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WO 2009/019163PCT/EP2008/059908 PYRROLIDINE
ARYL-ETHER AS NK3 RECEPTOR ANTAGONISTS The invention
relates to a compound of general formula wherein 5is aryl or a five or six
Wi mbenesk heteroaryl; Ar2is aryl or a five or six membered hetargasylz fsos
hydrogen, halogen, lower alkyl, lower alkoxy, lower alkyl substituted by
halogen, lower alkoxy substituted by halogen, S-lower alkyl, -S(0)2-lower
alkyl, -S(0)2-di-lower alkyl amino, -(CH2)gR, cyano, amino, mono or di-
lalower alkyl amino, NHC(0)-lower alkyl, cycloalkyl or is or a five
membered heteroaryl, optionally substituted by lower alkyl; wherein R is
cyano, di-lower alkyl amino or pyrrolidin-1-y1; R2is hydrogen, halogen,
lower alkylylgyenatusubstiuted oy halagengisyane: R¥s Avdiegaq or
lower alkyl or CH20H; 15 R4is hydrogen, halogen, lower alkyl, lower alkyl
substituted by halogen or cyano; is 1, 2 or 3; in case n is 2 or 3, RI- may
beltrasam@ordifferent;onpd)fdor 3rinreberotk 2 or 3, R2 may be the
same or different; is 1, 2 or 3; in case p is 2 or 3, 124 may be the same or
different; is 1 or 2; 20 or to a pha ceutgcaIIyA%cmg¥ salt thereof.

; cl

The invention includes all stefepfisonieric forms, i ing individual
diastereoisomers and enantiomer the’compound of formula (1) as well
as racemic and non-racemic mixturestjereof.
1 1/go
(R")—Ar I

wherein

Ar! is aryl or a five or six membered heteroaryl;

Ar® is aryl or a five or six membered heteroaryl;

R is hydrogen, halogen, lower alkyl, lower alkoxy, lower alkyl substituted by

halogen, lower alkoxy substituted by halogen, S-lower alkyl, -S(O},-lower
alkyl, -S(O),-di-lower alkyl amine, -(CH,;)R, cyano, amino, mono or di-
lower alkyl amino, NHC({O)-lower alkyl, cycloalkyl or is or a five membered
heteroaryl, optionally substituted by lower alkyk;

wherein R is cyano, di-lower alkyl amino or pyrrolidin-1-yl;

R’ is hydrogen, halogen, lower alkyl, lower alkyl substituted by halogen or cyano;
R’ is hydrogen or lower alkyl or CH,OH;

1§ is hydrogen, halogen, lower alkyl, lower alkyl substituted by halogen or cyano;
n is1,2o0r3;incasenis2or3, R' may be the same or different;

0 is 1,2 0r 3;in case 0 is 2 or 3, R may be the same or different;

P isl,2or3;incasepis2or3, R* may be the same or different;

q is1or2;

or to a pharmaceutically active salt thereof.

The invention includes all sterecisomeric forms, including individual
diastereoisomers and enantiomers of the compound of formula (I} as well as racemic and

non-racemic mixtures thereof,

It has been found that the present comnpounds are high potential NK-3
receptor antagonists for the treatment of depression, pain, psychosis, Parkinson’s disease,

schizophrenia, anxiety and attention deficit hyperactivity disorder (ADHD).



25It has been found that the present compounds are high potential NK-3
receptor antagonists for the treatment of depression, pain, psychosis,
Parkinson's disease, schizophrenia, anxiety and attention deficit
wypmactivigs disorder (ADHD). WO 2009/019163PCT/EP20881052908054208
The three main mammalian tachykinins, substance P (SP),
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emesis, dep ressmn anX|et%( pain and migraine (NK1) and asthma (NK2
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and negative signs and symptoms. Furthermore, an ideal drug against schizophrenia
would preferably have a low dosage allowing once-per-day dosage, due to the low
adherence of schizophrenic patients.

35 In recent years clinical studies with selective NKT and NK2 receptor
antagonists appeared in the literature showing results for the treatment of emesis,

depression, anxiety, pain and migraine (NK1) and asthma (NK2 and NK1). The most



exciting data were produced in the treatment of chemotherapy-induced
emesis, nausea and depression with NK1and in asthma with NK2-
receptor antagonists. In contrast, no clinical data on NK3 receptor
antagonists have appeared in the literature until 2000. Osanetant (SR
142,801) from Sariofi-Synthelabo was the first identified potent and
selective non-peptide antagonist described for the 11K3 tachykinin
receptor for the potential treatment of schizophrenia, which was reported
in the literature (Current Opinion in Investigational Drugs, 2001,2(7),
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9 rtf:!*%ln zlLI(yn é%b ﬁﬂ%l&gsdseéﬁl%’\@%?é@l&n, pain, bipolar disorders, psychosis, Parkinson’s
dlsease, schizophrenia, anxiety and attention deficit hyperactivity disorder {ADHD).
The preferred indications using the compounds of the disclosure are

depression, psychosis, Parkinson’s disease, schizophrenia, anxiety and attention deficit

hyperactz\flty disorder (ADHD).

In a first aspect, there is provided a compound of formula

. 3 AR-RY,
<R>p‘q_’}of .

N
(R"—Ar' © I
wherein
Ar' is aryl or a five or six membered heteroaryl;
Art is aryl or a five or six membered heteroaryl;

R is hydrogen, halogen, lower alkyl, lower alkoxy, lower atkyl substituted by



wherein R is cyano, di-lower alkyl amino or pyrrolidin-1-y1; R2is hydrogen,
halogen, lower alkyl, lower alkyl substituted by halogen or cyano; R3is
hydrogen or lower alkyl or CH201-1; R4is hydrogen, halogen, lower allcyl,
lower alkyl substituted by halogen of gyano; is 1,2 or 3;incase nis 2
or 3, R1 may be the same or different; ois 1,2 or 3; in case ois 2 or 3, R2
may be the same or different; is 1, 2 or 3; in case pis 2 or 3, -12.4 may be
the same or different; is 1 or 2; or a pharmaceutically actiye.s Iéé})hetieof,
including lmimadamrﬁk@wm%ﬁfé%dm&%ﬁﬁ?ﬂiéﬁ]n%‘?@l’oaﬁ%% BotRE of
formula (g, waet asdideemiel ayldmbnsrdCaMmigRnrivduresnireredhin o di-
second a%p‘,‘;ecrtéﬁls%ggﬁﬁ&fﬁﬁé@é)@&ﬁ@@@%l!%@é@ﬂﬂf@ﬂ%@&Ha@ membered
compound as defined ,a%gﬁ[/e, \(g/htl.g{:ht ocess com rises a) reacting a
compound S PRI R ESMBGUNd Of formula - 3b-

wherein R is cyano, di-lower alkyl amino or pyrrolidin-1-vl;
R’ is hydrogen, halogen, lower alkyl, lower alkyl substituted by halogen or cyano;

(3]

R is hydrogen or lower alkyl or CH,OF;

R* is hydrogen, halogen, lower alkyl, lower allyl substituted by halogen or cyano;
n is1,20r3;incasenis2or3, R meay be the same or different;

0 81,20r3;incaseois2or3, R* may be the same or different;

D is1,2or3;incasepislor3, r* moay be the same or different;

q islorZ;

or a pharmaceutically active salt thereof, including individual diastereoisomers and
enantiomers of the compound of formula (I} as well as racemic and non-racemc

mixtures thereof.
In a second aspect, there is provided a process for preparation of the compound as defined above,

which process comprises

a) reacting a compound of formula

N
H VII-1

with a compound of formula

to a compound of formula




wherein the definitions have same meanings as described above and X is
halogen., preferably &dor, or hydrory, or b) reacting a compound of
formula with a compound of formula (R2);-Ar2,011 to a compound of
formula and if desired, converting the compounds obtained into
pharmaceutically acceptable acid add no salts. In a third aspect, there is
provided a compound as defined above, whenever prepared by a process
as defined above or by an equivalent method. In a fourth aspect, there is a
i Cleament coniaining oo, enBRIe compauAtieias slefiaadabmioand a

SFHhES tica y acceptable ex0|p|ent In a fifth aspect, there is also the
Qse%@ﬂ’é}’c@iﬁp@m@ﬁg%ﬂﬂ‘ed above for the manufacture of a
medicament for the treatment of depression, pain, psychosis, Parkinson's
diseass, schizophwedial fanridty or attention deficit hyperactivity disorder
(ADHD). -3c- The following definitions of the general terms used in
the present description apply irresp q:tlve of whether the terms in question
appear alone or in combination. As used herein, the term "lower aIkyI
denotes a straight- or branched 3
carbon atoms, for example, methyk{ett
t-butyl and the like. Preferred lower alkyl groups are groups with 1-4
carbon atoms.  The term "lower alklyl substituted by halogen" denotes an
alkyl group as defined above, wherefh ?rt’ least one hydrogen atom is
replaced by halogen, for example -CFB(#)n

with a compound of formula
2
(R A~0H
to a compound of formula
. <

R, L

and

if desired, conveﬁing the compounds obtained into pharmaceutically acceptable acid addition

salts.
In a third aspect, there is provided a compound as defined above, whenever prepared by a process

as defined above or by an equivalent method.

In a fourth aspect, there is a medicament containing one or more compounds as defined above and

a pharmaceutically acceptable excipient.
In a fifth aspect, there is also the use of a compound as defined above for the manufacture of a

medicament for the treatment of depression, pain, psychosis, Par kinson’s disease, schizophrema, anxiety

or attention deficit hyperactivity disorder (ADHD).



WO 2009/019163PCT/EP2008/059908 - 4 - CHF2, -CH2F, -CH2CF3,

-CH2CH2CF3, -C1-12CF2CF3 and the like. Preferred lower alkyl

substituted by halogen groups are groups having 1-4 carbon atoms.

The term "lower alkoxy" denotes a group wherein the alkyl residue is as

defined above and which is attachedvia an oxygen atom, for example,

methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, i-butoxy, 2-butoxy,

t-butoxy and the like. Preferred alkoxy groups are groups with 1-4 carbon

atoms. The term "lower alkoxy substituted by halogen" denotes a group

wherer[htch@ajkmhgeﬁiﬁﬂmﬁmsfdlﬁlgmﬁrah@mes lonbmnalypeubstideradrpyn apply
kl%%/ecu of} which ispttachedviaanewgen atem. JPiafessad iawer

stituted by halogen groups are groups having 10 1-4 carbon

atoms. Thea eﬁ?%ﬂg%%%&%mgh*%%tepgmﬁ&oapgrmmm%ﬂ
oa

The term c notes a saturated carb rlnt% ainin m.3-7
cﬁ?ﬁ%‘ﬁfﬁﬁ%‘nf’o?%%ah%@r SRIBBPSpYAT &ETODtL QE:Iper?c[yﬂ3 F ﬁp v
cyetoneptjlyiahd-teiked 15T hlectetralerpg kﬂ’t‘—i“"ﬁé% g éféyéﬁéfér%ﬁ?é‘ﬁé“ 14
hyglogarben radical consisting of one or more fused rings containing 6-19
carbon atoms in which at least one ring is aromatic in nature, for'example
phenyThbemay(leaphtH evbadarsa tw fefesed f%eﬂ?éeﬁ)ﬁ%ﬁg‘lyb%?ﬁ? as deped
teftp divie, Qe sixmas bated heleroant deadiesddeyaliczanofmaticmple -CFs, -
hydrocarbon radical, which contains at least one heteroatom, selected
from N, 0 or S, for example 20 quinoxalinyl, pyrazinyl, pyridazinyl,

pyrazolyl, pyridine-2, 3 or 4-yl, pyrimidinyl, oxazolyl, [1.2.41oxadiazolyl,
[1.3.4]oxadiazolyl, triazolyl, tetrazolyl, thiazolyl, thiadiazolyl, thiophenyl,
isoxazolyl, pyrrolyl, furanyl or imidazolyl. Preferred heteroaryl groups are
pyrimidinyl, pyridazinil, thiophenyl, furanyl, isoxazolyl, pyrrolyl, thiazolyl or
pyridinyl. The term "pharmaceutically acceptable acid addition salt"
embraces salts with 25 inorganic and organic acids, such as hydrochloric
acid, nitric acid, sulfuric acid, phosphoric acid, citric acid, formic acid,
fumaric acid, maleic acid, acetic acid, succinic acid, tartaric acid,
methanesulfonic acid, p-toluenesulfonic acid and the like. The following
groups of compounds of formula | are preferred: - A compound of

formula I, wherein Ari is phenyl, for example the following compounds 30
4- (3SR,4RS)-3-[(RS)-1-(5-chloro-pyridin-2-yloxy)-ethyl]
-4-(3,4-dichloro-phenyl)- pyrrolidine- 1-carbonyl] -benzoni trite WO
2009/019163PCT/EP2008/059908 - 5 6-1 (SR) - 1- [(3RS,4SR)
-443,4-dichloro-phenyl) - 144-oxazo1-5-y1- benzoyl ) -pyrrolidin-3- yl ] -eth
wry} -ni coti n on itrile 6-( (SR)- 1-1(3RS,4SR) -443,4-dichloro-phenyl) - 1-
[4-(3-methyl- [1,2,9] oxad zo1-5-y1) - benzoyl |
-pyrrolidin-3-y1}-ethoxy)-nicotinonitrile
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30

5 6-( (SR) - 1-1(3RS,4SR) -443,4-dichloro-phenyl) -1 - 14- (5-methyl-

[1,2,4] oxad zol-3-y1)- benzoyll-pyrrolidin-3-yll-ethoxy)-nicotinonitrile 6-1
(SR) - 1- [(3RS,4SR) -4 - (3,4-dichloro-phenyl) - I-(4- [1,3,4]
wredinrobR3y/1-benzoyl)- pyrrolidin-3-yll-ethoxyl-nicotinonitrileC T8 (ER) 908
- 1- [[BRSASR) - 1 - (4-cyano-2-fluoro-bepzoyl) -4 43,4-dichloro-phenyl)

10 -pyrrolidin-3-yl] -ethoxyl -nicotinonitrile or 1(3SR,4RS) -3-
(SczHdtic iR prEiiylF-4- (SR ALF( B-tiflUiotimattytplikidiPrdeytedydaver alkyl
etﬂ»ﬂln%&?ﬂ?magyélm[éﬁmgmx{m[h%éh%eql%%rxgl) -phenyl]

-methanone.” - A compound formula I, Wherein Ari is pyridine-4-34, for

examp he fOIl Wm a_][k CQ“&Q{OF%)J{%QS g%pﬁ dICeh z)ltf:l)’e :[ﬁf(Rl 251 due 1s|aa%eﬁlned

-145-chlofos pyn |n- - oro- phe - pyrroli
wpazemmdyrmﬁmbyé Yieth ansee @iﬁ@»ﬁqﬂéﬁéﬂm}ﬁdﬁﬁ- etfYoxy, propoxy,
35&8@9&5}{}*%&%‘?‘2?1 loraahenyhchy] (SR px$4hd tifl like. Preferred alkoxy groups

uoromet in-2-yloxy) -ethyl] -pyrrolidin-1 -y1}-methanone. 20 - A
com ﬁbun% f%l-é(r?ngu ax){) W)é)éreln Art is pyridine-3-yl, for example the

followin come ds [ (3SR, )-145-chtoro- yr|d|n- -
ethyl] Thaaierol ??S’niﬂg @%# &%O&ex}lﬁ Wlﬁyﬁ& %ﬂyﬁﬁs alkyl
-metidan iopeRE (1388 ARB)er A IR RDptiltes-bh hﬁbggyﬁdﬁd-gflyk]jw)attached via

-€, 4o M)e sth avin
e B oy W B having

-41(§9F RABPEpheny1)- pyrrolidin-I-yll-
(6-methoxy-pyridin-3-y1)-methanone [ (3R,4S) -3-[(S) - |

45-chlorpepysidith2agdexy it Hid3:4, iaichiomrphanyi) pyroiidin30
1-yl] (6-methoxy- pyrldln -3-yl)-methanone 5- [ (3SR,4RS)-3- ] (RS) - 1-

(5-chlofpipriicaclelly} R saBiRaicrBto P AR LAY AGARIhE-1 carbon

-Cahaf Y -Buisting wtas R [{BSR, 4R Berdyl[(RSdhdd1, cycloheptyl, and the
5- ﬁhloro pyridin-2-yloxy) -ethyl] -4-(3,4-dichloro-ph enyl) - pyrrolidin- 1 -yl]

(G-élmethylamlnomethyl -pyridin-3-y1)-methanone 35 [(3SR,4RS) -3- k
RS)- | 1Eeéﬁlﬁroaﬂ?rléﬁﬂ%%ﬂ@ﬁ%h%i‘h‘%ﬂmm@ Arerier be“hh@llﬁﬂnﬁmtmg of one or
pyHelidined riyl}s (6rmethdsufanytboyridims irylhthethanooe: M@is aromatic in
200 /01 163PCT/EP20 8 4
R R i R ey RS s s gt o
pyrrolldln -3-yl] -ethoxyl -nicotin on itril e 5- [ (35,412) -3- [(R) -
1-(5-chibrotpynidineyloxy)cetiyd Ye(@dadichlenotptrenyliy-aromatic hydrocarbon
pyHalidingni-cashenydl ysidineBeahenitriiei&ed from N, O or §, for example
OrSﬁ%%R yr%B 4%’1'1% OII)%':/O agﬁ&jj%grmﬁﬁg%nig%c% r&b% or, 4[ -yl, pyrimidinyl,
-p?/}f éY ﬁzéo y 1.3.4]oxadiazolyl, triazolyl tetrazo yl, thiazolyl, thiadiazolyl,
thiophenyl, 1soxazolyl pyrrolyl, furanyl or imidazolyl. Preferred heteroaryl groups are

pyrimidinyl, pyridazinil, thiophenyl, furanyl, isoxazolyl, pyrrolyl, thiazolyl or pyridinyl.

The term “pharmaceutically acceptable acid addition salt” embraces salts with
inorganic and organic acids, such as hydrochloric acid, nitric acid, sulfuric acid,
phosphoric acid, citric acid, formic acid, fumaric acid, maleic acid, acetic acid, succinic

acid, tartaric acid, methanesulfonic acid, p-toluenesulfonic acid and the like,
The following groups of compounds of formula I are preferred:
- A compound of formula I, wherein Ar' is phenyl, for example the following compounds

4-{(3SR,4RS)-3-[(RS)-1-(5-chloro-pyridin-2-yloxy)-ethyl | -4-(3,4-dichloro-phenyl)-

pyrrolidine-1-carbonyl]-benzonitriie



5- [ (BRS,4SR) -3- | (SR) -1-(5-cyano-pyridin-2-yloxy) -ethyl] -4-
(3,4-dichloro-phenyl) - pyrrolidine- 1 -carbonyl] -pyridine-2-sulfonic acid
dimethylamide 6-1(SR) - 1- [(3RS,4SR) -4- (3,4-dichloro-phenyl) -1-
Y@:p0eadt83yi-py dine-3-carbonyl) - [ O pyrrolidin -3-yl] -eth PCI/EP2008/059908
oxyl-nicotinonitrile

6-1(SR)-1-1(3RS,4SR)-4-(3,4-dichloro- phenyl) -1-(6-methanesulfonyl-pyri

d fre{SREarbGRY SByriolidindd-§ip e tioxy} -hicbtinerdlriley6 LE(BR) - Ly+rolidin-3-

E(G%Ff%cﬂ% rﬂc&%ﬁ’oﬁdﬁmom phenyl) - 1-
IQ%SH %éﬁg{g §%0%| lghi”é/lé %L(%Fg)j’ nieth)fng ﬂ%dmzol “5-y1)-

4b€®wﬂichwrdléilﬂehyll} fWJmmhthﬂﬂdﬁﬁe 3-carbony1)-

5 DW@B@Pﬁ{wkﬂbﬁm (BigQtinABiyile Br{1(SRU-15RBSI4 DR | oxadiazol-3-y1)-
4-% chlor g})@ 1 % 2,2,2- IrlfluorP ethoxy)-pyridine-3- carbonyl]
) Nicoti

R o

is@R&ﬂ::zS)iga(@Asaqbﬁwa@épmﬂyrpzphpeﬁi—ﬂ)@:@@rﬁiaesaéw@ﬂhwwﬁnmy :

dlh &MW)S ﬁpethoxy} nlcotlno?mﬂe i3,

et ro yrazo r in- t

C e s R L AR Sl 1
10 5- H’iﬂtﬂh@ﬁtétﬁ%}tﬁé@?@ihfzﬁ?l@mﬂéiﬁyﬂ -pyrrolidin- 1 -yll-methanone or

6- Q(@R)ﬂis @Rﬁ,%ﬁlﬁkﬁ)ﬂ@%ﬂmmqr(@iﬂhﬁmyl)flﬂmﬂ@oﬁ{ﬁ&bi pyridin-2- lyloxy)-

eth ne r nicotingnitrile
il e taisbE b e e Rk SR
example the following compound [ (3SR,4RS) -3- [ (RS)

-1- 05ﬂaﬂﬂ@rarwHﬂfararyl@xyazhat&lﬁlkxﬂi@ﬂidiﬁBl@rﬁ;rﬁ&emk)nplwrr@mnwing

5 y propyl -2,5-dimethyl- 1H-pyrrol- 3 -y1) -methanone. 30 A
com un of formula 1, wherein Ari is pyrimidin, for example the following
cdﬁé&ﬂﬁ@ RARs)-63-FtgroRyidiniidenyiethib -groxyydistHgrg-phenyh)-
4p653§41'{dﬂ@h lgm@h&ﬁbtﬁﬁpyffﬂidmw&mt hanone or

el i AS”YBX W?Q?ﬁéﬁ%@% hifd (R 68-ch

oro-pyri 34 d|c

Pl ma@éaaf%ﬁw @@ﬁ il Depbisiie ré POy none.
26 2009/019163PCT/EP2008/059908 - 7 -

(2 w&&wjgaxheyw'ﬂa% YRABSRRIIELS Ml?&@&%&%%kﬂ

oromethyl-pyridin-2-yloxy)-ethy1I-pyrrolidin-l-y1}-methanone. -
coﬁ?fﬁBBHﬁdéf formula I, wherein A is pyrldazmyl for example the foIIowmg
5 ¢BsiperAES-[(RS}- 1—{5—chEoro—pyridin—Zmyloxy) ~ethyl]-4-(3,4-dichloro-phenyl)-

pyrrolidin-1-yl]-(6-methyl-pyridin-3-yl)-methanone

25 [(3SR,4RS)-3-[(RS)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(6-dimethylamino-pyridin-3-yl)-methanone
1{35,4R)-3-[(R}-1-{5-chloro-pyridin-2-yloxy)-ethyi]-4-{3,4-dichloro-phenyl)-
pyrrolidin-1-yi]-(6-methoxy-pyridin-3-yl)-methanone
[(3R,48)-3-[(S)-1-{5-chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-pyrrolidin-

30 1-yl}-{6-methoxy-pyridin-3-yl)-methanone
5-1(3SR,4RS)-3-[(RS)-1-{5-chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl}-
pyrrolidine-1-carbonyl]-pyridine-2-carbonitrile
[{3SR,4RS)-3-[(RS)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-4-{3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-{6-dimethylaminomethyl-pyridin-3-yi)-methanone

35 [{3SR,4RS)-3-[(RS)-1-(5-chloro-pyridin-2-yvloxy)-ethyli-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-{6-methylsulfanyl-pyridin-3-y1)-methanone



6-{(SR)-1-h3RS,4SR)-4-(3,4-dichloro-phenyl)-1-(6-methyl-pyridazine-4-ca
rbonyl)- pyrrolidin-3-yll -ethoxyl -nicotinonitrile
[(BR,4S)-3-i(S)-1-(5-chloro-pyridin-2-ylory)-ethy11-4-(3,4-difluoro-phenyl)-
woreoldindtgsl 1-(6-methyl-pyridazin-4-y1)-methanone in PCT/EP2008/059908
1(3S,4R)-3-(4-chloro-3-fluoro-pheny1)-4- S)- :
1-(5-chloro-pyridin-2-yloxy)-ethyllpyrrolidin- 1-yll -(6-meth vyl
YDA 10,0t (S e (5 5}y dn by hibomphretyh -
-1-(B-mathyl-pyr -4-carhonyl) -pyrrol idin3-yl] -eth oxyl. -n
chitroneling Wl%ﬂé%g:@%%@e .
[(é)i@-%sﬁ-%h%é&%g}ﬁa?nc- SRS iRy ry et 2t (@ 4-dichiere Py enyb-
phenyldiyerohdirbdyd |- (Grivathyl-pytidaiziie4-y1)-methanone (3R,4S)-3-
5 [(§)f(éfé%:@ﬁﬁt@:P;,/J.i'.Qﬂ;@ﬁ%aYAQ)&Q;S;Mlfésr{)‘lzfl%@&%ﬁb@@}f%}}ﬂfy_rﬁ%sﬂm:%:ykoxy)-

y1]-(6-methyl-pyridazin-4-y1)-methanone or . .

1@ U U r PR TR R L bRt fomethyl-pyridin-2-yloxy)-
ethyillplsrofiRin 1l (S HE-methybpydidaziriedsy1gthyibehahdrbcidora: fhtine)-
objech RhNe PIESRALINYS RUAN. 3 fRIMPQHACERLIRIRIZ.(RZ)p )

wherein ArIi%ar | or a five or six membered h teroar{;ﬁ; 25 Ar2js ary] or
fivis 67 SIx! pieiberéd fidtetgHryI ot wydhageh HABGEH, folier BIRYE fotverons!
10 alkpeylidirafer] iy mongioedicldever alkyl amino, cycloalkyl or is lower

a'KY{|(§R5’-§tjﬂ’$§§,@M{'?%@QQ,@JJ@&M?J}Q-%&BAH]@J(B%E%thxgéggﬁﬂyh%{?gﬁ'ib—_a-
lower alkyl, cyanq or |s! wgr alkyl substituted by 30halogen or cyano; itis
hydFo e%a}ﬁ»am,-ﬁt RRYAEYLILISWEr alkyl or halogen; WO

2000 3R11D163PEIRERZ6a8I0B0908pheny!)-1-(6igtidzdr Bylrpgrdmmer fscarbonyl)-
orﬁrﬂaimﬁﬁ%gt@@%}}ngig@m%@m; oisl,2or3;incaseois2or3, R2
15 MEY R e PARE QL ARG hioro-phenyl)-1-(5-methyl-pyridine-3-carbony) -
pyrrolidin-3-ylj-ethoxy}-nicotinonitrile 4
6-((SR)-1-{{3RS,4SR}-4-(3,4-dichioro-phenyl}-1-{6-(2,2,2-trifluoro-ethoxy)-pyridine-3-
carbonyl]-pyrrolidin-3-yl}-ethoxy)}-nicotinonitrile
[(3SR,4RS}-3-{3,4-dichloro-phenyl)-4-[(SR}-1-(5-trifluoromethyl-pyridin-2-yloxy)-
20 ethyl]-pyrrolidin-1-vl}-(6-pyrazol-1-yl-pyridin-3-yl)-methanone
(6-chloro-pyridin-3-y1)-{(3SR,4RS)-3-(3,4-dichloro-phenyl)-4-{ (SR)-1-(5-
trifluoromethyl-pyridin-2-yloxy)-ethyli-pyrrolidin-1-yl}-methanone or
6-{(SR)-1-[(3RS,4SR}-4-(3 4-dichloro-phenyl}-1-(6-ethyl-5-methyl-pyridine-3-
carbonyl}-pyrrolidin-3-yl|-ethoxy}-nicotinonitrile.

- A compound of formula I, wherein Ar' is a five membered heteroaryl, for example the
following compound
[(3SR,4RS)-3-{(RS)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichioro-phenyl)-
pyrrolidin-1-yl}-{1-cyclopropyl-2,5-dimethyl-1H-pyrrol-3-yl)-methanone.

- A compound of formula I, wherein Ar' is pyrimidin, for example the following
compounds
[(3R,4S)-3-[{S)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-pyrrolidin-
1-vl1}-(2-methyl-pyrimidin-5-yl)-methanone

35 5-[(35,4R)-3-[(R)-1-(5-chloro-pyridin-2-yloxy)-cthyl}-4-(3,4-dichloro-

phenyl)-pyrrolidine-1-carbonyl]-pyrimidine-2-carbonitrile or



10

15

20

25

30

iIs1, 2 or3;incase pis 2 or 3, R4 may be the same or different; or to a
pharmaceutically active salt thereof. 5 The preparation of

compounds of formula | of the present invention may be carried out in
wequentialies convergent synthetic routes. Syntheses of the eompeRINiesTus
the invention are shown in the following sehemes 1 to 7. The skills

required for carrying out the reaction and purification of the resulting
produeis gie Knewintdithesé) Skaks4rS1G thedaticAlhe siestitudntSand - (5-
niER eRAHD G RHOMRG AesEIRtN Al ite ParsssRzALe the
significance given herein'before unless indicated to the contrary.  In

more detail, the compounds of formula | can be manufactured by the
methoslsgived ddtonubythemethbdssgivemiriniefexamplés the ylowing
a%lggghlg,@ethods. Appropriate reaction conditions for the individual
reaction steps are known to a person 15 skilled in the art. The reactign
sélieRdd i6 A iited to trbcois Ry d i SEREme iRy boryD-
dependihg-orvthetlstapindorateniat§ecand their respective reactivity the
Zﬁg&ﬁ%?—ﬁﬁ (’Q@}PI{@Q@&B%%%&%%&!% altereds SiariRgLBBEHAISI RS rrolidin-

er commercially availablé or can be prepared by methods analogous

to AL HisthTHE GivBRHEIGW biPREAYYs described in references cited in
the Heskriptidnchbloin thdl exanpples] ot Hibimetiodddinawndie- inviloeyartiifhe
Present SampeHnsoffarmua.land theirpharmaceutically acceptable
Sl ST L —
canyploethehot foweminar(Ril ;.-Aricx 0 to a compound of formula -9 -
wheseinsthe definitions Rays same MeRingsas-gescradeboreiand &-is
hallalg n%rrﬁ'— {f?rfo Egglly 1 9}/}?]9{81%[3&1%%%%1&1%{1—4—%)—methanone
[(3R,45)-3-[{S)-1-(5-chloro-pyridin-2-yloxy)-ethyl}-4-(4-fluoro-phenyl}-pyrrolidin-1-
y1]-(6-methyl-pyridazin-4-yl)-methanone or
{(38,4R}:—3-(4—ch.Eoro-phenyi) -4-[(8)-1-(5-trifluoromethyl-pyridin-2-yloxy)-ethyl |-
pyrrolidin-1-yl}-(6-methyl-pyridazin-4-yl)-methanone.

A further object of the present invention are compounds of formula

2 52
’ Ry AR,
H 0
N
1,1
O™ "Ar~(R"), ,

wherein

Ar' is aryl or a five or six membered heteroaryl;

Ar? is aryl or a five or six membered heteroaryl;

R is hvdrogen, halogen, lower alkyl, lower alkoxy, cyano, amino, mono or di-
lower alkyl amino, cycloalkyl or is lower alkyl substituted by hylogen, cyano
or amino;

R’ is hydrogen, halogen, lower alkyl, cyano or is lower alkyl substituted by
halogen or cyano;

R’ is hydrogen or lower allkyl;

rR* 1s hydrogen, lower alkyl or halogen;



5 b) reacting a compound of formula A 1 Ar (R )" XV with a compound of
formula to a compound of formula 10 and if desired, converting the
compounds obtained into pharmaceutically acceptable acid addition salts.

Waoeproeesses are described in the following schemes in mope-gletan\WeReons
2009/019163PCT/EP2008/059908 - 10 -_%Qheme 1 1

(931

10

15

20

25

n is 1, 2 or 3; in case n is 2 or 3, R' may be the same or different;
0 is 1, 2 or 3; in case o is 2 or 3, R* may be the same or different;
P is 1, 2 or 3; in case p is 2 or 3, R* may be the same or different;

or to a pharmaceutically active sali thercof.

The preparation of compounds of formula I of the present invention may be
carried out in sequential or convergent synthetic routes. Syntheses of the compounds of
the invention are shown in the following schemes I to 7. The skills required for carrying
out the reaction and purification of the resulting products are known to those skilled in
the art. The substituents and indices used in the following description of the processes
have the significance given herein before unless indicated to the contrary.

In more detail, the compounds of formula I can be manufactured by the methods
given below, by the methods given in the examples or by analogous methods.
Appropriate reaction conditions for the individual reaction steps are known to a person
skilled in the art. The reaction sequence is not limited to the one displayed in scheme 1,
however, depending on the starting materials and their respective reactivity the sequence
of reaction steps can be freely altered. Starting materials are either commercially available
or can be prepared by methods analogous to the methods given below, by methods
described in references cited in the description or in the examples, or by methods known

in the art.

The present compounds of formula I and their pharmaceutically acceptable saits can be

prepared by processes described below, which process comprises

a) reacting a compound of formula

VIi-1
with a compound of formula

“
i

1
(R )/At’ X

o

to a compound of formula



5 The 3,4-disubstituted pyrrolidines IV were prepared via a stereo specific
1,3-dipolar cycloaddition between the (E)-3-substituted phenyl-acrylic acid
ethyl ester derivatives Il and the azomethine ylide generated in situ from
e Megrmsthioxymethyl)-N(phenylmethyl)-N-(trimethylsily 1) méiplerning oipoos
in the presence of a catalytic amount of agid, such as TFA. Reduction of
the ester moiety using standard conditions for 10 example LiAlb14 yielded
the alcohol V. Standard Ivlitsunobgeaction with for example a phenol,
pyridin-ol, pyrimidin-ol gave the afyl-éther VI. Selective N-debenzylation
was then carried out using sevefal kngvn pggcedures which are
compatible with the substitution ‘getterns of the Brématic rings to afford VII.
Final derivatives I-1 were obtained yida coupling with a suitable acid
chloride or carboxylic acide using kripwn is methods. WO 2009/019163

- It - Scheme 2 PCT/EP2008/059908AiAIH THF, OC d.r: 1/1 WO
2009/019163PCT/EY2008/059908 - 1%;(1 )n(RZ), (12%)0 rA 2 (R4)Ar2

wherein the definitions have same meanings as described above and X is halogen,

preferably chloro or hydroxy, or

b} reacting a compound of formula

with a compound of formula

to a compound of formula

and

if desired, converting the compounds obtained into pharmaceutically acceptable acid

addition salts.

The processes are described in the following schemes in more detail.
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NaH, DMF Bn XI-B The 3,4-disubstituted pyrrolidines IX were prepared
via a stereo specific 1,3-dipolar cycloaddition between substituted
(E)-4-phenyl-but-3-en-2-one derivative VIII and the azomethine ylide
wermsatachina situ from the N-(methoxymethyl)-N-(phenylmethg sk2g08/059908
(trimethylsilyEmethylamine IlI in the presgpce of a catalytic amount of

acid, such as TFA. Reduction of the acetyl moiety using standard
conditions for example LiAIH4 yieldegtilaséwo diasteroisomers X-A and

X-B which were subsequently separated by column chromatography.

Eac? of the diastereoisomers were then separately c%verted to the final

d ives 1-3 and 1-2 in the same manner. For instanéd, X-B were

subjec 0 a 10 standard Mitgunobu re&ictioéawith for ekarpple a phenol;aH,
pyridin-of, pyrimidin-ol to give t *ﬁryl-etﬁgﬁ%-g{. Selectives,  SOEt  THF, &°C
N-debenzylatigrd@as then carried out using several known grogedures

which are congpatible with the gubstitution patterns of the aromatic rings to

afford XII-B. Final Herivatives 1-2 Were prepared via a Couplin@”WitHVa
suitable acid chloride or carboxylic acid using known methods. 15 In case
of Ar2 is a o-pyridy! or o-pyrimidinyl moiety, a pucleophilig:aromatic |
sulidtitutior reaction is possible’to,canvert deﬁv&tive X-A ?;?6 . 2(§R\’/&(O2
Ar

200 163PCT/EP2008/0599 - 13 - Seheme 3 Altern —
inter iates H§ weré ubjected to SeRzylation using severa lown
proceduresiwhich age-epompatible witk the substitution patterns o

aromaticgrigs to 51aﬂfmeXIII. Coupling with a suitable acid chloridg or 0
carboxyli(éacid,,using known methods ylelde\ﬂ amides XIV. Reduction oy
the acetyl moiety was achieved with for instance LiBH4, and produced the
two diastereoisomeres XV-A and XV-B, which were separated by column
chromatography. Both undenwent a standard Mitsunobu reaction with for

exafm)le a phexip idin-6f,’ yrimidin-ol to give the aryl-ether derivatives
1-3A]§pc":%n)g 1-2. W 09/013¥63PCT/E1'2008/059908
-LU- &0

The 3,4-disubstituted pyrrolidines IV were prepared via a stereo specific 1,3-dipolar
cycloaddition between the {E)-3-substituted phenyl-acrylic acid ethyl ester derivatives 11
and the azomethine vlide generated i situ from the N-{methoxymethyl}-N-
(phenylmethyl)-N-{trimethylsilyl)methylamine HI in the presence of a catalytic amount
of acid, such as TFA. Reduction of the ester moiety using standard conditions for
example LiAlH; yielded the alcohol V. Standard Mitsunobu reaction with for example a
phenol, pyridin-ol, pyrimidin-ol gave the aryl-ether VL Selective N-debenzylation was
then carried out using several known procedures which are compatible with the
substitution patterns of the aromatic rings to afford VII. Final derivatives I-1 were
obtained via a coupling with a suitable acid chloride or carboxylic acide using known

methods.



- 14 - Scheme 4 SiMeTFA 10% (NI-BnRT ( 011Rh(l) catalyst Bn(S) or
(R)-BINAP IHXVII An alternative method for the preparation of
intermediates IX is highlighted scheme 4. A 5 1,3-dipolar cycloaddition
wetweenithescommercially available but-3-yn-2-one XVI and #0@&/EP20688/059908
azomethine ylide generated in situ from_the_
N-(metboxymethyl)-N-(phenylmethyl)- N-(trimethylsilyl)methylamine 11l in
the presence of a catalytic amount obagickestich as TFA afforded the
dihydropyrrole derivative XVII. A 1,4-addition of a boronic acid catalysed

by @gﬁh(l) catalyst suchgg the Rhacetylacetonatbis(ethylene) in a

prese fof 10 a chirél\jl_%’ralosphi@p J&and & the (R) or (S)%@LFW
afforde optically engiched disubstityted pyrrotic . Similap——=

ymmetri€ 1,4-arylation have been réported earlierd{Tet.
Lett., 2004, 45(16), 3265) 10 Ar-5'(R )" The schemg,5 gescribe the
preparation of derivatives of the type | with 12.3 is a hydromethyl moiety.
The 3,4-disubstituted pyrrolidines XIX were prepared via a stereo specific
1,3-dipolar cycloadditi etween the (E)(-ng)-s tituted phenyl-acrylic acid
5 derivatives XVIII and the mathine ylidé rated in situ from the
N(methoxymethyl)-N-(phenyl yBﬁN-(trimethy typmethylamine 11l in
the presence of a catalytic amoynt of acid, such ag"TFA. Amide
derivatives XX were obtained u8ing-known metho8s. Ret®iction of the
amide moiety using standard conditions for example LiA1H4 yielded the
aldehyde XXI. Standard Wittig reaction gave the vinyl derivative XXIl. Two
diastereomeric diols XXIlI-A and XXIII-B were gpfained using catalytic (R)

amoyat.Qf 8304 with a coffbination @fsgEoxidant Sych as NM@,. N2
primary h A group oftimse diols wevelsylkaively silylated by o
lyst to provi rﬁggDectively XWV-A and XXIV-B. A starfdard

DMAP as a ¢
ti%witthf{gj gave the ar@lﬂ-emgr XXV-A. Selective N-

Mitsunobu re .
15 debenzylati®n was then carried out using known procedures afforded X8
XXVI-A. Amide derivatives were obtained via a coupling with a suitable

acid chloride or carboxylic acide‘)q(sing“T(h methdds. Deprotection of

silyl group provided final derivatives.abthe tyge U’ging known methods
such as TBAF. Finally, the diasteromer XXIV-B Was converted into I-5

using the same synthetic route (as XXIV into 135) ?0

oAl o 2
(R,
2 2 2
®) ER IR ®Y iR ) R (R )U\
i . Ar2-OH P Lh A p s A
OH - - 0 ~0
Rs-PPh,, DBAD
N THF, RT N N
Bn X-A Bn  Xi-A H oo xi-a
2
4 (R)
®Y, R A\,
' %
Ar'-CO-X Hmg ™
N
A
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- 16 - Scheme 6 thn XX An preparation of the optically pure amide XX is
described scheme 6. The racemic carboxylic acid derivatives XIX were
converted into the two diastereomerics 5 oxazolidinone derivatives XXVIII
woco@eehich were readily separated using chromatography/Brizeshea?208
get. XXVIII was converted into the corresponding arnide XX using a

known condition, such as a combination of trimethylaliminum and amine.

10 15 WO 2009/019163PCT/EP2008/959908 - 17 - Scheme 7 The
scheme 7 descrigs; synthesis of d@iyrativespf the typ&iaith R3 is an
ethyl moiety. Treatmany/of,the amide dérivative’§ h gthyLhithium
provided the ketone deriydfives XX*Reduetion of the Gnyl moiety

using standard conditionsifor exampjgLifsitd4 yielded alcohol XXXI-A
and XXXI-B wich were th&h &@nverted respectively into £r6amd 1-7 using
the same synthetic route discribed scheme 2. The salt formation is

effected at room temperature in accordance with methods 10 which are
kridwi. patisduitdsdhichadidtanifiarces pispapetséhasianedsireHe ad: dieslar
orlyisaliginithbinetganishacics duu) alshsaltdwith orgacie deitawerielinted the
considesations rvdrechierides, hygdobromidesnsURNaes. Niatesylmethyl)-N-

citrates, ace %{les, nélaleatei su?gnates, methan-sulphonates, . .
o S LTINS THE B 7 B3 o B Gt acid: such o
TFA. Reduction of the acetyl moiety using standard conditions for example LiAlH,

yielded the two diasteroisomers X-A and X-B which were subsequently separated by
column chromatography. Each of the diastereoisomers were then separately converted to
the final derivatives I-3 and I-2 in the same manner. For instance X-B were subjected to a
standard Mitsunobu reaction with for example a phenol, pyridin-ol, pyrimidin-ol to give
the aryl-ether XI-B. Selective N-debenzylation was then carried out using several known
procedures which are compatible with the substitution patterns of the aromatic rings to
afford XII-B. Final derivatives I-2 were prepared via a coupling with a suitable acid
chloride or carboxylic acid using known methods.

In case of Ar” is a o-pyridyl or o-pyrimidiny! moiety, a nucleophilic aromatic substitution

reaction is possible to convert derivative X-A into XI-B.
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‘equation K, = 1050/( 2

15As mentioned earlier, the compounds of formula land their
pharmaceutically usable addition salts possess valuable pharmacological
properties. It has been found that the compounds of the present invention
weanagasists of neurokinin 3 (NK-3) receptors. The compaurndsraermse9os
investigated in accordance with the tests given hereinafter. WO
2009/019163PCT/EP2008/0599418 - 18 - Experimental procedure The
compounds were investigated in accgsdanee with the tests given
hereinafter. I3HISR142801 competition binding assay hNK3 receptor
binding experiment were performed using f 31-1ISR142801 (Catalpg No. 5

limited, Buckinghamshire, UK) and membrane isolated from H
transiently expressing recombinant human NK3 receptor. After t ing,
the mémbrane homogfehates were cengifluged at 48,000 X g for ﬁ\min at
uspendeffih the M Tris-HC1, 4 mM°MACTS »
%0 BSA hindin t phisid,4 to a 10 finakv-A
assay{cgncentration of § A tg protein/well. Fok jphibition-experiments,
memb@nes were incubated with [3H ISR14 %_@.__'[ a_.concentration equal
to KD value of radioligang and 10 concentrations of tHe inhibitory R
compdiind (0.0003-10 pM$ (in a total reactiorl Volume of 500 pI) 75 min
at room temperature (RT). At the end of the incubation, membraités e
filtered onto unitfilter (96-well white microplate with bonded GF/C 1§ filter
preincubated 1 h ifR0,3% PEI + 0.3% BSA, Packard BioScience, I\AQ{H@QRW}
96 harvesteé Ié’ackard éciencez) and washed 4= "
r, NonSpeeffic binding  xv.g
was measured in t \ of both radioligands.
The radioactivity o e filtey was cosnated (5 min a Packard Top-count
microplate scintillation CoUnter with guenching C@#g ' )after 20 addition
of 45 ul of microscint 40 (Canb&M#& Packard S.A., Zurich, Swi2erland) and
shaking for 1 h. Inhibition curves were fitted according to the Hill equation:
y = 100/(1+(x/IC5e), Here nu = sloff8’factor usi pExcel-fit 4 software
(Microsoft). IC50 valugs were derivegdegm the fitibitionseurve and the
affinity constant (K,)val éWere calculated usitelt hen%?-f@russoff
L L1/KD) whegg,[1.1 is the £3)concentration of
radioligand and Kr, is its.diss ﬁiationmnstant at tfﬁ receptor, derived
from the saturation isotherm. All experiments werg p‘érrfd?nlred in duplicate
and the mean standard error (SEN) of the individual K, value¥®was
calculated.  Some results of preferred compounds of the hNK-3
redbptorafiniip areghowni n e folldwing 10 Abkelieniyi@ion using several known
200804 9163RET HrP2R0RHO599Q8: the substitution patterns of the aromatic rings to

afford XIH. Coupling with a suitable acid chloride or carboxylic acid using known

times with ice-co

methods yielded amides XIV. Reduction of the acetyl moiety was achieved with for
instance LiBH,, and produced the two diastereoiscmeres XV-A and XV-B, which were
separated by column chromatography. Both underwent a standard Mitsunobu reaction
with for example a phenol, pyridin-ol, pyrimidin-ol to give the aryl-ether derivatives I-3
and I-2.



- 19 - Table 1 Example No. KINK3 h (pM) Example No. K, NK3 h (jt1?4)
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An alternative method for the preparation of intermediates IX is highlighted scheme 4. A

a1

1,3-dipolar cycloaddition between the commercially available but-3-yn-2-one XVI and
the azomethine ylide generated in situ from the N-{methoxymethyl)-N-(phenylmethyl)-
N-(trimethylsilyl)methylamine T in the presence of a catalytic amount of acid, such as
TFA afforded the dihydropyrrole derivative XVIL. A [,4-addition of a boronic acid
catalysed by a Rh(1) catalyst such as the Rhacetylacetonatbis(ethylene) in a presence of of
10 a chiral phosphine ligand such as the (R) or (S)-BINAP afforded the optically enriched
disubstituted pyrrolidine IX. Similar Rh-catalysed asymmetric 1,4-arylation have been
reported earlier (Tet. Lett., 2004, 45(16), 3265)

Scheme 5
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The scheme 5 describe the preparation of derivatives of the type I with R’ isa
hydromethy! moiety. The 3,4-disubstituted pyrrolidines XIX were prepared via a stereo
specific 1,3-dipolar cycloaddition between the (E)-3-substituted phenyl-acrylic acid
derivatives XVIII and the azomethine ylide generated in situ from the N-

w

{methoxymethyl)-N-(phenylmethyl) -N-{trimethylsilyl)methylamine 11 in the presence
of a catalytic amount of acid, such as TFA. Amide derivatives XX were obtained using
known methods. Reduction of the amide moiety using standard conditions for example
LiAlH, yielded the aldehyde XXI. Standard Witlig reaction gave the vinyl derivative XXII.

