H \7_'(0 E)H

Cl



0 CI NAN The m xture of epiners,
(3S,9aR)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-

et hy1] - 3-wotzhil044399x 0- oct ahydr o- pyri do[ 1, 2- a] pyr azi ne- 2Pcampexiplos477@ci d

(3, 4-di chl orophenyl)-am de (exanple 38; 41 ng, 80 pnol) was separated by
HPLC using a Chiral pak(r) 15 AD col um _AS t he stationary phase and

hept ane/ Et OH 70: 30 as the eluent. This afforded

(3S, 9aR) - 6- [ ZFHe(tBle-contppandowgs Bodirad spinalygg vEihoxemeleyl PH mothy3Y,6 38@kkhy | - 4- ox

0- oct ahydr,opyri dof 1, 2-a r.azine-2-carpoxylic id

(2% at LAY o s PSR ARREo SRR R T v b smore 21583 3
(MrH) +) . éﬂbﬁra@hkﬁemneqeiamﬂe 24BRinaR, Aaihtobophenyl (Df yahatty dVbixd/sofid, MS: 525.3

aza- spi ro‘£M Joct -yl) -et hy1] 3- et hyl - 4- oxo- oct ahydr o- pyri do[ 1, 2- a] pyr azi
ne- 2- carb ﬂ{ c 20 acid (3,4-dichloro-phenyl)-am de, was not obtained in
pure f Exanpl e 40

(4R, 7899a8) 4-[2-((S)-4-Hydroxy-6-aza-spiro [2.5] oct-6-yl)-ethyl]

- 7- nmet hy1- 6- oxohexahydr o- pyr azi noJ 2, 1lié_mnségﬁ)xa2| ne 8- car boxyl ic acid

(2,590 51 el TS WO SR RO 054 B

starting 5-bméﬁ)hyar<abka/zlom{y,2&1pﬁﬁtmmﬁmy@:@maluﬂ (am-(liehlm‘d)phﬁfyll)calﬁttkd
nmet hyl ester, which was synthesised in the same nmanner as the

(S)- enantlorrer as describeq in @g. . 2007, 9, 5 3061. Wite foam ©ME:
511. 4 (M+H) +. H

(3S, 6S, 8aS)-6-[ 3-( S-49§Ld§ Xy-R :

4- oxohexahydr o- py o[1/2 pyr/aziine- 2- car boxs
(3, 4-di chl or oCpné a de 103 A OH
(S)-2-tert-But oxygaFhonyl anmi noH5 Qxo- non- 8- enor’¢ aci d benzyl ester To
a solution of (9)-5-o0xo-pyrrolidine-1,2-dicarboxylic acid 2-benzyl ester
l-tert-butyl ester (Org. Lett. 2004, 5, 1469; 450 ng, 1.41 mmol) in THF (10

m) wa8 addedli8-titlouwbemphmbgmasbdrmedimmiathey soihutxaople(IH5Féhi(38,T5FaS)B-38 i,

1.69 mL€3-@§)-4-ﬁ9&bX}tﬂ -%Qa-spiro[2.5]oct-6-yl)-3 -0xo-propyl]-6-methyl-hexahydro-oxazolo[3,2-

alpyrazin-5-one (example 25A) and 3,4-dichlorophenyl isocyanate. White solid, MS: 525.3
(M+H)".

15 Example 37
(3S,65)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yI)-3-0xo-propyl]-6,8a-dimethyl-
5-oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-4-trifluoromethyl-

phenyl)-amide

oGS

Cl
20 A) (3S.6S)-3-[3-((S)-4-Hvdroxy-6-aza-spiro[2.5]oct-6-y1)-3-0xo-propvl]-6.8a-

dimethvl-5-oxo0-hexahvdro-oxazolo[3.2-a]pyrazine-7-carboxvlic acid benzvl ester

The title compound was produced in analogy with examples 1/2F from (S)-2-

[benzyloxycarbonyl-(2-oxo-propyl)-amino]-propionic acid methyl ester (intermediate 2) and



15 after 3 h sat. ag. amonium chloride solution (5 nL) was added. The
reaction mxture was partitioned between Et0Ac and water, the organic |ayer
was washewowntimn4bavone, dried over magnesi um sul fate, fi lPCEmPA)10ALI70
evapor at ed. Chromat ography (Si 02; heptane/ EtOAc 2:1) afforded the title
conmpound (329 ny, 62% . Col ourl ess oihnzwsz 376. 4 (M+H) +. B)
(2S,5S)-2-But - 3-enyl-5- hydroxynet hyl - pyrrolidi ne-1-carboxylic acid tert20
but yl est&)-6-(()-PeminooRBORCH¢ERP0LO4-01510] 2 0 JocT-4-ol (cxandpls bREX iLoghtof
(S)-2-tert-but ox I 0- 5- 0X0- non- 8-enoi ¢ acid benzyl ester in DCM
(5 n) ma% gﬁé%gygﬁfqgg%ﬂﬁﬂ&ﬁ ‘'solution of triphenylsilane (496 ng, 1.90
nmol ) and triBY pent@$kepsplEnHi o ane atbira)R.5 Petkd-ytwmobo-propBEMsas nl),
then after. 30 mn the cooI|no bath was renmoved and the reaction m xture was
al l oned t% 9 ' BZIBYeNC) h, After cooling to -78C a
sol uti gn of tTﬂeRhFcQ‘)éhﬁbﬁ@d"@as(ﬁg&lc@E in élna%ml e)xafi"lﬁﬁs 1/2E from (3S 6S) 3-[3-
Ny, 1) DCM (5 i)

tris(pentafluorophenyl’)borane (55 was added to
t he react ((B*-hiydowy-€;aze-hepiro[aHiast-630)-Froxo- pt@@yﬂrﬁdardigiethat provadicxaiydioed. The

w i £ N PR HE Rt bl R R, Ky Bl Rl g e o

chloride @@+Ht|on and EtOAc. The organic |ayer was washed 10 with brine,
dried over ) [ .

(Si 02; hept ane! :

(2S, 5$)- 5d1hié¥h\135%1h'ef2éﬁvﬁﬂn| 6>E11'z81%f312 amvphhﬁl@m@afwdﬁvﬁc aau@'a 8h1@1%flt7-y| ester
1-tert-butyl ester and unspeC|f|ed reagents. This m xture was dissolved in
THF (2.5 : raiEse at 0C to a suspension of Iithium alum num

e (52 e B L S L S P

sodiunthydhp&nﬁe6smhamnﬂh5kmt6&&)}EhEpﬂegﬂmnmnhnnﬁWUh@mh@ﬁokmmnﬁﬂéa through

di at onacequs rth, t | tra ne, d_over

mgnest arf B AT eo e et 2t pe Dt GiPRal OGBS &H5!

hept ang/ y3:1) afforded the title conpound (179 ng, 82%. Col ourless
oil, Ms: 256.3 (MtH) +.

20C3(28 5S) - 2-But-3-enyl-5-fornyl -pyrrolidine-1-carboxylic acid tert-butyl
ester The title conpound was progyced,iqg anal ogy with exanple 31C from
(2S,5S)-2-but-3- enyl-5-hydroxynet hyl = i ne-|-carboxylic acid
tert-butyl esB89aR)-6¢RH((S)el-Hypdroxiyt6-adaSpidG2lspc(-04vb)ethyl]-3-methyl-4-0K)-

(2S, 5S) - 2- zyl o bonyl -, ) - 1- met.hox r t.h am.noE 25
hethy)) e BT R e e el o R0 B oo e g o o

The title congpund~ywas produced in analogy with exanple 31D from
(2S,59)-2-but - 3- -pyrrolidine-I-carboxylic acid tert-butyl
ester by reducti aing_nag on L- al anj t hyl ester hydrochl oride,
fol | owed by delivatisa ondary am ne,
(2S,5S)-2-but-3-enyl-51R(S) cagbonyl - et hyl am no) - net hyl | - pyrrol i di
ne-1- 30 carboxylic acid t thﬂbenzyl chl or of or mat e.
Colourless oil, Ms: 475.3
(3S, 68¢8aS) - 6- But - 3- eny1- 3- net 1- 4- oxo- hexahydr @- pyrrol o[ 1, 2- a] pyrazi ne2-c
arboxylic acid benzyl ester WO 2011/042399PCT/EP2010/064770 77- The
title conpount) was (Br-6ddbddingiidingal.bdicath = sisbud Ghlestg 59) - 2-
{ [benzyl oxy I 5 but 3
-enyIpyrrol|§ﬁﬁggpﬁ%2§%oxyﬂ¥%%%gl &?]qgthTﬁigg%é?@n] Iougﬁggﬁagﬁd

343. 2 ( Mx#ppwise at —78°C to a solution of 1-(tert- butoxycarbonyl) -R-6-oxopipecolic acid methyl

ester (J. Org. Chem. 1996, 61, 8496;2.40 g, 9.33 mmol) in THF (30 mL), then after 90 min

25 the reaction mixture was poured upoin half-saturated aq. sodium hydrogencarbonate solution
and extracted with EtOAc. The organic layer was washed with brine, dried over magnesium
sulfate, filtered, and evaporated. The residue was dissolved in MeOH (25 mL), treated with

toluene 4-sulfonic acid monohydrate (177 mg, 0.93 mmol), stirred for 2 h at room



F) (3 S,6 S,8 aS)-6 -[3 -((S)-4-Hydroxy-6-aza-spiro [2.5
]oct-6-yl)-propyl]-3 -nmethvi 5

4- oxo- hexwsibydriaapsger ol o[ 1, 2- a] pyr azi ne- 2- car boxyl i ¢ aci #Ch@mr2¢io/oesver The
title conpound was produced in anal ogy with exanples 33/34D from
(3S,6S,8aS)- 6-but-3 -enyl-3 -nethyl - 4_—7%>_<o - he xahydro-pyrro |l o
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a] pyrazi ne-2-carboxylic acid benZyl éester (exanple 41 80 23 mmol ),
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partltlon@d+héfmeen DCNIand mater The organlc | ayer was washed with brine,
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2011/ Q§2399quﬁeER%%Q{ Q@ﬁ’dﬂ%@s pr@@lced in ana@gy w1th example 31C from (R)-2-allyl-6-
(3S, 6R, 8aS) 643- X Hydr oxy- 6- aza-spi r o[ ] oct - 66& é - 0XO0- propyl] 3-
Vﬁp
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methvl} -piperidine-1-carboxvlic acid tert-butyl ester

The title compound was produced in analogy with example 31D from (R)-2-allyl-6-
20 formyl-piperidine-1-carboxylic acid tert-butyl ester by reductive amination reaction with L-
alanine methyl ester hydrochloride, followed by derivatisation of the resultant secondary
amine, (R)-2-allyl-6-[((S)-1-methoxycarbonyl-cthylamino)-methyl]-piperidine- 1 -carboxylic
acid tert-butyl ester with benzyl chloroformate. Yellow oil, MS: 475.3 (M+H)".
E) (35.9aR)-6-Allyl-3-methyl-4-oxo-octahydro-pyrido[1,2-a]pyrazine-2-

25 carboxylic acid benzyl ester

The title compound was produced in analogy with examples 33/34C from (R)-2-allyl-6-
{[benzyloxycarbonyl-((S)-1-methoxycarbonyl-ethyl)-amino]-methyl} -piperidine-1-
carboxylic acid tert-butyl ester. Yellow gum, MS: 3432 (M+H)".

F) (3S.9aR)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-

30 oxo-octahvdro-pyrido[1.2-a]pyrazine-2-carboxvlic acid benzvl ester

The title compound was produced in analogy with examples 33/34D from (3S,9aR)-6-
allyl-3-methyl-4-oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid benzyl ester and
(S)-6-aza-spiro[2.5Joctan-4-ol hydrochloride. White foam, MS: 456.4 (M+H)".



(2- car boxy- et hyl) - 3- net hyl- 4- oxo- hexahydr o- pyrrol o[ 1, 2- a] pyr azi ne- 2- car boxy
lic acid 5 benzyl ester and (S)-6-aza-spiro[2.5]octan-4-ol hydrochloride.

Li ght yelwowongume3ows: 470. 4 ( M+H) +. O PCT/EP2010/064770

(3S, 6R, 8aS)-643-((S)-4-Hydroxy-6-aza-spiro[2.5] oct-6-yl)-3-0x0-propyl]- 3-
met hy1- 4- oxo- hexahydr o- pyrrol o[ 1, 2- a]py;a2|ne 2-carboxylic acid

(3, 4-dichloro-phenyl)- amde 10The t|tIe conpound was produced in anal ogy
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20The title conpound was produced in analogy w exanpl es 1/2G from
(38 6R, 8adS: 609.3 (M+H)'".
[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-0xo-propyl]-3-nethyl-4-oxo-he
xahydropyrrol o[ 1, 2- a] pyr azi ne- 2- carboxyl i c acid benzyl ester (exanple 42B)
and 3-chl oro-4- (trifIuoronethyl)phengkgm@gggpnate (Eur. Pat. Appl. EP

290902). Col o SS_gu . B557.2 +., 2
Exanpl )e 44 g 9aR 6mZ (I(V§-4-Hydr0xy£é\-/|; I?—splro[g S]oct-6-yl)-ethyl]-3-methyl-4-oxo-

(3S, 699 8a§)ta1$ydveiﬁyﬁnfr 2% yPadire- 2arbdkytic h&H r(ﬁftldiaﬂ&rogpn{e'hsﬂ)ia%ae 1-y1) - propy
1] - hexahydro- yrrolo 2-a] pyrazi ne- 2- carboxyllc aci

(3, 4-di chi oroC zam WO 2011/ 042399PCT/ EP2010/ 064770 - 79- C

A) (3 S, 6 S, 8a9) th _-4- xo}g 43 -(3,3

,4,4-tetraflu L = ' >
propyll-hexah§ ro-pyrref o[ 4, 2-a] pyrazi ne- 2-dar boxylic acid benzyl ester The
alogy W e%ﬂqples 33/ 34D from

title conpound was produce
(3S, 6S, 8aS) - H

6- but - 3- eny1- 3- et hy1- 4- oxo- h dro-pyrrol o[ 1, 2- a] pyrazi ne- 2- car boxylic
acid benzyl ester (exanple 41E) and 3, 3,4, 4-tetrafl uoropyrrolidine

hydr ochl or i deTheGaix@ité bESSMBNBSMBR )-612-() UM rtxy-6-aza-spiro[2.5]Joct-6-yl)-

ethyl]-3-methyl-4-oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-

phenyl)-amide (example 38; 41 mg, 80 wmol) was separated by HPLC using a Chiralpak®™
15 AD column as the stationary phase and heptane/EtOH 70:30 as the eluent. This afforded
(3S,9aR)-6-[2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-0x0-octahydro-
pyrido[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide (16 mg, 39%; light
yellow foam, MS: 509.3 (M+H)"). The other epimer, (3S,6R,9aR)-6-[2-((S)-4-hydroxy-6-
aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic

20 acid (3,4-dichloro-phenyl)-amide, was not obtained in pure form.

