PROCESS FOR THE PREPARATI ON OF PYROLLI DI NE- S- CARBOXYLI C ACI DS The i nvention
relates to a novel process for the preparation of (3S,4S)- or (3R 4R)-\-
benzyl - 4-WRapWgwA9ar yl ) - pyrrol i di ne- 3- carboxyl i ¢ aci d d&CTERR09866486
formula | or salts thereof, wherein X and Y independently of each other are
hydrogen or a hal ogen atom wth the ptleviso that at |east one of Xor Yis
a hal ogen atom The conpounds of forrmula | may be used as starting
materials or internediates for the preparation of pharmaceutically active
conpounds, especially for conpounds, which may be used for the treatnent of
central nervous systemdi sorders (Bioorg. Med. Chem Lett. 1999, 9, 195;

Bi oorg. Med. Chem Lett. 2004, 14, 941). A process fort the preparation of

enanti o [ ' [

nant | osERot SR BICPREF SR ALRDEPIHALL EBIPES AR TLIE fIDS ) wo
2007/ 1 13 155. The process was found to be unsatisfactory with regard to
the reaction conditions needed, the achievable yield and the enationeric

purity ]Qf trine inveatdn Matwt@du(btvel @@b@@forﬂﬁe plepaptiesen3Sidsyeant(BBAR)Her ef or e
was to.fin re econoni e an e ec r n nethod for the
prepar&?ﬁ@’4%@“@ﬁ%“3%ﬁ5%ﬂﬁﬁ?”§ F%'ﬂlﬁlcﬁCI (ﬂ“mp&%(ﬁqﬁ@ﬁh%ﬁlch can be

carried out under noderate conditigns and which results in high yields and
hi gh enantionmeric purity of the pro t. It was found that this object
could be reached with the process e gresent invention as

o’

OH

or salts thereof,
5 wherein

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

at least onc 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. 2004, 14, 941).

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

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

Object of the present invention therefore was to find a more economical enantioselective
hydrogenation method for the preparation of the compounds of formula I, i.e. a method which
can be carried out under moderate conditions 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 invention as

outlined below.



outlined bel ow The process for the preparation of

(3>S,41S) - | - benzyl - 4- hal ogen-aryl - pyrrolidine-3- carboxylic acid

deri vati we® 20fo/depmoaul a | or salts thereof, wherein X an@#CY/EHP@epessdent | y of
each other are hydrogen or a hal ogen atom wth the proviso that at |east
one of X or Y is a halogen atom conpri2ses a catal yti c honbgeneous

enanti osel ective hydrogenation of a conpound of fornula or salts thereof,

wherein X ar e bov r f t he

for mul a Ruq?‘erf?cﬁssl fP]f SRSt dtlon‘f;f?g‘%r@sgﬁ F 491&10 e&rﬁ%%mﬁlﬁ%r epresent s
Ci _7-alcktjobxy%uarhddalx@pwa:mfatbﬂnyulsllbst| tuted wit h haI ogen and D represents a
chiral di phosphine |Iigand. Unl ess otherw se indicated, the follow ng
definitions are set forth to illus¥rate and define the neani ng and scope of
the various terns used to describe i nvention herein. The term hal ogen
used for X or Y preferably standy rine or fluorine. In a further
preferred enbodinent X is chlorine or iote and Y i s hydrogen, chlorine
or fluorine. In an even nore preferred/enpodinent X is chlorine and Y is
hydrogen. Accordingly preferred startihg-congounds of formula Il are

sel ected from |

or salts thereof,

5 wherein

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

at least onc of X or Y is a halogen atom,

comprises a catalytic homogeneous enantioselective hydrogenation of a compound of

formula

10
or salts thereof,
wherein X and Y are as above, in the presence of a Ru-catalyst of the formula
Ru(T)2D 11
wherein,
15 T represents the group A-COQO’,

A represents C7-alkyl which is optionally substituted with halogen and

D represents a chiral diphosphine ligand.



