NOVEL CYCUC AM NES The invention is concerned with
novel cyclic amnes of forrmula (1), Conpounds of

wo oooeale0(1) (1) wherein X1 is -CHR2-C(O) - NH , Pe2ERI00&b61776
2-NH, -C(O-NH or -C(O-C(O- NH; X is phenylene,
het eroaryl ene or heterocyclylene, said phenyl ene,
het eroaryl ene and heterocyclyl en being optionally
substituted by one or nore substituents independently
sel ected fromthe group consisting of Cl- alkyl, C3
cycl oal kyl, C3 7 cyc S Cl1-6 al koxy,
hal ogen, cyano, nit rmgﬁuﬁéﬁ% 1 6 al kyl,
-CO-N(C 1 6 alkyl)2, -CONRR' wherein R and R',
t oget heFhanpentionds gercerige vt mavet @ clihimines helprmpk (),
attached, form heterocycyl, wherein R and R' are
i fosnadnef priewlagly kyl "or R and R', together with
the nitrogen atomto which they are attached, form
heterocyclyl and wherein R d R' are independently
Cl1-6 al kyl or R and R"(C t)o her with the nitrogen
atomto which they are Ff @' form heterocyclyl; X3
i s hydrogen, phenyl. héteroarwl or, heterocyclyl, said
phenyl , heteroar{%Y'Y NX

(D
wherein

X' is-CHR*-C(0)-NH-, -C(0)-CH,-NH-, -C(0)-NH- or -C(0)-C(0)-
NH-;

X s phenylene, heteroarylene or heterocyclylene, said phenylene,
heteroarylene and heterocyclylen being optionally substituted by one or
more substituents independently selected from the group consisting of
Ci6 alkyl, C3.7 cycloalkyl, Cs 7 cycloalkyl-Ci.¢ alkyl, Ci.¢ alkoxy, halogen,
¢yano, nitro, amino, -CO-NH-C ¢ alkyl, -CO-N(C;.¢ alkyl),, -CO-
NR’R” wherein R” and R”, together with the nitrogen atom to which

?"
0y ¢ N\ ,
they are attached, form heterocycyl, R" wherein R’ and R” are

independently Cy¢ alkyl or R’ and R”, together with the nitrogen atom

0o wherein

to which they are attached, form heterocyclyl and
R’and R” are independently C_¢ alkyl or R and R”, together with the

nitrogen atom to which they are attached, form heterocyclyl;

X’ ishydrogen, phenyl, heteroaryl or heterocyclyl, said phenyl, heteroaryl
and heterocyclyl being optionally substituted by one or more

substituents independently selected from the group consisting of Cy.¢
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and heterocyclyl being optionally substituted by one
or nore substituents independently selected fromthe

w@eadpig@onsi sting of Cl-6al kyl, Cl-6 al koxy, hedD8RI906/061776

cyano, nitro, amno, nono-Q o al kyl substituted am no,
di-C -6 al kyl substituted ani no,2 nono- C\ al kyl

substi t ut am ng-Ch al kyl, di-CG. 6 al kyl substituted

am no- C* gﬁﬂy %6-‘§@2€ %@ﬁﬁ@R?PPWQSEEmNH@PHQ g

1 albkyl aﬁ%sﬁtﬁl@-dﬂ_{igo,ldi@@él W1 hdbstiafied iﬂﬁﬁlogfnotn‘ﬁml_g alkyl
carbon atons.of said phen et er ga an ,

het er ocy c?‘XbIStltHéqd@n%Bt(Fléﬁil?ﬂ’ﬁ'éﬁ |a§@'L%§1W1thpdaan@gpt%rwaﬂkyl, -
g rc?%) p; N;RZS(D;ghy@lkﬁgﬁgzmgglséﬁgfmm ﬁh@l iltrﬁl S B (ihalkyl).,

- - - or - - 1S _phen ene,

het er oar y¢ %“%FtW@F@?%éﬁ%F??@ﬁ%@lgﬁpﬁﬁ%ﬁ@ﬁ?ﬂ%ﬁ@?hﬁﬂ@cwﬂﬂ

het er oar yh&meoathalgpreey Sklaaaedasi #guppt i onal | y
substituted by one or nore substituents I ndependently

sel ected fromthe ou onsi sting of Cl- alkyl, C3_
cycl o§1 kylls,Ely geh %‘E{SI %F’ﬁ'yl -Qo alkyl, C1-6 al koxy,
hal ogen, cyano, nitro, amno, -CONHC _ 6 al kyl

- CO N(E  1is 6CEDKNH-2-C(OTNR- R, whendilrC(®)-and R',
together with the nitrogen atomto which they are

attached,. form heterocycyl, wherein R _and R' are

i ndep gﬁ defit | Ig)aeafe ge’élle%?a%?ﬁlle n %’relé%%{oﬁ’c,ly l?n&g%ﬁ’]%l?e‘wef’ﬁ

t he ni tr dgacroatytene iod Weleoleydliieye Beigg aptichaheshbsfitited by one or

het erocycl yl and.wherein R apnd R' are independentl.y.

G & of Fonbis, SRR B achlS syl o RECHSDP Eohsting of
Ci6 alkyl, C3.7 cycloalkyl, Cs.7 cycloalkyl-Ci.¢ alkyl, Ci.¢ alkoxy, halogen,
¢yano, nitro, amino, -CO-NH-C_¢ alkyl, -CO-N(C;.¢ alkyl),, -CO-
NR’R” wherein R” and R”, together with the nitrogen atom to which

|
N
Rl

they are attached, form heterocycyl, wherein R’ and R” are

independently Cy¢ alkyl or R’ and R”, together with the nitrogen atom

0o wherein

to which they are attached, form heterocyclyl and
R’and R” are independently C_¢ alkyl or R’ and R”, together with the

nitrogen atom to which they are attached, form heterocyclyl ;

Y’ ishydrogen, phenyl, heteroaryl or heterocyclyl, said phenyl, heteroaryl
and heterocyclyl being optionally substituted by one or more
substituents independently selected from the group consisting of Cy.¢
alkyl, Cy.6 alkoxy, halogen, cyano, nitro, amino, mono-Cj.¢ alkyl
substituted amino, di-Cy.¢ alkyl substituted amino, mono-C,_¢ alkyl
substituted amino-Ci.¢ alkyl, di-Cy_¢ alkyl substituted amino-Cy_¢ alkyl,
-SO2-Cy6 alkyl, -SO,-NHj, -SO,-NH-C6 alkyl and -SO,-N(Cy_¢ alkyl),,
and one or two carbon atoms of said phenyl, heteroaryl and

heterocyclyl being optionally replaced with a carbonyl group;
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nitrogen atomto which they are attached, form
heterocyclyl ; Y3 is hydrogen, phenyl, heteroaryl or

whedoenomycl yl , sai d phenyl, heteroaryl and het PCDERDD§61776

bei ng optlonally subst it ut ed by one or nore
substituents independently sel ected from the group

i | k | |
i tr o R amrBiogBrgr iyl Siegouiadtrvibuloant nb kU Vg COO)-
g:m k¥|O Sé/b\lbs'NllgC{JJzﬁIdylﬂﬁydl@x @Paﬂk@?(@)kﬂmgﬂrﬁm a{esl, halo
al kyl , sgz &Yl ]ghk? Wﬁiﬁfk é@@al%bLUEHl&%Cﬁ khydroxy Ci.
and - SO2- NGRyIL-hyalkdg] 0:26 am@b@ ONgalRbxyt TP ARYIDMAICAL QAFoxy-

o £ PR LSOl bl prectell 89109 i

hialk ogen. Dﬁﬂﬁbh 1a@1n<ﬁcak meq@rllg@ntyfl suﬂamgl)m% aﬁlﬂ)ﬁmmo-
a
al kzl) X )1 %ﬁ”% %ﬂnl‘}é@no %haﬁ%yla‘hyéroxy-Cmalkoxy—

al kyl - NH- ﬁiﬁl@q d1—@$6 ZH(?NsﬁbﬁﬁhiéWanfﬁlQ, Rord- t\)[ L a]NVl‘s@()Qtuted
hydroxy G al k I -

al koxy- G Mg diclys al?(%]aqué@;tuteé agﬁk%ﬁ;ﬁ a@ﬁyl Gmgpqﬁl.s alkyl
hal 0 G - 6 salskiddied Naln@-C ¢ %al kipxYioCh gzmmﬁmhwed%ﬁm@

al kyl - | k Ifon amnoCl
al k§| su%ﬁ%@%‘%} 1 sheiitutedamnizg: Ce C}Gl%ﬁwwnm@m@lkﬂ-
al kyl - car b@ﬂéﬂo@yﬂldﬂfhnfﬂm_ @& 6%]1&5/1(' (Gs. 7Q¥QBQKM)@1.6 aﬁtyl)ammo Cis

al koxy-, am no i - substituted am no
nono- é alkylr %;1Fte§Q%%ﬁl)ﬁq}t6éﬁ(YQﬁinh® Cetp alkyl- & 1 afkpflcarbonyl-C.
substi t ut el AM G- a@y_l_ s%f(ﬁily%‘{ﬁmo @@Qﬂ@ car@o%’lziﬁﬂno (Cis

substituted am no-C ,
substit ut %]gylﬁqlﬁbﬁgyl)(CTs a]kyl)ammo— (Cy.6 alkoxy-carbonyl)( %

alkyl)amino-, (Cy.¢ alkylsulfonyl)( Ci.¢ alkyl)amino-, heterocyclyl,
halogenated heterocyclyl, C;.¢ alkylsulfonyloxy-Cy_¢ alkyl-, (Cy.¢
alkylcarbonyl)(Cy_¢ alkyl)amino-(Cy.¢ alkyl)- or NR'R”-C,.¢ alkyl-
wherein R’ and R”, together with the nitrogen atom to which they are
attached, form a lactam containing one to six carbon atoms, one or two
carbon atoms of the heterocyclyl in said “heterocyclyl-Cy_¢ alkyl-*, said
“heterocyclyl-amino-Cy.¢ alkyl-*, said “(heterocyclyl)(Cy.¢ alkyl)amino-
Ci6 alkyl-*, said “heterocyclyl” and said “halogenated heterocyclyl”
being optionally replaced with a carbonyl group;

or

R" ishalo genated heterocyclyl-C;.¢ alkyl-, di-haloCy_¢ alkyl substituted
amino-Cy.¢ alkyl-, mono-haloCj_¢ alkyl substituted amino-C,_¢ alkyl-,
Ci.6 alkyl, phenyl optionally substituted by one, two or three same or
different halogen atoms, Cs.7 cycloalkyl optionally substituted by one,
two or three same or different halogen atoms or Z-carbonyl-Cy_¢
alkoxy-, in which Z is hydroxy, Cy_¢ alkoxy or NR’R”, wherein R’ and
R” are independently hydrogen, Cy.¢ alkyl optionally substituted by
one, two or three same or different halogen atoms, Cs.7 cycloalkyl

optionally substituted by one, two or three same or different halogen
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nono- hal oCi -6 al kyl substituted am no, C3-7
cycl oal kylam no-C _ 6 al kyl- , heterocyclyl-am no-G -

wW®2@bMyd401 (C3-7 cycloal kyl)(C _ 6 al kyl) am nPCTZEP2066/061776

al kyl -, (heterocyclyl)(O’ 6 al kyl) amno-C _ 6
al kyl - -6 al kyl carbonyl Calkyt-, C-6

e, Gl U BT 165, o
a: tolxy IC ?ﬂh@@})‘dtﬂﬁ( or(différead Mégen&mrﬁ@orhle oEiwo &Ibon atoms of the
al kyl su o e rocy

hal ogenat yh%é’@ﬁdﬁ%‘ﬁymloéﬁna@ e@?@’ﬁf P]%XI\; ,@PC OB IWO
al kyl -, (€irbo® aairﬂ@dfctﬂwlml ﬂl(sﬁl¢@héﬁ|%ﬁbbﬂ1@rm1&%uﬁﬁtm6@by
al kyl)- or NR R'- QH? Cld&/her ei n ,

t oget her {PERYPRE IHPE Padfe EIE?WP&FPIP?]@}’%H@O“WO
attached, cix@bﬂm)nhﬁsfttaémg:p@kwamwﬁ s@iae‘, 9 chdldall6RbPRhally
atons, one or t%/a/abcar on atonms of the heterocycly

said "het él}l&&l% Y ee, Lo gF faree sameSOéldéfferent halogen atorrllsn and

“heter OCYCCW cy@ @1_6 afkyBdgtitnally sﬁﬁtlﬁlted by one, two or three
(heterocgq ]) %F | kyl Yam no- Cl-6 a kyI-", saj d
"het er ocy “S‘/‘?O Sregh]il Og%at%éﬁ&%omg@ﬂb@ywﬁ with a

bei ng opt c@BahylrdgR! aced with a carbonyl group; or Rl

i s hal ogenated heterocyclyl-C - 6 alkyl-, di-haloG_ 6

al kyl $ubs§1 éut ed amno-C - 6 al kyl-, nono-hal oG _ 6

al kyl RsubSPY¢QEEH %A no- G 6 al kyl -, C1-6 al kyl ,

phenyl optionally substituted by one, two or three

sane & aflil Rf ebant topethageith atcaame cadoR atys k@ahklthey are

optional | Xttacl}{bgt Ct( u{ﬁd 8%/ é)I—TS Cs.7 cycloalkyl or heterocyclyl, one or

two carbon atoms of said heterocyclyl being optionally replaced with a

carbonyl group;
n islor?2;
provided that when X' is -C(O)-CH,-NH-, -C(O)-NH- or
—C(0)-, then X’ is not hydrogen, and
when Y' is -NH-C(O)-, then Y* is not hydrogen; and
provided that when X' is -C(0)-NH-, then Y' is -C(0)-NH-CH-, and

when Y' is -C(0)-NH- or -NH-C(O)-, then X' is -CHR*-C(0)-NH- or -
C(0)-CH,-NH-;

and prodrugs and pharmaceutically acceptable salts thereof.

X2 is preferably phenylene, heteroarylene or heterocyclylene, said
phenylene, heteroarylene and heterocyclylen being optionally
substituted by one or more substituents independently selected from the
group consisting of Cy_¢ alkyl, Cy_¢ alkoxy, halogen, cyano, nitro, amino,
-CO-NH-Cy.6 alkyl, -CO-N(C;.¢ alkyl),, -CO-NR’R” wherein R’ and R”,

together with the nitrogen atom to which they are attached, form



10

15

20

25

two or three sane or different hal ogen atons or
Z-carbonyl -C _ 6 al koxy-, in which Z is hydroxy, Cl-6

wa@bkdesays4or NR R', wherein R and R' are indepepdERP1096/061776

hydrogen, Cl-6 al kyl optionally substituted by one,
two or three sane or different'ﬁ%1ogen atons, C3-7

cycl oal kyl optionally substituted by one two or three
same or different oden- Aatons or -
cycl oal ky]| k) =]y ubst | tuted by

two or thf eég E%?%L or di fferwzlﬁfeyrhg YEARIEPT ﬂéilclﬁ

two car boilk @tod RE amd R h@gdﬁﬁér&hﬂpﬂ‘l@'nl{tko gell aféth @o which they are
"hal ogenat ed heterocyclyl-G- 6 al kyI , one or two

carbon atons of the phenyl |n S "Bhenyl optionally
substituted by one, two or threk pr different

hal ogen at ons” and one or two carbgn atons of the C3-7
cycl oal kydttacheds fran hetgropy@dyl@pdal kyl opt mweedin i and R” are
substi tut ﬁdeﬂ&’xd@xﬂ? ct é’&ﬁk}q br RhﬁrﬁﬁRs QH&&% vgihf tﬁl‘é‘ 'hﬁﬂ;gen atom

hal ogen at ons" d%cl oal k
opt i onal It)‘/"%}l}%{h%’afeeaéta@}ﬁ ﬁemhwoﬁfc}ﬂhree sarre or

di fferent hal ogen atons"” being optionally replaced

W th & cak boﬁﬁélfer%lgflﬁenyﬂlé Fet@baHRAB DI hokerdRYcIABkk, Bé.lld

form together with the same carbon atomto i ch t hey

are at t acHEgylenghetgyarylery andhepgrocychyleny beip@ apAPRULY or

het er OCyCﬁulﬁktitufbﬁ%y‘lfneto%(ﬁ@%Mﬂt@h%qﬁdéifen§éit@ selected from the
het erocycl yl being optionally replaced with
group consisting of Ci_s alkyl; Cy_¢ alkoxy, halogen, Cyano nitro, amino,

-CO-NH-Cy alkyl, -CO-N(Cy.¢ alkyl),, -CO-NR’R” wherein R’ and R”,
together with the nitrogen atom to which they are attached, form
R"

|
N

heterocycyl, ~ R wherein R’ and R” are independently C; ¢ alkyl

or R’and R”, together with the nitrogen atom to which they are

o wherein R’ and R” are

attached, form heterocyclyl and
independently Cy_¢ alkyl or R’ and R”, together with the nitrogen atom

to which they are attached, form heterocyclyl,

R" s preferably halogen, carboxyl, Ci.¢ alkoxycarbonyl, hydroxy Cy.¢ alkyl-
NH-C(O)-, N(C.¢ alkyl)(hydroxy Ci.¢ alkyl)-C(O)-, C;.¢ alkyl-NH-
C(0O)-, halo Cyi6 alkyl-NH-C(O)-, Cs.7 cycloalkyl-Cy_¢ alkyl-NH-C(O)-,
hydroxy Cy.¢ alkyl, hydroxy, Ci.¢ alkoxy, Ci.¢ alkoxy-Cy_¢ alkyl-, halo Cy.6
alkoxy-Ci.¢ alkyl-, halo Cy.¢ alkyl, halo Ci.6 alkoxy, heterocyclyl-Cy_6
alkyl-, Cy.6 alkyl-sulfonylamino-Ci_¢ alkyl-, (Cy.¢ alkyl-sulfonyl)(Cy.¢
alkyl)amino-Cy_¢ alkyl-, C;.¢ alkyl-carbonylamino-C;.¢ alkyl-, hydroxy
C1.6 alkoxy-, amino, di-Cj.¢ alkyl substituted amino, mono-C,_¢ alkyl
substituted amino, di-C.¢ alkyl substituted amino-Cy_¢ alkyl-, mono-Ci.
6 alkyl substituted amino-C_¢ alkyl-, di-haloCy_¢ alkyl substituted
amino, mono-haloCy_s alkyl substituted amino, Cs 7 cycloalkylamino-

Ci.6 alkyl-, heterocyclyl-amino-Cy¢ alkyl-, (Cs_7 cycloalkyl)(Cyg
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carbonyl group; nis 1 or 2; provided that when X1 is
-C(O-CH2-NH, -CCO-NH or -C(O-, then X3 is not

whyasogan, and when Y1 is -NH-C(O -, then Y3 iBCTIBP2006/061776

hydr ogen; and provided that when X1 is -C(O-NH, then
Ylis -C(O-N+CH 2-, and when N is -C(O-NH or

-NH C( O en X

2o NH-; 2% ﬂktlpaé‘b% &Hﬁ%ﬁﬁ%&yébpu(’\n@;q %Yl%t’é‘gé%t%ma&ﬂ Cie
ﬁ alts t healmeyat:arb@ﬁyrl]s:lgraﬁa‘yerept a/]kjilhsal'ﬂvfﬂlﬁﬂﬁmo c1 ¢ alkyl-

et eroaryl ene et

het er oar ztaé‘h@y Dfe %‘%&%@TS IHZ:laﬁ@H%‘S F@/lﬁalkoxy'
S it e s e e
al koxy, hMIFGe! ﬁmgatﬁﬁ?g?tsmcéai%nglﬁﬁb@ﬁq{ﬁ%- &’%’%‘Clﬁa Tkyl-,
al kyl , Q@lu(a@ylc@ﬂﬁin&w Q1 G%Jk}d)%mgr(n@t soalﬂamﬁ)l” Sﬂﬁrﬁilﬁle{ fﬂal‘r% ealkyl—

R, together W e nitro

att ached, W]F%F‘m#etaéﬁgc WFthe‘(?\H@i‘ gt%mﬁog%wom toé’YhéCh they are

i ndependedifakh{e(piorﬁl @laktaln @ntRnindied six LRABBH tﬁﬁfmé"'bh@or two
the nitrogen atomtg}h\gﬂwch the are attached, form

het er ocy cfYPOLHAMAR te@cyﬁléf mF@aldall'eéﬂrP%ngﬂdéW ysaid
G -6 al kyhet@bcyRlyl-aRaniRC, « LRGEL ey (fh‘é‘[e%'bytzl B(M Ld18RMino-Cye

atomto ht are attache orm hetf erocycl
\MH(% SaIH %eterocyclyl and said halogenated heterocyc)iylbe)*ﬁn g

optionally replaced with a carbonyl group.

Further, the invention is concerned with a process and an intermediate for the
manufacture of the above compounds, pharmaceutical preparations which contain
such compounds, the use of these compounds for the production of
pharmaceutical preparations as well as a process for the manufacture of the

intermediate.

The compounds of formula (I) are active compounds and inhibit the coagulation
factor Xa. These compounds consequently influence blood coagulation. They
therefore inhibit the formation of thrombin and can be used for the treatment
and/or prevention of thrombotic disorders, such as amongst others, arterial and
venous thrombosis, deep vein thrombosis, peripheral arterial occlusive disease
(PAOD), unstable angina pectoris, myocardial infarction, coronary artery disease,
pulmonary embolism, stroke (cerebral thrombosis) due to atrial fibrillation,
inflammation and arteriosclerosis. They have potentially benefit in the treatment of
acute vessel closure associated with thrombolytic therapy and restenosis, e.g. after
transluminal coronary angioplasty (PTCA) or bypass grafting of the coronary or
peripheral arteries and in the maintenance of vascular access patency in long term
hemodialysis patients. F.Xa inhibitors of this invention may form part of a
combination therapy with an anticoagulant with a different mode of action or with
a platelet aggregation inhibitor or with a thrombolytic agent. Furthermore, these
compounds have an effect on tumour cells and prevent metastases. They can

therefore also be used as antitumour agents.
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Y2 is preferably phenyl ene, heteroaryl ene or
het erocycl yl ene, said phenyl ene, heteroaryl ene and

whedoenoaycl yl ene being optionally substituted PyT/BP®0€061776

nore substituents independently selected fromthe
gr oup consi sting of Cl-6 alkyl - 1-6 al koxy, hal ogen,

' - NH-C.1. al kyl, - N(C . .6 .
XD R Ry st i of e
th rﬁ@ntmiomgemaﬂﬁmﬁ@fdmmmeattmem @ﬂrela@gtd@géb%gi Hlfa%&ce{ tgere is
et.eroc rei ndepende
R@Pns%ic éf naﬁf‘é? %ﬁd@%@ﬁgw w@he Rt Hpproy %{r@ﬁ? lpgical

V\ﬁpt(qfertﬁd‘see/g Qhﬁn@&@@@@@l@ctnﬁt@'td%ﬁﬁE girempal.yl and wherein
R and R' are independently Cl-6 alkyl or R and R',

t th th th atom t are
L e RSt bR Sr By et Sirypunds ok lafmp PR s dyetor
c afaliokipltorsCITFh6 camls Qﬁﬁnldkaff eyt sen3tEE OO ﬁﬂex@e@éd‘ly irrhlblt

ocg%%@tm f&ﬂfc%ﬂ %5)51 15%%1%@(1 dléggtﬁ&amﬁp@égl Pr@sﬂmﬁs

cycimpatel Yo ofiel c®mpbkils-aehds(own iRYEE &xy Cl-6 al kyl,
hydr oxy, Cl-6 al koxy, Cl-6 aI koxy Q al kyl -, haI o Cl 6

hiﬁ’i"r%c?%mse ’&%%‘}r the f@i OVEng %n ha'gq‘ﬁ;qcr u%{at and

aldkfyde the @&hn gathﬂ)édzopeidﬂ kconayilon s {ekrhs Gsaal ths e geri@BiHOn et Hn
h:klyl -, Cl1-6 al kyl -carbonyl am no-GCi - al kyl -, hydroxy
koxy- am no, di-C 1-6 al kyl substituted am no,
nono-C 1-6 al kyl
The term “halogen” or “halo” means fluorine, chlorine, bromine and iodine, with

fluorine, chlorine and bromine being preferred, and fluorine and chlorine being

more preferred.

The term “Cy.¢ 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 further exemplified by such radicals as methyl, ethyl, n-propyl,
isopropyl, n-butyl, s-butyl, t-butyl. C;.4 alkyl is more preferred.

The term*halo Cy_¢ alkyl” means Cy¢ alkyl substituted by one or more same or
different halogen atoms independently selected from the group consisting of

chlorine, fluorine and bromine, such as CFs.

The term “hydroxy Ci.6 alkyl” means Cy_¢ alkyl substituted by one or more hydroxy
group.

The term “Cs.7 cycloalkyl”, alone or in combination with other groups, means a
saturated monovalent cyclic hydrocarbon radical of three to seven ring carbons,

e.g., cyclopropyl, cyclobutyl, cyclohexyl.

The term “Cy.¢ alkoxy”, alone or in combination with other groups, means the

group R’-O-, wherein R’ is a Cy¢ alkyl.

The term “phenylene” , alone or in combination with other groups, means a

divalent phenyl group. 1,4-phenylene is preferred.
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substituted amno, di-C 1-6 al kyl substituted am no-C
1-6 al kyl -, nono-Qal kyl substituted am no-C 1-6

wa@bdoglii440di - hal oCi - 6 al kyl substituted am no, PCT/EP2006/061776

nono- hal oC 1-6 al kyl substituted am no, C3-7
cycl oal kyl am no- C1- al kyl -, heT%TocycIyI-anino-Ci-

6al k
(b sy e pebi S Boat ki ARt sthgriggnuns. rgang non-
?:ga-tk}éhﬂ.a{( rhlﬂﬁky| og(Bl <cy@ckydicals lthecab |é}>ghlt fiblg ﬁt@ﬁys: 1?%(1:156{1 06ne or
a car am no- C on
al W PngAfms are g&r(@t(&p%ngimﬂ ;Q/ | Egl( y %n isan integer
£C |, 6 o-,
HRO0 SO AH o0 o) am e

aIkyIsquononxY Cl-6 alkyl-, (Cl-6 aIkyIcarbonyI)(C
1 The agrry Thesgipeyslyienr”, anglok gpmbingtioNRiR'otigr gsoups, means a

AKREE R K1 A06) Racohodgier v th (he i rogen

atomto whic are attached, forma | actam
cont ai ni ng one to si x carbon atons, one or two carbon

atldfberay "W%O%&'@@mwymbm{m@a|Vdﬂlh@h@fr Seyps, yleag a

alkotoe cl§%&@ aicerﬁ@&éﬂqmlto ‘Tmlﬂ agms lﬁivﬁg a§t‘55ng o atic
(heterocyc yl') (Cl-6 al kyl)

hEMECoRIAETIYE O iva.air dhisariog éa@mﬂomes@cmgi;l%qry No&hagd S, the
OPérheﬂHﬁll ol ¥ of a%’rh@ﬁ@lﬂ o, Whgb&%%?gé(ﬂpdn% Qllépthen gra&}{h%nt point of

t he |nvent|on 'S co cerne rocess a
i thedrateanmat edicel willhe amemudra@rtie €ngf the above
conmpounds, pharmaceutical preparations which contain

SYGR & RTRRUAG S yIchE€ ald8 oPEorhBiREG0:E (TR U $r ks, th
productlon of pharrmaceutical preparations-as wel as a

pyales shetgioaryharovgris felradrabowd. t he

Preferred radicals for the chemical groups whose definitions are given above are

those specifically exemplified in Examples.

Compounds of formula (I) can form pharmaceutically acceptable acid addition
salts. Examples of such pharmaceutically acceptable salts are salts of compounds of
formula (I) with physiologically compatible mineral acids, such as hydrochloric
acid, sulphuric acid, sulphurous acid or phosphoric acid; or with organic acids,
such as methanesulphonic acid, p-toluenesulphonic acid, acetic acid, lactic acid,
trifluoroacetic acid, citric acid, fumaric acid, maleic acid, tartaric acid, succinic acid
or salicylic acid. The term "pharmaceutically acceptable salts" refers to such salts.
Compounds of formula (I) in which a COOH group is present can further form
salts with bases. Examples of such salts are alkaline, earth-alkaline and ammonium
salts such as e.g. Na-, K-, Ca- and trimethylammoniumsalt. The term
"pharmaceutically acceptable salts" also refers to such salts. Acid addition salts as

described above are preferred.

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

alkyl may but need not be present, and the description includes situations where the
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i nternedi ate. The conpounds of fornmula (I) are active
conpounds and inhibit the coagul ation factor Xa. These

wa@ewpouads consequently i nfluence bl ood coagul BET/BP2006/061776

They therefore inhibit the formation of thronbin and
can be used for the treatment and’or prevention of

thr nboti.c sord st others, arterial .

HB BRI Sl{dbﬁPEW&sﬁw% an a%&bgr%l? A4 RR4GHEBEMACTe the arsT group i
pabt phﬁﬁ@lte(awmemeaﬂk}ogﬁiu si ve di sease (PA(D) unst abl e
angi na pect oris, rTyocardl al infarction, coronary

ar, nary enpbolism stroke cerepra

E Bt R Bt PRSaeR T BRin i o i T SoERl B
alpdepaflh ga IphSﬁhz&E@ﬁctaiB compeytidiaghat BeteniliyadaleynHe@di¢ 4nd n
t he. traatrrent of acute. ves el cl osur.e aégom ated with

¢ RFUHBOVLRE bty SBYFr v PaStahlad ingages exipiept hat i
t hedeplabid fﬁﬁ{fetaﬁrf@yl as;eyas%gla@ Rhash phéﬁﬂ?@é‘)u@[ uypass

o S5 GRATIE G BB o R

tatdmdeelmm @leysidsn patth@néite subh &ipiedil bi tors of this
i nventi on may formpart of a conbination therapy with

SR GRIBSh Sl B RS RSBl 20 ©

t hronbol yti c agent. Furthernore, these conpounds have
aﬁloaﬁfo&mﬂs thrat hanveohie saved hsleauar Rorevdnbudffash alsesaturthey
cap. t her used gs antitu ents. O her
SR R 3pindiel e BR 2n 5, B0 U S B Db s B e are
f m”rrrteﬁélsomhtsb'l Isbmiersahatt differfio tihirr @rgembn ¢ diﬂtbﬂbhﬂi’brr@ﬁﬁi space
However, ere

_forettr_he Jreat ment of Jel a}g ed dj seases. .

 Qebitfed SRl Mot STt it R0 GR ToN BT P oo i

exhothet ark npmed ddiaghabneod hod ek 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 the plane of polarized light and designated as dextrorotatory or
levorotatory (i.e., as (+) or (-)-isomers respectively). A chiral compound can exist
as either individual enantiomer or as a mixture thereof. A mixture containing equal

proportions of the enantiomers is called a "racemic mixture".

The compounds of formula (I) can possess one or more asymmetric centers.
Unless indicated otherwise, the description or naming of a particular compound in
the specification and claims is intended to include both individual enantiomers and
mixtures, racemic or otherwise, thereof. The methods for the determination of
stereochemistry and the separation of stereoisomers are well-known in the art (see
discussion in Chapter 4 of "Advanced Organic Chemistry", 4th edition J. March,
John Wiley and Sons, New York, 1992).

While the broadest definition of this invention is described before, certain

compounds of formula (I) are preferred.
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thronmbin. The present invention provides novel

waewpouads of forrmula (1) which are factor Xa PCT/EP2006/061776

i nhi bitors. The conpounds of the present i nvention
unexpect edly |nh|b|t coagulatloﬁ factor Xa and al so

exhi.bit ved ol.ogi cal . properti

£ 8t Heare BB StimeBULt PEay RGP T ! FORTGS)
otherwm@ﬁmiﬁﬂmca}gdcupﬁm}fthgm@pgnuefln|t|ons are set
forth to illustrate and define the meaning and scope

aryous ternms used t.o. cribe the enti on
P VI O B Ao Doy et Ru IR e,
chl or heeroadbylard, ead phehyladiane heu&dalayléﬂamng“@tmhhpgub@ﬁtuted
and b%onine bei n preferref ﬂ$ orkﬂ anﬂ chl orine .
o1 ng PHOPE SHPEF TR eTh e br enay Se&idGo the B conssting
I n cowbCpadlk@rndhaldged.her groups, nmeans a branched or
strai ght-chain nDnovaIent aIkyI radi cal, having one to

Si X cgebon ato Is further exenplified b
e I T AT S L AR O
n- but yih st1are|ﬁtst1yﬂepehdéml}ysk:lectﬁﬂ frnadhle ek oupScotiseng of Cy_¢ alkyl
preferr g The term "halo Cl-6 al kyl" neans Cl-6 al kyl
substl?ﬁ %@ one or nore same or different hal ogen

at ons |ndependently sel ected fromthe group consisting
of ch IXE) is fngtherf Ihdnzrprﬁferﬁlt}dl Aphehyiene pioh al&i)SsuGEatuteﬁhﬁ/ one or

term | g o %’ %C%iff'a &hen v}iogenmteoms especmlly&%loro SIE}Iletnl)Jf egg

by one

I-iii) When X' is as described under I)-i), X is preferably heteroaryl optionally
substituted by one or more substituents independently selected from the
group consisting of Ci_¢ alkyl, Cy_¢ alkoxy, halogen, cyano, nitro and amino,
and one or two carbon atoms of heteroaryl is optionally replaced with a

carbonyl group.

X’ is more preferably heteroaryl containing one nitrogen atom, especially
pyridyl optionally substituted by one or more substituents independently
selected from the group consisting of Cy.¢ alkyl, Cy.¢ alkoxy, halogen, cyano,
nitro and amino, and one or two carbon atoms of said heteroaryl is optionally

replaced with a carbonyl group.
2-Oxo-2H-pyridin-1-yl is especially preferred for X°.

D)-iv) When X' is as described under I)-i), Y! is preferably -C(O)-NH- or -C(O)-
NH-CH,-.

I)-v) When X' is as described under I)-i), Y* is preferably heteroarylene optionally
substituted by one or more substituents independently selected from the
group consisting of halogen, Cy.¢ alkyl and Cy.¢ alkoxy, more preferably Y is
heteroarylene optionally substituted by one or more same or different

halogen atoms, and Y? is preferably hydrogen.
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group. The term"C3_7 cycloal kyl", alone or in
conbi nation wth other groups, neans a saturated

worenwen ad4ent cyclic hydrocarbon radi cal of threBCT/BP2006/061776

seven ring carbons, e.g., cyclopropyl, cyclobutyl,
cycl ohexyl. The term "Cl-6 alkoi}“, alone or in

vy oE3umdl b Lo BSL A RIRS R PR, kR
al one iolylbedadidal, ibefzothibph @iyl & rigyOtRSolyITRIASyRand
o m SHae BT gios B st b GRS bR ket iipon
gr OUPKaloFERRNS RO PTG ABIY Iat ctBGRY! OFm&d b YEF-Gs § Belekal g
of th%ee t [ rin9 atons jnh which one of two rin

ei.ght 9
at ons ANBE Flat BFE BT LOmSAFon B RonEsu B utgeynoptonally

(wher gubistitied@By b &GRbref afid fPldifeddnt hlaled IR sNésPBcidllynd
at ons_ bei ng tern1f£eterocyclylene", al one o

.. .The r
conbi HALEGh WA GIHERNGr s espreialhspisicgied 4 & feteroaryl
heterﬁﬁyﬁhybﬂﬁr¢Mp as defined above. The term

"heteroaryl"”™, alone or conbination with other groups,

cyclic. bi ljc radical of 5 to 12 ring
ATbnE R R4t Ui Y B brnitecFiihy cont ai ni ng

one, two, or three ring heteroatons selected fromN,
OD)-«if)dVBen Xhig as éestibddgn de DGi) AR ORBréfeiaby hSdrodyt 0, ¢ dikoxy,

under st andj.ng at. the attachngnt [ 0 he )

net or Sii-Cragkaarouied s (Gne dPgudianghf Frgalpianino-

t er m 'hetatiyBaltyhygaaiino-aCRp ek ceebsiidamdihbQnCys t h ot her

grou psalky?c%rabrg)%yﬁ(cl_s alkyl)amino-, CFs, more preferably RY is hydroxy or Ci6
alkoxy. Cy.¢ alkyl is also preferred for R" when X' is as described under I)-i).

II)  Another preferred compound of the invention is a compound of formula (I)
wherein X* is phenylene or heteroarylene, said phenylene and heteroarylene
being optionally substituted by one or more substituents independently

selected from the group consisting of Cy.¢ alkyl and halogen.

X is preferably 1,4-phenylene optionally substituted by one or more
substituents independently selected from the group consisting of Cy.¢ alkyl

and halogen.

X? is more preferably 1,4-phenylene optionally substituted by one or more

same or different halogen atoms, especially 2-fluoro-1,4-phenylene.

III) Another preferred compound of the invention is a compound of formula (I)
wherein X is heteroaryl optionally substituted by one or more substituents
independently selected from the group consisting of Cy¢ alkyl, Cy.¢ alkoxy,
halogen, cyano, nitro and amino, and one or two carbon atoms of heteroaryl

is optionally replaced with a carbonyl group.

X’ is preferably heteroaryl containing one nitrogen atom, especially pyridyl
optionally substituted by one or more substituents independently selected

from the group consisting of Cy.¢ alkyl, Ci_¢ alkoxy, halogen, cyano, nitro and
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radi cals for the chem cal groups whose definitions are

w@ewenigabove are those specifically exenplifi eBICT/RP2006/061776

Exanpl es. Conpounds of fornula (1) can form
phar maceuti cal |y acceptabl e acr 2addition salts.

npl es of such har eutl cal | lLe salts ar
STt 2 SBRn GRS SIR BN S BipEr FGREER BRI &f ol Dgribudepfecd
conpatwlﬁhlaecamm@lgougm ds such as hydrochloric acid,
sul phuric acid, sulphurous acid or phosphoric acid; or

b ol GRHREA RBiE a0t GBI ERRAIPaC ¢ aci o

trifl uoroacet| C aC| d, citric acid, funmaric acid,
miVei Anadied prdfaretdacrdmp canidadf tisliaeémiod i8g tenpouribdi fsmhhla (D)

et or SR TR CRO PN LG R o el (1) i

which a COOH group is present can further formsalts
wiwh Bastsr ptefanpl esnmiungd wt thesiakdmioariea edkpbunieef formula (1)
nmoni. um

earth ) ch as e.g. Na
o CanBiehiY: PR BN O TS S e hord
"phar BlﬁnBeUIeln(Bahﬂt}peadﬂHbftsabbted sraht it gab@ﬂodhelfs&mgoﬁlmlogen, Ci
such s i d,additi 1. as crlbd oV re

o of ef Psd e iR e R EEY H AR e e b Brbfea by
subsequent inybmllmmmrbbﬁﬂeremdmﬂo oh amink<C kg YaR Gedrvgyn.but

need not occur, and that the description includes

I nsta QBreUIBtance o

D O 0 B e SRR E S B HiRg RO
gr oupimiplyldreakéfurayh enzotiiephaniyt, ipyadyl athkablyy petrplyl and
means ﬁ}rgl%t/l v&hqgﬁ are optionally substituted by one or more same or different

halogen atoms. Preferably a heteroaryl formed by Y>- Y- is a heteroaryl
having five ring member atoms, and containing one sulphur atom, optionally
substituted by one or more same or different halogen atoms, especially
halogen. 5-chloro-thiophen-2-yl is especially preferred as a heteroaryl
formed by Y>-Y*-.

VI)  Another preferred compound of the invention is a compound of formula (1)

wherein n is 1.

VII) Another preferred compound of the invention is a compound of formula (1)
wherein R" is preferably hydroxy, Cy.¢ alkoxy, mono-Cy_¢ alkyl substituted
amino, (Ci.¢ alkylsulfonyl)(Cy.¢ alkyl)amino-, C;¢ alkylsulfonyl-amino-, Cy.¢
alkyl-carbonylamino-, (Ci.6 alkylcarbonyl)(Cy_¢ alkyl)amino-, CFs;, more
preferably R" is hydroxy or Cy.¢ alkoxy. Cy.¢ alkyl is also preferred for R'.

VIII) Another preferred compound of the invention is a compound of formula

(),
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al kyl may but need not be present, and the description
i ncl udes situations where thearyl group is substituted

wowdh/1a0rl kyl group and situations where the BEWEP2006/061776

group is not substituted with the al kyl group.
"Pharmaceutical |y acceptable exé?pient" means an

exci pient that is useful in_preparing a pharmaceutica
conposition that is g@leraR'y safe, non-toxic and
nei t her bi ol ogical ly no%izy ise undesirable, and

i ncl udes exci pient t®at ¥s/ acceptable for veterinary
use as wel | as hunan rmacelhcal use. A
"pharmaceutical ly ceﬁkable exci pient" as used in the
speci fication andXgt2i ns includes both one and nore
than one such excipjent. "Enantionerically enriched"
nmeans over 0% ee, preferably 80-95% ee. Conpounds t hat
have the sane nol ecul ar Forrmula but differ in the
nature or sequence of bonding of their atoms or the
arrangenent of their atonms in space are ternmed
"isoners. " anens _that di.ffer in the arrangenment of

their X\ff't%%i” g(paB 3{5‘9@ &rerag dediped befeygner s .
St er eoi soners that ar e not mrror inmages of one

amef hemandfikr g ﬁﬁﬁlﬁr&%ﬁg’e «Rds %}Q&ﬁﬁoﬁ&%f fBfiftula
non- superi Npos e S rTor i mages eac er are
t éFped "enantionmers”. Wen a conpound has an

asynmmetric center, for exanple, if a carbon atomis
bonded to four dbfferent grQMps a pair of enantioners

is possible. An eran |oner % ,Characterized by the
absol ute confi gur i n of %nﬁéﬁrlc center and is
descri bed by the % equenC|ng rul es of Cahn,

I ngold and Prel og, or the manner in which the

(")
wherein X', X2, X3, R" and R"" are as defined before.
X)  Particularly preferred compounds of the present invention are:

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-1-{[2-fluoro-4-(2-ox0-2H-pyridin-
1-yl)-phenylcarbamoyl]-methyl }-4-hydroxy-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S5)-1-{[2-fluoro-4-(2-ox0-2H-pyridin-
1-yl)-phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-4-methoxy-1-{[4-(2-0x0-2-
pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-1-{[2-fluoro-4-(3-oxo-morpholin-
4-yl)-phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-1-{[2-fluoro-4-(2-oxo-pyrazin-1-
yD)-phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-amide,
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nol ecul e rotates the plane of polarized |ight and
desi gnated as dextrorotatory or levorotatory (i.e., as

W@ 200601440t ) - i somers respectively). Achiral conpoOL/RP200&0651776

exi st as either individual enantioner or as a m xture
thereof. A m xture containing e&ﬂal proportions of the

C OB RG gRhePe Pt aopls a6 RS dedh el - e 42 oxo-

apyruRt 1-yD-menyieadambil] es&hyingvealigd-pyhamise, the
descri pt| on or nam ng of a particular conpound in the

R e RO haR R PyE aeid MNP de2 Mot o Byridin.

otlhgy- pha@flcafﬁlﬁi@&b]f meihy8-4ve2- h?&i’i)xﬁ-@ﬂlok?ﬁ?ﬁeélﬁﬁﬁmnﬁ}—la@lﬁde,

of stereochem stry and the separation of stereoisoners

ar | | -kno ee di scussi on, i

SR AR B el i G DGR Bt g Rlngtoyt-
J@&ﬂomﬂlheu)& @inieh xSba s¢id NewWu Yor-4-(2 1)9822){ pYhdihel-yhghenyl]-amide,
br oadest definition of this invention is described

b t f. f
o IR ) oA TR 2a kutrBbin ol B F dvmsibry

I pyaokdinpduradbodyli¢ aridd-fu (o) 4\iDrexei 2t -Kiridia- 1-yl)-phenyl]-amide,
-CH2-C(O-NH or -C(O-NH. I-ii) Wen X1 is as

f erably Ry
e e T T e S SR S
optirohdiht-\ - cwitrsdyli¢ adie (2- ﬂyomn‘é(broxnﬂrfbpmxhst]l yll)quhmyl] amide,
[ ndependent ly sel ected from the group consisting of G -

(% gy{gwsa?@r?g@o}g onal 1 l%%t |r? ESE%R rﬁlemgtrh yigyiRo-

pyrrolidine- 1-carboxylic acid [2- ﬂuoro 4-(2-ox0-2H- pyr1d1n 1-yD)- phenyl] amid

formiate,

{(R)-4-{[(5-Chloro-thiophene-2-carbonyl)-amino]-methyl}- 1-[ 2-fluoro-4-(2-oxo-
2H-pyridin-1-yl)-phenylcarbamoyl]-pyrrolidin-3-yl }-methyl-carbamic acid methyl

ester, or

(R)-3-{[(5-Chloro-thiophene-2-carbonyl)-amino]-methyl }-4-(methanesulfonyl-
methyl-amino)-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo-2H-pyridin-1-
yl)-phenyl]-amide.

XI) Further particularly preferred compounds of the present invention are:

5-Chloro-thiophene-2-carboxylic acid ((3R,4S)-1-{[2-fluoro-4-(2-ox0--pyridin-1-
yl)-phenylcarbamoyl]-methyl }-4-methyl-pyrrolidin-3-yl)-amide, or

5-Chloro-thiophene-2-carboxylic acid {(3S,4S)-4-methoxy-1-[(5-methyl-4,5,6,7-

tetrahydro-thiazolo[ 5,4] pyridin-2-ylcarbamoyl)-methyl]-pyrrolidin-3-yl }-amide.

The compounds of the present invention can be prepared, for example, by the

general synthetic procedures described below.
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substituents independently selected fromthe group
consisting of Cl-6 alkyl and hal ogen. X2 is further

woreooe/1pref er abl y 1, 4- phenyl ene optional | y subse¢t/aPmde/061776

by one or nore sanme or different _hal ogen atons,
especially 2-fluoro- 1,4-phenyréﬁe. [-1ii) Wien X1 is

as, described. ynder, 1)-i), X3 is preferably heteroaryl
03¥?8ﬁ£$$9h§ﬁgg9gﬁﬂﬁéd by one or nore substituents

i ndependently selected fromthe group consisting of
Clbbradidiphs Cl- 6 al koxy, hal ogen, cyano, nitro and
am no, and one or two carbon atons of heteroaryl is

opidnnal ly .repl.aced w.th. a rbonyl .,grqup. X3 i s nore
oPe R RS Ty e S RGeS . at om
edpedivaldphoppiratelyl optional ly substituted by one or
nore substituents independently selected fromthe

IHHP RS SLI NG Qf -6 alkyl .. Cl-6. al.koxy, hal ogen,
cyano,Cf'ggll]St {235%({‘”% Ogﬁ%oﬁ%,mygﬁ (}(;Sﬁgmécract“b\%lgré on atoms of
said heteroaryl is optionally replaced with a carbonyl
gflRIpl,12Cabongdimydazdien- | -yl is especially preferred
for X3. 1)-iv) Wen X1 is as described under 1)-i), Y1

| SRR GHO N o GO NHCH 2 1)-v)

en X1 1s as described under 1)-i), Y2 is preferably
het eroaryl ene optionally substituted by one or nore

s HBEAT Rissopsonyhetdplkandient | y sel ected fromthe

DMA: N,N-Dimethylacetamide

DMEF: N,N-Dimethylformamide

DMSO: Dimethylsulfoxide

EDCI: N-(3-Dimetylaminopropyl)-N’-ethyl-carbodiimide hydrochloride
Fmoc: 9-Fluorenylmethyloxy carbonyl

HOBT: 1-Hydroxybenzotriazole

MOZ: 4-Methoxybenzyloxy carbonyl

NMP: N-Methylpyrrolidinone

PyBOP: Benzotriazol-1-yl-oxytripyrrolidinephosphonium hexafluorophosphate
TEA: Triethylamine

Teoc: 2-(Trimethylsilyl)ethyloxy carbonyl

TBAF: Tetrabutylammonium fluoride

TBTU: O-(Benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium terafluoroborate

TFA: Trifluoroacetic acid
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group consisting of hal ogen, Cl- alkyl and Cl-6
al koxy, nore preferably Y2 is heteroaryl ene optionally

wGebvstii4¢4ot ed by one or nore sane or different bal/BE®N6/061776

atons, and Y3 is preferably hydrogen. Exanpl es of a
heteroaryl formed by Y3-Y2- ar e 16f or exanpl e,

alopgenil i nd A
Y Ty

oghﬁg@@hkymgubstltuted by one or nDre same or
different hal ogen atons. Preferably a heteroaryl

Lg[ﬁ?gee’rgllrg\{]ggésgg%% %Ea net lﬁy( ﬁ&: %Hé(ﬂa\“ 4 {elthGPd%qlrlndg ine derivatives

oct@falHeyizelBsdnaldgbasiployedires. or  nor e sanme or
di fferent hal ogen atons, especially hal ogen.
5-chl oro-thi ophen-2-yl is especially preferred as a

10 P2£@h % Y32 Yecion, LVfﬁmmmEn 5'*as
dezsrﬁ d ander ;¥; nTs ﬁr éLgBI "1, P§C% i) Wen
X1l is as descrlbed un n\l) ﬁlLLs pr ef ef'abl y\
hydroxy, Ci-6 al koxy, nono- &Am@,alkyl subst it yf ed \ Avessromotd

hydrolysis coupling with

amino, (G _6 al kylsulfonyl) (T {6 al kyl )amn _ 6 \MNER
al kyl sul f ony- ﬂo'fﬂm£$p abb&; -gar bogy! 1ngM@m ?f‘E? 12

al kyl car boryty 3@3 B TQ iigi. oy pL

R1 i s hydroxy @r 6 alkoxy &. al kyl . 8”@l so )
preferred for Rl "When X1 is as deScribed under [)-i).
[1) Another preferred conpound of the invention is a
conmpound of formula (1) wherein X2 is phenyl ene or
hétr én Oz rheme js ¥ald apldefiryddendoran R” e tler @aemt énteydbegengind RY
Ot hd e RURSKLYGEfhfbeRRE OF More substituents

i ndepen

R

Intermediate (1): The starting amine is dissolved in a suitable solvent such as THF,
acetonitrile or DMF and treated with ethyl bromoacetate in the presence of a base
like TEA or DIPEA and reacted under an argon atmosphere at 0 °C to 50 °C for 1 hr
— 72 hrs. Preferred conditions are THF and TEA.

Intermediate (2): Deprotection of intermediate(1) is effected by treatment with a
mineral acid such as HCl, HBr, H,SO4 or H3PO, or a carbonic acid, in a solvent
such as CH,Cl,, dioxane or HOAc at 0 to 60 °C. Preferred conditions are 4N HCl

in dioxane.

Intermediate (3): Intermediate (2) is reacted with a sulfonyl chloride Ar-SO,-Cl in
a solvent such as THF, methylene chloride, DMF or acetonitrile in the presence of

an organic base such as TEA or DIPEA and reacted under an argon atmosphere at 0
°C to 50 °C for 1 hr — 72 hrs. Preferred conditions are THF and TEA.

Final product (Ia): Intermediate (3) is reacted with an aniline HN(RP)(R%). The
aniline is preactivated with AlMe;s in a solvent such as toluene or dioxane under an
argon atmosphere at r.t. for 1 hr — 3 hrs and subsequently treated with ester III at

clevated temperature (usually 90 °C-110 °C) for 1 hr — 18 hrs to give the amide Ia.

Intermediate (4): Intermediate (2) is reacted with a carbonic acid Ar-COOH in a
suitable solvent such as CH>Cl,, DMF, acetonitrile, THF. Activation is effected by
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sel ected fromthe group consisting of Cl-6 al kyl and
hal ogen. X is preferably 1, 4-phenyl ene optionally

waeastii4¢4ot ed by one or nore substituents i ndepPCEPLDY061776

sel ected fromthe group consisting of Cl-6 al kyl and
hal ogen. X2 is nore preferably‘i74-phenylene

optionally substituted by o or [ )

1P B R OHBI &FresR e e HOBY BAR/Ch. TREG, EDCUDMAP in the
1 pfespii@nfl £b8&se lﬂde|"J)EAQI’IDdIHBI', f}phﬁa‘ﬂfﬂm? QR RN At %’q hes0 °C.
invention is a conpo of . for a erein is
B e SpPEEAT un 3 o ekl Smanins g @Mt BOP and
SWIPEAL uents i ndependently sel ected fromthe group
consisting of Cl1-6 al kyl, G _6 al koxy, hal ogen, cyano,

nitro and am nqg, .and. one or t carhon_ato of. o
nLbsrpERge R e i oin ke Rog e Py gpiving it in a
ghOitdble ¥dvins likcNeOHD |EY(|)H$UEH a4 Hiokey, &i/dl‘ﬂéirn@ @M&ures thereof
ni trogen af. . SPEeCi ridyl optionally

sbstd gﬁi%ﬁ%@@ﬁe%@iu%@&@heﬁ%@oi REdpehllent Prpferred
sebeditieds {re OO & BIOHPI,oonsi sting O C1-6 al kyl, Cl1-6

al koxy, hal ogen, cyano, nitro andam no, and one or two

SR AP TP TER T B L SRR i o

espiebilaidiyenp sefhedsrEd,F19DME, adednitTIHEF. RE@fBOA @feffected by

CAPOHIE b kSTl BeP FRIPELT. KTkt e

phefseideast £papHBATERS, DIPEA, N H YR ofphofin€ @IEPaU0GCof 50 °C.

f %Eaarlrclfqo% t1(n|1gs ranged from 1 hr — 72 hrs. Preferred conditions are DMF, BOP and
DIPEA.

Alternatively, intermediate (4) is reacted with an aniline HN(RP)(RY) as described

for the preparation of final product (Ia).

2. Synthesis starting from (R)-1-Boc-aminopvrrolidine

)rcoupling with

RZ
o o )r < ,NH S ,N /Sro\/
N’& Ar-COOH N’& deprotection Q & alkylation Q & 0o
O — O @ — - )—H _—— N (9)
N N AC H
HN
‘ (6)

O,
)‘N Ar
AT H " (7) AlMe,-promoted
acylation with ) coupling with
bromoacetyl bromide HNFzRPE)J(Rq)
(@] q 0] R q
,Ik/ i substitution ’[k/ R
g N N, with HN(RP)(Re) N Br N N,
O, R < — O O 2
- - By ¢
A" H  (10) A" H o (8) A" H o (lc)

Ar in the scheme is Y>-Y*- as defined before. RP in the scheme is hydrogen and R

in the scheme is —X*>-X° as defined before. R?in the scheme is as defined before.



wherein Y2 is heteroarylene optionally substituted by
one or nore substituents independently selected from

wo bmegraop consi sting of hal ogen, Cl- 6al kyl apd/€£P2006/061776
al koxy, preferably Y2 is heteroaryl ene optionally
substituted by one or nore same !8r different halogen

h I f h
B B o TR B B Sl aia v
I I?DIDM' as deedrell liélaﬂ%'pr d[ﬁ@ﬂi(ﬁi 5'1{ @\E\U}qﬂﬁi&kﬁliate (Qb} r 'P?Mjerre(ll ICondltlons
furany ich are optionally
&B@@S#d@%ﬁﬁ%@“hﬁﬁio nmore sane or different hal ogen
atons. Preferably a heteroaryl formed byY3-Y2- is a

heﬁt%ftﬁédlfs{ﬂe (Mavhremtdive (6) BoldpRsBaEd a$ @tBribaiN@rt the preparation
5 talgﬁgg ogﬁ sul phur atom optionally substituted by
me or different hal ogen atons,

espeC|aIIy hal ogen. 5-chl oro-t hi ophen-2-yl is
espephadiby (B): eherhaliae$7)3is Aeted Gaihybrohab@ el BRYmdR-iY d-solvent

VI her ref ound of he invention is a
cé%fﬁg%fm?t 1?1“|1‘§j ﬁi\i? ey %PGFPnil%l ein e Pyespi}sohan organic
prbeieeuubleds TEKRleIPEAf arfdN@adtBy @ RUrah dr%otgaﬁt%@ﬁ%?dlé ofeC to 50

r oxy,

peln is.preferably
Qggéylahtmﬁ%h sef%rrtﬁfﬁon&t}t%ts.at%?léﬁ ailkd.  (c1-6
aIkyIsquonyI)(Cl 6 al kyl)am no-, Cl-6
10 alhk&i‘rﬁbdlfit@n@/lb) ammredlacél(@ B ﬂéyéte&a\ﬁmowlaa{macp{N(KpQR‘Iﬁ in a

Icar on al k
G Qo e P at%&élﬂatlgchlﬁFgr R‘Eﬁt?ﬁntféi insthimggAEngesof an
alosganw wkesucads TeA JRIDIPEA and reacted under an argon atmosphere at 0 °C
to 50 °C for 1 hr — 72 hrs. A catalytic amount of an additive such as
tetrabutylammonium iodide can be added. Preferred conditions are THF, TEA and

15 tetrabutylammonium iodide.

Intermediate (9): Intermediate (7) is alkylated with an appropriate alkylbromide as

described for the preparation of intermediate (1).

Final product (Ic): Intermediate (9) is reacted with an aniline HN(RP)(RY) as
described for the preparation of final product (Ia).

20

3 Synthesis starting from N-Boc-trans-4-amino-L-proline methyl ester: via

ester intermediate (14)

[eNgPe}
,L coupling with
Ar- COOH o deprotectlon NH

(12)

Ar H
(1 1 ) alkylation with .
q acylation of
B HN(Rp)(R3) Br
N - Br/Y
Br/Y R’ o
R4b
1
R"E’N O O O (1 3) HO.
q coupling with R
HN(R*)(R?*) hydronS|s reduction 1
/Y - ’Y R" /Y - > /YN‘R"
N e}

Ar H (le) Ar H (15) H (14) Ar
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VI11) Another preferred conpound of the invention is a
conpound of formula (1'),(i ) wherein, X, R and Rh

waemoastoef i ned before. 1X) Anot her preferred PONpP2NE061776

of the invention is a conmpound of forrmula (I"), (1")
wherein X1, X2, X3, Rl' and R1* !8re as defined before.

X), Particularl eferred conpounds of the present q
R an Lo ae Y XP U S i GTREnds 30 g wOepEeh depapn and R
( l(ua Sle‘hba)er{le {s[—Z(-zfXSLb?Q defidled(Befers0(RPY @/PVNJii8LNH-hydroxy Cy.¢ alkyl,
ST FRATTEN, LT B ol Nt .ot or N1

5al@yl-0% ocyclyatghene- 2- car boxylic acid ((3S,4S)- 1-
{[2-fluoro-4-(2-o0x0-2H pyridinl- yl)-phenyl carbanoyl ]

T e e e,

( @&_’Bg_ﬂﬁ) ?Gid :mt(bﬁﬂﬂ las {deﬂcr(b%dloﬁéﬁ'tﬁe tpﬁefl)aration of intermediate (4).
r1aln-1-vl )- e - e

PHRrS] vatiosbyrs dab BT dnd DMIE ™

5- Chl or o-t hi ophene- 2-carboxylic acid
( (BSrA&iate-( 22 1 tbtivedatd{ ( B-i0d€proRE @b @k idBscribed in the preparation

4-yl) - phenyl gar banoyl ] - net hyl

}Oﬁ"&r“efgl?g@e @rrm i di n-3-yl)-anide,

5- Chl or o-t hi ophene- 2- carboxylic acid

( (BSrA&)iale-({3)2 Ahlanch @ HAN(R2y(BX)Gis Pyt iviathl Bropmoacetyl bromide in a

phenyl car ba ] - et hyl . T

D S RURON™ B FrFhaieRe Sugride. BYIE r sectibile it Fieprepe.of o
2 ocguhRye suehas TEA or DIPEA and reacted under an argon atmosphere at 0 °C
S i e obh e rgons (2 R TEA™

}-pyrrolidin-3-yl)-amde,
Intermediate (14): Intermediate (12) is alkylated with intermediate (13) as

described for the preparation of intermediate (1).

Intermediate (15): Intermediate (13) is hydrolyzed as described for the preparation

of intermediate (5).

Final product (Ie): Intermediate (15) is coupled with an amine HN(R4a)(R4b) as

described for the preparation of intermediate (4).

Final product (Id): Intermediate (14) is reduced using agents such as NaBHy,
NaBH4/LiCl in solvents such as MeOH, EtOH or THF.
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- Chl or o-t hi ophene- 2- carboxylic acid
3S,4S) -1 -{[ 2-fluoro-4-(2-oxo-2H pyridinl -

4-(2- hydroxy et hoxy) - pyrrolldln 3-yl] -amde,
3R,4S) {[ (5-Chl oro- thlophen@ 2- car bonyl ) - am no]
h .

-4 trlfluo one dlne 1- carboxyllc
"‘.l.‘ nQ;[prolime meghyl ester: via

)C. [ ) :
- A ARymeth 11ntermed1ate 16 _
(3R 4S)-3-{[ (5- Chl or o-t hi ophene- 2-carbonyl ) -am no] - net

hyl } - 4- met hoxypyrrolidi ne- 1- carboxylic acid
[2-fB QYA (2- ox0- 2Hpyr n -yl ). -an1de Nu
(3R, 4£,23 {[ ( 5«&hl or o- % engr 2- ¢ar o,ﬁ aefh "'?mo] &F’{‘

5
[ (
wQ@ kdosphany| car banoyl ] - net hyl PCT/EP2006/061776
}-
(

' F-4- hyaroxy |8|ne-'1 ox?llc ac
[ 2~T Fuomo- 4- ( 2- oxo- %ynwd|n I-yh§ﬂbhenyl] -anld )
(R) - 3-{[(5-Chl oro-thiophene-2-carhonyl|) - am no] nethy
}-4 met hyl am nopyrrolidin e-1-carbikylic acid deprotection
[2-f Iuoro 4- (2- oxo0- Zrkpyrldln | -yl)-phenyl]-amd
f O sulfonylation H.N Nu
{(R [(Sffffb ro- tﬁbﬁﬁhenéﬂﬁicarb -Kz-anino] e)H
- e ;- | - [ 2-f1 ugr - 4- (2- oxo- 28; |din- )
| -1 Y- phenyl car barbyl 1* Al RS
rrol

di n#3-yl } - met hyl - carbam ¢ acid nethyl ester, /e
oF“TT@ 1jf@5-Chloro-thiophene-2-carbony|)-an1rwﬂ“““ Br
-met hyl' } - 4-%¢ et hanesul f onyl net hyl -

anFt -pyrrolidine- 1-carboxylic acid
[2-f 4 (2-o0xo0-2H pyridin-lyl) -phenyl] -amdeg_\//}r
XI$- ur tsher particularly preferred conpounds of
present® i nvention are: 5-Chloro-thi ophene- 2- carﬁoxyhm
acid ((3R 4S)-I1-{[2-fluoro-4-(2-o0xo0--pyridin-lyl)-
Ar in the scheme is Y>-Y*- as defined before. RP in the scheme is hydrogen and R
in the scheme is —X>-X as defined before. (R4°)NH— is Cy.¢ alkyl-sulfonylamino, or
Ci.6 alkyl-carbonylamino, and Nu is hydroxy, Ci.¢ alkoxy, haloC;_¢ alkoxy, halo,
heterocyclyl, Ci.¢ alkyl-sulfonylamino, (C;.¢ alkyl-sulfonyl)(C_¢ alkyl)amino, Cy¢
alkyl carbonylamino, di-C;.¢ alkyl substituted amino, mono-Cy_¢ alkyl substituted
amino, Cs.7 cycloalkylamino, heterocyclyl-amino, (Cs 7 cycloalkyl)(Cy¢ alkyl)amino
or (heterocyclyl)(C;.¢ alkyl)amino.