Example 40
(4R,7S,9aS)-4-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-7-methyl-6-oxo-
hexahydro-pyrazino|2,1-c][1,4]oxazine-8-carboxylic acid (3,4-dichloro-phenyl)-amide



B) (3S, 6S, 8aS)-3-Methyl-4-o0x0-643-(3,3,4,4-tetrafluoro-pyrrolidin-1-yl)-
propyl ] - hexahydr o- pyrrol o[ 1, 2- a] pyr azi ne- 2-carboxylic acid

(3, 4-di chwonotplaessyl) - ami de 10The title conpound was pProlEPeaiont7anal ogy
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rrol o[ 1, 2- a] pyrazi ne-2-carboxylic acid benzyl ester and 3, 4-di chl orophenyl
i socyanate. Col ourCess gum MS: 525.2 (MH)+. 15Exanpl e 45

(3S, 6S, 8aS) - 643- (3.3-Di fluoro-pyrrolidin-1-yl)-propyl]-3-nethyl-4-oxo-hexah
ydropyrrol o[ 1, 2-F azi ne- 2- carboxyl Q¢ aci d (3, 4-di chl oro- phenyl) -am de
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(3S,6S,8aS)-6-[3-(4,4-Di fluoro-piperidin-1-yl)-propyl]-3-nethyl-4-oxo-hexah
ydrol0 pyrrol o[ 1, 2-a] pyrazi ne-2-carboxylic acid (3,4-dichloro-phenyl)-am de
O0c, d Example 41

(3S,6S,8a8)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-propyl]-3-methyl-4-oxo-

hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide

u“OH
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A) (S)-2-tert-Butoxycarbonylamino-5-oxo0-non-8-enoic acid benzyl ester

To a solution of (S)-5-oxo-pyrrolidine-1,2-dicarboxylic acid 2-benzyl ester 1-tert-butyl
ester (Org. Lett. 2004, 5, 1469; 450 mg, 1.41 mmol) in THF (10 mL) was added 3-
butenylmagnesium bromide solution (0.5 M in THF, 3.38 mL, 1.69 mmoL) at -40°C, then

15 after 3 h sat. aq. ammonium chloride solution (5 mL) was added. The reaction mixture was

partitioned between EtOAc and water, the organic layer was washed with brine, dried over
magnesium sulfate, filtered, and evaporated. Chromatography (SiO»; heptane/EtOAc 2:1)
afforded the title compound (329 mg, 62%). Colourless oil, MS: 376.4 (M+H)".

B) (2S.5S)-2-But-3-enyl-5-hydroxymethyl-pyrrolidine-1-carboxylic acid tert-

20  butyl ester




A) (3S, 6S, 8aS) - 3- Met hy1- 4- oxo- 643- (4, 4-di fl uoro-pi peridin-1-yl)-propyl E
hexahydr o- pyrrol o[ 1, 2- a] pyr azi ne-2-carboxylic acid benzyl ester The title
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6- but - 3- eny1- 3- net hy1- 4- oxo- hexahydr o- pyrrol o[ 1, 2- a] pyr azi ne- 2- car boxyl i c
acid benzyl ester (exanple 41E) and 4, _47-in fl uor opi peridi ne hydrochl ori de.
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(3S, 6S, 8aS) - %WvﬁweﬂSbRGer@heto(madbanam &Opbpen48eﬁnni01ac;dlbenpyl@ptytlkl
hexahydr o- I 2- razi r bo

(3t crPBRLEIRER s ARG R R b p S esdes BrokLmIidnal ogy
W t h exanpis@enthfl@ésoplicnm)Fm oSS 8aS)-13-mmol) in DCM (5 mL), then after 30 min the

met hyl- 4- oxo- 643- (4, 4-di fl uor o- pi peridin-1-yl)- | ] - hexahydr o-pyrrol o[ 1,
2- a] pyr azm@n@batéa\ca&m\iee ag¢ fhg r%ﬁ%ml@%@vawawsf ﬁv PR dPRRS e

| socyapat gcr &l %ﬁelrg&ﬁln%qmﬂé\‘@ BRioA o(fmﬂl’heﬁ ls@a'i_l@(@mh 1450 mmol) and
(3S, 6S, 8aS)-6-[3-(3, | uor o- pi peridin-1-y1)-propyl]-3-nethyl-4-oxo-hexah

ydropyrr otlr@{ptntzﬂaqm}yheazl)mra@ @ammn Ayl ingmelg IIUDCM @- IﬁLbW&S(ﬁddﬁﬁd)h?eth? Iactagn de
WD 2011/0 P 77 : : .
(35 65, sty NG 20 BB byl iy ioyes DAY reaptnamiyye wevhred
hexahydr oropyr tembehtyefoal PYir thai treatélt whli BaXyl inel jathied abarPythingsittéaiondhe title
conmpound was produced in analogy wth ex /34D from(3S,6 aS)- 5
6- but - 3- ePRIYSHE e ARYIIAOHYY Ch@ggﬁw%owﬁﬁpgm e aﬁawéaxem(yawe%egoxy| ic
acg : d l?lénzx\(/lth Eﬁﬁ@rﬁi/gé&&@é?%a%né’sllﬁﬁ s, Fildredl £ddUQERRABET CHIORRIPYHhO et | de.
ourl ess gum ;

(MrH) + B)
(3S, 6S, 8agpime A naffdedrmaingeparblyimixiee of (ASHENi Tbw=3renyl-pyiselishind-E2-
hexahydr o
eyt oy B G SRR 5L MU By s, T g gy
w t h exangibedved /12 GHFr(21h niBSind Sd8alSjreBwise at O°C to a suspension of lithium aluminum

2 ] pyr azbngis o rippb i pred e TR BN AP Gl G el dSrothenyl
i socyapat @str¥Wdtsy adl@itiofl of Waker BORLY HidVibhard 2 M k¥ aomius MBroxide solution (1
mL). The reaction mixture was filtered through diatomaceous earth, the filtrate was washed
with brine, dried over magnesium sulfate, filtered, and evaporated. Chromatography (SiO»;
heptane/EtOAc 3:1) afforded the title compound (179 mg, 82%). Colourless oil, MS: 256.3
(M+H)".

20 O (2S.5S)-2-But-3-enyl-5-formyl-pvrrolidine-1-carboxylic acid tert-butyl ester

The title compound was produced in analogy with example 31C from (2S,5S)-2-but-3-
enyl-5-hydroxymethyl-pyrrolidine-1-carboxylic acid tert-butyl ester. Light yellow oil, MS:
2543 (M+H)".

D) (2S.55)-2-{[Benzyloxycarbonvl-({S)-1-methoxvycarbonyvl-ethyl)-amino]-

25 methyl}-5-but-3-enyl-pyrrolidine-1-carboxylic acid tert-butyl ester

The title compound was produced in analogy with example 31D from (2S,5S)-2-but-3-
enyl-5-formyl-pyrrolidine-1-carboxylic acid tert-butyl ester by reductive amination with L-
alanine methyl ester hydrochloride, followed by derivatisation of the resultant secondary
amine, (2S,55)-2-but-3-enyl-5-[((S)-1-methoxycarbonyl-ethylamino)-methyl]-pyrrolidine-1-

30 carboxylic acid tert-butyl ester with benzyl chloroformate. Colourless oil, MS: 475.3
(M+H)".

E) (3S.6S.8aS)-6-But-3-enyl-3-methyl-4-oxo-hexahydro-pyrrolo[1.,2-a]pyrazine-

2-carboxylic acid benzyl ester
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20The title conpound was produced in analogy with exanple 31C from

(2R, 5S)-2-allyl- 5-hydroxynet hyl - pyrrol7| di ne-l-carboxylic acid tert-butyl
ester (Og. Lett. 2004, 6, 1469). Col ourI ess oil, Ms: 240.2 (MH) + B)
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21/2 h at roomtenperature, then concentrated in vacuo. The Tesidue was

taken up in Nhetilerenmpnachvaranpdied irpanslogy witherxamplesd A fiom D65, ReSk®28 ny,

bexar | vor Bfoss g P EAGE RIS SRRy bt ool BN Y™
was sti rr@ggyhoine-26atboaylic addbdrepipateatnd &4-didbdoropleeny i itooyaede. b&hwe eslidnat er
and et hyI gé %g\“ organi c | ayer was washed with brine, dried over

magnesi u I'tered, and evaporated. Chromatography (5i 02; heptane
- ethyk acetate gradient) afforded the title conpound (479 ng, 84%.

Col ourl ess gum WMs: 329.4 (MtH) +. D
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20 A) (3S.6R.8aS)-6-(2-Carboxy-ethyl)-3-methyl-4-oxo-hexahydro-pyrrolo[1.2-

H OH

alpyrazine-2-carboxyvlic acid benzyl ester

A mixture of (3S,6S,8aS)-6-but-3-enyl-3-methyl-4-oxo-hexahydro-pyrrolo[1,2-
alpyrazine-2-carboxylic acid benzyl ester (example 41E; 80 mg, 0.23 mmol), sodium
periodiate (200 mg, 0.93 mmol) and ruthenium(III) chloride hydrate (3 mg, 12 umol) in

25 carbon tetrachloride (0.5 mL), acetonitrile (0.5 mL) and water (1 mL) was stirred at room
temperature for 72 h, then partitioned between DCM and water. The organic layer was
washed with brine, dried over magnesium sulfate, filtered, and evaporated to afford the title

compound (79 mg, 94%). Brown gum, MS: 361.2 (M+H)".



E) (7R 9a5)-5-0xo0-7-(2-piperidin-1-yl-ethyl)-hexahydro-pyrroloa, 1- 25

al[1, 4] di azepi ne-2-carboxylic acid (3, 4-dichloro-phenyl)-am de The
title compound/oe®oproduced in anal ogy with exanpl es 1/ PGrirPoomo(0¢8R70asb) - 5-
0X0- 7- (2-pi peridin-1-yl-ethyl)-hexahydro-pyrrol o[ 1, 2-a][1, 4] di azepi ne-2-car
boxylic acid benzyl ester and 3, 4-di chl7%r ophenyl |socyanate Col ourl ess
gum NMS: 453.3 (M+H) +. 30Exarrp| e 49

(7R 9aS) - 7[ b (@2-d-1dydre

A) The t1tle compound was produced in analogy with example 29D from (3S,6R ,8aS)-6-
(7R, 9aS)-7-[2-( roxy- 6-aza-spiro[ 2. 5] oct-6-yl)-ethyl]-5-oxohexahydr
0- pyrrol o({210a2b05]v[eihyb)r%ﬂr§£byﬂyﬁrf@0zheé%hye&zwr%o crdPyeRayL- C@Q%Oé}’ iergedd ¢ t |
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al | yl- 5- oxo-hexahydro-pyrrol o -a] [ 1, 4]di azepi ne- 2-car boxylic aci d benzyl
ester (ex(‘Mbe 48C) and (S) 6-aza- Spl ro[ 2. 5] oct an-4-ol hydrochl ori de.
Col ourl ess guynm ©ME: . .
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(3, 4-dichl oro-phenyl)-amde The title conpound was produced i n anal ogy
with exan¥ds 1/2G from (7R 9aS)-7-[2- 10

((S)-4¢hydr oxynefinﬁzo%n@@hﬁ@ws pb@sckd &r Mhlogs Whthldxamp RX @leaﬁff&hx@ls GRRYUSE& o[ 1, 2

- a)][1, 4] di azepi ne- 2-car boxylic acid benzyl ester and 3, 4-di chl or ophenyl
i socyanat B-((W-hedresy-pdza-MBro[26 beB6yimHpxo-peREkigHactBpl-4-oxo-hexahydro-

15(4S, 7S, %g@] N (
. 5] oet an- ?L 2%%‘2F %‘ﬁ C?{bggﬂe&%ab% %I%Sl%ﬁ dd%ih] ?Cglg&;ér{%lgflﬁzl?tfcgbl%?e] [1,4]0
xazi ne- 8(Gbi)aur1®aghmxm. d?;3 3 (M+H)".
A) (4S, 7S, 9aR) - 4- Car boxynet hyl- 7- net hyl- 6- oxo- hexahydr o- pyrazi no L2_
20o0xazi ne-8-carboxylic acid benz 1 ester The title conmpound was

produged in anal ogy W th exanpl e 42A ¥kQ (ezug 7S, 9aR) - 4-
al l'yl-7-methyl- 6- oxo- hexahydro- pyrazi no }1 4] oxazi ne- 8- car box I|c
aci d benzyl e388R.3a84ript(ES)stHy drowrbcazn-auirp [Z} oct-p3D)-Bex0-prepyll-§-methypo
2011/ 0423?—%?&1 gﬁ%ﬁ?’&{&lﬁ%?ﬁﬂ}a]pyrazme-Z-carboxyllc acid (3-chloro-4-trifluoromethyl-

phenyl)-amide

. 0
N

F N

2 H

Cl

20 The title compound was produced in analogy with examples 1/2G from (3S,6R,8aS)-6-
[3-((S)-4-hydroxy-6-aza-spiro[2.5Joct-6-yl)-3-0xo-propyl]-3-methyl-4-oxo-hexahydro-
pyrrolo[1,2-a]pyrazine-2-carboxylic acid benzyl ester (example 42B) and 3-chloro-4-
(trifluoromethyl)phenyl isocyanate (Eur. Pat. Appl. EP 290902). Colourless gum, MS: 557.2
(M+H)".

25

Example 44
(3S,6S,8a8)-3-Methyl-4-0x0-6-[3-(3,3,4,4-tetrafluoro-pyrrolidin-1-yl)-propyl]-
hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide



- 84- B)

(4S,7S,9aR)-4-[2-((S)-4-Hydroxy-6-aza-spiro[ 2. 5] oct-6-yl)-2-o0xo0-ethyl]-7-
met hyl - 6-wReohexadvydr o- pyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8- carb@mple1o/oeLi7al benzyl
ester The title conpound was produced in anal ogy with exanple 29D from
(4S, 7S, 9aR) - 4-

car boxynet hy1- 7- net hyl- 6- oxo hexahydr o- pyra2|no[2 1-c][1, 4] oxazi ne- 8- car box

ylic acid 5 benzyl ester (9),06- aza- spirol 2. Soctan-4-ol hydrochlori de.
Li ght yeIIowoiI,I\/B 4'(22 .

+
(4S, 7S, 9aR) - N- (3, 4 §LD|Q| enyyy N 4- HVoF oxy- 6-
2- oxoevhyl}) - 7- met h gxohexahydr opyr azi no[ 2

azaspirof 2. 5]¢

1-c][1 4] oxazI’he8 L caY boxams 10The tlth:conpound was produced in

anal ogy with exangles 1/2G frdth (4S, 7S, 9aR) - 4-

[2-((S)-4- hydro@ 6-aza-spirof 2. 5] oct - 6-y1) - 2- oxo- et hyl] - 7- net hyl - 6- oxo- hex
ahydr opyrazi ng 1 4 [ ) | and

3, 4-di chl cﬁ---' P A-teisad R 1 5Bxanpl e 51
(4S, 7S, 9aihpdil-hScah (@b &TMI Q&S{m@az%eaz Fﬂbﬁ)@y[h% a@ﬂd%hzx@e%&) 3" oxo- propyl]-7-m

et hyl- 6-o0xo0-hexahydro- pyra2|no£ 4T oxazi ne- 8- car boxyl i c acid
(3, 4- di chl or ollsHeleyempoded W Mo trqe@rz@,a@gymh@amples 33/84Ddeony (3SeHS.Feadbon 1-

Cort - bityf SHet e RE L Shons OB R SRR LA e A 0 ¢

exanpl e 3&Rriiexamp{38,H Shd 33al.4-etraflberbpyrmyjidimedrydivehioride. 4Cclan1ibc{sxghmcl\/6c| d
tert-but y% eégé\zr ﬁexarrpl e 31C) by reductive amnation wth L-al anine
tert-buty TreMH ydrochl oride, followed by derivatisation of the 25
resul tant squmdar Y388BR8S)-3-Methyl-4-0x0-6-[3-(3.3.4.4-tetrafluoro-pyrrolidin-1-yl)-
(3S,5R)-3-all 1 R(S) - 1- tert but oxycar bonyl‘ et hyI am no)- WO

2011/ 04239PgF g 9o h2-2 ) ; | 1hen
tents oty eshrq Jonlpemés &B&&"e&i@éﬂ%? wilh &anpbé? R, %@gas%lsq 4

.J)

methyl-4-0x0-6-[3-(3,3 .4 4-tetrafluoro-pyrrolidin-1-yl)-propyl]-hexahydro-pyrrolo[1,2-
alpyrazine-2-carboxylic acid benzyl ester and 3 ,4-dichlorophenyl isocyanate. Colourless
gum, MS: 525.2 (M+H)".

