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| NHI Bl TORS OF MDMR- P-53 | NTERACTI ONS FI ELD OF THE | NVENTI ON The
present iwoentiamsrel ates to pyrrolidi ne-2-carboxan de @eripradtiowesss which
act as antagonists of nmdnR interactions and hence are useful as potent and
sel ective anticancer agents. 5 p93 is a tunor suppresser protein that
plays a central role in protection agai nst devel opnent of cancer. It guards
cellular integrity and prevents the propagati on of permanently danmaged
clones of cells by the induction of growth arrest or apoptosis. At the

nol ecul ar level, p53 is a transcription factor that can activate a panel of
genes inplicated in the regulation of cell 10 cycle and apoptosis. p53 is a

pot ent cel LNBLLI i | S, b y, gul.at.e t the
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p53 and inhibit its ability to tr t 53-regul ated genes. In
addition, MDM2 nedi ates the ubiquitin-dependent degradation of p53. p53 can
activate the expression of the MDM2 gene, thus raising the cellular |evel

of MDMR2 pro D Gihil ontrol |oop insures that both 15 MDM2 and
p53 are kept at a low level in normal proliferating cells. MDWM is also a
cofactor for E2F, which plays a central role in cell cycle regulation.
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been shiBlggoRists of Mela2 pEraghoes pirdblicaicn agalyeAdat peent ang kelpstivicantigfcNDENI53
interaction in tunor cells with wild-type p53 should |ead to accunul ati on
of p53, cell cycle arrest and/or apoptosis. MDM2 antagonists, therefore,
can of fer apsdvel tuapprsopebsstoproadic that plagy apyntiasrodd mgretcag@nigaise i n
conmbination wth a broad spectrum of other antitunpr therapies. The

f easi bideyglgprgentioficancet., L gaggs ﬁ%@ﬂ%{é@ﬁ?g@ﬁ{cﬁm PESVeptsdhe R Pagatign of ergpmently
macr ongy ipahi Hi 1 wMD\VR ' ac,

I e A S i O e s R U P L S

t hr ougip5a icotrgescuiptdorbfapic gt cagiatinates P63 cdnaaipliedted inHAErapmpeiod efitell

of Dot YR oG avont iRt h oS RT oy DhGBePeh Epsetbirosiss ) M0 Bfunmry

OF THE thN\MENT: @Nel. MDM2 and B3 R-@SeREdHatN 8dttA Todpe I MDRE2 & bind p53 and
pyrrolidi ne-2-carboxam de derivatives | which act as antagoni sts of
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15 MDM2 and p53 are kept at a low level in normal proliferating cells. MDM?2 is also a cofactor

for E2F, which plays a central role in cell cycle regulation.

The ratio of MDM2 to p53 (E2F) is dysregulated in many cancers. Frequently occurring

molecular defects in the pl6INK4/p19ARF locus, for instance, have been shown to affect

20 MDM2 protein degradation. Inhibition of MDM2-p53 interaction in tumor cells with wild-type
p53 should lead to accumulation of p53, cell cycle arrest and/or apoptosis. MDM2 antagonists,
therefore, can offer a novel approach to cancer therapy as single agents or in combination with a
broad spectrum of other antitumor therapies. The feasibility of this strategy has been shown by
the use of different macromolecular tools for inhibition of MDM2-p53 interaction (e.g.

25 antibodies, antisense oligonucleotides, peptides). MDM2 also binds E2F through a conserved
binding region as p53 and activates E2F-dependent transcription of cyclin A, suggesting that

MDM?2 antagonists might have effects in p53 mutant cells.



Anot her aspect of the present invention relates to a pharmaceuti cal

formul ati on conprising at | east one conpound of the formulae (1), (1A,

(1 B) and wWwOGp11/04535A wherein X, Y, RlL, R2, R3, R4, an®#CREPare/ 0659
descri bed herein. WD 2011/045257PCT/ EP2010/ 065159 -3- Yet anot her aspect
of the present invention relates to a €snpound of formula (1) | 5wherein
X, Y, RI, R2, R3, R4, and R5 are as described herein and enantioners and
phar maceut i GV AR e FBIEENSAENTIGNd esters thereof for use as a

medi cament, preferably for use as a nedicanent in the treatnment of cancer.
Cancer includes in particular solid tunors and nore particularly breast,

col on, lung : . ur t h :

i nvention reTTh g é%gﬁhﬁglohggg% toaﬂsgﬁér%i(% n%%%rP 8?%@% Idglf“ﬁtt?gs f&\ﬁ\ﬁgggtl o X, Y,
R1, R2anfdgonik4 of anlth2Ratcasctioasatklsace bedisbiat @ potentciné Relndtiverantisanamdagents.

phar maceutical |y acceptabl e salts d esters thereof for the manufacture of
rredi%aﬁlg‘ﬁt%esf“’%trcyoﬁ’@u& Etr?égfhﬁé’?flerﬁ?g&@ﬁ]@éﬁ, in particular solid tunors,
nore particularly breast, colon, lung and prostate tunors. Yet

anot her aspect of the present invention relates to a process for the

manuf acture of the conpound of formula R,

wherein X, Y, Ry, Ry, R3, R4, and Rs are as described herein and enantiomers and
pharmaceutically acceptable salts and esters thereof.
10
Another aspect of the present invention relates to a pharmaceutical formulation

comprising at least one compound of the formulae (1), (IA), (IB) and (IC):

15

wherein X, Y, Ry, Ry, R3, R4, and Rs are as described herein.



WD 2011/ 045257PCT/ EP2010/ 065159 -4- R41Z5 | wherein X, Y, Rl, R2, R3, R4,
and R5 are as described herein, conprising the step of reacting a conpound
of formulwo@ha)o4s257(11b) , zSi LN R RZR R2 5 wth arpcompeamnaesato f or nul a
(rerr) 111 to give a conpound of the formula (IV) IV W

2011/ 045257PCT/ EP2010/ 065159 - 5- -3-

Yet another aspect of the present invention relates to a compound of formula (1)

5 wherein X, Y, Ry, Ry, R3, R4, and Rs are as described herein and enantiomers and
pharmaceutically acceptable salts and esters thereof for use as a medicament, preferably for use
as a medicament in the treatment of cancer. Cancer includes in particular solid tumors and more

particularly breast, colon, lung and prostate tumors.

10 A further aspect of the present invention relates to the use of a compound of formula (I)

wherein X, Y, Ry, Ry, R3, R4, and Rs are as described herein and enantiomers and
pharmaceutically acceptable salts and esters thereof for the manufacture of medicaments for the
15 treatment of cancer, in particular solid tumors, more particularly breast, colon, lung and prostate

tumors.

Yet another aspect of the present invention relates to a process for the manufacture of the
compound of formula (I)



DETAI LED DESCRI PTION OF THE I NVENTION In the specification where indicated
the various groups may be substituted by 1-5 or, preferably, 1-3

substi t uenb20imdesendent |y sel ected fromthe group consiPsTiRPgoiI0f63169Er

al kyl, 5 I ower-al kenyl, |ower-al kynyl, dioxo-|ower-alkylene (formng e.g. a
benzodi oxyl group), hal ogen, hydroxy, @N, CF3, NH2, N(H, |ower-alkyl),

N( I ower - al kyl) 2, am nocarbonyl, carboxy, NO2, | ower-al koxy,

t hi o-1 ower-al koxy, |ower-al kyl sufonyl, gm ngsul f®yl, |ower-alkylcarbonyl,

| ower - al kyl car bonyl oxy, | ower-al koxycaghohyl, "Nower - al kyl - car bonyl -

fl uoro-1 ower-al kyl, fluoro-Iower-gl koxy3

Iomer-alkoxy-carbonyl-lomer-alkoX?

| ower - al koxy, hydroxy-| ower - al kox
| ower - al kyl ) -1 ower - al koxy, N(Io ) 2- | owgy - al koxy,

benzyl oxy- 1| ower - al koxy, nono- or di-lower al kyl substituted am no-sul fonyl
and | ower-al kyl which can optionally be substituted with hal ogen, hydroxy,
NH2, N(H, lower-alkyl) or N(Iower-alkyl)2.. Preferred substituents for the
aryl, heter odreyin Znd, Ret Rr, ®eyRd, end Rpngs aadesdndbdbenin, | oner al koxy, | ower
aIkyI and amn he ern1"a|k " £efe[s 0 s@ﬁ)ight- or

br anched- chz&Pﬂlp‘éléngnﬂéetséﬁ"P&&?%’é‘ﬁrab%ﬂlp@? BEOHWA&%}% to about 20
carbon atons, including groups having from1l to about 7 carbon atons. In
certain enbodi nents, al kyl substituents may be | ower al kyl substituents.
The term "Il ower aIkyI" refers to al kyl groups having from1l to 6 carbon
atons, and in certain 20 enbodi ngnts from/lkto 4 carbon atons. Exanples of
al kyl groups include, but are notNlimted toN nethyl, ethyl, n-propyl,

i -propyl, n-butyl, s-butyl, t- buﬂ |, n- pentxﬂi and s-pentyl. As used
herein, "cycloal kyl" is i nt end t®,refer RO dhy stable nmonocyclic or

pol ycyclic system which consists of carbon atons only, any ring of which
beiQ? saturated, and the term 25 jygycl oal kenyfp is intended to refer to any
stabl e nmonocyclic or polycyclic systemwhich consists of carbon atons only,
with at | east one ring thereof being partially unsaturated. Exanples of
cycl oal kyl s | cl ude t .are no imted to, cyclopropyl, cyclobutyl,
cyclopentyl %F%W%&?ﬁOf‘VE}&hQBb adamantyl, cyclooctyl, bicycloal kyl s,
i ncl udi ng blcyclooctanes such as [ 2. 2.2]bicyc|ooctane or

[ 3. 3.0] bi cycl ooctane, bicycl ononanes such as [4. 3. 0] bi cycl ononane, and 30
bi cycl odecanes such as [4. 4. 0] bicycl odh (decalin), or spiro conpounds.
Exanpl es of cycl oal kenyls include, but afe not limted to, cyclopentenyl or
cycl ohexenyl . WD 2011/ 045257PCT/ BR 9 -6- The term "al kenyl "
as used herein neans an unsatur at ai ght-chain or branched aliphatic
hydr ocar bon group contai ni ng one ubl e bond and having 2 to 6, preferably
2 to 4 carbon atonms. Exanpl es of such "a#fenyl group" are vinyl, ethenyl,
allyl, isopropenyl, 1- propenyl, 2-methyl-I-propenyl, 1-butenyl, 2-butenyl,
3- bia enyl , 2- ethyl-l-butenyl 3- nethyl 2- 5 butenyl, 1-pentenyl,

2- pentenyl pent enyl ntenyl net hyl - 3- pent enyl, 1-hexenyl, 2-
hexenyl, 3- ﬁ%%@ﬁ?WOHWOH@%%ﬂ$Fﬁ&ﬁﬂﬂ%(H%xenyl The term "al kynyl" as
used herein nmeans an unsat urat ed straight-chain or branched aliphatic

hydr ocar bon group containing one triple bond and having 2 to 6, preferably
2 to 4 10 carbon atons. Exanples of d4 kynyl group" are ethynyl,

1- propynyl, 2-propynyl, 1-butynyl, R 3-butynyl, 1-pentynyl,
2-pentynyl, 3-pentynyl, 4-pentyny , 2-hexynyl, 3- hexynyl,

4- hexynyl and 5-hexynyl . X t en “hal ogen" as used in the
definitions neans fluorine, chloring, broniNne, or 15 iodine, preferably
fluorine and chlori ne. "Aryl" means a nonoval ent, nonocyclic or

bi cyclic, aromatic carbocyclic hydrocarBon radical, preferably a 6-10
menber aromatic ring system Preferred aryl groups include, but are not
limted to, phenyl, naphthyl, tolyl, and xylyl.

oWk al koxy, carbanoyl- 10
omersglkéxy, N( H,




20 "Heteroaryl" nmeans an aromatic heterocyclic ring system containing
up to two rings. Preferred heteroaryl groups include, but are not limted
to, thienyD20fumyisy i ndolyl, pyrrolyl, pyridinyl, pyrazipoyiEP2axagabyl ,

t hi axolyl, quinolinyl, pyrimdinyl, imdazole and tetrazolyl. 25In the case
of aryl or heteroaryl which are bicycli¥ it shoul d be understood that one
ring may be aryl while the other is heteroaryl and both being substituted
or unsubsti tDREAILED DESCRIPTEINQICTHE INBansTIN ubst i tut ed or unsubstituted
5 to 8 nmenbered, nono- or bicyclic, non-aromati c hydrocarbon, wherein 1 to
3 carbon atons are replaced by a hetero aton1se|ected 30 from ni trogen,
oxygen or s :EX%%R I -3-y1;

pi peri di nyl %ftﬁérsgﬁ&ﬁparﬂ ldaﬂéa tFQ@aI%{{S %dé)r er’rs‘i%lb%gg{r?é% r%dia om

sel ect gdefbmably, IN;3 @bstitdertts md\f@naeﬂﬂy mmm&meﬁ@bmmﬁg of Iower alkyl,

"Al koxy, al kox I or | ower al kox refers tq any of the ahove |o

gr OLﬁps)i%l‘f’ a@ﬁ Lelgwetalkymdetoxg-irer-plkyilens Corguie O &B%Wg%wp%rov ehaa% n,

met hoxy, gdﬁﬁp 0N, CF§(Nquz?WHYIOWer-QH&BONYIO\x}BPEH'(er%%nﬁﬁ%a’éﬂ&%yi 'céﬁ%o d{w@per

i ncl ude hin the neaning of al koxy are nu l e 5 al koxy chai ns,
e.g. etldroxyalkentyoshyo- lqmttrkaﬂquyetm@xytlky&mfdrzykwnanmkfynﬁt lowwey- a&ryﬂ:atlhmyl i ke and

R A N SN

accept dRbfy-lovidGlkok§, BRRF-HRE QLLhbahyINoRECERS AR e bBRY-1dvRdr-allek§] RirBithoyl10
etc., means pharmacol ogi ically acceptable and substantlally non- tOXIC to the

sub] & tlowe- mhhyqlfexp warealifaxy, N @‘Mﬁdaﬂ(@XYaMHn Jostcsraby-loprarlkaseut i cal |y
accept N v nt| i S
addi ti g\ﬂ saei%%lky% 1§W %k Wt g&y 1ol 1§‘(§1V|%%ca @ff egl \9%?112159?%%1%1%3'% g?@r e|des of

t he cornponmes foyl aﬂnlelo%r-an@s@htchlcaﬂepﬁmmny@edulwtlmtécomdatogamhsdtdxgb}qﬂz,
non-toxi c or gam c or inor gam c acids or or gam C Oor inorganic bases Sarrpl e

aci d- ad¥itk lorersdintson Ndowigrea lkHds Erefeired atpsfiughts iﬁ?fdh@alm ctesgayl dch as
hydr oc sul furic acid,
sulfanﬁk&%%ﬁﬁﬁ%hﬁgggﬁgfgghol angg%HQ%ggléﬁ h&a 3 t hose derived from
or gkhi ¢ aci ds such as p-toluenesul fonic acid, salicylic acid,

met hanesul f c acj oxalic aci ccini cid, cit aci mal i ¢ acid,
lactic aci doﬂlﬁé@% by 27 dede Heiehs SomondhedPEngu g %hﬂrﬂ@r‘mwou@anm e
base- aq@| il Fons @hd Sodu b YaBoL BRSR, Hl%fu'dﬁ%ﬂgriiﬁ&rﬁa@{ﬂﬁ%rﬁ Mo RESAIakBn SOdi um

and, quaternary ammoni um hydr oxi des, as for exa
t et r ametdmy. dmvoriiiorentbpdmesnitd elky Chebsiitmants mogi teilewer aihyl(sflbﬂltlrmw hhe éurmi cal

conmpound (i.e. .dr i a salt is h mn to.
ohar sl R o St Poft g b duo sen dBm i BhatPea stabifity,
hy grs caodiniahts frb@vabid dair%nad%h@ @ xdRipldstof aHtfyl %%uﬁ@mamue dsut aafdt lighidd to,
Ansel et al., Pharmaceuti cal e Forns and ug Delivery Systens (6th
Ed. 199mthyt cthpl. -POEYAricPrama6n-by Wg'ﬁ butyl, t-butyEpfpsatylvadgrmsohl” means an
amount that is effective to prevent, alleviate or aneliorate synptons of
di sease or prolong the survival of the subject being treated. 30

As used herein, “cycloalkyl” is intended to refer to any stable monocyclic or polycyclic

system which consists of carbon atoms only, any ring of which being saturated, and the term
25 “cycloalkenyl” is intended to refer to any stable monocyclic or polycyclic system which consists
of carbon atoms only, with at least one ring thercof being partially unsaturated. Examples of
cycloalkyls include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, adamantyl, cyclooctyl, bicycloalkyls, including bicyclooctanes such as
[2.2.2]bicyclooctane or [3.3.0]bicyclooctane, bicyclononanes such as [4.3.0]bicyclononane, and
30 bicyclodecanes such as [4.4.0]bicyclodecane (decalin), or spiro compounds. Examples of

cycloalkenyls include, but are not limited to, cyclopentenyl or cyclohexenyl.



WO 2011/ 045257PCT/ EP2010/ 065159 -8- There are provi ded conpounds of the
formula | wherein 5X is selected fromthe group consisting of H F, d
Br, |, cywoaepimi4s2s0, et hynyl, cycl opropyl, methyl, ethylPCTiERPo@OOpP3E9 Vi nyl
and nethoxy, Y is one to four group(s) independently selected fromthe
group consisting of H F, d, Br, I, GX OH nitro, |ower alkyl,
cycl oal kyl, | ower al koxy, |ower alkenyl, cycloal kenyl, |ower 10 al kynyl,

aryl, heter gakyérm titerDCHaIsed h@éﬂﬁean@ﬁﬂnsat@ﬁﬁﬁ? straightNFRa@h brafdReSO2R
SCQNR'R' and NR R' wherein and R' are independently sel ected from

H, | owsfphatiehydracaiben reunetpnfdniag oaff figuble bmee}ndéwmaa?i Ry pres@iplly i2ttatted
| 3 ”t 15
oy et oar BRGNS, Ex RS ofLER Mlken RS LA Syl SHER TR MOnrob BT T

het er ogrypenyls Qhﬁéthylul-pﬂ)pbﬁjzlgt4barey1yl, 2hxatem1yb6yblitmyl A-cthvbkbuteuyled- rimhysmecycl e
and in the case of to forn1 cyclic

st ruct Grsngk! é&ﬁ@&yg?a%?@miéH{%ﬁ&eiagldg%%ﬁ&%g%érym%thﬂghpww% Ia eryl 2-

substlquggdq{hggﬁgbqugag@gmfygkgglkenyl 20 substituted or unsubstituted
het eroaryl “or substituted’or unsubsfituted heterocycle, one of RL and R2 is

selected fromthe group consisting of |ower alkyl, substituted |ower alkyl,

I | k bstituted | | k I
T e S R A b B TR Pty o
cycl oaly ﬁhatlcq%ﬁchﬁﬂéh%%&)yéﬂn%hhg bie &k BHd@AWavingD t@@pﬁe‘f&%l??%& qd

cycl oal kenyl and the other is hydrogen, one of R3 and R4 is selected from
t helQr sarbos atesns Expigpiss of siebr alklyryl grounitsse pthyrdd ! pevpsnyla Lyppynybebutynyl,

al ke“y'z’lf %g?yﬁté BUES, L PP 5 S WMyny 25 WentyRYP ARG 13X ay NEHELAJI A

substi t
hexynyl, 4-hexynyl and 5-hexynyl.

The term “halogen” as used in the definitions means fluorine, chlorine, bromine, or

15 iodine, preferably fluorine and chlorine.

“Aryl” means a monovalent, monocyclic or bicyclic, aromatic carbocyclic hydrocarbon
radical, preferably a 6-10 member aromatic ring system. Preferred aryl groups include, but are
not limited to, phenyl, naphthyl, tolyl, and xylyl.

20

“Heteroaryl” means an aromatic heterocyclic ring system containing up to two rings.
Preferred heteroaryl groups include, but are not limited to, thienyl, furyl, indolyl, pyrrolyl,
pyridinyl, pyrazinyl, oxazolyl, thiaxolyl, quinolinyl, pyrimidinyl, imidazole and tetrazolyl.

25 In the case of aryl or heteroaryl which are bicyclic it should be understood that one ring

may be aryl while the other is heteroaryl and both being substituted or unsubstituted.

“Heterocycle” means a substituted or unsubstituted 5 to 8 membered, mono- or bicyclic,
non-aromatic hydrocarbon, wherein 1 to 3 carbon atoms are replaced by a hetero atom selected
30 from nitrogen, oxygen or sulfur atom. Examples include pyrrolidin-2-yl; pyrrolidin-3-yl;
piperidinyl; morpholin-4-yl and the like.

“Hetero atom’ means an atom selected from N, O and S.



WO 2011/ 045257PCT/ EP2010/ 065159 -9- heteroaryl, heterocycle, substituted
het erocycl e, cycloal kyl, substituted cycloal kyl, cycloal kenyl, and
substi t utwo 20yal4sm7kenyl and the ot her is hydrogen, R5 iPsTaPb@otexisdrom the
group consisting of |ower alkyl, substituted | ower alkyl, 5
-CH2(CH2)"-CHOH R, -CH2(CH2)"- CHOH CHZ-(CH2) "-NR R",
-CH2(CH2)"-CO(CH2)"NR R*, COQCH2)"-R, -COCH2)"-NR -(CH2)"-CHOH R,

- CO CHZ) " NR‘ R" -(CH2) " NR‘ S2R', COCH2(CH2)"-COCH, -(CH2)"-COCR ,

-(CcH2) " -COCH2) " COCH2(CH2)"- SR, -COCH2(CH2) .- SOR ,

CGIHZ( CHZ) “A@@q;e alkomﬂmzlikoxmfers tm@f{t@gl;w_eg@cpr alkyl'groups attached

o GEM IR E gy SRR ROy BB (R P T RARR

- COCH2 (e REM20)tY by ChiPYHe-1iKER ]erther GOBId24 GHRAGHRO hicahiBHR)f A HkNRY @Ry ltiple

- COCH2 (@ga?CHZO % ‘%‘é}l—ﬁ?% 'eﬂg%]gt 0Xy %%x]&é%g g}_%o @%ﬁ%ggég@qund the like and

CCI:HZ C ctno 1MeEtnoxy-
LTI ey e

- COCH2 (pBpiphory hCHRGH20) The 10#2) n- R CQZHZ( CHZ) 1 - (CHZCHZO) 1-(CH2) . -
-COCH2(CH2) 1, - (CH2CH20) 1- (CH2) , i “OR ,
COCH2(CH2) 1, - (CH2CH20) 1- (CH2) "-NR R",

- COCH2( CH2) 1‘Ph£ﬂﬂ@@ﬂ%@ﬂ§a& ble"Wcﬁ;g;‘pharmaceutlcally acceptable carrier, excipient,
COCH2(CH2) 1, - ( CHZCHZO%)

CC@-|2 (e(g-jz)lqans poMPEER gl_’pakly:&g‘)eptabde sgb);tantlally non-toxic to the subject to which the

%p%%” C‘%@é‘gaig%%mf CO\IR' R,

COCHZ(CHZ)l ( CH2CH20) 1- (CHZ)" SOZR‘ _ COCH2( CH2) 1, - ( CH2CH20) 1- ( CH2) " - COR
COCH2( CH2) 1, - ( CH2CH20) 1- (CH2) " -
COCH2( CH2) 1, f‘we@@wm AP le§@¥2 fws to cqepienetreid-addtioppalsor basgd

addition salts that retain the biological effectiveness and properties of the compounds of the

15 present invention and are formed from suitable non-toxic organic or inorganic acids or organic or
inorganic bases. Sample acid-addition salts include those derived from inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, sulfamic acid, phosphoric
acid and nitric acid, and those derived from organic acids such as p-toluenesulfonic acid,
salicylic acid, methanesulfonic acid, oxalic acid, succinic acid, citric acid, malic acid, lactic acid,

20 fumaric acid, trifluoro acetic acid and the like. Sample base-addition salts include those derived
from ammonium, potassium, sodium and, quaternary ammonium hydroxides, such as for
example, tetramethylammonium hydroxide. Chemical modification of a pharmaceutical
compound (i.e. drug) into a salt is a technique well known to pharmaceutical chemists to obtain
improved physical and chemical stability, hygroscopicity, flowability and solubility of

25 compounds. See, e.g., Ansel et al., Pharmaceutical Dosage Forms and Drug Delivery Systems

(6th Ed. 1995) at pp. 196 and 1456~ 1457.

“Effective amount” means an amount that is effective to prevent, alleviate or ameliorate
symptoms of disease or prolong the survival of the subject being treated.
30
“ICsq” refers to the concentration of a particular compound required to inhibit 50% of a

specific measured activity. ICso can be measured, inter alia, as is described subsequently.



COCH2S02R wherein R and R' are as above, 25 m n, and p are independently
0O to 6, and the pharnmaceutically acceptable salts and esters thereof.

30Part i cuwenoarssenpounds of formula | having a stereoehempeal/osiisuct ur e
as shown as fornmula A WO 2011/ 045257PCT/ EP2010/ 065159 -10- R4 Rr......
wherein X is selected fromthe group céasisting of F, d and Br, 5 Y
Is one to two group(s) independently selected fromthe group consisting of
H F, O, BrThete ar€Providdd cohipbandsl chwles foamkipl , cycl oal kyl and | ower al koxy,

R1 is hydrogen, 10 one of R2 and R3 is selected fromaryl,
substituted aryl, heteroaryl or substituted heteroaryl and the other is
sel ected fromthe group consisting of | r al kyl, substituted |ower alkyl,

N sObstituted aryl,
ubstituted heterocycl e,
5 and substituted

| ower al kenyl, substituted | ower al ke 4
het eroaryl, substituted heteroaryl,
cycl oal kyl, substituted cycl oal kyY
cycl oal kenyl, R4 is hydrogen,

X

wherein
5 X is selected from the group consisting of H, F, Cl, Br, I, cyano, nitro, ethynyl,
cyclopropyl, methyl, ethyl, isopropyl, vinyl and methoxy,

Y is one to four group(s) independently selected from the group consisting of H, F, CI, Br,
I, CN, OH, nitro, lower alkyl, cycloalkyl, lower alkoxy, lower alkenyl, cycloalkenyl, lower
10  alkynyl, aryl, heteroaryl, heterocycle, COOR’, OCOR’, CONR’R”, NR’COR”, NR”SO,R’,
SO,NR’R” and NR’R” wherein

R’ and R” are independently selected from H, lower alkyl, substituted lower alkyl, lower
cycloalkyl, substituted lower cycloalkyl, lower alkenyl, substituted lower alkenyl, lower
15 cycloalkenyl, substituted lower cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted

heteroaryl, heterocycle, or substituted heterocycle

and in the case of R and R” may independently link to form a cyclic structure selected
from substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkenyl,

20 substituted or unsubstituted heteroaryl or substituted or unsubstituted heterocycle,

one of Ry and R, is selected from the group consisting of lower alkyl, substituted lower
alkyl, lower alkenyl, substituted lower alkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
25 and substituted cycloalkenyl and the other is hydrogen,

one of R3 and R4 is selected from the group consisting of lower alkyl, substituted lower

alkyl, lower alkenyl, substituted lower alkenyl, aryl, substituted aryl, heteroaryl, substituted



R5 is selected fromthe group consisting of |ower alkyl, substituted | ower
al kyl, 20 -CH2(CH2)"-CHOH R , -CH2(CH2)"-CHOH CH2- (CH2) "-NR R',

- CH2( CH2)woCa(1@H)s’NR R', CQ(CH2)-R , -CQO(CH2)"-NR - ( CRRYX/EPaHOite RS9
-CO(CHZ)"-NR' R', -(CHZ)"-NR' S2R", COCI—IZ(CHZ)"-COO—I, -(CHZ)"-COO?',

-(CH2)"-CONR R', -COQ(CH2)"-OR , COCHZ(9€HZ) - COCH2( CH2) "

- COCH2( CH2) " - SR, - COCH2( CH2) ™ COCHZ(CHZ) - SO3H,

- COCH2 (hetd2) ai ISH!:\ﬂEi‘oRyGle -s@&ﬁ‘tl&é@h@t):rocﬁﬂﬁ NycBalkyR Subsotieti2 ()ﬁﬂ?aﬁlkﬁ O0dyetdaidayt, -
COCH2(CHchzo)m CHZ COCH2( CH2CH20) m ( CH2) ™

- COCH Rtipespipited ¢xciez enymdﬁhe other is 90.CH2 CH20) m ( CHZ) "NR OOR',

- COCH2( CH2CH20) m ( CH2) " - NR SO2R", COCH2 ( CH2CH20) m ( CH2) " - COOH,

- COCH2( CH2CH20) m ( CH2) " - COOR OOCH2( CH2CH20) m ( CH2) " - CONR' R",

COCH2( CH2 CH2GY solécB S mBERRoup cBi20E Mwamc@ummm@wml

38 B0 e SO e e
OO e { RN (GREYCHOHCHETIR2LCORO ) (LR A Qs R

- COCH2(- CB@Ph(QEHzaqmmcm)cow COR;),-§ONRR”, -CO(CH;),-OR”,

i %ﬁ@%@%}%ﬁo éigféﬁéin%@&cm(cm)n-som’ -COCH,(CH,),-COR’,

COCH2 ( Ctid 4 (@HIZ)QSJ@QHM (%@SCH}%NR R”, -COCH,(CH,),-SO,NR’R”,

COCHZ CH2 CH2CH20 CH2) " - CONR R
( ( r(C(fészli GOER,(CHAB@® (-8B p-QitH2 CH20) m ( CH2) ™

cocHp( ed
COCH2( "R
mz(%@dht WZ‘%’R ’S@Eﬁﬁgmc%&%ﬁz(cg&'m focH- sor  and 10
- COCH2 SQZRHQ(CHQCHQ(HIH (@BQ)HRQIRE@@RP HMMGHECMz(sﬂL(QIHQQQNRP Smaﬂ"* | ower
al kyl, substituted | ower alk ower d(cl oal kyl , substituted | ower

cycl oal-kKPCHA Qe Ha P hel ) @é@ﬂl@@%( 2R )-COBRer cycl oal kenyl
St iy At ) €A KSR Y OGHREHEHLGP. AT, SRS o915
15 -COCH,(CH,CH,0)m-(CH,)a-COR’, -COCH,(CH,CH,0)m-(CH,)a-SONR'R”,
_COCH,(CH,CH;0)=(CH2)1-SO;NR°R”, ~COCH,(CH,),-(CH,CH;0)m-(CH,),-R,
_COCH,(CH,),- (CH;CH,0)-(CH,)y-OH, -COCH,(CHy)p-(CH,CH0)m-(CH,)n-OR’,
_COCH,(CH,),-(CH;CH,0)-(CH,),-NR°R”, -COCH,(CH,),-(CH;CH,0)-(CH,),-NR°’COR”,
_COCH,(CH,),-(CH;CH,0)-(CH,)y-NR’SO;R”, ~<COCH;(CHy)y-(CH,CH;0)m(CH,),-COOH,
20 -COCH,(CH,),~(CH;CH,0)n-(CH,);-COOR’, -COCH,(CH,),-(CH;CH,0)-(CH,),-CONR R,
_COCH,(CH,),-(CH;CH,0)-(CH,)s-SO:R’, ~COCH,(CH,),~(CH,CH,0)-(CH,),-COR’,
_COCH,(CHy)y-(CH,CH,0)-(CH,),-SONR'R”,
_COCH,(CH,),-(CH;CH,0)-(CH,),-SO;NR'R”, -COCH,-COR’, -COCH,-SOR” and
-COCH,SO;R’ wherein R’ and R’ are as above,

25
m, n, and p are independently 0 to 6,
and the pharmaceutically acceptable salts and esters thereof.
30 Particular are compounds of formula I having a stereochemical structure as shown as

formula A



15 heteroaryl, heterocycle, or substituted heterocycle and wherein R

and R’

may i ndependently link to forma cyclic structure selected from

substi t utwa 20r1/4s25abst i t ut ed cycl oal kyl, substituted or pam@pbeiosiised

cycl oal kenyl, substituted or unsubstituted heteroaryl or substituted or
unsubstituted heterocycle, 20 m n, and0p are independently 0 to 6 and the
phar maceutical ly acceptable salts and esters and enantioners thereof.
25Further particular are conmpounds showg as forpg®.a | B wherein: WO

2011/ 045257PCT/ EP2010/ 065159 -12- X i
substituting group consisted of
R is H 10 R4is H R5is select

al kyl ,

CH2- (CH2)"-NR R', - CH2(CH2) " - o &)’

Far)@

ON Br Y is a nono

or Br, Wis H F or
gp consisting of |ower
R, -CHZ(CHZ) " - CHOH
CO( CH2)

or

substituted | ower al kyl, _CH2

~CO(CH2) "-NR - (CH2) "- CHOH R, - CO(CH2) . - NR R' N ()" NR SCJZR'
COCH2( CH2) " - COOH, - (CH2) "- COOR , - (CH2)"- COAR R, - OQ( CH2) " -

COCH2( CH2) " - SR, - COCH2( CH2) " - SOR , - COCH2( CH2) " - SO2R -COCHZ(CHZ)"-CCR'

COCH2( CH2) * vergin - COCH2( CH2) - SONR R', - COCH2( CH2) ' - SC2NR' R",

10

15

20

25

X is selected from the group consisting of F, Cl and Br,

Y is one to two group(s) independently selected from the group consisting of H, F, Cl, Br,

I, CN, OH, nitro, lower alkyl, cycloalkyl and lower alkoxy,

R, is hydrogen,

one of R, and Ry is selected from aryl, substituted aryl, heteroaryl or substituted
heteroaryl and the other is selected from the group consisting of lower alkyl, substituted lower
alkyl, lower alkenyl, substituted lower alkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted cycloalkyl, cycloalkenyl
and substituted cycloalkenyl,

R4 1s hydrogen,

Rs is selected from the group consisting of lower alkyl, substituted lower alkyl,
-CH,(CH,),-CHOH-R’, -CH,(CH,),-CHOH-CH,-(CH,),-NR’R”, -CH,(CH,),-CO(CH,),NR’R”,
-CO(CH2),-R’, -CO(CH;),-NR’~(CH;),-CHOH-R’, -CO(CH,),-NR’R”, -(CH,),-NR’SO,R”,
-COCH,(CH,),-COOH, -(CH;),-COOR’, -(CH;),-CONR’R”, -CO(CH,),-OR’,
-COCH,(CH;),-SR’, -COCH,(CH,),-SOR’, -COCH2(CH;),-SO2R’, -COCH»(CH,),-COR’,
-COCH,(CH,),-SOsH, -COCH,(CH),-SONR’R”, -COCH,(CH,),-SO,NR’R”,
-COCH,(CH,CH;0)m-(CH3),-R’, -COCH,(CH,CH,0)m-(CH>),-OH,
-COCH,(CH;,CH;0)~(CH;),-OR’, -COCH2(CH,CH,0),-(CH2),-NR’R”,
-COCH,(CH,CH;0)m-(CH;),-NR’COR”, -COCH,(CH,CH,0)m-(CH;),-NR’SO;R”,
-COCH,(CH;CH;0)m-(CH;),-COOH, -COCH»(CH,CH,0)n,-(CH;),-COOR’,
-COCH,(CH,CH;0)m-(CH;),-CONR’R”, -COCH2(CH,CH,0)»-(CH;),-SO2R’,

a,



COCH2( CH2CH20) , 1- (CH2) "- R, - COCH2( CH2CH20) 1- (CH2) "- OH, 20

- COCH2( CH2CH20) 1- (CH2) "- OR , - COCH2( CH2CH20) " 1- (CH2) " - NR R',

COCH2( CHAEBI20)1/0s15CH2) " - NR' COR', - COCH2( CH2CH20) , 1- ( CH2 PCTNR2@ADR159
COCH2( CH2CH20) 1- ( CH2) " - COOH, - COCH2( CH2CH20) 1- ( CH2) " - COOR

COCH2( CH2CHR0) , 1- (CH2) "~ CONR R', - COCHR{-CH2CHR0) 1- ( OH2) " - SR,
COCH2( CH2CH20) 1- (CH2) " - COR , - COCH2( CH2CH20) , 1- (CH2) . - SONR R', 25

- COCH2 (-CHZEHRONICH 012) CH%Q%BRR coc@@cm );ln ((}Qb;lZ@bl&Q)’R’J, (CH2) -R,
CG:H2(CH@)F - CHZCHZO SOH S OOGHDR(CH2) 1, - ( GHR2GHRO0) | 1- (CH2) " -
cocH2( cHELHRAE )Cﬂzzn MR f@OCHxC 2p(CH2CH,0)n-(CH2): R,

COCHZ( cﬁgﬁ%{l (?@Hﬁg% %&@ﬁ >Ngﬁ§o§§%m<cm>p ~(CHCH,0)m~(CH2)»-OR’,

- COCH2(- CBZ)PE(CHQHZC]—]IZ@])IQIGXnQIGHZ')H ~NRAT,, -COCH,(CH,),-(CH,CH;0)m-(CH;),-NR’COR”,

s %ﬁ@@(&%&@ﬁ Q)En((@%%ﬂh%‘lﬁ -CQEH2(CH,),~(CH,CH,0)-(CH,),-COOH,

- COCH2 ) A
COCH2(’cHz © %ﬂ@i@ﬁz% @ﬂ%’ ~CQFRR -COCH,(CH,)y-(CH,CH,0)m~(CH,),-CONR'R”,

cOoCH2( GEQ))CHz((CHH&OEHGIEHéLO)(nGEIGij)rW FEQCH,(CH,)p-(CH,CH,0)m-(CH,),-COR”,

COCH2s%@aHZ(@@E&%?@éb%)E%%oemsﬁg- o gocsﬁdsg? a?gd

i ndependertt,yCHH)|,-CHAH I ROCH,).L WR@%”kWOCH&I@OR’t UtOCH, BB Akkyl , | ower

cycl oal kyl , substituted | ower cycl oal kyf | ower aIkenyI substltuted | ower
aIkEhyICfxﬁkéﬁbRycloalkenyl substituted | ower cycloalkenyl, aryl,
substituted aryl, heteroaryl substituted 5 heteroaryl, heterocycle, or
substituted heterocycle and wherein R and R' may independently Iink

to forma cyland RStarel Hdependsatlyead@eeds fr@mis Wbséd i edibetituted Sesbstalitylf @ drer
cycl oal kyl, substituted or unsubstituted cycloalkenyl substituted or

unsubstveloplkyl. NeseRted propeycomerl lourealkenylunbsiisgtcrden wcrlraybiorgicl e, m n,
and p %3190 eﬁ%@tﬂh{eﬁ 1Qwdi2 cy@]!oa en 1, a&ﬁ ’sulggltlﬁ&?F\S,ﬁthlgteMyLubsﬁ{ut l4 nked to
ycl opr opy

formc cyclobutyl; cyc or cyc exy
15  heteroaryl, heterocycle or substituted heterocycle

and wherein R and R* may independently link to form a cyclic structure selected from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkenyl, substituted or
unsubstituted heteroaryl or substituted or unsubstituted heterocycle,

20

m, n, and p are independently 0 to 6
and the pharmaceutically acceptable salts and esters and enantiomers thereof.

25 Further particular are compounds shown as formula IB wherein:




R8 is (CH2)g-R9, g is O, 1 or 2, 20R9 is selected from hydrogen, hydroxyl,
| oner al kyl, |ower al koxy, |ower cycloal kyl, aryl, substituted aryl.

het er oar yWo 28ulngsistut ed het eroaryl, heterocycl e or substCrmreaoineiisy ocycl e,
and the pharnmaceutically acceptable salts and esters and enanti oners

t hereof. 25Cther particul ar conpounds -42€ shown as fornmula IC R7 R8 WO
2011/ 045257PCT/ EP2010/ 065159 -14- wherein Xis F, d or Br, 5 Y is a nono
substitutinX grQUR oedAsi sted of Hor F, Zis F, d or Br, 10Wis H F, R
is H RAis H RS is selected fromthe group consisting of -CQ(CH2)"-R
-CO(CH2)"-NR R', (CH2)"-CONR R', -CH2(CH2)"-CHOH R, -CI-|2(CI-|2)"-CI-|O-I-

) Ry R R R SR B e

5 Zis F, Clor Br,
Wis H, F or Cl,
R] is H,
10
R4is H,

Rs is selected from the group consisting of lower alkyl, substituted lower alkyl,
-CH,(CH,),-CHOH-R’, -CH,(CH,),-CHOH- CH,-(CH,),-NR’R”, -CH,(CH,),-CO(CH,),NR’R”,

15 -CO(CHy)s-R’, -CO(CH;),-NR’-(CH;),-CHOH-R’, -CO(CH;),-NR’R”, -(CH;),-NR’SO,R”,
-COCH,(CH,),-COOH, -(CH;),-COOR’, -(CH;),-CONR’R”, -CO(CH,),-OR’,
-COCH,(CH;),-SR’, -COCH,(CH,),-SOR’, -COCH2(CH;),-SO2R’, -COCH»(CH,),-COR’,
-COCH,(CH,),-SOsH, -COCH,(CH),-SONR’R”, -COCH,(CH,),-SO,NR’R”,
-COCH,(CH,CH;0)m-(CH3),-R’, -COCH,(CH,CH,0)m-(CH>),-OH,

20 -COCH,(CH,CH;0)n~(CH;),-OR’, -COCH,(CH,CH,0)n-(CH3),-NR’R”,
-COCH,(CH,CH;0)m-(CH;),-NR’COR”, -COCH,(CH,CH,0)m-(CH;),-NR’SO;R”,
-COCH,(CH;CH;0)m-(CH;),-COOH, -COCH»(CH,CH,0)n,-(CH;),-COOR’,
-COCH,(CH,CH;0)m-(CH;),-CONR’R”, -COCH2(CH,CH,0)»-(CH;),-SO2R’,
-COCH,(CH,CH;0)m-(CH;),-COR’, -COCH,(CH,CH;0)m-(CH>),-SONR'R”,

25 -COCH2(CH2CH;0)m-(CH2)a-SO2NR’R”, -COCH,(CH>),-(CH,CH;0)m-(CH2)s-R”,
-COCH(CHa)p- (CH,CH20)m-(CH;),-OH, -COCH,(CH,),-(CH,CH,0)m-(CH2)a-OR’,
-COCH,(CH3),-(CH2CH,0)m~(CH2)a-NR’R”, -COCH,(CH>),-(CH,CH,0)m-(CH2).-NR’COR”,
-COCH»(CH2)p-(CH2CH,0)m~(CH2)a-NR’SO,R”, -COCH,(CH3),-(CH2CH;0)m-(CH2),-COOH,
-COCH»(CH2),-(CH2CH;0)m~(CH2),-COOR’, -COCH,(CHa),-(CH2CH,0)m-(CH;),-CONR’R”,

30 -COCH2(CH2),-(CH2CH20)m-(CH2)a-SO2R’, -COCH(CH3),-(CH2CH20)m~(CH;),-COR’,
-COCH,(CH),-(CH2CH;0)m-(CH2),-SONR'R”,
-COCH(CH),-(CH2CH,0)m~(CH2)»-SO,NR’R”, -COCH,-COR’, -COCH,-SOR’ and
-COCH,SOzR’,



nis 0,1 or 2, R and R' are independently selected fromH, |ower alkyl,
substituted | ower alkyl, |ower cycl oal kyl, substituted | ower

cycl oal kywo 2boveas2sal kenyl , substituted | ower al kenyl, | ®@G@EP2&E0/065159
cycl oal kenyl, substituted | ower cycloal kenyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, hefl&rocycle, or substituted

het er ocycl e, and wherein R and R' may independently link to forma
cyclic structure selected fromsubstituted or unsubstituted cycl oal kyl,
substituted or unsubstituted cycloalkeny substituted or 30 unsubstltuted

heteroaryl & a8distare independentiinsslaséad fram &l lonserclipdyubgtituted lower allg, lompr ar e

cycl ongyyb by SHIERDs3s SR ERER BREbWHTLS K ERPRRE™ i 3o 4

or 2, %Sycloalkenyl Ribtstuted|l@etreyclonemyly aityh gebstitityd aigk \heteréaowesutatitaydd, | ower
al koxy, cycl oa substifuted ryI het eroaryl, substituted
hetesroéFE?Foar}ﬁlel‘ ?@Sﬁ?é)ré\*bsé%}%“‘?tﬁfpé ¥lfiet erocycle, and the
pharmaceutically acceptable salts and esters thereof. 10 Further particul ar
conpounds are conpounds sel ected fromthe group consisting of

rac- (2S, 3S, 48) whefcds BharghB- maf lindepoadehen il tBfofa-achycbe gr@tic woeaep frony 1) - 3-
cyano- 4-

( ( S)-3, S bsgli%.ﬁy(a 8{)@5€%1{U§;%1 og%% ygurbgtlltlu eldno% u%ls&a{lgl?exdy cycf:oaﬁ@n}cljl substituted or

(25, 3Sﬁﬁ)bsﬁnﬁe%ﬂféﬂér@é@t@rg‘ub&tﬁﬁ@d@h@ﬂ%&ﬂtﬁte@%{e%@&lé-2 f1uoro-phenyl)-3-cyan
0-4-(2,2- 15 dinethyl -propyl)-pyrrolidine- I-carboxyflc acid

((S)Q 3, 4- dlhydroxy buty1l)-am de,

rac- (2S, 3S, Y (4 chl oro- 2-fl uor o- phenyl) - 3-cyano- 4- (
2, 2- di net hyl’- négf%”ng&mn@Q§E“;% “carboxylic acid

((S)-3, 4- dlhydroxy butyl) - am de,

rac- (2S, 3S, 45) - 2- (3-chl or o- 2-f| uor o- phenyl 4-chl] or o- 2-f | uoro- phenyl) - 3-

cyano- 4- (2[R %naﬁ%bwwm%hﬁdp@ﬂl hynksd fq &I’incHYﬁl@P!LQPé’ creiRhutyk cxelprentyl or

[ 1-(2- §¥§— 12 met hyl - propyl) - 1H 20 pyrazol - 3-y1] - am de,

rac-(2 ) 2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl)-4-
(2,

Rg iS (CHz)q-Rg,
qis 0, 1 or 2,

20 Ry is selected from hydrogen, hydroxyl, lower alkyl, lower alkoxy, lower cycloalkyl, aryl,
substituted aryl. heteroaryl, substituted heteroaryl, heterocycle or substituted heterocycle,

and the pharmaceutically acceptable salts and esters and enantiomers thereof.

25 Other particular compounds are shown as formula IC




di et hyl - propyl ) - 1- (4- et hyl - pi per azi ne- 1- carbonyl)-pyrrolidi ne-3-carbonitri

| e,

rac- (2S, 38p4b11/@5153- chl or o- 2- f | uor o- pheny1) - 3- (4- chl or oP2TfHPR@OO6TIRENY 1) - 3-

cyano-4- (2, 2-dinmethyl-propyl)-pyrrolidine-1-carboxylic acid

(pi peridin-4-yl nethyl)-am de, -14-

25rac-4- ({[(2S, 3S, 45) - 2- (3-chl oro- 2-f | uor o- phenyl) - 3- (4-chl or o- 2-f | uor o- phe

nyl) - 3-cyano- 4-(2,2-dinmethyl -propyl)-pyrro |idine-I-carbonyl] -am no}

-nmet hyl ) - benzoi ¢ acid,

4- ({[(2S, SS‘ﬂEﬁﬂQ (3- chloro 2-fl uoro- phenyl)-3-(4-chl oro-2-fl uoro-phenyl)-3

-cyano-4- (2,2-dinethyl-propyl)-pyrro |idine-I-carbonyl] -am no}

-nmet hyl ) - benzoi ¢ acid, rac- 4-

{[(2S, 3S, 4S)x &-H,&lohBoy 0- 2- f | uor o- phenyl) - 3- (4- chl or o- 2- f | uor o- phenyl) - 3-cy

ano30 4-(2,2-dinmethyl -propyl)-pyrro |lidine-I|-carbonyl] -am no} -benzoic

aci 4-

{[(2s 35, 4S)Y%a(1%oﬁd"'§&rs9tuan% gf&?%ﬁﬂﬁea/am%r@ chl oro-2-f1 uoro- pheny1) - 3- cy

ano-4- (2,2-dinethyl-pro I'i di ne-1-carbonyl] -am no} -benzoic

acid, WO 2011/045257PCT/EP2010/065159 16- rac- 3-

{[(28 3S, 45); #‘g?Chboro 2-fl uoro-phenyl)-3-(4-chl oro-2-fluoro-phenyl)-3-cy

ano4- (2, 2- di%th bpy1) -pyrro lidine-1-carbonyl] -aninol-benzoic acid,

rac 3-[(2S, 3S,4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro- phenyl)
ﬁyano 4- (2, 2-di net hyl - propyl)-pyrrolidine-1-carbonyl]-benzoic acid,

5ra 4 [(28V§$fﬂsfr2 (3-chl oro-2-fl uor o- pheny1) - 3- (4-chl or o- 2-f | uor o- phenyl

)-3-cyano-4- (2, 2-dinmethyl-propyl)-pyrrolidine-1-carbonyl]-benzoic acid,

rac-(28,38,4S)-2-(3-ch|oro-2-f|uoro-phenyl)-3-(4-ch|oro-2-f|uoro-phenyl)-3-

cyano- 4- (2R-igHyet hyl - propyl) - pyrrolidine-1-carboxylic acid

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

rac- (2S, 3S, 4S) - 2- (3-chl or o- 2-f 1 uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- pheny1) - 3-

cyano-4- 10 2, &-di met hyl - propy1l) - pyrrolidine-1-carboxylic acid

(4-f1 uoro-phenyl)-am de,

racH128,3S 45) - 2-(3-chl oro- 2-fl uor o- phenyl) - 3- (4- chl or o- 2- f | uor o- phenyl) - 3-

cyano- 4- réy Iéeg\?caeéiy #‘?1561(1)%) gro)up Xrgsrls?}nlgdl ng(-)il.éﬁ%r t&oxgd(%ﬁaﬁliTgR’R”

4-chl or o- be

25, 35, 483 Canakor L7 UpIAIONSRY WriAck PRl uonanRIRRY L) -3-cyano

nethyl propy1l) - yrrolldlne 1-carboxylic acid
[ 3- (1HfCthGCdix)fl c@(«}m))nmdh’ylpoa@mek CO(CHz)n-NR’ (CH,),-CHOH-R’, and
15r ac- (%§ 8? 4%3 %TEB chl oro- 2-f | uor o- phenyl) - 3-(4-chl oro-2-fl uor o- phenyl) -
3-cyano- ( @“ ]ﬁ t hyl - propyl ) - pyrrolidine-1-carboxylic acid
(4-myano- phenyl ) - am de,
rac- (2S, 3S, 45) - 2-(3-chl oro-2-fl uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- pheny1) - 1-
(4- cyanobenﬁ@ﬁ@)(HiKZ 2-di met hyl - propy1) - pyrrolidine-3-carbonitrile,

R’ and R” are independently selected from H, lower alkyl, substituted lower alkyl, lower
cycloalkyl, substituted lower cycloalkyl, lower alkenyl, substituted lower alkenyl, lower
25 cycloalkenyl, substituted lower cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted

heteroaryl, heterocycle, or substituted heterocycle,

and wherein R and R* may independently link to form a cyclic structure selected from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkenyl, substituted or

30 unsubstituted heteroaryl or substituted or unsubstituted heterocycle,

Rs, Ry are both methyl, or linked to form cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl,



rac- (2S, 3S, 45) - 2- (3-chl or o- 2-f | uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- pheny1) - 3-
cyano-4- 20 (2, 2-dinmethyl-propyl)-pyrrolidine-1-carboxylic acid

(4- car barmpl2o sl ) - ani de, PCT/EP2010/065159
rac-4-[(2S, 3S, 4S) - 2- (3-chl oro- 2-fl uoro- phenyl) - 3- (4-chl oro- 2-fl uor o- phenyl)
-3-cyano- 4- (2, 2-di methyl - propyl) - pyrr-6$- di ne- 1- car bonyl ] - benzam de,

rac- 4-

{2-[(2S, 3S, 4S)-2-(3-chl oro-2-fl uoro- phenyl) - 3-(4-chl oro-2-fl uoro-phenyl) - 3-
cyano-4- (2, 2- dlnethyl propyl) - pyrrolidin-1-y1]-2-oxo0-ethyl}-2-ethoxy-benzoi
¢ acid, 25r &sis(CH2)Ro,

{4- [(28 3S, 4S) - 2- (3-chl oro- 2-fl uor o- phenyl) - 3- (4-chl oro- 2-fl uor o- phenyl) - 3-
cyano-4- (2, 2-di met hyl - propyl) - pyrrolidin-|-yl]-4-oxo-butyl}-benzoic acid,
rac- (2S, 3S, 453 021 682,chl or o- 2- f | uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- pheny1) - 3-
cyano-4- (2, 2-dinmethyl-propyl)-pyrrolidine-1-carboxylic acid
4mfl%oro-benzylanide rac- 4-

{4-[(2S, 3S, 4b):z § ) ( henyl) - 3-
50 Cyano- 4. (1 R R ez ¢
aci d, substituted aryl. heteroaryl, substituted heteroaryl, heterocycle or substituted heterocycle,
rac-3-[(28,3S,45)-2-(3-ch|oro-2-f|uoro-phenyl)-3-(4-ch|oro-2-f|uoro-phenyl)
-3-cyano-4- (2, 2-dinethyl-propyl)-pyrrolidin-1-y1]-3-o0xo0-propionic acid, WO
2011/ 0452573@4@ HRAREBIDY a’cée7p'table salts and esters thereof.

rach(ZS,SR,4S) (3-chl oro-2-fluoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl)-3
-cygho-2- (2,2 dlnethyl propyl)-pyrrolidin-1-yl]-acetic acid tert-butyl
ester,

rac- [ (2S, 3R AEfPAUUH BRI G FUTRRESY 15'°4d FOm e 9B PRS- Yheny 1) - 3
- cyano- 2- ( 2a2¢28, 384y pehipyol)-favro- phdnlymm(4l ebro-2- aﬁ@ﬁoL@eay‘ll)Grcﬁh@a- 4-
{2-1(2S, 3R 4Séw4 (3- chloro 2- quoroyE %4 chl o 2-f1 uoro-phenyl) - 3-
cyano- 22.2adimethy ratomyD-nyFiefgne-Ingarbax IP@Pﬁ ((S)y3_h -dﬂb’éf%Yat?ﬁtﬂérlamEfE’nzm c acid

t hyl t
oo {2s,eiR?Z%§’?%‘9?%?5(%108%059%:?%% bl 34 yehigro-g-Myorosphenyl)-3-cyano-4-2.2. |\ o
cyalrﬁA)f -d2méthy Rprdppigtplseb Hebino4d ychy baxytic acﬁil((ﬂ)ﬁﬂ-dm&]imayéiuyyl)mmhtel benzoi c acid,
rac
{2-1(2S, 3R, 4% (28 3534nt-61-shlorarphrgyh-Herhiase-Silporospiegy -3 3epedr G- 2oheny 1) - 3-
10 cya%&hglém%ggb g@ﬁguégnpno&yg&xfym&el((sqw aﬂlxr&ﬂogg%ft?ﬂ _&fideo! - benzam de,

rac-2-[(2S | oro-2-f | uor o-phenyl chl oro-2-fl uor o- phenyl)
- 3- cyano- 2- rac-(2S,3S 4S) 2-(3-chloro-2-fluoro-phenyl)-3- (4 chloro-2-fluoro-phenyl)-3-cyano-4-

( 2,2 dl(g‘it({] Xl th?r Olpo%y?) Ipy}lr Elglne car%o;églﬂ: a01d([(1 %& h%dl%xglzh detrhyi(gropy )yljfi acet am d

racy12§yﬁﬁbg§%d4mﬁﬁechloro 2-f1 uoro-phenyl)-3-(4-chloro-2-fl uoro-phenyl) - 3-
cyano- (2,2 |netg§t-propy1) pyrrolidine-1-carboxylic acid

((S)-3, 4-di ﬁWf?&( {3-chlatad&-fluem-pleengl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-
3 S s O LAt o)
et hyl est er ;rac-(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (piperidin-4-ylmethyl)-amide,
25 rac-4-({[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid,
4-({[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid,
rac-4-{[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
30 4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid,
4-{[(28,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid,



rac-4-

{[(2S, 3R, 4S) - 4-(3-chl oro- 2-fl uor o- phenyl) - 3- (4-chl oro- 2-fl uoro- phenyl) - 3-cy
ano- 2- ( 2vP-2diwmasisyl - propyl) -pyrro |lidine-I-carbonyl] - arcm@p2@engase aci d,
rac-[(2S, 3R, 4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl)-3
-cyano-2- 20 (2, 2-dinethyl-propyl)-pyrtelidin-1-yl]-acetic acid,

rac- 4-

{2-[(2s, 3s 459)-3 2{(C3; 35U ro(RcHibrio02-Auprdeshehyh-3=Udchldib O Bucdofpheey 3 pheiy 1) - 3-

cyano- 4- 2-di met hyl - propyl) - pyrrolidin-1-yl] acetyl am nol - benzoic acid
net hyl 4 Ejeiahrnethyl propyé)cpy;‘roh ine-1-carbonyl]- armn% -benzoic acid