Intermediate (16): Intermediate (11) is reduced as described for the preparation of
final product (14).

Intermediate (17): Intermediate (16) is reacted with methanesulfonyl chloride in a
solvent such as THF, methylene chloride, DMF or acetonitrile in the presence of an
organic base such as TEA or DIPEA and reacted under an argon atmosphere at 0 °C
to 50 °C for 1 hr — 72 hrs. Preferred conditions are THF and TEA. Preferred
conditions are DIPEA and methylene chloride.

Intermediate (18): Intermediate (17) is reacted with an appropriate nucleophile
according to general methods known per se, e.g. as well known to those skilled in
the art and/or as described hereinafter and/or as described in the Examples or in

analogy to these methods. For example the mesylate (17) can be reacted with an
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phenyl car banoyl ] -nethyl
}-4-nmethyl -pyrrolidin-3-yl)-am de, or

w®2@@hl1orot t hi ophene- 2- car boxyl i ¢ aci d PCT/EP2006/061776

{(3S, 4S) - 4- net hoxy-I| -[ (5-nmethyl -4,5, 6, 7-

tetrahydro-thiazolo[5,4]pyridinzi:ylcarbanoyl)-nethyl]

-pyrrol i.din-3-yl}- am de. The conpounds of the esent

| RUGHE pb i BifeethrE0agy, SRBr Bxhaphe Byht HoT HEnarapiene

sycmohfge,i DME (ﬁg@dﬂéhﬁﬁled Elﬁﬁéd(ej%@@, e bepan feaass @lch QY MHEARSH ISIPEA

Procedu reviations o ot s

T Bt P 0l W TRECERY PSP ECHYISRAE A AGE sHBH T nder an

haxghl deroepies pPadfer&Ryditions are an excess of reacting amine in THF.

Bi -§2<0ﬁqb§ioxaijidi I%%pgos hinjc .acid chloride

cpiet ey Doy Wi el B e dhoredinaalt or the

DipBaféiu il saF @D b@ RO GLRYIMBTHE o Corlgrelslf)ondin g al(cjohotl)ﬁ/ss %)lvent.

N-’I 0 gl byl a ot aa' ,?I%FQIC(')\!%ol}la-lteDligl(e)ltataynedobryn(?er[r)]rot%nation of the

DI Be ARGy kb by

Nalcdh&) wieh WaaNinoPRY ITHIN gfehvlidigioh RAAhE MdRate. the reaction
Iuorenylnethylox%gcarbony

hydrochl orjde Fmec: 9-F

HPERCESS 1 xbell 6 PRATDH dvez?? Aikedisbaresyl gmypsphere.

C lllerayibely, the mesylate (17) can be reacted the sodium salt of a lactam which is
generated by deprotonation with NaH in DMF or THF. After addition of the
mesylate (17), the reaction then proceeds at 0 °C to 50 °C within 1 hr — 72 hrs under

an argon atmosphere.

Intermediate (19): Intermediate (18) is deprotected as described in the preparation

of intermediate (2).

Final product (If): Intermediate (19) is alkylated with intermediate (13) as

described for the preparation of intermediate (1).

Intermediate (20): Mesylate (17) is reacted with NaN3 in DMF. The resulting azide
intermediate is then reduced in a Staudinger reaction with PPh; in H,O/THF or
alternatively hydrogenated with hydrogen under normal pressure or by transfer
hydrogenation with a catalyst such as PtO,, Pd-C or Raney nickel in solvents such
as MeOH, EtOH, H,O, dioxane, THF, HOAc or mixtures thereof.  Staudinger

conditions are preferred.

Intermediate (21): Intermediate (20) is reacted with an acyl chloride or a sulfonyl
chloride in a solvent such as THF, methylene chloride, DMF or acetonitrile in the
presence of an organic base such as TEA or DIPEA. The reaction proceeds at 0 °C
to 50 °C within 1 hr — 72 hrs under an argon atmosphere. Preferred conditions are
TEA and methylene chloride.

Intermediate (22): Intermediate (21) is deprotected as described in the preparation

of intermediate (2).

Final product (Ig): Intermediate (22) is alkylated with intermediate (13) as

described for the preparation of intermediate (1).
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NMP: N Met hyl pyrrolidi none PyBOP: Benzotri azol -
1-yl -oxytripyrrolidi nephosphoni um hexaf | uor ophosphat e

wQa Bhe/Ti44et hyl am ne Teoc: 2-(Trinethyl silyl) et hpdDER2006/061776

car bonyl TBAF: Tetrabutyl amoni ym fl uoride TBTU:

O (Benzotriazol- |-yl)-N N, N ,NQZfetranethyIuronium
teraflu oroborate TFA Trifluoroacetic acidl. Synthesis
starting from 3-(Boc-am no)pyrrolidine and

3- (Bocam no) piperidine The foll ow ng schene depicts
ol v Shethpyis stottindi fiem $eixacB azaRhip@ilé[di 10Bhekeh b Badat B lic acid
wer e synghethz db ]nalooous procedures. Ar in the

s ety st hyd sact 98fe¥e. Rp in the schene
IS hydrogen and Rq in the schene Is - X2-X3 as defined
befpre. Intermediate (1): |The starting gmne is

diskol ved in alsuitable ent such a HF,

aceti Lril.e orYfSI\/F and tre@t ed, w.hh et iy’

bro cesemtre | hehy_;'bﬁgen@r fAr%?OFbase I&I:Ze TFA or

DI P and reac under a on at e at QOCto
50 OC for h? oo 72 hrs. "Prgferred condigsiBns are THF
and TEA. Int&rngediate (2): Deprotection,of
|nterned|ate@mgtls effected by trea@wey/ \KhwaWW

m neral acid h as HO , H2SO or Oyor a

car boni c aC| n a solve such Cl 2, di oxane or
HOAc at O o 60%?8 Pre rred condipﬁahs are 4N
Q

1. hydrogenation

N %
—_ S 7 )_H “oH
. ) o) Ar
;—1' e 2. coupling with Ar-COOH :s g 2 w (26)

o~R
(28 AT H op alkylation with

@]
Br\)LN,Rq

13 &

deprotection ,

0 alkylation with o
q Q
HLN,R . A
) Br. R N
N_ R’ N y Nk
o j ) (13) e
)‘N "0—R4d O)_ - R O)_ %
N o= N OH
A ) A H Ar H
(li) (29) (Ih)
alkylation 1. coupling with Ar-COOH 0
—I_ 2. deprotecti Hl\ AR
o) . deprotection N
O (¢] 1
HLO’\ \( 3. alkylation with N R’
N N \)L Q S_z
S ; ;—2 AR N OH
} A Ad Ar H

)—N “o-R H N OH (13) fe
H

(30) m

Ar in the scheme is Y>-Y*- as defined before. RP in the scheme is hydrogen and R
in the scheme is —X>-X° as defined before. R* is Cy. alkyl, halo Ci.¢ alkyl or -Ci6
alkyl-OH.

Intermediate (23): 6-Oxa-3-aza-bicyclo[3.1.0]hexane-3-carboxylic acid tert-butyl
ester is subjected to an enantioselective ring-opening with trimethylsilyl azide in
analogy to S.E. Schaus, J.F. Larrow, EXN. Jacobsen in Journal of Organic Chemistry,
1997, 62(12),4197.

Intermediate (24): Intermediate (23) is hydrogenated with hydrogen under normal

pressure or by transfer hydrogenation with a catalyst such as PtO,, Pd-C or Raney
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in dioxane. Internediate (3): Internediate (2) is
reacted with a sulfonyl chloride Ar-SQ2-C in a

waelgan4osuch as THF, net hyl ene chl ori de, DVF BET/EP2006/061776

acetonitrile in the presence of an organi ¢ base such
as TEA or DI PEA and reacted undéd -an argon at nosphere

Caiget ot ehas RO Haé BPORIS 1 4J0Ae or mixtues

| Iﬁlﬁ@é@fﬁ@kﬂt@ﬁrﬁtl(féﬁ' the ali@d@he heWoh beredd t@%hle'o@ﬁrekﬂi%ﬁﬁ?g( &dinc by

. .Th I at ed t sol vent
et oo sePhEnaRERENRe o R AT g Brethr st operBns arc

athydrolgendtion whtthydro@nhh $h@p1@seﬁu@§ﬁet@nﬁ MeGH ﬁﬁio@ﬂ:nw th
ester 111 at elevated tenperature (usual ly 90 0C- 110

ve t he .am

0 for

st @) i?tefﬁnﬁihaw 18598131@%)%?1*3&@@%@{1@&% {4 GPOH as

cdehpibed f@cihd pAepackddn dMinerflélifabd(49. FaLHADE cSHER0AS are BOP,
é:]ié é)iéF acetonitrile, THF. Activation is effected

%_ﬁ ik 1%E‘upl i ng reagent such as BOP, BOP-C, TBTU,

EDCI / DMAP in the presence of a base |ike TEA, DI PEA,

N{metrhydlmr(p@)o hiteen@lige (2 i$APcotb@cdE @seridadst thepreparation
ala ed from1l hr - 72 hrs. Preferred conditions
ge"gf\]?ﬁ’ Znd DIPEA Intermediate (5): Hydrolysis of
|ntermsd| ate (4) is effected by dissolving it in a

sFitadlbpredsal vient ItekeediOH26EHIOHIkylddd whittdH-iflieBXedige (13) as

or .mxtures thereof an se |ike UCH, NaCH,
W%PF“R&%&%‘?XG RSPBRUQR © 813&@?& red conditions are
NaOH in EtOH H 20. Final product (Ib): Internediate
( BpteimediaepRed Indctcdinteq?bNs dtYlde) W) an Sppropriate alkyl halide

cither by promoting the reaction with Ag(I),0 in a solvent such as toluene, THF or

acctonitrile. Elevated temperatures up the boiling point of the respective solvents,
multiple addition of alkyl halide and prolonged reaction times up to 6 days were

required in order to drive the reaction to completion.

Alternatively, the alcohol can be deprotonated with treatment with sodium hydride
in DMF for 1 hr and then reacted with an appropriate alkyl halide or triflate for 1 hr
— 48 hrs.

Intermediate (27) can also be obtained by alkylation of intermediate (23). The
alkylation can be carried out in the same way as the alkylation of intermediate (25).
Subsequently, intermediate (28) is hydrogenated as described for the preparation of
intermediate (24) and coupled with a carbonic acid Ar-COOH as described for the
preparation of intermediate (4). Preferred conditions are H, PtO, in MeOH for
the hydrogenation and BOP, DIPEA and DMF for the coupling step.

Intermediate (29): Intermediate (27) is converted to intermediate (29) as described

for the preparation of intermediate (2).

Final product (Ii): Intermediate (29) is alkylated with intermediate (13) as

described for the preparation of intermediate (1).



sui tabl e sol vent such as CH2C 2, DWVF, acetonitrile,
THF. Activation is effected by an am de coupling

wo emgen4osuch as BOP, BOP-Cl, TBTU, EDCI/ DVAP PCI/EP®06/061776
presence of a base |ike TEA DI PEA, N net hyl nor phol i ne
etc. at O0Cto 50 OC Reactlonzﬁlnes ranged from 1 hr

2 hrs. Preferr nd|t|o nd Dl P
AEEs o Predit Fltraa: o g aed oy eliokign o dhiegedite (29)
alWlﬂll m@nhﬂ\de&&) 4R pthaResde 8¢ dédombed Q) thta PrdpaRRhad( 1ﬁ&r1‘hf3d1ate

2. h
2] BB Sk s AR 5 BRI, s acscrina for
Y%eYﬁepﬁﬁtl&eﬁfﬁlﬁﬂpﬁﬁfu@fﬁa) Rp in the scheme is hydrogen
and Rg in the schene is - X2-X3 as defined before. R2

t he sch eflned ore. | nternedi ate

S TR pa R SRy Prist R e GBS BN TR dcid tert

cduboriser éIdd:sId?l%d- b?@:El Séhad@SIIIF [ Dgﬁbv? ,OE.NL ngcobs%n t1n Journal of
r epar.atj on, o e referred. conditions
pPeép %@ﬁ&‘iﬁ?l#@e\lg% 6@1@) 43?15{3) %féa%%?dewtﬂ?jwarbﬁwraﬁ@d%QQOH
( 6ﬁenl @epel@[@dst@d efd ﬁﬂalﬁﬁalﬁﬁ%ﬂ |wki@1d1nfe@ﬁ1fediafke( 1BF 8RAg ald Mdcedures
e di ate ternedj ate é er nedi at e

e bd B b trendion P DREABETRCS i oD ehe iUy HomSH vt
such as THF, nethylene chloride, DVF or acetonitrile

10 in the presence of an organic base such as TFA or

DI PEA and reacted under an argon atnosphere at Q0C to
.7 hr . Preferr.ed tions _ar
& % Ox@3-azack g -ql émng— eboxVFC acid

r @@Gbﬁd/l mtéﬂwsﬁnh@e@ Vig kbilh!(lmmEmhtd n a

(@]

+ +
OYO oxidation Y —J)_ acylation —I_

reductive or

O O
N amination I sulfonylation I
— N N,
O
yp s ! g
R

N

l

H NH, H N=R
(25) (31) Ar (32) (33)
1. deprotection
l 2. a?kylatlon l deprotection
o o
O N” R oxidation N LR
1 — 1 N
N N, R° N, R’
o}
) WA N
Ar H H
Ar
(37) (Ih) (35) (34)
oxidation alkylation with
reductive o
amination
Br ’I\‘,R‘*
13
o] o) o (13) g
2 q ol
HLO/\ Wittig HLO’\ AlMe,-promoted HL’E"R HL’E"R HL’}"R
N N Souwpling N R Ne R Ne R
L2 R T AR e oA
M % o o M’ Nere I AR
Ar Ar A H A’ H RM' a7 H
(38) (39) (Im) [(1}] (k)

Ar in the scheme is Y>-Y*- as defined before. RP in the scheme is hydrogen and R
15 in the scheme is —X*-X’ as defined before. (R*) (R*)N- is di-Cy¢ alkyl substituted
amino, di-haloCy¢ alkyl substituted amino, (Ci.¢ alkylcarbonyl)(Cy.¢ alkyl)amino-,
(Ci.6 alkoxy-carbonyl)(Ci¢ alkyl)amino- or (Ci.¢ alkylsulfonyl)(Cy.6 alkyl)amino-,
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sol vent such as THF, nethyl ene chloride, DV or
acetonitrile in the presence of an organi c base such

wa@soosEn4or DI PEA and reacted under an argon at POBPPBN&061776

at 0 0OCto 50 OCfor 1 hr - 72 hrs. A catalytic anount
of an additive such as tetrabufﬁﬁannoniun1iodide can

be_a d.. Prefe onditions are THF, T an )

¢ ORF A8yt BB it KOS o R A -REYCe o subsituted
| e e is atig1-6ulJoniykandth &ydaC echlvil-ChrbdRylappiEpr i at e

al kyl brom de as described for the preparatlon of

i nt er medi at I nter (

| REETAE 1 O i reh < Sh R PR oS der | Bty Gperine
tlpeoqedtﬁféags%ﬂﬂlﬁﬂoﬁlﬁefpyﬂdinepz@ﬂplﬁi TEa) Dl}iS@YIﬁEﬂh?%hé chloride).
startin rom rans anj roline ne

o d P o DELER o Frbr daivhe 15y Ao diran b RO
Y3-Y2- as defined before. Rp in the schene i s hydrogen
amaiteRgedintet (32): SIQtteﬂiediaEe €31X4s ¥dbjesedlaf emrdivbahofif/ion with an

R4a R4b d Cl-6 al
é|awf1§n(l %@#bi@ﬁ “ﬁ%@}ﬁ%ﬁy acelgle @af1a%mannw1g Chjqul% upige a
Cheducalgagbnich bio@ NaBHAT i1 CHONMBIE! @AUEN)BH, in a solvent
et P gl orol s MR sk L S o i DAGLats eeid puch as

asl(@asga chete baded Defapiigpaihategiionl ThnhRrARMhatathhdnium salt
itipons are B DI PEA

Pt ef er con DIVE. ]
B fis beeti o) 8 o medis svqrra) TS cepHRiAc TRy action
dessseedrest 4 fenipgatRiEpar BY {080 OF. | Pleif MoAlRioh4)are Ti(OiPr)s,

DIPEA, NaBH,4 and EtOH. The products obtained consist of a mixture of epimers

at the newly formed stereo center.

Intermediate (33): Intermediate (32) is reacted with an acyl chloride or a sulfonyl
chloride in a solvent such as THF, methylene chloride, DMF or acetonitrile in the
presence of an organic base such as TEA or DIPEA. The reaction proceeds at 0 °C
to 50 °C within 1 hr — 72 hrs under an argon atmosphere. Preferred conditions are
TEA and methylene chloride.

Intermediate (34): Intermediate (33) is converted to intermediate (34) as described

for the preparation of intermediate (2).

Final product (Ik): Intermediate (34) is alkylated with intermediate (13) as

described for the preparation of intermediate (1).

Intermediate (35): Final product (Ih) is oxidized as described for the preparation of

intermediate (31).

Final product (Il): Intermediate (35) is subjected to reductive amination with a
commercial amine using a reducing agent such as e.g. NaBH,, LiBH,, Li(CN)BH;
or preferably Na(CN)BH3 in a solvent such as an alcohol, e.g. MeOH or an cther,
e.g. THF and an acid e.g. HCl, HSO4, H3PO. or a carboxylic acid, preferably
CH3COOH at a temperature of -10 to 60 °C, preferably at 20 °C for 1-40 h. The

products obtained consist of a mixture of epimers at the newly formed stereo center.



Internmediate (13): An amine HN(R p)(Rq) is reacted
W th bronpacetyl brom de in a solvent such as THF,
woredohsti«ane chl ori de, DMF or acetonitrile in thBCT/EP2006/061776
presence of an organic base such as TFA or DI PEA and
react ed under an argon at rmsphelzé at @OCto 50 OC for
1 hr re erred conditions. are THF an
?@Ffﬁﬁ%‘ @ e Bpg pEe et sagioup 19) infegmeiain E%Séds Wepypd as

| @Eﬁilﬁ%@lfaﬁ ehe( iaae}pmlode&c [ﬂtmdﬁm (Qheth@ﬁ aRandetMY @hmine is

in Intg nﬁdlate ). Intermedi ate
@s‘/ Wﬁs‘ cligs agjd s hylgsier %fie%Cﬁée%rf%rp&}eapre@ﬁr%m of

| ﬁﬁt@fﬂi@ﬂdt@t@ (5). Final product (le): Internediate

(15) is coupl ed vvith an am ne HN(R 4a)(R4b) as

scrlb r i.on of rmedi at e
5 W&fmﬁﬁﬁa'&d% E hedi é?’héﬁ?)&?@e% 4% eS?réquéah@@&remrﬁg)n of
agﬁeﬁrﬁe(ﬁat@mla)_s NaBH , NaBH4ZlIi O in solvents such as
MeOH, EtOH or THF. 4. Synthesis starting from

N- Boc-t r.ans ne rreth ester; via

TR HRE D ARBRREaREE Plapomied 1 Tebomqienegerivative

Yan¥&- wastigledonaridnbehgie. m&ﬁylluﬁpﬂehﬂgﬁ@ﬁﬁar@ﬁmrﬁ hyefi@g8n the
the schene is - X2-X3 as defined hefore.

?%ﬁe@s:r%lq_or}las basq S%Chazfskggta%@pf Eﬁg&,plétﬂ{a}poor gdigg _hydride in a solvent
10 akkan asCEM B @R YIMBDN Alteantdivily, ihs dﬂbfﬁﬁ%ﬂ’?’léne Clodp @nkMiroduced
hal oC" al kox %ah het er ocyc|
APRYE readPT oAy harhos: UrecHeteTeAinie Nyeei] ety (c1-
al kyl )am no, Cl-6 al kyl carbonylam no, di-C _6 alkyl
S s iprodRd (Bt N@teriRaRt39) Gs aédéwh Wi shi {niliRIHATRAORY) as

@%ﬁ Eé%/(f@al%e?}{gfgar?a{f&wg‘tgqﬁ%g)c ycl &a- am no, (C -

15 7. Synthesis starting from 6-oxa-3-aza-bicyclo[3.1.0lhexane-3-carboxylic acid

tert-butyl ester: fluoro derivatives

Ing wi Ikylation with RY
6. o 0w O o 1. coupling with al HL 4
O Ar-COOH H ,Ej
! ! N ? N R
fluorination hydrogenation N 2. deprotection o S 7 Br\)LN,F{“
— — p — 27 Ip R
3 3 3 o F gy R p
P OH N F H,N F A’ H H
2 o o r [—— Ar
N (23 N (4D) (41) (42) (In)

TosCl l

| | | (o]
OYO 1. coupling with alkylation with HL RS

O O o O Ar-COOH

H o
N
N fluorination N hydrogenation N 2. deprotection Br\)LN,Rq
—_— —_— Q o Q
S—z % wy R p
4\] H Ar H

F Ar —_—

-
I3
s
N O N 48 (lo)
(43)

Ar in the scheme is Y>-Y*- as defined before. RP in the scheme is hydrogen and R
20 in the scheme is —X>-X’ as defined before.

0
|
bo
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or (heterocyclyl) (Cl- alkyl)am no. Internediate (16):
Intermediate (11) is reduced as described for the

w@e@par#abvi on of final product (14). Internedi aPEr/ER20P6/061776

Internmediate (16) is reacted wi th nmethanesul f onyl

chloride in a solvent such as THE; net hyl ene chl ori de,

0 ceto rile in the pr nce of an or gani c_base
DE/FWHEQ 646)DI Pgﬁeﬁmfﬂ‘i‘tgacfgﬁ urtdler 14 maa[t%cg with — bis(2-
a&mﬁ@ly@uh@l)&hlt@@lﬁlﬂlﬁ@ﬁﬁl@ﬂﬁ@ racdorBin Ei to/# ni¥tBed described by D.
Preferred con |t|gns THF and T Preferred

cSrurard shal wrdM ey Rtele3chl ori de.

Intermediate (18): Interrredl ate (17) is reacted with

afn RPRECRTC (@1 8 hﬂ@ﬁh&ﬁmb ih® iaecReel ROl itdaTsF Me preparation of
nmet hods kn?% per se, e.g. as well known to those
sKIeIReHiath e art and/or as described hereinafter

and/ or as described in the Exanples or in analogy to

t hegemb@EhftodD): Hﬂérnﬁa)ﬁ@m)'(@l)t Recoptad 4@ Anl Gyl C@PbdREe acid as
_r aCt]EB‘ig%ﬁF anexcess ar ri mar or seconaary am ne

et c BifBAra5en Pl Fi“e ¢ he Theil BiciRps erpprisgicaved as

a@@icﬁﬁbd forlte prlepardB6€ s6AE¢ medAtQRgaNi ¢ base such as
TFA or DI PEA can be added. The reaction proceeds at 0O

at L pRrES! ot Lieduetba o) dhoac it cpeahediate (13) s

I dagtibayfo MhderepataiibiCof ibtdrchRtd Mgl Y, the nmesylate
(17) can be reacted with the sodium salt or the

aSSI t of an_.al

g Whesnoids 205 wafied ik %WU%W%MIWC as

awascha&lﬁ),rtm cphra@hiobehgringdki@yped by deprotonation
of the alcohol with NaH in DMF or THF. After addition

o&nttepmee(ﬂgt%yl(ﬁt) elnt%prr?e 1§éac(t43) 1s reacted with a fluoride salt such as
tetrabutyl ammonium fluoride, triethylammonium hydrofluoride, cesium fluoride
or tetrabutylammonium triphenyldifluorosilicate in a solvent such as THF, EtOAc,
acetonitrile or DMF. The reaction proceeds at -10 °C to 100 °C for 2 — 18 hrs under

an argon atmosphere. Preferred conditions are 1M tetrabutylammonium fluoride
in THF.

Final product (Io): Intermediate (44) is converted to the final product (Io) using

analgous procedures as described for the preparation of final product (In).
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15

proceeds at 0 OCto 50 OCwithin 1 hr - 72 hrs under
an argon atnosphere. Alternatively, the nesylate (17)

waeaneheidpeact ed the sodiumsalt of a | act am whPCHEP®06/061776

generated by deprotonation with NaH in DVF or THF.
After addition of the nesylate~ @ﬁ?), the reaction then

315, ! A W
(b&}yllegteldgaeﬂ@@egred as descrl bed in the preparat| on of
internediate (2). Final product (If): Internediate

(19) is aI kyI ated with internediate (13) as descri bed
for tHecpl ”auglar ation of*i AFer medi at e (15°° "Rt er medi at ex

(20): ate ) r ead &I th in DEECThe S—Z
r esylA aZI de int. dAGaE%oué)nﬁgwﬁhE'g%VT ed in a . H-—(,

O

St auq pger reaction wi #Hh PPl

al ternati vel y hydrogenated wi th hydr oge under nor mal
pressure or by transfer hydrogenation with a catal yst
such as Pt2, Pd-g or Raney nickel in solvgnts such as
MeOH, EtOH, H20, 'Qa@anﬁsamnlflcahonI—IOAc or m xflures

t hereebnwist audlhderl, condi s aene rpr ¢Ek

Intermgdtate (2 Ntermedrate (20) s hectoed with
/A sul fonyl chl ori a(sol vent

48)

an acyl ohl ogj

such asF'{;rHF metp efie chl ori de, DVFROr caceit(mltrl l e
in the presence an organi ¢ base such a®™ TEA or
Dl PEA The rerédd‘tt?“gn proceeds at 0 0OCto 50 OCwithin 1
hr - 72 hrs under an argon atnosphere. Preferred

. . (e]
conditions are Q a R
R - -R H
Chiral N’ Chiral N g Na g Chiral

N pH-SOLl N. R°
S—Z O _‘(O R \ ~5_Z
0 N
HOH,C N—(R' R“'\’s; . H R
d
(Ir) o] (Is) (It)

R’ in the scheme is hydrogen and RY in the scheme is —X*-X° as defined before. PG
means a protecting group. R in the scheme is Y>-Y>- as defined before.
(R*™®)(R™)N- is -NH-hydroxy Cy.¢ alkyl, -N(Cy.¢ alkyl)(hydroxy Cy.¢ alkyl), -NH-C;.
¢ alkyl, -NH-halo Ci. alkyl or -NH-Cy.¢ alkyl-Cs.7 cycloalkyl. R* is Cy¢ alkyl.
(R (R™)N- is Cy6 alkyl-sulfonylamino-, (Cy.¢ alkyl-sulfonyl)(Cye alkyl)amino-,
Ci6 alkyl-carbonylamino-, di-Ci.s alkyl substituted amino-, mono-Ci¢ alkyl
substituted  amino-, Cs7 cycloalkylamino-, heterocyclyl-amino-, (Cs~

cycloalkyl)(Ci6 alkyl)amino- or (heterocyclyl)(Cy.¢ alkyl)amino-.

Intermediate (45): Synthesis of intermediate (45) is described in R. M. Rodriguez
Sarmiento, B. Wirz, H. Iding, Tetrahedron Asymmetry, 14, 2003, 1547-1551.

Intermediate (46): The starting carboxylic acid is reacted with a diazo-transfer
reagent such as diphenylphosphoryl azide, sodium azide, 4-acetamidobenzene
sulfonyl azide, p-toluene sulfonyl azide, etc. in the presence of a suitable alcohol

such as benzyl alcohol (to yield Z), (4-methoxyphenyl) methanol (to yield MOZ),

Chiral
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TEA and net hyl ene chloride. Internediate (22):
Internmediate (21) is deprotected as described in the

w@e@par#abvi on of internmediate (2). Final produckCtl/EBIOD6/061776

Internmediate (22) is alkylated with internediate (13)
as described for the preparatioﬁ9of intermediate (1).5

esi a f ) ) ) )
Y& Ty 2tnan et A aiel Bmggh ermettslyh sk (gofild Teoc) in
t @ntorgadiy| sg)(g@%tg Euchhhfsg f(?%éhe"f a@dt{cﬁﬁtﬁde CDIVPR umtvflrs]a ANMEH DVMSO at
as e or e N e s ene
ey Ky Eglaﬁeféﬂae F&?twqrfng‘? Tineb 66 SickhdutreomeondRg. pegtected
a$ntdl&ﬁ¢d1:ﬁ;6 (bef aithin B2d H. Préferkedard) Jﬁ%ﬁhe o@plﬁ)rgcl' £ide in the
i ate

al k nt
B PEsREn S of ey SOy e Doy HE KNG DB RN °C widhig 818
tert butyl ester is subjected to an enanti osel ective
r IImtg:rIﬁEXﬁﬁtler(g7)Mﬂld‘avﬁLg‘el df&h@yf(ﬁéi\ldtﬁﬂ% gﬁﬁgﬁ%llﬁa@g@bﬁwldt@fknown
ar acobsen in rnal o
TG Brfos Bidrpeengho forgh oy pash wek wrandar @2 such as
( AHN orltoluef dadioatctac(® &)eatlnﬁenlﬂ withqURdtShr Web@lnrﬁ/ﬂﬁt@gﬁ Rolvent

under nornmal .pr ure or tra sf er hydrogenation
iR S R O ClikaPi kB ITCent of

S %M@M&ec&d&hte&ﬁw&ﬁ@'ﬂA@ﬁvﬁﬂTEﬁ@n adétoX AR at gl’é%ted’@ﬁﬁ)erature

m xt the Alternatlvely t he azi de. can
F\%’F‘? gé e@o({] SloPELRRIN Angackivitid CB‘SPOf‘YI@a%CFPeﬁtadGFQ fp the
t ﬁréa@ﬁ@tﬂ)ﬁlﬁﬁ%ﬂhbfﬂﬁ‘l di]PeCHﬁQﬁfEHEedlﬁ’ﬂéE(ﬂW b&tc&P 0d1'00'°@nf%r 3 72 h.

ar e rogenati on wit en in the presence
ARG eree. Chier HRGT aOR 280P Phi ditid: ACIAOB
| ED@IHDM@Q’, Woblty2 BRIrbRRncat@Cde M theFdehedSe of a base like TEA,
DIPEA, N-methylmorpholine etc. at 0 °C to 100 °C within 2-72 h. Preferred are
CDI and isobutyl chloroformiate in the presence of DIPEA or N-methylmorpholine

at 25-80 °C in acetonitrile for 18-72 h.

Intermediate (48): Deprotection of intermediate (47) is effected by treatment with
a mineral acid such as HCI, HBr, H>SO,4 or H;PO, or a carbonic acid such as TFA,
in a solvent such as CH,Cl,, dioxane or HOAc at 0 to 60 °C. Preferred conditions
arc 4N HCl in dioxane at 25°C.

Final product (Ip): The amine (48) is dissolved in a suitable solvent such as THF,
acetonitrile or DMF and treated with intermediate (13) in the presence of a base
like TEA or DIPEA and reacted under an argon atmosphere at 0 °C to 50 °C for 1 hr
— 72 hrs. Preferred conditions are THF and TEA.

Final product (Iq): The ester (Ip) is dissolved in a suitable solvent like methanol,
ethanol, THF, water and treated with LiOH, NaOH or KOH for 0.5-24h at 0-80 °C
to yield the corresponding Li, Na or K-salt of the carboxylic acid. This carboxylate
is activated reacted with an amine R*-NH-R*™ as described for intermediate 47).
Preferred conditions are DMF, THF and CDI at 25 °C.

Final product (Ir): The ester (Ip) is dissolved in a suitable solvent such as THF,

methanol, ethanol, isopropanol and reduced with an appropriate reducing agent
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descri bed for the preparation of internediate (4).
Preferred conditions are BOP, DI PFA and DM.

wo pdoennEdi at e (26): Internediate (25) is depr OPEDERHOEE61776

descri bed for the preparation of internediate (2).
Fi nal product (lh): Internedi ar &0 (26) is al kyl ated

bR o P o 0 G0 E T3 0 FAtTenf i SARg1 o pjhanol a 2

| nCesmExhi. ate (25) is alkylated with an appropriate
al kyl halide either by pronoting the reaction with

Ag(1)20 i.n a sol uch. as. tol uene,. THF o

adnd aropirco g atediel dider sbupBet ip 4 mtsus ot sueh as
p(dndhlorofnetﬁﬁﬁe r E’Smcabft‘éﬁltﬁlgl \p@flﬂﬁlc ﬂﬂ-ti titcple@ ®HAI 4 Qﬁpﬂfprlate

rol onged reaction ti
st Bl iR e Bttt W gpararyts e pudcanIGibA GEA or piridine
C@ﬂpﬂOQSO @ forrd).5 er4sht Preidried dogitiahs @hdiciaibn@hane and IS)IVFldme
6%%982 h treatment with sodium hydride in

F reacted with an appropriate al kyl

hallde or trlflate for 1hr - 48 hrs. Internediate (27)

C & aklpsed e (Dbt"[&ierb‘aﬁatby(lsa|1§<§Iis§ﬂifddrhnclf suifibRY B@hak&h as THF,

atjon rjed out |nthe same

W@V’Eﬁpﬁ’ %A\l(%?csmn&ﬁl e Gl e &Xqess9f an appropriate amine
Sub3B YRR foy 2-72ht Broi@eidalofditid8) ale DN 0 anairedh as
descri bed for the preparation of internediate (24) and
coupled with a carbonic acid Ar-COOH as descri bed for
the preparation of internediate (4). Preferred
conditions are H2, PtQ2 in MeCOH for

9.  Synthesis of 2- and 3-aminomethyl-pyrrolidines

The following scheme depicts only the 3-aminomethyl-pyrrolidines. The same
reaction sequences and conditions were applied for the 2-aminomethyl-

pyrrolidines as well.

HN o coupling with Ar
2 \/C\st Ar-COOH ~f

——

o _ R
deprotection L (32) (lm)
Ar H\/C\ coupling with Ar H coupling with Ar
N RE-X N\/C Rs-COOH \/C
) N~g! -— ) NH —_— r NY
o} e} e} ke
(In) (31) (lo)

Ar in the scheme is Y>-Y*- as defined before. RP in the scheme is hydrogen and R
in the scheme is —X>-X° as defined before. R® and R' in the scheme are —X>-XC as
defined before.

Intermediate (49): The starting amine is reacted with a carbonic acid Ar-COOH in
a suitable solvent such as CH>Cl,, DMF, acetonitrile, THF. Activation is effected by
an amide coupling reagent such as BOP, BOP-CI, TBTU, EDCI, EDCI/DMAP and
an additive such as HOBT, N-hydroxysuccinimide or N-hydroxy-2-pyridone in the
presence of a base like TEA, DIPEA, N-methylmorpholine etc. at 0 °C to 100 °C.
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t he hydrogenati on and BOP, DI PEA and DVF for the
coupling step. Internediate (29): Internediate (27) is

wa@onsaided to internmediate (29) as described fPCT/EP®06/061776

preparation of internmediate (2). Final product (li):
Interrredl ate (29) is alkylated~ \??nlfh i nternedi ate (13)

descri bed for, the par. termnmedi ate
(ReSsRPeimg: rvard om R Tovadin: PRI CanIBE g BT HEGEDCL
by{(aB”Ky(hcatrEArate(f) °tnt er madl ate (29) with bronoacetic
aci d ethyl ester as described for the preparation of

er nme Internediate (30) jsS.the act ed
Wrrﬁﬁ(%ﬁ'ﬁ’l (Sp)n (]g PR RO )m'ﬁgmaég@rmg)e’& S?teci E)é treatment with
pmep@eaﬂ g@a s0h ﬁs4me:l 51310@5@4 61 H);laofbm?barpmd W€l suth hs TFA,
3S, 4R) - 3- am no-4- OXYy-pyr i di ne-1 -
Lo heear PO CE Ol i rep gt B0 & 388¥a ponditions
Larg DWA inflCNL,CH aczibgen i n Journal of Organic Chenistry,
1997, 62(12), 4197) was reacted with a carbonic acid

t ect and f.jna al k ed with

P Erminter ST FRS R, St i ety b oS s etinisg gt suitable
t kelv@artaper @@HEClngIt/IEI EHPFEA¢BRESN 6142114&: afrdne ADAROIRY) is effected
I‘ e ect i n esi s n ro

30 A B! S 3 onPethr ol iy P ritraplicpyl- or 4
t amoﬂmtlw chﬁﬁbﬁﬁmafeymﬁm%@% ltk;eilDKQEAQN Rcl gf[ﬁltoﬁné- pyridine

tec O C (0] a

SERLAL I R0, 98RO HbRRL Goperbns armb i TR Lhifeophenyt

I@hll@y(ﬁbﬁﬁﬁeaﬁ@ yifiné Bt 237 schene is - X2-X3 as defined
before. (R4e) (R4Af)N is di-C _6 alkyl substituted

Final product (Iu): Intermediate (50) is reacted with intermediate (51) in a suitable
solvent such as DMF, DMSO, THF at 0 to 120 °C. Preferred conditions are DMF at
80 °C.

Final product (Iv): Intermediate (50) is reacted with a carbonic acid R*-COOH

under conditions described for the preperation of intermediate (49).

Final product (Iw): Intermediate (50) is reacted in analogy to M. Hepperle et al.
(Tetrahedron Letters, 2002, 43, 3359) with a halogenated aromatic compound R'-X,
whereas X equals Cl, Br, I in a suitable solvent such as toluene, DMF, THF. The
coupling is effected preferably with a catalyst such as rac-2,2-bis-
(diphenylphosphino)-1,1’-binaphtaline and an additive such as ftris-
(dibenzylideneacetone)-dipalladium chloroform complex and a base such as KO-
tBu or NaOt-Bu at 20 to 120 °C. Preferred are X equals I in THF/toluene, NaO-tBu
at 90 °C.
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am no, di-haloC _6 al kyl substituted am no, (Cl-6
al kyl carbonyl ) (C 1_6 al kyl)am no-, (Cl-6

wa@bkdesyHenar bonyl ) (CLl-6 al kyl )am no- or (Cl-6 PCT/EP2006/061776

al kyl sul fonyl)(C 1_6 alkyl) amno-, (R4e)NH is

nono- G - al kyl substituted am né2 -nono- hal oC" al kyl
Slisti uted amno, Cl-6 al kyl-sul fonyl ami no- or Cl-6

a ISR S el MAERICH SINCHt er medi at e
(25) is oxidized using the Parikh-Doering procedure

( 9011f 8y thieaix b h ol gHi3neen idO ARHBA-pyirsAdinbBO net hyl ene
chloride). The reaction proceeds at 0 OC - r.t. for 2

- 18 hrs under an argon atnosphere. Interpediate (32):
Internmediate (31) is subjected to eductiveyam nation

wi th an amoni um salt such as anmoni um a ¥~ or

amoni um chl ori de using a reduci ng agent stggg?gfa}s’. e. g.
NaBH4, [iBH 4, 1| (CN)BH 3 or Na((H:oN)BH 3 in a solvent
such as an al coho%e.g. MeQH or ether, A.g. THE A
Lewi s acid suchwvas FigO Pry—% canibe~gdded s o N
facilitate the reagti In thisweaseSdie -amvoni wm 52&6
salt has to be liberated with afadigani'c base such a8
TFA or DI PEA. The reaction proceeds at a tenper aturle‘;;g{g?;g‘g
of -10% 0 60l Prefietred capgigt® onseare Ti (O Prp, 4,

o' ST vk ATke, prodeet s Ao SnsLED. o
of °a rri%(,fu .S<of epicners atolhe newy for stergq., 0\6
center. [|Internediate (Bg‘?: ‘nt er medi ate (32) is enntpue 62
rea.’ﬁ’l"t@iﬂ”lvmth an_acyl chloride or a sulfonyl chlori de

in a sglvent suchsas THF, methyl ene chloride, DVF or
acetani 'IgN_@_h)e r eselcegf an organi ¢ base such

as & EKQALDIZP . T)ireu(Qpre t‘l’g;’%ﬁfoceeds at OOC to 50 OC
withine hr - 7@ Hrs®under @n =r§on at nosphere.
Preferred conditions are

Ar in the scheme is Y>-Y*- as defined before. RP in the scheme is hydrogen and R

in the scheme is —X*-X as defined before.

Intermediates (53) and (52b): The starting trans, rac-3-cyano-4-hydroxy-
pyrrolidine-1-carboxylic acid tert-butyl ester (52a), prepared according to C. Y.
Hong et al. (Bioorganic Medicinal Chemistry Letters, 2003, 13, 4399), by D. J. Kim
et al. (Journal of Medicinal Chemistry, 1997, 40, 3584) or by S. U. Hansen & M.
Bols (Acta Chemica Scandinavica, 1997, 52, 1214), is resolved by enantioselective
enzymatic acetylation. Preferred conditions are Lipase AK in an anhydrous organic
solvent using vinyl acetate as the acyl donor and a conversion degree beyond 50%.
Chromatographic separation of the reaction products provides the retained,
enantiomerically pure (R,R)-alcohol (53) and the enantiomerically enriched acetate
(52b).

Intermediate (54): The chiral intermediate (53) is acetylated by conventional
chemical or enzymatic methods to give the respective (R,R)-acetate (54) in high

enantiomeric €xcess.

Intermediate (52): Enantiomerically enriched intermediate (52b) (or, alternatively,

trans-racemic acetate) is subjected to an enantioselective enzymatic hydrolysis.
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TEA and net hyl ene chloride. Internediate (34):
Internmediate (33) is converted to internediate (34) as

waelemenidaed for the preparation of internedi at ePCREP2006/061776

Fi nal product (lk): Internediate_(34) is al kyl ated

with internmediate (13) as descritBed for the

ration of inter iate (1). Interpediate (35):
o i

re
PR Pl ™ O st dori Bob rBBErigR Vidgiously
prsaped aittisateMulfent@uRRGI &becdndtht nédrmahtrprpdtushg b bH) stat.
I nt.er medi at e ﬁ%) IS, sub@ct ed tcg reductive am nati %n
wi T SXESHAR PE NG TeAHOR SRS PEYRPAGPRIGSRA8liRMSs
er@ain%@,@dﬂmtidﬁl&ﬂ:aﬂﬁ phic((SNY) Bbtaie@b2)ns eb@mall y Na( CN) BH
3 in a solvent such as an al cohol, e.g. MeOH or an

h . 9., .JHE and an [ d e.g. HO, SHA, H3POAA. or
Ztl%tf#ft}‘a%% @%5@%@@@? E7 01 5 Boarsdisd il Bydrapopnges mermal
ofor ckVated pB&si€, or yefr @i stk Iydasged@idRACHtRra datAGst @uchTBs?Ptoz or

I Ners a

prqoduycts obtai ned consist of a mxture of e ,
RO vl Paras 1 snbes PieRUe st & PGy Ordoxanc.
Bqﬂmrw@ggtdgn?i@ﬁl?ﬂ Rh&@Eofi npﬁa{fm&ﬂ aérﬁllit(ii%ﬁ) aI"e(Sjln@ltr@g'él({gt)ﬁ’on with
as descri or e preparation of jinternediate :

tﬁ@ OEfEU %é‘Pé‘Pé]onﬁﬁPWégi%%e ReRgca el Qritt KU QH s slveat ¢
acid ethylester as described for the preparation of

| i @friredih@t @6f: Uhterhd RIGTESH) at @cdcBR) with it €8st alcRl ABOQOOH

is oxi.dized as descrjbed for the preparatio f

| e b aihe Tradona it BT g5 DR A at o

(38) is converted to the exonethyl ene derivative
Intermediate (57): Intermediate (56) is deprotected with K;CO3 in MeOH/H,O or

preferrably in 50% ammonia in MeOH.

Intermediate (58): Intermediate (57) is deprotected according to the procedure for

the preparation of intermediate (50).

Final product (Ix): Intermediate (58) is coupled with intermediate (59) according

to the procedure for the preparation of final product (Tu).

The reaction sequence from intermediate (52) through to final product (Ix) can,

optionally, also be carried out starting from the antipodal intermediate (54).

Preparation of (S,S)-N-Boc-3-cyano-4-hydroxy-pyrrolidine derivatives and

(R,R)-N-Boc-3-cyano-4-hydroxy-pyrrolidine derivatives

(S,S)-N-Boc-3-cyano-4-hydroxy-pyrrolidine derivatives of formula (X) and (R,R)-
N-Boc-3-cyano-4-hydroxy-pyrrolidine derivatives of formula (XI) are used as an

intermediates to prepare the compounds of formula (T).
OYOY OYOY
N N
//) ZO R //;JO R1 2
N

X Xl
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under Wttig conditions using
nmet hyl t ri phenyl phosphoni um brom de in the presence of

w@2dagedsuch as potassiumtert-butylate or SsodPCITEP2006/061776

hydride in a solvent such as THE or DMSO

Al ternatively, the exonethyl ene3éroup can be

i ntroduced using reagents as the Tebbe, the Petasis or
the Nysted reagent. Final product (Im: Internedi ate

(39) is reacted with an aniline HN(Rp) (Rq) as

described for the preparation of final product 11(I a). "
7 In Symdie 6X)s Rstishydmgerf o1oan ®ybgraup offoamiplac OB 3n which R is
I <3l | e 12GH ti~bu » ; wio

4T APt BRI MR T K VORI B ol R OURores
béfanched Rp siraighhehas heneovaienhythyb gaticanidavitlg bne thidive carbon

IS X2 def | ' 40)
SUEET S 0T 05 @R OB, RBLST S gy RS . &
mer ﬁW%Chyal)iyldﬂhwﬁlyl,wﬂlﬁ lom-propfll .udhe tematsebstiited o alkyl”
135858 W3 TR 55 Wiy PRUE Rl iR one v
( 4lope icgrhoadatond adstidesdr bpede far mohe syrsépansst sabavtedf from the
: oy : . i .
TSR0 GF LTI AL A 1 TN o o
desthixyecttfybr t he preparation of internediate (4).

Then the Boc group is cleaved as described for the

preparation of internmediate (2). Final product (In):
| i &rmeda 6X1e, R'243 hydrogdky @it el gubtyh of formuiveGORén (vhah R' is

a%lgl ei?lﬁ{rli. bﬁ{je tfeprfl ‘ICQ_? aﬁiry?pz?sruasteél Wk ﬁf3 (ierr]lg 251 q*iar?cth%d (()})str'aight—
chain monovalent alkyl radical, having one to five carbon atoms, such as methyl,
ethyl, n-propyl, n-butyl, isobutyl, n-pentyl and isopentyl. A preferred Cy_s alkyl is
methyl, ethyl or n-propyl.

These intermediates can be prepared through chemoenzymatic procedures based

on kinetic racemic resolution described below.

As no enzyme was found which simultancously generated both, the (R,R)- and the
(S,S)-configurated enantiomer in high enantiomeric excess (>95% ee) in one
kinetic racemic resolution process, the two antipodes had to be produced in two

separate processes, cach as the retained enantiomer.
The two enzymatic processes are the following:

1. Enantioselective enzymatic acylation of trans-racemic N-Boc-3-cyano-4-
hydroxy-pyrrolidine in anhydrous organic solvent using an enol ester as the acyl

donor as outlined in Scheme 1.
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Internediate (43): Internediate (23) is reacted wth
4-t ol uol enesul fonyl chloride as described for the

w@e@par#abvi on of internmediate (17). |Internedi atBCT/RBIND6/061776

Internediate (43) is reacted with a fluoride salt such
as tetrabutyl annDniun1f|uoride?SfriethyIannDnium
hydr of | uori de, cesium fluoride or tetrabutyl ammoni um
tripHEMAi fluorosilicate in a solvent such as THF,

Et OAc, acetonitrile or DVF. The reaction proceeds at
-10 OC to 100 OC for 2 - 18 hrs under an argon

at nosphere. Preferred conditions,arg | M

tetrabu ammoni um fluoride in .| Fi nal produC&F/
(lo):plnpermediate (44) ig cenveyted to the fi
produﬁﬁ/(lo) usi ng anal gous pfﬁéedures as desc ed

for t reparation of final duct (In).8. SyRthesis
startgfgffron1(SEPARL;EyrroI|Ei£%eI 3, 4- trlcar§?§ZIic
aci - butyl ester pester Rp ins
schgﬁe §ﬁLydrogen and Rq |NCthe¥§bhene is -No- XSOES
deflnm@rbefore PG neans 3 preggetipg group. &$p t he
scheme is Y3-Y2- as defined before.| (R4g) (R4h)

-NH hydroxy C _6 alkyl, -N(C 1-6 al kyl) (hydroxy _6

al kyl ), -NH-C 1 6 al kyl, rhdta¢ b G _6 al kyl or

-NHCi Aalkyl-C3-7 ¢ IoaIkyI R4 1is Cl-6 aIkyI
(MAJ]eyeerRRk)hmsthegn@nn@ steghred befregmgl ami no-, (Cl- 6

al kyl - sulfonyl) (Cl-6 alkyl) am no-, Cl-

al kyl - car bonyl am no-, di-GC -6 al kyl substi t ut ed

am no-, nnno C - alkyl substituted anino- C3 7

o ggﬁﬁ‘g@g e By i T g Bl esvions

ablybhdne i m)an aqueous buffer according to Scheme 11

Scheme 11

b b | ot

P A I S

NC OR NC OH NC OR
trans-rac. (R,R) (8,9)

O

wherein R'' has the meaning described before.

Acylation of the trans-racemic alcohol substrate by conventional chemical methods

leads to the trans-racemic acyloxy substrate for the enantioselective enzymatic
hydrolysis (Scheme II).

The enantioselective enzymatic acylation (Scheme I) is carried out by contacting a
nearly anhydrous enzyme preparation with the alcohol substrate dissolved in an
organic solvent containing an acyl donor. The reaction mixture is stirred until the

retained alcohol has reached a high enantiomeric excess (>50% conversion).
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Internmediate (45): Synthesis of internediate (45) is
described in R M Rodriguez Sarmento, B. Wrz, H

WO dooag1440et r ahedr onAsymmet ry, 14, 2003, 1547- 1BGI/EP2006/061776

Internediate (46): The starting_carboxylic acid is
reacted wth a diazo-transfer réggent such as

di phenyl phosphoryl azi de, sodi um azi de,

4 Saiteilanandglnen zen dipasdsf (pﬂt)ﬂ:reﬂﬂzil@e lipgset dirdiﬁnEseﬁdblfn@ﬁa/sl more

?r%‘g ﬁrzlﬁ lgr %&ﬁg Er%(rf rf%éc' n% ﬂb??}’%lé‘eﬁlé,? ﬁ oge{e%ﬁgﬁ rles)resen%ant of
rmﬂh@h@l cc(mmelgcnaéll\/oavwﬂ}‘b)le QAHaISGU fro mméinieoEnytres Vinel dapan).
FrRRdble 30)(1 ohhRtDY bérhhﬁélrc)lalfyt en/‘af‘éﬂle Qétﬁfat}éh %k@rs-rs%gﬁ hs | E]E;'):lesters

an grgani’c solvent such tol uene, acetonit

pREciergmally b agylates. Sysatle OFgfseP HERS Arah s é@}g SEMEQPr-0)
0Gr b@cry l(@g Eone), %gﬁbﬁﬁ@ml rﬁﬁuﬁé@éﬁ@lv@ﬁi‘[slrﬁﬁﬁd’@é’d aA@ﬂ donor

di h
(2% ¥t B Pl aovide T thnf ik PRy R NG RRIERL I g5 than
t dPwere) . bafterctemin@ta & 00 Greniehdtion, &dﬁadﬁhonl mbdnmdl‘efﬁverked up

( %gﬂéenﬁbﬁeﬁwﬁﬁﬁ%lr%{;ﬁf ity %%ﬁéﬂd%g E)gféé) ey 01r§t1r|11g01 he ﬁltrate and

acco S Suc

f é‘?Pachlegr dlkg n@ﬁﬂuw t by v@é{kmamgn@hﬁf opr N@leédl@hl(hsou'ﬁﬁaxcurrent

OkxtrQkidgne sulfonic acid, treatnent wth fluorides for

Teoc in a suitable soI vent such as acetonitrile, THF,
thanol goxane Preferred.is

anol tc
&Esf%lﬁ? GPantigRcrisally Bried§- PBrtleatind Basos deveptizgd phh
TB@l’ﬁfennoﬁa‘l atcohd)]tp“rbteemag grelip vedoeding espreratalsgnthefioygetedures.
eggraf))lc %18 Py doet[actq}gfgoﬁ elgstél %g%lan u;apftg rg\ég%rggf%g{pd)ungs oCformula
d IXII et thipin ganeraykbgtoap ef {otmipla€IQRE With-RIO& @Bnedab@e72
h. Activation reagents are CDI, EDCI, BOP, BOP-d,

TBhben ek AEERE hy&Bikis %@me' Iﬁ)qg&ﬁriﬁkd SHJ 8 Qhn@dcth Q‘én? enzyme

et¢c, in the presence of base
with enantlomerpl)ca ly enriched (obtalned above) or alternatlvely, racemic

acyloxysubstrate emulsified in an aqueous buffer by vigorous stirring until the
retained acylate has reached a high enantiomeric excess (>50% conversion).
Suitable enzymes are lipases from Candida antarctica (form B), Candida cylindracea
(reclassified as rugosa), Pseudomonas fluorescens or proteases from Aspergillus sojae,
preferentially lipase from Candida antarctica (form B) preferred representants of
which are commercially available Lipozyme CALB L from Novozymes (Denmark)
or Chirazyme L-2 from Roche Applied Sciences (Germany). Suitable buffers are
the conventional buffers commonly used in biochemistry in the range of pH 5 -9,
preferably 7 — 8. The pH of the reaction mixture is kept constant in the course of
the reaction by the addition of a base, preferentially NaOH or KOH-solution.
Optionally, the substrate might be dissolved in an organic solvent, preferentially a
water-immiscible one. Alower temperature (<20 °C) might be used to enhance the
enzyme selectivity. As an alternative, the enzymes may be used in immobilized
form. After termination of the reaction (i.e. retained acetate with >98% ee), the
reaction products are worked up conventionally by extraction and separated from

each other by chromatography or liquid-liquid-countercurrent extraction.

Subsequently, the retained, enantiomerically pure (S,S)-acylate may be hydrolysed
by the usual procedures to generate a compound of formula (X) with hydrogen as
RY.
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DI PEA, N-net hyl nor pholine etc. at 0 OC to 100 OC
wthin 2-72 h. Preferred are CDI and i sobutyl

wa@bkdoenofsor m ate in the presence of DI PEA or PCT/EP2006/061776

N- net hyl nor phol i ne at 25-80 0C in acetonitrile for
18-72 h. Internediate (48): Depr”%fecti on of

internmedi ate (47) is effected by treatnent with a

m neral acid such as HO, HBr, H2SO or H PO or a
carbonic acid such as TFA, in a solvent such as

CHIRQ! Syn tdhiesix afve alip xHOAm iabmBthyip vofblid@ es Pr ef er r ed
conditions are 4N HC in dioxane at 250C. Fi nal
product (Ip): The amine (48) is dissolved in a
suMO,abI e solvent sgch as THF, ace’Fonitri |l e or DVF @md

trea Wi EHOHL er t)ea_'k@'ﬁ) i \he, pr eserige Qf

bdSe Ke TEA or " and react®y Ufider an argo \’BC‘V
at nosgher§at 0 0C t&® 8 C for 1wr -‘672 hrs. ‘6
Preferred conditions are THF and TEA Fi nal product | .oupinguwin
(1q): The ester (Ip) is dissolved in a suitable ‘AFCOOH
sol veng/ilke met hanol . et hanol , B, water and tr ;fted
Wiak gl i NaOH or <R&¥ or 0, h;bat g;pm@gmoc;t@ﬁd
there W&V;@ndl ng, o Ry seiNMof <The—carlpo

aci'd. Thi s."ear boxyl psiactivated reacted with an 0\\4

am ne Ra4g- NH R4h as “Jestritbed fom internedi at e (473
Preferred conditions are DMF, THF and CDI at 25 OC

Final product (Ir): The ester (Ip) is dissolved in a

sui tabl e sol vent such as THF, nethanol, ethanol,

i sopropanol and reduced with an appropriate reducing
agent shicithase NaBHE- o dbfif¥d Bef@t. ® 80 1RGchefe isﬂ}arégen and R4

Pgnetheersrc}?gmé Ic’s 5@5( Idneﬁ (P ge[}ore 1%5th8 Cs:clfe?ne is Cy.6 alkyl, halo Cy.6
alkyl or -Cy_¢ alkyl-OH.

Intermediate (60): Intermediate (52) is deprotected according to the procedure for

the preparation of intermediate (57).

Intermediate (61): Intermediate (60) is alkylated with an appropriate alkyl halide
cither by promoting the reaction with Ag(I),O in a solvent such as toluene, THF or
acctonitrile. Elevated temperatures up the boiling point of the respective solvents,
multiple addition of alkyl halide and prolonged reaction times up to 6 days were

required in order to drive the reaction to completion.

Intermediate (62): Intermediate (61) is reduced according to the procedure for the

preparation of intermediate (55).

Intermediate (63): Intermediate (62) is reacted with a carbonic acid Ar-COOH

according to the procedure for the preparation of intermediate (49).

Intermediate (64): Intermediate (63) is deprotected according to the procedure for

the preparation of intermediate (50).

Final product (Iy): Intermediate (64) is coupled with intermediate (51) according

to the procedure for the preparation of final product (Tu).
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Fi nal product (Is): The alcohol (Ir) is dissolved in a
sui tabl e sol vent such as dichl oronet hane, THF,

waewbon4dril e, pyridine and treated with an apptDpPi0as/@1776

sul fonyl chloride in presence of _an appropri ate base
such as DI EA, TEA or pyridine at®-10-80 OC for 0.5 -
48h. Preferred conditions are dichl oronet hane and
pyridine at 0-25 OC for 18-48h. Final product (It):

The sulfate (Is) is dissolved in a suitable sol vent
suoR3. &sgnthbles viaMFketbiMRerrbiateacet onitril e and treat ed

Wi th an excess of an appropriate am ne at 25-120 OC

for 2-72h. Preferred conditions are DM at 25 OC fq

72h. 9. Synthesis of 2- and 3-am nonet hyl - pyrr ol ﬂvQS§
The fol |l owi ng scheme depicts only the r N~

3-am nonet hyl - pyrrol i di nes. The sane reaction ‘6

sequences and conditions were applied for the ¢ oxidation

2-am nonet hyl pyrrolidines as well._ Ar in the schenme is

Y3r Y2 defined 88F8re. Rp in t chempuhis hydr
qu?“h‘ft he sck S 7 X2 X&\lfasﬁt;g’fl n&d bef orf Vgn‘(

and R4 netHe schene é‘“ - X3 as @efined before.

I nternedi ate ) “Phe’ startlng amne is reacted with
a car bofiT¢ ag%i\ {"COOH i n a suitable sol vent such as
CH2d 2, DWF, am'fa'@et onktrile, THF. Acti vpa:tl on is effected
by an " de co reagemytat.onsruch aS—N BOP-d ,

T Elvbv fid adyaaddi as HOBT,

N- hydr oxysu@m ni‘mi de QJN~RN- hydr oxy®2- pyr| ne in the

) ("
Ar in the scheme is Y- Y- as defined before. RP in the scheme is hydrogen and RY
in the scheme is —X*-X’ as defined before. (R*™) (R*™)N- is di-Cy¢ alkyl substituted
amino, di-haloCy.¢ alkyl substituted amino, (Cy.¢ alkylcarbonyl)(Cy_¢ alkyl)amino-,
(C1-6 alkoxy-carbonyl)(Cy.¢ alkyl)amino-, (Cy_¢ alkylsulfonyl)(Cy_¢ alkyl)amino-,
mono-Ci.¢ alkyl substituted amino, mono-haloCy_¢ alkyl substituted amino, C.¢

alkyl-sulfonylamino- or C_¢ alkyl-carbonylamino-.

Intermediate (65): Intermediate (57) is oxidized using the Parikh-Doering
procedure (sulfurtrioxide-pyridine complex, TEA, DMSO/methylene chloride).

The reaction proceeds at O °C—r.t. for 2-18 hrs under an argon atmosphere.

Intermediate (66): Intermediate (65) is deprotected according to the procedure for

the preparation of intermediate (50).

Final product (Iz): Intermediate (66) is coupled with intermediate (59) according

to the procedure for the preparation of final product (Tu).

Final product (I’): Final product (1z) is reduced with a hydride reagent such as e.g.
Li(CN)BH3, Na(CN)BH3, LiBH4 or preferably NaBH, in a solvent such as e.g.
MeOH or preferably THF at a temperature of -10 to 60 °C, preferably at 20 °C for
1-40 h.
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presence of a base |ike TEA, DI PEA, N-nethyl norpholine
etc. at QOC to 100 OC Reaction tinmes ranged from1 hr

wo o006214a05. Preferred conditi ons are THF, EDCl PCHEBD06/061776

and TFA at 60 OC. Internediate (50): Deprotection of
internediate (49) is effected b 9freatrrent with a
er.al ci ,such as <, HBr H PO or a
&b R edt ?Idﬁ'glﬁﬁﬂ Pé%g'“%rﬁ)&l) }Sﬁe‘é}lcélef? SRYNYELIN s Presence of an
Clalﬁﬁle?an(ﬂh@éfcﬁﬁﬁlg)i chOAGhads e% NAHN. OGB! ef(eN)8H; or preferably
H\Jj s.are TFA|n CH2d 2 at 22 OC. Internediate
2\%? Mggbén 2ePlyentorch At & Aol &(MePH o el cies REE and

| An &cklué.balCe 8H0LeALPOLYGh aaear@ﬂ;ﬁ'é 201d %ferMCH;COOH at a
Actlvatlo?l%f;)f t he amneglqﬂ(} fcéQRg’l fected with a
c KPS RigF ek dOd0 O “asPisirahy 2 %’Fér 4PHlt-¢ The products obtained
2vohdidt 0P h efyture Gephfibrs @pmlael@wly ehthed ab@oBiter. and a
base |i ke, DI PEA, N nethyl norpholine, pyridine etc at
O, 0C.to 40 0C, Preferred nditions are CH2C 12/

4 Fid Prﬂﬂ%ﬁ& >cﬁ1ﬂalrnff>6v% 1%%&3/1%% PTchuienypted gn t}@ presence of

Flanaﬂommet ol al)sulfwﬂmamah@taebﬁs%o)e d. SNE€agt ﬁﬂefé&"aﬁl? N,N-
t.er medi agyla%\ %1 suit b e salvent such as

R PTepet nja%9 Y?ét s é’f& déie Skl %r&re%raélmHsCN

afat 80 QY60 ‘% @?éferﬁblgdlu ob °C Iy 1-4bmt erHeesthat &s 6B@incld Tonsist of a
react ed oni,&. agi d RS- COOH under conditions

d BTG ?lrst"ﬁ‘ﬁ@1 Epel&t ) sresreentst-er medi ate (49).
Fi nal product (Iw: Intermsdl ate (50) is reacted in
analogy to M Hepperle et al. (Tetrahedron Letters,
2002, 43, 3359) with a hal ogenated aromati c conpound

Rli.x’ Synthesis of alkyl- and arvl-substituted aminopyrrolidine derivatives

s

H
N Oa-C
o] 2+3 dipolar Y
/\)\ cycloaddition N { ! N
R" X o7 + deprotection R" "2—0 protection
1
O

N. ——— %O_> \—>
T\

I~ (67) (68) (69) ©

O,
7

hydrolysis

RK R Rq \I/
N
Br/\lr R O \I/ \|/

H Y coupling with Curtius

N deprotection N Ar-COOH OYO degradation OYO
; ; - - ; ; - N --—— N

2
RY AH

O O %

=<Ar =(Ar R’ "NHz R' %OH
(|"") (73) (72) (71) (7o) ©

R" is as defined before. Ar in the scheme is Y°-Y> as defined before. RP in the

scheme is hydrogen and RY in the scheme is —X>-X° as defined before.