| - benzyl - 4- (4-chl or o- phenyl ) - 2, 5-di hydro-| H pyrrol e-3-carboxylic acid
nonohydr at e;

| - benzyl -\WOQR81046798h| or o- phenyl ) - 2, 5- di hydr o- | H pyr r ol e PSTERZHWER9G4BE aci d;
| - benzyl - 4- (3, 4-di fl uor o- phenyl ) -2, 5-di hydro-1 H pyrrol e-3-carboxylic acid;
| - benzyl - 4- (4- chI or o- 3-f| uor o- phenyl ) -3; 5- di hydr o- | H pyrrol e- 3-car boxylic
acid. The term "hal ogen" used for R3 and / or R4 refers to fluorine,

chi or i ne. RE.AL B AR, J,ad! (g%ktqwi&wﬂhg%ﬁmomb&e BB NS RAL LAPAOSING

preferred. Perm n conbi nation wth o
groups thermeaemg angl sgopy affibh @@rms tempsalsghio ddseiiihe the HBPRIIQMECTENK y | r ad| cal of
one to seven carbon atons, preferably one to four carbon atons. This term

: :0{0 ;J :) |to Dler Tﬁé Eéa?i Halld e oo fo@da &y @g&b&ﬁbl essanamd}%mrﬁl% [@y Fluofing Hl?ﬁ)ﬁlrther |
U I SO t
n- hexyIPrefored ?1”9‘?%{5@94“ hsoéi'tl‘ﬁglel qr&E’O%/l%f‘%? ﬁiﬁdfagﬂ{; Fﬂl ﬁ3¢ Pi @ﬁn‘?éﬁe?/b' arupe%/ hyl

I S especérambie pekired eatlodifivat Xes ohlofhe ZndaY Ky Rydypgdnonal |y substituted with
hal ogen" refers to a G _7-al kyl group as defined above wherein at |east one

of the hydr ggmn(%? ple ﬁe%'s@fhﬁooq-}gﬁpouﬁas spﬁmﬁﬁql Q% L1cbRlegen atom

preferably uor e pre erred hal ogenated | ower al kyl
groups are trifluoronethyl, difluoronethyl, fluoronmnethyl and chl oronethyl.

The t er m " ¢rbenzerdcthgiiotoephenyl)1265-dihyeion (HYH? e'%rP%@?PXBd)\C acif pANQYEr3iEani ng
of G _1%- @én%ylu- 4@1;&1‘1'&0 pﬁé@ﬂﬁh%%lﬁff&@&fgﬁ&dﬂ@&%%@@ﬂ@ agide e.g. methoxy,

et hoxy,. propo rop xyl.oxy, w th nmethoxy
bei ng  dsPEeYlat @4 Pg?f}/yl)l'frg ‘fl)?;%rr?"l pleiy @r)gaﬁaaiﬂxé{ﬁ? %‘38 refers to a group
(CLro7 -labdnyyl}4-24- NﬂordAB-tﬂlﬁoquphdﬁI@Bm,M_ﬂQﬁrcﬁiﬂ pyrralkycarexgizoacel. Exanpl es of

di -G _7-al kyl ami no groups are e.g. dinethylamno or diethylam no

The term “halogen” used for R*and / or R* refers to fluorine, chlorine, bromine and iodine,

with fluorine, bromine and chlorine being preferred.

The term “C;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 methyl, 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 Cy_7-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 halogenated lower alkyl groups are

trifluoromethyl, difluoromethyl, fluoromethyl and chloromethyl.

The term “C;7-alkoxy” refers to a group Cy7—alkyl-O-, with the meaning of C;7-alkyl as
above. Examples of C;7-alkoxy groups are ¢.g. methoxy, ethoxy, propoxy, isopropoxy, butoxy,

isobutoxy and hexyloxy, with methoxy being especially preferred.

25 The term “di-C; 5-alkylamino” refers to a group (Cy7—alkyl),-NH, with the meaning of Cy.
s-alkyl as above. Examples of di-C, 7-alkylamino groups are ¢.g. dimethylamino or diethylamino

with dimethylaminio being preferred.

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



wi th di nethyl am nio being preferred. The term"tri-G _7-alkylsilyl" refers
to a group (G h-alky 1)3-Si, with the meaning of G _7- alkyl as above.
Exanpl es P 201/06¢7937- al kyl silyl are e.g. trinethylsilyl PEA/EPROSOPRIBE| | y| |
with trimethylsilyl being preferred.-AThe starting conpounds of formula I
are accessible by the nmethod provi ded #n the schene bel ow. Scheme 1: r.t.
r.t. Vla 1X =C1lY = HValX = d1Y = HM 1X=C1lY = HVIb 1X =Y = Cl

