WO 2010/069793PCT/EP2009/066486 PROCESS FOR THE PREPARATION OF PYROLLIDINE-3-C
r WXYLIC ACIB® 2e1bisention relates to a novel process for the preparafiéi/EF8& /A8y 56r
(3R,4R)-1- benzyl-4-(halogen-aryl)-pyrrolidine-3-carboxylic acid derivatives of formula | or salts
thereof, 5Swherein X and Y independently of each other are hydrogen or a halogen atom, with the
proviso that at least one of X or Y is a halogen atom The compounds of formula | may be used as
starting materials or intermediates for the  preparation of pharmaceutically active compounds,
especially for compounds, which may be 10 used for the treatment of central nervous system
disorders (Bioorg. Med. Chem. Lett. 1999, 9, 195; Bioorg. Med. Chem. Len. 2004, 14, 941). A
process fort the preparation of enantlomerlcally enrlched cyclic B-heteroaryl carbox lic aC|ds via
enantioselectite(hyEeR @RI diHaEBEEA BasEHBEIGH (RE PCTFIAIENTE % \J %%Xﬁi 50
process was found to be lin catisfactory wrth regard to the reaction conditions 15 needed, the
achievable yield and the enatiomeric purity of the reaction product. Object of the embodiments

disclosed hereiﬂﬁﬁererereaﬁa@m@eﬁw @W@Me@ﬂapﬁiﬁﬁeieowmﬁﬁtmmethod for
the prepar tlon 353?0% s of o [ﬁgl 1 1hpdawhich.can be.cafied out under moderate
re

conditions %%Tu y|e san enantiomeric purity of the product. 201t was found
that this object could be reached wrth the process of the present disclosure as outlined below. WO
2010/069793PCT/EP2009/066486 -2-  The progess for the preparation of

(3S,4S)-1-benzyl-4-halogen-aryl-pyrrolidine-3¥catk o) lic@ crd derivatives of formula |

or salts thereof,

5 wherein

X and Y independently of each other are hydrogen or a halogen atom, with the proviso that

at least one of X or Y is a halogen atom.

| The compounds of formula I may be used as starting materials or intermediates for the
preparation of pharmaceutically active compounds, especially for compounds, which may be
10 used for the treatment of central nervous system disorders (Bioorg. Med. Chem. Lett. 1999, 9,
195; Bioorg. Med. Chem. Lett. 2(}04, 14, 941).

A process fort the preparaﬁoa of enantiomerically enriched cyclic B-heteroaryl carboxylic
acids via enantioselective hydro) genation has been described in the PCT Publication WO
2007/113155. The process was found to be unsatisfactory with regard to the reaction cond1tmns

15 needed, the achievable yield and the enatiomeric purity of the reaction product.

Object of the embodiments disclosed herein therefore was 10 find a more
econornical enantioselective hydrogenatmn. method for the preparation of the compounds of
formula I, i.e. a method which can be carried out under moderate condztmns and which results
in high yields and high enantiomeric purity of the product. '

20 It was found that this object could be reached with the process of the present

disciosure as outlined below.



. or salts thereof 5wherein X and Y independently of each other are hydrogen or a halogen atom,
with the proviso that at least one of X or Y is a halogen atom,  comprises a catalytic homogeneous
enantioselectiwe hydreggesmtion of a compound of formula 10 or salts thereofoyhersinR %ane Y are as
above, in the presence of a Ru-catalyst of the formula Ru (T)2 DIl wherein, 15T represents the group
A-000-, A represents Ci_7-alkyl which is optionally stibstituted with halogen and D represents a chiral
diphosphine ligand. -2a - hi a first aspect, there is provided a process for the preparation of

(38,45)- or (3R #R) phohepByiltid prybRKio NGS5 bowytic-adidislerivativgs abformuta X 5 OH or
salts there&ffb\é/pﬁfg Wbid derivatives of formula I

or salis thereof,
5 wherein

X and Y independently of each other are hydrogen or a halogen atom, with the proviso that
at least one of X or Y is a halogen atorn,

comprises a catalytic homogeneous enantioselective hydrogenation of a compound of

formulia

10
or salts thereof,
wherein X and Y are as above, in the presence of a Ru-catalyst of the formula
Ru(T2 D i
wherein,
15 T represents the group A-COO,

A represents Cy7-alkyl which is optionally substituted with halogen and

D represents a chiral diphosphine ligand.



X and Y independently of each other are hydrogen or a halogen atom, with the proviso that at least
one of X or Y is a halogen atom, ID comprising catalytic homogeneous enantioselective hydrogenation
of a compound offotniula 0  or salts thereof, wherein X and Y are as above, in the presence of the
Ru-catalysts [Ru(OAc)2((R)-2-Faryl-lvieOBIPHEP)] or [Ru(OAc)2((S)-2-Fur)'l-MeOBIPHEP)). WO
2010/069793PCT/EP2009/066486 -3-  Unless otherwise indicated, the following definitions are set
forth to illustrate and define the meaning andmago_pe of the various terms used to describe the invention
herein. The term halogen used for X or Y preferably stands for chlorine or fluorine. In a further
preferred embodiment X is chlorine or fluorine and Y is hydrogen, chlorine or fluorine. In an 5 even
more preferred embodiment X is chlorine and Y is hydrogen. Accordingly preferred starting
compounds of formula Il are selected from:

1-benzy1-4-(4- Cm%rgrﬁhﬁﬂé@ heredifydiosd s PysEole BreRs I RRIOrMEnaRydral®, 4 2.1

1-benzyly 1en I dro- IH - lic acid,;

1-benzyl- 4“%&%[;}(% elrﬁ)%z% ????ﬁ%?é Cl ap%%‘r{;\)l}sg-%%; oi%%lc acid; 10

1-benzyl-4-(4-chloro-3- quoro -pheny0-2,5-dihydro-IH-pyrrole-3-carboxylic acid. =~ The term "halogen”
used for R3 and / or Rel refers to fluorine, chlo bromine and iodine, with fluorine, bromine and
chlorine being preferred. The term "C1_7-aiy r in combination with other groups, refers to a

branched or straight-chain monovalent alkyl radica néto seven carbon atoms, preferably one to
four 15 carbon atoms. This term is further exemplltied y radicals such as methyl, ethyl, n-propyl,

isopropyl, n-butyl, s-butyl, isobutyl, t-butyl, n-pentyl, fﬁ-methlylbutyl n-hexyl, 2-ethylbutyl and the like.

Methyl and ethyl, particularly methyl is especi eferred. The term "C1_7-alkyroptionally
substityted with halogen” refers to a Ci_ralkyl p as defined above wherein at least one of the
hydrogg-:-ns of the alkyl group is replaced by a halogen

or salts thereof,
wherzin

X and Y independantly of each other ars hydrogen or a halogen atom, with the proviso'that at
lezst one of X or Y is 2 helogen atom, '

10 comprising catalytic homogenzsous enanijoselective hydrogenation of 2 compound of fermula

or saits thersof,

wherein X and Y are as above, in the presence of the Ru-catalysts

[Ru(OACH((R)-2-Furyl-MeOBIPHEP)] or [Ru(CAC):{(S)-2-Furyl-MaOBIPHEP)]. -



20 atom, preferably fluoro or chloro. Among the preferred halogenated lower alkyl groups are
trifluoromethyl, difluoromethyt, fluoromethyl and chloromethyl.  The term "C1_7-alkoxy" refers to a

group Ch, -alkyQe1wiiythee meaning of Chrallcyl as above. Examples of Chéalkpxseikies are e.g.

methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy and hexyloxy, with methoxy being especially
preferred. 25The tem' "di-C34-alkylamino” refers to a3group (C1.7-alkyl)2-NH, with the meaning of CL
7-alkyl as above. Examples of di-C1_7-alkylamino groups are e.g. dimethylamino or diethylamino with

dimethylaminio lpging Qtrl?(,fﬁi}’i%jmdlc}ceg QWIS éﬁﬁ‘iﬂéﬂy Eré%@fﬁ}ﬁ&%q{&%&é&%n& @lfyd)3-Si,
with the m anln of Ci_7-alk above Exam es gg kyIS|féI are, e. g trimethylsifyl or
triethylsilyT, %%rlmei’ﬁyﬁlyafls{ elng pre erred ﬁ) 881%76% 93 lL’f‘?ﬁl’g 960%/066486 -4-  The
starting compounds of formula Il are accessible by the method provided in the scheme below: Scheme
1. Via, X = CI! PL0gaeieesraiesd Dimary a‘?‘éfy rgbly Sl Rreharipg gpilyonng. dn igrthes v = ¢
Vic,X=Y= F‘Kﬁ&ﬂ‘ﬂd{ sRbadment ¥ B vithreoCiluprmEvid] X = Qi gkl ozt ferEe. Inonmcan be
prepared inanalogypasrdesceneddindnMed eemd 992 v28%ddtd pdHL 2004, 3265 or Org.

Biomol.Chem.2004,2763.  The starting compound of formula Il 1.e. the hydrogenation substrate

preferably is in theform, ??@fé??{% LRy e, Renaly S hereafle sci.cligipatively the carboxylate,

which can be formed from he free acid or even from a salt 10 of the compound of formula Il by

conversion Wlﬂ‘i %@é%ﬁq%pgﬁﬁrig bl%egi 4 %ﬁ(ne ﬁﬁ%ie%all a:i/et ;eg%%{%%é‘lnégy@]h#e tri-allcyl

amines. Preferred base is triet ove the yst use e (fatalytlc
homogenéotfi&atizh e@@éﬂ@@ﬁ%ﬁ@%@f@ﬁ%@ tHEREFFAlfE -corboxylic atid;
1-benzyl-4-(3,4-diflucro-phenyl)-2,5-dihydro-1 H-pyrrole-3-carboxylic acid;

16 1-benzyl-4-(4-chloro-3-fluore-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid.

The term “halogen” used for R*and / or R® refers to fluorine, chlorine, bromine and jodine,
with fluorine, bromine and chlorine being preferred. '

The term “Ci.7-alkyl”, alone or in combination with other groups, refers to a branched or
straight-chain monovalent alkyl radical of one to seven carbon atoms, preferably one to four
15 carbon atoms. This term is further exemplified by radicals such as methyi, ethyl, n-propyl,
isopropyl, n-butyl, s-butyl, isobutyl, t-butyl, n-pentyl, 3-methylbutyl, n-hexyl, 2-cthylbutyl and
the like. Methyl and ethyl, particularly methyl is especially preferred.

The term “C;.7-alkyl”optionally substituted with halogen” refers to a C,s-alkyl group as
defined above wherein at least one of the hydrogens of the alkyl group is replaced by a halogen
20 atom, preferably fluoro or chloro. Among the preferred halegenated lower alkyl groups are
trifluoromethyl, difluoromethyl, fluoromethyl and chloromethyl.

The term *“C,;-alkoxy” refers to a group Ci.y—alkyl-O-, with the meaning of Cy5-alkyl as
above. Examples of Cy.7-alkoxy groups are e.g. methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy and hexyloxy, with methoxy being especially preferred.

25 The term “di-Cy s-atkylamino™ refers to a group (Cy5—alkyl),-NH, with the meaning of C,.
7-alkyl as above. Examples of di-C; 7-alkylamino groups are e.g. dimethylamine or diethylamino
with dimethylaminio being preferred.

The term “tri-Cy.y-alkylsilyl” refers to a group (Ci.7 —alkyl);~Si, with the meaning of C.5-
alkyl as above. Examples of tri-Cy-alkylsilyl are e.g. trimethylsilyl or triethylsilyl, with
30 trimethylsilyl being preferred.