Intermediate (67): An apropriately substituted o,3-unsaturated ester is reacted with
the N-benzyl azomethine ylide (1,3-dipole) generated from either N-benzyl-N-
(methoxymethyl)trimethyl-silylmethylamine at 0 °C in the presence of TFA and
dichloromethane as solvent or from N-benzyl-trimethylsilanylmethylamine and

aqueous formaldehyde at r.t. in the presence of TFA and THF as solvent or from N-
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whereas X equals C, Br, | in a suitable solvent such
as toluene, DVMF, THF. The coupling is effected

w@e@barabl y with a cat aI yst such as rac-2, 2' - bPGF/EP2006/061776

(di phenyl phosphi no)-1,1"-binaphtaline and an additive
such as tris- (dlbenzylldeneaceﬁgne) di pal I adi um
Ior f.orm conpl ex .and se su h as K(lBu or NaQ - Bu
S g S et SO iaih gyl emperature as

TldEéd‘fl@bdl anR.M N6 iz tirn$ien OCBIWir2SYNUMAE 73 Rhedron Asymmetry

?2 tﬂ% % ? an1nonethy| pyrrolidines 10.1
Sﬁﬁ# 1oa! ‘hvdr oxy- 3- am nonet hyl - pyrrori di nes Ar
in the schene is Y3-Y2- as defined before. Rp in the

s ¢heracdiatchisdr: qgeamadidte%ﬂ B d eote@tb@ mithl drogéa &ffdeﬁ%ormal

defined b fore g Ernedlates % Zb%

SPEFHTRGT DY AESIcr Ridraetnpkin Wiy § tewpwla &t Pifin8d-C or Raney

1nmebmxsdweﬁtsa@|cﬂ ab MO UEMbH EHLO! dioR#Af) THY, 8POALMr mixtures
( Bi oorgani.c Medi ci nal

accor
SRt ?3@%?4 %qngmozlé@gﬂ h@éoge&s@g) withpdrg; imELQg g4 gglvent.
al. (Journal of Medicinal Chem stry, 1997, 40, 3584)

Oﬂnﬂéym&haﬂé (6bignae py&MidiBe |1§te£rﬂ€d1&e@5§)’ﬂsqﬂrotected using Boc,O in
Sca gllca 1997 2, 1214), .is resolve

edaht ragiethpgceRMhd pecloriistly pupqhamt. fbwéﬁaéasfr ggh as DMAP
cemﬂbéwnma,are Li pase AK in an anhydrous organic
solvent using Vi nyl acetate as the acyl donor and a

nvers ee be 0% to r aphi c.

Ibtﬁm? g @@gﬁ%@ qé?? &} pt FdRed inrle preparation
retmmﬁﬁgdwﬁa@ntloner|calIy pure (R, R -al cohol (53) and
the enantionerically enriched acetate (52b).

Intermediate (71): The starting carboxylic acid is reacted with a diazo-transfer
reagent such as diphenylphosphoryl azide, sodium azide, 4-acetamidobenzene
sulfonyl azide, p-toluene sulfonyl azide in an organic solvent such as toluene,
acetonitrile, DMF, DMA, NMP, DMSO at elevated temperature between 50-120 °C.
Preferred conditions are diphenylphosphoryl azide in toluene at 80 °C. The
intermediate isocyanate can be converted either to the corresponding amine by
quenching with KOH solution or be converted to the benzylcarbamate by addition
of benzylalcohol. The benzylcarbamate is sequently cleaved by hydrogenation
under normal pressure or by transfer hydrogenation with a catalyst such as PtO,,
Pd-C or Raney nickel in solvents such as MeOH, EtOH, H,O, dioxane, THF, HOAc
or mixtures thereof. Preferred conditions are hydrogenation with Pd-C in MeOH

as solvent.

Intermediate (72): Intermediate (71) is reacted with a carbonic acid Ar-COOH as

described in the preparation of intermediate (4).

Intermediate (73): Intermediate (72) is deprotected as described in the preparation

of intermediate (2).

Final product (I”’’): Intermediate (73) is alkylated with intermediate (13) as

described in the preparation of intermediate (1).
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Internediate (54): The chiral internediate (53) is
acetyl ated by conventional chem cal or enzymatic

woredohoo=ot o gi ve the respective (R R)-acet at e PGHEP1006/061776

hi gh enantioneric excess. Internediate (52):
Enantionerically enriched i nt er fiédi at e (52b) (or,

g:ﬁ&sz#g%ﬁl%e\ézl O’éfg,t {l\a;;gcs h a(gc}w‘rgﬁe | i(:(gaf%)?rtrl%{aGZI) ia%e Sagtki)\jfeegotrggoén%s and
hyieibit Yisd &a‘g?ﬁfi@ﬁ ré@mdsﬂ Hh.| srlh_bée(rfa&q)oﬁm@m&ﬁse@ue{ﬁay inﬂuencca both
antarctica,.formB, is a [ to a vjgorous stirred .
AR i e e iindn G heet edndundhinea Heod Fepgulation.
pHhu$ 'tHb@efareghhﬁ)ﬁt&he fo¥hia€ion ftiReiHi @{id Qhn E)ﬁﬁsédett@fl _tﬂqueatment
products and chr.omat Qgr aphi c separ ati on e retained,.
eﬁag/tuor FhRIEREAR (o] tygmbogie, fgao—r%ét el apsyyongst giiers, gegrial and
| REsuTediréhBo$i§ Ncep | We R RLSE, BRphdrel MYETPIRORLRE discase
mﬁgh dro gﬂ under nor nal oragéeva ed pressure or by,

t (BAOPR u?ﬁ? © 3T PO (RYorardigl dnlpegliony eprogarypiripy giscase,
P@ufen &fary eshis@BmM {tfokdi RFBRA {hRomBbYONHEe SHHChLrAS fibrillation,
MeCH, EtOH, O dioxane, THF, HOAc or mni xtures

t HEATYpauqs apg ATEOSCGHETY | Dt COPROHSrd JBA REGSHH MivgHion can

hyido ®gaRed itlie tRAMABt (T BSS4 K@sd] R1dsie RERHEALRitFIREDbolytic
in Et OH as sol vent. Igﬁernedlate £56): I nt ernedi at e

( 5EY NS ARG ALEPSH £8 AllalBRIRINAE AT RALORHORIBEY (HTRgY of

t aypdRe cpireeLdiR ERbndrhOricePatl hARiQf anldhetheBhiftcBance of
(49). Internediate (57): Internediate (56

| ediate (56) is :
dEPIBIEASEE RAEKY K2 EDE lWvBoMoriadyisgrtipiet Erxaaibhipitops of this
SeeATP M A fofmMREHof h RbRbIRGLABebpPIwith! i 8RAREAEALA with a
(57) is deprotected according to the procedure for the
pld e MOHC gt pSHoBr RE VbR & (Piadglet, aggregation inhibitor or with a

thrombolytic agent. Furthermore, these compounds have an effect on tumour cells

and prevent metastases. They can therefore also be used as antitumour agents.

Prevention and/or treatment of thrombotic disorders, particularly arterial or deep

vein thrombosis, is the preferred indication.

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 treatment and/or prophylaxis of diseases which are associated with the
coagulation factor Xa, particularly as therapecutically active substances for the
treatment and/or prophylaxis of thrombotic disorders, arterial thrombosis, venous
thrombosis, deep vein thrombosis, peripheral arterial occlusive disease, unstable
angina pectoris, myocardial infarction, coronary artery disease, pulmonary
embolism, stroke due to atrial fibrillation, inflammation, arteriosclerosis, acute

vessel closure associated with thrombolytic therapy or restenosis, and/or tumour.

In another preferred embodiment, the invention relates to a method for the
therapeutic and/or prophylactic treatment of discases which are associated with the

coagulation factor Xa, particularly for the therapeutic and/or prophylactic
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Fi nal product (Ix): Internediate (58) is coupled with
internmedi ate (59) according to the procedure for the

w@e@par#abvi on of final product (lu). The reactiPCI/EP2006/061776

sequence frominternedi ate (52) through to final
product (I x) can, opti onal 'y, afdo be carri ed out
mthe tipodal in laf e

?,:tr%é%f?fg‘? Oéﬁ H)fmbotlc 1sorders, arteria tflromqaosm Venous ‘thrombosis, deep
( Sglﬁ) thiXo ;B0 6siS- lﬁaf%ih@ra‘ﬂ abt\eﬁialgesad@wer Olséadé, P&as@eﬁﬂé viakih¥ §fectoris,
an R R Bac ano- r oxy rrolidi
dérm%%%dﬂ%éfgaf&%%)co R sereRyliercap Ry CPYF g1 stk duc to
datriar ﬁbhﬂzﬁﬁ)nofnfaﬁfrigaﬂoﬁ ﬁr@rl(ﬂiﬂldro(dsﬁ z@l‘ée vessel %10 sure a33001ated with
N-Boc ano roxy-pyrroljdine derivatives of
fél?rr?H}bé’b(“g% fhczgy (s ag4sthn anrfos: Hauauae adiigh stk camprises
t raem@ﬁgtaﬂmg%mﬁf)oﬁrm dtleBinéd dbov&tah himhRbEMLdr 6Xnal R10

i s hydrogen or an acyl group of fornula - 11 in

R11.is Cl-Sal subtltuted Cl-3
t i nbitighoig et 4B BB I RIGHGE &8 e 0BFD bR or the
onhef&;qream Iah%/@h @rdphrymaﬁcfﬁfhﬁﬁtenabkctﬁlrs]ea@@du?ﬁ{ ?remasﬂcmdm the
o fi car.bon orrs, . a et hy ropyl,. .
%&%‘% ion; §%§6°Jt9%ﬂ Y “Rhthe ﬁﬁé epfIc ﬁpfﬂpgfﬁpphﬂwm
Clre&@hdﬁwof itBromgtidiiel dls(ﬁ*ﬂébﬂ a@érlam‘t]&foﬁﬂ)dsm veidRs ttRfoMbosis, deep
"substituted Cl-3. al s used for R11 denotes .a

stP; GROMPASE PHBRER Iaétﬁlila aPIEHs e ‘?f"é? unsiable, gngpa pegtoris,

t M}@Eaﬁﬁlﬂ RO B0 G rGiiPP Eﬁtéﬂyt(ﬁééasté)/plﬂﬁﬁ)n@fy &b &ism, stroke due to

ubs untsslectedfromth roup conS|st|ng
Hl‘%hbﬂ BN RRRAPORN Y S 15, @H%Veé%e ehfuse 6%?%?1?’&711 with

aﬂ&oﬁﬂfol}@é)tﬁ@h@/d)rr%ﬁeﬁ@[slwddioﬁ%lrﬂourmz i s hydrogen or
an acyl group of fornmula CORL3 in which R13 is

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
diseases which are asscociated with the coagulation factor Xa, particularly for the
therapeutic and/or prophylactic treatment of thrombotic disorders, arterial
thrombosis, venous thrombosis, deep vein thrombosis, peripheral arterial occlusive
disease, unstable angina pectoris, myocardial infarction, coronary artery disease,
pulmonary embolism, stroke due to atrial fibrillation, inflammation,
arteriosclerosis, acute vessel closure associated with thrombolytic therapy or
restenosis, and/or tumour. 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.

The inhibition of the coagulation factor Xa by the compounds of the present
invention can be demonstrated with the aid of a chromogenic peptide substrate

assay as described hereinafter.

Factor Xa activity was measured spectrophotometrically in microtiter plates in a

final volume of 150 ul using the following conditions: Inhibition of human factor



10

15

20

25

30

Cl1-S alkyl. The term"Cl-S al kyl" as used for R13
denotes a branched or straightchai n nonoval ent al kyl

WO 2@6aad401 havi ng one to five carbon atonms, SUCPCEEP2006/061776

nmet hyl , ethyl, n-propyl, n-butyl, isobutyl, n-pentyl
and isopentyl. A preferred C1-84§rkyl Is methyl, ethyl
repar ed

or, N-pro . These internedi ates can be )

© RedER R s y AR LoDt b BB CRICkEion of 3 nM
r ag@githc CRSO dgehRMubasRE S2 hehewho i)dWAB,eMﬁ)Yﬁffal,V@ﬁeden) at
TN TSRt RGN B
enati iiERAL Che¥thm® dondaitbation. Mhc AMEbHKdMR € dis@ARHA iE DMSO
resol uti on process, the two antlgodes had to be

pabdestad Atnvarinls seprenlREopY o 6 488 LMadhedshibiters were diluted
IR ORI TN MicPABBRER TR0 .1
aeydl divicen §f0.92%npHr d8erfihe deBage- G- 82a2bbd-human factor Xa was
B T T L L R
| wasclhienmsined NyShh emrtoreadeh droai thdsldRe blagetlmeamegrissign fit to 7
S5 M, AU Ras YO8 L S YL vas
adetgumed dybihkfsdpecadcaricisng tiroe Bomesrin tHe linear phase by a linear
regression fit (mOD/min®). Apparent dissociation constants K; were calculated
according to Cheng and Prusoff [Cheng, Y. C.; Prusoff, W. H. Relationship between
the inhibition constant (K;) and the concentration of the inhibitor that causes 50
percent inhibition (ICsp) of an enzyme reaction. Biochem. Pharmacol. 1973, 22,
3099-3108.] based on the ICsp and the respective K, determined previously (K;=
ICso/ (1+S/Ky)). The K, for the substrate used was determined under the
conditions of the test with at least 5 substrate concentrations ranging from 0.5 to 15
times Ky, [Lottenberg R, Hall JA, Blinder M, Binder EP, Jackson CM., The action of
thrombin on peptide p-nitroanilide substrates. Substrate sclectivity and
examination of hydrolysis under different reaction conditions. Biochim Biophys
Acta. 1983 Feb 15; 742(3):539-57]. According to Eadie [Eadie G.S. The inhibition

of cholinesterase by physostigmine and prostigmine. J. Biol. Chem. 1942, 146, 85-
93.], the Kp, for S-2222 amounted to 613 uM.

The activity of the low molecular weight substances can, moreover, be characterized
in the "prothrombin time" (PT) clotting test. The substances are prepared as a
10 mM solution in DMSO and thereafter made up to the desired dilution in the
same solvent. Thereafter, 0.25 ml of human plasma (obtained from whole blood
anticoagulated with 1/10 volume of 108 mM Na citrate) was placed in the
instrument-specific sample container. In each case 5 ul of each dilution of the
substance-dilution series was then mixed with the plasma provided. This
plasma/inhibitor mixture was incubated at 37 °C for 2 minutes. Thereafter, there

were pipetted to the semi-automatic device (ACL, Automated Coagulation

Laboratory (Instrument Laboratory)) S0 ul of plasma/ inhibitor mixture in the
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Schene Il trans-rac. (R R) wherein R has the neaning
descri bed before. Acylation of the trans-racemc

w@bwehol4osubst rat e by conventional chenical nepP¢DEB2006/061776

| eads to the trans-racem c acyl oxy substrate for the
enanti osel ective enzymatic hydréﬂysis (Scheme 11). The

enanti osel ective enzymati c. acyl ati on (Sche 1Y is ..
RGN CoRBent oty Tine rhitioh S, FACL big gdition of
poOeipatlaf D:ﬁd@@ tlﬂndak@@mlmaslu Uﬁilfrﬁagi @isﬂliesi_?_lﬁﬂoy e&nﬁt?r_l@p with
organi c.sql vent contai nin n.ac r. e reaction
RS b e ind: suiaheris oSy Kade FeRT R (o BAZ12-50).
r aaehifle aphioghe teﬁrbgilrmt &I@Emnﬂlﬁngmmlaehhﬁfé%photoopticauy from the
conyersjon). Suitable enzynes ar i pases, .

e Ine P! Rt e funt SBo g doubling of the PT
prRieiefiicalway ddi@ases fb?q[mﬁg eHe RN as ah| HOHBSRRN Fegrdssion
prgiﬁrred representant of which is commercially

a& lee | i pase AK from Amano Enzynes Inc. (Japan).
Sui t abl e acyl donors are commercially avail abl e

adhi \caipdusd 6ff e uetn B ven Wnesihefusth ek &b &caihi@tckded by the

vi,nyl acyl at Suj t abl e or ic solvents are ethers
(St B b, Sp€ el et ety e be
alrei0 offithE WCRS300fCphileeinh SysBy: (Iesttis@shtatRdylabdenofy) althmatic
sol vent Ciﬂ%be used at a wide rati Theé&gter cont ent

of N¢lKeET sy e ppbdances arg prepater, @?//3\/;?(.) Mk splufign pin PMIH and

ofhdréditer @agdd 0p, tot iR d&Rel | AMIPBHOBUEHS s@h@ WREKED TR test is
convent i onal

comentl Nl Y Pl 8 AL L0 SUBPRTET ST oy

byhedphanadsan aBhy “or ellaki U, kiabiizéhs @AY Hr&efMlii€ Wade Behring,
Inc., Cat. B4218-100). Thereafter, 0.25 ml aliquots of human plasma (obtained
from whole blood anticoagulated with 1/10 volume of 108 mM Na citrate) are
spiked with 5 ul of test compound in at least 6 concentrations. 50 ul plasma at 4 °C
containing 1/50 vol. inhibitor in solvent are incubated with 50 ul Dade® Actin® FS
Activated PTT reagent in water at 37 °C for 3 min., then 50 ul CaCl,.2H,0 25 mM
in water at 37 °C are added. The time up to the fibrin cross-linking was determined
photooptically from the ACL. The inhibitor concentration, which brought about a
doubling of the APTT clotting time, was determined by fitting the data to an
exponential regression (XLfit).

The K; values of the active compounds of the present invention preferably amount
to about 0.001 to 50 UM, especially about 0.001 to 1 pM. The PT values preferably
amount to about 0.5 to 100 uM, especially to about 0.5 to 10 uM. The aPTT values
preferably amount to about 0.5 to 100 UM, especially to about 0.5 to 10 uM.

Example Ki [uM]
factor Xa
Example 6 0.017

Example 26 0.014
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extraction. The retained, enantionerically pure
(R, R -al cohol may be derivatized with a conventi onal

w@bkmehol40pr ot ecti ng group according to the usuBtT/EP2006/061776

synthetic procedures. Preferably, the protecting group

is an acyl group to generate cofgounds of fornmula Xl

cont ajd formula -CORL3 with R13 as

defi ng ¢et The dfi¥t3 osd ective hydrol ysi s (Schene
1) ip carrled out by contadting an enzyne with

enant | Bamipleay 1y enrfighosd (dbt ai ned above) or,

alterpatively, racenic acyl gxysubstrate enuIS|f|ed in

an agpeous huffer by vigorays stirring until the

retai nHE?ﬁ%te hag 4¥&ched a hi gh enanti omeric

excesp (>50% convergion). Suitable enzynes are |ipases

from Canarda antarcttrca (rorm B), Candida cylindracea
(reclassified as rugosa), Pseudononas quorescens or
proteases from Aspergillus so preferenti al
|TBS§@HWPBH¢%@’F@&I%W and/er éljyslr( Pl agu tisplby %Cicﬁlétéble salts can

r%l@rlﬁs‘é@rﬁsaﬁk&cﬁﬁeﬁ/’f@' €8, & @h&%ﬁﬁ?r&'Iﬁ{ahiﬁaéé\éﬁbila}pﬂeﬁaratwns for
|i pozyme CALB L from Novozymes (Dennark) or Chirazyne

LepterdloppRaiond o soRied @éﬁ“@ﬁéfé’é}mé Gelhehyyn b@xua@ramlﬁered for

bukfepls, Rieraline. §%ﬂﬁf‘e%hﬁ %@kabﬁ’éﬁ fcBea m'ﬂké/geyss ‘ﬁgrd' Eﬁld soft

blochen1str In the ran H'5 9, preferab

sge lafige %HS@)IPS tspltioas em W)I?ﬁ ot wrs@erisg)nﬁerﬁ@taﬂbr@sg almthq form of
] ﬁt@f}du tih t Hnl 2 sDBBfsi

pr efpé?e(?ﬁ%a y e%% 1K% %grlnu(??%ﬁ& (Iqloétoﬁ{glnogs 0y ,S‘pg?% PIONS O

s Htfg‘fl?%ts@uﬁP@%Pf berighllysegviedhe framolgrigarngs, seapemr oils. Oral

PLehali@Pidoalid Yrefori@t er - i mmi sci bl e one. A | over
tenperature (<20 0C) m ght be used to enhance the

The production of the pharmaceutical preparations can be effected in a manner
which will be familiar to any person skilled in the art by bringing the described
compounds of formula I and/or their pharmaceutically acceptable salts, optionally
in combination with other therapeutically valuable substances, into a galenical
administration form together with suitable, non-toxic, inert, therapeutically
compatible solid or liquid carrier materials and, if desired, usual pharmaceutical

adjuvants.

Suitable carrier materials are not only inorganic carrier materials, but also organic
carrier materials. Thus, for example, lactose, corn starch or derivatives thereof, talc,
stearic acid or its salts can be used as carrier materials for tablets, coated tablets,
dragées and hard gelatine capsules. Suitable carrier materials for soft gelatine
capsules are, for example, vegetable oils, waxes, fats and semi-solid and liquid
polyols (depending on the nature of the active ingredient no carriers might,
however, be required in the case of soft gelatine capsules). Suitable carrier materials
for the production of solutions and syrups are, for example, water, polyols, sucrose,
invert sugar. Suitable carrier materials for injection solutions are, for example,
water, alcohols, polyols, glycerol and vegetable oils. Suitable carrier materials for
suppositories are, for example, natural or hardened oils, waxes, fats and semi-liquid
or liquid polyols. Suitable carrier materials for topical preparations are glycerides,

semi-synthetic and synthetic glycerides, hydrogenated oils, liquid waxes, liquid
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enzynme selectivity. As an alternative, the enzynmes may
be used in inmobilized form After term nation of the

WO emetiiqam (i . e. retained acetate with >98% ee) PCT/AR2006/061776

reaction products are worked up conventionally by
extraction and separated from e4€h ot her by

chr omat ogr.aphy .or liquid-1iquid-countercurren

efﬁag@% ohc.l @u hdbg L?é%oijjg,’ ‘ft%éﬁsr eP‘glVﬁégl?ne glycols and  cellulose
eantvdtopgrically pure (S, S)-acylate nay be hydrol ysed

by the usual procedures to generate a conpound of

f la (X)) with hydrogen as R10.10.2. .Synthesis of .

y U Ry o s Prnds s bR Ag, fonsistency-
Alim X0k g%gehtﬁ, ﬂ%uﬁﬁiﬁpﬁdmf]'ﬂgsagXBtsgs%}ts ag vd@f;ﬁg’lﬁl@ hd@ﬁlfoﬁ!’: Pressure,
n the sche .S rogen a .1n the schene.js -
Bub GBS R R ety SR L i e et et rfgidghis come
alikiylcon figdratidiladprakiydeutital adilvénil Kyl - OH I nt er nedi at e

(60): Internediate (52) is deprotected according to

L R R TECL —
alokythatiBehsaitd be aon tagfed ppici agt @n @ kikeyindivadvatleorsiitibre 61 iy patient

' h ti ith Ag(1)20 in ol yent . such .
PRRTghe afhele" S JBRIR o gt PAL OrERute: Be T Tor S ddhidual
upedulivemzatslih Rachpgiri¢ul@f cabd) EFoi ad pie phiionds $ 0hileddssge of about 1 to

(ple addition of alkyl halide.and prol onged .
bl ety Sy & hyuesnts 8 hReleritr qsperging on
ds¢vesityt dtehé @Bedst aind the peenigel phat@icokinetic profile the compound could

be administered with one or several daily dosage units, ¢.g. in 1 to 3 dosage units.

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

1-100 mg, of a compound of formula (I).

The following Examples serve to illustrate the present invention in more detail.

They are, however, not intended to limit its scope in any manner.

Examples

General Procedures

General Procedure A: Alkylation of pyrrolidine derivatives with an o-bromoacetic

acid derivative

To a stirred mixture of the pyrrolidine (1 eq) in THF were added TEA (1.5 — 5 eq)
and then the a-bromoacetic acid derivative (1.2 - 2 eq). A catalytic amount (up to
0.5 eq) tetrabutyl ammonium iodide may be added. The reaction mixture is
agitated under an argon atmosphere for 2 hrs to 4 days at 0 °C - 50 °C. In case a
precipitate has formed, it is filtered off and washed with THF. The filtrate is
concentrated. The residue is taken up in EtOAc, washed with 0.0IN NaOH, water

and brine. The organic layer is dried over MgSQy, filtrated and concentrated. The
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Internediate (62): Internediate (61) is reduced
according to the procedure for the preparation of

wo pdoennEdi at e (55). Internediate (63): | nter mTERCHER2006/061776

(62) is reacted with a carbonic acid Ar-COOH accordi ng

to the procedure for the preparé‘?i‘on of internediate

49 Intermediate (64); Internediate (63) is .

fjsald& Bl e e Pﬁaﬁ%% %@aﬁbr Chstiitadhey ofiesiica gel or by
prepatlghiion of internediate (50) . Final product (ly):
Internmediate (64) is coupled with internedi ate (51)
according to the procedure for the preparation of

f i(}aaabrapg@ﬁbtﬁireﬂ%l Q_)egw]a%_e 3fa \%%@gﬂﬁ&ﬁ?gﬁ(?m“\vﬂﬂﬂrl@ll N

inter Late. | oxidatjon r O] ion acylation or

s |°fao%rté% %%tﬁlﬁ\rstarﬁ#l& %C-E@H%gio qraing: 5@21 N Q0% Yascpdded 4N
be{h(ariﬁ didRané mothgs @h?]i?_réz&éib% @gi@g@a w@%%irf%ﬁl(ﬂlgﬂ 2;J1l\1§ hrs at r.t.,
schenme is - - as define ore, n is
diie C_Oélc%ﬂt{&?‘%éz- sﬁﬁs%r}l%w&uaﬁﬁaﬁ Be Palfﬂ-ﬁﬁé by gas_hsdgpwrography on
suingi bdlut ed am no, (Cl-6 al kyl carbonyl)(C 1_6

al kyl')am no-, (Cl-6 al koxy-carbonyl) (Cl-6

al kyl ) agi no;, (:(;-6 aIkIquonlg C 1 6 alkyl)am no-,
Sivacia) trogequre L flcayaee of 3 Bog protecting groumowith A" g o) ky |
S Ulasdt doluitodchfand §i@tingBob-pbieyied aftihd Qb RCH A, G15 &) was

alagc}{e!d_ a(l:t%2b‘%%ha(568lo—l— (10 mmol) and stirring was contined for 1 - 5h. The

solution was evaporated to dryness and used without further purification.

General Procedure D: Coupling of a carboxvlic acid with an amine using BOP as a

coupling reagent
To a stirred solution of the acid (1 eq) in DMF or THF is added the amine (0.8 - 2

eq),
N-ethyl-diisopropylamine (3 - 5 eq) and then BOP-reagent (1.1 — 1.5 eq). The

mixture is stirred at r.t. under an argon atmosphere for 3-24 h. The mixture is
diluted with EtOAc, washed with water and brine, dried (MgSO,), filtered and
concentrated. The crude product can be purified by chromatography (silicagel) or

by crystallization.

General Procedure E: Coupling of an amine with the carboxylic acid using EDCI as

a coupling reagent

To a solution of the starting Boc-protected amine (1 mmol) in THF (3.5 ml) was
subsequently added HOBT (1.5 mmol), EDCI (1.5 mmol) and NEt; (4.5 mmol)
and stirring was continued at 22 °C for 1.5 h. The suspension was treated with the

acid

(1.1 mmol) and stirring was continued at 60 °C for 16 h. The mixture was
evaporated and the residue partitioned between AcOEt and 0.1 N NaOH. The
organic layer was washed with 1 N HCI, dried and evaporated to give the crude
product which can be used without purification or optionally purified by flash

chromatography on silica gel.
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Internmediate (65): Internediate (57) is oxidized using
t he Pari kh-Doering procedure (sul furtrioxide-pyridine

wa@eowplienyl TEA, DVSQ net hyl ene chl oride). The rBPeDEPIING/061776

proceeds at 0 Cr.t. for 2-18 hrs under an argon

at nosphere. IMeHmdMue(GQ:‘ﬁ%eHmmaIe(6& IS
deprotected according to the procedure for the
preparation of internediate (50). Final product (l2z):

| Btk BidateurcG8)Consersiod Rifadahdxilid i€ csEdicadiLarybShide using
ding to the procedure for the preparation of
f a2 (lu). Final product (F): Final product
fJ The S‘iaﬁnggfﬂul\gﬁ@(m H )ﬂwﬁygfsa(ﬂ&drlﬁfi@lgﬁﬁe w@lhﬁag% I_t& oive a 5-10%
or rerer I n a
S&%ﬂ? whieh %@O\%ﬂa@e Br P éﬁram@efmﬁt &t yith AlMe; in
t aepanabtiictudibk (120 44) 6%@%acﬁwhﬁmbé Ma@itln?e@ e FBF 90 min.

1-40 Fi na oduct - Final product ") is .

r SO ¢S BSF Qréo%aé&dﬁ?d %‘i@ HUSEHEE WS %S@Qﬁ? 78 & 180 °C.
r el gat@Rtihuson 3352()3111@ Th'lé‘Eédéﬁloﬂ hﬁﬁﬂufe wad c(o@ll\é)cﬁlg'rlq’r then
e g R o L I
Hgvﬁ@‘lNaJS@Po%ﬂ@f s@rB@rBOXY hiif, @6 intixtuRé HagHABY (ff:'ﬂ%% over

? nqﬁra%ﬁre of -10 to 60 OC, preferably at

S:P tf 40 %at%r%@ué?%CGBHﬁt&ﬁnem&ﬁé?%t o‘f’asa bgi Rufiked by
oh;@ﬁumﬁ&l it byt dheom eiedh (ﬁﬁ&&g& fereo center. Final
product (F"): Final proguct (1 is acylated or

sul fonylated in the presence of a chloroformate or a
sul fochloride and a base, e.g. NEt3 or preferably

NGSgédaEPRceRE 6 Y@l BO f i a irkOk et itsdsHen Ach®rformate
era

t theamine (1 mol) in 3 m1 of CH,Cla, 0.33 ml of DME

and pyridine (1 mmol) was added at 0 °C 4-nitrophenyl chloroformate (1 mmol)

%F, CH2Cl1 2 or pre
0 a stirred suspension o
and stirring was continued at 0 °C for 1 h and at 22 °C for 16 h. The suspension
was filtered, the residue containing the 4-nitrophenylcarbamate was washed with

water (20 ml) and CH,Cl, (10 ml) and dried at 0.1 mbar.

General Procedure H: Coupling of an amine with a 4-nitrophenvlcarbamate

To a stirred solution of the amine (1 mmol) in DMF (7.5 ml) was added the
4-nitrophenylcarbamate (1 mmol) and N-ethyl-diisopropylamine (3 mmol) and
the mixture was heated to 80 °C for 1-5 h. The mixture was partitioned between
AcOEt and aqueous NayCOs, the organic layer was washed with brine, dried and
evaporated. The crude material was purified on preparative HPLC (RP-18) using a
gradient of CH3CN/HO (containing 0.1% of HCOOH) (20:80 to 95:5).

Example 1(reference)

1.1 Using general procedure A, (R)-(+)-3-(tert-butyloxycarbonylamino)-
pyrrolidine was alkylated with bromoacetic acid ethyl ester to give ((R)-3-tert-
butoxycarbonylamino-pyrrolidin-1-yl)-acetic acid ethyl ester. Off-white solid. MS
273.1 (IM+H]")
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at -10 to 60 OC, preferably at 20 OC for 1-40 h. The
products obtained consist of a mxture of epiners at

wWo bwoM(4/dm) (R4n) stereo center. 11. Synt hesi s pET/BPI0Y6/061776

and aryl -substituted am nopyrroh dine derivatives I! R
0 + Rl'is as defined before. Ar#n the schene is
Y3-Y2- as defined before. Rp in the schene is hydrogen
and Rg in the schene is - X2- fas~defy ned before.

Intermediate (67): An aprapriately gubstituted
a, b-unsaturated ester i rsaared wi Ph the N-benzyl
e

azonet hi ne ylide (1, 3- Y' generated from either
N-benzyl - N- (net hoxynet hyl ) tri et hyl -si |l yl net hyl am ne
at 0 0OCin the presence of TFA and di chl oronet hane as

S STl AT BRI LT A A LA Ry -

THA-awnlde T¢E abylsoioremts amvertantdgERz3Hagliye pparokbdid- 1-yl)-acetic
. f i . . +

CALELAGTEL AR 5B LGOI A Bt

| di ng TetrahedronAsymetry 2003, , 1547-1551.

Intermedi ate (68): Interﬂ@ e (67) is deprotected

wi t h hydrogen under nor respure—er by transfer
hydrogenation with a catgl yst such as PtQ2, Pd-C or
Raney nickel in solvent$ such as MeOH, EtOH, H20
di oxane, THF, HOAc orcHi xtures thereof. Preferred
conditions are hydrogenation with Pd-C in EtOH as

sqlyvept, . | Lat 6L'__he. _rrol'%iE o

[ ?1t3er %@igag%%fagg@ etl%é) Spfr)bt% %)t I’éélmd@% R ér r%ié %e'm'acem acid ethyl
ester dihydrochloride was coupled with 5-chlorothiophene-2-carboxylic acid to
give {(R)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-pyrrolidin-1-yl}-acetic acid
ethyl ester. Off-white amourphous solid. MS317.0 ((M+H]")

O ‘CN
N M
= o \_
_LS
Cl

1.4 Using general method F, {(R)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-
pyrrolidin-1-yl}-acetic acid ethyl ester was reacted with 1-(4-amino-3-fluoro-
phenyl)-1H-pyridin-2-one (CAS 536747-52-1, prepared according to C. F. Bigge et
al., patent application WO 2003045912) to give 5-chloro-thiophene-2-carboxylic
acid ((R)-1-{[2-fluoro-4-(2-0x0-2H-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-
pyrrolidin-3-yl)-amide. Off-white amourphous solid. Light yellow solid. MS 475.3
(IM+H]")
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THF, di chl oronet hane, DMF or acetonitrile as solvent.
A catal yst such as DVMAP can be added. Internedi ate

W@ Z@p1440t er nedi ate (69) is hydrol ysed as descpPChEP20061061776

the preparation of internediate (5). Internediate
(71): The starting carboxylic acPd is reacted with a
di azo-transfer reagent such as di phenyl phosphoryl

azi de, sodium azide, 4-ac g;D%dobenzene sul fonyl

azi de, p-toluene sulf |v e\i N4y an organlc sol vent

such as tol uene, acet nlmrlle DWA NVP, DMSO at
el evat ed tenperat uge et ween 5(9 12. Pr eferred

condi tions are di phghyl phosphoryl de in toluene at
80 0C. The internedcate i socyanate can he converted
either to the correspondi ng am ne by YHu€nching with
KOH sol ution or be converted to the nzyl car bamat e by
addi ti on of benzyl al cohol. The benzyl carbamate is
sequently cl eaved by hydrogenati on under nornma
pressure or by transfer hydrogenation with a catal yst

ch a Pd- C or Raney nickel in solvents such as
Ng%fﬁl ﬂ?@%? di oxane, THF, HOAc or mixtures
t Pegonnfon (RQ@O %g RRR Qoﬂﬂgichlo@@feh@f)%eﬂ%%’ﬂﬁﬁggﬂﬁf - M-S yRrolidin-
rmedi a

P MeCH
ﬂtyg} "fs%ap arid fztbyﬂ)estieg (Fedebal 4t FHOM & 66\41 il Oyppgtreated with

OSEON 88 d?ﬁ@ FdaRB6h hixtuRewRs ﬁﬁ?erdaﬁ)k AMQkhit r.t., then evaporated.
|§$HmmMe )..Internmedi ate &m@Mem9|Me(2

adpiding erage é’§1dd&(§§:?91’d)é‘iﬂ wﬁhth pepmerigh-4-yhpiperazine
according to general method D to give 5-chloro-thiophene-2-carboxylic acid ((R)-

1-{2-[4-(1-methyl-piperidin-4-yl)-piperazin-1-yl]-2-oxo-ethyl }-pyrrolidin-3-yl)-
amide. Light yellow solid. MS 454.6 ((M+H]")

Example 3(reference)

In analogy to example 1, [(S)-3-(tert-butyloxycarbonylamino)-pyrrolidine was
converted to 5-chloro-thiophene-2-carboxylic acid ((S)-1-{[2-fluoro-4-(2-oxo0-2H-
pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-yl)-amide. Off-white
amorphous solid. MS475.3 ((M+H]")

z
Y

Cl
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of internediate (2). Final product (I""): Internediate
(73) is alkylated with internediate (13) as descri bed

WO poobhewpr epar ati on of internmediate (1) . As deBCT/ER®U6/061776

above, the conpounds of fornula (1) are active
conmpounds and inhibit the coaguﬁ tion factor Xa. These
conpounds consequently influence both platel et
activation which is induced by this factor and

pl asmati c bl ood coagul ati on. They therefore inhibit

t Rampleairéforenod) t hronbi and can be used for the
treatnment and/or prevention of thronbotic disorders,

h t ot , ' ‘
o oy s GRBhe Gt S atoai TS PaissRBR o rbamgmino)-
opgirukdivie was s@ageed RAShloroHisib plidne- Bagboa/lipacidqr$)sl-{2-[4-(1-

ocardi.al . j.nfarction,.coronary artery disease, .
SRR GEridimar Y pipetirb kel Saketint - DrroRib e Ly i
t Whita dodill. M$D434.4 @Mdm}") i nf | amrat i on and
arteriosclerosis. The conpounds of the present
i nvention can also be used in the treatnent of acute
vessel closure associated w ] ol yti c therapy
and restenosis, e.g. aft t sl um nal coronary
angi opl asty (PTCA) or by 8 graf N g of the coronary

or peripheral arteries//ahd "nth i nt enance of
vascul ar access patencikn | ong t & m henodi al ysi s
patients. RXa inhibitors of thisAgvention may form
part of a conbination therapy wth Jan anti coagul ant
wth a different node of action wth a platel et

aggregation inhibitor or with a thronbol ytic agent.
Furt hernore, these conmpounds have an effect on tunour

cells and prevent netastases. They can therefore al so
bEXYBBY ARG unour  agent s.

5.1 Using general procedure D ((R)-3-amino-pyrrolidin-1-yl)-acetic acid ethyl
ester dihydrochloride (example 1.2) was coupled with 4-chlorobenzoic acid to give
[(R)-3-(4-chloro-benzoylamino)-pyrrolidin- 1-yl]-acetic acid ethyl ester. Solid. MS
311.3 ((M+H]")

Chiral
e
(AN
N 3 g
0 A\
c

5.2 Using general procedure F [(R)-3-(4-chloro-benzoylamino)-pyrrolidin-1-yl]-
acetic acid ethyl ester was reacted with 1-(4-amino-3-fluoro-phenyl)- 1H-pyridin-2-
one (CAS 536747-52-1, prepared according to C. F. Bigge et al., patent application
WO 2003045912) to give 4-chloro-((R)-1-{[2-fluoro-4-(2-0x0-2-pyridin-1-yl)-
phenylcarbamoyl]-methyl }-pyrrolidin-3-yl)-benzamide. Light yellow solid. MS
469.5 (IM+H]")



10

15

Prevention and/or treatnment of thronbotic disorders,
particularly arterial or deep vein thronbosis, is the

w@e@bai«ed i ndi cation. The invention therefor ePel/BP2006/061776

rel ates to pharmaceutical conpositions conprising a
conpound as defined above and aSEharnaceutically
accept abl e excipient. The invention i kewi se enbraces
compounds as descrlbeq)abov use as
therapeutical Iy active ns aspeC|aIIy as

t herapeutical |y acprwe substance he treat nent
and/ or prophyl axi s di seases |c e associ at ed

w th the coagul g factor Xa, part arly as

t herapeutically active substances for Qreatnent
and/ or prophylaxis of thronbotic dlsor , arteria
t hrombosi's, venous thronmbosis, deep veln hronbosis,

peri pheral arterial occlusive disease, unstable angina
pectoris, myocardial infarction, coronary artery
di sease, pul nonary enbolism stroke due to atria
fibrillation, inflanmation, arteriosclerosis, acute
V%ﬁ%ﬁhh@kﬁ%&E ssociated with thronbol ytic therapy or
restenosis or tumour. In another preferred
enbodi nent, the invention relates to a nethod for the
t Rer absing genarisbpisicedire phyRaétBog- T raimoppnplidine dias saspled with
L | t he,co I n
par e o AR A e o B Ay SN AkR6 iBphene-2
pp@bﬁwlér@mlm]rmatqi@me- brabRrgiemsid eridv ek epears Yellow solid. MS
aggggkghlﬁﬁ onbosi s, venous thronbosis, deep vein
hr onbosi s, perlpheral arterial occl usive di sease,
unstable angi na pectoris, nyocardial infarction,
coronary artery disease, pulnmonary énbolism stroke
due to atrial fibrillation, infla@ﬁ$f70n,

arteriosclerosis, acute vess LQ§ure associated with
0 Nigiate!
N
__ H
_ S
o)

6.2 Using general procedure B (R)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-
pyrrolidine-1-carboxylic acid tert-butyl ester was deprotected to give 5-chloro-
thiophene-2-carboxylic acid (R)-pyrrolidin-3-ylamide hydrochloride. Yellow solid.
MS 231.4 ([M+H]")

0 CNH
N

H

N
CIH
Cl

6.3 Using general procedure A 5-chloro-thiophene-2-carboxylic acid (R)-
pyrrolidin-3-ylamide hydrochloride was reacted with ethyl-2-bromopropionate to
give 2-{(R)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-pyrrolidin-1-yl}-
propionic acid ethyl ester. Oil. MS 329.1 ((M-HJ)
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t hronbol ytic therapy or restenosis, and/or tunour,
whi ch nethod conpri ses adm ni stering a conpound as

waledosnedonbove to a human bei ng or ani nmal. ThePCT/EP2006/061776

i nvention al so enbraces the use of conpounds as

defi ned above for the therapeuf?é‘and/or prophyl acti c
treatnment of diseases which are associated with the
coagul ation factor Xa, particularlly for the

t herapeutic and/ or prophylaqgiéN went of

t hronboti c di sorders, 'l t hrgnbosi s, venous

t hronbosi s, deep veyf hr &nbosi s, peri pheral arteri al

occl usi ve di sease, abl e angi na pectoris,

myocardi al infarctio coronary artery di sease,

pul monary enbolism stroke due to atrial fibrillation,

i nflammation, arteriosclerosis, acute vessel closure
adgocildingd gancial t prosedotyti @- {(ReBag§-chloro-¢lsivpinawt B carbonyl)-

g a T i i t .
oA R SRR ISR LR RO I3 o
méldproapkenyd - Hibpytidm-2oor 4045t 53674620y prepepdydceating to C. F.
: . . : ) '

L EERETETL L SERRGRONE A BT e S D 2.
t kabapdist i ecidnd((By- 1pflo@hiu aot4-C-oxepymdint 1-pf-phenylcarbamoyl]-
t i G .di d ) [ t g

| BOSTEOHI G SQIPGhRs. SRSk idla MISAERREL TS

occl usi ve di sease, unstabl e angi na pectoris,

myocardi al infarction, coronafy g tefy disease,

pul nonary enbol i sm, stroEE;% atrd al 6ibri||ation,

i nflammation, arter I si s,ll ac @ el closure
or

es
associated with ontibl ytic tﬁ%rap Nrest enosi s,
and/ or tunour. medi canment s conpri sesa conpound as

descri bed

Cl

Example 7(reference)

7.1 A solution of 400 mg 5-chloro-thiophene-2-carboxylic acid (R)-pyrrolidin-3-
ylamide hydrochloride (example 6.2) in 5 ml THF was treated with 0.31 ml TEA
and 0.16 ml bromo acetylbromide. The reaction mixture was stirred over night.
The precipitate was filtered and washed with THF. The filtrate was concentrated.
The crude product was purified by chromatography (silica gel; gradient: CH,Cl, to
CH,Cl,/MeOH 98:2) to give 250 mg 5-chloro-thiophene-2-carboxylic acid [(R)-1-
(2-bromo-acetyl)-pyrrolidin-3-yl]-amide.  Off-white amorphous solid. 353.1
(IM+H]")

. ol

W

I=
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above. The invention also relates to the process and
the internedi ates for manufacturing the conpounds of

wo eooal40(1) as well as the process for nanuf aBCT/EP20g6/061776

the internediates. The inhibitiaon of the coagul ation
factor Xa by the conpounds of tﬁé‘present i nvention

be de nstr at the a f a_.chromgeni ¢
3@. o Ol af %hl%Fé?s HP&?%F‘ RerEhonefs geid [(R)-1-(2-

Fa@fano%aetﬁsupwbh&mvmgl] rmﬁfael e s PRGt ﬁv@@?@i{éswﬁllthllqwrﬂg’l (4-

IN MCro at . n a a usl n

| st phimRe TRt oned RS Shanah ThAciet Mb me

( Etamnetyﬁmﬁaﬁmhl lhay. amer fe@&ﬁory»ﬁﬁxthﬁ%@ﬁstﬁttedadt r&N&Y Medays,
ntratL%ﬁﬂmé 3 nMu gagggggnlc substrate
2B EhBYEn&LCABD 1\9& 5. athepprgapig layer was

TheVaﬂ@actmmdtemtﬂe@smt Mgteopaﬂd/ merasd the suWkstfddect was

wer e h?f ar. with {lne and the e

coREH F%Wmat%apw sgice 8Fls eipdcat: o&é&h R HELAeRH 95:5)

and)tested at variogseconcentrations up to 100 M The

of Bk °rﬁ@%e-%a@%q v PG 6068 0: BoHAT TR Y)-
0 PRAfeylddin 8] -Boet dﬂppyﬁb&ﬁﬁay ) @hidk. 2482 5hy (muen+f act or

Xa was followed at 405 nm or 5 mnutes at room
tenperature. The velocity of the reaction was
deternmi ned by the autoreader fr ntHhe sl ope of the

linear regression fip to | ts (1 mnute).
The initial velocity “ea |nh| concentration
was determ ned by slope of at 4 time points

in the linear pha By a |inear

Example 8(reference)

8.1 Asuspension of 540 mg ((R)-3-amino-pyrrolidin-1-yl)-acetic acid ethyl ester
dihydrochloride (example 1.2) in 5 ml THF was treated with 1.2 ml TEA and 530
mg

5-chlorothiophene-2-sulfonylchloride. The reaction mixture was stirred over night
atr.t., then taken up in EtOAc and washed with water and brine. The organic layer
was dried over MgSO4, filtered and concentrated to give 690 mg [(R)-3-(5-chloro-
thiophene-2-sulfonylamino)-pyrrolidin-1-yl]-acetic acid ethyl ester. Oil. 353.1
(IM+H]")

N

G /YOV
N o

H

2
Ots_
(\ jS

Cl

8.2 Using general procedure F [(R)-3-(5-chloro-thiophene-2-sulfonylamino)-

pyrrolidin-1-yl]-acetic acid ethyl ester was reacted with 1-(4-amino-3-fluoro-
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regression fit (nOD)mn 2) . Apparent dissociation
constants K1 were cal cul ated according to Cheng and

woemsoifso] Cheng, Y. C; Prusoff, W H Rel ati oPSHEP2006/061776

bet ween the inhibition constant (K1) and the
concentration of the i nhi bi t or “PRat causes 50 per cent

inh 0 action., Bi ochem
PhARTY b - p‘@% b @%9%%@5? bBEBArcgrceHd e anly Bigee
t het digparat hysickdeh W(d 20O30AS9EY P et PUR)IB- (Mﬁoﬂoct%@dphene—

i - Kln. for_t bstra eu

o 2P ine s OHGInG B ¥4 3 Eiop eiRe ¥oedi- M i D-
|epﬁén}@—&éﬁsﬁlﬂ@tWh@t@@@l@dltMStSll@.B%[Maﬂlgf)ng from0.5 to
15 tinmes Kin . [Lottenberg R, Hall JA, Blinder M
Bi nder EP, Jackson CM, The actlon of thrombin on
peptide p-nitroanilide pubst r at e
selectivity and exanﬂnat of hy 3\ysi s under
different reaction
1983 Feb 15; 742( 7. 589-57]. Acco di g0 Eadi e
[Eadie G S. The iRgidbition of choline {gd
physosti gm ne and prostigm ne. J. Biol Chem 1942,
146, 85- 93.] , the Kin for S-2222 anpunted to 613 nM
The activity of the | ow nol ecul ar wei ght substances
can, noreover, be characterized in the "prothronbin
time" (PT) clotting test. The substances are prepared
as. a 1 solution in DVBO and thereafter nade up to

E%MBB K&819Ut i on in the same sol vent. Thereafter
0.25 m of human plasma (obtained from whol e bl ood
antli coaguledyad crahpled 110 V8 BlN@o@fanﬁQ&piﬂ}érM@ldiWisf(%ﬁleérted to

con B e tih?wéhgeazns”“ migh ety Fallitor i el

ester. Solid. 331.3 ([M+H]")

N/\I(O\¢/

/]
C NH

O

92 To a stirred solution of ({3-[(5-chloro-thiophene-2-carbonyl)-amino]-
piperidin-1-yl}-acetic acid ethyl ester at r.t. in 5 ml ethanol were added 5 ml 1 N
NaOH. The slurry slowly turned to a clear solution. Stirring at r.t. was then
continued for 5 h. The mixture was neutralized by adding 5 ml of 1 N HCI (pH ~
7). The light orange solution was concentrated to leave an off-white solid. This
residue was coevaporated several times with toluene to remove the remaining
H,0, and dried overnight (r.t., 0.5 mbar) to give 1.07 g {3-[(5-chloro-thiophene-
2-carbonyl)-amino]-piperidin- 1-yl}-acetic acid (containing 2 mol equivalents of
sodium chloride). Off-white solid. MS 301.3 ((M-H]")



10

15

20

substance- dilution series was then mxed with the
pl asma provi ded. This plasma/inhibitor m xture was

wo pmabatded at 37 OC for 2 m nutes. Thereafter, PCTYEP®06/061776

were pipetted to the sem - autonatlc devi ce (ACL
Aut omat ed Coagul ati on Laborator (Instrunent
Laboratory)) 50 m of plasna/ |nh|b|tor m xture in

t heneasur enent cont ai ner. |ng reacti on was
initiated by the addltlon of Dade(r)

I nnovi n(r) (reconblna tlssue factor conbi ned
W th caIC|un1buffe PhEtlc ghosphollplds Dade
Behring, Inc. B4212 0). elti npciup to the

fibrin cross- I|nk|ng was d®term ned pRot oopti cal Iy
fromthe ACL. The inhibitor concentration, which

br egghtto ab@iﬂtedas@péﬁkﬁdm of CBbOtrhg {BT[(ISJcﬁIoTrd)Jﬁ]giophéHé 2-¥@bonyl)-
onent i al

determ,ned b the data taq an, ex

bRy a0 A bR A Bkt of sodium

|nWﬂﬁhd@n can furthernnaﬁ be characteriggd by the in

i vat ed Pa tial plastin time (aPTT).

co 5@%‘1 AgptopHl Qgg 35521% %@efr Rh AN AHRO reswe ‘added 0.5 ml

Co?géthﬁlﬂhﬁi’pr dreime( !%ESt ﬁiglblﬂfmadrhlﬁﬁ iﬁ@&roaﬁ&w% 1H-pyridin-2-

aut o e substances_ ar repared as a

100ﬂ‘f'3f‘§%§ a?ﬁ?f 5?nl PIBET drigcmeda Z? g%%g %tqéppﬁtsnttmhcaﬂon

deW(D edosmwu) @RAd 1365 &%qa@a@ T8t ¥&pact TherylwestthéSstirred at r.t.
Actin(r) FES Activated PTT

with th
dﬁlaﬁw*twe‘gwoa THesh .H@sreﬁlﬁquma@w with CHoCly,

el lwagie@ a6thd,1 aNlasz eHSOaRAd PHAREN WAk vwgmge filtered and
Behrin I nc. B4218- 100) . Thereafter

al F%S‘?%a%? h%ﬁfuspepg UGt oMASaR HaPds P et %grsplabépﬂwa gel;
antiagagul at@diohttdiel/ 10ovol upAf) 108,omM Najvei trajge) mg

ar
g—Chloro—thiophene—2—carboxylic acid (1-{[2-fluoro-4-(2-oxo0-2H-pyridin-1-yl)-
phenylcarbamoyl]-methyl}-piperidin-3-yl)-amide. =~ White solid. MS 489.5
(IM+H]")

Example 10(reference)

Using general procedure D  {3-[(5-chloro-thiophene-2-carbonyl)-amino]-
piperidin-1-yl}-acetic acid (containing 2 mol equivalents of sodium chloride) was
coupled with 1-(N-methyl-4-piperidyl)-piperazine to give 5-chloro-thiophene-2-
carboxylic acid (1-{2-[4-(1-methyl-piperidin-4-yl)-piperazin-1-yl]-2-oxo-ethyl }-
piperidin-3-yl)-amide. Off-white solid. 468.5 ((M+H]")
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spiked wwth 5 m of test conpound in at |east 6
concentrations. 50 ml plasma at 4 0C containing 1/50

waobos/1i4ahi bi tor in sol vent are i ncubated w th BOI/RP2006/061776

Dade(r) Actin(r)FS Activated PTT reagent in water at

37 0C for 3 nin., then 50 m Caél2.2H20 25 nMin wat er
at 37 0C are added. The tinme up to the fibrin
cross-1linking was determ ned 0 (?callyfromthe
ACL. The inhibitor concentratl on, i ch brought about

a doubling of the APTT cyogting tifme,] was determ ned

by fitting the data t97a e Nt regression
(XLfit). The K1 values of th& active conmpounds of the
present invention preferabl yCanmou o about 0.001 to

50 mM especially about 0.001 to The PT val ues
preferably anount to about 0.5 to 0 MM especially

to about 0.5 to 10 nM The aPTT val ues preferably

anount to about 0.5 to 100 nM especially to about 0.5
to 10 mM The conpounds of forrmula (1) and/or their

phar maceutical ly acceptable salts can be used as

nmedi canents, e.g. in the formof pharnaceuti cal
pEapapktlilons for enteral, parenteral or topical

adm ni stration. They can be adm ni ster ed, for exanpl e,

p r ,

tg Iqeg1ij sSin% %egdesﬂn%ﬁ 4 M% ne cgbtrgﬁilfe methyl ester
s bydroclolnside emﬁl @D@pisd dmtlsu%pﬁnmtbmherreeb{calbbyyhce agd i give
t ' S ren

s T
s@tldtlrt@rtsbutyirestteo&methﬂ;cstee @’hltcnoltdqd\d8689cﬂom+H] )
ointnents, creans or oils. Oral admnistration is
preferred. The production of the phar maceut i cal

preparati ons can be effected |n ner

QH

Cl

11.2 Using general procedure B (2S4R)-4-[(5-chloro-thiophene-2-carbonyl)-
amino]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester was
deprotected to  give  (2S5,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-
pyrrolidine-2-carboxylic acid methyl ester hydrochloride. White solid. MS 289.0
(IM+H]")

N
H

N
CIH
Cl

11.3 A solution of 3 g 1-(4-amino-3-fluoro-phenyl)-1H-pyridin-2-one (CAS
536747-52-1, prepared according to C. F. Bigge et al., patent application WO
2003045912) in 90 ml THF was treated with 3.5 ml TEA and 2.3 ml bromoacetyl
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which will be famliar to any person skilled in the
art by bringing the described conpounds of fornula I

wa@eabor44dhei r pharnaceuti cal |y accept abl e sal t BCT/EP2006/061776

optionally in conbination with qther therapeutically

val uabl e substances, into a garéﬁrcal adm ni stration
f%rn1t gether with suitable, non-toxic, igert,

t REPISEG L PSS RES BIECGOYST g 3tiTdui e gppgeatrated. The
n&@s&ifueax:vﬁs al;&; tupgn dgsiaiednd way adaslmallaﬁ/ﬂl@quthGEhncll brine, dried
a S uitabl e carrier materials are not only |
ISR oreiy R o "bafe Liude SPdhec s prdhd by
meh & abgap A Udica blf gRIRADIETLAIAS OHSCL/SMOH B! e Product-
derivatives thereof, talc, stearic acid or_jts salts .
c SANFERES HACURDS S4FE CRRCCRERISH al e FearaIRing s wag faugaied with
t dldiiefl Sethelr agegse Bd ghartﬁoﬂl@LH@tﬂmoaapzsyk@ﬁyﬁcﬁﬁlE@?Jpﬁenyl]-
carrier, materials ?8rp§3§t el atine capsules are, for
efEriyn e a5 affetin wlidi Mo %?éﬁéMJfH]ai s and seni-solid

and |liquid polyols (depending on the nature of the

active ingredient no ¢arki ens mkght, however, be
required in the case of spft gel ati ne capsul es).
Suitable carrier materiale fg e production of

sol utions and syrups are, forxexa
sucrose, invert sugar. Suitable
injection solutions are, for exa wat er, al cohol s,
pol yol s, glycerol and vegetable oiTs. Suitable carrier
materials for suppositories are, for exanple, natura
f)ﬂl.hadﬂ tharrpe geidrhls grdm ﬁ&l , Af aith BMF s rTéo:NeFﬂ L(if29,4R)’—4— [_(S—Clllloro—
i,qui.d p o]s. .Suitable carrie terials for topica
BB b S i Bl be el D uliene tets eyt ester
syipdroelilocidgl ywesr ird@&sed hyahogBmadao-[2ifludro-Ui (Quixd-Wawes-1-yl)-

l'i gui dparaff.ins, |iqgui t cohols, sterols, )

D Bﬁ ﬁ%egﬁ%ld& |tS)/ cgbqeg(liéggg —2,é[|[(¥—ﬁﬁi9§%—t 10phene—2—carl30nyl) -amino]-1-
{[2-fluoro-4-(2-oxo0-pyridin- 1-yl)-phenylcarba-moyl]-methyl }-pyrrolidine-2-
carboxylic acid methyl ester. White solid. MS 533.2 ([M+H]")

e, water, polyols,
jer materials for

1) O—
Q 8[\:
N _T>_H
- H N F
@]

N \>—§

Cl o)
N
\ 7

Example 12

A solution of 394 mg (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-1-{[2-
fluoro-4-(2-oxo-pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidine-2-carboxylic
acid methyl ester (example 11.4) in 10ml THF was treated with 1.5 ml 1IN NaOH.
The reaction mixture was stirred for 4 hrs at r.t., then brought to pH 7 with 3N HCl

and concentrated. The crude product was purified by chromatography (silica gel;
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derivatives. Usual stabilizers, preservatives, wetting
and enul si fyi ng agents, consistencyi nprovi ng agents,

wo b@vourei nprovi ng agents, salts for varyi ng tPer/EP2006/061776

osnotic pressure, buffer substances, solubilizers,
col orants and maski ng agents and’ant i oxi dants cone

bt B BRI Lo Rt MBORD T P ROyt R gt vere

WicOgeehtriiet strilepedddivitlg water bhe déics eagiee 290 R (29aRY-al [ 8dhloro-

t he age d the . individ ondi tion of the patient
a%ogﬁﬁe%%ibﬁylﬁamqﬂ]é#%f& 9"5%0W'PYT}£81‘1'2]%'W se,

b@ht fl¢ebarh @ylf- At ynPp itk sliahe- D RatHok NI Bad 4h &BShite solid. MS
pgr%#?@hag ase. For adult patients a daily dosage of

aBd t817000 g, especially about 1 to 300 ny,

cones into consideration. Depending on severity of the

di sease and the precise phagnmaoeki netic profile the
conmpound coul d be adm ni ster with one or severa

daily dosage units, e, .g. | to 3 dosage units. The
phar maceuti cal prepar@ti " enjently contain about
1-500 ng, preferab - 300 ny, coppound of
formula (1). The fQl lpwi ng Exarfpl e rve to
illustrate the presgnt invention i re detail. They

are, however, not i®tended to limt T{s scope in any
manner. Exanpl es General Procedures ral Procedure
A: Al kylation of pyrrolidine derivatiN\veg’with an

OC- br onpaceti c

Example 13

Using general procedure D (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-1-
{[2-fluoro-4-(2-oxo-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-pyrrolidine-2-
carboxylic acid (example 12) was coupled with 2-aminoethanol to give (2S,4R)-4-
[(5-chloro-thiophene-2-carbonyl)-amino]- 1- {[2-fluoro-4-(2-oxo-pyridin-1-yl)-
phenylcarbamoyl]-methyl }-pyrrolidine-2-carboxylic acid (2-hydroxy-ethyl)-amide.
White solid. MS 562.5 ((M+H]")

N
- (@]
LS
Cl 0

Example 14

Using general procedure D (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-1-
{[2-fluoro-4-(2-oxo-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-pyrrolidine-2-
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acid derivative To a stirred m xture of the

pyrrolidine ( 1 eq) in THF were added TEA (1.5 - 5 eq)
wa@emetingm t he a- bronmpacetic acid derivative (1PQI/EPR06/061776

eq). A catalytic anobunt (up to Q.5 eq) tetrabutyl

amoni um i odi de may be added. TRE-reaction mixture is

agi tated under an argon atnosphere for 2 hrs to 4 days .
o Ruydigic 8hEetblen S SuRRD org eatr Rsldsgaero sive
i $2$,4RI—£N[@S§clﬂBifﬁq—ﬂfﬁ@bh@é@%b;WﬂyﬁT)l;éEhﬁo]—ﬁhﬁZEiu'&%d—at(Q—dxﬁ— .
concent r at ed. e.residue taken. up in Et CAc, washed
vviptyﬂgl(r)‘.' Bihrﬂ%&@jﬁi?a%@@?ﬁ%ﬁhﬁﬁ% ."ﬂ"}liﬁg'zo‘fa@]%\‘?ﬁyl'}cl ayer is acid
dich@ebroyamclyB@midd i | hi@t ed2RAR)-ANS AL e phIREEEAHEENY])-
pr oduct gllazn be pf@rfled by. 1;]lta]§ chr.omat ogr aphy on

SR - éh 2 BrotBy-r-9 %Ry ak-yiwheedrgpama bpstvtle B:
Clp?ﬁﬁ_ﬁ@iﬁleca@b(B@ﬁc PEEY eeyddigopyIRethyWatnlddiC WRit@ solid (both
SO 9@\'&0%}3{@9%&@% i.ng Boc-protected amine (1 eq) in
diPEHITE IR in dioxane (10 15 eq). The
reaction m xture was stirred for 2 - 18 hrs at r.t.,

then concentrated.,The crude product can be purifie

by flash chrongto phy on silica gel. Ceneral Hm}

Procedure & eavage of a Boc protecting gr&s:p'N'th
TFA To a s tion of the starting Boc-prote@j& am ne
0
;

(1 ). LDn a2 (1.5 mM) was added v
CF3 N10 "o Nnd stirring was cont d N5 ¢
h. sol uti o® wag—gvaporated to dr, ss and used
wi thout further pu pcati on. Genera rocedure D
Coupl i ng of a carbox¥licoacid with anciam ne using B o
as a N N

\ _/ "
Example 15

Using general procedure D (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-1-
{[2-fluoro-4-(2-oxo0-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-pyrrolidine-2-
carboxylic acid (example 12) was coupled with methylamine hydrochloride to give
(25,4R)-4-[ (5-chloro-thiophene-2-carbonyl)-amino]-1- {[2-fluoro-4-(2-o0x0-
pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidine-2-carboxylic acid
methylamide. White solid. MS 532.3 ((M+H]")

H
Os N~
NY \>/_
N
H S F
xS
Cl 0]
N
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25

coupling reagent To a stirred solution of the acid ( 1
eq) in DM or THF is added the amne (0.8 - 2 eq),
wok@bhyd4edi | sopropylamine (3 - 5 eq) and then PCT/EP2006/061776
BCP-reagent (1.1 - 1.5 eq). The mxture is stirred at
under an argon atnosphere- Pbr 3-24 h. The mixture
d|| d wth Et OAc, washed with water and bri ne,
di? SO ), filtered and concentrated. The crude
product can be purified by chromatography (silicagel)
orTohysobutiomt efldMinggtyaatric Gaoddain Prace Q%@eﬁlox%’@lﬂ@iej \V@e added

of, an ine. Wth e c Cld usin as
O i RSt P e e i 15
B(Mt:)g pr(QSQI(RP@d[(&gﬁhﬁﬁo(thibpﬁﬁﬁﬁ-i—caﬂbloﬂ'ﬂf—éﬁﬁn@( Ilrl{pz ﬂ@@rlo)4 (2-0x0-
subseguen adde mol )., . .5 My
S RATIEE B9 hs RGPy RISy PG I C oo b B beexample
Oqafor 1.5 h. The sqﬁpension was treaped with the acid m)
stirring, was ont nued at 60 0C for_16
TR P and SATLRAT e ahar e BOAES was ficied off
pamts ifiltt08 eds fetiaee e Gioluaidd .13 niy Nk, deTﬁang@ Wa@ added

I er .was_washed wit dri ed and evapor at ed
Wil B GO BROECLTIN o B e G Bm il PRELIR Waldr and

pléitlrzfdt&ia\bitlﬁ) Et(OAc opid @dadit YayRiwaswRHedWith hasdh, drled over MgSO,,
nq@ gr on silica gel.General Procedur e
ﬁ%? AR 08? qligielnokhs Fhdgdraded e Ruitid %}f@}roa}ﬁ%aphy
USdiR@ gel; gradient: CH,Cl, -> CH,CL/MeOH 9:1) to give 20 mg 5-chloro-
thiophene-2-carboxylic acid ((3R,55)-1-{[2-fluoro-4-(2-0x0-pyridin-1-yl)-
phenylcarbamoyl]-methyl }-5-hydroxymethyl-pyrrolidin-3-yl)-amide. White solid.
MS 505.4 ((M+H]")

N _3}_
N
H 5 F
xS
Cl o)
N
\ 7/

Example 17

17.1 To a stirred solution of 6.98 g (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-
amino]-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester (example
11.1) at 0 °C in 125 ml methanol under an argon atmosphere were added 3.05 g
lithium chloride (3.046 g, 4 eq.) and 1.36 g NaBH, and stirring was continued for 1
h at 0 °C. The ice bath was removed. The off-white slurry was stirred at r.t. for 6
hrs. The mixture was cooled to 0 °C and treated with 25 ml THF and 1.36 g
NaBH,. The ice bath was removed and stirring was overnight. Then the mixture

was filtered and the filtrate was concentrated to leave a light yellow sticky solid. The



Al Me activation The starting aniline (1.2-4 eq) was

di ssolved in toluene or dioxane to give a 5-10%
wa@odoatiiqam whi ch was treated under an argon at neGPRPR1086/061776

at r.t. with AlMe3 in heptane or _toluene (1.2 - 4 eq).