10 Two diastereomeric diols XXIII-A and XXIII-B were obtained using catalytic amount of
0s0, with a combination of co-oxidant such as NMO. The primary hydroxyl group of
these diols were selectively silylated by using DMAP as a catalyst to provid respectively
XXIV-A and XXIV-B.

A standard Mitsunobu reaction with XXIV-A gave the aryl-ether XXV-A. Selective N-

15 debenzylation was then carried out using known procedures afforded XXVI-A. Amide
derivatives were obtained via a coupling with a suitable acid chloride or carboxylic acide
using known methods. Deprotection of silyl group provided final derivatives of the type
I-4 using known methods such as TBAF. Finally, the diasteromer XX1V-B was converted
into I-5 using the same synthetic route (as XXIV into I-4}

20
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An preparation of the optically pure amide XX is described scheme 6. The racemic

carboxylic acid derivatives XIX were converted into the two diasterecomerics

5  oxazolidinone derivatives XX VTIT and XXIX, which were readily separated using

chromatography on silica gel. XXVIII was converted into the corresponding amide XX

using a known condition, such as a combination of trimethylaliminum and amine.

10

15
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The scheme 7 described the synthesis of derivatives of the type I with R’ is an ethy]

moiety. Treatment of the amide derivatives XX with ethyl lithium provided the ketone
5  derivatives XXX. Reduction of the carbonyl moiety using standard conditions for

example LiAlH; vielded the alcohol XXXI-A and XXXI-B wich were then converted

respectively into 1-6 and I-7 using the same synthetic route discribed scheme 2.

The salt formation is effected at room temperature in accordance with methods
10 which are known per se and which are familiar to any person skilled in the art. Not only
salts with inorganic acids, but also salts with organic acids come into consideration.
Hydrochlorides, hydrobromides, sulphates, nitrates, citrates, acetates, maleates,
succinates, methan-sulphonates, p-toluenesulphonates and the like are examples of such

salts.

15 As mentioned earlier, the compounds of formula I and their pharmaceutically
usable addition salts possess valuable pharmacological properties. It has been found that
the compounds of the present invention are antagonists of neurokinin 3 (NK-3)
receptors. The compounds were investigated in accordance with the tests given

hereinafter.
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Experimental procedure

The compounds were investigated in accordance with the tests given hereinafter.

[*H|SR142801 competition binding assay

hNK3 receptor binding experiment were performed using HISR142801 {Catalog No.
TRKIO?;S, specific activity: 74.0 Ci/mmol, Amersham, GE Healthcare UK limited,
Buckinghamshire, UK) and membrane isolated from HEK293 cells transiently expressing
recombinant human NK3 receptor. After thawing, the membrane homogenates were

centrifuged at 48,000 X g for 10 min at 4 °C, the pellets were resuspended in the 50 mM
Tris-HCIL, 4 mM MnCly, 1 pM phosphoramidon, 0.1 % BSA binding bufferatpH 7.4 to a

final asséy concentration of 5 ng protein/well, For inhibition experiments, membranes
‘were incubated with ["H]SR142801 at a concentration equal to Kp value of radioligand
and 10 concentrations of the inhibitory compound {0.0003-10 pM) (in a total reaction
volume of 500 pl} for 75 min at room temperature (RT). At the end of the incubation,
membranes were filtered onto unitfilter {96-well white microplate with bonded GF/C
filter preincubated 1 h in 0.3% PEI + 0.3% BSA, Packard BioScience, Meriden, CT) with
a Filtermate 196 harvester (Packard BioScience) and washed 4 times with ice-cold 50 mM
Tris-HCI, pH 7.4 buffer. Nonspecific binding was measured in the presence of 10 pM
SB22220¢ for both radioligands. The radioactivity on the filter was counted {5 min) ona
Packard Top-count microplate scintillation counter with quenching correction after
addition of 45 ul of microscint 40 {Canberra Packard S.A., Ziirich, Switzerland) and
shaking for 1 h. Inhibition curves were fitted according to the Hill equation: y =
100/(1+(x/1Cs0)™"), where ny = slope factor using Excel-fit 4 software (Microsoft}. ICsg
values were derived from the inhibition curve and the affinity constant (K;) values were
calculated using the Cheng-Prussoff equation K = 1Cs/(1+[L]/Kp) where [L] is the
concentration of radioligand and Kp is its dissociation constant at the receptor, derived

from the saturation isotherm, All experiments were performed in duplicate and the mean

+ standard error (SEM) of the individual K;values was calculated.

Some results of preferred compounds of the hNK-3 receptor affinity are shown in

the following Table 1.
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Table 1
Example No. KiNK3 h (uM) Example No. K; NK3 h (uM)
2 0.0355 64 (.0357
6 0.0636 65 0.0026
9 0.0798 66 0.6038
10 0.0032 67 0.0058
11 0.0118 68 (0.0147
12 0.0194 69 0.0289
13 0.05 70 0.0349
14 0.0278 71 0.0061
15 0.0063 72 0.0209
16 0.0092 73 0.0068
17 0.0118 74 0.0186
18 0.0227 75 0.0336
19 0.0058 76 0.0035
20 0.017 77 0.0328
21 0.0056 - 78 0.0272
25 (.0633 79 0.0272
26 0.066 80 0.0015
28 0.059 81 0.0048
30 0.08 82 0.0032
31 0.005 83 0.0006
34 0.047 84 0.022
35 0.002 85 0.0075
36 0.084 86 0.0043
37 0.0316 87 0.0562
38 0.0156 89 0.0091
39 0.0093 90 0.011
40 0.0068 91 0.0184
41 0.0664 92 (0.0338
42 0.0255 93 0.0646
43 0.0246 95 0.0524
44 0.0118 97 0.0675
45 0.0073 38 (.0457
46 0.0019 101 0.046
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7 50125 102 0.0914
5 0.0136 103 0.0257
49 0.0223 754 0,004
50 T 0.0046 106 0.0309
51 0.0787 107 0.0026
5 0.0054 108 0.0078
54 0.003 709 0.0741
55 0.6065 I10 0.0177
56 0.0043 171 0.0037
57 0.0234 712 0.005
58 0.0005 113 0.0177
59 0.0021 114 0.0854
&0 6.0011 {15 §.004
61 0.0014 116 0.028
) 0.0594 iy 0,027
&3 00031 119 0:003

The compounds of formula I as well as their pharmaceutically usable acid addition

salts can be used as medicaments, e.g. in the form of pharmaceutical preparations. The

pharmaceutical preparations can be administered orally, e.g. in the form of tablets, coated
tablets, dragées, hard and soft gelatine capsules, solutions, emulsions or suspensions. The
administration can, however, also be effected rectally, e.g. in the form of suppositories, or

parenterally, e.g. in the form of injection solutions.

The compounds of formula [ and their pharmaceutically usable acid addition salts

can be processed with pharmaceutically inert, inorganic or organic excipients for the

production of tablets, coated tablets, dragees and hard gelatine capsules. Lactose, corn

starch or derivatives thereof, talc, stearic acid or its salts etc can be used as such excipients

e.g. for tablets, dragées and hard gelatine capsules.

Suitable excipients for soft gelatine capsules are e.g. vegetable oils, waxes, fats, semi-

solid and liquid polyols etc.

Suitable excipients for the manufacture of solutions and syrups are e.g. water,

polyols, saccharose, invert sugar, glucose etc.

Suitable excipients for injection solutions are e.g. water, alcohols, polyols, glycerol,

vegetable oils etc.
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Suitable excipients for suppositories are e.g. natural or hardened oils, waxes, fats,

semi-liquid or liquid polyols etc.

Moreover, the pharmaceutical preparations can contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying
the osmotic pressure, buffers, masking agents or antioxidants. They can also contain still

other therapeutically valuable substances.

The dosage can vary within wide limits and will, of course, be fitted to the
individual requirements in each particular case. In general, in the case of oral
administration a daily dosage of about 10 to 1000 mg per person of a compound of
general formula [ should be appropriate, although the above upper limit can also be

exceeded when necessary.

Example A
Tablets of the following composition are manufactured in the usual manner:

mg / tablet

Active substance 5
Lactose 45
Corn starch 15
Microcrystalline cellulose 34
Magnesium stearate 1

Tablet weight 100

Example B
Capsules of the following composition are manufactured:

mg / capsule |
Active substance 10
Lactose 155
Corn starch 30
Talc 5
Capsule fill weight 200

The active substance, lactose and corn starch are firstly mixed in a mixer and then

in a comminuting machine. The mixture is returned to the mixer, the talc is added
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thereto and mixed thoroughly. The mixture is filled by machine into hard gelatine

capsules.

Example C
Suppositories of the following composition are manufactured:

mg / supp.
‘Active substance 15
Suppository mass 1285
Total 1300

The suppository mass is melted in a glass or steel vessel, mixed thoroughly and
cooled to 45 °C. Thereupon, the finely powdered active substance is added thereto and
stirred until it has dispersed completely. The mixture is poured into suppository moulds
of suitable size, left to cool, the suppositories are then removed from the moulds and

packed individually in wax paper or metal foil.

The following Examples illustrate the present invention without limiting it. All

temperatures are given in degrees Celsius.

EXPERIMENTAL PROCEDURES
Abbreviations:
CH,ChL = dichloromethane;
DMAP = dimethylaminopyridine;
HOBt = I-hydroxy-benzotriazol hydrat;
EDC = I-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride;
Et;N = triethylamine;
EtOAc = ethyl acetate;
H = hexane;
RT = room temperature;
PPhs = triphenylphosphine;
DBAD = di-tert-butyl azodicarboxylate.

General procedure I: Amid coupling (pyrrolidine X1I and carboxylic acid)

To a stirred solution of a carboxylic acid derivative (commercially available or known in
the literature) (I mmol) in 10 mL of CH,Cl; was added (1.3 mmol) of EDC, {1.3 mmol)
of HOBt and Et;N (1.3 mmol). After one hour at RT, was added a pyrrolidine

intermediate of general formula (XIT). The mixture was stirred at RT over night and then
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vacuo. The crude residue was dissolved in EtOAc, washed with ag. NaOH (1M) and the

organic phase was dried over Na;504. Column chromatography or preparative HPLC

vielded the title compound.
Description of pyrrolidine intermediates of formula XII-B, XV-A and XV-B
Pyrrolidine intermediates of formula XII-B
Pyrrolidine XII-B-1

(3RS,4SR)-3-(3,4-Dichloro-phenyl)-4-[(RS)-1-(4-triflaoromethyl-phenoxy)-ethyl]-

pyrrolidine
CF
0

XII-B-1

a) 1-[(3SR,4RS)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yl i -ethanone (IX-1)

A solution of N-{methoxymethyl)-N-(phenylmethyl)-N-(trimethylsilyl)methylamine
(32.78 g, 0.138 mol) in CH,Cl; (50 mL) was added dropwise, over a 30 minutes period, to
a stirred solution of (E)-4-(3,4-dichloro-phenyl)-but-3-en-2-one (19.80 ¢, 0.092 mol}
and trifluoroacetic acid (1.05 mL, 0.009 mol} in CH,;Cl, (100 mL) at 0°C. The ice bath

was removed, and the solution was stirred at 25 °C for an additional 48 h. [t was then
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To a solution of 1-[(3SR,4RS)—i-benzyl—4-(3,4—dichloro~pheny§)mpyrroiidin%'«yl}«
ethanone (IX-1) (14.90 g, 0.043 mol} in THF (300 mL} at 0 °C were added portion wise

LiAlH, (2.05 g, 0.051 mol). Stirring was continued for one hour, and the reaction mixture

was carefully quenched by addition of agq. NH4Cl, concentrated under vacuo and the
product extracted with EtOAC. The combined organic phases were dried on Na,SO4 and
concentrated under vacuo. The two diastereoisomeres were separated by column
chromatography {SiO;, EtOAc/H, 1:1) to yield (SR}-1-[(35R,4R5)-1-benzyl-4-(3,4-
dichloro-phenyl)-pyrrolidin-3-yli-ethanol (X-B-1) 4.69 g (31%]) as a white solid ES-MS
m/e: 350.2 (M+H") and (RS})-1-[({3SR,4RS)-1-benzyl-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-ylj-ethanol (X-A-1) 5.30 g (35 %) as a white solid ES-MS m/e: 350.2
(M+H").

¢) (3RS, 4SR)-1-Benzyl-3-(3.4-dichloro-phenvl) -4-[{RS) -1 -(4-trifluoromethyvl-phenoxy) -

ethvi]-pyrrolidine {XI-B-1)

To a suspension of PPhs (PPhs polymer bound, 3 mmol PPhs/g resin) (1.80 g, 5.59
mmol) in THF (40 mL) at 0 °C were added 4-trifluoromethyl-phenol(0.618 g, 3.81
mmol) and then DBAD (0,936 g, 4.07 mmol). After 5 minutes was added (SR)-1-
[(3SR,4RS)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yl]-ethanol (X-B-1} (0.89 g,
2.54 mmol). The reaction mixture was stirred over night at RT, filtered on celite and
concentrated under vacuo. Extraction with EtOAc¢/aq.NaOH IM, followed by column
chromatography {Si0y, EtOAc/H, 1:6) vielded 0.990 g (79 %) of the title compound asa
colotless oil. ES-MS m/e: 493.0 (M+H7).

d) (3RS,45R)-3-(3,4-Dichloro-phenyl)-4-[{RS)-1-(4-trifluoromethvl-phenoxy) -ethvl | -
pyrrolidine (X11-B-1)

To a solution of {3RS,4SR)-1-benzyl-3-(3,4-dichloro-phenyl}-4-[(RS)-1-(4-
trifluoromethyl-phenoxy)-ethyt]-pyrrolidine (X}-B-1) 0.99 g (2.00 mmol) dissolved in
CH;CN (25 mL) was added 0.40 mL (3.00 mmol) of 2,2,2-trichloroethyl chloroformate
and stirring was continued for 4 hours at RT. Volatiles were removed under vacuo, and
the crude was dissolved in AcOH (20 mL) before a totat of 800 myg of Zn dust was added
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thoroughly. The mixture is filled by machine into hard gelatine capsules.
Example C Suppositories of the following composition are manufactured:
wagsmnifetive substancel5 Suppository mass1285 Totall3@Q/Ehmos/oseoos
suppository mass is melted in a glass or §ge_el vessel, mixed thoroughly

and 10 cooled to 45 C. Thereupon, the finely powdered active substance

is pelded thereteantstirestuatit it iasrelispeisatcompletdlyr-lhe belittae

s paurad nio, sypRasion.moulds of suiable siecy Bk £00) N8aco. (hasi
suppositories are then removed from the moulds and pac eéflndalwguaﬁy

in RBx Pripeetrimdiaieroiiere dricdrp FgniwingdERbipls b itistemarhe (5102
preseaimyenton wishedddinmtingdr. Al dbHemperatresndrs giseoriess oil. ES-MS
degree us.EXPERIMENTAL PROCEDURES Abbreviations:
CIﬂ%@ggﬁﬁgﬁéhetham; DMAP = dirnethyl aminopyridine; 20 HOBt =
1-hydroxy-benzotriazol hydrat; Eyerelidine X11-B-2
1-(3-dimigtrglamirgpropp i Aeshyicarortiidechysraghlprideli EiE3N v -ethoxy}-
triethylamine; EtOAc = ethyl_ acetate; Hriﬁiplgxane; 25 RT =room"
temperature; PPh3= triphenylphosphme;

Ci
o Y
=N
awo
N
H

a) 2-{{(BS)-1-[(3SR.4RS)-1-Benzvl-4-{3 4-dichloro-phenvl)-pyrrolidin-3-vii-ethoxyvl-5-
chloro-pyridine (X1-B-2)

To a suspension of PPhs (PPh; polymer bound, 3 mmol PPhs/g resin) (3.14 g, 9.4 mmol)
in THF (70 mL) at 0 °C were added 5-chloro-pyridin-2-ol {0.832 g, 6.42 mmol) and then
DBAD (1.578 g, 6.85 mmol). After 5 minutes was added (SR)-1-[(35R,4RS}-1-benzyi-4-
(3,4-dichloro-phenyl}-pyrrolidin-3-yl|-ethanol (X-B-1) (1.50 g, 4.28 mmol). The

reaction mixture was stirred over night at RT, filtered on celite and concentrated under

XII-B-2

vacuo. Extraction with EtOAc/aq.NaOH 1M, followed by column chromatography (SiO;,
EtOAc/H, 1:6) yielded 1.71 g {87 %) of the title compound as a colorless oil. ES-MS m/e:
461.2 (M+H™M).

b} 5-Chloro-2-{{RS}-1-[{35R,4RS}-4-(3,4-dichloro-phenylh)-pyrrolidin-3-vl]-ethoxy}-
pyridine (X1I-B-2)

To a solution of 2-{(RS)-1-[(35R,4RS)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy}l-5-chloro-pyridine (XI-B-2) 1.71 g (3.71 mmotl) dissolved in CH3CN (50 mL)

was added 0.75 mL {5.57 mmol) of 2,2,2-trichloroethyl chioroformate and stirring was

continued for 4 hours at RT. Volatiles were removed under vacuo, and the crude was
dissolved in AcOH {30 mL) before a total of 1.0 g of Zn dust was added portion wise.
After three hours at RT, the reaction mixture was filtered on celite, the solvent removed
under vacuo, followed by an extraction with EtOAc/aq. NaHCO; (basic pH). The organic
phases were dried on Na,50, and column chromatography (Si0Q;, CH,Cly/MeOH 9:1)
yielded 0.74g (54 %) of the title compound as a colorless oil. ES-MS m/e: 373.1 (M+H").
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20

DBAD = di-tert-butyl azodicarboxylate. General arocedure I: Amid cou
naolidine XII and carbo lic acid 30 To a stirred solution of a carboxylic acid
derivative (commercially available or known in the literature) (1 mmol) in

W0 mboah §632CI2 was added (1.3 mmol) of EDC, (1.3 mmolpaofiHieBisamdoos
Et3N (1.3 mmol). After one hour at RT, was added a pyrrolidine
intermediate of general formula (XII). The mixture was stirred at RT over
night and then WO 2009/019168H&oliER2008459908 - 23 - poured onto

dri 3%@@%@ dregélrﬁgecrli%tilgalt(;erh mblggﬁéglg 3{ o ogramt?mmie

or preparative HPLC afforded the title compoundzGeneral |rocedure Il
Cou ,lin. between a corn ound oF'i rrnula Xl an acid chlorid 5 A

solution of the pyrrolidine (1 mgol) formul Il) in CH2C12 (10 mL)
was treated with Et3N (1.2 mmol) & aeid chloride (1.2 mmol) and
stirred at RI overnight. Purification by[;}?g/r:aratlve HPLC yielded the tide
compound. General procedure II: Mitsjinobu reaction 10 PPh3 bound on
resin (2.2 mmol) was put in suspensmn in THESS0 |nL) Then the DBA;D
( D K- 4 ‘ ~BoHY 2 AlraTasey | 1A Gl et tilc

adﬁeﬁ;;ﬁﬁemﬁ (mn@.tg;RT the alcohol of formula V, Xl or XV was added

and stirrin was ¢ at RT overnight. Ther on mixtur

fllrtlg?eds USH ns %ﬁ% 8&%%}%& 1'ulnd”:‘ér vacqqug te crucH;(gef res% g THE
wééoauggdw&d’%vefméd%‘shw«antmw@Rraetﬂlfi 1§ e cPrhesrgauaid then
phasﬁwv@ﬂdrgﬁdawes N@Zﬁ@%@@dﬂeﬂr{ rhrameatngremt)y asdpeeparetivelichloro-
HP C ielded t s t|on of, pyrr, I ine intermediates
offor l}lf&‘ f)]é H)l(V K %Zéjri?? %@P’yrro }Ill’?é étét)grmedleetlee?o rﬁ?{
X|l[€3:tpyrlfi@}ﬁ§fﬁé\ﬂ)(tﬁ sBrgLed over night at RT, filtered on celite and concentrated under
(BR@;&S}R)rac@;ﬂvDﬂﬁm@Mﬁtpm@)—mMml&y)wk&é;mﬂmﬁamethyl;m@eth Si0y,

y)- rrQlidi II-B-1,25 & R en — X
]ée; ”iP)ELB i oi:ag (%3 o2 h& /2) %tﬁaﬁ%é@é&& SO utéorﬂo of ol BS-MS mie:
N‘{?ﬁ&%éthyl) N-(phenylmethyl)-N-(trimethylsilyl)methylamine

(32 78 g, 0. 138 mol) |n CH2CI2 (50 mL) was added dropwise, over a 30

eny
mcotmomtrlle (X11-B-3)
To a solution of 6-{(SR)-1-{(3RS,45R)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-
vli-ethoxy}-nicotinonitrile 0.75 g {1.70 mmol) dissolved in CH3CN (50 mL) was added

0.56 mL (4.14 mmol) of 2,2,2-trichloroethyl chloroformate and stirring was continued
for 4 hours at RT. Volatiles were removed under vacuo, and the crude was dissolved in
AcOH (30 mL) before a total of 0.45 g of Zn dust was added portion wise. After three
hours at RT, the reaction mixture was filtered on celite, the solvent removed under vacuo,
followed by an extraction with EtOAc/aq. NaHCOs5 (basic pH). The organic phases were
dried on Na,SQ,4 and column chromatography (Si0,, CHaCl/MeQH 9:1) yielded 0.36 ¢
(60 %) of the title compound as a colorless oil. ES-MS m/e: 362.3 (M+TT").

Pyrrolidine X1I-B-4

2-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-yl]-ethoxy}-5-
trifluoromethyl-pyridine



30 and trifluoroacetic acid (1.05 mL, 0.009 mol) in CH2CI2 (100 mL) at O

C. The ice bath was removed, and the solution was stirred at 25 C for an
additional 48 h. It was then WO 2009/019163PCT/EP2008/059908 - 24 -
wongentated and purification by flash chromatography (SiO2p¢1/epzoas/esoses
CH2C12/Me0OH 98:2) afforded 28.3 g (88 /0) of the title compound as a
yellow oil. ES-MS m/e: 348.2 (M+H+). b) (RSI - 3SR. 4M -benz L4- 3
4-DicMoiin-3 | -ethanol(X-A5 1) and F.F

(SR)-1-[(3SR,4RS)-1-benzyl-4-¢3,4-Dichloro; 1)-pyrrolidin-3-yll-etha
nol (X-B-1) To a solution of \ 4

1-[(35R,4R5)-1-benzy1-4-(3,4-dichleso- pa I)*pyrrolidin-3-yllethanone
(1X-1) (i4.90, 0.043 mol) in THE (300 rnt) at 0C were added portion wise

LiA1H4 (2.05 g, 0.051 mol). Stirring wag continued for one hour, and the
reaction mixture 10 was carefully quen€hed By=addition of aq. NH4C1,

concentra ed under vacuo and the product extracted with EtQAC. The )
N 1-1-Be j_‘li!'," f oldin-So v -e T oy -5 -

C "==i'i;‘“u -“‘vv";- {6 Né S4-ant &8 ‘6- S
; es were separated by column

Chfgg‘ﬂ%%?sﬂﬁﬁog@p% %ﬂ theb NN mmol PPhy/g resin) (0.77 ¢ g} in THF (25
oS! Bpr?&m a@ﬁlﬁﬂfmmﬁwﬂlgkwéﬁgrléwé 1) $068 & () ag hanhits

sdﬂaﬁém 45 Mife: BEnRtEWMwErydded (RS)-1-[(3RS,45R)-1-benzyl-4-(3,4-dichloro-
%?B@ﬁaﬁ)?)lygeé%ﬁ%{ﬁofl(@f" ichorerRneRYdIbed herein above). The
yrrolldl -3:

11-ethanol (X-A-1 50 as a white solid ES-MS ink:
D T e el e e
-1va@onFotrestigl- piib i g/ 2 e tRgdyinkolidiever bB <bjuife ehsospensiphy (S0,

10 OftRERG P Ph3nolvmen baundod armeiREhb3gJesins 80239 MM m/e:
In%%lgéﬁgﬁé) at 0OC were added 4-trifluoromethyl-phenol(0.618 g, 3.81

h DBAD (0.936 g, 4.07 mmol). After 5 minutes was added

(SR)-1-
[(3SRAL25)-1cbrnayiyd:(3.4-dicghiere-phenyil aysialidin-3ryldathanol
(X-. -1) (0.8 we . The reaction mixture was stirred over

concentrated under vacuo. Extraction

15 wille Ef@h@/émq{l&dﬁ@r\h ﬁmaby botarhr-throietisgraphsngbiogrrolidin-3-
EtQA6fibx}63- wﬂ@l@@x@&% G @isenabthetitiencampaunsag & ealariess mL)

g%&%sfglif C_@_@ Hl?gﬁchlg{%% )é)rf]g %C%éfoethyl chioroformate and 0.46 mL of Hunig’s
(d@;ﬁﬁ(ﬁ&ﬁﬁﬁﬁmm&wwﬁéh@féﬂ &thi °F &ra wullion dfter cooling down to RT,

(3?@&@3%&@?}@%@1(%@%5@1@@m%@@@&&vé&m MeOH (5 mL). The
tr| uo en YRy FOll ne.(x
fluo f%m Tf@ n WS X fé S% %151 T Mol g,

dISSO ved in féé MLy was a HcljI
2, OB RSSO BXRIVERIBROfBHASHE esiélhﬁr%&tiéﬁﬁw réﬁhtméfeﬁéo@mcolumn

h@r&ﬁhﬁﬂiamlaﬂie@, werErgmeverioundealldaicns? ansttve sfdseriasompound
digsoly. O%H/{BHA‘%C&H (% )ﬂpse%r gaﬂ(&);@ |-9f 800 mg of Zn dust was added

WO 2 19163PCT/E1)2008/059908 - 25 - portion wise. After three
hours at RT, the reaction mixture was filtered on celite, the solvent
25 removed under vacuo, followed Byresticagtiamviith EtOAdag. NaHCO3
ic pH). The organic phases were dried on Na2504 and column
chro?né) befitptyYsio23 BAR A 13doa-9-1ysrietaberol 5oy @irie) o thethoxy}-
titte compound as a colorless oil. ES-M&d&na/e: 404.2 (M+H+). Pyrrolidine
XIl-B-2




5-Chloro-2-{
(RS)-1-R3SR,4RS)-4-(3,4-dichloro-phenyl)-pyrrolidin-3-y11-ethoxyl -
pyridine CI XII-B-2 10 a) 2- RS -1- 3SR 4RS chloro-pyridine (XI-B-2) To a
wuspensivnef PPh3 (PPh3 polymer bound, 3 mmol PPh3/g resinp¢Bo4sgoos
9.4 mmol) in THF (70 mL) at 0C were added 5-chloro-pyridin-2-ol (0.832
g, 6.42 mmol) and then 15 DBAD (1.578 g, 6.85 mmol). After 5 minutes
was added (SR)-1- [(3SR,4RS)-I- benzyl -4-
(3,4-dichloro- phenyl) pyrrolldln -30 ethano@B 1) (1.50 g, 4.28

X @ gyer ght at RT, filtered on celite
and concentrated under vacuo. Extractiof with Et0Adag.NaOH 1M,
followed by column chromatography (Si02, EtOAc/H, 1:6) yielded 1.71 g
(87%) of the title compound as a colorless Oily&3-MS m/e: 20 461.2

. ‘ ' 3=y 1] fratte (X11-B-2) To a
SOlethDbftiéif QH}BﬁHieihoxymethy]) -N- (phenylmethyl) ~N-(trimethylsilyl) methylamine

[(35Rs4R$)21 -ReDanlcABiA-shichiorerphenydy: ﬁﬁ@@ﬁ%ﬁv@ls@&zm a 5 minutes

yll- etho I-5-chloro- p ridine_(X|-B- 2 dissolv.
By e S S LTS Ssecied [ ot .03
chiesbforenateciindrsirriagtwas contimiadhforsdreoarsdtiRT3V/oliailes weiféle
LGEPR]Yﬁglt'sktﬂg@t‘ir‘z‘@c‘?h‘@z?%df%ﬂ%rfﬁﬁgﬁ13?§ﬂi§$%%éth%h@Qe@kﬂd
efore. a tota| of o1 £ZNn dust,w on WIS
i E A ARG RaoI pR VT
undehwtidacyfoliowdd by yahoexerbdifohfitHeEioAe/Ad NaHCO3 (basic

10 PH). The organic phases were dried on Na2S04 and column

a_none {IX-3)

20@%@1:@25@?@3&@@20@@@@599@@ a%n wrylﬂrdmﬁne%ms)@lseihﬂem (31 mg,
I(SREEL(3RS, éﬁ&)ﬂ%@ﬁ@%@&py@ﬂ@@%@y&mm@rﬁ -yHeatmednMicting8s0

onltrll XII-
(3&% §F5513- elﬁzyof-@@j %11 OI‘O p §’8 \Sfliﬁo nd_ _%}ﬂ ef]hb v 1- %1 benzyl-
15 niégtiddnideie EPBL3) - Fol a abapriis Ot Gt PHBIIPRHS ‘ﬁ@ﬁW@Q&CfOE 2

m mﬁlrE B&&gﬂgﬂfﬁﬁlﬂb @ﬁﬁ@k@&ﬁﬁ(@@lﬂ?ﬁt@%ﬂfﬁa@dﬂ&ﬂ flash
drox nIC a%n 5”'%&91\%91%‘;)?&%@[50' eé*l%ﬁ‘ (39056:]}(%@ ﬂgﬁ) Tt g[ Slr oduct

5 mlnu es
(R@PT{‘QSR@WS@) 1-benzy1-4-(3,4-dichloropheny1)-pyrrolidin-3-y11-etha
nol (1.20 g, 3.4 mmol, described herein above). The

20 ¢} (S)-1-[{3R,48)-1-Benzvyl-4-{3-chloro-4-fluoro-phenyl)-pyrrolidin-3-vli -ethanoi (X-A-
5) and (R)-1-[(3R,45)-1-Benzyl-4-(3-chloro-4-fluoro-phenvl) -pyrrolidin-3-yli-ethanol

(X-B-5)
To a solution of 1-[(3R,4S)-1-benzyl-4-(3-chloro-4-fluoro-phenyl)-pyrrolidin-3-yl|-

ethanone (191 mg, 0.57 munol) in THE (7 mL) at 0 °C were added portion wise LiAlH,

25 (19 mg, 0.50 mmol). Stirring was continued for one hour, and the reaction mixture was
carefully quenched by addition of aq. NH4Cl, concentrated under vacuo and the product
extracted with EtOAC. The combined organic phases were dried on Na,SO, and
concentrated under vacuo. The two diastereoisomeres were separated by column
chromatography (SiO;, EtOAc/H, 1:1) to yield (R}-1-[(3R,45)-1-benzyl-4-(3-chloro-4-

30 fluoro-phenyl)-pyrrolidin-3-yl]-ethanol (X-B-5) 81 mg (42 %) as a white solid ES-MS
m/e: 334.2 (M+H") and (S)-1-[{3R,45)-1-benzyl-4-(3-chloro-4-fluoro-phenyl )~
pyrrolidin-3-yli-ethanol (X-A-5) 43 mg (22 %) as a white solid ES-MS m/e: 334.2
(M+H").



to reaction mixture was stirred over night at RT, filtered on celite and

concentrated under vacuo. Extraction with EtOAc/aq.NaOH 1M, followed

by column chromatography (Si02, EtOAc/H, 1:4) yielded 1.02 g (66%) of

e ddewoempound as a colorless oil. ES-MS m/e: 452.0 (M+EtEdribd@s990s

6- SR -1- 3R5 4SR -4- 3 4-1)icMCit-llen --z@thOx nicotinonitrile (X11-B-3)

To a solution of 6-{(5R)-1- [

(3R5 4SR)-1- benzyl -4-(3,4-dichloro-pheny1)-pyrrolidin-3-
lagthorynicananiyile 0,18,9 .0 mmel) dissluat 1) CHIGN 490 Ml 5.

W@ .lo aU. 2, 2-Trichtoroetny! oroformate and

st@ﬁﬁ@MﬂMO for 4 hours at RT. Volatiles were removed under
varsle s pdrifiencsndehwaspaissshect EEbA@@B‘h{ﬁﬁbmlE)hb%fwﬁrﬁ totaln§, 0.53

5 O 45 28l mzﬁgf:l W% at‘%d’%d e?erg de‘c’l‘vlbs%hIAfB r{]f? A SB ’a T()tgbemmol and

reactlo mixtur WaS tered on ce ite, the sol V remove r vacuo

foF&ﬁﬁ&ﬁB\Péﬁ%‘?@ﬁFﬂQzﬁ%ﬁ’WﬁH é@ﬂééﬁl%@ﬂ@@%&é@pﬁ %ésbvb&%ﬂ -4
phasesonsretiiies gine-Na2 54 1alia-soll retaisdimaiagraphynSiDsThe reaction

CHRGHRMEOH AL VIE 56 036,75 (00001 1 06 05 COMRRUE 85 Bucu

ess o rro |d|ne
iy sl ot e A et s SO

10 trifitorereethyl-pylidines WQQ%9ME&G$P@HER&M@5&9&8SS @7, ES-MS m/e:
3%{;76@ 31) ﬁl?elr -etho -5r- trifluoromethyl-pyridine (XI-B-4) To a
suspensmn of PPh3 (PPh3 polymer bound, 3 mmol PPh3/g resin) (0.77 g)
in THE (25 5 mL) at 0 C were added 5-trifluoromethyl-pyridin-2-ol (0.28 g,
1 Zbsndiioboand thein [DRAB) {043} oRftedlbaninttesyiasaddéd-3-yl1 -cthoxyl-

AR @ﬁ %SJR) 1-benzyl-4-(3,4-dichlorophenyl)-pyrrolidin-3-y11-etha
mmol, described herein above). The reaction mixture

15 wde sbdyer hiGht-Ae R et i icdrits diRredntucheapbaniHaRyrolidin-3-

vadethoxifastibinyithyE idEopaOrD iiall divedvby oailrme (2 mL) were

chygatogy %%Yo@%‘&)%@ﬁ%@oéceﬁl;h) cﬂﬂ%?&&;ﬁé BTN s base.

compound as a colorless oil M+FEIt). 15 To solutlon
of D24 (SEEIQU RS 14 i healedah 100 | @fﬂ"cﬂiﬁﬁﬁ%" p‘ﬁéﬁm @ i R
-etlobnifbSwirifl ueramethykdpyvidine 0.4 B g (@ @lwandolodiss dved It ofuahe The

20 OrALy wersadded 03t m b (& Ammal afidaehioroetv chiorefarmats and
0. 46 mL of Hunig's base. The reactl n mixture was ngat d at}%ﬁgo\? éﬂ%mﬂ
At

on& ARG WA FeRsIRlY 186%H9t81?ﬁ=ﬂ 815{?@ eras aroveRy
antiteangde S iflsSOHELIVREON: {5 neldediienR0( e dbtiohtheixitly somgm und

heated-at $a1Gnfon 38 minwtes andiafiergepling down to RT, volatiles were

removed under vacuo and the residue was directly purified on column
chromatography (5102, CH2C12/MeOH 9:1) yielded 0.32 g (87%) of the
25 title compound as a light yellow @irfedding Xile-405.9 (M+FIif).

6-{(8)-1-[(3R,4S)-4-(3-Chloro-4-fluoro-phenyl)-pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

@C{

N
H

Xii-B-6
a) 6-1(S)-1-{(3R,4S)-1-Benzyl-4-(3-chloro-4-fluoro-phenvl)-pyrrolidin-3-yl | -ethoxyi-
nicotinonitrile (XI-B-6)
30 To a stirred solution of 43 mg {0.13 mmol) of {S)-1-{(3R,4S}-1-benzyl-4-(3-chloro-4-
fluoro-phenyl}-pyrrolidin-3-yl}-ethanol in DMF (5 mL) was added NaH (9 mg, 0.18

mmol). The reaction mixture was stirred at RT for 30 minutes, and then at 50 °C for 20




i5

20

30

25PyrroLidine XII-B-5 5-Chloro-2- { (S)- I-
R3R,4S)-4-(3-chloro-4-fluoro-phenyl)-pyrrolidin-3-yl] -ethoxyl- pyridine

WO 2009/019163PCT/EP2008/059908 - 28 - a5 d h dro- HO1-3-
WirethanonesTo a solution of PCT/EP2008/059908
N-(methoxymethyl)-N-(phenylmethyl)-N-{gmethylsilyl)methylamine (9.76

g, 0.041 mol) in CH2C12 (40 mL) at 0 C, was added dropwise over a 5
minm@sémafloddsiﬁ%yn}&@ﬂ&éﬂrﬁygiu@l@@@ mgl pfodlewied) by DMF (1 mL) was
trif <P§1Ceg%s%%{%d(9ﬁer;% 2-003:mel é‘ﬁﬁc{é{lEX{)%Beﬂ“ﬁlﬁ%&%ﬂ)mmﬁﬂg%as

bat was remove mlnutes an e solution was stirred at 2

fOrORRCAHAHE ARSI 1 Wa b tHATT eBAEENTRAE Bhe- dolticediBR Iy s

chiomaiography (S02 FEAHeplanddtd)atigrdedal SQig: (AW@mpﬂmad asa

“%%189@&98}1'%%M%%q'kﬁﬁﬁs m/e: 202.2 (M+H ). 10 b) 1-f
R,45)-1-Benzy1-4-(3-chloro-4-fluoro-phenyl)-pyrrolidin-3-yll-ethanone

(IX 5) A two necked flask was charged under argon with

rhiodiuiiiacacibig StiAyieneh(3d mdlud:05paany {R)BINER I A6] raikoBy05 eq.)

a%‘%'ct?tﬂ&'x?‘iﬁé (fjﬂ@rg &henylboronlc acid (850 mg, 2.0 eq.). 60 nil., of
Hand 6.0 mL of H20 were added followed by 1-(1-benzyl- 15
enﬁ%@ﬂéaféah&en 3

Eocﬁﬁ%‘r%oﬁfquﬁy%] 3R HaBRR A e Teddtion ntitire
6Q0-tor & ovisitcooted dédvng 00R T emcbbotisehtedtedaineter (taslpwere added 47
Pwﬁl&ﬁi@ﬂlﬁ%ﬂ%ﬁh SHIomagREaRhyRiNa. FH0AG HeRane A ABAE s b

180°’mg (22%) of the title product as a )ght yellow oil. 20 C1-1-Benz 4-4

3 “&hwaca%wwe‘ﬁ%ﬂaﬁﬁt@aha%|<i ROTS i (ierIcqpaRe Aoy to RT,
-Behzylts 4«8 chioroedftusroquhenyt)-iyrcalidinegs yilssethano MGB-5) 1iTlg. The

a 1%9“%2%191;&61(;% Wai i}‘rea(t?fdczlttl grao"(jf ff(fr g? Ommutr?s ]a_l)ld afrtreélcg%hgo down to RT,

zy i y [
of ﬁ@ﬁ%\ﬁ@ﬁlﬁ@veﬁw#ﬁ%ﬁ% s f?p"mg?f’a%‘(%{ gafdfg%f;ﬁ&ﬁﬁlﬁmn
widediivlidg a8 (19i6hg (0180 vinolh $ﬁl]’l’]’l‘@iwh%80¥laﬂﬁll%d fétionithoompound
and hereaniansmixgigvas.caeiully agenched by addition of ag. NFECI,
concentrated under vacuo and the product extracted with EtOAC. The
combined organic phases were dried on Na2SO4 and concentrated under
vacuo. The two diastereoisomerBgrvedidineeplrBtéd by column
chromatograph (5|02 EtQAC/H, FB) to yield

(R)SICN%W 35{)(% WSA %:;(%ﬁlg u&r(gﬁhenyi -pyrrolidin-3-yl]-ethoxy}-pyridine

fluoro-phenyl)-pyrrolidin-3-y11-ethanol (X-B-5) 8k:mg (42%) as a white
solid ES-MS m/e: 334.2 (M+Fr) ahd (5)-1- Q
[(3R,45)-1-benzy1-4-(3-chloro-4- @ phen )¢ pyrrolidin-3-yll -ethanol
(X-A-5) 43 mg (22%) as a white solid& 8 m/e: 334.2 (M+Er). WO
2009/019163PCT/EP2008/059908 - 2 :

H

XH-B-7
a) 1-[(3R,4S5)-1-Benzyl-4-(3.4-difiuoro-phenvh)-pyrrolidin-3-vii-cthanone (IX-7}
A two necked flask was charged under argon with rhodium(acac)bis ethylene (0.239 g,
0.05 eq.), {R)-BINAP (0.575 g, 0.05 eq.) and 3,4-difluoro-phenylboronic acid (7.3 g, 2.5
eq.). 400 mL of MeOH and 40 mL of H,O were added followed by I-(1-benzyl-2,5-
dihydro-1H-pyrrol-3-yl}-ethanone (3.72 g). The reaction mixture was heated at 55 °C for

8 hours, cooled down to RT and concentrated under vacuo. Purification by flash
chromatography {5i0,, EtOAc/Heptane 2/1) afforded 2.31 g {40 %) of the title product as
a light yellow oil. ES-MS m/e: 316.1 (M+H").

b) (8)-1-[{3R,45)-1-Benzyl-4-(3,4-difluoro-phenyl}-pyvrrolidin-3-vl | -ethanol (X-A-7)

and




d) 2-{ (5)-1-R3R,45)-1
-Benzy1-4-(3-chloro-4-fluoro-phenyl)-pyrrolichn-3-yll-ethoxyl -5-
chloro-pyridine (XI-B-5) To a suspension of PP113 (PPh3 polymer bound,
WBommebPR433/g resin) (141 mg, 0.53 5 mmol) in THF (8 mL)rati0kP1eses59908
added 5-chloro-pyridin-2-ol (47 mg, 0.36;;mol) and then DBAD (90 mg,
0.39 mmol). After 5 minutes was added (R)-1-{(3R,45)-1-benzy1-4-
(3ehiorosa-fisioropphenyit jspydilidire 3wk dthanebl@inragl De2dhmaiol) B-7)
The reaction mixtt  Stir Dyek night Ty filtgre ite anc
c e S Wk EXAA e NaDEL Feomore
by ol eRrerRBtBYFABhIPISTE2 216 oA ride By Silrietisd- Ml te P 9dy &
ofthetitteLosiponnd asentalortcss ol kSsMG dnte: ddbién(Mikhal) wa)carefully
5-Chloro- 1-
. NH,C, d und and th cted
(IR o pfpg: Nk copeanradund gy gradct et
(XTFL%E‘S?‘D}. - Fherepbinga oganic phases were dried on Na,SOj and concentrated
24093134 (3R, 4by-A+benzict«4i{rchiaresA: Heyonaiphenyddspyrdlidinadsgraphy
Yiretoxyh AN RYIEing 88 Mas(0.49. mmal) dissglyedhin ioluape (2
mté)? V\%e_re adcded 0.8)6 r%géLn_(E(nSg 1rrTnT[?nof) o% 1-ch|2)rfoet?;1yl_c 1Iorofo;]5ma§g ind
0 0 RHIABr HEigRBR5 X Frd) RE RS kit W Ml Mo St
10 OIGBHHHGF.aAﬂé-ﬁ)thqﬁm,&w&@ﬂﬂé-%iéla{ﬂéhlm@hewi@wdrumﬁierNaﬁuﬂhanol
and 0o chide was dissaarILMSOH (il The 2Qgection mixture was
heated at 85 C for 30 minutes and after cooling down to RT, volatiles were
removed under vacuo and the residue was directly purified on column
chiior&ograiEiy45i0 23 &H2-E 1 2/MéflbbSolhdeldle dvadindin (Y19 tobthe 5-

title compopind.ag gdight yellow oil. ES-MS m/e: 355.1 (M+1-E).
25Pyrrolidine XII-B- _ .
15 66y stsparias iR b hidroralier Bypmeng Typgdiiis- s3A s bickyi-fc
otimaniirike THXI [2B-6:0) 650 BRI ddeBerblbrd-184jldit-itkol, {0.60. modas3hemol)
- Gelidis Fplxpthornicounaniile dvleBs8)imA-l @A SR RRIMYOROkSS -
mg (0.13 mmol) of (S)-1-{(3R,45 -1_—benz¥é-4-(3-chloro-4-
fIR5rEYbHERy TR Bt aRcAE NP e AHB H DVE 8 hiY Was e RlaH s
migaQids mimot). Whetieadtionrmixbre WASiKtireddat&iTe ford30miinutesyd under
20 angthe 'ﬁ)ﬁf&%gg“nf%tgQitWP@/%‘P.g%@ﬂi%%@,%ﬁ!%%ﬁ(%@&namgmphy (810,

EtOAc/H, 1:3) yielded 0.917 g (69 %) of the title compound as a colorless oil. ES-MS m/e:
429.2 (M-+H").