Ru (T)2 DIl 15wherein, T represents the group A-COO- wherein A represents C1_7-alkyl which is
optionally substituted with halogen and D represents a chiral diphosphine ligand. T preferably is
selected fromr@H8@0@89 w8 CF3C00- and_more preferably stands for 20 CH3GOr2Aprefarably stands
for methyl. The chiral diphosphine ligand D is selected from the group consisting of WO
2010/069793PCT/EP2009/066486 R4 wherein Arid-2-thienyl, 3-thienyl, 2-furyl, 3-frfryl, phenyl or
phenyl substituted by one or more C1_7-alkyl, C7-alkoxy, phenyl, di-C1,7-allcylamino,
N-morpholino Seetkirfng cakbsiis ds MG R3rdsGlssToalklR2iscGad fraNatbdGh tH-aliens
hydroxy of %(O)-Cl_?-alkyl or -0C(0)- cyclohexyl; 10 R3 and R4independently from each other are
hydrogen, (1_7-alkyl, halogen or di-Cl..7-alkylamino; or

Scheme I:
0 1
I T
///’u‘oa Me,Si g OlMe
It
v Pd(PPh,),CL, Cul

Cs,C0;, THF, reflux TFA, CH,Cl,, 1t

X ] 5 X zom f}i
' CEt  2) NaOH, dioxane, .. Bn
Via, X = CLY = H Va, X =LY = H lla, X =CL Y = H
Vib, X =Y = Ci Vi, X =Y =Cl lib, X =Y = Ci
Vie,X=Y =F Ve, X =Y =F lic, X =Y =F
Vid, X =Ci, Y = F Vd, X =ClLY=F d, X =CLY=F
3 or can be prepared in analogy as described in J. Med Chem 1992, 233-241; THL 2004,

3265 or Org. Biomol.Chem.2004,2763.

The starting compound of formula IT i.¢. the hydrogenation substrate preferably is in the
form of the free acid or the monchydrate thereof.

Alternatively the carboxylate, which can be formed from the free acid or even from a sait
10 ofthe compound of formula I by conversion with a suitable base, can be used. Suitable bases
usually are tertiary amines like tri-alkyl amines. Preferred base is triethylamine.

As outhined above the Ru-catalyst used for the catalytic homogencous enantioselective

hydrogenation has the formula
Ru(T)nD I
15 wherein,
T represents the group A-COO” wherein
A represents C;y-alkyl which is optioaaliy. Sﬁ.bstituted with halogen and
D represents a chiral diphosphine ligand.

T preferably is selected from CH:COO or CF;COO and .more preferably stands for
20 CH;COO.

A preferably stands for methyl.

The chiral diphosphine ligand D is selected from the group consisting of



R2 and R3 or R3 and R4 which are attached to the same phenyl group or both R2 attached to different
phenyl groups, taken together, 15are -X-(CH2)0-Y-; or -X-(CF2)-X- wherein X is 0 or C(0)0, Y is 0 or
N(-C1_7-alkyRvard risemsinteger from Ito 6. WO 2010/069793PCT/EP2008{066#36::6qMitable
ligands can be selected from (S)- or (R)-MeOBIPHEP (S)- or (R)-(6,6'-Dimethoxybipheny1-2,2'-
diyObis(diphenylphosphine) (SF or (R)-6-Me0-2-Naphthyl- MeOBIPHEP (S)- or
(R)-(6,6'-Dimethoxybipheny1-2,2'- diyObis(di-2-(6-methoxy)- naphthylphosphine) (S')- or
(R)-3,5-tBu-MeOBIPHEP (5)- or (R)-(6,6'-Dimethaky[1,1'-bipheny1]- .
j g)(S)- or (R)-3,5-iPr-MeOBIP
(R)-(6,6'-Dimethoxylfl, 1']piph&ny1]- 2,2'-diy1)big[bis} PB%'di-iso-propylphgn
(R)-2-Furyl-Me®BIPHEP (5)-dr (R)-(6,6-Diriethggybiphihy1-2,2'- diy®bis
(R)-2-Thienyl-MeOBIPk y[14} -bipheny1]-:
2,2'-diy1)bis(bis(2-thj ienyl-MeOBIPHEP (

P (S)- or
osphine) (S)- or
i2-furffphosphine) (S)- or

p-—“A!’

(R)-(6,6'-Dimethoxy[T-¥-biphenyl]- 2,2'-diyObi(bi&(3-thienyl)phosphine) ( K Ar
(R)-3,5-Xyl-MeOBIPHEP R’
Va Vb Ve
ivd Ve
wherein
Ar ‘ is 2-thienyl, 3-thienyl, 2-furyl, 3-furyl, phenyl or phenyl substituted by one
or more Cr7-alkyl, Cyr-alkoxy, phenyl, di-Ci y-alkylaminoe, N-morpholine
5 or tri-C; 7-alkylsilyi;
z is N or C-R%;
R! is C)s-alkyl;
R? 15 Cy7-alkyl, Cio-alkoxy, hydroxy or —~OC(0)-C) s-alkyl or -OC(O)-
cyclohexyl;
10 R’and R* independently from each other are hydrogen, C,-alkyl, C; s-alkoxy,
halogen or

di-Cy y-alkylammo; or

R? and R’ or R® and R* which are attached to the same phenyl group or both R” attached to
different phenyl groups, taken together,

15 are —X-(CHy)y-Y—; or —X-(CFy)-X~ wherein X is O or C(0)0, Yis O or
N(Cy.7-alkyl) and n is an integer from 1 to 6.



(5)- or (R)-[6,6'-Dimethoxy[1,1'-biphenyl]- 2,2'-diyl]bis[bis(3,5- dimethylphenyl)phosphine (S)- or
(R)-TMBTP (5)- or (R)-2,2',5,5'-Tetramethy1-4,4'- bis(diphenylphosphino)-3,3'-bithiophene More
preferred are W@ tigandsref foimula 1Va, while the ligand (S)- or (R)-2-Furyl-bef2BHiRkE;isthe most
preferred. 5 The most preferred Ru-catalysts of foillu la 11l are [Ru(OAc)2((R)-2-Fury!-MeOBIPHEP)] or
[Ru(OAC)2((S)-2-Furyl-MeOBIPHEP)], wherein Ac sténds for acetyl. WO
2010/069793PCT/EP2009/066486 -7- (MeOBIPHEP, 3,5-iPr-MeOBIPHEP), the PCT Publication

W096/0183ian RyiaBenineatielatoda&g. Chem. 2000, 65, 2063 (TMBTP). The metal complexes
[Ru(OAc)2(diphosphine)] are known in the art and are prepared for example as described in US Patent

US-B 6'55& 204 OR siyhithi@sizédiin analogy
Organometallics 1997, 16, 537. The hydrog
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(S)- or (R)-3,5-iPr-MeORIPHEP

(5)- or (R)-(6,6"-Dimethoxy[ 1,1’ -biphenyl]-
2,2’ -diyhbis[bis(3,5-di-iso-propyl-
phenyl)phosphine)

(8)- or (K)-2-Furyl-MeOBIPHEP

(S)- or (R)-(6,6’-Dimethoxybiphenyl-2,2°-
diylybis(di-2-furylphosphine)

(S)- or (R)-2-Thiecnyl-MeOBIPHEP

(S)- or (R)-(6,6’-Dimethoxy[1,1’~biphenyl]-
2,2’ -diyDbis(bis(2-thienyl)phosphine)

(5)- or (R)-3-Thienyl-MeOBIPHEP

(S)- or (R)-(6,6"-Dimethoxv[1,1’-biphenyl]-
2,27 -diylybis(bis(3-thienyl)phosphine)

(&)~ or (R)-3,5-Xyl-MeOBIPHEP

(5)- or (R)-[6,6"-Dimethoxy[1,1'-biphenyl]-
2,2'-d1yl}bis[bis(3,5-
dimethylphenylyphosphine

(8)- or (R)-TMBTP

(S)- o1 (R)-2,2°,5,5-Tetramethyl-4,4’-
bis(diphenylphosphino)-3,3’-bithiophene

it. 25

More preferred are the ligands of formula IVa, while the ligand (S)- or (R)-2-Furyl-MeOBIPHEP

is the most preferred.

5 The most preferred Ru-catalysts of formula T are [Ru(OAc)((R)-2-Furyl-MeOBIPHEP)] or
[Ru(OAC)((S)-2-Furyl-MeOBIPHEP))], wherein Ac stands for acetyl,

The diphosphine ligands as shown above are known in the art and are commercially available or

may be prepared for example as described in the European Patent Application EP-A 07398132



WO 2010/069793PCT/EP2009/066486 -8- Examples Abbreviations: 5 r.t. room temperature, THE =
tetrahydrofuran, TBME = tort, butyl methyl ether, LDA - lithium diisopropylamide Preparation of the
starting componnasoéformula 1l: 10 Example A PCT/EP2009/066486
1-Benzyl-4-(4-chloro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylle acid (11a) ci OH lla a)
(4-Chloro-phenyl)-propynoic acid ethyl ester (Va) Under argon atmosphere, a four neck flask was

charged with 1-chloro-4-iodo-benzene (130.0 g, 15 0.55 mol), bis(triphenylphosphine) palladium(I1)
chloride (7/8ZQBHTIE Parmbtix-ie06) Kbk thp) Rodidaithcrgay YOG o, 14 nol/b) Bendrdeyi PHE (1.4

1). Atr.t., gﬁsiy_r@, @ggﬂ@tgd&ﬁ%ﬁ gogﬂqmg_eq.) was added over 5 mm. Afterwards propynoic

acid ethyl ester (111.3 ml, 1.09 mol, 2 eq.) was added and the reaction mixture was stirred over night
at 35C. An additional portion of propynoic acid ethyl ester (11.1 ml, 0.11mol, 0.2 eq.) w%s added and

the reaction SR FOFEIESES STHE PSR BBOSPTHIE Fed BT FIRLTS WAL S AFOTEIEYD Gfyness and
the residugxwas]take upitRdailene @b )apdheptane (& Omikeiresuling Byspensienanas stirred at

40C for 1 h and filtered over celite.. The filtrate was concen d e product purified by silica gel
fitratich (t%ﬁﬁ%??&‘?ﬁ&%?&??&e ’if% %%gwﬁ%g@f%ﬂgﬁ%q%% ﬂ%ﬂ% flow solid. 25 b)
1-Benzyl-4-(4-chloro-phenyl)-2,5-dihydro-IH-pyrrole-3-carhoxylic acid (Ha) At r.t., a solution of

N-(methosEméstiybasnéphanyltmehifked tternetryisilfigrathyisaming (1068 d 00. bo motenatbH2CI2

(260 ml) was, added,dropuise gver.I0mimoE stifrgd solutio o WO
2010/069793PCT/EP2009/066486 -9-"(4-chloro-phenyl)-propynoic acid ethyl ester (72.0 g, 0.34 mol)

and trifluoroacctic acid (2.5 ml, 0.03 mop in CH2C12 (350 ml). The reaction mixture was stirred at 25 C
over nightgde,ction temperature is selected between 20°C and 100°C, preferably between 20°C and

10 60°C, more preferably between 20°C and 40°C.

As a rule the hydrogenation is carried out with a catalyst to substrate ratio {imol/mol) of 250 to

100°000, preferably of 1'000 to 20°000 more preferably of 57000 to 157000,

15 The reaction is usually carried out in a lower aliphatic alcohol as solvent. Most preferred solvent
1s methanol.
The enantiomeric purity of the resulting (35,45)-1-benzyl-4-halogen-aryl-pyrrolidine-3-
carboxylic acid derivative of formula I is as a rule that high that no further purification is
necessary. Separation from the catalyst can happen by setting the reaction mixture to alkaline

20 followed by extraction with an organic sofvent and precipitating the product from the aqueous

layer at the isoelectric point.
The following examples shall illustrate the mvention without limiting it.