The reaction mixture was stirre@?at r.t. for 90 nin.

Then, t he, ester s added. The t erat ur ,mas
! AT o S by i el e i g iaty (e e dieBy: CHCl
- -20CHGly/ MdBH r #a®t 100 vmxtﬂ@hg wyas 1CIQO %dnﬁ@g Iinatterial -411 g

PSRt grqﬁ‘h{ﬁwg@ b B KBRS { e

S piyirblidige f1ofarldxylit Aoid tdie biiyKédudras wase kolld evisde(4{[M+H])
necessary over Celite). The filtrate was concentrat ed.

The product was be purified by crystalllzatlon of by
chromat ography (silicagel). Procedure G
Activating of an amine with enyl chloro
formate To a stirred sugpensjo the amne (1 mol)
in3n OCHdA2, 0,33 QF aAd pyridine ( 1
mol ) was added at O 4- i t rophenyl chl orof ormate (
1 mmol) and stirring continued at 0 OC for 1 h and
at 22 0C for 16 h. The suspen5|on was filtered, the
5 resi due containing the®4-nitrophenyl carbanmate was
washed with water (20 m) and CH2A 2 (10 m) and dried
at 0.1 nbar. General Procedure H Coupling of an am ne
with a 4 nitrophenylcarbanate To a stirred sol ution of
q %ﬁﬂ was added the
ﬁ|2t FB[ﬂ’]éW}WdC éqlgg%toé 2(5 g ( R -4 a-chloro th10phene—2—carb0ny1)
hh@@hﬂL di i sopropyl am ne (3 nnnl) and

[ t

2-hydroxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester at 0 °C in 10 ml

10 dichloromethane under an argon atmosphere were added 5.89 ml N-
cthyldiisopropylamine and 0.65 ml methanesulfonyl chloride. The mixture was
stirred at 0 °C for 4 h, then diluted with DCM and washed with H,O and brine,
dried over MgSQy, filtered and concentrated. The crude product was isolated by
column chromatography (silica gel, gradient: CH,Cl, -> CH,Cly/MeOH 95:5) to

15 give 2.42 g (25,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-2-
methanesulfonyloxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester as off-
white amourphous solid. MS 439.1 ((M+H]")

|
0=8=0

|
0 0/4:
o\ N/&O
cl \\\

20 17.3 To a stirred solution of 200 mg (2S,4R)-4-[ (5-chloro-thiophene-2-carbonyl)-
amino]-2-methanesulfonyloxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester
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the m xture was heated to 80 OC for 1-5 h. The m xture
was partitioned between AcOEt and aqueous Na2CQO3, the

we@e@ani«aol ayer was washed with brine, dried anBPCT/EP2006/061776

evaporated. The crude materi al vvas purified on
preparati ve HPLC ( RP- 18) usi ng “gradi ent of CH3CN H

T8 b7 oRoh el T Bt atgnatime Sieis ats wdRd 038 i pyRofidine.

( Bhe (rﬂl?ét‘lﬁe fvhghéa-t?hﬁoyﬂeﬂmy ﬁ)@%{lﬂ mh’énadﬁé)[l’!d)tg rf@)@fnrdtctiohaéﬂﬁﬁited The
RS0 s Py ot hgzanhy (sic el eracent CrCl

pyjls r Q]szlle\MeOH )9:acefol GrivCiigy etntynl (2@211;2{45 H(gfchfdé\g”éﬁl%phene—}

ol 1 i

Bcar(b(’ P@lg/s mt”é%t %“B&{rgﬁg‘%a]r Eﬁ‘&?ﬁ@’gs Yﬁ%h Wr]quIE? ? if yaeyl. tert-butyl

aeqtl & AChBitehpphRat S5lidNads aeny eNed] 1o
((R -3-am no-pyrrolidin-I-yl)-acetic acid ethyl ester

di hydrochloride. Of-white am)rphous solid. M5 173.4
([MtH +) CIH 1.3 Using g@ met hod D,
N

((R)-3-am no-pyrrolidin-| acetlc id ethyl ester
di hydrochl ori de was coupl ed wi

5- chl or ot hi ophene- 2- car boxyl i —r@ to give
{(R)-3-[(5- chlorothlophee2 boﬂyl) am no] - pyrrol i
din-l-yl}- acetic acid et Nester. Of-white

anmour phous solid. I\/IS 3157 ('I' MtH] +) 1.4 Using general
met hod F, \

{(R) - 3- [(5 chl oro- th| ophene- 2- car bonyl ) - am no] -
pyrrolidin-1-yl}-acetic acid ethyl ester was reacted
with | -(4-am no-3-fluorophenyl)- | H pyridin-2-one (CAS
536747-52-1, prepared according to C. F. Bigge et

17.4 To a stirred solution of 134 mg (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-
amino]-2-pyrrolidin-1-ylmethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester at r.t.
in 3.4 ml dioxane under an argon atmosphere were added 1.6 ml 4 M HCI in
dioxane. The mixture was then stirred for 18 h. The resulting white suspension
was concentrated to leave 139 mg 5-chloro-thiophene-2-carboxylic acid ((3R,5S)-5-
pyrrolidin-1-ylmethyl-pyrrolidin-3-yl)-amide dihydrochloride as off-white solid.
MS 314.3 ((M+H]")

17.5 Using general procedure A 5-chloro-thiophene-2-carboxylic acid ((3R,5S)-5-
pyrrolidin-1-ylmethyl-pyrrolidin-3-yl)-amide was reacted with 2-bromo-[2-fluoro-
4-(2-oxo-pyridin-1-yl)-phenyl]-acetamide (example 11.3) to give 5-chloro-
thiophene-2-carboxylic acid ((3R,5S)-1-{[2-fluoro-4-(2-0x0-2H-pyridin-1-yl)-
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al, patent application WD 2003045912) to give
5-chl or o-t hi ophene-2-carboxylic acid ((R)-1-

wWQ p@efilador 0- 4- ( 2- oxo- 2H pyri di n-1-yl) - phenyl cap®ERP200$/061776

-methyl }- pyrrolidin-3-yl)-amde. Of-white
anDurphous SO|Id l'ight yellom1§6lld M5 475.3 ([ M+

{M@E} Cat?? 51%5}%151? pr?{@ jginol a‘gil'? Safwz imnﬁ%]ybpwa i Light

d@@mmwyﬂﬁ,aasss&zqmangnhyl ester (Ex. 1.3) in 4n

Et OH and 4nl H20 was treated with 0.051g NaOH. The

reaction mxture was stirred for 4 hrs at r.t., then

evapor at ed. The resulQQiglcrude acid was coupled with

| - (N-rnet hyl pi peridin- pi perazi ne according to

general nethod D to give

5- chl or o- t hi ophene- 2- car bgk rnygﬁld (( - 1- {2-]4-(

| - met hyl - pi peridin-4-9|) - era

-2-oxo-ethyl }-pyrroli N3-yl)-© @v Ilght yel | ow

solid. MS 454.6 (] +) Exanpl e 3(Fel ce) In

anal ogy to exanpl

[(S)-3-(tert-buty|oxycarbonylanino)-6§rr’/idine was

converted to 5-chl oro-thi ophene-2-carboxylic acid

((S)-1- {[2-fluoro-4-(2-o0xo0-2Hpyri din-

| -yl)-phenyl car banoyl ] - net hyl

}- pyrrolldln 3-yl)-am de. Of-white anorphous solid.

MBA#8PI 18] MkH] +) Exanpl e 4 (reference) In analogy to

exanple 1.1, 1.2 and 2,

[069) T8 hifrcl sl@mlxsh%z@@&fmx '4R5T‘4n[% pRYS- mbbl‘;’én%gz-%ﬁonyb-

converted to 5-chloro-th hene- 2-car boxyli c ac

( @g}nq] ¥ glepzpneq;lﬂ@pﬁg@pcymethy -pyrrolidine- 1-carboxylic acid tert-butyl ester

p'(égﬁfﬂpq’é . f') é’tl ot B PeNaZR uhad! di 220X QR PKbde PHE WBEAHS mg
sodu)l/m methylate The resulting suspension was heated to reflux for 4 hrs, then

treated again with 78 mg sodium methylate and 1.5 ml MeOH and refluxed
overnight. The reaction mixture was cooled to r.t. and concentrated. The crude
product was purified by column chromatography (silica gel, gradient: cyclohexane -
> cyclohexane/EtOAc 35:65) to give (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-

amino|-2-methoxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester as colorless

gum. MS 375.0 ([M+H]")
I
0
& ’zk
o ) o
JD}H\
Cl \\\

18.2 In analogy to examples 17.4 and 17.5 (2S4R)-4-[(5-chloro-thiophene-2-
carbonyl)-amino]-2-methoxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester
was converted to 5-chloro-thiophene-2-carboxylic acid ((3R,5S)-1-{[2-fluoro-4-(2-
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Wiite solid. M5 454.6 ([ MH] +) Exanpl e 5(reference)
5.1 Using general procedure D

W@ ¢RpABHam no- pyrrolidin-1-yl)-acetic acid et hpdT/EB1086/061776

di hydrochl ori de (exanple 1.2) was coupled with
4- chl orobenzoic acid to give -05-

[ hl or e ) lidin-1-y]] -
e S e B i p@pﬁm}sgﬁq@xmmpmhmm&

CRi)rahidd. DfiUshitgsdidn$ib19% QoeddTe

[ (R -3-(4-chl oro-benzoyl am no) - pyrrolldin-l-yl]-

acetic acid ethyl ester was reacted with

| - (4-am no- 3-fl uoro- phenﬁl)-lkbpyr|d|n 2- one (CAS

536747-52-1, prepared ac ding to C. F. Bigge et a
pat ent appllcatlon WO 2003?45912) to give

4-chloro-((R)-1-{[2-fl uor No- -pyridin-I-yl)-

phenyl car banoyl ] - net yrroli -y ) benzam de.

l'ight yellow solid. §O. 5 ([ l e

6(reference) 6.1 general procedur%

(R -1-Boc- 3-am l'idi ne was coupl th

S- chl or ot hi ophene”™-carboxylic acid to give

(R -3-[(5-chl oro-thi ophene-2- carbonyl)-am no]

-pyrrolidine- 1l-carboxylic acid tert-butyl ester.

Ye||OMISO|id M5 329.3 ([MH ) 6.2 Using general
proced

m§9#€§ chl or o- t hi ophene- 2- car bonyl ) - ani no] -

pyrrolldlne- 1-carboxylic acid tert-butyl ester was

depnoflect eitréd cgolee (B-°Chisospehkibepiieddemg NaH (55 % dispersion in

mineral 0il) in 1.5 ml DMF under an argon atmosphere were added a solution of 58

mg 2-pyrrolidinone in 1.5 ml DMF. The ice bath was removed and stirring at .t.
was continued for 1 h 30. The mixture was cooled again and a solution of 200 mg
(25,4R)-4-[ (5-chloro-thiophene-2-carbonyl)-amino]-2-
methanesulfonyloxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester (example
17.2) in 2 ml DMF was added. The temperature was elevated to 80 °C. The
reaction mixture was stirred over night, was cooled to r.t., diluted with EtOAc and
washed with H>O. The aqueous phase was back-extracted with EtOAc. The
combined organics were washed with H,O and brine, dried over MgSO,, filtered
and concentrated. The crude product was purified by column chromatography
(silica gel, gradient: CH,Cl, -> CH.ClL/MeOH 95:5) to give 46 mg (2S,4R)-4-[(5-
chloro-thiophene-2-carbonyl)-amino]-2-(2-oxo-pyrrolidin- 1-ylmethyl)-
pyrrolidine- 1-carboxylic acid tert-butyl ester as colorless gum. MS 428.3 ((M+H]")

NS
o |\ N/gb
o] \\\
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2-carboxylic acid (R)-pyrrolidin-3-ylam de
hydrochl oride. Yellow solid. M5 231.4 ([MtH +) 6.3

wajsiongigener al procedure A PCT/EP2006/061776

5-chl oro-t hi ophene- 2-carboxylic acid (R)-
pyrrolidin-3-ylam de hydrochl ori 08e was reacted with

PRIt Ry Ol G bhRen: $73 28Ry L lep-pigphenc 2
| icghibonh )&h}mo]PB-QDJOQBJ[@rI@ﬁdﬁ B@Hﬂéthﬁ%@froh@nb 1-MBb3d8He 1 acid

( [126{1‘ gijt)% eft%rSW%qﬁo te ‘50 %ﬁﬁ]ﬁ gﬂgéllfegsr%,%rboxyhc acid [(3R,55)-1-

ar{[m?ﬂl()l’@yéf (BbkE2A=pyridin- 1py1p@hery1@rm®1phﬁﬂiy1 ESi(lox¥as
reac

f P%Pﬁgﬁﬁemﬁthﬁmﬁ?wﬁw P1-3rddq cAXERBEe gmaphqus solid. MS

prsepared+agoording to C. F. Bigge et al., patent
appl i cati on WD 2003045912) to give

5-chl oro-t hi ophene-2- carboxylic acid ((R)-1-(I-
[ 2-f1 uor o- 4- ( 2- oxo- py?n | -yl) - phenyl car banoyl ] -

et hyl }-pyrrolidin-3-ylY.-4akj de. Yellow solid. M 487.4
([MH ) Exanple 7(refd@ren e) 71Aso|ut|on of 400 ngy
5-chl or o-t hi ophene- 2- car |d (R) pyrrolldln 3-
yl am de hydrochl orldeo(ex THF was
treated W|th031m and 0016 ro

acetyl brom de. The ctfon mi xture 0a irred over

ni ght. The preci t2 was filtered an hed with
THF. The filtrate was concentrat ed. The ude product
was purified by chromatography (silica gel; gradient:
CH2A 2 to CH2A 2/ MeOH 98:2) to give 250 ngy

5- chl or o-t hi ophene-2-carboxylic acid [(R)-1I-
(2-brono-acetyl)-pyrrolidin-3-yl]-amde. Of-white
absuppe?d solid. 353.1

20.1 To a stirred solution of 550 mg (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-
amino]-2-methanesulfonyloxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester
(example 17.2) at r.t. in 5 ml DMF under an argon atmosphere were added 98 mg
NaNj3. The mixture was heated to 90 °C and stirred over night. The mixture was
cooled to r.t., diluted with EtOAc and washed with H,O and brine. The combined
organics were dried over MgSOy, filtered and concentrated to leave 552 mg of the
crude azide as a light yellow viscous oil. It was dissolved in 7 ml THF. To the
solution were added 986 mg triphenylphosphine and 0.5 ml H,O. The reaction
mixture was stirred overnight, then concentrated. The crude product was purified
by column chromatorgraphy (silica gel, gradient: CH,Cl, -> CH,Cly/MeOH 95:5)
to give 326 mg (2S4R)-2-aminomethyl-4-[(5-chloro-thiophene-2-carbonyl)-
amino]-pyrrolidine-1-car-boxylic acid tert-butyl ester as off-white amorphous
solid. MS 360.3 ((M+H]")
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([M- H+)7.2 A solution of 250 ng
5-chl or o-t hi ophene-2-carboxylic acid [(R)-I-(2-

whemaoi€acet yl ) -pyrrolidin-3-yl] -amde in 2m BMFERRS6/061776

treated with 110 ng | -(4-

am no- phenyl ) -1 H pyri di n- 2- one @%AS 13143-47-0), 0.12
m TEA and 110 ng tetrabutyl ammoni umi odi de. The
reaction mxture was stirrednat r.t. [for 2 days, then
quenched with water and ext racyed Et OAc. The
organi c | ayer was washed with ,ek dried over MySO
and filtrated. The crude product/ wa® purified by

chr omat ogr aphy (silica gel ,gT adient: CH2A 2 to
CH2Cl 2/ MeOH 95:5) to gi 724 g
5-chl or o-t hi ophene- 2; bbxylic acid ((R-I1- {2-

[ 4- (2- oxo0- pyri di n- ic-ly| )=

phenyl am no] - acetyl }-pyrrolidin-3-yl)-amde. M5 457.5
([MtH] +) Exanple 8(reference) 8.1 A suspension of 540
nyg ((R)-3- arri no-pyrrolidin- |-yl)-aceti c acid ethyl
di h hI d 1.2 m THF wa
eaégtr gal 1fr|q ,g:_CO? e]rq;so}epg(@\rel)égg?%e ([2@,)4R) 2—am1n0methy1 4 [(5 chloro-
5mbbl@ern@tzaba@me}npa&@]%@ﬂmhﬁﬁtp&ar%)tgyl@hﬁd @e’a\%‘sbt&eﬁp ester in 5
r en_takeén up

ﬁ}g}u@i\ was stirred over ht at
i B ORKANGIREET W TBONAITRYSPRARS WE Addedithe) oy géﬁﬁh)damme
I ayen.0mesm] dﬁétﬁﬂle@ly]ﬁf gl\/ﬁkﬁ@fhdef ITHeeth 8@ RNHasCOGEE W Ardtc@do r.t.,
%]% (ile 690 ng ((lp%l 5- chl or ot hi ophene-
P¢ ONGA BIERhENI pher éaorl%ﬁnﬁraredw |The Fedg proguich wag Hgalated by
e%bl@fnn Ehrom aBSBaphy( (sMta bt eradient: CH,Cl, -> CHLCly/MeOH 95:5) to
give 165 mg (25,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-2-
(methanesulfonylamino-methyl)-pyrrolidine- 1-carboxylic acid tert-butyl ester as
off-white amorphous solid. MS435.9 ({(M-H])

W
o\ N/go
o] \\

20.3 In analogy to examples 17.4 and 17.5 (2S,4R)-4-[(5-chloro-thiophene-2-
carbonyl)-amino]-2-(methanesulfonylamino-methyl)-pyrrolidine- 1-carboxylic

acid tert-butyl ester was converted to S5-chloro-thiophene-2-carboxylic acid
[(3R,5S5)-1-{[2-fluoro-4-(2-0x0-2H-pyridin-1-yl)-phenylcarbamoyl]-methyl }- 5-
(methanesulfonylamino-methyl)-pyrrolidin-3-yl]-amide. ~ Off-white solid. MS
582.2 ([M+H]")
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8.2 Using general procedure F
[(R)-3-(5-chl oro-thi ophene- 2-sul f onyl am no) -

W@o60l440i n- 1-yl] -acetic acid ethyl ester wasPCEEPR1086061776

with | -(4-am no-3-fluorophenyl)-I|H pyridin-2-one (CAS
536747-52-1, prepared according6§0 C. F. Bigge et al.
patent application WD 2003045912) to give

2-[(R)-3-(5-chl oro-thi ophene-

2-sul fonyl ami no) - pyrrolo=gdi n-1 -yl ]-N-[2-fl uoro-4- (2-oxo
-2H-pyridin-1-yl)- pheny®NNacetam de. Wite solid. M
511.3 ([ MtH +) Exanpl e g%%%;?;;fﬁe) ©.1 In analogy to
exanples 1.1 - 1.3 3-N Bo¢- awisg-pi pgri di ne was

converted to {3- A S

[ (5-chl oro-thi ophene- 2= %rbonyﬁ%-a -pyperidin-| -yl

}- acetic acid eth ester. Solid. 331. MrH +) 9.2

To a stirred solamt of S

{3-[(5-chl oro-thi ophene-2-carbonyl)-am noJ -

pi peridin-l-yl}-acetic acid ethyl ester at r.t. in5

m ethanol were added 5 ml 1 N NaOH The slurry slowy
turned to a clear solution. Stirring at r.t. was then
continued for 5 h. The m xture was neutralized by
adidtmglex’lm of AN HA (pH ~ 7). The light orange

sol ution was concentrated to | eave an off-white solid.

Tinh Safa@splydue WaspkeeY@Poi@t e, 3 ¥SURI-2tdBSmMHYN4-[(5-chloro-
tol uene to renove the remai ning H2O  and dri ed

oVEPPIgEt (r.t., 0.5 nbar) to give 1.07 g

{ 3-daftam§ L QR B0]-BYRBRGRE-1 -carboxylic acid tert-butyl ester was reacted with
2- car baonyl. -an1no]-p|perldln-y-yl}-acet[c aci ' '
( eestrlasHPHde 2ndofurdguicoarainds tof-duerodiaphees-Leayboxylic acid
O f3R¥y)te solid. M5 301.3 ([MH )9.3 To a stirred
suspensi on of 300 o

{ §=(P%%ylemnr@rwﬁthyi)ogﬁ@n%u%oéh%@wlzﬂ—pyndm—1—y1>—
aﬁh&%]lca%éi’%)ﬂ]?m;égﬂgii %ﬂ?nﬁf@ﬁ%—B%lﬁ%hﬁhe( CORh A dHoWIsofid TVIS 546.3

equi val ents "o
(IM+H]")
YO

HN
H F
N N
A (o) o)
N
/U)L N
N S

Example 22

22.1 A solution of 19.6 g N-Boc-pyrroline in 200 ml1 CH,Cl, was cooled to -10 °C
and was treated in two portions with 30 g meta-chloroperbenzoic acid. The
mixture was stirred for 17 h, slowly warming up to room temperature. Then, the
white precipitate was filtered off and washed with dichloromethane. The filtrate
was washed with 5 % aq. NaHSO3, sat. ag. NaHCO; and brine, dried (MgSO,),
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chloride) at r.t. in 5 mM acetonitrile and 0.5 m DWW
under an argon atnosphere were added 0.5 m

woe@bhyd4di i sopropyl ami ne, 175 ny PCT/EP2006/061776

| - (4-am no-3-fl uoro- phenyl)-lkkpgrldin-z- one (CAS
536747 52-1, prepared accordlng 0 C. F. Bigge et a

t I t 2003Q4591 and 365
T tg%&ﬁ@?@'@?ﬁ?% etﬂf@ae é’t‘f?ﬁ% & vasgt Pyrite yogﬁffglaﬁography

Tmahm oel: lgr@lm&wmnemter atcgaohe&h@e/EﬂsAcd@ms’)as ghvakers df oxa-

dr a&a%(jﬁz&gq@ét} Vdﬂ?qxﬁlaeé SRR bt PADA deT RS diehigactiow ol

pmaosiugs. 1 yas+|uni fied by chromatography (silica gel
gradi ent: cycl ohexane to EtOAc) to give 98 ny

5-chl or o-t hi ophene-2-carboxyljc acid
(I-{[2-fluoro-4-(2-o0xo0-2H 7k La-1-yl)-
phenyl car banoyl] -nethyl }-pjparidin-3-yl)-an de.
White solid. M5 489.5 ([ MtH] MY Exanple | qg(reference)
Usi ng general procedure D

{3-[(5-chl oro-thi ophene-2-c& bdnyl ) -am no] -

pi peridin-1-yl}-acetic aci ontai ning 2 nol

equi val ents of sodium chl orilde) was coupled with

| - (N-met hyl - 4- pi peridyl)-piperazine to give

5-chl oro-t hi ophene-2- carboxylic acid (1- {2-[4-(

| - met hyl - pi peridin-4-yl)-piperazin- 1-yl]

-2-0xo-ethyl }- piperidin-3-yl)-amde. Of-white solid.
48825 A pamiin o Ex(agrplosaBiazathidyclos . lpeame- dcaymosyledacid tert-

Dbhlfy?%é‘téf 3§ fhi M@(ﬂﬂf '&a‘s%&ﬂoh@@ (ﬂ:@ﬁ@éﬁ af® fifkhed with argon. It
was treated with 660 mg (1R,2R)-(-)-[1,2-cyclohexanediamino-N,N'-bis(3,5-di-t-
butylsalicylidene) [chrom-ium (III) chloride (CAS 164931-83-3; available from
Strem). The resulting heterogenous mixture was again degassed, flushed with
argon, cooled to 0 °C and treated with 7.2 ml trimethyl silyl azide. The dark red-
brown slurry (slowly warming up to room temperature, and becoming more and
more compact) was stirred at r.t. for 21 h. Then, the mixture was taken up in
MeOH and treated with 7.71 g K;COs. Stirring at r.t. under an argon atmosphere
was continued for 24 h, the mixture slowly turning to a clear red / brown solution.
The mixture was concentrated. The orange-brown residue was taken up in CH,Cl,
and washed with H,O. The organic layer was filtered, washed with brine, dried over
MgSO, and concentrated. The crude product was purified by chromatography
(silica gel; gradient: cyclohexane -> cyclohexane/EtOAc 1:1) to give 9.7 g (3S,4S)-3-
azido-4-hydroxy-pyrrolidine- 1-carboxylic acid tert-butyl ester as yellow viscous oil.
MS 287.1 (IM+AcO])
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hydrochl ori de was coupled with
5-chl or ot hi ophene- 2-carboxylic acid to give

W@ 28sA4RMe1Y- [ (5- chl or o-t hi ophene- 2- car bonyl ) - anP€DEP2006/061776

-pyrrolidine- 1,2-dicarboxylic acid 1-tert-butyl ester
2-nmethyl ester. Wite solid. M57889.4 ([MH +) 11.2

i,ng gener.al ce , o o
(3368 So15ich oPROGE A Ot Soddspasmgofidings-sagpoxyic acid
- ptt-botyl ditten 25 RicDIET aabaxytbd Gnaed £h drgbhatmHiph¥te WSk 800 mg

2-meth ester was deprotected to.give

(Pl SR Son AMGmES Pt uBhhieies Nish Merign 9 batrosey atmosphere.
pYhe otdtglysiewds aateRAX Wl en@CkishBBt VYA @stheRol. The filtrate was
hydrochl or.i d Wiite s% id. M5 289.0 ([M+ H+) 11.3 A

s §PeRHAteds g'h% crude product was purilied by chromatography (silica gel,
| gtefticani OH>G: £3 @HOIPRROH 31 b pive i1 G ¢ 38408 - {fS-4-hydroxy-
5%&747:52-1, re 5?2% acc rd?ngg¥o C}?%. Bl gge . et aI?, g
S RVEARARE i W JS0UUHO TS o O HHILCT idues MS 2029
trpdatEg Wi th 3.5 m TFA and 2.3 m bronpacetyl broni de.

The suspension was stirred over night at r.t., then
concentrated. The residue was taken up in CH2O 2 and

was washed with 1 N HC aHd“,,,br'S%'é, dried (MySO ),

filtered and concentrat ed. e\crude product was
purified by chromatography yTica gel; gradient:
CH2A 2 -> CH2A 2/ MeOH 9: 1). The product cont ai ni ng
fracti ons were concentrated® remai ni ng solid was

triturated with diethyl ether give 3.1 g
2-brono-[ 2-fl uoro-4-(2-oxo-pyrildin-1-yl)-phenyl]-
acetanmi de as off-white solid. M5 325.0 ([MtH +) 11.4
Usi ng general procedure A with DVF as sol vent
(2S,4R) - 4-[ (5-chl or ot hi ophene- 2-carbonyl ) -am no]
-pyrrolidine- 2-carboxylic acid nethyl ester

224 Using general procedure C (354S)-3-amino-4-hydroxy-pyrrolidine-1-

carboxylic acid tert-butyl ester was reacted with 5-chlorothiophene-2-carboxylic
acid to give (3549)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-4-hydroxy-
pyrrolidine-1-carboxylic acid tert-butyl ester. Off-white solid. MS 347.3 ((M+H]")

OTOK
. 5

OH
S H

\

X

22,5 Using general procedure B (3S,4S)-3-[(5-chloro-thiophene-2-carbonyl)-
amino]-4-hydroxy-pyrrolidine- 1-carboxylic acid tert-butyl ester was deprotected to
give 5-chloro-thiophene-2-carboxylic acid ((3S4S)-4-hydroxy-pyrrolidin-3-yl)-
amide hydrochloride. Off-white solid. MS 247.1 ((M+H]")
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hydrochl ori de was reacted with
2-brono-[ 2-fluoro-4-(2-oxo-pyridin-1-yl)-

w@b@agidsecet am de to give PCT/EP2006/061776

(2S,4R) -4-[ (5-chl oro-t hi ophene-2-car bonyl )-am no] -1 -
{[2-fluoro-4-(2-oxo0-pyridin- | -‘)7[1)- phenyl car ba- noyl ]
-methyl }-pyrrolidine-2- carboxyljc acid nethyl ester.
White solid. M5 533.2 ([ MH] +) @arrpl e 12 A solution
of 394 ny
(2S,4R) - 4-[ (5-chl oro-t hi opheqe- £=Tar bonyl ) -am no] -1 - {|
2- fluoro-4-(2-oxo-pyriding:| yh) - piEhyl car banmoyl ]
-nmethyl }-pyrrolidine-2-carRoxylic.acid methyl ester
(exanple 11.4) in 10m¢C s trdated with 1.5 m IN
NaOH. The reaction m xture was stirred for 4 hrs at
r.t., then brought to pH 7 with 3N HC and
concentrated. The crude product was purified by
chromat ography (silica gel; CH2O 2/ MeOH 4: 1, then

Ma@ld) .Usiife gpic@@uptoceduit ak nvitly IDMAT hd @BISeteb€hloro-thiophene-2-
gg%%ﬁg}@%f%@h)&g@_,{%ﬂgﬁ@ﬁ&g;i“}s{a%rmg{;éﬁ?_%m%é RSl was
zr@ﬁfeha:myﬁ )2=ba~mnr¢|o|]2_ﬂuc{rtbﬁ4-ltz-?m-pyq«idilﬁzr-w@hgﬂﬂ] —d%dﬁaﬁlil'd_)éit)) give
- _phen ar banmo - . }- ol i di he-2-carboxylic .
SR GRPBRC dashute D e (R AR - P ceicin-
13- yJshiéh yaarenalyl |Pheesti-Bydoxy- lidin-3-yl)-amide. _Light-yell
R R oy o R Cphen BIEaSa ) i U e
{ P14 | MSA8L-A MY 9- pyri di n-1 -yl ) - phenyl car banoyl ]

-methyl }-pyrrolidine-2- carboxylic acid (exanple 12)

was coupled with 2-am noethanol to giv 2S, 4R) - 4-

[ (5-chl oro-thi ophene-2-carbonyl)-amn ]/-I|-{[2-fl uor o- 4
-(2-o0xo0-pyridin-1-yl)- o N

(0]

N  F
e
NI

OH
S H

o] \\

Example 23

Using analogous procedures as described in examples 22.4 — 22.6 (3S,4R)-3-amino-
4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester (CAS 190792-75-7;
prepared from (35,45)-3-amino-4-hydroxy-pyrrolidine- 1-carboxylic acid tert-butyl
ester (example 22.3) as described by S.E. Schaus, LF. Larrow, EXN. Jacobsen in
Journal of Organic Chemistry, 1997, 62(12), 4197) was converted to 5-chloro-
thiophene-2-carboxylic acid ((3RAS)-1-{[2-fluoro-4-(2-0x0-pyridin-1-yl)-
phenylcarbamoyl]-methyl }-4-hydroxy-pyrrolidin-3-yl)-amide. White solid. MS
491.4 ((M+H]")
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phenyl cai banmoyl ] - met hyl }-pyrrolidine-2-carboxylic
acid (2-hydroxy-ethyl)-amde. Wiite solid. M5 562.5

W@ pdsili4409 Exanpl e 14 Usi ng general procedure BLT/EP2006/061776

(2S,4R) -4-[ (5-chl oro-t hi ophene-2-car bonyl )-am no] -1 -
{[2-fluoro-4-(2-oxo0-pyridin- I-yI? phenyl car banoyl |
-methyl }-pyrrolidine-2-carboxylic acid (exanple 12)
was coupled with am nomet yl cycl opropane to give

(2S, 4R) - 4-[ (5-chl or o- éhl€§E52§ 2-carbonyl)-am no]-1-{]
2-fluoro-4-(2-oxopyri
-met hyl }-pyrrolidj
cyclopropylnethyl
(2R, 4R)-4-[ (5-chl or

- 2-tar boxy’l c\ac
de and
r thi ophene-2-c nyl ) -
am no] -1 -{[2-fl uoro- 4- (2-oxo-pyridin-Y - Ef)-phenylcarba

) - nyl car bamoyl ]

-nmoyl] -nmethyl }- pyrrolidine-2-carbgxylyc acid

cycl opropyl net hyl - am de. White soli ot h products).
M5 572.3 ([ M+H] +) Exanple 15 Usi ng general procedure
D (2S,4R)-4-[ (5-chl oro-thi ophene- 2-carbonyl ) -am no] -1 -
{[2-fluoro-4-(2-oxo-pyridin-I-yl)-phenyl carbanoyl ]
-met hyl }-pyrrolidine-2- carboxylic acid (exanple 12)
maﬁmﬁmeMed wi th et hyl am ne hydrochl oride to give
(28 4R)- [ (5-chl oro- thlophene 2-car bonyl ) - an1no]-|-{[

2 O IRl L RS SR L e
W&trt BusOLdi€h (cAMn$i3223) (f Ml adt‘)t(ﬁiﬁﬁr[l'@ hed 36nITPHR was treated with
lé)ugg%ﬂ?@rt(ﬁf 4 qﬁ %\a"?enflrélll %Hig)gltpoﬁa{n%e Tth rg'ac‘?lgzl mixture was stirred
over night at r.t., then again treated with 3.0 g silver(I) oxide and 2.7 ml
iodomethane. The reaction was agitated over night at r.t., then filtrated. The
filtrate was concentrated. The crude product was purified by chromatography
(silica gel; cyclohexane/EtOAc 2:1) to give 1.0 g (3S,4S)-3-azido-4-methoxy-
pyrrolidine-1-carboxylic  acid  tert-butyl ester as light yellow oil
MS 243.4 ((M+H]")

24.2 Using analogous procedures as described in examples 17.3 - 17.6 (3S,4S)-3-
azido-4-methoxy-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 5-
chloro-thiophene-2-carboxylic acid ((3S4S)-1-{[2-fluoro-4-(2-0x0-2H-pyridin-1-
yD-phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-amide.  Light yellow
amorphous solid. MS 505.3 ((M+H]")
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0.03 m N-net hyl norpholine. The resulting white
suspensi on was treated with 150 ny

W@ 28sA4RMe1Y- [ (5- chl or o-t hi ophene- 2- car bonyl ) - anPeDEP1004/(61776

2-fluoro-4-(2-oxopyridin- |-yl)- ghenyl car banoyl |

-nmet hyl }-pyrrolidine-2-carboxyl/Pc acid (exanple 12)
in 0.5 m 1, 2-dinethoxyethane and stirred at r.t for 3
hrs. The precipitate was filtered of f.A filtrate
was cooled to QOC. A solution of 1 H4 in 0.7m
H20 was added dropw se. The asjfstirred for 5
mn at OOC, then diluted wth andOextracted with
Et OAc. The organic | ayer wag with water, dried

over MySO, filtrated andﬁ;gentr'ét ed. The crude
/

product was purified by chyonat ography (silica gel;
gradient: CH2A 2 -> MEgH-9:1) to give 20 ng

5-chl or ot hi ophene- 2seg@rbdxylic acid

((3R 59) -1 -{[2-flyoHQ-B-(2-oxo-pyridin-1-yl)-
phenyl car banoyl ] -nethyl
}-5-hydroxynet hyl -pyrrolidin-3-yl)-amde. Wite solid.

M5 505.4 ([M+H] +) Exanple 17 17.1 To a stirred

solution of 6.98 g
(28,4F?-4~[(5-ch|oro-thiophene-2-carbony|)- am no]

- py#RBlEiadi ne- 1, 2-dicarboxylic acid 1-tert-butyl ester
2-methyl ester (exanple 11.1) at 0 OCin 125 m

et hangingundRizo dpdcgRiteAdsMSARESn WRAEpRE IR add 03 4935,49)-
l'ithium chl oride Q§@Q46 g,.4 eq.) .and 1.36 g NaBH4 and

s BraHdO G RO IRETNgaE - Foarbexylicaicid) ere butyl eesicg dlemple 24.1)
VWags kemmryed.to 1B849f -1 hitiSroSthiphénMascaddnlyl) B @b]-4-thethoxy-

for 6. . L :
pyrrolidine-1-carboxylic acid tert-butyl ester. White solid. MS 361.4 ((M+H]")

OTOK
. 5

o———
S H

\

cI X

25.2 Using analogous procedures as described in examples 6.2 and 6.3 (3S,4S)-3-
[(5-chloro-thiophene-2-carbonyl)-amino]-4-methoxy-pyrrolidine- 1-carboxylic
acid tert-butyl ester was converted to {(3S,4S)-3-[(5-chloro-thiophene-2-carbonyl)-
amino]-4-methoxy-pyrrolidin-1-yl}-acetic acid ethyl ester. Oil. MS 347.1
(IM+H]")

0
o
N
o S
o
S
\
A
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hrs. The nmixture was cooled to O OC and treated with
25 mM THF and 1.36 g NaBH4. The ice bath was renoved

w@emed1440r i Nng was overni ght. Then the m xture BEBEP2006/061776

filtered and the filtrate was concentrated to | eave a
l'ight yellow sticky solid. Thecr'fide product was
purified by colum chromatography (silica gel,
gradient: CH2O 2 -> CH2A 2/ MeOH 95.5) to give - along
with 1.12 g starting material - 4.11 ¢
( 25,34 R)sind- [gbieralnlpesediiiei O HE3SRESP-3c@b ohyd XhidphéR] 2-2arbBynyl)-
dr ox%{ thyI pyrrolidine- 1-carboxylic acid tert-butyl

as white solid. M5 361.4 ([MrH +) 17.2 To a
SMLmétﬁdxpr&Mbhdlﬁ lof1}-Ac&icdacid ethyl ester was reacted with 1-(4-amino-

%ﬁ%@g@ )](é#ﬁl}w L(i%a? é%o glg?flf éli g%}? é— gprg—(:t)l]mi_()phene—Z—

t eﬁrﬂaobyltcyl est acidat 0 OQ3IUSIO- mggl@kyfhl{cpmm&b@n@ndm 1-yD)-
er a er.e a
Né) Wl %ﬁﬂw }gﬁ‘:’ﬁgr(gmﬂ\l\ggé (Ferret ﬁﬁ‘é‘g ufdligny| MS 487.1

chiM#Hd®. The m xture was stirred at 0 OC for 4 h ,
then diluted with DCM and washed wi th H20 and bri ne,
dried over MpSO, filtered and concentrated. The crude
product was isolated by colum chronmat aphy (silica

gel, gradient: CH2O 2 -> CHZCIZI H R5: to give
2.42 ¢ E l]

(2S,4R)-4-[(5-chl oro-thi oph bonyl ) - am no] - 2-
met hanesul f onyl oxynet hyl - PYY romldlne 1-carboxylic acid
tert-butyl ester as offwhi anour phous solid. M
439.1 ([M+H +) 17.3 ™ ajts-tjrred sol ution of 200 ngy
(2S, 4R) - 4-[ (5-chl or o- t BWephere—2- car bonyl ) -

am no] - 2- met hanesul f | oxymet hyl - pyrrolidi ne-1-carbox

ylic acid tert-b ~Edterat r.t. in 5 mM THF under an
argon at nosphere re added 0.38 m pyrrolidine.

Example 26

Using general procedure F {(35,45)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-
4-methoxy-pyrrolidin-1-yl}-acetic acid ethyl ester (example 25.2) was reacted with
4-(4-amino-3-fluoro-phenyl)-morpholin-3-one (CAS 438056-69-0) to give 5-
chloro-thiophene-2-carboxylic acid ((3S4S)-1-{[2-fluoro-4-(3-oxo-morpholin-4-
yD)-phenylcar-bamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-amide. Yellow solid.
MS511.3 ((M+H]")
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The m xture was heated to reflux for 6 h , then cool ed
tor.t. and concentrated. The crude product was

w@eosfli«ol by col utm chr omat ogr aphy (silica gel PCT/EP2006/061776

gradient CH2C 2 -> CH2A 2/ MeOH 9:.1) to give 138 ng
(2S, 4R) - 4- [ (5- chl or o- t hi ophene=2? ~car bonyl ) - ani noj
-2-pyrrolidin- 1-ylnethyl-pyrrolidine- 1-carboxylic

acid tert-butyl ester as off-white a @us solid. M5
414.4 ([M+H +) 17.4 To a stirred of 134 ny
(2S, 4R) - 4- [ (5- chl or o- t hi ophe :‘{ - ami noj
-2-pyrrolidin- 1-ylnethyl-p 'e- carboxyllc

Hn 3.4 nm di oxane under
d1l1.6 M 4 MHO in
stirred for 18 h . The
was—oncentrated to | eave
ne- 2- car boxylic acid

acid tert-butyl ester at
an argon atnosphere were
di oxane. The m xture St
resulting white suspen
139 nmg 5-chloro-thi
((3R 59)-5-
pyrrolidin- I-ylnethyl pyrrolidin-3-yl)-amde
di hydrochl oride as off-white solid. M5 314.3 ([ MtH +)
17.5 Using general procedure A
5 chloro thiophene-z-carboxylic acid ((3R, 5S)-5-

&?é -yl met hyl - pyrrolidin-3-yl)-am de was
reac 3 Mﬁth 2-brono-[ 2-fl uoro-
4- (2-oxo-pyridin-1-yl)-phenyl]-acetan de (exanple
1UsBile ganel \peodedotd br %B&ﬂ%pﬁ{a@eehl@roetatdpdmyé—iz&aﬂa@mgl) -amino]-

( (431‘55‘[%@( %)yli'l)l?({ \2— - ?—fﬂ%ef%%&lr%l;dg%iﬁ&lizeﬁ_ep)(éxiaglipﬁ]é bS%)I gva_lsp rl?agcquh with
-1y(l4fmmmy+3rﬁwnoephedylr) 13}-phaziand-dec I(pgdp‘arqd_el lfiom sdl-fldoro-4-
Ngid%gl%hae( [ +€)act|1:'&&9nplvﬁth18 JHSI pyrazolnaz g’rtlel, rr eéiu(I)I, N,N’-

utton of
(ﬂ&lﬂRﬂeﬂhy[e@édet@r oxd basoph emdoRatean bbowang -at 120 °C) to give 5-

chloro-thiophene-2-carboxylic acid ((3S,4S)-1-{[2-fluoro-4-(2-ox0-pyrazin-1-yl)-

phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-amide. Yellow solid. MS
506.3 ((M+H]")

Example 28

Using general procedure F {(35,45)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-
4-methoxy-pyrrolidin-1-yl}-acetic acid ethyl ester (example 25.2) was reacted with
4-(4-aminophenyl)-morpholin-3-one (CAS 438056-69-0) to give 5-chloro-
thiophene-
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am no] - 2- net hanesul f onyl oxynet hyl - pyrrol i di ne-1| - carbox
ylic acid tert-butyl ester (exanple 17.2) at r.t. in 5

waorkoodHFE40mder an argon at nosphere were added 7BCTIBP2006/061776

sodi um net hyl ate. The resulting_suspensi on was heat ed
to reflux for 4 hrs, then treafgé‘again with 78 ng

sqdi um net hyl ate. and 1. OH_and refl yxed )
overh Od&ﬁ? The HBhet i ofCHAD U BeURa doidd 86 Fomhokiyd-yD-
C pheeykaiBdreclyl] - fieeh y¢ |- peo iR B -ai@de. PUTYefldwdsdid. COMBIM93.0
cggﬁnﬁg graphy (silica gel, gradient: cycl ohexane - >

c ohexane/ Et OAc 35:65) to give

(2S, 4R) - 4-[ (5-chl oro-t hi ophene- 2- car bonyl ) -
anino]-z-nethoxynethyl-pyrrolidine-leggpbpxylic acid
tert-butyl ester as colorless gum M B7550 ([ MtH +)
18.2 I n analogy to exanples /.4 W%éy

(2S, 4R) - 4-[ (5-chl oro-thi op%—

car bonyl ) - ami no] - 2- met hoxynet hyl - pyr r ol i di ne-1 - car boxy

lic acid tert-butyl ester converted to

5-chl or o-t hi ophene-2-parb ic acid
((3R,5S)-I-{[2-fluoro- - ox0—2H pyri di n-1 -yl) - phenyl
car banmoyl ] -nmethyl 3=%- hoxynet hyl - pyrrol i di n- 3-
yl)-am de. O f-whi lid. M5 519.3 ([MH +) Exanple

19 19.1 To a stirred, cooled (0 0C) suspension of 30
ng NaH (55 % di spersion in mneral oil) in 1.5 mM DWW
under an argon atnosphere were added a sol ution of 58
ng 2-pyrrolidinone in 1.5 m DMF. The ice bath was

r%ﬂBﬁ nd stirring at r.t. was continued for 1 h 30.
The n?%ggre was cool ed again and a solution of 200 ny

(2S,4R)-4-[ (5-chl oro-thi ophene-2-car bonyl ) - am no] - 2-
29.1 A solution of 150 mg (3S,4S5)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-

4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester (example 22.4) in 3 ml
MeCN and 1 ml THF was treated with 300 mg silver(I) oxide and 0.35 ml
iodoethane. The reaction mixture was stirred over night, then was again treated
with 300 mg silver(I) oxide and
0.35 ml iodoethane. The reaction mixture was agitated over night at r.t., then
filtrated. The filtrate was concentrated. The crude product was purified by
chromatography (silica gel; gradient: cyclohexane -> EtOAc) to give 90 mg (3S,4S)-
3-[(5-chloro-thiophene-

2-carbonyl)-amino]-4-ethoxy-pyrrolidine- 1-carboxylic acid tert-butyl ester as light
yellow oil. MS373.1 ([M-HJ")

OTO)<
o 1

\
a .

ClI X
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met hanesul f onyl oxynet hyl - pyrrol i di ne-1-carboxylic acid
tert-butyl ester (exanple 17.2) in 2 ml DWMF was added.

wabmetienper at ure was el evated to 80 0C. The r eBCI/EPIW06/061776

m xture was stirred over night, was cooled to r.t.,
diluted with Et OAc and washed w’/{h H2O. The aqueous

b0 e SR A REGEER BTG BrHB DI PP adgwyo (3549

M3SQ5-chfoird-tgio gl c 4B OER NMamat | M-etﬁbey-gwsﬁdiﬁéqddmoxync

was. .purified by colum chropatogqraphy (silica_gel, ,
grgdi &t u@rflz‘%%eé %S EBRBON §§%§9r%tt lopngRe-Agarhgxylic acid
( 28SMR) 44eth §:8~ 1- {[2-fluoro-4-(2-oxo-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-

1
chl or p-t hj ophene- 2- car bonyl ) - am o]-%}ié-oxo-pyrroﬂim
g R R e S R R PR AVt
tert-butyl ester as colorless gum M 428.3 ([ MtH|
+)19.2 In anal ogy to exanples 17.4 and .5
(2S, 4R) - 4-[ (5-chl oro-thi ophene-2- car dony]| ) - am no]
-2-(2-oxo-pyrrolidin- |-yl methyl) ¥di ne-

1-carboxylic acid tert-butyl Jest onverted to
5-ch|oro-thiophene-2-carboxyH$¢iac d [(3R 59)-1-
{[2-fluoro-4-(2-ox0-2H pyrid{n-1-yF)-phenyl car banoyl ]
-met hyl }-5-(2- oxopyrrglidy

| -yl methyl)-pyrrolidin
anor phous solid. M
a stirred solution @f
(2S, 4R) - 4- [ (5- chl%r oXthi ophene- 2- car bonyl ) -

am no] - 2- met hanesul f onyl oxynet hyl - pyrrol i di ne-
l-carboxylic acid tert-butyl ester (exanple 17.2) at
r.t. in 5 mM DWMF under an argon atnosphere were added
98 ng NaN . The m xture was heated to 90 0C and
stxampld 30ver ni ght. The ni xture was

~amde. Of-white
H +) Exanple 20 20.1 To

30.1 A suspension of 37 mg NaH (55% in oil) in 2 ml DMF was treated at 0 °C
under an argon atmosphere with a solution of 270 mg (3S,4S)-3-[(5-chloro-
thiophene-2-carbonyl)-amino]-4-hydroxy-pyrrolidine- 1-carboxylic acid tert-butyl
ester (example 22.4). The reaction mixture was stirred for 1 hr at r.t.. Then, 334
mg 2,2-difluoroethyl trifluoromethanesulfonate were added at 0 °C. The reaction
mixture was stirred for 2 days at r.t., then diluted with EtOAc and washed with
water. The organic layer was dried over MgSO4, filtered and concentrated. The
crude product was isolated by chromatography (silica gel; gradient: cyclohexane ->
cyclohexane/EtOAc 9:1) to give 157 mg (3S,45)-3-[(5-chloro-thiophene-2-
carbonyl)-amino]-4-(2,2-difluoro-ethoxy)-pyrrolidine- 1-carboxylic acid tert-butyl
ester. Colorless solid. MS409.0 ([M+H]")

OTO><

o
N O
S { H kj/F
C X
F
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cooled tor.t., diluted wwth Et OAc and washed with H20
and brine. The conbi ned organics were dried over MgSO

wQ 2d06l114@0ed and concentrated to | eave 552 ng OPCT/RR2006/061776

crude azide as a light yellow viscous oil. It was
dissolved in 7 ml THF. To the sdPation were added 986

ri.phenyl phosphi ne and 0.5 H2O. The reactig
AL R g A R SR AN i A NERE R
CBngchroﬁﬁiﬂ@ibph\@ﬁ:;llbirbﬁﬂlﬁﬂaﬂ&‘n(q@—mdﬂhf(ﬂﬂ%ﬂﬂfng—g Midine-
(ﬁjllca Help gragle t: CH2A 2 -> CH%O /hmgH % : t% ,
itV ?Tﬁcld crt-butyl ester was converted to 5-chloro-thiophene-2-carboxylic
(3&8d4R) - 2- grzspgrethyl diflu bloSetB&tygr 10{[ LM RRHAN@= ExoCirRBAN - y1)-

[)- am no] -pyrraolidine-. 1-car-boxylic_acid tert-butyl
o Shemadtsee Mifieths) G pitSira MbRmae NG Y0y 2 TS 5552
+XR4+H]Mo a stirred, cool ed solution of 150 ny

(2S, 4R) - 2- am nonet hyl - 4- [ (5- chl or ot hi ophene-
2-carbonyl)-am no] -pyrrolidine- 1-carboxylic acid
tert-butyl ester in 5 m dichloroneth nder an
argon at nosphere were added 0. 29 t n_ethyl am ne and
0.04 m net hanesul fonyl chl orff de. mixt ure was
slowly warmed to r.t., stir i gkt and then
concentrated. The crude proguctd was isol ated by col um
chromat ography (silica gel Hradient: CHA 2 ->

CH2d 2/ MeOH 95:5) to gRve

), MY
(2S,4R)-4-[(5-chloro-t hene- 2- car bonyl ) - am no] - 2-
(et hanesul f onyl am ro-\ret yl)?p¥;ﬁolidine-
1-carboxylic acidl ~butyl ester as off-white

anor phous solid. M3435.9 ([MHF) 20.3 In analogy to
exanples 17.4 and 17.5
(2S,4R)-4-[ (5-chl oro-thi ophene-2- carbonyl)-am no] -2-
(et hanesul f onyl am no-net hyl ) -pyrrolidine-

1-carboxylic
Examp le)%

31.1 A suspension of 187 mgNaH (55 % dispersion in mineral o0il) in 3 ml DMF
under an argon atmosphere was cooled to 0 °C and treated with a solution of 960
mg (35,45)-3-azido-4-hydroxy-pyrrolidine- 1-carboxylic acid tert-butyl ester
(example 22.2) in 6 ml DMF. The ice bath was removed and stirring at r.t. was
continued for 90 min. The mixture was cooled to 0 °C and a solution 0.7 ml 2-(2-
bromoethoxy)tetrahydro-2H-pyran in 1 ml DMF was added. The mixture (slowly
warming up to room temperature) was then stirred for 18 h. The reaction mixture
was diluted with EtOAc and washed with H,O. The aqueous phase was back
extracted with EtOAc. The combined organics were washed with H20 and brine,
dried over MgSO4, filtered and concentrated. The crude product was isolated by
column chromatography (silica gel; gradient: cyclohexane -> cyclohexane/EtOAc
3:2) to give 545 mg (3S,45)-3-azido-4-[2-(tetrahydro-pyran-2-yloxy)-ethoxy]-
pyrrolidine- 1-carboxylic acid tert-butyl ester as light yellow viscous oil. MS 357.3
(IM+H]")
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acid tert-butyl ester was converted to
5-chl or o-t hi ophene-2-carboxylic acid [ (3R 5S)-1-

wWQ p@efilador 0- 4- ( 2- oxo- 2H pyri di n-1-yl) - phenyl cap®ERP200$/061776

-met hyl }-5-

(et hanesul f onyl ani no- met hyl ) - pyProl i di n-3-yl] -ani de.
Of-white solid. M5 582.2 ([MH +)Exanple 2 1 In

anal ogy to exanples 2 © 20. 3

(2S, 4R) - 2- am nonet hyl - 4-[ (\p- chl or ot hi ophene-

2-carbonyl)-am no] -pyrrqlidine- 1-carboxylic acid
tert-butyl ester was rea ] with acetyl chloride and
further converted to 5-éhl or@=thi ophene-2-carboxylic
acid ((3R 5S)- N o

5- (acet yl ami no- net hyl ¥-1-{[2-f1 uorfo- 2 ( 2- oxo- 2H pyri di
n-1-yl)- phenyl car banoyl] -nethyl
}-pyrrolidin-3-yl)-amde. light yellow solid. M5 546.3
([M+ H +) Exanple 22 22.1 A solution of 19.6 ¢
N-Boc-pyrroline in 200 mM CH2A 2 was cooled to -10 0OC
and was treated in two portions with 30 g

][rg,trl.@- Cl'ﬂjsﬁfgoar?l%fo%@ﬁ‘sz oeedifk ds adBpa Kt HER MRS 1 Qé@ﬁg%AS)s—

17 h, sl oWy rmng up to roomtenperature.
tBeédohite precipitate was filtered off and washed with

digghl : Bhaofh! ] yashed % d _

NS PR o g P RIS N e yctd Art-buyl

) SHET Ve eoa veritdsl ©oneidnta-trierhenTRecacharglic prid d(ESHSivds{[2-fluoro-
If 4,80 IR TREC e s oy agi-ent : 3

(F:) 3% c(lzodhxg%lﬁ%b yﬁgﬁfc ?/?f )S%Leggﬁ %rlbgﬂ&kg q@%tgg%)él ?‘{;ﬁ&rg’y T%I}.O)éwg

6 Pt alidig=Jayld-apiids cVbjte amoop e apled. MSAB3HSXWiE 18 d

tert-butyl ester as a light yellow oil.

=
0
0O
#HQ 7
N F
3 NS_ZO
{ H N\ —on

i))L
CI X

Example 32

32.1 A solution of 480 mg (3S,4S)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-4-
hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester (example 22.4) in 14 ml
DMSO/CHCl; 1:1 was cooled to 0 °C and treated with 1.34 ml TEA and 934 mg
sulfur trioxide-pyridine complex. The reaction mixture was warmed to r.t., stirred
for 2 hrs, then diluted with CH,Cl, and washed with water. The organic layer was
dried over MgSOy, filtrated and concentrated. The crude product was purified by
column chromatography (silica gel, CH,Cly/MeOH 95:5) to give 315 mg 5-chloro-
thiophene-2-carboxylic acid ((S)-1-{[2-fluoro-4-(2-0x0-2-pyridin- 1-yl)-
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M5 186.1 ([M+H] +) 22.2 A solution of 9.7 g
6- oxa- 3-aza- bi cycl o[ 3. 1. 0] hexane- 3-car boxylic acid

wo esobbutayl ester in 480 m MeOH was thorougly PEDBEBREE061776

and flushed with argon. It was treated with 660 ng
(IR 2R) ( ) [1,2- cyclohexanedia no-N, N -bis(3,5-di-thb

Pttt I AR RS SE N L A—

hebmidMSWGQS(ﬂmmeye was again degassed, flushed with
argon, cooled to O OC and treated with 7.2 m
trimethyl silyl azide. The dark redbrown slurry
(slowy warm ng up to roomtenperatur ( nd becom ng

nore and nore conpact) was stirre atNr for 2 1
Then, the m xture was taken [ d treated
wth 7.71 g K2CO . Stirring und@r an argon
at nosphere was conti nued fo the m xture slowy

turning to a clear red / sol'ution. The m xture
was concentr at ed. Thecpraggezgromn resi due was taken
up in CH2A 2 and washe {th'$20. The organic | ayer
was filtered, washeds-a{tH brine, dried over MySO and
concentrated. The cpyd® product was purified by
chromat ogr aphy (s$Tic#& gel; gradient: cyclohexane ->
cycl ohexane/ Et OAc 1:1) to give 9.7 g (83S,49) - 3-

azi do- 4- hydr oxy-pyrrolidi ne-1-carboxylic acid
tert-butyl ester as yeIIomrviscous oil. M5 287.1 ([ M

A g:] )22.3 A 38Iut|on of
(3 24.8) 503109 00 mey ¢l 8- t%gmh@pr dr e pviargd £ ilcll2-fluoro-
aai@-dxerd-phudinl1- ?ﬁlﬁenyléhtgénbgpﬂtéﬁﬁﬁl_hﬂf&%tﬁgrdﬁﬁﬁﬁB yAlamide

ar gon atnDSﬁhere with 100 e reaction

itk £ P Mgt syasrireaipdovid 1§S§irrnraﬁlai@m aeekyeitnshyhmg NaBH:CN.

atrAB$ORAH L mixture was stirred at r.t. overnight, then concentrated and taken up

in CH,Cl,. The solids were filtered off. The filtrate was concentrated to leave the
crude product which was isolated by column chromatography (silica gel, gradient:
CHxCl; -> CH2Cly/MeOH 4:1) to give 8 mg 5-chloro-thiophene-2-carboxylic acid
((S)-4-amino-1-{[2-fluoro-4-(2-0x0-2-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-
pyrrolidin-3-yl)-amide as off-white solid. MS490.1 ((M+H]")

T

Example 33

A solution of 50 mg 5-chloro-thiophene-2-carboxylic acid ((S)-1-{[2-fluoro-4-(2-
0x0-2-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-4-oxo-pyrrolidin-3-yl)-amide



10

15

The catal yst was filtered off and washed with
met hanol. The filtrate was concentrated. The crude

w@emdact4ownas purified by chronmat ography (sili cBCTEP2006/061776

gradient: CH2A 2 -> CH2A 2/ MeOH 4:1) to give 1.5 ¢
(3S, 4S) - 3- ani no- 4- hydroxypyrrorgéine- 1-carboxylic

?I i § 555 ﬁf@ﬁ?ﬁgr\@agﬁrg%fgﬁ %@b@%gﬁ Jhrsth fam e solution (33%

( &SE«SJ)E 3narboked 4o lyds. OXNe pyEHEH hdkines WeapRxN iCpBS By the

r.t.-.but er_was_rea
géﬂt@ﬁ d%%ﬁcm ﬁ[@elz %g}go%éﬁglﬁlﬁ“@g iET$ Bd(aqdv eThe reaction mixture
( 3%s 4@reBal  SoodthiphQthé @masrneaté’d Cardervk r@dﬁcﬂ@hs #ohded by

dro rrolidine- ar box acj d tert
O PR SO Gt e CHSClo 5 6 UEHIgeGEHE ito eive
pﬂﬂ@@gjﬂbﬁloﬁ’o thloﬁhene—Z—carboxyhc acid ((S)-4- dlmeth lamino-1-{[2-fluoro-4-

S- 2-
(ﬁfr%? 249%%? % 2@5?4Y§>qarlaﬁmpgvTFm@ C@o&mql ingdy-amide as white

t gslict. MBSl 8 8sMi-HWas deprotected to give

5-chl or o-t hi ophene- 2-carboxylic acid

((3S, 4S) - 4- hydroxy-pyrrolidin-3-yl)- am de

hydrochl oride. Of-white solid. M5 24 [ MEH] +) 22.6
Usi ng general procedure A‘mnth DNF aSPE?:ﬁent

5-chl or o-t hi ophene- 2- car box

((3S, 4S) - 4- hydr oxy- pyrrolidj an1@e
hydr ochl ori de was reacted thH

2- brono-[2-f | uoro-4- (2- oxg-p r|d|n | -yl)-phenyl]-aceta
m de to give 5-chloro h| ne- 2- carboxylic acid
((3S,49)- 1- {[2-fluorpg=4(2- MXD 2H pyri dinl -

yl') - phenyl car banoy!| A thyI

} - 4-hydroxy-pyrreg|+sip-3-yl)-am de. [ight-yellow
solid. M5 491.3 ([MtH +) Exanple 23

Example 34

In analogy to example 33 ((S)-1-{[2-fluoro-4-(2-0x0-2-pyridin-1-yl)-
phenylcarbamoyl]|-methyl }-4-oxo-pyrrolidin-3-yl)-amide (example 32.1) was
reacted with 2,2-difluoro ethylamine to give 5-chloro-thiophene-2-carboxylic acid
((9)-4-(2,2-difluoro-ethylamino)-1-{[ 2-fluoro-4-(2-ox0-2-pyridin-1-yl)-
phenylcarbamoyl]-methyl}-pyrrolidin-3-yl)-amide as light yellow amorphous solid.
MS 552.3 ([M-HJ")

N N

S H H
\ F
m/léj?_ _:>h_
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Usi ng anal ogous procedures as described in exanples
22.4 - 22.6 (3S,4R) - 3-ani no-

wd2dvwgdiany - pyrrol i di ne-1-carboxylic acid tert-bCt/yEP2006/061776

ester (CAS 190792-75-7; prepared_from

(3S, 4S) - 3- am no- 4- hydr oxy- pyrroIS?di ne-1|-carboxylic

acid tert-butyl ester (exanple 22.3) as described by
SgEam g’ﬁsgus, J.F. Larrow, E.N. Jacobsen in Journal of
Organic Chem stry, 1997, 62(12), 4197) was converted

t 353- clifsareothul eypie peoceduaidasyctibeéd agictample 32.1 (35,45)-3-[(5-

é %g}%? —%bh@%ﬁ—}&ﬁ gjr@ﬁ%gli}lgnzo_] 918}_«?1%;;/—%%%fidi¥(la—)l :carboxylic acid
} tekt-by ol @ster pyxangle 2ok Swyd Pordi e - to W) 138] (S @hidde-tMdphene-2-

491.4 Mt-H|] +) Exanpl e .24 24.1 A solution of 1.0 ,
(§§P&§§15@Ha%a%:%9 Paigvﬁ- R nesie aeatr%wms%r. Light
agtlibw &lid: s 345.@gtverH('gxanpl e 22.2) in 15 m
acetonitrile and 3 M THF was treated with 3.0 ¢
silver(l) oxide and and 2.7 m iogonethane. The

reaction mxture was stirred kght at r.t., then
again treated with 3.0 g silvergl) oxide and 2.7 n

i odonmet hane. The reaction was @gitated over night at

r.t., then filtrated. The |t was concentr at ed.