2-[(2S, 3S, I 1)-3-
E:yaL(() -4- (21@2 J@)Oj_ ) }l‘{)}ol;?;ffrag%rﬁ%%b 33(4(%'1§11(E:5e2[)yﬁ%1ﬁ>‘ %F%gn o?é(;:l_y‘azzl d,
25rac-42,2- dlrnethyl-propyl) pyrrohdme 1- carbonyl] benzoic acid,

{2-[(2S, 3S, 4S) - 2- hl.o 2- 11 u henyl) - 3- (4-chl oro u heny1) - 3-
cyanb- 4- (2, 32 4% %&/—fﬂ}bw fap OdPIF?nlYB)}I - efiopd- Qﬂ?rﬁ&rheméé%ﬁ ARtz oi ¢
acid Y,

rac- 4”‘%@2@[%1%1% ggbmgyl)fyrrghglﬁleolr%argonfyl]u%erng9lcﬁglr?yl) 3-(4-chl oro-2-fluoro-phen

y1) - 3- cyanoadQS3R48h-2rEd- hlylbltqﬂd‘pytq-plpwwl')d -(4-chloro-2-fluoro-phenyl)-3-cyano-4-

o D S T A g e R SR Horer e KBIS: 2- 11 uor o- pheny 1)

- 3- cyano- 4- 028,38 4S) 2-(3-chloro-2- ﬂuoro hen 1) 3- gt ~chloro-2-fluoro- phenyl% 3-cyano-4-
(2, 2-di et hyl - propy ? pyrrolidin- f? 3, 4- di hydroxy-butyl)-acetamd
U

e, 10 (2,2-dimethyl-propyl)- pyrrohdme 1- carboxyhc a01d (4-fluoro-phenyl)- armde

rac-[ (2S, 3S, 45 enyl)-3
-cyano- 4- fac2 2c§23 mf,-zﬁ?y%‘I pr op % ﬂrljﬂ%or P)IFe By31%14 g1ﬁl%a%e &ro {?}%ngst er,

WD 201%2 Q‘kﬁﬂﬁﬂﬂ?@fﬂdﬁ%%ﬁbﬁﬁﬁ&ﬂ%arﬂc&yhc acid 4- élﬂ@ro(benzylamlde

2S, 3S, 4S)-2-(3-chloro-2-flu chl oro fl uor o- phenyl) - 3-cyano

-4- (2, 2-di Ftt h%$3§14§p;>2t1()’) %W?@tﬂwrﬂ@]ﬁqn%h%%a@blorwafhloaﬁspwy %cualgwr%m de,
2-
([ (25, $&24pethylaropy) pymroliding Iocarbosylic agid [ -tetrgeol-5-y))-phomyll-amide, )y 5
anols ( 2, 2- dirae{29y3S,48)epy3rhlpya-2-dlubch-pigenly ) Safdadriyio] 2-AndoeghchginBed yanadi d
t hyl ter, .5 - . ) ) )
F?zs,y\o,éf igf ﬁlﬁth(vgg%warpaﬂfhmna&r by 5l HeyangmplingDamidgor o- pheny1) - 3- cya

no-4- (2,2-4 I L -
{[(2S, 3s 4s) - mmcﬁggggy Siip Wu%rf%bﬁodg%ﬁr)%glfr QS 186 heny]-1- (Sﬁceﬁlﬁ) 3-cy

ano- 4- b@onzd)d‘i @Emetpybwmyl}pyrrpbdmcdrqaebdmtm@r bonyl] -ami noI benzoi ¢ aci d,

rac-(2S, 3S, 4S hen chl.or o- heny1l) - 3-
Cyano- 4. 10 RT3 U ARChy TSP Ry THo Ry Rar ot oo par Baarmien g SaRo
(4-40 UgQQ =dAReihyl-pr ogm)qg/rrohdme 1-carboxylic acid (4- carbarnoyl—Fhenyl) armde

rac-(2 oro- 2-fl uoro- phenyl%- - or 0- 2-f I uor o- pheny1) - 3-

3S, 49) - 2-
cyano- 4- (2,1ac- 61[69&}%;118)& -6byhlyrop3-fluera-phansl)£- @aﬂﬁ@ﬂ@yl -flgorgepphgnyl)-3-cyano-4-

(3-net S / r
rac- ( Zgzgsd#fg?‘ gb?%yﬁw 118121' :‘jll %aéP%nydh%er?ziTldﬁ (4-chl oro-2-fl uoro-phenyl) - 3-
cyano- 4- (2;rac-gi {ae[(m/BS pSpMB -Xhipyd-2 dluoeh-peend)ca (4 oilyto-2-flaciodphenyl)-3-
( 3- met hanesul fo(%/ pheny
cyano-4-(2,2 rnethyl propyl) pyrrohdm—l -yl]-2-oxo0-ethyl}-2-ethoxy-benzoic acid,
25 rac-4-{4-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-4-oxo-butyl} -benzoic acid,
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid 4-fluoro-benzylamide,
rac-4-{4-[(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
30  cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-3-oxo-propenyl}-benzoic acid,
rac-3-[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-3-oxo-propionic acid,



15rac-(2S, 3S, 45) - 2- (3-chl oro- 2-f | uor o- phenyl) - 3-(4-chl oro-2-fl uor o- phenyl) -
3-cyano-4- (2, 2-dinethyl -propyl)-pyrrolidine-1-carboxylic acid

pyri di n- 3velanideys7 rac- 4- PCT/EP2010/065159

{[(2S, 3S, 4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fluoro-phenyl)-3-cy
ano4- (2, 2-di net hyl - propyl) - pyrrolidi nedT~carbonyl ] -am no}-butyric acid
ethyl ester, rac-4-

{[(2S, 3S, 4S)rac2[((zs 3RM Y 32cHlb i oT-Bupldeshedyh-3=@dchtdtb O AuctofphueyIp3 phemy ) - 3- cy
ano- 20 4(§ 2-di met hyl - propyl) -pyrro I|d|ne | - car bonyl] - am nol - butyric
acid, 22 1rnethyl—propyl) pyrrohdm-l -yl]- acetlc acid tert-butyl ester,

rac- (2, 3, ‘%gé [](38(3 Lfﬁrj'zp Qoo .{'?ﬁ{l&o %H%lih (31 %8@ ﬁ&oiah}%ﬁ?-@%%kﬁ?y 1)-3-

cyano- 4- opy pyrr ol oxy
(3-car tﬁé,@uyinemybpmb)ll-)mtdhdm-l -yl]-acetic acid,

e 420 38 8 e s e S e BT e BT i) S

(3-neth %ﬁrﬁﬁﬁ Toammiy etﬁ’lgp #5 fdin-1-yl]- acetylarmns} benzmc acid rneth%ll ester,
25r ac- ( 2S, 3S,4S) -2 oro-2-fluord-phenyl | oro-2-11 uoro-phenyl) -

3-cyano-4- (1&- 2-{dr[(%i 1!1&HSpﬂdwm)orwrﬂmrwhmefms¢za1cbbmy2+fbloaxphbnyl) -3-

1-neth | - pi i din-4-y1)-and : .
Eacng f?%gﬁgéé2%%ﬂ§%%gg%%V%&%“?K%&ﬁ@?ﬁ*ﬁﬂ@%ﬁ@ﬁo%b?gogﬁW5¥o 2-f1 uor o- pheny1)
- 3 cyano- 4- r£c242{20[(1533ﬂa>487 IM(Q-Q}ﬂo)ro-leﬂlfo@J) déti)L3 YA hRERD AMoEE phdr§H=3-

[ (2S, 3S, 45%{2 (3-chloro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl)-3-cy

anolQl c3anQ-2+(2.2dlimethiily propy bpymp liginr -pll jagetilaminalabdsagide, ami no} - aceti ¢ aci d

t hyl t
Facs ([ (2, 2829235 5463 -shlgrq-2:flworo-phemD)s3-(4schigros2sfuoro-phenyh d-cyanp 2 )y
3- cyanq2 4-difidthgt- gidﬂsget)myhopdmpyw] YD, 4-dih@&r0ky&ﬁlt§b)lﬁloétdmldm nol - acetic
aci d, WO 2011/ 045257PCT/ EP2010/ 065159 -109-

rac- (2s 3S, 48y (25, R4 hfbs-shlore-Libiog- phﬁ‘ém/)ﬁ -(Bellgrac iflypen-phany Dok-evappehy 1) - 3-
f%( ?R§| 1 éﬁ%ﬁ%@%ﬁ% ng{ g&bﬁ%)l - B3]k AER] - £ ARV Ny CoRfh Dmide,
racty 2S, 3S, 48)y-42{(S; 3¢h41$))F4)(2€ﬁ1b1092{ﬁLupimephﬁj1)rl-)3—(440111(1)11002 du@rofpheoylp-3pdyeny-1) - 3-

Cyano- 4 (2 STty RLORNR: YR Fh S SRR G Tel.

5rac- (2S, 3S,:42)- %(QS%RCJM)OJ- -8hlB}oU@moRhﬁM}b-33s4£&1&lal L 28Rsré-fHHPH - RAREY 1) - 4
-(2,2- dinethyl-propyl)- pyridi ne-3-sul fonyl)-pyrrolidine-3-carbonitrile,

rac- 4- E(2&n381 4 ropA)- Byr(xﬂidmeel-zarfobnwﬂ-@mp@érhﬁmelsa(:ﬂ- chl or o- 2- f | uor o- pheny
e R B L i oo
10rae- 42@&&@3QWB§M@§DTgnbﬁdﬁm1gqqmgnggy@ro pheny1l) - 3- (4-chl oro- 2-fl uoro- phe
ny1)-3-cyano rac-4-{2-[(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -benzoic acid methyl ester,
rac-4-{2-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -benzoic acid,
25 rac-4-{2-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -methyl-benzoic acid methyl ester,
rac-4-{2-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -methyl-benzoic acid,
rac-2-[(28,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
30  (2,2-dimethyl-propyl)-pyrrolidin-1-yl]-N-((S)-3,4-dihydroxy-butyl)-acetamide,
rac-[(28,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid ethyl ester,



4-(2,2-di methyl -propyl)-pyrro lidine-I-carbonyl] -am nol-nethyl)-cyc |lo
hexane carbo xylic acid,

rac- (2S, 3804b6)1/@5153- chIoro-2-fIuoro-phenyl)-S-(4-chIorOPETﬂMummm6$hQny1)-4-
(2, 2-

di met hyl - propyl ) - 1- (6- nor phol i n- 4-yl - p¥#4 di ne- 3-sul fony1) - pyrrol i di ne- 3-car
bonitrile, rac-4-

{[(28 38 4S)ya2¢ £838 8P a3 Zhidretor Mudbenyiyl)- 3§ 4hohd-0rfroto-phetgi o3 phapyd) - 3- cy
ano-

4- (2, 21&12@%%1-9@0@5&)@%9@611. eftbryiic eadpyRdinT4-ainkEs.- 2- met hoxy- benzoi ¢

d met hyl
a4 (1] (28 S G A R o B 02 S B P 5 pheny
1) - 3- CMMdﬁI&th’éﬁldﬂﬁ@ﬂhpﬂrﬁqﬂr@w ]Lﬁarﬂmyny@}ahmdj}lfi&nlzelc acﬂdcmgthﬂ'l ester,
- I t h | i id, - 3-
{?En ngOSSnzS)r [(2? 195055k 5{93?-%@%%%%5'(449fé@ﬁOo%-Quér%(f:mlﬁay%:3pw@ﬂ9-f) -3-cy
2?ﬁ3| (g%tge(ﬁfn gh}gllop HARYLliaRY -5 Aldcdiihgsid, - car bonyl ] - ami no} - propi oni ¢ aci d

{[(2S, 3S, 4S)2r_{2[(1%3S;HS)aMS-Zhlfoeraﬁbmphphgny))-B(ﬁ( -dhlotul-2ifloo®-phangh S-praenyit) - 3- cy
ano- 4143 TR P DR AR AL Sorh L) 1881 RORY] - am ot - propi oni ¢

aci d,

rac- (2S, 3S, 4g). (25, 334S)0b03- @hl@rd‘ biRbR- Wlalg ct(lémcilh%l%-lﬂreh&ll)@t@raﬁ@ﬂﬂyl) 3-
cyano- 4- 2- d| met hyl - propyl ) -pyrro i ne-1-carboxylic acid

( 2- Het Ky Qc,(hm[g@ybmop§gwnphémpdecarboxyhc acid (4-fluoro-phenyl)-amide,

rac- (26, 35 480 {Sashi el engrdbUar e BSONI)Scdrohhar s bl yar QuRhany ) - -

(2-di mge Bydlﬁlaﬂlbaﬁﬁ)}blyl-)ﬁiyhy)ﬂﬁimam-dﬁboxyhc acid (3-methylsulfanyl-phenyl)-amide,
rac- (25, 3S ZSH;g} chl oro- 2-f | uor o- phenﬁé) 3-(4-chl oro- 2- quoro phenyl) 3-
cyano- 4- 21@0- 216910 2Pl rasphcay hed- (-t 1eodcflnpro-phepyl)-3-cyano-4-

2-

§acC?W??”%*ﬂ%@“éﬁ%ﬁﬁ@ﬁﬁﬂ%?& Syl acidSomefangsyforybphens Drmidy o o ooy 1
) - 3txyano4- (r2;-2503 S8 3AH 3-philomy 2 fhupya-pladniy B+ 3ne-dhlerar b-finyio} phenple3t diane4- y 1} - ac
etic ac

30r ac- Qgrf@s&g eStebzﬁy(@héwolr%ﬁr%ﬂlaa%Paﬁéﬁyiyvla@ne% chl or 0- 2- f 1 uor o- phen

y1) - 3- cyanO+uc_4-{[(2S,38,4S)-2-(3-chloro-2-fluoro-phenyl)-3- (]4 ~chloro-2- ﬂuoro henyl)-3-cyano-
4- (2, 2-di met hyl - propyl)-pyrrolidine-1-carbonyl]-piperid % acetic

aci d, 4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino }-butyric acid ethyl ester

fé?éi’;Lézi’-B Gl R R R e e
2014y 0 P?FP%Q ﬁilﬂ@ﬂ'carbon 1] armno} -butyric acid,
rac- (28 S 4S) 3-chl oro-2-fl uoro- éezﬂf 4-chl or o- 2-f | uor o- pheny1l) - 3-

cyano- 4- ( 2,r2c-tASEt 263+ @@9110)2@}@?%1)1?@5’ QU9 1e- I%{@illzll) 3-cyano-4-

6- chl -
{oes (2B Tl OL Brody Mol ot R RSl acia (5-carbamoxkprapyamifsi o o bheny1) - 3.
(C%anﬁl 4- ( 2 rfa?e SDSNBB h\S')Lz m-emyﬂo)-E-@bedDbhdﬂM)E& U-ctdo oMb -siehdl)-3-cyano-4-
C or 0- ridin
5rac- (452 1'21“0(1’3%615{%11161“2 I-¢agblip peidy dymeshylgarbpmeylgroryl)-a84ds. pheny1) - 3

-CYygN0-4- 0 -(28,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-

(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (1-methanesulfonyl-piperidin-4-yl)-amide,
rac-2-[(28,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-

(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetamide,
rac-{[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-

30  (2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -acetic acid ethyl ester,

rac-{[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-

(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -acetic acid,



(2, 2-di met hyl - propyl ) -pyrrolidine-1-carboxylic acid

(1- met hyl- 2- oxo- 1, 2-di hydro-pyri di n-4-y1)- am de,

rac- 4- [ ( 2802811485252- ( 3- chl or o- 2-f | uor o- phenyl) - 3- ( 4- chl ecoAP2610065169 pheny 1)
-3-cyano-4- (2, 2-dinethyl-propyl)-pyrrolidine-1-sul fonyl]-benzoic acid,

10r ac- (2S, 3S, 45) - 2- (3-chl or 0- 2-f | uor o—-pheny1l) - 3- (4- chl or o- 2-f | uor o- pheny1) -
1- (6-chl oro-

pyri di ne- 3- sad-{28138L4S 42 (2 cRlo£5- Db -p g9 DY3-)4- W00} -fdbidepizngla3baahs 4l | e,
rac-(2S,3S ,452 -2-(3-chl org-2-fluoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl) - 4-
(2, 2- (2,2-dimethyl-propyl)-pyrrolidine- 1-carboxylic acid methylcarbamoylmethyl-amide,

di met hyl - pr py (o, 35 48 23 L ctoRs- SIS A rday I At N8nsroSs il SRYHen Py 13- Qlahgliane- 3- ca

rbonitrile,

r ac- ( 2$2.2SlidbihyRplodyhpyorotid e 1I-coobmeyibib @anid prlan{oddmdthpraomide f | uor o- pheny1) - 1-
6-chl oro- 15

.(oyr idi ne- 3- daF oy a2 chlom-tduata-PisnsPyrit-pieicot-flupiRaets s Gm-t ri | e,

E ac (2Sirdcth§ProBylh-3- GHHAME-325ul b HPH ByRBAMALS: e, Or 0- 2- T uor o- pheny 1) - 4-

di et hyl - pr opyr4X{[12%.8S 48p2413 8hvir 2 ehfwrpphéengiad< $-chlarddfipdyo-phenybt 3-dyame- 3- ca
bonitr, ) ... ) . .

o 542 digyethykpsonyl)-Byrelling: rsprhopy AT e iy g hesne s linagiy 1) - 4-

2, 2-
((ji met h;ﬂle-t%};lggti%) -1-(1-net hyl- 6-oxo-1, 6-di hydro- pyri di ne- 3-car bonyl ) -pyrroli
di nE) 3- car bawd-(i{[(2S,3285 ké=(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
g Lf) _2521_34(- ! ?z?‘@@%ﬁ@j@%&éyg*@%@{dﬁrg@;-ggr%ﬁﬁyﬁy-%&ﬁl%}ilﬁét%%-%ry&bEégahé'é’ah%x%@ ) - 3-¢y
l'i di ne-1- E:arrb@msldS,a$r)LIH§3-—clliIIdeﬂyJﬂ)mB)-ﬁlmanW(&ﬁﬂd@Lxﬂa@ﬂodphmple(ze}:t er,
rac-4-(((2S, 3S, 4}5‘%- 2-(3-chl oro-2-fl uor ophenylb- 3-(4-chl oro-2-f] uorophenyl) -
3- cyandimethylprparhyH@yiremhe in-Aal-pyeiding o arioas) mytriidne 2-¢aabardtkibenz oi ¢
aci d, A . } e } A )
261 ac- (2R 3898 1G58 AN oo oo hsmy - G- hlergry uoso ey s S Yaosny 1) -
3- cland-@;2-{i2nc2hydipmeyiyh)yp yrpelaiyd- ) -cpponyl]-adhing - -nedrongsbehiaic add anddlgri zytegm de,
N[ (25, 35 459<-5-({620AP 8P 5223 1o 1969-g- inEsy g A {43 hleer-6-borq-pbmeDphievipey - 3-
rorSS b A it S st Lobeprenssy g -
30 .cy’ano: 4- (r@q-2={¢ﬁ2ﬁ’éismﬂ)-%(b@qm-bﬁnmm-phenyl)ﬁ-(4-chloro-2-ﬂuoro-ph.enyl)-3-cyano-
oA B A0 ARG A B
cyamp - 4- (2 rdc-9i kg 4nroaydhlotey2-fAforo-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
| i di ne-I-carbonyl]-am no}-net hyl ) -2-nmet hoxy- benzoic acid, WO

2011/ 04522 ortisproamyl e 1dglineg f-carbonyl]-amino } -propionic acid,
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-methylcarbamoyl-ethyl)-amide,
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
25  (2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-dimethylcarbamoyl-ethyl)-amide,
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-carbamoyl-ethyl)-amide,
rac-{1-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-piperidin-4-yl} -acetic acid ethyl ester,
30 rac-{1-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-piperidin-4-yl} -acetic acid,
rac-3-[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-propionic acid,



4-( { [(25,3 S,4 S)-2-(3-Chloro -2-fluoro-phenyl)-3 -(4-chloro
-2-fluoro-phenyl)-3 -cyano -4- (2, 2-dinethyl-propyl)-pyrro

| i di ne-| -warbowmgsls7- am no} -nmethyl)-2- fluoro-benzo ic acirdroebiogiisest er,
rac 4-(

{[(2S, 3S, 4S) - 2- (3-Chl oro-2-fl uor o- phen) - 3- (4-chl or o- 2- f | uor o- pheny1l) - 3-cy
ano- 5 4-(2,2-dinmethyl-propyl)-pyrro |lidine-I|-carbonyl] -am nol-nethyl)-2-
fluoro -benzec-(38,348h-2-(3-chlors=Pifludto- ﬁhe(nyl) 3- (4 chloro-2-fluoro-phenyl)-3-cyano-4-

{[(2S, 3S,49) - 2- §3 Chl oro-2-fluoro-p qi14 chl oro- 2-fl uor o- phenyl) - 3-
cyano i&J(Cszthd a@m&)myrjﬁo&;ém)L wbwhp |ae|1|dr{é l%@rpmﬁlm yiagthylmidss hyl ) - 2-

fl b

(Lo 3m ARSI 3G shipfhbrdkaeny)-35(4 dploer 2 uorg-plieny -cyanocds o
cyano {22(dEm2thgi-peiphiipypotipint) 1~@yboxylic |ad1|dr(é-olhloa:a4pbndnyﬂ3 ybamidgl - met hyl ) - 2-
fl uoro-benzo i i

{[(25, 3S, 45)2e(3533 ac%%%?—&ﬁgﬁbm%-ﬂaowﬁéww-%(%ﬁll%rﬁr%ﬂaorﬁ-ﬁheawé-cgﬁgwl) 3-cy

ano- 4- 2 2_dimethyl-pro olidine- 1-carboxylic acid (1-methyl-2-ox0-1,2-dihydro-pyridin-4-yl)-
(2, 2- dI(ITEt hyl - grgppy)) pgf/rrro I'1 di ne- 1Xycar bon(y ]-a}Fn noX- 2- rret% pggnzm g aci d.

The conrpudmds of fornmula | and I as well as their salts that have at | east

one asymetric prese rac r

Tt erant . sCErAdRSoR O 2 Hremo R L 08 PRBREDs-Erm e T Lio Bt Sestaupr

separ at® oy RefpyB- Iﬁrrr»ohﬁfﬂéilnﬁﬂﬁg&ﬂméﬁzow acid, Conpounds disclosed herein

and covered by formula’| and || above nag exhi bit tautonerism or structural
t

i solferi sm  Irec-(28. ihéBndtedchlpen-2flerd-pheanbi ot -eetonp dygesphenyl) de(Ctehiaremer i ¢

or str d r tures of such forns,
and is%ﬁ"t ? {n% ﬁ%ge {) hé;d%%neg&lé)g?@%ﬁycgMg&rﬁpeé?'rcﬁ% Iﬁﬁé i someric form

depi ct ed i nrah@ 38, 48)-283-ahlons2-fluoro-phehph- 3 OREdbIRAS flabrot flenpl)-eis@rn-
invention are useful in the treatnent. or control of cell proliferative

di sor dékinget Vhprﬁaylthlcﬁ@rtaﬁo bfrdne-euidiae-sonery)-pyrelidndreathentsicand
formul ationg,2eCcani@y SfﬁBFHDfM&g@ clﬁ?ropfﬁhb n;é@h&%re g{h‘l’dro' n the

treatment or c nt’rdl }Iﬂﬁ? tunors or exa col on,
| unty ampgripimosi- ea:rbaortyh)nzt}(xz d1rnethy1 prophigpapelidinedtdayboaifittiéct i ve amount of a

S 01T et | vent O Chon sty JbaRap b B aterocy AppBrbeal 4ol scase o

pr ol onglﬁlaﬁyﬁllstroﬁygql (6 xok M- MRS {ridIRE B akioRIN SHlrro BRI iR, Of @

therapeut|ca fective am)unt IS Wt hé "ski | in the art
2011/ 045257|¥®F(EP18)4$))LZ)65¢1519M mofﬁaphmm)fh@emlomaz ﬂyomfpleuyh)«ﬁe(zaamunt or

dosa e { d . accordjn nvent a t

o s e OB AR e - S o Rinfo b o Btew 1
be zgj ust ed rh@41(hR2$,B9Ugi- Ql@lchfo‘?&-@-ﬂhﬁ)@@-@h msmmoﬁazlﬂu@td Pher§HSEcyano-

i ncl udi n& t he speci fiic conpound bei ng m ni stered, the route of

adni ni $tEat-forethylpsopdhplireg lsing cw@onyllrame@} metégl)ﬁemthagybh@omwé nt bei ng
treat e% Illrlegt%peral in the case of oral or parenteral adm nistration to
adul t hum%s Wei ghi ng approxi mately 70 Kg, a daily dosage of about 10 ng to

about 10, 00Qadgvg(((R e‘sg:sa\m(y dhﬂdimZammibplﬂa(ﬂQI)mth chl@d o ludropBéhygs-cgdnowd-d be
appropri at e, althoug the upper Iimt may be exceeded when indicated. The
dai |y A6eREFEIRYRO b’éneahﬁ?ﬁbpé%féﬂéﬁnﬁgy%zsmﬁ&PéYh%ﬁ%c6?1 in divided doses, or

foryparent engl (3 BEHS [ RLhBR-2! AuoPREhdi 1) -YLLH B -SHIbIIIHRMS 1)L 1E Hsb o
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid benzylamide,
rac N-[(28S,385,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzamide,
chiral 4-({[(28S,3S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
30 cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-benzoic acid,
chiral 4-({[(2R,3R,4R)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-benzoic acid,



10 Formul ati ons of the present invention include those suitable for
oral, nasal, topical (including buccal and sublingual), rectal, vagi nal
and/ or pawerntvawmb2sadm ni stration. The fornul ati ons nmay eOmEPRIION631F9 be
presented in unit dosage formand may be prepared by any methods well known
in the art of pharmacy. The anopunt of -attive ingredi ent which can be 15
conbined with a carrier material to produce a single dosage formw il vary
dependi ng upiof([(BS SMIHL2-BeChIgrd-L FRbas phag V& (4-cldsrot Delupar-plicayl) B cyuaelel- of
adm ni stration. The anount of actjve |ngr edi ent whi ch can be conbined with
a car r i(&2-dimedyl-aropyB-nyrioidie- lacasbarylleains agecthd-prtiore-bepeaisr asid yewal ¢ hat
amount of .a fornula | conpound which produces a therapeutic effect.

Gener al y,’ out of one hundred percent, this anobunt will range from about 1

percent to abodd {[2Z8,5%,A8})-9-(BHGhdorper-ieind- phényi):Bi(ﬂe:hlomg-@eﬁiiowq)hergﬂ)e.‘neymml-y
from abo ent to abaout 7 rce abI fram about 10
per centt (5@2 315‘%61%3’ )rlesé‘mhd%?ﬁ%@enﬁ a@ﬂ‘gf% tﬁaﬁ WQIothspEA ¢ a%ROns or
conposi ti ongpj K- ?{T&S@S%S%t-%ﬁse@hlo% lszgio@&gh&{ﬂ) -85 Qﬁl'o‘?é b Fhofb- ﬁ%ﬁgﬂuﬁd of

the present invention wth carrier and, optionally, one or
accessoyynd-Hge Sdiimnthsl- pﬂomylggryanhdmeilh@rlﬁanyﬁﬂtﬂmmo bﬂmtla}rl)a21ihlepab@ao lpyacid,

uniformy a ass co und of t

present i nvéﬁ{r %ﬁﬁf Bﬁnzg(gc@ﬁ? uo@rﬁ}eﬂaﬁ]é &d‘f fagﬁ%@r %\151& ers,

or bot Ryamnal (2, bQﬁ'meﬂhEzl ﬁ@f@g%@mhdﬁeﬁlma@&ﬂynearﬁh@%&&hylfgrﬂmk@bmeﬁs 2fd the

i nvention suitable for oral adm nistration may be in the formof 30

capill @é8d, cachets, sachets, pills, tablets, |lozenges (using a flavored

basi s, usuaII c rotr t 0, f | es, ,or as
D Ul RS BER TR0 AR AR L ARS TR Mo PR ARG

oi | -1 n{2@tdtmethiyl- pﬁip@l)-pyn-oﬁdinelll wﬂb&yﬂnﬁhﬁlbmrmeﬂhyﬁbelﬁﬁlceﬂcicb(l r or syrup, or
as pastilles (using an inert base, such as gelatin and glycerin, or sucrose
and acacia) and/or as WO 2011/045257PCT/ EP2010/ 065159 - 23- nDuth washes
and the Ii kqhe%@ﬁlgoﬁﬁ)(ﬁto@f&rﬂﬂa Paktf ﬁ%w’eﬁ% ﬂ%ﬂr QPHA geﬁfe a8 16%92' EH]%L& tﬁche
present invention as an active Ingredient. compoun e presen

I nVENt icerbomatorahmy bberadnt asirsdoatie thigare obdlffesent steemiisoarcys. dihe pasde. isdiidre
present | ven rOV|des net hodg for th nt hesj s of N-substituted

pyr r ol i8f Re&o b RERIBLRALIGEN PREOHn et SIEPTEAETBEY pr epar ed by pr ocesses
known in the art. Suitable processes for synthesizing these conpounds are

provided in the exanples. Conpounds of this invention can be synthesized
accor di ng t dCanttwuhdd diselpsed hyeme azd comresiddyefhﬂsula'l“hed Kleabove amagfeshibiit i on is a

convergent [2+3 ddition o d.actj.vated olefin IIl to
Gener atSRPRR PR SRSl e e BEe SRR EoateSes Pt 1 ve
MaNmEr tautbi@edd 6f dtrudbiraBiddhdral fHrmbetiRkd AhpMETR ¢lirdukds oF¥adH RPhS A8 is@n be
synt hesi zed by nethods known to those of ordinary skill in the art.

Pr epar dtnitpdgo gy P @ripserigos strugtuzghgomperic fran depicted in the formulas above.

The compounds of the present invention are useful in the treatment or control of cell
proliferative disorders, in particular oncological disorders. These compounds and formulations
25 containing said compounds may be particularly useful in the treatment or control of solid tumors,

such as, for example, breast, colon, lung and prostate tumors.

A therapeutically effective amount of a compound in accordance with this invention
means an amount of compound that is effective to prevent, alleviate or ameliorate symptoms of
30 disease or prolong the survival of the subject being treated. Determination of a therapeutically

effective amount is within the skill in the art.



15 illustrated in Schene 1 and 2. In general an appropriately selected

al dehyde or ketone can be reacted with nethyl am ne or

C-tri net hwbaniiamyissmet hyl am ne in CH2Cl2 to generate i mpogEPRo18/065159 1 b and
were used as crude products without purification (Schenme 1). WO

2011/ 045257PCT/ EP2010/ 065159 -24- Schef® 1 0 MS, CH2CL12N A RT,

over ni ght Rl R2 An internediate of formula Il can be nade from a

base- cat al yzed teenstarfisaly dfectie@sib@n oddoappodpbapeind &eddaigad this
substi tut ed- phenyl acetonitrile and al dehyde or ketone. The reaction 5
pr oceed&&Nfign gamhyayy MjithieyidsdBnigcandyaaygmé@ermipetin 2 mamiee knggen frHBe aj or or

orcl U85 R LSSARCE e AL A D PROARR ko
base capalifiz esnjoudrd(h) poingradoyristomddiht iraute bEadrhinduratidiehd Cordjticeyisdimgpietitdd, on
ek 905 MadiomER e Lg% dipol e AN sLeine o oglapnl s,
pr ocedyffR humans weighing approximately 70 Kg, a daily dosage of about 10 mg to about 10,000 mg,
preferably from about 200 mg to about 1,000 mg, should be appropriate, although the upper limit
may be exceeded when indicated. The daily dosage can be administered as a single dose or in
divided doses, or for parenteral administration; it may be given as continuous infusion.
10
Formulations of the present invention include those suitable for oral, nasal, topical
(including buccal and sublingual), rectal, vaginal and/or parenteral administration. The
formulations may conveniently be presented in unit dosage form and may be prepared by any
methods well known in the art of pharmacy. The amount of active ingredient which can be
15 combined with a carrier material to produce a single dosage form will vary depending upon the
host being treated, as well as the particular mode of administration. The amount of active
ingredient which can be combined with a carrier material to produce a single dosage form will
generally be that amount of a formula I compound which produces a therapeutic effect.
Generally, out of one hundred percent, this amount will range from about 1 percent to about
20 ninety-nine percent of active ingredient, preferably from about 5 percent to about 70 percent,

most preferably from about 10 percent to about 30 percent.

Methods of preparing these formulations or compositions include the step of bringing
into association a compound of the present invention with the carrier and, optionally, one or
25 more accessory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing into association a compound of the present invention with liquid carriers, or

finely divided solid carriers, or both, and then, if necessary, shaping the product.

Formulations of the invention suitable for oral administration may be in the form of
30 capsules, cachets, sachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or a suspension in an aqueous or non-
aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or syrup, or as

pastilles (using an inert base, such as gelatin and glycerin, or sucrose and acacia) and/or as



WD 2011/ 045257PCT/ EP2010/ 065159 -25- Schene 3 libl111V For mul a
IV is subsequently converted to a) fornmula VI either through internediate V
or by reawOi2og/wbsh | socyanate; b) fornmula VII by am deprCompatioossiss t h
various acids using HATU 5 as the coupling reagent; c) formula I X via
internediate VII1 followed by am de foeRdation with various am nes (Schene
4). The amde formation fromIV to VIl or VIII to I X can al so be achi eved
under ohdigh washdiahd @eslikésédry cEReniandplddBermihc@X@abyit ofllcompdendst thhie
coupling reagent to activate the acid V. WD 2011/045257PCT/ EP2010/ 065159
-26- SR Bventiopgy/pp activeypgredient. A comepayah o themicseBiay¢tion gnagradsole

fol |l ows . (.8 / , 5mn; (b) HNRS5R6/ TEA/ CH2C12, rt, 30m n;
(c) R\gﬁg?%g:@tfﬂ%ﬁbxﬁg%g%g?r%g’?es R7COOH HATU i Pr2NEt/ CH2C12, rt 2 hrs,
or R7COCL/i Pr2NEt/CH2C12, rt 2 hrs; (e) BrCH2COQ Bu/ Cs2CO3/ DVF, rt,

over ni ght; TFA/ CH2C12, rt, .3hrs; HNRSRG/ HATUL i Pr t/CH2C12. rt, 30
mn.> g (’I%e preser%l_ljnventlon prov1c§es rnetho((gs)for the synthesis éJ][ II\I-su sﬁ%ute%yrrol%dmes.

The compounds of the invention can be prepared by processes known in the art. Suitable

processes for synthesizing these compounds are provided in the examples.

Compounds of this invention can be synthesized according to the following general
10 schemes. The key transformation is a convergent [2+3] cylcoaddition of imine II and activated

olefin III to generate pyrrolidine-3-carbonitrile compounds IV in a stereoselective manner.

The starting materials are either commercially available or can be synthesized by
methods known to those of ordinary skill in the art. Preparations of intermediates II and III are
15  illustrated in Scheme 1 and 2. In general an appropriately selected aldehyde or ketone can be
reacted with methyl amine or C-trimethylsilanyl-methylamine in CH,Cl, to generate imines Ila

or IIb and were used as crude products without purification (Scheme 1).



The pyrrolidine compounds I, VI, VII and | X are prepared initially as a
racem c m xture 10 and can be chirally separated using chiral Super Fluid
Chr omat ogwvaphy/(SiC) or chiral HPLC or chiral col um chioraEregoapslye For
exanple, racemc mxture of formula | can be readily resolved into two
optically pure or enriched chiral enanf4omers la and I b by separation using
SFC. (Schene 5). WD 2011/045257 racem ¢ m xture EXAMPLES

PCT/ EP2010/ 065159 -27- Schene 5 Scheme The compounds of the present
invention may be synthesized according to known techni ques. The foll ow ng
exanpl es and references ar® provi ded w9 @adci he under‘siandi ng of the

present inven{ion, the-trug scope of which’id set forthh in the z% pended
a

clains. 10ExanPlly | a PrdparatRon of jat ate
[ 1- (3-chl or o- 2-f | uor o- pheny1) - net h- (E;?Z ﬁﬁgﬁg] -met Rl - Ry ne

<
| 0 CH,CI Sik/
\SL/ + )J\ T IN 1ib
R
NH, iR RT,3h )\
R; R,

An intermediate of formula III can be made from a base-catalyzed condensation reaction
of appropriately selected substituted-phenyl acetonitrile and aldehyde or ketone. The reaction
5 proceedes in a highly regioselective manner with Z-isomer as the major or exclusive product.
Scheme 2
aq.NaOH/iPrOH |
X
Y;©/\\N + R‘*)L R, N ¢ SN
X rt, overnight X

11

As illustrated in Scheme 3, pyrrolidine of formula IV can be made from of intermediates
10 Haor IIb, and III by a base catalized 1,3-dipolar cylcoaddition reaction. The [2+3] cycloaddition
reactions of azomethine ylides 1,3-dipoles with olefinic dipolarphiles to form pyrrolidine ring

formation have been described in published procedures.



M W 171.6 C8H/FCLN 15A m xture of 3-chl oro-2-fluoro-benzoal dehyde
(GCakwood, 979% (1.59 g, 10.0 mml) and nmethyl amne (2.0 Min THE, Aldrich,
7.5 nmL, NMSOQonmabls7in CH2Cl2 (20 nmL) was stirred at rt ecemreghsesiFhe
reaction m xture was concentrated and the residue was dried under reduced
pressure to afford -25-

[[1-(3-chl oro-2-fluoro-phenyl)-nmeth-(E)-ylidene]-nethyl-amne (1.72 g,
10099 as colorless oil which was use@chéméBe next step without further
purification. 20 Exanple Ib Preparation of internediate

[ 1- (3-chl or o- phenyl) - net h- (E) -yl i dene] - net hyl -am ne WO

2011/ 045257PCT/ EP2010/ 065159 Rpg-Rs A mixture of 3-chforg~hamnzoal dehyde
(Al drich, 979%'N(4.21 g, 30.0 |) and nethyl amine (2.0MiY THF R,Al drich.
22.5 m., 45.0 ) in CHg T The
reaction m xRgr eRpas conc ed and—theresidue™wag-o g under reduced
pressure to aff ord [[1- (3-chl or o- phenyl yt; evetdightE) - yl i dene] - met h)l - ami ne
(4.60 g, 100% ;pas 5 colorless ojfy which was used in the next step without
further purification. Exanple I c Preparation of internediat¥®

[ 1- (4-chl oro- phenyl)-net h-(E)-ylidene]-nethyl-amne C1 10M W 171.6
C8H7FCLN /A m xture of 4-chloro-2-fluoro-benzoal dehyde (Matrix Sci,
3.17 g, ZOO’mmI)andnethyIR Be(ZOMlnTIEIF Allq' Nip L, 15. 0

mmol) in CH2CIR (20 nlL) was stifred at rt overnight. The xture
was concentratléd and the y AcOHAH2ZOdEVIPACd to afford
[[1-(4-chl o2 | uoro-p - et h- (Ej=ytidenel=netg ne N\3.32 g, 15

97.0% as colorless oil i ch was used rtovedagsheext step Wit houtNfurt her

purification. kanple id I v

Formula 1V is subsequently converted to a) formula VI either through intermediate V or
by reacting with isocyanate; b) formula VII by amide formation with various acids using HATU
5 as the coupling reagent; ¢) formula IX via intermediate VIII followed by amide formation with
various amines (Scheme 4). The amide formation from I'V to VII or VIII to IX can also be
achieved under other conditions using EDCI and HOB or oxalyl chloride as the coupling

reagent to activate the acid V.



Preparation of internediate

[ 1- (4-chl oro- phenyl)-neth- (E)-ylidene]-nethyl-amne Cl 20M W 188.6
C8H7C12N WO 2011/045257xt ur e of 2, 3-di chl or o- benzoal dehyde Pardreei/063550 g,
20.0 mmol) and nmethyl amne (2.0 Min THE, Aldrich; 15 nL, 15.0 nmmol) in
CH2C12 (20 mL) was stirred at rt overn@ht. The reaction mxture was
concentrated and the residue was dried under reduced pressure to afford
[[1- (4-chl oro-2-fluoro-phenyl) - net h-§dakm¢Mi dene] - met hyl -am ne (3.62 g,
96.3% as colorless oil 25 which was used in the next step w thout further
purification— W) 2011/04525 / EP2010/ 065159 -29- MW 185. 39
CLOH23C12NSi To aO ol utipn of (anlnonethyl)trlnethylsk}ane;ﬁFIuka)
(1.03 g, 10 [ oflonet hane (20 nL) was added
3, 3-di net hyl rlTéAI rich) (.0 g, 10 mml ). p2>THEN eackion

m xt ure was tepperature for 3 h. Water 4 geds

organic | aye éﬁ, shed with brine, dri¥g T \gS®, and
concentr at ed : X A\

di met hyl - but|- (E) - ywldene -tr| t hyl si | anyl net hyl -am ne as a Ol orl ess o
(1.8 g, 97% . Exanple 2a 1l0Preparation of internediate VI

(2)-2-(4-chl oro-2-flyoro-phenyl)-5,5-di net -hex-2- enenitrile d MW
251. 7 Cl4H15FCIN To | %ol ution of 4-chlor®-2-fluoro-benzyl oganide
(GCakwood) (1.70 g, 10.0 mmol ) and

y

VIII
Reagents and conditions are as follows: (a) COCL/TEA/CH,Cl,, rt, Smin; (b)
HNR;sRs/TEA/CH,Cly, rt, 30min; (¢) RsN=C=0/CH,Cl,, 1t, 2 hrs; (d)
5 R;sCOOH/HATU/iPr,NEt/CH,Cly, 1t 2 hrs, or R;COCl/iPr,NEt/CH,Cl,, rt 2 hrs; (e)
BrCH,COOtBu/Cs,COs/DMF, rt, overnight; (f) TFA/CH,Cl,, rt, 3hrs; (g)
HNR;sRs/HATU/iPr,NEt/CH,Cl,, rt, 30 min.

The pyrrolidine compounds I, VI, VII and IX are prepared initially as a racemic mixture
10 and can be chirally separated using chiral Super Fluid Chromatography (SFC) or chiral HPLC or
chiral column chromatography. For example, racemic mixture of formula I can be readily
resolved into two optically pure or enriched chiral enantiomers la and Ib by separation using

SFC. (Scheme 5).



15 3, 3-di net hyl - butyral dehyde (Al drich) (1.0 g, 10.0 mmol) in iPrOH (20 nl)
was added 2 N NaOH (2.0 nlL) dropwise at rt and the reaction m xture was
stirred avorbiioMezsni ght. The reaction m xture was dil ut edTwpreénomsse and
the organic | ayer was separated, washed with water, brine, dried over
Na2SO4 and concentrated. The resi due wa% dried overnight in vacuumto give

(2)-2- (4-chloro-2-fluoro-phenyl)-5, 5-di nethyl -hex-2-enenitrile (2.52 g,
10099 as a colorless oil which 20 washused i n the next step without further
purification. Exanple 2b Preparation of internediate
(Z)-2-(4-chloro; ®- pheny1) - 4- cycl oproR?yI -but-2- eneniRryi N2§ d WO
2011/ 045257PCT/ P2XQ10(.065159 -30- MW 235, A CH3ALIFCIN R/~ sol ution
of 4-chl oro- sbemzyl  eyalterdetifrogk of) 313%, g 2OY0 oY Z‘R%fd
cycl opropylx | delyde (AFdrich)y—1. 68 . 20. 8. mmo) Pr'g—l (25 ni)
was added 2 N NaCH (2.'0 nlL) dropw se a and \\{\l\pe reacti O m xtore was
stirred at rt overhight. The reaction 5 m xture was diluted with Et0Ac and
the organic | ayer was separated, washed with water, brine, dried over
Na2SO4 and concentrated. The residue was dri‘ed overni ght under“_’r educed
pressure to affgpigmixture chiral chiral
(2)-2-(4-chl oro-2-fl uoro-phenyl)-4-cycl opropyl -but-2-enenitrile (2.36 g,
50.0% as a colorless oil which was used in the next step without further
purificati o EXABRPX&Spl e 2c Preparation of internediate
(2) -53-(3-chl or o- 2-fl uor o- phenyl) - 2- (4-chl oro- 2-fl uorophenyl) -acrylonitrile
d M W 310.13 C15H7C12F2N 15To a sol ution of
4-chl or o- 2- fidRbARBHERL! AGRL RBLdnF inventidYBrhky ¥4 s &ize@@gdﬂ%ﬁh% t AR wWAT
chl oro-2-fl uorobenzal dehyde (Oakwood) (5 g, 32 nmmol) in nethanol (200 mi)
was s| éedhpiqudsddic 4o ipvina asdmples andutciaenceprigrmiretvided® amd thegundérsigoding mf the
met hoxi de (21 . 92 mml ). The reacti 1L Xt ure s heated and stirred at
25 ¢ 1 areshihvdiionyife IR adans DT SUAFAR M g0n B afptfle SPRMERG"TT 1 er ea: The
white precipitate was washed with water, cold nethanol, and then
10 Example 1a
Preparation of intermediate [ 1-(3-chloro-2-fluoro-phenyl)-meth-(E)-ylidene]-methyl-

amine

N

| F
k©/c1
M. W. 171.6 CgH,FCIN

15 A mixture of 3-chloro-2-fluoro-benzoaldehyde (Oakwood, 97%) (1.59 g, 10.0 mmol) and
methyl amine (2.6 M in THF, Aldrich, 7.5 mL, 15.0 mmol) in CH,Cl; (20 mL) was stirred at rt
overnight. The reaction mixture was concentrated and the residue was dried under reduced
pressure to afford [[ 1-(3-chloro-2-fluoro-phenyl)-meth-(E)-ylidene]-methyl-amine (1.72 g, 100%)
as colorless oil which was used in the next step without further purification.

20

Example 1b
Preparation of intermediate [ 1-(3-chloro-phenyl)-meth-(E)-ylidene]-methyl-amine

'kc(m

M.W.153.6 CsHgCIN



20 dried under reduced pressure to afford

(2)-3-(3-chloro-2-fl uoro-phenyl)-2-(4-chl oro-2-fluorophenyl)-acrylonitrile
as a whi twopondas25(8 g, 86% . Exanple 3a Pr e paPatrir®n010/065159
intermedi ate rac-(2S, 3S, 4S)-2-(3-chl oro-2-fluoro-phenyl)-3-(4-chloro-2- 25
fl uoro- phenyl)-4-(2, 2-di met hyl - propyl)-2¢yrrolidi ne-3-carbonitrile WO
2011/ 045257PCT/ EP2010/ 065159 -31- NH d CF N MW 423.3 C22H22C12F2N2

To a sol uti gon@fture of 3-chloro-benzoaldehyde (Aldrich, 97%) (4.21 g, 30.0 mmol) and methyl
[1-(3- chIortoIuoro%Benl - et h- ylidene] -net hyl -amne (1.72 g, 10.00

mol ) &REng 28 i el Hdech @@F&%ﬂé‘ﬁ?‘lﬂ) nsCIs&@h@m;«o yRegupchHdhi tril e
(2 52 Q)’Verjn?%hqol“lgétjgm&l_flh RedVRR (e fiate tﬁs‘?@sﬁjdu'é%slﬁa?\éﬁﬁhg§r3reo}lﬁce@ 20.00

e mxture was stirred at rt overni e reaction
m xt ur @rm&red«o hifo@d [ 1M 3-bhloat: ﬁrenal)dn@h{E)&the]mtethylEhﬂm (t4tﬂ0® 100%%s8s (3 x 50
m) . The conbi ﬂ gr gani c laéers wer e W|th fyvat er and brine and dried
over® N&92'8t38ss Qihyhich s sshindhe nepy step st PUiietiey by flash col um
(Si02, 1% - 15% of EtOAc in hexanes) after concentratl on to give
rac-(ZS, 3S,4S)-2-(3-chloro-2-fluoro- 10
phenyl ) - 3- (4-chl or o- 2-f | uor o- pheny1Exangl2 12- di met hyl - pr opyl ) - pyrrol i di ne- 3-

ff.'l’A\bOZIZgr |1|2 {épaf%l?f[}g)f 1% o F& le@&kg Erslclghenyl\{ e(thEEﬁyh(?ene]gz ﬁ'ly? g,:r]ﬁ%nFez N2+ HI

(3S,4S,5S)-5-(3-chl oro- 2- 1 uor o- pheqgyl) - 3- (4-chl or o- 2-f | uor o- pheny1)-4-(2, 2
- di met hyl propyl ) pyrrolidi ne-3-carborf¥tr le (0.66 g, 15.6%; FIRMS (ES') 1
niz Ca led for C22H22C12F2N2+ H 423, found: 423.1202. 15 Exanple 3b
Preparation of internediate
rac-(2S, 3S, 4S) - 2- (3-chl or o- 0- phenyl) - 3~ >¢hl or o- 2- f | uor ophenyl1)-4-(2, 2-dim
et hyl - propyl) -pyrrolidine-3-carbonitrile NH C

10 M. W. 171.6 CsHsFCIN

A mixture of 4-chloro-2-fluoro-benzoaldehyde (Matrix Sci, 3.17 g, 20.0 mmol) and
methyl amine (2.0 M 1 THF, Aldrich, 15 mL, 15.0 mmol) in CH,Cl, (20 mL) was stirred at rt
overnight. The reaction mixture was concentrated and the residue was dried under reduced
pressure to afford [[1-(4-chloro-2-fluoro-phenyl)-meth-(E)-ylidene]-methyl-amine (3.32 g,

15 97.0%) as colorless oil which was used in the next step without further purification.

Example 1d
Preparation of intermediate [ 1-(4-chloro-phenyl)-meth-(E)-ylidene]-methyl-amine

~N
N

| Cl
L@ra

20 M. W. 188.6 CsH,CLN
A mixture of 2,3-dichloro-benzoaldehyde (Aldrich, 3.50 g, 20.0 mmol) and methyl amine
{2.0 M in THF, Aldrich, 15 mL, 15.0 mmol) in CH,Cl, (20 mL) was stirred at rt overnight. The
reaction mixture was concentrated and the residue was dried under reduced pressure to afford
[[1-(4-chloro-2-fluoro-phenyl)-meth-(E)-ylidene]-methyl-amine (3.62 g, 96.3%) as colorless oil

25 which was used in the next step without further purification.

Example 1le
Preparation of intermediate [3,3-dimethyl-but-(E)-ylidene]-trimethylsilanylmethyl-amine



CF N20MW 405.4 C22H23C12FN2 To a sol ution of

[ 1- (3-chl oro-phenyl )-neth-(E)-ylidene]-nethyl-amne (0.77 g, 5.00 nmol) and
(2) - 2- (4-wbl2or1io4225f71 uor o- phenyl ) - 5, 5- di et hyl - hex- 2- enercrmEPR@0(045132 g,
5.00 mmol) in DMSO (5 nL) was added KOH powder (0.56 g, 10.00 nmol) in one
portion. The mixture was stirred at rt29vernight. The reaction m xture was
diluted with water and extracted with EtOAc 25 three tines (3 x 50 nL). The
conbi ned organic |ayers were washed wi th wat and brine and dried over
Na2504, and concentrated. The residue ¥%§\E§§<iied by flash col um (5i 02,
1% - 15% WO 2011/ 045257PCT/ EP204Q1 06 of EtOAc in hexanes) after
concentration to give rac-(2S, 35 4S)-2-(3-chl oro-phenyl) - 3- (4-

chl oro-2-fl uoro- phenyl) -4- (2, 2-di met hyl - propyl) - pyrrolidine-3-carbonitrile
(0.73 g, 36.1%; fiRVB (ES) | 3C12FN2 H [ (N1 11)4]:

405, 1295, found: 405. 1292, MR, (631350 €, . EERSF

rac( 28, 3S, 4R)o-disdlutih dfr(anamfﬂettgﬂ)mﬂmb@wﬂlan&(ﬂt&apm 03 g- Whamyh)in3- (2, 2-di met h

E b o eiemelips MO Vatsdesda-tmsdniviseite Cirist) 0.0 &1 Cmimon "
(2S, 53 R"I‘h@r %Tléé’ nﬁJ/Z'tlu \9a52stfr1leﬂcé'f fbo?itﬂ?e%}atgre(fér §H| Wafér Wé@ DY dekd” $he organic
(2 |net yl -propyl)-pyrrolidi ne ) (ES") Trilz Caled

for CZZHZB@BQ Ed‘fb_ﬁﬂd’fbc[ (\Mh.eli)wﬂ.h bA0S ditlE@BveIfMgSIG4, ad@ﬁoﬂ@ﬁﬁatedﬂfgl&ﬁ{ﬁ & 3c
gt ggogr ?{L 19 yﬁl{nglz(g g%}eh) ghg;al%legny?'metﬁyl alzmne as a colorless oil (1.8 g, 97%)).

di net hyl - propyl)-pyrrolldlne 3-carbonitrile d d 15MW 423.3
C22H22C12F2N2 In a manner simlar to the nmethod described in Exanple
3a [ 1- (4-chl oro-2-f | uor opheny1) - meEkaniy 29| i dene] - net hyl - ami ne (3.43 g,

nmol ) eacted h
1 uBF o pheny e PRy €A 22 EReflb & Fruorespeav > M Ay n oveo
(30 mL)enénitriibe presence of KOH powder (5.72 g, 56.11 mmol) to give
rac-(2S, 3S,4S)-2, 3-bis-(4-chloro-2- 20 fluoro-phenyl)-
4- (2, 2-di met hyl - propy1l) - pyrrolidine-3-car itrile (1.12g 13.3% and rac- (
3S, 4S5, 5S) - 3, 5-bi s-(4-chl oro-2-fl uoro- phenyl)-4-(2, 2-di net hyl - propyl) - pyrrol
i dine-3- carbonitrile (1.66g 19.7% . HRM# (ES) miz Calcd for C22H22Cl12F2N2+
H[(MH)]: 423.1201, found: 423.1200 le 3d

Cl

F

M.W. 251.7 C4H;sFCIN
To a solution of 4-chloro-2-fluoro-benzyl cyanide (Oakwood) (1.70 g, 10.0 mmol) and
15 3,3-dimethyl-butyraldehyde { Aldrich} (1.0 g, 10.0 mmol) in iPrOH (20 mL) was added 2 N
NaOH (2.0 mL) dropwise at rt and the reaction mixture was stirred at rt overnight. The reaction
mixture was diluted with EtOAc and the organic layer was separated, washed with water, brine,
dried over Na,SO4 and concentrated. The residue was dried overnight in vacuum to give (Z)-2-
(4-chloro-2-fluoro-phenyl)-5,5-dimethyl-hex-2-enenitrile (2.52 g, 100%) as a colorless oil which

20 was used in the next step without further purification.

Example 2b
Preparation of intermediate (Z)-2-(4-chloro-2-fluoro-phenyl)-4-cyclopropyl-but-2-

enenitrile

5 Cl F



Preparation of internediate

rac-(2S, 3S, 4S) - 3- (4-chl or o- 2-f| uor o- phenyl) - 2- (2, 3-di chl orophenyl)-4-(2, 2-d
i met hyl - pyvopytiyo4p3sr7r ol i di ne-3-carbonitrile WO 2011/ 0452P6TREI¥EPEOIY/ 065159
-33- d d MW 439.8 C22H22C13FN2 In a manner simlar to the

met hod described in Exanple 3a, [1-(2,-30di chl oro-phenyl)-

nmet h- (E) -ylidene]-nethyl-amne (3.76 g, 20.00 mml) reacted with
(2)-2-(4-chloro-2-fluoro- 5 phemyl 23575-0j;MRIHTYN- hex- 2-enenitrile (5.03 g,
20.00 mmol ) in DVBO (30 nL) in the presence of KOH powder 5 72 q 56 11
rrrml) to gu@%@éﬂtozl@fsﬂsché =2l @Wblrwagﬂfsl(%lqusﬁé% SERS ) and

SR AT BB T e

fou nd NeOH (2.0 E){a)rmd)lﬁzv@eat rt and the Peazpian aﬁktcun: wis sitimtedra[rﬂdiva]ttﬁghtafﬁhe reaction
(2S, 3S, 4S) - 3- ro 2-f1 uor henyl) - 2- (2, 4- di chl or opheny. ,2-dinet
hyl -pr 6%19‘21‘{ W%f’ 11@ it FAOAS B8 i STEaC fver s sopppsed 4@@5’ 15In

a mManngfkicg ol T@&Sbﬁ? aﬁ&' QOI{E%ﬁtIPQQd qql%%ﬁ(lﬂ%dwésrhr@&%?glﬁ @inder reduced pressure to
[ 1- (2, 3-dichl oro-phenyl)- neth-(E)-ylidene]-nmethyl-amne (3.76 g, 20.00

mol ) réact €J-3x(4-thloro-2-fluoro-phenyl)-4- cyclopropyl but-2-enenitrile (2.36 g, 50.0%) as a

(2)-2-(4;:chl I - hex- itril 5.03 g,
20) 00 %sﬁo?ﬁpﬁﬁzﬁ%vijagg‘gﬁﬁn%%h?’ﬁé%BrV@gg’H%‘ eﬁéﬁ“ﬂﬁenler“(;?(z g, 5%. 11
nnDI) to give rac-(2S, 3S, 4S)-3-(4-chl oro-2-fluoro-phenyl)- 2-

(2, 3-di chl oro-phenyl)-4-(2, 2-di met hyl - propy1) - pyrrolidine-3-carbonitrile
(1.86g 17.7% . HRVS 20 (ES) m z CaléMIdQQZZHZZCBFN2+ H[(MH)]:

439. 0906, f %&)%I‘atl%% fqggéned%fg%l £ (3?‘ chloro-2-fluoro-phenyl)-2-(4-chloro-2-fluoro-

phenyl)-acrylonitrile

M. W. 310.13 C;sH;,CLLF;N
15 To a solution of 4-chloro-2-fluorophenylacetonitrile (Matrix) (5 g, 30 mmol) and 3-
chloro-2-fluorobenzaldehyde (Oakwood) (5 g, 32 mmol) in methanol (200 mL) was slowly
added a methanolic solution (Aldrich, 25 wt.%) of sodium methoxide (21 mL, 92 mmol). The
reaction mixture was heated and stirred at 45 °C for 5 h. The mixture was cooled to room
temperarure and filtered. The white precipitate was washed with water, cold methanol, and then
20  dried under reduced pressure to afford (Z)-3-(3-chloro-2-fluoro-phenyl)-2-(4-chloro-2-fluoro-
phenyl)-acrylonitrile as a white powder (8 g, 86%).