25



. afterwards evaporated to dryness. The residue was dissolved in dioxane (0.8 1), an aqueous solution
of NaOH (91.0 ml, 1.02 mol, 3 eq.) was added and the resulting emulsion was stirred at 5 r.t. for 48 h.
The low boilj&% % Qgtgéglvent was removed under vacuum, water (0. 9 1)Pwa/s adde/d and the
aqueous layer separa’e and washed with TBME (1 1). The aqueous layer WAL el A8dHied to a pH
value of 2.5 by addition of 25% 140. The resulting sgspension was stirred over night, the white
precipitate was filtered off, washed with water and ethanol and dried under high vacuum to yield 62.0 g
(60%) of ha as a white solid. 10 ES-MS m/e: 3124, (MFl). Example3 1-Benzyl 4 (3,4
dichloro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (11b) Cl1 0 OH 15 a)
(3,4-Dichloro-phenyl,)-propynoic acid ethyl ester (Vb) Under argon atmosphere, a four neck flask was
charged with 1,2-dichloro-4-iodo-benzene (222.8 g, 0.80 mol), bis(triphenylphosphine) palladium(11)
chloride (11.2 g, 16.0 mmol, 2 mol%), copper@hodidet{@®©09 g, 32.0 rrunol, 4 mor/o) and dry THF (2.4
). Atr.t., cesium carbonate (526.6 g, 1.60mol, 2 eq.) was added over 5 minutes. Afterwards, propynoic
acid ethyl ester 20 (168.6 ml, 1.60mol, 2 eq.) was added and the reaction mixture was stirred over
night‘at 38C= Awrdditperalipertidhiof propysiduasid Ethyliestiariinoimicbyiemer, bR4g.) was added
and the rgaelipnstigngd fonaRgther 4 h at 35C. The reaction mixture was evaporated to dryness and
the residue was taken up in toluene (0.8 I) and heptanc (1.6 1). The resulting suspension was stirred
at 40C for 1 h and filtered over celite. The filtrate was concentrated and the product was 25 purified by
silica gel filtration (toluene/ heptangdsdtandald 445 & 8489%0) oF Whas Aryvhite solid. WO
2010/069793PCT/EP2009/066486 -10- b)
1-Benzy1-4-(3,4-dichloro-pheny1)-2,5-clihydro-IH-pyrrole-3-carbarylic acid (fib) At r.t., a solution of
N-(methaxymglayh-N-(phenylmethyl)-N-(trimethylsitypinethyl amine (262.5 g, 1.06 mol) in CH2CI2 (0.6
I) was added dropwise over 60 min t lution of (3,4- dichloro-pheny1)-propynoic acid ethyl ester
(172.0 g,loﬁffﬁb%y%iﬁﬁahéﬂf%%ﬁégﬁg§“§@¥%?2%qu %‘8‘7‘"%8‘?} ﬂ%l]i&%igz%‘g 1). The reaction
mixture was stirred at 25 C for 2 h. It was theftevaporated to dryness and the residue was dissolved in
dioxane (1.6 1). An aqueous solution of NaOH \' Oy, 1,9mol, 2.8 eq.) was added. The resulting
emulsion as stirred at r.t. for 20 h and the low bd#iRg opgan

Water (2.01) was added, the aqueous layer separatethand washed with TBME (2 times 1.2 1). The
aqueous layer was then acidified to a N

Hla

@) (4-Chloro-phenyl)-propynoic acid ethyl ester (Va)
Under argon atmosphere, a four neck flask was charged with 1-chloro-4-iodo-benzene (130.0 g,
15 0.55 mol), bis(triphenylphosphine) palladium(lT) chloride (7.57 g, 10.8 mmol, 2 mol%), copper(l)
iodide (4.19 g, 22.0 mmol, 4 mo1%) and dry THF (1.4 1). At r.t., cesium carbonate (3553 g, 1.09
mol, 2 ¢q.) was added over 5 min. Afterwards propynoic acid ethyl ester (111.3 ml, 1.09 mol, 2
eq.) was added and the reaction mixture was stirred over night at 35°C. An additional portion of
propynoic acid ethyl ester (11.1 ml, 0.11mol, 0.2 eq.) was added and the rcaction stirred for an
20 other 3 h at 35°C. The reaction mixture was evaporated to dryness and the residue was taken up
in toluene (0.5 1) and heptane (1 1). The resulting suspension was stirred at 40°C for 1 h and
filtered over celite. The filtrate was concentrated and the product purified by silica gel filtration

toluene / heptane 1:2) to vield 72.6 ¢ (61%) of Va as a light yvellow solid.
( p Jtoy g (61%) ght y

25 b) I-Benzyl-4-(4-chloro-phenyl)-2,5-dihydro- 1 H-pyirole-3-carboxvlic acid (I1a)
At rt., a sohuition of N-{methoxymethyl)-N-(phenylmethyl)-N-(trimethylsilylmethyt amine
{116.8 g, 0.49 mol) in CH,Cl, (260 ml) was added dropwise over 90 min to a stirred solution of



- 10 pH value of 2.5 by addition of 25% HC1. The resulting suspension was then stirred over night and
the white precipitate was filtered off, washed with water and ethanol and dried under high vacuum to
yield 205.0 8%%?)fogll%as a white solid. ES-MS m/e: 346.0 (M-H1). 15 Example C
1-Benzyl-4-(3, it u%rgo-ﬁhenyl)-z,5-dihydro-|H-pyrrole-3-carboxy|ic acid (I%?Tﬂﬁ%z%m‘mgﬁ
(3,4-Difluoro-phenylkpropynoic acid ethyl ester (Ye))_Under argon atmosphere, a four neck flask was
charged with THE (135 ml) and 2 M LDA in 20 THE (60.9 ml, 0.12 mo1,1.18 eq.) and cooled to -78 C.
Propynoig,agigl, ethyl &g %&@8' 0,4l 148,950 fisspiveddn ThiF (A8 mings added drgpwisc
within 30t:min and%%?e%v%r?ds nBKrJZ&(ZS.S g Q.la?njlol, %S.’;Z eq.) égirsbsolvexgﬂ)lnoTHE (45m ?v%/!as added
dropwisedfithireBotniifiAltdP #edel ditiemcet 192 DifiiP0 45 GHBUSEH Z6n & (25015218, 28dmol) and
tetrakis(tphepyphespine) Bl adiny )16 ,0den & 2 muel2imedR/OhLhe seaction fiure 25 was

allowed to warm to r.t. and stirred for another 3 h at the same temperature. The reaction mixture was
diluted witeiethgietrer] walsAeu wiltrdankrdretattietlis hd 1he searhited dalebus arico8 dnd

brine 5 Theopgama.phasewas dhghwith:Nade@dweonsastaied undareducae: M09 1) was
2010/069793PCT/EP2009/066486 -11- pressure and dried under vacuum. The residue Wasrgurified by

silica gel HteigeEp1atre VethiT SERIEHE$87) 165ietd 166 51\ Fe0b) o Ve 2k fight Yo Sil Es-Ms
m/e: 210 4Nk #jebtb)e B ek vk (.4-Bifluarerahenyd)s 2iEddihyel rest L ide ykrele-dreaaxiticiagier (1K) At
r.t., trifluoroacetic acid (0.11 ml, 1.34 mmol, 0.1 eq.), followed b . .

N (meth gk ety NGRS - B g e Oy AR 4875 SRR Y were
added dropwise to adtiréed solatitn of (3, 4sdifkdaresphiényl)-propynoic acid ethyl ester (2.83 g, 13.5
mmg% in CH %%/58?12%) %P}‘? ellow solution was stirred at r.t. for 18 h. Trifluoroacctic acid 10

(0.034 mf;0.44 mmol, O: é eq.:}xand N-(methoxymethyl)-N-(phenylmethyl)-N-(trimethylsily1)
methylamine (1.66g. 6.73 mmol, 0.5 eq.) were added and the solution was stirred for 1 h. It was
evaporatgcg‘tﬁ ggygess and the residue dissolved in dioxane (40 m1). An aqueous solution of NaOH
(18.7 ml,”37.4"mmol, 2.8 eq.) was added. The resulting emulsion was stirred at r.t. for 18 h and the low

boiling orbdisiezsbréntiwash leimevedslindérddudeed PressarewWater o anioHS)

ik

15 aj (3,4-Dichloro-phenyl)-propynoic acid ethyl ester (Vb)
Under argon atmosphere, a four neck flask was charged with 1,2-dichloro-4-iodo-benzene (222.8
g, 0.80 mol), bis(triphenylphosphine) palladium(Il) chloride (11.2 g, 16.0 numol, 2 mol%),
copper(l) iodide (6.09 g, 32.0 mmol, 4 mol%) and dry THF (2.4 I). At rt., cesium carbonate
(526.6 g, 1.60mol, 2 eq.) was added over 5 minutes. Afterwards, propynoic acid ethyl ester

20 (168.6 ml, 1.60mol, 2 eq.) was added and the reaction mixture was stirred over night at 35°C. An
additional portion of propyneic acid ethyl ester (17.0 ml, 0.16mol, 0.2 eq.) was added and the
reaction stirred for another 4 h at 35°C, The reaction mixture was evaporated to dryness and the
residue was taken up in toluene (0.8 1) and heptane (1.6 I). The resulting suspension was stirred
at 40°C for 1 h and filtered over celite. The filtrate was concentrated and the product was

25 purified by silica gel filtration (toluene / heptane 1:2) to yield 175.0 g (89%) of Vb as a white

solid.



- 15 added, the aqueous layer separated and washed twice with THME (50 ml). The organic layers were
washed with the same portion of water (15 ml). The combined aqueous layers were acidified by

addition of ague HO (12.4 ml). The resulting suspension was stirred for 48 h at rt. The whitc

ous 3
precipitate was ﬁﬂle?)‘r[g%}%ﬁ, washed with water and ethanol and dried unde?ﬁ@f?%’é’ﬁ@ﬁ?%yield 4.25¢

(58%) of lic as a white solid. 20 ES-MS m/e: 316.3 (M-F1-11). Exanilplel)
1-Benzy1-4-(4-chloro-3-fluoro-phenyl)-2,5-dihydro-Ili-pyrrole-3-carboxylic acid (lid) CL lid 75 a)

(4-Chloro- 3 zoheny1)-nropynoic agid eth ervd), tnder argon & : , a four neck flask
was cha%)zé %%{129{{ﬁﬂ¥g)%%%¥(?9}4%§§o§b§e?&éﬁzg(éé?@g)j pg?g?) rﬁé%?%iz%:ﬁgﬁgﬁghosphine)

palladiund{ll}-chistiden s g3 baesmmshyd moipbrredpper) todideghgelyDrmetvharimol%) and

dry THF (66 1)) 1A% e $ESIEFL EH POBAIR, AV RALHL 0GXORRCIIERZROPQ60GARE,12;4128.3 g,
0.39mo1l, 2 eq.) was added over 5 min. Finally, propynoic acid ethyl ester (38;(;?%. 0.39 mol, 2 eq.) was

added arfitHe FeBRSHAWERPSHRER i AR e 95ET Fh&-rdddtidh intur e &l sratdd thiryness

and the residue wasdaken up. injolugneaaRmhiand-heptanadd @0 my; Fhe resuitingsuspension was
stirred at 40C for 1 h and filtered afterwards over celite, The filtrate 5was concentrated and tr}e product

was purifiSaNgyALsics deimtrih RoTEEAE PSSR LS 16 NE1%E 8 §- (BPHEPISUERE &flight
yellow saNdOESMS, mead27.2 ¢yyH)s biideBamzyk«di{dreblands3ifisarorphany ) fa; Saihyel ohd
H-pyrrole-3-carboxylic acid (IRO 10 At r.t., a solution of )
e R SR e T ety Pt 2 (50,5 195 s e 20 12
(120 ml) was added drapiwisehoder 90 THINEES tonassiittéd Solusipre@fs(Bver was then acidifiedto a

chlorg-3-fluoro-ph -propynoic agcid et r (39,09, 0.17 mol) and triflugroacetic acid (1.30 ml,
002 or 1 I S A PRSP G e
evaporateatitthe ryhigsprcEinat sesideaellasdisSovedidd ditikarmecf390 miandhaaduendstdesbigtion of