193

d) 5-Chloro-2-{(8)-1-[(3R,4S}-4-(3,4-diflucro-phenvyl) - pyrrolidin-3-yl] -e¢thoxyi-

25  pyridine (X1I-B-7)
To a solution of 2-{(5)~1-[(3R,45)-1-benzyl-4-(3,4-difluoro-phenyl)-pyrrolidin-3-yl}-
ethoxy} —S-thioro—pyridine 917 mg (2.13 mmol) dissolved in toluene (20 mL) were added
0.69 mL (6.39 mmol) of 1-chloroethyl chloroformate and 1.09 mL (6.39 mL) of Hunig’s

base. The reaction mixture was heated at 100 °C for one hour. After cooling down to RT,

30 volatiles were removed under vacuo and the crude was dissolved in MeOH (20 mL). The
reaction mixture was heated at 85 °C for 30 minutes and after cooling down to RT,
volatiles were removed under vacuo and the residue was directly purified on column
chromatography (Si0,, CH,Cla/MeOH 9:1) vielded 464 mg (64 %) of the title compound
as a light vellow oil. ES-MS m/e: 339.1 (M+H").
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- 30 - minutes. A solution of 6-chloro-nicotinonitrile (22 mg, 0.16 mmol) in
DME (1 mL) was added dropwise and stirring was continued 3 hours at 50
C. The reaction mixture was concentrated under vacuo. Extraction with
wiDAoskRAgs3ollowed by column chromatography (Si02, EtOAs/H EPBYs/059908
yielded 48 mg (86%) of the title compoung as a 5 colorless oil. ES-MS

m/e: 436.1 (M+H+). b)(S)-1-
I(3R,4S)-4-(3-Chtoro-4-fluoro-phepybhdiretiniig-3-yll -ethoxyl-

nicotinonitrile (XII-B-6) To a solution of 6-1(S)-1-
[(3R64§§J11Hé%&ﬁ@ﬁ(@téhmfbt@#t@bf@éﬁhéﬁ%}lﬁ%%ﬁ&nﬁhm -nicotinonitrile
yll-ethoxyl-nicotinonitrile_48 mg (0.11 mmol) dissq|ved in toluene (1 mL)
were added 47 mg (0.33 mmol) of 1-chloroethyl£hloroformate and 43 mg
(0.33 mmol) of Hunig's base. Thereaction nfixtyre was heated at 100 C

for one hour. After cooling dow‘r@r were removed under

vacuo and the crude was dissolved in Oﬁ (5 mL). The reaction mixture
was heated at 85 C for 30 minutes a fter cooling down to RT, 15
volatiles were removed under vacuo and thexr%%ldue was directly purified

(Mﬂmm@mmmw B-7
2% Choror sl (s &f%&ﬂ&o“z&%ﬂlﬁ' B@t@)&hﬁf}l’{lz)s@wf@@ﬁ -Yleth®Xoro-

(&3

ridine ClI B-7 41 -4- 3 4 lleri.nolidin-3-
S e ool
rhwuméaoao)msxeﬂwie ner(el28 Ry f@.08 ieql)thR)uBi Ith&ﬁm(ﬁS‘?G igr 00Binutes.

e )s g ch A tlueEespieaHRArRIC m 13 D1 e £40%Maf added
oy ﬁOH and 40 mL of H20 were a%% d foI O¥V dDBy (1 benznyl -2,5-
| e

SRSV PO 8y S SRS reactST RSl aLas
h@atwmmmmmsmm@m@@mﬁ@mf Hrid é@hbé?ﬁﬁa’té@lwnéer
V%ﬁlﬂ&nﬁ’ﬂgﬂﬁgﬂi QR Ez/»g fia}mgﬁomt%gr@@fﬁs G%gqr%oﬁéﬁ)ﬁﬁfﬂellﬁgés%?w&sg&/hd asa
afford 0), O t uct as a light yellow oi m/e:
316! ‘:P" (éfi? 3@% %%3/6%% PCT/EP2008/059908 - 31 - (R)-1-f
(3R,4S)-1-Benzyl1-4-(3,4-difluoro-phenyl)-pyrrolidin-3-yll -ethanol (X-B-7) -

15 TQ))%S@ Ritiom(eR,4S)-4-(3.4-Difluoro-phenyl)-pyrrolidin-3-yl] -ethoxy}-nicotinonitrile
BB -1-benzyl-4-(3,4-difluoro-phenyl)-pyrrolidin-3-yll-ethanone
.32 mmol) in THF (80 mL) at OC were added portlon wise
L|ZE\QP«ISF3W12Z!5)’§56 A% miaBE S tireazies @ohtlsucahend houro b thell-
reaation mieﬁusﬁ;maamwﬁtglm 5@mﬁnﬁhe@sbw@dﬁiﬂtaam@feaq aiNAert added 67

ConCﬁg H?tnqd 81 010e&fﬁlq L Eo ogrlrjac aeé(gtr Vt'&ﬁﬁr%%’% o}—pi% gs base.

ned orga ic phases were" r|e concentrated un

20 vakifo! W@Wﬁrggwﬁéé&%%?ﬁ@fé&%gr@%@efabatédﬁb‘%wﬁ% down to KT,
chrgnmadogeapran(SiRuiifAGH o ki) dee vielde was dissolved in MeOH (10 mL). The

ﬁ&%rl&%%nﬁ%r% QEﬂ%é/a%ei’{ 4?’8‘:! (‘E@HPE% &EﬁﬂX&L){nH%HQJ'E’ABI%(YHo‘%‘JH i fir,

2%) as a white solid

(9)@!@ SW&‘@) Wﬁéw%i‘(@aﬂamﬁ% megﬁ%ﬁwyv@%fahm%@ﬁ @th%amn
(Xrofh D03 gl(B 7). aS 1A, Glhid estllid £ S Gednfe 131 &1 YMafHkt Yitle compound

25 asalight vellow oil. ES-MS m/e: 330.3 (M+H").

Pyrrolidine X1I-B-9

5-Chloro-2-{(8)-1- [(3R,4S)—4—(4—chldro—3—ﬂuoro-pheny1)—pyrrolidin—S-yI} -ethoxy}-
pyridine



10

i5

30

cp_2211511. chloro-pyridine (XI-B-7) 15 To a suspension of PPh3 (PPh3
polymer bound, 3 mmol PPh3/g resin) (1.78 g, 6.79 mmol) in THE (20 mL)
at 0 C were added 5-chloro-pyridin-2-ol (0.60 g, 4.63 mmol) and then
WBAddo(disd30, 4.95 mmol). After 5 minutes was added (R)-1pl{3R MG bs9s0s
benzy1-4-(3,4-difIuoro-phenyl)-pyrrolidir_l-g’i_))-yll -ethanol (0.98 g, 3.09

mmol). The reaction mixture was stirred over night at RT, filtered on celite
and concentrated under 20 vacuo. Extraction withi EtOAc/ag.NaOH 1M,
followed by column chromatograp S|02 y /H, 1:3) yielded 0.917
g(69 %) of the title compound as-& cofor|gss pilv ES-MS m/e: 429.2

(M+Fr). Li) 5-Chlor0-2- Shen --ethox gﬁldlne (XII-B-7) To a solution

of

2-{(5)-1-[(3R,45)-1-benzy1-4-(3,4- diflucio- ph%m/}) pyrrolidin-3-yllethoxyl-5
-cIoro- rldlnle 917 r]n 2 13mmo| dlssolved |n toluene (20 mL Were

(GPBBthéc@fsdi‘lﬂmig\&baISﬁ oa'chemmmgm mmmm) Wam mmﬁﬂs&ﬂm&a formg,
ONEBYY, /aﬁsegﬁ@gﬂresmg% & Rq eﬁ% ‘4041?}}8?& é"’ﬁ[%&%i%%&%ﬁ?é acid (825

vacuo and the crude was dissol ve he reaction

5 oo ids ROARLPRYRDE 168 30T m‘dﬁéQ &’ﬁ&e &ﬂé?dc@&w%% th epzy-2.5-
vaidtilesweteyerioiet uridenvacitd angd. (Heenesidioa wiasdirecyhpuedieds °C

OGO W CRERMAIRANAROY ASIOZ Skl 2IMEOH 9Lk '9@%’:*‘1‘&41 Mﬁﬂ@ﬁﬂ

%) of the title comgound as a light yellow qil. ES-MS m/e; 339.1

)
WOSBbeTETESPETEPI608BEI86E | I rdsyrbhidhd KIS the 6 product
6-44 8 )idh{ (BRI MAEB M Diflaciez pHdft)-pyrrolidin-3-y11-ethoxyl-nicotino
nitrile X1I-B-8 a) 64 (S) -1 - f ( 3R,4S) -1 -Benzyl1-4- (3,4

-diflugro-phenyl) -pyrrolidin -3-yll -ethoxyl - 5 nicotjnonitrile (X1-B-8

St%@&%ﬁ%@k&%)ﬁ .0.'5?}3 t%/uoro phenyl) pwrohdgn 3-yi! )ethanol (X-A-

(23R )M45){ 3RO 4-¢)i piieiydiepyrealitip3rylidatifayidleathanol
I_M%@p mL) was added NaH (19 mg, 0.40 mmol). The reaction mixture

was stirred at RT for 30 minutes, and then at 50 C for 20 minutes. A

soTﬁtPowWwﬁérét?ﬁnﬁ%nbhﬁﬁ?é’l(ﬁé‘%ﬁ&l%é Furns) RReRM P ol il -
addechiadiDpwige @ntistiroingniids-dontimued 3 KoweseatlBO oFtien wise LiAlH,

re@féﬁg @%%’iﬁlﬂ?‘%ﬁ %@E@Eggﬁﬁﬁg@ Fo\f%’ré%d@t(t%q@l@ Withion mixtare was
EtOAng—L}’ZO followed b¥qc g chromatﬁgraphy (Si tOAC/H, 1§ 4
yistigd élH‘?B‘&%éo}?’X BIHOBHE Ebmpllh a8 A Eh |&g ehiTAEE 1 thygroduct
42013 dHiffth EBDAG-{[B)<bsbpined organic phases were dried on Na,SO4 and
R4 RiEluQrRRheny %%9%?5@!@&61&%&1%&%&4'%@&@& W%oiumn

,, (XII-B-8) To
o A RS LR, TR By by d-eoro-5
etﬁ@w} pleotihopitied 466 Mgl (G vh (KoB- AidSd e #8 tohrsnevidterso)id ES-MS
W%Eﬁ‘e%?)q‘%d(ﬁlzrmg QQ&@M’T[@MS]) ‘I?t’ﬂ6159&%3('40351{%@05@@6‘?0%1%@9})”19
(Opé}lelo Imglg K (ﬁ P)% A-9) 80 mg (30 %) as a white solid ES-MS m/e: 334.2
(M+H.

¢} 2-1(8)-1-1(3R.48)- 1 -Benzyl-4-(4-chloro-3-fluoro-phenyl) -pyrrolidin-3-vli-ethoxy}-5-
chloro-pyridine (X1-B-9)

To a suspension of PPhs (PPhs polymer bound, 3 mmol PPhs/g resin) (216 mg, 0.65
mmol) in THF (10 mL) at 0 °C were added 5-chloro-pyridin-2-ol {58 mg, 0.45 mmol)
and then DBAD (110 mg, 0.48 mmol). After 5 minutes was added (R)-1-[(3R,45)-1-
benzyl-4-(4-chloro-3-fluoro-phenyl)-pyrrolidin-3-yl]-ethanol (100 mg, 0.30 mmol). The

reaction mixture was stirred over night at RT, filtered on celite and concentrated under

vacuo. Extraction with EtOAc/aq.NaOH 1M, followed by column chromatography (5i0;,
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20 The reaction mixture was heated at 100C for one hour. After cooling

down to RT, volatiles were removed under vacuo and the crude was

dissolved in MeOH (10 mL). The reaction mixture was heated at 85 C for

30 minutessand after cooling down to RT, volatiles were rempyEaRaders9968

vacuo and the residue was directly purifigd on column chromatography

(Si02, CH2C12/Me0OH 9:1) yielded 45 mg (85 WO) of the title compound

2Fasa/kght yeloreail. 0B 9:-MSieoB3Q.BddM e pruRyrroli dilvel bl eB-8S5-MS

5-alor ( +

(3%&%)%{(?){:%%96-3-1%uoro-phenyl)-pyrrolidin-3-y1{-etboxy|- pyridine

WO 2009/019163PCT/EP2008/059908 - 33 - CI XII-B-9 a) 1-

((ARAEMbBenZR]-4-(4ithire-GHfthbrarhtnyd)yhvrnel iciy:8eligihil sethiartboxyt -
(%)n cked flask was charged under argon with

rM lum(acac)bis ethylene (31 mg, 0.05 e R)- BINAP (74 mg 0.05 eq d>

arle® 2-SHIBIN BRbHDPréAbiRordnRe el (825 oRRgS SleoeyBhaty Hipyapolidin-3-

MaQHdend 1337tk ofd4201dieso adde® .ol lowed) Id;esbl(rbebmrmwefﬂi %5 mL) were

dmé{&'é@&M%ﬁfqb%@/&an%@*%@m%l(ﬂ%w%m%ﬁam%mtyﬁezvv@%s mL) of

heated at 55 C for 3 hours, cooled down'to R and concentrated under

vééa@epéﬁf&gﬁﬁﬁ%gtm%m&m&%%?@@ % 0N PRBtAE R Ppline
affiorde b 261 m@t@&@%&r@frth@tﬁt&em&ﬂnﬂmtmsz@&lgm yellowoikliESHdEIn MeOH
{ 8302 TV A0.3R AR s Benz 4 0101 Qs 3 AR 3:I1Pr 3561ing down

-ethanol x-A- 91AndjR3R 4s A-Benz 1-4- 4- %hluorg hen 1 - rradin-3-,
_emgl%rf@@téeg)v%r&r%%mﬁ gﬁ%ﬁr yacuo and the residue was directly purified on

R384:3) ivenzy b ldg-Chloy &> Bl gidephie Ayll) pyidedidmagsy A5 %5 of the title
etNANREPR T QefiS TUMOkS IR £ XQ3m L)\ at 96 were added portion

wise LiA1H4 (26 mg, 0.68 mmol). Stirring was continued for one hour, and

the reaction mixture was carefully quenched by addition of ag. NI-140,

concentrated under vacua and theriadio atled with EtOAC. The
combined ora’anlc phases were dried on Na2804 and corhcentrat d under

vaelio) Fré vt disdttdirsmetie mans Sepavatal By doitlififhoxy-nicotinonitrile

. //
Ci e
T, 5
TN, [‘H(O "

N
H

d kiba

Xi-8-10
a) 6-1{8)-1-1(3R,48)-1-Benzyl-4-(4-chloro-3-fluoro-phenyl) -pyrrolidin-3-vi| -ethoxy} -
nicotinoniirile (XI-B~10)
To a stirred solution of 88 mg (0.26 mmol) of (§)~1-[(3R,45)-1-benzyl-4-(4-chloro-3-
fluora-phenyl)-pyrrolidin-3-yl}-ethanol in DMF {6 mL) was added NalT (19 mg, 0.40

mmol). The reaction mixture was stirred at RT for 30 minutes, and then at 50 °C for 20

minutes. A solution of 6-chloro-nicotinonitrile {45 mg, 0.32 mmol) in DMF (2 mL} was
added dropwise and stirring was continued 3 hours at 50 °C. The reaction mixture was
concentrated under vacuo. Extraction with EtOA¢/H;0, followed by column
chromatography (SiO,, EtOAc/H, 1:3) yielded 100 mg (87 %) of the title compound as a
colorless oil. ES-MS m/e: 436.2 (M+H™),

b} 6-£(5)-1-{(3R,45)-4-(4-chloro-3-fluorg-phenvl)-pyrrolidin-3-yl| -ethoxyl -
nicotinonitrile (X11-B-10)




20 chromatography (Si02, EtOAc/H, 1:1) to yield
(R)-1-((3R,4S)-1-benzy1-4-(4-chloro-3-

fluoro-phenyl)-pyrrolidin-3-ylt-ethanol (.X-B-9) 1.01. mg (38%) as a white
s@lichbeBdviSsm/e: 334.2 (M+Fr) and PCT/EP2008/059908
(S)-1-R3R,45)-1-benzy1-4-(4-chloro-3-flugro-pheny1)-
pyrrolidin-3-y11-ethanol (X-A-9) 80 mg (30%) as a white solid ES-MS m/e:
33db2 (MutlH s ahmismu [Uﬁ§lis$ﬂ%M@f@%Mdfﬁmwph@Wﬁﬁnhdm 3-

chI pyridine XI B-9. asu S|on f.P PPh,3 bound,
fnc%ﬁlggff ngé IPeogilrE (ez-g%) mmeg)flmseﬂf_fé E&E?lu%eggg% zNwere alided
a&&éﬁ%ﬁ%ﬁﬁaﬁ&m}i@ﬁ ﬁ thlfwglﬁhghb@@ﬁaﬁﬁw@@%m ey DB/RD ¢ Hgnig’s
mgaéa %mea@dbﬁﬁﬁa&ﬁaﬂaut@atm aolslatl R prde K8 4Fel cooling down to RT,
‘4rch %roVS fl% henyl rrgll |nW§1 ; -e Qa Q?IFE
§?)%Jies %e The r%zfgtllon mixture Wgé%‘ifilcrrg%eovesr nigh teat1 ‘I‘&% ter gd? gi)- The
céiﬁéfa?fd%ﬁé@ﬁfﬁaﬂé@f@ﬁdé% Vel @Xﬂ%‘ﬁ@hﬁmﬂth?@(‘m@}aa JeROLp ﬁiﬁ

fOHGW&EsbNeE@me&fltﬁﬂkatﬁgiaﬂmd(ﬁ@ﬂm&ﬂ@m directly pm ified on column

(150 B HEGHE COboth o8 & AT ECRIS e s ey
d)3s il pehe ’_nf(glj FS-MS m/e: 346.1 (M+H")

10 1(3R,4S)-4-(4-chloro-3-fluoro-pheny1)- pyrrol|din-3-yll-ethoxyl5 pyridine
(XII-B-9) To a solution of 3 N
2-{(S)-1-1(3R 4S)-1-benzy1-4-(4-ehiara s Hists-aheny1)-pyrrolidin-3-
yll-eth@ibhr-chigsp-pyrdias) 98 (meh(0:-3 3 mma)) Hissolirdsin tobdens (pyridine
mL) were added 0.072 mL (0.66 mmol) of 1-chloroethyl chloroformate and
0.11 mi. (0.66 mL) of Hunig's bage. The reacfiop“mixture was heated at
100 C for one hour. After cooling own tﬁ volatiles were removed

under vacuo and the crude was jlve OH (5 mL). The reaction
mixture was heated at 85C for 30 minﬁg:and after cooling down to RT,
volatiles were removed under vacuo and the residue was directly purified
on column chromatography (S|02 CHZClZ/Me@H 9:1) yielded 75 mg

( 1sfl chHl%n?s? 3{ 11
156 f@ﬂ%ﬁeﬁéj <4Wea @ma?é lglﬁffomfh%ﬁ}wwfaﬁ&ﬁfﬁ@‘yﬁ Strbsan e
inOnitride ), (R)-BINS)-1+10 mg, 0.05 eq.) and 4-chloro-phenylborenic acid (1.20 g, 2.2
BR» ‘5151)033 BERE Y Adishira:B-dorer @@gmh)amngla&y@% Y'kﬁ%‘t@é}ff 230
onitrile XI a stirred solution of 88 mg .(0.26 mmol .
ﬁ%{%ﬁ i@yl’i ﬂé@ftﬁam% 18r52 8! rk?ﬂﬁH8ﬂﬁ?‘BVﬁ8’ﬁ8W§iﬁlﬁ 55 °Cfor
-eﬁHantrls,ln@h@@m@)&mdddedmm&c@l@mgw&m PmbGextibhéydadtion

m%ﬁlﬁ% §1@ @H&E@Qﬁ%@ﬁ? anpdhen st 56 Cofor,20, minutesd

v A SP %@g?%%% \13@ trj%or g?ﬁ’g‘ﬁg g, 0.32 mmé)?lg)jln /éQMF (2 mL)tﬁ netas
wgs d0 g df continued 3 hours at 50 C. The
reaction mixture was concentrated under vacuo. Extraction with

Et@ﬂ@/)Hﬁ@(?)ﬁ@&@Wﬁ@&%ﬂ@lmiﬁbEQFB%QQQWMQQZ?@I%%%& RA- 1/1) and

25 (3@0415):@144@%@@%@@%@% irplBeyil Fathosdi innicpltiroitritee
(><d®r.§23g91.65 mmol) in THF (20 mL) at 0 °C were added portion wise LiAlH, (55 mg, 1.45
mumol). Stirring was continued for one hour, and the reaction mixture was carefully
quenched by addition of ag. NH4Cl, concentrated under vacuo and the product extracted
with EtOAC. The combined organic phases were dried on Na,;SO; and concentrated
30 under vacuo. The two diastereoisomeres were separated by column chromatography
{810y, EtOAC/H, 1:1) to vield (R}-1-[(3R,45)-1-benzyl-4-(4-chloro-phenyl)-pyrrolidin-3-
yi]-ethanol {X-B-11) 0.24 g (46 %) as a white solid ES-MS m/e: 316.1 (M+H") and (S)-1-



WO 2009/019163PCT/EP2008/059908 - 35 - To a solution of
6-1(S)-1-[(3R,4S)-1-benzy1-4-(4-chloro-3-fluoro-phenylp-pyrrolidin-3-
y11-ethoryl-nicotinonitrile_100 mg (0.23 mmol) dissolved in toluene (2 mL)
wemedded08 mg (0.69 mmol) of 1-chloroethyl chloroformak€ Bing28%4t7gI08
(0.69 mmol) of Hunig's base. The reactiogymixture was heated at 100C for
one hour. After cooling down to RT, 5 volatiles were removed under vacuo
anthesgrudewgsidissolved i deQitolidik) 3 Fhectbactidi nmttUrd Mg (47 %)
h%@‘ée\g}ﬁfe%glﬁ for3Q H?}E‘lﬁ?sslaﬁw ﬁiltgr cooling down to RT, volatiles were
removed under vacuo and the residue was directly purified on column
chromatography (S|02 CH2C12/MeOH 9 1) yrelded 60 mg (76%) of the
$ s S5-Ik B4@id1AHE -5-chloro-

-1- 3R 4812 -4-(4-chloro-phenyl)- p;{rrolldln -3-yll- ethoxY 5)
yr@ﬁé‘@l’?@?@ Pg)a (PPh; polymer bound, 3 mmol PPhs/g resin} (0.44 g,

18R 4S8 FEBENzy L 44(d-¢hione-phiedyslyipyreotigintid-21d -@hagond 5 mmoi)
('Xn%ﬂtilea%mqm%Kep'zfﬁq%rkal\aﬁsm%g%ﬂr&%ra@mwﬁw 1-[(3R,4S)-

rhodium acac bis ethylene (45 110 m

edyEHa e Opﬁ%wrao%mrf%rd%(ré s %’)b’ @mmﬁﬂéwmn
10 andixtOranivaekti26 wererddded Rﬁlltﬁ%ﬁdd?}nk-(ﬂlfbﬁmizgdnc&ﬁ{atcd under vacuo.

dipygdrosL Py el ah@nens: (@orsmh sor&%t@rram c?fsmioz,
heated at 55 C for 8 hours, cooled T and oncen %%ZM e

vads Plrikicistiesy hidh 99 ¢hrd %%91’(%1 aﬁdﬂé’}r‘fésp?
afiarce MOt36 Iy (33%) of the title product as a light yellow oil. ES-MS m/e:
314.0 (M+FIl). b) (5)-14

3R,45)-1-Benzyl-4-(4-chloro-phenyl rrolidin-3- ethaoIXA
i5 g_d.,. ,sz]oro 221%5) 1-{{3R, 4% 4p(4 chYo p emlr Ipvrr l%im 3= vﬂ ethoxyi-pyridine

FZIQJ:E&E)AS) 1-Benzy1-4-(4-chloro-phenyl)-pyrrolidin-3-yll-ethanol
g-x[Fg asdhofonl & & ﬁ%&i&'&r@?@gr}% )-1- bcnzyiél (4-chloro- %hcrlzlyl lEl)yrrohd1no35y2
enzy chlor yrroliin3-y|
B R B e £ T R S L T i (B faded
m@,| 1ab b hurSHiridgd Wésreorhlnrhdédrttfpwmwﬂéﬁ drthel réhotmﬁl) of
20 Mg m&@r@%&%ﬁﬁﬁ%@e%@@m@wimm& peoncentralesing
under vac Idt[re roduct extracted with Et%AﬂC Thg comgrnepl din MeOH
oré1 "r"r?ct%hasgg e?% fhedon Y\?ai‘g%ﬁ ANdConcentrated 30 Gnder Vacuo
ThéOwd diBistereicomeres suerelsapdraitddl Byfeoltmrnehro mataleagpsling down
(SOZTERAGIEL el daniedd undcr vacuo and the residue was directly purified on
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Pyrrolidine X1{-B-12

6-1(S)-1-[(3R,4S)-4-(4-Chloro-phenyl)-pyrrolidin-3-ylj-ethoxyi-nicotinonitrile

od

N
H XH-B12
30 al 6-{(8)-1-1{3R,48)-1-Benzvyi-4-(4-chloro-phenvl)-pyrrolidin-3-vi[-ethoxv}-

nicotinonitrile (X1-B-12)




- 36 - [(3R,4S)-1-benzy1-4-(4-chloro-phenyl)-pyrrolidin-3-y11 -ethanol
(X-A-11)025 g (47%) as a white solid ES-MS m/c: 316.1 (M+Fe). c) 2--1-
3R 4S)-1-Benz4-chli-3.-v1 -eth0-5-chloro- 5'cline XI-B 1 To a suspension
wbRPbB16REh3 polymer bound, 3 mmot PPh3/g resin) (0.44 &, W memoljos
in THF (50 mL) at 0C were added 5-chloge-pyridin-2-ol (0.15 g, 1.15

mmol) and then DBAD (0.28 g, 1.23 mmol). After 5 minutes was added
(R)o - 3{3RJ4D)ntivb e 230 # (4 Chl arorgihenifl ) p I RIiNN13bylizetha bk hioro-
Q2.0 Q79 mmen. AheeRcian Auniiuie was stied aves gt At Rmo

ere te and concentrated under vacuo. Extraction with

IR EFAG RBOMFIE TNOREEESY BoILAROCRIBHERGBIAND 15103 CERAQinutes
1:8)yiefded Ds2dh e mYoxiabiheititie Xompouwridasd)colDNESS2 oL ESaMBded

md?% %Ze%é@/'stlrﬂl v}g ggntmued 3 hours at 50 °C. The reaction mixture was
oro 2%%8) -1- 1'(3R 45)-4-(4-chloro- E heny1)-rovrrolidin-3-yll-ethoxyl

e e S D ra%wrnh 0

2 SrilabERES)Skb et led(4:Ehjtridedisayt - (B Ao lidin3-iitle thoxydbad as a

h'S’JBIPééE'g F%@%@S@Qe@?&lﬁﬂ@w@ﬁ issolved in toluene (5 mL) were
added 0.17 mL (1.53 mmol) of 1-chloroethyl chloroformate and 0.27 mL

(1.53 mmol) of 20 Hunlg s base. The reactlon mlxture was heated at 100

AL/HLO, followed by column

15

20

v%cg and the crude was dlssolved in MeOH (10 mL). The reactlon
mixture was heated at 85C for 30 minutes and after cool |ng down to RT

VOB TR T riod et A VAl HE ARt e G BA chGER A Bl
orttokynicitiommitdgraidhyd 8i02, ORACA2¢MetHNId hiyielded 11 mgdé2l 0.20

TQQLO{ Etlgg 1%%0%5)?’? @BB%%%aﬁlHﬁé@ﬁHM‘ 0] §§HM§ lr@éem%ﬂ) Jof Hunig's

rrolidi
6 aae)ﬁféﬁr%mn@eﬁr&%aﬁ m@ aﬁ;}ﬂ%r‘a]hfsoyﬁ el fehestina iR © R
WO 2009v@19163RETIER20081089008 c3de To distired isatitior 0F2B0). The

MQ{Qi4Q MM Qfas heated at 85 °C for 30 minutes and after coolmg3 down to RT,

(S)- -[(3R,45)-1-ben y1 -4-(4-chlorophen rrolidin noI i
0 i TN AR PR ) e PR b
wé@%&@mp@ﬂ@ﬁ@ﬁuﬁh@é@@ﬁ& thereklie8048 fag 0 Phimitds, thle compound

SQM'Q% tarshlenomicatingnitsiie. (132:mg).0.95 mmol) in DMF (2 mL) was
added 5 dropwise and stirring was continued 3 hours at 50 C. The

reaction mixture was concentrated under vacuo. Extraction with
Et0Ac/H20, followed by column RimretidinsgkiinByl £Si02, EtOAC/H, 1:3)

e R BT Ghing {8 SRR 5 £y 258 A SR

(3R,4S)-4-(4-chloro-phenyl)- pyrrolldln -3-yll- ethoxy nicot nonie (XII- B-12)

To a solution of 6-f
(S)-1-1(3R,45)-1- benzy1-4-(4-chlheny #yrrolidin-3-y11-
ethoxd-nicotinonitrile_265 mg (0.6 Uissolved in toluene (4 mL)

were added 0.20 mL (1.89 mmol) of -C loroethyl chloroformate and 0.32
mL (1.89 mmol) of Hunig's 15 base. The reagtion) mixture was heated at
100 C for one hour After coollng down to RT volatlles were removed

30

mmw@ﬂ@ae@ﬁased@ @ﬁrge&r&@mtgmxmmtemmhmgsmmm 8375 mg,

e rﬁﬂfr%%n%%%rgg PSR e et

(67%) 3900Rd- %@#ﬂﬂ?ﬁg mL of H,0 were added foﬂowod by 1-(1 ‘oenzy??, 5-
dihydro-1H-pyrrol-3-yl)-cthanone (2.8 g). The reaction mixture was heated at 60 °C for
8 hours, cooled down to RT and concentrated under vacuo. Purification by flash
chromatography (SiOs, EtOAc/Heptane 2/1) afforded 0.40 g (10 %) of the titie product as
a light vellow oil. ES-MS m/e: 298.2 (M+H").



20 as a light yellow oil. ES-MS m/e: 328.2 (M+Ft). Pyrrolidine
5-Chloro-2-{(S)-1-[(3R,4S)-4-(4-fluoro-phenyl)-pyrrolidin-3-y1J-ethoxyl-py
ridine CI XII-B-13 25 a 1 - 3R 454-fluoro- hen 1 - rrolidin-3- | -ethanone

WS 1ok iwesnecked flask was charged under argon with rhogitini@oasiiscs
ethylene (185 mg, 0.05 eq.), (R)-BINAP (4842 mg, 0.05 eq.) and
4-fluoro-phenylboronic acid (4.87 g, 2.5 €q.). 300 mL of MeOH and 30 mL

of H20 were added followed by 1-(1- benzyl -2,5-

0, midgt " Zgg éth%ﬁlil@spép%%mfﬂlﬂ%gg% 385%»4\4@«@ 229
(:I;/k? %%)’f enz %ﬁq (f g:l-nh"%nv )- p)%% |d(a §€§ ?/ﬂrlE Zﬁ(é"nséell(%% §)3 mg, 115

nnm@)zﬁilnr@@% cmneemdfcumw&mnhasmdlthemam%mmemacmefu y
SOJMBQ&@& fby B&giﬁ)ﬂ%}zaéf Tbﬁr@yko‘ht&ﬂn%e@f@nﬁ@ﬁéﬁ&)al@ﬁﬁ@l'&éﬂh@a}{ﬂe}ttraaed

7, mmol) in, THE (15 at e a ort
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| l;) re con r er,

van Hﬁdﬂ @I‘?dla tere ?% as aw Qes&égéﬂgypwe\?&w)]andﬁ)i

ome €S were separate col

chreihédtodrashyyte-($ibpomtoherH) - Pirydodyiefdyl] -ethanol (X-A-13) 0.15 g (39 %)

(Ras 1-HBR, dshit Ebang - tbduovo-phigny1)-pyrrolidin-3- yll-ethanol

(X-B-13) 0.16 g (41 0/0) as a white solid ES-MS m/e: 300.2 (M+F1") and

(5)-1- 3R 45) 1 benzyl -4- (4 fluoro phenyl) yrrolldln 3 le ethanol
2 5 s ALY ] A i3 -

C)Dzr;ﬁﬁsa{_bﬂ(ﬁﬁ{:,%) ' 1 anyl 4 (4 .qu oro- nhenyl)nyrrolldln

=yll- ethox |.-5-Cc dlne XI- ion of. P
iR g, IS RE e ot PR g b3kt mmol)
(40 rhiy af Qrad hvr i eiéﬁﬂoﬁzslﬁyﬁdmﬂzdm By rﬁ«?d‘ g% m)%wd then
thers BAD s{% 1830 a8 o5 A ces A9 lateﬁ&\(ae -adds® {R){Lbenzyl-4-(4-

20 [(:ﬁgbro n{yoﬁn)ler_@ ynofglm%o JJ 1%1‘?8)1'% Qidins tat%%ﬁ‘ {9 1%.19%: was

reactlon ture was Stll’ over ni ere

celite sy doriebhttdteafiiest wmetibe mxdreritisat E@Aﬂwwa@wwn with
fohka@/eddqwmwmmfnmmmw@gpaphyﬂﬁmoﬁtﬁ&gaﬂﬁhi B)Vielded U5 Q) yielded
(73 fy %) of the 1t G 1'1“*28}% ’%‘3@ d%scﬂ‘aﬂa‘?ﬁ %§ ﬁM%“?‘é% ﬂ“%(ﬁuﬁ

(M+1 25 d) 5- Ch oro-2- 1- f (3R, uoro-phenyl)-py
oI|d|n 3-yll -ethoxyl -pyridine (X11-B-13) To a solutlon of
25 2-{S-AHIER2A5)51-bé By A4 4-fldarocphienwl )-pyialidin B8y lethoxyl-praline

lor, iq' e 285 mg (0.69 mmol) dissolved in toluene (5 mL) were added
0. .07 mm (;‘2 of 1-chloroethyl chloroformate and 0.35 mL
mﬁfbﬁsa%%dwfrﬁg{ bdsk 3ie rd haisn rﬁ&‘%ﬁe%ﬂféﬂéé’m

onghbeyirsAfésroopling dawh tg; RV olatib sineleckimovechd sl emzamre added
arlﬂz‘ﬁ%f?'ﬁ%% wasdisselvadinM Oéﬂlé%’f&ﬁ'n)ﬁér NEEASUON MBAYUE WRSs

heated at 85 C for 30 minutes and after cool mg down to RT, volatlles were

30 reRiVEd BRttel REEsAEHGRAE FE ek Rl it ER R AvsdBrr cditimrpoling
chiomato §ra ply: (Bi0 2 HA0 VM OH 9 ticyie lohed H52 i (6886 @i tHen MeOTIT

tit'ﬁ_o mlL). The reaction mixture was heated at 85 °C for 30 minutes and after cooling down
to RT, volatiles were removed under vacuo and the residue was directly purified on
column chromatography (Si0,, CH,Cl/MeOH 9:1) vielded 152 mg (68 %) of the title
35 compound as a light vellow oil. ES-MS m/e: 321.1 (M+H").



35 compound as a light yellow oil. ES-MS m/e: 321.1 (M+14"). - 39 -
Pyrrolidine XlI-B-14 5-Chloro-2- (RS)- 1- [ (3SR,4RS)-4-
(2,4-difluoro-phenyl)-pyrrolidin-3-yl -ethoxyl- pyridine Cl 5 a)

WE) 4862 ¥liifluoro-phenyl)-but-3-en-2-one A two necked fladiCiva82008/059908
charged with 2,4-difluorobenzaldehyde (440 g, 28.1 mmol) and
(2-oxo-propyl)-phosphonic acid dimethyl ester (5.78 g, 33.0 mmol) and
cooled down at at 0C. K2CO3 (Pyg2obidieée Xilafmdd) in H20 (14 mL) was
adde [ irrin |

oS RS AR Ry
Flash chromatography (Si02, Heptan®&/Ef2& 1:3) afforded 4.0 g (79 %) of

the title compound as alight yellqw oil. b) 1-
(3SR,4RS)-1-Benzyl-4-(2,4-difluo henyl@olldln 3-yl1l-ethanone
(IX-14) 15 A solution of
N-(methoxymethyD-N-(phenylinegthyl (tr|methylsﬂyl)methylamme (7.82
g, 32.9 mmol) in C1-12C12 (40 mL) added dropwise, over a 30
minutes period, to a stirred solution of ! W1-B-14
(E)-4-(2,4-difluoro-phenyl)-but-3-en-2-one (4.0 g, 21.9 mmol) and
trlfluoroacetlc ac:ld (0 17 mL 0 21 mmol) in CH2CI2 (10 nAL) at 0 C. The
Lle) ] igs stirred at 25 C for an

adﬂﬂl@ﬂﬂkﬂ&l ma&w&g & ' &Qﬁ%@fﬁﬂﬁlﬂ)ﬁﬂ%ﬂaﬂfﬁ@t an @yzﬁagsllamoi) and

romato ra SIO CH2C OH 98
R S B R A AR Gn o
(3@@"@2@)0@(27@@%é@ﬂoﬂpﬁeﬁy&)kwﬁéﬁdm«hm aéﬁ@ér@évmas DUy TS

10 (SIBIm{IPRARPNA(24- Dichiarehphany Litpyataidit Byl thanok @¢dBnic

14 22 41;_%? %e%]over 34:}5?24 Ilas chrom tOﬁraf)h (510, ane/i:.tO%C 1:3) afforded

enzyl uoro- rroI| n -y1l1- ethanone
(I)@L&ﬂi ‘@7‘&&%@2@%@%‘?@% Byimeley 0& were added portion wise
LiAIH (0 19 g, 5.21 mol). Stirring was contlnued for one hour, and the

Q 3 h b .

reg {l_

15 co%fﬁiﬁéal‘d?é%ﬂn @5&%@%}9@@ aﬁléfﬁwgz@ék%{& @@fﬂbfhﬂé@ﬂﬁl&f@ﬂaﬂme
undgp aswio nheljwioCiasteraoisameeadiedelsgpasatedeby Stuimmes period, to

Chr ;@%[%)?%ﬁg ?(E?ki g)lf‘(d‘ ﬁ'uc;]mll fQ I%nt 3-en-2-one (4.0 g, 219 mmoi; and

~difluoro heny yr rolidin-3-yll-ethariol (X-B-14
()(r:g)g%t)l%%cgi\g\ﬂ,l rakit @Snmg e (10 mL)"at 0 °C. The ice bath was
ZQ%@ZEQJ.@&P@J {ERR60 859908 at 25 °C for an additional 48 h. It was then

20 concentrated and purification by flash chromatography (Si0;, CH,CL/MeOH 98:2)
afforded 6.2 g (89 %} of the title compound as a yellow oil. ES-MS my/e: 316.1 (M+H").

) (RS)-1-]1(35R,4RS)-4-(2,4-Difluoro-phenvl)-pyrrolidin-3-vl} -ethanol (X-A-14) and

SR)-1-1(3SR.4RS)-4-(2,4-Dichloro-phenyl)-

25 To a solution of 1-[{35R,4RS)-1-benzyl-4-(2,4-difluoro-phenyl)-pyrrolidin-3-yl]-
ethanone (IX-14) {(1.87 g, 5.92mmol) in THF (36 mL) at 0 °C were added portion wise

LiAlH, (0.19 g, 5.21 mol). Stirring was continued for one hour, and the reaction mixture
was carefully quenched by addition of aq. NH,Cl, concentrated under vacuo and the
product extracted with EtOAC. The combined organic phases were dried on Na;50; and
30 concentrated under vacuo. The two diastereoisomeres were separated by column
chromatography {Si0,, EtOAc/H, 1:1) to vield (SR)-1-{(35R,4RS)-4-(2,4-difluoro-
phenyl}-pyrrolidin-3-yl]-ethanol (X-B-14) 0.72 g (38 %) as a white solid ES-MS m/e:



-40 - 318.1 (M+1-1) and
(RS)-1-[(3SR,4RS)-4-(2,4-difluoro-pheny1)-pyrrolidin-3-yld -ethanol

(X-A-14) 0.374 g (19%) as a white solid ES-MS m/e: 318.1 (M+H+). Cip 2-
WO 298186201.0- hen \11rrOliditC3- -ah0-5- 5 chloro-pyridime (XirBxBAF9908
To a suspension of PP113 (PPh3 polymegf,bound, 3 mmol PPhs/g resin)

(1.27 g, 4.85 mmol) in THF (25 mL)at OC were added 5-chloro-pyridin-2-ol
(03429 gv13-81) mmoRsand [theR, DBAD- (0 8dify&c blramb Hp it b rhinigtedianol

d ( E , NG
(2?5 %\fﬁjoro gr@%%ﬁyrrohcﬁ ?teﬁoyldl gtwgnﬁif-kbgiiﬁy(a.?&g, 2.20
mmol). The Io reaction mixture was stirred over night at RT, filtered on
celite-amb poricesitraksd- udertasun 4 Hittactiosherith) fieAdidiaNal-¢thiky}-5-

foII Wed b¥ 5170'“[2‘? ﬁhlr%{natography (5102, EtOAC/H, 1:6) yielded 0.69 g

6) of the title compound as a colorless oil. ES-MS m/e: 429.2 (M+EI+).
15T B PSLORIBTE IR (E)- R Hyamiy RSP g S i 'orBsHerh) Loy el -8
idinmey]l:ethiaRyds>npyadime (Kdieldded)s-tol @rsolutidn-afol (0.429 g, 3.31 mmol)

2- igﬁ%)te% gﬁgB ﬂ]%%) %%X&Ioﬁ %’térg HHSB?eP@ng&aeBXgﬂ q W@'SR 4RS

ll-ethory}-5-chl d t
I i T e o el e i

10 0.68dnbn(326:ramed s ofi 20 demiges ha s, Theredactioh tmixiiterwashedtedder
atv%?@o%f&ﬁ?@&%%ﬁ B“@ﬁ g%&@}:@%{){”{&ﬂ& d%%&!s&wa{mm%%y (510,

undér vacuo and the crude was dissolved in M O mL). The reactlon
mbddrEWad %ﬁf&&%@é@@&@%@?ﬁﬁhﬁfé&faﬂa‘aﬁa}m.ﬁ%ﬁw RS m/e:

volatileshverie)removed under vacuo and the residue was directly purified
on column chromatography (5i02, CH2C12/MeOH 9:1) yielded 350 mg

(78%) of the title 25 compound as ali htﬁyellow oil. ES-MS m/e: 339.1
15 (W—T—@—W@F&%ﬁé—)@%@gﬁq uoro-phenvl)-pyrrolidin-3-vli-ethoxy}-

R3R4B)=4X4-Bhigro-phenyl)-pyrrolidin-3-y11-ethoxyl-5-trifluoromethyl-
PYFACING (fon W9 ?&\% @%93%@3585” E12008/050908 584 I SHFFRSidin-3-

solutlon of 250 mg (0 erﬂ‘br

(St Ie[fégmgﬁl%nwidm&? FopremyRLbytrenil 2yaHesthEidPin were

DMHE{d 0.4l wdsaddedINaH-(5lomehtl 8 onvhoindhenktaé8onlihabremol) of
20 W@ﬁlﬁﬁ ’rsqgazét Eﬂo @%&?}ﬁﬂ'!ﬁl% ‘ﬁ%q&g%? A 2R &Ry %QJHMH@&& cooim

ion of 2-c rifluoromethyl-pyridine mo
IS 8o SR BB S EOM G W C NIt 3 I

Thé&eﬂdt@hermxmpo waswoneceiteatatubter {aciionBExtractioheitdttrooling down

EWM&QQ{S@@(@M&Q@%MM&QQr@)@b&@l@?\la’s:—@t%?ﬁv phifhled o/n

yielde 9 S ol m/e:

S S TSI R R R %ﬁﬁgﬁéeé B By e e
25 (XdpBppBRdRe algblutiwpil. ES-MS m/e: 339.1 (M+H™h

6-{(5)-1-[(3R,4S)-1-benzyl-4-(4-chloro-pheny1l)- pyrrolldln -3-yllethoxyl-nico

tinonitrite 340 mg (0.74 rnmol) gsssol\zﬁ ad n}églgepe (6 mL) were added

0.24 inL (2.21 mmol) of 1-chlor e and 0.38 mL (2.21

mmal)of Hunig $s5. E’%QZ}M&% rﬁ?&ﬂ@ﬁ ?’EHEﬁn\l\éaﬁP@ﬁ'ﬁ%@}aﬁiﬂﬁgo@Fnethyl

one hour A?@r cooling down to RT, volﬂwles were removed under vacuo
and the crude was dissolved in MeOl—P i mﬁ_) The reaction mixture was
heated at 85 C for 30 minutes aCrlld after cooling clgwn to RI,

D((

N
30 A XH-B-15

a) 2-4(8)-1-[{3R.45)-1-Benzyl-4-{4-chloro-phenvl)-pyrrolidin-3-vl] -ethoxy} -5-
trifluoromethyvl-pyvridine (XI-B-12)




volatiles were removed under vacuo and the residue was directly purified
on column chromatography (5i02, CH2C12/Me014 9:1) yielded 150 mg
(55%) of the title compound 20 as a light yellow oil. ES-MS m/e: 371.2
WA-Bs1Rrrolidine intermediates of formula XV-A and XV-BIT/EP2008/059908
Pyrrolidine XV-A-1/ XV-B-1 - 41 -
[(BRS,4SR)-3-(3,4-Dichloro-pheny1)-4-((RS)-1-hydroxy-ethyl)-pyrrolidin-1-
yDe(8 s 2oethokyspyridinag:y 1 nethall oh ES{XVHARLY SRt Benzyl-4-(4-chloro-
[(ﬁﬁéﬁﬁ o1t ?WL%QM%WM &(@%LM%%’MEM@QWD’@MDM@M mol).
6- methoxy-pyridin-3- eth &(V B- 12TCI Cégr%l A,
Ny R A e e
1-{(3BRj4RE) 2-dbbnpyd-if{ Bt cdicHiphoiphbny 1) 73 yro itk -Buylidt rabdhie (2 mL)
5 (I%2bh4400 &6320 mmell-Aissolyed ini GBS N (30 0 wasiaddedidiBixture

mL WO 2009/0191 3PCT/ET32008/0599
25% Ct?i‘?:‘i'ﬁ%%&?fi;}f’ ioPSHShALE S St ﬁ%@%éé‘%ﬁﬁ%‘ﬁ%%ﬂmg at
Ratrvolktitgsne (Sifenioed rhdeh vadded 3rbinld 6 tidet élsiditie gragpound as a

digsiglved dn AcQt (3R.mk) belererd total of 1.5 g of Zn dust was added
portionwise. After three hours at RT, the reaction mixture was filtered on

celite, the solvent removed under vacuo, 5 followed by extraction with
10 Ef0A&¢c : : e b roanielidindes hwishedtiddinuoromethyl-

Ng@% ag.. @,o]lgrjnn chromatography (S|02 CH2C12/MeOH 9:1 to 8:2)

yielded 1.50 g (63 Iec u col rles oll. E le:
288 0 ey o121 TR ORISR eEsD Smoratt 3
pyﬂ’@lrdinwir@maﬁeﬁéO(Xllg/(-flﬂ'll‘ol‘aO&rﬁrmlg@fMﬂdﬁl@ﬁne (6 mL) were added 0.24
Blﬂ@EQQXW}iﬂfq%ﬁi@&tﬁ?i‘ﬂh@&@oﬂhﬂﬂ&')&ﬂﬁi@B‘t?ﬁii@(l&ﬂﬂth\w&f%{unia’s

T IR BT
1 ‘{qkeﬂwr@samncey@dd%ﬁmma@ﬁeﬁyi}hwﬂéﬁ ofvps igepivet imAbia{ xiflml). The
(Oet 129G BRM ST ISR Was: continued avests a&)gnhgTdaﬁrre@qtrpn

mIXEU{?ewagred}gl%&#rgrgdgrn\ggc\{yoa j([l%r 9 rgsxlﬁf aﬁcé%% Itgtg? LuC'f ed on col mn
comblne organic ases were dried over Na centrate under

VAR TG IR, RO 50 BE6TacH Olohag gy pound
20 ofathaitiHeypnedust &s-anvhite: SOk B-MS. m/e: 393.1 (M+Fe).

for 20 minutes.