Example 3a
Preparation of intermediate rac-(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-
25  fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile



Preparation of internediate

rac-(2S, 3R, 4S) - 4- (3-chl or o- 2-f | uor o- phenyl) - 3- (4-chl or o- 2-

f | uor o- phwoed)1v@s%52, 2- di met hyl - propyl) - pyrrol i di ne- 3- caPbomPRe10/0€515%0
2011/ 045257PCT/ EP2010/ 065159 -34- Cl C MW 423.34 C22H22C12F2N2

To a sol ution of -31-

(2)-3-(3-chloro-2-fl uoro-phenyl)-2-(4-chl oro-2-fl uoro-phenyl)-
acrylonitrile (1.2 g, 3.87 mmol) in hexamnet hyl phosphoram de (20 nL) was
added [3,3- 5 dinethyl-but-(E)- ene] -trinmethylsilanylnethyl-amne (1.1
g, 5.9 mmol), acetic acid (60 ng, \].. Hangt H20 (0.1 g, 5.6 mmuol)

drred at roomtenperature for 18
h. Water was added. The mixture LI At i-€h ethyl acetate. The
organic |ayer was separated, an was extracted with ethyl
acetate. The organic | ayers \wef i wrshed with water tw ce, dried
over MgSM, then concentrated purified by

chr omat ogr aphy (Et OAc: hexanesl\/lzwqugrQ 2¥ﬁﬂm§§ rac-(2S, 3R, 4S) - 4-

(3- chl or o- 2-Td aushgiomrg - 13—cBlo(eaerluom-phéi}yﬂ)l-metﬂldEpnyhdg/ﬂb]—nze{l@}a sadaioé (eThyl - pro

1%:3?, egélro;{)?)l L Beng (Z)CEl oro 5 fﬁlOI‘O pﬁleny I% g dflr?lgltwy hex-2 gnemtr()@ (2. 5( a%' O% 4

rac-§ 2%11;%&2 S S0 @r(pﬁam s gdddduena- ﬁ@h@d@y@]) Iﬁg,(ﬁdd‘rhﬁm) igohé H@ﬂ’ti@hpﬂf‘é”'y 1) -
3-cyano-4- (2, 2-di et hyl - propyl) - pyrrolidine-1-carboxylic acid

((S)-3 rmlxtixrehyfda; ehyedmi triaver s tdEhGea@llon @Hturvwas diBd Svithor FteRard1xr2ane0 3
with EtOAc three times (3 x 50 mL). The combined organic layers were washed with water and

brine and dried over Na,SO4, and concentrated. The residue was purified by flash column (SiO;,
1% - 15% of EtOAc in hexanes) after concentration to give rac-(2S,3S,4S5)-2-(3-chloro-2-fluoro-
10  phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (0.86 g,
20.3%; HRMS (87 vz Caled for CpoHpCLEFNy+ H [{M+HY 1 423.1201, found: 423.1199)
and rac (3S,48S,55)-5-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-
propyl)pyrrolidine-3-carbonitrile (0.66 g, 15.6%); HEMS {ES "} nvz Caled for CooHappCLF,Ny+ H
FOM Y] 4231201, found: 4231202,
15
Example 3b
Preparation of intermediate rac-(2S,3S,4S)-2-(3-chloro-o-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile

-
\
Cl F N

20 M.W. 405.4 CyH23CLFN,
To a solution of [1-(3-chloro-phenyl)-meth-(E)-ylidene]-methyl-amine (0.77 g, 5.00
mmol) and (Z)-2-(4-chloro-2-fluoro-phenyl)-5,5-dimethyl-hex-2-enenitrile (1.72 g, 5.00 mmol)
in DMSO (5 mL) was added KOH powder (0.56 g, 10.00 mmol) in one portion. The mixture was

stirred at rt overnight. The reaction mixture was diluted with water and extracted with EtOAc
25  three times (3 x 50 mL). The combined organic layers were washed with water and brine and

dried over Na,SOs, and concentrated. The residue was purified by flash column (SiO,, 1% - 15%



To a m xture of

rac- (2S, 3S, 4S) - 2- (3-chl or o- 2-f| uor o- phenyl) - 3- (4-chl oro-2-fl uoro- 20

phenyl ) - w020 2/ds18et hyl - propyl) - pyrrol i di ne- 3- car boni t r PCe&/EP2@6/08518y, 0. 30
mol ) and triethylamne (TEA, 120.0 ng, 1.20 mmol) in CH2C12 (10 nL) was
added phosgene solution (Aldrich, 20%-32% toluene, 0.40 nL, 0.4 mmol) by
injection, and the reaction mxture was stirred at rt for 20 mn.

2- ((S) o F2odt iehdkahed) Lt3] 6noXtaion 4o Yl rat (28] 384 3)e2- (- 8Ford-prgny-34@E- ol )
was then added. The reaction m xture was stirred at rt for another 30 mn

t hen cohlosorEritoserPhenygi-4-62, éﬂiimﬁt@YbPﬁ?Bﬁl)Wélj@ipe Berekaadgloy. BavBp- Wbk ch was
di | ut { - L80.4, 2 QAS25, 010/.065159
s (e T G e P oa et T 5 RE o6t on

m Xt ur €2Was,« @Qrﬂcgeim}ﬁ@beﬁﬂmﬁqmmﬁmqédhmresﬁur@ and 2thecthebpduewas di | ut ed

W th CHZCl and brin organj ¢ _phase S

cepat atiego Tt (&) ad b B Ve s i RS el FRGR

5220?23@32 ods, )Lm%%{ 4hedusednRESSRUR) A0A-PTbI-RbBYpNER LS chidrdpKeny)-3-

c hl or 042 -2fd1m@ﬁxyl-pmw+p)yn®lidime @ma 1202 8d)LioR bEptieny 1)~ Baley &ndo4H::CLPNAt met hy
- prop oI L C c acid ((S)-3,4-di hydroxy-butyl)-am de

(62 5 (h§8¥ q2? 6@5“”:518%)% Z}te anor phous. HRVB(ES ') mz Calcd for

027H31012F2N303+ H [(I\/H—l) +] . 554.1784; Found: 554.1787. 10*Preparation of

internediate 2-((S)-2,2-di methyl-[1, 3] di oxol an-4-y1)-ethyl am ne

HoNIQ . . . /---00 0- M W 145. 20 C?HlELm;ls&ép A To a sol ution of

(4S)-(+)-4- h 19,
- 12 o) aldTE T B e e eSS o e R BRF SRSt ER 45567 o)

15 at Qifethgspragdegyiretidianssdatbcatyile chl ori de (13 4 m., 0.17 nol) dropw se
The reaction mxture was stirred at 0 C for 1.5 h, then wat er was added.
The organic | ayer was separat ed, shed with water, brine, dried over
MySO4, concentrated to gi ve netha esul Qgc acid 2-((9)-2, 2-

di met hyl -[ 1, 3] di oxol an-4-y1)-et hyl “es{ a yell ow oil (31 7 g, 98%.
20Step B. To a solution of nethane i d

2-((S)-2,2-dimethyl -[1, 3] di oxol a ester (31.7 g, 0.14 nol) in
N, N- di et hyl f or mam de (200 rrLk i 3 46 g, 0.71 nol). The
reaction mxture was stirred a% roomterrperaturezlfor 70 h. Then the m xture
was partitioned between ethyl acetate and water. The organic | ayer was
seppg ated, washed wi th water, ppw qggevg% #, @1% dried over MySO4,
concentrated to give (S)-4- (2 azi do- et hy D di rret hyl - 25 [ 1, 3] di oxol ane
as a yel | owloirlmanddr @mglar ©8b§ method described in Exarnple 3a, [1-(4-chloro-2-fluoro-

phenyl)-meth-(E)-ylidene]-methyl-amine (3.43 g, 20.00 mmol) reacted with (Z)-2-(4-chloro-2-
fluoro-phenyl)-5,5-dimethyl-hex-2-enenitrile (5.03 g, 20.00 mmol) in DMSO (30 mL) in the
presence of KOH powder (5.72 g, 56.11 mmol) to give rac-(2S,3S,4S)-2, 3-bis-(4-chloro-2-

20  fluoro-phenyl)- 4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (1.12g 13.3%) and rac-
( 35,485,5S)-3,5-bis-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-
carbonitrile (1.66g 19.7%). HRMS (ES") m/z Calcd for C,yHnCLF,Ny+ H [((M+H) ]: 423.1201,
found: 423.1200.

25 Example 3d
Preparation of intermediate rac-(2S,3S,4S)-3-(4-chloro-2-fluoro-phenyl)-2-(2,3-dichloro-
phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile



Step C. A suspension of (S)-4-(2-azido-ethyl)-2,2-dinmethyl41, 3]di oxol ane as
a yellowoil (18.7 g, 0.11 nol) and Pt02 (2.5 g) in ethyl acetate (100 nli)
was Vi gorwoby/abmken in a Parr under atnosphere of H2 @BO/EP01D/06:59 18 h.
The m xture was filtered through a short pad of celite. 30 The filtrate was
concentrated to give 2-((S)-2,2-dimet hyd~[ 1, 3] di oxol an-4-y1)-ethyl am ne as
a colorless oil (14 g, 88%. WD 2011/045257PCT/ EP2010/ 065159 - 36-

Preparati on of

(2S, 3S, 4S)-2-(3-chl oro-2-fl uor o—p%‘hy
cyano-4- (2, 2-di nmet hyl - propyl) - pyr rah.idi
((S)-3, 4-di hydroxy-butyl)-am de ang
(2R, 3R, 4R) - 2- (3-chl oro- 2-fl uoro-[p
0-4-(2,2- dinethyl-propyl)- pyrr 0
((S) -3, 4-di hydr oxy- but y1) - am de 554. 54 C27H31C12F2N203

The racem c product obtained 0 ng) was further separated
by SFC chiral colum to give ?@g\ye@%@( @P%z FI@

4S) 2- ( 3- chth am@ndeif dimdlaorophe mgthod efetibed iOF Qardplb I3uqnq2gh@em&1)o-§hen9wno
4-(2,2-dineth I-prop i pyrro | |d| ne- | - car boxyl i
((S) - 3 ety %@91 519{157 O (e 01 20 94 ey yeag with (2)- % (4-chloro-2-fluoro-

(2R ?Rfﬂgly‘%és (ssc}lﬁl'éihg,wefngeh%‘ﬁ{r | g%"@%lia &0 @%}?ﬂ"ﬂr?ﬁ@?@ d@b‘h‘ﬂf)‘%n@ﬁ@&%ﬁe)ncé cyan

04- (2, pyrro 1-car
((S) - 3,4 KdhHhpadwday>b2tgy 3% -1dmdel) ¢o’2§w6 ravg(2S, Bx48ypl-61-&hlobSRflep@r tenph-2o f

e a0 B B UL A T

[ 1- (2- hgdnaxy Gidebhe 1ol H Py azed- fundl agmi de - M W 604.5
C30H33C12 I'—)2N502 20I'n gzmn%n%}}%m H-Mar 5?0 t he met hod described in Exanple 4,

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-

10 Example 3¢
Preparation of intermediate rac (2S,38S,45)-3-(4-chloro-2-fluoro-phenyl)-2-(2,4-dichloro-

-3-(4-chl oro-2-fl uoro-phenyl) - 3-

phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile

M.W. 439.8 CyH»nClLFN,

15 In a manner similar to the method described in Example 3a, [1-(2,3-dichloro-phenyl)-
meth-(E)-ylidene]-methyl-amine (3.76 g, 20.00 mmol) reacted with (Z)-2-(4-chloro-2-fluoro-
phenyl)-5,5-dimethyl-hex-2-enenitrile (5.03 g, 20.00 mmol) in DMSO (30 mL) in the presence
of KOH powder (5.72 g, 56.11 mmol) to give rac-(2S,3S,4S)-3-(4-chloro-2-fluoro-phenyl)-2-
(2,3-dichloro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (1.56g 17.7%). HRMS

20 (ES") m/z Caled for CpHpCLEN,+ H [(M+H) ]: 439.0906, found: 439.0905.

Example 3f
Preparation of intermediate rac-(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-
fluoro-phenyl)-2-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile



fl uor o- phenyl) - 3- (4-chl oro- 2-f | uor o- pheny1) - 4- (2, 2-di nmet hyl - propyl ) - pyrrol
di ne-3-carbonitrile (42.3 ng, 0.10 nmol ) prepared in Exanple 3a was reacted
wi t h phoswenretligabasvi on (Al drich, 20%in toluene, 0.12 mpCTEPIROOBIE), in
the presence of triethylamne (TEA 30.0 ng, 0.30 WO
2011/ 045257PCT/ EP2010/ 065159 -37- mol-$}4i n CH2C12 (2 L) fol |l owed by
reacting with 1-(3-am no-pyrazol-1-yl)-2-nethyl-propan2-ol (23.3 ng, 0.15
mmol) at rt for 30 mn to give rac- (s, 3S, 4S)-2-(3-chl oro-2-fl uoro-phenyl) -
-(4-chloro-2-fluoro -phenyl)-3 - no. -4-(2, 2-di met hyl - propyl)-pyrro
|'i di ne-|-carboxylic acid [1-
(2- hydr oxy- 2- net hyl - propyl) - 1H pyr azo
white anorphous. 5 FIRVMS (ES') Tri
58l

Nil]l-amde (7.8 ng, 13.0 %9 as a
fol. C30H33Cl12F2N502+14
[(M+-H) 1: 604.20538, found: 604. 2( a 6 Preparation of
rac-(2S, 3S, 49) - 2- (3-chl or o- 2- f | uaro>phenyM) - 3- (4- chl or o- 2-f | uor o- pheny1) -

4- (2, 2-di net hyl - propyl) - 1- (4- et hyl - pi. per.azi ne- 1-car bonyl ) -pyrrolidi ne-3-car
bonitrile 10 C M W 563.5 9ﬂ%§éﬂ2€@kﬁéﬂ22 N2 |n a manner sinilar to

the met Nod descliigsh drdzPXATRkR . A ﬁﬁ% S5 480 B-r61OpRerg. | uor o

- phenyl) -3 -(4-c uoro -phenyl 2-di met hyl - propyl) - pyrro
li di neaBryiaIatrrﬂmfiJ 2pi B§7(nd:ﬁ013 1mt;¢xaﬁ1eﬂl@1phm1>l)ormsier(é@mt[édvamatidlecb[ﬁcﬁsgene

|y .t , ,0.12 ni, 0. , .
o ) B BRA TG ined oo BB 4o B
reactl mﬂnwaﬂd Hz@t(bw @I@qﬁﬁ@yse@ueﬁl&zllﬁ m,re&uéénmk&w@gst{r;edfa@foo%@ mnto
give rac(2 S , 55 2-(3-chloro -2-fluoro -phenyl)-3 -(4-chloro-2-fluoro

- pheny Igmperqtgrezfou |l &@t Wermag pgiglgd The mixture was extracted w1th ethyl acctate. The

1-(4- | = pi | - lid t 20. 6 , 30.4

e o PR P OE Bkl s TRt Rk i §7 RAY! dekfels ThE et

g29|‘|34Q—‘&§5%F52MQ cbinfbirftdtl WathedSHith Rdker i!smcé did 0veORBS 02, 1thdn concanmpdted. The
reparatil on 0

r acl{ 2 sesadyieamys. ppurifid dp|chrasuatogrrplnr GLONRE ig1anes =(1ad.clhbdp give-rae-(dy. 3R dherly 1) -
;());)IC%ZP %“%Ir%foi % ff“oﬁijp%lyl gﬂ%mg ﬂru8lrd 8“6?19[)]2- EZaf la%é{hﬁllcprg&d?pyrrohdme 3-
carbomtrlle as a white foam (0.4 g, 24%).

Example 4
15 Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid ((S)-3,4-dihydroxy-butyl)-amide

OH

OH

M.W. 554.54 C,7H3CLF;N,Os
To a mixture of rac-(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

20  phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (126.9 mg, 0.30 mmol) and
tricthylamine (TEA, 120.0 mg, 1.20 mmol) in CH,Cl, (10 mL) was added phosgene solution
(Aldrich, 20% in toluene, 0.40 mL, 0.4 mmol) by injection, and the reaction mixture was stirred
at rt for 20 min. 2-((S)-2,2-dimethyl-[1,3]dioxolan-4-yl)-ethylamine* (65.2 mg, 0.45 mmol) was
then added. The reaction mixture was stirred at rt for another 30 min then concentrated to give

25 the crude product (checked by LCMS) which was diluted with MeOH and treated with PPTS



M W 563.5 C29H34C12F2N40 WD 2011/ 045257PCT/ EP2010/ 065159 - 38- In a
manner simlar to the nmethod described in Exanple 4,

rac- (2S, 38p248)1/@5153- chl or o- 2- PCT/EP2010/065159

fl uor o- phenyl) - 3- (4-chl oro- 2-f | uor o- phenyl) - 4- (2, 2-di met hyl - propyl ) - pyrroli
di ne-3-carbonitrile (42.3 ng, 0.10 nmmopBj}- was reacted w th phosgene sol ution
(Aldrich, 20% in toluene, 0.12 nL, 0.12 nmol), in the presence of

triet hytanane2(THS 5 3ln Q/lﬂl’fq}EM BRrdWaRk kedctor CRZGEdct(od mixjurd whad bbvsadatby
reacting with 4-am noneth piperidine-1-carboxylic acid tert-butyl ester
(66. 3 mjdergedercppisyurgeng %lhefr@?ldlg[)Wﬁq Hluted yithy €H.Cl and washed with water’and

e & (LR ARAR 1Rk S AT Bureny e, ) BieRedliar o

- pheny pyrro -am no}
- et hybhcqnnpﬁdluddmedmed@eamﬂxyhd puraﬁncbbyleP{HRnE ;d glestaer(zséBS 45)@(3 73.0 %
as a wh

r ac-%- @%F@% pho e@k%@ﬁﬁ@% uprmahf‘awah%w B(%Zdmngthyidroryl)-uor o-
phenyl)pyﬁon&xénocarﬁox@ac %mql(@tjw @a&%@mﬁyaﬁ&e (68lisnfs. I39¢5% oY) as a

-ami nol-nmethyl)-p ip-erid lic acid tert-butyi ester (35.0 ng,
0. 05 mvdilife ammrﬂmzl@lHRMS(ESr’er)VZ\Faaécchf@d%HEE@bEﬁh@ﬁ Eh(MF -] B5H Y 8durfbuntie
reactlgs rpggjiure was stiired at rt for 2 hrs. 15The reaction m xture was
concen é\lt ‘and the residure was diluted with CH2C1l2 and washed with

wat er, sat.NaHCO3 and brine. The organic phase was separated, dried over
Na2804 and concentrated. The m xture was then concentrated and purified by
fl akh col umiPeepastonof interonrdiath2Hantdimatiayldil pddioxolan-4-yl)-cthylamine

rac-(2S, 3S, 4S) - 2- (3-chl oro- 2-fl uor o- phenyl) - 3- (4-chl oro- 2-f | uoropheny1) - 3-c
yano- 4- (2, 2-di net hyl - propyl ) - pyr r &l,Ndineg 19car boxyl i ¢ aci d
(piperidin-4-ylnmethyl)- 20 am de (27.3 n@,‘{—gl. 9% . HRVS(ES) mlz Calcd for
C29H34C12F2N40+H [ (M+H) : 563. 2151; Found: 563.2149. Exanple 8

Preparation of rac-4-( {

[ (2S, 3S, 4S) - 2- (3-chl oro-2-f1 uor o \ghé‘r‘@z? CéHCSNozm or o- 2- f | uor 025 phenyl)-3
-cyano - 4- (ZStQ)AI.W’etdfsylutlpnOﬁ@){pyﬁﬂé-lﬂydmxyﬁhyl-)@ﬂ Biomeyhyjl-1,3-dioxolane

-am no'(A%’lCﬁﬂQ 1. ]bg r’be)A rno% ng trlethylarmne (40 mL, 0.28 mol) in dichloromethane (250 mL)
15 at 0°C was added methanesulfonyl chloride (13.4 mL, 0.17 mol) dropwise. The reaction mixture
was stirred at 0 °C for 1.5 h, then water was added. The organic layer was separated, washed
with water, brine, dried over MgSQj, concentrated to give methanesulfonic acid 2-((S)-2,2-

dimethyl-[1,3]dioxolan-4-yl)-ethyl ester as a yellow oil (31.7 g, 98%).

20 Step B. To a solution of methanesulfonic acid 2-((S)-2,2-dimethyl-[ 1,3 ]dioxolan-4-yl)-
ethyl ester (31.7 g, 0.14 mol) in N,N-dimethylformamide (200 mL) was added NaN3 (46 g, 0.71
mol). The reaction mixture was stirred at room temperature for 70 h. Then the mixture was
partitioned between ethyl acetate and water. The organic layer was separated, washed with water,
brine several times, dried over MgSQy, concentrated to give (S)-4-(2-azido-ethyl)-2,2-dimethyl-

25 [1,3]dioxolane as a yellow oil (21.3 g, 88%).

Step C. A suspension of (S)-4-(2-azido-cthyl)-2,2-dimethyl-[1,3]dioxolane as a yellow
oil (18.7 g, 0.11 mol) and PtO, (2.5 g) in ethyl acetate (100 mL) was vigorously shaken in a Parr
under atmosphere of H, (50 psi) for 18 h. The mixture was filtered through a short pad of celite.

30 The filtrate was concentrated to give 2-((S)-2,2-dimethyl-[1,3]dioxolan-4-yl)-ethylamine as a
colorless oil (14 g, 88%).



M W 600.5 C311129C12F2N303 In a manner simlar to the nethod
described in Exanple 4, rac-(2S, 3S,4S)-2-(3-chl oro-2-

f | uor o- phwoed)17@sy34- chl or o- 2- f | uor o- phenyl) - 4- ( 2, 2- di mretPhyIEPRO10YI1F9 pyrr ol |
di ne-3-carbonitrile 30 (126.9 ng, 0.30 mml) was reacted wi th phosgene
solution (Aldrich, 20%in toluene, 0.43%nl, WO

2011/ 045257PCT/ EP2010/ 065159 -39- 0.45 mmol ), in the presence of
triethylam ﬂ’eeﬁa}_&&n o2 (25,38 48)- 22(3ichmﬂ@12)ﬂdomo@ﬁ@1)231(4@hlﬁkd 2ffmbirdlpﬂe§i1yl)}’3-
reacting with 4-am nonethyl -benzoic acid nethyl ester (90.7 ng, 0.45 mol)
at rt fCé;@nogﬁ)-(%g,Zlem@thgl[ p@pyD)-pyrrolidine-1-carboxylic a01d ((S)-3,4-dihydroxy-butyl)-amide

rac- 4- (L (A83R IS el Fochhos 0 bl HL Q- ARG L ol gl OLgads bl war opheny

-am noIdimethpylbrbpplemmbhdlaenebaﬁbdmhhyctldé@&)ém (b9 8raly+hytyl pOMBeY) as a white
anor phous which was used in thejnext step wi thout further purification.

To a m xture of

4- ({[(2S, 3S,4S)-2-(3-chloro-2-f r0- phenyl) - 3- (4- chl or o- 8~fj;uor ophenyl) - 3
-cyano -4-(2,2-dinethyl-propyl)/pyrro Iidine-l-carbonyl]

-am nol - net hyl ) - benzoi ¢ ac O nethyl ester (108.0 Ny 0.18 mmol) in

THF/ MeOH (0. 6 nlL/0.72\m.) sfhdded 4 N Li OH @hd the reaction

m xture was stirred at™ "2 hrs. The reactiom(milxtufe was concentrat ed
and quenched with 2 facted wth E o Wwasthed with water,
brine. The organi parated, and gdrNgd 0 p2SO4. The m xture
was Y hen concentrated to 4-
({[(2S, 3S, 4S) - 2 (3-chl or o- 2- M.warse4 pheay- B KA-Ohl or o- 2-f | uor o- pheny1l) - 3-¢
yano- 4- (2, 2-

di met hyl - pr Jﬁwyceaw prduef ahéainedcahons MErampiadtf mebway fuythplerspeiateddyi IF( 101. 2

1o, 95t Cf%pgsg% Falpd o1l 2ﬂl?fo-§§13a%r0181?e9}552-{\$39ﬁa“1‘d G phef90:31627:

Found: I'0
[ (2S, 38ydis)y4-22,23lmbihgt-propyhHipyontdiphdngathox3i¢ 4e1dhi(8)|:3)4 -Ailydroxyebut hremydk) - 3

oY (2%%%& Sﬁﬁ%g,@)gc-{%gé%r a%—h{lgrol Il)hdelny -3- (4 c%loro ryh&oro phenyl)-3-cyano-
4- ({l ( Z;Eiz%ﬁlrfé}hﬁ eyt REAiddnd-| uanexpRenyddsR3 wdiirt8kRody hlaguorphenyl) - 3

-cyano- 4-(

dlnethymypropyl) pyrrolidi ne-1-carbonyl]-am no}-nethyl)-benzoic acid M
W 600.5 C31112902F2N303 The racem ¢ product obtai ned above (90 ng) was
further separated by SFC chiral colum 25 to give

4- ({[(2S, 3S,49) - 2- (3-chl oro-2-f | uor gxpherysl) - 3- (4- chl or o- 2-f | uor o- pheny1) - 3
-cyano- 4-

(2,18 di net hﬁremmwm)frw@s@is HP)nk(3rcldaroniipo-pheinkibP-(feetyio)2-Beeredibeneldi d
42.0
(L or e -G dimstipdpaony D idines syrby odic AL G v ey - .

yano- 4- l(PEpj&'azol-S yl] armde
di nmet hyl - propyl) - pyrrol i di ne-1-carbonyl ] -am nol - et hyl ) - benzoic acid (38.8
ng) .

OH

N
N\ ,

O
4% X
H
\
Cl F \N

M. W. 604.5 C;3H33CLF,N50;

20 In a manner similar to the method described in Example 4, rac-(28S,3S,4S)-2-(3-chloro-2-
fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile
(42.3 mg, 0.10 mmol) prepared in Example 3a was rcacted with phosgene solution (Aldrich,
20% in toluene, 0.12 mL, 0.12 mmol), in the presence of tricthylamine (TEA, 30.0 mg, 0.30



WO 2011/ 045257PCT/ EP2010/ 065159 -40- Exanple 9 Preparation of rac-4-
{ [(2S, 3S, 4S) - 2- (3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uorophenyl)-3
-cyano - w0202/udsset hyl - propyl) - pyrro |idine-I-carbonyl pCT@areooleiienzoi c
acid I OH 5M W 586.5 C30H27C12F2N303 A m xture of

rac-(2S, 3S, 4S) - 2- (3-chl oro- 2-f 1l uor o- phéhyl) - 3- (4- chl or o- 2-f | uor o- pheny1) -
4-(2,2-di met hyl - propyl) - pyrrolidine-3-carbonitrile (84.6 nmg, 0.20 nnDI)and
4-is ocymﬁalt) abeRZOI, ¢2 adli)do N@kdyby t%ﬁ&tﬁfg With qir(s Qfhind ByrkzéIgl-y0- 23ty hropt

CH2C12 (2 L) was stirred at rt for h. The reaction m xture was tﬁ

concentzr@t@%ﬁé% Opkﬁmmogcﬁt Biyfor PG apn MIMWCt(éSg’»S\/JeS)TZa@ dhloreep- fluoro- phenyl)
2S, 38,44 f | 3-
Sho- g (o aeHlerr A Bl o3 icuht-ax Pneibin Ppldty B Mot LA ame: ©- ©

met hyl (E—shtyélroxyé’fgmé'thlygproﬁgﬂ)-'ﬂ% pwaraiB-yBeamided.8 mgl he0iexts asvieme amdrhbaits.

further purific Xt ur f 4- iy o o s

(1 (2 30 Ul it o Baob B Rlan M Hak 61 3P B2 o s 2008

phenyl ) - 3-cyano- 4- (2, 2-di net hyl - propyl) - pyrro

| i di ne-1-carbonyl]-am nol -benzoic acid nmethyl ester (85.0 ng, 0.14 mmol) in
THF/ MeOH (0.6 nl/0.2 nL) was added Exhmple®H (0.2 nl), and the reaction

m xture was stirred The, r.eacti.on asone ted
ond quenched ierH? R 0B A LEpuarer TROR e T e i P A B
brine. 4Ihe- @ﬁlﬂi@l@lﬁ)fﬂ?@ﬁ?—(m&yﬁﬁﬂﬁfﬁl&q -cABEhyH)-hREo IRNRS- 3%@%&%ﬂeThe i xt ur e
was then concentrated to givé rac-4-

{[(2S, 3S, 4S) - 2-(3-chl oro-2-fl uor o- phegy¥y-8<(4- chl or o- 2- f | uor o- pheny1) - 3-cy
ano-4- (2, 2- dinethyl- propyl) p oI|d| car bonyl ] - am no} - benzoi ¢ acid
(83.0 ng, 100%. HRMS(ES ') nmlz\Ga fqr CBO&F&QiC12F2N303+H [ (MtH) :

586. 1471; Found: 586.1474. Preps n of
[ (2S, 3S, 4S) 2-(3-chl oro-2- quoﬂ:; 4 chl oro-2-fluoro- 25

; yrrolldlne 1- car bonyl ] - am nol - benz
oic acid and 4-

phepy! ) - 3- cyano- 4- (2, 2- di metdry
{[ (2R, 3R 4R) - 2- ( 3- chl or o- 2- f MioWo>phenyrHBCLENA) or 0- 2- f | uor o- pheny1) - 3- cy

ano-4- (2, 2- i TRE SAREPKIh: RUIHGR dedibga b ERIAREYH) JicdTs A8ksHONAQIfrBY.d

fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile

(42.3 mg, 0.10 mmol) was reacted with phosgene solution (Aldrich, 20% in toluene, 0.12 mL,
15  0.12 mmol), in the presence of tricthylamine (TEA, 30.0 mg, 0.30 mmol) in CH,Cl, (2 mL)

followed by reacting with 1-ethyl-piperazine (17.2 mg, 0.15 mmol) at rt for 30 min to give rac-

(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-

1-(4-ethyl-piperazine-1-carbonyl)-pyrrolidine-3-carbonitrile (20.6 mg, 30.4 %, as TFA salt) as a

white amorphous. HR*S (}1% m/z Caled for CpoH34CLF,N4JO + H [{(M+H)Y } 3632131, found:
20 563.2151.

Example 7
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (piperidin-4-ylmethyl)-amide

o)
{ ) >—-N/\CNH
H
l al
\
25 Cl \N

M. W.563.5 CyH34CLF,N4O

F



M W 586.5 C30H27C12F2N303 The racem c product obtained above (75
ng) was further separated by SFC chiral colum to give (4-

{[(2S, 3S,W6)ret/4325¢hl or o- 2- f | uor o- phenyl) - 3- (4- chl or o- 2PCiIrEPe@opPbERY 1) - 3- Cy
ano-4- 5 (2, 2-dinmethyl-propyl)-pyrrolidine-1-carbonyl]-am no}-benzoic acid
(16.5 ng) and 4- -38-

{[(2R, 3R, 4R) - 2- (3-chl or o- 2-f | uor o- pheny1) - 3- (4- chl oro- 2-f | uor o- phenyl) - 3-cy
ano-4- (2, 2- Iﬁliariﬁnlﬁyﬂ sipilepkhe méﬂfoalde@tirfbedhgﬂdrbmwl tacq08 B8 MShen3aihtora - d

(10.5 |l e 10 10Preparation of ra
[(2S, 3%1%@3) nB = A1-eltlerop2-fluprorphoprbriy ) 2- quezthsémr@mé) pyrrelighic3-cambenijiile- 3

- d/]

ot " Q23 B RL S RSB IR YRRt e (A M RED I PHIED, P
descri to)etﬂ mnmEg( anht erodencead 1215/ 138 ST EA, (SBOahg @r. 30 @mol)ain CH2C12 (2 mL)

fl 4-ch] 2-fl 2, 2-di.nmet h I
e e g s R A

Al d 12 dila. ]
ri et L?ﬁéﬁﬁ%ﬁfi B e P TR S ol RORRBRFSIE 5,

reacti mglmﬁkﬂmta@hm-lbéﬂzamﬂ @Rﬂﬂlmahhlﬂbroesh)@moMldc1ledarb04151]€armgo} 0 30
1) at f t .
T Co, Feshityberidinerlr G kigiTiiungsr 48 S amerd %) 35 # Mhise gmosmpous.

phenyl ) - 3-cyano- 4- ( 2, 2-di net hyl - propyl) - pyrro
| i di ne-|-carbonyl] -am nol -benzoic acid nethyl ester (38.1ng, 62.9 %9 as a

whi t& anor pmnwwr@wfm%é[é%ﬁ $$14S}1<}($r@hlpr05t2ébww-pmi) -3-(fr-elero-2-fluoro-

fi t
{125, SE4Fs 5 ey S0l opybrmumeligie upbannlspingl gy ypingedine- 1
phenyl )caﬁ)oﬁylad'lmdlte(rtzblﬁylcbsf&(WO R 0108 Impl tik OH,Cl, (1.5 mL) was added TFA

| i di ne-1-carbonyl]-am nol - benzoi c acid nethyl
(aldrich, 97%, 1'mL) and the reaction mixture was stiired at rt for 2 hrs.

15 The reaction mixture was concentrated and the residure was diluted with CH,Cl, and
washed with water, sat. NaHCO3 and brine. The organic phase was separated, dried over Na,;SO4
and concentrated. The mixture was then concentrated and purified by flash column (1-60% of
EtOAc in Hexanes) to give rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (piperidin-4-ylmethyl)-

20 amide (27.3 mg, 91.9%). HRMS(ES") m/z Calcd for CoH34,CLFoN,O+H [(M+H): 563.2151;
Found: 563.2149.

Example 8
Preparation of rac-4-({[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
25 phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid

0
4% >—-N/\©\(O
o
A F OH
@/a
\
cl \N

M. W. 600.5 C31H29C12F2N303
In a manner similar to the method described in Example 4, rac-(2S,3S,4S)-2-(3-chloro-2-

F

fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile
30  (126.9 mg, 0.30 mmol) was reacted with phosgene solution (Aldrich, 20% in toluene, 0.45 mL,



WO 2011/ 045257PCT/ EP2010/ 065159 -42- ester (20.0 ng, 0.03 mmol) in THF/ MeOH
(0.6 nm./0.2 nm.) was added 4 NLiOH (0.2 nL), and the reaction m xture was
stirred avornpifm@s2s2 hrs. The reaction nmi xture was concerCratredoantdsguenched
with 2 N H2SO4, extracted with EtO0Ac, and washed with water, brine. The
organi ¢ phase was separated, and dried3%ver Na2SO4. The m xture was then
concentrated to give rac-3- 5

{[(2S, 3S1%48m0D; (nahePfe@mezafiﬂmpﬁ@Inﬁi&qmﬂ) 232.(4ng 2l Dingnod)-if (D0 @beny)l) - 3- cy
ano- 4- (2 2- di net hy pr opyl)-pyrrolidine-I-carbonyl]-am no}-benzoic acid
(19. 5 relovigsoy reagipagey *awlm@et@r%z@@@cmhnlﬁmﬁﬂzm 5 PERglpt rt

586. 14 1

rac- 3- ?%TZ%’:QWS%I%BQE %44 (c{ﬁ P5ro: f@o?héo%%ﬁ%a @-&%ﬂ’)’ 30(1f4ocrh(1)0r8_-2f_fhlljog Fo-
pheny 1)ph8n3dyam§raﬁb~4-22 2 cﬂlmamyhyﬂoppbqpyrb)ldmwlr CHrb(diyll‘ﬂE&rﬂmO amimolnyt }-bertre itzz@idc
acid Cl H26C 2F2N203 A mxture o

rac-Y 2@%@@% @O(Sé) 1@%4 ?5%% 15-25108PRALY “énf(luwwsssi & emeyoiten BB 1) -

15 4- (%m%héill gﬁﬁ@éﬂonpropyl) pyrrol i di ne-3-carbonitrile (42.3 ny, 0.10 nmol),
i sophthalic aC|d (33.2 ng, 0.20 mmol ), HATU (72.0 ng, 0.20 mmol)and i Pr2NEt

(0.1 nL) in CHC12 (2 m.) was stirred at rt 2 hrs. The m xture was then

Separated. 1ot BPEGednd- AR edScoe i - b s Fa B gPRRS: "o
concen@%fﬂs@@%&@z Q%mgmw W¥Q$M11@ﬁehycﬁ?o®ﬁ%ﬁ@}%d@1) -benzoic acid
rac-3 3S,4S)-2-(3-chlo | uor o-

pheHyI )mf3h§(1438‘f@h( dllzg,f, pd@rr@ﬂphémyﬁfﬂ‘@ﬁ?@ﬂa(ﬁcﬁm]u(@zz mlgiwas efdad-HNdpPH Ogdr r ol

CSorpeclS’ PR B skiqup Rt 88! Sirlchth Rl nR% rBaifMRLRR. o Thdeditulid *OF

25Pr epanagueiched with 2 N HZSO4, extracted with EtOAc and washed with water, brine. The organic
rac- 4- [&28 3S, 4S) - 2- (3-chl oro-2-fl uor o- phenyl) 3-(4-chl oro-2-fl uoro-
pheny1)y ssecyaprisPaied, Fuldiriedongt NapSClsy The mystitswadithraL coneeit s iP = benzoi ¢

acid \(\ﬁ(é@ %§/4§f'§?(§ chisto BEaREE) 9%)5?-(4-%1’%1'&0-2-ﬂuor0-phenyl)-3-cyan0-4-(2,2-

15 dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid (101.2 mg, 95.9%).
HRMS(ES") m/z Caled for C3;HaoCLF,N:O3+H [(M+H): 600.1627; Found: 600.1629.

Preparation of 4-({[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid
20 and 4-({[(2R,3R,4R)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid

M. W. 600.5 C31H29C12F2N3O3

The racemic product obtained above (90 mg) was further separated by SFC chiral column
25  to give 4-({[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid (42.0 mg) and 4-
({[(2R,3R,4R)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid (38.8 mg).

30



OH Cl M W 571.5 C30H26C12F2N203 A m xture of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- phenyl) -
4- (2, 2- diwetzhylo4prsepyl) - pyrrol i di ne-3-carbonitril e (42. BCmEP2@0H6518%0] ),
terephthalic acid (33.2 5 ng, 0.20 mml), HATU (72.0 ng, 0.20 mmol ) and

i Pr2NEt (0.1 nmL) in CH2C12 (2 m.) was-4@irred at rt 2 hrs. The m xture was
then diluted with CH2Cl2 and washed with water, brine. The organi c phase
was separated, filtered and dried omgmﬂﬁggﬁcn The m xture was then
concentrated and the residue was ied by RP-HPLC to

rac- 4- [ (2S, Fscregytion af sacc {2830, 120(r3o<amrﬁ Hlugomhepy)- ér(gic\i{’leoffpﬁoﬂl@fﬁhenyl)-
(21 8" Bty 3 &3 STt UK o D B o0 B R b b iy 7 ©

571. 1362; Found: 571.1363. Exanple 13 @ Preparation of

rac-(28,38,4S)-2-(3-ch|oro-2-f|uoro-phenyiﬁ;ﬁ/%4mchloro-2-f|uoro-phenyl)-

15 0

4- (2, 2-di met hyl - propyl)-1-(4-h §ﬁﬁl- enzoyl) - pyrrolidine-3-carbonitr

ile OHC M W 557.5 C30H28C12F2\202 A mi xture of

rac- (2S, 3S, 45)-2-(3-chloro-2-fl iel) 8- (4- chl or o- 2-f | uor o- pheny1) -

4- (2, 2-di rrethyl-propyl)-pyrroli onltrlle (100.0 ng, 0.23 nmol),

4- chl orocar bonyl - 20 benzoi ¢ @ci d nﬁtﬁy ester (60.0 ng, 0.30 nmol),

i Pr2Net (0.12 ni, 0.69 mmol) 2 stirred at rt overnight.
gk Mt s R TERed -

The m xture was then diluted Wt d with water, brine. The

organi ¢ phasenidasresEpad-E38,4$)-2{BrEdreapdludid-pltbng W e3-(MNetd &R - flhb® -phck iy e
was then concentrated and the residue was furlfled by flash. colum (1% 15%
AcOEt i4n( %Ql)mqtl@y -g)irq,@zl) -pyrrolidine-3-carbonitrile (84.6 mg, 0.20 rnmol)and 4-isocyanato-

20 L RReafond Phici BEi A Gor? S5 AL 3 ANEMOD i Ancts ALOES [dior frplieny ) -

3- cyano- I met propyl)=pyrr -carbon enzol c acid
met hy| heFhercattl@Pmektug,wB3hagoncendt Rehtl/ 4i5i2s BPOTAERI0MO O 65 58 4-44-

10 {[(2S,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-

dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid methyl ester (89.7 mg, 74.7%)

which was used in the next step without further purification.

To a mixture of 4-{[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

15  phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid methyl
ester (85.0 mg, 0.14 mmol) in THF/MeOH (0.6 mL/0.2 mL) was added 2 N LiOH (0.2 mL), and
the reaction mixture was stirred at rt for 2 hrs. The reaction mixture was concentrated and
quenched with 2 N H,SOs, extracted with EtOAc, and washed with water, brine. The organic
phase was separated, and dried over Na,SO4. The mixture was then concentrated to give rac-4-

20 {[(28,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine- 1-carbonyl]-amino } -benzoic acid (83.0 mg, 100%). HRMS(ES")
m/z Caled for C3oHy7CLF,N3;O3+H [(M+H): 586.1471; Found: 586.1474.

Preparation of 4-{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
25 phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid and 4-
{[(2R,3R,4R)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid



To a sol ution of
rac-4-[(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1) - 3- (4-chl oro- 2-fl uor o-
phenyl) - 3woyana4d2s5¢2, 2- di net hyl - propyl ) - pyrrol i di ne- 1- cacomrgéiprobang oi ¢

acid nethyl ester (130.0 ng, 0.222 mmol) in EtOH (1.0 nL) and THF (1.0 nl)
was added NaBH4 (36.0 ng, 0.96 nmmol) aAdtk LiCl (40.7 ng, 0.96 nmmol). The
reaction mxture was stirred at rt overnight. Work up 5 and the residue was
purified by RP-HPLC to give rac-2S, 3S, 4S)-2-(3-chl oro-2-fl upro-phenyl) -
3-(4-chl oro-2-fl uoro-phenyl) -4 ~&1 di met hyl - propyl) - 1- (4<hydr oxynet hyl - ben
zoyl) - pyrrolidi ne3-c¢arbonj tr' (5.7 ng, 4.69%. HRVH(ES) z €alcd for
C30H28C12F2N202+ H) :}‘3}5 1568; Found: 557/1569. >_1 I e 14
Preparation of L
rac- (2S, 3S, 49) - 2- fduoro- pheny1) - 3- 4 - 2-fluoro-phenyl) -
3-cyano- 4- (2, 2-di \ p) pyrrolidine- Hci d
(4-chl oro-phenytiy-am de CIN=C M W 576. 9 @ 0 15A m xture of
rac-(2S, 3S, 4S) - 2- (3-chl oro- 2-fl uor o- phenyl) - 3- (4-chl oro- 2-f | uor o- phenyl) -
4- (2, 2-di met hyl - propy1) - pyrrMiV&]iﬁ?@S €aibdﬁ'nlszsDe (42.3 ng, 0.10 nmol)and
1- chl or o- 4- ocyanat o0- ben Al dri 0. 30 2
Ty was st B GRERE PR Red ot L el et fBar sl s ColbL o Pabeg
and purg giv@@l{y(z‘sb@sétsyzo 3U6H!01b02 guye- ﬂl@ﬁyl?%s(,él?cﬁld’r&z- Ruaoro- henyl) 3- cyanes 4-
(3-chl oro-2-fl uoro-phe ?l -(4-chloro-2-tl uoro- g - cyano-4- (2, 2-di ne
t hyl2 pr(élgydﬂjﬂﬁthﬂiplf?}bb’lf)m}’i’f@ idiactl- @aeibcmyk}yam@oa@p@zoemac‘e%( dmgherd/H) - ani de
(35.9 It u S | for
cz%ze@@%g@ﬁ? \C%%O%12 f?‘b"%‘ﬁﬁf%%f ®§ ouffﬁ“ §§£1‘8E°1p§ engh)-3 éia az‘?jzl
Pr epar afimethylbpropyl)-pyrrolidine-1-carbonyl]-amino }-benzoic acid (10.5 mg).
rac- (2S, 3S, 45) - 2- (3-chl oro- 2-f | uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- pheny1) -
25 3-cyano-4-(2, 2-di net hyl - propyl) - pyrrolidi ne-1-carboxylic acid
4-chl oro-benzylamde A C C Example 10

10 Preparation of rac-3-{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid

Q oH
f y L
H
il N F 0
\

M. W. 586.5 C30Hz7CLF;N303
In a manner similar to the method described in Example 4, rac-(2S,3S,4S)-2-(3-chloro-2-
15  fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile
(42.3 mg, 0.10 mmol) was reacted with phosgene solution (Aldrich, 20% in toluene, 0.12 mL,
0.12 mmol), in the presence of tricthylamine (TEA, 30.0 mg, 0.30 mmol) in CH,Cl; (2 mL)
followed by reacting with 3-amino-benzoic acid methyl ester (Aldrich, 45.0 mg, 0.30 mmol) at
rt for 30 min to give rac-3-{[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
20  phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid methyl
ester (38.1mg, 62.9 %) as a white amorphous which was used in the next step without further

purification.

To a mixture of 3-{[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
25 phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid methyl



WD 2011/ 045257PCT/ EP2010/ 065159 -45- M W 590.9 C30I - 128C13F2N30 A
m xture of

rac- (2S, 38p28)1/@5153- chl or o- 2- f | uor o- pheny1) - 3- (4- chl or oP2TfHPR@OO6FIRENY 1) -
4- (2, 2-di met hyl -propyl) - pyrrolidine-3-carbonitrile (42.3 ng, 0.10 mmol)and
1-chl oro-4- isocyanatonet hyl -benzene (-Adrich, 20 ng, 0.12 mmmol) in CH2C12
(2 m.) was stirred at rt for 1 5 h. The reaction m xture was then
concentek@t exb.amd, PUB hfrh(ﬂ)inbVHF/lMé(blHQO WAL 0t20mb) Was added 4 N LiOH (0.2 mL), and
rac- (28 3S, 49) rﬁg&B chl oro- 2-fl uor.o- phenyl) - 3-(4-chl oro-2-fl uoro-phenyl) - 3-
cyano- Abq tEagtio; izt as é%@%/qt)rt [y 2ries.i Tdierieactiop Aiyxs W congerirated and

(4-chl ES -)
o5 o et A RO Rt Byt SR BB SRl
Exanpl @hds was separated epardateld @veioNa S8 - The mixture was then concentrated to give rac-3-

2S, 3S, 4 chlo | uor o- phe (4-chl oro- oro ) - 3- cyano-
4-(2 2 {Eﬁ)z§§sh%) =t ﬁﬁ@rp-%ﬁwr@rp‘%ﬁwg%1@524%832;75\1%0@@Fw 13-4 -g-éﬁ

trazol | 1. 1 7 n a
rnner o O e e Y R ORI A AR B

rac- (231/39,31423)f912C(03121ﬂ11F0N692"H f(Mrdd)o 58phéhly Fpudd:-584-16AB.or o- 2- f | uor o

- phenyl ) -4-(2, 2-di net hyl -propyl)-pyrro lidine-3 -carbonitrile (42.3 ny,
0.10 nmmol) was reacted with phosgene solution (A drich, 20%in tol uene,
0.12 mk, 20 0.12 mml ), in the presgpggplefiitriethylam ne (TEA, 90 ng, 0.90

({_Fln CH2C12 (2 rgz) foll owed by reacting with
3- (IH-t et rai’éqipasat&@ll) prrefy (28 S )¢ 2463 -chlong - 2-flugm- phmyl)) -3aftt-¢ghlorpat-flggromi n t o

9'2\/fe | L er{ylﬁ-ﬁ-cxarﬁ 4g§§ cﬁmgt%yf ﬁ%lp g%ﬁlll?m?ﬁ; @ggrhe %"—Z?olﬁra%@ chl oro

cyano
l'idine-I-carboxylic acid [3 -(1Htetrazpl 22~ yl)-p henyl] -am de (25.3 ny,
41.4 % as a white anorphous. H (ES' ) z Cal cd for C30H27Cl2F2N70 H
RM 4-1-1) 1: 25 610. 1695, found: §10/,1695  "WOI2011/ 045257PCT/ EP2010/ 065159
-46- Exanple 17 Prepar ati g_of_-. ©
rac- (2S, 3S,4S)-2-(3-chloro-2-fl -pe <8- (4-chl oro- 2- f | uor o- pheny1) -

3-cyano-4- (2, 2-di met hyl - propy})
(4- cyano- phenyl ) -am de

-1l-carboxylic acid

M. W. 571.5 C30H26CLF,N,O3
A mixture of rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
15 4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (42.3 mg, 0.10 mmol), isophthalic acid (33.2
mg, 0.20 mmol), HATU (72.0 mg, 0.20 mmol)and iPr;NEt (0.1 mL) in CH,Cl; (2 mL) was
stirred at rt 2 hrs. The mixture was then diluted with CH,Cl, and washed with water, brine. The
organic phase was separated, filtered and dried over Na,SO4. The mixture was then concentrated
and the residue was purified by RP-HPLC to give rac-3-[(28S,3S,4S5)-2-(3-chloro-2-fluoro-
20  phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-
benzoic acid (19.5 mg, 34.2%). HRMS(ES") m/z Calcd for C3HzsCly FoN,O5+H [(M+H):
571.1362; Found: 571.1364.

Example 12
25 Preparation of rac-4-[(2S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzoic acid



Cl 5M W 567.5 C301-126C12F2N40 A m xture of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- phenyl) -
4- (2, 2- diwetzhylo4prsepyl) - pyrrol i di ne-3-carbonitril e (84. @CmErP2@086518%0I ) and
1- cyano-4- isocyanato-benzene (Al drich, 34.7ng, 0.24 mmol) in CH2C12 (2 nl)
was stirred at rt for 1 h. The reacti of34m xture was then concentrated and
triturated with EtOAt and the solid was collected to 10 give

rac-(2S, 3S, 49) - 2-(3-chl oro- 2-fl uor o- pheny1) - 3-#4- chl or o- 2- f | uor o- pheny1) - 3-
cyano-4-(2,2- dinethyl-propyl)-pyrroli dbn r,boxylic acid

O

(4- cyano- phenyl )-am de (1st crop, /A54.4 ng crop, 60.3 ng: 100%) as a
white solid. HRVMS (ES') rolz Ca d y3f G301-126C12F2N40 H [(VI-i+01:

567.1525, found: 567.1526. 15Exanp] €\18, Preparation of
he ) 1(4-chl oro-2-fl uoro- pheny1) -
1- (4- cyano- benzoyl) - 4- (2, 2- di ngtt . -pyrrolidine-3-carbonitrile M

rac-(2S, 3S,45)-2-(3-chloro-2-flu
W 552.5 C301-125C12F2N30 20l n a nmanner simlar to the nethod described in
Exanpl e 11, rac-(2S, 3S, 4S) - 2M. 3 chllo¥ 0C30H26CLFN2O;

L vy

4-cyana- ezﬁaﬁte@hﬁqar dlmme-%ar%omﬂe 424 Il)onumal I fage Iﬁﬂﬁﬁ@a@i@ 95 2 HATU
(72.0 mfz 6&3}(1)% i Pr 2NEt Q ngo ) p rt for( 2 hrs

: (0
to ¢i veng é)cZ()(rsti?sH)A Q72(Q>>m@h® 8 mlﬁando%Nﬁhé(hymL)sn @Iﬂz hl(arn@L)ZWSl uor o-
25
phenyl) tnir % ?1t r(t:%z%so Tﬁ%&%ﬁ‘}iﬁ v t(hﬁn ;ngﬁ Wtﬁh H Crl%) dl a5h§(r1 rwé hvgﬁtﬁrép?}%arhgoni tr
il e (1QBgmminghasO&alsdhrafddSLiltbictland daibe dvefr(N a,$30) %@ﬂ.ﬁﬁﬁ@\lﬁﬁs flreh chhicentraded] :

552.1417, li-md: 552.1416. WD 2011/ 045257PCT/ EP2010/ Q65159 -47- Exanpl e
19 Pr @Bg;lgthegﬁuq)was purified by RP-HPLC fo give rac-4-[(28,38S,4S)-2-(3-chloro- 2-fluoro-

rac- (2 ?hg’r%r(lg 9.4 sthfo:lgo -%rf?&'i@ gl?letffrll)u?r aIBh@- é‘-)dnﬁet(lf}l' @Bh@l :ﬁg@o fléll en Cba%%g}ﬂ 1)-

3-cyan I met ro I ne 1-car
(4- tar hanayd agdh €hlyd )ngaﬁﬁ d%) HRMS(ES ) m/z Caled for C3oHyCly F2N203+H [(M+H)

571.1362; Found: 571.1363.

Example 13
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
15 4-(2,2-dimethyl-propyl)-1-(4-hydroxymethyl-benzoyl)-pyrrolidine-3-carbonitrile

OH
&Cf
< f )
Cl F \N

M. W.557.5 C3oHsCLF;N,0,
A mixture of rac-(2S,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-

4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (100.0 mg, 0.23 mmol), 4-chlorocarbonyl-

20  benzoic acid methyl ester (60.0 mg, 0.30 mmol), iPr,NEt (0.12 mL, 0.69 mmol) in CH,Cl, (5 mL)
was stirred at rt overnight. The mixture was then diluted with CH,Cl, and washed with water,
brine. The organic phase was separated, filtered and dried over Na,SO4. The mixture was then
concentrated and the residue was purified by flash column (1%-15% AcOEt in Hex) to give rac-
4-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-

25 dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzoic acid methyl ester (132.0 mg, 98.0%).