NaOH (4'5&911% Pa%m'o%ﬁ 398)3%51%%9%9aa%{ggorl%ulting emulsion was stirred at r.t. for 18 h. The
[ I d under va '

low boiling organic’solvent was removed under vacuum. Water (100 ml) was added, the aqueous layer
separatel SMiSwaished GMRVFBME (2 times 100 m1). The aqueous layer was then acidified to a pH
value of 2.5 by addition of 25% HO. The resulting suspension was stirred over night and the white
precipitate was filtered off, washed with water and ethanol and

15 Example C

1-Benzyl-4-(3,4-difluoro-phenyl)-2,5-dihydro- 1H-pyrrole-3-carboxylic acid (IIc)
F

= ]
OH

N

>

tHe

a) (3,4-Difluoro-phenylj-propynoic acid ethyl ester (V)
Under argon atmosphere, a four neck flagk was charged with THF (135 ml) and 2 M LDA n
20 THF (60.9 ml, 0.12 mol,1.18 eq.) and cooled to -78 °C. Propynoic acid ethyl ester (12.2 g,
0.12mol, 1.18 eq.) dissolved in THF (36 ml) was added dropwise within 30 min and afterwards
ZnBr; (28.5 g, 0.12mol, 1.2 eq.) dissolved in THF (45 ml) was added dropwisc within 30 min.
After the addition of 1,2-Diftuoro-4-iodo-benzene (25.0 g, 0.10 mel} and
tetrakis(triphenylphosphine) palladium(0) (6.02 g, 5.15 mmol, 5 mol%), the reaction mixture
25 was allowed to warm to r.t. and stirred for another 3 h at the same temperature. The reaction
mixture was diluted with diethylether, washed with saturated aqueous NH.I, saturated aqueous

NaHCGs and brine. The organic phase was dried with Na:S0O4, concentrated under reduced



20 dried under high vacuum to yield 42.0 g (75%) of lid as a white solid. ES-MS m/e: 330.1 (M-1-1").
Synthesis of cam! st Ru OAc 21(R)-2-Furyl-MeOBIPHEP)1 and of catalyst 1Ru(OAc)2(1-

Furyl-MeO P)1: 25 Example E [Ru(OAc)2((R)-2-Furyl-MeOBIPHEP)1 A 500-ml round bottomed
flask was c?{éﬁ(gé%i%ﬁ e?3argon with (R)-2-Furyl-MeOBIPHEP (30.0 g, 51.5%%%?)2,009/ 066486
[Ru(OAC)2(p-cymene)] (18.75 g, 53.04 mmol) and teluene (525 m1). The resulting 30 brown
suspension was stirred at 80C for 24 h. The resulting yellow-brown suspension was concentrated on

vacuum 19 a tofab¥qluma of #2Q 1ol and siired doe Lhaklsaty @?%ﬁ&hsg&%@&#g&ﬁﬁ%‘?@/a”d the

filter cake was washed with toluene (100 ml) and pentane (150 ml) and dried

2010/06FFa8PcTIER 20091066 48H>-0 3-EE Tt $6rVEcHhlighterNat M to yield 36.5 g (93%) of
[Ru(OACZ4(Ra=2:FruryliMePBIPHEP)] as a yellow solid. 31P-NMR (CDC11): 31.8 ppm (singlet. FT-MS
m/e: 762 (M 5 [Ru(OAc)2((S)-2-Euryl-McOBIPHEP)] A 50-ml round bottomed flask was charged under
argon with (S)-2-Furyl-MeOB1PHEP (500 mg, 0.92 mmol), [Ru(OAc)2(p-cytnene)] (330 mg, 0.93

mmob ang tajeene(103alyFe-sestiting-brovimsispensionnas-stiresal-80%/ for h. The reaction
iture e TP SO AT 6. TS T SiRp i (L b AT B GAKE Vs washed
with pentgiher(26hsnhygrd-diiee iy tsh] jorkohly under MauyNIQ yiets H6F mg) (§ibbraded
L AL TR C T T
ne-3-carhmypliciadid], (S, $JdarGl The yeliow solution was stirred at r.1. for 18 h, Trifluoroacetic acid

10 (0.034 ml 0.44 mmol, 0.033 ¢q.) and N-{methoxymethyl)-N-(phenytmethyl}-N-(trimethylsilyl)
methylamine (1.66 g, 6.73 mmol, 0.5 eq.) were added and the solution wasg stirred for 1 h. It was
evaporated to dryness and the residue dissolved in dioxane (40 ml). An aqueous solution of
NaQH (18.7 ml, 37.4 mmol, 2.8 eq.) was added. The resulting emulsion was stirred at r.t. for 18
h and the low boiling organic solvent was removed under reduced pressure. Water (40 ml) was
added, the aqueous layer separated and washed twice with TBME (50 ml). The organic layers
were washed with the same portion of water (15 mi). The combined aqueous layers were
acidified by addition of aqueous 3M HCI1 (12.4 ml). The resulting suspension was stirred for 48 h
at rt. The white precipitate was filtered off, washed with water and cthanol and dried under high
vacuum to yield 4.25 g (58%) of Hc as a white solid.
20 ES-MS m/e: 316.3 (M+H.

Example D
1-Benzyl-4-(4-chloro-3-fluore-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (11d)
Ci,
N/ §

OH

id

25 a) (4-Chloro-3-fluoro-phenyl)-propynoic acid ethyvl ester (Vd)
Under argon atmosphere, a four neck flask was charged with 1-chloro-2-fluoro-4-iodo-benzene
(50.5 g, 0.20 mol), bis(triphenylphosphine) palladium(il) chloride (2.76 g, 3.94 mmol, 2 mol%),
copper(l} iodide (1.50 g, 7.80 mol, 4 mol%) and dry THF (600 ml). At r.t., cesium carbonate



20 A 185-ml stainless steel autoclave was charged under argon in a glove box (02 content <2 ppm)
with 1-benzyl-4-(4-chloro-phenyl)-2,5-dihydro-IH-pyrrole-3-carboxylie acid monohydrate (5.00 g, 15.1
mmol), [Ru(QAc -2-Furyl-MeOBIPHEP)] (3.83 mg, 5.02 x 10-6 mol, S/C_3'000) and methanol
(150 m1). Tr%é%a%@gh}:ﬁhgﬁ?g hydrogenation was run for 20 h at 30C under 4d 85@8??1)%}6063%% (99.6%
conversion, 99.3% (S,S)-la with >99.9% cc). After the pressure was released, 25 the white suspension
was stirred at 0-5C (ice-bath) for 2 h, filtered and the filter cake was washed with 20 ml ice-cold
methanokﬁigiad%qﬂs@%%rzf Yumatd0Fa.yieldid. g H £ DB he%o(%.@g'ty@d
>99.9% ce. ES-MS m/e: 316.1 (M-(1-1-). WO 2010/069793 /EP2009/066486 -14- HPLC method
for purity’8Ab €¢EHbEHTRGRIbECHA StRetieV e TR NG 4461205 dm* TS PARNY BEOL IR Highium
acetate pRHhufter h4bYh-asetonitdlessflaw 1. 2o& 2408 M5 SAMRIG PEgRaatios fimgaie 1 ml

acetonitrile. Retention times: ha (3.7 ming (R,S)-/ (S,R):la (4.3 min), 5(S,S)-la %19 mmé (R,R)-la (5.4
min). ExdMPIETE (B8 ASPT w712 44 0o ot pHer Lo dife s Camoky it acide(318)9a CE 10A
éZh'1d§taiW@%(ﬁi@@h@dﬂé@(éﬁ&ﬁl‘é@ﬁ;%b&rgﬂgh@ﬂiﬂﬂmﬁkﬂmﬁeg@' .Mﬂtﬂa(iﬁ;;ﬁhlﬂt@rﬁh%ﬁ@n&ﬁﬁ) to

ihydro-1H-pyrrole-3-carboxylic acid mon ate (180.0 g, 0.54 mol),
[Ru(OAc?ﬁfg)g-%éE%@MS@)gM %jﬁgﬁgfiu Vf)glf mol, S/C 1'000) and methanol (7.11). The
asymmetsis-hysiragenatienMag iun for 20 h at 30C under 40 bar of hydrogen (99.3% conversion).
After the pressure was released, a sample of the white suspension was evaporated to dryness

affording 15 crude (S,S)-la with 99.0% purity and >99.9% cc. The reaction suspension was

concentrated AeravelurhedbloSiand stivred fof, I -Wiay O-b CHAfterditration;dhdifilver £ dké was washed
with.cold methanol.and dried C Q yield L7 . %) Of. (S,9)5 hite_salid wi
00,00 pinty o S oh o SRS B LR e O Al SR GG
I-Benzyl#-44&niotouphéh (- piRfotidines 8 acdrdokplicvesicn (S, H)-rali@i ey @a stirred solution of (4-

2010/069493B GTAEE29AUNIPARG, vhsicANS RN Blaiplassosies! auRtiavk waR.Ghaiged wnger argon in
a glove box (02 content <2 ppm) with

p . .
1-benzy 143 rehiBfs prehym§d S ibyidl a1 Thasaesiernusabixyhe sarhBrdnydfated {1eody, 3.01
mmol), [RYURARDRERE:FUMMBRBIPHEPTLQRL e A301%4 rtiMelaS(God 10N aRshsagthanol (30

m1). The asymmetric ﬁdrogenatlon was run for 20 h at 30C under 40 bar of _ _
15 sohition of NaOH (45.0 ml, 0.48mol, 2.8 eq.) was added and the resulting emulsion was stirred

at r.t. for 18 h. The low boiling organic solvent was removed under vacuum. Water (100 ml) was

added, the aqueous layer separated and washed with TBME (2 times 100 ml). The aqueous layer

was then acidified to a pH value of 2.5 by addition of 25% HCL. The resulting suspension was

stirred over might and the white precipitate was filtered off, washed with water and ethanol and
20 dried under high vacuum to yicld 42.0 g (75%) of Ild as a white solid.

ES-MS m/e: 330.1 (M-H").

Synthesis of catatyst [Ru{OAC)H((R)-2-Furyl-MeOBIPHEP)] and of catalvst [Ru(OQA¢){(S)-2-
Furyl-MeQOBIPHEP)]:

25
Example E
[Ru{OACH{{R)-2-Furyl-MecOBIPHEP)Y]
A 500-ml round bottomed flask was charged under argon with (R)-2-Furyl-MeOBIPHEP (30.0 g,
51.5 mmeol), [Ru(OAc){p-cymene}] (18.75 g, 53.04 mmol) and toluene (525 ml). The resulting
30 brown suspension was stirred at 80°C for 24 h. The resulting yellow-brown suspension was |
concentrated on vacuum to a total volume of 250 ml and stirred for 1 h at 0-5°C. The suspension

was filtered and the filter cake was washed with toluene (100 mi) and pentane {150 ml) and dried



5 hydrogen (87.0% conversion). After the pressure was released, the white suspension was
evaporated to dryness to yield 0.96 g (86%) of crude (S,S)-la with 88.5% purity and 98.5% cc. The
reactions in T blzei%/{\{vgresperformed according to the procedure described above using_ triethylamine
as additive. 10TabI& 7I;gxample Additive (Amount) Conversion (%) (S,S)-Ig%ﬁ?ﬁ%%? @?é)-lb % ee
3b NEt3 (I eq. relL to substrate) 73.8 72.8 98.6 3c NRt3(0.5 eq. reL to substrate) 90.9 90.8 98.9

at r.t. for 16 h under vacuum to yicld 36.5 g (93%) of [Ru{OAC)((R)-2-Furyl-MeOBIPHEP}] as
a yellow solid.
P NMR (CDCL): 31.8 ppm (singlett), FT-MS m/e: 762 (M ).