Vb1X =Y =N AR= vid
& 1y ity Qg T foyVphficiog profidcein T hclofe
anal ogivelaw described in J . Med Chem 1992, 233-24 1; THL 2004, 3265 or Org.
Bi onol . Chem 2004, 2763. The starting conpound of fornmula Il i.e. the
hydr og&abtoh: substrate preferably is in the formof the free acid or the
nmonohydrate thereof. Alternatively the carboxylate, which cag be forned
fromthe free acid gr even froma salt of the coppound of for all by
conversion with Uresbl e base, can be usedMeSii thhbl®eas
tertiary am nes bdaeR,) kel icul kyl am nes. Preferred b#se is triet

Cs,CO,, THF, reflux o TFA, CH,Cl,, rt.
XOI = X—@%« - f}l
OEt i Bn

2) NaOH, dioxane, r.t.

Via,X=Cl,Y=H Va,X=ClLY=H lla,X=Cl,Y=H
Vib, X =Y =Cl Vb, X =Y = Cl b, X =Y = Cl
Vi, X=Y=F Ve, X=Y=F lle,X=Y=F
Vid,X=Cl,Y=F Vd,X=Cl,Y=F lld, X=Cl,Y=F
5 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.e. the hydrogenation substrate preferably is in the

form of the free acid or the monohydrate thereof.

Alternatively the carboxylate, which can be formed from the free acid or even from a salt
10 ofthe compound of formula II by conversion with a suitable base, can be used. Suitable bases

usually are tertiary amines like tri-alkyl amines. Preferred base is tricthylamine.

As outlined above the Ru-catalyst used for the catalytic homogeneous enantioselective

hydrogenation has the formula
Ru(T)D 1
15 wherein,
T represents the group A-COO” wherein
A represents C7-alkyl which is optionally substituted with halogen and
D represents a chiral diphosphine ligand.

T preferably is selected from CH;COO™ or CFzCOO™ and more preferably stands for
20 CHsCOO'.

A preferably stands for methyl.

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



As outlined above the Ru-catal yst used for the catal yti c honbgeneous
enanti osel ective hydrogenation has the fornmula Ru (T)2 D11l wherein, T
repr esentWORAW/MPHWEp A- COO wherein A represents Ci _7- al REI/ERRYOIG6G486
optionally substituted with hal ogen and D represents a chiral di phosphine
ligand. T preferably is selected from-GH3COO or CF3COO and nore preferably
stands for CH3COO . A preferably stands for nethyl. The chiral di phosphine
ligand D is selected fromthe groupréonsisting oflVa IVb lYyc IVd |IVe
wherein Ar is 2-thienyl, 3-thienyl, I2-furyl, 3-furyl, phemyl or phenyl
substituted b P oAr nore Cl- 7-alXyly Chr 7-al koxy, pheny,
? ~P+ M- mor phol i pe P~ _7-al kyl gi y

R2 is G-?-aIE\l C _7-al koxy, hydroxy or -OC(O-C
pehrcl ohexyl ; R R

Ar

Ar S 1 Ar
R* A
IVa Vb Ve
Ar
P\
"
I I:,\/Ar
Ar
Ivd Ve
wherein
Ar is 2-thienyl, 3-thienyl, 2-furyl, 3-furyl, phenyl or phenyl substituted by one
or more Cj7-alkyl, Cy7-alkoxy, phenyl, di-C, 5-alkylamino, N-morpholino
5 or tri-C, 7-alkylsilyl;
zZ is N or C-R’;
R! is Cy7-alkyl;
R’ is Cy-alkyl, C7-alkoxy, hydroxy or -OC(O)-C;-alkyl or —OC(O)-
cyclohexyl;
10 R’andR* independently from each other are hydrogen, Ci7-alkyl, C;.7-alkoxy,
halogen or

di-C,7-alkylamino; or

R2 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—; or —X-(CF,)-X- wherein X is O or C(0)O, Y is O or
N(C,7-alkyl) and n is an integer from 1 to 6.