5M W 585.5 C30H28C12F2N402 To the m xture of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1) - 3- (4-chl oro- 2-fl uor ophenyl) - 3-c
yano- 4- ( 2v@-2diwmasisyl - propyl ) - pyrrol i di ne- 1- car boxyl i ¢ a®Cu/EP2010/065159
(4-cyano- phenyl )-am de (56.8 ng, 0.10 nmmol) and K2CO3 (excess) in DVBO (2
m.) was added 30% H202(1.0 nl, excess)4énd the reaction m xture was stirred
at rt overnight. The reaction m xture was then 10 diluted with Et 0Ac washed

with sat NHAGla sol@iderofane4praSEs 49)he (5 ohlv et s - pIsmon ed(adtdooh® figred e

pr oduct mas triturated wwth Et0OAc_and the solid was col|ected to give
rac- ( 2 ghory )té)cygm( 4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzoic acid methyl ester

T or opy 30018 B2 Sibich 1oty PO NGB TLHRY Y ARFINS bk aE: Seldme- ¢hE™ "
my, 95.nL) aHRVE1(ES7)mg, 4196 Gaiod)d Thorca@3ilmb2GEL25 246 4t tHof ¢riight: Hydxk up

:—525 4116[?5((3% é%gg}g@ éngS Iebg? hly:—s%l’%%@régep%@%ﬁsé S-ﬁ%?ﬂth'éﬂ%g 2%?@9@1116@%@ 1) -

3-cyan I e 20M
w0 e TR P AR AR ok T O g hine e
i N Examptagbatrile (5.7 mg, 4.6%). HRMS(ES") m/z Caled for C3oHiCLE,N,O.+H [(M+H):

rac- (2 5@3§@§J¥wn§ fgh]é%goz-fluoro-phenyl)-3-(4-ph!oro-2-f|uorp-p_henyl)-l-(

4-cyan i met hyl - propyl)- pyrrolidine-3-carbonitrile (27.6
nmg, 0.05 mmol) was reacted with 30% H202 (1.0 nmL, excess), K2CO3 (excess)
in DMSO (2 nL) at rt overnight to give

racl®-[(2S, 3S, 4S) - 2- (3-chl or o- 2- f | uBxamplpg4

R Sh e T

mg, 56.378ano-AlL RNk yCak@s/ kp yrrdGdtd2 7 chBb2NR @R id 4L MlordQihenpY@mld21, found:

570A523. Exanple 21 5SPreparation of rac-4- {2- [(2S,3S ,45)-2-(3
-chl oro-2-fluoro -phenyl)-3 -(4-ch|oro-2-f|ﬂiﬂ - phenyl)-3 -cyano

-4-(2,2-di et hyl - propyl)-pyrro li in-I-%1| R+ X0 -ethyl} -2-etho xy-benzo
ic acid Cl N B

:[ al
\
cl F hY

M. W. 576.9 CyoHysCLF;N30
15 A mixture of rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-

4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (42.3 mg, 0.10 mmol)and 1-chloro-4-
isocyanato-benzene (Aldrich, 45.0mg, 0.30 mmol) in CH,Cl, (2 mL) was stirred at rt for 1 h. The
reaction mixture was then concentrated and purified by flash column to give rac-(2S,3S,4S)-2-
(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-

20 pyrrolidine-1-carboxylic acid (4-chloro-phenyl)-amide (35.9 mg, 59.3%) as a white amorphous.
HERMS (ES") m/z Caled for CooHpsCLFN3O + H {{(M+HY | 576, 1183, found: 576.1183,

Example 15
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
25  3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid 4-chloro-benzylamide

& :

Cl




M W 629.5 C33H32C12F2N204 In a manner simlar to the nethod described in
Exanpl e 4, rac-(2S, 3S,4S)-2-(3-chloro-2- 10

f | uor o- phwoywb)7@sy34- chl or o- 2- f | uor o- phenyl) - 4- ( 2, 2- di mretPoyYIEPRO10YI1F9 pyrr ol |
di ne-3-carbonitrile (42.3 ng, 0.10 mmvl) was reacted with

4- car boxymet hyl- 2- et hoxy-benzoi c aci d-é$-hyl ester (A drich, 50.4 ng, 0.20
nmml ), in the presence of HATU (91.0 ng, 0.24 mmol) and i Pr2NEt (0.1 nlL) in
CH2C12 (2 mL) at rt for 2 hratw. gfg(‘ye C30H28C13F2N30

rac-4-{2-[(2S, 3S,4S)-2-(3-chloro-2-fluoro-p

3- (4-chl or o-/’szmtu@r(w% 3.L% 4 %&%rﬁlébm %éluzr%pmﬁyi (beldprp13-figgiorphenyl)-

I'idin-Iz (52.6 ng,

37.6 %4 lfl?‘?e\/\@l)iﬁ)oslgg‘)h 0t1 %nenig%ﬁéﬁlglgﬁwﬁﬁ% 1%%[% ﬁgpur i @ﬁlclzog?l on.

To a mlsdcyairmtmﬁethyl benzene (Aldrlch 20 mg, 0. 12 mmol) in CH,CL, (2 mL) was stirred at rt for 1

rac 4- (2S, 3S,49) -2-( 3- chloro 2-fl uor.o- phen chloro 2-fl uoropheny
Bﬂaﬁge HRAEYOTDIWRE vhp| hgy ?I)traﬁ%ﬂrarnémual?lﬁd }éyﬁfj‘h S0lWFBIRENS T3S 2- et hoxy- b

en20| c t HE 4

0 méﬁ‘%%%é‘? R M 1 T B R e b B Ty 1

for 2 lpr@pylﬁpquleimlﬂarquydtqmai (Hachlaombenyl)-atmedt @AJ mgerVcHétasm whit@ N

H2SO4, extract t h. .Et OAc,. .and ° e ith, water,. brin The .or gani c

phase EOTRI e@}t”‘% &é EjmcFrq‘éldél g‘k}\e@aﬁﬁ%&wﬁw ﬁ]%(tkt‘bj)rt 3&841%5‘%”%&

concent;g@tigmﬂgand the residue was purified by RP-HPLC to give rac-4-

{2-](2S, 3S,4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4- 25

chl 8+ o- 2- f | uor o- phenyl ) - 3-cyano-4- (2, 2-di net hyl -propyl)-pyrro lidin-1-yl]

-2-0 xo0-ethyl} -2- ethoxy-benzoic aﬁlg S]gA}BAf ng, 50.9%. HR M5 (ES) th/z

Cal ed for C33H32C12F2N204 H [(M 62 und: 629.1782. WO

2011/ 045257 PR 0 6615935 4892- (EX)MG%-Q ﬂiﬂ)ro phenyl)-R{(€phlbad-2duoed- rac- 4-

{4-1(2S, 3S,49)-2-(3-chl gro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uorophenyl)-3

- cyano-Phelﬁé) d=cyifet-hgL- d@lﬁl@@;f&y%yl{)rwh@mﬁ 1I'Ca§il1(]x3’111980153c[ iR} - benzoic

acid o ?}Ip é%%l] (15699 5 C32H30C12F2N203 A m xture of

rac-(2 § 5 or o- 2-fl uor o- pheny1l) - 3- (4 chl oro- 2-fl uor o- phenyl) -
=N

/N

HN

15
M. W. 610.5 C30H27C12F2N7O

In a manner similar to the method described in Example 4, rac-(2S,3S,4S)-2-(3-chloro-2-
fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile
(42.3 mg, 0.10 mmol) was reacted with phosgene solution (Aldrich, 20% in toluene, 0.12 mL,

20 0.12 mmol), in the presence of tricthylamine (TEA, 90 mg, 0.90 mmol) in CH,Cl, (2 mL)
followed by reacting with 3-(1H-tetrazol-5-yl)-phenylamine (48.3 mg, 0.30 mmol) at rt for 30
min to give rac-( 2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid [3-(1H-tetrazol-5-yl)-phenyl]-amide (25.3
mg, 41.4 %) as a white amorphous. HEMS (ES ) m/z Caled for C3oHyCLFN,0 + H [{(M+H) ©:

25 6101695, found: 6101695



4- (2, 2-di met hyl - propyl) - pyrrolidine-3-carbonitrile (42.3 ng, 0.10 mmol),
4- (4- oxo-pentyl)- benzoic acid (58.3 ng, 0.30 mmol ), HATU (114.0 ng, 0.30
nmol ) and WBRENEUs150. 1 nl) in CH2Cl2 (2 nL) was stirred aCTmP2@0l06359 The
m xture was then diluted with CH2C12 and washed 10 with water, brine. The
organi ¢ phase was separated, filtered-4fd dried over Na2SO4. The m xture
was then concentrated and the residue was purified by RP-HPLC to rac-4-

{4-1(2S, 3S, 4S) - 2-( 3- Example 17
chl oro- 2-fl uor o- phenyl) 4-chl or o- 2-fl uar o- phenyl) - 3-¢ 2- di met hy

ooy} BRSOk By SO sk igtor - Tearup ey Bk -y S0 - Fegromhony g .
560 1671 AR Sor A RAGRERIERA LU NS S i T

eparation o
rac- (2S, 3S, 45) - 2- (3-chl oro- 2-f | uor o- pheny1) - 3- (A~ chl or o- 2- f | uor o- pheny1) -
3-cyano-4-(2,2-dinethyl-propyl)-pyrrolidlgf;;%%irboxylic acid
4-fluoro-benzylamde C C 20M/ W 52ﬂ}1 1- 128C12F3N30 A m xture
of N

rac-(2S, 3S, 45)-2-(3-chl oro-2-fl ugf 62 -eny%) - (4-chl or o- 2-f 1 uor o- pheny1) -

4- (2, 2-di met hyl - propyl)-pyrrolig f'trile (30 my, 0.07 nmol)and
1-fl uoro-4- isocyanatonet hyl - genze ch, 16.1 ng, 0.11 mml) in
CH2C12 (2 mL) was stirred at rt for 1 h. The reaction mixture was then
concentrated and purified by MIWshotol UnHiOLEIN® rac- 25

(2515 550 B APPSR A1 G o ety v
(4-1l uqtczz g)}ﬁdi@&@)e Yriidhd Y cad8n 2t (856 IztoeimM@and 1-cyano-4-
2011/ 045257PCT/ EP2010/ 065159 -50- anorphous. HRVS (ES) mz Calcd for

CSOH28®?DEF@N30b@nZPm{ (AlepY, 3457rag, Pedsnmp hun §H.6742 relawexdinsid et ftfor 1 h. The

5Preparati.on o

3- b! s- (raactlﬂP (r)x}n(()tuﬁe \'y?s th%l[l S%Iﬁzgn %‘fj:(? én(% t’rltlrl_}rateg \Yl‘gl thOAOt an. lrlleyﬁo_hsrv&(f)ag )?ﬂlg%‘%/df troo

li dlme'gllveﬁraéJ”Q@B'lYSMSﬁm(Bthb@-QZﬂDJO@O-@ﬁé@I) 3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dirnethyl—propyl)-pyrrolidine-l-carboxylic acid (4-cyano-phenyl)-amide (1* crop, 54.4 mg, 2™
crop, 60.3 mg: 100%:) as a white solid. HRMS {£8") /2 Caled for CagHasCLFNLO + F

[(MEHY T 567.1523, found: 367.1526.

15 Example 18
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
1-(4-cyano-benzoyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile

F

al
M. W.552.5 C3oHzsCLF;N3O

20 In a manner similar to the method described in Example 11, rac-(28S,38S,4S)-2-(3-chloro-
2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-
carbonitrile (84.6 mg, 0.20 mmol) was reacted with 4-cyano-benzoic acid (Aldrich, 35.3 mg,
0.24 mmol), in the presence of HATU (72.0 mg, 0.20 mmol) and iPr,NEt (0.1 mL) in CH,CL, (2
mL) at rt for 2 hrs to give rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

25 phenyl)-1-(4-cyano-benzoyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (108.5 mg, 98.2
%). HRMX (ES'L) m/z Caled for C3oHpsCLF,N3O + H {{M+H) j 5321417, found: 352 1416,



M W 586.5 C30H27C12F2N303 A m xture of rac-(2S,3S,4S)- 2, 3-bis
(4-chl oro-2-fl uoro-phenyl)-4-(2,2-dinmethyl- 10

propyl) - pyonoiidsise- 3- carbonitrile (150.0 ng, 0.35 nmol pammkP2010/065159

4-i socyanat o- benzoi ¢ acid nethyl ester (Aldrich, 86.0 ng, 0.53 nmol) in
CH2C12 (5 nmL) was stirred at rt for 3-#7- The reaction m xture was then
concentrated and purified by flash colum to give rac-4-{[(2S, 3S, 4S)-2,
3- bi s(4-chl oro- 2-fl uoro-phenyl) - 3- cgggggngZ 2 dinethyl propyl)-pyrro

| i di ne-1-carbonyl] -am gé%;%S[benzmc acid ester (141.

whi ch was udéepargionipd rife -l - Harto- MWWephensl)ﬁquth@at% Bﬁoromeayl)/o
5 bi o CHOGRT G Bl ooliging -carbqylp apid (4-carbamoyl-phenyl)-amide

di met hyl - propyl) - pyrrolidine-I-carbonyl]-am nof-benzoic acid nethyl ester
(142.6 mgy, 0.24 mol) in THF/ MeOH (3.4 nl/ 278 My was added 4 N Li OH (1.4
m.), and the reaction m xture 20 was irrledlat rt overni ght. The reaction
m xture was concentrated and q h d A tih N H2SO4, extracted wi th EtOAc,
and washed with water, brine. ani ¢ phase was separated, and dried
over Na2SO4. The m xture was t N ated to give

rac- 4- {[(28 3S,4S5)-2, 3-bis- (4- or o- phenyl) -3 -cyano

-4-(2, 2-di net hyl - propyl) pyr b | ar bonyl] -am no}-benzoic acid
(11,6 ny, 80.6% . HRMS(ES 7C12F2N303+H [ (M+H) :
586%5471 Found: 25 586. 1472L15§’5§§% §§ (Hqgghé?eparatlon of rac-

4- ({[(2S, 3S%She tiduky (Sf'réé]-(ZSﬂS)ﬂS’)' 2(3qu1@mzmmemﬁ@hm§i)cyemehlém( 2 fRoro-

di met hyl - propyl) - pyrral i di ne- 1-car bonyl ] -am no}-net hyl ) - benzoic acid WO
2011/ 0 @QQWP%FNEWZ&%}/ZG’GQQ@Q l-propyD)-pegolidingy1-carboxylic acid’(4-cyano-phenyl)-amide

(56.8 mg, 0.10 mmol) and K,COs; (excess) in DMSO (2 mL) was added 30% H,O, (1.0 mL,

excess) and the reaction mixture was stirred at rt overnight. The reaction mixture was then

10  diluted with EtOAc washed with sat NH,4Cl, water and brine. The solvent was removed and the
crude product was triturated with EtOAc and the solid was collected to give rac-(2S,3S,4S)-2-(3-
chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carboxylic acid (4-carbamoyl-phenyl)-amide (55.9 mg, 95.5%). HRMS (ES "} ry/z
Caled for C3oHasCLFN,Oy+ H [{M+HY T 5851630, found: 583.1631,

15

Example 20
Preparation of rac-4-[(2S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzamide

015 S o)
imN N F NH,
cl

20 M. W. 570.5 C3H27CLF2N30;

In a manner similar to the method described in Example 19, rac-(28S,38S,4S)-2-(3-chloro-
2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-1-(4-cyano-benzoyl)-4-(2,2-dimethyl-propyl)-
pyrrolidine-3-carbonitrile (27.6 mg, 0.05 mmol) was reacted with 30% H,0, (1.0 mL, excess),
K,COs (excess) in DMSO (2 mL) at rt overnight to give rac-4-[(2S,38S,4S)-2-(3-chloro-2-fluoro-

25  phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-



M W 600.5 C31H29C12F2N303 In a manner simlar to the nethod described in
Exanpl e 4, rac-(2S,3S,4S5)- 2, 3-bis (4-

chl or o- 2-Wbuoriopisenyl) - 4- (2, 2- di met hyl - propyl) - pyrrol i ¢cmEp3ei0asiioni tril e
(126.9 ng, 0.30 5 nmol) was reacted wi th phosgene solution (A drich, 20%in
toluene, 0.12 nlL, 0.12 mol), in the pA&sence of triethylam ne (TEA 90 ny,
0.90 mmol ) in CH2C12 (2 nL) followed by reacting wth 4-am nonet hyl - benzoi c
aci d n&)tem'almieétﬁm g ds®Ti) on R B (F80; /0: e iA T RCLFaG0.E H ari89'pin to
giv

4- ({[(§§9§§éhé¥m§137%ﬁ§4{4 chl or o- 2- f | uor o- pheny1) - 3- cyano- 4- ( 2, 2- di net hyl p
ropyl)-pyrrolidine-1-carbonyl] -amno} -nethyl)-b enzo ic acid nethyl ester
(110.5 ng, 60.9 % 10 as a white anorphous solid. To a m xture of
rac- 4-({[(2S, 3S,4S)-2, 3-bis-(4-chlB Qeﬂ uor o- phenyl) - 3- cyano 4-(2, 2-

g's[m h{|105 %D%%atgv ”O%ﬁwg {??@W C‘%@mag upg- B%zb-%-égz '&gliqnf.t ?ﬁ'
(0.6 Irrlop}mnﬁp@ LR -H 861 {iRBh %mggsf)?dowaﬁl-ﬁku I &ch-&h 1r}tz E@bx b&{z%w abite

reacti on mXxtufe was concen quenc ed mnth N H2S extracted
wi th Et0Ac, and washed with water, brine. or gani ¢ phase mas separ at ed,
and dried over Na2SO4. The m xture was the oﬁ%bntrated and purified by
RP-HPLC to give rac- o
4- ({[(2S,3S,4S)-2,3-bis-(4-chlorg-2-fl enyl) - 3-cyano- 4- (2, 2-di net hyl -
propyl)- pyrrolidine-1-carbony am, Q¥ - net hyl ) - benzoic acid (100.1 ny,
97.6% . HRMS(ES ') mz 20 Cal cd fuor _1FI?9C12F2N303+H [ (M+H) : 600. 1627;
Found: 600.1628. Exanple 26 icon of rac-4-

[ (2S, 3S,4S)-3-(4-chl oro- 2- quo em 19 - 3- cyano- 2- (2, 3-di chl or ophenyl) - 4- (
2, 2-di net hyl - propyl) - pyrro | idi ne- I-carbonyl] -am nol - benzoic acid WO
2011/ 045257PCT/ EP2010/ 065159M 52-62015 GHHMLMN,002. 9 C301127C13FN303

A mxture of rac-4- { [(2S,3S ,4S)-3 -(4-chloro-2-fluoro-phenyl)-2-(2,3
_dichl oro - phemympeysimlar o the ﬁ@thmlldemrtbs@ 1) Exynple 41 1agi(R838, 4S&3r(t§cﬁrhl|1qr@ﬂ e

88 rich,
(3040, g 538,01 00 BB -0 0 By TR 3
r eact I @2 Bingd, Or1® msl)tMriemmm}ﬁ fabed x amethpl cthoad- blanzd‘nb a@ia ethgl evier to gi ve
rac- 4- 2S, 3S, 4S5) - (4-chl oro-2-flugro henyl)-3 -
-2-(2, ék&}fr@m o 6%Q|¥§)]§§11ngl)(12 the qug.@pﬁny&'laB@_l) mg, 0.24 rnmol) and iPr,NEt (0.1
pyrroI| _ACH { 93 9%
Wi e v R g B s R PR T Blpboe g oAb

3-(4-chloro- 2 ﬂuoro phenyl)-3-cyano-4-(2,2-dimethyl-propyl)- pyrrohdln 1-yl]-2-oxo0-ethyl}-2-

15 ethoxy-benzoic acid ethyl ester (52.6 mg, 37.6 %) which was used in the next step without
further purification.

To a mixture of rac-4-{2-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-2-oxo0-ethyl} -2-ethoxy-benzoic acid
20 ethyl ester (50.0 mg, 0.076 mmol) in THF/MeOH (1.2 mL/0.4 mL) was added 4 N LiOH (0.4
mL), and the reaction mixture was stirred at rt for 2 hrs. The reaction mixture was concentrated
and quenched with 2 N H,SO,, extracted with EtOAc, and washed with water, brine. The organic
phase was separated, and dried over Na;SO4. The mixture was then concentrated and the residue
was purified by RP-HPLC to give rac-4-{2-[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-
25  chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl] -2-ox0-ethyl} -2-
ethoxy-benzoic acid (24.4 mg, 50.9%). HRMS (ES '} uv's Caled for C33HnCLF,N,O4 +
[OMAFDY T 6291780, found: 6291782,



To a m xture of

rac-4-{[(2S, 3S, 4S) - 3- (4-chl oro- 2-f | uor o- phenyl) - 3-cyano- 2-( 2, 3-

di chl or o-wbenylys2s7( 2, 2- di et hyl - propyl ) - pyrrol i di ne- 1- earhreyiojoesrn? nol - ben
zoic acid nethyl ester (85.0 ng, 0.14 nmmol) in THF/ MeOH (0.6 nm/ 0.2 nL) was
added 4 NLiOH (0.2 nL), and the react-#dn m xture was stirred at rt for 2
hrs. The reaction m xture was concentrated and 15 quenched with 2 N H2SO4,
extracted with Et0Ac, and mashed mﬁ 1@@&@ , brine. The organi c phase was

separated, and dried over SA. xture was then concentrated to give
rac- 4- Preparation of rac-4- {4 [(2S 3S 4S) 2 (3 chloro 2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

{[(2S, PE -¢ghhar &@9@ - 3= GYANY: ro phenyl) 4
-(2,2-§ﬁ%§§ﬁ3%ﬁéﬁb§¥%96@P%§& ggﬁgD ca¥ Vﬁfgﬁghéf&ééﬁggéﬁqg@ld (54. 3 ny,
65.4% . LC-M5(ES) mz Cal cd for C301- 127013'W~039H [ (MtH): 604; Found: 604.
20 Exanple 27 Preparation of
[(28,38,48)-3-(4-ch|0r0 2-flu
- phenyl) - 4- (2, 2-di net hyl - propyl) -"p
-am nol - net hyl ) - benzoic acid C
M W 617.0 C311129C13FN303 ]nﬁ@ ner simlar to the nethod
described in Exanple 4, rac- fZS 3S,4S)-2-(2, 3- dichloro -phenyl)-3

-(4-xhloro -2-fluoro- phenyl)MﬂfW2599$I| @gﬂhmbmu\@gyl) pyrro lidine-3 -
carbonitrile (88.0 was reacted m‘thﬁpﬁ ene sol ution

(Al drich, 2@%%%@&%%@8 3, 68)2%*(37@10{9 P3lugfrpphenyl) %Oe%@ﬁﬁ@ Rrenyl)-
t th |
rre;& 0 g brofd EofndTRtings-LarBBBitllc o DA 0B BAGIEIRY )
my, 0. dOnzmiohdid &38.3 tef 0r302nrhol$ HATYI M &4.0ane, 8- 10 h2Has5PABYEI (1201 ) in
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used in the 10 next step wthout further ‘purification. 0 a mxture
of rac was(tl{le{n(@)ﬁg:@&aﬂﬁi)anﬁ tli@residue was purified by RP-HPLC to rac-4-{4-[(28,385,45)-2-(3-
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and the reaction mxture was stirre rt overnight. The reaction m xture
was colocdhnthF 2t [(MehoRed. a7 v opndl 199564 extract ed with Et 0Ac, and

washed with water, brine. The organi c phase was separated, and dried over

Na2504. The nixture was then concentrated togive rac-4-

({[(2S, 3S,45)-3-(4-chloro-2-fl uoro- EQQQM_E_S cyano- 2- (2, 3-di chl oro- phenyl) -

4-(2, 2- dlnethylpropyl) pyrrolidi ne-1-carbanyl] - anlgég-nethyyggben20|c aci d
1 -

(43.0 ny, 9Frewyationeffase@8)3565)nd-&- é&?@dZﬁaPmd@ﬁn@ GrNBe- Z-849ro- S B
617
{4- [(Eéqgg ﬁ %ﬁéz?’et '§E§g;_ Jg@gﬁb enya?wgﬂ?ui4ﬁP8¥bbe ﬁuorophenyl) 3-¢

yano- 4- (2, 2-di net hyl - propyl) - pyrrolidin- 1/_5€i?noxo propenyl} -benzoic acid
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20 M. W. 574.5 C3oHsCLF3N30
A mixture of rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-

d|ne I-carbonyl]
A/ 045257PCT/ EP2010/ 065159 - 53-

4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (30 mg, 0.07 mmol)and 1-fluoro-4-
isocyanatomethyl-benzene (Aldrich, 16.1 mg, 0.11 mmol) in CH,Cl; (2 mL) was stirred at rt for
1 h. The reaction mixture was then concentrated and purified by flash column to give rac-

25  (28,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-
propyl)-pyrrolidine-1-carboxylic acid (4-fluoro-phenyl)-amide (18.9 mg, 59.3%) as a white



25 Cl M W 598.5 C32H28C12F2N203 In a manner simlar to the nethod
described in Exanple 4, rac-(25,35,45)-2-(3-chloro-2- fluoro -phenyl)-3

- (4- chl orwo2efllo46256 - phenyl ) - 4- (2, 2- di et hyl - propy1l) - py PCO/EP2@i0065139
-carbonitrile (116 nmg, 0.27 mmol) was reacted with

44(E) - 2- carboxyvi nyl) - benzoic acid nmet-hb§d ester* (84.7 30 ng, 0.41 mol),
in the presence of HATU (156.0 ng, 0.41 nmol) and i Pr2NEt (146.0 ng, 1.15
WO 201%&%&3@1@@@1‘&6@&5@forfi%aHmF)NjOl+®14Rmﬂ{f§ STH)1638, fodindior 2 hrs
to giv

rac- 4- {514{1@35 3S, 4S) - 2- (3-chl or 0- 2- f | uor o- pheny1) - 3- (4- chl or o- 2- f | uor o- phen
y1l) - 3-cyano- 4- (2, 2- di net hyl - propyl) pyrrolidin-I-yl]-3-o0xo-propenyl}-benzoi
c acid nmethyl ester (120.2 ng, 71.5 % which was used in the next step

wi t hout further purlfl cation. 5 Exarhple 84 manner si m I ar to the nethod

dSﬁésL'yi’)e ds' n(?ﬁ?ﬁ ?06“20 4%&3§(§S{%ﬂ%n§%‘3é Z@@% uaroc ezy néia];%% @.r?opyl)

pyrrol ld%&h&rp/&}éy@p%en@ih@n%yﬂ&n Iﬂ%ﬁﬁ&% Scdbidhcet hyl ester (88.1 ng, 0.14
mol ) was tteated with 2 N LiOH (1.0 (n THE/VBOH (3 ni/1 ni) at rt for
3 hrs and purified by RP-HPLC to 10 rac-4- {4- [(2 S,3S,49-2-(3
-chl oro-2-fluoro -phenyl)-3 -(4-chloro -2- phenyl) 3 -cyano -442, 2-
di met hyl - propyl)-pyrro lidin-1-yl] -3 Qo0 prop enyl} -benzoic acid (19.2
ng, 22.3 %9. HRMS(ES ') niz Cab—eé/f %\2§§H28012F2N203+H [ (MHH) : 597. 1518;
Found: 597.1518. * Preparation of“44( )- ¥-car boxyvi nyl) - benzoi c acid net hyl
ester 0 15HO M W 206.2 Cl1H1 0 a solution of tert-butyl
P, P- di met hyl phosphonoacetate ( A\ g, 6.4 mmol) in THF (40 L) was
added NaH (Al derich, 60% 536 g, 13. 4 nifo ()1 porti onwi se at rt over 30 nin.
Met hyl 4-fornyl benzoat e (Alderich, 1.0 g 9 mmol) was then added and the
reaction 20 mxture was stirMedVai86rd meHZZQH?ZMOThe reacti on was quenched

wi th water r Et,0 S ed, and

dried over g@& Oﬁ%ce'ﬁ%s\/\%g Ak f\% Sh(gm%(lzog{)l 0% tp%él%{l)owgl \%ecg{%%{h%r ude

44( B) - Dréomikptdlioyecichdolyitrile |(1~@011) nigeﬂzsln&nalgtarﬂ 4¥Bbbyahatestiedroit heildIaethli189) .
ester (Aldrich, 86.0 mg, 0.53 mmol) in CH,Cl, (5 mL) was stirred at rt for 3 h. The reaction

mixture was then concentrated and purified by flash column to give rac-4-{[(2S,38S,4S)-2, 3-bis-
(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -
benzoic acid methyl ester (141.6 mg, 66.6%) which was used in the next step without further

15  purification.

To a mixture of rac-4-{[(28S,3S,4S)-2, 3-bis-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid methyl ester (142.6 mg, 0.24
mmol) in THF/MeOH (3.4 mL/0.8 mL) was added 4 N LiOH (1.4 mL), and the reaction mixture

20 was stirred at rt overnight. The reaction mixture was concentrated and quenched with 2 N H,SOy,
extracted with EtOAc, and washed with water, brine. The organic phase was separated, and dried
over Na,SO4. The mixture was then concentrated to give rac-4-{[(2S,3S,4S5)-2, 3-bis-(4-chloro-
2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid
(111.6 mg, 80.6%). HRMS(ES ") m/z Calcd for C30H,,CLF,N3O05+H [(M+H): 586.1471; Found:

25 586.1472.

Example 25
Preparation of rac- 4-({[(2S,3S,4S)-2,3-bis-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid



25The crude 44(E)-2-tert-butoxycarbonyl -vinyl)-benzoic acid nethyl ester
(1.00 g, 3.81 mmol) was then treated with 4N HC1 in dioxane (Al drich,.4 niL,
16. 0 mmolwoaviwwstser 2 hrs to give 44(E)- 2-carboxyvi nylpcharzaioocas? d

met hyl ester (0.43 g, 64.5 % 2 steps) after work up. Exanple 29

30Pr epar ati on of -51-

rac-3-[(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1) - 3- (4-chl oro- 2-fl uor o-
phenyl) - 3-cyano- 4- ( 2, 2-di net hyl - propyl ) - pyrroki di n- 1-y1] - 3- 0xo- pr opi oni ¢

acid WO 2011/ 045257PCT/ EP2010/ 065159 -55- Cl / °M W 509.4 C25H24C12F2N203

A mxture of nmethyl mal onyl chloride (A dri 127 ng, 0.93 mmol), D PEA
(Aldrich, 297.0 ng, 2.3 mmol) and o

rac-(2S, 3S, 45) - 2- (3-chl oro- 2-f|_uot o- phemydy- 3- (4-chl oro-2-fl uoro- 5
phenyl)-4-(2, 2-di met hyl - propy1) - m.orqdfbe 3-carbonitrile (150 ng, 0.35
mmol) was stirred at rt overnigh he..reaction mxture was concentrated
and purified by RP-HPLC to glveﬂiz ~

[ (2S, 3S, 4S) - 2- (3-chl oro- 2- f | ugro~pt 4 chl oro- 2-fl uor o- phenyl) - 3-cya
no- 4- (2, 2- di met hyl propyl ) - pyrrol i di n-1-y1] - 8- oxo- propi oni ¢ aci d net hyl

ester (136.2 ng, 73.5%. In ﬁlﬁﬁ”@ﬁTSSC?E%Qﬁiﬁghb?e met hod described in
Exanple 8, rac-3-[(2S,3S,4S5)-2-(3-chloro

f | uor o- phenyia pnZnhere hilar o-the ﬁieﬂmdoiemi@ﬁgf in E@rmyla|401¢a4-(€3,,35;4($|)ﬂ%t3h1w pr opyI )
- pyrrol 0 aci 1.

wha ¢ B2 3R S P S o R o plne SX o ) T P TS e
and ﬁurmﬁlb?dval@)fea%%dwau@ﬁds é@csoﬁn{oh%&oﬁﬁh@)%zn {o”mene o 12 mL, 0.12 rnmol%

chloro uor o- Fhen 4-chl or o- 2-f | uor o- phen cyano di met hy
| -pr opyhg pregapee @ irmhylarmpq TBAKbMgr %BP annel) abCHzéllz 2 Qﬂaéolloy@diow;@%actmNS( ES
a2 S P P REERICIA AR LMo R0 1308 0 FoME) 2951307

raC [ ( 2ﬁn3<Rg14J8)rac4-4( Q1 @BI3s45) 2, 3-bisqr achpre2ylyord-phényd B @k onc24-(2,2-dimethyl-

propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid methyl ester (110.5 mg, 60.9 %)

10  as a white amorphous solid.

To a mixture of rac- 4-({[(2S,38S,4S)-2,3-bis-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-

dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid methyl ester (105.0 mg,
0.17 mmol) in THF/MeOH (1.8 mL/0.6 mL) was added 4 N LiOH (0.6 mL), and the reaction

15 mixture was stirred at rt for 2 hrs. The reaction mixture was concentrated and quenched with 2 N
H,S04, extracted with EtOAc, and washed with water, brine. The organic phase was separated,
and dried over Na,SO4. The mixture was then concentrated and purified by RP-HPLC to give
rac- 4-({[(28S,38S,45)-2,3-bis-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid (100.1 mg, 97.6%). HRMS(ES") m/z

20  Calcd for C31H20CLF,N3Os+H [(M+H): 600.1627; Found: 600.1628.

Example 26
Preparation of rac-4-{[(28S,3S,4S)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,3-dichloro-
phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid



fl uor o- phenyl) - 3- cyano- 2- ( 2, 2-di net hyl - propyl )-pyrrolidin-1-yl]-acetic acid
tert-butyl ester CI 20 Cl MW 537.48 C28H32C12F2N202 To a solution
of WO 2011/045257 PCT/EP2010/065159

rac- (2S, 3R, 4S)-4-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uorophenyl)-2-(
2, 2-di net hyl - propyl) -pyrrolidine-3-carbbnitrile (2.5 g, 5.9 mol) in

N, Ndi et hyl f ormam de (50 nmlL) was added tert-butyl bronopacetate (2.5 g, 12.8
mol ) and Cs2CO3 25 (5 g, 15.4 nmol). The reacfion m xture was stirred at
roomtenperature for 66 h. Water was added dy xture was extracted with
ethyl acetate. The organic |ayer was par d, and WO

2011/ 045257PCT/ EP2010/ 065159 - 8 | dayer was extracted with ethyl
acetate. The organic |ayers were\ecofibined; washed with water tw ce, dried
over MgSO4, then concentrated. e_Pe l was purified by chromatography
(Et OAc: hexanes = 1:10) to g| ve R, 4S)-4-(3 -chloro-2-fluoro

- phenyl)-3 -(4-chloro -2- [T O

- phenyl) - 3- cyano- 2- ( 2, 2- di et hy, y % in-1-yl]-acetic acid
tert-butyl ester as a 5 Whltte’\;ﬂf%] Br‘%g Qﬁ é% 8Exarrp| e 31

Prepar ati on phixture of rac-4- {[(2S,3S,4S)-3-(4-chloro-2-fluoro-phen IR -2-(2,3-dichloro-phenyl)-4-
rac-[ (2S, 3R, 4S)-4-(3-chl oro- 2f|uoro-phen 1) - 3- (4-chl oro- 2-f | uor opheny1) - 3-

cyano- 22 2alimediyhetomyD-npriopging3psarbastitrte (8810 g} 0.3¢ srna))aadiddisgiyangotenzoic
5 acid methyl ester (Aldrich, 42.5 mg, 0.22 mmol) in CH,Cl, (2 mL) was stirred at rt for 1 h. The

reaction mixture was then concentrated and purified by flash column to give rac-4-{[(2S,3S,4S)-
3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,3-dichloro-phenyl)-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carbonyl]-amino }-benzoic acid methyl ester (98.6 mg, 79.9%) which was used in
the next step without further purification.
10
To a mixture of rac-4-{[(28S,3S,4S)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,3-
dichloro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid methyl
ester (85.0 mg, 0.14 mmol) in THF/MeOH (0.6 mL/0.2 mL) was added 4 N LiOH (0.2 mL), and
the reaction mixture was stirred at rt for 2 hrs. The reaction mixture was concentrated and
15 quenched with 2 N H,SOy4, extracted with EtOAc, and washed with water, brine. The organic
phase was separated, and dried over Na,SO4. The mixture was then concentrated to give rac-4-
{[(28S,38S,4S)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,3-dichloro-phenyl)-4-(2,2-dimethyl-
propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid (54.3 mg, 65.4%). LC-MS(ES") m/z Calcd
for C30H,7CLFN;Os+H [(M+H): 604; Found: 604.
20
Example 27
Preparation of rac-4-({[(2S,3S,4S)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,3-
dichloro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid

Oy-oH

4% N>— cl

Cl




MW 481. 37 C24H24C12F2N202 To a sol ution of

rac-[(2S, 3R, 4S)-4-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uorophenyl) - 3-
cyano- 2- (Wp2edimaesshyl - propyl ) - pyrroli di n-1-yl] -aceti c aecu/mreomAobuty| ester
(2.1 g, 3.9 mol) in dichloro nethane (20 nL) was added trifluoro acetic
acid (10 nL). The reaction mxture 15-f&s stirred at roomtenperature for
24 h. The m xture was concentrated, and water was added. The "pH' of the

m xture was adjusted to 6-7 by waburat&d,RgCRPNSONaAHCO3 sol ution, then
extracted with ethyl acetate. The organic | ayer was separated, vvashed W th

wat er, bri ndD adninagr Bpapr Wﬁ@?ﬂlﬁﬂ{oﬁéiﬁs%@ﬁ@ dhEraprle 4 @CdESéS 4S)-2-(2, 3-
LﬁfoE f)%%h?ﬁ i%nﬁ% \;R/Sf@@&% %hogl) %ﬂ%@n}zﬂﬂg@ ‘ﬁléﬁh%}?mﬁgy/))py“ﬂlrlgﬂ din-1-y1] - ac

eti c achrboasrile (88 D-m@ 0. 20hnitne)sedsirdactdd witly ph@ e sd-l-iRMﬁ((E&dflc)h m)% iCadlachef or

grng24§t%23F2 NZ& 33 ;e*LQ}lwy)the prescice of triethytamine (1A, Z75 mg 2 Tonhol) t CH.Cl (3

{2- [ ( Z%qL?Hbﬁ@vedlbff ;’Eaenhg)mha Jduﬁ%efhphsm%)c asid fe@i] QR AKLSUOK RS 60.5
phenyl) cyano- 2- di met hyl - propyl) - pyrro

| i di n-Imgy 1)]3—0amalojblaam fnoP. hi:ﬂdn@mecraaér(d[(ﬁﬁﬁﬁﬂs)és(ﬁeﬁ -dig\oro-phenyl)-3- (4 chloro-

rzno)](',g' {J?é5§507rop -p enylzl?gjéglén(l)g? ](5’ % dim ethprropyl) pyrroY\(/ime ]14ca?bzony Zail'n]ﬁ%%} -me J\BO?’ A

r ac- [ ( 2onas 43 nftiy3 &bt ARS: 1)?111% |3y @) RH & Wi v Aol e bAiowRich lvxké@ 'il@é‘dpthﬁW 1) -
f/ano 2-(2,2-di nethyl -propyl)-pyrrolidin-I-yl]- acetlc acid (0.5 g, 1.04

neet figr withows farmhen pbeifieasisne (Al drich) (0.3 g, 1.99 mmol), HATU (0.4 g
1. 05 mol ) and i Pr2NEt (0.3 g, 2.33 nmol) in CH2Cl12 (30 mL.) was stirred at
roomtenperature for 20 h. The mxture was then diluted with CH2C12 and

washed w t h Twed ixtuderof ig-4-({[E2)3$)aH)- z-(p tBagiehves psaprRatLchlodd-2flaoed and
dried over Na2SO4. The m xture was then concentrated and purified by

chr onatp@@mé AR e, 2r¢émaﬁh§kpmpil)wﬂpad@ﬁ)ecafrwym -amino }-methyl)-benzoic acid
2-[(2 hlyQF Ao
1£I u£)§o%['l %’ g“g%% OCZU 8)dl rret %393% %}ﬁpyrr Iq’?aglaﬁa%dl% Iflgc%{eg y7fam' no

| - bENZ @nIc) amd the mextchigh n&smesr wmstmrevlm tteovenlighd. Tk Bagion8isdure eanmicent3ded
Preparat i on

ac- 4- . . . .
{2-[(28"¢ ﬂuﬂé@iwetéi&ﬂ FEPRs 2 reiet BIBHERYE) sl yashehrathgvasers prig- J1s orsanic
|p2 € 2%;/ : éph%slecs&‘%rk@p‘%m%a; Aidr oY NRKSeRY the RKEhR W AitRenlconddmAsRH ip bR TN04 - benzo
({[(2S,38S,45)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,3-dichloro-phenyl)-4-(2,2-dimethyl-
propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-benzoic acid (43.0 mg, 99.6%). LC-MS(ES ")

20 m/z Calcd for C31HoCLFNzOs: 617; Found: 617.

Example 28
Preparation of rac-4-{4-[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-3-oxo-propenyl } -benzoic acid

25
M. W. 598.5 C32H28C12F2N203

In a manner similar to the method described in Example 4, rac-(2S,3S,4S)-2-(3-chloro-2-
fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile

(116 mg, 0.27 mmol) was recacted with 4-((E)-2-carboxyvinyl)-benzoic acid methyl ester* (84.7

30 mg, 0.41 mmol), in the presence of HATU (156.0 mg, 0.41 mmol) and iPr,NEt (146.0 mg, 1.15



. OH MW 600.50 C311129C12F2N303 To a sol ution of

rac-4-{2-[(2S, 3R, 4S)-4-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fluoro-
phenyl) - 3woypano4®sf2, 2- di nmet hyl - propyl ) - pyrrol i di n- 1- ylpcampeyloasiinol - benzo
ic acid methyl 20 ester (0.35 g, 0.57 mml) in tetrahydrofuran (30 nL) was
added an aqueous solution (1 N) of NaG#{10 nL, 10 mmol) and net hanol (10
m.). The reaction m xture was stirred at roomtenperature for 24 h, and the
"pH' ofmhbl it OHuC, 98 nY[@Sat adbﬂshﬁdotgovesambm [A81894S )-BIC3-chRIrdH2i Midro-The

m xture was extracted ethyl acetate tw ce. The conbined organic extracts

wer e wa‘i’élﬁ@d -hi(tHehise 8rﬂu°5‘?1ph@1ylh%cé@004ré2r 21¢iyaethyl-prrayle-oeedipd @i 3taxogi ve
4- 2 0
1[ ?ﬁor 0- gll%sbegﬁ? ﬁ%lﬁl}n&ﬁyl%mf Fu%rooz rnﬁen 1) /o ngcgvnvgs %Sefi én Ehedn N ?tPPyYV“B?%tpw )

- pyr rolfmdmaapimﬁaa]uon WD 2011/ 045257PCT/ EP2010/ 065159 - 58-

acetc%l am no}-benzoic acid as a white solid (0.33 g, 96%9. HRMS(ES ') nmz
for C3 11429C12F2N3 03+H [(MtH): 600. 1267; Found: 600.1628. Exanple

34 5Prepar af b af: {iRflafro the method described in Exarnple 8 Hjec -4-{ [(f2S ,38,48)-2-(3-

{2-1(2S, 3R, 4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4 or o- 2-f | Uor o- phenyl) -3
- cyanocmo(r@zmtdxrmhhwl)-b{ﬁpmm)&@yhmm -bhahiyh-3-cydnp- 4~é2;23t1yheihylrmbp§ﬂ) enzam de
C C  NH2

pyrrolidin-1-yl]-3-oxo-propenyl } -benzoic acid methyl ester (88.1 mg, 0.14 mmol) was treated
with 2 N LiOH (1.0 mL) in THF/MeOH (3 mL/1 mL) at rt for 3 hrs and purified by RP-HPLC to

10 rac-4-{4-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidin-1-yl]-3-oxo-propenyl }-benzoic acid (19.2 mg, 22.3 %). HRMS(ES")
m/z Caled for Cs,HysCLF,N,O3+H [(M+H): 597.1518; Found: 597.1518.

* Preparation of 4-((E)-2-carboxyvinyl)-benzoic acid methyl ester

o
°>_//_©‘/(
0
15 HO /
M. W. 206.2 C11H;004

To a solution of tert-butyl P,P-dimethylphosphonoacetate (Fluka, 1.43 g, 6.4 mmol) in
THF (40 mL) was added NaH (Alderich, 60%, 536 mg, 13.4 mmol) portionwise at rt over 30
min. Methyl 4-formylbenzoate (Alderich, 1.0 g, 6.09 mmol) was then added and the reaction
20 mixture was stirred at rt for 4 hrs. The reaction was quenched with water and extracted with
EtOAc. The organic layer was separated, and dried over Na,SO4. The mixture was then

concentrated to give the crude 4-((E)-2-tert-butoxycarbonyl-vinyl)-benzoic acid methyl ester

(1.89 g, 118%).

25 The crude 4-((E)-2-tert-butoxycarbonyl-vinyl)-benzoic acid methyl ester (1.00 g, 3.81
mmol) was then treated with 4N HCl in dioxane (Aldrich,.4 mL, 16.0 mmol) at rt for 2 hrs to
give 4-((E)-2-carboxyvinyl)-benzoic acid methyl ester (0.43 g, 64.5 %, 2 steps) after work up.

Example 29
30 Preparation of rac-3-[(2S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-3-oxo-propionic acid



MW 599.51 C311-130C12F2N402 A m xture of rac-4-

{2-1(2S, 3R, 4S)-4-(3-chl oro-2-fl uoro-phenyl)-3-(4-chloro-2-fluoro- 10

phenyl ) - 3woypana42s¢2, 2- di met hyl - propyl) - pyrro PCT/EP2010/065159
l'idin-1-yl]-acetyl am nol-benzoic acid (0.33 g, 0.55 mml), a solution of
amonia (0.5 Min dioxane, Al drich, 2-ff5 1 nmmol), HATU (0.3 g, 0.79 mmuol)
and i Pr2Net (0.3 g, 2.33 mmol) in CH2C12 (20 nL) was stirred at room
tenperature for 20 h. The m xture was thenqjiluted with CH2Cl2 and washed
with water, brine. The organi ¢ phas masﬁgggﬁpéted filtered and dried over
Na2SO4. The nmixture was then cone rated and 15 purified by chronat ography
(EtOAc) to give rac-4-{2-[(2S, 3R 4 )w‘- 3-chl oro- 2-fl uor o- phenyl) -

3-(4-chl oro-2-fluoro-phenyl) - 3-cyarios2 '2 diaret hyl - propyl ) -pyrrolidin-1-y
1] - acet yl am nol benzam de as a vvh| Yo]! \d 33 g, 100% . Exanple 35

20Pr epar ati on of PN
rac-2-[(2S, 3R, 4S)-4-(3-chlor f o] 4-chl oro-2-fl uoro-
phenyl) - 3- cyano- 2- ( 2, 2- dinetﬁgavp$§gal?Ebe?OZB%P% 1-y1]1-N-((S) -3, 4-di hydro
xy-butyl) - acetxnmedd niithylimalody!\bhlobids (5[0&@2;81]2]733@1(29’-2%@)3) DIPEA (Aldrlch

?811202?,3?%7% 595 33956 b oo 2P PR L S8 Tuoky ol )

|0 GHGHZ (R0 (Xo)dikRey Eblobs ALy iERRID: LRBPREA DIsD thi210 Fmbho K0 iiRatl A1

m oxture was quenched wth water was and the organic | ayer was separ at ed,
the aq m@mghta@l@rre&@@nemma@vv@ﬁcwwmrmdmd Ialré"teétbef RPFHELET igagivecrab-dyer s wer e

conbin I r and ¢ r he si due IS ved
Thto & st et T ao, M e BT o) RORN 4 - SRR
was adgesh )o%)ﬁhﬂlds@hqn] -PBx0 thn@ﬁa@élu@ﬁbﬂﬁs}%&t@f €36@smgtiy 3%yl at room

t enperature 5 h. The solvent was renoved, and the residue was

parti t ileAdmIpet sisaar tetthy methoddasaiba in ExaroplaSeticalyliasds. 4RRa3shisp vt i on.

Th d t,h

oDy, Tl Bl Sy IR 2 R oAb L R S IRBY S (506
IC\’;/EOE i metIﬁd}ﬁbr;llt @c@lﬂd@hﬂ&@?ﬁ(]&@&ﬁg M%ﬁhm%\@?teé‘a:teﬁr\?ﬁRQN th)fﬁ(phaill}bh% I

chl or o- uor hen cyan i me - rrqlidin-I-

1] - N ( (ISJE/ATeH W&Zﬂr %%tf %hré@@ awslé@ %RBTHR# tq/of%f«‘ﬁgff%%yﬁ%s 8.3 g, Y
42% 940;
2% MU Sk e el ea %@fo-%wpﬁ%ﬁﬁg??%ﬁ% Rt éﬂ*
r ac- ( 29yBRlidis) Lgtl—]@Bemhbmpmnma‘c[dJ@rlcﬁ qng,em/ZL)/o)3HRlVIS{ESo)rmAZZZalcd for

1 upy o pendl SV A0 s SUIERON: BbgPyg Py T ol di ne-1- car bony

Example 30
Preparation of intermediate rac-[(2S,3R,4S5)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-
fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid tert-butyl ester

20
M.W. 53748 C28H32C12F2N202

To a solution of rac-(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-2-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (2.5 g, 5.9 mmol) in N,N-
dimethylformamide (50 mL) was added tert-butyl bromoacetate (2.5 g, 12.8 mmol) and Cs,COs

25 (5 g, 15.4 mmol). The reaction mixture was stirred at room temperature for 66 h. Water was

added. The mixture was extracted with ethyl acetate. The organic layer was separated, and



MW 485.79 C23H21C13F2N20 20To a sol ution of

rac-(2S, 3R, 4S) - 4- (3-chl or o- 2-f | uor o- phenyl) - 3- (4-chl oro-2-fl uoro-

phenyl) - 2w020 /05188t hyl - propyl) - pyrrol i di ne- 3- car boni t r PCe&/Ere@pasad i n
Example 3 (0.3 g, 0.71 mml) in dichloronethane (5 nL) was added saturated
aqueous NaHCO3 solution (5 nL). The teffperature of the m xture was | owered
to 0 C, and a solution of phosgene (Al drich, 20%in toluene, 0.67 nm., 1.28
mol ) wasccd dgdr daopithfecdivieh &h§ldcege ThT bEzahRACEIr Wl coimbitednasasB&l withr r ed
at roomtenperature for 30 m n, then diluted dichl oronethane. The organic

| ayer wedcrsBngy Ao ver il Syutsnsoneyntedakhcarriduvatpwifiod by dremitesephane
(2%)., TBkanBLaed ooy %ivég PEGT 5, IR1R) HAS TR Ibr 1o MuctBlhbny 1S AR N1ofS bed over

MySHA4, concentrate Ive cr
r ac- ( 2$ludR-glnyh-3-Byambt B(2-Airhdt g rpoe pyi  pyrtd lidBn {14yl -hécvic acid-tEttdbatyd egheasyal ) - 3-
cyano- 2- (.2, 2-di get hyl - propyl) - pyrrolidi ne-1-carbonyl chloride as a |ight
yeIL%mﬂﬂpwiéﬁﬁégﬁdé%ﬁ%gwa. WO 2011/ 045257PCT/ EP2010/ 065159 - 60- Exanple 37
Preparation of
rac- (2S, 3R 4S)-4-(3-chl oro-2-fluoro-phenyl)-3-(4-chl oro-2-fl uoro-
pheny1) - 3- cyano- 2- (2, 2- di met hyl - pr oBydmplpyir ol i di ne- 1- car boxyl i ¢ acid
((9) -3, - di iy oxyuinid) 1 388514 & Sloro Mo et GLRASIARRNZ02
rac- ( 29hdRyAS)cynd-3: Q,blcﬁﬁl@ﬁl%l'- 10N GyRBEaMN1)-yB-acéricddi@r o- 2- f | uor opheny1) - 3-¢
yano-Zizgﬁ%?digéthyﬁ-propyl -%;??2lhgine-l-ggrbonyl chloride (0.34 g, 0.7
nmml ) in tetrahydrofuran (5 nmL) was added
2-((S)-2,2-dimethyl -[1, 3] di oxol an- r-ethylamne (0.1 g, 10 0.71 mmol)
and triethylamne (0.15 nL, 1 mmo The H on m xture was stirred at
roomtenperature for 30 mn. An aqueo¥s HCllsolution (1 N, 5 ni, 5 mol)
was added. The reaction m xture wagst- at roomtenperature for 1 h
The sol vents were renoved and t he S doge s partitioned between et hyl
acettat e and NaHCO3 (sat.) sol uti®n.”Thé drganic | ayer was separated, washed
with water, brine, dried ove ~~apd C ated. The residue was
purified by 15 col um chrona@%gg§§ﬁ§7(E%%%@?bﬁgég?ford
rac- (2S, 3R, 49)a sbhftdnaiflrar-[28 3R, 48) b 3ptidoryl)-fl3etodphenyl)-3-(4-chloro-2-fluoro-
chl oro-2-fl uor o- ph 1) -3-¢yano- 2- (2, 2-di net hyl - propyl ) - pyrrol i di ne-1- carbo
xylic & P%Vll'?@y@@,'ﬁgﬁiWS&QSEQKOBMDW-O&%%%YQ?C%11%511‘%/ Ersitylesies (44 29 3 %804 |
E?Z/B(l %%ﬁla D)W dickRltSfethle 68 A1 Lk2hdNBR Ao dobddrddiard 1o mPFHThE $dctib® Hiture

15 was stirred at room temperature for 24 h. The mixture was concentrated, and water was added.

The “pH” of the mixture was adjusted to 6-7 by saturated aqueous NaHCOjs solution, then
extracted with ethyl acetate. The organic layer was separated, washed with water, brine, dried
over MgSQy4, then concentrated to give rac-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-
chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid as a off-

20  white solid (1.6 g, 85%). HRMS(ES") m/z Calcd for Co4H4CLEF,N,O.+H [(M+H): 481.1256;
Found: 481.1254.

Example 32
Preparation of rac-4-{2-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
25 phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -benzoic acid methyl

cster



20Exanpl e 38 Preparation of rac-4-

{[(2S, 3R, 4S) - 4-(3-chl oro- 2-fl uor o- phenyl) - 3- (4-chl oro- 2-fl uorophenyl) - 3-cya
no- 2- ( 2, 2voi2oetdayisypr opyl ) - pyrrol i di ne- 1- car bonyl ] - am nefThPamoiocsiaci d

et hyl ester C WO 2011/ 045257PCT/ EP2010/ 065159 -61- To a sol ution of
rac-(2S, 3R, 4S)-4-(3-chl oro-2-fl uoro-phéhyl)-3-(4-chloro-2-fl uorophenyl)-2-(
2, 2-di met hyl - propyl) -pyrrolidine-3-carbonitrile prepared in Exanple 3 (0.44
g, 1.04 nmmol) in dichloronethang! (5 nL) was added 4-isocyanato-benzoic acid
ethyl ester (Al drich, 0.22 g, 14, mol ) and triethylanmne (0.22 nL, 1.56
mmol ). The reaction m xture Stirred & roomtenperature for 30 mn.
Wat er was added, the m xture was arPtlt onet\éeen ethyl acetate and

wat er. The organic | ayer was separe Owasheéd th water, brine, dried
over MgSO4, and concentrat ed(@l was parified by chromatography
(25% Et OAc i n hexanes) to gtwve>a

{[(2S, 3R, 4S) - 4-(3-chl oro-2-fl ugro-phen )HP (4-chl oro-2-fl uoro-phenyl)-3-cy
ano- 2- (2, 2- dinethyl -propyl) N{)W O3] ﬁé?- 1(8131?2%%] am no} - benzoic acid

gg&léﬂ%l\%@ﬁ“% QC'E?%@‘ {35?4@%7840&%%%?0? 5147 g(z§ Chl@f?n%?@égﬂeﬁﬁj'

Pr epar at¢yano-@f(2r2adimbthy{l-propyl)- pyrrohdm-l -yl]-acetic acid (0.5 g, 1.04 mmol), methyl 4-

Gy aho arsRtsiieis (RO By ShaBRPorivia el e LA el snd B R Endah e
acid Clmméhlin &h,&, (Wﬁt@ vﬁ@@fﬂ%g@%gﬁ%p&aﬁkéfdé 8 hOfThe mixture was then

rac-4-{[(2S, 3R, 4S) 4- (3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-
pheny 1)d413t€dy?aﬁbcﬁa@12 apd diashedhyith watepyirine plirer ez neast waaseromated,-fdisiedoindbenz

el UGS TR ek afhs pn i i Ripded R PRHAGT B o Bellekrdtf, S%og 2"

stirreqEE)AE:ROENtLANE) & pive rdd- (20(18,3]h8)- 4-@Hchbfo-'Ql'fBlom-i§h¢Hy@) 3es.cialdidist ed
to 5-6 by di | uted aqueous HCl solution. The m xture was partitioned between

Et oWt Ahigrarahew])-3rpgngr eat-dimeildrpropd)- pEpeliditdayll-asrdylemecaieaanis atidyer was
extr aCtn‘b?thWetsth H‘ﬁhné‘&ﬂ da(to% g'lél]e/)or ganic |l ayers were conbi ned, washed with

wat er rrne

Example 33
Preparation of rac-4-{2-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
15  phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -benzoic acid

M.W. 600.50 C31H29C12F2N303
To a solution of rac-4-{2-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -benzoic acid methyl
20  ester (0.35 g, 0.57 mmol) in tetrahydrofuran (30 mL) was added an aqueous solution (1 N) of
NaOH (10 mL, 10 mmol) and methanol (10 mL). The reaction mixture was stirred at room
temperature for 24 h, and the “pH” of the solution was adjusted to 5-6 by aqueous HCI solution.
The mixture was extracted ethyl acetate twice. The combined organic extracts were washed with
water, brine, dried over MgSQ,, and concentrated to give rac-4-{2-[(2S,3R,4S)-4-(3-chloro-2-
25  fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-



25 MgS™4, and concentrated. The residue was purified by chromatography (75%
Et OAc in hexanes) to give rac-4-

{[(2S, 3RWE)2et/(4325¢ ] or 0- 2- f | uor o- phenyl) - 3- (4- chl or o- 2PCiIrEPe@opPbERY 1) - 3- Cy
ano- 2-(2,2-dinethyl-propyl)-pyrrolidine-I-carbonyl]-am no}-benzoic acid as
a white solid (0.1 g, 50%. HRMS(ES ' )38z Calcd for C30H27C12F2N303+H

[ (MtH) : 586. 1471; Found: 586.1473. WD 2011/ 045257PCT/ EP2010/ 065159 - 62-
Exanpl ecé&Qlamino }-ben2b R R@fdadsiackhif sollidi(@B3BRidE%:E HRMS(ES") m/z Calcd for
rac-[(2S, 3R, 4S)-4-(3-chl oro-2-fl uoro-phenyl) - 3-(4-chl oro- 2-
fIuoroibﬂéﬁ§hfﬂ§ibyﬂﬁbwﬁfﬂ2@%1H¥Wéf%¥ﬂé69%b§%§-pyrrolidin-l-yl]-acetic aci d
met hyl ester CI C 5M W 495.4 C25H26C12F2N202 In a 10 nL

round- bottoned fl ask, (2S, 3S, 4S)-2-(3-chl oro-2-fluorophenyl)-3-(4-chl oro-2-
fl uorophenyl) - 4- neopentyl pyrrol i di nExé3ngadhonitrile (200 ng, 0.47 mol),
met hyl 2- bronpacetate (15 1.04 , anpd K 58. 3 ., 1.04
mml%/ vere dorRHOY %r%%‘%ézd(%%,“g)-ﬁmw%o-&r rogp ?@%ﬁé‘frg%le%' Blyororg

The re i ] j At I ; dilute with
GoCt 2 P B e B o A S I CORee: Vot e, The
crude material was purified by fitash chromatography (1-20 % of EtOA in
hexanes) to give rac-[(2S, 3R F(3-chhpro-2- fluoro -phenyl)-3
-(4-chloro-2-fluoro -phenyl)- yano < 2N < di net hyl - propyl) - pyrro
lidin-1-yl] - 15 acetic acid net r Whigt € anor phous solid (121.3

ng, 51.8% . Exanple 41 ie}
rac-[ (2S, 3R, 4S) - 4- (3-chl oro- 2- or & pAenyl) - 3- 4-chl oro- 2-f 1 uor ophenyl) - 3-
cyano- 2- (2, 2-di net hyl - propyy- pyrrbl ¥di n- 1-y1] -acetic acid 20 CI COH
M.W. 599.51 C31H30C12F2N402
A mixture of rac-4-{2-[(2S,3R,45)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

10 phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino }-benzoic acid (0.33 g,
0.55 mmol), a solution of ammonia (0.5 M in dioxane, Aldrich, 2 mL, 1 mmol), HATU (0.3 g,
0.79 mmol) and iPr,NEt (0.3 g, 2.33 mmol) in CH,Cl, (20 mL) was stirred at room temperature
for 20 h. The mixture was then diluted with CH,Cl, and washed with water, brine. The organic
phase was separated, filtered and dried over Na,SO4. The mixture was then concentrated and

15 purified by chromatography (EtOAc) to give rac-4-{2-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-
3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -
benzamide as a white solid (0.33 g, 100%).