5  [Ru(OAc){(S)-2-Furyl-MeCRBIPHEP)]

A 50-ml round bottomed flask was charged under argon with (§)-2-Furyl-MeOBIPHEP (500 mg,
0.92 mmol), [Ru(OAc)(p-cymene)] (330 mg, 0.93 mmol) and toluene (10 ml). The resulting
brown suspension was stirred at 80°C for 5 h. The reaction muxture was concentrated on vacuum
10 a total volume of 2 mi, pentane (20 m!) was added and the mixture was stirved for 30 min at 0-

10 5°C. The suspension was filtered and the filter cake was washed with pentane (20 ml) and dried
at r.t. for 16 h under vacuum to vield 569 mg (81%) of [Ru(OAc)((8-2-Furyl-MeOBIPHEP)] as
a yellow solid,
TP-NMR (CDCL): 31.7 ppm (singlett). FT-MS m/e: 762 (M ).

13 Hvdropenation examples:

Example 1
(35.,45)-1-Benzyl-4-(4-chloro-phenyl)-pyrrolidine-3-carboxylic acid, (§,5)-Ia

=N
()

N

o

(3.5)-1a
20 A 185-ml stainless steel autoclave was charged under argon in a glove box (O content < 2 ppm)
with 1-benzyl-4-(4-chloro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid monohydrate (5.00
g, 15.1 mmol), [Ru(OACc)((R)-2-Furyl-MeOBIPHEP)] (3.83 mg, 5.02 x 10 mol, $/C 3°000)
and methanol (150 ml). The asymmetric hydrogenation was run for 20 h at 30°C under 40 bar of
hydrogen (99.6% conversion, 99.3% (§,5)-1a with >99.9% ee). After the pressure was released,
25 the white suspension was stirred at 0-5°C (ice—bath3 for 2 h, filtered and the filter cake was
washed with 20 ml ice-cold methano! and dried under vacuum at 40°C to yield 4.75 g (99%) of
(8.S)-Ia with 99.0 % purity and >99.9% ce.
ES-MS m/e: 316.1 (M+H™).



Examples 4 a-c (38,4S)-1-Benzy174-(4-chloro-phenyl)-pyn-o lidine-3-carboxylic acid, (S,S)-la
(S,S)-la 15 A 185-ml stainless steel autoclave was charged under argon in a glove box (02 content < 2
ppm) with 1-\% nz I-4;,(4-chIoro-phenyl)-2,5-dihydro-IH-pyrrole-3-carboxy|ic acid morloh drate (1.00
93.01 mmol)’ ?Eau’%(ﬂf &) 2((R)-2-Furyl-MeOBIPHEP)] (0.77 mg, 1.00 x 10-6 hiol /%486t and 30 ml
methanol. The asymmetric hydrogenation was run for 20 h at 30C under 40 bar of hydrogen (99.8 %
conversion). After the pressure was released, the white suspension was 20 evaporated to dryness to
yield 0.96g (99%) of crude (S,S)-la with 99.1 % purity and > 99.9 %ee. The reactions in Table 2 were
perfoilned according to the procedure described above using alternative solvents to methanol. WO

20101068F3SPOTHEP 2008/06648be<1 G rabla B n ECARHE SoN eptabrivérsiti (S5 Sud (0S)e: (%)
55% ammonium acetate pH 6 buffer / 45% acetonitrile, flow 1| ml/min, 25°C, 220 nm, sample
preparation: 1 mg in ! ml acetonitrile. Retention times: Ha (3.7 min), (R,S)-/(S.R)-1a (4.3 min),
5 {85.8)-1a(4.9 min), (R,R)-la (5.4 min).

Example 2
(35,45)-1-Benzyl-4-(4-chloro-phenyl)-pyrrolidine-3-carboxyvlic acid, {§,5)-la

Cl

e

S
()

N

(S,S)-a

10 A 12-1 stainless steel autoclave was charged on air with 1-benzyl-4-(4-chloro-phenyl)-2,5-
dihydro-1H-pyrrole-3-carboxylic acid monohydrate (180.0 g, 0.54 mol), [Ru(OAc)({(R)-2-Furyl-
MeOBIPHEP)] (413.2 mg, 0.34 mmol, S/C 1°000) and methanol (7.1 I). The asymmetric
hydrogenation was run for 20 h at 30°C under 40 bar of hydrogen (99.3% conversion). After the
pressure was released, a sample of the white suspension was evaporated to dryness affording

15 crude (5.5)-Ia with 99.0% purity and >99.9% ee. The reaction suspension was concentrated to a
volume of 1.8 | and stirred for 1 h at §-5°C. After filtration, the filter cake was washed with coid
methanol and dricd on vacuum to vield 176.0 g (>99%) of (§,5)-1a as a white solid with 99.0%
purity and >99.9% ee.

20 Examplcs 3a-c
(38,45)-1-Benzyl-4-(4-chloro-phenyl)-pyrrolidine-3-carboxylic acid, (8,5)-Ia
cl

Von

o

{8,8)la



Purity (%) %ec 4b ethanol 20.3 19.8 98.7 4e 2-propanol 17.3 15.2 92.1 Example 5
(3S,43)-1-Benzy1-4-(3,4-dichloro-phenyl)-pyrrolidinecarboxylic acid, (S,S)-lIb CI CI 5(S,S)-lIb A 35-mt
autoclave was_charged under argon in a glove box (02 content < 2 ppm) with the hydrochloride salt of
1—benzyl-4-&%%8fé%1%9r??phenyl)-2,5-dthydro-|H-pyrrole-3-carboxylic acid %6.%/3%, ‘igﬁf%ﬁ?ﬁﬁ]ot),
[Ru(OAC)2((R)-2-Furyl-MeOBIPHEP)] (3.96 mg, 5.3Q x 10-6 mot, S/C 250), triethylamine (0.19 ml,
1.32 mmol) and methanol (15 ml). The asymmetric hydrogenation 10 was run for 20 hat 30C under 40

bar of hyﬁr?%%rﬁg&a%?{%s%"s‘?é/&rﬁl?&@ia%%é%é?é%ﬁ%&c}"’ SEIgaser e, Ofdried witte-suspension
was evaporated to dryness to yield 0.519(99%) of crude (S,S)-Ib with 99.6% purity and 99.4% cc. The

crude prodiiet waszdisddisilmomhmNabdadnm | FamEc s wibrad addshngie aylissds er was
separated angh diluieg vt watsy (A3 md)ningesstiving P @ M RO was addedaol, s/C 10°000)
and methano! (30 ml). The asymmetric hydrogenation was run for 20 h at 30°C under 40 bar of
5 hydrogen {87.0% conversion). Afier the pressure was released, the white suspension was
evaporated to dryness to yield 0.96 g (86%) of crude (8, 5)-1a with §88.5% purity and 58.5% ec.
The reactions in Table [ were performed according to the procedure described above using

triethylamine as additive.

10 Table 1:
Example Additive (Amount) Conversion | (S.8)-1b | (S5)-1b |
{%} Purity (%) % ce
3b NEt; (1 eq. rel. to substrate} 73.8 72.8 98.6
3c NEt; (0.5 eq. rel. to substrate) 90.9 90.8 98.9

Examnles 4 a-¢

(35.,48)-1-Benzyl-4-(4-chloro-phenyl}-pyrrolidine-3-carboxylic acid, {(§,§)-1a

Q

Q
__on

(8,S)-ia

15 A 185-ml stainless steel autoclave was charged under argon in a glove box (O content <2 ppm)
with 1-benzyl-4-(4-chloro-phenyl)-2,5-dihydro- | H-pyrrole-3-carboxylic acid monohydrate
(1.00 g3.01 mmol), [Ru(OAc)((R)-2-Furyl-MeOBIPHEP)] (0.77 mg, 1.00 x 10" mol, S/C 3000)
and 30 m! methanol. The asymmetric hydrogenation was run for 20 h at 30°C under 40 bar of
hydrogen (99.8 % conversion). After the pressure was released, the white suspension was

20 evaporated to dryness to yield 0.96g (99%) of crude (S5, 5)-Ia with 99.1 % purity and > 99.9 %ee.
The reactions in Table 2 were performed according to the procedure described above using

alternative solvents to methanol.



15 until pH 6.5. The formed precipitate was filtered off and washed with water. The fitter cake was
dissolved in methanol and the colourless solution evaporated to dryness to yield 0.31 g (68%) of
(S,S)-la with 99.7% uri% and 99.8% ee ES-MS m/e: 350.3 (10. HPLC method for purity and cc
determinatiow:(}(fﬂfr%%i%zuc V column (No. 461, 25 cm* 4.6 mm), 20 55% an?rﬁgfﬁﬁ?ﬂo%’@éﬁg pH 6
buffer / 45% acetonitrile, flow 1 mUmin, 25C, 220 nm, sample preparation: 1 mg in 1 ml acetonitrilc.
Retention times: lib (3.7 min), (R,S)-/ (S,R)-Ib (4 4 mm), (S,S)-Ib (5.1 min), (R,R)-Ib (6.4 min), (S)-Vb
(14.9 mmy,, WG 2010/069793PCT/E1'2009/066486 -17- Example 6
(35.45)-1-Benzy1-4-(3.4-dichloro-phenyl)-p olidine-3-carboxylic acid, (55)-Ib CI (S,S)-11) A 24
Hastelloy €42autclave waSahearged undefaryemwith 1-dénzyl-4-(345¢ikhloro-phenyl)- 5
2,5-dihydro-1H-pyrrole-3-carboxylic acid|(30.0 9/, 86.15 mmol), [RU(OAC)2((R)-2-Furyl- MeOMPHEP)3
(262.5 mg, 0.34 mmol, S/C 250) and methanof (@.9 1). Tl'}?él’a@%{ﬁletric/"r‘?{j’drogenation was run for 18 h
at 30C and-additional-2-h-at 60C-under 40 bar,)"f hydrogen{29.8%-conyersion). After the pressure was
released the‘zlfgrmed Whiteeguasi’boension was evaporated to dryness to yield 32.6 g (>99%) of crude
(.5,5)-1b with-97.0% purity, and:->99.99%tc-10-The crude product was gissotved in IM NaOH (140 ml).
TBME (200 n?l was addééd?’lltlﬁgdgg[ueous Iayerlg\igs separat((fa%%nd dilu%s' with water (360 ml). Under
stirring 2 MTHCT (81 ml)y were added under stirring (pH 6.5). The formed precipitate was filtered off and
washed with water. The filter cake was dissolved in methanol and the colourless solution evaporated
to dryneds@ild 27.2 g (90%) of (5,5)-Ib with 99.5% purity and >99.9% cc. 15 Examples 7a-g

(3S,49)-13k3en2y b 14rdichlgionphe mrbinayrolidingn2-carbaxigiaaidd (B

Cl
}“OH
N

o

5 (3,S)-ib

A 35-ml autoclave was charged under argon in a glove box (O, content < 2 ppm) with the

hydrochloride salt of 1-benzyl-4-(3,4-dichloro-phenyl}-2,5-dihydro-1H-pyrrole-3-carboxylic

acid (0.50 g, 1.30 mmol), [Ru(CAC)(R)-2-Furyl-MeGBIPHEP)] (3.96 mg, 5.30 x 10° mol, S/C

250), triethylamine (0.19 ml, 1.32 mmol) and methanol (15 ml). The asymmetric hydrogenation
10 was run for 20 h at 30°C under 40 bar of hydrogen (99.9 % conversion). After the pressure was

released, the formed white suspension was evaporated to dryness to yield 0.51g (89%) of crude

(8.5)-Ib with 99.6% purity and 99.4% ce.