15 Example 45
(3S,6S,8a8)-6-[3-(3,3-Difluoro-pyrrolidin-1-yl)-propyl]-3-methyl-4-oxo-hexahydro-
pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide

A) (3S.6S.8aS)-3-Methyl-4-0x0-6-[3-(3.3-difluoro-pyrrolidin-1-yl)-propyl]-

20 hexahydro-pyrrolo[1.2-a]pyrazine-2-carboxvlic acid benzyl ester

The title compound was produced in analogy with examples 33/34D from (3S,6S,8aS)-
6-but-3-enyl-3-methyl-4-oxo-hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid benzyl
ester (example 41E) and 3,3-difluoropyrrolidine hydrochloride. Colourless gum, MS: 436.3
(M+H)".



B) (3R 5S)-3-{[Benzyl oxycarbonyl - ((S)-1-tert-butoxycarbonyl-ethyl)-am noE
met hyl } -5-(3-hydroxy-propyl)-norpholine-4-carboxylic acid tert-butyl ester
5To a solwDi2on/@p399 PCT/EP2010/064770
(3S,5R)-3-all y1-5-{[ benzyl oxycar bonyk(S)-1-tert-butoxycarbonyl -
et hyl') - am no] - net hyl | - nor phol i ne-4-carhaxylic acid tert-butyl ester (4.50
g, 8.68 nnDI) in tetrahydrofuran1(90 . was added

i y { B3-\3 C : Y

mmol ) was 10 Bt coﬁip@uﬁcb@@ipr@dmoﬂﬂmufaﬁ)g\w&ﬁthsdxampkd 1120} fr@rﬁ(Q3$16$ 84%)-3vi n at

0C, then net hanol % water (115 nL%pand sodlun1perborate tetrahydrate
(37.3 g, P2BYiOK9-Oddére 3&@@%0-191&?@%4111@&1 Py e xR iRl S 2rdWBHERe t hen
af ter stiseiBexfiRlaclitbelzflR6ef SAGA-ARNBIPhEER iWRSanRR! [CddeREIBENEEN et hyl
acetate and water. The organic layer was washed  wth brine, dri'ed over
magnesi unt8A MMtH) . filtered, and evaporated. Chromatography (Si02; heptane
- ethyl acetate 15 gradlent) afforded the title compound (3.76 g, 81%.

Col ourl ess gum WM. 537.5 (M+H) +. (@)

(4S, 7S, 9aR) - 4- ( 3- Hydr oxy- propy1) - 7- megkyhpe-46x0- hexahydr o- pyr azi no

ot baiiceq tr IROSTRh AR onmeenont orroeyl-a gy -Hofo REURSHTE. oo
[benz)lbOxﬂﬁéﬁféﬁﬂy%%(y@@lné-ﬂcﬁi:ﬁdﬁg& QM GRBREMMS oS KA D)-antkaeo] - met hyl | - 5-(3

- hydr oxy- 20 propyl) - norpholine- carboxyllc acid tert-butyl ester.
Col ourl ess gum Ms: 363.3 (MH) 4O D)

(4S, 7S, 9aR) - 4- ( 2- Car boxy et h 7-met hyl; o—fiexahydro- pyrazino[Lc][1,4]o0
xazi ne- 8- car boxyl i,c ~cidgbenzyl e tytle ound was produced in

anal ogy with ,
( 3- hydr oxy- propyl ptHy 1- 6- GXa: xahydro-pyrafﬁno[Z,1-c][1,4]oxazine-8-c
arboxylic 25 acid benzyl est erH Li ght yellow gum MS: 377.4 (MH) +. E)
(4S,7S,9aR) -4-[&I((S)-4 Fwdroxy 6-aza-spirof 2. 5]oct 6- yl) 3- 0x0- propyl]-7-

: ) 4 b

nmet hy1l- 6- oxo- sexahyo | ic.acid benz
1 ester e RS P seticed o Rarpl e 29D
from (4S, {SaBain) D4H010[1 2-a]pvrazme-2 carboxylic acid benzvl ester

(2- carboxy-ethyl ) -7-nmet hyl- 6- oxo- hexahydro pyrazi no[ 2 [1,4 oxa2|ne 8-ca

rboxylic aci dT@dltlﬁéﬁwpu@serra%e gy aglogy avithsxpwples 83 ééPafWJm( ,6S,8aS

hydr oghl o o2 i ; N m&kﬁ ]

2011/ 8?1 2 3%8%@%’?%%3% St)’lg %%ﬂg)gg}/&@ py‘ﬁ%ﬁ)[ﬁ}(a zine-2 \é\Qboxyhc acid benzyl

F) (4S, 7S, @mXemn{p&—{KESﬁnch4Hyﬂﬁmwpiﬁeraﬁm leypiread]2ids] GotouBessPua8 Mk dspBopy1] - 7
- nethylhg:@ o- hexahydr o- pyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8- car boxylic acid
(3,4 dICh ghenyl)-anide The title conpound was produced in anal ogy with
exanpl es 1/ 2@¥ r om($9.8S 855 PaRethhyl-4S0x0-6-[3-(4.4- dlﬂuOI‘O-DlDCI‘ldln 1-yl)-propyl]-
[3-((S)-4-hydroxy-6-aza- So|r0[2 5]oct 6- yl) 3- 0X0- propyl]-7- nethyl 6- 0x0- he
xahydr opyREaRYEP-D e 2 flichlarerphenyilamide t oy and

3, 4-dbghl or Opﬂ%r}}ﬁe doﬁf%%ﬂmﬁsepro&lcﬁ@in Mﬁldg?%l@l%m%s 123 (M 5Y $as)-3-
methyl-4-0x0-6-[3-(4,4-difluoro-piperidin-1-yl)-propyl]-hexahydro-pyrrolo[1,2-a]pyrazine-2-

carboxylic acid benzyl ester and 3,4-dichlorophenyl isocyanate. Colourless gum, MS: 503.2
(M+H)".

25 Example 47
(3S,6S,8a8)-6-[3-(3,3-Difluoro-piperidin-1-yl)-propyl]-3-methyl-4-oxo-hexahydro-
pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide



Exanpl e 52

10(4S, 7S,9aR) - N- (3-chl oro-4-(trifl uoromet hybphenyl)-4-(3-((S)-4-hydroxy-6-
azaspi r o[\@02puo2a3¥96- y1) - 3- oxopr opyl) - 7- met hy1l- 6- oxohex@bympre@ynessino [ 2, 1-
c] [1,4]oxazine-8(1H)-carboxani de HO H 0 The title conpound was produced
in anal ogy with exanples 1/2G from (4S, ﬁS 9aR)-4- 15
[3-((S)-4-hydroxy-6-aza-spirof[2.5]oct- 68 y1) - 3- 0x0- propyl] - 7- net hy1- 6- oxo- he
xahydr opyrazi no[ 2, 1-c] [ 1, 4] qxazi @e- 8- car boxyl i cFaci d benzyl ester (exanple
51E) and 3-chloro-4- (tigfl (Jsx_mget hyl ) phenyl /spcyanate. Wite foam MS:

573.2 (MrH) +. Exanple 53
20(4S, 7S, 9aR) - [\I—( , Ior ph ny
n- 6-

yl ) et hyl)-7-met hy)=6 oxghexahyldr opyrazino[ 2, 1-c] [ 1, 4] oxazi ne- 8( 1H) - car boxam
ide WO 2011/ 04Z399PCT/ EP2010/ 064770 A) (4S,7S, 9aR) - Benzyl
4-(2-(4,4-difluoro-6- aza3|r02 5 octan 6- 1 eth 1)-7
met hyl - 6- oxohisk S ch 16-4 diflugEn-gipe PVt e The
title conpgund, 8"%§n&bﬂdi’§*p§ira‘zﬂle%”@ér€c9&}’lc ‘é.‘élh @e%%ggéres 33/ 34D f rom5
(4S,7S,9aR)-4-alTyl-7-ne 1-6- 0X0- hexahydr o- pyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8-
carboxylic aclh tbérmyipomgt ‘eas I{recheath irear@loig)y \xathlcbxamples 33/34D from (3S,68S.8aS)-

ghi{ d;\/g U%g-g-él?m%ﬁl%}-b% xa% (?rohﬁgfd o?o(ipkoﬁ Iy(lj*e?m e- IE)oxyqlc ac% be}lzyl Br own
(4S5, 7S, 9aé§)terf&>(a&p4eaim h®B g&hﬂw&ﬂlpéhdlﬁe lﬁy‘lflréchdirfdleU@wauﬁe@%@&DM@[@O.@] oct ané
-yflethyl net hyl - 6- oxohexahydropyrazino[ 2, 1-c][1,4 oxazine-8 1H

- car boxa 1\@J@HhOThe title conpound was produced in anal ogy with exanpl es

1/2G from (4% /S, 9 %BSQQWYMethvl 4-0x0-6-[3-(3.3- dlﬂuoro-plperldln 1 Vl) Dropvl]-
4-(2- (4, 4- d|f|uoro 6- azasplro[z 5joctan 6- ypet yl')y-7-methyl-

3, 4-di 8h| or Opﬂl n[}ﬂe clorsn%%?{r? agsepro cea th e{n%ﬁ)@y % e§(§1;lﬂp cs (IME_Prom (3S,68S,8aS)-3-
methyl-4-0x0-6-[3-(3,3-difluoro-piperidin-1-yl)-propylJ-hexahydro-pyrrolo[1,2-a]pyrazine-2-

4-Ai f | uor o- 6- azaspiro[ 2. 5] octa

D)o

carboxylic acid benzyl ester and 3,4-dichlorophenyl isocyanate. White solid, MS: 503.2
(M+H)".

15 Example 48
(7R,9a8)-5-Oxo0-7-(2-piperidin-1-yl-ethyl)-hexahydro-pyrrolo[1,2-a][1,4]diazepine-
2-carboxylic acid (3,4-dichloro-phenyl)-amide

H

Cl

A) (2R.5S5)-2-Allvl-5-formvl-pyrrolidine-1-carboxvlic acid tert-butyl ester

20 The title compound was produced in analogy with example 31C from (2R,5S)-2-allyl-
5-hydroxymethyl-pyrrolidine-1-carboxylic acid tert-butyl ester (Org. Lett. 2004, 6, 1469).
Colourless oil, MS: 240.2 (M+H)'.

B) (2R.55)-2-Allyl-5-{[benzyloxycarbonyl-(2-tert-butoxycarbonyl-ethyl)-

amino]-methvl} -pyrrolidine-1-carboxvlic acid tert-butvl ester




15Exanpl e 54

(4S,7S,9aR) - N- (3-chl or ophenyl) -4-(2-(4, 4-di fl uoro-6-azaspiro[ 2. 5] oct an- 6-

yl) et hyl )W@-20etta93996- oxohexahydr opyr azi no[ 2, 1-c] [ 1, 4] oxeirmP2@006)77€ ar boxam
ide HO The title conmpound was produced in anal ogy with exanples
1/2G from (4S, 7S, 9aR) - 20 benzyl 82

4-(2-(4, 4-difluoro-6-azaspirof 2. 5]octan 6-yl)ethyl)-7-nethyl-6- WO

2011/ 042399PCTIHeEF?E@©G!pO@zﬁ7W@ pré@uced in analogy with example 31D from (2R,5S5)-2-allyl-

oxohexahy a2| 1 4] QX at e |l e 53A) and
XOehl or SPRUTY PRl Rl fefbo RO R S Yy AR RS £

5( 4S, 7S, Qﬁiﬂhoﬁi‘obﬁnﬁ:mcﬁlrt@rt%u(yﬂ wéﬂ hydfdaﬁbhhy Fploeny by déﬁ\(aﬁse(tﬂ)n‘b-fdiefrlem@t- 6-
azaspiro[ 2. 5] oct an- 6- % %}ﬂ? math | - 6- oxohexahydr opyr azi no[2 1-c][1,4]0
xazi ne8( 119FORIePLERIAR alpfhe- &@ﬁ butopisaiany iy grigabwetylln anal ogy
with ex a”ﬂrﬁﬁldﬁ{ezlgefrﬁ&&léﬂgfd?étgﬁ estet WitA@RAR) chloroformate Colourless oil, MS:
4-(2-(4,4-difluoro-6-azaspiro[2.5]octan-6-ypethyl)-7-nethyl-6-
oxohexahyﬁ}%ﬂp@ﬁaﬂ) no[ 2, 1-c] [ 1, 4] oxazi ne-8( 1H) - car boxyl ate (exanpl e 53A) and
S o C et s PR PARPSRE el ARG o Yt 24 e MBarBRRR

15(4S, 7S, &&Fﬂ)eﬂklvl(e&teﬁ di chl orophenyl) - 4- (2- (4, 4-di fl uoropi peridin-1-yl)ethyl
)-7- methyl- 6

3 (4575, bary SRS oL R4S T B BB AGHIORY H Ty RO BTNy - 6

10  amino]-methyl}-pyrrolidine-1-carboxylic acid tert-butyl ester (875 mg, 1.74 mmol) in

hydrogen chloride solution (4 M in 1,4-dioxane) was stirred for 2%% h at room temperature,
then concentrated in vacuo. The residue was taken up in N,N-dimethylformamide (10 mL),
then 4-methylmorpholine (528 mg, 5.23 mmol) and O-(7-azabenzotriazol-1-yl1)-N,N,N',N'-
tetramethyluronium hexafluorophosphate (993 mg, 2.61 mmol) were added. The reaction
15 mixture was stirred for 16 h at room temperature, then partitioned between water and ethyl
acetate. The organic layer was washed with brine, dried over magnesium sulfate, filtered,
and evaporated. Chromatography (SiO-; heptane — ethyl acetate gradient) afforded the title
compound (479 mg, 84%). Colourless gum, MS: 329.4 (M+H)".
D) (7R .9aS)-5-0Ox0-7-(2-piperidin-1-yl-ethyl)-hexahydro-pyrrolo[1.2-

20 al[l.4]diazepine-2-carboxvlic acid benzyl ester

The title compound was produced in analogy with examples 33/34D from (7R,9aS)-7-
allyl-5-oxo-hexahydro-pyrrolo[1,2-a][1,4]diazepine-2-carboxylic acid benzyl ester and
piperidine. Colourless gum, MS: 400.3 (M+H)".

E) (7R .9aS)-5-0Ox0-7-(2-piperidin-1-yl-ethyl)-hexahydro-pyrrolo[1.2-

25 a][l.4]diazepine-2-carboxvlic acid (3.4-dichloro-phenyl)-amide

The title compound was produced in analogy with examples 1/2G from (7R,9aS)-5-
0x0-7-(2-piperidin-1-yl-ethyl)-hexahydro-pyrrolo[1,2-a][ 1,4 |diazepine-2-carboxylic acid
benzyl ester and 3,4-dichlorophenyl isocyanate. Colourless gum, MS: 453.3 (M+H)".

30 Example 49
(7R,9a8)-7-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-5-oxo0-hexahydro-
pyrrolo[1,2-a][1,4]diazepine-2-carboxylic acid (3,4-dichloro-phenyl)-amide



oxohexahydr opyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8( 1H) - car boxyl ate 20The title
conpound was produced in anal aogy with exanples 33/34D from

(4S, 7S, 9aRp-241141423p9- 7- met hy1- 6- oxo- hexahydr o- pyr azi no[ 2 PCTEPRA10A$4TI@ZI Ne- 8-
carboxylic WD 2011/ 042399PCT/ EP2010/ 064770 -89- acid benzyl ester
(exanpl e 31E) and 4, 4-dif|uoropiperidig&_hydrochloride. Bl ack gum MsS: 452. 2
(MH) +.