Example 35
20 Preparation of rac-2-[(2S,3R,45)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-N-((S)-3,4-dihydroxy-butyl)-

acetamide

M.W. 568.50 C28H33C12F2N303
25 A mixture of rac-[(2S,3R,45)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid (0.2 g, 0.41 mmol), 2-((S)-2,2-



MW 481. 37 C24H24C12F2N202 In a manner simlar to the nethod

descri bed in Exanpl e 8,

rac- [ ( 2S,v8,248)0482573- chl or 02- f | uor o- pheny1) - 3- (4- chl or oP2TfHPR@OO6TIRENY 1) - 3-
cyano- 2- (2, 2-di net hyl - propyl ) -pyrrolidin-1-yl]- acetic acid nethyl ester
(115 ng, 0.23 mmol) in THF/ MeOH (1.8/065% m .) was treated with 2N 25 KOH
(0.6 mM.) at rt overnight to give

r ac- R2QidRh49)1- ﬂd{oaoﬁhmmearyidnuﬁé . pheny oy, ExTh(@edg, 0.9hmol) and

2011/ 045257PCT/ EP2010/ 0

2- f | uorB2Pkéra% ms. é;éﬁﬁmczb QIQCIZLZ@lZ 29 ) s siyad atgppmdempsratule §¢1]20é9c$b¢ c

?(2” F( (Z%Qa%ggﬁg?m%ﬁ? Shauor 0- ‘flﬁvgf%t Bﬁenyl Eg%%ag@clﬁ{'%ﬁ%%féﬁﬁrﬁg? gl-le phenyl) -3

- Cyano-a4uf£02|,s 2aydi wet hytacmdoptyliathpwcetatd iTte prdaniel lhyeraweteydoartimal dbehawirc aci d
nmet h W 614.52 C321131 d 2F2N303 10l n a er_simlar to the
met hbd Pﬁﬂ@é@,.aﬁ gongsniestsdpihe residug wes i @%@ﬁ@t@s&?@yé@wpé? gil), an aquSous

2- 1 uorrgejRBRMEAY 1 R 64achd Hihi&)zwﬁé é&&%@?tc%@ @81%)10@‘1%%@&11%n ngx%réj{x/g?&mgd 40" 0Py
l) - pyrrolldlnlyl]- acetic acid (48 ng, 0.10 mmol) was reacted wt

4- am nmowemqmparatam for At ihe ssltvent W@Oe@oquqi,, amd 0 remdbic) wasi partitireg lbetszmane of
hr s ghyg %&tp 3?:& ﬁat%d)aqﬁenoqlsl { 3 SOﬁlRlOIl THLR)rgamc %Zercwas gepalrrnfgd Wasllietd for
2- [ (2%iBSw4S), bainé %%H'o@éﬁN%ﬂUNﬁfd%BB&ﬁﬂéﬂéd 3hé Atk %&';ﬁmﬁéé byl uoro

-pheny1) -3 -cyano -4- (2, 2-di met hyl yrro lidin-1-y

) oot NOREbIEEA (orabATC: é&fz&sl?a@)az%pmeros&ﬂugrq .

64.5
O D - GEARL oo phemyl 3oy fd SR by b B ivolidin- Ly I S
phenyl ﬁlﬁldr@wablﬂyblﬂtcétﬂmﬁie% ﬁﬁbﬁﬁ’\lvhﬂﬂé’ 1D -1py 40 )) HRMSB(ESY) d]/z Calcd for

-acetyl am nol - benzoi ¢c_aci OHC MW 600.50 C31H29C12F2N303
C28H33C12F2N303+ H [(M+H)+] 568. 1940 Found: 568.1943.

2
{

15 Example 36
Preparation of intermediate rac-(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-
fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl chloride

M.W. 485.79 Cy3H,1CLEF,N,O

20 To a solution of rac-(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-2-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile prepared in Example 3 (0.3 g, 0.71
mmol) in dichloromethane (5 mL) was added saturated aqueous NaHCOs solution (5 mL). The
temperature of the mixture was lowered to 0 °C, and a solution of phosgene (Aldrich, 20% in
toluene, 0.67 mL, 1.28 mmol) was added dropwise via a syringe. The reaction mixture was

25  stirred at room temperature for 30 min, then diluted dichloromethane. The organic layer was
separated, the aqueous layer was extracted with dichloromethane (2x). The combined organic
layers were washed with water, brine, dried over MgSQ,, and concentrated to give crude rac-
(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-
propyl)-pyrrolidine-1-carbonyl chloride as a light yellow oil (0.34 g, 100%).

30



To a m xture of rac-4-

{2-1(2S, 3S, 4S) - 2- (3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fluorophenyl)-3-c
yano- 4- ( 2v@-2diwmasisyl - propyl) - pyrro lidin-1-y1]-acetyl anPooiEPb@nmneiiss aci d
met hyl 25 ester (30.0 ng, 0.05 mml) in THF/ MeOH (0.6 nL/0.2 nL) was added
2 NLiOH (0.2 nL), and the reaction m-gure was stirred at rt for 2 hrs.
The reaction m xture was concentrated and WD 2011/045257PCT/ EP2010/ 065159
-64- quenched with 2 N H2SO4, extragisapeiyh Et 0Ac, and washed with water,

brine. The organi ¢ phase was separ at ed, d dried over Na2SO4. The m xture
was t hen colegmdtioned r@co(Zél %4$)aﬂ;-(31-phloro 2 ﬂuoro phenyl)-3-(4-chloro-2-fluoro-

{2-](2 )y an I ) enyl) 3-
cyano- ih?@'lg?%’ §I¢? Cﬁﬁlgthégnlo gglp(r)pgpjaﬁ %%Ilghﬁ&ﬁg Qlldc(%%ndl ldg{g(azm c acid
(29. 0 rogtyl P8R . LC— MS(ES) 5 mz Calcd for 031F129012F2N303+H [ (M+H) :
600. 5; Found: 602. Exanple 44 al Preparation of rac-4-

{2-1(2S, 3S, 4S) - 2- (3-chl oro-2-fl ugro- phenyl) 3-(4-chl oro-2-fl uorophenyl)-3
-cyano- 4- (2, 2-di met hyl - propyl)
-acet yl am nol - met hyl - benzoic a py1\/é§t~ér MW 628.6
C33H33C12F2N303 In a manner ¥ mlal to the nmethod described in
Example 11, Xy

rac-[ (2S, 3R, 4S) -4-(3-chl oro2- f - Benyl) - 3- (4-chl oro- 2-f | uor o- pheny1) - 3-
cyarfo- 2- (2, 2-di met hyl - propyl f*pyrrolidin-1-y1]- 15 acetic acid (48.2 ny,

0.10 nmmol ) prepared in Examphewdksyas CS‘-@H@IQFZWZDQ met hyl 4-
(am nonet hyl ) benzoat e hydrochl oride (24.2 0.12 mmol ), in the presence of

HATU (38.0 r@a@hm@mmfmac}(m #Pr-21(Echiogo- @iﬂwto plengh)-Irtrbrhloion2- G2 (2 )
tort f

(25, aathfh-3iPutn et Sy faioBy ey iging:lrsiriopb £ osds 034 & SHBIPH s cya
no- 4- (Zet&}gdmraytpﬁmpwaka@&ddrpt(sgtmr dmﬁtlf:}ﬂ—%l 3| disronM-4- Bty lakerZ0i1cg, aci d
math ester as a white anorphous 20 (59.5 94. 7% . HRVB(ES) m z Cal cd
forl Mmbz@@eﬁwlp@m@ 156218 h guep)). #hg ﬁ%FCU%l?BmSIFQ@QNaS@‘@éﬁ% lagrogm

Pr epar
(2T (2 h%h e BP30Hin, Ansayequs LG solytionh N. § L S sl vss e Thggeaction
phenyl Jmiltuey anostérdd2t 2o tahpeytuger fopy h) ngd’mdnltsjwere Teyidyedaadttlyd aRidoevaget hy

| - benzoi c. aci WO 2011/ 045257PCT/ EP2010/ 06
partitl%ne(ii between et (acetate and NaHCO; %sat ) so ut10n The organic layer was separated,

washed with water, brine, dried over MgSQy, and concentrated. The residue was purified by

15  column chromatography (EtOAc) to afford rac-(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-
chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid ((S)-3,4-
dihydroxy-butyl)-amide as a white solid (0.11 g, 28%). HRMS(ES ") m/z Calcd for
Cy7H3,CLFoN3Os+ H [((M+H)+]: 554.1784; Found: 554.1785.

20 Example 38
Preparation of rac-4-{[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid ethyl

cster

25 M.W. 614.52 Cs;H3,CLF;N303



-65- Cl C MW 614.5 C321131 C 2F2N303 To a m xture of
rac-4-{2-[(2S, 3S, 4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-
phenyl) - 3woyano4d25¢2, 2- di net hyl - propyl ) - pyrrol i di n- 1- ylpcampeyloansiiaol - met hy
| -benzoic acid 5 nmethyl ester (50.0 ng, 0.08 mmol) in THF/ MeOH (0.6 ni/0.2
m.) was added 2 N LiOH (0.2 nL), and t-hé reaction mxture was stirred at rt
for 2 hrs. The reaction m xture was concentrated and quenched with 2 N
H2SO4, extr etcbtae@mﬁotnrbea@egs 3R AE)-washabrow tuovebBeny|)b3- (mehlofﬂlE-ﬂQbﬂJani c
phase was separated, and dried over Na2SO4. The m xture was
concentPhad 213 2gcilm§th|yh§m@yl){pyn[oélgge-33glrbon1trlle prepared in Example 3 (O 44 g, 1.04
45S) - 2- 0-4-(2,
T L g B B SR S
(48. 8 22 99. BRhmobRIE t(lEBylamﬁﬂe (OeﬂmdL;‘ h66 mmzmmﬁ)aﬁﬂuﬁmmed at
614.1784; Found: 614. Prepar.atio rac- 2-[(2S,
3S, USyoUD(EIRGHYFO0D i %rwatﬁﬁ @’ﬁ§/ 1§ld6ﬁ‘é (g reikfuss Bap SBliopg dstvecn ety _
phenyl )z da@¥ah Qatkr "?hezm‘éhﬁ@ idP¢t vRE e WabiRddiWikiNs deey, hinbF dfed)ovdr Brgdio)ydr o
Xxy-butyl)- acetam de M W “568. 50 682 5 C28H33C12F2N303/C2HF20 I n-a
manner as{ wbhe@ntrated t Fe medindadesdreddydhromErgnaphye(20Yy EtOAc in hexanes) to give

rac- [(2 )+4-L.3: chl aro-, 20

71 borB I A EhG B2 Shprosehogy Brayayors: s Juprs-pheps) 3-ae R pr opy
|2) pyr rd‘?fhbtﬂgppr%{)%lﬂpyrr@ﬁ&hb-q @%cﬂly(]%lﬁoFﬂenzgicmld%fﬁﬂll)eswsasraesﬁl@ﬁee%llW(O 39

- - i me

S) %13d|oxolan4 1‘22 et hyl am ne” ( Ie4
0. 519 mtoh370) (HIMRGE D swosis ddor G (HRNGORG L (O3 133 FopmoNet (0. 1
m.) in (2 m) at rt for 2 hrs to give 2-[(2S, 3S, 4S)-2-(3-chl oro-2-

f | uor o-phenyT) - 3- (4-chl or o- 2-f | uor o- pheny1l) - 3- cyano- 4- ( 2, 2- di net hyl - pr opyl )
-pyrrolidin-1-y1]-

Example 39
Preparation of rac-4-{[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
15  phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid

M. W. 586.5 C30Hz7CLF;N303
A mixture of rac-4-{[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid ethyl

20 ester (0.2 g, 0.32 mmol) in methanol (5 mL) was added an aqueous solution (1 N) of NaOH (5
mL, 5 mmol). The reaction mixture was stirred at room temperature for 20 h. The “pH” of the
mixture was adjusted to 5-6 by diluted aqueous HCI solution. The mixture was partitioned
between EtOAc and water. The organic layer was separated, and the aqueous layer was extracted
with ethyl acetate. The organic layers were combined, washed with water, brine, dried over

25 MgSO0Os, and concentrated. The residue was purified by chromatography (75% EtOAc in hexanes)
to give rac-4-{[(2S,3R,45)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
2-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid as a white solid (0.1 g,
50%). HRMS(ES") m/z Calcd for C30H,7CLF,N3O03+H [(M+H): 586.1471; Found: 586.1473.

30



25 N[2-((S)-2,2-dinethyl-[1, 3]di oxol an-4-y1)-ethyl]-acetam de (58.2 ny,
95.7 9% which was used WD 2011/045257PCT/ EP2010/ 065159 -66- in the next
step wi t wotofwumsiser purification. PCT/EP2010/065159

2-[(2S, 3S,4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4- chl oro-2-fluoro-phenyl)-3
-cyano-4- (2, 2-di net hyl -propyl )-pyrro I-bZH n-1-yl] -N [24(S)-2, 2-

di net hy141, 3] di oxol an-4-yl)-ethyl]-acetam de ( 50 ng, 0.08mvl) was dil uted
with MeOH and treated with PPTS (cag @@&4@20 Cfor 5 mnwth CEM

m crowave reactor, The reaction mxture 5 was concentrated and di| ut ed with

CH2CL2 and AHEdIoRiaf intapmesiate Fg-16+9, %%4S>rﬁe(3c9#15>a%2cﬂwa§ée%)s $&phlosa-éd,

‘;)'u'r |t ]?Ir Z‘gl gd‘ﬂ@'&ﬂgf ‘ﬁ‘Srz Pﬁ Bitethy o PYK b EL MRS -JINEQ S ALRERL TG & and

2-[(2S, 3S, 4S) 2-(3- chI oro 2 fl uoro- y1) - 3-(4-chl oro-2-fl uoro-phenyl) -

3-cyano-4- (2, 2-di met hyl - propyl) - pyrrqltdin-1-y1] - N ((S) -3, 4-di hydroxy-buty1l

)-acet am de TFA salt (28.8 ng, a a_ Whiit e anmor phous solid. HRVB(ES

) mz Calcd for C28H33C12F2N303+ (ﬂﬂk\l—q)@] 568. 1940; Found: 568. 1936.
Exanpl e 47 Preparati on of o

rac-[(2S, 3S, 4S)-2-(3-chl oro- 2- f1 uor o-k r) 3-(4-chl oro-2-fl uorophenyl) - 3-

cyano- 4- (2, 2-di net hyl - propyl ) - pyrroI|d| A~y1]-acetic acid ethyl ester 15

M W 509. 43 C26H28C12F2N202 To a solution of rac

(2S,8S, 4S) - 2-(3-chl oro-2-fl uMW.HBémylfzﬁbg@ﬂzEzNzﬁﬁo 2-fluor ophenyl) 4- (2 2-

di met hyl y rrolidine car LLri (3

m) was adadi® é@ﬂ%{ggq%@atp%ﬁé@@ 2@35 %3(5 f?@?go-gg%tmémy ee it o

m Xt ur gy W?oéah%ﬁ 1§-h6d tyl yr%)l dRderaalarnifeho 543 mrld§, h&RGtd-on m xture

was di | ut }”1 et ﬂgén%féet a%e anc?awas ee(vm tﬁ%wa ter ?() ang brine. The

or gani drghesetaiad 58 epa il ddedmol)i KiEO eahdad@HASE Sdngvied4 Na@SOﬂere‘Chmbmeﬂt ure

\gg; gg%ﬁ%;:é)gc&m(ra dto%?\ge ep‘tl)'lrrolv&;nls%gpe?l 10flash chromat ography to give rac

(3-phl oro-2-f1l uoro- phenyl) 3-(4-chl oro-2-fl uoro-phenyl)-3-cyano-4-(2, 2-di ne

t hyl -propyl)- pyrrolidin-1-A-acetic acid ethyl ester (22.3 , 44, 2%) as a
whi te amrp%@ge%pnmxtw \sﬂ\&d@srre ahrtzfmrfahcﬂlef@/l CRaHiReTY it Qﬂb@ + H

v
bS50 gung Pt e ERYN oM i RGMRES R, ThooppChRRRRENbSRudied 5050
4- (2, 2+1gifnihk bronfatsppyphly-(PI0r |oIfEt®A-ulh6@lhb@>w oive ra@[(QS}zw4$;Lm(34cmd)@nz-de VO

2011/ 045257PCT/ EP2010/ 065159 ' .
fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-

15 acetic acid methyl ester as a white amorphous solid (121.3 mg, 51.8%).

Example 41
Preparation of rac-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid

20
M.W. 481.37 C24H24C12F2N202

In a manner similar to the method described in Example 8, rac-[(2S,3R,45)-4-(3-chloro-
2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-
acetic acid methyl ester (115 mg, 0.23 mmol) in THF/MeOH (1.8/0.6 mL) was treated with 2N

25 KOH (0.6 mL) at rt overnight to give rac-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-



MW 543.45 C28H26C12F2N40 A m xture of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- phenyl) -

4- (2, 2- diwetzhylo4prsepy 1) - pyrrol i di ne-3-carbonitril e (39. 2CmEP2€0068359M0I )
and 4- 5 isocyanatopyridine (Princeton, 27.8 ng, 0.231 mmol) in CH2Cl12 (5
m.) was stirred at rt for 7.5 hrs thenrtdrre 4-isocyanatopyridine
(Princeton, 23.6 ng, 0.196 mmvol) was added. After and additions 16 hrs, the
react i QaflirsiphtRyWasytied-(2.ontigeihlpbpahdypetitint Bgl]Ryctid asd (108! ump, 970 gi ve
rac- (2S,3S, 4S)-2-(3-chl oro-2-fl uoro- pﬁenyl) -3-(4-chl oro-2-fl uoro-phenyl) - 3-
cyano- #0%2, 2- " di net hyl - propy1) - pyrrol i di ne- 1- car boxyl i ¢ acid

pyridin-4-ylam de (45.3 ng, 89.5%. HRVMS(ES ') 10 mz Calcd for
C28H26C12F2N4A0 + H [ (M+H) +] : 543. 1525; Found: 543.1525. Exanple 49
Preparation of rac-2- { Example 42

[ (2S, 3S,4S)-2-(3-chl aro-2-f1 uor o- phe )-3-(4-chl oro-2-f] uor o-

pheny1)-3 - é’ywtwﬁ(og F%—"iﬁ{?ﬁs[br%ﬁS’M'ﬁfhlﬁw?@@%ﬁ?f‘éwpr%g“rﬁ‘ﬁﬂﬂ?ﬁ'ﬂmm'

. a)f(ﬂt Efl h%@ﬂ%@lcgvalﬁp-h!éz,Q‘f‘&iMdhyiLEro%ﬁ)ff{yrrohdﬁ{l- W11 820y Rthifo L b 23R /N3 OBy 1 A
rac- (28st86, 45) - 2- (3-chl or o- 2-f | uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- pheny1) -

4- (2, 2-di met hyl -propyl)-pyrrolidi ne-3-carbonitrile (70.3 ng, 0.166 mol)
and nethyl 2- 20 isocyanat obenzo (Aldrich, 150.7 ng, 0.851 mmol) in
CH2C12 (9nlL) was stirred at { 18 hrs,, The reaction m xture was then
concentraed and purified by Rye rac- 2-

{[(2S, 3S,4S)-2-(3-chloro-2-fl eng@ﬁ?bqr 0- 2-fl uoro- phenyl)-3-cy
ano-4-(2,2- WD 2011/ 045257PCT/ ER203Q/ 065159 -6

di met hyl - propy1) - pyrrol i di ne-1-car i VI ]-am no}-benzoic acid nethyl ester
(67.9 ng, 68.1%. HRMS(ES ') niz ¢d for C31H29C12F2N303 +No [ (MtNa):

RS, IS S % oo

10 In a manner similar to the method described in Example 11, rac-[(2S,3R,4S)-4-(3-chloro-

2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-
acetic acid (48.2 mg, 0.10 mmol) was reacted with 4-amino-benzoic acid methyl ester (30.2 mg,
0.20 mmol), in the presence of HATU (57.0 mg, 0.15 mmol) and iPr,NEt (0.03 mL) in CH,Cl,
(2 mL) at rt for 2 hrs to give rac-4-{2-[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-

15  fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -methyl-benzoic
acid methyl ester as a white solid (39.6 mg, 64.5%).

Example 43
Preparation of rac-4-{2-[(28S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
20  phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -benzoic acid

OH

M.W. 600.50 C31H20ClLF,N303
To a mixture of rac-4-{2-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -benzoic acid methyl
25  ester (30.0 mg, 0.05 mmol) in THF/MeOH (0.6 mL/0.2 mL) was added 2 N LiOH (0.2 mL), and

the reaction mixture was stirred at rt for 2 hrs. The reaction mixture was concentrated and



phenyl) - 3-cyano- 4- (2, 2-di net hyl - propyl) -pyrrolidin-1-yl]-acetic acid O
j-OHNF\\ CIFN MW 481.37 C24H24C12F2N202 To a m xture of rac

[ (2S, 3S, A8p-2811(@52shl or o- 2- f | uor o- pheny1l) - 3- (4- chl or o- 2- PCU@PRE10DE5159
phenyl) - 3-cyano- 4- (2, 2-di net hyl - propyl) -pyrrolidin-1-yl]-acetic acid ethyl
ester (14.7 ny, 0.0288 mmol, Exanple Gb¥-in THF (1.8 nlL) was added a
solution of LiOH (Aldrich, 85 ng, 0.02 mol) in water (1.2 nL) and the
react i Qetibhed with WEH,S0,f &@fcll with KtOrAc2 dndWwashed Rath waet, ibeific. Mh¢tdtsisvas
partly concentrated and guenched with 1 N HCl1 (pH 4-5), extracted with

Et OAc, PAaY Wsswpaatgls andyghicd oveishpadOat Bloe mirdyre wasdhady apsiragidde @ivgagc-4-

t i T L Xt A niyated to
S R e S e e R
chl or o-d2méthyoprop phregyd)idia- e yldHacetglaidnd-bineicyld- @9 Opyd, ) 98@% ). AI0-MSIE3 )y 1] - ac

ti id 4. 102% . H ES ' nmz Calc or C24H24C12F2N202+ H
F(:\/I%—Da%i'/.z é&kﬁ.%ﬁgglﬁzﬂﬁg‘ﬁ%ﬁ@.@B@):)@Q?ZT’B?@"S%&-ZOMepar ation of 2-
{[(2S, 3S, 4S) - 2- (3-chl oro-2-fl uoro- phenyl) - 3-(4-chl oro-2-fl uoro-
phenyl) - 3-cyano- 4- ( 2, 2-di net hyl - propyl ) - pyrrol i di ne-1- car bonyl ] - am nol - benz
oic acid OH WD 2011/ 045257PCT/ EP200mH5 489 - 69- To a mxture of
-2- :

([(25, 35, 49 PR 22 oD 1Yl0m A0 BhRY D H T YR P: 3- cya
no- 4- }- - hipdteddin= & iAeN-RRt i id
ot hy | e T e Y R TS P e e
sol Ut i owetlefl esicoH (Al drich, 21.8 ng, 0.52 mmwol) in water (2 nl) and the
reaction mxture was stirred at rt for 23

T S
| Ly o

M.W. 628.6  C33H33CLF,N3Os
In a manner similar to the method described in Example 11, rac-[(2S,3R,4S)-4-(3-chloro-

2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-
15 acetic acid (48.2 mg, 0.10 mmol) prepared in Example 31 was reacted with methyl 4-

(aminomethyl)benzoate hydrochloride (24.2mg, 0.12 mmol), in the presence of HATU (38.0 mg,

0.10 mmol) and iPr,NEt (0.04 mL, 0.24 mmol) in CH,Cl, (2 mL) at rt for 2 hrs to give rac-4-{2-

[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-

propyl)-pyrrolidin-1-yl]-acetylamino } -methyl-benzoic acid methyl ester as a white amorphous
20  (59.5 mg, 94.7%). HRMS(ES") m/z Calcd for C33H33CLF,N;O05+H [(M+H): 628.1940; Found:

628.1939.

Example 45
Preparation of rac-4-{2-[(28S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
25 phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -methyl-benzoic acid



5 hrs. The reaction m xture was partly concentrated and quenched with 1 N
HCl1 (pH 4-5), extracted with Et0Ac, and washed with water, saturated Nad .
The or ganwo 2phizes2sras separated, and dried over Na2SO4. PCHEP2OIXI0GIFIE9 WaS
then concentrated to give 2- {[(2S, 3S, 4S)-2-(3-chl oro-2-
fl uor o- phenyl) - 3- (4- chl or o- 2- f | uor o- phéhy1) - 3- cyano- 4- (2, 2-di net hyl - propyl )
-pyrrolidine-1lcarbonyl]-am no}-benzoic acid (49.1 ng, 95 %9. HRMS(ES ') m z
Cal cd for C30H27Cl12F2N303+ 10 H H) +]: 586. 147% Found: 586.1474.
Exanpl e 52 Preparation of

A- chl oro-2-f1 uoro phenyl) -

rac-(2S, 3S, 4S) - 2- (3-chl or 0¢2- or.o~pheny ¥ @ -2- -
3-cyano-4- (2, 2-di net hyl - prop rroft dfne<1-car boxylic acid
(4-fluoro-phenyl)-amde 15 Cl // .t W 560. 45 C29H26C12F3N30 A

m xt ure of

rac- (2S, 3S, 4S)-2-(3-chloro-2-fluor @le) -3-(4-chl oro-2-fl uoro-phenyl) -
4- (2, 2-di met hyl - propyl) -pyrrolidi ne-3-carbonitrile (43.1 ng, 0.102 mol)
and 4-fl uorophenyl isocyanathAIMx;ischQJE OL,M;00. 512 mmol ) in CH2C12 (5
m.) was stirred at rt for 24 hrs. reacti on m xture was then

cglncent rated Oa?n@ll%’tlﬁelolf F@d“‘ﬁ% [@Sa%ﬁﬂw (ﬁrﬁhlt)@ Yiflparor pienzh- 346y clgorg-2-fluoro- h
T RS o o SR e

79. 80 .mdtiRNBE=5(50)0 nikzz0. Oﬁlmmblj or TKEMHABITY @J63MN30. 2+mH) fvad/idded]2 N 260HLQ28;
on of

Found: 560.1479. 25Exanpl e 53 Pr epar a
r ac- ( 28 3sandihe seacon m%%i was §tigsA st Hrfr%@% %L? eagMEIWe a3 SPBCeBHAIeY 1) -

3- Cyan%né ﬁé’nc%ec@bv'i‘fﬁtzw I BO?F%rhctBa’ Lt e BiARCank & AR XM thiWat&@C bidne. The or anic
( 3- net hyl sulfanyl phenyl)-am de WD 2011/ 045257PCT/ EP2010/ 065159 -7

phase was separated, and dried over Na,SO4. The mixture was then concentrated to give rac- 4-
{2-[(2S, 38, 45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-

10  dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -methyl-benzoic acid (48.8 mg, 99.8%). HRMS
(ES") m/z Caled for C3,Hs CLF,N;03+H [(M+H): 614.1784; Found: 614.1783.

Example 46
Preparation of rac-2-[(2S, 38, 4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
15  phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-N-((S)-3,4-dihydroxy-butyl)-

acetamide

M.W. 568.50/682.5 CysH33:CLF,N303/C,HF,0
In a manner similar to the method described in Example 11, rac-[(2S,3R,4S)-4-(3-chloro-

20  2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-

acetic acid (48.2 mg, 0.10 mmol) was reacted with 2-((S)-2,2-dimethyl-[ 1,3]dioxolan-4-yl)-

cthylamine (Example 4, 87.1mg, 0.30 mmol), in the presence of HATU (72.0 mg, 0.20 mmol)

and iPr;NEt (0.1 mL) in CH,Cl, (2 mL) at rt for 2 hrs to give 2-[(2S,3S,4S)-2-(3-chloro-2-

fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-
25  N-[2-((S)-2,2-dimethyl-[1,3]dioxolan-4-yl)-cthyl]-acetamide (58.2 mg, 95.7 %) which was used



M W 588.55 C301129C12F2N30S A m xture of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- phenyl) -
4- (2, 2- diwetzhylo4prsepy 1) - pyrrol i di ne-3-carbonitril e (59. eCmEP2Q0H4A5MMOI )
and 3- 5 methyl (thio)phenyl isocyanate (Al drich, 117.0 ng, 0..711 mol) in
CH2C12 (7 mL) was stirred at rt for 7266ws. The reaction m xture was then
concentrated and purified by flash colum to give

rac- (2% 8%, M) stdp (ahel! farftker pufikivaion: pHERYIS, 49-1-0-ehbar p-fRofd- pﬂ%@})@ﬂ@ny 1) - 3-

cyano- 4- f2 2- di net hyl - ropy %_ rrolidine-1-carboxylic_aci

(5 ot ) logind 1oy Py s B £ G ncthHgproB T o PRV - L nf(8 88 cd 1 or
CI0FROGIAERNEA oo M-ty 1 3REMAAS s B 0w AR 20100 TR B
rac- ( Z&eaﬁddzﬁbhlﬂlTS(oah) mrla() 2cfbudnon phtarGAN-Biclodvavh reacor 2F lid maxrtmnphiﬁnyé) -

3-cyano- 4- rop pyrro |d|n 1- carboxyllc a

(3- et & m@FlHﬁgf 5111 éHg}tfsi Wléff%%z 5 Ié washed wadgvqter gRhRrIng zﬁh%@gm phase
C301- 1%@1@%3&%%@@ %ﬁtered and d%leﬁlo?%ﬂ*'f\l %S@; The mixture Was then concentrated and purified
rac- (2S, 3S,45) - 2- (3-chl oro- 2-f [ uoro- pheny1) - 3- (4-chl or o- 2-f | uor o- pheny1) -
3- cyand»yZRP( EIPZEdD@‘tdw%f[(QfSrﬁpﬂﬂ)%@wh@brﬁﬂwoapheaylbdquhioraéi duoro-phenyl)-

0°C T or i B o Rl e R T R T st i oy RRR A ac o
with EtQe8. a1, 9ashgds wvdzhhewo hou§§$1w ﬁf@qs{‘i@ib m/Z 0818 F&RN H; NFSK 08-S

separated, and dried over . gi ve

r acLQ 281 B8 25R3L98A) Fﬂl@ld25¢8 h%%o phenyl) 3-

(4-chl oro- 2-fl uoro-phenyl) - 3-cyano- 4- (2, 2-di met hyl - propyl ) - pyrrolidi ne-1-ca
rboxylic acid (3- nethanesul fonyl-phenyl)-amde (67.7 ng, 81%. HRMS(ES ')
m z Calcd for C30H29C12F2N303S + H ExMity #7: 642. 1167; Found: 642.1169. WO

2011/ 045257PCT/ EP2010/ 065159 -71
Preparation of rac-[(2S,385,4S)- 2- (3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid ethyl ester

15
M.W. 509.43 C26H28C12F2N202

To a solution of rac (25,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (42.1 mg, 0.10 mmol) in DMF (3 mL)
was added potassium carbonate (43.3 mg, 0.313 mmol) and the reaction mixture was stirred at rt

20 under argon for 21 hrs. The reaction mixture was diluted with ethyl acetate and washed with
water (2X) and brine. The organic phase was separated, filtered and dried over Na,SO4. The
mixture was then concentrated and purified by flash chromatography to give rac [(2S,38S,4S5)-2-
(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidin-1-yl]-acetic acid ethyl ester (22.3 mg, 44.2%,) as a white amorphous solid.

25 HRMS(ES") m/z Caled for CysHpsCLE,N,Oo+ H [(M+H)+]: 509.1569; Found: 509.1569.

Example 48
Preparation of rac-( 2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid pyridin-4-ylamide



Exanpl e 55 Preparation of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- phenyl) -
3- cyano- w029 2/udsaset hyl - propyl) - pyrrol i di ne- 1- car boxyl i ®Campd010/065159

pyridi n-3-yl am de M W 543.45 C28H26C12F2N40 A m xture of

rac-(2S, 3S, 4S) - 2- (3-chl oro- 2-f 1l uor o- phehy1l) - 3- (4- chl or o- 2-f | uor o- pheny1) -
4- (2, 2-di met hyl - propyl) - pyrrolidi ne-3-carbonitrile (40 ng, 0.095 nmol) and
3- isocyanatopyridi ne (Gakwood, 29.1 ng, 0.24 ) in CH2C12 (5 nlL) was
stirred at rt for 17 10 hrs. The reactioon m tune was then purified by
flash colum to give N

rac-(2S, 3S, 4S)-2-(3-chloro2-fl ug.rlé- phe )H3- (4-chl oro-2-fl uoro-phenyl)-3-c
yano- 4- (2, 2- di net hyl - propyl ) - pyr r oNi.@i ng- 1- Fcar boxylic acid

HRMS(ES “Q ndiz Cal cd for C28H26C12F2N40
Z. Ekanpl e 56 Preparation

pyridin-3-ylamde (15.5 ng, 30 %
+ H [ (MrH) +] : 543.1525; Found:
of rac-4-

{[(2S, 3S,4S)-2-(3-chloro-2-fl G6r o- pheﬁyi\s -3-(4-chl oro-2-fl uorophenyl)-3-cya

oyt ester P50 w PO P BE LRI, *T " A v e of

ethyl ester : mxture o
rac-(2S, 3S, 45pidufcdftid-@0324$)-2103-0hlphePfupra3plietyDid-01-chidrof 2-Hoo - jieanty-1) -

ot hyl AUy AR B e 06 ey DA SO SR GHoC12 (10 )
was &t i; 9Py . ' im SRk f

Flach dacameinytdriacal 27 S8 GEPGRRD AT I L SR R ) 5
- (4- chlhoy then 2rofr¢ drosooyarmabeyyidine3Pringeaon 23 4-r(2, (21 Wi mebhywasprdded, Wfiquynd o

lidine-1-.. WO, 2011/ 045257PCT/ EP2010/ 065159 -72- car han -ani no}-butyric
her - eRmdioBS] GBS (s 1O D mrrovay thop RSe et pn Pyt By biyTE gy coudrn 1o e
C29H33 A2 FRINRDBS y2 (B -LRIVESD FhiordRPiend 1§ 34 4-Ebrd 2 - 1188 - ghéa ) 3B AP 46 2DL
dimethyl-propyl)-pyrrolidine-1-carboxylic acid pyridin-4-ylamide (45.3 mg, 89.5%). HRMS(ES")
10 m/z Calcd for C28H26C12F2N4O +H [(M+H)+]i 543.1525; Found: 543.1525.

Example 49
Preparation of rac-2-{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid methyl
15 ester

O/

0

y

M.W. 600.50 C31H0CLF;N303
A mixture of rac-(2S,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (70.3 mg, 0.166 mmol) and methyl 2-
20 isocyanatobenzoate (Aldrich, 150.7 mg, 0.851 mmol) in CH,ClL, (9mL) was stirred at rt for 18
hrs. The reaction mixture was then concentraed and purified by flash column to give rac-2-

{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-



S5Preparation of rac-4- { [(2S,3

S, 4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chloro-2-fluoro- phenyl)-3 -cyano
-4-(2, 2- dvoevtwdsssropyl) - pyrro lidine- 1 -carbonyl] -anpoo/EP2010063159 ¢ aci d
M W 552.45 C271129C12F2N303 To a m xture rac-4-

{[(2S, 3S, 4S)-2-(3-chl oro-2-fl uoro- phen¢d) - 3- (4-chl oro-2-fl uoro- 10

phenyl) - 3- cyano- 4- (2, 2- di met hyl - propy1) - pyrrol i di ne- 1- carbonyl ] - am nol - buty
rld g gcldﬁkn@t}hwlbropﬁg?ryrrbﬁeﬁn@1t@rbd}1yﬂ]7a@mﬁapbenzﬁmmi ﬁleﬂﬁgzDéstérrmelEng B8ni2)). was
added a_sol ution

LICPiéA]drICh 47 E&A Tﬁﬁg n water (4 mL) and
the redBMSHES) 2/ felogdder i#ﬁ%ﬁdﬁ§%orfNF BNF §22. Feued: 084 1A%t ure was
partly concentrated and quenched with 1 N HC1 (pH 4-5), extracted with

Et 0Ac, and washed with water, saturated NaCl. The organi c phase was
separated, and dried 15 over Na2SOAExagefDxture was then concentrated to
gi ve_rac- {[(2S, 35, 49) 3- 2-

f1 uot o- phen)})ﬁg %atm ﬁ%r[@?sé(%‘fS(}oi-&-&h}%ﬁw%jﬂugroc@}&ﬁxbﬁ:@zehé@rar%ﬂwyr - propyl )
- pyrrol | i 100 %9. HRMS(ES ')
oy carbd oy ea A AN be%9‘>>ﬁﬁ4t‘?’11@ﬁ f’z@%%i%z%?d Found: ~ 552. 1628,
20Exanmpl e 58 Preparation of

rac-(2S, 3S, 4S)-2-(3-chloro-2-flu pheny Ot4- chl or o- 2- f | uor o- pheny1l) -
3-cyano-4- (2, 2-di et hyl - propyl) 0 -ﬂ.carboxyllc aci d

(3- car banoyl - propy1) - ami de \ /<0 N N M2 % \}, OF N MW 551.47
\

C27H30C12F2N402
F\N
M.W. 481.37 CxuH24CLF;N,0;
To a mixture of rac [(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
10  phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid ethyl ester (14.7 mg,
0.0288 mmol, Example C1) in THF (1.8 mL) was added a solution of LiOH (Aldrich, 8.5 mg,
0.02 mmol) in water (1.2 mL) and the reaction mixture was stirred at rt for 22 hrs. The reaction
mixture was partly concentrated and quenched with 1 N HCI (pH 4-5), extracted with EtOAc,
and washed with water, saturated NaCl. The organic phase was separated, and dried over Na;SOj.
15 The mixture was then concentrated to give rac- [(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-
chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid (14.2 mg,
102%). HRMS(ES ") m/z Calcd for Co4HyyCLF,N,O,+ H [(M+H)+]: 481.1256; Found: 481.1255.

Example 51
20 Preparation of 2-{[(28S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid

ad

X

Cl
M.W. 586.47 C30H27C12F2N3O3



25To a m xture rac- 4-

{[(2S, 3S,4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-

phenyl) - 3woyano4d25¢2, 2- di net hyl - propy1l) - pyrrol i di ne- 1- cacomrgéiproessnol - but y
ric acid (22.7 ng, WO 2011/045257PCT/ EP2010/ 065159 -73- 0.041 mmol,

Exanpl e C11) in N, N-di met hyl formam de692.5 nL) was added DI PEA (37.1 ng,
0.287 mmol) and HATU (25.1 ng, 0.066 mmol ). After it was stirred at rt for
35 min, grounrcth aABRIMachl GrISBES 4$)-3-(IohloD-29Rore¥pheny])Vis-adeioh-flabloer 3
hrs the reaction m xture was extracted with EtOAc, and washed w.th water,
10% amPbEB enre-f-de2-dmetlhy kponySoureliime i cabaseiaaraino wdbewsoic agidimsthvlir at ed
NaCl . i,C , i of 1 eaction
ot ur s SO0 B AT RHA CO A THNG A1 S R MBRridhor 10

(2S, 3S,(A8)rich; T B8 ey, 6r5@-r@mol) in water (2 mL) and the reaction mixture was stirred at rt for 23

fl uoro-phenyl) - 3-(4-chl oro-2-f1 uoro-phenpyl)-3-cyano-4-(2 -éii t hyl - propyl)
- pyrt LS petion MYPIRIA WS RAETLGOqseRtg ?ﬂﬁfﬂ@ﬁ?@ﬂl}h Qﬂ féél pfgni?égwg, 85. 6
A . HRVBES:d h TR0 SRLEM [ Rhe PR THRAGI2EAMRA eI T IRic Bfode 460 Qepakaund:

573.1609. 10 Exanple Preparation o

rac- ( 28n88riddpva NBSOh| Theoniture wos thepliengehjradd (el givh Rof] 25239, #8)62-63-phlerny2) -

3-cyang; 4- (2, 2-di | - p 1)-pyrrolidine-1-carboxylic acid ...

(35 v kPR i TR R A Y e GE T e B - o

a m xt léﬁﬁ)onyl%-arnino}-benzoic acid (49.1 rn%, 95 %). HRMS(ES") mv/z Calcd for C3H,7CLF,N;05+

rac- 4- &%EZS, S, 45) - 2- &B-CI‘H or o- 2-Tl uoro- phenyl) - 3- (4-chl oro- 2-f | uor opheny1)

- 3- By akb QA 12- dhonkk7hyFoyndop§d- 14y r r ol i di ne- 1- car bonyl ] - ani nol - but yric

acid (24.0 ng, 0.043 nmmol, Exanple 58) in N, Ndinmethyl formam de (2.5 i)

was added DI PEA (48.2 ng, 20 0.373 nmol), HoBt (12.2 ng, 0.090 mmol),

HBTUY(30. 7 ng, 0.081 mmol ) and net hyEedmpie spydrochl oride(9.6 ng, 0.142 mmol )
After it was stirred at rt for 5.5 hrs, the solvent was remved and t he

reaction mi PrenaatiaeT s 28t n-{hicleptoas-flugiupheay hed(drioroivlaerarsny))-
hydr oxi.d ) NRY F )a_é#[; N AR ) separ at ed,
and dr i3e§ag§§(gé@§%%yl%ﬁgpﬁe ct@gﬁ%mi\?%?x \%:‘s??({ ﬁ@:‘!“’gﬁfrb.m??ﬁh >§;d 1 ash
colum to give rac-(2S,3S,45)-2-(3- 25 F

chl oro- 2-f1 uoro- phenyl ) - 3- (4-chl or o- 2+ | uoyl) - 3-cyano- 4- (2, 2- di net hy
| - propyl )- pyrrolidine-I-carboxyljc acr “Ret'hyl car banoyl - propyl) - am de
(23.0 ng, 93.7 %9. HRVS(ES ') Caledh erF C28H32C12F2N402+ H [ (MrH) +] :

565.1943; Found: 565.1944. i
""©/CI
\
N
15 Cl F

M.W. 560.45 CH2CLF;N;O
A mixture of rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-

4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (43.1 mg, 0.102 mmol) and 4-fluorophenyl
isocyanate (Aldrich, 71.0 mg, 0.512 mmol) in CH,Cl, (5 mL) was stirred at rt for 24 hrs. The

20 reaction mixture was then concentrated and purified by flash column to give (2S,38S,4S)-2-(3-
chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carboxylic acid (4-fluoro-phenyl)-amide (45.6 mg, 79.8%). HRMS(ES ") m/z Calcd
for CooH26CLF3N3O + H [(M+H)+]: 560.1478; Found: 560.1479.

25 Example 53
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (3-methylsulfanyl-phenyl)-amide



WO 2011/ 045257PCT/ EP2010/ 065159 - 74- Exanpl e 60 Preparati on of
rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- phenyl) -
3- cyano- w029 2/udsaset hyl - propyl) - pyrrol i di ne- 1- car boxyl i ®Campd010/065159

(1- net hanesul fonyl - pi peridin-4- yl)-amde 5 Cl MW 627.59
C29H34C12F2N403S To a m xture of-70-

1- met hanesul f onyl - pi peri di n-4-yl am ne; conpound with trifluoro-acetic acid

(229.4 ng, 0.785 nmol, US20060014708) in N, Nd{nethyl fornmam de (4.0 ni)
was added TEA (101 ng, 1.004 mol) angJ 1,1 onyI di i m dazole (Al drich,

134 ng, 0.826 mmol) . 10 After i\t,was s{i[FeN t for 2 hrs, the sol vent
was renoved and the reaction n'i—xylare gxtracted with Et 0OAc, and washed
with water (2X), and saturated NaGh. e offgani ¢ phase was separated, dried

over Na2SO4, filtered and concen
(1- met hanesul fonyl - pi peri di n- 4f
Wi t hout further purificationC A XY\

rac- (2S, 3S, 4S) - 2- (3-chl oro- 2%F 1 uor o- ﬁhenyl) -3-(4-chl oro-2-fl uoro-phenyl) -
4- (2, 2-di met hyl - propyl) - pyrr @k ixdi :38-<3- benistyi (30.5 ng, 0.072 nmol)
and i ni dazol e-1- carboxylic gvclz:“g 5??}?@?3&%23?225??39\% -pi peridi n-4-y1) - ami de
(75.4 ny, O.ARihixtomndf)rad-2SCHREN22-(3chibjo-ddmost-phicemgt)-3at4-clilofoel-fld@rokplenyhe
reaction m xture was then purified. by fl col to give, 20

[ oes ( h e e B T St drboPR ) 2 3% SOATBRED 8% Fuor o- pheny1) - 3-
cyanp- 4. /e ] ovrrald d . . '

e R O B P Aol 10 a1 SRS RECHECEST Flgspstieg et
Cal cd frofor C29H34 08 pFaRNAD B turelvys(thMrH)orbentBRe drid joirified by dlasieeunhi 7o give
25Exampl e Prepa i on of

rac- 2- [r%cz@,%és,’f@)'z-'Q'E%‘Pg%?'26‘830291?‘1“&8?36(45?1"4?1591%'ﬂé‘?r(oaﬂhé’ﬂ?’%'ﬁac-yﬁll?140(8r26pheny 1) -
3- cyan%ﬁethgle%ogg %Mlidiﬁé-qm&mox@ldé & i(Blintet By 1yt Han pICHHcaNT) GehiddN@7.7 mg,

2011/ 045257 /065159 - 75-
81%). HRMS(ES") m/z Calcd for CagHaCLF,N:OS + H [(M+H)+]: 588.1449; Found: 588.1452.

0 gl veci m dazol e-| -carboxylic acid
0.7 ng, 70.5 % which was used

10

Example 54
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (3-methanesulfonyl-phenyl)-

amid

15
M.W. 620.55 CgongClezNgOgS

A mixture of rac-(2S,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (3-methylsulfanyl-phenyl)-amide
(Example 53) in CHCl; (4 mL) was stirred at 0 °C for 30 min then at rt for 80 min. The reaction

20  mixture was extracted with EtOAc, and washed with water, saturated NaCl. The organic phase
was separated, and dried over Na,SO,. to give rac-(2S,3S,4S5)-2-(3-Chloro-2-fluoro-phenyl)-3-
(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (3-
methanesulfonyl-phenyl)-amide (67.7 mg, 81%). HRMS(ES") m/z Calcd for C3oHy0CLF,N303S
+ H [(M+H)+]: 642.1167; Found: 642.1169.



M W 480. 39 C24H25C12F2N30 To a m xture rac-

[ (2S, 3S, 4S) - 2- (3-chl oro-2-f | uor o- phenyl) - 3- (4-chl or o- 2-fl uor ophenyl) - 3-cyan
0- 4- ( 2, 2-wormetiab2spr opyl) - pyrrol i di n-1-yl]-acetic aci d @23/EP20m/,06315948
mol, 5 Exanple 51) in N N-dinethyl formam de (2.5 nlL) was added DI PEA
(44.5 ngy, 0.344 mol) and HATU (29.6 rgl- 0. 078 mml ). After it was stirred
at rt for 22 mn, ground amoniumchloride (6.4 ng, 0.12 mml,) was added.
After 3 hrs the reaction m xture was extracted with Et0Ac, and washed with
wat er, 10% ammoni um chl ori de, saturated sodi um bi carbonate, water, and
saturated Nad . The organic phase wB%8RpaPated, and dried over Na2SO4. The

reaction 10 r V

2-[(2S, 3S, 43;%1%%{@%0% or 2? ﬁqnyl'% fﬂ%@%}}%ﬁb,grﬁn( alfl%oéragﬁ%ﬁepnﬁﬁl) 3-cy
ano- 4- (329y3nd44n(ét24§t1htqﬂr}(b1pydp§d)awcdidnrﬂh- hedrbgdylic makpaididd-ylanideny, 16.1 % .
HRVB(ES ') mz Calcd for C24H25C12F2N30 +No [ (M+Na): 502.1235; Found:

502. 1235. 15Exanple 62 Preparation of rac- &
{[(2S, 3S, 4S)-2-(3-chl oro-2-fl uoro- phenyl) - 3- | or o- 2-f1 uor o-

phenyl) - 3-cyano- 4- ( 2, 2- di net hyl - ropyl)ipero I ne- 1- car bonyl ] - am nol - acet
ic acid ethyl ester MN 552.45 H29, ‘&FZN%OS 20ln a manner simlar to the
met hod described in Exanple C3, rac¢-'(\S 3S S)-2-(3-chl oro-

2-fl uoro-phenyl)-3-(4-chloro-2-f I(2, 2- di et hyl - propyl ) -pyrro
| i di ne-3- carbonitrile (80 ny, reacted with

i socyanato-acetic acid ethyl es Nrg 0. 945 mmol ) to give rac-

{[(2S, 3S,4S)-2-(3-chl oro-2-fluoro-phenyl)-3-(4-chl oro-2-fluorophenyl)-3-cya
no- 4- (2 2- di net hyl - propyl) pﬂﬂﬂ&lﬁﬁﬁﬁ%Ci&bdﬂﬂbhyO] am nol -acetic acid ethyl

Cal cd for COTPBUERIRANGOS s HD( KRR © 380D o s> TS el e

63 SPuepar- ffrﬁe@ﬁyli}bfroﬁﬁﬁpyrrohdme 3- carbomtrlle (40 mg, 0.095 mmol) and 3-
{[(2S, 3S,4S)-2-(3-chloro-2-fluoro 4-chl oro-2-fl uoro-

iy Lyt ding20zkap e mpr GR4A JiopyindiH-aiiriG. L EwA R SfnaT - acet
Ic ?(f:' %rs The reaction mixture was then purified by flash column to give rac-(2S,3S,4S)-2-(3-chloro-

2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-
carboxylic acid pyridin-3-ylamide (15.5 mg, 30 %). HRMS(ES") m/z Calcd for CosHy6CLF,N4O
+ H [(M+H)+]: 543.1525; Found: 543.1527.

15 Example 56
Preparation of rac-4-{[(28S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -butyric acid ethyl

cster

20 M.W. 580.51 CoH33CLF,N303
A mixture of rac-(285,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (101 mg, 0.239 mmol) and ethyl 4-
iaocyanatobutyrate (Aldrich, 196 mg, 1.25 mmol) in CH,Cl, (10 mL) was stirred at rt for 22 hrs.
The reaction mixture was then purified by flash column to give rac-4-{[(2S,38S,4S)-2-(3-chloro-
25  2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-



MW .524. 40 C25H25C12F2N303 In a manner simlar to the nethod described in
Exanpl e 52, rac- {[(2S, 3S,4S)-2-(3- 10

chl or o- 2-Wbuoriopisenyl ) - 3- (4- chl or o- 2- f | uor o- pheny1) - 3- egamP2e0/0235129 di et hy
| - propyl)- pyrrolidine-I-carbonyl]-am no} -acetic acid ethyl ester (83 ny,
0. 144 mmol, exanple C16) was reacted w/2h |ithium hydroxide hydrate (36 ng,
0.945 mmol, Aldrich) to give rac- {[(2S, 3S, 4S) -

2-(3- C%hﬁbbﬁyl@-ahhmrl@mfm@ﬁdd-):ﬁ&i Edech1R08ang 871 L19) TTRMESIES ) ¥z Chddadod- ( 2, 2- di
met hyl ropé%wrro di ne- I-carbon 1] -am no%z|5 acetic acid (71 ng, 92%
HRNB(E 2wh33 claHf Y5t o8R8 PQINB@QN 9-(M+H) +] : 524.1314; Found:
524. 1315. Exanple 64 Prepar ati on of

rac-(2S, 3S, 4S) - 2- (3-chl oro- 2-fl uor o- phenyl) - 3- (4-chl oro- 2-f | uor o- phenyl) -
3-cyano- 4- (2, 2-di met hyl - propy1) - pyr Exdmde 6&- 1- car boxyl i ¢ aci d

iy 550 PP B e oS Eair LB SRS a I A agropien s fiehlo deldakphod |

EX anpl &16Ry1)-8-Fhnd-4( 8 2QfimE@Gt-propyl)-pyrrolidine-1-carbonyl]-amino }-butyric acid

M.W. 552.45 Cy7H9CLF,;N30;
To a mixture rac-4-{[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

10 phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -butyric acid ethyl
ester (98.6 mg, 0.170 mmol, Example C10) in THF (6 mL) was added a solution of LiOH
(Aldrich, 47.1 mg, 1.12 mmol) in water (4 mL) and the reaction mixture was stirred at rt for 6 hrs.
The reaction mixture was partly concentrated and quenched with 1 N HCI (pH 4-5), extracted
with EtOAc, and washed with water, saturated NaCl. The organic phase was separated, and dried

15 over Na,SO,. The mixture was then concentrated to give rac- 4-{[(2S,3S,4S)-2-(3-chloro-2-
fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-
carbonyl]-amino }-butyric acid (93.9 mg, 100 %). HRMS(ES") m/z Calcd for Cp7H20CLF,N30:3+
H [(M+H)+]: 552.1627; Found: 552.1628.