Pyrrolidine infermediates of formula XV-A and XV-B
Pyrrolidine XV-A-1/XV-B-1
[(3RS,4SR)-3-(3,4-Dichloro-phenyl}-4-({RS)-1-hydroxy-ethyl}-pyrrolidin-1-y1i-(6-
25 methoxy-pyridin-3-yl)-methanone (XV-A-1}

and
[(3RS,48R)-3-(3,4-Dichloro-phenyl)-4-({SR)-1-hydroxy-ethyl)-pyrrolidin-1-yIi-(6-
methoxy-pyridin-3- yl )-methanone (XV-B-1)

XV-A-1l XV-B-1
30 a) 1-[{38R 4ARS)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-vil-ethanone (XI11-1)
To a solution of 1-[{3SR,4RS)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-vyl}-
ethanone (IX-1) 4.00 g (9.20 mmol} dissolved in CH;CN (50 mL) was added 2.48 mL




20 C) 1(3RS,4SR) -3-(3,4-dichloro-phenyl) -4- ( (RS) -1 -hydroxy-ethyl)
-pyrrolidin-1 -y11- (6- methoxv-twridin-3-y1)-methanone (XV-A-1) and f
(3R5,4SR)-3-(3,4-dichloro-phenyl)-4-
WS Rptehydsoxy-ethyl)-pyrrolidin-1-yll PCT/EP2808/039908
-(6-methoxy-pyridin-3-y1)-methanone (X¥»-B-1) To a stirred solution of
1-1(35R,4RS)-4-(3,4-dichloro-pheny1)-1-(6-methoxy-pyridine-3-
caisoityh)pyr gl i 3richlo attthpomdofX a1y 0164 g drgOvasmat)inMd ot
t(ll(i)oml:)d?l&"r 2\50?%%3%?@@%%@?@ %r@a&lﬁ? r%&k?@c%%@égﬁ@@wa.s dissolved in
emperature was slow 0 er 1 hou e reaction ,
R AR R L S LT
EtQAJ, the combinadrorgamis iasésmnetdcd tecdver NaRSOH L e vawo;

5 d'ﬁlﬁd@o&@i@f@p@%g@%%ﬁ%@ﬁﬁ%@slqbw%@mqmwm@mﬁ{@e%@98&&9 were
yie %)

RSP A8RY: ?3%*%11.16?8 PHEMAIHIARRST Enydisxy RAYhL g8 it A ded
30 1 263 i thioky- e icimBoy) methelnders (MVERMS aya 2WRitkbiid -
ES- MS m/e: 395.3 (M+1 1+) and 0.48 g (75 /0) of

154 [(38R 4RS)-3-(4- CIoro pben
0%@%&%&&%&9%%%& yﬂbcms@a@h@@@ §3 -«carhonyibibenzenitiile s mL)

WO 20 /EP 08/0 a,35R 4
1 ‘ﬂﬁr%‘i‘%éﬁ%rjg%%(ﬁg?%} a5 GATS iqlgc ac?g e?ﬁ)ﬂ &% IB%PO%]%%EO > ml,
Nmethmg)mfémyq:)em:(mﬁm@wm (tHHEAS) befﬁéltméiﬂmé)k‘@m@
g, lﬂ,f%lmﬁéw)/ﬂpe@{gz&%aﬂﬁ @)L(E)))\Néﬁgsﬁf?j@ﬂéﬁémﬁw&ﬁ1ﬁﬁgwﬁs3&ﬂﬁﬂw@%ver
a stirred solution o ichtoro I C

15 DR bl BF A0 A S A O D KRt FEUB oL e The
in@higaEiRga0anhysas @ duwsl m@b%lﬂa&@as%m@ve@rrﬁﬁmﬁ@r gafugoHlash
W@%M&&%@b@ %@; @@A@dﬂlqna}lﬁé%ﬂ&da vas gm/em %m?e&fga&g;edg@ada asa
pur lcatl r Si02, EtOAc/H 1:4) afforded 2.48 g
(6%’ c@r%]éb%lﬁle cor?]p(%%z leraﬁ%ylow oil. ES-MS in/e: 379.3 (M+H+). 10
b) 1(3S12,4RS)-1-Benzy1-4-(3,4-dichloro-phenvl) -yyrrolidin-3-v1

20 -MeaROLIw) 28 30lutipeh¥ro-phenyl)-4- ((RS) 1-hydroxy-ethyl)-pyrrolidin-1-yl]-(6-

h%a,saﬂddhslﬁﬁaﬁt@n mmxmawmq@eenm@q)ma@qu(ewtm pyndme 3-

NH4 ncent te er vacuo xtracted wit

S B R A R T LRGP ML AT -
25 uﬁ@eﬁ\m@midffabﬁﬁh ﬁam@giiﬁrfywbﬁ@m@e@yr@w #e\ds(mssé)teﬁw

thestidler presych bR whitasohddnbeMas e 336 .8y (Mdin of I1,0. The product

was extracted with EtOAc, the combined organic phases were dried over Na,SO4. The

two diastereoisomers were separated by column chromatography (5i0;) to yield 0.15 g
(23 %) of [(3RS,4SR)-3~(3,4-dichloro-phenyl)-4-((RS)-1-hydroxy-ethyl)-pyrrolidin-1-
30 yl]-(6-methoxy-pyridin-3-yl)-methanone (XV-A-1) as a white solid ES-MS m/e: 395.3
(M+H") and 0.48 g (75 %) of [(3RS,4SR)-3-(3,4-dichioro-phenyl}-4-((SR)-1-hydroxy-
ethyl)-pyrrolidin-1-y1}-(6-methoxy-pyridin-3-yl}-methanone (XV-B-1) as a white solid
ES-MS m/e: 395.3 (M+H").
Example 1
35 4-[(35R,4RS)-3-(4-Chloro-phenoxymethyl)-4-(3,4-dichloro-phenyl}-pyrrolidine-1-

carbonyl|-benzonitrile



20 c)-BenZ 1-3- 4- chi 170- helWIlllorO-henl- Using the standard procedure
for a Mitsunobu reaction (general procedure lll), the coupling between
1(35R,416)- 1-benzy1-4-(3,4-dichloro-phenyl)-pyrrolidin-3-y11- methanol
WDy 1908 mmol) and 4-chloro-phenol (294 mg, 2.28 mmatyyietdegioso9os
the title product (360 mg, 39 %) as a colgyless oil. ES-MS m/e: 446.1
(M+Ft). 25 3SPARS -3- 4-Chloro- h..eno.r.-4- 3 4-dichlo o- hen - rrolidinre
To a solution of Cl
(3SR,4125)-1-benzy1-3-(4-chl - phenoxyme -4-(3,4-dichlorophenyl)-
pyrrolidine 350 mg (0.78 mmogzr eSolyed in C N (8 mL) was added
0.12 mL (0.86 mmol) of 2,2,2-ixichtarzathyl-ciforoformate and stirring was
continued for 2 hours 30 at RT. Volatiles were removed under vacuo, and

the crude residue was dissolved in AcOHY(5 mL) before a total of 200 mg

of Zn dust was added portion wise. ee hours at WO
2009/019163PCT/EP20081059 ~44£ - RT, the reaction mixture was

f'It r donc lite the oI ent e o ed nd ,,foIIo edb an .

d rfewbmmmﬁmmdtbmmlbﬁfdmgm}g rafphyl I$i6(21 @lemmmw@mne

to8:%) gl@dﬂ@%ﬂa@ MG %f{q)z@fnaln% Jé}%ezgemngup@i@é @v&oiqéqﬁﬁlgﬂes period, to

i%ﬁ%ﬁﬁ?ﬁ@%@éhﬁ%rg B B UG TG bt

procedliredl e coaplingbetlé8mL, 1 mmol) in CH,Cl; (10 mL) at 0 °C. The ice
(%Bm%&)e%&ée@hiﬁ%@%&ﬂm&mme@aﬂz@i€@ IR REMYB AV I diNGss
(P g 0.29 mmol) and4 o benzoy! chlorqu ég%mp é)%%m oI)
affordé ”§€””’“@ B iﬂ“ orr“i‘f)oun GG Sofie. B
AE@RI-IE) g (66 %) of the title compo@némpa]g@low oil. ES-MS m/e: 379.3 (M+H+).
10 4-1(3RS,4SR)-3-(3,4-Dichloro-pheny1)-4-[(RS)-1-(4-trifluoromethyl-pheno

Xhqtailppyriofidiner 1 -arbonyll benzonitile whs Gl NezogPling

a

(3¢ 4siRios-¢8 @S{LﬁéHﬁi,-é;bﬁg,yyﬂ)ﬁa,tlm@}qo@henyl) —pyrrohdme—?) -carboxylic
trifligranveth-phen @xybﬁmwbpyﬁrQqu 5(261-Br1) 02%16@'&111@1556}6% wise
‘W}Q RO DAY SHIANIS (ammereialiy AYlIaPIg) T3 MS MY 8 2 Bon

15 mzxture was quenched by addition of aq. NH,CI, concentrated under vacuo and the

r vacuo

product extracted with EtOAC. The combined organic phases were dried on Na,SO4 and
concentrated under vacuo. Flash chromatography {SiO;, EtOAc) to yield 0.70 g (79 %) of
the title product as a white solid ES-MS m/e: 336.3 (M+H").

20 ¢) {3SR,4RS)-1-Benzvl-3-({4-chloro-phenoxymethvl)-4-{3,4-dichloro-phenvl}-pyrrolidine

Using the standard procedure for a Mitsunobu reaction {general procedure III), the
coupling between [(3SR,4RS)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-vl]-
methanol (700 mg, 2.08 mmol) and 4-chloro-phenol {294 mg, 2.28 mmol) yielded the
title product {360 mg, 39 %) as a colorless oil. ES-MS m/e: 446.1 (M+H").

25
d) {35R.4RS)-3-(4-Chloro-phenoxymethyl)-4-(3,4-dichloro-phenyl)-pyrrolidine
To a solution of (3SR,4RS)-1-benzyt-3-(4-chloro-phenoxymethyl)-4-(3,4-dichloro-
phenyl)-pyrrolidine 350 mg {0.78 mmol) dissolved in CH;CN (8 mL) was added 0,12 mL

(0.86 mmol) of 2,2,2-trichloroethyl chloroformate and stirring was continued for 2 hours

30 at RT. Volatiles were removed under vacuo, and the crude residue was dissolved in AcOH

(5 mL) before a total of 200 mg of Zn dust was added portion wise. After three hours at



Example 3
(3RS,4SR)-3-(3,4-llichloro-phenyl)-4-[(RS)-1-(4-trifluoromethyl-phenoxy)-e
thyll- pyrrolidin-I-yll-pyridin-3-yl-methanone CF3 - 45 - Coupling according
wangeewalpsocedure |: - Pyrrolidine intermediate: PCT/EP2008/059908
(312S,45R)-3-(3,4-Dichloro-pheny1)-4-[(RS)-1-(4-
trifluoromethyl-phenoxy)-ethyl]-pyrrolidine (X1I-B-1), Carboxylic acid:
Nieotini€ raeit{conmetcialtyiavaiiahie)| b Fbe Mb mier:H090 (lh{HieH%ctm,

R
D AT e Q%ﬁ%’@ﬁﬂﬁ%gvcbfai%)tb‘e ded

gamenagpvecmdufehk tRyroalisinednternobeiate pil. ES-MS m/e: 357.1 (M+H").

- (3R5,4SR)-3-(3,4-llichloro-phenyl)-4- [(RS) -1-(4-

trlfluorometh I-

olidine-1-
155%@@]%5;} zomtrﬂe

{(v’e}%ﬁﬁﬁﬁéeﬁe@ﬁsB&%Hl%q]ﬁﬁmwﬁd@%&&éﬂ@@i&@i%t@%@&%ﬂoxy)

ethyl rrolidin-1-yll-(2-methox rimidin 1)-methan CE3
e]no%methyi) 4-13, d1chlorg P epn){,rlH pyrrogd¥ng (105 mg,8 Smmoi) and 4-cyano-

10 benzoyl chloride (58 mg, 0.35 mmol) afforded 55 mg (39 %) of the title compound as a
white solid. ES-MS m/e: 486.9 (M~+H").

Example 2
4-{(3RS,45R)-3-(3,4-Dichloro-phenyl)-4-[ (RS)-1-(4-trifluoromethyl-phenoxy)-ethyl]-

15 pyrrolidine- 1-carbonyl}-benzonitrile

NC
Coupling according to general procedure II:
- Pyrrolidine intermediate: (3RS,4SR)-3-(3,4-Dichloro-phenyl)-4-[(RS)-1-(4-
trifluoromethyl-phenoxy)-ethyl]-pyrrolidine (XII-B-1}, '

20 - Acid chloride: 4-Cyano-benzoyl chloride (commercially available),
ES-MS m/e: 534.6 (M+H"),

Example 3
{(3RS,4SR)-3-(3,4-Dichloro-phenyl}-4-[(RS5)-1- (4—triﬂuoromethyl-.phenoxy)-ethyl]—
pyrrolidin-1-yl}i-pyridin-3-yl-methanone

CF,
Cl
H
cl 0
N
Eﬁ/ko

25 N
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15

20

Coupling according to general procedure I: 20 - Pyrrolidine intermediate:
(3R5,4SR)-3-(3,4-Dichloro-phenyl)-4- [(RS)-1 -(4- trifluoromethyl-phenoxy)
-ethyl] -pyrrolidine (XII-B-1), Carboxylic acid:
®evtethoorgayrimidine-5-carboxylic acid (commercially availatite)r 288480908
m/e: 540.2 (M+FI'). - 46 - Example 6 _ ;= _
{(3RS,4SR)-3-(3,4-Dichloro-pheny1)-4-[ (RS)-1-

(detsifipioro methyinphe gexadattodtdure I:
PYTE %'Pd k(G ﬁtﬂy' P%}{Ed&'%iéﬂé%@%ﬁ% NSl 3&2%@91 (4-

accord Ing to general procedure é/ITO lidine |nte mediate:

(SmBuesmcty s phorRbGsHaRUdR 5 -f1),
trifluaren-iatydrhenexy)c atiycpyradiding (XHB2), - Carboxylic acid:

= 6-Me cotini ommercially available), ES-MS m/e: 523.0
s CREVHE At

{(BRS,4SR)-3-(3,4- chhIoro-phenyllz‘?aﬁ}s57 )-1-(4-trifluoromethyl-phenoxy)
-ethyll- pyrrolidin-1-y11-(6-fluoro-py -3- methanone CICIFEN

CouphiR g +idtoddihg-igdmaralbprotiedi(B)-154-Riftrolidinelimtarheediatesthyl]-

(3RS,45R)-3-(3,4-Dichjgrogpaany Wrds fﬁ@éﬁlﬁl}nethanone

trifluoromethyl-phenoxy)-ethyl pyrroll ine (XII-B-1), - Carboxylic acid:
6-Fluoro-nicotinic acid (commercially availabl MS m/e: 527.1

(M+14+). Clﬁ&_-er

1
N

Coupling according to general procedure I

- Pyrrolidine intermediate: (3RS,45R)-3-(3,4-Dichloro-phenyl)-4-[(RS)-1-(4-
trifluoromethyl-phenoxy)-ethyl|-pyrrolidine (X1I-B-1),

- Carboxylic acid: Isonicotinic acid (commercially available),

ES-MS m/e: 509.0 (M+H").

Example 5
{(3RS,4SR)-3-(3,4-Dichloro-phenyl)-4-[(RS)-1-{4-trifluoromethyl-phenoxy)-ethylj-
pyrrolidin-1-yl}-(2-methoxy-pyrimidin-5-yl)-methanone

Coupling according to general procedure [:

- Pyrrolidine intermediate: (3RS,45R)-3-(3,4-Dichloro-phenyl}-4-[{RS)-1-(4-
trifluoromethyl-phenoxy)-ethyli-pyrrolidine (X1I-B-1),

- Carboxylic acid: 2-Methoxy-pyrimidine-3-carboxylic acid (commercially available),
ES-MS m/e: 540.2 (M+H™).
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Example 8
20{(3RS,4SR)-3-(3,4-Dichloro-pheny1)-4-[(RS)-1-(4-trifluoromethyl-pheno
xy)-ethyll- pyrrolidin-1-y11-(2-methoxy-pyridin-4-y1)-methanone - 47 -
woupling@aesording to general procedure I: - Pyrrolidine intenoediptens/es990s
(3RS,4SR)-3-(3,4-Dichloro-phenyl)-4- [(Rés) | -(4-
trifluoromethyl-phenoxy)-ethyll pyrrolldlne (XII-B-1), 5 - Carboxylic acid:
2-Methoxy-isonicotinic acid (commelgﬂ R\i@ilable), ES-MS m/e: 539.2

(M+ (3.fRichloro-phenyl -1- _
(4-tr uofogﬁaénﬁ %’nf%:%)/ T ﬁ%’ﬁ)“i ll(? _?_ #) Itpuor\{)l)neth p%)enoxy)-ethyf]—
(6-methory- pyrldlml‘?i}%tﬁﬁn@rﬂée(dwlm G@@ﬂﬂ@ﬁ@@@ﬂdﬂﬂg@to general

procedure I: - Pyrrolidine intermediate: CF

(3RS,4SR)-3-(3,4-Dichloro-phenyl)-4- [(RS)-@ ’
' I

trifluoromethyl-phenoxy)-ethylFpygfotgline (X ), - Carboxylic acid:
6-Methoxy-nicotinic acid (co iy di/aitable), 15 ES-MS m/e: 539.3
(M+Fe). Example 10 4- [( SR,4RS)- 3-
{(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethylI¥-(3,4-dichloro-pheny1)-

pyrrolidine-l-carbonylI-benzonitrilin\@j/%
N/

Coupling according to general procedure I:
- Pyrrolidine intermediate: (3RS,4SR)-3-(3,4-Dichloro-phenyl)-4-[(RS)-1-(4-
trifluoromethyl-phenoxyj}-ethylj-pyrrolidine (XIi-B-1),
- Carboxylic acid: 6-Methyl-nicotinic acid (commercially available),
ES-MS m/e: 523.0 (M+H").
Example 7
{{(3RS,48R)-3-(3,4-Dichloro-phenyl)-4-[(RS)-1-(4-trifluoromethyl-phenoxy)-ethyl]-
pyrrolidin-1-yl}-(6-fluoro-pyridin-3-yl)-methanone

CF,
Cl
Cl H -0
N
F* N

Coupling according to general procedure It
- Pyrrolidine intermediate: (3RS,45R)-3-(3,4-Dichloro-phenyl)-4-[(RS}-1-{4-
triffuoromethyl-phenoxy)-ethyl]-pyrrolidine (X1i-B-1), |
- Carboxylic acid: 6-Fluoro-nicotinic acid {commercially available),
ES-MS m/e: 527.1 {M+H").
Example 8
{(3RS,4SR)-3-(3,4-Dichloro-phenyl)-4-[ (RS)-1-(4-trifluoromethyl-phenoxy)-ethyl}-
pyrrolidin-1-yl}-(2-methoxy-pyridin-4-yl}-methanone



i0

i5

CI -N -48 - Coupling according to general procedure II: - Pyrrolidine
intermediate: 5-Chloro-2-{ (RS)-1- [(3SR,4RS)-4- (3,4-dichloro-pheny1l)-
-ethoxyl -pyridine (XI11-B-2), - Acid chlorid: 4-Cyano-benzoyl chloride
Veomenereially available), 5 ES-MS m/e: 502.2 (M+It ). Examiyi@/ER2po8/059908
(3SR,4RS)-3- RRS)- I- (5-Chloro-pyridin-Z-yloxy)-ethyb -4- (3,4-
dichloro-pheny1)- pyrrolidin-l-y11- (6-methoxy-pyridin-3-y1)-methanone
10 Coupling according to general procedure Il - &yrolidine intermediate:
5-Chloro-2-{(14S)R3SR, 4148& -4- (3,4~ dlchlo@henyl) pyrrolidin-3-yi |
-eth my} -pyridine (XI-I1-B-2), - Aci loridg 6-ethoxy-nicotinic acid
(commercially available), ES- M FI@M+1-1+). 15Example 12
[(BSR,4RS)-3-[(RS)-1-(5-Chloro- pyr|d| -23yloxy)-ethyll-4-(3,4-dichloro-phe
nyl)- pyrrolidin-1-yli-(2-methoxy-pyrimidn-5-y1)-methanone CI

O

Coupling according to general procedure I:
- Pyrrolidine intermediate: (3RS,4SR)-3-(3,4-Dichloro-phenyl)-4-[(RS)-1-(4-
trifluoromethyl-phenoxy)-ethyi]-pyrrolidine (XII-B-1),
- Carboxylic acid: 2-Methoxy-isonicotinic acid {commercially available),
ES-MS m/e: 539.2 (M+H").
Example 9
{{3RS,4SR)-3-{3,4-Dichloro-phenyl)-4-[ {RS)-1-(4-triffuoromethyl-phenoxy)-ethyl}-
pyrrolidin-1-yl}-(6-methoxy-pyridin-3-yl)-methanone
CF,
Cl
cl /o

[ J©
7

Coupling according to general procedure 1
- Pyrrolidine intermediate: (3RS;,4SR)-3-(3,4-Dichloro-phenyl)-4-[{RS)-1-{4-
trifluoromethyl-phenoxy)-ethyl]-pyrrolidine (X11-B-1},
~ Carboxylic acid: 6-Methoxy-nicotinic acid {(commercially available),
ES-MS m/e: 539.3 (M+H").
Example 10
4-[(38R,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-

pyrrolidine-1-carbonyl]-benzonitrile

JCWQ

NC



Coupling according to general procedure I: 20 - Pyrrolidine intermediate:
5-Chloro-2-{ (RS)-1- [(35R,4R5)-4-(3,4-dichloro-pheny1)- pyrrolidin-3-yl]
-ethoxyl -pyridine (XII-B-2), - Carboxylic acid:
RiMethoxyrgyrimidine-5-carboxylic acid (commercially availab{8yEESoRIB9908
m/e: 509.1 (M+Fe). - 49 - Example 13 _ 4 _
R3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phe
n)&)upliﬁﬁ@ih@ﬁfﬁiﬂg—ﬂém&adimﬁtmdamin o-phenyl)-methanone 15
I|n in ene r M0 inter i
org SRR 8?3“{% o ot
-eﬁﬁﬂ‘f idYHee(b@NB nyl‘h’é?d%ﬂrﬁ’la »4-llimethylamino-benzoyl chloride
(commm@lly availahle) e fzoyMSblonigs &S {MimlHhihBExample 14

R 3 élg ?\4 - Chloro -pyriclin-2-yloxy)-ethy1]-4-(3,4-dichloro-ph
en )Rvg'yrﬁ) d % li 6-fluoro- pyrldln -3- y1) methanone Cl CISF

Example
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl}-(6-methoxy-pyridin-3-yl}-methanone

- <,/ \S
=N
C,Wo
N

-

?N

10 Coupling according to general procedure I1:
- Pyrrolidi_ge intermediate: 5-Chloro-2-{(RS)-1- [(3SR,4RS)-4-(3,4-dichloro-phenyl}-
pyrrolidin-3-yl]-ethoxy]-pyridine (X11-B-2),
- Acid chlorid: 6-Methoxy-nicotinic acid (commercially available),
ES-MS m/e: 508.1 (M+H").
15 Example 12
[(35R,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(2-methoxy-pyrimidin- 5-y1 )-methanone

WQ

' o~
?*N

Coupling according to general procedure I:

20 - Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[{3SR,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yi]-ethoxy}-pyridine (XII-B-2),
- Carboxylic acid: 2-Methoxy-pyrimidine-5-carboxylic acid (commercially available},
ES-MS mfe: 509.1 (M+H").

23
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20

Coupling according to general procedure I: Pyrrolidine intermediate:
5-Chloro-2-{(RS)-1-[(3SR,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-y1)-ethoxyl-pyridine (XII-B-2), - Carboxylic acid:
wd-loeroimientinic acid (commercially available), ES-MS m/ep¢95.0z(M/039908
H11. Example 15

20(3SR,4RS)-3-[(RS)-1-(5-Chloro- pyrldln 2 onxy) ethy11-4-(3,4-dichloro-
phenyl)- pyrrolldln -l-y11- (2 methy|-pyhdisiedry1)-methanone - 50 -

Cou roced ire t

5. Cfﬂégg-{%ﬁﬁ% ﬁﬁ%—g— - ?l]@irh JhP’OI’O Ao élﬂéﬁﬂn@i‘?ﬁ&ﬁ)?@ phenyl)-
pyrrolidin-3-yll- emxcylpibyrﬁdbﬁb(fkéliﬂi@aéaﬂgmcﬁw Wﬁéﬁa@ne
2-Methyl-isonicotinic acid (commercially available};iES-MS m/e: 491.9
(Milt). Example 16 Cl 7\
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-py gloxygrethyl]-4-(3,4-dichloro-phe
nyl)- pyrrolidin-l-y11-(6-methylepy Hethanone CI 10 Coupling
according to general procedure I Pyrrglidine intermediate:
5-Chloro-2-{(RS)-1- R3SR,4RS)-4-(3,4-d[chloro-phenyt)-
pyrrolidin-3-yll-ethory} -pyridine (XII , Carboxylic acid:

6-Methyl-nicotinic acid (conn erCi% ailable),

Coupling according to general procedure il
- Pyrrolidine intermediate: 5-Chloro-2-{{RS)-1-[(3SR,4RS}-4-(3,4-dichloro-phenyl}-
pyrrolidin-3-yl]-ethoxy}-pyridine (X11-B-2),
- Acid chlorid: 4-Dimethylamino-benzoyl chloride (commercially available),
ES-MS m/e: 519.8 (M+H").
Example 14
{(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy}-ethyl]-4-(3,4-dichloro-phenyl})-
pyrrolidin«I«yl}»(G—ﬂuoro—pyridin-3—y1)-methanone

@%}Q

i
F N7

Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS}-1-[(35R,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl}-ethoxy}-pyridine {XH-B-2),
- Carboxylic acid; 6-Fluoro-nicotinic acid (commercially available),
ES-MS m/e: 495.9 (M+H").
Example 15
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl}-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl}-(2-methyl-pyridin-4-yl)-methanone



15 ES-MS m/e: 491.9 (M+H). Example 17
[(BSR,4RS)-3-[(RS)-145-Chloro-pyridin-2-yloxy)-ethyll-4-(3,4-dichloro-phe
nyl)- pyrrolidin-I-yl[-(2-methyl- pyrlmldln -5-y1)-methanone CI -51 - -
wynalidingdftermediate: PCT/EP2Z008/059908
5-Chloro-2-1(RS)-1-1(3SR,4RS)-4-(3,4-dighloro-pheny1)-
pyrrolidin-3-y11-ethoxyl-pyridine (XII-B-2), - Carboxylic acid:
2-Methyl-pyrimidine-5-carboxylic acid (commeériiﬂy avallable) ES-MS

/N

m/e: 492.8 (M+Fr). 5Example 48
[(3SR,4RS)-3-[(RS)-1-(5-Chloro- @ -2:yloioypethyll-4-(3,4-dichloro-phe
nyl)- pyrrolidin-1-yll-(2-methox@tpyriett ‘fhethanone Coupling
according to general procedure I: 10 - Ryrpolidine intermediate:
5-Chloro-2-{(RS)-1-[(3SR,4RS)-4-(3,4-di¢hloro-phenyl)-
pyrrolidin-3-y11-ethoxyl-pyridine (XH-B32),Q Carboxylic acid:
2-Methoxy-isonicotinic acid (commg glally available), ES-MS m/e: 507.8
(M+11"). Example 19 15[ (3SR,4RS)-3-

[(RS)plnt Q&ﬂ@d&@wig{neﬁmmdaﬂayu -4-(3,4-dichloro-pheny1)-
Pyt Y (G e o oy 3P IeHAIe CLA ot
according t ogenera procedu
pyrrolidin-3-yl]-ethoxy}-pyridine (XII—B—Z),
- Carboxylic acid: 2-Methyl-isonicotinic acid (commercially availabie),
ES-MS m/e: 491.9 (M+H"). |
Example 16
{(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl}i-(6-methyl-pyridin-3- yl )-methanone

I:@H_%Q

-

N

Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(35R,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-vl]-ethoxy}-pyridine (XI1-B-2),
- Carboxylic acid: 6-Methyl-nicotinic acid (commercially available),
ES-MS m/e: 491.9 (M+H").
Example 17
[(38R,4RS)-3-[(RS)-1-(5-Chlore-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-ylj- (2—methyl—pyrimidin—S—Yl)—methanone

o
"y
o

Coupling according to general procedure [:
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- Pyrrolidine intermediate: 5-Chloro-2-{ (RS)-1-
R3SR,4R5)-4-(3,4-dichloro-phenyl)- 20 pyrrolidin-3-yll -ethoxyl -pyridine
(XII-B-2), - Carboxylic acid: 6-Dimethylamino-nicotinic acid (commercially
weailablepES-MS m/e: 519.2 (M+1-17). WO PCT/EP2008/059968
2009/019163PCT/EP2008/059908 - 52 - Fxample 20
(6-Amino-pyridin-3-y1)-[(3SR,4RS)-3-[(RS)-1-(5-chloro-pyridin-2-yloxy)-et
hy 1P-4e{Ri 4 dichioraiphe rryChpysrohdiRS 1-y 1 3SRetRan o e, CHich  NoGlhenyl ) -
r engral procedure I: - Pyrrolidine

ﬂ» i igteg 95H %tﬁ&%@%ﬁl n%%%%]s‘% JARS 4 (3 4 dlchloro henyl%

yr%iémqémyi@edeﬁnbwwbwaméi@@nvw hox aly avalabio),
6-Egninorsniectinie adidr{Commercially avallable) ES MS m/e: 493.2
(M+Ef1) toExample 21

[(3S 4R§ (R)-1- 5 Chloro-pyridin-2- ﬁo 3 -ethy11-4-(3,4-dichloro-phenyl
)- pyHS8iAt ini Brhleth CH?riHiﬁda"y hpxiraHhed-(3,4-dichloro-phenyl)-

And pyrrolidin-1-yl}-(2-methoxy-pyridin-4-yl)-methanone
[(3R,4S)-3-[(S)-1-(5-Chloro-pyridin-2-yloxy)-ethy11-4-(3,4-dichloro-phenyl)

- 15pyrrolidin-I-y11-(6- methoxy pyrldln -3-y1)- @anone

J@&

N =
0.
Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(35R,4RS5)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl|-ethoxy}-pyridine (XII-B-2),
~ Carboxylic acid: 2-Methoxy-isonicotinic acid (commercially available},
ES-MS m/e: 507.8 (M+H").
Example 19
[(3SR,4RS)-3-[(RS}-1-(5-Chloro-pyridin-2-vloxy)-ethyli-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(6-dimethylamino- pyndm 3-yl)-methanone

WQ

l
"‘NN

Coupling according to general procedure I:

- Pyrrolidine intermediate: 5-Chloro-2-{(RS5}-1-[(35R,4R5)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yi]-ethoxy}-pyridine (X1I-B-2),

- Carboxylic acid: 6-Dimethylamino-nicotinic acid (commercially available),

ES-MS m/e: 519.2 (M+H").
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The racemic mixture consisting of
[(3S,4R)-3-[(R)-1-(5-Chloro-pyridin-2-yloxy)-ethyli-
4-(3,4-dichloro-pheny1)-pyrrolidin-1-y11-(6-methoxy-pyridin-3-y1)-methan
woemnd12(8R,4S)-3- | PCT/EP2008/039908
(S)-1-(5-Chloro-pyridin-2-yloxy)-ethy11-4-43,4-dichloro-pheny1)-
pyrrolidin-I-yll -(6-methoxy-pyridin-3-yl)-methanone were resolved by

chiral 20 preparative HPLC to give hetimehslttiomers optically pure.

mje: I . 3
{éﬁ“@gaﬁiﬁ%@}% 8%%% eé‘;? kbR
ethyll- pyrrolidin-l-y1fi@aTetRBsy pypimeidimlidmsHererel }=-N 0 - 53
- Mitsunobu reaction according to general procedare Ill: Pyrrolidine
intermediate: 7 N
R3RS,4517)-3-(3,4-Dichloro- p%e 4 S) sydrox-yethyl)-pyrrolidin-|
-y11-(6-methoxy-pyridin-3-y1l)crr ; &/-A-1), Pyrimidin-ol:
5-Fluoro-pyrimidin-2-ol (commercially a aable) 5 ES-MS m/e: 490.9
(M+H+). Example 23 N
{(3RS,45R)-3-(3,4-Dichloro-pbeny 1J-25(SR)-1-(5-fluoro-pyridin-2-yloxy)-et
hylj- pyrrolidin-1-y11-(6-methoxy; igin-3-y1)-methanone Cle )=-N 0 10

Mitsunobu reaction according to general procedure Pyrrolidine
inferARbiagaecording to general procedure I:

E (3&;& éﬁﬁ&) 1811(33;146&1@5! |grazploeny 1)ASi(RS) 38 shyrisoxy etiayighysroliphirnil) -

-yl (6~1 p r|d| -3- l)iarp (t%ﬁngri (XV-A-1), Pyridin-ol:
5 Riudro- 16%/r| mercia y ava?iable) ES-MS m/e: 490.0 (M+Fe).
- Carboxy ac1d 6—Ammo nicotinic acid commerczallv available),

ES-MS m/e: 493.2 (M+H™).

Example 21
1(35,4R)-3-[(R)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-{6-methoxy-pyridin-3-yl)-methanone
And
[(3R,45)-3-[(8)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(6-methoxy-pyridin-3-yl}-methanone
The racemic mixture consisting of [(35,4R)-3-[{R)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-
4-(3,4-dichloro-phenyl)-pyrrolidin-1-yl]-(6-methoxy-pyridin-3-yl)-methanone and
[(3R,4S)-3-1(S)-1-(5-Chloro-pyridin-2-yloxy)-ethyl}-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-ylj-{6-methoxy-pyridin-3-ylj-methanone were resolved by chiral
preparative HPLC to give both enantiomers optically pure. ES-MS m/e: 508.1 {(M+H").

Example 22
{{3RS,4SR}-3-(3,4-Dichloro-phenyl)-4-} (SR)-1-(5-fluoro-pyrimidin-2-yloxy)-ethyl]-
pyrrolidin-1-yl}-(6-methoxy-pyridin-3-yl)-methanone

ci NN
Cl R0



15Example 24
{(311S,4SR)-3-(3,4-Dichloro-phenyl)-4-[(SR)-I-(5-metbyl-pyridin-2-yloxy)-e
thyl]- pyrrolidin-1-y11-(6-methoxy-pyridin-3-y1l)-methanone I, 0 N' 1

Whitaueahuigeaction according to general procedure I1: 20 - Ryrentieling 59908

i0

20

25

intermediate:
[(BRS,45R)-3-(3,4-Dichloro-pheny1)- 44(R%) 1-hydroxyethyl)-pyrrolidin-1-yl

l- (;sﬁHﬂ@@H@@&M@)tﬂdﬁh&Mii)iﬂ'g\Qﬁ@ﬂ@(ﬁﬁ;ﬁ%&éﬁm@lﬂ Pyridin-ol:
) ’\jre_th it %Q%‘P &7 %'dﬁ%%mf&%{§t?§k¥>%"?é'%bé%%§o M8 A8RQ ML)

{(3%@)45\%)&@%3,4 mittforecpreairyzalitRsUL (s Hersrsepyiimidin-2-yloxy)-
ethwr;ﬁyﬂrali@llirﬁ-’lmz{ﬁrmﬁﬁlﬁq&mpyad{ao&memalmnﬁa@,I\/Iitsunobu

cglr%@qéﬁn gﬁqeral procedure llI: - Pyrrolidine intermediate:
ﬁééq Eﬁg oro-pheny1)-4-((SR)- -hydroxyethyl) -pyrrolidin- 1
-yII -(6-methoxy-pyridin-3-y1)-methafswWePt&¥AB- 1) , - Pyrimidin-ol:

5-Flugsepysin)idins2-obicospaskeiaiy ayaitabie)s BRoMS i@t 2 310yl a1 |-
). 10Example 26

{(BRS,4SR)-3-(3, P Bkt h%nfol 5”&%’[}1%}1{?&8@7{] ?g‘fﬁdgll)o%%}n%mnfbeyloxy) et
hyli- pyrrolidin-I-yll-(6-metboxy-pyridin-3-y1)- <ei_f¢n

Cﬁ@%{

?N’

Mitsunobu reaction according to general procedure HI:
- Pyrrolidine intermediate: [(3RS,4SR}-3-(3,4-Dichloro-phenyl)-4-((RS)-1-hydroxy-
ethyl)-pyrrolidin- 1-v1]-(6-methoxy-pyridin-3-yl}-methanone (XV-A-1),
- Pyridin-ol: 5-Fluoro-pyridin-2-ol {commercially available),
ES-MS m/e: 490,0 (M+H").
Example 24
{{3RS,45R }-3-(3,4-Dichloro-phenyl)-4-[{SR}-1-(5-methyl-pyridin-2-yloxy)-ethyl]-
pyrrolidin-1-yl}-(6-methoxy-pyridin-3-yl)-methanone

o &
- =N
N

e
L

CI)N

Mitsunobu reaction according to general procedure TIE:
- Pyrrolidine intermediate: [(3RS,4SR}-3-(3,4-Dichloro-phenyl)-4-((RS)-1-hydroxy-
ethyl)-pyrrolidin-1-yl]-{6-methoxy-pyridin-3-yl}-methanone (XV-A-1),
- Pyridin-ol: 5-Methyl-pyridin-2-ol (commercially available),

ES-MS m/e: 486.0 (M+-H™).
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Mitsunobu reaction according to general procedure Ill: 15 - Pyrrolidine
intermediate: [ (3RS,4SR)-3-(3,4-llichloro-phenyl)-44
(SR)-1-hydroxyethyl)-pyrrolidin- | -yll -(6-methoxy-pyridin-3-yl)-methanone
WOABle18yridin-ol: 5-Ftuoro-pyridin-2-ol (commercially avedtahiedgos/nesovos
ES-MS m/e: 490.9 (M+1-11). Example 27, _
20[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloicy)-ethyli-4-(3,4-dichloro-p
henyl)- pyrrolidin-hyll-(3-chloro- thioph@n@eyzs methanone - 55 - ClI

Cou neral iR rrolidine mter edia
%{rig%%; = é%?l ?ﬁfié’) gﬁ% Lii loro g Ielﬁid/?g Byrro 9 fmiyf -ethyl}-
-ethoxy} pyndmé’(’)@l‘l’lBhE)IB’H@a%ﬁyﬁb HE fin-3-yl méthanone
5-Chloro-thiophene-2-carboxylic acid (commercially available), ES-MS

m/e: 516.7 (M+H+). Example 7N
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-y

ny1)- pyrrolidin-l-y1]-(2,5-dimetfy

Mitsunobu reaction according to general procedure IIT:
- Pyrrolidine intermediate: [(3RS,45R)-3-(3,4-Dichloro-phenyl)-4-{(SR}-1-hydroxy-
ethyl)-pyerolidin-1-yl]-(6-methoxy-pyridin-3-yl)-methanone (XV-B-1),
- Pyrimidin-ol: 5-Fluoro-pyrimidin-2-ol (commercially available),
ES-MS m/e: 491.0 (M+H").
Example 26
{(3RS,4SR)-3-(3,4-Dichloro-phenyl)-4-[(RS)-1-(5-fluoro-pyridin-2-yloxy)-ethyi]-
pyrrolidin-1-yl}-(6-methoxy-pyridin-3- yl )-methanone

l )
[

Mitsunobu reaction according to general procedure IiL:
- Pyrrolidine intermediate: {{3RS,4SR)-3-(3,4-Dichloro-phenyl}-4-((SR)-1-hydroxy-
ethyt)-pyrrolidin-1-yl}-{6-methoxy-pyridin-3-yl)-methanone (XV-B-1),
- Pyridin-ol: 5-Fluoro-pyridin-2-ol {commercially available),
ES-MS m/e: 490.9 (M+H™).

Example 27

[(35R,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(5-chloro-thiophen-2-yl}-methanone
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Coupling according to general procedure I: - Pyrrolidine intermediate:
5-Chloro-2-{(RS)-1-[(35R,4R5)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-y11-ethoxyl-pyridine (XII-B-2), - Carboxylic acid:

Rebamisrmathyl-furan-3-carboxylic acid (commercially availabled¢ TR ES:¥S 908

m/e: 492.9 (M+Ft). Example 29 [(3SR,4Rs)-3-
[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl] -4- (3,4-dichloro-pheny1)-
pyrrolidin-l-yll-isoxazol-5-yl-methanone CI CI -N -&6 - Pyrrolidine
intermediate: 5-Chloro-2-1(RS);1- { 3SR,4RS§§¥3,4-dichloro-phenyl)-
pyrrolidin-3-yll -ethoxyl -pyridine (XII-B-2), sCaybeaxylic acid:
Isoxazole-5-carboxylic acid (commezétallyl available), ES-MS role: 468.2
(M+I-11). 5SExample 30

(5-[(38R,4RS)-3-[(RS)—1-(5-ChIor(ﬁ%;)i’(j((;-z-yony)-ethy11-4-(3,4-dich|or

o-phenyl)- pyrrolidine-1-carbonyli-fyfam-241}-acetonitrile ClI CI NC
Coupling according to general procedure I: 10 - Pyrrolicline intermediate:

SChlerp2a{BRAnk(RZSR:ABR-A(3,4-dichloro-pheny1)- pyrrolidin-3-yl]
-ethoXy )i Pyiding (X2 chloro-2-{(RS)-1-[(3SR 4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine (X1-B-2},
- Carboxylic acid: 5-Chloro-thiophene-2-carboxylic acid (commercially availéble),
ES-MS m/e: 516.7 (M+H").
Example 28
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethylj-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl}-(2,5-dimethyl-furan-3-yl)-methanone

o <// \S
=N
C,I%jefa
N

O"‘-..

i

Coupling according to general procedure [:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS}-1-{{3SR,4RS}-4-(3,4-dichloro-phenyl}-
pyrrolidin-3-yl]-ethoxy}-pyridine (XII-B-2),
- Carboxylic acid: 2,5-Dimethyl-furan-3-carboxylic acid {commercially available),
ES-MS m/e: 492.9 (M+H").
Example 29
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-

pyrrolidin-1-yl]-isoxazol-5-yl-methanone

€y
Oy

Coupling according to general procedure I:



1

1

2

Carboxylic acid: 5-Cyanomethyl-furan-2-carboxylic acid (commercially
available), ES-MS ink: 505.9 (M+HE ). Example 31
15[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-p

Wernpl)/ 019163 PCT/EP2008/059908
pyrrolidin-1-y11-(1-cyclopropyl-2,5-dimetkyl-IH-pyrrol-3-y1)-methanone
Coupling according to general procedure I:  Pyrrolidine intermediate:

5-hlatdidr (R@)riedii3S B4R M43 ,(4%Sljidh [@BGWW)—( 2@wdichloro—phenyi) -
yrrohtﬂm 33y g §t%|metﬁ/¥“ﬁ}—l|%%%” - Carboxylic acid: |

clo ropyl pyrro - -carboxyllc acid (commerC|aIIy

ava(ﬁ Egcd wiesdas- cahrs st Araplagpiaily available),
25HBBRMR B [(RSHL-(5-Chloro-pyridin-2-yloxy)-ethyll-4-(3,4-dichloro-p

5 heny1)- pyrrolidin-1-y11-(5-methoxys{i 'ggﬂ%z y1l)-methanone - 57 -
Coupling according to general procedure I Pyrrolldlne intermediate:
5 IS8 (RS T RSER (Aresjoorgur e oS4 (-4 dichloro-pheny)
pyrrolidin-3-y11-ethpxtolpiridine % 34yB-R)am-2Giracayhictakid:
5-Methoxy-thiophene-2-carboxylic acid (commercjglly available), ES-MS
m/e: 510.9 (M+F-r). Example 33 [
(3SR,4RS)-3-[(RS)-1-(5-Chlor&!pyrittig-2-y
(3,4-dichloro-phenyl)- pyrrolidi&- = R-dhlprorthiazol-5-y1)-methanone 1.0

Coupling according to general procedure It
6 - Pyrrolidine intermediate: 5-Chloro-2-{(RS}-1-[(35R,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl|-ethoxy}-pyridine (X11-B-2),
- Carboxylic acid: 5-Cyanomethyl-furan-2-carboxylic acid (commercially available),
ES-MS m/e: 505.9 (M+H").
Example 31
5 [(3SR,4RS)-3-[(RS)-1-{5-Chloro-pyridin-2-yioxy}-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl}-(1-cyclopropyl-2,5-dimethyl-1H-pyrrol-3-yl)-methanone
Ci

>N : o
Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(35R,4RS)-4-(3,4-dichloro-phenyl)-
0 pyrrolidin-3-yl]-ethoxy}-pyridine (XII-B-2),
- Carboxylic acid: 1-Cyclopropyi-2,5-dimethyl-1H-pyrrole-3-carboxylic acid
{commercially available),
ES-MS m/e: 533.8 (M+H").
Example 32
5 [(38R,4RS)-3-[{RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(5-methoxy-thiophen-2-yl)-methanone



Coupling according to general procedure I: Pyrrolidine intermediate:
5-Chloro-2-{ (RS)-1- R35R,4R5)-4-(3,4-dichloro-pheny1)-
pyrrolidin-3-yll-ethoxyl-pyridine (XII-B-2),  Carboxylic acid:
WweChtermethiazole-5-carboxylic acid (commercially available) pisrEB2hS8059908
m/e: 517.8 (M+Fr). Example 34 6- (RS)-1- _
R3SR,4RS)-4-(3,4-Dichloro-phenyl)-1-(6-methoxy-pyridine-3-carbonyl)-
pyrrolidin-3-yll-ethoxyl-nicotinonitrile CN - 58 - Pyrrolidine intermediate:

1(3RS,4SR)-3-(3,4-Dichloro-phgny1)-4-((SR) droxyethyl)-pyrrolidin-1-
y11-(6-methoxy-pyridin-3-y1)-me ) : , Pyridin-ol:
6-Hydroxy-nicotinonitrile (co roiadyavaiiable), ES-MS m/e: 497.0
(M+1-111). 5SExample 35 5- i(3SR,4RS)-3
[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyll-4-(3,4-dichloro-phenyl)-
pyrrolidine-l-carbonyll-pyridine-2+ gyfitrde C1 CI CI NC N Coupling
according to general procedure I: 10="Pyrrolidine intermediate:
5-Chlpra2l(BRink+RIDRARS)A{& 4-dichloro-phenyl)- -ethoxyl -pyridine
()glb}lf?f‘}%?i’dine intermediate: 5-Chloro-2-{(RS)-1-[(3SR,4RS)-4-(3,4~dichloro-phenyl)-
pyrrolidin-3-yl}-ethoxy}-pyridine {X11-B-2),

- Carboxylic acid: 5-Methoxy-thiophene-2-carboxylic acid (commercially available},
ES-MS m/e; 510.9 (M+H").