B) (4S, 7S, 9aR) - N- ( 3, 4-di ¢hl or -4-(2- (4 4-di f | uoropi peridin-1-yflethyl
)-7- nethyl -6- oxohexahyhggp 2a2|n%[2 1-c] | xazi ne-8 1H - car boxam de

5The title coppo Was cedNnN alo y Wi exanples 1/2G from

(4S, 7S, 9aR) - m

4-(2-(4, 4- dlfluoro oerldln 1Hy yl ) - 7- met hyl'O6F oxohexahydr opyr azi no[ 2, 1-
d

c][1, 4]oxa2|ne & 1H) - car boxyl ate an é,4-dich|orpheny| i socyanate. Wite
foam MS :505.2 (M
(4S, 7S, 9aR) - N cHI7B
in-1-
yl) et hyl) y py xazi ne- 8( 1H) - car boxam
ide F HO TheTheltttlee:otnprrdewak weducpd udmmgymmhaaxamp@yswsﬂn fema (iR, &8)-7F 2G
from (45,7

o (o (4 BT s SRy ART A1 At TR OB S HEBeRRY A B F BT ol 2, 1-
cl[1,4] OXW@)raad%S)ldﬂhzacsqmbwy]bathm(&ﬁmblﬁoﬁ@)&a@mess m, MS: 442 4 (M+H)".

3- chloro 4-(trifluoroneth gphenyl i socyanate. Wiite foam Ms:539.2 (N%FD+
Exanmpl e 58 B) (7R 9a8)-7-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct- 6-Vl) ethyl]-5-0xo-

20(4S, 7S, QaRvdtshembib 11D LA RhLAhAB AL LR fiy &) 4-8ihbd-pHnBlbyds 6- 0xo-

The title compound was produced in analogy with examples 1/2G from (7R,9aS)-7-[2-

or opi perid

10 ((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-5-0x0-hexahydro-pyrrolo[1,2-
a][1,4]diazepine-2-carboxylic acid benzyl ester and 3.,4-dichlorophenyl isocyanate. White
solid, MS: 495.3 (M+H)".

Example S0
15 (4S,7S,9aR)-N-(3,4-Dichlorophenyl)-4-(2-((S)-4-hydroxy-6-azaspiro[2.5]octan-6-
yD)-2-oxoethyl)-7-methyl-6-oxohexahydropyrazino|[2,1-c][1,4]oxazine-8(1H)-
carboxamide

HO

ci
H 0 N
ci N
N N o
O N

H O
A) (4S.7S.9aR)-4-Carboxymethyl-7-methvl-6-0xo0-hexahvdro-pyrazino[2.1-

20 c][1.4]oxazine-8-carboxylic acid benzyvl ester

The title compound was produced in analogy with example 42A from (4S,7S,9aR )-4-
allyl-7-methyl-6-oxo-hexahydro-pyrazino[2,1-c][ 1,4 Joxazine-8-carboxylic acid benzyl ester
(example 31E). Dark brown oil, MS: 361.2 (M—H) .



hexahydr o- pyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8-carboxylic acid

(3, 4-di chl oro-phenyl)-am de -90- A) (4S, 7S, 9aR) - Benzyl
4- (2- (1, Iwaizoxa4e3dwonor phol i n-4-yfl et hyl)-7-nmethyl -6-  PCT/EP2010/064770
oxohexahydr opyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8( 1H) - car boxyl at e The title

conpound was produced in anal aogy with 8?{xarrpl es 33/34D from
(4S,7S,9aR)-4-al | yl1- 7- net hyl 6- oxo hexa ydro pyra2| no[2 1- c][l 4] oxazi ne- 8-
carboxylic 5 Brid Héb d 4 el ; OO

1, 1- di oxi de u i

(4S, 7S, 938 thygé'gxo'hgx‘ P17 6- oxohexahy

dr o- pyr azi nO['IZheJtttIe]c[oﬂnpél]uﬁlk‘&ZS medlﬁ:e@&rbmngrmtha@aﬁhple 29D from (48,78 9aR)-4-
(3, 4-dichl oro phe )-am de The title conpound was pr.oduced in. anal ogy
with exanfiee sty f ey o xeghax ggydro P@r%’@HEzy]I cIlT Gloxkzine-8-carboxylic acid
4-

t
((: 2-(3, 15&%&9%@&%58&5 1@8%&%&6{2@&&@4 brﬂyd@@éhmﬂde 610 ParANYENgeY7a21 NO[ 2 1

][ 1, 4] oxazi ne- car boxyl a and 3,4-di chl orphenyl isocyanate. Wit

foam MS (M1l)1 (I\/H-|)+ Exanpl e 59

BrethwA] - 7- met hy 1- 6- oxo-

( 3- chl or oazésgiro[4. Bl@@faﬁ@ﬂh?loﬁbﬁh\flhﬂaﬁ&tﬂﬁ 6-oxdHeahydropyrazino[2.1-c][1.4Joxazine-
B) (4S, 7S§9 -4- 2- 21 1- Di oxo-t hi onor phol i n-4-y1)-ethyl]-7-nmethyl-6-oxo- 20
hexahydro@@é&# -c] [ 1, 4] oxazi ne-8-carboxylic acid

(3, 4-dpchl or Ol’liéhﬁfé%hlp@ﬁ‘ﬂcﬁ\%as roducﬂi'%h zlﬂaldg? wﬁ@l@%@ﬁhﬂﬁs W25 11%19‘@4@?3’ 9hI@) anal ogy
with exarrﬁdles 1/ 2G from (45, 7p - benzy

4-(2-(1, 1 (%hyméhé?ﬁ@rﬁplm{lﬂ%éﬁﬂw% 0F0- ﬁ@t’Wl‘mghblx@hé@chWHY@pyram no[ 2, 1
- 1,4
3-g]hl[or o]- -%ru Jﬁwﬁe’?ﬁ%{‘{g%#é%’ﬁ hug gé?%ﬁ’ gs%%ﬂﬁ??g"‘?l8%‘?ﬁ°pk/%‘:yk53. 2 (M+H) +.

WO 2011/ om@@ﬁ@mmaam 068:526.2 (MH) Exanpl e 60

15 Example 51
(4S,7S,9aR)-4-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-7-methyl-
6-oxo-hexahydro-pyrazino[2,1-c][1,4]oxazine-8-carboxylic acid (3,4-dichloro-phenyl)-

amide
HO
N
Cl O
H O
Cl N
NN
I
H O
20 A) (3S.5R)-3-Allvyl-5-{[benzyloxycarbonyl-((S)-1-tert-butoxycarbonyl-ethyl)-

amino]-methvl} -morpholine-4-carboxvlic acid tert-butyl ester

The title compound was produced in analogy with example 31D from (35,5S)-3-allyl-
5-formyl-morpholine-4-carboxylic acid tert-butyl ester (example 31C) by reductive
amination with L-alanine tert-butyl ester hydrochloride, followed by derivatisation of the

25 resultant secondary amine, (3S,5R)-3-allyl-5-[((S)-1-tert-butoxycarbonyl-ethylamino)-



(4S, 7S, 9aR) - N- (3, 4-di chl oropheny1l) - 4-(3- (4, 4-di fl uoro-6-azaspiro[ 2. 5] oct an-
6- yl)propyl)-7-nethyl-6-oxohexahydropyrazi no[ 2, 1-c]

[ 1, 4loxazWoeoB(ib§9ocar boxamde F CI C) ,/(:) N I-1'"0 5Phe/EPRao®647G0pound
was produced in anal ogy with exanples 1/2G from (4S, 7S, 9aR) - benzyl
4-(3-(4,4-difluoro-6-azaspirof 2. 5]octarg 6-yl ) propyl)-7-nmet hyl - 6-
oxohexahydr opyrazi no[ 2, 1-c] [ 1, 4] oxazi ne- 8( 1H) - car boxyl ate (exanple 60A) and
3-chl or o- methyk]ﬂmdrphnim@fﬂmam@dxybhemgf keri-lggheateavath byl ehlbwdormans: 15319, 2

( M+H) +. | e

10(4S, 7S, ﬁi‘ﬁm%%éﬁ?ﬂ%ﬁﬂ)(mﬂ uor omet hybpheny1) - 4- ( 3- (4, 4-di f | uor o- 6-
azaspi r o[ 2. 5]Brt an-(BRIS)-pr OByl tokycabdil-((8)-0xehby@Ryerapyl-azyinaml- c] [ 1, 4]
oxazi ne8(1 b 140 The t|t|1@t corrpotund was produced

i n anal ogy < I

4-(3-(4, 4- d'erdJQécﬁtﬁ) ?§$’5RPB %11?119?%&ﬁ>03ﬂ3619ﬁ)(@s)) 17t'e|f65(lyce§bon I-

oxohexahydr opyr azi no[ 2, 4] oxazi ne-"8( cdr boxyl ate (exanpl e 60A) and

3- chl or o-¢hylj amlwm%nmmbh@ﬁwarhosmnmeé buppiicster @y, 883G in
MeH) + . .
50( 55, 6, DA BHBe umLy e e IR PB4 Milsa( ) - 4 nyar o

Xy- 6- tetrahydrofuran, 36.4 mL, 18.2 mmol) at 0°C, then after 2%2 h another portion of 9-

borabicyclo[3.3.1 nonane solution (0.5 M in tetrahydrofuran, 20.8 mL, 10.4 mmol) was
10 added. The reaction mixture was stirred for another 45 min at 0°C, then methanol (80 mL),
water (115 mL) and sodium perborate tetrahydrate (37.3 g, 242 mmol) were added. After 90
min the ice bath was removed, then after stirring for 16 h the reaction mixture was partitioned
between ethyl acetate and water. The organic layer was washed with brine, dried over
magnesium sulfate, filtered, and evaporated. Chromatography (SiO,; heptane — ethyl acetate
15  gradient) afforded the title compound (3.76 g, 81%). Colourless gum, MS: 537.5 (M+H)".
C) (4S.7S.9aR)-4-(3-Hydroxy-propyl)-7-methyl-6-oxo-hexahydro-pyrazino[2.1-

c][1.4]oxazine-8-carboxvlic acid benzyl ester

The title compound was produced in analogy with example 48C from (3R,5S)-3-
{[benzyloxycarbonyl-((S)-1-tert-butoxycarbonyl-ethyl)-amino]-methyl} -5-(3-hydroxy-
20 propyl)-morpholine-4-carboxylic acid tert-butyl ester. Colourless gum, MS: 363.3 (M+H)".
D) (4S.7S.9aR)-4-(2-Carboxy-cthyl)-7-methyl-6-0x0-hexahydro-pyrazino[2,1-

c][1.4]oxazine-8-carboxvlic acid benzyl ester

The title compound was produced in analogy with example 29C from (4S,7S,9aR )-4-
(3-hydroxy-propyl)-7-methyl-6-oxo-hexahydro-pyrazino[2,1-c][ 1,4 ]oxazine-8-carboxylic
25 acid benzyl ester. Light yellow gum, MS: 377.4 (M+H) .
E) (4S.7S.9aR)-4-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-7-

methvl-6-o0xo0-hexahvdro-pyrazino[2.1-c][1.4]oxazine-8-carboxvlic acid benzyl ester

The title compound was produced in analogy with example 29D from (4S,7S,9aR)-4-
(2-carboxy-ethyl)-7-methyl-6-oxo-hexahydro-pyrazino[2,1-c][ 1,4 ]oxazine-8-carboxylic acid
30 benzyl ester and (S)-6-aza-spiro[2.5]octan-4-0l hydrochloride. Light yellow oil, MS: 486.3
(M+H)".



aza-spirof[2.5]oct-6-yl)-3-o0x0-propyl]-3-nethyl -octahydro-pyrido[1, 2-a] pyraz
i n-4-one WD 2011/ 042399PCT/ EP2010/ 064770 Cl

A) (2S, 6R)WO-2811V04239pi peri di ne- 12-di carboxylic acid 1-ter PCEPRI10/064770
ester-2-nethyl ester The title conpound was produced in analogy with
exanpl e 38A from 1-(tert- 5 butoxycarbqgpnyl)-R-6-oxopi pecolic acid nethyl
ester (prepared |n analogy to the proce ure deSC|bed for the (S)-enantioner
(J. Og. Chen 06456%.9aR%964] - y oY z v %3 : B)
G IR TR T TRy R AT
(2S, 6R) - 6ptathlyyamidO pi peri di ne- 1 2 dlcarboxyllc aC|d l-tert-butyl ester
2-methyl ester. Colourless oil, Ms:. 256, é

(2R, 6S) - 2- Al | Je tgl ercemwvndpwwm@n%%w@%wm qxemal?ﬁ 2CehromptR -y 98k &r The
title €o \% -

(2R, 65) - e e B D D R e B2t - put 1
ester. Copxerineddd-aill4loxgmestsdarBoxybc oo ipnzyl ester and 3,4-dichlopph@sl - 2- Al | 1- 6-
benz | ox 1 eth

anino]-ne@ﬁ%aﬁﬁ%l%lif b&, %%2#%3§3%ﬁ§Pa Id tert-butyl ester The title
conpound was produced |n analogy with exanple 31D from (2R, 65)-2-allyl-
6-fornyl - pi peridine-l-carboxylic acid tert-butyl ester by reductive

am nation reaction with L- 20 alaninegﬁﬂﬂlﬁizyl ester hydrochl oride

foll owgd by 7% R 10fo-40@if1RS ﬁliﬁagmci FiHAroxy-6-

(R -2-allyl- gtas m?aﬁﬁﬁf%ﬁ{ooxﬁarlﬁog%lk S})P I"am rﬁg(“)) SF Hﬁ?l 0! p6| peridine-1
- car boxy?4agpize eﬂQ@?lt-%i!bt%rpxmeyl)%mﬁhmlemoh@hhﬂil@m 1ii ght yel | ow

oil, 7
E)(ZS 6F0a§11¢§%nz$%%lpcar(gﬁnPd?(S) 1-tert-butoxycarbonyl -ethyl)-am noE 25

met hyl } -6-(3-hydroxy-propyl)-pi i di ne-1-carboxylic acid tert-butyl ester
Cl
F
| i::: H O
F N
F NN
O

The title compound was produced in analogy with examples 1/2G from (4S,7S,9aR)-4-
15 [3-((S)-4-hydroxy-6-aza-spiro[2.5Joct-6-yl)-3-0x0-propyl]-7-methyl-6-oxo0-hexahydro-
pyrazino[2,1-c][1,4Joxazine-8-carboxylic acid benzyl ester (example 51E) and 3-chloro-4-
(trifluoromethyl)phenyl isocyanate. White foam, MS: 573.2 (M+H)".

Example 53
20 (4S,7S,9aR)-N-(3,4-dichlorophenyl)-4-(2-(4,4-difluoro-6-azaspiro|2.5]octan-6-
yDethyl)-7-methyl-6-oxohexahydropyrazino[2,1-c][1,4]oxazine-8(1H)-carboxamide



WO 2011/ 042399PCT/ EP2010/ 064770 -93- The title conpound was produced in
anal ogy with exanple 51B from (2R, 6S)-2-allyl- 6- {

[ benzyl oxyoantaanyib4(S) - 1-t ert - but oxycar bonyl - et hyl ) - am roTAPealapb4770

-pi peridine-1- carboxylic acid tert-butyl ester. Colourless gum WMs: 535.4
( MtH) + F)

(3S, 6R 9aS) - 6- ( 3- Hydr oxy- propyl) - 3- nethyl 4- oxo- oct ahydr o-pyrido[12- 5

a] pyrazi ne- 2-carboxylic acid benzyl The title conpound was
produced in anal ogy with exanple m (2S, 6R)-2- {

[ benzyl oxycar bonyl - ((S)- 1-tert-but oXycakbonyl - et hyl ) - am no] - net hyl |

-6- (3- hydroxyprapyl) - pi peridine- 1 ﬁaf oxylic acid tert-butyl ester.

Col ourl ess gum Gis: 361. 4 ( MtH) +. G (3 S,6R 9aS)-6-(2 -C arb
oxy-ethyl)-3 -net G4 X0-\ct dko -pyri do L1 ,2 10

a] pyrazi ne- 2-ChB Naci d zyl jJester The title conpound was produced

in anal ogy with ex Nfro , 6R, 9aS) - 6-

( 3- hydr oxy- propyl) - 3- mretffy1- - 0¥0-0 { ahydr o- pyrido[l 2- a] pyrazi ne- 2- car boxy
lic acid benzyl ester. | our | g%n1 M5: 373.4 (MH)-.