20 Example 58
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (3-carbamoyl-propyl)-amide

M.W. 551.47 Cy7H30CLF;N4O,
25 To a mixture rac- 4-{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -butyric acid (22.7 mg,



{[(2S, 3S,4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fluoro-phenyl)-3-cy

ano-4- (2, 2- di met hyl - propyl) - pyrrolidine-I|-carbonyl]-am nol-acetic acid

(22.6 ng,w0.20t13@52500 | e, exanple 25 64) was reacted w t rCa/EPRIIOWETIRY Of

met hylam ne (0.04 niL, 2Min THF, 0.080 mmol, Aldrich ) to WD

2011/ 045257PCT/ EP2010/ 065159 -77- give7d3ac-(2 S ,3 S,4 S)-2-(3 -chloro

-2-fluoro-phenyl)-3 -(4-chloro-2-fluoro -phenyl)-3 -cyano -442, 2-

di met hyl, emr@myﬂ,fx@mprecchi)dﬂl NeNIdimathpDioyb@ideGR & HES Wid skicd DTBEANBY hythg,am de

(17 9 a white solid. HRVS SES) mz Calcd for 026H28012F2N402+ H
[ ( MrH) 9}287531?10@@3@ HAQ 8- 1 537 0 D66 anmeg E%ﬁﬁ*b}t avagstirred at rt fopdg gaipagiospd of

2 I I 1) -
5 Cyanam i 3y CHer (51 ThE D AT BIAINE An ey ESYST Padiiyielfe RRETYD
car bameytraethyith dtOde, ddOvaNH2d @ith GratdrQ MMVantm@Rivith cEBSH@ GEfhzit2dNd@Huho a
t - 2S, 3S, 45) - 2- 2-1 heny1 -chl -2-f -
th)é ) %lcgrw%(: {%W&f@( zang Séﬁureé%ivgao Hbpprganisyitiet ey bk i o N i0ace
i ¢ aci &rpe28 HofMBhixtlr Of& ﬂﬁ@i?”gurlﬁé@l?éph@shjcaurhrpt% f%'cﬂgfshéé 4§)Of-g?-€11ﬂgﬁ) £2. 5

m.) was added DI PEA (44.
Af t er iffuoweaphatyl)r 3- éﬂblcldorqnz flugro-piRnpl) 13 -cyanoun@, Zk&lnmhhwWmel)cmrmhd@tE [6. 6 ng,

Ei oAc, AV IAf O e et Gror byl S o nitor d o ST T S £ eBdbtm

bi car b@}g%cw@nmﬁmrm\@ﬂ'wgag adodNalind: #9718, 1009ani ¢ phase was separ at ed,
and dried over Na2SO4. The reaction mixture was then purified by flash

colUm to give rac-2- [(28 3S,4S)-2-(3-chl oro-2-

fl uor o- phenyl) - 3- (4-chl oro- 2- quor ggﬁg %2 3-cyano-4- (2, 2-di et hyl - propyl)
-pyrrolidin-1-y1]- 20 acetam de (16. 4.3 %. HRVS(ES') mz Calcd for
C25H26C12F2 M@%raltiﬂ@ dfeAd=(S8) 3S, BBH2-1R 0o roFD i do- Sty ) 39¢@ - c Hia P Flgoro6pheny ) -
Prepar ati on of

r ac- ( 2S-83nagyC2-dimeghil-prenyd-pyrididincphespayyls-qcil Ghmethyleotrmest-poprbny 1) -

25

4- (2, 2- 81nethyl propyl)-1-(pyridine-3-sul fonyl)- pyrrolldlne 3-carbonitrile

15

M.W. 565.50 C»3sH3,CLF,N4O;
To a mixture rac-4-{[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -butyric acid (24.0 mg,
0.043 mmol, Example 58) in N,N-dimethyl formamide (2.5 mL) was added DIPEA (48.2 mg,

20 0.373 mmol), HoBt (12.2 mg, 0.090 mmol), HBTU(30.7 mg, 0.081 mmol) and methylamine
hydrochloride(9.6 mg, 0.142 mmol) . After it was stirred at rt for 5.5 hrs, the solvent was
removed and the reaction mixture was extracted with EtOAc, and washed with 1N sodium
hydroxide (2X), water, and saturated NaCl. The organic phase was separated, and dried over
NaySO4. The reaction mixture was then purified by flash column to give rac-(2S,3S,45)-2-(3-

25  chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carboxylic acid (3-methylcarbamoyl-propyl)-amide (23.0 mg, 93.7 %). HRMS(ES")
m/z Caled for CosH3,CLF2N4O+ H [((M+H)+]: 565.1943; Found: 565.1944.



WD 2011/ 045257PCT/ EP2010/ 065159 - 78- MW 564.49 C27H25C12F2N302S To a
m xture of

rac- (2S, 38p28)1/@5153- chl or o- 2- f | uor o- pheny1) - 3- ( 4- chl or o PRI HPR@OM65159
phenyl)-4- (2, 2-di met hyl - propy1) - pyrrolidine-3-carbonitrile (30.2 ng, 0.071
mol) in CH2C12 (3 5 nlL) was added DI PEA (29.7 ng, 0.230 nmol) and

pyri di ne-3-sul fonyl chloride hydrochloride (22.8 ng, 0.106 mmol, Acne

Bi oscience). It was stirred at rt fBxangplb6g under argon. More DI PEA (29.7

ng, 0.230 mmol ) and F%yri di ne- 3-sul fonyl chl oride hgdr ochl oride (Acne
Bi osci ence, Prepapatipn of gact@S. Inb)y2-(eeldotedétdlgoroapheayl) B -(r hlemel-flueretnhsayD-

m xt ur a6 i t . Was ] r j gt

bi car bgn%g? g’\ﬁgfzggl?l%gﬁw pg(gb[yﬁr %ﬁ“&ld@&q %&?ﬁ&j lgr% cmﬁﬁgééﬁ%ﬁqmﬁi%gfgﬁ at ed,
and driyddaroider Na2SO4. The reaction m xture was then purified by flash
colum to give rac

(2S, 3S,4S)-2-(3-chl oro-2-fl uoro-phenyl) - 3-(4- chl%w3- 2-f 1 uor o- phenyl)-4-(2,2
- dinmethyl -propyl)-1-(pyridine-3ssylfonyl) - pyt gi’?ﬁh’ ne- 3-carbonitrile (20.3
mg, 50.4 %. HRME(ES ') mz Cal c%r C27H2BC12F2N302S + H [ (MHH) +] :
564.1086; Found: 564.1087. 15Exanple 67 HN Preparation of rac-4-( {

[ (2S, 3S, 4S) - 2-(3-chl oro-2-f| ugfo\phé¢nyy)-8- (4-chl or o- 2-f |l uor opheny1) - 3
-cyano-4- (2, 2-di net hyl - pro -1/ di N® | - carbonyl ] -am nol - net hyl ) -
cycl o hexanecar boxylic acid ¢ster F MW 620.57 C32H37C12F2N303

To a m xture of 4-am nonet hyl - cyct dhie carboxylic acid nmethyl ester
(1.008 g, 4.758 nmmol, Astatech,) in N t hyl formam de (20.0 nL) was
added TEA (617 ng, 6.098 nmol) and 1, 1™=car bonyl di i m dazol e (810.3 ny,
4.997 mmol, Aldrich,) . Afteg{ ik T for 21 hrs under an
argon at nosphere, the sol veny'%gﬁé%%%4gﬂ%ﬁ4l%gr eaction mixture was
extracted WWQ 20ixti@4%25HE6dncsRZEkpHebill m34-ylamine; compound with trifluoro-acetic

acid (229.4 mg, 0.785 mmol, US20060014708) in N,N-dimethyl formamide (4.0 mL) was added
TEA (101 mg, 1.004 mmol) and 1,1’-carbonyldiimidazole (Aldrich, 134 mg, 0.826 mmol) .

10 After it was stirred at rt for 2 hrs, the solvent was removed and the reaction mixture was
extracted with EtOAc, and washed with water (2X), and saturated NaCl. The organic phase was
separated, dried over Na,SOy, filtered and concentrated to give imidazole-1-carboxylic acid (1-
methanesulfonyl-piperidin-4-yl)-amide (150.7 mg, 70.5 %) which was used without further
purification.

15

A mixture of rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (30.5 mg, 0.072 mmol) and imidazole-1-
carboxylic acid (1-methanesulfonyl-piperidin-4-yl)-amide (75.4 mg, 0.277 mmol) in CH,Cl, (4
mL) was stirred at rt for 72 hrs. The reaction mixture was then purified by flash column to give

20  rac-(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carboxylic acid (1-methanesulfonyl-piperidin-4-yl)-amide (15.7
mg, 34.7 %). HRMS(ES ") m/z Calcd for C20H34CLF;N40:S + H [(M+H)+]: 627.1770; Found:
627.1770.

25 Example 61
Preparation of rac-2-[(2S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetamide



-79- with Et0Ac, and washed with water (2X), and saturated NaC . The
organi ¢ phase was separated, dried over Na2SO4, filtered and concentrated
to give awofp(ivaasrkazol e-1-carbonyl)-am no]- nethyl} cyclroch@ranenesiboxyl i c
acid nethyl ester (1.184 g, 4.46 mmol, 93 9% which was used wi thout further
purification. 5 A m xture of -75-

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl oro- 2-f | uor o- phenyl) -
4- (2, 2-di et hyl - propyl) -pyrrolidine-3-carbgnitrile (70.2 ng, 0.165 mmol)
and 4- {[(im dazol e-1- carbonyl)-¥gfi no] - netiyNH, cycl ohexanecar boxylic acid
met hyl ester (509.6 ng, 1.921 mo Cl2 (9 m.) was stirred at rt for
17 hrs and at reflux for 7 hrs. The"tgackionf mixture was then 10 purified
by flash colum to give rac K Cl

4- ({[(2S, 3S,4S)-2-(3-chloro-2-fl -(4-chloro-2- fluoro

- phenyl) -3 -cyano -4-(2,2-di mgjhy pyN) -gyrro |idine-1-carbonyl] -am no
| -nmethyl)- cycl ohexanecarboxylic aci d nmet hyl ester (87.7 ng, 85.1 %.
HRVS(ES ') niz Cal cd for @2%%@1@92}%@34&509%%-0 +]: 620.2253; Found:
620.2254. 1

(25 35, 45) 1.4 VA IS AN o2 BRERyE2-50p i SR D o 6 er8r 5BHeiRy ) - 3
-Ccyano phénﬂ)”-'a%gﬁhdml(@,zldlﬂéwyﬂﬁopwfﬂyﬁohtiﬁﬁL I‘-?t]lac@tﬁ’d &Qd‘{dﬂo m@N®.098 md1et hyl) -
cycl ohexanecar boxylic a ture of

r ac-4- (Expmes, 33 lmg)N zhmeth&hfoom@mzief(lzddnb) m@mﬂw DJPEAF(é}Hn Song-02344 mwebpheny 1

)-3 -cyan o 1 i carbonyl ]l -am no |
) ot hy RO ALY 5708 nft TR RS cREH sty Sof B opaliofiind graFaliy,
exanpl %hﬁ)llhe (614 hidf 0(1‘2 inb 1, Wass @diféd dAﬂet’S3)lnl§1 Tthd)ﬂ&a@fonhhﬁrﬂlré AlagdekedvtedBdith mJ :
0.75 mml) in water (2 nmL) and the reaction 25 m xture was stirred at rt

for 6. FHAS uKetiashed @/ltmm%rzﬂ&% o agaoRnshloridepgajurpigd sediuadicaopnsts, W"radéf‘d foL
6
S T Syl RS OBL K T USBRLEEORRRIN AR GAR]

NaCl(Q Thetuos gzamﬂm:n phefied wadlashe@duat edgive rda- dx['(BBSNS) 2k B-280¥h-2 Fluerov Xt ur e

\évg?_ 1} 82)%91%8]@ [j@m-gﬂi}m-@gen‘yéoﬁ {cy2$n2084 %282 %ﬁgr%etﬁyl propyl)- pyrro lidin-1 yl]
(3-chl %E@cal%lcfe "I A, plfbeﬁ%) HﬁMS‘tESL)' R Cacd %H%H{ZW -(2,2-dinme

thyl -propyl)- pyrrolidine-1-carbonyl]-am no}- net ycl ohexane ar boxyl iC
aci d (99282pdy,Fouad: 392.128RVES(ES ') mz Calcd for 031F135C12F2N303+ H

[ (MtH) +] . 606. 2097; Found: 606.2097. 5Exanple 69 Preparation of

rac-(2S, 3S, 4S) - 2- (3-chl oro- 2-fl uor o- phenyl) - 3- (4-chl oro- 2-f | uor o- pheny1l) -

4- (5 2-di et hyl - propy1l) - 1- ( 6- nor photgﬁnﬁegh- pyri di ne-3-sul fonyl)-pyrrolidin
e-3-carbonitrile MW _ 649.59 C31F132C12F2N403S 10To a m xture of

rac- (2S, 3S, £gypapat{os-aflirco k(62935 18 bEd 3 whiony2)lwr¢-phertylod-¢4-ehlprasdrikyoro-

phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -acetic acid ethyl ester

H
] F
Cl
\
£ N

MW. 552.45 Cy7H20CLF,N3O5
20 In a manner similar to the method described in Example C3, rac-(2S,3S,4S)-2-(3-chloro-

Cl

2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-
carbonitrile (80 mg, 0.189 mmol) was reacted with isocyanato-acetic acid ethyl ester (122 mg,
0.945 mmol) to give rac- {[(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -acetic acid ethyl ester



phenyl)-4-(2, 2-di met hyl - propyl) - pyrrolidine-3-carbonitrile (35.4 ng, 0.084
nmmol) in CH2C12 (3 nml) was added DI PEA (44.5 ny, 0.344 mol) and

6- nor pholwo-2dtiyi45359r i di ne- 3-sul fonyl chl ori de (45.0 ng, POTEP101063159
Maybridge). It was stirred at rt for 3.5 hrs under argon. Mdire DI PEA (29.7
nmg, 0.230 mmol) and 6- nor phol i n-4-yl - py64 di ne- 3-sul fonyl chloride (18.7 ng,
15 0.071 nmol, Maybridge) were added. After 1.75 hrs the reaction m xture
was exy9Bengd 8wid) HEMBES was i dot T MLERF,Nset -+ Ha(BE- IHoflissm bR z.aldvaaat e,
wat er, and saturated NaCl . The organi c phase was separated, and dried over
Na2S04.553H629-eact i on mixture was then purified by flash colum to give
rac-(2S, 3S, 45) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl oro- 2-f | uor o- phenyl) -
4-(2,2-dinethyl-propyl)-l-(6-n0rpho|in-4-y|-pyridine-3-su|fony1)-pyrro|idin
e-3-carbonitrile 20 (19 4 ng, 35.7 BBampREB(ES ') mz Calcd for

g?ég?gtc Il gﬁzg?poag’agp; % ?/[H 5% 3% 4S)6£219(3 ]éﬁljé:r)’o 2F uuoltr]éj phgnl; -é»L-((SZiL ghlmlr_:ox g rH?llo?o]O

[(2S, 3§hén%)1)2 g%mcml(%%%ethw o(ﬁyﬂtbgrﬂ%ill)lmé 1(é’arsdttﬂram%o f1uQcoRR1 phenyl) - 3

- cyano- 4- met hyl - propy1l) - pyr di ne-l-carb -am nol- 2- net ho

Xy- benzo |c aC| d met hyI ester WD 2011/ f5/7\P%@/"EP2010/ 065159 -81- M W
630. 52 C32H31C12F2N304 To nlxtugﬁ\% 4})\am no- 2- et hoxy- benzoi c acid
nmet hyl ester (1.000 g, 5.246 mol dyty i die) iCh N, N-di net hyl fornmam de
(20.0 nmL) was added 1, 1'-carbony|d||w'oazolé 5 (Aldrich, 919.8 ng, 5.502
mmol) . After it was stlrred at XS-Oinder an argon at nosphere,

t he sol vent was renoved and the 'an ure was extracted wth EtOAc,
and washed with water (2X), ; UIat% =5 The organi ¢ phase was

separated, dried over Na2804; filtered and concentrated to give
4-[ (i mi dazol e- 1- car bony1) - aniVh¥] 524 48t RestsQlel260s aci d met hyl ester (1.34

%\’ m4xt8 Zr 2“8' ha manner/tglmvtgr tohthe methoaed%scrlbtecri] iy ]tExa]tcrIltJII)’IE ggrragu[[(gé £ S’iglé)og (3

r act( 22hB%e-4uoto-pBer§M)- A PcRiofd- QQYu@rcprdiﬁyﬂ))3 Bydnd=-4(1, Dﬁﬁné%h;frllpt@pﬂ) pheny1) -
4- (2, 2-di net hyl -propyl)-pyrrolidine-3-carbonitrile (50.5 ng, 0.119 mmol)

and 4- ﬁil@lazdr@ﬂlonytimnmyetarwioqthﬂ st Xyl Oac,eiXéImﬁJ@t(Fﬂﬁ) Vst er
(325. 2, ) r g 'S,
The r ea itéinwﬂnl%tt ur eh\%\aﬂogtd%ﬂﬁ%u&t &?6 H% %@@ff“ﬁdn @F‘uﬁf‘utot%vé e [?js,§§,4§j
2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2- ﬂuoro-phenyl) 3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carbonyl]-amino } -acetic acid (71 mg, 92%) HRMS(ES ") m/z Calcd for
15 C25H25C12F2N303+ H [(M+H)+]: 524.1314; Found: 524.1315.

Example 64
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid methylcarbamoylmethyl-amide

20
M.W .537.44 C26H28C12F2N402

In a manner similar to the method described in Example 60, a mixture of rac-
{[(2S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -acetic acid (22.6 mg, 0.0432 mmole, example

25 64) was reacted with a solution of methylamine (0.04 mL, 2M in THF, 0.080 mmol, Aldrich ) to



15 give rac-4-

{[(2S, 3S,4S)-2-(3-chl oro-2-fluoro-phenyl)-3-(4-chl oro-2-fluoro-phenyl)-3-cy
ano- 4- (2v@-2diwmasisyl - propyl) - pyrrolidi ne-1-carbonyl ] - aniPQOIEP2010/065159

- 2- met hoxy-benzoic acid nethyl ester (48.5 ngy, 64.6 %9. HRVS(ES ') niz

Cal cd for C32H31C12F2N304 + H [ (M+H) +]-77630. 1733; Found: 630. 1738.

20Exanmpl e 71 Preparation of rac-4-( {
[(2S, 3%.1%5&1&22&{ 33.dR)- Qr(@cmofrwom@r@ipﬁmyl))s&&ﬂbﬁ&lnmu@rozf)ﬁénqgmmay@p 3
-cyano -4-(2,2-di et hyl pyl)-pyrro |idine-]-carbonyl] }

cycl oh i Elaprﬁax%pmt)h@m@rl qmoza qp@d@%w@rb@%d&mf%smw (182-mg, 77%>w
616 50 49%% T
{[(2S, ?g%g g %g or%gsz)?]{ ue;arlgd pheny Cgﬁi}% ¢hlo (M+2Hfl u503r7ol 3ghFOl ndS

- cyano 53%-1620.2- di et hyl - propyl) - pyrro lidine-|-carbonyl] -amno }

- 2- net hoxy-benzoic 5 acid nethyl ester (26.5 ng, 0.042 mmol, Exanple 70) in
THF5(2.4 m.) was added a solution of LiOH (Aldrich, 12.9 ng, 0..307 muol)
inwater (1.2 nL) and the reaction pighMEgswas stirred at rt for 16 hrs
then nore THF (3nL) and water (1.5 was added and stirred for 5

addi t onal hiPscratratied ofract@S, et 3-6hcintprot M@omlshepa}r)ﬁl-&l -dderoehflnapethcaylgh

hed t HC H 5-7 t th hed, wi t h
\(;Ivgu(:a g(r: s%?viamﬂ? Eil édzN Ng@%m'(]'%ﬁ@y&r %‘quéal%ﬁag i ?aﬁdé%qu%maﬁa%&ﬁww over
Na2SO4. The mi xture was then concentrated to glO/e rac-
4- ({[(2S, 3S,49)-2-(3-

chl or o- 2-fl uor o- phenyl)-3-(4-c 0- 2- flgm yl) 3-cyano- 4- (2, 2-di net hy
rry‘&i hIEthy

| - propyl)- pyrrolidine-1-carbo I) cycl ohexanecar boxylic
acid (25.7 ng, 99.2 %. HRVS(ES ' )"' for C31H29C12F2N304+ H
[ (MtH) 4] : 616. 1576; Found: 616.1 . Cr2 Preparation of

rac- 3- \

{[(2S,3S,4S)-2-(3-chloro-2-fly pyH) - 4-chl or o- 2-fl uorophenyl) - 3-cya
no-4- (2, 2-di et hyl - propyl ) - pyrrol i di ne- 1- car bonyl ] - am no} - propi oni ¢ aci d
ethy] ester ClF 20M W . 5664 %8,52828 FE 3 LG ARZN303

To a mixture rac-{[(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -acetic acid (25.4 mg,
0.048 mmol, example 17) in N,N-dimethyl formamide (2.5 mL) was added DIPEA (44.5 mg,
0.344 mmol) and HATU (30.3 mg, 0.080 mmol). After it was stirred at rt for 22 min, ground

15 ammonium chloride (6.6 mg, 0.12 mmol,) was added. After 3 hrs the reaction mixture was
extracted with EtOAc, and washed with water, 10% ammonium chloride, saturated sodium
bicarbonate, water, and saturated NaCl. The organic phase was separated, and dried over Na,SOs.
The reaction mixture was then purified by flash column to give rac-2-[(2S,3S,4S)-2-(3-chloro-2-
fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-

20 acetamide (16.3 mg, 64.3 %). HRMS(ES") m/z Calcd for CysH,sCLF2N,O, +Na [(M+Na):
545.1293; Found: 545.1294.

Example 66
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
25  4-(2,2-dimethyl-propyl)-1-(pyridine-3-sulfonyl)-pyrrolidine-3-carbonitrile



In a manner simlar to the nethod described in Exanple 49,

rac-(2S, 3S, 4S) - 2- (3-chl or02-f | uor o- phenyl) - 3- (4-chl oro- 2-fl uor o- phenyl) - 4-(
2, 2- di mretWwol2oroapasy) - pyrrol i di ne-3- WO 2011/ 045257PCT/ ER2OPO410H6:159 - 83-
carbonitrile (100 ng, 0.236 mmol) was reacted with 3-isocyanat o-propionic
acid ethyl ester (168 ng, 1.174 mmol) -7® give rac- 3-

{[(2S, 3S,4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fluorophenyl)-3

-cyano -4-(2,2-dinmethyl-propyl)-pyrro lidi 1 -carbonyl] -amno 1
-propionic acid ethyl ester (113.2 ng, 85% . KHRVB(ES ') mz Calcd for
C28H31C12F2N303+ H [ (M+H) +] : 566.11784;~ 5 : 566.1785. Example 73
Preparation of rac-3- { [(2S,3 -—&

S, 4S) - 2- (3-chl or o- 2- f | uor o- pheny1) \3~{ 4-chl or o- 2- f | uor ophenyl) -3 -cyano

-4-(2,2-di methyl - propyl)-pyrro li oz, bogyl] -amino 1 -propionic
acid 10 OH M W.538.43, C26H27 In a manner simlar to the
nmet hod described in Exanple 8, : S, 4S)-2-(3-

chl oro- 2-fl uor o- phenyl) - 3-(4- &M oro- 2-F I'uor o- phenyl) - 3-cyano- 4- ( 2, 2- di net hy

| -propyl)- pyrrolidine-I-carppgy c acid ethyl ester (99
ng, 0.175 mmol, exanple 72) was %E4g2g2q£3@Ep$ﬁ9?§thlun1hydrOX|de hydr at e

(44 ng, 1.040 amml)dtureAIfdzrd-(dIS)3St,4S)gl (/39ch161©—2 -Buoro-phenyl)-3-(4-chloro-2-fluoro-

fho- 4. (BT HRS) §5x§»z[>' BoTOEar ELET Oy Gl eV B oz o
(94 90,9 add W@A 71%%3@%9[} 1@-%F5%Pf§gﬁ%hﬁrﬁéwwothlorlde

538. 1471; Found: 538. 1 Exanpl e repar ation of
rac-(2$238n4§P1®6¢®nch%@n@JQOQM@mprmWanmﬁdatﬁ4bmhhmnmd@%ﬁguomQMpﬂHBﬁﬁ)-

(2 Tt Rt i QP g PRI iRy s B s E9eeR k400 pberispeo
mg, 0.118 mmol) were added. After 4 hrs the reaction mixture was extracted with EtOAc,
washed with water, saturated sodium bicarbonate, water, and saturated NaCl. The organic phase

10 was separated, and dried over Na;SO4. The reaction mixture was then purified by flash column
to give rac (28,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-
dimethyl-propyl)-1-(pyridine-3-sulfonyl)-pyrrolidine-3-carbonitrile (20.3 mg, 50.4 %).
HRMS(ES") m/z Caled for Co7H,sCLF,N30,8 + H [((M+H)+]: 564.1086; Found: 564.1087.

15 Example 67
Preparation of rac-4-({[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-

cyclohexanecarboxylic acid methyl ester

20 M.W. 620.57 Cs,H37CLLF2N303
To a mixture of 4-aminomethyl-cyclohexanecarboxylic acid methyl ester (1.008 g, 4.758
mmol, Astatech,) in N,N-dimethyl formamide (20.0 mL) was added TEA (617 mg, 6.098 mmol)
and 1,1’-carbonyldiimidazole (810.3 mg, 4.997 mmol, Aldrich,) . After it was stirred at rt for 21

hrs under an argon atmosphere, the solvent was removed and the reaction mixture was extracted



M W .551.47, C27H30C12F2N402 In a manner simlar to the nethod
described in Exanple 59, a m xture of rac- 3-

{[(2S, 3S,W6)ret/4325¢hl or o- 2- f | uor o- phenyl) - 3- (4- chl or o- 2PCiIrEPe@opPbERY 1) - 3- Cy
ano-4-(2,2- dinethyl-propyl)-pyrrolidine-I|-carbonyl]-am no}-propionic acid
(24 ng, 0.0446 nmmo le, 5 exanple 73) wd% reacted with a solution of

nmet hylamne (0.05 nlL, 2Min THF, 0.10 mol, Aldrich) to give rac-

(2S, 3S,wifh) EDAG afdivasied Avit W@tre@(mf?m(ﬂéat&at(eémm OTIQ'&ngﬂlcﬂpﬂie@e Rae Byph}atd,
cyano-4- (2, 2-di nmet hyl - propyl) - pyrrolidine-1-car bOX)l/| ic acid
( 2- et Kykd av b4 iltRyed arghfonecntredtag, Wefb ¢h(inzigdazglerhicebosyl)amindRVE( ES

M2 Calhd ot ARG F MR yet&mwrﬂ.lgégma%of@g 8 whiehwhd 88a 10
r ac ( 23{186;14&)(&12?@31@:121’[1@111 0- 2-f | uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- pheny1) -
- cxﬁano- 4- (2, 2-di met hyl - propy1) - pyrrolidine-1-carboxylic acid
nmet hyl car banoyl -et hyl ) - am de 15 M W . 565. 50, C28H32C12F2N402

| n a manner SifdiR% -3 IRS ol des b BRE d-phde¥ BRI LcMGo- R AThost pHefy§f

rac- 3-
{[(2S, @&mﬁml@ﬁ-ped)pyb)r ~pyrolidinees-cabheitylt 732 (e, OHIE momeh khdibrigtipiteaylt)l- 3- cy

ano-4- (2 i net rrolidine-1-ca |on c acid
(54 o capopuammnl Ry B ikt ey icacks ERiDDaNe RV B

di met hAryoINe® D) R8s §eredZMrd Or _ﬂ"lﬁrs AAd hOrdMiR for Phdr Tﬁé”h)ea&t&'bnrrﬁ&ture was then
(2S,3S,4S5)-2-(3-chloro-2-fluoro-p %@%i{s)cz}(?ochl or o- 2-fl uor o- pheny1l) - 3-cyan

o- W ( pupfied hfetﬂhgh chmmpmgLpraq%({[eﬂ oldpra-2-flaeradphenyl)-3-(4-chloro-2-

2 ca i SRR E R B B R By TR M iRkl 5
Exanpl eydlohex@nhepaoxtylioacidfmethyl ester (87 7 mg, 85.1 %). HRMS(ES ") m/z Calcd for

-(2S, 3S, 2- 1) - 3-(4-chl 2-f h 1
oy andua Tt B b NChet HyMsPoph 620 8975 BReHR0 2254 boxyl 1 ¢ acid o

(2-carbanoyl -et hyl )-am de WD 2011/ 045257PCT/ EP2010/ 065159 - 85-

15 Example 68
Preparation of rac-4-({[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-

cyclohexanecarboxylic acid

20 M.W. 606.55 C31H35CLF;N30;

To a mixture of rac-4-({[(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-
cyclohexanecarboxylic acid methyl ester (65.0 mg, 0.105 mmol, example 21) in THF (4 mL)
was added a solution of LiOH (Aldrich, 31.5 mg, 0.75 mmol) in water (2 mL) and the reaction

25 mixture was stirred at rt for 6.5 hrs then more THF (2mL) and water (1 mL) was added and
stirred for 6 more hrs. The reaction mixture was partly concentrated and quenched with 1 N HCI
(pH 5-6), extracted with EtOAc, and washed with water, saturated NaCl. The organic phase was
separated, and dried over Na,;SO4. The mixture was then concentrated to rac- 4-({[(2S,3S,4S)-2-



M W .537.44, C26H28C12F2N402 In a manner simlar to the nethod
described in Exanple 63, a m xture of rac-3-

{[(2S, 3S,W6)ret/4325¢hl or o- 2- f | uor o- phenyl) - 3- (4- chl or o- 2PCiIrEPe@opPbERY 1) - 3- Cy
ano-4-(2,2- 5 dinethyl-propyl)-pyrrolidine-1-carbonyl]-am no}-propionic
acid (25 ng, 0.0464 mmol e, exanple 73)-80DI PEA (42 ny, 0.324 mmol) and HATU
(26.4 mg, 0.069 nmmol) in DMF was reacted wi th amoni um chloride (6.2 ng,
0.11 m@Jchloﬁr@QGﬂdb@o ATy 281-38oAS) mefo?plcdﬁlygrpc}&no 4- (2 2-dimethyl-propyl)-

fl uoro- phenyl) - 3-(4-chl oro-2-fl uoro-phenyl) - 3-cyano- (52 2- n'et% - propyl)
- pyrr omyaphémgl %b%i&quleoh&e&lya)zcwlﬁawﬁtbemw 3cichiH M,M)Ol %y, 57%.
HRVS( E a 0 2 t Found:
AL 1631}2&45@32 fﬁ&gglcﬁ%r R gzgrqg PR J;.%é&%% Fourf 6042897

{1-[(2S, 3S, 4S) 2- (3-chl oro- 2- quoro pheny1l) - 3- (4-chl or o- 2-f | uor opheny1) - 3-c

yano- 4- (2, 2- di net hyl - propy1) - pyrrol di ne- %-car bonyl ] - pi peri di n-4-y1}
~acetic acid 15 et hyl ester C r I 57 C32H37C12F2N303 To a m xture

of 2-(pi peripi rﬁloiﬁj&fr@ccgsf% A?Sl)'zi(ﬁamﬂo f—’%)@fo ﬁ}%&h}})‘k (ﬁgchl&oZﬁﬁumDﬂhenyl)

Cakwood,) in di met h or mam de

1,1'- caﬂ%@o%siﬂrrmthyhpdm(b) é(@ -2icBphmgin- AEQI pyrmaae ﬁﬁmlfowlhpyrmﬁ)dme-bcfcaéxomtmlevvas

sti rred at rt for 4 days under an argon atnosphere, the solvent was renoved
and the reaction mxture was extracted with Et@ACo and washed with water

(2X), and saturated NaCl . The organic pha sgparated, dried over
Na2SO4, filtered and WO 2011/ 045257P(§:T/ P2(/LO/ D65159 -86- concentrated to
give [1-(i m dazol e-1-carbonyl) - perd_o‘é 1] -acetic acid ethyl ester

(293.3 ng, 1.10 nmol, 89.6 % used wi t hout further purification.
A mixture of s F

rac-(2S, 3S,4S)-2-(3-chloro-2-flu ro- ) - 3¢f 4-chl oro- 2-fl uor o- phenyl) -
F\N

M.W. 649.59 C3;H3,CLF2N4O3S
10 To a mixture of rac-(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (35.4 mg, 0.084 mmol) in CH,Cl; (3
mL) was added DIPEA (44.5 mg, 0.344 mmol) and 6-morpholin-4-yl-pyridine-3-sulfonyl

N

Cl

chloride (45.0 mg, 0.171 mmol, Maybridge). It was stirred at rt for 3.5 hrs under argon. More
DIPEA (29.7 mg, 0.230 mmol) and 6-morpholin-4-yl-pyridine-3-sulfonyl chloride (18.7 mg,

15 0.071 mmol, Maybridge) were added. After 1.75 hrs the reaction mixture was extracted with
EtOAc, washed with water, saturated sodium bicarbonate, water, and saturated NaCl. The
organic phase was separated, and dried over Na;SO4. The reaction mixture was then purified by
flash column to give rac-(28S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
4-(2,2-dimethyl-propyl)-1-(6-morpholin-4-yl-pyridine-3-sulfonyl)-pyrrolidine-3-carbonitrile

20 (19.4 mg, 35.7 %). HRMS(ES") m/z Calcd for C31H3,CLF,N405S + H [(M+H)+]: 649.1613;
Found: 649.1615.

Example 70
Preparation of rac-4-{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
25  phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -2-methoxy-benzoic

acid methyl ester



4- (2, 2-di et hyl - propyl) -pyrrolidine-3-carbonitrile (51.6 ng, 0.122 mmol)

n [ 1- (i m dazol e- 1car bonyl) - pi peridin-4-yl]-acetic acid ethyl ester (293.3

ng, 1.10 woebd/i4msCH2C1l2 (8 nmL) was stirred at reflux fecTEr2mwseiiben | h at

140 Cin a mcrowave tube and finally at 160 C for 1 hr.. The reaction

m xture was then purified by flash col-lm to give rac-

{1-[(2S, 3S, 4S) - 2- (3-chl oro2-f | uor o- phenyl) - 3- (4-chl oro- 2-fl uor o- phenyl)-3-c

yano- 4- (2, 2-di et hyl - propyl ) - pyrrol i di ne- 1/ w

car bonyl ] - pi peridin-4yl}-acetic acid ethyly eshefo(40.4 ng, 53.4 % . HRVB(ES

') mz Calcd for C32H37C12F2N303 + H [ ( M+ [ 620. 2253; Found: 620. 2254.

Exanpl e 78 Preparation of rac- Q

{1-[(2S, 3S, 4S) - 2- (3-chl oro- 2-fl uoro- phenyl (4-chloro-2-fluorold

phenyl ) - 3-cyano- 4- (2, 2- di net hyl -\py opy1l)jpy¥rol i di ne-1-carbonyl ] - pi peridin-4
2 é

-yl}-acetic acid MW 592.5 OH33C N303 To a m xture of
rac-{1-[(2S, 3S, 4S) - 2- (3-chl oro- h\or @ phény1l) - 3- (4- chl oro- 2-f | uor ophenyl)
- 3-cyano- 4- (2, 2-di et hyl - propyl ) - pyr t.dine- 1~carbonyl | - pi peridin-4-yl}-ac
etic acid 20 ethyl ester (33.0 in THF (3 nmL) was added a
solution of LiOH (Adrich, 15. ol ) in water (1.5 nL) and the
reaction m xture was stlrred Cht rs. The reaction m xture was

partly concentrated and gquen 6-7), extracted with

Et 0Ac, and washed wi th wat er%%gtﬁgﬁéﬂé@ﬂ: I%Iﬁ or gani ¢ phase was
separated, anrth fiiit@d o@ﬂ%mlh@-aﬁ%hoﬂlﬁeﬂﬂoiﬂdéﬁcﬁmml than 1 000gent1atRgoL 0 gi ve
rac- {1-[(2S, 3S, 4S)-2-(3-chl oro-2-f1 uoro-

pheny| Mgy geh|in NoNalife iyt f@rmh@tt@ﬁl()zo@ IEI,')aW@S addegd 191 diarhenyiinptagplel ) - pyrr ol

di id t .6 9 ES
o RER PR b p BT i e iR L o B R o b R
WO 201 1hOdiemt Red (doiRRe 0hE BelbEtio8 Mixfuxavas extid@ted with Et(K & Rad alakitvd with

rac 3-[(2S, 3S,4S)-2-(3-chl oro-2-fluoro-phenyl)-3-(4-chl oro- 2- quorophenyl)

_cyarisier(@X). znéﬁﬁ%fqﬁfgd Nifrlo pha pragicidiasq wassepargicpl, didapics MaeS Qe filergd) LoH

r;c (zéb@‘é\‘&éﬁ%t‘é? S ERP AT RO carbany ) AooF DB y-begojc acid methl exter
4- (2, 2« t3det Ayl npnolp 9L R -2pywhioh mdbs need3w tiaoud durtiter pliefi¢adon6 ny, 0. 0723 mml ),

eth]\f/l acrylate (73.7 ng, 0.728 mmol, Aldrich) and samariun(l11)
tri ¥4 uor omet hanesul f onat e (34.9 ng, 0.0572 mmol) in THF (1.5 nL) were

heated for 30nftnd rbe-128, 55,88 C5-PNRNIErd- 0o rol Pifeny B E4-Oo B X U6 & - MRSy 1)-
4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (50.5 mg, 0.119 mmol) and 4-[(imidazole-1-

carbonyl)-amino]-2-methoxy-benzoic acid methyl ester (325.2 mg, 1.181 mmol) in CH,Cl, (8
mL) was stirred at reflux for 16 hrs. The reaction mixture was then purified by flash column to

15 give rac-4-{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino }-2-methoxy-benzoic acid methyl ester
(48.5 mg, 64.6 %). HRMS(ES") m/z Calcd for C3,H3 CLF,N;04 + H [(M+H)+]: 630.1733;
Found: 630.1738.

20 Example 71
Preparation of rac-4-({[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-

cyclohexanecarboxylic acid



10 then diluted with CH2C12, extracted with water, and saturated NaC . The
organi ¢ phase was separated, dried over Na2SO, and purified by flash

col um t owgi2oa/msas7 3- [ ( 2S, 3S, 4S) - 2- ( 3- PCT/EP2010/065159

chl oro- 2-fl uor o- phenyl) - 3- (4-chl or o- 2- f | uor o- pheny1) - 3-cyano- 4- ( 2, 2- di net hy
| -propyl)- pyrrolidin-1-yl]-propionic-82id ethyl ester (12.3 ny, 32.5 %.
15 To a m xture of

rac- 3-[(2S, 3S, 4S) - 2-(3-chl oro-2-fl uoro- phepyD) - 3- (4-chl oro-2-fl uor o- phenyl)
-3- cyano-4-(2, 2-di net hyl - propyl) - pyrrolidin- -propionic acid ethyl
ester (12.3 ng, 0.0235 nmmol) in THF (2 nl) added a solution of LiCH

(Aldrich, 6.7 ng, 0.16 mmol) in water (1 d the reaction m xture was
stirred at rt for 22 hrs. The reacti onom' X was partly concentrated and
guenched with 1 N HC1L (pH 6-7), \extractgd W th Et 0Ac, washed with water
20(2X), and saturated Nad . Th%ga Lc/phaase was separated, and dried over
Na2SO4. The mixture was then conceniratied to gi ve
rac- 3-[(2S, 3S, 4S) - 2- (3-chl oro- 2- fluoke=phedyl)e3- (4-
chl oro- 2-f 1 uor o- pheny1l) - 3- cyanof di yl -propyl)-pyrrolidin-1-y1]-pr
opionic acid (11 ng, 100% . HRWMS(ES xLal cd for C25H26C12F2N202+ H
[ (MtH) +] . 495. 1412; Found: 485, 1413. I=25Exarrpl e 80 Preparation of
rac-(2S, 3S, 45)-2-(3-chloro-2 -gghgn chl oro- 2-fl uor o- phenyl) -
3-cyano-4- (2, 2-di net hyl - pr op%wﬁ%grg'rsgl |e3 ﬁ%;eql ’c (r)fooxyl ic acid
(6- chl or o- pyifa ainikt@re\olf neat-Ay{[§2S, 381 She2-(3AEh 1301 2/ Dd b2 pivdAEIN ERR CHLOY0OB B 1619 - - 88-
MW 591.9 oH27 F2N4A0 To a mxture of 5-am nomet hyl-2-chl oropyridine
(194, 59#1?51}5&%%1 T _S’?'JA%FTQYJXE@Q%'HYHO diedicrebaiyl-BinRent BEeS-6H0)C was.
addeg ded mGAYRARY s 5 Madaeab Gubdi38xinMl 70 ki TE 2.0 vl BB Molutidi g7 1
was stirred at rt for 18 hrs under an argon atnosphere, the solvent was
r enov ed-i@Hd Aldrach;, é20tmgrd). 0% trumad) inasatetl r 2ol andrihi rcfetiomoyix twees ket inictifat
ek 6 P AR P e s LR BHS POAIEER SERTTE £haidhhih Over
[ 1- (i madl3 ot eThe EAERM MR ARy oohehklat QCAid ducAdicd walhy N 181 @H ibi.ch was
used without further purification.

extracted with EtOAc, and washed with water, saturated NaCl. The organic phase was separated,

10  and dried over Na,SO4. The mixture was then concentrated to give rac- 4-({[(2S,3S,45)-2-(3-
chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-

pyrrolidine-1-carbonyl]-amino } -methyl)-cyclohexanecarboxylic acid (25.7 mg, 99.2 %).
HRMS(ES") m/z Caled for C3;HaoCLF,N:O4+ H [(M+H)+]: 616.1576; Found: 616.1573.

15 Example 72
Preparation of rac-3-{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -propionic acid ethyl

ester

20 M.W .566.48, CysH3CLF,N30;3
In a manner similar to the method described in Example 49, rac-(28S,38S,4S)-2-(3-chloro-
2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-



10 A m xture of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl or o- 2-f | uor o- phenyl) -
4- (2, 2- diwetzhylosprsepyl ) - pyrro lidine-3 -carbonitril e (5@CHmP2010/08839 nmo1l)
and [1-(im dazo | e-1- carbonyl)-piperidin-4-yl] -acetic acid ethyl ester
(1.32 mol) in CH2C12 (8 nlL) was stirr-8% at rt for 4 days. The reaction
m xture was then purified by flash colum to give rac-(2S, 3S,4S)-2-(3- 15
chl or o cagbohitdlRr(©00 ﬁrigeo 234 ninolf élxagﬁlaete@ vxZﬂlfj u@cfyfanaﬂ@h{ﬁ“ﬁylbhrc%crdcéfﬁiﬂ(éster (168

-4-(2, 2-di net hyl - pyl)- pyrrolidine-I-carboxylic acid
(6- chl &nd-lph/diramal) 30 Wﬁéwﬁri[@aﬁﬁ%ésx 3/153'$h]ﬁ§3 2gyogo-phenyhRivist-gdoroy2fugracy | cd
;SH ep§F§ﬁ§F§MQ4'tz b dit M- Flopy B rrd fidine- 1FQUEShy 1 Pattind 23R pidni@ BBk §uft
rac-(2 SstBS( AS)2-1Bg (BY%6h HRMS ES') e Galpd &myCLYH 3 CLEF, 6100110 { A H)dr S66pHsdy 1) -
3 cy gr %f%% %lnethyl propyl)-pyrrolidine-I-carboxylic acid

| gy di’fi>3-y1)-anide /ClL 1 i ON1 C C MW 577.89
CZ8H25013F2N40 WD 2011/ 045257PCT/ EP2010/ 065159 - 89- A m xture of
rac- (2S, 3S, 4S) - 2- (3-chl oro-2-fl uoro-phenyl) - 3-(4-chl oro-2-fl uoro-phenyl) -
4-(2,2-dinethy| propyl) - pyrrolidi neEgnpglefdonitrile (60.8 ny, 0.144 nnDI)

etz (et B RS AR oSBT G o Hnutpalite B SRIPR- 08 non
f ]
2u¥:ugroe%%e%;??m%@?%ggﬁﬂg%gggM?FBgﬁgﬁg§g§§1§§%ﬂ§ygﬁgﬁg gg%ngfﬁgghyl pr opy

| )-pyrrolidine-1- carboxylic acid (6-chloro-pyyi din-3-yl)-amde (59.1 ng,
71.1 % . HRVB(ES ') mz Calcd for C28H2GC13F2 H [ (MH) +] . 577. 1135;
Found: 577.1135. Exanple 82 109feparat
rac- (2S, 3S, 4S) - 2- (3-chl or o- 2-
3-cyano-4-(2 2-di met hyl - propy1) -
(1- met hyl1- 2- oxo- 1, 2- di hydr opyr |

o}
yﬁ) 3-(4-chl oro-2-fluoro-phenyl) -
| di n€- 1-carboxylic acid

MW .538.43, C26H27C12F2N3O3

In a manner similar to the method described in Example 8, rac- 3-{[(2S,3S,4S)-2-(3-
chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carbonyl]-amino } -propionic acid ethyl ester (99 mg, 0.175 mmol, example 72) was

15 reacted with lithium hydroxide hydrate (44 mg, 1.047 mmol, Aldrich) to give rac- 3-
{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine- 1-carbonyl]-amino } -propionic acid (94 mg, 99%). HRMS(ES ")
m/z Calcd for C6Hp7CLF,N3Os+ H [(M+H)+]: 538.1471; Found: 538.1470.

20 Example 74
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-methylcarbamoyl-ethyl)-

amide




MW 573.47 C29H28C12F2N402 15To a m xture of 4-am no- 1-nethyl-pyrin-2-one
(149.5 ny, 1.180 mml, Ml Bridge) in N, N-dinethyl formam de (4.0 nlL) was
added 1, Weocaribamsizdi i m dazol e (208.5 ng, 1.247 mol, AlPdrieek)10/06A6e er it
was stirred at rt for 3 days under an argon atnosphere, a precipitate
fornmed which was filtered, dissolved i-RB4Et 0Ac, washed with water, and
saturated NaCl. The organi c phase was separated, dried over Na2SO4,
filtered and concentrated toMWesili7dazel&C1IF,N20, car boxyl i c aci d

(1- net hyl - 2- oxo- 1, 2- di hydro- pyri di n-4-y1)-am de which was used w t hout
further pur ilp  aegnnginsimpariosthe imethed described in Example 59, a mixture of rac- 3-

rac- (2 ! Z (B8 fubrol 300E BaidoS 225 hhdiareophenyl) -
12 2R e i bt R < B G305 ol )
and i mdiazthyeprbpyl¥pycalidiosyttdacbemgi]ehmino }-propionic acid (24 mg, 0.0446 mmole,

1-net hyl- 2- -1, 2-di hydr,o- i di n-4- - am 76. .10 1) i
&2&‘2 CEAMBIeE) Wik et Py uan qr}apet@)a@%.@ e MR R A
puri fi edqfynfid %r‘l‘vl)%_r%@-l_((yg:?g%ﬁ)-@a@-c{hﬁoé-@or& e‘ﬁl)?/}i‘l -?-3(4-(6910?6-g-f]ud?_ro-phenyl)%-

- 2-fluoro-phen oro-2-fluoro -p -cyan
(2, 2- dicyichyH(2 grdopythyl-pyopy0-pyirdiidieed 1-cabdxyky beid (2enadhylcarbamoyl-ethyl)-amide

(1- et 52-0x0-1, 2-dj hydr.o- pyridin-4-y1).- 1 P / 065159
oo haen i s S ) PR e KR (O B R GTARRI0 2%
[ (MrH) k711588 FR88; s9toumed: 573. 1629. Exanple 83 5SPreparation of

rac-4-[(2S, 3S, 4S) - 2- (3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-

pheHy 1) - 3- cyano- 4- (2, 2- di net hyl - propyl ) - pyrrol i di ne-1- sul f onyl ] - benzoi ¢

acid o Example 75
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-dimethylcarbamoyl-ethyl)-

amide

15

M.W .565.50, CysH3,CLF;N40,

In a manner similar to the method described in Example 59, a mixture of rac-3-
{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -propionic acid (24 mg, 0.0446 mmole,

20 example 73) was reacted with a solution of dimethylamine (0.05 mL, 2M in THF, 0.10 mmol,
Aldrich) to rac- (285,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-dimethylcarbamoyl-ethyl)-amide
(8.2mg, 32%) as a white solid. HRMS(ES") m/z Calcd for CsH3,CLF,N4Ox+ H [(M+H)+]:
565.1943; Found: 565.1944.

25

Example 76

Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-

3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-carbamoyl-ethyl)-amide



M W . 607.51, C29H26C12F2N204S To a m xture of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- phenyl) - 3-(4-chl oro-2-fluoro- 10

phenyl ) - w020 2/ds28et hyl - propyl) - pyrrol i di ne- 3- car boni t r iPCe&/EP8@0nE5159. 0189
mol ) and diisopropyl et hylam ne (122ng, 0.942 mmol) in CH2Cl2 (6 nL) was
added p- (chlorosul fonyl)benzoic acid-850.0 ng, 0.283 mmol, Eastnan) and
the reaction mxture was stirred at roomtenp. for 6 hrs. The resulting

m xture was diluted with Et0Ac, washed with aqueous Na2CO3, 1N HCl1 and
brine, and concentrated to dryness to gjvey%EEKA L(ZS 3S,4S)-2-(3- 15

chl oro- 2-f | uor o- phenyl ) - 3- (4- chl por o- 2-f henyi) 3-cyano- 4- (2, 2-di net hy
| - propyl) - pyrrolidine-l-sulfog<z£ 0|H acid (44.2 ngy, 38% as a white
soild. HRMS5(ES ') niz Calcd for JC12F2N204S + H [ (M+H) +] 1 607. 1031
Found: 607.1032. Exanple 84 20Psepe ah1o< of
rac-(2S, 3S,4S)-2-(3-chloro-2-f e 3-(4-chl oro-2-fluoro-phenyl)-

1- (6-chl oro-pyridi ne- 3-sul f gy N-A4 ZAQ diget hyl - propyl) -pyrrolidine-3-carb
onitrile WD 2011/ 045257PCT/ EP2010/ 065159 -91- M W. 598. 93,
C27H24C13F2N302S In a MW%7$4”C£&I28GIQFZNQ©2 met hod described in
Exanmpl e 83, a nixture of rac-(2S, 3S, 45)-

2-(3-chlor olQafnllﬂlﬂ@?l‘oSl@Héfnﬁ?@e Bethed desawibed i Exarenle Sphemjatyresf(ae-3~ di net hyl - p

| | h
5o ehi or et AT R it G- R Go gty SIS R ER )
givesr @@nétﬂy@tﬁﬁyl&p@n&hdlﬂc-(l&armlyqIa'mnﬂo}‘ bt@ﬁ(ﬁuc di¢ (BSlhg 30.0464 @hloty, 0 - 2-

fluoro -pheny &é? (6 chl oro- pyrid
ny1) - 46@1119&(% ﬂi%mlel)@péﬁﬁ:ﬂé (26 ééﬂ%@rﬁ@ﬁ“ﬂ@)ﬂ@@%‘”ﬁb 97%

[ ! ?R‘e&yﬁﬁ%%ﬁk’%ﬁﬁ%}” Aok omse0 T BTl gl N RIEEERER T
F ac- ( 2566 -MSnyR-1-8-cHba b-Rofd-pengl)Hhenyd}-@.1 dinahhdpo i kpyreloiphby 1) -
fe- 5. cartign e CUERE DIy o St 1 e, ST HRSISIES Y R Caled kP I Tl €

10 CyeHapsCLF,N4O+ H [((M+H)+]: 537.1630; Found: 537.1630.

Example 77
Preparation of rac-{1-[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-piperidin-4-yl} -acetic acid
15  ethyl ester

M.W. 620.57 C3;H37CLF,N303
To a mixture of 2-(piperidin-4-yl)-acetic acid ethyl ester (211.4 mg, 1.234 mmol,
Oakwood,) in N,N-dimethyl formamide (5.0 mL) was added 1,1’-carbonyldiimidazole (216 mg,
20 1.332 mmol Aldrich) . After it was stirred at rt for 4 days under an argon atmosphere, the solvent
was removed and the reaction mixture was extracted with EtOAc, and washed with water (2X),

and saturated NaCl. The organic phase was separated, dried over Na,SQy, filtered and



CIF N MW.580.49, C27H25C12F2N303S 15A suspensi on of

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl oro- 2-fl uor o-

phenyl) - Iw0@otini46250- pyri di ne- 3- sul f onyl) - 4- ( 2, 2- di et hylpcprrpy1d)e3a§9 r ol i di n
e-3-carbonitrile (24.4 ny, 0.041 mvol, exanple 37) in acetic acid (2 nl)
and water (2 nL) was heated at 220 C f-8¢6- 1 hr in mcrowave condition. The
sol vent was renoved in vacuum and the residuer was taken up in EtOAc,
washed cohédntragdesd dive Iﬂﬁ-gﬁﬁﬁaz@mll-f@ﬁﬂbﬂﬁyl)-@[peﬁdnﬁn@l] eicapoidad ethyl Jshe (2938leng,
product 20 was purifi flash columm to give

r ac- ( 23; Banmg).- 39.¢ Jo)cHnigh Wayuffqdlyblflmpﬁﬁﬂmpmyﬁqa@oeh| or o- 2-

fl uoro-phenyl)-4-(2, 2-di net hyl - propyl) - 1- ( 6- oxo- 1, 6- di hydro- pyri di ne-3-sul f
onyl)-pyrrolidine3-carbonitrile (17.6 ng, 719% as a white soild. HRVS(ES ')
rrl z Cal cd f oY M2 2B CA2 ZANEES- }(Hcﬁlbi‘d#ﬁ)ﬂﬁbro -plhy I) B3 64-clHoton2HTus®0p HeA B~

rac f @§8§1§)eﬂzylxp§0 § eﬁ%ﬁaléfmq %Jaﬁréowﬁélﬁﬁs 6 g0g 4128 mgypeb) o0d | [{gieidpandsny1) -

I b
(e o e RO ot T L o

C281124@I3d:2ﬂ\13ﬂux for 16Arsrihet dhet &40 °C in a microwave tube and finally at 160 °C "for 1 hr..

0 (2 5 W RRAETOR TG TSR Per it el ShEa i o B a3 g B RAERY
dii sopm.ydrs Hﬂl‘ﬁ}ﬂ%ﬂ@-cﬁb@@é -8 gh&ﬂpswa}iom (mmh&n&la?m )[[S'yirdhdﬁﬁe(ﬁﬁg,

0. 024 mol drich 6-chl oro-ni co chlorid
(4110 mgrbogyl}@memdm 4Y1}!da§¢ticfﬁt¢}d @tésl e§te|r |(4Qaﬁnm; 53.46m. IHRMS(ESO myz Gpled et or e

di | ut 4 b d trated.
The r oaTOECHE e FRDA By by 20 Paeh e ERRR g Ve Tae e

(28,38,48)-2-(3 chloro 2- quoro phenyl) 3-
(4-ch|oro-2-f|uoro-phenyl)-l-(6-ch|oro-pyridine 3-carbonyl)-4-(2, 2-di net hyl
-propyl ) - 10 pyrrolidine-3-carboni tExamepled8 3 ny, 83% as a white soild.

PRUS(ES. ) i Cali L0 EKR4GAIPAN0 o RbEfihs1) 93:HRA81 M.

562. 1026 Exa tron
r acty 2 $h38i8;1 % S)cyand-342, mcbmeﬂ@l—pﬂotpgbQ)ypbhdmaI—Mbed«ryd:]h[blpemmﬂ—#yl}r(mmqm«ahy 1)-
15

4- (2, 2-di nmet hyl - propyl) - 1- ( 6- oxo-1, 6- dlhydro- pdi ne- 3- car bonyl) - pyrrol i di
ne-3-carbonitrile
! i >/N
[T N F
"’l Cl
\

M.W. 592.52 C30H33C12F2N303
To a mixture of rac-{1-[(2S,3S,4S5)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-piperidin-4-yl} -acetic acid

20 ethyl ester (33.0 mg, 0.053 mmol) in THF (3 mL) was added a solution of LiOH (Aldrich, 15.7
mg, 0..374 mmol) in water (1.5 mL) and the reaction mixture was stirred at rt for 24 hrs. The
reaction mixture was partly concentrated and quenched with 1 N HCI (pH 6-7), extracted with
EtOAc, and washed with water, saturated NaCl. The organic phase was separated, and dried over
NaS0O4. The mixture was then concentrated to give rac-{1-[(2S,3S,45)-2-(3-chloro-2-fluoro-

25  phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-
piperidin-4-yl}-acetic acid (29.5 mg, 93.6 %). HRMS(ES ") m/z Calcd for C3oH33CLF,N;03+ H
[((M+H)+]: 592.1940; Found: 592.1940.