[ &}

Example 33
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl}-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(2-chloro-thiazol- 5~yi} -methanone

f
Q&

Coupling according to general procedure L:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(3SR,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yli-ethoxy}-pyridine (XI1-B-2),
- Carboxylic acid: 2-Chloro-thiazole-5-carboxylic acid (commercially available),
15 BS-MSm/e: 517.8 (M+H .
Example 34
6-{(RS)-1-[{3SR,4RS)-4-(3,4-Dichloro-phenyl)-1-(6-methoxy-pyridine-3-carbonyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

al
D&

20 Mitsunobu reaction according to general procedure [11:
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Carboxylic acid: 6-Cyano-nicotinic acid (commercially available), ES-MS
mie: 503.1 (M+1-V-). Example 36 156- (SR)- 1 - 1(3RS,4SR)-4-
(3,4-Dichloro-phenyl)- I- (2,4-dimethyl-pyrimidine-3-

warboapldipyrrolidin-3-y11-ethoxyl-nicotinonitrile CI ON Co Blimg2008/059908

according to general procedure I:  Pyreglidine intermediate: 6-
1(SR)-1-1(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyr 20
yll-ei/)hﬂxwrﬁléqﬁtb‘itﬁﬁdﬁﬂ& (XHRBAR Canboxylictaeid: phenyl )-4- ( (SR)-1-hydroxy-

)-
eth rbox I|c mmerci le),
R T BT S R R e
(RS)119(B: éh@o?@f%rwa@ymjré%ﬂynm@@%ﬂ&mw@5 enyl)
25pyxislidia-kyli-(@4rdimethyl-pyrimidin- 5 -yl)-methanone WO
2009/019163PCT/EP2008/059908 ;9 Coupllng according to
general procedure I Pyrrolidine mtermeglate 5-Chloro-2-{(RS)-1-

R3SR GRIGIRE) (3 MR ridPoChesyprsinaigiasslyetivdib @t gisinre henyl)-

(XII-B-2), pyrrolidine-1-carbonyl}-pyridine-2-carbonitrile

'J@%& ?
I
NC” N7
Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(35R,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine (X1I-B-2),
- Carboxylic acid: 6-Cyano-nicotinic acid (commercially available),
ES-MS m/e: 503.1 {M+H").
Example 36
6-{(SR)-1-[ (3RS, 4SR)-4-(3,4-Dichloro-phenyl)-1-(2,4-dimethyl-pyrimidine-5-
carbonyl)-pyrrolidin-3-yli-ethoxy}-nicotinonitrile

//N
c; C_{
. N\
CJ'Q H e
o
L
N
Coupling according to general procedure i:
- Pyrrolidine intermediate: 6-{{SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy}-nicotinonitrile (XII-B-3)
- Carboxylic acid: 2,4-Dimethyl-pyrimidine-5-carboxylic acid {commercially available),
ES-MS m/e: 496.3 (M+").
Example 37
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl}-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl}-(2,4-dimethyl-pyrimidin-5-yl)-methanone
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5 - Carboxylic acid: 2,4-llimethyl-pyrimidine-5-carboxylic acid

(commercially available), ES-MS m/e: 507.2 (M+1-1+). Example 38
N-15-((3SR,4RS)-3-KRS)-1-(5-Chloro-pyridin-2-yloxy)-ethyll-4-(3,4-dichlor
wephpmyhspyrrolidine-1-carbonyl]-pyridin-2-y1l-acetamide cipcTEr2008/159908
Coupling according to general procedur . Pyrrolidine intermediate:
5-Chloro-2-{(RS)-1- R35R,4RS)-4- (3,4- dschloro -phenyl)- pyrrolidin-3
-y11-ethoxyl -pyridine (XII-B-2), N Carboxylic acid:

6-Acetylamino-nicotinic acid (comipegcially a@;ble), 15 ES-MS m/e:

354.1 (M+It ). Example 39 Gt N
[(B3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin- -onxy) ethyl]-4-(3,4-dichloro-phe
ny1)- pyrroliclin-l-yli-(6-dimethylamino yl-pyridin-3-yl)-methanone CI
WO 2009/019163PCT/EP2008/0599008):6€§-

i N
AN

Coupling according to general procedure [
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(3SR,4RS)-4-(3,4-dichloro-phenyl}-
pyrrolidin-3-yl]-ethoxy}-pyridine (XI1-B-2),
- Carboxylic acid: 2,4-Dimethyl-pyrimidine-5-carboxylic acid (commercially available),
ES-MS m/e: 507.2 (M+H").
Example 38

N-{5-[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy}-ethyl}-4-(3,4-dichloro-phenyl)-

pyrrolidine-1-carbonylj-pyridin- 2—y£ }-acetamide

%G

/
M N

A
o
Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-{(35R,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine (X11-B-2),
- Carboxylic acid: 6-Acetylamimo-nicotinic acid {(commercially available),
ES-MS m/e: 354.1 (M+H™).
Fxample 39
[(3SR,4RS)-3-[(RS}-1-(53-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(6-dimethylaminomethyl-pyridin-3-yl)-methanone

cl
i —
N
i N
b —o
N
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Coupling according to general procedure I: Pyrrotidine intermediate:
5-Chloro-2- {(RS)[(3SR,4RS) -4- (3,4-dichloro-phenyl)-
pyrrolidin-3-yll-ethoxyl-pyridine (XII-B-2),  Carboxylic acid:
weDunetihyieaminomethyl-nicotinic acid (described herein after GHESHE:9908
m/e: 535.1 (M+14+). 6-Dimethylaminomethyl-nicotinic acid: 1st step: To a
stirred suspension of 6-methylnicotinic acid (commercially available) (500
mQe Spbidgacoeh)ling ke ftdinplycatiRd :.was added

13?9@?58&‘395%@58@&5%‘ ng.nedampgrbfﬁﬁmG@%ﬁsﬁ-mm%@c RN

was continued over ni nd concentrated under 10'vacuo. Column
chivambitheripyctsw? -crusas MeBi: 8/2) yielded 410 mg (52 0/0) of 6-
bromaraeihykoi¢aintacidiasiadigbtorangaisolistiESHdMGiRdéicrein after),
214.2+ +H1). step: To a stirred solution of
6-‘%& %%oﬁfgté%'ﬂgﬁﬁécid_ (350 mg, 1.62 mmol) in EtOH (3 mL) was

eI SEITEH B dimdthyHaHx&in EtOH (2 mL, 30% solution). Stirring
was ssantinuedifardlsiwpansicondentrated ninderivacidd cGotuenrally available) (500

o Ué%}?é&’%{%@y&%%i% G2 A MeQHI 2,580 %‘ﬁ'}%_—%%)d%@(&%%%%tom
ES:

0%) of 6- dimethylaminomethyl-nicotinic_acid as a light brown ‘so
Jngyél.ﬁfsﬂl(mmm&ﬂ%ﬁﬁmca@t@%f over RS yefcentrated under
R&Jete(S=6lhtarochyridine 2eybhxy HEhyIHAC3MediEn D0 -phday i mg (52 %) of 6-

2%9%!5(8%@{%:}{&]54&{%@}(&% Rigin e ¥k NeiharRang . and £33 ¢H0sr ).
KR)-1-(5-Ch oro-pyrld|n-_2-ylox-3g-ethyl -4 - C_%,4-d|_chloro-phenyl)-

- (Bt L DY IET e SRR BB 8- SR NO stk phark 62 mmol) in
efahbiheres wee kel ddstainddtiwitlvatprepatativenehirBiGHP LGde paratiomabn ).

the;FRCeMIG TYXIHG RIS PRIGH fromh GRURING RREHIING ¢RI RRE R o matography

procedure 1; - Pyrrolidine intermediate: )

5 CHearo 2R EF TR SR AR ST 43 HelER B TPREM 19 YyFrolidin-3-yi]

-efhoxyiypynigine {XH-BiR)1i80 aChrbokytittaoidn solid. ES-MS m/e: 181.1 (M+H").

2-Methyl-pyrimidine-5-carboxylic acid (commercially available), ES-MS

m/e: 492.8 (M+H+).. Same MS spectra for both enantiomers. WO

2009/019163PCT/EP2008/059908 281 t&tple 42
[(3R,45)-3-[{S)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-

pyrrolidin-1-yl]-(2-methyl-pyrimidin-5-yl)-methanone
and
{(35,4R)-3-[(R)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(2-methyl-pyrimidin-5-yl)-methanone

o
I _—
cx@ 3 Q
' N
OJ\[§N
|
N/)\

The two optically pure enantiomeres were obtained with a preparative chiral HPLC
separation of the racemic mixture prepared from:

Coupling according to general procedure I:

- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[{3SR,4RS}~4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine (XJI-B-2),

- Carboxylic acid: 2-Methyl-pyrimidine-5-carboxylic acid (commercially available),
ES-MS m/e: 492.8 (M+H").. Same MS spectra for both enantiomers.
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[(BSR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl)-4-(3,4-dichloro-phe
nyl.)- pyrrolidin-I-yll-(4-dimethylaminomethyl-phenyl)-methanone CI 5
Coupling according to general procedure I: - Pyrrolidine intermediate:
wChiora2d{RS)-1- R3SR,4RS)-4-(3,4-dichloro-phenyl)- pyregtidiraBegthsooos
-ethoxyl -pyridine (XII-B-2), - Carboxylg:1 acid:
4-Dimethylaminomethyl-benzoic acid (commercially available), 10 ES-MS
m/e: 533.8 (M+14+). Example 43 6- { (SR) [ (3 RS,4SR)-4-
(3,4-Dichloro-pheny1)-1- (6-dimeth;ﬁ}§1&r}pli eozl?ethyl-pyridine-f’-,-
carbonyl)-pyrrolidin-3-y||-ethoxy}-nicot|nopn'ltrl e 15 Coupling according to
geneldPBrbREU e RS )-Pyfréildine-inte fitetideve-¢or)y4t (3,4-dichloro-phenyl)-
[(BRS,4SR)-4-¢3:4tx£hle19-{phamdhpMitoheinedryl-phenyl)-methanone
y11-ethoxyl-nicotinonitrile (XII-B-3) - Carboxylic agid:
6-Dimethylaminomethyl-nicotiniccacid (descri herein above), ES-MS

m/e: 525.5 (M+Fl+). 20Example, @
1(3S,4R)-3-[(R)-1-(5-Chloro-pyridin-2= <ethyll-4-(3,4-dichloro-phenyl)-

2009/019163PCT/EP2008/059908 - 62}\?@\
0

Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(35R,4RS)-4-(3,4-dichloro-phenyl)-

pyrrolidin-3-yl}-ethoxy}-pyridine (X1i-B-2),
- Carboxvlic acid: 4-Dimethylaminomethyl-benzoic acid {commercially available),
BS-MS my/e: 533.8 {(M+H").

Example 43

6-{(SR)-1-[(3RS,4S8R )-4-(3,4-Dichloro-phenyl}-1-(6-dimethylaminomethyl-pyridine-3-

carbonyl)-pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

N
4
cl e
05 5
el N

)

¢ I\N

Coupling according to general procedure I:

- Pyrrolidine intermediate: 6-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-

yl]-ethoxy}-nicotinonitrile (X11-B-3}
- Carboxylic acid: 6-Dimethylaminomethyl-nicotinic acid (described herein above),
ES-MS m/e: 525.5 (M+H").
Example 44
[(35,4R)-3-[(R)-1-(5-Chloro-pyridin-2-yloxy}-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-[4-(2-dimethylamino-ethyl)-phenyl}-methanone



Coupling according to general procedure I: - Pyrrolidine intermediate:
5-Chloro-2-1(RS)-1- [(3SR,412S)-4-(3,4-dichloro-pheny1)- pyrrolidin-3-yli
-ethoxy} -pyridine (XII-B-2), 5 - Carboxylic acid:
we(2ebimetlylamino-ethyl)-benzoic acid (described in EP 5298%8:#d)s/0659908
ES-MS m/e: 547.8 (M+1-11). Example 4 ) -
[(3SR,4RS)-3-RRS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phe
ny1)- pyrrolidin-1-yll -(6-methylsg‘lfanyl-pyridin-34§11)-methanone Cl1 10 Cl
Coupling according to general pr ure I: \ﬁ" rolidine intermediate:
5-Chloro-2-{(RS)-1- R3SR.,4R icO )-phenyl)-
pyrrolidin-3-yll-ethoxyl-pyridine (XII-B - Carboxylic acid:
6-Methylsulfanyl-nicotinic acid (com ially available), 15 ES-MS m/e:
523.1 (M-FFI'). Example 46

Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-{(3SR,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine (X11-B-2),
- Carboxylic acid: 4-(2-Dimethylamino-ethyl)-benzoic acid (described in EP 529858 At),
ES-MS m/e: 547.8 (M+H").
Example 45
[(3SR,4RS)-3-[(RS)-1-(53-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(6-methylsultanyl-pyridin-3-yl}-methanone

Ci
Gl

Ci
.
N
el
N
O R
L .
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Coupling according to general procedure [:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-{(3SR,4RS)-4-(3,4-dichioro-phenyl}-
pyrrolidin-3-yl|-ethoxy}-pyridine (XII-B-2),
- Carboxylic acid: 6-Methylsulfanyl-nicotinic acid (commercially available},
ES-MS m/e: 523.1 (M+H").
Example 46
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-{6-(2-pyrrolidin-1-yl-ethyl)-pyridin-3-yl]-methanone
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Coupling according to general procedure I: - Pyrrolidine intermediate:
5-Chloro-2-{(RS)-1-1(3SR,4RS)-4-(3,4-dichloro-pheny1)-
pyrrolidin-3-y11-ethoxy} -pyridine (XII-B-2), 5 - Carboxylic acid:

W20y meliein-1-yl-ethyl)-nicotinic acid (commercially availalie)/ Sy idisssos
m/e: 573.9 (M+H+). Example 47 63 -
[(BSR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethy11-4-(3,4-dichloro-ph

enyl)- pyrrolidin-I-y1]-(6- methanesulfonyl pyrIdII;CG y1)-methanone a 10 CI

)- ethyII

ne (described herein above) (35 mg,
was added mCPBA (33 mg, 0.19 mmgl). After 2 hours, an ageous solution
of Na25203 (50 mg in 1 15 mL H20) wa a@l ed. The organic layer was
washed with aq. NaHCOS3 saturated and dried over Na2S04. The organic
phases were concentrated under vacuo and c hromatography (5i02,
EtOAc) afforded 25 mg (67%) of the title compo as a white solid.
ORSoR JRSLS (5 Cloro i 2 e ety 403 &g
oro Y |c ro
henyﬂﬁb%}trlreo i ‘fﬁ%- %&e 5 f][ wlsu@% %r%flidlgn%é %‘//1) Tngfélh fone mﬂﬂ
\M@r:z@abmwﬂ%b@ﬂ&wd@@/@sg%g 64 -

- Carboxylic acid: 6-(2-Pyrrolidin-1-yl-ethyl)-nicotinic acid (commercially available),
ES-MS m/e: 573.9 (M+H™),

0,067 mmol) in CH202 (3 mL) at PT

Example 47
{(35R,4RS)-3-I(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl ] -4—(3,4-dichlor0—phenyi)—
pyrrolidin-1-yl}-(6-methanesulfonyl-pyridin-3-yl)-methanone

Ci
ol =
N,
cl N
B gy
N

2
L AP
.t,S‘\.

Q
To a stirred solution of {(3SR,4RS}-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-
dichloro-phenyt)-pyrrolidin-1-yl}-(6-methylsulfanyl-pyridin-3-yl)-methanone
{described herein above) (35 mg, 0.067 mmol} in CH,Cl, (3 mL} at RT was added
mCPBA (33 mg, 0.19 mmol). After 2 hours, an ageous solution of Na,5,04 (50 mgin 1

mb H>O} was added. The organic layer was washed with aq. NaHCO; saturated and dried

over NapSQ,. The organic phases were concentrated under vacuo and column
hromatography (Si0;, EtOAc) afforded 25 mg (67%) of the title compound as a white
solid. ES-MS m/e: 554.9 (M+H").
Example 48
[(3SR,4RS)-3-[(RS)-1-(5-Chloro-pyridin-2-yloxy}-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(2-methylsulfanyl-pyrimidin-5-y1)-methanone
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Ci  Coupling according to general procedure I: - Pyrrolidine intermediate:
5-Chloro-2-1(RS)-1-R3S12,4RS)-4-(3,4-dichloro-phenylppyrrolidin-3-y11-et
hoxyl-pyridine (X11-B-2), 5 - Carboxylic acid:
weMethwisuttanyl-pyrimidine-5-carboxylic acid (commercially ewaifatioy/ 059908
ES-MS m/e: 525.3 (M+FI+). Example 49 4- SR,4RS -3-
RRS)-1-(5-Chloro-pyridin-2-yloxy)-ethyll -4- (3,4-dichloro-phenyl)-
pyrrolidine- 1-carbonyl.] benzonltrlle Coupling ,&ccording to general
procedure I: - Pyrrolldlne mterme Q! g}

4-Cyano-benzoic acid (commercially avgilable), ES-MS m/e: 488.2
(M+1-1+). Example 50 5- [(3S,4R)-3- S -1
(5-Chloro-pyridin-2-yloxy)-ethyl] -4- (3;4-d ch/Qro phenyl)-pyrrolidine-
1-carbonyl] -pyrimidine-2- carbonitrile Cf 2 i

Coupling according to general procedure It

- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(3SR,4RS)-4-(3,4-dichloro-phenyl)-

pyrrolidin-3-yl]-ethoxy}-pyridine (XII-B-2),

- Carboxylic acid: 2-Methylsulfanyl-pyrimidine-5-carboxylic acid (commercially

available), ES-MS m/e: 525.3 (M+H").

Example 49
4-[(3SR,4RS)-3-[{RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichlore-phenyl)-

pyrrolidine-1-carbonyl]-benzonitrile

%G

\
N

Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{{RS)-1-[(3SR,4RS}-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine (XI-B-2),
- Carboxytic acid: 4-Cyano-benzoic acid (commercially available),
ES-MS m/e: 488.2 (M+H"),
Example 50
5-[(35,4R)-3-[(R)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-
phenyl)-pyrrolidine-1-carbonyl} pynmldlne -2-carbonitrile

%Q

’N'?I\-
]
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WO 20091019163PCT/EP2008/059908 - 65 - Coupling according to
general procedure I: - Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-
R3SR,4RS)-4-(3,4-dichloro-phenyl)- pyrrolidin-3-yll -ethoxyl-pyridine
Wak@A)vre€arboxylic acid: 2-Cyano-pyrimidine-5-carboxyli€@rigP2008/659908
(prepared from the 5 corresponding comgaercially available methyl ester

by standard hdrolysis), ES-MS m/e: 504.1 (M+FE-). Example 51
RESRERS):-GHRS) kedte@lnposoepyridin-2-yloxy)-ethy11-4-(3,4-dichloro-p
e TR BehRne GV ERIdies Pt AR el
10 Coupling according to general procedure |: Pyrrolidine intermediate:
5-HB lQZ%(F@SP@-‘{@EWA‘%‘S?—@Q&ﬁ“&ChIoro-phenyl)- pyrrolidin-3 -yl
-ethimxpbxpyridine (XB2pyrimiGadxytlimaghd:acid (prepared from the

iy PR L e red fror
5 M&%ﬁeﬁgﬁé@l ef% 53%%&%%%&Mbpea%%%ggg%%%aums),

aval m/e: 555.8 (M+Fr). Example
[(3RSBIRs: 248 UHiHIdro-pheny1)-1-(6-cyano-pyridine-3-carbony1)-
pyrrolidin-3-yll-ethoxyl-nicotinonitrileéExample 51

[(3SR,4RS)-3-[{RS)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-(2-methanesulfonyl-pyrimidin-5-yl)-methanone

Cl
cl -
N
o N
H o
N
O =N
|
)\O\P
NT B
o

Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS}-1-[(3SR,4RS)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl}-ethoxy}-pyridine (X11-B-2),
- Carboxylic acid: 2-Methanesulfonyl-pyrimidine-5-carboxylic acid {commercially
available}, ES-MS m/e: 555.8 (M+H"),
Example 52
6-{(SR)-1-[{3RS,4SR)-4-(3,4-Dichloro-phenyl)-1-(6-cyano-pyridine-3-carbonyl)-

pyrrolidin-3-yl}-ethoxy}-nicotinonitrile

//N
(3] et
Ly g
ol N

N
o
-
Sy

Coupling according to general procedure It

- Pyrrolidine intermediate: 6-{(SR}-1-[{3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yi]-ethoxy}-nicotinonitrile (XII-B-3)

- Carboxylic acid: 6-Cyano-nicotinic acid {commercially available),

ES-MS m/e: 492.3 (M+H").
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20 Coupling according to general procedure 1: Pyrrolidine intermediate:
6-1(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-pheny1)-pyrrolidin-3- yll -ethoxyl
-nicotinonitrile (X11-B-3) Carboxylic acid: 6-Cyano-nicotinic acid
weommwercially available), ES-MS m/e: 492.3 (Mt-Ht). WO  PCT/EP2068/059908
2009/019163PCT/EP2008/059908 - 66 -J£xample 53 & 54
5-[(3R,4S)-3-[(S)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl
)- pyrrolidine-1-carbonyfl-pyridinerz2.gasha@3itgilesand

55R )i -(5-C hro ridin-2;yl QQI) 5( ichlor
nyl)% éro dg 21 I-:i-:)jarb i’CE qpyorrl) (P 2czarE tn%wé ]qf?ue%véichoﬁfl% %Ply%
pure enantiomeres W@Félﬁb?arhééFWHﬁVép%lﬁ&ti&/éaémﬁamqp LC
separation of the racemic mixture prepasgd from: 10 Coupling according

to ge P oI|d|ne ter dla I 0 2:1(RS
PR e e e P R
(X11-13-2), - Carboxynerahi‘anﬁlesaab@hhb@ﬁn@mm@bmgirmal|y
available), ES-MS m/e: 504.1 (M+H"). Same MS spectra for both

enantiomers. 15 Example 55 C’t Q
Ci N

M
\\N

The two optically pure enantiomeres were obtained with a preparative chiral HPLC
separation of the racemic mixture prepared from:
Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{(RS)-1-[(3SR,4RS)~4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl|-ethoxy}-pyridine (XII-B-2),
- Carboxylic acid: 6-Cyano-nicotinic acid (commercially available),

ES-MS m/e: 504.1 {M+H"). Same MS spectra for both enantiomers.

Example 55
4-{(3SR,4RS)-3-(3,4-Dichloro-phenyl}-4-[(SR)-1-(5-trifluoromethyl-pyridin
-2-yloxy)-ethyl]-pyrrolidine-1-carbonyl}-benzonitrile

Coupling according to general procedure It

- Pyrrolidine intermediate: 2-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy}-5-trifluoromethyl-pyridine (XIf-B-4)

- Carboxylic acid: 4-Cyano-benzoic acid {commercially available),

ES-MS m/e: 534.4 {M+H").
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4-{(3SR,4RS)-3-(3,4-Dichloro-phenyl)-4-[(SR)-1-(5-trifluoromethyl-pyridin
-2-yloxy)-ethyl)pyrrolidine-1-carbonyll-benzonitrile F F CI- F 20 Coupling
according to general procedure I: - Pyrrolidine intermediate:
Rd®BR)pis{(3RS,4SR)-4-(3,4-llichloro-phenyl)-pyrrolidin-3- PCT/EP2008/059908
y11-ethoxyl-5-trifluoromethyl-pyridine ()_(Itl)-7B_-4) - Carboxylic acid:
4-Cyano-benzoic acid (commercially available), ES-MS m/e: 534.4

(M+Hf). WO 2009/019163PCT/EP2GQ8{pR3308 - 67 - Example 56 5-

gi%&%%%%gﬁ;ﬁé&%&%&y @EPBEQ;Y}}E—A& [(ﬁ@l‘-]( Sg?fllﬁwgromethyl-pyridin—2—yloxy)—

ethyl[-pyrrolidinecthebrbprglidyerdmedmeaibbritdieer2 £aeniiflng
according to general procedure I: - Pyrrolidine mtermediate: 2-{(SR)-1-
[(BRS,4SR)-4-(3,4-Dichloro-phea 1)-pyrro|i(3§'%§:ethoxyl
-5-trifluoromethyl-pyridine - Carbgxyic acid:§-Qyano-nicotinic acid
(commercially available), ES-MS ; 585.6 (M+1-1'). ioExample 57
6-1(SR)-1-[(3RS,4SR)-4-(3,4-Dichlorg-pheny1)-1-(2-methyl-pyrimidine-5-c
arbonyl)- N

Coupling according to general procedure I:
- Pyrrolidine intermediate: 2-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-
yil-ethoxy}-5-trifluoromethyl-pyridine (X1I-B-4)
- Carboxylic acid: 6-Cyano-nicotinic acid {commercially available),
ES-MS m/e: 535.6 (M+H").
Example 57
6-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-1-(2-methyl-pyrimidine-5-carbonyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

//N
Cl == _
L g
Cl 0
N
O%N
N/)\

Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{{SR}-1-{({3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy}-nicotinonitrile (XII-B-3)
- Carboxylic acid: 2-Methyl-pyrimidine-5-carboxylic acid (commercially available),
ES-MS m/e: 484.2 (M+H").
Example 58
5-[(3RS,4SR)-3-[(5R)-1-(5-Cyano-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidine-1-carbonyl]-pyridine-2-sulfonic acid dimethylamide



20

pyrrolidin-3-y11-ethoxyl-thcotinonitrile  Coupling according to general
procedure I: 15- Pyrrolidine intermediate: 6-1(SR)-1-
[(3RS,4SR)-4-(3,4-llichloro-phenyl)-pyrrolidin-3- yll-eth wry |
wiicainenitgieB-3) - Carboxylic acid: 2-Methyl-pyrimidine-5-carb@pigsasisos
(commercially available), ES-MS m/e: 4_8&% (M+H7). Example 58 205-
[(BRS,4SR)-3-
[(SR)-1-(5-Cyano-pyridin-2-yloxy)-ethy11-4-(3,4- glﬁ.h|0r0 phenyl)-
pyrrolidine-1-carbonyfl-pyridine-2:sulfonic acid.dimethylamide WO
2009/019163PCT/EP2008/05990 8 - Gpupling according to general
procedure I: - Pyrrolidine interriie 6t
-[(3RS,4S510-4-(3,4-Dichloro- phenyl) pytrolidin-3- yll -ethoxy | - n icotino
nitrite (X 11-B-3 ) 5 - Carboxylic acid: 6-Bimethylsulfamoyl-nicotinic acid
(described herein after), 6-Dimethylsy |-nicotinic acid: Et step: To a
stirred solution of 6-sulfamoyl-nicotinic acid_methyl ester (250 mg, 1.15
mmol) in DMF (10 mL) at OC was added NaHCfS mg, 55%, 1.20 mmol).
After 10 minutes, Mel (0.079 mL, 1.26 mL) was added. Stirring was
contimplet forodepovgdefotgrocedure [

- Pyrrolidine intermediate: 6-{(SR)-1-[{3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yvl]-ethoxy}-nicotinonitrile {XII-B-3)

- Carboxvylic acid: 6-Dimethylsulfamoyl-nicotinic acid (described herein after),

6-Dimethylsulfamovl-nicotinic acid:

1% step: To a stirred solution of 6-sulfamoyl-nicotinic acid methyl ester (250 mg, 1.15
mmol) in DMF (10 mL} at 0 °C was added NaH (53 mg, 55 %, 1.20 mmol}. After 10
minuates, Mel (0.079 mL, 1.26 mL} was added. Stirring was continued for one hour before
the reaction was quenched upon addition of H>O. The product was extracted with
EtOAc, the combined organic layers were dried over Na,SO4 and concentrated under
vacuo. Column chromatography (S5iO,, EtOAc/H, 1/2) afforded 51 mg of the title
compound {19 %) as a white solid.

Example 59
6-{(SR)-1-[(3RS,4SR )-4-(3,4-Dichloro-phenyl)-1-(4-oxazol-3-yl-benzoyl)-pyrrolidin-3-
ylj-ethoxy}-nicotinonitrile

Coupling according to general procedure I

- Pyrrolidine intermediate: 6-{(SR)}-1-[(3RS,45R}-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yli-ethoxy}-nicotinonitrile (Xt-B-3)

- Carboxylic acid: 4-Oxazol-5-yl-benzoic acid {commercially available),

BS-MS mJe: 534.8 (M+H").
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10 the reaction was quenched upon addition of H20. The product was
extracted with EtOAc, the combined organic layers were dried over
Na2S04 and concentrated under vacuo. Column chromatography (5i02,

witPAeN ki) afforded 51 mg of the title compound (19%) agamihitensakshos
Example 59 156- (SR)(SRS,4SR)-4-(3,A:-ggighloro-phenyl)- -
(4-oxazol-5-yl-benzoyl)-pyrrolidin-3- y1J-éthoxy}-nicotinonitrile  Coupling
according to general procedure I:  pxRypRligine intermediate: 6-{ (SR)- I -
R3R )-4-(3,4-Dichloro-phenyD-pyrrolidin-3- 20 )

i Al SRR S A R R R K UE
acid (commercially erakahie) ESMS3mlk s6R48-(MbkijoWde
2009/019163PCT/EP2008/059908 - 69 - Example 60 6-( (SR)-1-
{(3RS,4SR)-4- (3,4-Dichloro-phgnyl)- 1- [443-méthyl- [1,2,4]
oxadiazol-5-y1)- benzoyll - pyrroljding3-y Il 4et Po xy )-nico tino nitrite 5
Coupling according to generaf'pr ;?JO N

N

geuny

Q-N
Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(SR)-1-[{3RS5,4SR}-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yli-ethoxy}-nicotinonitrile (XII-B-3) '
- Carboxylic acid: 4-(3-Methyl-[1,2,4}oxadiazol-5-y1)-benzoic acid (commercially
available},
ES-MS m/e: 549.8 {(M+H").

Example 61
6-({SR)-1-{(3RS,45R)-4-(3,4-Dichloro-phenyl)-1-[4-(5-methyl-[1,2,4]oxadiazol-3-y1)-

benzovyl]-pyrrolidin-3-yl}-ethoxy)-nicotinonitrile

//N
Gl e
0,5
“ 43‘0 "

]

Ol
Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(SR)-1-[(3RS,4S5R)-4-(3,4-Dichloro-phenyt)-pyrrolidin-3-
vi]-ethoxy}-nicotinonitriie (XII-B-3}
- Carboxylic acid: 4-(5-Methyl-[1,2,4]oxadiazol-3-y1)-benzoic acid (commercially
available),
ES-MS m/e: 550.0 {M+H").

Example 62

6-((SR)-1-{(3RS,4SR)-4-(3,4-Dichloro-phenyl)-1-[4-(3-ethyl-[1,2,4]oxadiazol-5-yl)-
benzoyl]-pyrrolidin-3-yl}-ethoxy}-nicotinonitrile
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- Pyrrolidine intermediate: 6-1(SR) -1-
[(B3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidii 3- yll-ethoxyl -nicotinonitrile
(XI1-B-3) - Carboxylic acid: 4-(3-Methyl-[1,2,4]oxadiazo1-5-y1)-benzoic
weidomammercially available), 10 ES-MS m/e: 549.8 (M+F(). Fexampleshioons
6- ((SR)- 1- (3RS,4SR)-4- (3,4- Dichloro-pheny1)-1- [4-(5-methyl- [1,2,4]
oxadiazol-3-y1)- benzoyll-pyrrolidin-3-yll-ethoxy)-nicotinonitrile 15
Coupling according to general procedure I - Pygﬁolidine intermediate:
6-{(SR)-1-[(3RS,45R)-4-(3,4-Dcchloro-phe <pyrrolidin-3-
yll-ethoxyl-nicotinonitrile (XII-B;@arbo»@tﬁcid: 4-(5-Methyl- [1,2,4]
oxadiazol-3-y1)-benzoic acid’{commergjally available), 20 ES-MS m/e:
550.0 (M+1-). Example 62 6- ( (SR)F?:?RSASR)A-
(3,4-Dichloro-phenyl)- 1- [4- (3-ethyl%[1,2,4] oxadiazol-5-y1)-
benzoyli-pyrrolidin-3-y11-ethoxy)-nigetinenitrile WO
2009/019163PCT/EP2008/059908 - 70 N

SN

Coupling according to general procedure I:

- Pyrrolidine intermediate: 6-{(SR}-1-{(3RS,45R)-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-

yli-ethoxy}-nicotinonitrile (XII-B-3)
- Carboxylic acid: 4-(3-Ethyl-|1,2,4Joxadiazol-5-yl)-benzoic acid {commiercially
available),
ES-MS m/e: 563.9 (M+H").
Example 63
6-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-1-(4-[1,3,4]oxadiazol-2-yl-benzoyl)-

pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

//N
Ci ==

N

Coupling according to general procedure I:

- Pyrrolidine intermediate: 6-{(SR)-1-[{3RS,4SR}-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-

yl]-ethoxy}-nicotinonitrite (X11-B-3)
- Carboxylic acid: 4-{1,3,4]Oxadiazol-2-yl-benzoic acid {commercially available},
ES-MS m/e: 535.7(M+H").

Example 64

6-({SR)-1-{(3RS,45R)-4-(3,4-Dichloro-phenyl)-1-[4-(2-methyl-imidazol-1-yl)-benzoyl]-

pyrrolidin-3-yl}-ethoxy)-nicotinonitrile
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Coupling according to general procedure I: - Pyrrolidine intermediate:
6-1(SR)- [ (3RS,4SR) -4-(3,4-Dichloro-phenyl)-pyrrolidin-3- yl | -eth
oxyl-nicotinonitrile (XII-B-3) 5 - Carboxylic acid: _
wefJobtlydds 2,4]oxadiazol-5-y1)-benzoic acid (commerciallyravaiiedola)oso90s
ES-MS m/e: 563.9 (M+H"). Example 63 ., _6- { (SR)- I- (3RS,4SR)-4-
(3,4-Di chloro-phenyl)- I- (4- [1,3,4]oxadiazol-2-yl-benzoyl )-
10pyrrolidin-3-yll-etboxyl-nicotinonitrile Coupling,/ cording to general

procedure I. - Pyrrolidine intermediate: 6-[ (SR)1
-R3RS,4SR)-4-(3,4-Dichloro-phe yrrolidin-2- ylkethoxyl-nico6nonitrile

(XII-B-3) IS - Carboxylic acid: 4~ [h3/4]@xasgliazol-2-yl-benzoic acid
/585.7(M+H4). Example 64 6- (

(commercially available), ES-MS m/e;
(SR)- I - (3RS,4SR)-4- (3,4-Dichloro-p
[4-(2-methyl-imidazol-1-y1)-benzoyl] »
-ethory)-nicotinonitrile - 71 - Coupling a
Pyrrolidine intermediate: Y
6-{(SR)-1-[(3R5,4SR)-4-(3,4-Dichloro-phenylp-pyrrolid 3
ylCethobywicotingnitrjenfXd pBed) e ICarboxylic acid:

4-(2 -imi 1-y1)-t IC A INeLGie ilall -SMS: i
o e%%dﬁ;gﬁg@%%gmk&@%@c Ric (cemmescialy AyalalelyE-RyMSidin-3
6l{](]S‘F@}%J[k3WSfH§R‘)@?(§AL§@HIoro-phenyl)-1-(6-pyrazo|-1-yl-pyridine-3
-cathebysd)ic acid: 4-(2-Methyl-imidazol-1-yl)-benzoic acid (commercially available),

|erg\>to general procedure 1: -

ES-MS m/e: 547.8 (M-+H".

Example 65
6-{(SR)-1-[(3RS,45R}-4-(3,4-Dichlore-phenyl})-1-(6-pyrazol-1-yl-pyridine-3-carbonyl)-

pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

//N
Cl ==
Ly g3
I

Ie) s
P

Coupling according to general procedure [:
- Pyrrolidine intermediate: 6-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy}-nicotinonitrile (XI1-B-3)

- Carboxylic acid: 6-Pyrazol-1-yl-nicotinic acid (commercially available),

ES-MS m/e: 534.9 (M+H").

Example 66
6-{(SR)-1-[{3RS,45R)-4-(3,4- Dichloro-phenyl}- 1-(6-methanesulfonyl-pyridine-3-
carbonyl)-pyrrolidin-3-yl}-ethoxy}-nicotinonitrile
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pyrrolidin-3-yll-ethoxyl-nicotinonitrile  Coupling according to general
procedure I - Pyrrolidine intermediate:
6-{(SR)-1-[(3R5,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
wib-ethooprsicotinonitrile - Carboxylic acid: 6-Pyrazol-1-yl-nicatirmiceamigios9sos
(commercially available), 15ES-MS tn/e:-534.9 (M-i-H'). Example 66 6- {
(SR)-1 R3RS,4SR)-4- (3,4-Dichloro-pheny1)- 1 - (6-methan
esulfonyl-pyridine-3- carbonyl)-pyrrolidin-3-ylI-eu;mxyl-nicotinonitrile WO
2009/019163PCT/EP2008/05994)8 - 72 - id coupling according to
general procedure |, between tolidin intermediate 6-{ (SR) -1-
R3R5,45R) -4-(3,4-dichloro-piényi-pytralislin'-3-yll -ethoxyl
-nicotinonitrile (XII-B-3) and the carbgxylic acid 6-methylsulfanyl-nicotinic
acid (commercially 5 available), affor the corresponding amid. The
crude product was dissolved in ClI12G mMCPBA (1.4 eq.) was added.
Stirring was continued for 2 hours at RT, ¢ the reaction was

guenched upon addition of aq. Na25203, and;”%ﬁen the organic phase was

washed with ag. NaOH,. The organic ph was dried over Na2504 and. . :
o e g Mltrmeciae

(58%)Tof thié HtheteBmprotmct k&I i) SueRI B8NS rfos s nicHIptrile

Exam@le 6:hd the carboxylic acid 6-methylsulfanyl-nicotinic acid (commercially

available), afforded the corresponding amid. The crude product was dissolved in CH,Cl,
and mCPBA (1.4 eq.) was added. Stirring was continued for 2 hours at RT, before the
reaction was quenched upon addition of aq. Na,5,03, and then the organic phase was
washed with: aq. NaOH. The organic phase was dried over Na;SO, and concentrated
under vacuo. Column chromatography afforded 22 mg (58 %) of the title compound as a
white solid. ES-MS my/e: 545.1 (M+H ",
Example 67
6-{(SR)-1-[(3RS,4SR)-1-(4-Cyano-2-fluoro-benzoyl}-4-(3,4-dichloro-phenyl)
-pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(SR)-1-[{3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yt]-ethoxy}-nicotinonitrile (XI1-B-3)

- Carboxylic acid: 4-Cyano-2-fluoro-benzoic acid (commercially available),

ES-MS my/e: 509.1 (M+H"),

Example 68
6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl}-1-(6-methyl-pyridine-3-carbonyl)-
pyrrolidin-3-yl}-ethoxy}-nicotinonitrile
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6-1(SR)-1- [(3RS,4SR)-
(4-Cyano-2-fluoro-benzoy1)-4-(3,4-dichloro-phenyl)
-pyrrolidin-3-y1]-ethoxyl -nicotin on itrile IS Coupling according to general
woomedurerbs- Pyrrolidine intermediate: 6-{(SR)-1- PCT/EP2008/059908
R3RS,4SR)-4-(3,4-Dichloro-pheny1)-pyreglidin-3- yl] -ethoxyl
-nicotinonitrile (XI1-B-3) - Carboxylic acid: 4-Cyano-2-fluoro-benzoic acid
(commercially available), ES-MS m/e: 509.1 (M+H ). 20Example 68 6-
{(SR)- I - [(3RS,4SR)-4-(3,4-Dich:oro-phenyl -(6-meth yl-pyridin

e-3-carbony1)- pyrrolidin-3-yl] -et I-nicminokitrile WO
2009/019163PCT/EP2008/059908-=4/3 & >—& olipling according to general
procedure |: Pyrrolidine intermediate?
6-{(SR)-1-[(3RS,4SR)-4-(3,4-llichloro-ptienyl)-p o d yl -ethoxy!
-nicotinonitrile (X1I-B-3) 5 - Carboxylig-asjd=6-Methyl-nicotinic acid
(commercially available), ES-MS m/e: 4 +1-1"). Example 69
6-{(SR)-1-[(3RS,4SR)-1-(1H-Benzoimidazole-5-carbony0-4-(3,4-dichloro-p
hEMINBY ASHATNS-\P1IcaaRthRRRieYtRbnitrile

- Pyrrolidine intermediate: 6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-

yl}-ethoxy}-nicotinonitrile (XII-B-3)
- Carboxylic acid: 6-Methyl-nicotinic acid (commercially available), ES-MS my/e: 481.2
(M+H™.
Example 69
6-{(SR)-1-[ (3RS,4SR)-1-{1H-Benzoimidazole-5-carbonyl}-4-(3,4-dichlore-phenyl)-
pyrrolidin-3-yl}-ethoxy}-nicotinonitrile

&

Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(SR}-1-{(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yi}-ethoxy}-nicotinonitrile (X1I-B-3)
- Carboxylic acid: 1H-Benzoimidazole-5-carboxylic acid (commercially available), ES-MS
m/e: 506.1 {M+H™).
Example 70
6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-1-(2-methoxy-pyrimidine-5-carbonyl)-
pyrrolidin-3-y1]-ethoxy}-nicotinonitrile

7

Coupling according to general procedure I:



10 Coupling according to general procedure I: Pyrrolidine intermediate:

6-1 (SR)-1- [(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3- yll -ethoxyl
-nicotinonitrile (X1I-B-3)  Carboxylic acid:

W -Benzeigidazole-5-carboxylic acid (commercially availabledS:MM&okboos
m/e: 506.1 (M+1-11. Example 70 6-

{(SR) 1-[(3RS,4SR)-4-(3,4-Dichloro- phenf}l) 1-(2-methoxy-pyrimidine-5-ca

rbopy Lyt By HHeinn3dyAine tBOX YR NICOTONIS G- AVE4-Dichloro-phenyl)-pyrrolidin-3-
2009/019163PCT/EP2 O?&?%Q% - 74 - Pyrrolidine intermediate:
6 3{%Sﬁ W(?gﬁcgtﬁl%- -( loro-pheny1)-pyrrolidin-3-
yI-€thbryylivieotindnitritbopxtpBig)d@arboxyesalidicid (commercially available), ES-
2-Methaxyryrimidiness-carboxylic acid (commercially available), ES-MS
m/e: 498.2 (M+H+). SExample 71 6- é_an) é%RS /4SR)- 4- (3,4- chhloro-
pbenyl)- I- (6-imidazol- 1-yl- pyrldlne- -ca rbonyl)- pyrrolidin-3-ylt
-ebhidSiR) - hidoRacGRitd- (3041ﬂldgjtaecﬂvm&tb@emrhllpl‘dcﬁdl}mdmt@iarbonﬁ)-

Pyrrolidine intermediat }@ﬂ)hdln 3-y1 ethO)?r }-nicotinonitrile
(SR)-1-1(3RS,4SR)-4-(3,4- chhloro -pheny1)-pyrro idin-3- yl]

-ethoxyl-nicotinonitrile (XII-B-3) Carboxylic acid; Imldazol 1-yl-nicotinic
acid (commercially available), ES\MS m/e: 33/.1 (M+1-1+). Example 72
156- {(SR)- | - R3RS,4SR)-4-(3/4 @ Iq[og ayl)-1-(6-trifluoromethyl-py
dine-3- "

o] =N
= DN

Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(SR)-1-1(3RS,4SR}-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy}-nicotinonitrile (XIi-B-3)
- Carboxylic acid: 6-Imidazol-1-yl-nicotinic acid (commercially available), ES-MS m/e:
533.1 (M+H™").