(3S, 6R 9aS) 643- ((S)-4- FWdrox - 6-aza-spirof 2. 5]oct 6- yl) 3- oxo- propyl] 3-
15 net hyl -

ester

T - - = ' S - - -
(3S, 6R, 9a18§:ﬂ161—6 onhexahvdropvrazmon 1-c][1.4]oxazine- 8( IH) carboxvlate
car boxy- et hyl 0X0-0 tah dro:p [1, 2- a ne- 2- car boxylic
o 0 henoy!” NP SRR pil ket B SRSER oy Ge. i t e
foam WE: (4‘38745 RAR( M‘dﬂ)yl‘ﬂ methyl-6-oxo- Ihe)xahydro-pyrazmo[2 1-c][1,4]oxazine-8-carboxylic
(3S, 6R,9a5)-6-[ 3-( Hé r oxy- 6-aza-spirof 2. 5]oct 6-y1l) - 3- oxo- propyl] - 3-
20 net hyl a%beaﬁyloﬁsw W@ [31E> a%f} P rdayqio-g-agprpirofPhplotpng iy deesisidad was

roduced 35, 6R, 9a5) - 6-
FS ((S)-4- ﬂ@ggglﬂg 2%%@2 nﬁg?éﬁgg(-G y1§ 3- oxo- prépyl] 3- et hy1l- 4- oxo-oc

tahydropyrlddBn aHSVSéﬂRhéLle@phbxmhmnﬂﬁkfbﬁh@dﬁhbneéﬁamomuﬁdmwugLey

foam Ms:_ 370 4 i -

(3S, 6R, 9a5)== ct o i :

hydr oxy- 6- azaﬂ&mtremba@ﬂlmwasqymdac@Imafﬁtdg&@@mle]xaﬁlpmumd freai@hysperpyri dof 1
, 2- a] pyr azi n4- one und was_produced in analogy with

exanpl e 202yt @%d@m@a@yzagpqu[%ﬂcmag)ﬁ W6 mephd06az a-sp iro [2.5 o
ct-6 -yl) 0)§)h€>@2?ﬁ9d1%{39ﬁ¥1§1h[1231 C]ﬁPEEX!‘.ZI& g(tlﬁlj])égﬂngylﬁ)% Lhd@® 4[dlch1(?rophenyl

a] pyrazi n-4-one”and” 3-c uor00|nnanlc acid foam "Ms: 532.2
( M+H) +. 3@ocyanate. White foam, MS:531.1 (M+H) Exanpl e 63

(3S,6R, 9aS)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-0x0-propyl]-3-m
et hyl- 4-oxo-octahydro-pyrido[1, 2-a] pyrazi ne-2-carboxylic acid
(3, 4-dpchl or o- pheny1l) - am de Example 54

(4S,7S,9aR)-N-(3-chlorophenyl)-4-(2-(4,4-difluoro-6-azaspiro[2.5]octan-6-

yDethyl)-7-methyl-6-oxohexahydropyrazino[2,1-c][1,4]oxazine-8(1H)-carboxamide

F
F

The title compound was produced in analogy with examples 1/2G from (4S,7S,9aR)-
20  benzyl 4-(2-(4,4-difluoro-6-azaspiro[2.5]octan-6-yl)ethyl)-7-methyl-6-



WO 2011/ 042399PCT/ EP2010/ 064770 Cl The title conmpound was produced
in anal ogy with exanples 12H from (3S,6R,9aS)-6- [3 -((S)-4-hydro xy-6-az
a-sp iro W0.26110@2399- 6 -y1l)-3 -o0xo-propyl]-3 -nethyl-o cramgEkeaospyré do [1, 2
- a]pyrazin-4-one (exanple 621) and 3, 4-di chl orophenyl isocyanate. Wite
foam Ms: 537.3 5 (MtH)+. Exanpl e 64 _88- (3 S,6R 9aS)-6- [3
-((S)-4-Hydroxy-6-aza-spiro [2.5]
oct - 6- y1) ex@dhexabygoppypdipe - Inell h{lodazmees (@ th-ampdxdatp yexatplel332)ahd gt azi ne- 2- car
boxylic agid (3-chloro-4-trifluoronet. nyl ) - am de The title
conpound ?/Clv%%mélﬁeéléfglé%cal a‘ﬂ%e-aW&FtSS amvuﬁ%%iig%g@g "12H from (3S, 6R, 9aS) - 6-

[ 3-((S)-4-hydroxy-6-aza-spiro[ 2. 5] oct-6-yl)-3-0x0-propyl]-3-nethyl -octahydr
o- pyrido[ 1, 2- a]pyrazin-4-one (exanple 621) and
3-chloro-4-(trifluoronethyl)phenyl is . White 15 foam WMs: 571.2
(MtH) +5 Exa"%§,7§@aRl)-N-(3-élﬁ01%-§- rﬁﬂrﬁ}ﬁlﬁéthgﬁpﬁe(-?))‘-f’-(ﬂﬂi—ﬁﬁﬁfo@é-%za' spiro
[2.5] oct-6-y1)-ethyl] -3-nethyl-4-oxooctahydrd-pyridod

[ 1, 2- a] pyazaspinel2B]ectam63PlethyDatinetifyd-640 xvhe xd hydvopiraripdl2alne|tle4] oy@ine-

2011/ 0423@8%&1%%%91119&064770 - 95-

Cl N
F H @)
F—'—(E >—N 4
E NN
0 \—<_
H “—0

The title compound was produced in analogy with examples 1/2G from (4S,7S,9aR)-
10  benzyl 4-(2-(4,4-difluoro-6-azaspiro[2.5Joctan-6-yl)ethyl)-7-methyl-6-
oxohexahydropyrazino[2,1-c][1,4]oxazine-8(1H)-carboxylate (example 53A) and 3-chloro-4-
(trifluoromethyl)phenyl isocyanate. White solid, MS:565.2 (M+H)".

Example 56
15 (4S,7S,9aR)-N-(3,4-dichlorophenyl)-4-(2-(4,4-difluoropiperidin-1-yl)ethyl)-7-
methyl-6-oxohexahydropyrazino|2,1-c][1,4]oxazine-8(1 H)-carboxamide

F
F
Cl
H 0 N
Cl N
N N
I

N

H O
A) (4S.7S.9aR)-Benzyl 4-(2-(4.4-difluoropiperidin-1-vl)ethyl)-7-methyl-6-

oxohexahydropvrazino[2.1-c][1.4]oxazine-8(1H)-carboxylate

20 The title compound was produced in analaogy with examples 33/34D from
(4S,7S,9aR)-4-allyl-7-methyl-6-oxo-hexahydro-pyrazino[2,1-c][ 1,4 Joxazine-8-carboxylic



Cl A)

(3S,6R,9aS)-6-Al |l yl1-3-net hyl-4-oxo-oct ahydro-pyrido[ 12-a] pyrazi ne- 2-

car boxyl iwoaeiidh4k®nzyl ester The title conpound wa3/Ere@dO6£d i n
anal ogy with exanple 48C from (2R 6S)-2-allyl5 6- {

[ benzyl oxycar bonyl14(S)-1-tert- butoxyca%gonyl et hyl ) -am no] - net hyl |

-pi peridine-1- carboxylic acid tert-butyl ester (exanple 62D). Col ourl ess
gum MS: @4BbazyIMstdy éexample 31B) and 4,4-difluoropiperidine hydrochloride. Black gum,

(3S, 6R, 9@§4§ F%Néli? 4- Hydr oxy- 6- aza-spiro[ 2. 5] oct - 6-y1) - et hyl] - 3- net hyl -
- 0xo-octah 3 do[ 1, 2- a] pyr azi ne- 2-carboxylic acid benzyl ester

The title conppund (W8.SSPERHENCEE-dithardhany)-4M3-, B EnDEPe3dn3Ki) éth @7 -
(3S,6R 9aS)- 10 ,

6- al | y1- 3UFEYhYS L [
ll\)/g nzy '58 est (er m%&%bn@oagcﬁwmrw[c%d ﬁl Qf%&o%? v&}fhcexaamg @@lai R5h{es 7¥Bike foam
( 3S, 6R, 9a®NzP--2-@syiflnotapipensin- 16y etiayl b pinatiiyd-65)xwbe xabygropyrazring(2]l- 3- met hyl -

- 0XO- oc h o

(3, i ori B S SRR A e MU e BT s dopr M0 By

wi th exanphied)l/ 2G from (3S, 6R, 9aS)-6- 15

[ 2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-nethyl-4-o0xo-octahydro
-pyrido[1, 2- a]pyrazine-2-carboxylic acid benzyl ester and

3, 4-dijghl or ophenyl isocyanate. Wite Qamnhidd 509.4 (M+H) +. Exanpl e 66

20( 3S, 6R, 9aS) - 6- [ 2- ((S) - 4- Hydr oxy- 6-aza-spi ro[ 2. 5] oct - 6-y1) - et hyl] - 3- net hyl
- 4- oxo- oct ah$8¢/8-9R0Nt6Y- thQl:(a‘}Wrih@rme@ybah@b&)y‘l-(k(%ﬂﬁluol‘Oplpel‘ldln-l-

(3-chloro; ) 23990 4

The t 01 o RAE RIS Es oY SatlrBRAAATLY '5“11?9# NS o-ifaqigh
(3S, 6R, 9aS) - 6-

[ 2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-y fhy1] - 3- net hyl - 4- oxo- oct ahydr o
-pyrido[ 1, 2- a]py@ zi ne- 2- car boxylic aci be zyl ester (exanple 65B) and

3-chl or ophenyl anate. 5 Light_yellow fogm MS: 475.3 (M+H) +.

Exanmpl e 67 O N

(3S, 6R, 9aS) - 6F
- oxooct ahydro-p
(3-fluoro-phenyl)- anlde O

dr oxy=6¢ aza fro[ 2. 5] oct-6-yl)-ethyl]-3-nethyl-
azi ng-<- carboxylic acid

<

H O

The title compound was produced in analogy with examples 1/2G from (4S,7S,9aR)-
15 benzyl 4-(2-(4,4-difluoropiperidin-1-yl)ethyl)-7-methyl-6-oxohexahydropyrazino[2,1-
c][1,4]oxazine-8(1H)-carboxylate (example 56A) and 3-chloro-4-(trifluoromethyl)phenyl
isocyanate. White foam, MS:539.2 (M+H)".

Example S8
20 (4S,7S,9aR)-4-[2-(1,1-Dioxo-thiomorpholin-4-yl)-ethyl]-7-methyl-6-0x0-
hexahydro-pyrazino|2,1-c][1,4]oxazine-8-carboxylic acid (3,4-dichloro-phenyl)-amide

O
W_o

T e,

~
N

H O



F The title conpound was produced in anal ogy with exanples 1/2G from
(3S, 6R, 9aS) - 6-

[ 2- ((S) - Wbypdriong398- aza- spi ro[ 2. 5] oct - 6-y1) - et hyl] - 3- nePhyIEP2810%06+70€t ahydr o
-pyrido[ 1, 2- a]pyrazine-2-carboxylic acid benzyl ester (exanple 65B) and
3-fl uorophenyl isocyanate. Light yell 0w foam Ms: 459.4 (MrH)+. Exanple A
Filmcoated tablets cont al ni ng the foll ovm ng | ngredl ents can be

manuf act ur ed 4 ¢ : ' 038

| ngr edi eng s Pey éal et.. : gﬁ gg: ‘ @ﬁ orml a () 10.0 g 200.0
mg M croc hydr 1no[2,1- f Xgzi -ca% cia‘[e

The title compound was produced in analaogy with examples 33/34D from

(4S,7S,9aR)-4-allyl-7-methyl-6-oxo-hexahydro-pyrazino[2,1-c][ 1,4 Joxazine-8-carboxylic
5 acid benzyl ester (example 31E) and thiomorpholine 1,1-dioxide. Black gum, MS:452.2
(M+H)".
B) (4S.7S8.9aR)-4-[2-(1,1-Dioxo-thiomorpholin-4-yl)-ethyl]-7-methyl-6-oxo-

hexahydro-pvrazino[2.1-c][1.4]Joxazine-8-carboxvlic acid (3.4-dichloro-phenvl)-amide

The title compound was produced in analogy with examples 1/2G from (4S,7S,9aR)-
10  benzyl 4-(2-(1,1-dioxo-thiomorpholin-4-yl)ethyl)-7-methyl-6-oxohexahydropyrazino[2,1-
c][1,4]oxazine-8(1H)-carboxylate and 3,4-dichlorphenyl isocyanate. White foam, MS:519.1

(M+H)".
Example 59
15 (4S,7S,9aR)-4-[2-(1,1-Dioxo0-6-thiomorpholin-4-yl)-ethyl]-7-methyl-6-0x0-

hexahydro-pyrazino|[2,1-c][1,4]oxazine-8-carboxylic acid (3-chloro-4-trifluoromethyl-

phenyl)-amide

~

H O
B) (4S.7S.9aR)-4-[2-(1.1-Dioxo-thiomorpholin-4-yl)-ethvl]-7-methyl-6-0x0-

20 hexahydro-pyrazino[2.1-c][1.4Joxazine-8-carboxyvlic acid (3.4-dichloro-phenvl)-amide

The title compound was produced in analogy with examples 1/2G from (4S,7S,9aR)-
benzyl 4-(2-(1,1-dioxo-thiomorpholin-4-yl)ethyl)-7-methyl-6-oxohexahydropyrazino[2,1-
c][1,4]oxazine-8(1H)-carboxylate (example 58A) and 3-chloro-4-(trifluoromethyl)phenyl
isocyanate. White foam, MS:553.2 (M+H)".

25



43.5 ng Lactose hydrous 60.0 ng 70.0 ng Pol yvinyl pyrrolidone K30 12.5 ng
15.0 ng Sodium starch glycolate 12.5 ng 17.0 ng Magnesium stearate 1.5 ng

4.5 ny (Keonell/osdoght) 120.0 ng 350.0 ng Fil m Coat: HedT@mpPg@oopyrio met hyl
cellulose 3.5 ng 7.0 ny

91-
Example 60
(4S,7S,9aR)-N-(3,4-dichlorophenyl)-4-(3-(4,4-difluoro-6-azaspiro|2.5]octan-6-
yDpropyl)-7-methyl-6-oxohexahydropyrazino|[2,1-c]|[1,4]oxazine-8(1H)-carboxamide

F
Cl F
H O N
Cl N
N N
I
H O
5 The title compound was produced in analogy with examples 1/2G from (4S,7S,9aR)-

benzyl 4-(3-(4,4-difluoro-6-azaspiro[2.5Joctan-6-yl)propyl)-7-methyl-6-
oxohexahydropyrazino[2,1-c][1,4]oxazine-8(1H)-carboxylate (example 60A) and 3-chloro-4-
(trifluoromethyl)phenyl isocyanate. White foam, MS:579.2 (M+H)".
Example 61
10 (4S,7S,9aR)-N-(3-chloro-4-(trifluoromethyl)phenyl)-4-(3-(4,4-difluoro-6-
azaspiro[2.5]octan-6-yl)propyl)-7-methyl-6-oxohexahydropyrazino[2,1-c][1,4]|oxazine-
8(1H)-carboxamide

Cl

F H o) N

F N

F N N
I

H O
The title compound was produced in analogy with examples 1/2G from (4S,7S,9aR)-
15 benzyl 4-(3-(4,4-difluoro-6-azaspiro[2.5Joctan-6-yl)propyl)-7-methyl-6-
oxohexahydropyrazino[2,1-c][1,4]oxazine-8(1H)-carboxylate (example 60A) and 3-chloro-4-
(trifluoromethyl)phenyl isocyanate. White foam, MS:579.2 (M+H)".