M W .544. 43, C28H25C12F2N302 A suspension of rac-

(2S, 3S,4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-

phenyl) - Iw0@otihi46250- pyri di ne- 3- car bonyl) - 4- ( 2, 2- di et hylpcprerpy1d)ea§? r ol i di n
e-3-carbonitrile 20 (63.9 ng, 0.113 nmol, exanple 39) in acetic acid (8 i)
and water (8 nL) was heated at 180 C f-87- 1 hr in mcrowave condition. The
sol vent was renoved in vacuum and the residuer was taken up in EtOAc,
washed w th aqueous Na2CO8 and bri nexarfilslegd and evaporated. The crude
product WO 2011/045257PCT/ EP2010/ 065159 -93- was purified by flash col um
to give racHragrannegyacI(GSeiN. by Fhlﬁ@r%ﬂﬁﬁ@nl%l?PYQ3((aﬂ ‘éﬂﬂ’rer?oﬂ@mf | uor o

pheny , _eb By i,pydro -pyridine-3
carbo#%Tén%gfﬁ]giEE%gé@ﬂ&%gp%&%yp#ngﬁ?@iﬁgﬂé&o%gwg gé’a white soild.
HRVB(ES ') mz Calcd for C28H25C12F2N302+ H @(M+H) +] : 544. 1365; Found:
544. 1364 5 Exanpl e 88 Preparatiqn, of
rac-(2S, 3S, 4S) - 2- (3-chl or o- 2- f| ugy'o- phen
4- (2, 2-di met hyl - propyl ) -1-(1-nmet h\,; 6% 0
pyrrolidine-3- carbonitrile 10 C ‘
of
rac-(2S, 3S, 4S)-2-(3-chloro-2-fl (4-chl oro-2-fl uoro-phenyl) -
4-(2, 2-di nmet hyl - propy1) - 1- ( 6- 6Ko- dro- pyri di ne- 3-carbonyl) - pyrrolidi
ne-3-carbonitrile (15.1 ng, O, 0277 _nyol (3 | e 40), cesium carbonate (27
ny, . 0829 nnDI Al drich) |anMﬁ4f§4@3Cﬁf¥6 dbhgdonethane was stirred at
room tenp. R} rRE[AL 8% 18) 105 fibld1s ol birh 006 cipgiRne per
and brine, ﬁnﬁu ! gcentr Cg%e resPud% mgg urf h% u%ﬁ aﬁ%§ | um
to give-(2,2- dlrnethyl propyl) pyrrohdme 3 carbonitrile (30.6 mg, 0. 0723 rnmol) ethyl acrylate (73.7
rac-(2S 3 fluor qu -nhenyl) - 4-
(2, 2-d 5ppl B 80 s PR RET Eari ltgla s L BGRDND. pyr
rolidi Q@T .VSbIQD veld IR alclFo O3 HTEL 169689in @ nidroddive %b%QThéjreaH%\zﬁﬁ&ﬁlre )wa@”l z

Cal cd for C29H27C12F2N302+ H [ (M+H) +]: 558. 1521;
10 then diluted with CH,Cl,, extracted with water, and saturated NaCl. The organic phase was

-3-(chhloro-2-fluoro-phenyl)-
0- 1F6- di hydr o- pyri di ne- 3- car bonyl) -
DO 46, C29H27C12F2N302 A m xt ure

separated, dried over Na,SQOy4 and purified by flash column to give rac-3-[(2S,3S,4S5)-2-(3-
chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidin-1-yl]-propionic acid ethyl ester (12.3 mg, 32.5 %).

15  To a mixture of rac-3-[(2S,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-propionic acid ethyl ester (12.3 mg, 0.0235
mmol) in THF (2 mL) was added a solution of LiOH (Aldrich, 6.7 mg, 0.16 mmol) in water (1
mL) and the reaction mixture was stirred at rt for 22 hrs. The reaction mixture was partly
concentrated and quenched with 1 N HCI (pH 6-7), extracted with EtOAc, washed with water
20 (2X), and saturated NaCl. The organic phase was separated, and dried over Na,SO,. The
mixture was then concentrated to give rac-3-[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-
chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-propionic acid (11 mg,
100%). HRMS(ES ") m/z Caled for C,sHsCLF,N,O,+ H [(M+H)+]: 495.1412; Found: 495.1413.

25 Example 80
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (6-chloro-pyridin-3-ylmethyl)-

amide



20 Found: 558.1520 Exanple 89 Preparation of rac-4-( {

[ (2S, 3S, 45) - 2- (3-chl oro- 2-f | uor o- phenyl) - 3- (4-chl or o- 2-fl uor ophenyl) -3

- cyano- 4-w0,281idi4psv hy| - propyl) -pyrro lidi ne- 1 -carbonylPCTARR006359

-met hyl )-2-met ho xy25 benzoic acid nethyl ester WO

2011/ 045257PCT/ EP2010/ 065159 - 94- MS® 644.55 C33H33C12F2N304 To a
m xture of 4-cyano-2-nethoxybenzoic acid (1.00 g, 5.648 mvol, Biogene) in
met hanol (15.0 nL) was added p-tol uenesul f oni acbﬁ nonohydrate (286 ngy,
1.48 mml, 5 Aldrich) and it was heated to nder an argon at nosphere
for 16 hrs. The solvent was renoved d the tion m xture was extracted
w th Et0Ac, washed with saturat Na;g§BNHwater, and saturated NaC . The
organi ¢ phase was separat ed, d#ﬁéd o) Na2SO4, filtered and concentrated
to give 4-cyano- 2-net hoxy- benzoi i ester (1.04 g, 96.4% . 10A

m xture of 4-cyano-2-nmet hoxy- benzoi et gyl ester (1.01 g, 5.28 mmol)

i n methanol (50 nL) was added gl 2800 slurry in water (a few
grans washed with nmethanol to Kepm B , Aldrich) and it was put
under a 50 psi hydrogen atnﬁ%phere ffo 16 hrs. The m xture was filtered
through Celite under an argo D e entrated and then purified
by flash chromatography to gﬁvzhzygkgﬁgﬁggﬁyfggpgethoxy benzoi ¢ acid net hyl
15 ester (38 a7m[1@ure$)4 SEhinomethyl- 2T¢:hl<&opymtmds €19af5 rng, 1 323 mmol, Alfa Asear)

4- anlnonethyl 2- met hoxy- benzoi ¢ acid ester 0.763 [

mol
N, N di i Ny idimgthypieryamide (8.0l wa%adéi&eédl fa@onﬁléfﬂ%ﬁiﬁzpkﬁ (?% éé%ﬂé‘w
(Al gyi (h}fknoll;&dﬁ%l O 6% WiDdthred aﬁhtfg! 14 Ers‘ﬁ(ﬁ&er%'a"r (ﬁpatﬁlBS h&réc e @Al Raginder
an argon af nos re, the reaction 20 m xture was x ract Et OAc, and
washed wmb%dwmtiehe (eacx)qn aixdurs atas catradedNath EtTAe, washad mthpzhaaad@@,sand

separated, drje S filtered and

L O sl NECL TS Ry roy e aspmgro SRt Sy o tered ot Poncrarigs
o tA e % éﬁg%}) TEnid H1EA LhHRIRY ) WP SHINRS | JURGH: Wil BAYT ettt IEK wRM L viou® -
r ac- ( 238 48)ifigat(o- chl or o- 2- f | uor o- pheny1) - 3- (4- chl or o- 2- f | uor o- pheny1) -
4- (ﬁ)z di met hyl - propyl ) -pyrrolidi ne-3-carbonitrile (49.2 ng, 0.116 mmpl)
and 4- { [(imdazo le-1-

A mixture of rac-(2S,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-

4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (56.5mg, 0.133 mmol) and [1-(imidazole-1-
carbonyl)-piperidin-4-yl]-acetic acid ethyl ester (1.32 mmol) in CH,Cl, (8 mL) was stirred at rt
for 4 days. The reaction mixture was then purified by flash column to give rac-(2S,3S,45)-2-(3-
15  chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carboxylic acid (6-chloro-pyridin-3-ylmethyl)-amide (70.1 mg, 89.0 %).
HRMS(ES") m/z Calcd for CooHy7CLF,N4O + H [(M+H)+]: 591.1292; Found: 591.1293.

Example 81
20 Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (6-chloro-pyridin-3-yl)-amide

M.W. 577.89 Cy3H2sCLF,N4O



carbonyl) - am no] - net hyl } -2-net hoxy-benzoic acid nmethyl ester (224.3 ny,
0.775 mmol) in CHC12 (8 nL) was stirred rt forl6 hrs. The reaction m xture
was t hen wornfivas2sby flash colum WO 2011/ 045257PCT/ EPPOIGPO@HDHERA59 - 95- toO
give rac-4-( {

[ (2S, 3S, 4S)-2-(3-chl oro-2-fl uoro- pheny&y~ 3- (4-chl or o- 2-f | uor o- phenyl) - 3-cya
no4- (2, 2-di met hyl - propyl )-pyrro lidine-I|-carbonyl] -am no} -nethyl)-2-nmetho
Xy-benzo i c Aaaidursmifityd-(2853SUSK D 3-8h16B-28Riofb ﬁraenyblFﬂv(S( Efforo}2-MhdroGstleadl)f or
C33H33C12F2N304 : 644.1889;  Foun 644.1888 Exanp Pr epar atl on of
r ac- 4- (¢ @asdmsthydyronyiapyrlistins- %ﬁvnbeﬁlﬁrélsrﬁ@%y}&ﬁ léﬁll@nvlé@@d% =chloro-5-

bony ol HoTr RN ST AREARA ) HRALIUASTACERERIBAT) HR4 Uik acht for TR
r ag 4 (g4 (I:h;S;re_EhStld;S)mﬁu(e&vashhm purfdd h;oﬂashplbihmiyﬂi)o:gl’ive(ﬁe{%"ﬁ] GF,@S? 2f(Bwhicopheny 1
) am%g|y2 ﬁ\&ﬁ ﬂ;ﬂh§>n l—%gf‘%g Omy/ fﬁ@h@ B%@Y%§'39%%¢ 7, @3Y¢3@2p>1 yrreligige3d- mmol |
gx anpl %aﬁ)%%(yl:ld;ac\}\_g%eélﬁo %,mm& 3addadiR (50h wid, an. 105%) lHGs(ES 9l/s BalcdFot ™D,

m.) and the reaction mxture was 15 stirred at rt
for 48 G&EHZSCEEé\I&faHt[(MmHI)’r}{tSW é1¥adopad:t37§.1¢dhcent rat ed and quenched with
1 NHCL (pH5), extracted wth Et0Ac, and washed with water, saturated
NaCl . The organi c phase was separated, and dried over Na2SO4. The m xture
was then concentrated to give rac-{ggample 82
[ (2S, 3S, 45) - 2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl)-3-cya
no- ¥ ( 2, 2- diPwenamtioprod p3d-42Sp3 4 9k3 -t - ﬁléom -Laluprongheny bidper-¢hdora-24flyarp- pi@eyloc
acid ( 0 d f 1 +H
(v > el gl g MR- Moo SRR 0 i RS T
rac- ( 29ya&indbyhaniide chl or o- phenyl) - 3- (4-chl or o- 2-f | uor o- pheny1) - 3- cyano4- ( 2
, 2-di met hyl - propyl) - pyrrolidi ne-1-carboxylic acid
((S)-3,4-di hydroxy-butyl)-am de WO 2011/ 04Z5(PCT/ EP2010/ 065159

(0]

M.W. 573.47 C2H»iCLF,N4O;

15 To a mixture of 4-amino-1-methyl-pyrin-2-one (149.5 mg, 1.180 mmol, MolBridge) in
N,N-dimethyl formamide (4.0 mL) was added 1,1’-carbonyldiimidazole (208.5 mg, 1.247 mmol,
Aldrich) . After it was stirred at rt for 3 days under an argon atmosphere, a precipitate formed
which was filtered, dissolved in EtOAc, washed with water, and saturated NaCl. The organic
phase was separated, dried over Na,SQys, filtered and concentrated to give imidazole-1-

20 carboxylic acid (1-methyl-2-0xo0-1,2-dihydro-pyridin-4-yl)-amide which was used without
further purification.

A mixture of rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (15.8 mg, 0.0373 mmol) and imidazole-1-

25 carboxylic acid (1-methyl-2-0xo0-1,2-dihydro-pyridin-4-yl)-amide (76.3 mg, 0.105 mmol) in
CH,Cl, (1.5 mL) was stirred at rt for 1 day. The reaction mixture was then purified by flash
column to rac (28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (1-methyl-2-oxo-1,2-dihydro-pyridin-4-yl)-



-96- OHCA OH MW 536.5 C27H32C12FN203 To a m xture of

rac-(2S, 3S, 4S) - 2- (3-chl or o- phenyl ) - 3- (4-chl or o- 2-fl uor o- phenyl )-4-(2, 2-

di et hyl -woapylussyrr ol i di ne-3-carbonitrile (40.5 ng, OPLO/EFrEb)cand
triethylamne (TEA, 20.0 5 ng, 0.20 nmol) in CH2C12 (1 nL) was added
phosgene solution (Al drich, 20%in tol-8&ne, 0.12 ni, 0.12 mml) by
injection, and the reaction mxture was stirred at rt for 20 mn.

2- (('S) ai@e (19inRg Y.+ b, BRAISESARZACHA] fortChyH A0, PAN,029 HA(VBEH 8- 203ms80)
was then added. The reaction m xture was stirred at rt for another 30 mn
t hen cdR8B¢tY/4tl6d%t o give the crude product (checked by LCVS) which was
diluted with MeOH and treated with PPTS (cat.) at 120 Cfor 5 mn wth 10
CEM mi crowave reactor. The reaction m xture was concentrated and dil uted
with CH2Cl12 and mashed mnth wat er aBxhriyle 88. The organic phase was

Concbnt rai ed HHA BU e By RPLTPLETHOG Y BupeRoos) 3o adyrs-] fuoro-

hl I - d t hyl - 1
S AT i e e

43.8% 2 steps) as a white amorphous. 15 HRVSRES ') miz Calcd for
C27H32C12FN303+ H [ (M+H) +] : 536. 1878; Found: }879. Exanple 92
Preparation of

rac-(2R,38,4S)-2-(3-chIoro-2-f|uoro-pheay
yano- 4- (2, 2- di met hyl - propy1) - pynrol i di nef4
20CCF NM W 556.5 C301-129CL

arboxyllc aC|d benzyl am de CI
m>XQure of
-3-(4-chl oro-2-fl uoro-phenyl) -

rac- (2R, 3S, 4S) - 2- (4-chl oro- 3-fl uowo

3-cyano-4- (2, 2-di net hyl - propyl) - p Y ‘d) ,;3<garbonitrile (42.3 ng, 0.10
mol ) prepared in Exanpl e o] at onet hyl ) benzene (Al drich
16.0 ng, 0.12 mmol) in CH2CL 2 RIS stirred at rt for 1 h. The

reaction mxture was then coYicentrat&d and purified by flash colum to WO
2011/ 045257PCT/ EP2010/ 0651591 w 607,51 CroHrCLF,N,048

To a mixture of rac-(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

10 phenyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (80 mg, 0.0189 mmol) and
diisopropylethylamine (122mg, 0.942 mmol) in CH,Cl, (6 mL) was added p-
(chlorosulfonyl)benzoic acid (70.0 mg, 0.283 mmol, Eastman) and the reaction mixture was
stirred at room temp. for 6 hrs. The resulting mixture was diluted with EtOAc, washed with
aqueous Na,COs, 1N HClI and brine, and concentrated to dryness to give rac-4-[(2S,3S,4S)-2-(3-

15 chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-sulfonyl]-benzoic acid (44.2 mg, 38%) as a white soild. HRMS(ES") m/z Calcd for
CoH26CLF2N,04S + H [(M+H)+]: 607.1031; Found: 607.1032.

Example 84
20 Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
1-(6-chloro-pyridine-3-sulfonyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile




-97- give rac-(2R 3 S ,4S)-2-(3 -chloro-2-fluoro -phenyl)-3
-(4-chloro-2-fluoro -phenyl)-3 -cyano -442, 2-

di et hyl -woapylusasyrr ol i di ne- 1 -carboxylic acid benzyl anmpde/Epd@oB63g9 84. 2%
as a white solid HRVM5(ES ') mz Calcd for C30H29C12F2N30 +H [ (M+H):
556.1729; Found: 556.1725. 5Exanpl e 9391- Preparati on of rac

N-[(2S, 3S,4S)-2-(3-Chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fluorophenyl)-3-cy
ano-4- (2, 2-di net hyl - propyl)qﬂywrghjwjngnﬂmcgﬁggmwSI benzamide CI CIF N M
W 570.5 C30H27C12F2N302 10A mi xture

rac- (2R 3S, 4spmannar smplay t9-the meﬂ@ficsiﬁﬁﬂﬁ@ﬁmr) Exanpie 8B amixtoreiqf g @Spheh)) -

3- | 10
ol ) Spured | el S U B B SRt b B Sty
mol )  i3rcafbd@iike (82 mg,)o DS rﬁmbl)rveﬂratctddtwﬁoﬁ cﬁlok’opyﬂd'meradfd@hchﬁmicﬂm(r% was
th trated and fied by ol [
r ac-Y 2RSS Wm0t Engmin) I 85F Faggs 3%1#&% o ot Hiesocntonyhdeffesinieriy 1) - .
Ipiyfrofind3penzyl ani d
CLa"S" ke lOBh ooy Ho R (oo Dend g Bppy PR 0oty A 0
+H [(Nmmmnnﬁﬁﬁ(1B?6an8ﬁ%dasEHQMb&ﬂQWSEﬂédﬂRhﬁHES)ﬁn@ﬁbﬁ@mﬁmn of chiral 4-(

bhenyl Jo ey ARG O BTGk ROFORMERY e 39k D65 i me- 1 - car bonyl |

-am nol - net hyl )-2-met ho xy- benzo ic acid and chiral
4- ({[ (2R, 3R 4R)-2- (3-Chl or o- 2-f | uor o- pheny1) - 3- (4-chl or o- 2-f | uor opheny1) -3
-cydho -4-(2, 2-di met hyl - propy1) - pyrExamplgi8ae- | - car bonyl ]

7, T AT T SR i, 9, T PR

4- ({ [ (252354t hyd-ptSpyDPL 06-0x8-1{d-dibyerophieialyrk) 3-Sul(ehyORd @fcdidziet I-vabopitriay 1) - 3
-cyano -4-(2,2-dinethyl-propyl)-pyrro lidine-I-carbonyl]
-am nol - net hyl ) - 2- met ho xybenzoi ¢ acid was Pat ed by SFC, 30 % CH3OH on
a Kromasil 5-CelluCoat OD prep colum 5 to chiral
4- ({[ (25, 3S, 4S) - 2- ( 3- Chl or 0- 2-f | uor o- phe (4-chl oro-2-fl uoro-phenyl)-3
- cyano -4-(2,2-dinethyl-propylé;&irro i e-| -carbonyl ]

f

-am no}-net hyl)-2-nmet ho xy-benz ang white |yophilized solid. M

(ES) mz Calcd: [(MH)]: 630.17, : 1630.;12 and chiral 4-
({[(2R 3R 4R) - 2-(3-Chl oro-2-fl uor ylﬁ;ﬁ:ﬁACbhloro 2-f 1l uoro-phenyl)-3-c
\
N ah¥10} - net hyl ) - 2- met hoxy- benzoi c
M.W .580.49, C,7H,sCLF,N303S

yano- 4- (2, 2-
di met hyl - propy1l) - pyrrolidi ne- }
15 A suspension of rac-(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

acid as a white

phenyl)-1-(6-chloro-pyridine-3-sulfonyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile
(24.4 mg, 0.041 mmol, example 37) in acetic acid (2 mL) and water (2 mL) was heated at 220 °C
for 1 hr in microwave condition. The solvent was removed in vacuum and the residuer was taken
up in EtOAc, washed with aqueous Na,COs and brine, dried and evaporated. The crude product

20  was purified by flash column to give rac-(2S,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-
fluoro-phenyl)-4-(2,2-dimethyl-propyl)-1-(6-oxo-1,6-dihydro-pyridine-3-sulfonyl)-pyrrolidine-
3-carbonitrile (17.6 mg, 71%) as a white soild. HRMS(ES") m/z Caled for C7H,sCLF,N;0:S +
H [(M+H)+]: 580.1035; Found: 580.1035.

25 Example 86
Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
1-(6-chloro-pyridine-3-carbonyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile



10 Iyophilized solid. M5 (ES) mz Calcd: [(MtH)]: 630.17, found: 630.2
Exanpl e 95 Preparation of

4- ({[ (2S,w6,24H)042257 3- Chl or o- 2- f | uor o- pheny1) - 3- ( 4- chl or ®c2AfPRm0o65159
phenyl)-3 -cyano -4-(2, 2-di nethyl -propyl)-pyrro |idine-I|-carbonyl]

-am nol -nethyl )-2- fluoro - 15 benzoi c%cid nmethyl ester MWV 632.52,
C32H30C12F3N303 Preparation of nethyl 4-(am nonethyl)-2-fluorobenzoate: A
sol ution of 4-cyano-2- 25 fluorobenzoi€l acid (4.02 g, 24.36 mol, Aldrich)
in methanol (50 nL) was treated with p- \RJI uenesul fonic acid rmnohydrate
(0.46 g, 2.43 mol) and heated to refl gx oyvernight. The sol vent was renoved
and the reaction residue was extracted\w Et 0OAc, washed with saturated
Na2CQO3, brine and dried over NaZAOQ to give Met hyI 4- cyano- 2-f | uor obenzoat e

(4.46 g, 95% . This Methyl este ) O77 mmol ) was conbi ned with
met hanol (60 nL) and Raney N (2 38us laftip fulls were added after

washi ng wi th nmet hanol under argon s tencput under Hydrogen at 50
vvas filtered through celite
and washed wi th nmet hanol whil e D& ter N2. It was then purified by

PSI on a PARR shaker for 18 hrs.
silica gel WD 2011/ 045257PCTPEP2010/ d:65159 99 chr omat ogr aphy with

nmet hanol and net hyl ene chl or t % am nonet hyl ) - 2-
f1 uor obenzoate (247.6 ny, %%35%81%18 %Eﬁ §of 9 To a mixture of mnethyl

4- (am nonet hyhﬁxtarefdfuw (ﬂ&ﬂ&@&)t B(%- &ﬁlGrogzxfmochpl’ia&grl)mrpfl ¢hlbid-S-fbb M- licaphhy |
formam de ( m.) was added .1, 1'-carbony i mdazole (A.drich, 98 9 nyg,
0.592 rf‘n@la% dlmeml@romtl) o liging- 3-sarbapitrile (éﬁ/mgni)é%% Hﬁmﬂe diizpprapyeshylamine

at MSPYEY S DSSOEAGH! o HHhERIRANENEAGLEA b ATARG in eRGCHRBHA] W L

wat er sat urat phase was separ at ed,” dried over
Na2SO4 andl |6¥dhd§]red11(wmdo3zlmhdmi‘der(él Bang, ©.232wemdk, Alldrach) whs stirred at room temp. for 2

| e-1 - b thyl} -b d neth t 187.0
oS o U 00 Bl R SbalF s REACH . RSt A S5
r ac ( 2%&%&@5 p%n(ﬁ%d%?l@rfﬁtsl@ ob BRI 6 gRREAY-J s 3( 4@?@3{30611%@ .8 hﬁt%ibh@ﬂﬁwl)
4- (2, 2-di net hyl prop )<pyrrolidine-3-carbonitr

and 2- Kf-gblooe-2- ﬂu{OF(w inyd)z bil@chlovmpyahyct §-carbionpl)- 4n(élt2ﬁsi1r1}eth§demw1)3 aci d

met I est rred rt for
To 1Y s PSR B Pt TR B e s WO ) o R o °gi ve
4-({[(2%1315%5)}{32) £ 31 [@VHae: 5621 1026 OF aanyd). t@6( 4- chl or o- 2- f | uor o- pheny1) - 3
- cyano- 4-
(2, 2-di net hyl - propyl ) -pyrrolidine-1-carbonyl]-am nol -net hyl)-2-fl uoro-benzo
ic acid nethyl ester (64.5 ng, 88 %. . gﬁ&/ggES ) mz Calcd
C32H30C12F3N303+H( M+H) : 632. 1689; 2.1686. 20

Preparation of rac-(285,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-

15 4-(2,2-dimethyl-propyl)-1-(6-oxo-1,6-dihydro-pyridine-3-carbonyl)-pyrrolidine-3-carbonitrile

-.,,©/CI
\
£ N

MW .544.43, C28H25C12F2N302
A suspension of rac- (285,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

Cl

phenyl)-1-(6-chloro-pyridine-3-carbonyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile
20  (63.9 mg, 0.113 mmol, example 39) in acetic acid (8 mL) and water (8 mL) was heated at 180 °C
for 1 hr in microwave condition. The solvent was removed in vacuum and the residuer was taken

up in EtOAc, washed with aqueous Na,COs and brine, dried and evaporated. The crude product



Exanpl e 96 Preparation of rac

4- ({[(2S, 3S5,4S)-2-(3-Chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fluorophenyl)-3
-cyano - wW0202/udsset hyl - propyl) - pyrro |idine-I-carbonyl pCcTareoolsime hyl ) - 2-
fluoro - benzoic acid 25 Cl MV 618. 49, C31H28C12F3N303 To a m xture
of -93-

rac-4-({[(2S, 3S,4S)-2-(3-Chl oro-2-fluoro-phenyl)-3-(4-chl oro-2-fl uorophenyl
)-3 - CW’J@@urlﬁed{ By Zlasii a’ﬂlﬁljﬁﬂ ko @N@WOQS@SAI -1-(HiHierol 2-Elasiophen}l)-3-(4-chloro-2-

-am nol -nmeth 011/ 045257PCT/ EP2010/ 065159 -100- benzoic
aci d mdtueye- P%f‘élé’é)r“ %%deﬂ%yl monﬁké (Wp)l $-dibyrpo-pwiding- 3wadonrroaralidiseut i on
of LiO on

i xtur & i e AT D TR MR BT CaleT b R RE FFH
concent[(MﬁLHw]aﬁm.qm%emﬂ.\&Mh3&4N HC1 (pH 5), extracted with Et0Ac, and
washed with water, saturated NaC . The organi c phase was separated, 5 and
dried over Na2SO4. The mixture was then concentrated to gi ve

raca- ({[(2S, 3S, 4S) - 2- ( 3- Example 88 _

Chl or o- 2-f | uor o- pheny1l) - 3- (4-chl or oTZTfRWo- phenyl) - 3-cyano- 4- ( 2, 2- di net hy
| - propyl) - ;R]tpaoatioaiiorfeaciQtSa?rS;@%)yZJcI&alutbml-ﬂnetor-\ghe)lyﬁ-3f-(l4udﬂmrob?eﬂzmioeplanj'la#

38.9 HRIVS(.E | d 1-128C12. :818..1533;
I(:ound rﬁgcfég g‘%‘@ﬂ@%’&%f& énieth3i-l>r e Cr d(]glwdé? PEH 1[“81 =% Onyi) P oA

4- ({[ (2b32itdR) - 2- (3- Chl or 0- 2-f | uor o- pheny1) - 3- (4- chl or o- 2-f | uor o-

phenyl) -3 -cyano-4-(2, 2-di met hyl -propyl)-pyrro |lidine-I|-carbonyl]

-am nol - net hyl ) - 2-fl uor obenzoic acid a chiral

4- ({[ (2R, 3R 4R) - 2- (3-Chl oro-2-fluoro-p )qf) 3-(4-chl oro-2-fluoro-phenyl)-3
- 15

cyano- 4- (2, 2-di net hyl - propyl) - pyrroli di\ 1- car bonyl ] -am nol - net hyl )-2-f1l uo
ro- benzoic acid F OHF OH MN618.43i C31H2 C62F3N303

©/CI
N
N
10 Cl F

MW 55846, C29H27C12F2N302
A mixture of rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-

4-(2,2-dimethyl-propyl)-1-(6-oxo-1,6-dihydro-pyridine-3-carbonyl)-pyrrolidine-3-carbonitrile
(15.1 mg, 0.0277 mmol, example 40), cesium carbonate (27 mg, 0.0829 mmol, Aldrich) in DMF

15 (3 mL) and iodomethane was stirred at room temp. for 3 hrs before it was diluted with EtOAc,
washed with water and brine, dried and concentrated. The resiude was purifed by flash column to
give rac-(2S,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-dimethyl-
propyl)-1-(1-methyl-6-ox0-1,6-dihydro-pyridine-3-carbonyl)-pyrrolidine-3-carbonitrile (15.0 mg,
96%) as a white soild. HRMS(ES ") m/z Calcd for C,0H,7CLF2N30,+ H [(M+H)+]: 558.1521;

20 Found: 558.1520

Example 89
Preparation of rac-4-({[(2S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-

25 benzoic acid methyl ester



The m xture of
rac-4-({[(2S, 3S,4S)-2-(3-Chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-
phenyl) - 3Avoayamas2sy (2, 2- di met hyl - propyl) - pyrro |idi ne-| Pcardreonplos159

-am nol - net hyl )-2-fluoro- 20 benzoic acid was separated by SFC, 25 % CH3CH
on a Diacel AD prep colum to give chi-P& chiral -

4- ({[(2S, 3S,4S)-2-(3-Chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl)-3
-cyano- 4-

(2, 2-di net hyl - propyl') - pyrrolidine-1-carbonyl | -
ic acid as a white lyophilized solid. M5 (ES
found: 617.2 and chiral 4- Q H

({[ (2R 3R 4R) - 2- (3- Chl or o- 2-u§<or 0. phehy
yano-4-(2,2- 25 .

anlﬁo} met hyl ) - 2-fl uor o- benzo
lcd: [(M:H)]: 617.15,

Zchl or o- 2-f 1 uor o- phenyl) - 3-c

di met hyl - propyl) - pyrrolidine-|I - Y ankpo}-nethyl)-z-fluoro-benzoic
acid as a white lyophilized . z Calcd: [(MH)]: 617. 15,
Found: 617.2. WD 2011/04525 EPX)1 5159 -101- Exanple 98 4-

{[(2S, 3S, 4S) - 2- ( 3- Chl or o- L!f| udr o-bheny1) - 3- (4-chl or o- 2- f | uor o- pheny1) - 3-cy

ano-4- (2, 2-di nmethyl -propyl) onyI] -amno 1

- 2- et hyl - benzoi ¢ aci d Nﬁﬁégdggﬁkpéﬁﬁﬁééé?g To a m xture of
met hyl 4- amm&mwlzb%@@ﬁmﬂ%& Sz68 acill- (230 %TTS)MS ﬂlﬁloNB\@%éﬁ% § by
formam de (5 was added 1' - car onyldllnldazo Al drich 15 ng, 1.29

mol ) m%lﬂatr@nl(ln 0 i3 wap radcfteéid) @tluetnpswgrqm%momfwératg 8ol A% mowbher e, t he
reacti Aﬂgﬂ}@ &Ha ?H;ﬁ"‘@s%e%h tS“Ee u‘{‘fdéﬁ‘anE& gﬁam{%@@ﬁ@ﬁ%ﬁg“ e?“e‘ﬁ@lvgl&a\ééx) and

sat urate e ordgani c ase was ar at over

filteredmand aﬂnﬁefﬁact&hﬁﬁlxme Gy @xdradtéd 'WitH FZOMe; iashad hahysdjuraecd Ne]C@Es;,
met hyl - benzoi ¢ acid nethyl ester (342.0 ng) whi ch was used without further
purifi é»&ettt;rgﬁld saturated Nafglykhgrazggmc phase pas sypgmted, dried over Nap SOy, filtered and

S, 4S fl
4-(2? 24 |n'ef[8ﬁﬂyﬁft %Béfﬁ*%@????tﬂéﬁ] é?gékaar% oni tP/??Sftérzgg%pb@Wé) 117 mo 1)
and 4- [(Imdazo le- 1 - 15 carbonyl) am no] - 2- et hyl - benzoi ¢ aci d net hyl

t 342. 4 I CHZ 12 (8 r t f 6 hrs. Th
Foal i on i %t (el A RBRO PPPHPEHDBiFoR) D LR b ity A oD ('S 53 S
54 5)- %ne(ﬂ%dnoqz‘doq{]}?) af hHRH % R@ﬁ@jﬂ[l&el:%(‘)@ SrueiRhater 2a fdwiQamhs vwRRERYdh 3

-cyano -4-(2 di met hyl - propyl)-pyrro
li di nemdmbwmpvamenma}telzmcm lnd & rveagipot m@iedariétphyhydmearatr@whererfgr 88

9 . este 099 nwol THE ed.a
abi ut 1 IR TET e ORenG Calr R o 581 (e e R e b ieolea iy A G e
react i @Renpurifiet &yVPRSh Slﬁﬂohfaﬁ%raphy to give 4-aminomethyl-2-methoxy-benzoic acid methyl

15 ester (385.7 mg, 34.7%).

To a mixture of 4-aminomethyl-2-methoxy-benzoic acid methyl ester (149 mg, 0.763
mmol) in N,N-dimethyl formamide (4.0 mL) was added 1,1’-carbonyldiimidazole (Aldrich, 127
mg, 0.762 mmol) . After it was stirred at rt for 16 hrs under an argon atmosphere, the reaction
20 mixture was extracted with EtOAc, and washed with water (2X), and saturated NaCl. The
organic phase was separated, dried over Na,SOy, filtered and concentrated to give 4-
{[(imidazole-1-carbonyl)-amino]-methyl}-2-methoxy-benzoic acid methyl ester (224.3 mg,

101% crude) which was used without further purification.

25 A mixture of rac-(2S,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (49.2 mg, 0.116 mmol) and 4-{[(imidazole-1-
carbonyl)-amino]-methyl }-2-methoxy-benzoic acid methyl ester (224.3 mg, 0.775 mmol) in
CH,Cl, (8 mL) was stirred rt for16 hrs. The reaction mixture was then purified by flash column



at rt overnight. The reaction m xture was partly concentrated and quenched
with 1 NHCL (pH5), extracted with Et0Ac, and washed with water, saturated
NaCl . Theworgami4s2sphase was separated, 25 and dried ovePCREPSDH/065TRe

m xture was then concentrated to give rac- 4- {[(2S, 3S,4S)-2-(3-

Chl or 0- 2- f | uor o- pheny1) - 3- (4- chl or o- 2-P%-uor o- pheny1l) - 3- cyano- 4- ( 2, 2- di net hy
| - propyl)- pyrrolidine-I|-carbonyl]-am no}-2-nethyl-benzoic acid (39 ng, 66
% . HRN@QES rag-441% [12$,38$ 46)-C33 L h1d2@ CUROZNBh &3 HB 4 4 Mibho -8 Ao dB BilenyHcB+Bgkino-

600. 1626, WD 2011/ 045257PCT/ EP2010/ 065159 -102- n Vitro Activity Assay

The abi%(Z3dmethwrenhpprrmising! cahpayli- afpo JrRetey B methoRkPoRsole #58 and

1 or oeR e R R PR e foune

pept|d64ﬂh388resenbles the MDMR-interacting region of p53 (Lane et al.).
Blndlng of GST-MDMR2 protein and p53-peptide (biotinylated on its N-term nal
end) is registered by the FRET (fl uorescence resonance energy transfer)
bet ween Europi um (Eu) -1 abel ed anti -5, apbpbody and streptavi di n- conj ugat ed
Al | ophycocyanin (APC). 10Test is perfogned in black flat-bottom 384-wel |
pl at es (CostPaegaratmnantrm @(((%&B&ﬁ@)@f(ﬂmlqm -2efburtrapheinply-39@- cm%rbr%t inyl ate

peptid GST-, NDWVR 0n tr vi di r Ki rVﬁIIa ), 2

P Eue TEIDg E he Er e AR T ek it BesTod 250k Bt taras el

albunln (BSA), 1 mMdithiothreitol (DTT) and 2Q/nNITr|s borate saline (TBS)

buffer as follows: Add 10 uL of GST-MDM2 (640 Shg/ wor ki ng solution) in

reaction buffer to each 15 well. Add 10 ulL dityg ed éonpounds (1:5 dilution
A

in reaction buffer) to each_gﬁtl,_nixobwﬂsh d 20 uL biotinylated

p53 peptide (180 nM wor ki ng n buffer to each well and
m x on shaker. Incubate at 37C\}Q h. Add 20 uL streptavidi n- APC and
i i H.ant and 60 nM streptavidi n- APC
wor ki ng solution) in TBS buffE§ ) Ggi shake at room tenperature
for 30 m nutes and read using RFX 2 pabl e plate reader at 665 and 615
M| (Victor 5, Perkin Ehney! al | ak) . not speC|f|ed the reagents were
purchased from Si gma Chem cal data for sone of the
ﬁgle conmpounds expressed &gqﬁtgﬂ)%§§d€3§%¥ (ére as follows: Exanple
| C50 bsa: 0. 6% mituR-0#89c-3-(X{(34,8S8S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-

benzoic acid methyl ester (52.1mg, 0.0813 mmol, example 89) in THF (5 mL) was added a

solution of LiOH (Aldrich, 25 mg, 0.595 mmol) in water (2.5 mL) and the reaction mixture was
15 stirred at rt for 48 hrs. The reaction mixture was partly concentrated and quenched with 1 N HCI1
(pH 5), extracted with EtOAc, and washed with water, saturated NaCl. The organic phase was
separated, and dried over Na,SO4. The mixture was then concentrated to give rac-{1-
[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-
propyl)-pyrrolidine-1-carbonyl]-piperidin-4-yl} -acetic acid (16.2 mg, 31.6 %). LC-MS(ES ")
20 m/z Calcd for C3H33:CLF,N3Os+H [(M+H): 629; Found: 629.

Example 91
Preparation of rac-(28S,3S,4S)-2-(3-chloro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid ((S)-3,4-dihydroxy-butyl)-amide
25
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-103- Exanpl e 1 C50: bsa: 0. 02%
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OH

OH

M.W. 536.5 Cy7H3,CLFN,03
To a mixture of rac-(2S,3S,4S)-2-(3-chloro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-
dimethyl-propyl)-pyrrolidine-3-carbonitrile (40.5 mg, 0.10 mmol) and triecthylamine (TEA, 20.0
5 mg, 0.20 mmol) in CH,Cl, (1 mL) was added phosgene solution (Aldrich, 20% in toluene, 0.12
mL, 0.12 mmol) by injection, and the reaction mixture was stirred at rt for 20 min. 2-((S)-2,2-
dimethyl-[1,3]dioxolan-4-yl)-ethylamine (29.4 mg, 0.20 mmol) was then added. The reaction
mixture was stirred at rt for another 30 min then concentrated to give the crude product (checked
by LCMS) which was diluted with MeOH and treated with PPTS (cat.) at 120 °C for 5 min with
10 CEM microwave reactor. The reaction mixture was concentrated and diluted with CH,Cl, and
washed with water and brine. The organic phase was separated, filtered and dried over Na,SO,.
The mixture was then concentrated and purified by RP-HPLC to give rac-(2S,3S,45)-2-(3-
chloro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-
carboxylic acid ((S)-3,4-dihydroxy-butyl)-amide (23.5 mg, 43.8%, 2 steps) as a white amorphous.
15 HRMS(ES") m/z Caled for Cp7H3,CLEN;O3+ H [(M+H)+]: 536.1878; Found: 536.1879.

Example 92
Preparation of rac-(2R,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid benzylamide

Cl

20
M. W.556.5 C3oHzoCLF;N30

A mixture of rac-(2R,3S,4S)-2-(4-chloro-3-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (42.3 mg, 0.10 mmol) prepared in
Example 3 and (isocyanatomethyl)benzene (Aldrich, 16.0 mg, 0.12 mmol) in CH,Cl, (2 mL) was

25 stirred at rt for 1 h. The reaction mixture was then concentrated and purified by flash column to
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give rac-(2R,38S,4S5)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carboxylic acid benzylamide (46.8 mg, 84.2%) as a white solid
HRMS(ES") m/z Calcd for C30HCLF,N;O +H [(M+H): 556.1729; Found: 556.1725.

Example 93
Preparation of rac N-[(28S,3S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzamide

M. W. 570.5 C30H27CLF2N30;

A mixture of rac-(2R,3S,4S)-2-(4-chloro-3-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (42.3 mg, 0.10 mmol) prepared in
Example 3 and benzoyl isocyanate (Aldrich, 17.6 mg, 0.12 mmol) in CH,Cl, (2 mL) was stirred
at rt for 2 h. The reaction mixture was then concentrated and purified by flash column to give
rac-(2R,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carboxylic acid benzylamide (52.1 mg, 91.4%) as a white solid.
HRMS(ES") m/z Calcd for C3H,7CLF,N;0, +H [(M+H): 570.1521; Found: 570.1521.

Example 94
Preparation of chiral 4-({[(28S,3S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-
benzoic acid and chiral 4-({[(2R,3R,4R)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-

benzoic acid
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MW 630.52, C3,H3CLF,N3O4

The mixture of rac- 4-({[(2S,38S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-
benzoic acid was separated by SFC, 30 % CH3;OH on a Kromasil 5-CelluCoat OD prep column
to give chiral 4-({[(2S,3S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-benzoic acid
as a white lyophilized solid. MS (ES") m/z Calcd: [(M+H)']: 630.17, found: 630.2 and chiral 4-
({[(2R,3R,4R)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-benzoic acid as a white
lyophilized solid. MS (ES") m/z Calcd: [(M+H)']: 630.17, found: 630.2

Example 95
Preparation of 4-({[(2S,3S,45)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-

benzoic acid methyl ester

MW 632.52, C32H30C12F3N303

Preparation of methyl 4-(aminomethyl)-2-fluorobenzoate: A solution of 4-cyano-2-

fluorobenzoic acid (4.02 g, 24.36 mmol, Aldrich) in methanol (50 mL) was treated with p-
toluenesulfonic acid monohydrate (0.46 g, 2.43 mmol) and heated to reflux overnight. The
solvent was removed and the reaction residue was extracted with EtOAc, washed with saturated
Na,COs, brine and dried over Na;SO4 to give Methyl 4-cyano-2-fluorobenzoate (4.46 g, 95%).
This Methyl ester (1.03 g, 5.77 mmol) was combined with methanol (60 mL) and Raney Ni (2
spatula tip fulls were added after washing with methanol under argon). It was then put under
Hydrogen at 50 PSI on a PARR shaker for 18 hrs. The reaction was filtered through celite and
washed with methanol while being kept under N,. It was then purified by silica gel
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chromatography with methanol and methylene chloride to give methyl 4-(aminomethyl)-2-
fluorobenzoate (247.6 mg, 23%) as off-white solid.

To a mixture of methyl 4-(aminomethyl)-2-fluorobenzoate (106.9 mg, 0.584 mmol) in
N,N-dimethyl formamide (4.0 mL) was added 1,1’-carbonyldiimidazole (Aldrich, 98.9 mg,
0.592 mmol) . After it was stirred at rt overnight under an argon atmosphere, the reaction
mixture was extracted with EtOAc, and washed with water (2X), and saturated NaCl. The
organic phase was separated, dried over Na,SOy, filtered and concentrated to give 2-Fluoro-4-
{[(imidazole-1-carbonyl)-amino]-methyl}-benzoic acid methyl ester (187.0 mg) which was used

without further purification.

A mixture of rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (48.8 mg, 0.115 mmol) and 2-Fluoro-4-
{[(imidazole-1-carbonyl)-amino]-methyl}-benzoic acid methyl ester (183.3 mg, 0.764 mmol) in
CH,Cl, (8 mL) was stirred rt for 16 hrs. The reaction mixture was then purified by flash column
to give 4-({[(28S,3S,4S5)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-benzoic acid methyl
ester (64.5 mg, 88 %). HRMS(ES") m/z Calcd C3,H3oCLF3N;0:+H(M+H): 632.1689; Found:
632.1686.

Example 96
Preparation of rac 4-({[(2S,3S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-

benzoic acid

MW 618.49, C31H3CLF3N;O5
To a mixture of rac-4-({[(2S,3S,45)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-

phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-
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m/z Calcd C3;HsCLFsN3O3+H (M+H):618.1533; Found: 618.1532

10 Example 97
Preparation of chiral 4-({[(28S,3S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-
benzoic acid and
chiral 4-({[(2R,3R,4R)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
15 cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-benzoic acid
F OH £ OH

TUoa
N F

MW 618.49, C31HsCLF3;N3O3
The mixture of rac-4-({[(28S,3S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-
phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-

20 benzoic acid was separated by SFC, 25 % CH3OH on a Diacel AD prep column to give chiral
chiral- 4-({[(28S,38S,45)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-benzoic acid as a white
lyophilized solid. MS (ES") m/z Calcd: [(M+H)]: 617.15, found: 617.2 and chiral 4-
({[(2R,3R,4R)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-

25 dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-benzoic acid as a white
lyophilized solid. MS (ES") m/z Calcd: [(M+H)']: 617.15, Found: 617.2.
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- COCH2( CH2) 1, ((:Hchzo 1- (CH2) 0304
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A mixture of rac-(285,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-
4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile (49.5 mg, 0.117 mmol) and 4-[(Imidazole-1-
15 carbonyl)-amino]-2-methyl-benzoic acid methyl ester (342.4 mg, 1.32 mmol) in CH,Cl, (8 mL)
was stirred rt for 16 hrs. The reaction mixture was then purified by flash column to give 4-
{[(28S,38S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-
dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -2-methyl-benzoic acid methyl ester (63.2 mg,
88 %).
20
This methyl ester (61.0 mg, 0.099 mmol) in THF (6 mL) was added a solution of
LiOH.H20 (Aldrich, 30 mg, 0.717 mmol) in water (3 mL) and the reaction mixture was stirred
at rt overnight. The reaction mixture was partly concentrated and quenched with 1 N HCI (pH 5),
extracted with EtOAc, and washed with water, saturated NaCl. The organic phase was separated,
25 and dried over Na,SO4. The mixture was then concentrated to give rac- 4-{[(2S,3S,4S)-2-(3-
Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-(2,2-dimethyl-propyl)-
pyrrolidine-1-carbonyl]-amino } -2-methyl-benzoic acid (39 mg, 66 %). HRMS(ES ") m/z Calcd
C31H20CLFoN3O3+H [(M+H):600.1627; Found: 600.1626.
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10 Test is performed in black flat-bottom 384-well plates (Costar) in a total volume of 40 uL
containing:90 nM biotinylate peptide, 160 ng/ml GST-MDM2, 20 nM streptavidin-APC
(PerkinElmerWallac), 2 nM Eu-labeled anti-GST-antibody (PerkinElmerWallac), 0.2% bovine
serum albumin (BSA), 1 mM dithiothreitol (DTT) and 20 mM Tris-borate saline (TBS) buffer as
follows: Add 10 uL of GST-MDM2 (640 ng/ml working solution) in reaction buffer to each

15 well. Add 10 uL diluted compounds (1:5 dilution in reaction buffer) to each well, mix by
shaking. Add 20 uL biotinylated p53 peptide (180 nM working solution) in reaction buffer to
cach well and mix on shaker. Incubate at 37°C for 1 h. Add 20 uL streptavidin-APC and Eu-
anti-GST antibody mixture (6 nM Eu-anti-GST and 60 nM streptavidin-APC working solution)
in TBS buffer with 0.2% BSA, shake at room temperature for 30 minutes and read using a TRF-

20 capable plate reader at 665 and 615 run {Victor 5, Perkin ElmerWaliac)y, If not specified, the

reagents wore purchased from Sigroa Chernical Co.

Activity data for some of the Example compounds expressed as 10so:bsa:.02% are as

follows:
Example 1Cs0:bsa:0.02%
4 0.269
5 1.317
6 3.591
7 1.596
8 0.049
9 0.089
10 0.469
11 0.811
12 0.644
16 3.228
19 2.28




COCH2( CH2) " - COOH, - (CH2)"- COOR' , - (CH2)"-CONR R', - CO(CH2)"- OR',
COCH2( CH2) " - SR, - COCH2( CH2) " - SOR , - COCH2( CH2) " - SRR, - COCH2( CHR) " ,
15 - COCHAWOHR)IMEB3H, - COCH2( CH2) "~ SONR R, - COCH2( CH2) PESEPBIRORES159

COCH2( CH2CH20) , p- (CH2) " - R,

COCH2( CH2CH20) m (CH2) "- OR , - COCH2( CH2I0B20) "

- COCH2( CH2CH20) m ( CHR) " -

- (CH2)

‘NR R,

COCH2( CH2CH20) , p- (CH2) " - NR COR', - COCH2( CH2CH20) |, p- (CH2) "- NR SCRR’,
COCH2( CH2CH20) m ( CH2) " - COOH, ECHAGERMya(@@92)" - COOR , 20

- COCH2( CH2CH20) m ( CH2) . - CONR R' - COCHZ( CH2CH20) ", -/ (CH2) " - S&2R

COCH2( CH2CH20) m ( CH2) " - , -L,Uﬂ-iZ(L,HzL,HZO gy CH2) . - SONR R',

COCH2( CH2CH20) m ( CH2) " - R—= COCHA(EH2 psd €H2EH20) ", - (CH2) " - R,
COCH2( CH2) p- ( CH2CH20) , p- ( CH2) " SH——CacH (S P OH20H20) , p- (CH2) " - OR
COCH2( CH2) p- ( CH2CH20) |, p- ( CHR)-" - NE2 R 0.5

- COCH2( CH2) p- ( CH2CH20) , p- (CHR2) " - RR COR|, 250.247

- COCH2( CH2) p- ( CH2CH20) m ( CHR) " - NRI SRR, 1.356

- COCH2( CH2) p- ( CH2CH20) m ( CHR) " - CBBH, 0.491

COoCH2( CH2) p-(CHZCH20),p-(CHZ) - COR 3.27

- QOCH2( CH2) p- ( CH2CH20) , p- (OH2) - ENRRY, 0.69

COCH2( CH2) p- ( CH2CH20) |, p- ( 4) TSEPR,TOOCHR £&412) P ( CH2CH20) , p- (CHR) " - COR
COCH2( CH2) p- ( CH2CH20) , p- ( CHRY"—SENRR- :

COCH2( CH2) p- ( CH2CH20) | p- ( CHR)"~SCRNR R~ cbEib-coR , - cOCH2- SOR  and 30
- COCH2S02R R and R arnSQndPnFndP;rg¥’<nlmcted fromH, |ower

al kyl, substituted |ower alkyl, Pbwer dyclobPk§l, Substituted | ower
cycl oal kyl, lower al kenyl, substB§uted || owed.8%l kenyl, |ower WO

2011/ 045257PCT/ EP2010/ 065159 - 1037 cycl|oal kedy3 , substituted | ower
cycl oal kenyl, aryl, substituted ggyl, heter@asyl, substituted heteroaryl,
heterocycl e, or substituted neresgcycle 0817 and wherein R and R' may

i ndependently link to form
unsubstituted cycl oal kyl,
substituted or 5 unsubstitu
heterocycle, m n, and p ar

ted from substituted or

sk

ted cycl oal kenyl ,
tuted or unsubstituted

ot Pt edar unsiSet 4
ed h nrnﬂry' dggibst!
déf‘)pndprt |y $8¢% 6

65 0.583

68 0.222

71 0.123

72 3.28

73 0.693

74 0.671

75 1.071

76 0.368

78 0.79

83 1

90 0.1

91 1.043

94 0.064

96 0.075

97 0.045

98 0.265




and the pharmaceutically acceptable salts and esters and enanti onmers
thereof. 3. The conpound of claim2 of the formula (1B) 10 wherein X is F,
Cl or Br,w®2s/@5150n0 substituting group consisted of Hprom/EPR01064515¢ F, C
or Br, Wis H For d, R isH R4Ais H R5is selected fromthe group
consisting of lower alkyl, substitutedOewer alkyl, 20 -CH2(CH2)"-CHOH R,
-CH2(CH2)"- CHOH-CH2- (CH2)"-NR R', -CH2(CH2)"-CQ(CH2)"NR R', CQ(CH2)"-R ,
-CO(CH2)"-NR - (CH2)"-CHOH R, -CO CH2)"-NR R', -(CH2)"-NR SO2R",
COCH2(CH2)"-COOH, -(CH2)"-COOR , -(CH2)"-CONR R', -CQ(CH2)"-OR ,
COCH2(CH2)"-SR , -COCH2(CH2)"-SOR , (G&ai?(CH2)"-S2R , -COCH2(CH2)"-COR ,
COCH2( CH2) "- SO3H, - COCH2(CH2)"-SONR R', -COCH2(CH2)"-SM2NR R', 25

- COCH2(CH2CH20) m (CH2) "- R, - COCH2( CH2CH20) m ( CH2) " - OH,

COCH2( CH2CH20) m (CH2) "- OR , - COCH2( CH2CH20) ", - (CH2)"-NR R,

COCH2 ( dH2 cH2ojempapgof thgRoaama (1)- COCH2 ( CH2CH20) m (CHR2) " - NR SC2R",

COCH2( CH2CH20) m (CH2) " - COOH, - COCH2( CH2CH20) m (CH2) " - COOR', WO

20117 045257PCT/ EP2010/ 065159

wherein
X is selected from the group consisting of H, F, Cl, Br, I, cyano, nitro, ethynyl,
cyclopropyl, methyl, ethyl, isopropyl, vinyl and methoxy,

10 Y is one to four group(s) independently selected from the group consisting of H, F, CI, Br,
I, CN, OH, nitro, lower alkyl, cycloalkyl, lower alkoxy, lower alkenyl, cycloalkenyl, lower
alkynyl, aryl, heteroaryl, heterocycle, COOR’, OCOR’, CONR’R”, NR’COR”, NR”’SO,R’,
SO,NR’R” and NR’R” wherein

R’ and R” are independently selected from H, lower alkyl, substituted lower alkyl, lower

15 cycloalkyl, substituted lower cycloalkyl, lower alkenyl, substituted lower alkenyl, lower
cycloalkenyl, substituted lower cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, or substituted heterocycle

and in the case of R and R” may independently link to form a cyclic structure selected
from substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkenyl,

20 substituted or unsubstituted heteroaryl or substituted or unsubstituted heterocycle,

one of R; and Ry is selected from the group consisting of lower alkyl,
substituted lower alkyl, lower alkenyl, substituted lower alkenyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, and substituted cycloalkenyl and the other is hydrogen,

25 one of Ry and Ry is selected from the group consisting of lower alkyl, substituted lower
alkyl, lower alkenyl, substituted lower alkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
and substituted cycloalkenyl and the other is hydrogen,



-108- COCH2( CH2CH20) N, - (CH2) " - CONR R', - COCH2( CH2CH20) n, - ( CH2) " - SRR
COCH2( CH2CH20) m ( CH2) n- COR , - COCH2( CH2CH20) m ( CH2) . - SONR' R,

COCH2( CHAGBI20) M4 15CHR) " - SRR R’ , - COCH2 ( CHR) p- ( CH2CH20 PETAPBHRANESIRY |
COCH2( CH2) p-  ( CH2CHR0) m (CHR) . - OH, - COCHR( CHR) p- ( CHRCHR0) m (CHR) . - OR , 5
- COOH2( CHR) p- ( CH2CH20) m ( CH2) ¥ - NR R" , -105-

- COCH2( CH2) p- ( CH2CH20) m ( CH2) " - NR' COR'

COCH2( CH2) p-RsGR0d2£Y) fidfn Ghi2drouPploBERIRG of lower alkyl, substituted lower alkyl,

CQ:HZ(Z( 042@28}(352 o wzﬁz)@@@ﬂ CH»-(CH2)»-NR’R”, -CH,(CH,),-CO(CH;),NR’R”,

oot e B O R R RIS O NR R B NSO o

COCH2( @B@)sz(magezmm {(CHZ),"CRORR -fCH,)FCONRR”, -CO(CH2)»-OR’,

oo T kT R SR e TP 250, s R T ou a1

Subst i LpbedrOHSY. 58l Ky Lok AR FuSHRRH L corstibiisesinpoier cycl oal kyl

| ower al kenyl substl uted [ower al keny | ower cycloal kenyl , substltuted
| ower c(}@lth((RHf@HzO)af(ﬂHz)nsRlbs@OCbb@H{ﬁHQJO)mNQHe)n yl, substituted 15

and R R gt Cy AR o AR UE MR e el ected from

subst i tebed,CHUMNMPSLICHLY eIdRQY@RmaUQdHZ@H%H&(b}A}(QQ{z?LNR"SF(U}I@’C ituted
cycl oal kenyl, substituted or unsubsti tuted het eroaryl or substituted or
unsUbstCQﬁ/PééCHéEIéz@@;@Pb) -G O, @Q@%(@ﬂ:&ﬂz@eﬁ@hﬂb@@?% to 6, 20R6, R7

bot i ) I tyl
o T QAR ONROR YR PRE AR ORY RS gl /) cBent
hydr oge@odm@@Hz@HZO)qumrz)namw CIOIWBZI(CHE@HQQ)m dazwscom Rl kyl, aryl, 25
substituted ar heteroaryl , substituted heteroar het er oc ,cI e or
subst | CHOCHASHE 8t (6 hatD Rt Rl Mot Gt el TPt e Roal ¢ s and

esters éfb@:&f (@Rt AL, H, 85! -6611),-bH Ne ot peHnd (©fr,elidh N @ HigvbRg the

fornmul a
15 -COCH2(CH,)p-(CH2CH,0)m-(CH2),-NR’R”, -COCH,(CH,)p~(CH,CH,0)m-(CH,),-NR’COR”,

-COCH»(CH2)p-(CH2CH,0)m~(CH2)a-NR’SO,R”, -COCH,(CH3),-(CH2CH;0)m-(CH2),-COOH,
-COCH»(CH2),-(CH2CH;0)m~(CH2),-COOR’, -COCH,(CHa),-(CH2CH,0)m-(CH;),-CONR’R”,
-COCH,(CH3)p,-(CH2CH,0)m-(CH2)a-SO2R’, -COCH»(CH3),-(CH2CH20)m~(CH2),-COR’,
-COCH,(CH),-(CH2CH;0)m-(CH2),-SONR'R”,
20 -COCH2(CHz),-(CH2CH20)m~(CH2)»-SO,NR’R”, -COCH,-COR’, -COCH,-SOR’ and
-COCH,SO;R’ wherein R’ and R’ are as above,
m, n, and p are independently 0 to 6,

and the pharmaceutically acceptable salts and esters thereof.