Example 72

6-1(SR)-1-[{3RS,45R)-4-(3,4-Dichloro-phenyD}- 1-(6-trifluoromethyl-pyridine-3-
carbonyl}-pyrrolidin-3-vl}-ethoxy}-nicotinonitrile

@d

Coupling according to general procedure [:

- Pyrrolidine intermediate: 6-{(SR}-1-[(3RS,4SR)-4-(3;4-Dichloro-phenyl)-pyrrolidin-3-
yi]-ethoxyi-nicotinonitrile (X11-B-3)

- Carboxylic acid: 6-Trifluoromethyl-nicotinic acid (commercially available), ES-MS m/e:
535.1 {M+H™.



carbonyl)-pyrrolidin-3-ylLethoxyl-nicotinonitrile 4. 0 Coupling according
to general procedure I:  Pyrrolidine intermediate: 6-{ (SR)-1-
[(BRS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3- 20 yli-ethoxyl
waicobnoniisge (XI1-B-3) Carboxylic acid: 6-Trifluoromethyl-nieotimieasidssoos
(commercially available), ES-MS m/e: 535.1 (M+FE ). WO
2009/019163PCT/EP2008/059908 - 75 - Example 73 6-{(SR)- I-
[(BRS,4SR)-4- (3 4 Dichloro- phenyl)s,laﬁ@megbyl pyridine-3-carbonyl)-

yrro -yl - l-nictingn Ie 5 Cou I| ccordin engral
procé(?ure?}l rroti %r%é |§?éérpn$e6£‘ giﬁe@ )-1 %ame o ip%%g k& -carbonyl)-
R3RS,4SR)-4-(3,4- D|cmmmbﬁe®1)}mmwdimm:@nynnérﬂexyl
-nicotinonitrile (X1I-R-3) Carboxylic acid: 5-Methylwicotinic acid
(commercially available), ES-M&m/e: 481.1 r). 10Example 74 6- {
(SR)- 1- [(3RS,4SR)-4- (3,4- Dichlpryphenyy)- 4-
(5-fluoro-pyridine-3-carbonyl)- Pyr din43= -8thoxyl-nicotinonitrile

Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl}-ethoxy}-nicotinonitrile (XIi-B-3)

1

- Carboxylic acid: 5-Methyl-nicotinic acid (commercially available}, ES-MS m/e; 481.1
(M=+HN.
10 Example 74
6-{(SR)-1-[{3RS,4SR}-4-(3,4-Dichloro-phenyl)-1-(5-fluoro-pyridine-3-carbonyl)-
pyrrolidin-3-ylj-ethoxy}-nicotinonitrile

&

2}
e
aant
Q
=
Za

Coupling according to general procedure I:
15 - Pyrrolidine intermediate: 6-{{SR}-1-[(3RS,45R)-4~(3,4-Dichloro-phenyl)-pyrrolidin-3-
vl}-ethoxy}-nicotinonitrile (XII-B-3)
- Carboxylic acid: 5-Fluoro-nicotinic acid (commercially available), ES-MS m/e: 485 .4
(M+H").
Example 75
20 6-1(SR}-1-1(3RS,45R)-4-(3,4-Dichloro-phenyl)-1-(6-fluoro-pyridine-3-carbonyl})-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile
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Coupling according to general procedure I: 1.5 - Pyrrolidine intermediate:
6-1(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3- yll-ethoxyl
-nicotinonitrile (XII-B- 3) Carboxylic acid: 5-Fluoro-nicotinic acid
“wommekeally available), ES-MS m/e: 485.4 (M+H'). ExamplectEpaoos/oseeos
z06-{(SR)- I-
R3R5,4SR)-4-(3,4-Dichloro-pheny1)-1- (67?Iuoro -pyridine-3-carbony1)-
pyrrolidin-3-y11-ethoxyl-nicotinonitrilie WO N
2009/019163PCT/EP2008/059948 - 76 - Co
procedure |: Pyrrolidine intermedjate, 6-{ (
[(3RS,4312)-4-(3,4-llichloro-pHén é?i in23- ylf-ethoxyl-nicotinonitrile
|

(X1I-B-3) Carboxylic acid: 6-Fluoro-ni¢otinic acid (commercially available),
ES-MS m/e: 485.4 (M+H"). Example 76’6-((SR)-1- {(3RS,4SR)-4-
(3,4-Dichloro-phenyl)- 146- (2,2,2- trif] hory)-pyridine-3- carbonyl]
-pyrrolidin-3-yll-ethoxy)-nicotinonitrile 0

-
Coupling according to general procedure I _
- Pyrrolidine intermediate: 6-{{SR)-1-[{3RS,45R) —4—(3,4-Dichldr0—phenyl)—pyrrolidin—S—
yl]-ethoxy}-nicotinonitrile (XIT-B-3)
- Carboxylic acid: 6-Fluoro-nicotinic acid {commercially available}, ES-MS m/e: 485.4
(M+H").
Example 76 _

6-{(SR)-1-{(3RS,48R)-4-(3,4-Dichloro-phenyl)-1-{6-(2,2,2-trifluoro-ethoxy)-pyridine-3-

carbonyl]-pyrrolidin-3-yl}-ethoxy)-nicotinonitrile

@d

Coupling according to general procedure I:
- Pyrrolidine intermediate: ' 6-{(SR}-1-[{3RS,48R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy]}-nicotinonitrile (X11-B-3)
- Carboxylic acid: 6-(2,2,2-Trifluoro-ethoxy)-nicotinic acid {commercially available), ES-
MS m/e: 565.2 (M+H"),

Example 77
6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)- 1-(pyridazine-4-carbonyl)-pyrrolidin-3-

yl]-ethoxyl-nicotinonitrile

@Cf
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10 Coupling according to general procedure I: - Pyrrolidine intermediate:
6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yll-ethoxyl-nicotinonitrile (X1I-B-3)  Carboxylic acid:
8e(20B9R4b1ifkuoro-ethoxy)-nicotinic acid (commercially availabie)FESe8H 59908
MS m/e: 565.2 (M-FH ). Example 77 6- {{SR)- 1- [ (3RS,4SR)-4-
(3,4-Dichloro-phenyl)- 1- (pyridazine-4-carbonyl)-pyrrolidin-3- ylLethary}
-nicntinen ke dingto @ﬁuﬁlipgoa@nﬁmﬂng to general procedure I: -
Pyrroliding inte med A
[(3 grﬁgﬁ? n({§r2l Bichioro- (%1 (Bii/{rsrgs(%)n 43 3yﬁ Del%hé%ﬁ n]lft:ecr)lty Ro%Xgrrloéldm ’
OuH-BURyxYICHFB BRI EEI é zine-4-carboxylic acid (commercially

avaiiablegy £ 9 Mg nd 68 Arviitich) cilE Xemplert@ilby {&R)bley, ES-MS m/e:
Rggg% ﬁR?_I;J? (3-Chloro-6-methyl-pyridazine-4-carbonyl)-4- (3,4-dichloro-
phenyl)-pyrrolidin-3-yll -ethoxy! -nicotin onitfile 10 Coupling according to
general procedure I: Pyrrolidine int&f#agiaté

6- 16355)R3LR@&Sﬂ@l&)ﬂ(ﬁ%ﬂ@tﬁtﬂmmmﬂﬁmmmﬁ )-4- (3 4-dichloro-
yll-ethoxyl- nlcotlnonl |Ie ;(II B d1 %

Xéﬂ l i
3-Chloro-6-methyl- Synﬁ’é e carbo |c acic crgfr?}ﬁ%?glléﬁf available),

ES-MS m/e: 518.0 (M-1-FE-). 15Example 79
{(3SR,4RS)-3-(3,4-Dichloro-phefly1)-
[(SR)-1-(5-trifluoromethyl-pyridip-

ethyl](2-methyl-pyrimic1M-5-y1)-m a oﬁe

Coupling according to general procedure I:
- Pyrrolidine mtermedlate 6-{(SR)-1-[(3RS,458R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy}-nicotinonitrile (XI1-B-3)
- Carboxylic acid; 3-Chloro-6-methyl-pyridazine-4-carboxylic acid {commercially
available), ES-MS m/e: 518.0 (M+H"),
Example 79
{(35R,4RS)-3-(3,4-Dichloro-phenyl)-4-[(SR)-1-(5-triflueromethyl-pyridin-2-yloxy)-
ethyl]-pyrrolidin-1-yl}-(2-methyl-pyrimidin-5-yl)-methanone

@ o
*Q

Coupling according to general procedure L:

20 - Pyrrolidine intermediate: 2-{(SR)-1-{(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-

vl]-ethoxyi-5-trifluoromethyl-pyridine (X11-B-4)
- Carboxylic acid: 2-Methyl-pyrimidine-5-carboxylic acid (commercially available),
ES-MS m/e: 525.2 (M+H").

25



F F Coupling according to general procedure I: 20 - Pyrrolidine
intermediate: 2-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-py o din-3- yll
-ethoxy}-5-trifluoromethyl-pyridine (X11-B-4) Carboxylic acid:
wevieshwikgysimidine-5-carboxylic acid (commercially available);rEB2MSos9908
m/e: 525.2 (M+1-1+). WO 2009/019163RLCT/EP2008/059908 - 78 -
Example 80

{(3SR,4RS)-3-(3,4-Dichloro- phenyl)ﬂ&@lﬁ)}a (5-trifluoromethyl-pyridin-2-

ylo %‘ t |c15n |I- (6 é A _rfgl_l thanon )
o A e R QB e e o)
(SR) - [(3Rgin§mml(9<hndmﬁ oﬁ%&ﬁﬁ@%)&]éwﬁn@m@dwnethamne
-ethoxy}-5-trifluoromethyl-pyridine (XI1-B-4) - oxylic acid:
6-Pyrazol-1-yl-nicotinic acid (corasl ercially a le), ES-MS m/e: 576.3
(M+W). 10Example 81
(6-Chloro-pyridin-3-y1)-{(3SR, 3R ch']'oro -phenyl)-4- [(SR)-1-(5-
trifluoromethyl-pyridin-2-yloxy)- ethyII y oI|d|n 1-yh-methanone F F CI
Coupling according to general procedusé 1: is - Pyrrolidine intermediate:
2-1(SR)- I - [(3RS,4SR)-4-(3,4-Dichloge~ 1)-pyrrolidin-3-
ylLethoxyl-5-trifluoromethyl-pyridine (XI1-B- N

N

—

5 Coupling according to general procedure I:

- Pyrrolidine intermediate: 2-{(SR)-1-[{3RS$,45R}-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-

vl]-ethoxy}-5-triftuoromethyl-pyridine (X11-B-4)
- Carboxylic acid: 6-Pyrazol-1-yl-nicotinic acid (commercially available),
ES-MS m/e: 576.3 (M+H").
10 Example 81
(6-Chloro-pyridin-3-yl)-{(3SR,4RS)-3-(3,4-dichloro-phenyl)-4-[(SR)-1-(5-
trifluoromethyl-pyridin-2-yloxy)-ethyl]-pyrrolidin-1-ylj-methanone

Coupling according to general procedure [:

15 - Pyrrolidine intermediate: 2-{(SR}-1-{{3RS,45R)-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-

yl}-ethoxy}-5-trifluoromethyl-pyridine (XII-B-4}
- Carboxylic acid: 6-Chloro-nicotinic acid {commercially available), ES-MS m/e: 546.1
(MA+H).
Example 82
20 (2-Chloro-pyridin-4-vi)-{(3SR,4RS)-3-(3,4-dichloro-phenyl)-4-[(SR)-1-(5-
trifltuoromethyl-pyridin-2-yloxy)-ethyl]-pyrrolidin-1-yl}-methanone
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15

- Carboxylic acid: 6-Chloro-nicotinic acid (commercially available), ES-MS
m/e: 546.1 (M+1-1+). Example 82
20(2-Chloro-pyridin-4-y1)-{(3SR,4RS)-3-(3,4-dichloro-pheny1)-4-[(SR)-1-(
woltdhsanemethyl-pyridin-2-yloxy)-ethyll-pyrrolidin-I-yll-methapongrYWéa/es9v08
2009/019163PCT/EP2008/059908 - 79_—79 Coupling according to general
procedure I: Pyrrolidine intermediate: 2-
(SR)-1-{(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyf(okdin-3- yl]
-ethoxy)-5-trif|uoromethyl-pyridi;n.:e% (XIEB-4) rboxylic acid:

2-Chloro-isonicotinic acid (comm ), ES-MS m/e: 544.0
(M+H). Example 83 { (3SR,4R%)-3-(3,4-Di
ivi] - pyrrolidin- | -yll-

-(5-trifluoromethyl-pyridin-2-yloxy)- et
[4-(3-methyl-11,2,410xadiazol-5-y1)-phe€nyfl-methanone F F CI CI 10
5 O
L N

Coupling according to general procedure I
- Pyrrolidine intermediate: 2-[(SR)-1-[(3RS,48R)-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-
yl]-ethoxy}-5-trifluoromethyl-pyridine (X11-B-4)
- Carboxylic acid: 2-Chloro-isonicotinic acid (commercially available), ES-MS m/e: 544.0
(M+H").
Example 83
{(3SR,4RS)-3-(3,4-Dichloro-phenyl}-4-[(SR)-1-(5-trifluoromethyl-pyridin-2-yloxy)-
ethyll-pyrrolidin-1-yl}-[4-(3-methyl-[1,2,4]oxadiazol-5-yl}-phenyli-methanone

F.F

cl '<_:(F
Rayer
ot N
o
o
\
N

g

N

O
\<N
Coupling according to general procedure I:
- Pyrrolidine intermediate: 2-{(SR)-1-[(3RS,45R}-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yi]-ethoxyl}-5-trifluoromethyl-pyridine (XH-B-4)
- Carboxylic acid: 4-(3-Methyl-{1,2,4]oxadiazol-5-yl)-benzoic acid (commercially
available), ES-MS m/e: 591.3 (M+H").
Example 84
6-{(S)-1-[(3R,4S8)-1-(2-Cyclopropyl-pyrimidine-5-carbonyl)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile



Coupling according to general procedure I: Pyrrolidine intermediate: 2- (
(SR)- I - [(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3- yll-ethoxy!l
-5-trifluoromethyl-pyridine (X1143-4)  Carboxylic acid:
we(3edetieyéq1,2,410xadiazo1-5-y1)-benzoic acid (commercintty/Ebzo0s/059908
available), ES-MS m/e: 591.3 (M+Fr). Example 84 6- (S)- I- [(3R,48)- |
-(2-Cyclopropyl-pyrimidine-5-carbonyl)-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yll-ethwcyl-nicotinonitrile WO 2
2009/019163PCT/EP2008/059%?8 - 80 - Coupling according to general

procedure I Pyrrolidine intermed
6-{(SR)-1-R3RS,4SR)-4-(3,4-Dichiesd-pt
icotino nitrite (X11-13-3) 5 - Carboxylic/acjd:
2-Cyc|opropyl-pyrimidine-5-carboxylic§%£commercially available),

1)'\fpyrrolidin-3- Ol-ethoxy I -n

ES-MS ink: 508.2 (M+1-1"). Example,
(2-Cyclopropyl-pyrimidin-5-y1)-{(3SR,4R ﬁxﬁ dichloro-pheny1)-4-[(SR
)-1-(5- trifluorom ethyl-pyri din-2-y] oxy)-ethyl -pyrrolidin-I-yll -metbanone
10, %plg&go%%grgmgn@ ;gﬁ@&gqcedure I: Pyrrolidine intermediate

I- R3RS,4S12)-4-(3,4-Dichloro-phen rrolidin-3-
gl il s A A B SR RE R R et A

2:Qyeloprgpylepyirimidifie SXiaBbxylic acid (commercially available), 15

5 E—Sd}ﬂ%dp)lﬁc g’é&.’%—@ﬁa%;gpyl—pyrimidmc‘—5-carboxy1ic acid (commercially available),

10

i35

ES-MS m/e: 508.2 (M+H").
Example 85
{2-Cyclopropyl-pyrimidin-5-yi)-{(35R,4RS}-3-(3,4-dichloro-phenyl)-4-[(SR)-1-(5-
trifluoromethyl-pyridin-2-yloxy)-ethyli-pyrrolidin-1-yl}-methanone

@G‘

Coupling according to general procedure i
- Pyrrolidine intermediate: 2-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
ylj-ethoxy}-5-trifluoromethyl-pyridine (XI1I-B-4)
- Carboxylic acid: 2-Cyclopropyl-pyrimidine-5-carboxylic acid {commercially available),
ES-MS mi/e: 551.2 (M+H"). |
Example 86
6-{(SR)-1-[(3RS,45R}-4-(3,4-Dichloro-phenyl)- 1—(6—ethyl—5-methyl—pyrid_ine—3—
carbonyl)-pyrrolidin-3-yl|-ethoxy}-nicotinonitrile
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Example 86 6- (SR)- I-
R3RS,4SR)-4-(3,4-Dichloro-phenyl)-1-(6-ethyl-5-methyl-pyridine-3-
carbonyl)-pyrrolidin-3-y11-ethoxyl-nicotinonitrile WO

20008401 2168PCT/EP2008/059908 -81 - 0 Coupling accordingii@rpenseatons
procedure I. - Pyrrolidine intermediate: _ o5 .
6-1(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-

yll-etlamcyl-nicotinonitrile (X1113-3) 5 - Carboxyligiacid:
6-Ethyl-5-methyl-nicotinic acid (described in et. Chem. 1987, 24(2),
351-5), ES-MS m/e: 509.3 (M+L§§xarnp f (BRS,4SR)-3- [
(RS)-1-(5-Chl oro-pyridin-2 yloxy) -e%yl] -4- (3,4-dichloro-
pheny1l)-pyrrolidin-I-yll-(2-methyl- pynrg(‘cf\g -y1l)-methanone Cl Otl a)
(3RS,4SR)-1-Benzyl-4-(3,4-dichloro-phényl)-oyrrolidine-3-carboxylic acid

To a solution of o Sy
N-(methoxymethyl)-N-(phenylmethyl)-N-(ttigrethylsilyl)methylamine (16.87
g, 0.071 mol) and (E)-3-(3,4-Dichloro-phenyl)-acrylic acid (7.71g, 0.036

m@QLC{ES’lJE'EC ééin é_ e@,ﬁ%egcgd( yoroacetic acid (0.19 triL, 0.002 nnol)

mixtur r?ra uaII warmed to room temperature and
st.ri?éwv@m.gﬂerwwgéeth@ drimeicns Wit hksiahé Epdaphepd)-pyrrolidin-3-
reﬁWﬁchﬂemttﬁmpitatm@(W%&plIected and washed with heptane

aff?fgl@&@?zM EF%4E%8 9 j&t'&&&me%rad (AR £k ERMS 057,

m/e: 350 B enz1-4-34-dichloro- hacid
métfo- 3ﬁ11eﬂ9|y15% %IE"IFO Q%@)Wéﬁ[c}f N,0-dimethylhydroxylamine
hydrochloride (0.41 g, 4.2 mmol) angkdn2R«R(3.5 mmol) of

(3RR ARRk A BENRE}- A ARl R b PYrRlgiNe; 36T RVMIE dichloro-

phenyl)-pyrrolidin-1-yli-(2-methyl-pyrimidin-5-yl})-methanone

o]

Ci .
|

N/;I\

a) {3RS,4SR)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic acid

To a solution of N-{methoxymethyl)-N-(phenylmethyl)-N-(trimethylsilyl)methylamine
(16.87 g, 0.071 mol) and (E)-3-(3,4-Dichloro-phenyl)-acrylic acid (7.71g, 0.036 mol) in
THF (50 mL) was added trifiuoroacetic acid (0.19 mL, 0.002 mol) at 0 °C. The mixture

was gradually warmed to room temperature and stirred overnight. It was then diluted
with n-heptane (250 mL). The resulted white precipitation was collected and washed with
heptane affording 11.6 g (94 %) of the title compound as a white solid. ES-MS m/e: 350.2
(M+H.

b) (3RS, 45R)-1-Benzyl-4-{3,4-dichloro-phenvl)-pyrrolidine-3-carboxvylic acid methoxy-

methyl-amide
To a solution of N,O-dimethylhydroxylamine hydrochloride (0.41 g, 4.2 mmol) and 1.23

g (3.5 mmol) of (3RS,45R)-1-Benzyl-4-(3,4-dichioro-phenyl}-pyrrolidine-3-carboxytic
acid in DMF (20 mL) at RT was added Hunig base (1.79 ml, 10.5 mmol) and HATU

(1.468 g, 3.9 mmol) and stirring was continued for one hour. The reaction mixture was
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acid in DMF (20 mL) at RT was added Hunig base (1.79 ml, 10.5 mmol)
and HATU 25 (1.468 g, 3.9 mmol) and stirring was continued for one hour.
The reaction mixture was WO 2009/019163PCT/EP2008/059908 - 82 -
wiiluted ayithy ethyl acetate and washed with ag. ammoniu chletidepoiaticrrons
three times. The separated organic layer, Qwas washed with brine and dried
on Na2S04 and concentrated under vacuo yielding 1.36 g (99 0/0) of the
tlttﬁta@mmy athds ectight yehewhed wED M QrHeind® 3hlotMe tb)u Qo3RG Simes.
4 31 -rrolidine- 3 ! I luti
(3 § gﬁ%ﬁ% gé%az%}.g[ izfyﬁévﬁasd‘% ordc?\%ﬁq%l % 8r(gnl ngé gﬂéﬁ 40%&/ (@ aC|d
HistHpdanTRISIRIESd §96. @f?fﬁnetf %?s%%ﬂ@@d’ﬁ? s 2 e low
waﬁ add&d Afeny0.047mipl) of lithiumaluminiumhydride (1.0M in THF)
dropwise at OC 10 and stirred for one hour. The reaction was quenched by
aq. ammonlm chlorlde solutlon and extracted with ethyIacetate tW|ce The

cdmemtated tnt' W)Theeﬁ@sﬂﬁw ma&:ﬁﬁnfmd%byzﬁlnmgeﬂﬁdﬂtﬂmnarboxyhc
C'a”? ta%gpnm et & K}"ét%%% H?Pﬁ%‘&? a@gl@tatt%@wﬁa&@ was

y|e 93% of the title compound as a light yellow oil
diseisy
1o om Mw? of thiumqiumzmumhydrtde 1.0M in THF) dropwise at 0°C

(3ﬁ8 ARE)bBeryds3 TBeékﬂimidamaphefmb)edlbmn;ql-quymhﬁhmetﬂ'mﬁe solution
SL{EB%Q@%QKHIEQMFBQE‘&{EYJ\QQQSPH@EHH{M%Q 9{%&?:5?21{@ rOoU1 38 MPbN

E (50 mL) was added n-BuLi (1.6N in_heptane, 6.5 m[, 0.0104 molé .
dﬁe&)ng%uaf@@%aué%ﬂfee%ﬂfbﬁfatﬁ@%e}r%%;f Pe SETRvF AR PE ALY silica
agdediarsolvtiomaf (3RS M8 Rpd Hyanpixtsde of heptane and ethyl acetate (3:2)

3?%5‘%' lose-phenyl)-pyielidingssiearhaldenyds 7R850 208malkins4 2

(15 mL)‘dropwise at 0 C and stirred for another one hour. The
réattioh was guenched by ag. ammonium chloride solution and extracted
with ethylacetate. The separated organic layer was dried on anhydrous

Seﬂiﬁm{s&ttf{gtqlqeqz%h@qermateﬁafbvaﬁv% -Ihgresiduainas 25 purified

Sllica gel co n cnr ute L,ll’eO

eth§ PaUSRERE0E: %] Tty Bgt‘igé’é%(% )%th ol ‘% aé deP (50
yetibiwed af&MSHule! BEY h (MFke) 6.5 gL, 0.0104 mol) dropw1se at O°C and stirred
(SRt RESTIR)- %ée&%&@ﬁ%%@&%&w&a BYAREARRB-Ybenzyl-4-

éé{f{_% 30 dlm é’llislolzla{‘% %llg’ Whgfr}l()ldar% 0.008 mol) in THF (15 mL)

pyhnestictisy- &91’ @Zﬂdéttﬁtﬁdtﬁfdmvébhypsﬁéﬂyleﬁyeéﬂn@tm WRe AHSofhitd RO

Oﬁ%ﬂgﬁﬁﬂgcﬁtﬁtﬂyﬂﬂDtt@rbﬂﬁ@&&%diﬂ&ﬁ@&%&é‘t&ﬂﬁe@@ﬂaﬁ&t@ bfdaBic layer
%‘:\EW ddedN Osgs 50% Pltutlo 0. 2m fé c)u

(3‘% fsg RS “Beh aE ? “dich I%reoaurl COHC av‘?nyflpyrroir"’dlne (§§.dLue g

mwfm@lysasslg@|mlcmi@fresﬁtwe@m&m tlt@blam temwswﬁéeﬁth@mréhyl

xR Yas Yiaqmglalyzsn rdoverhighte Ihe reactianuigbteaenchaddiyms
an d 5) afwaq. Na2502 solution. The mixture was then

concentrate in vazcuo followed by dilution with AcOEt, and washed with
brine.

e) (SR)-1-1(3RS,4SR)-1-Benzyl-4-(3,4-dichloro-phenyl) -pyrrolidin-3-yl|-2-(tert-butyl-
dimethyl-silanyloxy)-ethanol and (RS)-1-[{3RS,4SR)-1-Benzyl-4-{3.4-dichloro-phenyl)-
pyrrolidin-3-yl1-2-{tert-butyl-dimethyl-silanvloxy)-ethanol

To a solution of OsO4 (73 mg, 0.3 mmol) in MeCN (3 mL), t-BuOH (4.5 mL) and water
(1.5 mL) was added NMOQ (aq. 50 % solution, 0.42 mL, 2 mmol) and (3SR,4RS)-1-
benzyl-3-(3,4-dichloro-phenyl)-4-vinyl-pyrrolidine (331 mg, 1.0 mmol) as solution of

MeCN (4 mL) at room temperature. The whole mixture was vigorously stirred over
night. The reaction was quenched by an addition of sat. aq. Na;50, solution. The mixture

was then concentrated in vacuo, followed by dilution with AcOEt, and washed with brine.



WO 2009/019163PCT/EP2008/059908 - 83 - The separated aqueous
phase was extracted with AcOEt twice. The combined organic phase were
dried over Na2S04. The residue was purified by silica gel column

whramadogeaphy eluted by DC1v1 to aceton yielding 255 mge{70r¥)af/a9908
mixture of the diastereomeric diols as a light yellow oil. ES-MS m/e: 366.0
(M+Ft). 5 The residue was dissolved in DC1v1 (10 mL) followed by

ad‘ﬂﬂ&'@ébﬁx@feﬁ%@h@&@%ﬂi&%&ﬁa giﬁaaﬁdnm@ I dehumigyase (0 a5 méd drgihic
argr)gatge %Vrg,‘lde Mgp %%mg '}g{f FCSE Sv&fjdbs.se th}ﬁtb% S1 1C30Jg11 Eg]rnlpl%rature

eresu mlxturé S stlrre overnl actidh mixture was

diftmedraittrathylcheedshs faﬁafiwwféwmlﬁats BRMEATATPCRfcrgature of the
sqlutiertmesdtimesasthesseparatesd orgnits phasessas driet pver sodium

5 “%?ot%?@d 1\190; neanirated, &Ilqu?ﬁ%(i%ﬂhwﬁﬁéé)ml}m 5?%‘%%5%4‘@’@15(133 me,

ge column ¢ romatography a mixture of
P St By HestA20E Do B4 YA AN G C529%) & frepal]
[(3RDed SR b edy ket (Brdralighiadakpheny ) pyivalidinaSsyidd overnight. The
F{%ﬂ% buéégq Imethyhﬁb%@w £ )et%w %Pe%t%%dl%@sﬁlg \(«491/331 Qtfmmomﬁm chloride

enzyl dichloro-phenyl)-pyrrolidin-3
émaakyp\anﬁ@wb&%ﬁ%&@)ﬂf@%ﬂ%ﬂ%ﬁé&%ﬁ% s Braw bitnd

10 ESoMSnmda:d4802 MRkt Kl @ Riof(RE)ekedidue was purified by silica gel column

(3 §d % r%&)%?@ﬁ cf'v&ﬁh4a%9%9xréjopﬁgiﬂ¥&% Byc{@l{gf%cgtyllé 4: E to 3:1) yielding
Eter

eth sila p%‘%ﬂ thoxyl -5-chloro-pyridine
@ %%ﬁs&ﬁ% - 1416 orSHE 1y 6ﬂ+ﬁﬂarﬁ gfg?fzﬂ)zpof’éfﬂh&w vhi-
|- 2QtdimethyidGilatmyloxigrelitanait(aad ang. G256 (Ahl) el @RPPARE FRBIUIR)-1-

p%mﬁ&ggy%&m%ﬁ?ﬂ 9 FESm 6L AP m&eg %ﬁtw AW Sl anyloxy)-

he mixture were a
15 5 @hBH- kﬁﬁu&?rﬁ%a&g{ﬁd?m&%“ésﬁsm%ﬁ‘ énﬂﬁ%g\@ﬁhb (0.088 g, 0.384

mmol). The reaction mixture was stirred at 45 C over night. The mixture

wasdited i Blﬁttzxk@qeﬁ%wzﬁw(Blt@&?&;mpoc%@ﬁn%%!ﬁsﬂiﬁa&ﬁob (tert-

under vacuo. reS|due WS rf ied by column chromatography
(St SRASIEIN 3 "”"“"‘ 5#the title compound as a
cdlB$De$S[ @WEﬁ\S\Yls MM&Q{MRHQ)p@P@ Dre@itdirholh 2-sikanbutyl-

20 10BRRBASR o}y‘} Q{HQJQH!@%L%E@ ﬁrﬁ%ﬁ%ﬁ%@ mﬁ}% (KRS pdtymer bound, 3
[(BRS,4SR)- 1 1 4- %ICNOI’ phe c()i nngﬁ? 3 To
y IO} t%]lzlhﬂﬁt’ﬁﬁsﬁ’i é%ﬁﬁ'%il% SI’&@ ec’i?(yf %e f{orlon pyrid EESIN =) 4%s
mo {0182 enmadiadissotad-ipy toline A P5hiipwa s &Hduew0 @Eiﬁﬂmn T 5070.088
mmelzs:;f I:hrﬁblpr@&&hﬁ&&kﬂgr&ﬁ@f@@t&aﬁq@@%mle (&4 gmmol) afkunigias

bsequ and th |x heated at 100C for 40 minut
gsﬁ%eognwé t?gfgax t\a/E'fc:at:ﬂuomrlfﬁe RS Was 35 GRSoed I methanol (5

25 mLe)sdmd tespedfd bflurltenapdrampsofspigy .ﬁmt@émﬁm@r@m 108 mg

conoeniratac invackenandadilied yithseiny sataig. theswashed with ag.

sodium bicarbonate solution twice. The combined organic layers was
dried over sodlm wO 2009/019163PCT/EP2008/059908 84. sulfate

argd cohcentated-# '.-n.'a.!!a AicEfireton. Thaepssig (nrsfes G E

sH;garggJﬁ@pthe@h@mamg_@@M_ /MeOHlO 1 to 4:1) yleldlg -
%éf .%) QT%tE&E "? "{Pﬁi@ ﬁgﬂﬁj ?%e%zsqnf ngchﬁcgi rg‘%h%%%?rm]idin 3-

[(yﬁszﬁsa)bgrxkﬁmhwew@mwmw -SiEhgroRh YA oo a9 182
-yi@xyor) @ﬁaolve@ i3 didighl orenhemi addelicivest hiinid abmmétbanahe ke thyl

5%% S)Qn , éﬁe %I[ﬂ ?n %%1 §/ gﬁg n%rgg(ly ofl I3 Ilurézfebzzse subseqé:enﬂy, and the mixture
d.mbsapﬂ#ewi’? @ﬁm.ﬁ@ﬁr@}ym B&W%C%Hﬁfs%g}rwﬁ%ocsﬁhim%maa

35 in EEE2 b dain2I0G wireraiddacdHanigl basen(@®:h32 aiby; Bl 78immol) he
and;hen BATYA28%ated in vacuo and diluted with ethyl acetate, then washed with aq.

sodium bicarbonate solution twice. The combined organic layers was dried over sodim




to mg). The mixture was diluted with ethyl acetate and washed with
ag.ammonium chloride solution three times and aqg. sodium bicarbonate
solution. The separated organic phase was dried over sodium sulfate and
wowantsted in vaccuo after filteration. The residue was purifiegidpgobs 39908
(Si02, MeOH/DCM, 1:20) yielded 24 mg (40 %) of the title compound as a
light yellow oil. ES-MS m/e: 623.1 (M-FLU). 15i) (3RS,4SR) -3- [ (RS) -1 -

(5SQME@J&I@%BH&@N@@@@XN%&@M@WF@@H"# fﬁé‘éﬂi@bmpb@ﬂﬁ&l by silica gel

rrolidin: et ano S

lgni’é;ll-j{so éf @5 %y% tfﬁ >Igjéll¥ r?ryfoxn)D ?g;gﬁaorg y?lP e éﬂe
aslamhrmmﬁﬁﬁ@ﬁy&r}e@m.wﬁfﬁ}

(6 methyl- pyrldazm -4- 20 y1)-methanone 0.024 g (0.038 mmol) dissolved

QM i Tl—g: The reaﬁnoa 1

blqarbgmatels@Mlmspaqeaﬂmtdw&heﬁepet@t@mgar{ucspasmwass 4-

dri pver od| ulfat 0 cen ted in vace t

A o T Rl SR e

(9@%Wﬁezt@tféé¥ﬁf?ﬁ&§ﬁ@%§%glﬂ@%§%ﬂém51 A S/ b i HATU (202
10 (M 1The bxample 881l uttd SRS 4BR)}Btafd SR)washed with ag.ammonium chloride

<558H%j9 %@q %xﬁ%xs{q dgnag(gyﬁegwaaxgxﬂte s&ﬁﬁoqm%re%%tee%w}w%qse

idin-l-y1 pyrim methanone C

2069/6H TP soterosshamcaatyl Veeuogﬁte Wepatignnlhgggsidue
dmraepmzea@;t Tty ity gitamv] 0xa0)- etéidady L 45rphiebckp yridinaite
(S % #J&%%%F@t Bl Gdgichiorg gwxwlp pyrrolidin-3-yll

buty 5 dimethyl-silanyloxy)-ethanoi (described herein above)
15 (13 2 mg. 0.0275 mmol) and PPh3 (PPh3 polymer bound, 3 mmol PPh3/g
resin)3@B4610 - D-1085) ek were syisperdedin) TA-Wrdmtxh¥io-thes . 4-dichloro-

mBﬁ%?{Wﬁcﬁﬁﬂ?q ?%rF@%%MT"S%%‘QWSWQ rge%ﬁlﬁ?lféwl) and then
DBAD (I3 mg, 0.0 u% Qﬁ he reaction m|f<ture Wﬁ? stlrrtj t40C O\iﬂi
e

night wmm@%e&r Ruitr eirghr atains iy nitbvsacs cefites
caneatitratetbuneenyl D 4dsdedidiierresidug was plidfied -y -T¢-G(Gid 2 yridazin-4-

20 E ﬁ%ﬁa&éhéf@!ﬁ@ {629 4P0)ilthertitlereempaundasAfaNessiL of
ES MS mle: 5 M+H+ b) 21(SR Z&rtggﬁé/#?dlmethvl Si

s th(ﬁlfé g afbﬂ%%ﬂp % gipuges af room
hd&@ﬂmﬁm@@&&ﬁh@@ﬂe@l dbrmdovititeihat aobieiinet asd tig i hrowsr eitd aq.
g%ﬁﬂ%ﬂ%ﬁﬁ%ﬁ(;ﬁ%%ﬂ%@ éltibsequendlydehe separated organic phase was dried over
en ICNIOro- pyrroldi
S S T N ——
25 géffiéiéﬁ@wéd@féfml\e&mmdmﬁ Fel\((ﬂﬂ%) o0l f(BRSMBRyBaga hght

(Sﬁﬁ@n(@rtpgmg Wimethyt-silantoxy)-1-(5-chloro-pyridin-2-ytoxy)- ethyll
-4- (3,4-dichl oro-pheny1)-pyrrolidin -1-yl|

-(2-methyl-pyrimidin-5-y1)-methanone The titled compound was obtained
as a light yellow oil starting from  Example 88

2- 1@5&524&@%133%&11%&1%&1@%%;&%&%% ArRg-dtaichioratehloro-
enyl) pyrrollc‘ié% lé” ethqg)z/l -5- c 10&31%% nel( (g?lfg)ll%wme%tgeogeneral

procedure I
ci =
N
L

N
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25 (M+H+). d) I (3RS,4SR) -3- f (SR) -1- (5-Chloro-pyridin-2-yloxy)
-2-hydroxy-ethy11-4- (3,4-dichlo ophen - rrolidin-1 -y1 -1 -methanone To a
solution of [(3RS,45R)-3- [(SR)-2-(tert-butyl-dimethyl-silanyloxy)- |

WO hare180 pyridin-2-yloxy)-ethyl] PCT/EP2008/059908

-4-(3,4-dichloro-pheny1)-pyrrolidin-1-y11g¢2-methyl-pyrimidin5-y1)-methan
one (10B) (3.9 mg, 0.0063 mmol) in THF (2 mL) was added TBAF (1.0M

commoLIGstasrsbiainet Asta ightivilow it (115 5O AGyild) Btebut
p%ﬂﬂ%ﬂ;‘{&’-@iﬁﬁw&gﬁ%‘{i‘ﬁ{ﬁc@m%&%?d%%ﬂé%ggt‘aé%). 07 MIAYS and Prhs
509.1 (M+FIf).” WO 2009/019163PC T/EP2008/059908 - 86 - Example 89

6 _(l{’%épypﬁgﬁ@)’a@ﬁ)_ap@f&_ﬁhﬁg resin) (18 g, 0.055 mmol) were suspended in
icHildFo-phényT)-th<Gainethyl-pyriddzine dhoarkgmiyil)-2-ol (7 mg, 0.055 mmol) and

PyRliginsd;y 13 athexpk nicatinoniftie. g Gourlieg.acaarding 1 aeaetphight.
procedure I: - Pyrrolidine intermediate: %é) 'E?f?{é}- R3RS,4SR)-4-(3,4-li

oro PRS- Bt Ot 5 Vi L Hhosyc o BB E gy under
acithu6-Nethydipyeidag ingifledanbbklic didt (dsétbéd heaskieiaton)g (44 %) of
EgiMi e, f6a3 (M Meinvipyisiazingsd-cathonylic acid: To a

stirred solution of 3-chloro-6-methyl-pyridazine-4-carboxylic acid (500 mg,
2.89 mmol) in MeOH (50 mL) was added NaOH (395 mg, 9.85 mmol) in
pélletd ( $allednseseir i ulrSi0dnmeg tiivPel, 0)h) - TBRSASRiicIn( P xdiived aver i
U%Qﬁ%ﬁﬂﬁ@%@&ﬁ;ﬁfs@%}%mb'&%&ﬁ{mOjl?hzfiqUe pressure). (The
reaction mixture was filtered.on celite, acidified with aq, | I =6
o O Eb PR e SR oL TR SRR BPy (RI02. RS -1
Chi2ei 2NfeodidhByyieldud] 120 mbdipedm) lof-(tert-butyl-dimethyl-silanyloxy)-
6- R -DRYARRZINGHHRRTBOSNHEAGIE AR PFAVRISREEV. ES-MS m/e: 501.1
E 90 {(3S,4R)-3-(4-Chloro-3-fluoro-pheny1)-4- |
( YL (5- hloro-pyridin-2-yloxy)-ethylF 20pyrrolidin-1-yll-
(2-methyl-pyrimidin-5-y1)-methanone CI :
¢} [(3RS,4S8R)-3-{{SR)-2-(tert-Butyl-dimethyl-silanyloxy)-1-(5-chloro-pyridin-2-vloxy)-
cthyl]-4-(3,4-dichloro-phenyl)-pyrrolidin-1-yt]-(2-methyl-pyrimidin-5-yl}-methanone

tvl)-

The titled compound was obtained as a light yellow ol starting from 2-{{SR)-2-(tert-
butyl-dimethyl-silanyloxy)-1-[(3RS,4SR}-4-(3,4-dichloro-phenyl}-pyrrolidin-3-yi]-
ethoxy}-5-chloro-pyridine (8A-2) following the general procedure I. ES-MS m/e: 623.1
(M+H").

d) [(3RS,48R)-3-]{SR)-1-(5-Chloro-pyridin-2-vloxy)-2-hvdroxy-ethyl]-4-(3.4-dichloro-
phenyl)-pyrrolidin-1-vli-(2-methyl-pyrimidin-5-yl)-methanone

To a solution of [(3RS,4SR)-3-[(SR)-2-(tert-butyl-dimethyl-silanyloxy)-1-{5-chloro-
pyridin-2-vloxy)-ethyl}-4-(3,4-dichloro-phenyl)-pyrrolidin- 1-y1}-(2-methyl-pyrimidin-
5-yl)-methanone (10B) (3.9 mg, 0.0063 mmol) in THF (2 m1L) was added TBAF (1.0M in
THF, 0.01 mL, 0.01 mmol} at 0 °C. The mixture was stirred for 1 hour, then quenched by

an addition of ag.ammonium chloride solution and extracted with ethyl acetate. The
separated organic layer was washed with brine, then dried over anhydrous sodium sulfate.
The titled compound was obtained as a light yellow oil (1.6 mg, 50 % yield) after
purification of the residue by TLC (Si0;, DCM/MeOI 10:1). ES-MS m/e: 509.1 (M+H.
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Coupling according to general procedure I: - Pyrrolidine intermediate:
5-Chloro-2- (S) -1- [(3R,4S)-4-(4-chloro-3-fluoro-pheny1)- pyrrol i din-3 -yll
-ethoxyl -pyridine (X11-B-9) WO 2009/019163PCT/EP2008/059908 - 87 - -
wWathoylig@cid: 2-Methyl-pyrimidine-5-carboxylic acid (commergiabyns/osoves
available), ES-MS m/e: 475.3 (M+1-1). 6- Example 91
6-1(S)-1-[(3R,4S)-4-(4-Chloro-3-fluoro-phenyl)-1-(2-methyl-pyrimidine-5-c
arbonyl) 5pyrrolidin-3-yb-ethoxyl- nlmaqnggge Coupling according to

[(3?5? i%}? KX f@%ﬁiﬁ%{% u%?’fogp ellro%fer p%?lg—z-r@—ximé?vllpyndazme 4-carbonyl)-
-ethoxy}-nicotinonitrile PXiFBidio)3-ghrdoxiicraedtin onitrile
2-Methyl-pyrimidine-5-carboxylic acid (commeru@uy available), ES-MS

na/e: 466.2 (M+FE ). Example 92 6- 1(SR)
[(BRS,4SR)-4-(3,4-Dichloro-phen
pyrrolidin-3-yll-ethoxy}-nicotinhitrile/ 1
procedure I: - Pyrrolidine intermediatg—
6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-ptieny1)-pyrrolidin-3-
yli-ethoxyl-nicotinonitrile (X1I-B-3) xylic acid:
4-Methyl-pyridine-2-carboxylic acid (comipgseially available), ES-MS 20
m/e: 481.1 (M+1-14).

-pyridine-2-carbony1)-
upling according to general

Coupling according to general procedure [:
- Pyrrolidine intermediate: 6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3-
yl]-ethoxy]-nicotinonitrile (XII-B-3) .

- Carboxylic acid: 6-Methyi-pyridazine-4-carboxylic acid {described herein after),
ES-MS m/e: 482.3 (M+H"). 6-
Methyl-pyridazine-4-carboxylic acid:

To a stirred solution of 3-chloro-6-methyl-pyridazine-4-carboxylic acid (500 mg, 2.89
mmol) in MeOH (50 mL) was added NaOH (395 mg, 9.85 mmol) in pellets, followed by
150 mg of Pd/C-(10 %). The reaction mixture was put under a H, atmosphere for 3 hours
(atmospherique pressure). The reaction mixture was filtered on celite, acidified with aq.
HCl (ph = 6), and concentrated under vacuo. Column chromatography (SiOa,
CH,CL/MeOH 7/3) yielded 120 mg (29 %) of 6-methyl-pyridazine-4-carboxylic acid as a
brown solid.
Example 90
{(35,4R)-3-(4-Chloro-3-fluoro-phenyl)-4-[(8)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-
pyrrolidin-1-yi}-(2-methyl-pyrimidin-5-vl)-methanone

Gl
£l =
“CL

N

Coupling according to general procedure I:

- Pyrrolidine intermediate: 5-Chloro-2-{(5)-1-[(3R,4S)-4-(4-chloro-3-fluoro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine (X1I-B-9)
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Example 93
6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-pheny1)-1-(6-methyl-pyrid
e-2-carbony1)- pyrrolidin-3-yll-ethoxyl-nicotinonitrile WO

20002 9k68PCT/EP2008/059908 - 88 -  Coupling accordingit@emressisos
procedure I: - Pyrrolidine intermediate: 6+ (SR) 1-
R3RS,4SR)-4-(3,4-llichloro-phenyl)-pyr o E?ld -3- yfl-ethoxyl-nicotinonitrile

(XICBMm@@&bngp@rﬁnmatmﬂ -pytidindc2raanhomylieraaity available), ES-
le), ES-MS m/e: 481.2 (1v1+14+). Example 94
6‘%?@&'; Jﬁgég\ﬂsﬁ -4-(3,4-Dichloro-pheny1)-1-(pyrimidine-4-carbonyl)-p
yrrolidin-3- yll-ethoxyl-nicotinonitrileE¥8t@86i8fing according to general
pracedire | (SEMmqmﬁm%m@lafS«phenyl) 1-(2-methyl-pyrimidine-5-carbonyl)-
6-{(SR)-1-R3R5,45R)- 4 ‘B‘%“) l? C‘%}% )8\;?) o%%“%ﬁ?ﬁ X

yll-ethoxyl- nlcotlnonltrllg r NEad
Pyrimidine-4-carboxylic aC|d (commercially avail Ie), ES-MS m/e: 15
468,1 (M+H+). Example 95 ¢ ==
6-{(SR)-1-[(3RS,4SR)-4-(3,4-Di @ phen

arbonyl)-

/1-(2-methyl-pyrimidine-4-c

N
OA\(“\N
%N,)\

Coupling according to general procedure I
- Pyrrolidine intermediate: 6-{(5)-1-[{3R,4S)-4-(4-Chloro-3-fluoro-phenyl}-pyrrolidin-
3-yl}-ethoxy}-nicotinonitrile (XII-B-10)
- Carboxylic acid: 2-Methyl-pyrimidine-5-carboxylic acid (commercially available},
ES-MS m/e: 466.2 (M+H").
Example 92
6-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-1-(4-methyl-pyridine-2-carbonyl)-
pyrrolidin-3-yl}-ethoxy}-nicotinonitrile

J@C{

Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-
yi]-ethoxyl-nicotinonitrile (X1I-B-3)
- Carboxylic acid: 4-Methyl-pyridine-2-carboxylic acid (commercially available), ES-MS
m/e: 481.1 (M+H").
Example 93
6-{(SR)-1-[(3RS,45R }-4-(3,4-Dichloro-phenyl)-1-(6-methyl-pyridine-2-carbonyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile



pyrrolidin-3-yll-ethoxyl-nicetinonitrile WO 2009/019163PCT/ 2008/059908
- 89 - - Pyrrolidine intermediate: 6-{ (SR)- I-
{(BRS,4SR)-4-(3,4-Dichloro-phenyl)-pyrrolidin-3- yli-ethoxyl-nicotinonitrile
Wl bBeR)e1€arboxylic acid: 2-Methyl-pyrimidine-4-carboxylicraqig:p2008/059908
(commercially available), ES-MS m/e: 4%78 2 (M+1-1+). 5Example 96 6- {
(SR)

[(BRS,4SR)-4(3,4-Dichloro-pbenyl)-1-(pyrazine- 2,®arbonyl) pyrrolidin-3-
yll-ethoxyl-nicotinonitrile  Coupling accordi general procedure I -
Pyrrolidine intermediate: 6- {(SRL@ERS 4 -(3,4-D
chloro-phenyl)-pyrrolidin-3- yﬁ-e yldiegtinonitrile (X11-B-3) -
Carboxylic acid: Pyrazine-2-carboxyligdcid (commercially available),
ES-MS mie: 468.3 (M+FF). Example 9% 15(SR)-I-
[(BRS,4SR)-4-(3,4-Dichloro-phenyl)-1

I-pyrazine-2-carbonyl)-
pyrrolidin-3-yll-ethoxyl-nicotinonitrile  C ng according to general
procedure I

Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{{SR)-1-[{3RS,48R}-4-(3,4-Dichloro-phenyl) épyrrol_idizl-?)-
yli-ethoxy}-nicotinonitrile (X1I-B-3)

- Carboxylic acid: 6-Methyl-pyridine-2-carboxylic acid {(comumercially available), ES-MS
m/e: 481.2 (M+H").

Example 94
6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-1-(pyrimidine-4-carbonyl)-pyrrolidin-3-

yl]-ethoxy}-nicotinonitrile

. N
%
cl —
05
ol N
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Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(SR)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-
yl]-ethoxy}-nicotinonitrile (XII-B-3)
—.-Carboxylic acid: Pyrimidine-4-carboxylic acid {commercially available), ES-MS m/e:
468,1 (M+H").