Example 62
20 (3S,6R,9aS)-2-[(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-6-[3-((S)-4-hydroxy-6-
aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-octahydro-pyrido[1,2-a]pyrazin-4-one



Pol yet hyl ene gl ycol 6000 0.8 ng 1.6 ng Talc 1.3 ng 2.6 ng |Iron oxide
(yellow) 0.8 ng 1.6 ng Titaniumdioxide 0.8 ng 1.6 ng The active

i ngredi erwoi2e11gi4e39ed and m xed with mcrocrystalline celPCuErs@oantd7e he

m xture is granulated with a solution of polyvinylpyrrolidone in water. The
granulate is 5 mxed with sodiun1starc% gl ycol ate and nmgesi unstearate and
conpressed to yield kernels of 120 or %o ng respectively. The kernels are

| acquered with an aqueous sol ution @ su sign of the above nentioned film
coat. Exanmple B psubes con hﬁiﬁ§>(ﬂe foll owi ng ingredients can

be manufactured in acconv onal ma / I ngredi ents Per capsule
N OH
H\
F Cl
A) (2S.6R)-6-Allyl-piperidine-1.2-dicarboxylic acid 1-tert-butyl ester-2-methyl
ester

The title compound was produced in analogy with example 38 A from 1-(tert-

5 Dbutoxycarbonyl)-R-6-oxopipecolic acid methyl ester (prepared in analogy to the procedure
descibed for the (S)-enantiomer (J. Org. Chem. 1996, 61, 8496). Light yellow liquid, MS:
2842 (M+H)".

B) (2R.68)-2-Allyl-6-hydroxymethyl-piperidine-1-carboxylic acid tert-butyl ester

The title compound was produced in analogy with example 31B from (2S,6R)-6-allyl-
10  piperidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester. Colourless oil, MS: 256.3
(M+H)".
Q) (2R.65)-2-Allyl-6-formyl-piperidine-1-carboxylic acid tert-butyl ester

The title compound was produced in analogy with example 31C from (2R,6S5)-2-allyl-
6-hydroxymethyl-piperidine-1-carboxylic acid tert-butyl ester. Colourless oil, MS: 254.3
15 (M+H)'.
D) (2R.65)-2-Allyl-6-{[benzyloxycarbonyl-((S)-1-tert-butoxycarbonyl-ethyl)-

amino]-methvl} -piperidine-1-carboxvlic acid tert-butyl ester

The title compound was produced in analogy with example 31D from (2R,6S)-2-allyl-
6-formyl-piperidine-1-carboxylic acid tert-butyl ester by reductive amination reaction with L-
20 alanine tert-butyl ester hydrochloride, followed by derivatisation of the resultant secondary
amine, (R)-2-allyl-6-[((S)-1-tert-butoxycarbonyl -ethylamino)-methyl]-piperidine-1-
carboxylic acid tert-butyl ester with benzyl chloroformate. Light yellow oil, MS: 517.4
(M+H)".
E) (25.6R)-2-{[Benzyloxycarbonyl-((S)-1-tert-butoxycarbonyl-ethyl)-amino]-

25 methyl} -6-(3-hydroxvy-propyl)-piperidine-1-carboxylic acid tert-butyl ester




Compound of formula (1) 25.0 ng Lactose 150.0 ng Mai ze starch 20.0 ng Talc
5.0 ng The conponents are sieved and m xed and filled into capsul es of
size 2. W02B01uP42399PCT/ EP2010/ 064770 -98- Exa np | e PCTIRRR@O0647M0
solutions can have the follow ng conmposition: Conpound of formula (1) 3.0
ng Pol yet hyl ene gl ycol 400 150.0 ny Ac§)t3i_c acid

The title compound was produced in analogy with example 51B from (2R,6S)-2-allyl-
6-{[benzyloxycarbonyl-((S)-1-tert-butoxycarbonyl-ethyl)-aminoJ-methyl } -piperidine-1-
carboxylic acid tert-butyl ester. Colourless gum, MS: 535.4 (M+H)".

F) (35.6R.9aS)-6-(3-Hydroxy-propyl)-3-methyl-4-oxo-octahydro-pyrido[1.2-

5 al]pyrazine-2-carboxylic acid benzyl ester

The title compound was produced in analogy with example 48C from (2S,6R)-2-
{[benzyloxycarbonyl-((S)-1-tert-butoxycarbonyl-ethyl)-amino]-methyl} -6-(3-hydroxy-
propyl)-piperidine-1-carboxylic acid tert-butyl ester. Colourless gum, MS: 361 .4 (M+H)".

G) (3S.6R.9aS)-6-(2-Carboxy-ethyl)-3-methyl-4-0x0-octahydro-pyrido[1.2-

10 a]pyrazine-2-carboxvlic acid benzyl ester

The title compound was produced in analogy with example 29C from (3S,6R,9aS)-6-
(3-hydroxy-propyl)-3-methyl-4-oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid
benzyl ester. Colourless gum, MS: 373.4 (M—-H) .

H) (3S.6R.9aS)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-0x0-propyl ]-3-

15 methyl-4-oxo0-octahydro-pyrido[1.2-alpyrazine-2-carboxvlic acid benzyl ester

The title compound was produced in analogy with example29D from (3S,6R,9aS)-6-(2-
carboxy-ethyl)-3-methyl-4-ox0-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid benzyl
ester and (S)-6-aza-spiro[2.5]octan-4-ol hydrochloride. White foam, MS: 484.5 (M+H)'.

D (35.6R.9aS)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-

20 methyl-octahydro-pyrido[1.2-a]pyrazin-4-one

The title compound was produced in analogy with example 12G from (3S,6R,9aS)-6-
[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-o0xo-propyl]-3-methyl-4-oxo-octahydro-
pyrido[1,2-a]pyrazine-2-carboxylic acid benzyl ester. Light grey foam, MS: 350.4 (M+H)".

1) (35.6R.9aS)-2-[(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-6-[3-((S)-4-

25  hydroxy-6-aza-spiro[2.5]oct-6-yv1)-3-0x0-propyl]-3-methyl-octahydro-pyrido[1.2-a]pyrazin-

4-one

The title compound was produced in analogy with example 29D from (3S,6R,9aS)-6-
[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-octahydro-pyrido[1,2-
a]pyrazin-4-one and 3-chloro-4-fluorocinnamic acid. White foam, MS: 532.2 (M+H)".

30
Example 63

(3S,6R,9aS8)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-

4-oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide



g.s. ad pH 5.0 Water for injection solutions Ad 1.0 mnl The active
ingredient is dissolved in a mxture of polyethylene glycol 400 and water
for 5 injwotzoom4gart). The pH is adjusted to 5.0 by aceCir®racioges47The
volune is adjusted to 1.0 m by addition of the residual amount of water.
The solution is filtered, filled into thls usi ng an appropri ate overage
and sterilized. Exanple D Soft” 'gel ati n capsul es containing the
foll owi ng i ngredients can be manufact uPed i 10 conventi onal manner
Capsul e contents Conpound Qf fopnula ( %Cézég:heIIOM/max 8.0 ny
Hydr ogenat ed soya bean @il g}ﬂ_ﬁb Payti/al | drogenated plant oils 34.0 ng
Soya bean oil 110.0 ng ' ﬂ of\ € sul e conteQﬂﬁ

Cl N s

Cl

The title compound was produced in analogy with examples 12H from (3S,6R,9aS)-6-
[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-octahydro-pyrido[1,2-
alpyrazin-4-one (example 621) and 3.,4-dichlorophenyl isocyanate. White foam, MS: 537.3

5 (M+H)".

Example 64
(3S,6R,9aS8)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-
4-oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid (3-chloro-4-trifluoromethyl-
10 phenyl)-amide

Cl
The title compound was produced in analogy with examples 12H from (3S,6R,9aS)-6-
[3-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-octahydro-pyrido[1,2-
alpyrazin-4-one (example 621) and 3-chloro-4-(trifluoromethyl)phenyl isocyanate. White
15 foam, MS: 571.2 (M+H)".

Example 65
(3S,6R,9aS8)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-oxo-
octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid (3.,4-dichloro-phenyl)-amide



165.0 nmg Gelatin capsule Gelatin 75.0 ng dycerol 85 % 32.0 ng Karion 83
8.0 ng (dry matter) Titaniumdioxide 0.4 ng Iron oxide yellow 1.1 ng

The acti weoizogreaeioent is di ssolved in a warm nel ti ng of PChEPo4la®54770

i ngredients and the mxture is filled into soft gelatin capsul es of
appropriate size. The filled soft gel atj.n capsules are treated according to
the usual procedures. WD 2011/042399PCT/EP2010/064770 -99- Exanple E
Sachets contai ning the foll ow ng ingredien can be manufactured in a
conventional manner Conpound of formula 50.0 ny

||IIOH
\‘ O N
O
N N
N
H

Cl

N
~
~

Cl
A) (3S.6R.9aS)-6-Allyl-3-methyl-4-ox0-octahydro-pyrido[1.2-a]pyrazine-2-

carboxvylic acid benzyl ester

The title compound was produced in analogy with example 48C from (2R,6S)-2-allyl-
5  6-{[benzyloxycarbonyl-((S)-1-tert-butoxycarbonyl-ethyl)-amino]-methyl} -piperidine-1-
carboxylic acid tert-butyl ester (example 62D). Colourless gum, MS: 3432 (M+H)".
B) (3S.6R.9aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-

oxo-octahvdro-pyrido[1.2-a]pyrazine-2-carboxvlic acid benzyl ester

The title compound was produced in analogy with examples 33/34D from (3S,6R,9aS)-
10  6-allyl-3-methyl-4-oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid benzyl ester and
(S)-6-aza-spiro[2.5 Joctan-4-ol hydrochloride. White foam, MS: 456.5 (M+H)".
Q) (3S.6R.9aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-

oxo-octahvdro-pyrido[1.2-a]pyrazine-2-carboxvlic acid (3.4-dichloro-phenyl)-amide

The title compound was produced in analogy with examples 1/2G from (3S,6R,9aS)-6-
15  [2-((S)-4-hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-ox0-octahydro-pyrido[1,2-
a]pyrazine-2-carboxylic acid benzyl ester and 3.4-dichlorophenyl isocyanate. White foam,

MS: 509.4 (M+H)".

Example 66
20 (3S,6R,9aS8)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-oxo-
octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid (3-chloro-phenyl)-amide



Lactose, fine powder 1015.0 nmg Mcrocrystalline cellulose (AVICEL PH 102)
1400. 0 ng Sodi um car boxynet hyl cellul ose 14.0 ng Pol yvi nyl pyrrol i done K 30
10. 0 ng Nsioreesidempearate 10.0 ng Fl avoring additives 1POTMR20180F7@cCt i ve
ingredient is mxed with |lactose, mcrocrystalline cellul ose and sodi um

car boxynet hyl cel lul ose and granulated gith a m xture of

pol yvi nyl pyrrolidone in water. The granulate is mxed with

magnesi unstearate and the flavouring addin{ives and filled into sachets. WO
2011/ 042399PCT/ EP2010/ 064770 -100- O Al 1. A conpound of fornula (1) R

R5 R ON R7 " OH
\‘ o) N
O
>\—N N
N
H

~
~
~

Cl

The title compound was produced in analogy with examples 1/2G from (3S,6R,9aS)-6-
[2-((S)-4-hydroxy-6-aza-spiro[2.5Joct-6-yl)-ethyl ]-3-methyl-4-oxo0-octahydro-pyrido[1,2-
alpyrazine-2-carboxylic acid benzyl ester (example 65B) and 3-chlorophenyl isocyanate.

5 Light yellow foam, MS: 475.3 (M+H)".

Example 67
(3S,6R,9aS8)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-oxo-
octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid (3-fluoro-phenyl)-amide

a1 QH

10
The title compound was produced in analogy with examples 1/2G from (3S,6R,9aS)-6-
[2-((S)-4-hydroxy-6-aza-spiro[2.5Joct-6-yl)-ethyl ]-3-methyl-4-oxo0-octahydro-pyrido[1,2-
alpyrazine-2-carboxylic acid benzyl ester (example 65B) and 3-fluorophenyl isocyanate.
Light yellow foam, MS: 459 4 (M+H)".
15

Example A

Film coated tablets containing the following ingredients can be manufactured in a

conventional manner:



(CH2).v-w A L...N/( --e RBGRREF (I) 5 wherein Ais aryl, heteroaryl,
aryl met hyl or heteroarylnethyl, wherein the said rings are optionally
substi t utwo 2by/@e®9t o t hree substituents independently eeraEpe@d/o6470m t he
group consisting of halogen, aryl, heteroaryl, Cl1_6 alkyl, haloCl_6 alkyl,
Cl_6 al koxy and halo Ci1-6 10 al koxy, &'SZ' CH2 or 0; Fis CHZ 0, N(R8), S, SO
or SA2; is a single bond, CH2, or 2, with the prowsothat when E is
O then Fis not 0, S, SO or SQ2; 15L|s a bond, NH-C(=0), NHC(=S), or
CH=CH C( 60—t R2andR3—are i..depcndc.. y—af—eachrother—seleeted—from
the group cor@g%ﬂgﬁﬁ of :  hydrogen, C1_6P%ﬂyt?<t§1?t, whi ¢ch is optionally
substitufed byeep t0 three substituents i ndependentlly selected fromit he
group consisting of hydroxy, Cl1 6 alkoxy, carboxyl car banoyl mono 20o0r
di-Cl_6 gl kyICWﬂtOtﬁf%@uBlrﬂ)nocar bony! ahQi()@lg 6 al kcxycaﬁ%ﬂﬂmg aryl| and
het er oar yt——v reteroafyl rings—arey at
substitut ed bwdgﬁde t%”?%?egg%g%bstl tue=nt S nc?%éndent lly sel ec?ln&cguf romit he
group consi stiiaegseohydrahogen, Cl_6 al kyl, hBaIOOmgil_G allkyl, @.0@mgl koxy and

hal o Cl_m%%emw,—wﬁzs_agl_m- : }d_R5_ar e independent | y
of each pt herPdBREPERIIPBHKSHe group condPstég of : 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
5 mixed with sodium starch glycolate and magesiumstearate and compressed to yield kernels of
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

10 manner:

Ingredients Per capsule
Compound of formula (I) 25.0 mg
Lactose 150.0 mg
Maize starch 20.0 mg
Talc 5.0 mg

The components are sieved and mixed and filled into capsules of size 2.



hydrogen, WO 2011/ 042399PCT/ EP2010/ 064770 -101- Cl_6 alkyl, which is
optionally substituted by one to three substituents independently sel ected
from t he woaop/@esysi sti ng of am no, hydroxy, carboxyl, earkEzeaylos47n®no or
di -Cl1-6 al kyl substituted am nocarbonyl and Cl1_6 al koxycarbonyl, or

C3_7 cycloal kyl, which is optionally s_%gti tuted by one to three
substituents 5 i ndependently selected fromthe group consisting of am no,
hydr oxy, car bosample€ar banoyl, nmono or di-Cl 6 al kyl substituted

am nocar bonyl, and C1.,6. al koxycar.bonyl :. or ..R4 and R5, together with the
carbon atom t%le\xﬁ?‘hff?’“?w&% aVStﬂleafgﬁ%‘ﬁl,nng?)?lR?S&T}? cycl oal kyl or

het erocycl yl @éhsdintiof eptu@l | y substituted by jone Borhfiree substituents
i ndependently selected fromthe group consisting of Cl 4 alkyl halo G _4
al kyl and halRshesthylasrdyeeh#0R7 are, independentlly of 1&&@MWet her sl eteced
from t hergroup, cansiisting of - G _6 alkyt;,——C3_§ at keny] c3 6 al kynyl ,
hydroxy C2 6 Azg(fe(l?(dldeldw-a 6 al koxy C 6 alkyl, |C3 78'&% %lea Kyl,|which is
optional | y suWater fantiigectioy soleotso t hree substitugnts Addepmihdent|y sel ected
from t helgroup—consistingof Rd; 3 7-eycloalkyl -G —6-alkyl, wherein
the cycloal kyl is optionally substituted by one to three substituents

i ndependent | yTielc864 Rgrclilc@Ms 8oL HRAFE 8T A FotRfleiRdsly @ 488 arkOwater for

bi cycl oal kyl , henyl "C1_3 al kyl , wherein the phenyl is optionall

subst i fut i@chyn gae)-t hami sedingisdto & Gdntasctiongeh ebiaiolunye s efljssted e k-g oth t he
group congsi st f . [ 1 s i IS
opt i onal 15 SR Qi gp ERERAT e BiiiGn s BIELE MidiIRotFhCLARL A

i ndependeqiprypriateaniage bndstetiliedgr oup consi sting of Rd, 25- Heterocyclyl
which is optignally substituted by one to three substituents independently
sl ected from ’f?énlblgpup consisting of Rd, or heterocyclyl Cl1_6 alkyl,
wherein the @f?&&ﬁfl@aﬂulés&oﬁﬁmi@tﬁk If11 fnfedlcl cRY bOMantfcthRieRa
substituents independently selected fromthe group consisting of Rd; or R6
and R0 tegaeHohalip@iicthe nitrogen atomto which they are attached, form

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

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.