The crude product was purif by Ochr omat ogr aphy

(silica gel; cyclohexane OAc 2:1) togive 1.0 g

(3S, 4S) - 3-azi do-4-neth rrolidine- 1-carboxylic

acid tert-butyl ester as light yellowoil. M 243.4

([ MtH +) 24.2 Usi ng anal ogous procedures as descri bed

in exanples 17.3 - 17.6 (3S,4S)- 3-

azi do- 4- net hoxy- pyrrolidi ne-1-carboxylic acid

t850- bul Ydlust & 308SmeARY-8L [ $4hioPo-Phiophene-2-carbonyl)-amino]-4-

oxo-pyrrolidine-1-carboxylic acid tert-butyl ester in 20 ml EtOH was treated with

155 mg ammonium chloride, 0.49 ml Hiinig’s base and 0.86 ml tetraisopropyl
orthotitanate. The reaction mixture was stirred for 5 hrs at 40 °C. Then it was
cooled to 0 °C, treated with 110 mg NaBHy4 and stirred at r.t. overnight. The
mixture was diluted with EtOAc and washed with H,O. The organic layer was
dried over MgSO,, filtered and concentrated. The crude product was purified by
column chromatography (silica gel, gradient: CH>Cl, -> CH2Cl/MeOH 9:1) to give
180 mg (S)-3-amino-4-[(5-chloro-thiophene-2-carbonyl)-amino]-pyrrolidine-1-
carboxylic acid tert-butyl ester as yellow solid. MS344.3 ([M-H])

OTO7<
3 NS_ZNH

H 2
S
\

X

353 In analogy to example 20.2 (S)-3-amino-4-[(5-chloro-thiophene-2-

carbonyl)-amino]-pyrrolidine-1-carboxylic acid tert-butyl ester was reacted with
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chl or o-t hi ophene-2-carboxylic acid ((3S,4S)- 1-
{[2-fluoro-4-(2-oxo0-2H pyridin- 1-

wQ@ kdosphany| car banoyl ] - net hyl PCT/EP2006/061776

}-4-nmet hoxy-pyrrolidin-3-yl)- anlde light yell ow
anor phous solid. M5 505.3 ([NHH? +) Exanpl e 25 25 1
gsétllfg %%gs%%fogﬂ%?lg r%%?gl% ?5-53-?(59'83850% 10dph|ege— 2( a ?) amino]-
Smemanébuﬁeﬁﬁmymp[yﬁmidw neadbok@icbax! icgt-Betyd ester.  White
tert g@g b 2]§:Fﬁ anple 24.1) was converted to

% f? AFaro- t hi ophene- 2- car bonyl ) - am no] - 4- ne
thoxypyrrolldlne- 1l-carboxylic acid tert-butyl ester.
Wiite solid. MS 361.4 ([MH +) 2§.2 Using anal ogous
procedures as described in exaﬁﬁf .2 and 6.3
(3S, 4S) - 3- N
[(5-ch|oro-thiophene-2-car$ony ) -/am no] - 4- met hoxy- pyrr
ol i di ne-1-carboxylic acid & %I ester was
converted to
{(3S,4S)-3-[(5-chl oro- th 0 ené}iﬁfarbonyl)
am no] - 4- met hoxy- pyrr 6l -1 -yl}-acetic acid ethyl
ester. Ql. M5 347.1 ([M H +)25.3 Using genera
procedure F
{(3S, 4S) - 3-[ (5-chl oro-t hi ophene- 2-car bonyl )- am no] -
4- met hoxy-pyrrolidin-1-yl}-acetic acid ethyl ester was
r 8aét edin wirtaogdy- (ot aainpigshéhgd! jnd | Hi)y(rSl)Gi [r5- Zhbmetlﬁlﬁ‘pl&ne-z-

1§§r g??‘g gglﬁ%(;]% %CY n%)s(li;/lpqnyﬁ'{'a%ftl(? Q?l%)o(g&ge ﬁyci,a%laqxa/ L ﬁcfd tert-

pher)&fletsaar bmmyd)ﬂvemed hil $-agbyoro-ahioghenc32-yhrboayticdecid ((S)-1-{[2-

Yﬁlulo%v—\ﬁ—% 9—' oixg —'Zﬁ\—/%yrz% 1?1'— 11— yls —[pli{l*én)'f_l%aﬂ) arrEl)o()%ﬁTprrlle%hy% ?—4—
methanesulfonylamino-pyrrolidin-3-yl)-amide.  Off-white solid. ~ MS 568.2
(IM+H]")

T

Example 36

In analogy to example 35.3 and 35.4 (S)-3-amino-4-[(5-chloro-thiophene-2-
carbonyl)-amino]-pyrrolidine-1-carboxylic acid tert-butyl ester (example 35.2) was
reacted with acetyl chloride and then converted to 5-chloro-thiophene-2-carboxylic
acid ((S)-4-acetylamino- 1- {[ 2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-
phenylcarbamoyl]-methyl }-pyrrolidin-3-yl)-amide. Off-white solid. MS 532.0
(IM+H]")
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Usi ng general procedure F
{(3S, 4S) - 3-[ (5-chl oro-t hi ophene- 2-car bonyl ) - am no] -

wda20vetihasy - pyrrolidin-1-yl}-acetic acid ethyl BSL/EP2006/061776

(exanple 25.2) was reacted with
4- (4-am no- 3-fl uoro-phenyl) - nnrﬁﬁolln 3-one (CAS
438056-69-0) to give 5- chloro-thiophene-2-carboxylic

acid ((3S,4S)-1-{[2-fluoro-4-(3-o0xo0- lin-4-

yl) - phenyl car - banoyl ] - et hyl

}-4-met hoxy-pyrrolidin-3-yl)- eI w solid. M
511.3 ([ M H] +) Exanpl e 27 Usi @rocedure F
{(3S, 4S)-3-[(5-chl oro- thlop ene- 2 arbonyl) am no] -

4- et hoxy- pyrrolidin- I-yI} etlc Bcid et hyl ester
(exanple 25.2) was reagte
| - (4-am no-3-fl uoro-ph
from2-fluoro-4- io
| H pyrazi n- 2- one, I, NN -O

dlnethylethylenedWani e and cesium carbonate in

di oxane at 120 0C) to give 5-

chl or o-t hi ophene- 2- carboxylic acid
((3S,49)-1-{[2-fluoro-4-(2-ox0-pyrazin-|-yl)-
phenylcarbannyl] - met hyl

} Bxamaleddxy- pyrrol i din-3-yl)-amide. Yellow solid. M8
506.3 ([ MtH] +) Exanple 28 Using general procedure F

{ 633, 49) <8rrbd 5co‘€)lh|d0(r @s@l s@mﬁ%ﬁeof%%%gqag hkr @1&1@6]4 hydroxy-

4- et hoxy- pyr.roridin- -acetic acid ethyl
( @xrg%qhgeégcagl)o%% agigd é@{ -BHt¥hesier (example 22.2)in 5 ml CH2C12 under

4aﬁ4 btk RREP NN - %@ng 6%@%§?&hﬁ%&}lo§&phur

|ve oro hi ophene2- car boxylTc aci
(@@%@f‘ (20 r%%%w -k (Breodits igpcaphh @m Fenpygle pod the mixture

gﬁ??ﬂﬂ&%dlbt%g@%kr/]sto mefaﬂ& kst i@ dsQoh Bh RedBto¥ b M emixture was
el 1l ow Sol I
poured into 10 % agq. Na2C03 The organic phase was washed with brine, dried

)-Ithyra2|n 2-one (prepared
i I1H ne reaction with

(MgSO4), filtered and concentrated. The crude product was purified by
chromatography (silica gel; gradient: cyclohexane -> cyclohexane/EtOAc 3:2) to
give 424 mg (S)-3-azido-4-fluoro-pyrrolidine- 1-carboxylic acid tert-butyl ester as
light yellow oil. MS409.0 ((M+H]")

37.2 Using analogous procedures as described in examples 22.3 — 22.6 (S)-3-
azido-4-fluoro-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 5-
chloro-thiophene-2-carboxylic  acid  ((S)-4-fluoro-1-{[2-fluoro-4-(2-oxo0-2H-
pyridin-1-yl)-phenylcarba-moyl]-methyl}-pyrrolidin-3-yl)-amide. =~ White solid.
MS 493.3 ((M+H]")
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([M+ H +) Exanple 29 29.1 A solution of 150 ny
(3S,4S)-3-[ (5-chl oro-t hi ophene-2-car bonyl ) -am noj -

wa2dvgdraay- pyrrol i dine-1-carboxylic acid tert-BUt/EP2006/061776

ester (exanple 22.4) in 3 mM MCN and 1 m THF was
treated with 300 ng silver(l) oxPde and 0.35 ml

i odoet hane. The reaction m xture was stirred over

ni ght, then was again treated with 300 silver(l)

oxi de and 0.35 m iodoethane. The reagiyiah m xture was
agitated over night at r.t., hetr ted. The

Sle

filtrate was concentrat ed. pr &uct was
purified by chromatography SI| caggel; gradient:

cycl ohexane -> EtQAc) to of 90 ng (38 45S) -

3-[ (5-chl oro-thi ophenel L

2-carbonyl)-am no] -4-e y-pyrrolidine-I-carboxylic
acid tert-butyl est s light yellowoil. M 373.1
([MH )29.2 Usi ogous procedures as descri bed

in exanples 22.5 and 22.6 (3S,4S)-

3-[(5-chl oro-thi ophene-2-car bonyl ) -am no] - 4- et hoxy- pyr
rolidine-l-carboxylic acid tert-butyl ester was
converted to 5-chl oro-thi ophene-2-carboxylic acid

(ERanpR)3g4- et hoxy- 1- {[2-fl uoro-4-(2-oxo-pyridin-

l-yl)- phenylcarbannyl] -met hyl }-

TR T TRNE T SR IR F Y TR

Oiadill téridbétyllestBMexw@pld 2285 @fl5ahl Rrdfac was cooled to 0 °C under an
argon atmosphere and treated with 664 mg 4-toluenesulfonyl chloride. The
mixture was slowly warmed to room temperature and stirred for 6 hrs. The
pyridine was distilled off. The residue was taken up in CH,Cl, and 10 % aq.
Na,CO;. The organic phase was washed with H,O and brine, dried over MgSOy,
filtered and concentrated.  The crude product was purified by column
chromatography (silica gel, gradient: cyclohexane -> cyclohexane/EtOAc 7:3) to
give 628 mg (35,4S)-3-azido-4-(toluene-4-sulfonyloxy)-pyrrolidine-1-carboxylic
acid tert-butyl ester as viscous yellow oil. MS405.3 ([M+Na]")

YK

N

j ", (\)\/O
0-S”

é\lé\‘
N

382 A solution of 440 mg (3S4S)-3-azido-4-(toluene-4-sulfonyloxy)-
pyrrolidine-1-carboxylic acid tert-butyl ester in 8.6 ml 1M tetrabutylammonium
fluoride solution in THF was stirred overnight at r.t.. The reaction mixture was
concentrated. The crude product was isolated by column chromatography (silica

gel, gradient: cyclohexane -> cyclohexane/EtOAc 1:1) to give 150 mg (3S4R)-3-
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under an argon atnosphere with a solution of 270 ny
(3S,4S)-3-[ (5-chl or ot hi ophene- 2-carbonyl ) -am no]

WO Zo0hgrdrsoxy - pyrrol i di ne- 1-carboxylic acid terpecbBaP2006/061776

ester (exanple 22.4). The reaction m xture was stirred
for 1 hr at r.t.. Then, 334 ny -362. difluoroethyl
trifluoronmethanesul f e wer e. add
 LBbUShSBaga L Pt dere, Ad0a, 5. 2 OC TN, . s
di2Bof[@dpwi t h Et OAc and washed with water. The organic
| ayer was dried over MpSH4, filtered and concentrat ed.
The crude product was isolated by chronmat ography
(silica gel; gradient: cycl Qigs ->
cycl ohexane/ EtOAc 9:1) to ¢
(3S,4S)-3-[(5-chl oro-thioph - carbonyl) am no]
-4-(2,2-difluoro-ethoxy)- pygzgésdlne- 1- carboxyllc
acid tert-butyl ester. Cbl@rle solid. M5409.0 ([ M+H|
+) 30. 2 Usi ng anal ogous prpcedures as described in
exanples 22.5 and 22.6 (8BS, 49)-
3-[(5-chl oro-t hi ophene-2-carbonyl)-am no]-4-(2,2-diflu
or o- et hoxy) - pyrrolidine- 1l-carboxylic acid tert-butyl
ester was converted to 5-chl oro-thi ophene-2-carboxylic
aci d
(888, 48ing-ah2logow Frioawtusesers oscyiped i anfplas@2G--422.Q (IBAR)-3-
Y ny I _
S etz B R0 SOEK LB e s compg o
H}: I)yorczﬂanm@e@ darBdxylic A asids peAS 4B 4dfuoi82- fig Nl (-85 29%x0-2-
s [ r.Qof
2P PEEREL DA AL BB Py o s g e Py e o, s

sé9%# (Idv+B1")960 ng
(3S, 4S) - 3-azi do- 4 hydr oxy- pyrrolidine- 1-carboxylic

acid tert-butyl ester
9
N
0
0
HLHQ
N F

Example 39

39.1 Using general procedure A 5-chloro-thiophene-2-carboxylic acid ((3S,4S)-
4-hyd-roxy-pyrrolidin-3-yl)-amide hydrochloride (example 22.5) was reacted with
bromoacetic acid ethylester to give {(3S,4S)-3-[(5-chloro-thiophene-2-carbonyl)-
amino]-4-hydroxy-pyrrolidin-1-yl }-acetic acid ethyl ester. Light yellow solid. MS
333.3 ([M+H]")
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(exanple 22.2) in 6 mM DMF. The ice bath was renoved
and stirring at r.t. was continued for 90 m n. The

woreoobar€onas cooled to 0 OC and a sol uti on 0. 7PeI/ER200&2061776

br onoet hoxy) tetrahydro-2H pyran in 1 m DWW was added.
The m xture (slowy warm ng up‘lga‘roomten'perature)
was then stirred for 18 h . The reaction m xture was
diluted with Et OAc and washed wi §jh H2O. The aqueous
phase was back extracted with “~he conbi ned
organi cs were washed with H20 gnd brine, dried over
MpSH4, filtered and concentrate The crude product
was i sol ated by colum chrigma aphy (silica gel;
gradi ent: cycl ohexane -> ¢ Hohexahe/EtOAc 3:2) to

gi ve 545 nyg >

(3S,4S) - 3-azi do-4-[ 2el ahydr o- pyr an- 2- yl oxy) - et hoxy
]- pyrrolidine- 1-carboxylic acid tert-butyl ester as
l'ight yellow viscous oil. M5 357.3 ([M+ H] +)31.2 Using
anal ogous procedure as described in exanples 22.3 -
22.6 (3S,4S)-3- azido-

43h2- (1Bl gahﬁéd&?ﬁe(’}éfd%@dl?reYzisod%é%rﬁ%hhﬁx&lamﬁé’ r3hq l{@ksagy 3-[(5-
1-carboxylic acid tert- Bbﬁy%ester was converted

5chiRrgiyopnsphesborpd k- am hydrgey-gyrrolidin-1-yl}- acetlc a01d ethyl

[ €& 4wak- &GH{VE:IQEJ | HOT(@) 3-[(5- Chloro th10phene—2 bonyl) m no] 4-0xo0-
4- (2-o0x0-2H pyridin-1- 5 I car banmo Kg ﬁ
} pmelzdlnyldyld)ayet@tq@&@ﬂ}yl ep)tylr r@lﬁlpmh@usggfm %Bﬁ?d]e([ it'e
anor phous solid. M 535.5 ([ MtH| +) Exanple 32 32.1 A
sol ution of 480 ny
(3S,4S)-3-[(5-chl oro-thi ophene- 2 onyI)-anino]-4-
hydr oxy- pyrrolidine- 1- carboxyl @0| tert-butyl
ester (exanple 22.4) in 14 n
o 2

0]
S H

\

CX

39.3  To acooled (0 °C), stirred suspension of 44 mg potassium tert-butylate in 3
ml THF under an argon atmosphere were added 149 mg
methyltriphenylphosphonium bromide. The yellow slurry was then stirred for 1 h
30, slowly warming up to room temperature. A solution of 100 mg {(S)-3-[(5-
chloro-thiophene-2-carbonyl)-amino]-4-oxo-pyrrolidin-1-yl}-acetic  acid  ethyl
ester in 2 ml THF was then added. The mixture was heated to reflux and stirred for
2hrs. The mixture (dark brown slurry) was cooled to r.t., diluted with EtOAc,
washed with sat. aq. NH4Cl, HoO and brine, dried over MgSO,, filtered and
concentrated. The crude product was purified by column chromatography (silica
gel, gradient: CH,Cl, -> CH,ClL,/MeOH 95:5) to give 76 mg {(R)-3-[(5-chloro-
thiophene-2-carbonyl)-amino]-4-methylene-pyrrolidin-1-yl}-acetic acid ethyl ester
(contaminated with 43w% triphenylphosphin oxide). Amorphous gum. MS 329.0
(IM+H]")
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DMSO'CH 2C 12 1:1 was cooled to O OC and treated wth
1.34 m TEA and 934 ng sul fur trioxide-pyridine

wa@eowplienol The reaction m xture was warned t o rPCT/EP2006/061776

stirred for 2 hrs, then diluted with CH2A 2 and washed
with water. The organic | ayer W& -dri ed over My SO |,
filtrated and concentrated. The crude product was
purified by colum chromatography (silica gel,
CH2C 2/ MeOH 95:5) to give 315 p€hhor ot hi ophene-
2-carboxylic acid N
((S)-1-{[2-fluoro-4-(2-o0x0-2-gyrydin-1-yl)-phenyl carba
nmoyl] -nethyl }-4-o0xo-pyr 'Szégg-yl)-anide as

of f -whi t e anor phous sol i d. 8RX0 ([MH ) 32.2 A
solution of 100 ng 5-chpoRo-thi ophene-2-carboxylic
acid ((S)-1- {[2-fluo - (2-0xo0-2-pyridin-

-yl ) - phenyl cai banoyl ] - et hyl
}-4-oxo-pyrrolidin-3-yl)-amde in 10 M MOH was
treated with 1.58 g amoni um acetate and 14 ng NaBH
CN. The reaction mxture was stirred at r.t.

ogeuni Ghtng tgféﬁ@raPOPf‘d%B&Jr@t qd ﬁﬁﬂﬁ[i(‘g— Rlo¥: thiBp iR 3 Earbonyl)-

The .sol i ds were tered of f. [trate was
c ARERNr - aedylens-metlidin-hey badstie apif sHud esighwanraagisd with 1-(4-

. ll 14 rdin
Igfigldﬁ%e ﬁﬁlﬁ%ﬁg’%wm%% ?%fbr%ﬁ@ﬂﬁ@h’ﬁ @%%gb epared according
51 Ht-oF o Bigge o h@hepateiappidicption: W6 éOQ?(Oé 21 @n«gm 5-ghloro-
{Eﬁoﬁﬁéﬁ@fﬁcﬁb&)%dl@m %aﬁyrl @(1{) 13924 ﬂud%BQﬂ(sd G&J- Qﬁ%%ldln 1-y1)-

rrolid -yl)-am de as white sol
VBhaiEabphiipe s g rdatiesciig solid. MS
54ghb@p@+ﬁwz phene 2- carboxyllc acid ((S)-1-
{[2-fluoro - 0x0-2-pyridin-l-yl)-phenyl car banoyl ]
-met hyl }-4- oxo pyrrolidin-3-yl)-am de(exanple 32.1)
in2mM THF was treated with 0.04 m hylan1ne

solution (33%

Example 40

40.1 (3RA4R)-Pyrrolidine-1,3,4-tricarboxylic acid 1-zert.-butyl ester 3-ethyl ester
(CAS 595556-31-35 g; 17 mmol) was dissolved in toluene (50 ml), triethylamine
(2.43 ml; 17 mmol) and diphenylphosphoryl azide (3.77 ml; 17 mmol) were added.
The reaction mixture was stirred at 80 °C for 30min. After that 2-(trimethylsilyl)
ethanol (12,41 ml; 87 mmol) was added and the reaction mixture was stirred at 90
°C for 14 h. The reaction mixture was evaporated, dissolved in ethyl acetate and
extracted with aqueous Na;COs; and aqueous HCl (IN). The organic layers were

combined and dried over Na,SOs. Flash chromatography over silica gel using
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in EtOH) and cooled to O OC. The reaction m xture was
brought to pH 5 by the addition of AcOH Then, 7 ng of

woBkBAMwWwer e added. The reacti on m xture was BCT/EP®A6/061776

at r.t. overnight, then concentrated. The crude

product was isol ated by cqunn‘@Hronatography (silica
gel, gradient: CH2A 2 -> CH2A 2/ MeOH 9:1) to give 14
n@(ﬂ\d(szOfMNHaiasr@lme yﬁl@dr%g)(ﬁ 6 9Ac (35,4R)-4-(2-trimethylsilanyl-

Seé? ﬁcaﬁﬁ&? awlngfnﬁﬁr?f)l]ld {1@% f ] uo 8Xﬁ10 e{ad %R t2bu®ll esger ethyl

car

}egyvﬂﬂSAa AIBLHH - ani de as mhlte solid. M5 518.5
([MtH +) Exanple 34 In anal ogy to exanple 33
((S)-I-{[2-fl uoro-4-(2-o0xo0-2fpyridin- I-yI)
phenyl car banoyl | - met hyl } - 4-ox0- pyrr8 in-3-yl)-am de
(exanple 32.1) was reacQ§d th 2, 4 | uor o

et hyl am ne to give 5-chl hlophene 2-carboxylic
acid
((S)-4-(2,2-difluoro-eth
-2-pyridin-1-yl)- phenyl gar pano
}-pyrrolidin-3-yl)-amde/as™ i
solid. M 552.3 ( Usi ng the sane
procedure as described ia exanple 32. zﬁs 4S) - 3-[ ( 5-
chl or o-t hi ophene- 2- car bonyl ) - am no] - 4- hydr oxy-pyrrolid
i ne-l-carboxylic acid tert-butyl ester (exanple 22.4)

vvae 2c mﬂ{)thmlrﬁeﬂ)ylﬁfah§15rm&y@fmythhﬁﬁbﬁpﬁrahdme 1 3-
R e N B VR

+)meton1trlle (15 ml) and TBAF (1.372 g; 4 mmol) is added under an argon
atmosphere. The mixture is stirred for 18 h at 50 °C. 5-Chlorothiophene-2-
carboxylic acid (1.272 g; 8 mmol) is dissolved in THF (10 ml), N-methyl
morpholine (0.86 ml; 8§ mmol) followed by isobutyl chloroformiate (1.03 ml; 8
mmol) is added at 0 °C to this solution. After 30 min stirring at 25 °C this solution
is added to the reaction mixture above. After 18 h at 25 °C additional 0.5
equivalents of activated 5-chloro-thiophene-2-carboxylic acid is added. The whole
mixture is stirred for 3 d at 25 °C, evaporated to dryness, dissolved in DCM/THF
and washed with 1IN aq. HCI solution, 10 % aq. Na,COj; solution. The organic

1 no)-I-{[2-fluoro-4-(2-oxo0
] -nethyl
t yelloy anor phous

phase is dried over Na,SO; Flash chromatography over silica gel using
DCM/MeOH/NH3; as eluent yielded 0.522 g (37.2%) (3S,4R)-4-[(5-chloro-
thiophene-2-carbonyl)-amino]-pyrrolidine-1,3-dicarboxylic acid 1-zers-butyl ester
3-ethyl ester. Light brown oil. MS403.5 [M+H"].

Chiral

kg
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35.2 A solution of 500 ny
(S)-3-[(5-chl oro-thi ophene-2-car bonyl ) -am no] - 4-

Wo@x@epy#oDl i di ne- 1-carboxylic acid tert-butyl BSL/EP20061061776

20 M EtOH was treated with 155 ng anmoni um chl ori de,
0.49 M Hnig's base and 0.86 nft WPetr ai sopr opyl
orthotitanate. The reaction m xture was stirred for 5
hed.3atUst} @€herdlh@rodetiunaB ¢BSMRAEA] 5-Thfo-thivphéred2-varbbnyl)-

110 . d,stj.r.r [ k. Qvernight. The mxture
o P PR SiBOGT d LgGR O bty R EF was
orcgarsired [izpeBSARS- el b-etilove-ghiophB@-3-cdrbbi @r-enhimmepyrrolidine-3-
c - [
o e B A T3 R RHR 3 J5 FRUMER
CH2C 2/ MeOH 9: 1) to give 180 ng

(S)-3-am no-4-[(5-chl oroft’hi ophene- 2- car bonyl ) - am no]
-pyrrolidine- 1- carboxylig acid tert-butyl ester as

yel low solid. Ms 344.3 ([MIH )N 35.3 in analogy to
exanpl e 20.2 (S)-3-am no- 4%

carbonyl)-am no] -pyrroli
tert-butyl ester was reac
sul fonyl chl ori de tgg?
(S)-3-[(5-chl oro-thivphe
4- met hanesul f onyl am no- pyrrolidine-|-carboxylic acid
tert-butyl ester. White solid. M5 424.0 ([MtH +) 35.4

In anal ogy to exanples 17.4 and 17.5

(S)-3-[(5-chl oro-thi ophene-2- carbonyl)-am no]

- 40 AeUsange gerlekdnytoepduro- Ay with| THiFnas sbhvear B ¥R)-d-[@8chlloro-
tg{ih %l ester was converted to

5-chl oro-t hi ophene-2-carboxylic acid ((S)- 1- {[2-

f Rrrartongl) (mis bp e ldine-dr qarhoxylig -apide atjilyk astbra ggriophloride was
- f@ktY| wikh 4=bromo-[2-fluoro-4-(2-oxopyridin- 1-yl)-phenyl]-acetamide to give
(35,4R)-4-[ (5-chloro-thiophene-2-carbonyl)-amino]-1-{[2-fluoro-4-(2-0x0-2H-
pyridin-1-yl)-phenyl-carbamoyl]-methyl }-pyrrolidine-3-carboxylic acid ethyl ester.

Light brown solid. MS 547.2 [M+H"].
=z
F N |
)R
HN
.
N
lo) %
N
=
cl

Chiral

Example 41

(35,4R)-4-[ (5-Chloro-thiophene-2-carbonyl)-amino]-1-{[ 2-fluoro-4-(2-oxo-2H-
pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidine-3-carboxylic acid ethyl ester
(example 40.4; 0.11 g) is dissolved in THF/water (1:1; 3 ml) and LiOH hydrate (9
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met hanesul f onyl am no-pyrrolidin-3-yl)-amde. Of-white
solid. M5 568.2 ([M+ H +) Exanple 36 In analogy to

wezampieo85. 3 and 35.4 PCT/EP2006/061776

(S)-3-am no-4-[(5-chl oro- thlophene 2- carbonyl)-am no]
-pyrrolidine- 1-carboxylic acid Hert - butyl ester

(exanple 35.2) was reacted with acetyl chloride and

t megy) icadiednd éct suspdnsioh] ThontikiuopRenged fard@ Hadsl ¢ Teisdlvent
( gsgvz?ﬂlaa?eeq[ %:loa?%)ness t:o élgtgmf(pj(?j g (65 % PXRiA F('?ﬁ%fi [?5—|cf110r0—
}l pphaict Hearbgnyl) ymarn]d]e{[%ﬁhforvxm CeoxplHehyridi-332)-0

Sol uﬂlcga)ﬁ 15 ﬁleﬁnélﬁﬁyriloﬂﬁné!élcﬁfb%qyla&.oo'\@'ﬂué 6880 Ms 519.3
(§§44§$=3 aZ|do 4- hydr oxypyrrolidine- 1-carboxylic

acid tert-butyl ester (exanple 22.2) |n 5 n1 CH2d 2

under an argon atnosphere were add .

bi s(2- nethoxyethyl)an1nosuLphur trifl rlde (50 %
solution in THF). The dry I o- S renovde and the

m xture was allowed to vvarm nd stirring was
continued for 22 h. The nHN mas poured into 10 %

aq. Na2CO . The organi c ph se was washed with brine,

dried (MgSO ), filtered gnd eoncentrated. The crude
product was purified by
gradi ent: cycl ohexane
give 424 nmg (S)-3:azid
1-carboxylic acid t@
oil. M5 409.0 ([ M+H|

hr omat ography (silica gel;
cl ohexane/ Et OAc 3:2) to

£f| uero-pyrrolidine-

-buﬁH ster as light yellow

/ S
=

Cl

Example 42

Lithium  (3S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-1-{[2-fluoro-4-(2-
0x0-2H-pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidine-3-carboxylate
(example 41; 0.09 g) is dissolved in THF/DMF (1:1; 3 ml) and CDI (0.083 g) is
added. The mixture is stirred for 1 h at 25 °C, after that 2-(methylamino)-ethanol
(0.03 ml) is added. The reaction mixture is stirred for 18 h at 25 °C and evaporated
to dryness followed by flash chromatography over silica gel using
DCM/MeOH/NH; as eluent to yield 0.033 g (33.4%) (3S,4R)-4-[(5-chloro-
thiophene-2-carbonyl)-amino]-1-{[2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-
phenylcarbamoyl]-methyl}-pyrrolidine-3-carboxylic ~ acid  (2-hydroxy-ethyl)-
methyl-amide. White solid. MS 576.5 [M+H"].
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37.2 Using anal ogous procedures as described in
exanples 22.3 - 22.6 (S)-3-

w@200d01440f | uor o- pyrrol i di ne- 1-carboxylic aci dPCT/EP2006/061776

tert-butyl ester was converted tQ 5-

chl or o-t hi ophene- 2-car boxylic acrd
((S)-4-fluoro-1-{[2-fluoro-4-(2-o0xo- 2Hp¥r|d|n-

| -yl)-phenyl car ba-noyl] - nethyl hiral
}-pyrrolidin-3-yl)-amde. Wajte soy VB 493. 3 ([ MHH]
+) Exanpl e 38 38.1 A sol ution

(3S,4S) - 3-azi do- 4- hydr oxy- di negr | - carboxylic
acid tert-butyl ester (exahple 22.2 ) in 5 m pyridine
was cooled to O OC under gon at nosphere and
treated with 664 4-tol uenesul fonyl chloride. The

m xture was sl o'k war Nto room tenperature and
stirred for 6 hrs. e p r|d|n8 was distilled off. The
resi due was taken upN-'CH2 and 10 % ag. Na2CO .

The organi c phase wes (th H20 and brine, dried
over MgSO, filtered and concefit hat ed. The crude
product was purified by colum tography (silica
gel, gradient: cyclohexane -> cycl ohexane/ Et OAc 7: 3)
to give 628 ny

(3S,4S) - 3-azi do-4- (tol uene- 4-sul fonyl oxy) - pyrrolidi ne-
| -carboxylic acid tert-butyl ester as viscous yellow
oiEkamMs4i05. 3 ([ MtNa] +) 38.2 A solution of 440 ny

(3S, 4S) - 3- azido 4 (tol uene- 4- sulfonyloxy)

B S

sflrproed overnlght at r.t.. The reaction m xture was

CQQQ%EM%Mfﬁh?—yQ[I&Héﬁyl@ﬁt%ﬂﬁh%&l] WR&h {13y AbREINBY- &b MC
chrgnatography (silica

(2,2-difluoro-ethyl)-amide is analogous to example 42 using 2.2-
difluoroethylamine. White solid. MS 582.3 [M+H"].

2
=
F N
ey
H \ HA%\
// cl

Chiral

Example 44

(35,4R)-4-[ (5-chloro-thiophene-2-carbonyl)-amino]-1- {[2-fluoro-4-(2-0x0-2H-

pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidine-3-carboxylic acid ethyl ester
(example 40.4; 1.2 g) is dissolved in ethanol (12 ml) under Ar-atmosphere. NaBH,
(4 equivalents) is added and the mixture is stirred for 18 h at 25 °C. After that
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gel, gradient: cycl ohexane -> cycl ohexane/ Et CAc 1:1)
to give 150 ny

W@ 3BsARMB- azi do- 4-f | uoro- pyrrolidi ne-|-car boxpdT/EPR06/a51776

tert-butyl ester as colorless liquid. M5 230 ([M)
38. 3 Usi ng anal ogous procedures9 S§ described in
exanples 22.3 - 22.6 (3S, 4R) - 3-
aaﬂdﬁoioéalfNaﬂBHp(fpqui@dld:rdi;)me-aﬂdaﬁﬁrhbﬂ}d te@cti@i Bhixture is stirred for
EE‘F%}}%%%}%[ o zge ﬁdcé %agtg:ézgﬁ\éﬁf{t 29 S(auc}valents) is added and the reaction
( (ngtgmt@)s SIler(iJfﬂ‘l‘olQI h faf 25f°Cu‘®r gwel,«g()z% axov@sion of the ester to the
PYIchHEHN |

¥ ﬁc?r Jr) n llkﬁc;)f %@%ﬁﬁ@?é_ﬁ%ﬁ]&{ gﬁﬁ'ﬂ)’é s evﬁsﬂi)trlé‘%h t?vgryn&%s fgll %Hzﬁ flash
+): Beaipsap apooyy, slicgrhngsige REMIM R dy peclpent to yleld 0435 ¢
5(3913%9 G- dhmr@nhﬁypﬁeﬁe %ﬁltb@xwd zfeuﬁqmi 481 33 2 8horo-4-(2-oxo0-2H-

0

T L b b o] iR 3-91-

etihydleeﬁadfryeimwgol\ifcb MS 505.3 [M+H"].

{(38,48) 3-[(5-chl oro-thi ophene-2-carbonyl) -

am no] - 4- hydr oxy- pyrrolidin- I-yI} Chi@ aci d et hyl
ester. |ight ye||OMISO|Id %S 333 [N%Fﬂ +) 39. 2

Usi ng the sane procedure —- in exanple 32.1
{(3S,4S)-3-[(5- chloro- thIOu 2-4car bonyl ) - am no]
- 4- hydr oxy- pyrrolidi n- .cetlc acid ethyl ester

was converted to

{(S)-3-[(5-chl oro-thi ophene®2- car bonyl ) - am no] - 4- oxopy
rrolidin- I-yI}-acetic id ethyl ester. Anorphous
gum M 333.1 ([ MH .3 To a cooled (0 00,
stirred suspensi on,pf "Ny tassiumtert-butylate in
3 mM THF under an argon au phere were added 149 ng
nethyltrlphenylphosphonlun1b/ i de. The yellow slurry

was then stirred for 1 h P

Cl

Example 45

5-Chloro-thiophene-2-carboxylic acid ((3R,4S)-1-{[2-fluoro-4-(2-ox0-2H-pyridin-
1-yl)-phenylcarbamoyl]-methyl }-4-hydroxymethyl-pyrrolidin-3-yl)-amide
(example 44; 2.0 g) is dissolved in dichloromethane (20 ml) under an argon
atmosphere. Pyridine (0.48 ml) is dropped to this solution followed by
mesylchloride (0.46 ml) at 0°C. The reaction mixture is stirred at 0°C for 1 h. After
that the reaction mixture is stirred at 25°C for 48 h until conversion is complete.
The reaction mixture is treated with SiO, and evaporated to dryness followed by
flash chromatography over silica gel using DCM/MeOH/NH3 as eluent to yield 1.75
g (758 %) of methanesulfonic acid (3S4R)-4-[(5-chloro-thiophene-
2-carbonyl)-amino]-1-{[2-fluoro-4-(2-0xo-2H-pyridin- 1-yl)-phenylcarbamoyl] -
methyl}-pyrrolidin-3-ylmethyl ester. Off-white solid. MS 583.2 [M+H™].
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30, slowy warmng up to roomtenperature. A solution
of 100 ngy {(S)-3-[(5-

wa@kdoenodhi ophene- 2- car bonyl ) - am no] - 4- oxo- pyPCDEPZINGI061776

| -yl }-acetic acid ethyl ester in 2 ml THF was then
added. The nixture was heated td%reflux and stirred
for 2hrs. The m xture (dark brown sl urryP was cool ed

tor.t., diluted with Et OAc, wash PR sat . aq. NH
d, H20 and brine, dried ower filtered and
concentrated. The crude pr\oﬁﬁaas purified by col um
chromat ography (silica gelpn g ient: cHd 2 ->

CH2C 2/ MeOH 95:5) to give

{(R)-3-[(5-chl orot hi ophen -

2-carbonyl)-am no] ene pyrrolidin-1-yl}-acetic
acid ethyl ester VVI th 43wl

tri phenyl phosphi n oxi d sgum M 329.0 ([ Mt
H +)39. 4 Using general pr oc@dur

{(R)-3-[(5-chl oro-thi ophene- 2- car bonyl ) -

am no] - 4- et hyl ene-pyrrolidin-1-yl}-acetic acid ethyl
ester was reacted with |-(4-

am no- 3-fl uor o- phenyl ) - I H pyri di n- 2- one (CAS
53BFmplesip- 1, prepared according to C. F. Bigge et al,
patent application WD 2003045912) to give

51\@@118{69&1&1&@@@1@(5(382@834 1d:6-@f ﬁeﬁé—@callbonyl) amino]-1-{[2-
uor o-4- ( 2- 0Xo- In- 1-
h@ﬁgﬂ éé?ﬁ)&ﬁﬁ% -pyuidiiat hyf phenylcarbamoyl methyl }-pyrrolidin-3-
Lg%negﬁylféyﬂeﬁ(&alﬁﬂd@ 50l i) And hlct@dihe €24 @) heWigehvedin IYBIF (1
300 kg S0 bR g Bitineds i for T an 35 e purified

thlhylbrep&tiam BIRChyd yiekit &6 n(e0A8. B0 5561030-tBHphencl-carboxylic
mygl) was dissolved in toluene (50 nf‘(3R,4§)r-h-%tzg}ﬁlir?-myrfr%ethyl-

1-{[2-fluoro-4-(2-0x0-2H-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-
yl)-amide diformiate as colorless gum. MS 544.3 [M+H"].

oY
(&
cﬁkg

Chiral

Example 47

5-Chloro-thiophene-2-carboxylic acid ((3R,4S)-4-cyclopropylaminomethyl-1-{[2-
fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-yl)-
amide formiate was prepared according to the methods described for example 46 to
yield 28 mg (30.0%) as light yellow solid. MS 544.3 [M+H"].



(2.43 m; 17 mol ) and di phenyl phosphoryl azide (3.77

m; 17 mol ) were added. The reaction m xture was
wariocnedont 80 OC for 30mn. After that PCT/EP2006/061776

2-(trinmethylsilyl) ethanol (12,41 m; 87 mmol) was

added and the reaction nmixture Was stirred at 90 0C

for 14 h. The reaction m xture was evapor at ed,

di ssolved in ethyl acetate and ext 'wi th aqueous

Na2CO and aqueous HC (IN).rThg_ o aI c layers were

conbi ned and dried over Na2S | a§h chromat ogr aphy

over silica gel usingDCM 3 & eluent yielded

4.6 g (65.6 ¢
(3S,4R) -4- (2-trinmet hyl si |l gnylcet hoxycar bonyl am no) -

pyrrolidine-I, 3-dicarboxyNjc acid 1-tert-butyl ester
3-ethyl ester. M4 .§§9§E? +p . 40.2
i/ a

(3S,4R)-4-(2-Trimet hys ycar bonyl am no) - pyrr
olidine-1,3- dicarboxylic aeid §- o%butyl ester
3-ethyl ester (1.4 g; 3 ) is dissolved in
acetonitrile (15 m) aP 5 F (1.372 g; 4 mmol) is
added under an argon atnosphere. The m xture is
stirred for 18 h at 50 OC. 5-Chl orot hi ophene- 2-
carboxylic acid (1.272 g; 8 mmvol) is dissolved in THF
(10 M), N nethyl norpholine (0.86 m; 8 mmol)
f@&&ﬁgﬁngy i sobutyl chloroformate (1.03 m; 8 mmol)
is added at 0 OCto this solution. After 30 mn
stirring at 25 QC this_solution is added to the

r edctiPBhiieplictif-apRlic agid 6ERAD) H-arclopgtytamiagencthybi all 2-
Ofloorqui val ents of activated

5-.chl or os.t hi aphene-~2-carboxylic acid is added. The .
AP e BERED B Sy o o ROR G e
t difdnmyiaesess pdemssal acedrding OCM idkh caln desveibéktbrekdrhple M6 to

g?iéag;igcmﬁ Phohd 90 cotR1et AorphBATRiaS MYE5LP IR,

Chiral

H

“ ]
F N
o LT
J]\ HN
OH o

Example 49

5-Chloro-thiophene-2-carboxylic acid ((3R,45)-4-[(cyclopropylmethyl-amino)-
methyl]-1-{[2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-phenylcarbamoyl]-methyl }-

pyrrolidin-3-yl)-amide formiate was prepared according to the methods described
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phase is dried over Na2SO . Fl ash chromat ography over
silica gel using DCM MeOH/ NH 3 as el uent yielded 0.522

w@2q08/7114% ( 3S, 4R)-4-[ (5-chl or ot hi ophene- PCT/EP2006/061776

2-carbonyl)-am no] -pyrrolidine- 1,3-dicarboxylic acid
1- t rt-butyl ester 3-ethyl estéf: light brown oil. M
403.5 [ MtH+] .40.3 Using general procedure B

( 3G, diRnple 44 - @il 3Oang MO Plae ack@rt galldo aylojphoalissie]. MS 558.2
?N{ ]ldlne- 1, 3-dicarboxylic acid | -tert-buty\ ester

3-ethyl” ester was converted into

(3S,4R) - 4-[ (5-chl or o-t hi ophene- 2- car bonyl ) - am no] - pyrr

ol i di ne-3- carboxylic acid ethyl ester hydrochl oride.
light yellow solid. M5 303.4 [ MtH+] . cr 40.4 Using

general procedure A with THF as so hiral

(3S, 4R) - 4- [ (5- chl or ot hi ophere- ~__n__|

2- car bonyl ) -am no] - pyrrolidi aroboxyl ic acid ethyl
ester hydrochl oride was reatfed®™Ww th

2- brono- [ 2- fIuoro-4-(2-oxo?3l%din-I-yI)-phenyI]-acetam
ide to give

(3S,4R)-4-[(5-chloro-thio h neo 2- carbonyl) amno]-I-{]

2-fluoro-4-(2-o0xo0-2 Hp ghenyl car banoyl |
-met hyl }- pyrrohdibeéT aébaxyl id ethyl ester.

light brown solid. M5 547. [N%FH] Exanple 4 1
(3S, 4R) - 4-[ (5- Chl oro-t hi Bph -2-carbony|)-anino]-|-{[
2-fluoro-4-(2-0x0-2 Hpyridin- |-yl)-phenyl carbanoyl ]
-met hyl }-pyrrolidine-3-carboxylic acid ethyl ester
(exanple 40.4; 0.11 g) is dissolved in THF/ water (1:1;
3_m) and 1iOH hydrate (9ng) is added to the
sUSHBAKION. The mixture is stirred for 2 h at 25 0C
The solvent is evaporated to dryness to obtain 0.102 g

( O5R MR) Ui [Tl (B B -4R) 24 ke N ay-ph b yipRRM oyl ] -pyrrolidine-3-
carbo-xylic acid ethyl ester hydrochloride (0.315 g; synthesis described in
EP04101265.9 example 28 step 3) is suspended in acetonitrile (10 ml) and K,CO3
(0.425 g) is added as solid. 2-Bromo-N-(5-chloro-2-pyridinyl)-acetamide (0.23 g)
is added and the reaction mixture is stirred at 25 °C for 18 h. After that the mixture
is heated for 3 h to 80 °C, cooled to 25 °C and filtered. The filtrate is evaporated to
dryness followed by flash chromatography over silica gel using DCM/McOH/NH3
as eluent to yield 0.203 g (46.3%) (3R,4R)-1-[(5-chloro-pyridin-2-ylcarbamoyl)-
methyl]-4-[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenylcarba-moyl]-pyrrolidine-3-
carboxylic acid ethyl ester. White solid. MS 542.3 [M+H"].

Chiral 0O
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2-carbonyl)-am no] -1-{[2-fl uoro-4-(2-o0xo-2
H pyridin-1-yl)- phenyl carbanoyl] -nethyl

wQ 2yni14abi di ne- 3- carboxyl ate. White solid. M5 BAPER2006/061776

[ MkH+] . Chiral Exanple 42 lithium

(3S,4R) - 4-[(5-chl oro-t hi ophene- 21 carbonyl)-am no] -1 -{[

2-fluoro-4-(2- oxo-2H pyridin- |-yl)-phenyl carbanoyl ]

- izbiple 31- pyrrol i di ne- 3-car boxyl ate (exanple 41; 0.09
is dissolved in THF/ DMF (1:1; 3 m) and CD (0.083

0 T Sy ST 9 310, 85
TR 2&5pyidA- lnﬂkﬂ)bﬁreylwb@n@yl} eprrpliding-§-dartatxys: lsptre@m:d
eVRRO! B 69 - w(siémeﬁﬁﬁyrf&ﬁlz%@gbmoﬁ %%é@hﬁrﬂqmu%gé apd@yoxo-

0 ica usi n ['uent to yie
\ég{e@’r&lltlsls ?rvawm@rtaaﬂyoy&l pPymolidings @@Fhoapswe%d i ter
2-acaidiapyd pxaaipled].- Whitk 2o1id. WIS G143 (RRaxQ: 2H- pyri di n-1 -

yl)- phenyl car banoyl] -nethyl
}-pyrrolidine-3-carboxylicacid (2-hydeexy-ethyl)-

nmet hyl -am de. White solid. I\/IS 576.5 [ MtH+] . Exanpl e 43
The preparation of

(38 4R) - 4-[ (5-chl oro-thi oph ne- 2- car bonyl)-am no] -1 -{]

- fluoro- 4-(2-oxo0-2H: ®-1-yl)-phenyl car banoyl ]
-methyl }- pyrrolldlr -C rboxyllc acid

NN

Example 52(reference)

1-[(5-Chloro-pyridin-2-yl-carbamoyl)-methyl]-pyrrolidine-3-carboxylic acid [2-
fluoro-

4-(2-0x0-2H-pyridin-1-yl)-phenyl]-amide is prepared from commercially available
3-car-boxy-1-Boc-pyrrolidine according to general methods A, B and C to yield
0.054 mg (14 %) as light brown solid. MS 470.4 [M+H"].

o VA
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(2,2- difluoro- ethyl) -am de is anal ogous to exanple
42 using 2,2- difluoroethylamne. Wiite solid. M

wWh3Rs314404HE] . Exanpl e 44 PCT/EP2006/061776

(3S, 4R) - 4-[ (5-chl oro-t hi ophene- 2- car bonyl )-am no] -1 -{[
2-fluoro-4-(2-o0xo0-2 Hpyridin- F9§F)-phenylcarbannyl]
-methyl }-pyrrolidine-3-carboxylic acid ethyl ester
( @xamploss3d@fetenct) 2 g) is dissolved in ethanol (12 m)

under Ar-atnosphere. NaBH4 (4 equivalents) is added

208 e [0S B PTER AR LB 2508 AR STpyoro-s-
r &@ﬁp@ﬂﬂ -pydinrleyh)-desrantide s froparediromegonpaetyiadly azzslabte (3R)-

F@[(tté}ﬁbui@(%lﬁ(;tﬁdﬁﬁﬁb)@h%ﬁﬁﬁﬂe ab@or@ﬁil%qg g@ﬂf@altrﬁahods A, B and D
react e |s stirred for 72 Q 0 givV

s vslddhodhne Eff‘ %p bt a Sql. M%‘%Q %B\%H Af ter

that the reaction mxture is evapgrated to dryness
fol l owed by flash chromatography gvef™ilica gel using
DCM MeOH/ NH 3 as el uent to yiel 435 g (39. 3%

5-chl or o-t hi ophene- 2-car boxylic acﬂ

((3R, 4S)-1-{[2-fluoro-4-(2-0x0-2 yridin-

| -yl)-phenyl car banmoyl ] -nmet hyb H

} - 4-hydroxy-net hyl -pyrrolidin-3Yyl)- am de. Pale

yell ow solid. M5 505.3 [ M+ Chiral Exanple 45
5- Chl or o-t hi ophene- 2- carboXyl jc acid
((3R, 4S)-1-{[2-fl uoro-4-(2+0oX0-2H pyridinl -
yl) - phenyl car banoyl ] -@&g{hyl
}-4-hydroxynmet hyl - pyrrol di n-3-yl)-am de (exanpl e 44,
2.0 g) is dissolved { hl or onet hane (20 m ) under
an argon
N O
J
Example 54(reference)

54.1 Using general procedure E, (R)-3-aminomethyl-1-N-tert-butoxycarbonyl-
pyrrolidine was coupled with 5-chlorothiophene-2-carboxylic acid to give (R)-3-
{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl}-pyrrolidine- 1-carboxylic  acid
tert-butyl ester. Brown oil. MS345.0 ([M+H]")

C%j\gn v@@{ 7<

54.2 Using general procedure C, (R)-3-{[(5-chloro-thiophene-2-carbonyl)-
amino]-methyl}-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 5-
chloro-thiophene-2-carboxylic acid ((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro
acetate. Pale brown oil. MS245.4 ((M+H]")
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at nosphere. Pyridine (0.48 m) is dropped to this
solution followed by nesylchloride (0.46 nl) at QOC

wab@meneaeti on m xture is stirred at QC for 1 PCT/ERf0D&061776

that the reaction mxture is stirred at 250C for 48 h
until conversion is conplete. TH&-reaction mixture is
treated with SiQ2 and evaporated to dryness followed
by flash chronat ograpﬁ qver Silj gel using

DCM MeOH/ NH 3 as el ueny/ ty yisel d 1.5 g (75.8 % of
met hanesul fonic acid (3% -2~ (5-chl oro-t hi ophene-
2-carbonyl)-am no] -1- {[2-§! uor &F£0P2- oxo- 2H pyri di n-
| -yl)-phenyl carbanmoyl] - nethyl

}-pyrrolidin-3-ylnethyl ester. Of-white solid. M5
583.2 [M+H +] . Exanple 46 Met hanesul fonic acid

(3S, 4R) - 4-[ (5-chl oro-thi ophene- 2- car bonyl ) -am no] - | - {[

2548 [HBfan' gedei’aloﬁ@trﬁi& oy T i-¢i @.ﬁ]!ll’lld/B)ﬂ[‘lﬁJﬂ WEGA)- @Hfﬁ?fld]m 2-one
yrro yl mef hyl ester (exa
oy feaiid B Ghe (Fzglaz%eft -afng apphration fv %0%04?9@ was
ma&m}an:da seal ed tube. The reaction mxture is stirred w1th
r 72 h and urlfled with preparative HPLC t
efPHORléﬁwaC Yopale! ﬁW%[%ﬂPﬁ‘ioo‘ﬂ)IﬁgﬁéQQHcE}‘l%ﬁy]l Y phenyl]

a@m@aﬁﬁ@d&dﬁuﬁmﬂo @K&{yl ditt Phidpinetdnd - 1-
{[2-fluoro-4-(2-oxo0-2H pyridin-1-yl)-phenyl car banoyl ]

-met hyl }-pyrrolidin-3- yl)- amde dlgformate as
colorless gum MS 544.3 [M-H+] .HChjral Exanple 47
5- Chl or o- t hi ophene- 2- ca “&@{

((3R 48)-4-cycl opropyl, a ij

544 Using general method H, 5-chloro-thiophene-2-carboxylic acid ((S)-1-

pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester to give (R)-3-
{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl}-pyrrolidine- 1-carboxylic  acid
[2-fluoro-4-(2-0x0-2H-pyridin-1-yl)-phenyl]-amide. =~ White solid. MS 475.0
(IM+H]")

F o
cl H <\ > Nb
@\WHVCN« B
= N o)
o

Example 55(reference)

The enantiomer (R)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl }-
pyrrolidine-1-carboxylic acid [2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-phenyl]-amide
was prepared according to examples 54.1 — 54.4 starting with (R)-3-aminomethyl-
1-N-tert-butoxycarbonyl-pyrrolidine. Pale yellow solid. MS475.0 ((M+H]")
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fl uoro-4-(2-oxo-2H pyridin-I-yl)-phenyl car banoyl ]
-methyl }-pyrrolidin-3-yl)- amde form ate was

w@e@pat«o accordi ng to the nethods descri bed fBPET/EP2006/061776

exanple 46 to yield 28 ny (30.0%%%gs light yell ow
solid. MB 544.3 [MrH+] . Exanple!

S- Chl or o-t hi ophene”-car boxylic acid
((3R, 4S) - 4- cycl obut yl am nonet hyl - {[2_fluoro-
4- (2- oxo- 2H pyr edi n-1 -yl) - phenyf

}-pyrrolidin-3-yl a I f L%L e .
S ed for exanple 46 to

according to the

yield 39 ng (40.7% col orl ess anor phous solid. M
558.2 [ MrH+] . Exanpl® 49

5- Chl or o-t hi ophene- 2-carboxylic acid

((3R,4S)-4-[(cycl opropyl net hyl -am no)- nmethyl] -1-
{ 2- 0X0- 2H-pyridin- |-yl)-phenyl carbanoyl ]
%?W?FO%G&G%%}CS lidin-3-yl)-anmide form ate was
ggejtoartesin ?@@érﬁl pgod‘e@uﬂehs @th@ﬂﬁn&ﬁaﬁ I hedfer b@my&a}&myl-
0

S Bﬂra i %%goggﬁgﬂﬂm% % @ro%fsﬂ]‘f | (I%H —énc&?l Flg)v)\%/gg?lgld to g1ve (R)-3-
(C%Rﬁ-”d?bmé t{hﬁ)p'ﬁbh’@%ikal"ooh k)%ﬁna methyl}-p r(()jhdme écarboxyhc acid
n-1 - en yrrolidine-3-
c&gg UQ’F$%‘ ? @9h§#$§? ?%%Véﬂgchlorlde (0.315 g;
synt hesi s described in EP04101265.9 exanple 28 step 3)
is suspended in acetqnitrile (1 _4z and K2CO3 (0.425
- ac

g) is added as solid.
L7<m' de (0.23 g)

2- Brono- N- (5-chl oro-

56.2 Using general procedure C, (R)-3-{[(5-bromo-thiophene-2-carbonyl)-
amino]-methyl}-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 5-
bromo-thiophene-2-carboxylic acid ((S)-1-pyrrolidin-3-ylmethyl)-amide
trifluoroacetate. Yellow oil. MS 288.9 ((M+H]")

Br

8 NH
H
// N\/I:>

CF,COOH

56.3 Using general method H, 5-bromo-thiophene-2-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give (R)-3-{[(5-bromo-thiophene-2-carbonyl)-
amino]-methyl}-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo-2H-pyridin-1-
yl)-phenyl]-amide. White solid. MS 521.3 ([M+H]")
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is added and the reaction mxture is stirred at 25 0C
for 18 h. After that the mxture is heated for 3 hto

W@ 44¢p0l ed to 25 0OC and filtered. The fil trPek/EP1086/061776

evaporated to dryness fol |l owed b(ﬁ flash chromat ogr aphy
over silica gel using pcM MeO HNHB as el uent to yi el d
0.203 g (46.3%

(3R4R)-I-[(5 chloro pyridin-2-yl r banty! ) -
met hyl | - 4- [ 2- f | sor 0- 4- ( 2- oxoZH@‘N N
H pyridin-I-yl)- nyI Ear a- r oNi=df' ne- 3-

carboxylic acid V\hte solid. M5 542.3

[ MFH+] . Exanpl e 5 1 I th| um

(3R 4R)-I-[(5 chl or o-yri di n- 2-yl car baroyl ) - met hyl | - 4-
[2-fluoro-4-(2- oxo-2H pyridin-

| - y*- phenyl car banoyl J- pyrrol i di ne-B-carboxylate is
prepared from

(%R?mg%#g(r%f ?glccg or o- pyri di n- 2-yl car banoyl ) - net hyl ] - 4-
2|5|7,t1y Usﬂhg] gbnrerhl) pﬁi&ecmtb cRr tmmyakdmmémgnl 1-N-net- Butfbaydaﬂébnyl—

s Bﬂraﬁ&% gigyclgup%ﬁl t%c obrrglmn@% 04 E%ggﬁ)ﬁﬁgne—}carboxﬁlc acid
52frepiired epca@)ling to M. Nemec et al., Collection of Czechoslovak Chemical
| éo%rg%%%i&%spﬁﬂéc ?Q}’ @% ]iqc g{y? 2&?)9 {)[(grl?r rr]ﬁlo— - pé/t{l)rdotlhgo%hene—
42 Artwngh) 2drhipy[-nthitiyl |- pyirdlidhenWatboxghd Gad itstBuBPaKed White

gg@ﬁﬁg{g‘gﬁg?@cﬁésysgl ?3: (ra]e according to general

nethods A, B and Cto yield 0.054 ng (14 %9 as |ight

brown solid. M5 470. & [ MrH+] nple 53(reference)
AN (S-chl oro-pyri -1 - ﬁamgy met hyy-pyrrolid
in-S-ylJ-I-fluoro-

572 Using general procedure C, (R)-3-{[(5-bromo-4-methyl-thiophene-2-
carbonyl)-amino]-methyl}-pyrrolidine- 1-carboxylic acid tert-butyl ester was
converted to 5-bromo-4-methyl-thiophene-2-carboxylic acid ((S)-1-pyrrolidin-3-
ylmethyl)-amide trifluoro acetate. Colorless oil. MS 301.0 ((M-H])

Br

CF,COOH

57.3 Using general method H, 5-bromo-4-methyl-thiophene-2-carboxylic acid
((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-
(2-0x0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give (R)-3-{[(5-bromo-4-methyl-thiophene-2-
carbonyl)-amino]-methyl}-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo-2H-
pyridin-1-yl)-phenyl]-amide. White solid. MS 530.8 ([M-H])
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(2-o0x0-2H-pyridin-1-yl)-benzam de is prepared from
comercially avail able (3R)-

wW@2qobt1zdaot oxycar bonyl am no) pyrrol i di ne accor di PgI/EP2006/061776

general nethods A, B and Dto yield 0.054 nmg ( 14 %
as |light brown solid. M3470.4 {mﬂ +] . Chiral Exanple
54(reference) 54.1 Using general pFroced%re E,

(R)-3-am nonet hyl -1 -N-tert-but oxycarbon rolidine
was coupl ed wit her5- chl or ot hi ophe',qprN oxylic acid

to give (R -3- S ;Njﬁ
{[ (5-chl oro-thi - nyld - am no] - net hyl
}-pyrrolidine- 1-carbaxylic acid tert-butyl ester.