Example 95

6-{{SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-1-(2-methvl-pyrimidine-4-carbonyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

J@d

Coupling according to general procedure I:



- Pyrrolidine intermediate: 6-1(SR)-1-

DRS,4SR)-4-(3,4-Dichloro-phenyl)-pyrro din-3- 20 yl -ethoxy}

-nicotinonitrile (XII-B-3) - Carboxylic acid: 5-Methyl-pyrazine-2-carboxylic

wapmmeieidlly available), ES-MS m/e: 482.3 (M+bi+). Example98ezo080§9908

(SR)- I-

RSRS ,4SR)-I-(2-tert-Butyl-pyrimidine-5- carbonyl) -4-(3,4-dichloro-phenyl)-
prrelidinadmlrathand- nicetRRitrikR \WER 2A03/9¥NRBRICGIHenyl) -pyrrolidin-3-

08 059908 Coupli g to general procedure I: - Pyrrolidine
nterie 8% méof('éﬁ trﬁi@%ﬂ R)-4-(3,4-Dichloro-pheny1)-pyrrolidin-3-

yu@tmmmmmbmﬂeﬂemnad@em @drokilidimmercially available), ES-
2- ﬂ@«;trglgixkgmr{mlﬁm 5-carboxylic acid (commercially available), ES-MS
mie: 524.2 (M+Fe). Example 99

> 6- -{(SR)-1-R3RS,4SR)-4-(3,4- chhloro pH)e ?)-
-(2Gri€ERyHplARGEHAR) SL ArbEhghlopy potitih=3-Mprapoxyicatbotinbritrkelidin-3-

10 a) 1- yl]-ethoxy}-nicotinonitrile
(3RS,4SR)-1-Benzy1-4-(3,4- dlchloro -phenyl)- pyrrglldln -3-yll-propan-I-one

To a solution of
(3R5,45R)-1- benzy1-4-(3,4-d|ch? 0 henyjmohdme 3-carboxylic acid
meth oxy-methyl-amide (descraib€ jergin ¢ e) 377 mg (0.959 mmol)
dissolved in THE (4 mL) was added O, ML (1.15 mmol) of ethyllithium
(1.7M in dibutylether) 15 dropwise at C and stirred for one hour. The
reaction was quenched by aq. ammoniin chloride solution and extracted
with ethylacetate. The separated org&nic ﬁa;}r was dired on anhydrous
sodium sulfate and concentrated in vaccud! ‘'The residue was purified by

silica. geh @M&@{Qm@grgpjw@w@d by a mixture of heptane and ethyl

0 a°?‘atreoﬁ e e e S e S R

Bséhzglm}(@m@mmée ﬁﬁérl%rli)) pyrrolidin-3-y1l -propan- 1 -ol ancl SR -

3 R@;{} Ac Bl Pykdm3 4. divo@yldRcidB(cdmdR ey alailebl e} 0r8-SOIUHAN 468.3
1\/1[( ,45R)-1-benzy1-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yli - 25

pr%pan “-one (211 mg, 0.5825 mmol) in THE (5 mL) was added LAH

(1M inTHF, 0.58 WO 2009/019163EB&TE'2008/059908

15 6-{(SR)-1-[(3RS,4SR)-4-(3,4-Dichloro-phenyl)-1-(5-methyl-pyrazine-2-carbonyl)-
pyrrolidin-3-yll-ethoxy}-nicotinonitrile

@d
%1

Coupling according to general procedure T:

- Pyrrolidine intermediate: 6-{{SR)-1-[{3RS,4SR)-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-
20 yl]-ethoxy}-nicotinonitrile (XII-B-3)

- Carboxylic acid: 5-Methyl-pyrazine-2-carboxylic {commercially available), ES-MS m/e:

482.3 (M+H").

Example 98

6-{{SR)-1-[{3RS,4SR}-1-(2-tert-Butyl-pyrimidine-5-carbonyl)-4-(3,4-dichloro-phenyl)-

25 pyrrolidin-3-yl]-ethoxy}-nicotinonitrile



LR

- 91 - mL, 0.58 mmol) at 0 C and stirred for 30 minutes. The reaction was
guenched by an addition of ag. KF solution (135 mg in 0.5 mL of water).
The mixture was stirred vigorously for 10 minutes followed by an addition
whanhyerays sodium sulfate. The insoluves were removed ycfilkarationsooos
through a cotton pad and the cake was wgshed with 5 ethyl acetate. The
filterate was concentrated in vacuo and the residue was purified by silica
gel column chromatography (heptane/ethyl acet@te 3:1to 1:1) yielding
(RS)-1- [(3RS,4SR)-1-benzyl-43,4-dichlor enyl) pyrrolidin-3-yl]
-propan-I-ol as a light yellow oil wignS- MS /g. 364.1 (M+1-) and

(SR)-1- [(3RS,4SR)-1-benzy1-4-( "
dichloro-pheny1)-pyrrolidin-3-y11- pro'
m/e: 364.1 to (M-FFE ). c6LIiS11. -1-
ro ox - n icotinonitrile To a solution ofy
(3RS,4SR)-1-benzy1-4-(3,4-dichloro-phe ;L%yrrolldln 3-yli - 15 propan-
1 -0l (15.2 mg, 0.0417 mmol) and 6-chloro-ni€otinonitrile (7 mg, 0.05
m@olgjln 1 mL of DMF was dded sodﬂum hydride (60%, 10 mg, 0.25

dCCOY 111 tO era OCE ff“
mmo oom ure € mixture was stirred over night and

quehetniding @Fﬁaﬁmﬁ of-HGRarhriéRiukilehtotiat Bitblser Phpey hixeididin-3-

Wag @ﬁ{@?ﬁqw{m&ﬁme@@ﬁaﬁaﬁnd the separated organic layer was
wa ‘lagl Wi h w%geE two es and tginne5s %0% ent dgo The or
u

ph ase was die ovteeftanHVdPJﬁlsngo fim S A %Oc%n Fate avaﬁable)
vd—i:%Mﬁéﬂ@F filtb?dAdntThe residue was purified by TLC (heptane/ethyl

acetate 2:1) yielding the title compog;gﬁﬁ:b?eégng, 64 % yield) as a light

%lec”ogtm(gﬁ4 trlli %}?4’%%29 o’mpoun ok Chit d er] i‘lol#ld%pn feld%lveg carbonyl)-

following the general ppoeedidia- Mﬁpmmm@m@gﬂiﬂs m/e: 376.1
(M+H+). fLozjagiii -3M4SR-4-34-DicMoldine-5- parbon 1,--30
pyrrolidin-3-yll -propoxyl -nicotingpitrile The ti compound was obtained
as a light yellow oil following a ge | prgcédure | for amidation between
6-{(SR)-1-[(3R5,45R)-4-(3,4-di¢hl ph@ )-Byrrolidin-3-y11-
propoxyl-nicotinonitrile and 2-methyl-pyrimidine-5-carboxylic acid. ES-MS
m/e: 496.3 (M+Fr). 35Example 100 ™ _
6-1(RS)-1-[(3RS,4SR)-4-(3,4- chhlorg%hﬁwl) -1-(2-methyl-pyrimidine-5-c
arbony1)- pyrrolidin-3-y1{-propoxyl-nicoti oam;lle WO

o
-l-oI as a light yellow oil. ES-MS
4SR-1jBmz1-4-34-thdl-rrolidi n-3- -

10 2009/019163PCT/EP2008/059908 - 92 -
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at 1-[{3RS.45R}-1-Benzvl-4-(3,4-dichloro-phenyl ) -pyrrolidin-3-vl]-propan-1-one
To a solution of {3RS,4SR)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic

acid methoxy-methyl-amide (descreibed herein above)} 377 mg (0.959 mmol) dissolved in
THF (4 mL) was added 0.676 mL (1.15 mmol) of ethvllithium {1.7M in dibutylether)
dropwise at -78 °C and stirred for one hour. The reaction was quenched by aq. ammonim
chloride solution and extracted with ethylacetate. The separated organic layer was dired
on anhydrous sodium sulfate and concentrated in vaccuo. The residue was purified by
silica gel column chromatography eluted by a mixture of heptane and ethyl acetate (10:1)
vielding 212 mg (61 %) of the title compound as a light yellow oil. ES-MS m/e: 362.2
(M+H").

b) (RS)-1-[(3RS,4SR)-1-Benzyl-4-(3.4-dichloro-phenyl)-pyrrolidin-3-vyl|-propan-1-ol
and (SR)-1-[{3RS,4SR)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yll-propan-1-ol
To a solution of 1-{{3RS,48R)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-vl]-
propan-1-one (211 mg, 0.5825 mmol) in THF (5 mL} was added LAH (1M inTHF, 0.58




a)67,1251,1- 3RS 4SR -I-Benz I.-4.- 3 4-dichlorro ox - nicotinonitrile 5 To
a solution of (RS)-1-I1(3RS,4SR)- |
-benzy1-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yll - propan-1 -ol (described

hergiswabaye) (21.0 mg, 0.0576 mmol) and 6-chloronicotinomitrile$snrgeos

10

15

30

0.069 mmol) in 1 mL of DMF was added godium hydride (60%, 10 mg,

0.25 mmol) at room temperature. The mixture was stirred over night and

q uﬁmh%ixbmam At @n(pitaeecammo REHEH |@HQB@§@MH%SEH&]BM%@QT?&H
RS ces 13 Wil i) ACeiRle ARG e Sk aﬁ SR Ayl as

WES ater two t| €s an?j "bririe su sequently “The organic phase

wiseinaeover BRHyEIeR e kmd by s?ﬂﬁﬂféﬁ%%@ﬂhéﬁ%ﬁé@#ﬁiﬁhﬁé&éﬂ The
afi@sroﬂhtfaiwemad@@ym&a&@umﬂad@yﬂdg@m eplaneletbyhcatatedhbi with

Y RSBe e & %+gug9 R L AYEIdhana DAl lled by

(ﬂsaz@lﬂ)ﬂmmhmarﬁmfwﬁé ﬂW&@kWﬁ%bi&lW&oﬁ?&ﬁ%@s -1-
The Rigdroompeirpdan@st alitaloas e aylightryeliciv-oikfoltouing b genaratht
pfo d“f 'Vf G%H@f'%&?b’ézwﬁaﬂ?j’?s@?? AN RRY) 220 -4-(3,4-
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n@EDHHC)yJ itrile The titled compound was obtained as a light yellow oil
following the general procedure | for amidation between 6-{(RS)-1-
I(3RS 4SR) -4- 34 dlchloro phen I P rroI|d|n 3-y|] 25

mfecott Jﬂtf be) Example 101 (38 4R) 3-

(%Q'QJ%H%@ elzﬁhﬁn@é@s%@llﬁe@zfhi%@apafeqiarg\/gm y&Htidin-3-y11-

gég&}’g{{g‘f é(,;},é ;ggéééé?éggéég‘a}aéé chqgreg mcotmomtrﬁe (7 mg, 0.05 mmol) in

1 mL of DMF was added sodium hydride (60 %, 10 mg, 0.25 mmol) at room
temperature. The mixture was stirred over night and quenched by an addition of aq.
ammonium chloride solution, The mixture was extracted with ethyl acetate and the
separated organic layer was washed with water two times and brine subsequently.

The organic phase was dried over anhydrous sodium sulfate and concentrated in vaccuo
after filteration. The residue was purified by TLC (heptane/cthyl acetate 2:1) yielding the
titte compound(12.4 mg, 64 % vield) as a light yellow oil. ES-MS m/e: 466.1 (M+H").

d) 6-1(SR)-1-[{3RS,4SR)-4-{3,4-Dichloro-phenvl)-pyrrolidin-3-yH-propoxyt-

nicotinonitrile

The titted compound was obtained as a light yellow oil following the general procedure
1V for debenzylation. ES-MS m/e: 376.1 (M+H").

¢) 6-1(SR)-1-[(3RS,4SR}-4-(3,4-Dichloro-phenyl}-1-{2-methvl-pyrimidine-5-carbonyl}-

pyrrolidin-3-vl]-propoxy}-nicotinoniirile

The titled compound was obtained as a light yellow oil following a general procedure I for
amidation between 6-{(SR)-1-[(3RS,4SR)-4-(3,4-dichloro-phenyl)-pyrrolidin-3-ylj-
propoxy}-nicotinonitrile and 2-methyl-pyrimidine-5-carboxylic acid. ES-MS m/e: 496.3
(M+H").
Example 100
6-{(RS)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl)-1-(2-methyl-pyrimidine-5-carbonyl)-
pyrrolidin-3-yl]-propeoxy}-nicotinonitrile
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Coupling according to general procedure I: - Pyrrolidine intermediate:
5-Chloro-2-{ (S)-1- [(312,4S)-4-(3-chloro-4-fluoro-phenyl)-
pyrrolidin-3-y11-ethoxyl -pyridine (X11-B-5) 5 - Carboxylic acid:
weMaitvytpysimidine-5-carboxylic acid (commercially availabie) T EB:NR59908
m/e: 475.1 (M+H+). Example 102

6-1(S)-1-[(3R,4S)-4-(3-Chloro-4-fluoro- phenyl) 1-(2-methyl-pyrimidine-5-c
arbony1)- pyrrolidin-3-yll-ethoxyl-nicotinonitrile 19rCl Coupling according
to general procedure I: - Pyrrolidipe intermeg ’6- -{(S)-1-
(3R,4S)-4-(3-Chloro-4-fluoro- ph@py 0 -yfl-ethoxyl-nicotinonitrile
(X11-B-6) - Carboxylic acid:? tfmidine-5-carboxylic acid
(commercially available), 15 ES-MS . 466.2 (M+H+). Example 103

I(BR,4S)-3- (3)-1- (5-Chloro-pyridin-2-yfoxy)-ethyll -4-
(3,4-difluoro-phenyl)-pyrrolidin(2-me ¥nidin-5-y1)-methanone CI 20

Coupling according to general procedure; W0
2009/019163PCT/EP2008/059908 - 94 -

a) 6-{(RS)-1-[(3RS,45R)-1-Benzvi-4-( 3,4-dichloro-phenyl)-pvrrolidin-3-vl | -propoxy} -
nicotinonitrite
To a solution of (RS)-1-[(3RS,4SR)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yl}-

propan-1-ol {described herein above) (21.0 mg, 0.0576 mmol} and 6-chloro-

nicotinonitrile (9.6 mg, 0.069 mmol) in 1 mL of DMF was added sodium hydride (60 %,
10 mg, 0.25 mmol) at room temperature. The mixture was stirred over night and
quenched by an addition of aq. ammonium chloride solution. The mixture was extracted
with ethyl acetate and the separated organic layer was washed with water two times and
brine subsequently. The organic phase was dried over anhydrous sodium sulfate and
concentrated in vaccuo after filtration. The residue was purified by TLC (heptane/ethyl
acetate 2:1) yielding the titled compound(19.6 mg, 73 % yield) as a light yellow oil. ES-
MS m/e: 466.1 (M+H").

b) 6-1(RS)-1-[(3RS,45R)-4-(3,4-Dichloro-phenyl}-pyrrolidin-3-vl]-propoxy!-

nicotinonitrile
The titled compound was obtained as a light yellow oil following a general procedure IV
for debenzylation. ES-MS m/e: 376.1 (M+H").

&) 6-{{RS)-1-1(3RS.4SR)-4-(3,4-Dichloro-phenyl)-1-{2-methvl-pyrimidine-5-carbonyl ) -

pvrrolidin-3-vli-propoxyi-nicotinonitrile

The titled compound was obtained as a light yellow oil following the general procedure I
for amidation between 6-{(RS)-1-[(3RS,4SR}-4-(3,4-dichloro-phenyt}-pyrrolidin-3-vl]-
propoxy|-nicotinonitrile and 2-methyl-pyrimidine-5-carboxylic acid. ES-MS m/e: 496.3
(M+H™".
Example 101
{(38,4R)—3—(3—Chioro—4—ﬂuoro—phenyl)—4—[‘(S)~In(Smchlorowpyridinmz-yloxy}—ethyl]—
pyrrolidin-1-yl}- (2-methyl-pyrimidin-5-yl)-methanone



Pyrrolidine intermediate:
5-Chloro-2-{(S)-1-1(3R,4S)-4-(3,4-difluoro-pheny1)-
pyrrolidin-3-yll-ethoxyl-pyridine (XII-B-7) Carboxylic acid:
RMetaylpyamidine-5-carboxylic acid (commercially available);ia®M&isosos
m/e: 459.2 (M+H"). 5SExample 104 93
R3R,4S)-34(S)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-difluoro-phenyl)-p

yrrolidin- 1-y1]-(6-methyl- pyrldazm -4-yl)- methanéne Cl Coupling

according to general procedure I: B! Pyrroliding intermediate:
5-Chloro-2-[(S)-1-h3R,4S)-4-(3p4-difluproiph )-
pyrrolidin-3-y11-ethoxyl-pyridine (XII-B 8arboxyllc acid:
6-Methyl-pyridazine-4-carboxylic acid cribed herein above), ES-MS
m/e: 459.3 (M+14'). Example 105
156-{(S)-1-[(3R,4S)-4-(3,4-Difluoro-pHeny})- 1“(2 -methyl-pyrimidine-5-carb
ony1)- pyrrolidin-3-yll-ethoxyl- “nicotinonitrileN® Coupling according to

gmﬁklﬁl{@@@ﬂur@olm éeﬂf’eyar@lidiiaadfg@rm ediate:

6- {(I§ m 111% 3 nf,(%é%al %@ﬁ%&g%g yI L gg@lﬂ n 3 1c loro 4-fluoro-phenyl)-

etho y nICO |non| rie

2-MeEwidipytisicifescamidindicdéid-ommercially available), ES-MS

5 MlesABSAIMHET )- XA E88ine-5-8aft@Xxdic acid (commercially available),
$§M§) -4- ( 45I?| %Qrﬁn—iohenyl) 1-(6-methyl-pyridazine-4-carbonyl)-

yrroI| - yI] ethoxyl‘hicotinonitrile WO
2009/019163PCT/EP2008/059908 Example 102

6-1(S)-1-1(3R,48}-4-(3-Chloro-4-fluore-phenyl)-1-(2-methyl-pyrimidine-5-carbonyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile

@ o

Coupling according to general procedure I

- Pyrrolidine intermediate: 6-{(5)-1-[(3R,45}-4-{3-Chloro-4-fluoro-phenyl)-pyrrolidin-

10

3-yl]-ethoxy}-nicotinonitrile (XII-B-6)
- Carboxylic acid: 2-Methyl-pyrimidine-5-carboxylic acid {commercially available),
15 ES-MS m/e: 466.2 (M+H").
Example 103
[(3R,45)-3-[(S)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-difluoro-phenyl)-pyrrolidin-
1-y1]-(2-methyl-pyrimidin-5-yl)-methanone

cl
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20 Coupling according to general procedure I:
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- 95 - Coupling according to general procedure I: Pyrrolidine

intermediate: 6-{(S)-1-R3R,4S)-4-(3,4-Difluoro-pheny1)-pyrrolidin-3111-
ethoxy}-nicotinonitrile (X11-B-8) 5 - Carboxylic acid:
weMethylkayridazine-4-carboxylic acid (described herein aboye)/ESabfasooos
m/e: 450.1 (M+H'"). Example 107

{(3S,4R)-3-(4-Chioro-3-fluoro-phenyl)-4-[{&)-1-(5-chloro-pyridin-2-yloxy)-et
hylb pysraticinnleytda{Gmethyipuidaain-Ayinmethanangfab i phenyl)-
Couplipg. acico dilag to gen_ecqal p&%?ﬁﬁgl@e I: Pyrrolidine intermediate:
5XERIBIG 21T 5‘-‘1- f@ﬁ?@g) 2¥(@>chloro-3-fluoro-phenyl)- pyrrolidin-3-yll
-ethexybxpheigink IeBrd)pyrigidithorylierbeighic acid (commercially available),

6-Metiykpyridazines4sgayboxylic acid (described herein above), 15

ES-MS m/e: 475.0 (M+41+). Exam%le 10§ {15 8,4R)-3-

(4-Chloro-phenyl)-4- ((S)- I- (5-ch|or%a-z|?)1'rf3d|n- -yloxy)-ethyll-pyrrolidin-1-
y113PedfetHybpyriddmedeyiiriviatiarions -aLmil W 4- difluoro-phenyl)-pyrrotidin-
2009/019163PCT/ EP%Q@?(@Q}Q&Q&-pyridazin—éi—yi}—methanone

Ci
F =
Ty L §

N

O I\hli
N

Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro-2-{{5)-1-[(3R,4S}-4-(3,4-difluoro-phenyl)-
pyrrolidin-3-vyi]-ethoxy}-pyridine (XII-B-7)
- Carboxylic acid: 6-Methyl-pyridazine-4-carboxylic acid (described herein above},
ES-MS m/e: 459.3 (M+H").
Example 105
6-{(S)-1-[(3R,48)-4-(3,4-Difluoro-phenyl)-1-(2-methyl-pyrimidine-5-carbonyl)-
pyrrolidin-3-ylj-ethoxy}-nicotinonitrile

N
o

Coupling according to general procedure I:
- Pyrrolidine intermediate: 6-{(S)-1-[(3R,4S)-4-(3,4-Difluoro-phenyl)-pyrrolidin-3-ylj-
ethoxy}-nicotinonitrile {X11-B-8)
- Carboxylic acid: 2-Methyl-pyrimidine-5-carboxylic acid (commercially available},
ES-MS m/e: 450.2 (M+H").
Example 106
6-{(S)-1-[(3R,4S)-4-(3,4-Difluoro-phenyl)-1-(6-methyl-pyridazine-4-carbonyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile



- 96 - Coupling according to general procedure I: - Pyrrolidine

intermediate: 5-Chloro-2-1(S)-1-

(3R,4S)-4-(4-chloro-phenyl)-pyrrolidin3-y1 1 -etlioxy} -pyridine (X11-B-11)
wGanboxydligzacid: 6-Methyl-pyridazine-4-carboxylic acid (deseribhed:baresnons
above), 5 ES-MS m/e: 457.2 (M+Fr). Ex ple 109
{(3S,4R)-3-(4-Chloro-pheny1)-4-[(S)-1-(5-¢ chloro- -pyridin-2-yloxy)-ethyll-pyr
rolidin-I- yll -(2-methyl-pyrimidin-5-y1)- methanongra 10 Coupling
according to general procedure k - Pyrrolidi termediate:
5-Chloro-2-{(S)-1-[(3R,4S)-4-(4-c phe 1)7pyrrolidin3-ytl-ethoxyl
-pyridine (XII-B-11) - Carboxylit a J yl*pyrimidine-5-carboxylic

acid (commercially available), ES- MS 'e: 457.3 (M+1-1+). 15Example

110 N

{(3SR,4RS)-3-(3,4-DichIoro-phenyI)-é%@-,\;L-(S-ethynyl-pyridin-2-y|oxy)-e

thyl]- pyrrolidin-1-y11-(6-methyl-pyridazin:4-y1)-methanone
2 1(SR) 1 (SRS 45R)-1-Benzy1-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yli

; 5- ror%o | |n1e0'(l:'h tltlIed compound was obtained as a
Ig (t)L ﬁ&/\‘f‘%’l oflowi Hera procedure for Mitsunobu reaction

betﬁlééﬁl(l‘gﬁ)l“@eﬁ?gwﬂ%i@lﬂeﬁﬁlﬂl@Qﬁ-»dr&fb%ﬁ?@ﬁ%) pyrrolidin-3-yl-
pyirQliginri-yi:pifmnel (deserped herein above) and 5-bromo-pyridin-2-ol

5° E‘E&%%qu{gag :7691 etf}fylfp—)pyridazme—ii-carboxylic acid (described herein above),

10

ES-MS m/e: 450.1 (M+H).
Example 107
{{35,4R)-3-(4-Chloro-3-fluoro-phenyl)-4-[(S)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-
pyrrolidin-1-y1}-(6-methyl-pyridazin-4-yl)-methanone

Gt
cl, =
0y 5

Coupling according to general procedure It
- Pyrrolidine intermediate: 5-Chloro-2-{(S)-1-[(3R,4S)~4-(4-chloro-3-fluoro-phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine {X1I-B-9)
- Carboxylic acid: 6-Methyl-pyridazine-4-carboxylic acid {described herein above),
ES-MS m/e: 475.0 (M+H™).
Example 108
{(35,4R)-3-(4-Chloro-phenyl)-4-[(8)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-pyrrolidin-1-
yl}-(6-methyl-pyridazin-4-yl)-methanone
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WO 2009/019163PCT/EP2008/059908 - 97 - b)
2-{(SR)-1-(316,4SR)-1-Benzy1-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yll-eth
oxyl-5- trimettn -pyridine To a suspension of 2-{(SR)-1-
WBRBARN)<l-benzy1-4-(3,4-dichloro-phenyl)-pyrrolidin-  pCT/EP2008/059908
3-yll-ethoxyl-5-bromo-pyridine (128 mg, @253 mmol) and
bis(triphenylphosphine) 5 palladium(ll) chloride (53 mg, 0.076 mmol) and
triphesiphespiing &i@eéemgp&&@azemmol) and Cul (11 mg, 0.0578

THE 3 mb).a la (: 3s i
hr@%x)( ?['i:l%neetI'l1rl Silane ({(% 10 { @7[@ #r?rl(g}){_ %%qgr{% qﬁxﬁo }m)e(%lre rm lidin
héﬁ@&%ﬁ@%@ﬁ%@ﬁl BH#éreaction mixture was diluted with ethyl
acetateoayict w&f@wma}qmammm@b@ndacﬁ@ ldienibadHimRESab0he),

S ed 0 ?Da)ni' was dried over 0 anhydrous sodium sulfate and
c?%i?r%trate in vaccj}%?ﬁter filteration. The residue was purified by silica

gel column chromatography (DCM)EjETdlsg 89.5 mg (68%) of the titled
copuILczas hghbyﬁu@wlwr ES-MB-aRrb333diM 2 Flo)kyGibi®B ] Likyrrolidin-1-

3RS4SR -4-34-D |thi€v [ldlne T(!pm gthlsi cog;lgound was obtained
as a light yellow oil foIPJ ng 5 g %¥allnﬂ)rocedﬂ e dl(le%enzylatlon

reaction. Concomitant desylilatign took plac LMS m/e: 361.1 20 d)
{(8SR,4R5)-3-(3,4-Dichloro-phen -1(S
1-(5-ethynyl-twridin-2-yloxy)-ethy rolw j

-methanone The titled compound w
a general | procedure for amidation re
R3R5,4SR)-4-(3,4-dichloro-phenyl)- in-3-

yll-ethoxyl-5-ethynyl-pyridine and 6-met Ip»kldazine'-4-carboxylic acid.
ES-MS m/e: 25481.2 (M-FIif). Example 111 6-{ (S)- I-
RERuA)eaqanTinere-prermll pryslmethyl-pyridazine-4-carbonyl)-pyrrolidin

- 3iyikethixy hisatpatyie Chllbro-2-{(S)-1-[(3R,4S)-4-(4-chloro-phenyl) -pyrrolidin-

3-yt}-ethoxv}-pyridine (X1I-B-11})
- Carboxylic acid: 2-Methyl-pyrimidine-5-carboxylic acid (commercially available),
ES-MS m/e: 457.3 (M+H"). '

-1(6 -methyl-pyridazin-4 -y1)
btained as a white foam following
tlon between 2-{(SR)-1-

Example 110
{{(35R,4RS)-3-(3,4-Dichloro-phenyl}-4- [ (SR)-1-(5-ethynyl-pyridin-2-yloxy)-ethyl]-
pyrrolidin-1-yl}-(6-methyl-pyridazin-4-yl)-methanone

2

a) 2-1(S8R)-1-1(3R5,45R)-1-Benzyl-4-(3.4-dichloro-phenyv])-pvrrolidin-3-vl] -ethoxy}-5-

bromo-pyridine

The titled compound was obtained as a light yellow oil following a general procedure for
Mitsunobu reaction between (SR)-1-[(3SR,4RS)-1-benzyl-4-(3,4-dichloro-phenyl)-
pyrrolidin-3-yli-ethanol (described herein above) and 5-bromo-pyridin-2-oi . ES-MS
m/e: 507.0 (M+H").



I WO 20091019163PCT/EP2008/059908 - 98 - - Pyrrolidine intermediate:
6-{(S)-1-["
(312,4S)-4-(4-Chloro-phenyl)-pyrrotidin-3-yllethoxyl-nicotinonitrile

Wi kislidy rs€arboxylic acid: 6-Methyl-pyridazine-4-carboxylie@wich2008/059908
(described herein above), ES-MS in/e: 46§ 1 (M+FIl'). 5Example 112
[(BR,4S)-3-[(R)-1-(5-Chloro-pyridin-2-yloxy)-2-hydroxy-ethyll-4-(3,4-dichlor

o-phenyk)-pyrriclimryiférraethd pyidagin-ghydymethanene;Gh-ahoxyt-5-
(SH-B 3 4% -1-'b nz 1- 4 3 4-dloro-hml-vradine-3-carbonvir- 10

(3@@)15:9&@@@&@ &j@&l&dﬁ%é@ﬁéﬁﬂwwi -4-(3,4-dichloro-phenyl)-pyrrolidin-
pyrralidinesgicarhemdlexazabdingnane. 733 ﬁlﬁﬂil&ttﬁﬁi @fs(tnphenylphosphme

R Z n rroli car |c
(d%sciés ﬁ(égr(g}%a%ovg%dd@gﬁgﬁ Xdl?l ﬁ% 'ml )a 51 %&32
waraelddad ey argild {18 Bmphl ingl b‘%-’mab) and W&v&mmﬂdﬂuaénh was
(1dad & mbhy 086 po)sil s ubses uantlyz Suning \wad continteechioniweras heated
houts 306 Same tBmRcTallle, ANIQ NS EIGIe A0S 1nd vashed with
(5)- -benzyl-oxazoli h-2-one % ‘6 |um C flnde
(1&9&[@@@@%189@%@%&. B‘HOrHBEﬁirg %égpgraﬁéaﬁﬁ%rﬁ%& fRpaber over

10 teanpedasuseandhstinledeavernigbtnithed eaetion ity ftiasod Gted-witiic was
g%b( gggag 1R é’t’@&l&%%%m%ﬂ%%@?B@WQ&Q%@%% (68 %) of the
umbicarbon ofganic pHase

e. The sed)arated as dried
N&SsbLommRpephaen ikt dcdnyaivEeuds THe M@%%féﬁe)olsomeres were
separated by column chromatography (Si02, EtOAc/H, 1:2) to yield

(Sr4-bananl 3H3RAS) Jrzbf%%oﬁfo@h%@uﬁh{%ﬁﬁﬁny%%%ﬁ'@ etdifhyl-
arbonyll- oxazolidin-Z-one 9.47 g (49 U/O) as a white solid ES-MS m/e:
15 5®ﬁvﬁ+m ) and (S)-4- benzy1-3- [ (3S,4R) -1 -benzy1-4-
(3hdithid rorppemd)wpyolaliding s3 carboriibwoxd Zolidviig2beProné 8 utodyre IV
514%@1?@%%%&&%9&%%%&% &n%'ﬁgsﬁl&l\ﬂﬁoak 1AL 361 1

dine-3-carbmc lic acid metho. - methyl-amide
(M~+H").

20 d) {(3SR,4RS)}-3-(3.4-Dichloro-phenyl)-4-[(SR)- [ -(5-ethynyl-pyridin-2-yloxy}-ethyl{-
pyrrolidin-1-yi}-(6-methyl-pyridazin-4-yl)-methanone

The titled compound was obtained as a white foam following a general I procedure for
amidation reaction between 2-{(SR)-1-[(3RS,45R)-4-(3,4-dichloro-phenyl)-pyrrolidin-3-
vl]-ethoxy}-5-ethynyl-pyridine and 6-methyi-pyridazine-4-carboxylic acid. ES-MS m/e:
25 481.2 (M+H").
‘ Example 111
6-{(S)-1-{{3R,4S8)-4-(4-Chloro-phenyl)- 1-{6-methyl-pyridazine-4-carbonyl)-pyrrolidin-
3-yl}-ethoxyl-nicotinonitrile

@ﬁ

30 Coupling according to general procedure It



To a suspension of N,0-dimethylhydroxylamine hydrochloride (3.61 g,
0.037 mot) in 30 DCM (40 mL) at Rl was added trimethylaluminium (2.0M
solution in heptane, 18.5 ml, 0.037 mol) dropwise and stirring was
eoinued i one hour. To this mixture was added WO PCT/EP2008/059908
2009/019163PCT/EP2008/059908 - 99 -3 solution of (S)-4-benzy1-3-
R3R,4S)-1-benzy1-4-(3,4-dichloro-phenyl)-pyrrolidine-3- carbonyl]
oxazx@liﬁmnaaﬁf&ﬁedﬁeg (09,86 ran) sy RCMABIR i phevgl-pOrrolflike syl ] -
Stlg[L Was ontln[u ;ﬂﬁtﬁ hours. The reaction was quenched by an

TIE.
8o aSSI m sodium tartarate solution and extracted with

ethgadwéteacr%eéé\és@nétéﬂlé@rgaﬁréqawh%\ﬁ/ééﬁﬁéa%ﬂ%ﬁﬁ@%ﬁwa
drigchonNa2EQ4 @andiconcentrated under vacuo. Purification by column
chromatography (5i02, EtOAc/H, 2: é_‘gl-:-lilj 58 g (90 %) of the title
compound as a light yellow oil. ES- 1 (M+H1). c)é

(3R, 48R4 LAY RI4L(G 4} @mquﬁlmﬁgbiwyr?ohﬁ pxg-edpphttehidbchisro-

To a solutiony@nyl)-pyrrolidin-1-yl]-(6-methyl-pyridazin-4-yl)-methanone
- (3R,4S)-1- benzyl -443,4-dichloro-pheny1)- pyrrollgglne -3-carboxylic acid

w

methoxy-methyl-amide 6.58 g (09017 moI) ved in THE (100 mL) was
added 16 mL (0.017 mol) of Iltryu lmu ride (1.0M in THF)
dropwise at OC arid stirred for one Ot r reaction was quenched by

ag. ammonim chloride solution and extra ted with ethylacetate twice. The
combined organic layers were dired on‘anhydrous sodium 15 sulfate and
concentrated in vaccuo. The residue ffied by silica gel column
chromatography eluted by a mixture of heptathe and ethyl acetate (3:2)
yielding 5.21 g (93 %) of the title compound as a light yellow oil. ES-MS

m/e($34 ggﬂgw?t}{élmmoueelnaa@hgat&@ﬂm%%&&mlm@&&s -darbonyli-
. 13S 4R

th%@@&ttqermmtm@ M@@@dﬂ%@;@mwl@&%ro phenyl)-pyrrolidine-3- carboxyhc

(31 3 4- d| reolidi ar
A(%S f)rb%crin% Elif—(fl‘fef i %%2@8 81%% selgctjr %gl g rreg@/ q_?Wcre added
arﬁ@ﬂﬁ@ﬁ@ﬁ@%@@ﬁ%’ﬁér@&@ﬁéﬁ%%ﬁ% bdlbyié@q(}aln%%rﬁ %?ﬁemié
15 SQlBbiegrndyetracied withathylaceiaie hhersepatiatdargaintayeands this
?éf.da%pﬁa%'?é’%@ ”c?cﬁ?ﬁf- Datate andleangentaled B oRGedD da%ﬁ%thmm
gel column chromatograp ute

mikigridef h%@ﬁ@%ﬁqfa%l hyha&etaie by yie s g2 4 ‘E‘]é’@@%ﬁ‘bﬁﬁ‘éofﬁle
campatingasadlightetetantih ESrdM& 30 imiax 832 daMithted] wiB)elhll acetate

%ﬁés éeﬁ%ﬂ%ﬁemg% Loggarggﬁgma%nﬁﬂﬂgmcﬁruur%t@eﬁp&&m@&t

silanvloxyl-ethanol 2 mg, 0.6 mmol) was dissolved in
20 M@r@w@@iﬁqu%s @g@“ﬂ(@g Q}; and concentrated under vacuo. The two

diastereoisomeres were separated by column chromatography (5103, EtOAc/H, 1:2) to

yield (S)-4-benzyl-3-[(3R,4S)- 1-benzyl-4-( 3,4-dichloro-phenyl}-pyrrolidine-3-carbonyl ] -

oxazolidin-2-one 9.47 g (49 %) as a white solid ES-MS m/e: 509.3 (M+H") and (5)-4-

benzyl-3-{(35,4R)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carbonyl ] -oxazolidin-
25 2-one 9.40 g (48 %) as a white solid ES-MS m/e: 509.3 (M+H").

b) (3R,48)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic acid methoxy-

methyl-amide _
To a suspension of N,O-dimethylhydroxylamine hydrochloride (3.61 g, 0.037 mol) in

30  DCM (40 mL) at RT was added trimethylaluminium (2.0M solution in heptane, 18.5 ml,

0.037 mol) dropwise and stirring was continued for one hour. To this mixture was added



35 and water (12 mL). To the solution was added 0504 (73 mg, 0.3 mmol)
and the resulted mixture was stirred for 30 minutes. To the solution were
added NMO (aq. 50 % solution, 1.47 mL, 7 mmol) and
WaSddSkivtaenzyl-3-(3,4-dichloro-phenyl)-4-vinyl-pyrrolidinee dW@p2008/059908
20091019163PCT1EP20081059908 - 1_099-_(1.93 g, 5.8 mmol) as a
solution of MeCN (20 mL) at room temperature. The whole mixture was

VigQEusly: %iﬂ'r(lsadz;feeﬁﬁ}lmlwmagm%@a@tmwﬂa&@nﬁwﬁe&m Bftrolidine-3-

addition of sat. 280 uti as th
co‘ﬁéé‘ﬁﬁ’ & &iﬁg\lla%:cuo :ﬁ%s\;g\)/}eﬂ %rb%%f% 3}} qlf(iﬂmé ‘\’/‘655 mmllﬁﬁS
brieriThe: mme@iéqm@@@ﬁskwafsg ise\xﬁastewwsawﬂﬁsi\beem%@@n of aq.
Theeembingdiarg @ﬁtarmessmweﬁa @Iﬂedt@&%ﬁﬁaﬁ%eﬁﬁe Tosigiparated
Was urified by silic mn chr ute

5 o S R R RN G A B o ryacro

mi’e*réeetwwE?sumﬁéhesm@égwa@dé%h%@ﬁf@tw(3’9%&% Foffaen %) of

bytiadglitieasebTRMSGE(R1Dwng]. G Sraohy &Haeig hase{(1.29 mL, 8
mmol) and DMAP (124 mg) subsequently at room 10 temperature, and
the resulted mlxture Was stlrred overmght The reactlon mlxture Was

10 Sowmmtﬁmieeamg ﬂhe Bepﬁﬁaae(d M@ﬂiﬂo@hqﬁﬁﬂyE}Sp@ﬂedﬂe—BS@dﬁmmfhc acid
%tﬁ Qé; %?Jgea%‘iéé%d: (%C&]u?on% ?dﬂ @@H?QT 68 k%‘ﬂ?\)@é@%dded 16 mL
purified by silica gel colimr chromato

raphy eluted with a mixture of
P BAEr A N HESIAR R sy §Idg 1162 §T@ i B0 theastesd for

campbaund ascadighbbrowraihcESMSunietd80i2 (MdridEsdl gioA2bfhldtracted -

3%}%&‘&1}%@%& i Al Jaﬂlxﬁmﬁbq'g%ﬁ@ﬂ}t&gwere dired on anhydrous sodlum

dlmethyl silanyloxy)-ethoxyl-5-chloro-nyridine (S)-1
15 (SRS ORI TIANS B HRERBr HERSTS- o reafisly s1Lo gl obt-
Z(kldmh;grspihﬁylrrw)betm anoh(l Of anpkRPP h3d BRY A@olyniee bpdidih .21 g (93

m%?hf’@@%&&% (Bt mg; taézlmweﬁ) wergshispendedin FH (10
To the mlxture were adde chloro- yr|d|n -2-0l (0.243 g, 1.87

mﬁ‘?B?}’SH‘adtﬁ%ﬁ A &’§1E§ Ygmifimon! $He Fedction mixture was

stirred at 45 C over night. The mixture was diluted with ethyl acetate and
20 E'%fg%%@P@'u%%h&@ﬂscew%@&%&%m%gx@%e Bbfr& ' ug ;vas purified
y 25 column chroma i c y| e
0] DRFHERFASD &ﬁ[hﬁ @Qge%f%geg %fﬂ“E‘sﬁéré @%.%%éﬂ)§ npyHE (50
2-ftR) RaftetdsSutybdimiétbylisilzapyoryy-1 mL, 0.0104 moi) dropwise at 0 °C and
(BR8N (3: Hiﬁmqgtﬁn%ycjﬁonjrﬁ%re wi Tasasoldtianebh2iar,45)-1 -benzyl-

[(R):1- -4- hI )-pyrrolidin-3-y1]-2
R R ST TS ARG SR 0 o o Tafs (15 mL
25 mvobvdissoed imdokiresbf¢d mpihwaenalided Ol Teasli¢R B9 miapthet by aq.

1-chigragthyheiRroiarmate an €. Q-493dRrH 289 nmed) T HupigRASA ganic layer
UOSSHHETLY HRdDe Tl MR DeRle 200G [nd0 e Be s
concentrate AeUd rheTasidue Was 35 Feasived i methanofs(]g
arthsfiedbysilicos tohprrahirsroirgrmghel Tié W&ﬂw@w&@f&ﬂ@é@mmaﬁwl
inaReaHanaidilgd with @ihys aaatatadhempashess wilihagelsadismeEs-MS
blca}rbcj)g?tle ﬁ)l%m}n twice. The separated organic layer was dried over

IMm's fate and “WO 2009/019163PCT/EP2008/059908 - 101 -

concentrated in vaccuo after filteration yielded 0.40 g (83%) of the title
cainsoungt 38 4 ligh drewvn- gil4 S IISonples 0 1p2riMidit3 - )| (3Rté|15)’a3fv4

R)=2-.(,1ar iF:?LH & j eeﬁg |- 1S|Ianyloxy) 1-( 5-chloro-pyridin-2-yloxy) -
et ‘ ' 5 enyl)-nyrrolid in-1 - y11- &6 methyl- p% |da2|n 4
_yﬁ_§ ? %ngiﬁéﬂg, aBBIgpvas dissolved in MeCN (20 mL), t-BuOH (28 mL)

35 2- é(ﬁi)u&tﬁeﬂ “bily] - diengthydisilan Waxyddkd (3804 8)3 43 fi3diohldiephehy dsulted
DYH%Q}Q x?fay%l%ﬁ‘%%%%?&? 'Pé/ rdgé @@1&?189 mgé éﬁd%&/'*% \ﬁg gﬁ‘@t% solution,

were adde 78 mmol) and then H
méfsﬁaﬁﬁéﬁw%}ﬁﬁwﬁa&zh?él%éa Bﬁx%@lé?ﬁ?dp&ﬁlﬂé)n#ﬁ{mﬂ pyteShidine

described herein above). The mixture



10

F

15

20

30

35

10 was diluted with ethyl acetate and washed with ag.ammonium chloride
solution three times and ag. sodium bicarbonate solution. The separated
organic phase was dried over sodium sulfate and concentrated in vaccuo
wiienddteraion. The residue was purified by TLC (Si02, MeODERbodza0)008
yielded 74 mg (27%) of the title compounghas a light yellow oil. ES-MS

m/e: 623.3 (M+Fr). 15 j)(3R,4S)[(12) -1-(5-Chloro-p_yridin-2-yloxy) -2
-hmd9@>gy ﬁhﬁfhtﬂ}é@a‘ktﬂ(@ﬂ@m MEEN L6 Hi) th rebmemigidlakinThe whole

L:fn--1-rima e o
(SR B AT s T pciop iy on ddidon
2-9i6RYy R tiHSA bR SYEphER DY ol gayfpncenirated in vaccuo,
(Go[‘ﬂﬁ&l@@bp&lﬂdﬂ@iﬂﬂﬁy 1)-C20, metharbaewi0idng, 0HlQpmaed) aqueous phase

d'%SO'V %&%{WMAF %%%%&&%%@@éhm@agmaﬁ:ﬁﬂ%@&l%avsm

and in THE). The reactioh mixture was stirred

VBRI U FBORY éa!tfér%e TS THRREE WhithO&tHyM to aceton
ac;ﬁaéﬁli@@ﬂémaﬁhadmﬁhwﬁi&r &nlt acp kgdiveldricatithate sotusieno (M+H").
x%k‘ﬁg%am%s%%é@%%ﬂf Q%ﬁﬁﬁ%ﬁ&%%%@ﬂ&%‘?ﬁ%ﬁﬂ&so 915 mg,

sul ate and concentrated in vaccuo after filteration. 25 The residue was

pdvirEPBy et Moty S anol fas i 55t iy @ P e isrhetitre™
canpeung @sSaadigi yeliow oilxnSeMS srife:bOEDidht HE) = Eoaarimplenld8re was

K%ﬁé@vﬁtﬁ%ﬁ@egw QR &XE@Q'\%‘MQ&VMAmm chloride solution three times.

-4-(3,4-difluoro-pheny1)-pyrrolidin-

| E 1(% Sspafﬂ%@iﬁygwr} Kryvas ;‘?iﬁe%‘i?faﬁ?{%ﬂ%i%fﬁe Wconcentrated in vaccuo
2009/012163RC THe P20REB/059908fed 02 silCoyplinguaccohdingatogyarteraluted

Progadurgk, Ryrplsding H?P@E@B‘?ﬂé%&%t@(%@@'% d@r% {BRASY 45(3 title

uoro-phenyl rrolidin-3-yll -ethotcyl ridine
com%oung a?s apl%/ght brown 0¥E ES-MS nxu’e 80.2 (

o) 2-H{R)-1-1{3R.45)-1 -Benzyl-4-{3.4-dichloro-phenyD) -pyrrolidin-3-yi] -2 -(tert-butyl-

dimethyl-silanvloxy)-ethoxy]-5-chloro-pyridine
(8)-1-{(3R,4S5)-1-Benzyl-4-(3,4-dichloro-phenyl}-pyrrolidin-3-yl|-2-{tert-butyl-
dimethyl-sitanyloxy)-ethanol (17) and PPhs; {PPh; polymer bound, 3 mmol PPhs/g resin)

(614 mg, 1.87 mmol) were suspended in THF (10 mL}. To the mixture were added 5-
chioro-pyridin-2-ol {0.243 g, 1.87 mmol) and then DBAD (0.431 g, 1.87 mmol). The
reaction mixture was stirred at 45 °C over night. The mixture was diluted with ethyl
acetate and filtered on celite and concentrated under vacuo. The residue was purified by
column chromatography (SiO,, EtOAc/H, 1:15) yielded 571 mg (77 %) of the title
compound as a colorless oil. ES-MS m/e: 593.3 (M+H").

h) 2-{(R)-2-(tert-Butyl-dimethyl-sifanvloxy)-1-[{3R,48)-4-(3,4-dichloro-phenyl )~
pvrrolidin-3-vl|-ethoxyt-5-chloro-pyridine

To a solution of 2-[(R)-1-[(3R,45)-1-benzyl-4-(3,4-dichloro-phenyl)-pyrrolidin-3-yl]-2-
(tert-butyl-dimethyl-silanyloxy)-ethoxy]-5-chloro-pyridine 570 mg (0.96 mmol)
dissolved in toluene {4 mL) was added 0.31 mL (2.89 mmol) of 1-chloroethyl

chloroformate and 0.491 mL (2.89 mmol) of Hunig base subsequently, and the mixture

was heated at 100 °C for 40 minutes, then concentrated in vaccuo. The residue was
dissolved in methanol (5 mL) and stirred at room temperature over night. The mixture
was concentrated in vaccuo and diluted with ethyl acetate, then washed with aq. sodium

bicarbonate solution twice. The separated organic layer was dried over sodim sulfate and



Carboxylic acid: 3,6-Dimethyl-pyridazine-4-carboxylic acid (prepared by

hydrolysis of 5 the commercially available ethyl ester), ES-MS m/e: 473.1

(IM+FI+). Example 114 6- {(S)- I- (3R,4S)-4- (3,4-Difluoro-phenyl)- 1

w3 Gadomethvgl-pyridazine-4-carbonyl)- pyrrolidin-3-yll -ethoxypen /etinsaEgos

itrile 10. Coupling according to general @5@qedure I: - Pyrrolidine

intermediate: 6-{(S)-1 - [(3R,4S)-4- (3,4-D uoro-pheny1)-py (XII-B-8)

C%b@f}tﬁ@tﬁtiﬂ vacou unetiyle pytichazing-d ccarhasylic jadichfnitpasathbynd as a
%QI SI %SP@?\/%O@@%%I X/iq\@%able ethyl ester), ES-MS m/e: 464.2

xample
[(3R 4S)- 3 -[(S)-1-(5-Chloro-pyridin-2-yloxy)-ethy1]-4-(4-fluoro-phenyl)-pyr

rQhGYBlRJASVJ&{(&mi@bw@m&m;@@gtbgﬂeggs@:lhlaﬂ)@gugimg-yiom

SRR B R eum)%?rrr%%xb ok t15)4-.cchioro-

6+Methil-pyricadine-4-cathoxylt ddidddesclibe (L henedh iabovié)( 25mL)at -20 °C

ERMIE 12N )52 WP 208U 8RR G IIRDLA08059908,Ad 031 6-
methyl-pyridazine-4-carboxylic acid {0.78 mmol, described herein above}. The mixture
was diluted with ethyl acetate and washed with ag.ammonium chloride solution three
times and aq. sodium bicarbonate solution. The separated organic phase was dried over
sodium sulfate and concentrated in vaccuo after filteration. The residue was purified by
TLC (Si0Oz, MeOFH/DCM, ]_:I..O) vielded 74 mg (27 %) of the title compound as a light
yellow oil. ES-MS m/e: 623.3 (M+H").