30 heterocyclyl optionally substituted by one to three substituents

i ndependently sel ected fromthe group consisting of Rd, and wherein one of
t he ri ng warbom4239ons of said heterocyclyl formed by R6PEmEPRN0i064770
optionally replaced with a carbonyl group or SO2; and/or one of the ring
carbon atons of the heterocyclyl for rre_c71) by R6 and R7 is also a ring carbon
atom of WO 2011/ 042399PCT/ EP2010/ 0647 8 -102- another ring which is C3 7
cycl oal kyl orExm@edicycl yl, which is optionally substituted by Cl1_6 al kyl
and wherein e or two ri rbon.ato of said cycl oal kyl . aor
neterocyel yi Tengeirbiaik R ERr e iR e FraRe P gen,

G _6 al kyhanfeg=0) R9, S(02)R9; 5R9is Cl1_6 al kyl or C3-7 cycloalkyl; Vis a

C 4 al kylene wherein each carbon atomis optignally substituted by one or
two substit udrtarquadep&iaelity sel ected fromthe grotpOcdhsisting of

hydr oxy, [ C 16, @ E W e bz~ _0 al KoxXy, hydroxy-[Ci_6;a Kyl & )
al koxy-CL_6 ﬂﬁsg’mnﬁ |?5b381?{', or halo G _6 alkylj; 15\]]\?1s§%h1§ond, CH2 or
C(=0); n| sOorMjcréalyssalhydecbiniose CYANEL NRABRD) hal ggen, 1€610.6Gmal kyl , | halo G _6
al ky| , hvdroxwy C1-6

=" 7"Sodium carboxymethyl cellulose 14.0 mg
Polyvinylpyrrolidone K 30 10.0 mg
Magnesiumstearate 10.0 mg
Flavoring additives 1.0 mg
5 The active ingredient is mixed with lactose, microcrystalline cellulose and sodium

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.



al kyl, C1_6 al koxy, Cl1 6 alkoxy C1_6 alkyl, C3_7 cycloalkyl, G _6

al koxycar bonyl, acyl, - C(0)NRaRb, -NRa-C(0)-Rb, -NRa-C(0)-ORb,

- NRa- C( 0)wBiRb11/04MRa- S02- Rb, - NRa- S02- 20 NRbRe, -0C(0) NRaREP2010064y0ORa,

Cl_6 al kylsulfonyl, G _6 alkylsulfinyl, G _6 alkylthio, phenyl, phenyl Cl1_3
al kyl, heteroaryl, heteroaryl Cl1_3 aleb_and het erocycl yl, and the phenyl

of said phenyl and said phenyl Cl1_3 al 9, the heteroaryl of said

het eroaryl and said heteroaryl Cl_3 alkyl, and the heterocyclyl being
optionally substituted by one to three substituents independently selected
fromthe group consisting of hydroxy, g;@ﬁ%, NRaRb, hal ogen, Cl-6 25 al kyl,
halo C1_6 al kyl, hydroxy Cl1_6 al kyl, Cl-6 al koxycarbonyl, acyl, -C(0)N eRb,
-Nl eC(0)-Rb, -NRa-C(0)-0ORb, -NRa-C(0)-NRb, -NRa-S02-Rb, -NRa-S02-NRbRe,
-0C(0) NRaRb, L.ecaoymrad oforgulgl(Ryl sul fonyl, C _6 alkylsulfinyl and G _6

al kyl thi o, and one or two ringearbon atons of the heterocyclyl being
optionally replaced wsth a carbynyl group; Re', Rb and Re are independently
hydrogen or G _6 B . O300r pr (Mpds or pharmaceutical ly acceptable salts
t hereof. 2. A qupp%‘{ccor @i.rw’to claim1l, wherein A is phenyl or

napht hyl , whegei Aj'sai d ﬂhagw 3and sai d napht hyl being optionally
substituted bysorlto re 2011/ 042399PCT/ EP2010/ 064770 -103-
substituents selecte ronﬁﬁhe group consi sting of hal ogen, halo G _6
alkyl, halo C _6 RI ROx\E-eRd aryl. A coggound according to any one of clains
1 and 2, wherein A is phenyl substitut by one or two substituents

sel ected fromthe group consiting of halogen atons and trifluoronethyl. A
conmpound according to any one of clainms 1 to 3, wherein A is phenyl
substituted bYDGHB or two substituents which are i ndependently sel ected
fromthe group consi %g‘,@lgteﬁjar}qf‘a{rﬂ%btlgfl bHRESroRYndthyil WHAELATRL L¥d rind r0mPOUNd
according to any one of clains 1°to wherein"A 1 s 3-Fl uorophenyl;

3- chl or o-@ptionpliy substonet by lonpteethyele sobstiBierts didshmicoihheagdted frons dreayoud

according_ to. an ne of cl.aj 1 5 i nd R7, together-with the
i rogen st S TR fush Fatt Bag O WP MTEs s P YPAGIREGE |
substilput&kosy one to three substituents independently selected fromthe

group consisting of hal ogen, hydroxy, Cl_6 alkyl and hydroxy G _6 al kyl;
and/ or one offthe rifh§26EFbon atons of the heterocyclyl forned by R6 and R7

is also a ring carhepmtom@&®),an8bhes0,i Ng which is C_7 cycl oal kyl or
cycl ohet eroal kyl . A conpound according to any one of clains 1 to 6 wherein

R6 and R7, tdget heris asingletbiad.{iHx egeH Glomithchewpioziso thaeyher B iatthesHer, form

a piperid K rrly dinyl, and said piperidyl and pyrrolidinyl being
optionall%hégg§$¢fﬁggh’by one or two substituents independently sel ected
from tthe group consgk sbomy NH-G(aDpae-C B o XH=CEL-(G=al;kyl and hydroxy Cl_6

al kyl, and/or_one of the.ring carbon atoms of said piperidyl and

oy ol i dimyt R oRaat By e hthanty S Pt Sher Sles Qe S g RT IR 1 ng.
A conpound acqgkftges to any one of claims 1 to 7 wherein R6 and R7 together
with the nitrogen atomto which they are attached form a

6- aza- spi r o[ 2,Gleabyb-which 5.ogtiepaly swpspiiagdet ars-tg threczsubstiuess nde@nddmian- 7- yi |
8-aza-spirof4, - 8-yl 2= di i 5 - 8-yl
1576 r1 aa ShrTor B ey RN BETARLE S £ AbAGSs T, pbamost, mono
1- oxa28, 8- di axali-€pk nlkfyUsubjtitetcd 8ayocarbomd and Caz alkpxycafbédnil] atgtaridl-hekeroaryl,
2- oxa- 8-aza-spjro[4.5]dec-8-yl, 2-oxa-7-aza-spiro[3.5]non7-yl,
T oxa 7- asa. sphrSh Bhibo Yyt ang 5 Fnds E SpROT it B Sk g hrey o
di aza- spi r o[ SubltiidRcmcptadang sWhaEEiHBmitheg®Rp EQsREhebOeNEdM! CI.d gyl S
halo Cy alkyl, C,.¢ alkoxy and halo C,¢ alkoxy
- Cs;cycloalkyl, or
25 - aryl;
R* and R’ are independently of each other selected from the group consisting of :

- hydrogen,



WO 2011/ 042399PCT/ EP2010/ 064770 -104- optionally substituted by one to
three substituents independently selected fromthe group consisting of

hydr oxy, weepiial4kzvgy, fluorine or G _6 alkyl. 9. A conpetmEPacioos4iing t o
any one of clainms 1 to 7, wherein R6 and R7 together with the nitrogen atom
to which they are attached form 6-aza- spiro[2,5]oct-6-y1 wherein the

spi ro-heterocyclyl ring is optionally substituted by one to two

subst i t uent s 4 Gdepehdenth s opabedtysdbstitued b)h@legpdupe sbasiustts mgepdndértlyor o,

hydr o or 0. A.co a rdin one,of clali 1to 9,
Thar oy st e it % sudbse N R R Rk s v E oS o AT
attached dlRylsubstitii}d élnmib@diwirytbxw@r@ezlao@parb@{ﬂ,,cﬁ] oct-6-yl. 11. A conpound

according to any one of clains 1 to 10, wherein n is preferably 0. 12. A
conmpound accordinfycioalyhyhighds 61?“061?%3( wbstitujed by pne %@Fe& SHOsfityeqtscy - 2

al kyl ege. f r e| n
g TR 0GR 0B R oP AN ELp TRyt i
la

conpound @eewedling 6ta&yéﬁ;bsniru€ed@ﬁm@¢carhmy ndl§12 3lkowyeartingl; one of R4 and R5

|5 ydr ogen o 46, Al AL NGEA I8h LRSI Ay Fadod RO are

hydr ogen and I's. hydrogen or conpoun according to any
one of cl aictalkyl diohetdocywhe méidh malﬁudmhllf{élutsﬁtul%ﬂ b3@ins tadkdeysubaingentshe ot her is

hydr ogen, re hydroge Co nd accor to any
one of cl@ ?i%enieIFIdR%ﬁCte&/ﬁ@Wéﬁﬁg‘i?uf’/@% “@% %&1 b@(ﬂ’—ﬂ%%% ajg iigl’aﬂ’ eIE7orrpound
accordpng to mdqmr@ﬁndeb@ﬁdeﬁﬂﬂofteﬁacﬂ&hemé&urfrolm ih gNiﬂp%nQatm B A

conpound accorgl n? to any one of clains 7, wherein E and F are
-Lied
- Cas alkenyl,
- Csgalkynyl,
- hydroxy C, alkyl,
15 - C1_6 alkoxy C2_6 alkyl,

- Cs5cycloalkyl, which is optionally substituted by one to three substituents
independently selected from the group consisting of RY,
- Csycycloalkyl Cy¢ alkyl, wherein the cycloalkyl is optionally substituted by one to
three substituents independently selected from the group consisting of R?,
20 - Cy.0 bicycloalkyl,
- phenyl C.s alkyl, wherein the phenyl is optionally substituted by one to three
substituents independently selected from the group consisting of R,
- heteroaryl C,.5 alkyl, wherein the heteroaryl is optionally substituted by one to
three substituents independently slected from the group consisting of R®
25 - Heterocyclyl which is optionally substituted by one to three substituents
independently slected from the group consisting of RY, or
- heterocyclyl C; alkyl, wherein the heterocyclyl is optionally substituted by one to
three substituents independently selected from the group consisting of R; or
R®and R’, together with the nitrogen atom to which they are attached, form
30 heterocyclyl optionally substituted by one to three substituents independently selected from
the group consisting of R®, and wherein one of the ring carbon atoms of said heterocyclyl
formed by R® and R’ is optionally replaced with a carbonyl group or SO»; and/or one of the

ring carbon atoms of the heterocyclyl formed by R® and R’ is also a ring carbon atom of



25i ndependently O or CH2 with the proviso that when Eis O then F is not O.
19. A conpound according to any one of clains 1 to 18, wherein Gis a

si ngl e bowo 20r1/0@28#9 20. A conmpound according to any onePofi/EPb@i0m64710t 0 19,
wherein R4 is nethyl, Rl, R2, R3 and R5 are hydrogen, wherein L is NHC(=0),
Vis Cl_2 alkylene and R6 30and R7together with the nitrogen atomto which
they are attached form (S)-4- hydroxy-6-aza-spiro[2,5]oct-6-yl. 21. A
conpound afothek ahMichseCem}@tbaﬂwd)m hdteogyreylpvivioln si aptipmeglycfibstitl by Ci6

2011/ 0423 PCT/ Elfl2010/ 064770 = b o at e | or heter 1

(3S, 65, 8a5) Y31 FEEE ORGP 67 %C%r 3% 4LWs°f &1 5] 8‘{:Ct1°aékyy$5 SPRPTVE et hy! -
-oxohexahy;droﬁalgx&pmb@{@ Keadlh gyt goupre- 7- car boxylic acid

(3, 4-di chl oro-phenyl

(3S, 6S, 8aR) - §[2 ((%iwdzrowld%«%}kﬁ QERNINOPR 5] oct - 6- y1) - et hy1] - 6- net hyl -
-oxohegahydrQR%xaqu@£§mgqugxgé%ﬂ&§bg carboxylic acid

(3, 4-dichloro-phenyl)-amd

5(3S, 6S, 8aR) -8-[ 3- (i $ﬁ4alﬁymn@m&uaz@h§pmooP@nsqswtlore—llyﬁylbssinﬁs«bbm@py1] - 6-

methyl-5-,qxg W s Ihﬁf%uryl%rl qeﬁxlﬁ&ﬁ lgge%c% C?I]r(%}{ I%Zér&?p gongﬁ{lrpé)gy lic acid

(3-chl oro- uor one

(4S, 7S) - 4- (( Shydroklydr oxy- 6- aza- spi ro[ 2. 5] oct - 6-yl net hyl ) - 7- met hy 1- 6- oxo- hex
ahydr opyrazi ng 2, -b] [ 1, 3] oxazi ne-8-carboxylic acid

(3, 4-di chl oro- ) - am de,

10(4S,4S, 9aR) -& 6&@«&98) 4- Hydr oxy- 6- aza-spiro[ 2. 5] oct - 6-y1) - et hyl] - 7- met hyl
- 6- oxo- hexah dro pyra2|no[2 1-c][1, 4] oxazi ne-8-carboxylic acid

(3, 4-dichloro ﬁﬁ@ﬁyi)é

(4S, 7S, 9aR) - 4- ]§g§%C4 F% roxy 6-aza-spiro[2.5]oct-6-yl)-ethyl]-7-methyl -6
- 0xo- hexahydro: pyr 1-c][1, 4] oxazi ne-8-carboxylic acid

(3-chl oro-4- LhMbgmnbonethylphenyl) am de,

15(3S, 6R, 8aS) - 6(%8 4% 4- Hydr oxy- 6- aza-spiro[ 2. 5] oct - 6-y1) - et hyl] - 3- met hyl
- 4- 0X0- hexahjﬁ} k to[ 1, 2-a] pyrazi ne-2-carboxylic acid

(3, 4-dkchl OVOthenMMbéqﬁﬂ @81, or C(=0);
(3S, 6S, 8aR) - [3 ((S) Fwdroxy 6-aza-spirof[ 2. 5] oct-6-yl)-3-0xo0-propyl]-6-m

et hyl- 5-
Rd is hydroxy, cyano, NR°R®, halogen, Cy_¢ alkyl, halo C, alkyl, hydroxy Ci.

alkyl, C,.¢ alkoxy, C; alkoxy C,¢ alkyl, Cs_; cycloalkyl, C,.¢ alkoxycarbonyl, acyl, -
C(O)NRR®, -NR*-C(0)-R®, -NR*-C(0)-OR", -NR*-C(0)-NR", -NR*-SO,-R", -NR*-SO,-

20 NRR®, -OC(O)NR'R®, -OC(O)OR?, C,. alkylsulfonyl, C s alkylsulfinyl, C,.¢ alkylthio,
phenyl, phenyl C,.; alkyl, heteroaryl, heteroaryl C,.; alkyl and heterocyclyl, and the phenyl of
said phenyl and said phenyl C;.3 alkyl, the heteroaryl of said heteroaryl and said heteroaryl
Cy.3 alkyl, and the heterocyclyl being optionally substituted by one to three substituents
independently selected from the group consisting of hydroxy, cyano, NR*R®, halogen, C

25 alkyl, halo Cy alkyl, hydroxy C.¢ alkyl, C.¢ alkoxycarbonyl, acyl, -C(O)NR’R", -NR*-
C(0)-R", -NR*-C(0)-OR", -NR*-C(0)-NR", -NR*-S0,-R", -NR*-SO,-NR"R¢, -OC(O)NR'R",
-OC(0)0R’, C alkylsulfonyl, Cy alkylsulfinyl and C, alkylthio, and one or two ring
carbon atoms of the heterocyclyl being optionally replaced with a carbonyl group;

R?, R” and R° are independently hydrogen or C; ¢ alkyl;

30 or prodrugs or pharmaceutically acceptable salts therecof.