R3 and R4 independently from each other are hydrogen, G _7-al kyl,

C _7-al koxy, halogen or di-C _7-alkylamno; or R2 and R3 or R3 and R4 which
are attacWORtPodé same phenyl group or both R2 attach@ETER2¢O06@BENt
phenyl groups, taken together, are -X-(CH 2)n-Y-; or -X-(CF 2)-X- wherein X
is Oor (OO Yis Oor N(C _7-alkyl)%and n is an integer from1 to

6. Sui tabl e ligands can be selected from Mre preferred are the |igands of

f or mul %u Mﬁ‘ﬁ-héﬂdﬁ?‘mgs 1%“??‘2% ‘&LS]) or (i?)-2-Furyl-MeOBIPHEP is the nost

preferre pre catalysts of formula Il are

[ Ru( Wum PHER) I, R p Y »veOBI PHEP) |,
wher eif n”/A é § orEacetyI. Th(ég) |6ﬁg§5pme“f‘f‘¥’°§%’§’?e§@ 253 own| above are
known|in the art and are conmmrer|cdiglbiy(diphahylphdsphivr) may be prepared for
exanplle_as described in the Eurlope i i

0' 398" :(&)291\/@083 -Mglp2 Téapbthylbr- MVEICBI-RRIER)- (6.6 hRimmtopbilicedr3-3n  Woo6/ 01831 or

by T. et al. Og 2000, ¢ 2063 (TMBTP). | The net al
conpl e=xes 1?{%3{]‘:’8 Ac)2(d| phosphl neﬁIf E‘le éggwne :ﬁ&;’x he art and arg prepared
for exanple as described in US Haltph‘mtylp.HSSIBm&)SSZ 204 or synt hesi zed in

anal o dure repnorted in N anonetallics

1997, WWM i 0 Sg‘tﬂrt(ﬁb@6 rQE%%th%’Wlbé g’cp.ﬁﬁnﬂl/dr ogen
presalre of b bar (0,100 ber, pelessibualodiummeo bar, fnre
200C and 1000C, preferably bet V\Lqﬁr@nil()lﬂ(bsﬁlmde)

(S)- or (R)-3,5-1Pr-MeOBIPHEP (S)- or (R)-(6,6’-Dimethoxy[1,1’-biphenyl]-
2,2’-diyh)bis[bis(3,5-di-iso-propyl-
phenyl)phosphine)

(S)- or (R)-2-Furyl-MeOBIPHEP (S)- or (R)-(6,6’-Dimethoxybiphenyl-2,2’-
diyl)bis(di-2-furylphosphine)

(S)- or (R)-2-Thienyl-MeOBIPHEP | (S)- or (R)-(6,6’-Dimethoxy[1,1’-biphenyl]-
2,2’-diyh)bis(bis(2-thienyl)phosphine)

(S)- or (R)-3-Thienyl-MeOBIPHEP | (S)- or (R)-(6,6’-Dimethoxy[1,1’-biphenyl]-
2,2’-diyl)bis(bis(3-thienyl)phosphine)

(S)- or (R)-3,5-Xyl-MeOBIPHEP (S)- or (R)-[6,6'-Dimethoxy[ 1,1'-biphenyl]-
2,2'-diyl]bis[bis(3,5-

dimethylphenyl)phosphine
(S)- or (R)-TMBTP (S)- or (R)-2,2’,5,5’-Tetramethyl-4,4’-
bis(diphenylphosphino)-3,3’-bithiophene

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

is the most preferred.

5 The most preferred Ru-catalysts of formula IIT are [Ru(OAc),((R)-2-Furyl-MeOBIPHEP)] or
[Ru(OAc)((S)-2-Furyl-McOBIPHEP)], 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 073987132



600C, nore preferably between 200C and 400C. As a rule the hydrogenation is
carried out with a catalyst to substrate ratio (nol/nol) of 250 to | GO QOO
pr ef er abl'yO@P1010689® t 0 20000 nore preferably of 5' 000 t BCTHBAYI/0GHE6
reaction is usually carried out in a |lower aliphatic alcohol as solvent.
Most preferred solvent is nethanol. Th€-enantioneric purity of the
resulting (35',45)-1-benzyl -4-hal ogen-aryl -pyrrolidine-3- carboxylic acid
deri Va'(Mé@BI)PHTéZB[ BokiPr- Meb]EBIBHEa),rthué BCTPablitvitgph WO6/0n83 I oir iyhBrBgumdotiatat i on
is necessary. Separation fromthe catal yst can happen by setting the

reacti éh %@5&&1?@6@02%%9% é%@MBﬂgd by extracti g?\ Wi t% an or ggni ¢ sol vent
and precipitating the product fromthe aqueous layer at the isoelectric