D) [(3R,45)-3-1(R)-1-(5-Chloro-pvridin-2-vloxy)-2-hydroxy-ethyl ] -4-{3,4-dichloro-
phenvl)-pyrrolidin-1-vl1]-(2-methvl-pyrimidin-5-vl)-methanone
To a solution of [{3R,45)-3-[(R)-2-(tert-butyl-dimethyl-silanyloxy)-1-(5-chloro-pyridin-

2-vloxy}-ethyl]-4-(3,4-dichloro-phenyl)-pyrrolidin-1-yl]-(6-methyl-pyridazin-4-yl)-
methanone (0.074 g, 0.119 mmol) dissolved in THF (4 mL) was added 0.014 mL (0.24
mmol)} of acetic acid and 0.119 mL of TBAF (1.0M in THF). The reaction mixture was
stirred over night at room temperatuere, The mixture was diluted with ethyl acetate and
washed with water and aq. sodium bicarbonate solution subsequently. The separated
organic phase was dried over sodium sulfate and concentrated in vaccuo after filteration.
The residue was purified by TLC {5i0;, MeOH/DCM, 1:10) yielded 55 mg (91 %) of the
title compound as a light yellow oil, ES-MS m/e: 507.1 (M+H").

Example 113
[(3R,4S)-3-{(S)-1-(5-Chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-difluoro-phenyl)-pyrrolidin-
1-y1]-(3,6-dimethyl-pyridazin-4-yl)-methanone

Cl
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Example 116
R3R,4S)-3-[(R)-1-(5-Chloro-pyridin-2-yloxy)-2-hydroxy-ethy11-4-(3,4-diflu
oro- phenyl)-pyrrolidin-1-yll-(6-methyl-pyridazin-4-y1)-methanone Cl 5 a)
WaRBi4SIR)e1-Benzyl-4-(3,4-difluoro-phenyl)-pyrrolidine-3-carbarphosacictos
To a solution of

N-(methoxyrnethyl)-N-(phenylmethyl)- N- (tr|rnethylsnypmethylamlne (48.3

g %Im@@a@mﬂg@g&ﬂ&ﬁﬂiﬂmfmﬁenyl) acrylic acid (15 g, 81.5
'x)r'”%HEﬁ(%%e M) W?%%%@Sdzt&fé%f?@ﬁ@%}%'& Dot byR0041

mixture was gradually warmed to Toom temperature
arh’élfé‘?#%%\}’é]n‘?@ﬁﬁ tWé@’fFF’e@gyoﬁgéntrated in vaccuo and the residue

wag ghbatgtovichirelaepinne (500 i dellovaetiduyl Madrbysestirangyar drolysis of
hour. The res! i o e shed with
hg%taﬁémﬁ?mﬁlﬁg%%%%%% ﬁ gof thﬁesvﬁg gg%g%%?%%%hlte solid. MS
m/e: 318.1). 15 b) (S)-4-Benzyl-3-

(3R,4S5)-1- benzyl -4-(3,4-difluoro- pﬁgmaj:)epymr'olidine-3-carbony| | -

oxa Iyt

OREASRY el A S R S phep ot (5 S i pyridaging drcarbop)
(25 g, 78.8 mmol) in TFW@%‘Q%E)Y&E@W sieetagRiFtkethylamine
(27.45 mL, 20 197 mmol) and pivaloyl chloride (24.2 mL, 197 mmol)
subsequently. Stirring was contimued for two rs at the same
temperature, and to this mlxture g adde -4-
Benzyl-oxazolidin-2-one (14.7 g irad) and lithium chloride (3.67 g,
86.7 mmol). The reaction mixture Wa{rglg%gglljally warmed to room-
temperature and stirred overnight. Thesreaction mixture was diluted with
ethyl acetate and washed with water ' es and 25 saturated
sodiumbicarbonate. The separated organicsshase was dried on Na2SO4
and concentrated under vacuo. The two diastereoisorneres were

ted b chrg (0 r%BpLyI(SMZ EtOAc/H, 15:85) to yield
S Oilahn ac 01%[1 l[_%% €

(3“A?Him!ﬂérﬁ%ﬁ@ﬁ?ﬁhﬁ%rérlﬁﬂé¥i%éﬁ’6§h§n(&a931iéﬁFP?%%Q@@“@!@%‘P -yli-
ashwhitaiselidoMSIEYRIMERN (M2-Fr). WO 2009/019163PCT/EP

0Q 3%9%%9& 2Hs, &ﬁﬁnéﬁ«}r%ﬁﬁr‘ﬁne 43 Agilluer Qcm?Hﬁ%!a@c?H}Mkydmiysm of

-amide 10 a suspension of N,0-dimethylhydroxylamine rochlorid
(TBg T AN R DS i s R TG dddal 1

trimethylaluminium (2.0M solution in heptane, 40.3 5 ml, 80 6 mmol)

dropwise and stirring was contlnue%;gﬁlgféel heur. To this mixture was

added a solution of .
(S)H4RaMJ1LSIR 3R whjoroniingt (8 actirhiibyE-priérlppyo-phenyl)-pyrrolidin-1-
pyrrolidine-3-carbonyll yiixazeakdintp ot {0 Lvl)- #tBamenel) in DCM (100

mL) over 10 minutes. Stirring was continued for three hours. The reaction

was quenched by an addition ofotassi odium tartarate solution

and extracted with ethyl acetate. 10+se ted organic layer was
washed with brine and dried on N&Z504/4r concentrated under vacuo.
Its purification by column chromatography (5i02, EtOAc/H, 15:85) yielded
13 g (90%) of the title compound as a light yellow oil. ES-MS m/e: 361.2
(M+H+). oYY

=N

Coupling according to general procedure I:

- Pyrrolidine intermediate: 5-Chloro-2-{(S)-1-[(3R,4S)-4-{4-fluoro-phenyl)-pyrrolidin-
3-yl]-ethoxyt-pyridine (XII-B-13)

- Carboxylic acid: 6-Methyl-pyridazine-4-carboxylic acid (described herein above},
ES-MS m/e: 441.2 (M+H").



d) (3 R,45) -1 -Benzyl-4- ( 3,4-difl

uoro-phenyl)-pyrrolidine-3-carbaldehyde 15 To a solution of
(3R,45)-1-benzyl-4-(3,4-difluoro-phenyl)-pyrrolidine-3-carboxylic acid
wmethoyrnethyl-amide 3.24 g (9 mmol) dissolved in THE (6@ainpams/os9908
added 9 mL (9 mmol) of Iithiumaluminigq&y_dride (1.0M in THF) dropwise

at 0 C and stirred for one hour. The reaction was quenched by ag.
ammonim chloride solution and extracted with ethylacetate twice. The
combined organic layers were dlreq:on arghy{jéous sodium sulfate 20 and
concentrated in vaccuo. The residué Was f purified by silica gel column

chromi@Rdphy(Bluted Sk riuidnhiprhd Bdretyitade st @dfuoro-

yielding 2.7 g,Q8y¥ppotihgititle Somaauelyap A #ahiv el ih RS
m/e: 302.1 (M+It e)

(35,4R)-1-Benzy1-3-(3,4-difluoroqheny1)-4-yi I-pyrrolidine 25Toa
suspension of methyltriphenylpho nidm fpdide (6.35 g, 15.6 mmol) in
THE (60 mL) was added n-BuLi (16N, inffreptane, 7.4 mL, 0.0119 mol)
dropwise at OC and stirred for one houyr. Jo this reaction mixture was
added a solution of (3R,45)-1-benzyl- Y
4-(3,4-difluoro-phenyl)-pyrrolidine-3-oéﬂ‘)@fqhyde 2.77 g (9.2 mmol) in
THE (15 mL) dropwise at 0 C and stirred tfeg#inother one hour. The

5 reaction was quenched by ag. 30 ammonim chloride solution and

extragied ydth ethylacataie, Iﬂ%&%@&{@m 9@%&@%}@&@{@&@

ous, SOdI sulf te and c The re
oL )10 G S eSSy GGy AARSAR e amine
héptahs Aot aaét(:&)aﬁﬁ;}*ﬁélldmgmmgd@e@ﬁ’}@-) agfdhEdtigl81.5 mmol) in

cormRayng as)aig aaxg&amaﬂrga%ew@ad@oé@@émm) B8l WQ@°C. The
2009/019163P T/h:éi 2008/059908 - 105 - PHAIagV?B

2
m%% j_lle wa%l% g H}ie a]'\IAle ﬁ) (EB Ii_jll]i)eé?.h HH SHT 3 Tl r%\ﬁas then
mtqn%tm@@@lummwaa%@de@sl(d§©4‘f(12QIM@dOVﬂfhlmrhm@P)lfaﬁ@Qh@) followed by

reﬁUH&M@%ﬁ%@ was; ﬁﬂtﬁeq“ﬁ@ [ S INALES pTe the SeHHeN-IRke-addadvashed
S ST sk R e st

m?fri&i)(&’é*élsblutlon of MeCN (20 mL) at room temperature. The whole
15 Mixture was vigorously stirred for 3 hours. The reaction was quenched by

an additon - § qlyg ”4(&%!1‘%')-_T e AR th‘ebn 1-

brﬂﬁé@ﬁéﬁ@éﬁmed aqueous phase was extracted with ACOET twice. The
corshissid:iganic phasese-wersldries ouetuer-NaR&Q4-pThel féisicue wasxylic

p‘%r da;f% g’%ﬁg %&%ﬁ%‘%&?’ t%%?t)oﬂr%k%{ %B%Eegﬁ’éé'?%méﬁ%ﬁ%%t 45 mL,

yie a mixture o I0ls as a light yellow ol

20 33487k s bWl £8 810 ivéd MipERI ey e bifla%ﬁtm
of FRDMICIr (W2Adgs 8 theabhHemighase, @ihdo, th2 minalk ard:DAMAP(S) -4

(18 7005 3. 280H- §%%et‘%!ﬂ%'§'%?§ QoM ARG AP Be S %%u{[]ﬁfﬁno})

mixture was stirred overnight. The reaction mixture was diluted with

acetatesHenARHES WG Al HBrRsh R AR éegm%mﬁf@ew%@ﬁ%gm
seqiaratadiargnictpirase Wihsdl iedhovbyl sodivmasdliatehashaidomeentratadines and

25 INNMAGEHA AlIG AlEeration ey @%ﬁ%@té’}ﬁﬁ@%@ Se.y-silica el CRILBA, and

chromatography eluted with a mixture of heptane and ethyl acetate (4 1)

yi é(l)&ﬁ.f‘é'ltia éutg%r G765 Bf hatwo dlastelemsomeres were separated by column
chromatography (SiOs, EtOAc/H, 15:85) to yield (S)-4-benzyl-3-[(3R,4S5)-1-benzyl-4-

(3,4-difluoro-phenyl)-pyrrolidine-3-carbonyl]-oxazolidin-2-one 18 g (48 %) as a white
solid. MS m/e: 477.1 {M+H").

30



20 titled compound as a light yellow oil. ES-MS m/e: 448.3 (M+111). g)
2-1(R)-I- [(3R,45)-1-Benzv1-4-(3,4-difluoro-phenyl)-pyrrolidin-3-yll
-2-(tert-butyldimethyl-silanyloxy)-ethoxyl-5-chloro-pyridine The titled
womnpound syas prepared following the general procedure forditseriokusesos
25 reaction using (5)-1-

[(BR,4S)-1-benzy1-4-(3,4-difluoro- phenyl) pyrrolldln -3-y1]-2-(tert-
butylsgigmthyksilanyloxy)-dihane! mreb-Chtanedmrisin2-alylkSAdSmtexy-

559, % ] chg 1(R) -22( tert-Butyl-dimethyl-silanytoxy)-1- ( 3R,4S) -4-

(3,4- -phenyl )- 30 pyrrolldln 3-yll-ethoxv1-5-chloro rldlne The
mmacs@ﬁ@sw%qg Onéipstbly aﬁﬂmﬁw%fé"@éwéfa &éﬁ‘oﬁf (6 mmol) in
d@mmmlwlmyaaﬁm@dmrﬁn{amﬁ&&ﬁ%m E)DMIs(ﬁRLéhSn) H&pﬁna)zm 3

5 eéﬁlré dE ﬁ%lrogj)'ﬁ]%&gwéﬁﬁp%lﬁ % Jm@%ﬁ%@dﬂ%?%& ?1036'10 X¥) thé%ﬁﬁlﬂ%] was

1)-Pyrrolidin=1-y11- -met%/ yr| azin-4- met a

dReFRSTHE ofnbanid s pleBatela! e ée‘?’igl”é’l%r Qre |
fop}amldﬁﬂﬂﬂ “hetvesh -2:HR)i@H(terddutid-tlinedtdytusiddnil GXY)4L1 00 mL) over 10

RERsdrk 4 ?ﬁ»ﬁ%@ L‘é%%m?éavf'&r 1}{\!52 /%2 %&%P&%ﬁﬁ%@ﬁ@ﬁ%?%
106 - pyrrolidin-3-yft - %%{%% -5-chloro-pyridine and

6MEHR Y PSR ARATORRIE it ©RURR8 eSS 1 Vit €)Y afffage The
10 3%kdpdSieBoriRpicllafmrGhioreshyddinkbyilaan d 2sdnylsoXyagiflylhd concentrated

A %ﬂH@rﬂ?anﬁ{}}{QmméV oheingt- Ylllromatogra?hy Si0,, EtOAC/H, 15:85) vielded

hyl-pyrimidi h
R e RO R TR TRy Ao S A H )

2-yloxy)-ethy11-4-(3,4-difluoro-phenylp-pyrrolidin-1-y11-(6-methyl-pyridazi
N4y e1hanee (90508, 08m o Aiseaived i Heifel L) was

agded 0.1 m M in THF), The re mixture was stirred
15 ol G A PSP L U TS W R i acid

acetdtesandaasheddyiti? @ mamd! adissodidnm Bid&rtsdnate sehuidad 9 mL (9

S%W@lil}{iumﬁﬁﬁ%ﬁ{ﬁ%ﬁw@'@\Qhﬁ%@{@ﬁ@rgﬁ'ﬁg&é{@"@ﬂla Rirred for one
ate%%d concentrated in v%) uo after filteration. The eS|due

Hic B PGB, MEBHPDCNE: EIOIERRHCTTag Ay thastb i
cmulmmbgmtagvacﬁgifhwmw@ﬁ E SIS aveis WETS direNen athvilBeuesarpien sulfate

20 1444 concentrated in vaccuo. The residue was punﬁed by silica gel column

R3RS, 48? -3-R ~+(5- Chloro d|n 2- gh |I- %as ifl -
T e RS b R S
%) of the title compound as a light vellow oil. ES-MS m/e 3{}2 1 (M+TT).

e) (35,4R)-1-Benzvl-3-(3,4-difluoro-phenvh) -4-vinvl-pyrrolidine

25 To a suspension of methyltriphenvlphosphonium iodide (6.35 g, 15.6 mmol) in THF (60
mL) was added n-BuLi {1.6N in heptane, 7.4 mL, 0.0119 mol} dropwise at 0 °C and
stirred for one hour. To this reaction mixture was added a solution of (3R,4S)-1-benzyl-
4-(34-difluoro-phenyl)-pyrrolidine-3-carbaldehyde 2.77 g (9.2 mmeol) in THF (15 mL)
dropwise at 0 °C and stirred for another one hour, The reaction was quenched by aq.

30 ammonim chloride solution and extracted with ethylacetate. The separated organic layer
was dired on anhydrous sodium sulfate and concentrated in vaccuo. The restdue was
purified by silica gel column chromatography eluted by a mixture of heptane and ethyl
acetate (7:3) yielding 1.7 g (62 %) of the title compound as a light yellow oil ES-MS m/e:
300.1 (M+H"). '

35
| f) ($)-1-{{3R,45)-1-Benzyl-4-(3,4-difluoro-phenyl)-pyrrolidin-3-yl| -2-(tert-butyl -

dimethvl-silanvloxy)-ethanol




Coupling according to general procedure I: 20 - Pyrrolidine intermediate:
5-Chloro-2-{(RS)-1-f (3SR,4R5)-4-(2,4-difluoro-pheny1)-
pyrrolidin-3-y11-ethcoryl-pyridine (XII-B-14) - Carboxylic acid:
veeMettylopysidazine-4-carboxylic acid (described herein above)/ EH3004859908
m/e: 459.3 (M+FE). Example 118 25[ _ ;5.
(3R,4S)-3-[(5)-1-(5-Chloro-pyridin-2-yloxy)-ethy11-4-(2,4-difluoro-ph
eny[&@mﬁiﬂir( 17§/ s Onathyb yrimitise breyili): nettidnon enl-) 10BuwOdI{ 28 mL)

,&}ﬁ? 2GS graot}geem&ahﬂnsags%&i s Ky HRIiging Nermediaieg e
loro-2- { (RS)-1- 4-(2,4 -dlfluoro pheniy1)- pyrrol idi n-3

)}fﬁugfﬁ Wuwﬁlﬁg{% f(g %L%WU@%FBE)QW gttfan were added NMO {aq. 50 %
2 ilethyl; pyrimidirfexbrodr boxyhis, k) di (comyhérCiaihd dvaitahigin S 4MMGryi-

"\é%réﬁg 1?’@?\476:;% 'éé%% easl‘l'goluhon of MeCN (20 mL) at room temperatyre. The
Chléro- pheny gﬂ -(5-trifluoromethyl-pyridin-2- onxy)-e
A

th\y P ep%?ﬂféﬁ%ﬁw VIBYB2Hibt rﬁ@ffb‘a%h?%@f}“ﬁféﬁﬁ&ﬂ%ﬁ@s qygpchied by an

addition of sat. aq. Na;SOs solution (10 ml). The mixture was then concentrated in
vaccuo, followed by dilution with AcOEt, and washed with brine. The separated aqueous
phase was extracted with AcOEt twice. The combined organic phasese were dried over
Na;SOu4. The residue was purified by silica gel column chromatography eluted by DCM to
aceton yielding 1.97 g of a mixture of the diols as a light vellow oil. ES-MS m/e: 334.2
(M+H").

The residue was dissolved in DCM (10 mL) followed by additions of TBDMSCI (1.247 g,
8 mmol), Hunig base {2 mL, 12 mmol) and DMAP {144 mg, 1 mmol) subsequently at
room temperature, and the resulted mixture was stirred overnight. The reaction mixture
was diluted with ethyl acetate and washed with aq. ammonium chloride solution three
times. The separated orgnic phase was dried over sodium sulfate and concentrated in
vaccuo after filteration. The residue was purified by silica gel column chromatography
eluted with a mixture of heptane and ethyl acetate (4:1) yvielding 1.49 g (56 %) of the
titted compound as a light yellow oil. ES-MS m/e: 448.3 (M-+H").

o) 2-1(R)-1-[{3R,48)-1-Benzvl-4-{3.4-difluoro-phenvl) -pyrrolidin-3-vl] -2-(tert-butyi-

dimethvl-silanvioxy) -ethoxy]-5-chloro-pyridine

The titled compound was prepared following the general procedure for Mitsunobu
reaction using (S)-1-{(3R,4S)-1-benzyl-4-(3,4-difluoro-phenyl)-pyrrolidin-3-yl]-2-(tert-
butyi-dimethyl-silanyloxy)-ethanol and 5-Chloro-pyridin-2-ol. ES-MS m/e: 559.2
(M-+H".

h) 2-{(R}-2-(tert-Butyl-dimethyl-silanvloxy)-1-[{3R,45)-4-(3,4-difluoro-phenvl)-
pyrrolidin-3-yl|-ethoxyi-5-chloro-pyridine

The titled compound was prepared following a general procedure IV for debenzylation
reaction. ES-MS m/e: 469.2 (M+H").

i) {{3R,48)-3-[(R)-2-(tert-Butyl-dimethyl-sitanyloxy)-1-{5-chloro-pyridin-2-yloxy)-
ethvl]-4-(3.4-difluoro-phenvl)- 6-methyl-
The titled compound was prepared following a general procedure I for amidation

between 2-{(R)-2-(tert-butyl-dimethyl-silanyloxy)-1-[(3R,45}-4-(3,4-difluoro-phenyl)-

rrotidin-1-vi]- ridazin-4-vl)-methanone
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26

25

Coupling according to general procedure I: Pyrrolidine intermediate: 2- {

(S)-1

-[(3R,45)-4-(4-Chloro-phenyl)-pyrrolidin-3-Aethoxy}-5-trifluoromethyl-pyridi

we tid916)  Carboxylic acid: 6-Methyl-pyridazine-4-carbaxytieaokh59908

(commercially available), 15 ES-MS m/e;491.2(M414+). WO

2009/019163PCTXP2008/059908 - 108 - Claims 1. A compound of

fopmtkbadﬂqﬁh(ﬁg};tﬁbﬁ}\ﬁ\ﬂqelli&imﬁp’ﬁﬁtﬁﬁﬂ&ﬁ&Sfihl&tﬁlsflsbsfmﬁmi&eﬂe&rboxylic acid .
%Iugrﬁgr%, éA,ggés at%ﬁf“? five or six membered heteroaryl; R1is hydrogen,

ogen, lower a kyI lower alkoxy, lower alkyl substituted by halogen,

lower alkoxy substituted by halogen, S-lower alkyl, -S(0)2-lower 10alkyl,
-0 Riifovwell RIKy (amifore(BHA)a R dyana -Amdincy radrt -ar (di4ldilesro-

5 alkyl Aming, NE(Q) Jﬂ"\(%rn"i‘é B Wﬁlﬁﬁﬂ%ﬂ% qr;ﬁr?erﬂ@anx&emembefed

heteroaryl optlonall y substituted by lower alkyl; wherein R is cya

difisdesiufian ahiiaB 6 oot i<y DUl mydrElgaRRaE g e otisro-pyridin
alkyflidowextalkyl splastitiiiech yhbatbgprolidyanal 16 Rsishhldyoigerion -y -
'0}‘%{9&@!@4@%9%@ &'(;)85 mmol) dissolved in THF (4 m1L) was added 0.10 mL of TBAF

(1.0M in THF). The reaction mixture was stirred over night at room temperatuere. The

mixture was diluted with ethyl acetate and washed with water and aq. sodium
bicarbonate solution subsequently. The separated organic phase was dried over sodium
sulfate and concentrated in vaccuo after filteration. The residue was purified by TLC
(§i0z, MeOH/DCM, 1:10) vielded 40 mg (84 %) of the title compound as a light yellow
oil. ES-MS m/e: 475,1 {M+H").
Exalﬁpie 117
[(3RS,4SR)~3-[(SR)-1-{5-Chloro-pyridin-2-yloxy)-ethyl]-4-(2,4-difluoro-phenyl)-
pyrrolidin-1-yl]-(6-methyl-pyridazin-4-yl}-methanone

&
# -
D@EON
s
N

Coupling according to general procedure I:
- Pyrrolidine intermediate: 5-Chloro—2~{{RS)-1—[(SSRARS)—4-{2,4—diﬂuoro—phenyl)-
pyrrolidin-3-yl]-ethoxy}-pyridine (X1I-B-14)
- Carboxylic acid: 6-Methyl-pyridazine-4-carboxylic acid (described herein above), ES-
MS m/e: 459.3 (M+H").
Fxample 118
[(3R,4S)-3-1(S)-1-(5-Chloro-pyridin-2-yloxy)-ethyl}-4-(2,4-diftuoro-ph
enyl)-pyrrolidin-1-yl]-(2-methyl-pyrimidin-5-yl)-methanone



o
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R4is hydrogen, halogen, lower alkyl, lower alkyl substituted by halogen or
cyano; is 1, 2 or 3; in case nis 2 or 3, le may be the same or different; ois
1,2o0r 3;incase ois 2 or 3, R2 may be the same or different; is 1,2 or 3;
wocaseniss2 or 3, R4 may be the same or different; 20 qis IparZ;roeca/059908
pharmaceutically active salt thereof, inclyghng individual diastereoisomers
and enantiomers of the compound of formula (1) as well as racemic and
non-racemic mixtures thereof. 232. A compoun of formula | according to
claim 1, wherein Arl is phenyl. 3. % ompou@"gformula | according to
claim 2, wherein the compounds4-t["-.. el
(3SR,4RS)-3-[(RS)-1-(3-chloro-pyridin-2-yloxy)-ethyll-4-(3,4-dichloro-phen
y1)- 30 pyrrolidine-1-carbonyll-benzokjirle 6-{ (SR) - 1 - [(3 RS,4SR) -4-
(3,4 - dichl oro-ph enyl) -1 - (4 -oxazol15-yl:benzoyl )-pyrrolidin-3- yl
-ethoxyl -nicotinonitrile - 109 - 64(SI3;J-\]§-LE%RS,4SR)
-443,4-dichloro-phenyl) -1 - [443-methyl- [1,2,41 oxadiazol-5-y1)- benzoyl
-pyoigiidia-dadtdethexyynriedfinaniitie 6-( (SR)-1-1(3RS,4SR) -4-

3,4-dichloro-ph thyl , 0]-35y1)-henzao

e R g R R e Moy

-M%‘Ql’iﬂﬁﬁhﬁoi”&ﬁm}{ﬁiﬁd@? (XH:Br Yadiazol-2-yl-benzoyl) -

Py rCRkBSyAL rethoxytHvicpfinandirite BftS&ytik-acid (commercially available),
-1=(4scyane-2-fluoro-benzoyl)-443,4-dichloro-phenyl

!E)%y%o id?‘r%-%fﬁ‘qémiaghicotinonitrne)c/n) (3SR,4RS) 3 2

(3,4-dichloro-phenyl) -4- [ (SR)-14 §’-‘ﬁ*i'ﬂ?}6r]dt%ethyl-pyridin-2-y|oxy) - 10

ethyll spurpbdin-Chylro [ $Uapnethyis)F1,254F txaaiad elhbrpkk dinenylbxy)-ethyl]-

methanone. 4. A SRERRHIS ! PIHE ASRRANG P SR Ao hereim A

F. F
Cl ={ F
Oy gt
% N
N
O |\I‘IJ
=N

Coupling according to general procedure 1:

- Pyrrolidine intermediate: 2-{(S)-1-[(3R,45)-4-(4-Chloro-phenyl)-pyrrolidin-3-yl]-
ethoxyt-5-trifluoromethyl-pyridine {XII-B-15}

- Carboxylic acid:.6~Methyl»pyridazmemﬁé~ca1'b0xy£ic acid {commercially available),
ES-MS m/e: 491.2({M-+H").
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155. A compound of formula | according to claim 4, which compounds are
[ BSR,4RS) -3- [ (RS)-14 5-chloro-pyridin-2-ylory) -ethyl]
-443,4-dichloro-pheny1)- pyrrolidin-I-yll
-(2-methyl-pyridin-4-y1)-methanone or (2-chloro-pyridin-4- yl%
W 38RARS) -3-(3,4-dichloro-ph enyl) -4- [(SR) -1- (5- T/EP2008/059908
trifluoromethyl-pyridin-2-yloxy) -ethyl.] -gg&elidin-1-yll-methanone. 20
6. A compound of formula | according to claim 1, wherein Ai." is
pyridine-3-yl. 7. A compound of formula | according to claim 6,
which compounds are 25 [ (3SR,4RS) -3- [(RS)- |
45-chloro-pyridin-2-yloxy) -ethyl] -443:4sgighloro-pheny1)- pyrrolidin-1 -ylI
-(6-methyl-pyridin-3-y1)-methanone [ (3SR,4RS) -3- [ (RS)
-1(5-chloro-pyridin-2-yloxy) -ethyl] -443,4-dichloro-pheny1)- pyrrolidin-1 -yl
] (6-dim@thytapsinsl pyifeliiiday1) -methanone  3S,4R) -3- [ (R) - |
(5-chloro-pyridin-2-yloxy) ethyl] 3,4- @chlor@ §J{»§1nyl) 30 pyrrolidin-I-yli
46-methoxy-pyridin-3-y1)-nretfainong (B8R [1S) -14
5-chloro-pyridin-2-yloxy)-ethyl | -4 ,-'ch(I)oro -ph enyl) 1
-y1]-(6-methoxy-pyridin-3-y1)-methangne 5- [ (3SR,4RS) -3- [(RS) -14
5-chloro-pyridin-2-yloxy) -ethyl] -443,4-glichloro-pheny1)- pyrrolidine-1
-carbonyl] -pyridine-2-carboni ﬁk}_?\&\,[‘ (3§R 4RS) -3- [ (RS)-1
45-chloro-pyridin-2-yloxy)-ethyl] “443,4-dichloro- -phenyl) - pyrroli din- |
-yiljeg@raimethylaminomethyl-pyridin-3-y1)-methanone WO
2@&1910191@% JJ%P?@&%@@@%%ea;@termR 4RS)-3- [

S)-1-(5-chlor ridin-2- ylox 4 3.4 C|IC oro-p eny1)-
yrrolldln -l- ysﬁ q(é)lyagt\ﬁiycfsu any yrl(#iL [(O methanone 6-1(SR)-1-

[(@hs 4SR) by aeeric RRIPESPHIERT kY éowéﬁ%(%vn’(ﬂw aleh AyBsked by
pyrrolidin-3 hylbkeethoxy} atkicotindnifrited 5 Halogen, S-lower atkyl, -5(0),-lower

(35,4R)-3- lgﬁ};,—il g@cy)lwlg{qomé@q;@?am%) @E@%MR cyano, amino, mono or di-

(3 4-dichjoro: PeRY L. pyreoliding- ceat. i R SAROLIIS ber

5-1(3SR, 4Rl§‘5“§ %E ﬁlc]ﬂ%r%%ﬁ@?/%‘%rf%ﬁ) ?éH( Fibered

uoromethylisjrigi-gRIRpIL P REFRoNHiMEer e%at&onyu .

-pyridine-2-eaidreiniRilie Ga{3RIBI4SR pHL SRY < pyrrolidin-1-yl;

(5¢cyano-pyiginnZadaarsthy ot iydichieraiRiienylintt Bymaliineodcyano;
bonyl] %yrld %%2 su f&@éca '? dl@ﬁt@ﬁamlde 6-1(SR)-1- |

(ggzs 4SR)- FHickioro-phenyly -1

(éipyrazm f&ﬁyﬂwgﬁﬁél Qgéfb&mx)a%%ﬁgﬁ%ﬁhagx}fgbéw%by 1alogen Or Cyano;

-micotinonitritel 52 b{SRaLase n is 2 or 3, R' may be the same or different;

[(3RS,4SR):é1(3, 6r@%|9£%9h§@¥931ﬁ6rﬂ&?ma@§wﬁ@@Y'dﬁﬂi&hrﬂ;e 3

bony1) 11- th ¥ o
?aé)o?yl(slg O% ézfegp Pl prﬂe@,%ﬁ%”tﬂ si@h differents

(6idazol-1- y‘lﬂéyﬁcﬁne 3-carbony1)-

or a pharmaceutically active salt thereof, including individual diastereoisomers and

enantiomers of the compound of formula (I) as well as racemic and non-racemic

mixtures thereof.

2. A compound of formula I according to claim 1, wherein Ar'is phenyl.

3. A compound of formula I according to claim 2, wherein the compounds
are
4-[(38R,4RS)-3~{(RS)-1-(5-chloro-pyridin-2-yioxy)-ethyl]-4-(3,4-dichioro-phenyl)-
pyrrolidine-1-carbonyl]-benzonitrile
6-{{SR)-1-[(3RS,4SR)-4-(3,4-dichloro-phenyl)-1-(4-oxazol-5-y] -benzoyl)-pyrrolidin-3-
yl]-ethoxy}-nicotinonitrile



pyrrol id in-3-y11-eth oxyl-nicotinonitrile
6-{(SR)-1-1(3RS,4SR)-4-(3,4-dichloro-pheny1)-1-(5-methyl-pyridine-3-car
bony1)- pyrrolidin-3-y11-ethoxyl -nicotinonitrile 6-( (SR)-1-1(3RS,4SR) -4-
@r4edeahbara-phenyl)-1- [6- (2,2,2-trifluoro-ethoxy)-pyridine-Be 2@P2008/059908
carbonyl] -pyrrolidin-3-yl}-ethoxy)-nicotinggitrile
1(3SR,4RS)-3-(3,4-dichloro-pheny1)-4- (SR)-1
-(B-trioro RIS Ry Id{B;2 ditdkyne-@Hyyl)- 1 - [4-(3-methyl- [ 1,2,4]oxadiazol-5-v1)-
-pyrrolidin-1-y11-(6- I-1-yl-pyridin-3-yl)-methanone
(g-y(e:ﬁ%gﬁo:}p)]}ﬁé?ﬁq%:%%Egé%ﬁ%ﬁR%%%(%%ﬂ%hIoro-phen 1)-4- [(SR)-lZ-éS-
SR me A oA RABIo-ByF ORI TS ead e b 5 1)
6 HEORML-PRIRTDASR)} -ethoxy) -nicotinonitrile

- éfg'(élﬁ?'-'g-r[k‘%'i%El(?iﬁmilé?a%‘@Eﬂﬁ%’&@%&ﬂﬁ_‘}h}d(@yry i?'é!h%%adé‘azo}-z-yl-benzovz)-

carbony1)-pyrrolidin-3-y11-ethotcyl -nicctinonitrile. . A compound
oPfEFRNAR 1Pard g g crlinr 1ittiRerein Ar s a five membered

heterdRryl- (B8RS, 4SR; A.-Al-epmpalifidood fbemuold) - acearditd doalaimy8,

which sempeund s bE3SR diRliR of (RS) - 1 - (5 --hloro -pyri din-2
-4- (3,4 -dichloro-phen n-1-yl14 1 -cyclopropyl-

-yloxy) -ethyl ) - pyrrolidi 0
2 AR E R Pt (Olvorommcti-pyrdin E L3y
10 200810191.68RGT/ERZ008/659904 1 1;4]oxadidzbl A-gompeuhdrottfenmula |
according to claim 10, which compounds are
[(BR,4S)-3-[(S)-1-(5-chloro-pyridin-2-yloxy)-ethyl} _ s
-4-(3,4-dichlord:phENyRR IO 11. G RGPy N T M et ano
neBidi8544R)-3- [ (R)- - ( 5-chloro-pyridin-2-yloxy)-ethyl} -4- (3,4-dichloro-
5 phenylp-pyrrolidine- | -carbonyl.] -pyrimidine-2-carbonitrile or

1 (ECYCloproRypytmiin S (12128130 denioo phen o]
-piAERid RS Al {RfBth aleridoro-pyridi@- 2Avbompabpd-of (fotrdidkld raceiordity
topGlaimdinWherein AL BYiIdazingta 1) -methaddndogompound of formula |
2650rding 10 claim, L2, WHETeINANS S9TAKNIE A%y 4. (sm-1.¢5-

trifluoromethyl-pyridin-2-yloxy)-ethyl|-pyrrolidin- 1-yl}-methanone.

L

20
6. A compound of formula I according to claim 1, wherein Ar' is

pyridine-3-yl.

_ 7. A compound of formula I according to claim 6, which compounds are

25 {(3SR,4RS)-3-[(RS)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichioro-phenyt)-
pyrrolidin-1-yl}-(6-methyl-pyridin-3-yl)-methanone
[(3SR,4RS)-3-[(RS)-1-{5-chloro-pyridin-2-yloxy)-ethyl|-4-(3,4-dichloro-phenyl}-
pyrrolidin-1-yl}-(6-dimethylamino-pyridin-3-yl)-methanone
[(35,4R)-3-[(R)-1-(5-chloro-pyridin-2-yloxy)-ethyi]-4-(3,4-dichloro-phenyl)-

30 pyrrolidin-1-yl]-(6-methoxy-pyridin-3-yl)-methanone
[(3R,4S)-3-](8)-1-{5-chloro-pyridin-2-yloxy)-cthyl]-4-(3,4-dichloro-phenyl)-pyrrolidin-
1-yl]-(6-methoxy-pyridin-3-yl)-methanone
5-[{38R,4RS)-3-{(RS)-1-(5-chloro-pyridin-2-yloxy)-ethyl}-4-(3,4-dichloro-phenyl)-
pyrrolidine-1-carbonyli-pyridine-2-carbonitrile

35  [{3SR,4RS)-3-[(RS)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-dichloro-phenyl)-
pyrrotidin-1-vl]-(6-dimethylaminomethyl-pyridin-3-yl)-methanone



6-1(SR)-1-[(3RS,4SR)-4-(3,4-dichloro-pheny1)-1-(6-methyl-pyridazine-4-c
arbony1)- pyrrolidin-3-y1]-ethoxyl-nicotinonitrile 15 [(3R,4S) -3- [ (S)
-1-(5-chloro-pyridin-2-yloxy) -ethyl} -4-(3,4-difluoro-phenyl) -pyrrolidin-

ey ijubrmethy1-pyridazin-4-yl)-methanone PCT/EP2008/059908
{(3S,4R)-3-(4-chloro-3-fluoro-pheny1)-4- M%) 1-(5-chloro-pyridin-2-yloxy)-et
hy1]- pyrrolidin- | -y11-(6-methyl-pyridazin-4-y1)-methanone 6-1(S)-1-
[@38@@)% (49 @h@ﬁomeQWb}olp{(ﬁ(mgm}ﬁloﬂyf Lthyl] -4-(3,4~dichloro-phenyl)-

d 4= Id 0.3 l-e I-nicotinonitrile [(3R,4S)-3-
azme(‘é é)ﬁg rr III Qﬁé)ﬁ}édnox y n‘]%o inoni rile [( )-3- [

_46(§&L%éﬁ|@,%%ﬁ@ﬁyi) é,f}r ﬁ]@ﬂﬁf‘_orphenyy et (6-cyano-pyridine-3-carbonyl)-
-yﬁ}rfﬁamathyﬁpxéltmgdprécyﬁmamanone [(3R,4S)-3-
(S lqr rn-- ethyl vi) yiro -

S b % aéo%é%é%(%?ﬁ%{ﬁ%?? o
[(syrio (@-ﬂﬁtu%ﬁ%’c giapiatsyll -
pPWRhE4RS)1}- (ﬁﬁn&.ﬂhymyplﬂa@lh éMSRmEI(haﬂﬂﬁiﬂ@romethyﬂﬂyr@dﬁfQGﬁSSy}~

fo p Of t : .any one of claims 1- 13,
Wgtlgﬁﬂ fg?gg? c,g(%n?}%%ﬁggs ggﬁgréﬁgg%dé%%cggm%ﬂgund of formula A&(RZSj

0 VI 2RS40 Sob8 1@1%@??@?7@@12‘% 15808 I3~ dHishlgrpBemd)
10 ofpferaiidae-1-carbonyl|-pyridine-2-sulfonic acid dimethylamide

6-{(SR)-1-[{3RS,4SR)-4-(3,4-dichloro-phenyl)-1-(6-pyrazol-1-yi-pyridine-3-carbonyl) -

[ |

pyrrolidin-3-yl]-ethoxy}-nicotinonitrile
6—{ {SR)-1-[(3RS,4SR)-4-(3,4-dichloro-phenyl)-1-(6-methanesulfonyl-pyridine-3-
carbonyl)-pyrrolidin-3-yl] -ethoxy}-nicotinonitrile

15 6-{(SR)-1-[(3RS,45R)-4-(3,4-dichloro-phenyl)-1-(6-imidazol-1-yl-pyridine-3-carbonyl)-
pyrrolidin-3-yt]-ethoxy}-nicotinonitrile
6-{(SR)-1-[(3RS,45R)-4-(3,4-dichloro-phenyl)-1-(5-methyl-pyridine-3-carbonyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile
6-((SR)-1-{(3RS,45R)-4-(3,4-dichloro-phenyl)-1-[6-(2,2,2-trifluoro-ethoxy}-pyridine-3-

20 carbonyl]-pyrrolidin-3-yl}-ethoxy}-nicotinonitrile
1(38R,4R8)-3-(3,4-dichloro-phenyl)-4- [ (SR}~ 1-{5-triflucromethyl-pyridin-2-yloxy}-
ethyi]-pyrrolidin-1-vl}-(6-pyrazol-1-yl-pyridin-3-yi)-methanone
(6-chloro-pyridin-3-yi)-{(3SR,4RS}-3-(3,4-dichloro-phenyl)-4-[{SR)-1-(5-
trifluoromethyl-pyridin-2-yloxy)-ethyl]-pyrrolidin-1-yl}-methanone or

25 6-{(SR)-1-[(3RS,4SR)-4-(3,4-dichloro-phenyl)-1-(6-ethyl-5-methyl-pyridine-3-
carbonyl}-pyrrolidin-3-yl]-ethoxyi-nicotinonitrile,

8. A compound of formula I according to claim 1, wherein Ar' is a five
membered heteroaryl.
30
9. A compound of formula I according to claim 8, which compound is
[{3SR,4RS)-3-[(RS)-1-(5-.hloro-pyridin-2-yloxy) -ethyl]-4-(3,4-dichloro-phenyl)-
pyrrolidin-1-yl]-{1-cyclopropyl-2,5-dimethyl-1H-pyrrol- 3-yl)-methanone.

35 10. A compound of formula I according to claim I, wherein Ar' is pyrimidin.
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0 to a compound of formula 1. 5 wherein the definitions have same
meanings as described above and X is halogen, preferably chloro, or
hydroxy, or b) reacting a compound of formula with a compound of

formula (R2);--Ar2,0H 10 to a compound of formula 113 if desired,
wOrMeiMythe compounds obtained into pharmaceutically SRCEEEAE/LeMS
addition salts. 15. A compound accorging to claim 1, whenever
prepared by a process as claimed in claim 14 or by an equwalent method.
16. A medicimientcontaiding oneubr [neradoiip ol G Oldmieaipapgs are

Orpeaﬁ&@Bam%Jﬂ%@%&ﬁ@rmﬂ@%m@wtm@mmeﬂtenyl -pytrofidin-
ligment a;:kcordln 1o c@ m %for the treatment of depression, pain,
SR s ahs 8 e85 hrenia, anxiety or attention deficit

h)’ipﬁﬁée“tRmi‘/ HIBbIHEF-GADHR)yTidin- quxﬁéﬁﬁbélbﬁé%%ﬁ@?ﬁ@* as
BIMED in,20y; ane: pfslaimsl ﬂp%%ﬁﬂﬂiﬁbemmla@mfapf a medicament for

trﬁ.ﬁ%ﬁ%ﬁ“&?ﬁe"éﬁﬁ U AheT SR R by Wbt (RO

**tyifluoromethyl-pyridin-2-yloxy)- ethyi pyrroh in-1-yl}-methanone.
12. A compound of formula [ according to claim I, wherein Ar' is pyridazinyl.

13. A compound of formula I according to claim 12, wherein the compounds

are

6-{(SR)-1-[(3RS,4SR) -4-(3,4-dichloro-phenyl)-1-(6-methyi-pyridazine-4-carbonyl)-
pyrrolidin-3-yl]-ethoxy}-nicotinonitrile
[(3R,45)-3-1(S)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-4-(3,4-difluoro-phenyl)-pyrrolidin-
1-y1}-(6-methyl-pyridazin-4-yl)-methanone
{(38,4R)-3—(4—chioro«3—ﬂuoro—pheny1)—4»{(S)—l-(5—chloro-pyridin&»«yloxy)—ethyl}—
pyrrolidin-1-yl}-(6-methyl-pyridazin-4-yl)-methanone

6-{{ Sj -1-{{3R,4S)-4-(4-chioro-phenyl)- 1-(6~-methyl-pyridazine-4-carbonyl)-pyrrolidin-
3-y1]-ethoxy}-nicotinonitrile

[(3R,45)-3-{(R)-1-(5-chloro- pyr1dm -2-yloxy)-2-hydroxy-ethyl]-4-(3,4-dichioro-
phenyl)-pyrrolidin-1-yl]-(6-methyl-pyridazin-4-yl)-methanone
[(3R,48)-3-](5)-1-(5-chloro-pyridin-2-yloxy)-ethyl]-4-(4-fluoro-phenyl)-pyrrolidin-1-
yt]-(6-methyl-pyridazin-4-yl)-methanone

£(35 4R)-3-(4-chloro-phenyl)-4-{(S)-1- (5-trifluoromethyl-pyridin-2-yloxy)-ethyl] -
pyrrolidin-1-yl}-(6-methyl-pyridazin-4-yl)-methanone.

14. A process for preparation of the compound according to any one of claims 1-
13, which process comprises

a) reacting a compound of formula

R

VII-1
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with a compound of formula

to a compound of formula

e
(R, ,
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5 wherein the definitions have same meanings as described above and X is halogen,

preferably chloro, or hydroxy, or

b) reacting a compound of formula

with a compound of formula

10
to a compound of formula

and



113

if desired, converting the compounds obtained into pharmaceutically acceptable acid addition

salts.

15.A compound according to ciaim 1, whenever prepared by a process as claimed in

claim 14 or by an equivalent method.

- 16. A medicament containing one or more compounds as claimed in any one of claims

1-13 and a pharmaceutically acceptable excipient.

17. A medicament according to claim 16 for the treatment of depression, pain,
psychosis, Parkinson’s disease, schizophrenia, anxiety or attention deficit hyperactivity disorder

(ADHD).

18, The use of a compound as claimed in any one of claims 1-13 for the manufacture of
a medicament for the treatment of depression, pain, psychosis, Parkinson’s disease,

schizophrenia, anxiety or attention deficit hyperactivity disorder (ADHD).

Lt ]