2. A compound according to claim 1, wherein A is phenyl or naphthyl, wherein

said phenyl and said naphthyl being optionally substituted by one to three



0x0- hexahydr o- oxazol o[ 3, 2-a] pyrazi ne-7-carboxylic acid

(3, 4-di chl oro- phenyl) - am de,

(3S, 6R, 8a8P-2611J@2399S) - 4- Hydr oxy- 6- aza- spi r o[ 2. 5] oct - 6- y PLTEPoX0ApL70PY 1] - 3- m
et hyl-4- 20 oxo- hexahydro-pyrrol o[ 1, 2-a] pyrazi ne-2-carboxylic acid
(3-chloro-4-trifluoronethyl- phenyl)-amde,
(4S,7S,9aR)-4-[3-((S)-4-Hydroxy-6-aza-spiro[ 2. 5] oct-6-yl)-3-0x0-propyl]-7-m
ethyl 6- oxo- hexahydbgitgpisazicnsfl Zom b} lous coxastinget Baloganhbady ICii¢ alkgl. d

(3, 4-di chl oro- phenﬁﬂé @ q§

(4S, 7S, 9aR) - N- (3-¢ PVl 35t onet hyl ) pheny1) - 4- ( 3- ((S) - 4- hydr oxy- 6-

25 A compound according to any one of claims 1 and 2, wherein A is phenyl
azaspirof 2. 5]octan 6- y1) 3- oxopropyl)-7-nmet hyl- 6- oxohexahydropyra2|no[2 1-
c] [ 1, 4] oxazi ne- 8( 1K qflélﬂt%kﬁ%ledg two substituents stlected from the group consiting of

(4S, 7859aR) N- (3, 41l dpBh SRR Hoforkdn {14, 4- di fl uoro-6-azaspiro[ 2. 5] oct an-
6-
ypet hyl ) - 7- net-hyl - 62 exopaxdgentdipy taaiyriok 2f ¢laghy h tof), sshawcimé 8 Phedyl car boxani

de :
(35, 6R, 9aS) - 6- [ 3- ( (& HUEY BY 835 0'a 8 LRI 2 S BE LS S B BBy a1 - 3- m
((at hy1d4 h|30 oxohocttadng[@npemsrsmdgbﬂclﬂera] hysrazhdeHRocaidioptyl i ¢ aci d

3, 4-di chl oro- phen
(3S, 6R, 9aS) - 6> 3- ((é?ompwgra&%&?dlég&%%{lysoﬁﬁoéf@% bort whsrenARisBlupPopy 1] - 3- m
et hyl44- oxo-oct ahyfieyPy.chigRL in?ﬁ@l&ﬂétﬁﬂlﬁh%n%@@rm&mbﬂoﬁhéﬁl d

(3-chloro-4-trifluoronethyl -phenyl)- amde
2011/ 042399PCF/ EP201 o9mopapd@ccordigg to any one of claims 1 to 5 wherein R® and R’,

(3S, 6R, 9a9) - 6-[ 2- (((}%e[ﬂlergxgjtﬁé(?ﬁtr@ %(}V c?l t?éy i a@a&){&? f&%ﬂy&érog&cﬁt hyl -4

- oxooct ahydr o- pyri razr
( 3, 4-di chl or o- phenyd}iematiydebstituted by one to three substltuents independently selected from

(3S,6R, 9aS)-6-[ 2-( - 4- Hydr oxy- 6= a 78 sp ro th met hyl - 4

- oxooct ahydr o- pyrlgg%gpﬁggTﬁ§Wé%P %¥8a596 k é%YHmﬁ%§mnxy%l6miy Y

(3-chligro-phenyl) - aaﬁrh@e,

5(3S, 6R, 9aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6- él eth 3-net hyl -
Y

4- oxo- oct ahydr o- py¥F@ ﬂ@TZQéP$Vﬁ&EmﬁéﬁﬂKHKW§@%V)ﬂéﬂﬁﬁﬂ and R lsamoa

(51} voro-phems) il SEIBRHL 2 5T Ao POEQL Ll

as defined actordi mgcd)mp(amyl aﬂ;@)r«hng tdnyainaiofrslafing btoZ0wh&@8inA&R (andﬁﬂund of

formula (1%) accor qog er w1t(f1 tﬁ‘e n1trogen atom to which they are attached, form a piperidyl or

20 pyrrolidinyl, and said piperidyl and pyrrolidinyl being optionally substituted
by one or two substituents independently selected from the group consisting of
halogen, hydroxy, Ci.s alkyl and hydroxy Ci.s alkyl, and/or
one of the ring carbon atoms of said piperidyl and pyrrolidinyl formed by R°
and R’is also shared by a Ci.; cycloalkyl ring.

25 8. A compound according to any one of claims 1 to 7 wherein R and R’ together
with the nitrogen atom to which they are attached form a 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-diaza-spiro[4.5]dec-8-yl, 1-o0xa-8-aza-

30 spiro[4.5]dec-8-yl, 2-oxa-8-aza-spiro[4.5]dec-8-yl, 2-oxa-7-aza-spiro[3.5]non-
7-yl, 1-oxa-7-aza-spiro[3.5non-7-yl, 9-aza-spiro[5.5 Jundec-9-yl, 1-0xa-4,9-

diaza-spiro[5.5Jundec-9-yl and wherein the spiro-heterocyclyl ring is



wherein A, L, E, F, G V, W Rl, R2, Rd are as defined according to any one
of clainms 1 15 to 20. 24. The conpounds according to any of clains 1-22 for
use as thwoapauuei®dacti ve substances. 25. The conpounds PatmEredioop77@©@ any of
clainms 1-22 for use as therapeutic active 20substances for the treatnent
and/ or prophyl axis of diseases treat ab_é&_by a WO

2011/ 042399PCT/ EP2010/ 064770 - 107- recept or antagoni st, CCR3 receptor
ant agoni st or CCR5 apgoegilyonbsiutadonst to tixee substtucppolapaidenttycstedieddrono any
of clainms 1-22 for téreati n%I diisea§esdrtreat ablke by, a iCCRr2 receptor

ant agoni st, COR3 r dReRPHP CARPERR AT Dray: eRe Pé%é&%?e%aﬁf%g ist. 27. The
conpounds accr di NgA tempduaid e @fdinpleisi dhe i elaihhsERsE whsropeRt phiek’al arteri al
occl usi ve disease, critical |inb ischem a, vulnerable atherosclerotic

pl aque patients, urfSscr &b RFoTuHeBLe Mhchreyrare piachegt form Ogszp-

ventriegul ar hypertrg HBPQ;S_]bc?—%hﬁ’%lﬁréi@ﬁﬁfsﬁﬂé—h@t@rdc?élwri/n i$bp@killy substituted
cardi onyopat hy, restenosi's, 10rheumatoid arthritis, diabetes and diabetic
conplications, di abwtdng taeyshyubplanenis indepcntdenslyesclserad frosythel gone coGisthg 0§

di sease, nultiple I ' neMdr o hi ¢ pai n, atherothronbosis and/or
burns/ulcers in dia 8?%%?%&?‘%’9%&6 %ﬂb i schem a or asthma 28. A7pr ocess for

manuf act ur i ngloconpaussiap@indfaosortihg td dr8)one of Blafd Ry 9 GHH2)ein R® and R
together with the nitrogen atom to which they are attached form a (S)-4-

10 hydroxy-6-aza-spiro[2,5]oct-6-yl.
11. A compound according to any one of claims 1 to 10, wherein n is preferably 0.
12. A compound according to any one of claims 1 to 11, wherein V is Ci.»
alkylene.
13. A compound according to any one of claims 1 to 12, wherein R',R? R’ R*
15 and R” are independently hydrogen or C 1 alkyl.
14. A compound according to any one of claims 1 to 13, wherein one of R* and R’

is hydrogen or C ¢ alkyl and the other is hydrogen, and R' and R are
hydrogen and R” is hydrogen or C ¢ alkyl.

15. A compound according to any one of claims 1 to 14, wherein one of R* or R’
20 is methyl and the other is hydrogen, and R', R* and R® are hydrogen.
16. A compound according to any one of claims 1 to 15, wherein L is NH-C(=0)

or CH=CH-C(=0).

17. A compound according to any one of claims 1 to 16. wherein L is NH-C(=0).
18. A compound according to any one of claims 1 to 17, wherein E and F are
25 independently O or CH; with the proviso that when E is O then F is not O.
19. A compound according to any one of claims 1 to 18, wherein G is a single
bond or CH,.
20. A compound according to any one of claims 1 to 19, wherein R4 is methyl, R,

R’% R’ and R’ are hydrogen, wherein L is NHC(=0), V is C;, alkylene and R®
30 and R’ together with the nitrogen atom to which they are attached form (S)-4-
hydroxy-6-aza-spiro[2,5]oct-6-yl.

21. A compound of claim 1, selected from the group consisting of:



1 HN1_7( NR R2 E-Fi with conmpounds of formula A-N=C=0O or with phenyl
carbamat es of fornula A-NHC(=0)-0-Phenyl, 20wherein A, E, F, G Rl, R2, R3,
R4, R5, RSQ:2R1/04%599W and n are as defined in claiml. 29CTHP20100e4T06 On as
her ei nbefore defined, particularly with reference to the new conmpounds,
internedi ates, nedicaments, uses and pfpgesses.

(3S,6S,8aS)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-6-methyl-5-oxo-
hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide,

(3S,6S,8aR)-3-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl ]-6-methyl-5-0xo0-
hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide,

5 (3S,6S,8aR)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5Joct-6-yl)-3-0x0-propyl]-6-methyl-5-
oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3-chloro-4-trifluoromethyl-
phenyl)-amide,

(4S,7S)-4-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-ylmethyl)-7-methyl-6-oxo-hexahydro-
pyrazino[2,1-b][1,3Joxazine-8-carboxylic acid (3.,4-dichloro-phenyl)-amide,
10 (4S,7S,9aR)-4-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl ]-7-methyl-6-0xo0-
hexahydro-pyrazino[2,1-c][1 4 ]oxazine-8-carboxylic acid (3,4-dichloro-phenyl)-amide,
(4S,7S,9aR)-4-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl ]-7-methyl-6-0xo0-
hexahydro-pyrazino[2,1-c][1 4 Joxazine-8-carboxylic acid (3-chloro-4-trifluoromethyl-
phenyl)-amide,
15 (3S,6R,8aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-0xo0-
hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide,
(3S,6S,8aR)-3-[3-((S)-4-Hydroxy-6-aza-spiro[2.5Joct-6-yl)-3-0x0-propyl]-6-methyl-5-
oxo-hexahydro-oxazolo[3,2-a]pyrazine-7-carboxylic acid (3,4-dichloro-phenyl)-amide,
(3S,6R,8aS)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-4-
20  oxo-hexahydro-pyrrolo[1,2-a]pyrazine-2-carboxylic acid (3-chloro-4-trifluoromethyl-
phenyl)-amide,
(4S,7S,9aR)-4-[3-((S)-4-Hydroxy-6-aza-spiro[2.5Joct-6-yl)-3-0x0-propyl]-7-methyl-6-
oxo-hexahydro-pyrazino[2,1-c][1,4]oxazine-8-carboxylic acid (3,4-dichloro-phenyl)-amide,
(4S,7S,9aR)-N-(3-chloro-4-(trifluoromethyl)phenyl)-4-(3-((S)-4-hydroxy-6-
25  azaspiro[2.5]octan-6-yl)-3-oxopropyl)-7-methyl-6-oxohexahydropyrazino[2,1-
c][1,4]oxazine-8(1H)-carboxamide,
(4S,7S,9aR)-N-(3,4-dichlorophenyl)-4-(2-(4,4-difluoro-6-azaspiro[ 2.5 ]octan-6-
yl)ethyl)-7-methyl-6-oxohexahydropyrazino[2,1-c][1,4 Joxazine-8(1 H)-carboxamide,
(3S,6R,9aS)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-4-
30 oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide,
(3S,6R,9aS)-6-[3-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-3-oxo-propyl]-3-methyl-4-
oxo-octahydro-pyrido[1,2-a]pyrazine-2-carboxylic acid (3-chloro-4-trifluoromethyl-phenyl)-

amide,
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(3S,6R,9aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-0xo0-
octahydro-pyrido[1,2-aJpyrazine-2-carboxylic acid (3,4-dichloro-phenyl)-amide,
(3S,6R,9aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-0xo0-
octahydro-pyrido[1,2-aJpyrazine-2-carboxylic acid (3-chloro-phenyl)-amide,
5 (3S,6R,9aS)-6-[2-((S)-4-Hydroxy-6-aza-spiro[2.5]oct-6-yl)-ethyl]-3-methyl-4-0xo0-
octahydro-pyrido[1,2-aJpyrazine-2-carboxylic acid (3-fluoro-phenyl)-amide.

22. A compound of formula (I’) according to claim 1,
RS
(CH2)>k< v—w
G
R’ R E— ,
4 (),

wherein A, L,E, F, G, V, W, n,R", R>, R®, RY, RS, R%are as defined according to any

10 one ofclaims 1 to 20.

23. A compound of formula (I”’) according to claim 1,
RS
H
He 10 N
1, V-VV,

A—L—N N unlH

R' R? e /G

F (I”)’

wherein A,L,E,F, G, V, W, Rl, Rz, R%are as defined according to any one of claims 1
15 to20.

24, The compounds according to any of claims 1-22 for use as therapeutic active
substances.
25. The compounds according to any of claims 1-22 for use as therapeutic active

20 substances for the treatment and/or prophylaxis of diseases treatable by a
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20
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CCR2 receptor antagonist, CCR3 receptor antagonist or CCRS5 receptor
antagonist.

26. The compounds according to any of claims 1-22 for treating diseases treatable
by a CCR2 receptor antagonist, CCR3 receptor antagonist or CCRS5 receptor
antagonist.

217. The compounds according to claim 25, wherein the disease is peripheral
arterial occlusive discase, critical limb ischemia, vulnerable atherosclerotic
plaque patients, unstable angina, congestive 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.

28. A process for manufacturing compounds of formula (Ia)

comprising a step of reacting compouunds of formula (1)
6
R\ ]
N—R
R

R R* (o)
CH n>k< V—w
el,_pe
R'R” E—~F g
with compounds of formula A-N=C=O0 or with phenyl carbamates of formula A-NH-
C(=0)-O—Phenyl,
wherein A, E, F, G, Rl, Rz, R3, R4, R’, R6, R’, V, W and n are as defined in claim 1.
29. The invention as hereinbefore defined, particularly with reference to the new

compounds, intermediates, medicaments, uses and processes.