Brown oil. M 345.0 (PM+H] +) 54.2 Using general
procedure C, (R)-3-{[(5-chloro-thiophene-2-carbonyl)-

am no] -nethyl }-pyrrolidine- 1-carboxylic acid

tert-butyl ester was converted to 5-

chloror L{%i oghene- 2-carboxylic acid

(C& PP Ch- 3- yI met hyl ) -anide trifluoro acetate.
PaBe Wrsinvgn goidral Moc2dibre 4E,( [RBan) @feBylUs Nt g rgBimekalarbonyl-

t hod .. | - (4-anm no- 3-f | - ph ) - H j.di n-2-
i e LI LB S (BT :  o
ZBp{![i&f&ﬁﬁxﬂﬂmyﬂlﬁ?ﬁ&%wiﬂ?n@&nﬁﬁﬂ—mtl@d}—p\jrrtdlidine—1—

- ni t r qphe rof orgate to qi ]

[ 52 Pﬁ’g{%&m ytf"rﬁ%&'i CHRL p‘&ﬁft‘a pofid. %¥§6%ﬁél[1]%ﬁﬂ ) car bani ¢

acid 4-nitro-phenyl ester. Pale pink solid. 54.4 Using

general nmethod H, 5-@&RQl oro-thi opheneo2-carboxylic acid
((S)-lpyrrolidin- 3-yl hyl,) - am e{tri | uoro acetate
was reacted with [ Zr - 2 o

(@]

58.2 Using general procedure C, (R)-3-{[(4,5-dibromo-thiophene-2-carbonyl)-
amino]-methyl }-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 4,5-
dibromo-thiophene-2-carboxylic acid ((S)-1-pyrrolidin-3-ylmethyl)-amide
trifluoroacetate. Pale yellow oil. MS 349.9 ([M+H]")

Br

fj S H\/CNH
Br ~ N

CF,COOH

58.3 Using general method H, 4,5-dibromo-thiophene-2-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give (R)-3-{[(4,5-dibromo-thiophene-2-carbonyl)-
amino]-methyl}-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo0-2H-pyridin-1-
yl)-phenyl]-amide. Pale yellow solid. MS 598.8 ({M+H]")
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0x0-2H-pyridi n-1-yl)-phenyl]-carbam c acid
4-nitro-phenyl ester to give (R)-3-

wQ pobAcabor o- t hi ophene- 2- car bonyl ) - am no] - nmet PYT/EP2006/061776

}-pyrrolidine- 1-carboxylic aC|d

[ 2-fl uoro-4-(2-oxo0-2H pyri di n-1 Qﬁ) phenyl] -am de.
Wiite solid. M5 475.0 ([ M+H +) Exgnple 55(reference)
The enanti omer

(R)-3-{[ (5-chl ore:t hi ophene- 2- canoo P%?fyo] - met hyl
}- pyrrolidine- 15 rbo§yllc —
[2-fluoro-4-(2s - I) phenyl] -am de was
pr epar ed accordlng to xanples 54 1 - 54.4 starting

wi th (R)-3-ani nonet hyl®
1-N-tert-butoxycarbonyl-pyrrolidine. Pale yellow
solid. M5 475.0 ([ MtH] +) Exanpl e 56(reference) 56.1
Usi ng general procedure E,

(R).-3-am,nopet hyl -1 - N-tert-but oxycar bonyl pyrrolidine

WE%mQB%gP§3E§?¥%5S—bronDthiopheneA-carboxyIic acid to

gisvéa ([R)nnger{e[rélSphfc@dﬁIet]B,i (llg)hie-laﬁriﬁorﬁahglonw )er%ﬁhﬂ’@@}carbonyl—
rro I n car cld .ter.t-Dbut

- Byptioh WG Gtk B SBEHS Tt Rfoant Sbad it -3

genanalfumaz;edbmylf;ammo] -methyl }- pyrrolidme 1-carboxylic acid tert-butyl

(F%-S- (5:.bro t-hi 5 ne-2-carbonyl)- am no] -nethyl

1€ 9?9%%? ]ﬂgsgﬁ%égggg ﬁi@hégﬁg tert-butyl ester was

converted to 5- brono- thiophene 2-carboxylic acid

((S)- I-pyrrolidin-3ylnethyl)-amde trifluoroacetate.

Yellow oil. Ms 288.9 Hi, +)| 5 LB ng gener al

met hod H, 5-brono- th| bom ic acid
((S)-1Ipyrrolidin- 3-ylmethyl)- an1de t tfluoro acetate
was reacted with [2- f1 uoro- 4- (2-

59.2 Using general procedure C, (R)-3-{[(5-bromo-furan-2-carbonyl)-amino]-
methyl}-pyrrolidine-1-carboxylic acid tert-butyl ester was converted to 5-bromo-
furan-2-carboxylic acid ((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro acetate.
Orange oil. MS 273.1 ((M+H]")

Br

Q NH
H
// N\/I:>

CF,COOH

59.3 Using general method H, 5-bromo-furan-2-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give (R)-3-{[(5-bromo-furan-2-carbonyl)-amino]-
methyl}-pyrrolidine-1-carboxylic ~ acid  [2-fluoro-4-(2-ox0-2H-pyridin-1-yl)-
phenyl]-amide. White solid. MS 504.9 (IM+H]")
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0x0-2H-pyridi n-1-yl)-phenyl]-carbam c acid
4-nitro-phenyl ester (prepared according to exanple

w®2008)114401 gi ve (R)-3-{[ (5-brono-thi ophene- 2- cap®DRP10D6/061776

am no] -nethyl }-pyrrolidine-I-carboxylic acid

[ 2-fl uoro-4-(2-o0x0-2H pyri din- 19@51 phenyl] -am de.
Wiite solid. M5 521.3 ([M+H +)Exanple 57(reference)
57.1 Using general procedure E,

(R) - 3-am nonet hyd -1 - N-tert - but ofygar bony!l pyrrol i di ne
was coupl ed mﬁth/ —

5- br ono- 4- net hyl £t.BLo R ~2- cabboxylic acid (prepared
according to M Nenedl et al., Collection of

Czechosl ovak Chemi cal® Communi cations, 1974, 39, 3527)
to give (R -3-{[(5-brono-4- nethyl-thlophene-
2-carbonyl)-am no] -nethyl }-pyrrolidine-I-carboxylic
acid tert-butyl ester. Wiite solid. M5 403.3 ([MH )

é& U% g, ener procedure C
P f% 4 nmet hyl - t hi ophene- 2- car bonyl)
- &0ilna] smgrgéﬂbjhl praeydurel E,d{Re3landasheyl 1-N-agi-Butoxycarbonyl-

tert t ester rted t

s PiaRhg s s P Vs o S Rar Baeymole Agpmgonylic acid 1o give
( ()-34{{ (@y5-didkdrd o 1HBpyir bIEL- b byl plintley | trkthy Y Pryerolidine-1-
Séﬁésgﬁkﬁéﬁh%—l@?ﬁ egtlell.'Pa%syeﬁngﬁ'sglié.[MS%9.)9 &K/I—%]L)JSI n9

5- br ono- 4- net hyl -t hi ophene- 2- car boxyri c acid

((S)-1-pyrrolidin-3- 91nq}hylyb#f:?e brifluoro acetate

was reacted with [2-fl

(2- oxo-2H pyri di n- leryN~ arb c acid
4-nitro-phenyl ester (prepared accord to exanpl e
54.3) to give (R)-3-{[(5-brono-4- nethyl-thiophene-z-
carbonyl)-am no] -nethyl }-pyrrolidine-I-carboxylic
acid [ 2-fluoro-4-(2-o0xo-2Hpyri di n-

60.2 Using general procedure C, (R)-3-{[(4,5-dibromo-1H-pyrrole-2-carbonyl)-
amino]-methyl }-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 4,5-
dibromo-1H-pyrrole-2-carboxylic ~ acid  ((S)-1-pyrrolidin-3-ylmethyl)-amide
trifluoroacetate. Red oil. MS 349.9 ([M-H]")

Br

H
// N H NH
Br / N

CF,COOH

60.3 Using general method H, 4,5-dibromo-1H-pyrrole-2-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give 4,5-dibromo- 1H-pyrrole-2-carboxylic acid {(R)-
1-[2-fluoro-4-(2-ox0-2H-pyridin-1-yl)-phenylcarbamoyl] -pyrrolidin-3-ylmethyl }-
amide. White solid. MS 582.1 ((M+H]")
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| -yl)-phenyl] -am de. Wite solid. M5 530.8 ([MH]
) Exanpl e 58(reference) 58.1 Using general procedure E,

w@ Ros314m nonet hyl -1 -N-tert-butoxycarbonyl pyr redT/8P2066/061776

was coupled with 4, 5-di bronot hi ooohene- 2-carboxylic
acid to give (R - 3-

{[ (4, 5-di brono-thi ophene-2-carbonyl)-am no] -nethyl
}-pyrrolidine-lcarboxylic acid terty buty ester. Wite

solid. M5 466.9 é[MH ) 58.2 Usk}n al\\pr ocedure
C, (R)-3-{[ (4, 5-dibNomo;t hifop \ rb Y- am no]
-met hyl }-pyrrel-+4dipe- LN xyl'bc acid tert-butyl
ester was converte 4, 5-

di br ono-t hi ophene- 2- cat boxylic acid ((S)-

| -pyrrolidin-3-ylmethyl)-amde trifluoroacetate. Pale
yellow oil. Ms 349.9 ([M+H +) 58.3 Usi ng general

nmet hod H, 4, 5-di brono-thi ophene-2-carboxylic acid

( - | |d|n- 3-ylnethyl)-amde trifluoro acetate
V\%‘g&rpg%ﬁlé& I}Cﬁ) [2-fluoro-4-(2-

0%0-12 I{Hsmg igehemall pI}dC&dlﬁh eny (R)- @a&bmﬁeth@pim tert- butoxycarbonyl—
5 Ryrsrj)fl? 8 é Coup e%r vslﬁlr P alqloro Cla(l:z% edil% btogyhecxan% (prepared

( R&ooadl{lgszvmshreo mDChhnra@ ffﬁél@piaxtﬁya,r BaBys,)199 e gl (R)-3-{[ (2-
|1 C

-met hyl. .} -pyrrolidi

SR s Ry B ety byl reproosplicgencid tert-
Palg/l yedrl oWhisoddlid. ME3BIB(BMHM-H +) Exanpl e
59(reference) 59.1 Using general procedure E,

(R)-3-am nonmet hyl -1 -N-tert- butoxycarbonyl pyrrolidine
was coupled with 5- br -fura boxyllc acid to
give (R -3-{[(5- bro urﬁn- =C yi ) - ami noj

-met hyl }-pyrrolidi neMI>¢ar oxyllc a jd tert-butyl

ester. Pale yell ow SO|Id oMs 373.1 ([MH )

61.2 Using general procedure C, (R)-3-{[(2-chloro-thiazole-4-carbonyl)-amino]-
methyl }-pyrrolidine-1-carboxylic acid tert-butyl ester was converted to 2-chloro-
thiazole-4-carboxylic acid ((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro acetate.
Pale yellow oil. MS 246.1 ((M+H]")

CF,COOH

61.3 Using general method H, 2-chloro-thiazole-4-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give 2-chloro-thiazole-4-carboxylic acid {(R)-1-[2-
fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenylcarbamoyl]-pyrrolidin-3-ylmethyl }-
amide. White solid. MS 476.0 ((M+H]")
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59. 2 Using general procedure C
(R -3-{[ (5-Dbrono-furan-2-carbonyl)-am no] -

woredohsti440pyrrol i di ne- 1-carboxylic acid tert-bRCEEP2006/061776

ester was converted to 5-bronofuran- 2-carboxylic acid
((S)-I-pyrrolidin-3-y|nethy|)-aH¥He trifluoro acetate.
Orange oil. Ms 273.1 ([MH +) 59_3 Lbigg gener a

nmet hod H, 5-brono-furan-2-carboxyl\c ac
((S)-1pyrrolidin: 3-yl msthyl)-a,\f,l ro acetate
was reacted mﬁth>#£rfl orj-4%¢%g —

0x0- 2H pyri di n- Isyb)- -capbamc acid

4-ni tro-phenyl ester i{prepared according to exanple
54.3) to give ©

(R) -3-{[ (5-brono-furan-2-carbonyl)-am no]- mnethyl
}-pyrrolidine- 1-carboxylic acid

[ 2-fl uoro-4-(2-oxo0-2H pyridin-1-yl)- phenyl] -am de.

ite d. M5 504.9 ([ MH] +) Exanpl e 60(reference)
g%#T”EE&?SBS%ﬂg? | procedure E

( BR-13-Lain gn @eretréily brdcediirt €, ¢ R)UB-@rdie@n &by 1 -PY trObi @ik f@rbonyl-
\é\%%gﬁ(glgé ie\gaésWC(t)uhpléd 5\)&1&1' atc%liroor_ol—b%nggigra?cllde _tg ) g,g\?er l2&3(—%![I(Zi:—chloro—
( B}:ﬁﬂ)—y{a&rﬁﬂoﬁm&ﬂ?ﬂgpﬁfdlfdiw %)-rcalblexﬁrchicg &!’Wbﬁlt—yg ﬁitél?] Yellow oil.
- - i di ne-lcarboxylic acid tert-buty
eﬁ%%%ﬁ@xﬁﬁl ow solid. MB 449.9 ([MH ) 60.2 Using
general procedure C

(R-3-{[(4,5-dibromm-I I pyrrol e- -_Z?bonyl)- am no]
- met hyl }-pyrrolidinear%ox [ cidstert-butyl
ester was converted t o4, “br ono- ©

| H pyrrol e-2-carboxylic acgd ((S)-
| -pyrrolidin-3-ylmethyl)-amde trifluoroacetate. Red
oil. M5 349.9 ([MH ) 60.3 Using general nethod H
4, 5-di bronmo- | H pyrrol e-2-carboxylic acid
((S)-1pyrrolidin-
62.2 Using general procedure C, (R)-3-[(4-chloro-benzoylamino)-methyl]-

pyrrolidine-1-carboxylic acid tert-butyl ester was converted to 4-chloro-N-(S)-1-

pyrrolidin-3-ylmethyl-benzamide trifluoro acetate.  Yellow oil. MS 239.3

(IM+H]")
CI\Q\KH\):) o
N
Al CF,COOH

62.3 Using general method H, 4-chloro-N-(S)-1-pyrrolidin-3-ylmethyl-
benzamide trifluoro acetate was reacted with [2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-
phenyl]-carbamic acid 4-nitro-phenyl ester (prepared according to example 54.3)
to give (R)-3-[(4-chloro-benzoylamino)-methyl]-pyrrolidine- 1-carboxylic acid [2-
fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl]-amide. White solid. MS 469.0
(IM+H]")
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3-ylnmethyl)-amde trifluoro acetate was reacted with
[2-fluoro-4-(2- oxo-2H pyridin-I-yl)-phenyl]-carbamc

wa@eood/144mi t r o- phenyl ester (prepared accordi ngPEDEP2006/061776

exanple 54.3) to give

4, 5-di brono- | H pyrrol e-2-car bo‘ximi‘c acid ((R)-

| -[2-fluoro-4-(2-oxo-2H pyridin-I-yl)-phenyl car banoyl ]
-pyrrolidin-3-ylnethyl}- am de. Wiite soNd. Ms 582.1
([MrH +)Exanp le 61(refer ence)K6 Us,\i‘ nd\gener al

procedure E, ¢ ’ :N‘>§
(R) - 3- am nonet hyl N- t8 t oxXycar bonyl pyrrol i di ne

was coupled with 2-chlipro-thi azol e-4-carboxylic acid
(prepared according td® R Walsh et al. Chimca

Ther apeutica, 1973, 8, 199) to give (R-3-{[(2-

chl or o-t hi azol e- 4-carbonyl ) -am no] - net hyl
}-pyrrolidine- 1l-carboxylic acid tertbutyl ester.

\F/)\%é%@g%ﬁgéi(rd&ferml\/sceims. 9 ([MH ) 61.2 Using general

( B;Sﬁ3 Ysir(2 geﬂtilr;ﬂ:j prdcbdwaz of.e E) R)- @laﬁhmm{:%lylamm Qﬂét-—butoxycarbonyl—
met hyl.j.- pyrrol i e-. 1-carboxylic acid tert-

cSVEF AR Pl gy SRS b S St s B b6 ghtoro-
aiyddife-S) cdrb@il i- ath indi i Sh yll-pBirblidlihe Antaaeordylit f | A8d O tert-butyl

ng%%{fgt’g%ﬂg%glre %%Jf{gﬂl(ﬁ}ldhzﬂgﬁl gfg; t1h|( gg/g:_ue- Z) cglrlngyl ic

acid ((S)-Ipyrrolidin- 3-ylnethyl)-amde trifluoro
acetate was reacted, Wi wh [2-fl 0-49( 2-

0x0- 2H-pyridi n-1-yl) -phey ylh-c r bAmMXc id

4-ni tro-phenyl ester aCcor8ing to exanple
54.3) to give 2-chloro-thi@gzol e-4-carboxylic acid
{(R-1-[2 o

fluoro-4-(2-oxo-2H pyridin-1-yl)-phenyl carbanoyl ] -pyrr
ol i di n-3-yl met hyl } -

63.2 Using general procedure C, (R)-3-{[(6-chloro-pyridine-3-carbonyl)-amino]-
methyl}-pyrrolidine-1-carboxylic acid tert-butyl ester was converted to 6-chloro-N-

(5)-1-pyrrolidin-3-ylmethyl-nicotinamide trifluoro acetate. Yellow oil. MS 240.3

([M+H]")
N
cl 7 \ HﬁNH
NS

CF,COOH

63.3 Using general method H, 6-chloro-N-(S)-1-pyrrolidin-3-ylmethyl-
nicotinamide trifluoro acetate was reacted with [2-fluoro-4-(2-oxo0-2H-pyridin-1-
yD-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared according to example
54.3) to give 6-chloro-N-{(R)-1-[2-fluoro-4-(2-oxo0-2H-pyridin-1-yl)-
phenylcarbamoyl]-pyrrolidin-3-ylmethyl }-nicotinamide. White solid. MS 470.1
(IM+H]")
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am de. Wiite solid. M5 476.0 ([ MtH +) Exanpl e
62(reference) 62.1 Using general procedure E,

w@ Ros314m nonet hyl -1 -N-tert-butoxycarbonyl pyr redT/8P2066/061776

was coupled with 4-chl oro-benzoic acid to give
(R) - 3-[ (4- chl or obenzoyl ami no) =H¥thyl] -pyrroli di ne-
1-carboxylic acid tert-butyl ester_  Yell ow oi | .

339.3 ([MtH] +) 62.2 Using general procegure C,
(R)-3-[(4-chl oro- benzoyl am no) - WHL@;,EWEOI i di ne-
1-car boxylic a€l Bw rted to
4-chloro-N-(S)- r thyI benzam de
trifluoro acetate. YeI ow oil. I\/I52393([|\/Hr H +) 62.3
Usi ng general nethod K
4-chloro-N-(S)-I-pyrrolidin-3-yl met hyl benzam de

trifluoro acetate was reacted with
[2 fluoro-4-(2-oxo-2H pyridin-1-yl)- phenyl]-carbamc

yl ester (prepared according to
?‘FBPE%E'{ %)r I}CSPgl ve
( B)l 13U ghioilopheanay! B{Re}-amehdnitthypyN-edri-Bhto&ydartfonyl-

b 2- . . .
F PGPS 138 subBLovip et zaiianish p-cith (- U methony-
S bk ghylalBn d6 et (I phrrdtidh) Ex-aampogyl@3{di® tet-buge ksté3. Lellow oil.

' ra rocedure E,
?%g%ﬁﬁ?ﬁ\‘!ﬁ@ﬁw -1 -N-tert-butoxycarbonyl pyrrolidine

was coupled with 6-chl oro ni cotinic acid to give

(R)-3-{[(6-chl or opytj di -ca yl9 - am no] - net hyl
}-pyrrolidine- 1- carb HB_CI P@r{ tyl ester.
YeIIowoiI.I\/I53401( 7{

64.2 Using general procedure C, (R)-3-[(4-methoxy-benzoylamino)-methyl]-
pyrrolidine-1-carboxylic acid tert-butyl ester was converted to 4-methoxy-N-(S)-1-

pyrrolidin-3-ylmethyl-benzamide trifluoro acetate.  Yellow oil. MS 235.1

(IM+H]")
N
0 CF,COOH

64.3 Using general method H, 4-methoxy-N-(S)-1-pyrrolidin-3-ylmethyl-
benzamide trifluoro acetate was reacted with [2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-
phenyl]-carbamic acid 4-nitro-phenyl ester (prepared according to example 54.3)
to give (R)-3-[(4-methoxy-benzoylamino)-methyl]-pyrrolidine-1-carboxylic acid
[2-fluoro-4-(2-0x0-2H-pyridin- 1-yl)-phenyl]-amide. ~ White solid. MS 465.0
(IM+H]")
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63. 2 Using general procedure C,
(R -3-{[(6-chl oro-pyridine-3-carbonyl)-am noj -

woredohsti440pyrrol i di ne- 1-carboxylic acid tert-bRCEEP2006/061776

ester was converted to 6-chl oro- [\
(S)-1-pyrrolidin-3-yl methyl - nicitnani de trifluoro
acetate. Yellowoil. M5 240.3 ([ M+ H +) (33.3 Usi ng
general nethod H,
6-chloro-N-(S)-I-pyrrolidin-3-ylmQ 9 t N\pam de

trifluoro acet\&P ct gd h
[2-f|uoro-4-(2-O§E§é§kﬁj£Ldﬁ;>ML§ -phenyl] -carbam c
acid 4-nitro-phenyl~estier (prepared according to
exanpl e 54.3) to give °
6-chloro-N-{(R)-I-[2-fluoro-4-(2-o0x0-2Hpyridin-|-yl)-
phenyl car banmoyl ] - pvrrolidi n-3-yl nmet hyl } - ni coti nam de.
Wiite solid. M5 470.1 ([ M+ H] +) Exanpl e 64(reference)

64. 1 [ eneral procedure E,
(%"’f‘%@nﬁ%&%ﬁ?ﬁ?ﬁﬂ -N-tert-butoxycarbonyl pyrrolidine
was.1c dlmi4ge@em'r1;ilhp14)cﬁﬂairhoE,y(Ib)GMQilﬂ—orﬁeﬂhgﬂ 1-oN- &irubl_lto_xycarbonyl—
nmet hox nzoyl a l'i di ne- .
| PPl M ARl il by ke Er ol YahiopRitss Fetrmitic acid
3351‘6%&1[@{(1 4I‘dli~¢tﬂrdmg t64V 2R LEWl:ﬂg egangaadnt ﬁpplii@.ddﬁ av CI 20((j)1007436) to
X zoyl am t ol i di
i boxyl | GREGT B QTSR P cnie e ciseinp b methy-

4pmet>hmy-1 Nea(tR)xylipydid adri- Huny} estery Witdwlid bRIZEMEM-H])
trifluoro acetate. YeI low oil. M5 235.1 ([M+ H +) 64.3
Usi ng general nethod H,

4- met hoxy-N-(S) - | - SJWT/ELQ?I benzam de

65.2 Using general procedure C, (R)-3-{[(6-chloro-benzo[b]thiophene-2-
carbonyl)-amino]-methyl}-pyrrolidine-1-carboxylic acid tert-butyl ester was
converted to 6-chloro-benzo[b]thiophene-2-carboxylic acid ((S)-1-pyrrolidin-3-
ylmethyl)-amide trifluoro acetate. Colorless oil. MS 293.1 ([M-H])

Cl \ H\/CNH

CF,COOH

65.3 Using general method H, 6-chloro-benzo[b]thiophene-2-carboxylic acid
((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-
(2-0x0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give (R)-3-{[(6-chloro-benzo[b]thiophene-2-
carbonyl)-amino]-methyl}-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo-2H-
pyridin-1-yl)-phenyl]-amide. White solid. MS 523.2 ([M-H])
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trifluoro acetate was reacted with
[ 2-fluoro-4-(2-ox0-2Hpyridin-I-yl)- phenyl]-carbamc

wa@eood/144mi t r o- phenyl ester (prepared accordi ngPEDEP2006/061776

exanple 54.3) to give
(R)-S-[(4-nethoxy-benzoy|anino)lﬁ%Thyl]-pyrrolidine-I-
carboxylic acid

[2-f|uoro-4-(2-oxo-2kbpyridin-I-yI)fshenyP - am de.
Wiite solid. M5 465.0 ([ M+ H] + Ex(,re rence)
65.1 Using geg @ —
(R) - 3- am nonet hy

was coupled with
6- chl or o- benzo[ b] t hi oph8ne-2-carboxylic acid (prepared
according to W R Ewing et al., patent application WO

2001007436) to give
(R -3-{[ (6-chl oro- benzo[ b] t hi ophene- 2- car bonyl ) - am no]

- et h - rrolidine- 1l-carboxylic acid tert-butyl
ERuble e B 4 TV 3020 (IMH ) 65.2 Using
géngriddingpreaeadurgoéédure E, (R)-3-aminomethyl-1-N-tert-butoxycarbonyl-

RV EOS SaE N SRR PR GirRbenr2 mmatoc v e

a¢Rp 3t {gr5t eMotoybenes(thgthiop®n € Qroaeidngt) - dndino]-methyl -pyrrolidine- 1-

6- chl -b b] t hi - 2- ' id

e RUB PRI SSP GBS S Sl o
acetate. Colorless oil. M5293.1 ([MH ) 65.3 Using
general nmethod H, ¢

6- chl or o- benzo[ b] t hi-phene- 2-ca XyJoi ¢ acid
((S)-I-pyrrolidin- @7 1) - alni i fluoro acetate

ri

was reacted with [2-fl ©
(2-oxo0-2Hpyridin-1-yl)-phgnyl]-carbamc acid
4-nitro-phenyl ester (prepared according to exanple
54.3) to give (R -3-{[(6-chl oro-benzo[ b]thi ophene- 2-
carbonyl)-am no] -nethyl }-pyrrolidine- 1-carboxylic
acid [2-fluoro-4-(2-ox0-2Hpyridi n-

66.2 Using general procedure C, (R)-3-{[(5-chloro-benzo[b]thiophene-2-

carbonyl)-amino]-methyl}-pyrrolidine-1-carboxylic acid tert-butyl ester was

xytar bonyl pyrrolidine

converted to 5-chloro-benzo[b]thiophene-2-carboxylic acid ((S)-1-pyrrolidin-3-
ylmethyl)-amide trifluoro acetate. Pale yellow oil. MS 293.0 ([M-H])

Cl

CF,COOH

66.3 Using general method H, 5-chloro-benzo[b]thiophene-2-carboxylic acid
((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-
(2-0x0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give (R)-3-{[(5-chloro-benzo[b]thiophene-2-
carbonyl)-amino]-methyl}-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo-2H-
pyridin-1-yl)-phenyl]-amide. Pale yellow solid. MS 523.0 ((M-H]")
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| -yl)-phenyl] -amde. Wiite solid. M5 523.2 ([MH
) Exanpl e 66(reference) 66.1 Using general procedure E,

w@ Ros314m nonet hyl -1 -N-tert-butoxycarbonyl pyr redT/8P2066/061776

was coupled with

5- chl or o- benzo[ b] t hi ophene- 2- ca}onyllc acid to give
(R)-3-{[(5-chl oro-benzo[ b] t hi ophene- 2- carbonyl) am noj
-nethyl }-pyrrplidine-lcarboxylic asid t - but yI
ester. Wiite soligd. M5 392.9 ([Mﬂﬂz: § i ng
general proced '

(R -3-{[(5-chlo e- 2-

car bonyl ) - am no] } pyrroI|d|ne | - carboxylic
acid tert-butyl ester Was converted to

5- chl or o- benzo[ b] t hi ophene- 2- car boxyl i c acid
((S)-1-pyrrolidin-3- ylnmethyl)-amde trifluoro
acetate. Pale yellowoil. M 293.0 ([MH ) 66.3 Using

g@m&i&?%ﬁ

5-CAPBIoYBE f%‘tcgl’i t hi ophene- 2- carboxylic acid

( 6B)- IUsngr Egaidrdi prodedilroel hyR))-3-amigeméthivi 1 -0 tedt-Be®kRia€bonyl-
was reacted wit

(S BRSkSGs Fodlsd Fic s i Banyotemmsdsboxgipcid to give (R)-3-
44{nbichtvrphenydfueat Bearbpi @ pamath |atcdidipigrolidineXae@bexylic acid

crBn Py i MY ST e Car oyt

acid [2-fluoro-4-(2-oxo0-2Hpyridin- |-yl)-phenyl]
-am de. Pale yell solid. M5523.0 ([MH )- IIIl -
Exanpl e 67(referenc 67.1 Usin engr al procedure E,
(R) - 3-am nonet hyl - | eft- %;dgighﬁg pyrrolidine
was coupl ed with S-chi > ofuran@ boxylic acid
to give (R -3-
{[ (5-chl or o- benzof uran- 2- carbonyl) am no] -nethyl
}-pyrrolidine-I-carboxylic acid
67.2 Using general procedure C, (R)-3-{[(5-chloro-benzofuran-2-carbonyl)-
amino]-methyl}-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 5-

chloro-benzofuran-2-carboxylic acid ((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro
acetate. Pale yellow oil. MS 277.1 (|[M-H])

Cl

CF,COOH

67.3 Using general method H, 5-chloro-benzofuran-2-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give (R)-3-{[(5-chloro-benzofuran-2-carbonyl)-
amino]-methyl }-pyrrolidine-

1-carboxylic acid [2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-phenyl]-amide. Pale yellow
solid. MS 507.0 ([M-HJ")
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tert-butyl ester. Wite solid. M5 377.3 ([MH ) 67.2
Usi ng general procedure C

w@ R)o63144p1 5- chl or o- benzof ur an- 2- car bonyl ) - am POI/EP2006/061776

-nmet hyl }-pyrrolidine- I-carboxyllc acid tert-butyl
ester was converted to 5- 12~

chl or o- benzof ur an- 2- car boxyl i ¢ aci q
((S)-1-pyrroligin-3-yl nethyl)- an1de trifiyoro acetate.
Pal e yel |l ow oi IN\_NB 277.1 ([Mwﬂ 8| |h gener a
met hod H, 5-chl benzQ ur n- ar Cld
((S)-1pyrrolidi anuﬂe trlfluoro acetate
was reacted with [ijlloro 4-(2-

oxo- 2H-pyri din-1-yl)-pRenyl ]-carbanic acid

4-ni tro-phenyl ester (prepared according to exanple
54.3) to give

(R)-3-{[ (5-chl or o- benzof ur an- 2- car bonyl ) - am no]

rroI di ne- 1-carboxylic acid
[%??Pégfﬁoﬁf?ﬁuﬁ 0- 2H-pyridi n-1-yl)-phenyl] -am de.
Paba y&ingowersoali procburbOE,. R):B-MtihomEXIrpINe tert-butoxycarbonyl-

(@ﬁ@ﬁ%%ﬁ%hﬁw%eq§W%%%&®%W@%@®g

WA 6@ iypb-eit -iti dofie- 2-¢hibon 9 Jakkih sldBle e} legyrhiay d- € cablodlylico acid

glv hl or.o- | H: rbonyl ) - am no
FRW ?S%‘By%%ﬁfﬁﬁ? gotjd. M?Bg‘g&(f@%ﬁi?d tert-butyl
general procedure C
(R)-3-{[(6-chl or o X;ﬁng ani noj

>ar pt acpd<%ert but yl
ester was converted to 6-
chl oro-I Hi ndol e- 2- carboxyllc acid

ester. Pale ye||OMISO|Id M5 376.1 ([hAFﬂ ) 68.2 Using
-met hyl }-pyrrolidine
((S)-1-pyrrolidin-3-ylnethyl)-amde trifluoro

68.2 Using general procedure C, (R)-3-{[(6-chloro-1H-indole-2-carbonyl)-
amino]-methyl}-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 6-
chloro-1H-indole-2-carboxylic acid ((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro
acetate. Pale yellow solid. MS 276.0 (IM-H])

Cl \ H\/@NH

N CF,COOH

68.3 Using general method H, 6-chloro-1H-indole-2-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give 6-chloro-1H-indole-2-carboxylic acid {(R)-1-[2-
fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenylcarbamoyl]-pyrrolidin-3-ylmethyl }-
amide. Pale yellow solid. MS 506.1 ([M-H]")
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acetate. Pale yellow solid. M5 276.0 ([MH ) 68.3
Usi ng general nethod H,

w®2@hl1orot | H- i ndol e- 2- carboxylic acid ((S)-I pyPeDEPIINGIO61776

3-ylnethyl)-amde trifluoro acetate was reacted with
[2-fluoro-4-(2- oxo-2H pyridi n- | ‘I) phenyl ] - carbami c
acid 4-nitro-phenyl ester (prepared according to

exanpl e 54.3) to give 6-chloro- IH-|n ol e- carboxyllc
acid {(R-1-[2-
fluoro-4-(2- Py i din-| ,\) he car yl]-pyrr

ol i di n- 3-yl net hy .u-o~ | ow solid. M 506.1
([MH )Exanpl e 69(ref elience) 69 1 Usi ng general
procedure E, ©
(R)-3-am nonet hyl -1 -N-tert-butoxycar bonyl pyrrolidine
was coupled with S-chloro-I| Hindol e?carboxylic acid
to gi ve (R) 3-

| H i ndol e- 2-car bonyl ) -am no] - net hyl
E:‘%?PP e%éeqcegar boxylic acid tert-butyl ester. Pale
y69J10\M§mg IgeherMBpﬁ)ZGdlﬂre(lE MRj-3 )anﬁ@orﬂetﬂ?ﬂl NN- %ﬂbﬁt@b{fcarbonyl—

PR EHHnE o b B S S A b ol e Ao -3

t e[(ﬁ-chlﬁrylHEﬁi(R)IIe—MSrb@ﬁyl\)%rﬂlﬁd] ﬁl@tlﬁd}—pyrrohdme 1-carboxylic acid

chl oro-| Hindo car.bo [ Ci ]

(feéi)'hlt-yh)wq‘rol i'adr‘i> yﬁﬁ% Wlﬁﬁﬁ%b%grﬁ@e}q Pifluoro acetate.
Pale yellow solid. M5 276.0 ([MH ) 69.3 Using
general nmethod H, %-chl oro-| H-i ndol e- 2- carboxylic acid
((S)-Ilpyrrolidin- et hyl ) - A%Orlfluoro acetate
was reacted with [ @a 2-

ox0- 2H pyridin-1-yl) W ar am@

4-ni tro-phenyl ester (|d*rep red accordi ng to exanpl e
54.3) to give 5-chloro-| Hindol e-2-carboxylic acid

{(R)-1-[2-

69.2 Using general procedure C, (R)-3-{[(5-chloro-1H-indole-2-carbonyl)-
amino]-methyl}-pyrrolidine- 1-carboxylic acid tert-butyl ester was converted to 5-
chloro-1H-indole-2-carboxylic acid ((S)-1-pyrrolidin-3-ylmethyl)-amide trifluoro
acetate. Pale yellow solid. MS 276.0 ([M-H]")

Cl

CF,COOH

69.3 Using general method H, 5-chloro-1H-indole-2-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give 5-chloro-1H-indole-2-carboxylic acid {(R)-1-[2-
fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenylcarbamoyl]-pyrrolidin-3-ylmethyl }-
amide. Pale yellow solid. MS 506.1 ([M-H]")
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fl uoro-4-(2-oxo-2H pyridin-I-yl)-phenyl carbanoyl ] -pyrr
olidin-3-ylnethyl}- amde. Pale yellow solid. M5 506.1

w@ pddblj44yExanpl e 70(reference) 70.1 Usi ng genepeEl/EP2006/061776

method G | -(4-am no- 3-net hyl - phenyl ) -1 H pyri di n-2- one
(prepared according to C. F. Bb]gj'e‘ et al, patent
application WO 2003045912) was act | vat ed VVI th

4-ni trophenyl ghloroformate to giv
[ 2- et hyl - 4- (2-px£ 2prr|d| n- 1- y',@ i]\}carbam’c
acid 4-nitro-p || 0.2 Using

general nethod ne 2-carboxylic acid
((S)-Ipyrrolldln- Py thyI) amdetrlfluoro acetate
was reacted with [2-mefhyl -4-(2-
0x0-2H-pyridin-1-yl)-phenyl] -carbamc acid
4-nitro-phenyl ester to give (R)-3-

{[E%S- C I ro t hi ophene- 2- car bonyl ) - am no] - net hyl
&reﬁ% Cfiocar boxylic acid

[ 20 fIEtU'BYﬂg éer(eZaIOﬁﬁ@ch)ﬁI' ay flL(d-Lzﬁninoyj )Ireﬂ{}@-@lﬂkﬂ 1y-8A1L A idin-2-one
V?lte S$|Id 4%}%% +) Exanp V&referenc 3
PISPYL ﬁl@wég]ﬁgrt% p%g(ga e‘Gal patent apphcatlon 0O 2003045912) was
I aét{lvagd@ RAth3-4- huﬂfpiheﬁ)ﬁe emlo}ofbﬁhm‘r &tZI ga¥e2 [inﬁetﬁlpltr W@foﬁg 2H-
accaor di g patent a i cation
2@@3@&5@%2)13\%@ LRt kg M 6ffle wﬁ’e grey solid.

chl oroformate to give

[ 2-fl uoro-4-(2-o0xo0-2H pyrazin-| I¥I) phenyi]- carbam c
acid 4-nitro-phenyl ester ow solid. 71.3
Usi ng general nethod H,\E@Vﬁﬁﬂ) h ne”-car boxylic
acid ((S)-1pyrrolidi noN3-ytmet yI) erifluoro

acetate was reacted with [2-fl uoro- 4 ( g

70.2 Using general method H, 5-chloro-thiophene-2-carboxylic acid ((S)-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-methyl-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester to give (R)-3-
{{(5-chloro-thiophene-2-carbonyl)-amino]-methyl }-pyrrolidine- 1-carboxylic acid
[2-methyl-4-(2-0x0-2H-pyridin-1-yl)-phenyl]-amide. =~ White solid. MS 471.1
(IM+H]")

Cl@\ﬁ ﬁN_ﬁi@:b

Example 71(reference)
71.2 Using general method G, 1-(4-amino-3-fluoro-phenyl)-1H-pyrazin-2-one
(prepared according to C. F. Bigge et al., patent application WO 2003045912) was

activated with
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0X0- 2H-pyrazi n-1 -yl )-phenyl]-carbam c acid
4-nitro-phenyl ester to give (R)-3-

wQ pobAcabor o- t hi ophene- 2- car bonyl ) - am no] - nmet PYT/EP2006/061776

}-pyrrolidine- 1-carboxylic acid

[2-f|uoro-4-(2-oxo-2kbpyrazin-11&ﬁ7-phenyl] - am de.

%{-r&iﬁgﬁﬁ%ﬁj8&@%@4{8@%&5@-ﬂﬁ%ro%?ﬂ%koe-zzﬁ&%ﬁf BO5Shenyl)-

4chbamic fod fitr-oiphon sy | DadRAIPRebIid- 3- one (prepar ed

according to C. F. Bigge et al, patent application WO

2003045912) was activated with 4-ni;ropheny|

chl oroformate to give [Zvﬂlx%o-ﬁ-( - 0xo- nor phol i n-

4-yl) -phenyl] -carbamc d e N - pleenyl ester.

White solid. 72.1 Usi@§+c-~-rab

5-chl or o-t hi ophene- 2- boxylic acid ((S)kIpyrrolidin-

3-ylnethyl)-anide trifluoro acetate wasx Bacted with

[ 2-fl uoro-4-(3- oxo- nor phol i n-4-yl)-phenyl ] -carbamn c

acid 4-nitro-phenyl ester to give (R)-3-

{[ (5-chl oro-thi ophene-2-carbonyl)-am no] -nethyl

}-?yrro[idine- 1-carboxylic acid

[ 2181 dbing 2cpgabyecthed p%oli—@hlmwlh)omweﬂ%qarmﬁy@@.acid ((5)-1-
i . Q. |_'_ 1 . [ | ( e : A

%?fﬁf@l%%ﬁaj gﬁ%@bg%%é% gl%ﬂﬂg)é@ga otfa{@@ﬁ? rEacfed Wah e[ £AGSH-4-(2

490K BhbpZatinubyly-phemdbicerbamia a¢id 40itvd-plagnyDVBO Wagive (R)-3-

a ( < |y 2 - X 1 ne o U

o S Y e RS8P PRIl Bparbodihic acia

Ol kfloow -4ri - oxh2brpyttaginel -yl sphisapll @chide  15igCsolit. 181% 476.0

- ((M1epgyspensi on was diluted with water, filtered, the

resi due ‘'was washed wth

F @)

cl HONHN
\—/
gt
(@]

Example 72(reference)

72.1 Using general method G, 4-(4-amino-3-fluoro-phenyl)-morpholin-3-one
(prepared according to C. F. Bigge et al., patent application WO 2003045912) was
activated with 4-nitrophenyl chloroformate to give [2-fluoro-4-(3-oxo-morpholin-

4-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester. White solid.

72.1 Using general method H, 5-chloro-thiophene-2-carboxylic acid ((S)-1-

pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(3-
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AcCEt, triturated with MeOH, filtered and dried to
give 5.77 g of 2-fluoro-4-(2-

wo@x@eAH4pyri di n-1 -yl )-benzoic acid. M5 234.1 ¢&HER2086/061776

73.2 Using general nethod E,

rac- 5-chl or o-t hi ophene- 2-car bo‘x%q‘c aci d- 1-

pyrrolidin-3-ylmethyl)-amde trifl|luoro acefate )

(e aho AT et B wi A iERs) S o e (R

r2E{ﬁlétcﬂid)rw;{hf(ﬁ)ghene—2—Cﬁbony1) - él_min(l)] —mlethyl }-pyrrolidine- _1—garboxylic acid
- or 0-4- (2- oxo-2H-pyridi n-1 - -benzgic acid to

ol S PER A gh Gt B b bty | e ot OMs 4813

{ (FN12HA Huor o- 4- (2- oxo- 2H-pyridin- 1-yl)-

benzoyl ] - pyrrolidin-3-ylnethyl}-am de. Wite solid. M

460. 3 ([ M H] +) Exanpl e 74(reference) 74ap1 Usi ng the
nmet hod described in exanple 73.1, 4- dN

r>\J odobenzene
yve

was reacted w th,2-hydroxypyri df vey,
| - (4-i odo- phenyl @:tngwi jl n:NZ:ﬁ%ne al e&_yeél | ow solid.
M5: 298.1 (MtH) 2N di to M Hepperle et al.
(Tetrahedron Letters,li 2002, 43, 3359), a m xture of
rac- 5- chl or o- t hi opherfe- 2- car boxyl i c
acid-l-pyrrolidin-3-ylmethyl)- am de (27 ng, prepared
according to exanple 54.1 - 54.2) and

| - (4-iodo-phenyl)- | Hpyridin-2-one (30 ng), in

tol uen .5 m) and THF (0.25 m) was treated with
rgéa_lrﬁp%égﬁega;erk%} phenyl phosphi no)-1,1"-bi naphtaline (4

3.1 thol ssolwtidnestZld6gertdaaetronftuoth-paldoadicidnin 40 ml of DMSO

LRSI SRl 73 TR Y DS S B,

t edperdtunBI od 751 la.of KhEORRXE the@nivAse was heated to 150 °C for 18 h.
The suspension was diluted with water, filtered, the residue was washed with
AcOEt, triturated with MeOH, filtered and dried to give 5.77 g of 2-fluoro-4-(2-
0x0-2H-pyridin- 1-yl)-benzoic acid. MS: 234.1 (M+H)*

73.2 Using general method E, rac-5-chloro-thiophene-2-carboxylic acid-1-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate (prepared according to example 54.1
— 54.2) was reacted with 2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-benzoic acid to give
rac-5-chloro-thiophene-2-carboxylic acid {1-[2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-
benzoyl]-pyrrolidin-3-ylmethyl }-amide. White solid. MS 460.3 ((M+H]")

cl (@] F
N
O dj
NS
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25

partitioned between 1 N HO and AcCEt, the organic

| ayer was dried and evaporated. The crude material was
w@eosfli«ol by preparative thin |ayer chronat ogrBQhEPIING/061776

silica using CH2A 2/ MeOH (9:1) to give

rac-5-chl or ot hi ophene- 2-car bo‘x§/]I7i‘c acid

{1-[4-(2-0x0-2H pyridin-1-yl)-phenyl]-pyrrolidin-3-

yl methylj-am de. Yellow oil. M3414.0 ([ MH] +) Exanpl e

75(reference) 75.1 Using general procedure E,

r dxaDdprimanereédig) - | - N-tert - but oxycar bonyl pyrrolidine

}l\%ﬁdf&ggrli,gea pvémr_létﬂog d(e:sryri é(? }nhéxgﬁl%?en%.% I?Zﬁﬁggﬁ(ggelngen%%a% reacted

{ Wifh- chl or o-t hi ophene- 2- car bonyl ) - am no] - et hyl

- pyrrolidine- 1-carboxylic acid tert:-phutyl ester. )

LoD GopSTidige 50858 1 i Phl S HORTTHEP giens: e sellow soid

pnes:edgn €M Hyac- 2- {[ (5- chl or o-t hi ophene- 2- car bonyl ) -

am no] -nethyl }-pyrrolidine-I|-carboxylic acid

tert-butyl ester was conyerted to rac-

5-chl or o-t hi ophene- 2- carb jc acid

(pyrrolidin-2-ylnethyl)-a ttifl uoro acetate. Red

oil. M5 245.4 ([M+H +) 75.3 i ng| general nmethod H,

rac- 5-chl or o-t hi ophene- 2- car boxy®1c aci d

(pyrrolidin-2-ylnmethyl)-amde trifluoro acetate was

reacted with [2-fluoro-4-(2-

0x0- 2H-pyridi n-1-yl)-phenyl]-carbam c acid

4-ni tro-phenyl ester (prepared according to exanple

5443) Acoorgingeta M- Hegef6-at rdlo(Ietiahedrph dgted; @AOMotdy13359), a

SRk s R GREL 8L hy mein-

Pamnédey(@/7 [nogy psearatl advS divstolexgmiphd§4. 1) B aahé 1-(4-iodo-phenyl)-

TR SIS ACSHe
(30 mg), in toluene (0.5 ml) and THF (0.25 ml) was treated with rac-2,2-bis-
(diphenylphosphino)-1,1’-binaphtaline (4 mg), tris-(dibenzylidencacetone)-
dipalladium chloroform complex (2.5 mg) and a solution of NaOt-Bu (17 mg) in
THF (0.25 ml) and heated to reflux temperature for 5 h. The mixture was
partitioned between 1 N HCl and AcOEt, the organic layer was dried and
evaporated.  The crude material was purified by preparative thin layer
chromatography on silica using CH,ClL,/MeOH (9:1) to give rac-5-chloro-
thiophene-2-carboxylic acid {1-[4-(2-oxo0-2H-pyridin-1-yl)-phenyl]-pyrrolidin-3-
ylmethyl}-amide. Yellow oil. MS414.0 ({[M+H]")

Example 75(reference)

75.1 Using general procedure E, rac-2-aminomethyl-1-N-tert-butoxycarbonyl-
pyrrolidine was coupled with 5-chlorothiophene-2-carboxylic acid to give rac-2-
{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl}-pyrrolidine- 1-carboxylic  acid
tert-butyl ester. Brown oil. MS345.0 ([M+H]")
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Usi ng general nethod H
rac-5-chl oro-thi ophene- 2-carboxylic acid

w@ pysnod4ddi n-2- ylnethyl)- amide trifluoro acepet/BP2006/061776

(exampl e 75.2) was reacted with 2-fluoro-4-(2-

0x0- 2H pyridin-1-yl)-benzoic atiﬁ&(prepared accordi ng
to exanple 54.1) to give

rac- 5-chl oro-t hi ophene- 2- carboxyg_%§_0|d
{I-[2-fluoro-4-(2-0x0-2H pyri

benzoyl ] - pyrrolidin-2-yl net n1de Wiite solid. M5
460.0 ([M+H +) Exanple 7% 7 1 Usi ng genera

procedure H, (3S,4S)-(4-tpyrfN uoronethyl -pyrrolidin-3-
yl met hyl )-carbami c aci g tlert-butyl ester (H Fukui et
al ., Bioorganic & Medi cknal Chenistry Letters, 1998,

8, 2833) was coupl ed w gh
[ 2-fl uoro-4-(2-oxo0-2H pyridinl- yl)-phenyl]-carbamc
acid 4-nitro-phenyl ester (prepared according to

exanple 54.3) to give

{(3R,4S)-1-[2-fluoro-4-(2-o0ox0-2H pyridin-I-yl)-phenylc
afbamiydijg 4general procedure C, rac-2-{[(5-chloro-thiophene-2-carbonyl)-

bt oSl Mgl B bl g b TR 50 rae

U§+cﬂ’n@3rg&hﬁ)|phhnmﬁtchhfb@xﬁlc acid  (pyrrolidin-2-ylmethyl)-amide trifluoro

{%(é%il} SQF%%&DZM%&%M[M % L 0X0-2H-pyridin-1-yl)-

-4-trifluoromethyl-pyrrolidin-3-ylnethyl}-carbamc
acid tertbutyl ester was c erted to

(3R, 4S) - 3- am nonet hyl - 4-t rilf | Yor em®Qy| pyrrol i di ne-
1-carboxylic acid o

[ 2-fl uoro-4-(2-oxo-2H pyr d| -1 -yl)-phenyl] -amde
trifluoro acetate. Red . NVB 399.1 ([MrH +)77.3
Usi ng general method B
(3R, 45S) - 3- am nonet hyl -
1-carboxylic acid Cl
[ 2-fl uoro-4-(2-oxo0-2H pyridin-I-yl)-phenyl] -am de

tﬁifluoronethylpyrrolidine-

75.3 Using general method H, rac-5-chloro-thiophene-2-carboxylic acid
(pyrrolidin-2-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
ox0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give rac-2-{[(5-chloro-thiophene-2-carbonyl)-
amino]-methyl}-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo0-2H-pyridin-1-
yl)-phenyl]-amide. Pale yellow solid. MS 475.1 ((M+H]")

E;N_ék}:b

Cl
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trifluoro acetate was coupled with
S-chl or ot hi ophene”™-carboxylic acid to give (3R, 4S)-3-

wQ pobAcabor o- t hi ophene- 2- car bonyl ) - am no] - nmet PYT/EP2006/061776

}-4-trifluoronethyl pyrrolidine- 1-carboxy-lic acid
[ 2-f | uor o- 4- (2- oxo- 2H pyri di n-- %1 ) - phenyl ] - ani de.
jte id. M5 443.0 ([ M+H +) Exanple 78 The
o P FCELICER) - 3-
{[ (5-chl oro-thi ophene-2-carbonyl)-am no] -nethyl }-
?%Isftﬂigf ganelrag ﬁ%ﬁod Hpgag@ichmgmioﬁhmfmmgmic l&}@idd(pyrrglidin—Z—
- 0- 4- (2= 0x0- ridin- 1- - phen - e
wln P Ebapil GUFahY T cekamp B e pRactet v FHuGro-4-2
?E)&binHﬂgyI\i‘dihhl—ﬁEoRFﬂ*R)ic acild_(g_repared allccordlinj to example 54.1) to give
-trif] uoronet - rol.idin-3- thy] )-carhamc,
aé?cdg-lcﬁiﬂmﬂa?y erés%-g%ﬁ?ﬁllcﬁﬁ@uﬁ-éf ro7 -Q—a&-gﬁﬁmldgp-l-ﬂ%
Mo @iyl apyrtidin-Stylnicthel) taatide. WIKS.soldd. M838).0 (Aak-er)

yel l ow solid. M5 543.2 ([ MtH +) Exanple 7979.1 To a
solution of 17.1 g (98.2% CGC purity) of trans,

rac- 3- cyano- 4- hydr oxypyr i df net 1-carboxylic acid
tert-butyl ester (prepared dcc hng 4o C. Y. Hong et
al . (Bioorgani c Medi cinral em tters, 2003, 13,

4399), by D. J. Kim et 7/ (Journal Yof |Medi ci na
Chemistry, 1997, 40,3884y or by S. Hansen & M
Bols (Acta Chem ca Sgamdi navi ca, 1997, 52, 1214)) in
765 m of t-butylnmethyl ether and 85 m of vinyl
acetate was added 21°8 g of Lipase AK (Amano Enzyne
Inc.) and the suspension was stirred at 22 0C unti
ca. 54% conversion (as calculated fromthe eeval ues

Example 77

77.1 Using general procedure H, (3S549)-(4-trifluoromethyl-pyrrolidin-3-
ylmethyl)-carbamic acid tert-butyl ester (H. Fukui et al., Bioorganic & Medicinal
Chemistry Letters, 1998, 8, 2833) was coupled with [2-fluoro-4-(2-oxo-2H-pyridin-
1-yD)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared according to example
54.3) to give {(3R,4S)-1-[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenylcarbamoyl]-4-
trifluoromethyl-pyrrolidin-3-ylmethyl }-carbamic acid tert-butyl ester. Orange oil.
MS 499.3 ([M+H]")

Xojgnﬁ Y

77.2 Using general method C, {(3R,4S)-1-[2-fluoro-4-(2-ox0-2H-pyridin-1-yl)-
phenylcarbamoyl]-4-trifluoromethyl-pyrrolidin-3-ylmethyl }-carbamic  acid tert-
butyl ester was converted to (3R4S)-3-aminomethyl-4-trifluoromethyl-
pyrrolidine-1-carboxylic acid [2-fluoro-4-(2-o0xo-2H-pyridin-1-yl)-phenyl]-amide
trifluoro acetate. Red oil. MS 399.1 ([M+H]")
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of substrate and product according to C. J. Sih et al.
(J. Am Chem Soc, 1982, 104, 7294)) was reached. The

weewytredwas filtered off, the filtrate evapor aP@MEPI006/061776

vacuo and the residual oil chronatographed on 400 ¢
silicagel (0.040-0.063 nm di chlZ ‘omet hane/ di et hyl
ether 9:1 3:1) to give the forned optlcally enri ched

(S, S)-3-acet oxy-4-cyano-pyrrolidi Ae-1 - c& boxylic acid
tert-butyl ester (10.7 wg 84%e 4‘ I W further
enriched in exanple 60. 2) an |n d

(R R) - 3-cyano- 4r,chy@rg d| ne- 1- carboxylic acid
tert-butyl ester (6.9 g). Analytlcs +El - MS: 213.3
(MtH +) ; [a]D = +1.20 (c=1.00, CHO 3) ; 97.8%ee (CC

on BGB- 176; 30 mx 0.25 mm H2; 9CkPa; 1300C to 200
Ovaith 2 Cmn; inj. 200 0. 79.2 The optically

e
(L9 Sog cpeney Beed. oFy SR A mnopabrugrpgeiny
t @mtmb@mwl @slnceth% 1101(14[?gﬂw84>% 2 pxqvabl-pyrsbod 1vydﬁphm>5]9@rmde
(
Chlor; R S5 ReLhGtn ORI TR PRI o ave
N&SR 45133 Xﬁmmpdm%hmh@mobyﬂﬁ Jfaannqa]l—tnithyl} Ayrifihairysicgyl-

ngﬁréﬁ‘g&%u ence qu n cYcﬁO [J%ﬂﬁf)ro%— 324! t@%b&’?(g I%C)}%]Z%henyl]

cemiden| Whie salidi tM&Mb@([MiHM)NaO-I- soI ution (pH— stat)
under vigorous stirring at r.t. After a consunption of
51.3 n 0.1M NaOH sol ution (afterF9 1 rg the reaction

m xture was extracted with an o
di chl or onet hane® uncorrp“l‘“el s pha s e- n due to
i nternmedi ate pha : an| hases were
concentrated and du I ool chromat ogr aphed on
150 g silicagel (0.0 -O 063

Example 78

The enantiomer (3S,4R)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl }-
4-trifluoromethyl-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo-2H-pyridin-1-
yD-phenyl]-amide was prepared according to examples 77.1 — 77.3 starting with
(3R, 4R)-

(4-trifluoromethyl-pyrrolidin-3-ylmethyl)-carbamic acid tert-butyl ester (H. Fukui
et al., Bioorganic & Medicinal Chemistry Letters, 1998, 8, 2833). Pale yellow solid.
MS 543.2 ((M+H]")

F @)
500
= N [e]
O

Example 79
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25

mm di chl oronet hane/ di ethyl ether 9:1) to give the
retained optically further enriched

w@ B)ghi14dencet oxy- 4- cyano- pyrrol i di ne-1 - car boxyPCTVERZNE061776

tert-butyl ester (8.1g). Analytics: +ElI-Ms: 255 (MtH
+) ; [a]D = -11.88 (c=1.02, cHd&)-: os. 7%ee(GC on

BGB- 6; 30. 5 9CkP 130 200

ot 2 ettt T256 QB 66 B Sus RS For-grano-4- hydroxy-

( :ﬁ)%réﬁdm& la@eb X Me éc1@)t@ﬂfbut3ﬂ ester Gpﬂép’h@ed a&@fc%@zgtﬂd CgY Hgng et
an

tert but t of A
gﬁloeagiga&?%%ﬂes Célemlstgfg i&&kﬂ@»{%ﬁ? 15, 490 dpile). Jam et al.
h)(ﬂi’u@@zﬁﬂﬁl‘ﬂé&&haﬁ@@éﬁli@ﬁ? 15‘19”0%) hﬁﬂSﬂ)’v‘ 096?%5'@' Q{afn@én &6M Bols

filt
oA B SogoR B aORRR2 S A dBUIB,0S a1l of Hhutyimethyl ethr and

aIgs RABELIINA adydiE Qhé sideg-l 3@6@9&@% IAK q@\‘/ﬁéhﬁmt Eﬁimﬁ:%g'}) and the

ester acetate, Colourless sem solid
+)suspgng10w|aﬁ§}1r§eé1rpé &1 Cpynbit 68 G & qgnverswn (as calculated from the ee-

( 3FudfDf raeskwn-froaitnREGIMY Py §. ik di BE1J. Am. Chem. Soc.,
1-carboxylic acid tert-butyl ester acetatewas coupl ed

wilD$e, 0L hI28¢ Dt wisapebed - Bhe enrymexyasifitersd; off. tlee Gitiage cvaporated
( 3PvaiRd aﬁd%ﬁ@%&f&ﬁal‘]oli &}{rém‘éw g?equ’iegl %hQII@b %rkﬁlcg%éf 26.887% 063 mm;

am no] -nethyl }-pyrrolid carb
t drdll(ﬁgmthaeg/ﬁmthyl &tluwrf) b| | .3 L,)BtoBgfxfc Ohe formed optically enriched

(SRR e A aRAPRiTlor b aves 17, 34%
?m,mticalbefumlghler fmpo;herlohledamplel 6():%)ra¥mdxliab iretameil dR,R)- 3 cyano-4-
ﬁ&%%{l% Oﬁél%llg r1r éeaglg)m{{fgé 5&1@ ég‘rft rﬂut;? ester ﬁé\/b gzlap%glr a/%ws IJ—EI MS:

gQ‘1/333 (M+H {), [a]p _thrl .20° (Cﬁl .00, hCHCl3) 97. 8% ce (GC on BGB-]176, 30 m X
R, 45S) - 3- 5-chl or o-t hi gphene-2-carb am no
Bt o 0k S 0B P <Gl nf, 300 1

79.2 The optically enriched (8S,S)-3-acetoxy-4-cyano-pyrrolidine- 1-carboxylic acid
tert-butyl ester (10.4 g, 84% ee) was dissolved in 500 ml of t-butylmethyl ether
(slow). The solution was emulsified under vigorous stirring with 4 1 of 0.1IM NaCl,
3.7mM sodium phosphate buffer pH 7.0. Hydrolysis was started by adding 750 mg
of Chirazyme L-2 (Roche Applied Sciences) and the pH was kept at 7.0 by the

AcO

!
¢

controlled addition of 0.1 M NaOH-solution (pH-stat) under vigorous stirring at
r.t. After a consumption of 51.3 ml 0.1M NaOH-solution (after 91 h) the reaction
mixture was extracted with 4 1 and 2 x 3 | of dichloromethane (uncomplete phase
separation due to intermediate phase). The combined organic phases were
concentrated and the residual oil chromatographed on 150 g silicagel (0.040-0.063
mm; dichloromethane/dicthyl ether 9:1) to give the retained optically further
enriched (S,S)-3-acetoxy-4-cyano-pyrrolidine- 1-carboxylic acid tert-butyl ester
(8.1g). Analytics: +EI-MS: 255 (M+H"); [at]p = -11.88° (¢=1.02, CHCLs); 98.7% ec
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l-carboxylic acid tert-butyl ester. Pale brown oil. M
305.1 ([ M sobutene+ H +)79.6 Using general nmethod C

W@ 3ReABMB- { [ (5- chl or o-t hi ophene- 2- car bonyl ) - BeT/AP3006/061776

-nmet hyl }-4-hydroxy-pyrrolidine- 1-carboxy|ic acid
tert-butyl ester was converted

( 4S) - 2-chl o hene- 2- ot o e
Ok BT s Eim A R SORG et e 300 1 pitgcymin: n.
acepate. Yellowoil. M 261 0 ([N%Fﬂ +) 79.7 Using

general nmethod H, to
(3S,4S)-5-chl oro-t hi ophene-2-carboxylic acid

(4- hydroxy-pyrrolidin-3-ylnmethyl)-amde trifluoro

acetate was reacted with [ 2-

f [78.3r A subpipsiaox of BISA0Y-Bi atbioxy- 43dy;mq3pm9]i(}inea Fdaﬂmﬁngliaadidi tert-

4initr

L} CG5PIBNL ekl CEAPORLEE OSSR AL A BB P For acon

canddngie)ofditDnofas hlydtdgylha@d 4t hgf’d} m(yaqny(rspbd:mcdpmesure for 16 h.

%ﬁg%@@gﬁ%@ Fv%%ﬁﬁer%g a f§ fﬁtr§7 evg}%r%fgd t(&llV%m 4&%) -acetoxy-4-

S@mimm%yIWr(ﬂld@r[dW-Jeﬂlrbe)&yliﬁxanml ccrBOuBD. csteA se@lant.i @olourless
cyano-pyrrolidine-I-carboxyIic

aC| %ﬁ’rﬁﬁs f@@é@fﬁ] 1.00 g, prepared according to

exanpl e 79.2) in 10 n1 of a 2M NH sol ution in MeOH was

stirred at 22 0C for 1 h and evaporated. The residue
was chronat ogr aphed on silica,(hep e/ AcOEt, 2.5:1)

to give (3S,4S)-3-cyano-4- hy t rolldlne-
1-carboxylic acid tert but Dg%fé}“ | ourl ess solid.
MBS 213.3 ([ M+ H] +) 8CFR sus sion o?