The crude product was dissolved in 0.1 M NaOH (23 ml). TBME (20 ml) was added, the

agqueous layer was separated and diluted with water (23 mb). Under stirring 0.2 M HC! was added
15 until pH 6.5. The formed precipitate was filtered off and washed with water. The filter cake was

dissolved in methanol and the colourless solution evaporated to dryness to yield 0.31 g (68%) of

(8 S)-1a with 99.7% purity and 99.8% ee .

ES-MS m/e: 350.3 (M").

HPLC method for purity and ee determination: Chirobiotic V column (No. 461, 25 cm * 4.6 mm),
20 55% ammonium acetate pH 6 buffer / 45% acetonitrile, flow 1 ml/min, 25°C, 220 nm, sample

preparation: | mg in 1 m! acetonitrile. Retention times: 11b (3.7 min), (R, S)- / (S, R)-Ib (4.4 min),

(5.5)-Ib (5.1 min), (R, R)-Ib (6.4 min), (5)-Vb (14.9 min).



(5,5)-Ib 20 A 185-ml stainless steel autoclave was charged under argon in a glove box (02 content 5_2
ppm) with 1-benzy1-4-(3,4-dichloro-phenyl)-2,5-dihydro-1H-pyrrolc-3-carboxylic acid (1.00 g, 2.87
mmol), [Ru(OAc%gZ(%R)-TMBTP)] (1.16 mg, 1.44 x 10-6mol, S/C 2'000) and methanol (30 m1). The
asymmetric RYASGEHEEGh was run for 20 h at 30C under 40 bar of hydrog8h TES 498/ dpgess
2010/069793PCT/EP2009/066486 -18- conversion) ,ﬁ\fter the pressure was released, the off-white
suspension was evaporated to dryness to yield O.9é g (12%) of crude (S,S)-1b with U.1% purity and
94.5% ccE;{rhe qee%ctions in Table 3 were performed according to the procedure described above
employing—aalntg%’ﬁarive catalysts. 5 Table 3. Example Catalyst Conversion (%) (S,S)-Ib Purity (%)
(S,S)-Ib % E&-Tb1Re(@Ad)2(5)dELine0shend phity1) e OBIREBRY RGaRId, (S,5)-1b

Cl

C' Mo
»

N

(S,S)b

A 2-1Hastelloy C4 autoclave was charged under argon with 1-benzyl-4-(3,4-dichloro-phenyl)-
5 2,5-dihydro-1H-pyrrole-3-carboxylic acid (30.0 g, 86.15 mmol), [Ru(OAc)((R)-2-Furyl-

MeOBIPHEP)] (262.5 mg, 0.34 mmol, $/C 250) and methanol (0.9 1). The asymmetric
hydrogenation was run for 18 h at 30°C and additional 2 h at 60°C under 40 bar of hyvdrogen
(99.8% conversion). After the pressure was released, the formed white suspension was
evaporated to dryness to yield 32.6 g (>99%) of crude (S, 5)-Ib with 97.0% purity and >99.9% ce.

10 The crude product was dissolved in 1M NaOH (140 ml). TBME (200 ml) was added, the
aqueous layer was separated and dituted with water (360 ml}. Under stirring 2 M HC1 (81 ml)
were added under stirring {(pH 6.5). The formed precipitate was hiltered off and washed with
water, The filter cake was dissolved in methanol and the colourless solution evaporated to
dryness to yield 27.2 g (90%) of (§,5)-Ib with 99.5% purity and >99.9% ce.

15

Examples 7a-g
{3§,48)-1-Benzyl-4-(3,4-dichloro-phenylh-pyrrolidine-3-carboxylic acid, (§,5)-1b

Cl

. Mon
.9
(S,5)-1b
20 A 185-ml stainless steel autoclave was charged under argon ina gﬁlove box (O3 content < 2 ppm)
with 1-benzyl-4-(3,4-dichloro-phenyl)-2,5-dihydro- 1 H-pyrrole-3-carboxylic acid (1.00 g, 2.87
mmol), [Ru(OAc)((R)-TMBTP)] (1.16 mg, 1.44 x 10°mol, S/C 2°000) and methanol (30 ml).
The asymmetric hydrogenation was run for 20 h at 30°C under 40 bar of hydrogen (18.5%



67.91 97.41 7c [Ru(OAC)2((R)-3,5-iPr- MeOBIPHEP)] 26.9 19.0 90.0 7d [Ru(OACc)2((R)-
McOBIPHEP)] 38.3 30.4 97.4 7e [Ru(OACc)2((R)-3,5-tBu- MeOBIPHEP)] 4.1 1.6 67.6 7f

[RU(OAC)2((R)(3; Thieny)-

10

15

069

-1%-

PCT/EPZOGS/O66486

conversion). After the pressure was relcased, the off-white suspension was evaporated to dryness

to yield 0.98 g (12%) of crude (8, 8)-Ib with 12.1% purity and 94.5% ee.

The reactions in Table 3 were performed according to the procedure described above cmploying

alternative catalysts.

Table 3;
Example Catalyst Conversion | (5.5)-1b (5,8)-1b
{%) Purity (%) % ee
Th [RU(OCAC)((S)-(6-MeO-2- 76.2 67.9’ 97 4!
Naphtyl)-MeOBIPHEP]

Tc [RU(OAC)((R)-3,5-Pr- 26.9 19.0 90.0
MeOBIPHEP)]

7d [Ru(OACK((R)- 38.3 30.4 97.4
McOBIPHEP)]

Te [Ru(OACY((R)-3,5-tBu- 4.1 1.6 67.6
MeOBIPHEP)]

7f [Ru(QAC)((S)-(3-Thienyl)- 62.5 60.0" 98.0'
MeOBIPHEP)]

7g [Ru(OACH((S)-(2-Thienyl)- 25.1 25.0" 99.9’
MeOBIPHEP)]

"(R.R)-Ib was formed in excess

Examples 7h

(3R 4AR)-1-Benzyl-4-(3 4-dichloro-pheny}-pyrrolidine-3-carboxylic acid, (R, R)-Tb

Cl

Cl

e

]
\{ OH

N

(R,R)Ib

A 2-1Hastelloy C4 autoclave was charged under argon with the hydrochloride salt of 1-benzyl-4-
(3,4-dichloro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (67.0 g, 174.17 mmol),
[Ru(QACHHS)-2-Furyl-MeOBIPHEP)] (2.65 g, 3.48 mmol, S/C 50}, tricthylamine (17.62 g,
17417 mmol) and methanol (1.3 1). The asymmetric hydrogenation was run for 20 h at 30°C

under 40 bar of hydrogen (98.9% conversion). After the pressure was released, the formed gray



MeOBIPHEP)] 62.5 60.01 98.01 7g [Ru(0Ae)2((S)-(2-Thieny1)- MeOBIPHEP)1 25.1 25.0' 99.9' |
(R,R)-Ib was formed in excess Examples 7h 10
(3R,4R)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic acid, (R Rﬁlb éR R‘%-Ib A
2-1Haste||oyvé1 ”u?@%?g%% was charged under argon with the hydrochloridgg (&5 @3 4?\71-4-
(3,4-dich|oro-phenyl)-2,5-dihydro-lH-pyrrole-3-cart39@<ylic acid (67.0 g, 174.17 mmol), 15
[Ru(OAC)2((S)-2-Furyl-MeOB1PHEP)1 (2.65 g, 3.48 mmol, S/C 50), triethylamine (17.62 g, 174.17
mmol) a %‘%&Q@H%ﬁ& b g APUIIMENs RireasnalipB RS RIR A8 RN AAG ndandO bar of
hydrogen (98.9% conversion). After the pressiure was réleased, the formed gray W
20101068793P&T/EP2009/066486 -19-

The crude product was dissolved in [M NaOH (350 ml). TBME (600 ml) was added, the

aqueous layer was separated and diluted with water (900 ml). Under stirring 2 M HC) (180 mi)

5 were added under stirring (pH 6.0). The formed precipitate was filtered off and washed with
water. The filter cake was suspended in methanol / water (1:2) and the mixture was heated to
reflux. After cooling to room temperature, the suspension was filtered. The filter cake was
washed with methanol and dried fo yield 46.15 g (74%) of (R, R)-1b with 97.3% purity and 99.8%

ca.

Example §
(35,45)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic acid, (8,5)-1b

cl
.}“’OH
:N:

{8,S)+b

A 185-ml stainless steel autoclave was charged under argon in a glove box (O, content < 2 ppm)
15 with I-benzyl-4-(3,4-dichloro-phenyl}-2,5-dihydro-1H-pyrrole-3-carboxylic acid (1.00 g, 2.87

mmol), [Ru(OAc)((R)-2-Furyl-MecOBIPHEP)] (0.44 mg, 0.57 x 10 mol, S$/C 5°000) and

methanol {30 mi). The asymmetric hydrogenation was run for 20 h at 80°C under 40 bar of

hydrogen (99.7% conversion). After the pressure was released, the formed white suspension was

evaporated to dryness to yield 1.02 g {99%) of crude {S5,8)-1b with 97.6% purity and 99.2% ee,
26

Example 9

(35,45)-1-Benzyl-4-(3,4-dichloro-phenyi)-pyrrolidine-3-carboxylic acid, (§,8)-Ib

Cl

$!

N

(3,8}1b



suspension was evaporated to dryness to yield 88.8 g of crude (R,R)-Ib with 95.7% purity and 99.3%
cc. The crude product was dissolved in 1M NaOH (350 ml). TBME (600 ) was added, the aqueous
layer was separated and diluted with water (900 ml). Under stirring 2 M HO (180 mlé 5 were added
under stirrinégl &)IZ—PWISP e formed precipitate was filtered off and washed Wi KAV 4 4Eitter cake
was suspended in methanol / water (1:2) and the rr_%t_ure was heated to reflux. After cooling to room
temperature, the suspension was filtered. The filter cake was washed with methanol and dried to yield
46.15 g (4%} of (R,R):-Ib. witk % puri 9,82

(35S LT B o e P QB e “A
stainless stdel dgtocladd vhdichiargatimder drgdrviticaldlovetodi (o2 bondistagig Ppkl)eL S -With
1-benzyl: a5 drichiorosphenyl; :M%@%ﬁﬁgt@iﬁgm@wh@@%1(%991@:6{3@7&%&“0'),
[Ru(0ACc)2((R)-2-Furyl-MeOBIPHEP)] (0.44 mg, 0.57 x 10"6 mol, S/C 5'000) and methanol (30 m1).
The asyrﬁ?ﬁ@tﬂ@h@i@éénﬂﬁ’oﬁm%ﬁ foripeeRnatiso @ agrgarian Pt S ErsgeH @708 conversion),
After the WW wagreleasedidhe formead whitesushensionsasevapasatedito duseass 1a.yield 1.02
g (99%) of crude (S,S)-lb with 97.6% purity and 99.2% cc. 20 Exam

|
(35 45, PEERA RN Bty B YRR BB & Hb Qi egnd 97 6% ec.