25 2. A compound of claim 1 of the formula (IA)

wherein

X 1s selected from the group consisting of F, Cl and Br,



WO 2011/ 045257PCT/ EP2010/ 065159 -109- wherein Xis F, C or Br, Yis a
nono substituting group consisted of Hor F, 5Z2is F, O or Br, Wis H or
F, R s WO 2R/(4525H, R5 is selected fromthecympa@omesis? sti ng
of -CQ(CH2)"-R, -COQCH2)"-NR R', 10 -(CH2)"-CONR R", -CH2(CH2)"-CHOH R,
-CH2(CH2)"- CHOH-CH2- (CH2)"-NR R', CH(06H2)"-CQ(CH2)"NR R', -CQ(CH2)"-R ,
-CO(CH2)"-NR - (CH2)"-CHOHR , and CQ(CH2)"-NRR', nis 0,1 or 2, R and KR
are i ndependeftdny t6 ke gtor@(s) ii¥p bhdch@yvedlcatdstbm thel pfublcohadingpH, RIKYBE,

| ower 15 cycl oal kyl, substituted | ower cyc| oal kyl, |ower al kenyl,
substitluﬁil@éO%%ém,éﬂw@qy}, ayelpaikyband lewrkalkgxy, substituted | ower

cycl oal kenyIR1 i?ﬁgdr %ﬁlubst Ituted aryl, heteroaryl, substituted heteroaryl,
het er ocycl e, or UBETT t ut ed het er ocycl e, and wherein R and R' may
i ndependent loye lof Rk aidR§ Grsaicated fioim arystsnbstituteed aigg lhetredylfareobsinlasd i t ut ed or

SUbSt | BB By MBS b7 SCIE G o e PP ION TS SN LG WOoGHERLREFT ut ed
LT 98 o e sy BB B Ky Bl il gor om
heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted cycloalkyl, cycloalkenyl
and substituted cycloalkenyl,
R4 1s hydrogen,

10 Rs is selected from the group consisting of lower alkyl, substituted lower alkyl,
-CH,(CH,),-CHOH-R’, -CH,(CH,),-CHOH-CH,-(CH,),-NR’R”, -CH,(CH,),-CO(CH,),NR’R”,
-CO(CH2),-R’, -CO(CH;),-NR’~(CH;),-CHOH-R’, -CO(CH,),-NR’R”, -(CH,),-NR’SO,R”,
-COCH,(CH,),-COOH, -(CH;),-COOR’, -(CH;),-CONR’R”, -CO(CH,),-OR’,
-COCH,(CH;),-SR’, -COCH,(CH,),-SOR’, -COCH2(CH;),-SO2R’, -COCH»(CH,),-COR’,

15 -COCH,(CH>),-SOsH, -COCH,(CH,),-SONR’R”, -COCH,(CH>),-SO,NR’R”,
-COCH,(CH,CH;0)m-(CH3),-R’, -COCH,(CH,CH,0)m-(CH>),-OH,
-COCH,(CH;,CH;0)~(CH;),-OR’, -COCH2(CH,CH,0),-(CH2),-NR’R”,
-COCH,(CH,CH;0)m-(CH;),-NR’COR”, -COCH,(CH,CH,0)m-(CH;),-NR’SO;R”,
-COCH,(CH;CH;0)m-(CH;),-COOH, -COCH»(CH,CH,0)n,-(CH;),-COOR’,

20 -COCHy(CH,CH;0)n~(CH;),-CONR’R”, -COCH,(CH,CH,0)n~(CH;),-SO2R’,
-COCH,(CH,CH;0)m-(CH;),-COR’, -COCH,(CH,CH;0)m-(CH>),-SONR'R”,
-COCH(CH2CH20)m-(CH3)n-SO2NR’R”, -COCH,(CH2),-(CH2CH;0)m-(CH2)s-R”,
-COCH(CHa)p- (CH,CH20)m-(CH;),-OH, -COCH,(CH,),-(CH,CH,0)m-(CH2)a-OR’,
-COCH,(CH3),-(CH2CH,0)m~(CH2)a-NR’R”, -COCH,(CH>),-(CH,CH,0)m-(CH2).-NR’COR”,

25 -COCH2(CH2),-(CH2CH20)m~(CH2)s-NR’SO;R”, -COCH,(CH2),-(CH,CH;0)m-(CH2),-COOH,
-COCH»(CH2),-(CH2CH;0)m~(CH2),-COOR’, -COCH,(CHa),-(CH2CH,0)m-(CH;),-CONR’R”,
-COCH,(CH3)p,-(CH2CH,0)m-(CH2)a-SO2R’, -COCH»(CH3),-(CH2CH20)m~(CH2),-COR’,
-COCH,(CH),-(CH2CH;0)m-(CH2),-SONR'R”,
-COCH(CH),-(CH2CH,0)m~(CH2)»-SO,NR’R”, -COCH,-COR’, -COCH,-SOR’ and

30 -COCH,SO;R’,

R’ and R” are independently selected from H, lower alkyl, substituted lower alkyl, lower

cycloalkyl, substituted lower cycloalkyl, lower alkenyl, substituted lower alkenyl, lower



25R9 is selected from hydrogen, hydroxyl, |ower alkyl, |ower alkoxy,

cycl oal kyl, aryl, substituted aryl. heteroaryl, substituted heteroaryl,

het er ocycWe 2or1/asd33t i t ut ed het erocycl e, and t he phar maceatrirradopeascept abl e
salts and esters thereof. WD 2011/045257PCT/ EP2010/ 065159 -110- 5. A
conmpound of claim 1 selected fromthe-if¥eup consisting of:

rac-(2S, 3S, 4S) - 2- (3-chl or o- 2-f | uor o- phenyl) - 3- (4-chl oro- 2-f | uor o- phenyl) - 3-
cyano- ‘&yclbilk@rgfl,i Jubkthvted po wEY ) oplkendl g, Rebstit@ad BgX ete€oargll Substituted
((S)-3,4-di hydroxy-butyl)-an de

5( 25, 34etemyargl, peioRyde @ Substiisebbgsereayels - 3- (4- chl or o- 2- f I uor o- pheny1) - 3- cya
no-4- (2, 2- di - ar ) - PV Lding- 1.- vl 1. G: Gl

((S)-3. 4- di %?%E&l%gt é}%l%aﬁ]ﬂ% ét,{cf%bbrﬂie'ﬂﬁy i€ & RN dy%h@gt'r&ture selected from

rac- ( 2SulStut&] eRur(sdbgt litod oyqidediayi 1Jub3titutedattlvasubstut ddugr oakieeyly ybsBrucydaonro- 4- (
(2’( é)S_ glugglhqg M@%@é&%}y%% sr :sﬁtg‘rlg e01r %ms% gt%ﬁé%lﬂeger&?cl%,

rac- (2S, 3S, 4}15)n 2ad g-aperqh@é&hge-gtijo% phenyl) - 3- (4-chl oro- 2-f | uor o- phenyl) - 3-
cyano-4- 10 (2, 2-dinethyl-propyl)-pyrrolidine-1-carboxylic acid

[ 1- ( 2- hydr oyd Pherphiahpbceptioply acedpitiphfe satts bnd cytdis-andicoantiomers thereof.

rac-(2S, 3S, 45) - 2- (3-chl or o- 2-f | uor o- phenyl) - 3- (4-chl or o- 2-f | uor o- phenyl) - 4-
(2, 2-

di met hyl - pr apglchmboltt &t dihr PbP@E F3iniia diBgar bony1) - pyrrol i di ne- 3-carboni tri
| e,

raclQ 2S, 3S, 45) - 2- (3-chl or 0- 2- f | uor o- pheny1) - 3- (4- chl or o- 2- f | uor o- pheny1) - 3-
cyano-4- 15 (2, 2-di net hyl - pro%l) -Ryrrol i di ne-1-carboxylic acid

(pi peridin-4-yl met hyl ) -am de, 8

rac-4-({[(2S, 3S, 45) - 2- (3-chl ®Ro=—2fh
1) - 3-cyano4- (2, 2- di met hyl - propyl ) -\
-nmet hyl ) - benzoi ¢ acid, 4- (
{[(2S, 3S,4S)-2-(3-chl oro-2-fl yQyo
ano-4- (2, 2-di net hyl - propyl) - py
-nmet hyl ) - benzoi ¢ acid, 20rage4- AN

{[(2S, 3S, 4S)-2-(3-chl oro-2-fl uoro-phenyl) - ¥ (4>¢ zor 0- 2-fl uoro- phenyl) - 3-cy
ano- 4-(2,2-dinethyl-propyl)-pyrro li dilﬂe-l -carbofiyl] -am no} -benzoic

aci d, 4-

{[(2S, 3S, 4S)1R:dis- chl oro- 2-f 1 uor o- pheny1l) - 3- (4- chl oro- 2-f| uor o- pheny1) - 3-cy
ano-4- (2, 2-dinethyl-propyl)-pyrrolidine-I-carbonyl]-am nol-benzoic acid
and X rsd (3or Br,

{[(2S, 3S,4S); 2- (3-chl gro- 2-f 1 uor o- phenyl) - 3- (4-chl or o- 2-f| uor o- pheny1l) - 3-cy
Lhoos a-(2. . traony resEya FpY P BRI hE T Fonr bonyl ] - am noy +bensol ¢
acigy 6. A cognpauodopfrclaiml selected fromthe group consisting of:

uor o- phg 1)-3-(4-chl oro-2-fl uoro-pheny
™ ¢ ITN1 né-1-carbonyl] -am no}

X

or o- 2-fl uor o- phenyl) - 3-cy
yl] -am no}

Wis H, F or Cl,

R;is H,

R4is H,

Rs is selected from the group consisting of lower alkyl, substituted lower alkyl,

20 -CH,(CH,),-CHOH-R’, -CH,(CH,),-CHOH-CH,-(CH,),-NR’R”, -CH,(CH,),-CO(CH,),NR'R”,
-CO(CH2),-R’, -CO(CH;),-NR’~(CH;),-CHOH-R’, -CO(CH,),-NR’R”, -(CH,),-NR’SO,R”,
-COCH,(CH,),-COOH, -(CH;),-COOR’, -(CH;),-CONR’R”, -CO(CH,),-OR’,
-COCH,(CH;),-SR’, -COCH,(CH,),-SOR’, -COCH2(CH;),-SO2R’, -COCH»(CH,),-COR’,
-COCH,(CH,),-SOsH, -COCH,(CH),-SONR’R”, -COCH,(CH,),-SO,NR’R”,

25 -COCH,(CH,CH;0)n-(CH,),-R’, -COCH2(CH,CH,0),-(CH;),-OH,
-COCH,(CH;,CH;0)~(CH;),-OR’, -COCH2(CH,CH,0),-(CH2),-NR’R”,
-COCH,(CH,CH;0)m-(CH;),-NR’COR”, -COCH,(CH,CH,0)m-(CH;),-NR’SO;R”,
-COCH,(CH;CH;0)m-(CH;),-COOH, -COCH»(CH,CH,0)n,-(CH;),-COOR’,



rac- 3-[(2S, 3S, 45) - 2- (3-chl oro-2-fl uor o- pheny1l) - 3- (4-chl oro- 2-f | uor o- phenyl)
-3-cyano-4- (2,2-dinmethyl-propyl)-pyrrolidine-1-carbonyl]-benzoic acid,

30r ac- 4- [WD9BAB48BY - 2- ( 3- chl or 0- 2- f | uor o- pheny1l) - 3- ( 4- clrcomP2@0/0b16¥ 0- pheny
1)-3-cyano-4- (2, 2-dinethyl-propyl)-pyrrolidine-1-carbonyl]-benzoic acid,
rac- (25, 3S, 45) - 2- (3-chl oro- 2-f 1 uor o- phiddy 1) - 3- ( 4- chl or o- 2-f | uor o- pheny1) - 3-
cyano-4- (2, 2-dinmethyl-propyl)-pyrrolidine-1-carboxylic acid

(4- Ch|0CQKHH€mMMﬁH§NMd€}bLI RRQIR’ QESRITIOCH,ERA0), /(A6 1SO.R ",

2S, 3S, 49) - 2- (3-chl 2-1 - 3- (4-chl 2-11 heny1) - 3-
e SRR I okt aahah o SRR o P

4-f| »

Eac (;Obggﬁﬁzfgfnﬁﬁé wmﬂ(ﬁglrz?)“ Szoﬁ%(l){ro phe CHZ(BHZ ((CP CﬁzOI)m (gH%)f’uo?o pheny1) - 3-
Zyaﬂlo 4€Omzmﬂt)mﬂwbm0mpmblz)mm oCIOdiHYEC H, )o-4€ HoRM O Jor-@H0,-OR”,

-C or r

B RR e It @wﬂg}}&)pﬂ&%’iycﬁ)%(%z)oK%Hzc%%r@%e%ﬁ%”cyano
-4- (2, I | 3>~

4 ((1 Ht@(e){@r}g%lﬁ (@H?@H?ympoltfﬁﬁ Nﬂ"SGZ'R CeHOMNILS,- &84 H,0),,-(CH,),-COOH,

rac- ( 2SC@QH%(EHQP-(@H@@H{Q)&-(@HzDIHGO@Rﬁh@@@l)Iz(QHz)% (EH.6H02:-{ CHOr-CPWRIRL) - 3-

cyano- deofedy Aol TR RS LR, PYETE! L EREHELRIREH) 25 ). coR

rac- (ZSC@@}PQE(EH;)I,-(@HS@{RDR(%H usp@NRpﬂa’enyl) 3-(4-chl oro-2-fluoro-phenyl)-1-
ano- 10 benzo H) di ne I-pro %b rrolidine-3-carbonitrile,

F ack] 25006 Hh6y 1D LB - EH:) o N RIREny IS B COR G61T2-S0Rigie: pheny ) - -

cyano- 4CO&%{ 0 et hyl - propyl ) - pyrrolidine-1-carboxylic acid

(4- car banoyl*~phenyl ) - am de,

rac-4-[(2S, 38,4R 2 Brd@lbétﬂéﬁt-l}?seﬂécttmr@orﬁmﬁﬂ(y\ﬂcér-afﬂt}(lllmtbhthtﬁted 1@wéd dlioyl olopleny 1)

-3-cyano-4- (2, 2-di met hyl -propyl)-pyrrolidine-1-carbonyl]-benzam de and
15r ac- &ycloalkyl, substituted lower cycloalkyl, lower alkenyl, substituted lowér alkenyl, lower

{2-[( Ziy(?g %@&?lzsu@)%n Qlciné\Qech)yI:foH%Ry k n-% %(‘_fl %&hlh%{eq’oag%lf ]L 't&ihenyl) 3-

cyano- propyl)y-pyrro X0- et
Xy- hhnim&xmnﬁmhdfﬂﬁydeGﬂﬂﬁ@ﬂMﬂe@hdekmyM@1 selected fronlthe group
consisting o rac

{4-1(2S, 3S, & @f} c{o4 Bh%ir% pay jindspendshtly ik toform aqyclis srestye selrgeh fiany 1) - 3-
20 cyanQpditéd &r HisuBitiyied RYAoMl)L; AsfiRtdd HiuRsdbsittuted Qe a@nPUbistitutdesZ ol ©

aci d,
rac- (2$p8$mﬁ&uaﬂm¥@0mhl@W@wﬂ#ﬁkd@rOH$WSMy&mJ@Kmnachloro-2-f|uoro-phenyl)-S-

cyano-4- (2,2-di | - propyl) - pyrrolidine-1-carboxylic acid
4-f 1 uor o- befZyY 3{{‘? }/e mgepe%?@é’% &

{4-1d 2S, 3S, 4§)R7?a'ré Botﬁhﬁ&ﬁﬁ &'lfﬂk@@lf@fdﬂﬂﬁﬂdé }30%1'( l&ggbb@@pcﬁcl&b@wmphenyl) 3-
cyano- 4- (2, 2- di et hyl - propyl) pyrro lidin-I- -0 Xo-prop enyl} -benzoic
aci d, cyclohexyl
25rac-3-[(2 - 8- (3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-pheny
1) - 3- cyano- i{ﬁ%‘sscd@)q &

qis0, 1 or2

Ry is selected from hydrogen, hydroxyl, lower alkyl, lower alkoxy, lower cycloalkyl, aryl,
25 substituted aryl. heteroaryl, substituted heteroaryl, heterocycle or substituted heterocycle,

and the pharmaceutically acceptable salts and esters and enantiomers thereof.

4. The compound of claim 2 having the formula (IC)



(2, 2-di met hyl - propyl )-pyrrolidin-1-y1]-3-o0xo0-propionic acid,

rac-[ (2S, 3R, 45)-4-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl)-3
- cyano- 2-w0292/udsset hyl - propyl ) - pyrrol i di n-1-y1] - acet i c patir®2410/06516ut y|
ester,

rac-[(2S, 3R, 45) - 4- (3-chl oro- 2-fl uor o- p¥¥ny1) - 3- (4-chl or o- 2-f | uor o- pheny1) -3
-cyano-2- 30 (2, 2-dinethyl - propyl) pyrrolidin-1-yl]-acetic acid,

rac- 4-
{2-[(2S, 3R, 45) -4-(3-chl oro- ZR? ro phenyl) - 3- (4-chl oro- 2-fl uor o- pheny1l) - 3-
cyano- 2- (2, 2-di net hyl - propyB% MRyl i din- 1-%4] - acet yl am nol - benzoi ¢ acid
net hyl ester, WO 2011/045257PCT/ -112- rac- 4-
{2-[(2S, 3R, 4S)-4-(3-chl oro-2-fl 4-chj oro- 2-f| uor o- pheny1) - 3-
cyano -2-(2,2-dinethyl-propyl) cetyl am nol - benzoi ¢ aci d,
rac-4-

{2-1(2S, 3R, 4S)-4-(3-chloro 6 phe§§ ) - chl or o- 2-f | uor o- pheny1) - 3-
cyano -2-(2,2-di nethyl - propyl) - pyrroy1|d| -1 -y1] -acetyl am nol - benzani de,
5rac-2-[(2S, 3R, 4S)-4-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl
) - 3- cyano- 2-

IC
(2, 2-di methyl -propyl)-pyrrolidin-1-y1]-N((S)- 3, 4-di hydroxy-butyl)-acetam d
e and wherein
rac- (2S, 3R 4S) - ﬁéB chl oro- 2-fl uor o- phenyl) - 3- (4- chl or o- 2- f | uor o- pheny1) - 3-
cyano- 2- (2>@B&i ©ORBI- propy1) - pyrrolidi ne-1-carboxylic acid

((S)-3,4-di Ry %%mpHﬂ¥&ﬂuﬁ@%9ﬁ?c%ﬂﬂﬁefbfﬁqP?“nd of claim1 selected from

t he group conS|s

{[(ZS, 3R, 4Sﬁ2ﬂ{{3H0hBQro 2-fl uor o- pheny1) - 3- (4-chl or o- 2- f | uor o- pheny1) - 3-cy
ano2- (2, 2- dlnethylPpropyl)-pyrrolidine-I-carbonyI]-anino}-benzoic acid

et hyl ester, pac- 4-

{[(2S, 3R, 45%{4 3-chl oro- 2-fl uoro- phenyl) - 3- (4-chl oro-2-fl uor o- phenyl) - 3-cy
ano2- (2, 2- dlnet yl -propyl)-pyrro |lidine-I-carbonyl]-ani nol -benzoic acid,
15rac-[ (2S, EleH) 4- (3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl)

- 3-cyano- 2- S R A group cz)ns[i)swnrg%lf I gb?CIJIz)H{] %%e(%lff)naﬁkq{

rac- 4-

{2-1d 25@3,)460NR R3; fd}hZQCHZ)ZdHQHtI@ p@ﬁmﬁgn%mfpbmr o), INwaro- phenyl) - 3-
cyano- 4-( 2, 2- di methyl - p opyl) - yrrolidin-1-y1]- acetylanlnol benzoic acid
met hyl -@glu@}Hz)lf @@(QHZ)HNR R”, CO(CHz)Il R’, -CO(CH,),-NR’-(CH;),-CHOH-R’, and

{2-[(2S %ﬁs ;)Eﬁaﬁg chl oro- 2- f | uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- pheny1) - 3-
20 cyan i et hyl - propyl) - pyrrolidin-1-yl]-acetyl am nol - benzoi c

acid, rac-4 0,1 0r2,
{2- [(28 3S, ng (?é chl or o- 2-fl uor o- phenyl) - 3- (4-chl oro- 2-f 1 uor o- phenyl) 3-
cyano- 4- (2, 'Bdlinﬁr& ¢ indepandentlipselocsd; fmrﬁﬁiwfr adleds b aﬁmél lovies oyl oL oi ¢

aci f% ”%EI&XLH{?E E@stituted lower cycloalkyl, lower alkenyl, substituted lower alkenyl, lower
cycloalkenyl, substituted lower cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, or substituted heterocycle,
and wherein R and R* may independently link to form a cyclic structure selected from
substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkenyl, substituted or
20 unsubstituted heteroaryl or substituted or unsubstituted heterocycle,
Re, Ry are both methyl, or linked to form cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl ,
Rgis (CHz)q-Ro,
qis0, 1 or2
25 Ry is selected from hydrogen, hydroxyl, lower alkyl, lower alkoxy, cycloalkyl, aryl,
substituted aryl. heteroaryl, substituted heteroaryl, heterocycle or substituted heterocycle,

and the pharmaceutically acceptable salts and esters thereof.



rac-4-{2-[(2S, 3S, 45) - 2- (3-chl or o- 2-f | uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- phen
y1l) - 3- cyano-4-(2, 2-di met hyl - propyl )-pyrro

I i di n-1-ywWp-20ni4yisam nol - met hyl - benzoi ¢ aci d, PCT/EP2010/065159
25rac-2-[(2S, 3S, 4S) - 2- (3-chl oro-2-fl uor o- phenyl) - 3- (4-chl oro- 2-f | uor o- pheny
1) - 3-cyano- 4- -110-

(2, 2-di methyl -propyl)-pyrrolidin-1-y1]-N ((S)- 3, 4-di hydroxy-butyl)-acetam d
€,
rac-[(2S, 3S,45)-2-(3-chloro-2-fl uoro-phenyl)-3-(4-ch] oro-2-fl uoro-phenyl)-3
-cyano- 4- ( 2; 2- di‘heampeungrad sipim-lsglectsdifiammthe_graun eonsistieg aki d et hyl ester,
rac-
28, 359, 45) - 20T BT O T o P A ) Al R oo B iy PReAv 1S '3- cyano
- 4- 30 (22;dmdihyeproplyh fpyopid ne dycarodiytic nerd (¢ S)ad, hakyidraxyanitgl)-amide,

ridin-4-yl am de d.rac-2-
? [y( 55, 35, 4%)(3@3gésg-ﬁr(ércgfozofzr@&rwaﬁ@%i)(‘-‘@hleaq-erﬂwwb@wﬂb%%nﬁh%ﬁ?y%) -3-cy

ano- 4-4 =0 oRY L) < LA > £ Tis@imi. benzoic acid
et ny | e LB B O S A g e Sl of el ai m

1 sel ect ed fram@S 34D (PcllorsplemnyNep-@Hchloro-2-flupmephenyl)-3-cyano-4-(2,2-

25, 35, 4S) - 2- (3- chl or p- 2- .| uar o- pheny P 3 { 4-chl or o- 2-f | Uor o- pheny1) - 3-
o RS B SRR RO A 4 05 o gl Phemy ) - eve
{1(2S, 35, 4Ska@ (AT 07.03-2nibluDMORNERNY)- L drsLNG0R: HlcHion.2-gagend) - 3- cy

ano-4- 5 (2, 2-dinmethyl-propyl)-pyrro |idine-1 -carbonyl] -am no} -benzoic
aci i (2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid [1-(2-hydroxy-2-methyl-propyl)-1H-

rac-(2 S 2- (3-chl or o- 2-fl uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- pheny1) - 3-
cyano- iyga(zaﬁ?yylarrnéﬁﬁyl -propyl)-pyrrolidine-1-carboxylic acid

(4-f1 uor o- phenylS), 394% &8 (3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-

rac-(2S, 3S, 45) - 2;9&3- chl or o-2-fl uor o- phenyl) - 3&;1 chl or o- 2-f | uor o- pheny1l) - 3-
cyano- alimegthybprgpwhil Hirethylgyigeryzing | carbogy heyirobidingrd xepr hanitails: o

(3- net hyl sul f a W 1) ~aALde, ) (4. o ) A e
107 ac- (25, 38 Gor SRt SRS ot o i enlorp 2 TR i B PP ey 1) -
3- clamn@?2 2-di2thzi-giopet) ipyi ropid mpyil-garyarytio lacdi (npedid imat-hlongyhylamaded
( 3- net hanesul f - - am de,
rac- (2S, 3S, mggﬁﬁgﬁ%iéz@%ga%-@oﬂ%%jﬁi}ar)ybé-&Phlﬁr%%vﬁugrﬁ-%waﬁpﬁmm) - 3-
cyano- 4 2§22di%ie9ﬁd>ﬂ%&$wly-pyrr§wﬂiﬁe: PXEH8hY 1Tk Aot - Ak Pe0¢hific &Gl d
pyridin-3-ylam de, rac-4-
{[(2S, 3S, 4SP-Q1 @836 2cHloraal-Guplerhgtyh-3-(@4chidib O Budoiphanylp3 wiyemy4) - 3- cy
ano. 1904 i i EhiSol R R UG LA 7 o BOIMA i o) -butyri e aci d
20 rac-4-{[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid,
4-{[(28S,3S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino }-benzoic acid and
rac-3-{[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-

25  4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid.

6. A compound of claim 1 selected from the group consisting of:
rac-3-[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzoic acid,
30 rac-4-[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzoic acid,
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (4-chloro-phenyl)-amide,



rac-4-
{[(2S, 3S,4S)-2-(3-chl oro-2-fluoro-phenyl)-3-(4-chl oro-2-fluoro-phenyl)-3-cy
ano4- ( 2, 2woinatdayisspr opyl) -pyrro lidine-1 -carbonyl] -arcmap2eio063159 c aci d,
rac- (2S, 3S, 45) - 2- (3-chl or o- 2-f | uor o- pheny1) - 3- (4- chl or o- 2-f | uor o- pheny1) - 3-
cyano-4- (2, 2-di methyl -propyl)-pyrrol idilae- 1- carboxylic acid
( 3- car banoyl - propyl) - am de,
20r ac- ( 2S, 3$ac4(32)s 35‘43)‘2?—@-@1&1@r022-fﬂuuw PhddfBIBLU)-clBoro2-Elhbier shedylh I3usktoAbeny 1) -
3-cyano- 4- 2-di met hyl - propyl ) - pyrrol i di ne-1-carboxylic acid

( 3- net r@, IZC(B%% qopp;]r)d)fyyrp 1dmgq ldoear lic acid (4-fluoro-phenyl)-amide,
rac (2S, 3S, o1 ch - r nyl) - 3-
Cyano- 4. (2 B RO o 2 bR PRGN (el ot b e FaRbe
(1-net ma,aedamleﬂlghpﬂoppl)ﬂgzrnodidtmeéﬂ-g/aﬂ)m@mmdend 42&1161@ bknz;almmdmd of claim1l

| ted f t
fzc?c- F( 2sr %@ @2&? 33 4?%% 5o ' q%i%rpberaﬂ)e%ﬁ)ch@rq 4-oresPBeyDr 3-6818-bheny 1)
- 3- t - Wikl
o Y PR i ol Rt @W"E?%g%?‘wf% 1) AU R R PEASS mide, heny1) -
3t (r:]yfmo 4-  (r2-2Sd3 5yé% R3AH 3-phlommy R lupya- plmalnlylj+3aéquhl@tarbﬂn9ﬂ0}planylr}d}c3a0@{4r c acid
e
T (3, S2olinetivt Bpmapmoldine s ol g -y anoshisy D508 uor o- phenyl) - 3- oy
32'064 (2, 264088, /43 PP OV r Y HuBrd-p g B=3L (4 SRS ROMLD ro= FHEN 193 oG ahé £

1d,
r acl{ 2%er®yhsi-(22{dB3nethy bpropeD-byireidnpesayonitgle 4- chl or o- 2- f | uor o- pheny1) - 3-

oty car barby ertor- S SOVt bR Ak A R Y oREhE S age-+
rac- (2% SSdlﬂaSblryEpl(o@kaﬁyﬂronﬂmfll @b ®cyDb @t I -c3rblafog hpRdngt)2Zamhideior o- pheny1) - 3-

cyano-4- (2,2-dinethyl-pro yl) pgrrolldlne 1-carboxylic acid
car banoy!| rretr?ﬁr [ }%48) 2- ( -chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-

rac-(2 I chl oro- 2-f | uor o- phenyl) - 4-
(2, 2E %ﬁ%hy P‘("éﬁ yg'r?aglrelldl&g&?%@ elm%ony ) gyr rolidine- 3ucar bgnl t)rll I)e
5rats 4- ({ [ ( 28; 3—324638 2 (lS)—EJQ]Smhbfd_leﬂuum-phqainnyﬂ.é) eldofod2-dlhbrr-phcdyhi3dor o- phen

y1l) - 3- cyano- ( net h yrro i - car bonyl ] .

- ami nolXY#% M?% Gﬁvethwl)pmlﬁrpaﬂeﬁ%o?-%% AR e tﬁ?wé [ deid

rac-4- ({[(2S, 3S, 45)-2-(3-chl oro-2-fl uoro- phenyl) 3-(4-chl oro-2-f| uor o- pheny
1) - 3-cyano4- (2, 2-di net hyl - propyl ) -pyrro lidine-I|-carbonyl]

- ami nol7- met Wy t9mpound|od Chmdrﬂelec@dtfmrIXWQ grogréahsisting of:

}102 gc-z( 25, 33 rac- §){42[(£Sg3§2é 5?3 chl lrougrfﬁlopohle)ﬂé%r)) 33(4( chlmboI ?ﬂuoro plllelrjlolr)% phenyl)-
di meg hythanyy- wm)dlﬂqe&?z _pRpPHPytdtidmyl-yPYL bb-beyB-tseukdieayid) - pyrrol i di ne- 3- car

(L (25, 35, AspseCais o6 ohipra ophehy) S o oo piamd-phemg) - 3- cy
:giog %gé (ﬁhlgﬁl&i‘gﬁ}ogﬁg%mﬁ%rf AbSUyAE oL aCRARRRBWehz AL AR} - 2- met hoxy- benzoi ¢
15r ac- 4- ({[&2@4&8,[4@ 324$82-¢hchloeo-2-fluoue pRergh)e3 Al b hiro 2-flablooplenzhf3- uor o- phe
nyl)-3 cgla){l?o 4- (2 2-dimethyl-propyl)-pyrrolidin-1-yl]-3-oxo-propenyl}-benzoic acid,

25 rac-3-[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-

(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-3-oxo-propionic acid,
rac-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-
(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid tert-butyl ester,
rac-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-2-
30  (2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid,
rac-4-{2-[(2S,3R,4S)-4-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-2-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -benzoic acid methyl ester,



4-(2,2-di methyl -propyl)-pyrro lidine-I-carbonyl] -am nol-nethyl)-cyc |lo
hexane carbo xylic acid. 11. A conpound of claim1l selected fromthe group
consi st i nyoab11/a48257 3- PCT/EP2010/065159

{[(2S, 3S, 4S)-2-(3-chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fluoro-phenyl)-3-cy
ano- 20 4-(2,2-dinethyl -propyl)-pyrrotil@ ne-1-carbonyl ] -am no}- propionic
acid ethyl ester, rac-3-

{[(2S, 3S, 4S)rac24({3 [¢1H, @RQS¥4f(Bl¢ﬁI0@o-Qlftﬁfbydrbh&ry(l)43-Q#l-lcﬁlbﬁr-z-ffubbb)f)@e@bemy1) 3-cy

ano- 4- (2, 2-di nethy I-P pyl) - pyrro lidine-|-carbonyl]-am nol-propionic
aci d, cyano-2-(2,2-dimethy propyl) pyrrolidin-1-yl]-acetylamino } benzmc acid,

rac- (28, 3, 5 150220 Proth A5G chitor o: AMEON R (43 ShAL ol pRsgnphenyD) - 3

cyano- 4- pyrroli
(2- et hyhmi-baﬁnyﬂnemyhyﬂopyk)mydehdm-l -yl]-acetylamino } benzarmde

2 2S, 35, -2-(3-¢chl oro-2-f| - I -2- h -
S eyhno- 4. (5 SIESARASI ot SRpr 2 phoresprantiey € ebiporyiope i S-reho 2
2- di X

Face (25 38 Ry D B R (S iy oy P e 1 o ey - 3-
cyano-4- (2 r@&(ﬂ&;ﬁt A§)- 416319b150r9-21ﬂuor®ph@1y®e3 -(4-cldptyoXyflubw-plaing1)-3-cyano-2-
(2-car

Tl z@??éﬁ'ﬁlé@f‘/g%ysmy%d% EPB R BRI a 4 ALY PR - pheny1) - 3-

cyano-
4- (2, 2- dlnethyl propyl)-pyrrolidine-1-carbonyl]-piperidin-4-yl}-acetic acid
et hm &st er ,A compound of claim 1 sclected from the group consisting of:

;ag {C )1/ [(23r§ S4AP05 3R A5 N 2LMo A3 L2 RSN Fud - £ AL pitnd ) 4oL gnpheny 1
4- (2, 2-2da2matn1mdth3mp@@yl)) Wydltdad- dicmoﬁqu‘famlnm)yﬁe]nz@lb ﬁ@ll'di dtliy’[leé’teg{ 1} ac eti c
acid, WD 2011/ 045257PCI/ EP2010/ 065159 -

S) - 2- ( 3- chl é#g4= &%ﬂ%ﬁ?- -phegroy2 élu01(04p1%?ﬁl>’873o(4- @ﬂ@noc%ﬂborﬁnémzl) 33°Yﬁé‘§rano

-4- (2 0 4C acid, rac-(2 S
, 3 s(,fé?gég?g ﬁP@ﬂ@%é%yﬁ%%%%lPgﬁgﬂyiaMl(ﬁlﬁ%ﬂﬁFg?% - 2- }Iuoro -pheny1§ 3
-cyHEho -4- (- RQI;3RB¢S*)5A é3pclﬂ<p1y)13 ﬂpqnomhehyld—ﬁr(é chloro&@-thoxpiphendEB eyano-2-
(6-ch|o§§}f%%i ﬁlnEth gl 5rac-(2 S ,3 S ,4S)-2-(3

-chloré PﬁW@ Wo “Thy CEHOAD_ £ | uor o -phenyl) -3 -cyano -4-

(2, 2-di met hylpro 5215) SEPXS)' 99 JeHioRS22 10 o‘r‘@f)ﬁ’é?ﬁl L. §4 é‘l‘ﬁblq) 2- ﬂuoro3phenyl) -3-

(6-chl oro-pyridin- rac- (
- chl or sy@nd- Mbafdlmpﬂhehympyb py(mhdlm oy - acetyfahum}obetpherwm) methybqsamo - 4-

(22 dimeu iyl pronydseusge ke earbontl 6,868 CaTRbMlZ S X0,
- 2-10 uRkho-henyheyt-prdpoh Rtelidia: f-haceyRASRY 1bendocG¢a0 - 4-
rac-4-{2-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -methyl-benzoic acid methyl ester,
rac-4-{2-[(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-
cyano-4-(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetylamino } -methyl-benzoic acid,
25 rac-2-[(28,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-N-((S)-3,4-dihydroxy-butyl)-acetamide,
rac-[(28,38S,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetic acid ethyl ester,
rac-( 28S,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
30  (2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid pyridin-4-ylamide and
rac-2-{[(2S,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -benzoic acid methyl ester.



(2,2-di et hyl -propyl)-pyrro lidine-1 -sulfo nyl] -benzoic acid. 12. A
conpound of claim1l selected fromthe group consisting of:

rac- (2S, 38p4b11/@5153- chl or o- 2- f | uor o- pheny1) - 3- (4- chl or oP2TfHPR@OO6TIRENY 1) - 1-
(6-chloro- 15

pyri di ne- 3-sul fonyl)-4- (2, 2-di net hyl - prldpy1) - pyrrol i di ne-3-carbonitrile,
rac-(2S, 3S, 45) - 2- (3-chl or o- 2-f | uor o- pheny1l) - 3- (4-chl oro- 2-f | uor o- phenyl) - 4-

(2,2- 9, A cornpound of claim 1 selected from the gro dp consisting of?

dlneth | -pro 0-1, 6-di hydr o- pyri ne- 3-sul nyl rrolidine-3-ca
r boni t?’ll | 2 rarl)cy [228 SS(4S) 2-(3-chloro-2-fluoro- pl?e)rllyl) 3-(4-chloro-2- ﬂuo% Bheggl) 3-cyano-4-

Egc E}f%Z%%lﬁllg‘ghy?pl(O%yﬁmyﬁroﬂa% i E'HQd Qtlcp&e&yl) 3-(4-chl oro-2-fluoro-phenyl)-1-

pyri di ne- 3- Caf[liZH ¥ 1S ¥2{( 2-cRlodh-2tuoyd-plenypyl-{4-phyloroel-fldbroepldng Brhoyandb #4-1 e,
20r acz((gg d?’rnetis propyg p%/rrmo Eh?lez I:alrgoonr nqglg¥36em01c acu?hl oro-2-fluoro-phenyl)-

i et hy! - pr QRys, 3 4§r X PeiioRs Sifa¥AY- ﬁhe%)l3(1{4%1&00@&19%3@9@1191»;rsraJahglune 3-ca

rbonitrile,
rac- ( 2$23811m3)11y2p(0®yb+ﬁymobdmefll-wbtveyﬂlhemylj()l-fBLo(oqrpheﬂy@Famlﬁe,f | uor o- phenyl) - 4-

2, 2-
fji met hyl - pr SEGO> VA9 2 dlvgrorPheny DRy loror1-drere-phep e vahgr %oy r r ol i
d 3 X -
(25, S e e e I SR o BT By 3oy

anol0 25 4-( zacz(ﬁ Hethyl-(pebipyoty ibyrmphqnw 3net- ¢h1@r@r2:ﬂn91|0}phsam)1$oc}yano -4-
- met hyl h h t
e Y S s DAl e A O ST R hapesulfons-Bhenyh-4midg, opheny1) -

3- cyano 4- neeESBY APy (Dbhldtd’-lﬁ-ﬂllofbapmygm dogtitsiony-flho - piRhiigRybanzak c
acCl

rac- (2&2 3slimsthybpropybiysoddmesl-¢asbexyhin apid pyriding rykmnige.o- 2- f | uor o- pheny1) - 3-
cyano-4- 30 r£e2-4-2{[&si,’ a%@ﬁl -&taﬁyrl))z-ﬁ%{o%ﬂemfﬁ-%-(%-&%rg%ﬂlhdr&p%%hﬁ)ﬁ-cyano-

b I de,

N?FIZ% Sillg](s 2251)[11&\211}(1 @r@yl)apmcﬂtdﬁﬂaab{cmrbphﬁ_ﬂ}yﬂn)no?,—lmﬂfyrdm&m oth@l dskator o- phenyl) - 3-c¢
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li di ne-1- carrbb("%slijs é$1)|—2‘r6}-clmletda2/4ﬂ)w®rplmnbib>8yMbéﬂ«zmrlrﬂaenoelphenyl) -3- cy@ho#al
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l'i dane- | - carhoslis 28y ne3-chBENY o m@gwc@@ﬂ@@pﬂa@ﬂodphenyl)s-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (3-methylcarbamoyl-propyl)-amide and
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (1-methanesulfonyl-piperidin-4-yl)-amide.

25 10. A compound of claim 1 selected from the group consisting of:
rac-2-[(28,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidin-1-yl]-acetamide,
rac-{[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -acetic acid ethyl ester,
30 rac-{[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -acetic acid,
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid methylcarbamoylmethyl-amide,



54- ({[(2S, 3S, 4S)-2-(3-Chl oro-2-fl uoro-phenyl)-3-(4-chl oro-2-fl uoro-phenyl) -
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| i di ne-1-carbonyl]-am nol - et hyl)-2-fl uoro-benzoic acid, 10chiral
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a conpound of thHe fornmula (1A 20l A wherein X is sefected fromthe group
consi stratgylebtes, C and Br, Y is one to two group(s) independently
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hydr Ogen(2 2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -2-methoxy-benzoic acid methyl ester
and

15 rac-4-({[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-

4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-cyclohexanecarboxylic acid.

11. A compound of claim 1 selected from the group consisting of:
rac-3-{[(2S,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
20  4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino }-propionic acid ethyl ester,
rac-3-{[(2S,38,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -propionic acid,
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-methylcarbamoyl-ethyl)-amide,
25 rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-dimethylcarbamoyl-ethyl)-amide,
rac-(285,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid (2-carbamoyl-ethyl)-amide,
rac-{1-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
30  4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-piperidin-4-yl} -acetic acid ethyl ester,
rac-{1-[(2S,385,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-piperidin-4-yl} -acetic acid,



R5 is selected fromthe group consisting of |ower alkyl, substituted | ower
alkyl, 5 -CH2(CH2)"-CHOH R, -CH2(CH2)"-CHOH CH2-(CH2)"-NR R",

- CH2( CH2)woCa(1@HIs’NR R', CO(CH2)"-R, -CQ(CH2)"-NR - ( GHZ)EP2@0I0651R ,
-COQ(CH2)"-NR' R', -(CH2)"-NR SO2R', COCH2(CH2)"-COOH, -(CH2)"-COCR ,
-(CH2)"-CONR R', -COQ(CH2)"-OR, COCH2(IGH2)"-SR , -COCH2(CH2).-SCR ,
-COCH2(CH2) . - SX2R, -COCH2(CH2).-COR , COCH2(CH2)"-S03H,

- COCH2( CH2) "ra SOIIR SRS, 48 )CORH2 16402 - TruSFRNRNIR)- 3 -0 hl F0CHR (632 BB Q) e dyehizn” - R,
- COCH2( CH2CH20) m ( CH2) "- OH,.  COCH2( CH2CH20) m ( CH2) " - OR'
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COCH2( CH2) pT{cA3CHRY - eldpto-MRus pticnyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-

st é(@%@a}}@jé@% %p%réo%)fnl}%y}% Qcid (1-mothyl-2-0x0-1,2-dihydro-pyridin-4-yl)-

- COCH2 (,@Hi2 fard( CH2CH20) m ( CH2) " - CONR R,

COCH2( CH2) p- ( CH2CH20) m (CH2) " - SRR, - COCH2( CH2) p- ( CH2CH20) m ( CH2) " - COR'
codtp ( CcH) pricH Q2. # ¢k T yhlomcpiiumro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
COCH2( Chi2) - ((CHRCHRO) T 2) " - SOPNR R - COCHR- COR , - COCH2- SOR  and
OB ﬁ”é@g?%’%&bﬁ%grﬁé‘)nf#d%@ﬁ&firﬁe%&%e%éct ed fromH, |ower alkyl,
substituted | ower al kyl, |ower cycloal kyl, substituted |ower cycl oal kyl,

| oner al kenyl, substituted | ower al kenyl, |ower, cycloal kenyl, substituted
| ower dycl od} k&RRUNdpfglaimd gslocted drosp thergioup ¢wsistivgell | substituted

heteroaryl, rQ&‘Ez%‘,?sC,X §)|-f-(3 -%lo?d’-'@-%lb}di'f)l?&yﬁ-ejt-(aﬁlr-aﬁyt%l-ﬁﬂuoro -phenyl)-1-(6-chloro-
15  pyridine-3-sulfonyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile,
rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-
dimethyl-propyl)-1-(6-oxo0-1,6-dihydro-pyridine-3-sulfonyl)-pyrrolidine-3-carbonitrile,
rac-(28S,38S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-1-(6-chloro-
pyridine-3-carbonyl)-4-(2,2-dimethyl-propyl)-pyrrolidine-3-carbonitrile,
20 rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-
dimethyl-propyl)-1-(6-oxo0-1,6-dihydro-pyridine-3-carbonyl)-pyrrolidine-3-carbonitrile,
rac-(2S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-4-(2,2-
dimethyl-propyl)-1-(1-methyl-6-oxo0-1,6-dihydro-pyridine-3-carbonyl)-pyrrolidine-3-carbonitrile,
rac-4-({[(28S,3S,45)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-
25  4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-methoxy-benzoic acid
methyl ester,
rac-4-(((2S,38S,45)-2-(3-chloro-2-fluorophenyl)-3-(4-chloro-2-fluorophenyl)-3-cyano-4-
neopentylpyrrolidine-1-carboxamido)methyl)-2-methoxybenzoic acid,
rac-(2R,38,4S)-2-(3-chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
30  (2,2-dimethyl-propyl)-pyrrolidine-1-carboxylic acid benzylamide,
rac N-[(28S,385,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-
(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-benzamide,



and wherein R and R' may independently link to forma cyclic structure
sel ected from 30 substituted or unsubstituted cycl oal kyl, substituted or
unsubst i twbediiopsisoal kenyl , substituted or unsubstit ut edCnatPesioasitb or
substituted or unsubstituted heterocycle, m n, and p are independently O
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acceptabl e salts and esters and enantioners thereof together with a

phar maceut i alrhiyi-6¢ESPISUE )2- eacchwr&—mﬂ@mupﬁénﬁ)ax4(4ehloro1.§~ﬂ%oe@ﬁmy[)d3
according to clainms 1 to 12 for use as a nedi canent. A conpound.
accor d.cmmri!r(%;ﬂadlmethzl POPYD-PyEP ligige- la‘éar@%cﬂf@&%ﬁtethw 2%6“@9%1?%% astd,
cancer, i | p | ar | ung
and pr ost at S tor LR SRS 2l B T ok o e R T 1o
12 for cyhe- mafcbmbuhyEpmﬁ)yl)wmadmaﬂscailﬁbrfydjpamlhe} Meel@ﬂ)ammnethﬂxyelmmzab acidy

Pt o 17 A 5 oSeR0 2 GrCb R iR b L br TR SApBRGY T RHIb - 1)

151 wh L - d t , Br,
1 yads ey g SRS A GRS ABI M el 1

met hoxystel is one to four group(s) |ndependently sel ected fromthe group

over al koxge THHES-SHESRT 1 <Ryrp e e s ARGy Sy SR Tt 1

het er oay@! @dme@giapr%@g%olm RirboNR|-6aio ) -MRh SORRTuorSBRMB iRiciand NR R’
wher ei n are i ndepe

ndent |y selected fromH [ower alkyl,
subkt i t ut ed chielet-({(20y3S, 4$)o%é3~CbE>m@aﬂluoy¢-ph@mb)s$1(the@p Pdlnero-phestybad- kyI

| ower Nyl ~S | | o | ke
B
substi tut ed chealer o{qlmzl 3R ARY-CLOb® 2 ﬁuomulhl&hylt)m(edcmtﬁbezr ﬂa(y[ellﬁlenmm-
2011/ 045257PCT/ EP2010/ 065159 -119- ‘ o
cyano-4-(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -methyl)-2-fluoro-benzoic acid
and,
15 4-{[(28,3S,4S)-2-(3-Chloro-2-fluoro-phenyl)-3-(4-chloro-2-fluoro-phenyl)-3-cyano-4-

(2,2-dimethyl-propyl)-pyrrolidine-1-carbonyl]-amino } -2-methyl-benzoic acid.

13. A pharmaceutical formulation comprising a compound of the formula (IA)

20 1A
wherein
X 1s selected from the group consisting of F, Cl and Br,
Y is one to two group(s) independently selected from the group consisting of H, F, Cl, Br,
I, CN, OH, nitro, lower alkyl, cycloalkyl and lower alkoxy,
25 R, is hydrogen,
one of R, and Rj is selected from aryl, substituted aryl, heteroaryl or substituted
heteroaryl and the other is selected from the group consisting of lower alkyl, substituted lower

alkyl, lower alkenyl, substituted lower alkenyl, aryl, substituted aryl, heteroaryl, substituted



and in the case of R and R' may independently link to forma cyclic
structure selected fromsubstituted or unsubstituted cyclo al kyl,

substi t utwa 20r1/4s25abst i t ut ed cycl oal kenyl, substituted ecTmriubsstitsut ed
het eroaryl or substituted or unsubstituted heterocycle, one of RlL and R2 is
sel ected fromthe group consisting of-1l6wer al kyl, 5 substituted | ower

al kyl, I ower al kenyl, substituted | ower al kenyl, aryl, substituted aryl,
het er oakikoarglubgtiotydledubaiteedasittocydlet SeRakel, Subsiisd tidléLrly helcratieygl e,
cycloalkél substituted cycloalkyl, cycl oal kenyl, and substituted

cycl oalaR ﬁWStlﬁﬁ%ﬂQW@a&%é i s hydrogen, one of R3 and R4 is selected from
t he group C‘m% %: | oner al kyl, substituted |ower alkyl, |ower

al kenyl, substi Ut e ower al kenyl, aryl, substituted aryl, heteroaryl,
substi t ut ed RkGs ktéetcmesd)ﬁasmlthe preup cocyting of savixg talkylitsatist hete é ooy alley],
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%sz(m}m)n (ﬁHZW@R' NEOEHz(CHZCHZO)m (CHz)n SONR’R”,

o b DTS Ay Bty O NGRS B CHCHa)-(CHCHAO ) (CH )R

- COCH2(_ D
oo Cgtzd)@gﬁ C@h@g@még@ﬂgn@ﬁ* COCH,(CH,),-(CH,CH,0),-(CH;,),-OR’,

- COCHR (-CREh{ C R GBIV H 0 Y dH) - R, REO CH,(CH, )p-(CH,CH,0)-(CH,),-NR’COR”,
S BT BB T S ORI (B e P
-COCH»(CH2),-(CH2CH;0)m~(CH2),-COOR’, -COCH,(CHa),-(CH2CH,0)m-(CH;),-CONR’R”,
-COCH,(CH3)p,-(CH2CH,0)m-(CH2)a-SO2R’, -COCH»(CH3),-(CH2CH20)m~(CH2),-COR’,
-COCH,(CH),-(CH2CH;0)m-(CH2),-SONR'R”,
-COCH(CH),-(CH2CH,0)m~(CH2)»-SO,NR’R”, -COCH,-COR’, -COCH,-SOR’ and
-COCH,SOzR’,

25 R’ and R” are independently selected from H, lower alkyl, substituted lower alkyl, lower
cycloalkyl, substituted lower cycloalkyl, lower alkenyl, substituted lower alkenyl, lower
cycloalkenyl, substituted lower cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, or substituted heterocycle

and wherein R and R* may independently link to form a cyclic structure selected from

30 substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkenyl, substituted or

unsubstituted heteroaryl or substituted or unsubstituted heterocycle,

m, n, and p are independently 0 to 6,



COCH2( CH2) p- (CH2CH20) , p- (CH2) "- SO2NR R', -COCH2- COR', -COCH2-SOR and
COCH2S02R wherein R and R' are as above, m n, and p are independently O
to 6, WWOQLMWQ&5257PCT/ EP2010/ 065159 -120- conpri si ngPChEPt18p63159
reacting a conmpound of formula (Ha) or (Ilb) , zSi LN INT R RRRF R2 5
with a conpound of formula (I111) [111-18to give a conpound of the fornula
(I'V) 1V 18. The novel conpounds, processes, formul ations and uses

subst ant i al layd @g fhasaidcatchiyaiedplabl®sdiefaad esters and enantiomers thereof together

with a pharmaceutically acceptable excipient and/or carrier.

14. A compound according to claims 1 to 12 for use as a medicament.

15. A compound according to claims 1 to 12 for use as a medicament in the treatment of

cancer, in particular solid tumors, more particularly breast, colon, lung and prostate tumors.

16.  The use of a compound according to claims 1 to 12 for the manufacture of medicaments
10  for the treatment of cancer, in particular solid tumors, more particularly breast, colon, lung and

prostate tumors.

17. A process for the manufacture of the compound of formula (I)

15

wherein
X is selected from the group consisting of H, F, Cl, Br, I, cyano, nitro, ethynyl,
cyclopropyl, methyl, ethyl, isopropyl, vinyl and methoxy,
Y is one to four group(s) independently selected from the group consisting of H, F, CI, Br,
20 I, CN, OH, nitro, lower alkyl, cycloalkyl, lower alkoxy, lower alkenyl, cycloalkenyl, lower
alkynyl, aryl, heteroaryl, heterocycle, COOR’, OCOR’, CONR’R”, NR’COR”, NR”’SO,R’,
SO,NR’R” and NR’R” wherein
R’ and R” are independently selected from H, lower alkyl, substituted lower alkyl, lower
cycloalkyl, substituted lower cycloalkyl, lower alkenyl, substituted lower alkenyl, lower
25 cycloalkenyl, substituted lower cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted

heteroaryl, heterocycle, or substituted heterocycle
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and in the case of R and R” may independently link to form a cyclic structure selected
from substituted or unsubstituted cycloalkyl, substituted or unsubstituted cycloalkenyl,
substituted or unsubstituted heteroaryl or substituted or unsubstituted heterocycle,

one of R; and Ry is selected from the group consisting of lower alkyl,
substituted lower alkyl, lower alkenyl, substituted lower alkenyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, and substituted cycloalkenyl and the other is hydrogen,

one of R3 and R4 is selected from the group consisting of lower alkyl, substituted lower
alkyl, lower alkenyl, substituted lower alkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
and substituted cycloalkenyl and the other is hydrogen,

Rs is selected from the group consisting of lower alkyl, substituted lower alkyl,
-CH,(CH,),-CHOH-R’, -CH,(CH,),-CHOH-CH,-(CH,),-NR’R”, -CH,(CH,),-CO(CH,),NR’R”,
-CO(CH2),-R’, -CO(CH;),-NR’~(CH;),-CHOH-R’, -CO(CH,),-NR’R”, -(CH,),-NR’SO,R”,
-COCH,(CH,),-COOH, -(CH;),-COOR’, -(CH;),-CONR’R”, -CO(CH,),-OR’,
-COCH,(CH;),-SR’, -COCH,(CH,),-SOR’, -COCH2(CH;),-SO2R’, -COCH»(CH,),-COR’,
-COCH,(CH,),-SOsH, -COCH,(CH),-SONR’R”, -COCH,(CH,),-SO,NR’R”,
-COCH,(CH,CH;0)m-(CH3),-R’, -COCH,(CH,CH,0)m-(CH>),-OH,
-COCH,(CH;,CH;0)~(CH;),-OR’, -COCH2(CH,CH,0),-(CH2),-NR’R”,
-COCH,(CH,CH;0)m-(CH;),-NR’COR”, -COCH,(CH,CH,0)m-(CH;),-NR’SO;R”,
-COCH,(CH;CH;0)m-(CH;),-COOH, -COCH»(CH,CH,0)n,-(CH;),-COOR’,
-COCH,(CH,CH;0)m-(CH;),-CONR’R”, -COCH2(CH,CH,0)»-(CH;),-SO2R’,
-COCH,(CH,CH;0)m-(CH;),-COR’, -COCH,(CH,CH;0)m-(CH>),-SONR'R”,
-COCH(CH2CH20)m-(CH3)n-SO2NR’R”, -COCH,(CH2),-(CH2CH;0)m-(CH2)s-R”,
-COCH(CHa)p- (CH,CH20)m-(CH;),-OH, -COCH,(CH,),-(CH,CH,0)m-(CH2)a-OR’,
-COCH,(CH3),-(CH2CH,0)m~(CH2)a-NR’R”, -COCH,(CH>),-(CH,CH,0)m-(CH2).-NR’COR”,
-COCH»(CH2)p-(CH2CH,0)m~(CH2)a-NR’SO,R”, -COCH,(CH3),-(CH2CH;0)m-(CH2),-COOH,
-COCH»(CH2),-(CH2CH;0)m~(CH2),-COOR’, -COCH,(CHa),-(CH2CH,0)m-(CH;),-CONR’R”,
-COCH,(CH3)p,-(CH2CH,0)m-(CH2)a-SO2R’, -COCH»(CH3),-(CH2CH20)m~(CH2),-COR’,
-COCH,(CH),-(CH2CH;0)m-(CH2),-SONR'R”,
-COCH(CH),-(CH2CH,0)m~(CH2)»-SO,NR’R”, -COCH,-COR’, -COCH,-SOR’ and
-COCH,SO,R’ wherein R’ and R’’ are as above,

m, n, and p are independently 0 to 6,
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comprising the step of reacting a compound of formula (I1a) or (I1Ib)

N
!
R/ R, R7R,
IIa IIb
5
with a compound of formula (IIT)
R, I R,
Y \\N
X
I
10 to give a compound of the formula (IV)

v

18.  The novel compounds, processes, formulations and uses substantially as described herein

15 Dbefore.