(3S, 4S) - 3-cyano- 4- hydroxy pyrrolidine-I-carboxylic

acid tert-butyl ester (212 ng) in 10 mM of THF and
2.32 g OAg20 and 0.62 m of CHSI

79.4 Using general procedure E, (3S4R)-3-acetoxy-4-aminomethyl-pyrrolidine-
1-carboxylic acid tert-butyl ester acetatewas coupled with 5-chlorothiophene-2-
carboxylic acid to give (3S4R)-3-acetoxy-4-{[(5-chloro-thiophene-2-carbonyl)-
amino|-methyl}-pyrrolidine- 1-carboxylic acid tert-butyl ester. Brown oil. MS
347.0 ([M-iso-butene+H]")

cl AcO, o
@Wﬁ‘q
= N O7<
(@]

79.5 A solution of  (354R)-3-acetoxy-4-{[(5-chloro-thiophene-2-carbonyl)-
amino|-methyl}-pyrrolidine- 1-carboxylic acid tert-butyl ester (20 mg) in 1 ml of a
2M NHj solution in MeOH was stirred at 22 °C for 1 h and evaporated to give
(3R,45)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl }-4-hydroxy-
pyrrolidine-1-carboxylic acid tert-butyl ester. Pale brown oil. MS 305.1 ([M-
isobutene+H]")



10

15

20

was heated in a sealed tube to 50 OC for 16 h. The
suspension was filtered and the filtrate

wae kooerret4ogr aphed on silica (heptane/ AcCEt, 3:BJT/EP2006/061776

give 161 ng of (3S,4S)-
3-cyano-4-nethoxy-pyrro|idine-11%%TboxyIic acid
tert-butyl ester. Cglourlesiooil. MS 171. 4
([ Misobutene+H +) "80.3 A suUs @L%h of
(3S, 4S) - 3- cyano- 4- meyhoxy- pyr riol jdiNe- /- car boxylic
acid tert-butyl ester in 1% of EtOH, 0.3
m of chloroform 0.38 mgof AcOH and 8 ng of PtO2 was
hydrogenated at 22 0C and at nospheric pressure for 16
h. The suspension was filtered and the filtrate
evaporated to give 188 ng of (3R 4S)-3-
am nonet hyl - 4- net hoxy- pyrrolidine-|-carboxylic acid
t2 g?.ﬁé bl(gtnsh%lfeﬁahﬁﬁet%@g@é;ﬁa,4§03qgslcﬁﬁﬁo&ﬁi@gﬁ@{é%camy1)-

. + : i neral procedure
(3R é‘ﬁ%‘?ﬁfiﬁ“ﬁ'%%ﬁ”ﬂﬂ%?%ﬁﬁlw B IHEbuty] ester was
1comvcbed Yo (35,485 HcHISrot thithhe-@ daffoxgh@icid ©4-Wa o &R Y88 in-
wi,t h 5-chl orot hi ophene- 2- r boxyl.i cid to give
( SR8y amids g st oflenar S 2L AT Hi o -
met hyl } - 4-nmet hoxy-pyrrolidine- 1-carboxylic acid
tert-butyl ester. | ourl esso,foam Ms 318.9
([ Mi sobut ene+H] +)8(3+5 LBLng'ge Ar&lcoprt hod C
(3R, 4S) - 3-{[ (5- chl orQ-4\i - car bonyl) -
am no] - met hyl } - 4- met hoxy4jpyrrol i di ne-|-carboxylic acid
tert-butyl ester was conferted to
5- chl or o-t hi ophene- 2-carboxylic acid
((3S, 4S) - 4- met hoxy- pyrrolidin-3-yl nethyl) -

79.7 Using general method H, to (35,4S)-5-chloro-thiophene-2-carboxylic acid
(4-hydroxy-pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-
fluoro-4-(2-oxo-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester
(prepared according to example 54.3) to give (3R,4S)-3-{[(5-chloro-thiophene-2-
carbonyl)-amino]-methyl}-4-hydroxy-pyrrolidine- 1-carboxylic acid [2-fluoro-4-
(2-ox0-2H-pyridin-1-yl)-phenyl]-amide. Colourless solid. MS491.0 ((M+H]")

cl HO,, o o
S N
H
bwrﬁ o0
H _
o

Example 80

80.1 A solution of (3S,4S)-3-acetoxy-4-cyano-pyrrolidine- 1-carboxylic acid tert-
butyl ester (1.00 g, prepared according to example 79.2) in 10 ml of a 2M NH;3
solution in MeOH was stirred at 22 °C for 1 h and evaporated. The residue was
chromatographed on silica (heptane/AcOEt, 2.5:1) to give (3S4S)-3-cyano-4-
hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester. Colourless solid. MS 213.3
(IM+H]")
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amde trifluoro acetate. Pale yellowoil. M5 275.1
([MtH +) 80.6 Using general nethod H,

wo2@hl1orot t hi ophene- 2- carboxylic acid ((3S, 4S) PAF/EP2006/061776

met hoxy-pyrrolidin-3-ylnethyl)-amde trifluoro acetate
was reacted with [2- fluoro- - 124-
4- (2- oxo- 2H pyri di n- I-yIH)O-phenyI]-carbamc acid

4-ni tro-phenyl ester (prep d_;zmcordi ng to exanpl e
54.3) to give mﬁ

(3R 4S)-3-{[(5-chl oro- phene- - %ar bonyl ) - am no]
-met hyl }-4-nmet hoxy- pyr’\f ol'i di ne-1-car boxylic acid

[ 2-fl uoro-4-(2-oxo0-2Hpyridin- |-yl)-phenyl] -am de.

Pale yellow solid. M5 505.1 ([ MtH] +) Exanple 81 81.1
To a solution of

ﬁfgﬁﬁs% _sgép{eh§) %y?%é}}é)' t heneh}ldg g%{,g;grg%)/l:l%n%&lcarboxyhc acid
t edrt-bbtill yitere@l 2 i) 60 Q0 i, ofﬂffﬁpaﬂiztﬁg 3@@&1333@50 gltnﬂw) .62 ml of CH3l
exa S aqaded a

ﬁ%te%fn ‘I\I@iaifgﬁ&g‘i tcséé) g lgqh 3] ?/F‘}SBFffﬁéObeﬁ%)ﬁlé‘%Eed and the

t lﬁﬁra&@ bMtohmﬂogio@@led/afnﬁﬁﬂbat(ﬁeﬁtaﬁ)@AaOEt Stll)ftb lgﬁ@ 1\6@$ng of (35,45)-
ntinu xt.ur e was washe agqueous

@pno- tﬁ%ﬁaﬂéolvﬁ%ﬁq%&oxm agld ded b@\%ﬁéﬁeat gwlour#és oil.

re.&;smmmlga)hﬁgﬁanqg?aphed on silica (heptane/ AcCEt,
2:1) to give 435 ngy
(R)-3-{[(5-chl oro-thi ophene-2-carbonyl)- aninoj

-met hyl }-4-oxo-pyrrolidine\- boxyllc acid
tert-butyl ester. Pale 3;@‘ . M5 303.0
([ Mi sobut ene+H] +) 81. ing e ral method C,
(R)-3-{[(5-ch|oroth|o ene 2- car bonyl ) - am no] -

80.3 A suspension of (3S45)-3-cyano-4-methoxy-pyrrolidine-1-carboxylic acid
tert-butyl ester (150 mg) in 15 ml of EtOH, 0.3 ml of chloroform, 0.38 ml of AcOH
and 8 mg of PtO; was hydrogenated at 22 °C and atmospheric pressure for 16 h.
The suspension was filtered and the filtrate evaporated to give 188 mg of (3R,4S)-3-
aminomethyl-4-methoxy-pyrrolidine- 1-carboxylic acid tert-butyl ester acetate.
Colourless semisolid. MS 231.3 ((M+H] ")

MeO

o
w
AcOH H,N o—é

80.4 Using general procedure E, (3R,4S)-3-aminomethyl-4-methoxy-pyrrolidine-
1-carboxylic acid tert-butyl ester acetate was coupled with 5-chlorothiophene-2-
carboxylic acid to give (3R4S5)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-
methyl}-

4-methoxy-pyrrolidine-1-carboxylic acid tert-butyl ester. Colourless foam. MS
318.9 ([M-isobutene+H]")
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met hyl }-4-oxo-pyrrolidine-I|-carboxylic acid
tert-butyl ester was converted to 5-

wa@ kdoenodhi ophene- 2- car boxyl i ¢ aci d PCT/EP2006/061776

((S)-4-oxo-pyrrolidin-3-ylnmethyl)-amde trifluoro
acetate. Geen oil. M5 259.0 (] +) 81.3 Using
general nethod H, 5- chloroh}hlophene 2-carboxylic acid

((S)-4- oxopyrroI|d|H 3 y net &;z?de trifluoro
acetate was reacted -fI - 0XoO-

2H pyridin-1-yl)-phe ar an1c aéTgi4-nitro-phenyl
ester (prepared accordingoto exanple 54.3) to give

(R) -3-{[ (5-chl oro-thi ophene- 2-car bonyl ) - am no] - net hyl
}-4-oxo-pyrrolidine-I-carboxylic acid
[2-fluoro-4-(2-o0x0-2Hpyridin-1-yl)- phenyl] -am de.

Pal e brown solid. M5 489.0 ([ MtH +)Exanple 82 To a

sghust I[I:ggfgeneral method C, (3R4S)-3-{[(5- Chloro th10phene—2—carbonyl)

(R&nbg(] rrshryﬁr txgapgrggf a&ga gaggg)&n%/l aci mtenr(t) uiyl esqgrl was

[Zoﬁ«y@ao 4- (2- oxo- ZFprrldln | -yl)-phenyl ] -an1de to
X l e 81 THF was added at

0& PR gh B Rismtar et 14 T A oo HasTo RS 3 gncthy))-

hademetrmuzsfdJao@taw%m@ydubwo@lnMisst ngen-@gfNyHA - and
AcCEt, the organlc ayer was washed with brlne dried

and evaporated to

(3R 4R)-3-{[ (5- chlor -thlopﬁe - car bonyl ) - ani no]
-nmet hyl }-4- hydroxyp olldngijinﬁﬁﬁéﬁyllc aci d

[ 2-fl uoro-4-(2-oxo- -l -yl)-phenyl] -am de.
Wiite solid. M5 491 3 ([ +) Exanple 83

80.6 Using general method H, 5-chloro-thiophene-2-carboxylic acid ((3S,4S)-4-
methoxy-pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-
fluoro-

4-(2-0x0-2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared
according to example 54.3) to give (3R,4S)-3-{[(5-chloro-thiophene-2-carbonyl)-
amino]-methyl}-4-methoxy-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo-2H-
pyridin-1-yl)-phenyl]-amide. Pale yellow solid. MS 505.1 ([M+H]")

cl MeO, or o
$ N
B oD
H _
(o]

Example 81

81.1 To a solution of (3R4S)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-
methyl}-

4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester (600 mg, prepared
according to example 79.5) in 10 ml of CH,Cl, was added at 5 °C 2.30 ml of NEt;
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A solution of the
(R)-3-{[ (5-chl oro-thi ophene-2-carbonyl)-am no] -nethyl

wQ 20060xapyrrol i di ne- 1-carboxylic acid PCT/EP2006/061776

[ 2-fluoro-4-(2-ox0-2H pyridin-| Jl) phenyl] -am de
(120 ng, exanpl e 81.3) and 12 1 mZ%f THF saturated with

nmet h S treated at wth 3. of

e 5%# IR e e rniihnEe i Prob ey HEC and sirring

Ama%%)%hrﬁwh fof:j B&. m%trﬂfxﬁn‘é@ﬁistv&a@l@dde\dléﬂvgmifbogléé\ﬂ%@ft_}ll_ﬁ organic
tirri contl nue or e

S TR e ISt et chiomeaipgapRed on silica

aajhe,;ﬁmﬂAé@Et;Lé 101%6 B 3l35\|nﬁ‘§l51‘[l§[131{E(B%hﬁ)%iﬂlﬁlbﬁﬂeﬂ@!azicarbonyl)

extract ed THF. The organi c a er was dried and

e aE? awsﬁlwi} mayr(r?eg?ﬂ'ﬁée 1[°(d5b93‘|5f1%ﬁ%‘ tlRiLpdrftlep. Pale yellow
C 351 NyIs3O3 iV lisohiédey H ) 4- met hyl am no- pyrrol i di ne-
1-carboxylic acid [ 2-

fluoro-4-(2-oxo-2H pyridin-1-yl)-phenyl] -am de.

Col ourl ess foam M5 04 0 ([ _L?kanple 84 To a

sol uti on of / N

(R -3-{[ (5-chl oro-thi e: -carboﬁ?V{-anino] - met hyl
}- 4-nmet hyl am no-pyrroli dyne-1-carboxylic acid

[2-fluoro-4-(2-o0x0-2H-pyridin-lyl) -phenyl] -amde
(exanple 83; 25 ng) in 0.8 mM of CH3CN and 19 nml of
N, Ndi i sopropyl et hyl am ne was added at 22 0C 6 ng of
met hyl chl orof ormate and stirring was continued for 3 h

smetmwgtgun@amsmddIome):l3v{/[(t5tbh@or5 thlop@bndBGkbonyl)-amino]-
eva ted and e resi due _was. chr ogr aphed on
6@5@}7@& 11831“%?74}{118 a&id\;%rt%clp};l er Was converted to 5-
{ bm5r<s:hh@p1cenbm @a@b@ryﬁc acié @(S)onwc& pARDIRDh- 3= Bl - dmide
| Bl umnende(Pooaxor kmgd fi iy
‘)OTB ﬁ%f‘ﬁ%e 5‘?68% ( 1"

-pyrrolldln 3-yl}-nmethyl -carbam c acid

cl o)
/i S H NH CF,COOH
_ N
o}

81.3 Using general method H, 5-chloro-thiophene-2-carboxylic acid ((S)-4-oxo-
pyrrolidin-3-ylmethyl)-amide trifluoro acetate was reacted with [2-fluoro-4-(2-
0X0-

2H-pyridin-1-yl)-phenyl]-carbamic acid 4-nitro-phenyl ester (prepared according
to example 54.3) to give (R)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-
methyl}-4-oxo-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-oxo0-2H-pyridin-1-yl)-
phenyl]-amide. Pale brown solid. MS 489.0 ((M+H]")

“ © O F O
S
O
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25

met hyl ester. Colourless solid. M5 562.0 ([ MtH +)
Exanple 85 To a sol ution of

w@ R)o63144p1 5- chl or o-t hi ophene- 2- car bonyl ) - am nobCFRE100§061776

}- 4-nethyl am no-pyrrolidine-I-carboxylic acid
[ 2-fl uoro-4-(2-oxo-2H pyridi n-1%7)‘- phenyl] -am de

83; 26 ng) in 0.8 mM of CH3CN and 22 nml of
N%?l‘éﬂﬁgﬂeg%ropyl et hyl am ne was added at 22 0C 6 m of
met hanesul fonyl chl oride and stirring was continued for
3T a so'[iilt@oﬂbe((RJ)LE {M@&hdﬂrbdh@@h&ﬂd—hc&b5nﬂb aﬁfln(B\]Eﬂethyl} 4-0x0-

eva rgg 1% d%‘r W/é’?ﬁz 5l ézyu?@ Z&(%E&% Ogg(ﬂl) lecl) pﬂenyl] amide

{ [(é)&nqﬂé 81.8; SO'ItI@phlellanEoﬂ’ﬁHM%| E)d'd@ﬂnaﬂQl ccnet kylof INBH, and
gﬁ%ﬂ%gvga;wpfaglg%qdofne 22%1 mdrTl?E Lyro s rag [?alultltllorrl](% between 1 N HCl and

0XQORH mwm@aﬁicllayelg(wa@hembd Wlﬁhrfbﬁﬁcla cﬁiﬁd?b&{d @ﬁaﬁ)oiﬁﬁbdl do give

+ n_anal o 0 exanpl es
N%@éﬁs@%%ﬁ;aﬂ @f@@?rﬂ%ﬂ@ﬂ%@ﬁﬂ ﬁ@ﬂzzylbérhg@
awﬁomdlaenedahmn@ﬁ@ héio f[SZlfﬁ?bdefﬂt@yé)TopMHf 1%11 m%d)LplCe@B/{}Qa?énlde
C. ac ster (exanples was reacte
Gt 8hg/f§419e1 y*tfﬁ]e& converted to

5- chl or ot hi ophene- 2-carboxylic acid

((3R,5S5)-I-{[ 2-f¢wwor o- 4- Qg 0x0 ZgLprrl %I n-1-yl)-

phenyl car banoyl ] / thyk N—4

} - 5-nor pho-sl i n- 4 y;ﬁ/p/;roh' 3t yb) - ani de.

O f-white anorphous salid. M5 574, [ +) Exanpl e

87 In analogy to exanples 17.3-17.5

(2S, 4R) - 4-[ (5-chl oro-t hi ophene- 2- car bonyl ) -

Example 83

Assolution of the (R)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl }-4-oxo-
pyrrolidine-1-carboxylic acid [2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-phenyl]-amide
(120 mg, example 81.3) and 12 ml of THF saturated with methylamine was treated
at 5 °C with 3.5 ml of AcOH until pH = 6 and the mixture was warmed to 22 °C.
After 1.5 h, the mixture was treated with 24 mg of Na(CN)BHj3 and stirring was
continued for 2.5 h. The mixture was diluted with 5 ml of water, the pH was
adjusted to 14 using 3 N NaOH and the solution was extracted with THF. The
organic layer was dried and evaporated to give (R)-3-{[(5-chloro-thiophene-2-
carbonyl)-amino]-methyl}-4-methylamino-pyrrolidine- 1-carboxylic ~ acid  [2-
fluoro-4-(2-oxo-2H-pyridin-1-yl)-phenyl]-amide. Colourless foam. MS 504.0
(IM+H]")

MeHN

embatete
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am no] - 2- net hanesul f onyl oxynet hyl - pyrrol i di ne-1| - carbox
ylic acid tert-butyl ester (exanple 17.2) was reacted

wowdoh/18448t di f | uor opyrrol i di ne and then conver t BOI/EP2086/061776

chl or o-t hi ophene- 2-car boxylic acid

((3R 5S)-5-(3,3-difluoro-pyrrol I<din-1yl methyl)- |-
{&ééflr 0-4- (2- oxo0-2H-pyridi n-1 -yl ) - phenyl car banoyl ]

- CX. pyrrolidin-3-yl)-anmide. |ight yellow

anor phous solid. M5594.3 ([MI-H +)Exanple 88 In

afT@I ogy sblatiexanypl &R)-B/{[B5-&om-thiophene-2-carbonyl)-amino]-methyl }-

G B RN DI RS HEHPOR 1 AT Ba-Roto- kAP BORYH- pyridin-1-
a%l)dpﬂeﬁml] anHHé' (@Rt r?% 88.©2AmR) & bl 81)1 o‘f@?H J8@Qh&d it &F N N-

cycl opropyl am ne and then converted
5d@mp§oml¢thyipmmwag addﬁcb@xyzz (°,Caﬁ:|n¢g of methylchloroformate and

(R IO s -4 R o

} emnorajbd g hthe ryﬂu}lueamsdéror(mmmphql almhpmm;@E@Me(aH MB1) to

5%%8 ((ligMFZCQ(S Cﬁlo%%feﬁgen%gz §a%b8'n);[f) aﬁn?o]'r%tﬁ?l} 1Cf)20hl%lro 4-(2-

( 2@-@@@)@41(151 ﬂprcmyI{chrhapMHepyrmhdm Bohly methyircarbpmic  acid
- I li id

¢ ST eI MES R (AT ' GaC 12/ oveo

1:1 under an argon atnosphere were added 5.7 m
triethylamne and 3.92 Sfi 3-pyridine conplex in one

portion. The clear sol uN (slomf war@i ng up to room
tenperature) was then st Hedfﬁ m xture

was dil ut ed MAth/ gcmc an SQ?d The
aqueous phase =
0
Example 85

To a solution of (R)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl}-
4-methylamino-pyrrolidine-1-carboxylic acid [2-fluoro-4-(2-oxo-2H-pyridin-1-
yD-phenyl]-amide (example 83; 26 mg) in 0.8 ml of CH3CN and 22 pl of N,N-
diisopropylethylamine was added at 22 °C 6 ul of methanesulfonylchloride and

stirring was continued for 3 h. The mixture was diluted with 0.5 ml of McOH,
evaporated and the residue was chromatographed on silica (AcOEt/MeOH, 15:1) to
give (R)-3-{[(5-chloro-thiophene-2-carbonyl)-amino]-methyl }-4-
(methanesulfonyl-methyl-amino)-pyrrolidine- 1-carboxylic  acid  [2-fluoro-4-(2-
0x0-2H-pyridin- 1-yl)-phenyl]-amide. Colourless solid. MS 582.0 ([M+H]")

o~/
S N —
J NJ: =
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was back extracted with Et OAc. The conbi ned organics
were washed with 1 N HO, H20 and brine, dried over

wORB&114401 | t ered and concentrated. The crude pPOIER1006/061776

was purified by chromatography (silica gel;

cycl ohexane/ Et OAc 1:1) to give ngy

(%, 4R?'er8§ [ (5-chl oro-thi ophene-2-carbonyl)-am no]-2-fo

r g PPYIS01 i di ne- 1-carboxylic acid tert-butyl ester as
whi t e anorphous solid. M5 359.0 ([M+ H +)89.2 A

il t afadog9f t02@Rariples 17.3-17.5 (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-

2S,. 4 t hi ene car bo a
{ GV i e B B R T W ET (<R GH ispay) eter
9@e){nig1p2332}7j]2)f Waoir@ictey| wali merphsBhe!tath@nhém cdnvdktedHE) 5-chloro-

etral so (0] t anat e S rre
& M phen Sparhhigy R0 O R 088 LA SR £ iRt 1-9D-
mpheﬁ)rn@mmm@ﬁ}in&&gnrgsmmmlmsylﬁl@d%ﬂgyr%hdmLan91)fatmcie.
n

r.t s conti nue m H20 was
LN At S s S B BT Ca0 M P ihe

m xture was concentrated. The crude product was
purified by colum chr tography (silica gel;

gradi ent: cycl ohexang - cycl ohexane/ EtOAc 3:7) to
give 105 nmy (2S, 4R) - 4~4B=¢hl or o- t hi ophene- 2-
carbonyl)-am no] -2- [(2,2kdifluoro-ethylam no)

-met hyl] -pyrrolidine- 1- carNJ/oX?/,LINC gcid tert-butyl
ester as white anmor pHius Sofid @ (LMrH  +) 89.3
In anal ogy to exanpl e 4anc?¥§‘
(2S,4R)-4-[(5-chl of o~ hi ophene 2- carboMyly,-am no] -2-
[(2,2- difluor o€k am no) -nmethyl] - rolidi ne-
1-carboxylic acid tert-butyl ester was converted to
5-chl or o-t hi ophene-2-carboxylic acid

((3R, 55)-5-[(2,2-difluoro-ethylam no)-nmethyl]-1-{[2-fl
uor o- 4- ( 2- oxo- 2H pyri di nl -

Example 87

In analogy to examples 17.3-17.5 (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-
amino]-2-methanesulfonyloxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester
(example 17.2) was reacted with 3,3-difluoropyrrolidine and then converted to 5-
chloro-thiophene-2-carboxylic acid ((3R,55)-5-(3,3-difluoro-pyrrolidin-1-
ylmethyl)-1-{[2-fluoro-4-(2-oxo0-2H-pyridin-1-yl)-phenylcarbamoyl]-methyl }-
pyrrolidin-3-yl)-amide. Light yellow amorphous solid. MS 594.3 ([M+H]")

F
E N
H F
N /YN
@] R
N ©

S\H N
CREEN N/
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yl)-phenyl carbanoyl ] -nethyl }-pyrrolidin-3-yl)-amde.
i ght yell ow anourphous solid. M5 568.2 ([ M+H]

war@Ekamabe 90 90.1 To a stirred, cooled (0 0C)PCTI/EP2006/061776

suspensi on of 55 ng NaH (55 % di spersion in mneral

oil) in 2 mM DM under an argo‘n1 ‘osphere was added 84
2,2 i fluoroethanol (solutionin 1 nm DWVF). The

i Z¥aRle P as removed and stirring at r.t. was

continued for 1 h. A solution of 150 ng

(25, #R)ogd- {o oxahiples A7t DHhE@BARI-4- [ 8lchay thophéR0d-carbonyl)-

- 2- met.hanesul f onyl oxynet hyl - pyrrol i di ne- 1-carboxylic

alé"Vertbutyl ester (exanple 17.2) in 2 m DWF was

t B_erﬁetghdﬁi@dlfoﬂ'ﬁh@xylfﬁ@{ﬁ}tlfp@rr\&ﬁﬂinhelatsﬁﬁoi}&l_c 8 (B@did ]? n (ﬂelrtz—bl:ityllq ester
stirrin that te eratyre S conti nue or .

Tl 17D Ve enssl Bih e propYiamie e £ ETEhE Sfloro-
walsib plienai 1-barbi2ic Thed aBRGSS SRfyalspropgBnackK el ;qEZLEg%M-

wi.th Et.QAc. .The c i ned qQrganics were washed with |
OB by i oy P BTl e a3 W) amide. O
comieatvoapleshs sthe M 8482 gnedust) was purified by col um
chromat ography (silica gel; cycl ohexane ->

cycl ohexane/ Et OAc 1:1) tg give 12 ng

(2S,4R)-4-[(5-chl oro-thiapghene- 2-carbonyl ) -am no] -2- (2

, 2- di fluoro-ethoxy yl)Y-pyrrolidine- 1-carboxylic
acid tert-butyl ester as es§ gum MsS 425.0

([MtH +)90.2 In anal®gy to/ex
(2S, 4R) - 4- [ (5- chl or o- dhiphene2-
-2-(2,2-difluoro-ets y
1-carboxylic acg -butyl ester was [conjerted to

5- chl oro-t hi ophene-2-carboxylic acid ((3RS5S)-5-

(2, 2-difluoro-ethoxymethyl)-I|-{[2-fluoro-4-(2-o0x0-2Hp
yridin-1-yl)-

Example 89

89.1 To astirred, cooled (0 °C) solution of 1.48 g (2S,4R)-4-[(5-chloro-thiophene-
2-carbonyl)-amino]-2-hydroxymethyl-pyrrolidine- 1-carboxylic  acid  tert-butyl
ester (example 17.1) in 30 ml CH,Cl,/DMSO 1:1 under an argon atmosphere were
added 5.7 ml triethylamine and 3.92 g SOs-pyridine complex in one portion. The
clear solution (slowly warming up to room temperature) was then stirred for 3 h.
The mixture was diluted with EtOAc and washed with 1 N HCL. The aqueous phase
was back extracted with EtOAc. The combined organics were washed with 1 N
HCI, H,O and brine, dried over MgSQ,, filtered and concentrated. The crude
product was purified by chromatography (silica gel; cyclohexane/EtOAc 1:1) to give
985 mg (25,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino][-2-formyl-
pyrrolidine-1-carboxylic acid tert-butyl ester as white amorphous solid. MS 359.0
(IM+H]")
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phenyl car bamoyl] -nethyl }-pyrrolidin-3-yl)-am de.
Of-white solid. M5 569.2 ([M+ H+) Exanple 9 1 91.1

waeooa/1st40r red sol ution of 150 ng PCT/EP2006/061776

(2S, 4R) - 4-[ (5- chl oro-t hi ophene- 2- car bonyl ) -

am no] - 2- met hanesul f onyl oxyrreth 1 pyrrolidine-
1-carboxylic acid tert-butyl ester (exanple 17.2) at
r.t. in 3.3 mM DM under an argon aft m)sphere was added
1.71 m tetrabutylammnlumfluogl solution ( 1 Min

THF). The m xture was heated C and stirring at
that tenperature was conky . The m xture
was cooled to r.t. with EtOAc and washed with

H O. The aqueous phas s back extracted with Et QAc.
The conbi ned organics re washed with H20 and bri ne,
dried over MgSO, filtered and concentrated. The crude
product was purified by colum chronat ography (silica
gel ; cycl ohexane -> cycl ohexane/ Et OAc 1:1) to give 44

ng
(2S,4R) - 4-[ (5-chl or o-t hi ophene- 2- car bonyl ) - am no] - 2-
f IB0.Ar dnmixnyte-of 20T alg @SAB)- 41Hsahtwoxyllllbph@reLllcztrebﬁylbumyﬂo] 2-

(tf%rbyl I%S’irrghgﬂnmgyca{laogﬁgﬁﬂﬁ dart- i}yt)ﬂ gﬁ%@936128 chuor'_thl amine
( Zﬁ,kl)th)n- 1;11— B "EHiF)grr?ll-(D B3 ﬁﬂhﬁft&fo%fopyl olrth((j)tltanatle was stirred at r.t.
m no 0 ol i di -C
ST ki LA BL TS BLEGShe o R e
(SagdtddgrSSttrt51hfg|@ph.e.n\easfco@fih}am(ﬁiri I8 lacCiTden, 0.5 ml H,O was added and
-5-fl uor -] - :

{ PR o con e ot a1 Fhe pinyis SpnanprEsRtsdmoPhy crude

- piduyl whs Miﬂe@bydfol’im@n yhbmaddgrgishy (kilighgely@hdieny: cyclohexane -
amr?cloc}ye?(arf’e?ﬁt(yAc |¥57) to glve( EBQF I:ﬂwg (ES 4R)-4-[(5-chloro-thiophene-2-

carbonyl)-amino]-2-[(2,2-difluoro-ethylamino)-methyl]-pyrrolidine- 1-carboxylic
acid tert-butyl ester as white amorphous solid. MS424.0 ((M+H]")

F

HN 5 /%
o) N/&O
o] \\

89.3 In analogy to examples 17.4 and 17.5 (2S,4R)-4-[(5-chloro-thiophene-2-
carbonyl)-amino]-2-[(2,2-difluoro-ethylamino)-methyl]-pyrrolidine- 1-carboxylic
acid tert-butyl ester was converted to S5-chloro-thiophene-2-carboxylic acid
((3R,55)-5-[(2,2-difluoro-ethylamino)-methyl]- 1- {[2-fluoro-4-(2-0x0-2H-pyridin-
1-yl)-phenylcarbamoyl]-methyl}-pyrrolidin-3-yl)-amide. Light yellow
amourphous solid. MS 568.2 (IM+H]")
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Exanple 92 In anal ogy to exanple 25.3
{(3S, 4S) - 3-[ (5-chl oro-t hi ophene- 2-car bonyl ) - am no] -

wda20vetihasy - pyrrolidin-1-yl}-acetic acid ethyl BSL/EP2006/061776

(exanple 25.2) was reacted with

3- (4-am no- 3-fl uoro- phenyl ) - oxak¥ii di n- 2- one (prepared
from 2-fl uoro-4- |odoan|I|ne and 2-oxazolidinone in
the presence of Cu(l)l, ethylenedlan1ne and potassi um
phosphate in di oxane a 10 0C) to give

5-chl or o-t hi ophene- 2- car, xyllc acid

((3S,4S)-1-{[2-fl uoro-

4- (2 oxo- oxazol i di n- 3- yI) ﬂrbannyl] - met hyl

} - 4- met hoxy- pyrroI|d| ye||OMISO|Id
M5 497.5 ([ Mi+H| +)Exa In>an ) tg exanpl e

25. 3

{(3S,4S)-3-[(5-chl r thlophene 2- carb yl}) - am no] -
4- et hoxy- pyr r ol97di -yl }-acetic acid | ester

(exanmpl e 25.2) was reacted with
5-net hyl -4,5, 6, 7-tetrahydro-t hi azol o[ 5, 4] pyridi n-2-yl a
m ne (CAS 17899-48-8) to give
5 chloro t hi ophene- 2- carboxylic acid
ﬁ?) gpd- met hoxy- I - [ (5- et hyl -

5 6 tetrahydro-thiazol o[ 5, 4] pyri di n-2-yl car banoyl )
-nEth |]1-pyrrolidin-3-yl}- am de as yellow solid. M
490.15To[ avitifedr cogded (01 °€) Suspeasion o Sanak A¥aH (85 & dispersion in
2 )7 3l h ]
Ayl 99 4R)2 Sy DM ek ey SREpRE LA ALY it me 22
eétfbwrwlxml(@hzsmzp lwas D&\é@ct% igg bdth was removed and stirring at

r.t. was continued for 1 h. A solution of 150 mg (2S,4R)-4-[(5-chloro-thiophene-2-
carbonyl)-amino]-2-methanesulfonyloxymethyl-pyrrolidine- 1-carboxylic acid tert-
butyl ester (example 17.2) in 2 m1 DMF was then added. The mixture was heated to
80°C and stirring at that temperature was continued for 21 h. The mixture was
cooled to r.t., diluted with EtOAc and washed with H,O. The aqueous phase was
back extracted with EtOAc. The combined organics were washed with H,O and
brine, dried over MgSO,, filtered and concentrated. The crude product was
purified by column chromatography (silica gel; cyclohexane -> cyclohexane/EtOAc
1:1) to give 12 mg (2S,4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-2-(2,2-
difluoro-ethoxymethyl)-pyrrolidine-1-carboxylic acid tert-butyl ester as colorless
gum. MS425.0 ((M+H]")



10

15

20

2-am no- 6, 7-di hydro-t hi azol o[ 5, 4] pyri di ne-5-car boxylic
acid tert-butyl ester (CAS 365996-05-0) to give

WQ@2{0BA{4481, 4S) - 3-[ (5-chl or o-t hi ophene- 2- car bong¢)/EP20D61061776

] - 4- met hoxy-pyrrolidin-I-yl}-acetyl am no)-6, 7-di hydr o-
t hi azol o[ 5, 4-] pyri di ne-5- carbo%yyic acid tert-butyl

iébgr &I? f@%{o{gy\ét\lglné?%g}s ?l | g%ég/eglpg?‘gS (2%&%—‘11—[(5 ch?oro thiophene-2-
2c(1r2m{1§1$$nﬂﬁ)] 32, Q&ﬂ&ﬁ@r@h@mmﬁ rolidine-1- Carboxyhc acid

6T DEOT Y G S bRor-ca ﬂréﬁlr%ng:%qgrégwﬁi: By 12555
a«;na dlﬂlidrokﬁﬂﬁ()biyn%ﬁ{}ﬂ})l’ 1VES 16 VA 2- @szloizpl -pyridin-1-yl)-

hi |
{é’g Lok i ophe o5 ,lfpﬁ?{lfg?x &lga%?cie Off-white solid. MS 569.2

t@pﬂﬁhg@ro t hi azol o[ 5, 4] pyri di n-

2-yl carbanoyl ) - met hyl ] - pyrrolidin-3-yl}-am de

di hydrochloride. Of-white solid. M5 456.4 ([ MH] +)
94. 3 A suspension of 64 ng

5-chl oro-thi ophene- 2-& oxylic acid {(3S,4S)-4-

nmet hoxy-1- [(4,5,6, 7-

tetrahydro-thi azol o[ 5, 4]p i di n-2-yl car banoyl ) - et hyl ]
- pyrrolidin-3-yl}-amde droclhpl oraAde in 3 m THF

was treated with 0.030n1 FA" a D 01 nl
2-i odopr opane. After i IFTNg r ove<5 ni ght, the

reaction mxture was Again treated = 03 m TEA
and 0.03 nml 2-iodopropane and heated tQ' 7
OCover ni ght . Thé, was concentrated.\Tle crude
product was purified by colum chronat ography (silica
gel; gradient: CH2A 2 -> CH2A 2/ MeOH 9:1) to give 51
ng 5-chl oro-t hi ophene- 2-carboxylic acid
{(3S,45)-1-[(5-isopropyl-4,5,6,7-tetrahydrothiazol of
SEgl ¥ ofi n-2-yl car banoyl ) - met hyl ] - 4- net hoxy- pyrrolid

y { am de as yellow solid. M5 498.4 ([ MH +)

Exanpl e 95

91.1 To a stirred solution of 150 mg (2S,4R)-4-[ (5-chloro-thiophene-2-carbonyl)-

amino]-2-methanesulfonyloxymethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester
(example 17.2) at r.t. in 3.3 ml DMF under an argon atmosphere was added 1.71 ml
tetrabutylammonium fluoride solution (1 M in THF). The mixture was heated to
80 °C and stirring at that temperature was continued for 19 h. The mixture was
cooled to r.t., diluted with EtOAc and washed with H,O. The aqueous phase was
back extracted with EtOAc. The combined organics were washed with H,O and
brine, dried over MgSO,, filtered and concentrated. The crude product was
purified by column chromatography (silica gel; cyclohexane -> cyclohexane/EtOAc
I:1) to give 44 mg (2S4R)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-2-
fluoromethyl-pyrrolidine- 1-carboxylic acid tert-butyl ester as off-white amorphous
solid. MS361.0 ([M-HJ")
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In anal ogy to exanple 94.3
5-chl or o-t hi ophene-2-carboxylic acid {(3S, 4S)-4-

woredohoxpell- [ (4,5, 6, 7- PCT/EP2006/061776

tetrahydro-thi azol o[ 5, 4]pyr|d|n 2-yl car banoyl ) - et hyl |
- pyrrolidin-3-yl}-amde dihydr bt ori de (exanpl e
94.2) was reacted with 1- (brononethyl)cycl opropane to
gi ve 5-chl or o-t hi ophene- 2- carlr oxyllc acid
{(3S,4S)-1-[(5-cycl opropyl neth I- , 7-tetrahydro-th
I azol o[ 5, 4] pyri di n- 2-

yl car banoyl ) - et hyl ] - 4- mephoxy- yrr@lldln 3-yl }-am de.
Yel l ow solid. M5 510.5 (] ~ +) Exanple 96 96.1 A
suspensi on of 210 ny 5596in mneral oil) in 3 n
DMF was treated at th1.Qg

(3S,4S) - 3-azi do- 4- hydrox -pyrrolidine-I|-carboxylic
acid tertbutyl ester in 6 M DWF. The reaction mxture
was stirred at 0 OC for 90 mn, then it was cooled to
0 OC A solution of 0.53 m ethyl bronoacetate was

d opwi se. The reaction m s slo war ng
SR 18 BB T e Ght bt HESABS b Shloke 1D Behe-2
oearbeﬁylwanﬁml mgofdanéthyl }IrﬂfhdIHeXI aﬁx@o)c(fq h@l&el’[‘eﬂ'—@ut}m ester

Et OAc and he. c i ne niLcs were
drad 8%‘(‘?@?5\6 %%@ﬂlor? .*}@Eﬁ?@& s%ra%&%@@#t <.<§1% §§> ->-fiygromethyl-1-
Cl{mﬂucﬁbadmlbxd’\@ﬂ [dnﬁileﬂ) B) erfy®attsiin G- SIFaL OKP}Q%)QRHMm 3-yD)-

SI| el ; | ohexane ¢l ohexane/ Et

élaglé % e]é alﬁlgsp uéﬁ(i’lﬂjo Mg 507.3 ((M+H]")

et hoxycar bonyl net hoxy- pyrroli di ne-1- carboxylic acid
tert-butyl ester as yell liquid. M5 315.2 ([ MtH +)
96.2 In anal ogy to exanpl ey 22. 3 22 6

(3S, 4S) - 3-azi do- 4-

/,

Example 92

In analogy to example 25.3 {(3S,45)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-
4-methoxy-pyrrolidin-1-yl}-acetic acid ethyl ester (example 25.2) was reacted with
3-(4-amino-3-fluoro-phenyl)-oxazolidin-2-one  (prepared from  2-fluoro-4-
iodoaniline and 2-oxazolidinone in the presence of Cu(I)I, ethylenediamine and
potassium phosphate in dioxane at 110 °C) to give 5-chloro-thiophene-2-carboxylic
acid ((35,45)-1-{[ 2-fluoro-
4-(2-oxo0-oxazolidin-3-yl)-phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-
amide as yellow solid. MS497.5 ((M+H]")
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et hoxycar bonyl net hoxy- pyrrol i di ne-1-carboxylic acid
tert-butyl ester was converted to

W@ ¢B&1468Y)t 4- [ (5- chl or o-t hi ophene- 2- car bonyl ) - areTBP2006/§61776

[2-fluoro-4- (2-oxo-pyridin- I-ﬁ%%-phenylcarbanoyl]
-met hyl }-pyrrolidin-3-yloxy)-acetic acid ethyl ester.
Wi te anorphous solid. M5 577.5 ([ MtH] +) Exanple 97 A
sol ution of 359 ny N\

((3S, 4S) - 4- [ (5- chl or o-t hi op Ayl ) - ani no] -1 -{
[2- fluoro-4-(2-oxo-pyridin- 4 car banoyl |
-methyl }-pyrrolidin-3-yloxy)sn-at¢tic acid ethyl ester
(exanmple 96.2) in 10 M THf wds tfpeated with 1.24 n
IN NaCH and stirred for hrgs at r.t.. The reaction

m xture was concentr aied. crude product was
purified by chromato aﬁby gQiIica gel; gradient:
CH2d 2 -> CcH2d 2/ 7:3) to give 279 ny
((3S,4S)-4-[(5-chl ono-t hi ophene- 2-carbonyl)- am no]
-1- {[2-fluoro-4-(2¢gpxo-pyridin-I-yl)-phenyl carbanoyl ]
-methyl }- pyrrolidin-3-yloxy)-acetic acid as white
solid. MS549.3 ([M+H] +) Exanple 98 A solution of 50

ng
((3S,4S)-4-[(5-chl oro-thi ophene-2-carbonyl)-am no]-1-{
[ Bxathprano- 4-(2-oxo-pyridin- |-yl)-phenyl carbanoyl ]
-met hyl }-pyrrolidin-3-yloxy)- acetic aci d(exanpl e 97)

in 1 was treated w th 264 amoni um chl orj de,
oIy aﬂéﬂom CXagn g 2@?%{&3%@ bl GaehirorBIRP TR readomyBriminol-
m&héthﬁx%@ﬁr&‘idlﬁf ledl }-Qv&ic d&idgé’[h%rlaéstef (éxamp‘leh@fﬂZ) was reacted with
ted. The crude prod ol ated by col u
Zgﬁ,gﬂh%;trahydro thiazolo[5,4]pyridin-2- ylarnme (CAS 17899 48 8) to
give 5 chloro-thiophene-2-carboxylic acid  {(3S,4S)-4-methoxy-1-[ (5-methyl-
4,5,6,7-tetrahydro-thiazolo[ 5,4]pyridin-2-ylcarbamoyl)-methyl]-pyrrolidin-3-yl }-

amide as yellow solid. MS470.5 ((M+H]")

/
e

Example 94

94.1 In analogy to example 25.3 {(3S,4S5)-3-[(5-chloro-thiophene-2-carbonyl)-
amino]-

4-methoxy-pyrrolidin-1-yl}-acetic acid ethyl ester (example 25.2) was reacted with
2-amino-6,7-dihydro-thiazolo[ 5,4] pyridine-5-carboxylic acid tert-butyl ester (CAS
365996-05-0) to give 2-(2-{(3S,45)-3-[(5-chloro-thiophene-2-carbonyl)-amino]-
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(silica gel; gradient: CH2A 2 -> CH2A 2/ MeOH 4:1) to
gi ve 23 ng 5-chl orot hi ophene- 2-carboxylic acid

W@ ¢B&1468)t 4- car banoyl et hoxy- 1- PCT/EP2006/061776

{[2-fluoro-4-(2-oxopyridin- I-yg; phenyl car ba- noyl ]
-rrethyl }-pyrrolidin-3-yl)-am dEs white solid. MS

pf 688@&%% pEﬂroham— —)azllir%cetylamlrﬁ)c)cé) J} %Iﬂ{])%l‘ higzoloe 5,a4!—]pyridine—5—

( c@aBodPBic-adid teh-t1REer 4V fopNas ol ads BSRY ( M-+ANHNo]
-1- {[2-fluoro-4-(2-oxo-pyridin-

| -yl)-phenyl car banoyl ] -nethyl }-
pyrrolidin-3-yloxy)-acetic acid (exagple 7) was
reacted with cyclopropylamne to givey .

5-chl oro-t hi ophene- 2-carboxylic aci5>_

((3S,4S)-4- cyclopropylcarbanoylne oxy- 1-

{[2-fl uoro-4-(2-oxopyridin- I-y ) nyl car banoyl ]
-met hyl }-pyrrolidin-3-yl) SNWiite solid. MBS
588.5 ([ MtH] +) Exanpl e 10Q, Acdordi ng to genera
procedure D
((3S,4S)-4-[(5-chl or
-1- {[2-fluoro-4-(2-0

<t hj ene- 2- car bonyl ) - ani no]

Npyri®im-1 -yl ) - phenyl car banoyl ]

-nethyl }- pyrroli - 3- onxy) acetic acid (exanple

97) was reactedg di met hyl am ne hydrochl oride to

gi ve 5-chl oro- thlophene-z-carboxylic acid ((3S,4S)-4-

di met hyl car banoyl nmet hoxy- 1- {[2-fl uoro-4-

(2-oxo-pyridin-1-yl)-phenyl carbanmoyl] -nethyl }-pyit

olidin-3-yl)-amde. Ofwhite solid. M5 576.3 ([ M+tH] +)
94.2 According to general procedure B 2-(2-{(3S,4S)-3-[(5-chloro-thiophene-

2-carbonyl)-amino]-4-methoxy-pyrrolidin- 1-yl }-acetylamino)-6,7-dihydro-
thiazolo[5,4-] pyridine-5-carboxylic acid tert-butyl ester was converted to 5-chloro-
thiophene-

2-carboxylic acid {(3S,45)-4-methoxy-1-[(4,5,6,7-tetrahydro-thiazolo[5,4]pyridin-
2-ylcarbamoyl)-methyl]-pyrrolidin-3-yl}-amide dihydrochloride. Off-white solid.
MS456.4 ((M+H]")

@]
oy
NH
0 S;;Z .Cl_.cCl
v
)
Xx

94.3 A suspension of 60 mg 5-chloro-thiophene-2-carboxylic acid {(3S,4S)-4-
methoxy-1-[(4,5,6,7-tetrahydro- thiazolo[ 5,4]pyridin-2-ylcarbamoyl)-methyl]-

pyrrolidin-3-yl}-amide dihydrochloride in 3 ml THF was treated with 0.03 m1 TEA
and 0.01 ml 2-iodopropane. After stirring at r.t. overnight, the reaction mixture
was again treated with 0.03 m1 TEA and 0.03 ml 2-iodopropane and heated to 70 °C
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Exanpl e 101 101.1 To a stirred, cooled (0 0C) solution
of 3.18 g N-benzyl-N

w@ ewbhonynet hyl )t ri met hyl - si |l yl net hyl ami ne ( CARCT/EP2006/061776

93102-05-7) in 30 mM CH2d 2 under_ an argon at nosphere
was added dropw se a sol ution of371. 69 g (B) -3-

cycl opro - acrylic acid | ester (CAS )

5%@5%?%111-? é{h%.ﬂ &%?O%ﬁ%ﬁrﬁteﬁ@@ ciyigle Pé?‘}l(?@@*ﬁﬁ PpFfiadbyfolumn

ﬂdﬁﬁgat_@giﬁ%h}m slRh 0o gmfdiea@. %EiHCIZ Th eﬂz_@bﬂqwﬂm) % gife 31 mg
1 N. WwWas . ro se w n

R iR NG o e ot S B Shissrtp 84S detpiganydro-

M@MiﬁiﬂgS&*ﬂpﬁmiﬁQ@ﬁt&er_@{lﬁ&ﬁHﬂ@H —W&ﬁetﬁbig—gﬁ%lwﬂgjrlg_ﬁﬁﬁde as

Then, th s diluted wth CH , washed with

JREIEINREERIE sty

|
é, dried over MgpSO, filtered
and concentrated. The crude product was isol ated by
chromat ography (silica gel; (gradient: cyclohexane ->
cycl ohexane/ EtOAc 7:3) to give 1.14 g

(3RS, 4RS) - | - benzyl - 4-cycl opropyl - pyr, i di ne- 3-car boxy
lic acid nethyl ester as |ighg y@4f§zﬂﬁl . M5 260.3

([MtH +) 101.2 To a stirre?)kpuhg of 1.13 g
(3RS, 4RS) - | - benzyl - 4-cycl op opﬁjpyyrolidine-

3-carboxylic acid nethyl Ner at r.t. in 10 ni
met hanol under an argen iﬁ;ﬁ§phere was added 113 ng 10

% Pd/ C. The m xture wa en gtirred at r.t. under a
hydr ogen at nospher e sewgr i ght. The catal yst was
filtered off and(;i ed with nethanol. The filtrate
was concentrated 4o Meave 630 ng (3RS, 4RS) - 4-

cycl opropyl - pyrrolidine-3-carboxylic acid nethyl ester
as a light yellow oil.

Example 95

In analogy to example 94.3 5-chloro-thiophene-2-carboxylic acid {(3S,4S)-4-
methoxy-1-[(4,5,6,7-tetrahydro-thiazolo[ 5,4] pyridin-2-ylcarbamoyl)-methyl]-
pyrrolidin-3-yl}-amide dihydrochloride (example 94.2) was reacted with 1-
(bromomethyl)cyclopropane to give 5-chloro-thiophene-2-carboxylic — acid
{(35,45)-1-[ (5-cyclopropylmethyl-4,5,6,7-tetrahydro-thiazolo[ 5,4] pyridin-2-
ylcarbamoyl)-methyl]-4-methoxy-pyrrolidin-3-yl }-amide. Yellow solid. MS 510.5
(IM+H]")
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M5170.3 ([ M+rH] +) 101.3 To a stirred, cooled (0 0C
sol ution of 625 ng (3RS, 4RS) - 4-cycl opropyl pyrrolidi ne-

w@2manbasyl i ¢ acid methyl ester in 6 m di chl opOIEPIvE6IB1776

under an argon atnosphere were added 0.51 ni
triethylamne and 0.30 m pyri‘d]r%e‘ To this was added
ag?(olu (ﬂ%n of 806 ng BoC2Oin 4 m CH2O 2 over a

f88%1T 10 nmin. The icebath was renpved and stirring

at r.t. was continued overnight. The m xture was
di9511t eAl sivptisi€HRCIR), mp@&IE (B ithmbh PalNiliGh 3 nii20VENglas treated

rgg{g'ﬂgﬂé%v@{s 4&3 a&ﬂ,qf %l: ; rogg pgfgr%g gclega}r OX}’TIC acid tert-

C fbﬁlﬁﬂﬁité&gﬁl&pﬂﬁ{DMF | TEErcg@lon @iseh@hexatfed &t 0 °C for 90 min, then
cl ohex

?3 5 {?\ %,5@31352}@ €9?3§ Bl F@u E@%O@Cﬁ?f@%&ﬁw gropwise.

adlhd réactlslﬁ tmbtutwam@\el wirmeB thwyl., @stedlovamignl ®eh B8ged for 1

Vk}?cogé neofAf@g(go g {0 rt[ We'_gmxturelxgélls tﬁk;loug 1r? tEIt(Blr%ce gmd washed

( 3RS, 4R6).- 4‘[‘E¢/Cdoﬂlli’1ﬂw|orgahﬁd‘sokvefﬂ el , Sver dNIg@OQOmkatgd and
acid | -tert- u% ester rrethééeéester at r.

eCAXEBIT G Ay BoWugt WespHERE Rl %aéar%naztomaphy fpilica
Na€H cydigexam oty r@cMﬁéxahB@aﬂogbl?u)ed) £RE B4hmet (I3sa3) 3-azido-4-
concentrate i ssolved .in H2O, acidified t

H
1 Xy Eb Ay ¢thry- Bﬁfﬂhq@%écafbo?ﬁ&lme%?lﬁa@ﬂsbuw teﬁer s yellow
Eu@m, Mbs1xpiM-rige)or gani cs were washed with H20 and
brine, dried over MgSO, filtered and concentrated to
| eave the crude product as a col orless gum which
turned to an off-white solid after standing one night
at room tenperature: 49

(3RS, 4RS) - 4- cycl opr opyl - py i di ne-1,3- dicarboxylic
acid |-tert-buty\ ester. 254.1 ([MH )
N0
%
N O\/
o)

96.2 In analogy to examples 22.3-22.6 (35,45)-3-azido-4-
cthoxycarbonylmethoxy-pyrrolidine-1-carboxylic acid tert-butyl ester  was
converted to ((35,45)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-1-{[2-fluoro-4-
(2-ox0-pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-yloxy)-acetic  acid
ethyl ester. White amorphous solid. MS 577.5 ((M+H]")
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101.5 To a stirred solution of 200 ngy
(3RS, 4RS) - 4- cycl opr opyl - pyrrolidine-I,3- dicarboxylic

wa@eood/1i+dert - butyl ester at 80 0Cin 2 m di oXeCIEEP2WI&061776

an argon atnosphere were added 0, 20

di phenyl phosphoryl azi de and 0 1%

Net hyl di i sopropylam ne. Stirring at 80 0C was

continued for 4 hrs. Then, the hot m e was poured

onto 15 mM 1 N KOH and the produc edtracted with

Et OAc. The aqueous phase was pac trafted with

Et OAc. The conbi ned organic & washed®w th H20 and

brine, dried over MySO , fi|teHed mand concentrat ed.

The crude product was purified by col um

chr omat ogr aphy (silicageld—gradient: CH2O 2 ->

CH2Cl 2/ MeOH 9: 1) to gi ye ¥4 n

(3RS, 4SR) - 3- am no- 4-gy\l opr opy! pyrrolidi ne-

1- carboxyl i c aci dcj butyl e as |ight brown gum

M5 227.3 ([M+ H +) 101.6 In an@l ogy to exanple 11

(3RS, 4SR) - 3- am no- 4-cycl opropyl - pyrrolidi ne-1carboxyli

c acid tert-butyl ester was converted to

5-chl or o-t hi ophene-2-carboxylic acid

((3RS, 4SR) - 4-cycl orropyl -1 -{[ 2-fl uor o-4-(2-0x0-2
.diy-1-yl)- phenyl carbanoyl] -nethyl

;¢%¥%P%ﬁﬁdin-3-y|)-anide. O f-white anorphous solid.

M5 515.3 ([ M+ H +) Exanple 102 102.1 In analogy to

exXasblteon] 01339 mighyBS,49) et-bidathdorand idghbmee 2ychetiNnyl)-amino]-1-{[ 2-

g gl? {3%%% _E%Q ﬁ#i‘éﬂﬂ}— %‘3@:‘ @%/én? igl%;:a@g)tyﬁ yrllgtﬂiylr}—epyir%'ﬁ%n -3-yloxy)-

( BRS,CZBR@) ethylbﬁtezy(bxafmp‘leﬂﬁyb ipy® moll THF rveas 3rcatedbwitly 11i2d4 m1 1IN
aﬁa@%ﬁaﬁé{ lstiﬁr&ﬁ ®r 5 L}Qﬁtr,t” The reaction mixture was concentrated. The

crude product was purified by chromatography (silica gel; gradient: CH,Cl, ->
CH2Cl/MeOH 7:3) to give 279 mg ((3S,4S)-4-[(5-chloro-thiophene-2-carbonyl)-
amino]-1-{[2-fluoro-4-(2-oxo-pyridin-1-yl)-phenylcarbamoyl]-methyl }-
pyrrolidin-3-yloxy)-acetic acid as white solid. MS 549.3 ([M+H]")

Q
N
(@]
HI\/Q/O
N
N F
. 5
N “
JH (
P\
O

Example 98

A solution of 50 mg ((3S,4S)-4-[(5-chloro-thiophene-2-carbonyl)-amino]-1-{[2-
fluoro-

4-(2-oxo-pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-yloxy)-acetic acid
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yellow solid. M5 248.3 ([MH +)102.2 In analogy to
exanpl es 101.2-101.6

W@ 3R&14RE) - | - benzyl - 4- met hyl pyrrolidi ne- 3-carPOREP1006/061776

acid ethyl ester was converted to
5 chl oro- thi ophene-2- carboxyli HOxci d

&3RS pi% th% 15 ?\{ﬁ% t?ea e% w1to ZEX rrrllgdilr?lrrlo_mu chloride, 21 mg
}Ez]b@tethyl pyrrol idin-3-yl)-amde. Wite solid. M5

3 ﬁ@h% Hlli @MM Ei%g?aégglﬁ émk{]uﬁg ?y;é, Fot%}@d over night at r.t.,

( Iﬁl’ﬁnh&)ﬁéﬁlﬁﬁritydl) tThie- dred dpt ikl v i Yataimby @olueSchromatography

92&% ﬁaﬁgﬁgﬁﬁi %Egnéﬁ ng/ﬂ\fff‘é?Hdél he 18- Bdxipei & chloro-
a@lhldpl@éd@}d c@&bbHic abidgd'(BSMSj hQWUahﬂ)Vh@eth(M@ BHO-AudrbMtH-oxo-

(@P@%gl& rpﬂiﬁ %43%?3 wﬁﬁwwﬁw@rwmjhﬂf %—é-ﬂ)sa@gi&ba&ywhlée solid.

augsﬂmMMﬁs}@r was converted to

5-chl or o-t hi ophene-2- carboxylic acid
((3RS,4SR) - | -{[ 2-fl uoro-4-(2-oxo-pyridin-1-yl)-
phenyl car banmoyl ] - net hyl =
}-4-phenyl -pyrrolidin-3-yl)- am de._ Wint e lsolid. s
551.2 ([ M+rH +) Exanple 104 an logy to
exanple 101.1 (E)-4-nethyl - t\, oi cPaci d et hyl
ester and

N- benzyl - N- ( met hoxynet hyl )tr rret hyI si |yl met hyl am ne
(CAS 93102-05-7) were Hea to give

(3RS, 4RS) - | - benzyl - 4- i gop} opyP- pyrrol i di ne- 3- car boxyl i
c acid ethyl ester. ht yeI%yN%i l.

o}

Cl

Example 99

According to general procedure D ((3S,4S)-4-[(5-chloro-thiophene-2-carbonyl)-
amino]-1-{[2-fluoro-4-(2-oxo-pyridin-1-yl)-phenylcarbamoyl]-methyl }-
pyrrolidin-3-yloxy)-acetic acid (example 97) was reacted with cyclopropylamine to
give 5-chloro-thiophene-
2-carboxylic acid ((3S,43)-4-cyclopropylcarbamoylmethoxy-1-{[ 2-fluoro-4-(2-oxo-
pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-yl)-amide. White solid. MS
588.5 ([M+H]")
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104.2 I n analogy to exanples 101.2-101.6
3RS, 4RS) - | - benzyl - 4-i sopropyl pyrrolidi ne- 3-carboxylic

wa@edod/1et4hyl ester was converted to PCT/EP2006/061776

5-chl oro-t hi ophene-2- carboxylic, acid

((3RS, 4SR) - | - {[ 2- f | uor o- 4- ( 2- oxBpyri di n-1-yl) - phenyl c
ar banoyl ] -nethyl

}-4-isopropyl -pyrrolidin-3-yl)-am de. -white

anor phous solid. M5 515.3 ([ MtH = |l e 105 105.1
In anal ogy to exanple 101.1 §
((E)-5-(tert-butyl-di net hyl psNnam xy)Qpent- 2-enoi c
acid nmethyl ester (CAS 688801-64- and

N- benzyl - N- (et hoxynet hyl )\t riymet hyl si | yl net hyl am ne

(CAS 93102-05-7) were we €d, to give (3RS, 4RS)-1-
benzyl - 4-[ 2- ( S H O
err-butyl -di net hyl - Ll nonxyé-eﬁryl]-pyrrolidine-3-ca

b=

rboxylic acid met®yl ~¥ster. |i ellowoil. M5 378.3

([M:H] +) 105.2 In analogy to xa&%EEs 101.2-101.6

(3RS, 4RS) - | - benzyl -4-[2-(terr-butyl di net hyl -

si l anyl oxy)-ethyl]-pyrrolidine-3-carboxylic acid

met hyl ester was converted to

5-chl or o-t hi ophene-2-carboxylic acid

[ (3RS, 4SR).- 1 -{[2-fl uoro-4-(2-

o%ﬁwﬁgkggbidin-I-yI)-phenyI-carbannyl] - met hyl

}-4-(2-hydroxy-ethyl)-pyrrolidin- 3-yl]-am de.

%’%fgcwﬁiftigetoag@)feﬁi]l- q@clesl@ké M (45,4519 [35-Ch Mol ivplanptabonyl)-
o r rence e

3300 it SRe P bRyt i) oy mben drabap eyl mefhyks

dbgﬁgﬁ(}dﬁﬁ—ﬂﬁx?&gﬁ@@ Labfdi |(§;gaﬁﬁ@e ml7% .wziélh FAcled. l%ﬁlhnhjl)me@_@ﬁamine

a ol.| owe . the itian of et oxal yl chl o

( g?"i@d@}ﬁlderh e'or eé’é’f’i on 'Oﬂ'ﬁ}lgpm'%f%i’?@@c at a‘?@ O{ég‘LS)"l'

f dtm@hiicarbdheylheRtdyon {2 kiotoel-was afterwards dil uted
WS i'din‘:"f-%%th%n?lggrb?m%yl R S 5 ) -amide.  Oft
white solid. MS 576.3 ((M+H]")

=
J LT
NH
. 5
ISR
of < A)r’N
(0]

AN

Example 101

101.1 To a stirred, cooled (0 °C) solution of 3.18 g N-benzyl-N-
(methoxymethyl)trimethyl-silylmethylamine (CAS 93102-05-7) in 30 ml CH.Cl,
under an argon atmosphere was added dropwise a solution of 1.69 g (E)-3-

cyclopropyl-acrylic acid methyl ester (CAS 59939-11-6; J. Org. Chem. 1990, 55(10),
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aq. Na2C33 solution (10% 20 m) and aq. HO sol ution
(IN, 20 m). The organic phase was dried over Na2SO ,

wo pdobar4ol and evaporated to dryness to yield PCI/EP2006/061776

(3-tertbut oxycar bonyl anm no-
pyrrolidin-|-yi)-oxo-acetic aci et hyl ester (3.63 @)

a rk re il M5 287.3 .+ . 106.2 )
SR TR e By Aatering 50D F: Then- 4 Sl Sba A in 5
aenldCEity waeal@dd {ebpRisg)wivias 10immoMWIRS AditdiGhcdriplete, the
m[nz. and '[FA}r(7 m.ég/vvas added. The m iture_vva stirred
atIBBITG CSlo Wiy W milg 4B Jp 100 CRIPGFAHES dvap StitFpd pcraefe Then,
§ 31;efalm'imrdowa§ taihhtdh Ryitty bgbggx Waﬁfé_ﬁlt\i/iﬂll @ag%dq.;smmwgo;iggﬁ% brine,
riflu or ate as r rown Qi . . 7.

( e ) MESB:aiEredh st 5onasn BHEn A -GudeBdFicwiselated by
( Chn P grapisy (Nilsa0del q@rddienT:HiyclohBxadit)->a8dlobBkancEOAcI)3) to

was added. This mxture was stirred at 25 0C for 30
meh® A sol ution of

(3:1@migh @3RI AR 1 -Beizyl-4 Yy o PHDYyRE AT b1 IRAE B EafoRYlic @Rl methyl
trlflué%Loa?etat.e g?%@ issolved in THF {10 m)
afeieisgighy gy off WIS 2Q0-3HMEHI @ t he reaction mi xture.

The obtained reaction m xture was stirred for 18 h at

25 0C. Finally, the reaction mx e was evaporated to
dryness. The crude product was fied by

chromat ography (silica gel; gratkent: CH2O 2 to

CH2Cl 2/ MeOH 98:2) to give {3-
chl or o-t hi ophene- 2- car bewyl )¢ani no] -pyrrolidin-1-yl}-o
Xo-acetic acid ethyl ester (19 g) as an orange oil.
M5 331.3 ([MH +, O -isgovefes)%l06. 4

| - (4- Ami no- 3-fl uoro-phen§| )-d Hpyridin-2-one (74 ng)
was di ssolved in toluene (5 n) and treated with a
solution OFAIMe in toluene (2M 0.18 nm). The

101.2 To a stirred solution of 1.13 g (3RS4RS)-1-benzyl-4-cyclopropyl-
pyrrolidine-3-carboxylic acid methyl ester at r.t. in 10 ml methanol under an argon
atmosphere was added 113 mg 10 % Pd/C. The mixture was then stirred at r.t.
under a hydrogen atmosphere overnight. The catalyst was filtered off and rinsed
with methanol. The filtrate was concentrated to leave 630 mg (3RS,4RS)-4-
cyclopropyl-pyrrolidine-3-carboxylic acid methyl ester as a light yellow oil.
MS170.3 (IM+H]")

101.3  To a stirred, cooled (0 °C) solution of 625 mg (3RS,4RS)-4-cyclopropyl-
pyrrolidine-3-carboxylic acid methyl ester in 6 ml dichloromethane under an argon
atmosphere were added 0.51 ml triethylamine and 0.30 ml pyridine. To this was
added a solution of 806 mg Boc,O in 4 ml CH,Cl, over a period of 10 min. The ice
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m xture was stirred for 2 h at 25 0C. After that, a
sol ution of {3-[(5-chlorothi ophene-

wQ@2manbanyl ) - am no] - pyrrolidin-I-yl}-oxo-aceti BCHEPIH6/061776

ethyl ester in toluene (2 m) was added to the

reacti on mixture. The whol e nixtthe was stirred at 110

Oﬁ or 18 h and hhen.cooled to 25.0C The,g}xtﬂ{e was

t REH YReHrUChidPH SHELS & Tl iMds comch 9vermghty | The midpre was
Thigtufeld | Wit Ce1263E vaishiéd wRH Oy NIMERM XD hiv@ bHR,Gried deeMbSO,,
S%Shl ro-ahio hene-ﬁ-ca&ﬁox¥llc acid .