Example 10
(35,45)-1-Benzyl-4-(3,4-difluoro-phenyl)-pyrrolidine-3-carboxylic acid, (S,5)-Ic
F
L
%, ;\Q“OH
.SN3
10 (S.8)c

A 35-ml stainless steel autoclave was charged under argon in a glove box (O; content < 2 ppim)
with I-benzyl-4-(3 4-difluoro-phenyl}-2, 5-dihydro- 1 H-pyrrele-3-carboxylic acid (50.0 mg, 0.16
mmol), [Ru(OAch((R)-2-Furyl-MeOBIPHEP)] (1.21 mg, 1.59 x 107 mol, $/C 100) and
methanol (1.5 ml). The asymmetric hydrogenation was run for 20 h at 30°C under 40 bar of

15 hydrogen (98.6 % conversion). After the pressure was released, the white suspension was
evaporated to dryness to yield 51.9 mg (98%) of crude (S,5)-Ic with 95.6% purity and >99.9% ce.
MS mv/e: 318.1 (M+H).
HPLC method for purity and ec determination: Chirobiotic V column (No. 461, 25 cm * 4.6 mmy),
55% ammonium acetate pH 6 buffer / 45% acetonitrile, flow 1 mV/min, 25°C, 220 nm, sample

20  preparation: | mg in 1 ml acetonitrile. Retention times: He (3.6 min), (R,S)-/ (S,R)-Ic (4.1 min),
(S,8)-Ic (4.5 min), (R,R)-Ic (4.9 min).

Example 11
(35,45)-1-Benzyl-4-(3,4-diftuoro-phenyl)-pyrrolidine-3-carboxylic acid, (S,5)-Ic



OH WO 2010/069793PCT/EP2009/066486 -20- A 185-nft stainless steel autoclave was charged
under argon in a glove box (02 content < 2 ppm) with

1-benzyl-4-(3 4-dichloro?henyl)-Z,S-dihydro-111-pyrro|e-3-carboxy|ic acid (1.00 g. 2.87 mmol),
[Ru(OAc)2(Bf 2R 0BIPHEP)1 (0.22 mg, 0.29 X 10-6 mot, S/C 10 T’Eﬁ%ﬁ%ﬁﬁﬁ%l (30 m1).
The asymmetric hydrogenation was run for 20 h at §0C under 40 bar of 5 hydrogen (99.8%
conversion). After the pressure was released, the formed white suspension was evaporated to dryness
to yield 1,03 g (>99%) of crude (S,S)-Ib with 98.0% purity and 97.6% cc. Example 10
(3S,45)-1-Benzy1-4-(3,4-difluoro-phenyI)-pyrrgtmecarboxylic acid, (54)-1c 10 (SS)-lc A 35-ml
stainless steel autoclave was charged under’ar /in a@JBMe box (02 content < 2 ppm) with
1-benzy1-4-(3,4-difluom-phenyl)-2,5-dihydro-1H-pyrrele-3-carboxylic acid (50.0 mg, 0.16 mmol),
[Ru(OACc)2((R)-2-Furyl-MeOBIPHEP)] (1.21 mg, 1. 10-6 not, S/C 100) and methanol (1.5 m1). The
asymmetric hydrogenation was run for 20 h at _|_._|. der 40 bar of 15 hydrogen (98.6 % conversion).
After the pressure was released, the white susglengion was evaporated to dryness to yield 51.9 mg
(98%) of crude (S,S)-1c with 95.6% purity and >99.9% cc. MS m/e: 318.1 (M)-}-F). HPLC method for
purity and cc determination: Chirobiotic V column{§Naic461, 25 cm* 46 mm), 55% ammonium acetate
pH 6 buffer / 45% acetonitrile, flow 1 mUmin, 25C, 220 nm, sample 20 preparation: 1 mg in 1 ml
acetonitrife! Retehtis i et ala S gty 2(RI8)2 99 BIRYIR @R it 1Ot ByAd . 5ORIAT, R RO (4.9

min). Example-bdnzyl-4-(3,4-difluoro-phenyl)-2, 5-dilydro- 1 H-pyrrole-3-carboxylic acid (2.00 g, 6.34
mmol), [Ru(OAC)((R)-2-Furyl-MeOBIPHEP)] (9.66 mg, 12.7 x 10 mol, S/C 500),

5 triethylamine (342.0 mg, 6.34 mmol) and methanol (60 mi). The asymmetric hydrogenation was
run for 20 h at 30°C under 40 bar of hydrogen (>99% conversion). After the pressure was
released, the formed white suspension was evaporated to dryness to yield 2.00 g of crude (S, 5)-Ic
as its ammeonium salt with >99.9% purity and >99.9% ee. The salt was dissolved in 1M NaOH
(10 ml). TBME (16 ml) was added to the reaction mixture, the aqueous layer wag separated and

10 diluted with water (40 ml). Under stirring 2 M HCI (7.1 ml) were added (pH 6.5). The formed
precipitate was filtered off and washed with water. The filter cake was disselved in methanol and
the colourless solution evaporated to dryness to yield 1.70 g (88%) of (S,8)-Ic with 98.3% purity
and >99.9% ce.

15 Example 12
(35.45)-1-Benzyl-4-(4-chloro-3-fluoro-phenyl)-pyrrolidine-3-carboxylic acid, (S,5)-1d
Ci

F Von
£

N

of

(S,9)-Id

A 185-ml stainless stee] autoclave was charged under argon in a glove box (O content < 2 ppm)
with [-benzyl-4-(4-chloro-3-fuoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (1.00 g,
20 3.01 mmol), [Ru(CAC)((R)-2-Furyl-MeOBIPHEP)] (4.59 mg, 6.03 x 10" mol, S/C 500) and
methanol (30 ml), The asymmetric hydrogenation was run for 20 h at 30°C under 40 bar of
hydrogen (99.5% conversion). After the pressure was released, the white suspension was

evaporated to dryness to yield 1.03 g (>99%) of crude (S,5)-1d with 98.3% purity and 99.1% ee.



(35,45)-1-Benzy1-4-(3,4-difluoro-phenyl)-pyrrolidine-3-carboxylic acid, (S,S)-1c WO
2010/069793PCT/EP20091066486 (S,S)-Ic A 185-mt stainless steel autoclave was charged under
argon in a glove bo 202 content < 2 pptn) with

1-benzyl-4- z%() 2g‘]‘it?osr)(?'?|f)henyl) 2,5-dihydro-1H-pyrrole-3-carboxylic acid &%E m%%%?n%nol)
[Ru(OAC)2((R)-2-Furyl-MeOBIPHEP)] (9.66 mg, 12,4 x 10-6 mol, S/C 500), 5 triethylamine (342.0 mg,
6.34 mmol) and methanol (60 m1). The asymmetric hydrogenation was run for 20 h at 30C under 40
bar of hy%gmﬁg%@cpwipn) After the pressure was released, the fintiled white suspension was

evaporated to dryness to yield 2.00 g of crude (S,S)-1c as its ammonium salt with >99. Q%é)urlt and

>99.0% déPIFRarsHiod S aisdtived 1 INFNATHRTHIPEME @84 Wit 48bed Brhcr
mixture, e AQURRMS IAVREW é?;??%[?ﬁ@ﬂ/%@%%@&&%@ﬁ‘eWWNﬁvﬂg mircUndenstiring,2 M .HCI

(7.1 ml) were added (pH 6.5). The fowled precipitate was filtered off and washed with water. The filter

cake waHBEGNY |hfﬁ$e‘ﬂhér%}l Kt G o REBLe s Bittiv A ‘dVdporiidd fo ey i 3(/%176“11@0 g
(88%)j of (Ss5)rle ith 98, 3vorurtysanetin99.9% cc. 15 Example 12
(35,451-1-Benzyl-4-(4-chloro-3-fluoro-phenyl)-pyrrolidine-3-carboxylic acid, (S,S)-1d CI (S,S)-Id A
185-mt stainless steel autoclave was charged under argon in a glove box (02 content < 2 ppm) with
1- benzylMo -3-fuoro-phenyl)-2,5-dihydro-11-1-pyrrole-3- carboxyllc acid (1.00 g, 20 3.01

mrlr;(.)l%h[ 3 rﬁ%%éﬂgé%r}%ﬂgn \II\E’%%P%] ! %3%%@?%{) %@86“31 bar {)C 53%) g%ﬂ r(g(;tgc’:/zlol &

conversion). After the pressure was released, e white suspensmn was evaporated to dryness to yield
1.03 g (>99%) of crude (S,S)-Id with 98.3% purity and 89.1% cc. WO
2010/069793PCT/EP2009/066486 -22- ES-MS e, ?&—MM -14-). HPLC method for purity and ee
determination: Chirobiotic V column (No. 461, 25 CU .6 mm), 55% ammonium acetate pH 6 buffer /
45% acetonitrile, flow 1 ml/mm, 25C, 220 nm, samp §Apreparat|on 1 mg in 1 ml acctonitrile. Retention

o

times: lid (3.5 min), (R,S)- I (S,R)-1d (4.3 min), -1c (4.7 min), (R,R)-1d (5.4 min).

(S,3)-1d

10 A 185-ml stainless steel autoclave was charged under argon in a glove box (O, content < 2 ppm)
with 1-benzyl-4-(4-chloro-3-fluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (1.00 g,
3.01 mmol), [Ru(CAc)((R)-2-Furyl-MecOBIPHEP)] (4.59 mg, 6.03 x 10°° mol, S/C 500,
triethylamine (305.0 mg, 3.01 mmol) and methano! (30 ml). The asymmetric hydrogenation was
run for 20 h at 30°C under 40 bar of hydrogen (99.2% conversion). After the pressure was

15 released, the formed white suspension was evaporated to dryness to yield 1.08 g of crude (5,5)-
Id as its ammonium salt with 97.3% purity and >99.9% ce.
The salt was dissolved in 1M NaQOH (10 ml). TBME (16 ml) was added to the reaction mixture,
the aqueous layer was separated and diluted with water (40 ml). Under stirring 2 M HCI (8.2 mi)
was added under stirring (pH 6.5) and the formed precipitate was filtered off and washed with

20 water. The filter cake was dissolved in methanol and the colourless solution evaporated to

dryness to yield 1.00 g (97%) of (5,8)-1d with 97.5% purity and >99.9% cc.