poi nt. Tfh %Jtﬁlcbrﬂr}‘gle&gs mcsﬁdlﬁﬁ@slphmbj] | S kh AN LinttRE art ANE Bl REpadd foput

limting it breviations: r.t. = roomtenperature, THF =
tetr ahydam}blaraade;scﬂ‘lBMEm:US &ntent Hﬁf@b’Sﬁétﬂﬁ)ﬂlor @thberlzeliDAaﬁﬂlq’g}tﬂt?lmneml

dIISOpI’ l,am de on of he st n s of formula I1I:
mpl é’r&yfiuréé g@iﬁ PP %%%9‘?1}1 Sg?ﬁggb% pyrrol e- 3- car boxyl i c
aC| d (Ha) Ma a) (4 Chl or o- phenyl) propyn0| c acid ethyl ester (Va) Under

ar gon athenghetmition shibly teekphtagh Wasogehargeasteof i bar to 100 bar, preferably at
| - chl or 0- 4-i odo- benzene (130.0
20 bar to 60 bar, more preferably at 35 to 45 bar.

The reaction 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 (mol/mol) of 250 to

100°000, preferably of 1’000 to 20’000 more preferably of 5’000 to 15°000.

15 The reaction is usually carried out in a lower aliphatic alcohol as solvent. Most preferred solvent
is methanol.
The enantiomeric purity of the resulting (3S,4S)-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 solvent and precipitating the product from the aqueous

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

25



0.55 nol ), bis(triphenyl phosphine) palladiun(ll) chloride (7.57 g, 10.8
mmol, 2 nol %, copper(l) iodide (4.19 g, 22.0 mol, 4 nol% and dry THF
(1.4 1). 92ﬂ1W06979ée3| um carbonate (355.3 g, 1.09 nol, P2CEEPRIORAes48eded
over 5 min. Afterwards propynoic acid ethyl ester ( 111.3 nm, 1.09 nol, 2
eq.) was added and the reaction mixturé-was stirred over night at 350C. An
addi tional portion of propynoic acid ethyl ester ( 11.1 m, 0.1 Inol, 0.2
eq.) was added and the reaction stimxathplér an other 3 h at 350C. The
reaction m xture 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
400C for 1 h and filtered over celite. The filtrate was concentrated and
the product purified by silica gel Abbletiagidnson (tol uene / heptane 1:2) to
yield 72.6 g (61% of Va as a light yellow solid. b)

| - Benzyl - 4- (4 chl or o- phenyl ) -2, 5-di hydro-| H pyrrol e-3-carboxylic acid (Ha)

At rg t

N ( rret ﬁ(’t)x @%ﬁéﬁgpg%‘?phg{ngl r%%ttr %hyfiso-%a?ﬁ]?l\n/le% hyeirts |bW|1§” ty he%r%lDr{% ( 116.8
g, 0. 49%ithinm)diisoprehlyl@nide260 M) was added dropw se over 90 mnto a stirred
sol ution of (4-chl oro-phenyl)-propynoic acid ethyl ester (72.0 g, 0.34 nol)
and trifluoro acetic acid (2.5 mM, 0.03 nol) in CH2A (350 m). The
reaction m xture was ﬁéﬂagﬁgn%qt@t%gg&hpm@%f%}ﬁllup&flqervvards evapor at ed
to dryness. The residue was dissolved Tn dioxane (0.8 1), an agueous
solution of NaOH (912.0 ml, 1.02 nol, 3 eq.) was added and the resulting

erruniﬂs/i gg vvag gtirred at r.t. for 48 h. The | ow boiling organic solvent was

vacuum water (0. 9 1) was added and the aqueous | ayer
separ atleﬂeﬁgmmh%% ghé HHIBYRiKydto 1 H- ﬁme-acw%s@hé ayeyas then acidified
to a pH val e of 2. diti on of 2 The resulting suspensi on was
stirred over night, the white prec9'| ate vvas filtered off, washed with
wat er and et hanol and dried under @ vacuumto yield 62. 0 g (60% of Ha
as a white solid. OH

N

o

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(IT) chloride (7.57 g, 10.8 mmol, 2 mol%), copper(I)
iodide (4.19 g, 22.0 mmol, 4 mo1%) and dry THF (1.4 1). At r.t., cesium carbonate (355.3 g, 1.09
mol, 2 eq.) 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 reaction 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 yield 72.6 g (61%) of Va as a light yellow solid.