{l _'[[3%_ £ 1208, §° _etltzrg‘gg o- 2%y tude inO_d)l}Fl) _was purified by column
plBfyh asErapOXailich belpyycldhekdhen> Iohe@ﬁh/@@OA@@:ElXWﬁa glazé 635 mg
{g%ﬁgmg_}l—@%rgs lp%rr(ogiyrpguglpﬁ—@}@rbolx?ﬁct Oarc?ds)l'—tert—l?lﬁ?fl eester 3-
| e Bhtedastdoldrieson gt by Msma.ql('[mnﬁ;ﬁ- carboxylic

acid ethyl ester (10 g) (CAS152188-51-7P, synthesis

descri bed at Jean Pierre Begue et al. Tetrahedron

Lett., 1993, 34(20), 3279- ? s di ssol ved in ethano
(100 m). Acetic acid (0.19 my, di- t rt. butyl

di carbonate (7.6 g) and é?/:2§%296 106 ng) were added

to the solution. The argon atpeSphere was changed to a
hydr ogen at nosphere. The yﬁ uretwas stirred for 1 h

at 25 0C and the hydrogen at ®osplere was then

refreshed. The m xture was afterwards stirred

additional 7 h at 25 0C, filtered then through a
sartorius funnel and the filtrate was evaporated to
dryness. The crude product as dissolved in THF (100
m1§1.én dfmatserred solutipy .of ORAME PIRIARS) wasychgdesy! porolidine-1,3-

Saic%ﬂo‘%ﬂicawd tlt}grt-@uﬁ;l QiEr ‘é@ﬁetﬁgrli &l C!it ]}.?.rin 5 ml ethanol under an
argon atmosphere was added 4.7 ml 1 N NaOH. The mixture was then stirred for
4 h, then concentrated, dissolved in 5 ml H,O, acidified to pH ~ 1 by the addition
of 1 N HCI, and extracted with EtOAc. The combined organics were washed with
H>O and brine, dried over MgSQ,, filtered and concentrated to leave the crude
product as a colorless gum which turned to an off-white solid after standing one
night at room temperature: 497 mg (3RS4RS)-4-cyclopropyl-pyrrolidine-1,3-
dicarboxylic acid 1-ferz-butyl ester. MS254.1 ([M-H])

>(O\N(O

rac P
HO K
>

101.5 To a stirred solution of 200 mg (3RS, 4RS)-4-cyclopropyl-pyrrolidine-1,3-
dicarboxylic acid 1-rert-butyl ester at 80 °C in 2 ml dioxane under an argon
atmosphere were added 0.20 ml diphenylphosphoryl azide and 0.16 ml N-
cthyldiisopropylamine. Stirring at 80 °C was continued for 4 hrs. Then, the hot
mixture was poured onto 15 ml 1 N KOH and the product was extracted with

EtOAc. The aqueous phase was back extracted with EtOAc. The combined organics
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2 h at 25 0C. After that the m xture was diluted with
CH2A 2 (100 m) and extracted with water. The organic

wo 200en14486 dri ed over Na2SO, filtered and evapor/BP®U6/061776

to dryness to yield

(3RS, 4SR)-4-trifluoronethyl - py‘rHﬁ‘I‘i di ne-1, 3-di car boxyl
Ichfegq(,: :ng}éédo\%vﬁ}g t[—kg)ugl{cg _b%%%,[e qsg)}] g\t_g_e)rhyl\l_/lg ;e ltege%' a?nGd ggnc%rsltrated.
( 3RS, cAGR) prbdiict Whaipiof®t By kol Qirioﬁﬁaﬂ@rﬁpkg‘ @ilearebRXyddient:
[ d 1-tert-hu ster. 3-et hyl ter .76 g) was

didESiv ey qtfﬁCSIZQ)%F{Rﬁ %) (Q givey lmg)(3§§6§H-éﬂf?lé9*g'z@0@?f0pyl-
wasrralidiad 1t @rbdelie melds ir@nbuilh st Xds Ukght Vg wat biihed M9r227.3
1%1}2 %25 OC. The reaction mxture was then dil uted
witM+ElPc 2 (50 M) and treated with HO (IN, 20 ).

The aqueous phase was extracted twice with CH2A 2 (20

m ) and the conbi ned orgag] ok%aers were dried over
Na2SO , filtered and evapeflatefl to dryness to yield

(3RS, 4SR)-4-trifluoronethyl - ol i di ne-1, 3-di car boxyl

ic acid 1-tert-butyl estres (5. 8/g) as |light yellow

solid. M5 284.3 ([MtH +)  J07.%

(3RS, 4SR) - 3- Tri f | uor omet hyl Z4- (2 i met hyl si | anyl - et ho
xycar bonyl am no) - pyrro-1lidine-1-carboxylic acid
tert-butyl ester was prepared according to the nethods

descri bed for exanple 40.1 to yield 3.1 g as a yellow
oil. M5399.5 ([M+ H+) . 107.4

(361 4R 3ndib Sy ' 2 6ROV o ATH N9 At 1-
CFFL% i S f A0S 2 Gapon b
t epboryhcydcid eriebutxhestgir wisaeaderdet o1 dichiprodhiopbenre-hadexylic
desgri bed fo B _Yiel 31-8-8%-
oot Ne 300 GRCTRRH L oobf KB fighot 0 8% SRy

phenylcarbamoyl]-methyl}-pyrrolidin-3-yl)-amide. = Off-white amorphous solid.

MS 515.3 ([M+H]")
=
0 N |
T
NS TF
o«
N “
iﬂk L
CIX

Example 102

102.1 In analogy to example 101.1 ethyl crotonate and N-benzyl-N-
(methoxymethyl)tri-methylsilylmethylamine (CAS 93102-05-7) were reacted to
give (3RS,4RS)-1-benzyl-4-methyl-pyrrolidine-3-carboxylic acid ethyl ester. Light
yellow solid. MS 248.3 ((M+H]")
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107.5 5-Chl oro-t hi ophene-2-carboxylic acid
((3SR, 4RS) - 4-trifluoronethyl pyrrolidin- 3-yl)-amde;

whyasoctabori de was prepared according to the neChBE®06/061776

descri bed for exanple 40.3 to yield 0.98 g as a yellow
foam M5 299.3 ([ MHH +, CIisoTBS%S). 107. 6

5- Chl or o-t hi ophene- 2-carboxylic acid

((3SR, 4RS) - | - {[ 2-fl uor o- 4- ( 2- oX

2H pyridin-1-yl)-phenyl car bano met hyl
}-4-trifluoromethyl-pyrrolidif-3-yl)- am de was
prepared according to the nmetNQds described for
exanple 40.4 to yield 60ng s /a white solid. MS 543.2
([MrH +, O -isotopes). Exa € +108

S- Chl or o- t hi ophene”- car bgxyNj ¢ aci d

((3RS, 4RS) -1 -{[ 4- ( 3- oxo0- nnrﬁ%ol|n 4-yl) -
phenyl car banoyl ] -nethyl
}-4-trifluoronethyl-pyrrolidin-3- yI) am de was
prepared starting fromexanple 107.5 according to the

gib.?rgd deasnl% olégte fel%fr‘%tap%%l :1@1821\}%1%3 (%%S%M begg)lz—e —r%ethyl—

Clpy]tl‘SE(ﬂlﬁB-eS()aIb(ﬁ)yHﬂﬁble Anyli dster orat@dvéraddl et S-cBns-ahidhRehe-2-

t he follomnn i ngr edi ent act din a
08ﬂ$8 1onalgna r Ing?@ggﬂﬁgﬁlngg%kgﬁF ﬂ% ARyridin-1-yl)-
Cophproylgagh 0 oyl o et ya)-4-m eti- @mﬂmd&OQLyg z[fﬂlde White solid. MS

hégé%zéxég?blhge7gég|ﬁgose 23.5 ng 43.5 ny Lactose
Z
oYY
HLNQ i
N, TF

\ rac

w
I

CX

Example 103

103.1 In analogy to example 101.1 ethyl cinnamate and N-benzyl-N-
(methoxymethyl)tri-methylsilylmethylamine (CAS 93102-05-7) were reacted to
give (3RS, 4SR)-1-benzyl-4-phenyl-pyrrolidine-3-carboxylic acid ethyl ester. Light
yellow liquid. MS 310.1 ({(M+H]")
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Povi done K30 12.5 ng 15.0 ng Sodium starch gl ycol ate
12.5 ng 17.0 ng Magnesium stearate 1.5 ng 4.5 ny

w@ kmenel40Méi ght) 120.0 ng 350.0 nrg Fi | m Coat: PCT/EP2006/061776

Hydr oxypropyl nmethyl cellulose 3.5 ng 7.0 ny

Pol yet hyl ene gl ycol 6000 0.8 ng‘ﬁ*ﬁ ng Talc 1.3 ng 2.6

nmg Iron oxyde (yellow) 0.8 ng 1.6 ng Titan dioxide 0.8

ng 1.6 ngThe active ingredient is sieved and m xed

with mcrocristalline cellulose and the m xture is

gremol amedaandgly a0 S @kathpln le DOIOﬁ\G' n%@HSWSR@JTLEBr?EyILﬁphenyI—
wat er .. ate i s xe with sodi um ch .

P ERI4E P lE afid R I oVt Bt SeBlors wioghepe2
keﬁﬂbekﬁlcof 120 auid 350 ny ((mmmmqrzmuon (&e@xa)eﬂ)ﬁmﬁq -yl)-

T Lo TR SRR b ARBET UL v

CGBLaKan@]Uhe followi ng ingredients can be
manufactured in a conventional manner: Ingredients Per
capsul e Conpound of fornmula (1) 25.0 ng

AQQ
ﬁ O -

Example 104

104.1 In analogy to example 101.1 (E)-4-methyl-pent-2-enoic acid ethyl ester and
N-benzyl-N-(methoxymethyl)tri-methylsilylmethylamine (CAS 93102-05-7) were
reacted to give (3RS,4RS)-1-benzyl-4-isopropyl-pyrrolidine-3-carboxylic acid ethyl
ester. Light yellow oil.

1042 In analogy to examples 101.2-101.6 3RSA4RS)-1-benzyl-4-isopropyl-
pyrrolidine-3-carboxylic acid ethyl ester was converted to 5-chloro-thiophene-2-
carboxylic acid ((BRS4SR)-1-{[2-fluoro-4-(2-oxo-pyridin-1-yl)-
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Lact ose 150.0 ng Mai ze starch 20.0 ng Talc 5.0 ng The
conponents are sieved and m xed and filled into

wa@2psalasl of size 2. Exanple C Injection sol ut PONEPAGIN61776

have the followi ng conposition: Conpound of fornula

(1) 3.0 ng Polyethylene G ycol‘WO 150.0 ng Acetic

Acid q.s. ad . pH 5. ter for injectjon solutions a ,
" Poenletnertin Poist R Tauen purah S8t YBammica. m xt dok-white
ofamRepiy@ishylien®1$H el M9 *and water for injection
(part). The pHis adjusted to 5.0 by Acetic Acid. The
volume is adjusted to 1.0 m by addition of the

resi dual amount of water. The solutionA3filtered,
filled into vials using an appropriat oVl rage and
sterilized. Exanple D Soft géfati psyl es cont ai ni ng
the follow ng ingredients ca faBtured in a
conventional manner: Capsul ¢ cohtepts Conpound of

formula (1) 5.0 ng YeIIow@ 8.0 ng

\ rac

Example 105

105.1 In analogy to example 101.1 ((E)-5-(tert-butyl-dimethyl-silanyloxy)-pent-
2-enoic acid methyl ester (CAS 688801-64-1) and N-benzyl-N-(methoxymethyl)tri-
methylsilylmethylamine (CAS 93102-05-7) were reacted to give (3RS4RS)-1-
benzyl-4-[2-(tert-butyl-dimethyl-silanyloxy)-ethyl]-pyrrolidine-3-carboxylic  acid
methyl ester. Light yellow oil. MS 378.3 ([M+H]")

105.2 In analogy to examples 101.2-101.6 (3RS, 4RS)-1-benzyl-4-[2-(zert-butyl-
dimethyl-silanyloxy)-ethyl]-pyrrolidine-3-carboxylic acid methyl ester was
converted to 5-chloro-thiophene-2-carboxylic acid [(3RS,4SR)-1-{[2-fluoro-4-(2-
0x0-2H-pyridin-1-yl)-phenyl-carbamoyl]-methyl }-4-(2-hydroxy-ethyl)-pyrrolidin-
3-yl]-amide. Off-white amorphous solid. MS 519.3 ((M+H]")
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Hydr ogenat ed Soya bean oil 8.0 ng Partially
hydr ogenated plant oils 34.0 ng Soya bean oil 110.0 ny

woeioght44of capsul e contents 165.0 ng CGel ati n CBOEBEEP®06/061776

Gelatin 75.0 ng dycerol 85 %32. 0 ng Karion 83 8.0 ng
(dry matter) Titan dioxide O.4‘H§‘Iron oxi de yel | ow
1.1 ng The active ingredient is dissolved in a warm
nelting of the other ingredients and t i Xxture is
filled into soft gelatin capsul es Qf pr|priate si ze.
The filled soft gelatin capsufes tr¢ated accordi ng

to the usual procedures. Exa heDs cont ai ni ng
the follow ng ingredients can be nanufactured in a

conventi onal manner: Conp of formula (1) 50.0 ng
Lactose, fine powder 1Q15.0 g Mcrocristalline
cellul ose (AVICEL PH 102N 14066 ng Sodi um
car boxymet hyl cel | ul 14.0 ng OH ..

cXx

Example 106(reference)

106.1 3-(tert-Butoxycarbonylamino)pyrrolidine (2.5 g) was dissolved in
acetonitrile (20 ml). DIEA (2.28 ml) was added followed by the addition of ethyl
oxalylchlorid (1.49 g). The reaction mixture was stirred at 25 °C for 3 h. The
reaction mixture was afterwards diluted with ethyl acetate (50 ml) extracted with
ag. NaxCOj solution (10%, 20 ml) and aq. HCl solution (1N, 20 ml). The organic
phase was dried over Na,SOy, filtered and evaporated to dryness to yield (3-tert-
butoxycarbonylamino-pyrrolidin-1-yl)-oxo-acetic acid ethyl ester (3.63 g) as dark
red oil. MS287.3 (IM+H]").

106.2  (3-tert-Butoxycarbonylamino-pyrrolidin-1-yl)-oxo-acetic acid ethyl ester
(1.5 g) was dissolved in CH,Cl, (7 ml) and TFA (7 ml) was added. The mixture was
stirred at 25 °C for 3h, evaporated to dryness to yield crude (3-amino-pyrrolidin-1-
yl)-oxo-acetic acid ethyl ester trifluoroacetate as red brown oil (1.57 g). MS 187.3
(IM+H]")

106.3 5-Chloro-thiophene-2-carboxylic acid (0.94 g) was dissolved in THF (10
ml) and CDI (0.94 g) was added. This mixture was stirred at 25 °C for 30 min. A
solution of (3-amino-pyrrolidin-1-yl)-oxo-acetic acid ethyl ester trifluoroacetate
(1.57 g), dissolved in THF (10 ml) and DIEA (0.89 ml), is added to the reaction
mixture. The obtained reaction mixture was stirred for 18 h at 25 °C. Finally, the
reaction mixture was evaporated to dryness. The crude product was purified by
chromatography (silica gel; gradient: CH,Cl, to CH,Cl,/MeOH 98:2) to give {3-[(5-
chloro-thiophene-2-carbonyl)-amino]-pyrrolidin- 1-yl }-oxo-acetic acid ethyl ester
(1.9 g) as an orange oil. MS 331.3 ([M+H]", Cl-isotopes).
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Pol yvi nyl pyrrolidon K 30 10.0 ng Magnesi unst ear ate
10.0 ng Flavoring additives 1.0 ng The active

WO ogradident is m xed with | actose, mcrocri st aP¢T/RR2006/061776

cel l ul ose and sodi um car boxynet hyl cel |l ul ose and

granul ated with a m xture of p-ol%"vi nyl pyrrolidon in

wat er. The granulate is m xed with nagnesi unst earat e

ange.dhd- (f4AMM—B-rf@loﬂd@héﬂﬂ)G$quﬂidﬁﬂ—|Zldliﬂ (78trag) was dissolved in

S i 1g: Co ds of .fiarou I

mﬁ@ﬂgéen(%ﬁiagﬁ_taa@_% g(ﬂl 1?n _()E/(A%;Iggépﬁ%lglﬁgl_ﬁ &1\)[, 0.18 ml). The
- OiQuriNkas gitirced( 10y -2Ch O)t-2NPE.,  Adkeri @a‘pheng'lha'me of {3-[(5-chloro-

hetigpRay- @aﬁﬁoﬁ’}'f'l) BRI AR NG - S&Y- chﬁperd&heréﬁl 1 ester in
Lot en'b

het er oaryl ene and het el ng opti onal

sipluena el vy agdrd tetheispeliopupatitcudhe gvhokd@p@ir@w syrred at
s alleeat es f3omd then %@1@@ t(92)519('1 SThdghihreGlas tRéKitateRith acetic

PAPIQE Yo b o PR s st el R TR 10 i

6®hlkl(r@ t]hlo@halhd@k)lﬂ)oxylﬁ(]\lﬁlﬂ?' AhiexguoroR-(Aoxb-B; pyridin-1-yl)-

PR S RS TIECRST AT 08 M S, K F5S s ams

(IM+H]", Cl- isotopes).

RAEN

O
HN

O
O)\f

N

e

n

oy

Example 107

107.1 Under an Ar atmosphere 1-benzyl-4-trifluoromethyl-pyrrolidine-3-
carboxylic acid ethyl ester (10 g) (CAS152188-51-7P, synthesis described at Jean
Pierre Begue et al. Tetrahedron Lett., 1993, 34(20), 3279-82) is dissolved in ethanol
(100 ml). Acetic acid (0.19 ml), di-zerz. butyl dicarbonate (7.6 g) and Pd/C (10%,
106 mg) were added to the solution. The argon atmosphere was changed to a
hydrogen atmosphere. The mixture was stirred for 1 h at 25 °C and the hydrogen
atmosphere was then refreshed. The mixture was afterwards stirred additional 7 h
at 25 °C, filtered then through a sartorius funnel and the filtrate was evaporated to
dryness. The crude product as dissolved in THF (100 ml) and water (10 ml).
DMAP (20 mg) was added to the solution and the mixture was stirred for
2hat 25 °C. After that the mixture was diluted with CH,Cl, (100 ml) and extracted
with water. The organic layer was dried over Na,SOj, filtered and evaporated to
dryness to yield (3RS,4SR)-4-trifluoromethyl-pyrrolidine-1,3-dicarboxylic acid 1-
tert-butyl ester 3-ethyl ester (9.76 g) as colorless oil. MS 312.3 ((M+H]").
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i ndependently C1-6 alkyl or R and R', together wth
the nitrogen atomto which they are attached, form

whedenomycl yl and wherein R and R' are indepepcERP1096/061776

Cl-6 alkyl or R and R', together with the nitrogen
atomto which they are at t ached!>%or m het er ocyclyl; X3

i s hydrogen, phenyl, heteroaryl or heterocyclyl, said
pHeng! ,(3mnm)%ﬂyiﬂuanﬂnétﬁylep}méﬂi@l_iw 1,b?iidhgb<ﬁ@1i& @gdl 1-t¢rt-butyl
S A Y or r u uent s.. epen
SRRl PRl 0B Ry IR DRI VR Bl IVEREORACRY o6
algk ovey adied byére, eraylaino, Hict moxtumnwarostirninr @8 fakk9s °C. The
CaRsEaA MR P e S Sur o) Wl LA i O
saB Dt ulBe) 2aR§ons -Ibase Ry [extractegopyies vathy CklpCl. C8aphnmd the
2 combd Nrbdalic Jafer abviel drd G verSRSN Glter & @ldkevhpordicd d @h(r':{\;ness

.at f i d. ph l .. t er.oar.yl
et dRl AR AR Ryt BT e R aBiea et T gl dofhgrbuo
gesiep(S. 8D ds sightyydilogeolibMEA8H63 gMyl] ) YL is - C( O - NH,
-C(O-NHCH 2- or -NHC(O-; Y is phenylene,

hepes0 9y Hala £ iR in0)-
POt ARSI AL i
sppaPilidincet-cpposrie epidniiebuibsstet teast Bropadpasrdeding yio the
s el BRd RAIEHBAL e ShRPR: ﬂ@.‘ﬂst'os_ﬁélﬁ%.@f% Gda RlkY 0il. CHS 399.5
cillc%oghllsyl , C-7cycloal kyl-C 1-6 al kyl, CI-6 al koxy,
halogen,” cyano, nitro, anmino, -CONHG _ 6 al kyl,
-CON(C 16 alkyl) 2, -CONR R’
1074 (3S,4R)-3-[(5-Chloro-thiophene-2-carbonyl)-amino]-4-trifluoromethyl-
pyrro-lidine-1-carboxylic acid tert-butyl ester was prepared according to the
methods described for example 40.2 to yield 1.3 g as a yellow foam. MS 399.3
([IM+H]", Cl-isotopes).

107.5 5-Chloro-thiophene-2-carboxylic  acid  ((3SR,4RS)-4-trifluoromethyl-
pyrrolidin-3-yl)-amide; hydrochloride was prepared according to the methods
described for example 40.3 to yield 0.98 g as a yellow foam. MS 299.3 ((M+H]", CI-
isotopes).

107.6 5-Chloro-thiophene-2-carboxylic acid ((3SR,4RS)-1-{[2-fluoro-4-(2-0xo0-
2H-pyridin-1-yl)-phenylcarbamoyl]-methyl }-4-trifluoromethyl-pyrrolidin-3-yl)-
amide was prepared according to the methods described for example 40.4 to yield
60 mg as a white solid. MS 543.2 ([M+H]", Cl-isotopes).

OHF\:~<F
Thsh
X N
Kfo
F
/©/NH
N

Xx
e}
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wherein R and R', together with the nitrogen atomto
whi ch they are attached, form heterocycyl, wherein R

w@emofRi44ar e i ndependently Cl-6 al kyl or R andP®Y/EP2006/061776

together with the nitrogen atomto whi ch they are
attached, form heterocyclyl and Idfrerein R and R' are

i ndependent ly C1-6 alkyl or R and R', together with

t izampieri®gen atomto which they are attached, form

het erocyclyl; Y3 is hydrogen, phenyl, heteroaryl or

het e I

hat %18%&6 fﬂlé{ I y Su}g&&]? ua%c%d&?{)ﬁisgfﬁ‘ies‘{ 1- 3%3 NSLERONSLN 4 y1)-
s@bgwl@a@m@yll mfépéh@-émﬂwowﬂeémwommrﬁ yheungjdowas prepared
C RS o8 Khmpls ﬁ)76§ Mé)vdl to tﬁE Wﬂodsnﬁg&gﬁﬁ' ’foﬁéééﬂl%ies 39.1

n| tr tuted am

ai B9 oL B S i G HnbL S 57 kg (N DAL IGuioiepeo).
amnoCl 6 alkyl, di-G-6 alkyl substituted am no-G -6
alkyl, -SO 2-C 6 alkyl, -S -S@ NH G _ 6 al kyl
and -SO2-N(Ci _ 6 al kyI) 2, Ze;s or two carbon atons
of said phenyl, heteroar S erocyclyl being
optionally repl aced witfi a carb nyl group; Rl is

hal ogen, carboxyl, Cl-6 al koX§garbonyl, hydroxy Cl-6
al kyl -NH-C(O - , N(CI _6 al kyl )N(hydroxy G _6

al kyl)-C(O -, Cl-6 alkyl- Q -, halo G _6

al kyl -NH-C(O -, C3-7 cycl oal K e al kyl -NH C(O) -
hydroxy C16 al kyl, hydroxy, Ci#6 al koxy, Cl-6 al koxy-C
1-6 al kyl-, halo Cl1-6 al koxyalkyle, halo Cl- al kyl,

hal o Cl1-6 al koxy, heterocycl y[ Qo al kyl-, Cl1-6

(0]

Example A

Film coated tablets containing the following ingredients can be manufactured in a

conventional manner:

Ingredients Per tablet

Kernel:

Compound of formula (I) 10.0 mg 200.0 mg
Microcrystalline cellulose 23.5mg 43.5mg
Lactose hydrous 60.0 mg 70.0 mg
Povidone K30 125 mg 15.0 mg
Sodium starch glycolate 125 mg 17.0 mg
Magnesium stearate 1.5 mg 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 1.3mg 2.6 mg
Iron oxyde (yellow) 0.8 mg 1.6 mg

Titan dioxide 0.8 mg 1.6 mg
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al kyl - sul fonyl am no-G - al kyl-, (Cl-6 al kyl -
sul fonyl) (Cl1-6 al kyl) am no- Cl-6 al kyl-, Cl1-6

wa@bdoghiigar bonyl am no-Gi - al kyl -, hydroxy Cl-6 BCRBR2006/061776

amno, di-Q_ 6 alkyl substituted am no, nono-GC _ 6

al kyl substituted anino, di-Q- bZ%lkyl substituted

am no-C 1-6 al kyl-, nono-C _ 6 al kyl substituted

am no-C 1-6 al kyl -, di-haloC 1-6 al kyl substituted

am no, nono-hal oC 1-6 al kyl substituted am no, C3-7

C itk @ativeyih guailiont i€sievedl doyl mixed hthaheayeikillinartiNdodeiand the

arigfe ey e o dphodib s € g me

a:gll?nlu-late lﬁflmﬁecﬁbvkh |s@(aﬁbmﬁa&gh @yc(ﬁlatalaha Eﬁageﬁﬂmﬁtearate and iy
a -sul f on car bo no-
alR £e§§eg&8 %eﬁf]g"eé&a% Ogﬁhﬂ 33{;]11“%/&3%8{)6(3 T% fhe Kernels are

alldequared avithamydgiouskomtiah K ¥hgpeRddm Of the Gbdve@nentioned film coat.
al kyl sul fonyl)( Cl1-6 al kyl) am no-, heterocyclyl,

hﬁ%o efgq{ ed heterocyclyl, Cl-6 al kyl sul fonyl oxy-C 1-6

a ?fﬁ , (Cl-6 al kyl carbonyl) (Cl1-6 al kyl)am no-(C 1_6

al kyl)- or NRTT-C 1-6 al kylwherein R and R', together
wiahsitléseconiaiviog ére fatlewing dn grbdiedts tirehe maeufatthedied,

f%rge%tilnqt am cont aining one to six carbon atons, one
TR0 AT OO St oms of the heterocyclyl in said

het erocyclyl-Q 6 alkyl-", said

" hegrediontgcl yl - ami no-CGi - al kyl -", said " ( heRercagydd yl )
(Cl 6 al kyl)am no- Cl- alkyl-", said "heterocyclyl"

I ed heterocyclyl" being ionally

replm}% gd ??dﬁﬁgﬁ%gﬁ bonyl group; 29 ISQ

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.
Example C

Injection solutions can have the following composition:

Compound of formula (I) 3.0 mg
Polyethylene Glycol 400 150.0 mg
Acetic Acid g.s.ad pH 5.0

Water for injection solutions ad 1.0 ml



or is hal ogenated heterocycryl-Q o al kyl-, di-haloC

1-6 al kyl substituted am no-d-6 al kyl-, nono-hal 0Q 6
wa@bdoghisgobsti t uted am no-C -6 al kyl -, Cl- al kyPCT/pPmng/b61776

optionally substituted by one, two or three sanme or

di fferent hal ogen atons, C3-7 t?%*oalkyl optionally

substitut.ed by one, two or three r. differept

hal 8@8%%&%&51%6?18 Sissol¥ iyt S g By esyiene Gheibrng water
i sfoﬂm;dabg@qy(plaa;% @habtqudjgfited\l%%6 l.gb étfvj mdﬁ’l Fﬁ@%lﬁhe@g e

i ndependen rogen, -6, a opti.ona o

S GERRRGE 20 THyP IR e U7 e sttt o M s sobytion i
hailliegdnfiidddan®, vildudin € %€ habliate opdragnald Yergsbst i t ut ed

by one, two or three sanme or different hal ogen atons

o# Cs-&ggycloalkyl-ﬁ - al kyl optionally substituted by
of&4mp or three sane or different hal ogen atons, one

or two carbon atonms of the heterocyclyl in said

" Baltgglatiatcgoulee t@rteiayg thit fdllowidd Kgtedientsaag bemanufactured in a
tmocargon atons_of the phenyl in said "phenyl

oﬁ??%ﬁ P?@Igfmgﬁﬂtuted by one, two or three sane or

di fferent hal ogen atons” and one or two carbon atomns
ofCaphide Ghtehteycl oal kyl in said "C3-7 cycl oal kyl
optionally substituted by one, two or three sanme or

di tons" and "C3-7 cycloal kyl - Cl-6
aF%%ﬁkggﬁpgﬁgﬁﬁgygbstituted by one, two o‘gpﬁiee same

or different hal ogen atons"” being optionally replaced

wiYehow waar bonyl gr oup; 8.0 mg
Hydrogenated Soya bean oil 8.0mg
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 % 32.0 mg

Karion 83 8.0 mg (dry matter)
Titan dioxide 0.4 mg

Iron oxide yellow 1.1mg

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.
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Rl is hydrogen; or Rl and R1 form together with the
sane carbon atomto which they are attached, -C(=0) -,

WO a{0sCH42) -, C3-7 cycl oal kyl or heterocyclyl, BPCEEP006/061776

two carbon atons of said heteroc%gl yl being optionally
repl aced with a carbonyl group‘;1 is hydrogen or Cl-6
al E%';l is 1 or 2; provided that when X1 is -C(O-CH
2P e (O -NH or -C(O) -, then X3 is not hydrogen,
and when Y1 is -NHC(O-, then Y3 is not hydrogen; and
pISasticthadntdivgih g Weefol1oMinigSn gr€di€) ts ik be inbgMfadftirddSin a conventional
-C(O-NHCH 2-, and when Y1 is -C(O-NH+ or -NHC(O)-,
t %% is -CHR 2-C(0)-NH or - C(O-CH 2-NH; and
prodrugs and pharmaceutically acceptable salts

t ldengeiundwiiésreiula (Ine term "heterocyclyl " ns@a0smg
non-aromati c nono- or bi-cyclic radicals of three to
ei-ght ri-ng _atons in which one or two ring are
h'elzggel%eab%%ﬂgo‘g%frect ed fromN, O or S(O n mgﬁggn is
an integer fromQo 2), the remaining ring atons being
CMibectignlime hetidood AYICERBHN2p nmonocycl i cl1400.0bingycl i c
radical of 5 to 12 ring

Sodium carboxymethyl cellulose 14.0 mg
Polyvinylpyrrolidon K 30 10.0 mg
Magnesiumstearate 10.0 mg
Flavoring additives 1.0mg

The active ingredient is mixed with lactose, microcristalline cellulose and sodium
carboxymethyl cellulose and granulated with a mixture of polyvinylpyrrolidon in
water. The granulate is mixed with magnesiumstearate and the flavouring additives

and filled into sachets.
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atons having at |east one aromatic ring containing
one, two, or three ring heteroatons selected fromN,

w@00anti4® the remaining ring atons being C, WCHEP1N6/061776

under standi ng that the attachnment point of the
heteroaryl radical is on an aroh®ti ¢ ring. 2. The
conpounds according to claim1, wherein X is

phenyl ene, heteroaryl ene or heterocyclylene, said
phenyl ene, heteroaryl ene and heterocyclyl en being
optionally substituted by one @4inigpre substituents
i ndependently selected fromthe group consisting of

Cl- alkyl, G .6 koxy, .hal ogen, cyano, nitro, am no,
) c]50 NH%HHROUQFWF%OTW W(c 1 alkyl)2, -CONR R’
wherein R and R', together with the nitrogen atomto
whi ch they are attached, formgieterocycyl, > R
wherein R and R' are iqgﬁg ently Cl1-6 alkyl or R
and R', together with t ni gén atomto which they
ocycl yi\, angk wherein R and R’
are i ndependently Cl-6 a pJ%ﬂggﬁg R', together
with the nitrogen atomto ich they are attached,
form heterocyclyl; Y is phenyl ene, heteroaryl ene or
het er ocycl yl ene, sai d phenyl ene, heteroarylen@ and
het erocycl yl ene being optionally substituted § one or

are attached, forrehe}:

wherein

X' is-CHR*-C(0)-NH-, -C(0)-CH,-NH-, -C(0)-NH- or -C(0)-C(0)-
NH-;

X s phenylene, heteroarylene or heterocyclylene, said phenylene,
heteroarylene and heterocyclylen being optionally substituted by one or
more substituents independently selected from the group consisting of
Ci6 alkyl, C3.7 cycloalkyl, Cs 7 cycloalkyl-Ci.¢ alkyl, Ci.¢ alkoxy, halogen,
¢yano, nitro, amino, -CO-NH-C\_¢ alkyl, -CO-N(C;.¢ alkyl),, -CO-
NR’R” wherein R and R”, together with the nitrogen atom to which

?"
0y ¢ N\ ,
they are attached, form heterocycyl, R" wherein R’ and R” are

independently Cy_¢ alkyl or R’ and R”, together with the nitrogen atom

0o wherein

to which they are attached, form heterocyclyl and
R’ and R” are independently C_¢ alkyl or R” and R”, together with the

nitrogen atom to which they are attached, form heterocyclyl;

X’ ishydrogen, phenyl, heteroaryl or heterocyclyl, said phenyl, heteroaryl
and heterocyclyl being optionally substituted by one or more
substituents independently selected from the group consisting of Cy.¢
alkyl, Cy.6 alkoxy, halogen, cyano, nitro, amino, mono-Cj.¢ alkyl

substituted amino, di-C.¢ alkyl substituted amino, mono-C,_¢ alkyl
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nore substituents independently selected fromthe
group consisting of Cl- alkyl, Cl-6 al koxy, hal ogen,

w@yaeal44mi tro, am no, -CO NHC 1- al kyl, -CO NeQ/LP2006/061776

alkyl)2, -CONR R' wherein R and R, together with
t he nltrogen atomto which they e attached form

het erocyc rei.n a d pendentl Cl-

Al kol or TROSREFRRRR R doiectlon o ey g e Sl -

\ghl chdt gesoaces zlk&laistg)’adflflﬁ OB0L-INH €T, Q@G Hld - Nt'@rseu@bz,
an ' el nde n

t oget her ?Petqué 8§é‘ %ﬁ?@%@%ﬂc%@t%’éﬂﬂ a?shetefocydyl

at t ached, bdigs @pthﬁtaﬂyﬁ@mhd/tmhaleafb%nbagr@ car boxyl ,
C1- al koxycarbonyl hydroxy G - al kyl - EfC( : N(C|_

6 al k | kyl)-C(O-, C-6
al kyl - ‘%w Ogerﬁ%toﬁ ‘d“% bal kyl -NH-C(O) -, C3-7
cycl oaI kyl -d- 6 al kyl -NH C(O)-, hydroxy Cl al kyl,

hydr 0%y, €1€60BNELXYC(OFINE -@Hkoy-NBI-C@®)al kyl -, hal o
Ci1-6 al koxyal kyI -, halo Cl1-6 al kyl, halo Cl-6 al koxy,

het | 6 | [ -.. Cl- | k | = .

oul Ty e irevieRe el basiesad e anuitghgpiens. o

al kyl) amﬂnﬁoa@]bneah&héteroo(jdlyIBnealbdﬂyg emwnlauylydtﬁmune&@ one or
6 al kyl -,

substi t ut e8 8)%‘] rl?’}tq)fﬂga Efno eéﬂ%i;ﬁ%ﬁe%s%%gtﬂ?? %ff"gﬁ C%%Sr%g of
di-C 6 a(E&,yd]kﬂ llbﬁﬁdytluhlkyl am aeloalkyl-6,_ahlkyll €;.¢ 416 Ealogen

1-6 al kyl substituted a 6 k al oO
al kyl subSFTedviae & waﬁ%ﬂfﬁwﬂﬂ %Qr%‘sma ¥2,-CO
subst i t utR’Rindnmein B3 aidd &Y clogéth kywiatiniearitch genadtéiyil to which

|
N
Rl

they are attached, form heterocycyl, wherein R’ and R” are

independently Cy¢ alkyl or R’ and R”, together with the nitrogen atom

0o wherein

to which they are attached, form heterocyclyl and
R’and R” are independently C_¢ alkyl or R’ and R”, together with the

nitrogen atom to which they are attached, form heterocyclyl;

Y’ ishydrogen, phenyl, heteroaryl or heterocyclyl, said phenyl, heteroaryl
and heterocyclyl being optionally substituted by one or more
substituents independently selected from the group consisting of Cy.¢
alkyl, Cy.6 alkoxy, halogen, cyano, nitro, amino, mono-C;.¢ alkyl
substituted amino, di-Cy.¢ alkyl substituted amino, mono-C,_¢ alkyl
substituted amino-Ci.¢ alkyl, di-Cy.¢ alkyl substituted amino-Cy_¢ alkyl,
-SO2-Cy6 alkyl, -SO,-NHj, -SO,-NH-C6 alkyl and -SO,-N(Cy_¢ alkyl),,
and one or two carbon atoms of said phenyl, heteroaryl and

heterocyclyl being optionally replaced with a carbonyl group;

R" s halogen, carboxyl, C;.¢ alkoxycarbonyl, hydroxy Cy.¢ alkyl-NH-C(O)-
, N(Ci.6 alkyl)(hydroxy Ci_¢ alkyl)-C(O)-, Cy.¢ alkyl-NH-C(O)-, halo
Ci6 alkyl-NH-C(O)-, Cs.7 cycloalkyl-Cy.¢ alkyl-NH-C(O)-, hydroxy C;.
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30

, heterocyclyl-amno-C -0 alkyl-, (C- Cyd CalUCyl) (C1-
al kyl) amno-C _ 6 alkyl-, (heterocyclyl) (Cl- alkyl)

waeionoi@t 6 al kyl -, Cl1-6 al kyl carbonyl - G al kyPET/EEDOG061776

al kyl -sul f onyl am no-, Cl1-6 al kyl - car bonyl am no-, (Cl-6
al kyl carbonyl) (Cl- al kyl)ani nol37 (01

o Kyl out 6T oo GiglS oot Al chagp Crs alkoxy-Cy.
hal ogenat @dn(pletmwcy@élkh, hal® Cal kikbsy h&@fac;vagqyclq alkyi-, _Cl-s
1) oAt Ron S Gy s G b - g Ao
with the mlgamglerclaétaqa{mic@rbMylaﬁlﬁdueysalkgl alydAsh ey ¢ alkoxy-,
b AR I R R

2 FL elr ocygg?{%n(ﬂrc]lgCgrs glggvdlu;lsuta?)g%nhﬁ@@lq@ml yﬂnoamm%ﬁayi

ani %o G aftgilutedampo @t@% y&l;hploama% § ybHirsdertRed

heterocyChwnbaiMP@Qﬂk &adshmté&-ﬁhﬁ@e@; Weychbakyfdd 19@Ju6au<y1-

group. 3. The co | to an one of cl ai ns
1 and 2, WhEFerys! rrpgo d‘%k%(ﬁﬂp @ky&mmno Cis

4. The coaw Nr(ﬂéteﬁ%(y‘/él[vﬂ% Qaﬂ@l)@ﬁﬂn@@?s@]ﬁ?’p'@ﬂ{ﬁﬁ( ylcatbn a/l Ci.
3, wherein ene tignal g substitute
by one or ¢ #6¥e @tf@%lfy,ltsvﬂlgmy ni”ﬁ@eﬁﬁﬁé’é‘ﬁﬂ"?@ eplapingy (Ci

fromthe ﬂ]ﬂ(?l'éﬁb@ﬁﬂ?(‘@ts'a Dol @cfaédﬂydx %ﬁ%dﬂ?i)@@?g‘ 3

The conpound according to any one of ai ms
wher ei n xolkylaning-, (GeAliylspéoriyb( F&ﬂélklyk)a@ﬁ'@s’theﬁ%?@@i}’by

one or NDhoseIRdHct@bdyeR, €Nl alkdls@BS T 10xy-C 6 alkyl-, (Cy6
alkylcarbonyl)(Cy_¢ alkyl)amino-(Ci.¢ alkyl)- or NR'R”-C,.¢ alkyl-
wherein R” and R”, together with the nitrogen atom to which they are
attached, form a lactam containing one to six carbon atoms, one or two
carbon atoms of the heterocyclyl in said “heterocyclyl-Cy_¢ alkyl-“, said
“heterocyclyl-amino-Ci.¢ alkyl-*, said “(heterocyclyl)(Cy.¢ alkyl)amino-
Ci6 alkyl-*, said “heterocyclyl” and said “halogenated heterocyclyl”
being optionally replaced with a carbonyl group;

or

R" ishalo genated heterocyclyl-C;.¢ alkyl-, di-haloCy_¢ alkyl substituted
amino-Cy6 alkyl-, mono-haloC,_¢ alkyl substituted amino-Cy_¢ alkyl-,
Ci.6 alkyl, phenyl optionally substituted by one, two or three same or
different halogen atoms, Cs.7 cycloalkyl optionally substituted by one,
two or three same or different halogen atoms or Z-carbonyl-Cy_¢
alkoxy-, in which Z is hydroxy, Cy¢ alkoxy or NR’'R”, wherein R’ and
R” are independently hydrogen, Cy.¢ alkyl optionally substituted by
one, two or three same or different halogen atoms, Cs.7 cycloalkyl
optionally substituted by one, two or three same or different halogen
atoms or Cs.;7 cycloalkyl-Cy_¢ alkyl optionally substituted by one, two or
three same or different halogen atoms, one or two carbon atoms of the

heterocyclyl in said “halogenated heterocyclyl-Cy ¢ alkyl-, one or two
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atons. 6. The conpounds according to any one of clains
1to5 wherein X2 is 2-fluoro- 1, 4-phenylene. 7. The

wa@ewpouads according to any one of clainms 1 toPGI/EP2006/061776

wherein X3 is heteroaryl optionally substituted by one

or nore substituents i ndepende‘nﬁgy‘ selected fromthe

group consi sting of -6 al kyl,. Cl-6 al koxy,  hal] ogen
cyano, ni £t Oﬁﬁg)néﬁﬂf%‘? pl%\%r%‘r?éldolphf"@/ﬁ OBH?%%W Sﬁi’%ﬁ%te@?y
het er oalzr3 y b%é,&w@ Pk itla@kdnye <sxecnff%_éﬁdhamgeh a@orﬁ@’réa@][byllelor two
group. 8. € conpo S _.acco ng. to. a on cl al
077, CuhPen Ao Slahe g 21 G loalsaPinomish Iy Sthbatlid G depaly
by one or simtieitelBpbnd, WenbsthradQRRNG Itdryn SRl Reh 8dms” and
fromthe gyou Oﬁﬂfvﬁf'ﬁgtgf Cl-ﬁ alkél, Cl- 6 al koxy
hal ogen, cyahv - SraAtyarR g ally spstivéeddhy ik e phigEee
atonms of pythd Sydifteen ORAIbEMNAU M ST IRP BERIMIY FepBiced with a
car bonyl gr%u&, 9. The conpounds according to any one
of clai ms“AOPRYIEO%herein X3 is 2- oxo-

2H pyridyn-1-yl. 10. The conpounds according to any

one oR'clighgdroget;@r9, wherein Y1 is -C(O- NH or
-C(O-NHCH 2- . 11. The conpounds according to any

one of,iclaims. 1 to erein Y2 is heteroa éee

opti ofarng R likn Batbir wiT Bieur e SLUBLs PTLRG are
attached, -C(=0)-, -C(=CHy)-, Cs 7 cycloalkyl or heterocyclyl, one or
two carbon atoms of said heterocyclyl being optionally replaced with a

carbonyl group;
R® s hydrogen or Cy¢ alkyl;
n is 1 or 2;
provided that when X' is -C(0)-CH,-NH-, -C(O)-NH- or
—C(0)-, then X’ is not hydrogen, and
when Y' is -NH-C(O)-, then Y* is not hydrogen; and
provided that when X' is -C(0)-NH-, then Y' is -C(0)-NH-CH-, and

when Y' is -C(0)-NH- or -NH-C(O)-, then X' is -CHR*-C(0)-NH- or -
C(0)-CH,-NH-;

and prodrugs and pharmaceutically acceptable salts thereof;
wherein

the term “heterocyclyl” means non-aromatic mono- or bi-cyclic radicals of
three to eight ring atoms in which one or two ring atoms are heteroatoms

selected from N, O, or S(O)p (where n is an integer from 0 to 2), the

remaining ring atoms being C;
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i ndependently selected fromthe group consisting of
hal ogen, Cl- al kyl and G -6 al koxy. 12. The conpounds

wa@ewendi4ng to any one of clains 1 to 11, wher ePCI/FR2008061776

het er oaryl ene optionally substituted by one or nore
same or different hal ogen at ons!913. The conpounds
accordjng tq e of clains to .12, wherejn_ Y3

Pyar odEptrg e B BB e B SbieS Gy ZTing
C:ﬂaI m‘atdrquﬁ Ea\i‘h,tﬁg at\élé‘h@f @id’hrb’ﬁat\(@rmg Sorﬁalénng one, tv&ao or three ring
chl or t i ogphen The ca unds, accordin

any ong'gpat ﬁnéls‘ﬂ%“%i %%mﬁ (9 ,A‘gﬁwrﬁm@gnqg mi%ato%ﬁ@emgc
conpouridsthaaaédiafginl@h@nie ﬁmﬁhﬁfenﬂb 1ot the h@teﬂ(ﬁryl radical is
wherein RL is %droxy, C _6 al koxy, nono-C -6 al Kyl
subst (P ORANEE (T 6 al kyl sul fonyl)(C 1_6

al kyl )amino-, G _6 alkylsulfonyl-anmino-, G _6

akky| cambeoyipah dccord @16 cRiidiy] aneepnyl ) (C 1_6

al kyl )yam no- or CF3. 17. The conpounds according to
claim 0-t hi ophen 20ar lic acid
(35, 28 ¥ Pt Ggoas(Se ok hBrg )Ty Gy Sid Bhdyiche

| -yl') - phetydroanylasayd hetergeldlylen being optionally substituted by one or

1 éﬁ‘%?é"r?lﬁ{e" %hé}ﬁgeg H&‘.%B%Pﬁx Sﬁ‘if‘&.‘edl from the group consisting of
(3S, 495 d:rfié[ﬂz}*lfd:lwl&?xﬂl Hao g Qeydirpyitreli anino, -CO-NH-C 6 alkyl,

3
Z,l )ne?ﬂg%& g\@ﬁ’égﬁ gﬁgﬂm@ém R’ and R”, together with the
Ch

- Chl or o-iibgpheoe- tB*\ﬁﬁ(E}bﬂmy bicat@ched, form heterocycyl,
(3S,4S) - 4-net Iapxy- 1- {[4-(2-oxo0-2-
N
R wherein R’ and R” are independently Cy ¢ alkyl or R” and

5-
(
| -
}-
5
(

R”, together with the nitrogen atom to which they are attached, form

FI‘"
\ N\

heterocyclyl and o

wherein R’ and R” are independently Cy 6
alkyl or R” and R”, together with the nitrogen atom to which they are

attached, form heterocyclyl,

Y s phenylene, heteroarylene or heterocyclylene, said phenylene,
heteroarylene and heterocyclylene being optionally substituted by one or
more substituents independently selected from the group consisting of
Ci6 alkyl, Cy.6 alkoxy, halogen, cyano, nitro, amino, -CO-NH-C,_¢ alkyl,
-CO-N(Cy.6 alkyl),, -CO-NR’R” wherein R’ and R”, together with the
nitrogen atom to which they are attached, form

?"
Y N\

heterocycyl, ~ R wherein R’ and R” are independently C; ¢ alkyl

or R”and R”, together with the nitrogen atom to which they are

attached, form heterocyclyl and wherein R” and R” are
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pyridin- |-yl)-phenyl carbanoyl] -nethyl
}-pyrrolidin-3-yl)-amde,

w®2@@hl1orot t hi ophene- 2- car boxyl i ¢ aci d PCT/EP2006/061776

((3S,4S)-1-{[2-fluoro-4-(3- oxom)ropholln-
4-yl) - phenyl carbarmyl] - met hyI' -

}5 LCLZhlngE golir(lﬁf:}g%r ! o a&ﬁ;ﬂ%g‘(@ 11'8{% itheether with the nitrogen atom

((3S, 4S) -lo-vifiien fHey@fmélclﬁé& mfﬁph'dt@ébydyl
I -yI ) - phenyl car banoyl ] - net hyl

tho rrolidin y ,
B o EY Bt L Ca b PadiRnal. hydroxy Co s alkyl NH-C(0)-
((3S, 45_) 4N(3Chmﬂﬂyl)(lllydt{oﬁi}2cf JE MQ?IQC‘((X)ZQ 6 alkyl-NH-C(O)-, halo
?XS;/P%/L: ;jl i Wﬁpgﬁﬁ%eaﬂ C)E}C ;1 Cis aEkyYE\IH C(0)-, hydroxy C;.
5- Chl or o- t hlk?]phﬁﬁ@xﬁ@@ﬁm@xylclg aﬂ@)lxylcl 6 alkyl-, halo Cy¢ alkoxy-C;.

|[ f §|S) 43?1:?1#&‘2#%@81@% ﬂ]lentba(@?Il 6 %E'S’%’y, ileterocyclyl Cis alkyl-, Ci6
}-4-(2-hy dﬂ(‘})P(S(ﬂi@CZgl@PfIYﬂO RY.E ﬁl@k I di03 6 aﬁ(yb‘&u]lfon W@%,alkyl)ammo—

3R, 4S)- 3 t hi
eyl ) Cat o G glGhstng g{;f%p;’gg %d SaeioR-

aci dd[ 2- f hith@1 (9 dA € @ alyIcsuB kRN fell Ahfino | m ¥ 0-CRh &yl dhbstituted
-am de,

(3R, 49) - 38P[1%5 dehi-or Yk HPYPRISA @M e Y] maRp oy alky]
-net hyl  } substiRit@Dad R C o) AN Y- haroc:@g B}ﬁywslubﬁuaféuqmmo

2-f1 4- |

Eim deu?rso ﬁsﬂ?%?l(@ﬂéﬁ%@ﬁwuﬁ%{ @% > 20%5%&%}%?}1510 &rriolkyl-

o] -methy| he}terécmra@ﬁwﬂl rg@ﬂdyﬂl (r@ . c}clsakm]m{g mkyg@mﬂlo Cie
|

(2- - di n-| -
[2-f] uoro 4 (hgt)((arocyclyleelél |

1-6 a]kyl)ammo C1 6 alkyl Cis a]kylcarbonyl Ci.
6 alkyl—, Ci.6 alkyl-sulfonylamino-, Cy.¢ alkyl-carbonylamino-, (Cy.¢
alkylcarbonyl)(Ci.¢ alkyl)amino-, (C.¢ alkoxy-carbonyl)( Ci_6
alkyl)amino-, (Cy.¢ alkylsulfonyl)( Ci.¢ alkyl)amino-, heterocyclyl,
halogenated heterocyclyl, Cy_¢ alkylsulfonyloxy-C;i_¢ alkyl-, (Ci.6
alkylcarbonyl)(Cy_¢ alkyl)amino-(Ci.¢ alkyl)- or NR'R”-C,.¢ alkyl-
wherein R” and R”, together with the nitrogen atom to which they are
attached, form a lactam containing one to six carbon atoms, one or two
carbon atoms of the heterocyclyl in said heterocyclyl-C; ¢ alkyl-, said
heterocyclyl-amino-Ci.¢ alkyl-, said (heterocyclyl)(Cy.¢ alkyl)amino-C;.
6 alkyl-, said heterocyclyl and said halogenated heterocyclylbeing
optionally replaced with a carbonyl group.

3. The compounds according to any one of claims 1 and 2, wherein X' is -CH,—
C(O)-NH- or -C(0O)-NH-.

4.  The compounds according to any one of claims 1 to 3, wherein X? is 1,4-
phenylene optionally substituted by one or more substituents independently

selected from the group consisting of C;.¢ alkyl and halogen.
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(R) -3-{[ (5-Chl or o-thi ophene- 2-car bonyl ) -am no] - net hyl
}-4- et hyl am nopyrrolidi ne- 1-carboxylic acid

WO 2006l1u@nD- 4- ( 2- 0xo0- 2H pyri di n-1-yi) - phenyi] - BET/EP2006/061776

form ate,
{(R) 4-{[ (5-Chl or o-t hi ophene- 2- 1:6alrbonyl) am no] - met hyl

fluoro-4-
(é oxcz)rhﬁPQIBPP?%‘I"%CFOT)‘H%%Bﬁ@?ﬁ??‘%%ﬁ%’f’?ﬁ)}lt]’ pX}’]F‘i‘rS]Inl)allﬁlé
yl}- n@h&yjl@@fdpﬁﬁhﬂlyﬁs@bﬁltﬁ%ﬁfb)g'on@%t efore 8dme or different halogen
(R - 3- 5- Chl or o-t hi ophene- 2- car bonyl ) - am no] - net hyI%
-4- ( nesul fonyl nethyl -am no)-pyrrolidine-1
-carboxylic acid [2- fluoro-4-(2-ox0-2H pyridin-1
yl6) - pimaeybhpaidbeiccd8ing b an ¢ 6APoLdH s 466 8f ¢h&@intXF is 2-fluoro-
claim h is 5-Chloro-thi ophene-2- carboxyllc acid
((3R &éjplfen Eefl uor o- 4- ( 2- oxopyri di n-
| -yl)-phenyl car banoyl ] - net hyl
} J4- mhbhybmpyiid decbrdind-ty lapy oﬂm')ﬂi%lm@ﬂ to 6, wherein X is

{52 ggl rg)% %‘ﬂ&gﬂ §jl_y| suF%gutﬁéyH;Q?le %19 more substituents independently
4,5, 6 sdledi@t fradytbe group |cam;+,tm@5>f4:]1mm<w O AkykG aalbgém)tya)no

- | idj
tor mub it Rsb et etk RGPS gtap TRy  gp Uy
of f orepldcad waOR chibdnyl gouph R11 is

8.  The compounds according to any one of claims 1 to 7, wherein X’ is pyridyl
optionally substituted by one or more substituents independently selected
from the group consisting of Cy.¢ alkyl, Cy.¢ alkoxy, halogen, cyano, nitro and
amino, and one or two carbon atoms of pyridyl is optionally replaced with a

carbonyl group.

9. The compounds according to any one of claims 1 to 8, wherein X is 2-0x0-

2H-pyridyn-1-yl.

10.  The compounds according to any one of claims 1 to 9, wherein Y' is -C(O)-
NH- or -C(O)-NH-CH,-.

11. The compounds according to any one of claims 1 to 10, wherein Y? is
heteroarylene optionally substituted by one or more substituents
independently selected from the group consisting of halogen, Cy.6 alkyl and
Ci.6 alkoxy.

12.  The compounds according to any one of claims 1 to 11, wherein Y? is
heteroarylene optionally substituted by one or more same or different

halogen atoms.

13.  The compounds according to any one of claims 1 to 12, wherein Y° is

hydrogen.

14.  The compounds according to any one of claims 1 to 13, wherein Y>-Y*- is 5-

chloro-thiophen-2-yl.
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Cl1-S al kyl or substituted Cl1-3 al kyl;wherein the term
"Cl-S al kyl" neans a branched or straight-chain

worewen ad4ent al kyl radical, having one to five PeEr/BPW06/061776

atons; the term"substituted Cl-3 al kyl" neans a
stralght chai n nonoval ent alky1‘pad|cal havi ng one to

Lee . carbon at bstituted by .one or
5ot TRRToRh PRt by e O Gl ddRgTb Fergingy s 1
hydroxy, Cl-6 al koxy and hal ogen. 20. The conpounds
adéor ditegotmponhad aocdQingroemneione Bldainss 1Gb-1S, ahéiin. R'2%.

Tne CATREHD, S5ERS Py . 2B S Sl
ma n u:‘ aﬁiylyuﬁo@fl) (Che anzgmmm@d SCMany@hlfUhy?lte(tﬁihoa@ Q lraﬂdyp g
t 0 n ant.l oner a
R e T Y e

acyl oxy-pyrrolidine to the conpounds of formula (X)),
ud7ng Taelcoppoanily agodanchodsinr], shiphdt ease from
Aspergillus sojae 23. The process according to claim

f or mwgeélgﬂm heng‘p o(ﬁlﬁb sxyo(f & n%ﬁ%gqlgfj il @&I%F& 43 ox0-21-

pyridin-1-yl)-phenylcarbamoyl]-methyl }-4-hydroxy-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-1-{[2-fluoro-4-(2-oxo-2H-
pyridin-1-yl)-phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-4-methoxy-1-{[4-(2-0x0-2-
pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-1-{[2-fluoro-4-(3-oxo-
morpholin-4-yl)-phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-

amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-1-{[2-fluoro-4-(2-oxo-
pyrazin-1-yl)-phenylcarbamoyl]-methyl }-4-methoxy-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid ((3S,4S)-4-ethoxy-1-{[2-fluoro-4-(2-
0xo0-pyridin-1-yl)-phenylcarbamoyl]-methyl }-pyrrolidin-3-yl)-amide,

5-Chloro-thiophene-2-carboxylic acid [(3S,4S)-1-{[2-fluoro-4-(2-oxo0-2H-
pyridin-1-yl)-phenylcarbamoyl]-methyl }-4-(2-hydroxy-ethoxy)-pyrrolidin-
3-yl]-amide,

(3R,45)-3-{[ (5-Chloro-thiophene-2-carbonyl)-amino|-methyl }-4-
trifluoromethyl-pyrrolidine- 1-carboxylic acid [2-fluoro-4-(2-ox0-2H-
pyridin-1-yl)-phenyl]-amide,

(3R,4S5)-3-{[(5-Chloro-thiophene-2-carbonyl)-amino]-methyl }-4-methoxy-
pyrrolidine-1-carboxylic acid [2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-phenyl]-

amide,
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wherein R12 is hydrogen or an acyl group of formula
COR 13 in which R13 is G _5 alkyl; wherein the term

wO @be/1ad4byl " nmeans a branched or strai ght - chai PCT/EP2006/061776

nonoval ent al kyl radical, having one to five carbon
atons. 25. The conpounds accordiﬁﬁ‘to claim 24, wherein

Ris r n A pr.ocess for. the manufacture of

the: coARAGR G Crlsrintian o) Gboral g Mo Tos Gtk Daydroxy-
conpr ip$irbidiaeveEbdyc hdi@ B 11aa&LM(2-oxo-2H-pyridin- 1-yl)-phenyl] -
N- Boc- 3- cyano- 4- hydr oxy-pyrrolidine to the conpounds

of fof¥a (X), using a |ipase from Pseudononas as a
catal yst and a vinyl ester as an acyl donor. 27. The

]E)r OCeSSR)—aC{C((SF@hlbg?—lt}ﬁopﬂeaiem@ﬁb%ﬁge)r—aitqlfhol] heethiipas@eth§lamino-
rom Pseudanonas upr es : e cess.

accor § W&H@BC' i lb(ﬂ‘é(ﬁ%?m& f%?'ﬁ%mﬂf (é\r' 860%%1?13%@%#-}4) wignyll-
i s hydmegenrmidteacetyl . 29. A process for manufacturing

t he compounds of formula (li), (li) conprising

f or mul 09, £ 4 SRRD A Pone - eobob 3D aglht CrfuBal PR digFo-+
one of 2-ok@i2EBpytidias 1- Anghadltebadoyl Rpyirslidin-3-yl }-methyl-

carbamic acid methyl ester, or

(R)-3-{[(5-Chloro-thiophene-2-carbonyl)-amino]-methyl}-4-
(methanesulfonyl methyl-amino)-pyrrolidine-1-carboxylic acid [2-
fluoro-4-(2-oxo-2H-pyridin-1 yl)-phenyl]-amide.

18.  The compounds according to claim 1, which is

5-Chloro-thiophene-2-carboxylic acid ((3R,4S)-1-{[2-fluoro-4-(2-oxo0--
pyridin-1-yl)-phenylcarbamoyl]-methyl }-4-methyl-pyrrolidin-3-yl)-amide,

or

5-Chloro-thiophene-2-carboxylic acid {(3S,4S)-4-methoxy-1-[(5-methyl-
4,5,6,7-tetrahydro-thiazolo[ 5,4]pyridin-2-ylcarbamoyl)-methyl]-pyrrolidin-
3-yl}-amide.

19.  Compounds of formula X

oTogr
-

7 oR

10

X

wherein R" is hydrogen or an acyl group of formula —COR"' in which R"' is
Ci.s alkyl or substituted Cy_3 alkyl;
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hydrogen, Rq is - X2-X3 as defined in any one of
clains 1 to 9, R4d is Cl-6 alkyl, halo G _6 al kyl or
WO abe1abkyl - OH. PCT/EP2006/061776

20.

21.

22.

23.

24.

- 164 -

wherein
the term “Cy_s alkyl” means a branched or straight-chain monovalent alkyl

radical, having one to five carbon atoms;

the term “substituted C;.3 alkyl” means a straight chain monovalent alkyl
radical, having one to three carbon atoms substituted by one or more
substituents selected from the group consisting of hydroxy, Cy.¢ alkoxy and
halogen.

The compounds according to claim 19, wherein R is C_5 alkyl.

The compounds according to any one of claims 19 and 20, wherein R'! is
methyl.

Aprocess for the manufacture of the compounds of formula (X) according to

claim 19, comprising

converting enantiomerically enriched or racemic trans-N-Boc-3-cyano-4-
acyloxy-pyrrolidine to the compounds of formula (X), using a lipase from

Candida or a protease from Aspergillus sojae.
The process according to claim 22, wherein the lipase is from Candida

antarctica, form B.

The compounds of formula XI

oY
N
//P—"OR‘IZ

N
Xl

wherein R is hydrogen or an acyl group of formula COR" in which R" is
C1_5 alkyl;

wherein
the term “Cy.s alkyl” means a branched or straight-chain monovalent alkyl

radical, having one to five carbon atoms.
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25.

26.

27.

28.

29.

- 165 -

The compounds according to claim 24, wherein R' is hydrogen.
Aprocess for the manufacture of the compounds of formula (XI) according

to claim 24, comprising

converting trans-racemic N-Boc-3-cyano-4-hydroxy-pyrrolidine to the
compounds of formula (X), using a lipase from Pseudomonas as a catalyst and

a vinyl ester as an acyl donor.

The process according to claim 26 wherein the lipase is from Pseudomonas

fluorescens.

The process according to any one of claims 26 and 27, wherein R'? is

hydrogen or acetyl.

A process for manufacturing the compounds of formula (i),

0]

HLN/Rq
I
N_ R°
M o-r
Arr H
(1)
comprising reacting a compound of formula (29)
H
N
o $1
»‘N “5-R*
Z H
(29)

with a compound of formula (13)

0O
B \)L /Rq
' N

(13) fe

,wherein Ar is Y>-Y?- as defined in any one of claims 1, 2, and 10 to 14, R is
hydrogen, R is —X*-X° as defined in any one of claims 1 to 9, R* is Cy.6 alkyl,
halo C;.6 alkyl or -Cy_¢ alkyl-OH.