Example 14
(35,45)-1-Benzyl-4-(4-chloro-3-fluoro-phenyl}-pyrrolidine-3-carboxylic acid, (S,5)-1d



Example 13 (35,4S)-1-Benzy4-4-(4-chloro-3-fluoro-phenyl)-pyrrolidine-3-carboxylic acid, (S,S)-1d CI 0
OH 10 A 185-ml stainless steel autoclave was charged under argon in a glove box (02 content < 2
ppm) with 1-benzyl-4- %chloro -3-(luoro-pheny0-2,5-dihydro-1H-pyrrole-3-carboxylic acid (1.00 g, 3.01
mmol), [Ru(CA )ﬁy (Y B uryl-MeOBIPHEP)] (4.59 mg, 6.03 x 1016 mot, SKEEFFRU94Hmine (305.0
mg, 3.01 mmol) and methanol (30 m1). The asymmﬁric hydrogenation was run for 20 h at 30C under
40 bar of hydrogen (99.2% conversion). After the préssure was 15 released, the formed white
suspension was evaporated to dryness to yielg; 1.08 g of crude (S,S)- Id as its ammonium salt with
97.3% purity and >99.9% cc. The salt was diss |n 1M NaOH (10 ml). TBME (16 ml) was added to
the reaction mixture, the aqueous layer was § ed% and diluted with water (40 m1). Under stirring 2
M HO (8.2 ml) was added under stirring (pH 6.5) ang-tiie formed precipitate was filtered off and
washed with 20 water. The filter cake was dlssolveozggﬂrwethanol and the colourless solution
evaporated to dryness to yield 1.00 g (97%) of (S S) d with 97.5% purity and >99.9% cc. Example 14
(3S,4S)-1-Benzyl-4-(4-chloro-3-fluoro-phenyl) oI|d|ne 3-carboxy c acid, (S,S)-1d WO
2(110/069793PCT/EP2009/066486 -23- (S,S)-I+& 2-1 HasteHoy C4 autoclave was charged under
argon with 1-benzy1-4-(4-chloro-3-fluorophenyl)-253dihydro-1H-pyrrole-3-carboxylic acid (30.0 g, 90.4
mmo1l), [Ru(OAc)qu(R) -2-FurylMeOBIPHEP)] (275.5 mg, 0.36 mmol, S/C 250) and methanol_ (1 .2 I).
The asymmelits Hidroderitidn masrarseo ot et Seen el AsBakofhydvsgend ooy

conversigmrAfier, the &gsymrsyﬁ% refeased . azamilesafdhe yehite,suspeRsionwag fyanargied to
dryness. Crude éSE';)P g Was obtained with 97. Q‘E%S’gurlty and >99.9% cc. Examples 15 10

(3R, 4R)-MeQRIVHEZ 4 Cihfordneelidf o BRRIny I pyiPo rdthBstatitid il athy, a(wmwa‘le. 0

5 hydrogenation was run for 20 h at 30°C under 40 bar of hydrogen (99.2% conversion). After the
pressure was released, a sample of the white suspension was evaporated to dryness. Crude (5,5)-

1d was obtained with 97.9% purity and >99.9% ce.

Examples 15
10 (3R,4R)-1-Benzyl-4-(4-chloro-3-fluoro-phenyl)-pyrrolidine-3-carboxylic acid, (R,R)-1d

A 2-1Hastelloy C4 autoclave was charged under argon with the hydrochloride salt of 1-benzyl-4-
(4-chloro-3-fluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (61.3 g, 166.47 mmol),

15 [Ru(OAC)((S)-2-Furyl-McOBIPHEP)] (2.54 g, 3.33 mmol, S/C 50), triethylamine (16.84 g,
166.46 mmol) and methanol (1.3 ). The asymmetric hydrogenation was run for 20 h at 30°C
under 40 bar of hydrogen (99.6% conversion). After the pressure was released, the formed gray
suspension was evaporated to dryness to yield 98.0 g of crude (R, R)-Id with $7.6% purity and

) 39.6% ee.

20 The crude product was dissolved in 1M NaOH (330 ml). TBME (600 ml) was added, the
aqueous layer was separated and diluted with water (800 ml). Under stirring 2 M HC1 (165 mi)
were added under stirring (pH 6.3). The formed precipitate was filtered off and washed with

water. The filter cake was suspended in methanol/ water (1:2) and the mixture was heated to



OH (R,R)-Id A 2-1 Hastelloy C4 autoclave was charged under argon with the hydrochloride salt of
1-benzyl-4- (4-chloro-3-fluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (61.3 g, 166.47 mmol),
15 [Ru(OAc)\%%hS%-ZO-Fur%/I-MCOBlPHEP)] (2.54 g, 3.33 mmot, S/C 50), trieth%/jlamine 16.84 g, 166.46
mmol) and me ar%dpﬁ.ésl). The asymmetric hydrogenation was run for 20P A BHE URHEP%0 bar of
hydrogen (99.6% conversion). After the pressure wag released, the formed gray suspension was
evaporated to dryness to yield 98.0 g of crude (R,R)-1d with 97.6% purity and 99.6% cc. 20 The crude
product e d oAl A MNBRR! (Rl BVE, (600 gbiasiaddadyihainguegus ayer was
and diluted wit

separate water (800 m1). Under stirring 2 M HCI (165 ml) were added under stirring
(pH 6.3).W%M@mm@miaﬁﬁﬁgdmw&ﬂdﬁ?%(&fé’@%éé with-Whteth PR fitareadas spended
in methapol / water (1:2) and the mixture was heated to WO 2010/069793PCT/EP2009/066486 -24-
reflux. After cooling to room temperature, the suspension was filtered. The filter cake was washed with
methanol and dried to yield 49.0 g (83%) of (R,R)-1d with 99.6% purity and 99.6% ee. 5 Examples
(3R,45R)-@—;@gﬁﬂy@j@-@,4-diquoro-phenyI)-PyrroIidine-3-carboxylic acid, (R,R)-1c A 2-l Hastelloy C4
autoclave was charged under argon with the hydrochlgride salt of 1-benzyl-4-

(3,4-diflubHe:phisthy @%%El"&”r@d‘r&?m‘%fﬁrﬁ%}%@ﬁ%gﬁﬁ Jliecacia a8y & 19985 filior), 10
[Ru(OAC)2((S)-2-Furyt-MeOBIPHEP)] (1.95 g, 2.56 mmol, S/C 50), triethylaminc (12.94 g, 127.92
mmol) and methanol (1.3 1). The asymmetric hydfogenation was run for 20 h at 30C under 40 bar of
hydrogen (>99.9% conversion). After the pressute{vasxeteased, the fotmed gray suspension was
evaporated to dryness to yield 58.9 g of crude (R,R)-Iciwith 99.0% purity and >99.9% cc. 15 The crude
product was dissolved in 1M NaOH (200 ml). TBME(#00 ml) was added, the aqueous layer was
separated and diluted with water (800 m1). Unde#gtiring 2 M HC1(105 ml) were added under stirring
(pH 5.5). The formed precipitate was filtered off washed with water. The filter cake was suspended
in methanol/ water (1:2) and the mixture was heated to reflux. After cooling to room temperature, the
suspension was filtered. The filter cake was 20 wHsREY with methanol and dried to yield 29.10 g (71%)

of (R’R)_I& }é\_’,&tﬁ% & %M%(‘%‘&Qv%%?%%cged under argon with the hydrochloride salt of 1-benzyl-4-
(3.4-difluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (45.0 g, 127.92 mmol},
10 [Ru(OACH((5)-2-Furyl-MeOBIPHEP)] (1.95 g, 2.56 mmol, S/C 50), triethylamme (12.94 g,
127.92 mmo!) and methanol (1.3 ). The asymmetric hydrogenation was run for 20 h at 30°C

."

under 40 bar of hydrogen (>99.9% conversion). After the pressure was released, the formed gray
suspension was cvaporated to dryness to yield 58.9 g of crude (R,R)-Ic with 99.0% purity and
>09.9% ce.

15 The crude product was dissolved in 1M NaOH (200 ml). TBME (400 ml) was added, the
aqueous layer was separated and diluted with water (800 ml). Under stirring 2 M HC1 (105 ml)
were added under stirring (pH 5.5). The formed precipitate was filtered off and washed with
water, The filter cake was suspended in methanol/ water (1:2) and the mixture was heated to
reflux. After cooling to room temperature, the suspension was filtered. The filter cake was

20  washed with methancl and dried to yield 29.10 g (71%) of (R,R)-Ic with 99.5% purity and
>09.9% ee.



-25 - Claims LA process for the preparation of (38,45)- or (3R,4R)-1 -benzyl-4-aryl-pyrrolidine-3-
carboxylic acid derivatives of formula 5 OH 1 or salts thereof, wherein X and Y independently of each
other are hydrogen or a halogen atom, with the proviso that at least one of X or Y is a halogen atom,
10 comprising catalytic homogeneous enantioselective hydrogenation of a compound of formula X or
salts thereof, wherein X and Y are as above, in the presence of the Ru-catalysts
[Ru(0AO02((R)-2-Furyl-MeOBIPHEP)] or [Ru(OAc)2((5)-2-Furyl-M-OBIPHEP)].. -26- 3. The process
of claims 1 and 2 characterized in that the hy&%‘genation Is carried out at a pressure of 1 bar to 100
bar. 4. The process of claim 3 characterized in that the hydrogenation is canded out at a pressure
of 20 bar to 60 bar. 55. The process of clai §111_;[9:4, characterized in that the hydrogenation is carried
out at a temperature of 20C to 100C, 6. The process of claim 5, characterized in that the

hydrogenation '% %mgccss% {hg ;g?ep gir:gzguote gﬁf »CO;[*O(E%O,&H~banzy§=¢»arylapyrrolidin@«{%w
carboxylic acid derivatives of formula

or salls thereof,
whergin

X and Y independently of each other are hydrogen or a helogen atom, with the proviso that at
least one of X or Y is a halogen atom,

10 comprising catalytic homogeneous enantioselective hydrogenation of a compound of formula

or salts thereof,

wherein X and Y are as above, in the presence of the meca‘talyst;s
[Ru(OACH({R)-2-Furyl-MeOBIPHEP)] or [Ru(CAC){(S)-2-Furyl-MsOBIPHEP)].

2. The process of claim 1, characterized in that X or Y with the meaning of halogen stands
for chlorine or fluorine.



7. The process of claims 1 to 6, characterized in that the hydrogenation is carried out with a 10 catalyst
to substrate ratio (mollmol) of 250 to 100'000. 8. The process of claim 7, characterized in that the
hydrogenation is carried out with a catalyst to substrate ratio (mol/mol) of 1'000 to 20'000. 9, The
process of claims 1 to 8, characterized in that the hydrogenation is carried out in a lower aliphatic
alcohol as solvent. 1510. The process of claim 9, characterized in that the hydrogenation is carried out
in methanol.  11. The process of claims 1 to 10, charaéterized in that the compound of formula ills
selected from 1-benzy1-4-(4-ch.loro-pheny1)-2,5-ciihydro-IH-pyrrole-3-carboxylic acid
monohydrate; 281Tbenzytsée(3;didichlondaphanyd-24a-piycee-fidnuralesdcatboxylic acid; 1< b
erizyl-4-(3 plessitill b01rBarphefydd:2,5-d i hydro- 1H-pyrrole-3-carb oxyli ¢ acid; 1
-benzyI:4oro-3-fluoro-pheny1)-2,5-dihydro- 114-pyrrol e-3-carboxylic acid,
4. The process of claim 3 characterized in that the hydrogenation is carried out at a
pressure of 20 bar to 60 bar,

5 5 . The process of claims 1 to 4, characterized in that the hydrogenation is carried out at a
temperature of 20°C to 100°C,

6. The process of claim 5, characterized in that the hydrogenation is carried out at a
emperature of 20°C to 80°C, ‘

7. The process of claims 1 fo 6, characterized in that the hydrogenation is carried out with a

( -
10 catalyst o substrate ratic (mol/mol) of 250 to 1007000,
8. The process of claim 7, cheracterized in that the hydrogenation is carried out with a
catalyst to substrate ratic {(mol/mol) of 1°000 to 20°000.
9. The process of claims 1 to &, characterized in that the hydrogenaticn is carried out in a
lower aliphatic alcoho! as solvent,
15 0. The process of claim 9, cheracierized in that the hydrogenation is carried out in
methanol,
1. The process of ¢laims 1 to 10, characterized in that the compound of formula IT is
selected from
{ I-benzy3~4-{4—chioro-pheny}}—z,S-dihydro»IH-pyrroie-B-ca:bsxyiéc acid monohvdrate;

20 i wbsnzyivé-(fi,é-diciﬂoro-pheny])-:l,S-dihydro-lH»pyrrole-?}ucarboxylic acid;
1 -beﬂzyi»-d.»(B,4»diﬂuaro»phenyl}-2,5-dihydm- IH-perole-é—carboxyIic acid;

I-benzyl-4-(4-chloro-3-fluoro-phenyl)-2,5-dihydro-1 H-pyrrole-3-carboxylic acid.