25 b) 1-Benzyl-4-(4-chloro-phenyl)-2, 5-dihydro-1H-pyrrole-3-carboxylic acid (Ila)
At rt., a solution of N-(methoxymethyl)-N-(phenylmethyl)-N-(trimethylsilyl)methyl amine
(116.8 g, 0.49 mol) in CH,Cl, (260 ml) was added dropwise over 90 min to a stirred solution of



ES-M5 me: 312.4 (MH+) . Exanple B

| - Benzyl - 4- (3, 4-di chl oro- phenyl ) -2, 5-di hydro-| H pyrrol e-3-carboxylic acid
(1'ib) 1ipVaR@6IA3ID chl or o- phenyl ) - propynoi ¢ aci d et hy PCESP200H$6 Under
argon at nosphere, a four neck flask was charged with

| , 2-di chl or o- 4-i odo- benzene (222.8 g, €:-80 nol), bis(triphenyl phosphine)

pal l adiunm(Il) chloride ( 11.2 g, 16.0 mmol, 2 nol %, copper(l) iodide (6.09
g, §2684 anelo- p%n@iﬁ%pyi@(ibdxhéd/eﬂiyl:es(& (2.0, 0.34 ntal): and tdﬁsbmmmiﬁrabidr(éﬁem( 526. 6
g, ed over 5 m nutes t ojc acid

et hyl 9&3&101Q 1168H6C]m(3501 Mo s rea@l%]cfn)"t%ﬁ?aédﬁrer%‘f}% %ﬁ%"q? ni xt ur e
was sti, froRr cid

et hyi g Ay T R e B L R 1?@%{?9?%#@5t i rred
f or aneblton 4f Na@H (3510(1’.111 T2 maag . Q:Waﬂad{dadraedmla&sreelﬂap@matlbwnt\masmtmé% and

t he residue in tal d .h
resudl t 0%“%\% gs?fg?l}%go ?ﬁ‘fntg’f?@éel?l ) Eunlqelg %1?1?1,@ 801 )(())\Rawa%el ite.
The filpgcf SR acﬁf%ﬂﬁﬁﬁ%ras%ﬁﬂaﬁﬂ(in& %st&rdaﬂlupTBmapy rTHd RS 18ydrived tigal

filtration (toluene / héeptane 1:2) to yield 175.09g (89% of Vb as a white
sol id. layldlﬁed to a pH value of 2.5 by addition of 25% HCL. The resulting suspension was stirred over

( | :3 E;] Z%hlgh} t&g Wﬁgg !ng%hﬁtgg \Q%ﬁeﬂyergd off, Was'hha/ Vi Waterpa¥1d eﬁlaﬁoﬁan(aacfrgfi)ﬁ}ﬁhér%lgt? Id

N- (et %WE%&M x| @ sratdnsl o) whitd dotidmet hyl si | yl ) met hyl am ne (262.5 g,
was added dropw se over 60 mn to a solution of

1. 06 nol

(3,4 (ﬁ&MSom@- éh%ﬁiMHp}opynm c acid ethyl ester (172.0 g, 0.71 nol) and
trifluoro acetic acid (5.4 m, 0.07 nol) in CH2C 2 (0.7 1). The reaction
mxture was stirred at 25 OC for 2 h. It was then

Example B
1-Benzyl-4-(3,4-dichloro-phenyl)-2,5-dihydro- 1H-pyrrole-3-carboxylic acid (IIb)
Cl
cl Q

OH

N

o

iib

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(II) chloride (11.2 g, 16.0 mmol, 2 mol%),
copper(l) iodide (6.09 g, 32.0 mmol, 4 mol%) and dry THF (2.4 I). At r.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 35°C. An
additional portion of propynoic 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 1). 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.



evaporated to dryness and the residue was di ssolved in dioxane (1.6 1). An
aqueous solution of NaOH (1.0 1, 1.9nol, 2.8 eq.) was added. The resulting
enul si on WO 281H/46P¥F at r.t. for 20 h and the | ow boil i nGCHEFAHOHoHB¢ vent
was renoved under vacuum Water (2.0 1) was added, the aqueous | ayer
separated and washed with TBVE (2 tine&0-1.2 1). The aqueous | ayer was then
acidified to a pH value of 2.5 by addition of 25% HC . The resulting
suspengj QYBMBS- Mmﬁdﬁshi@w@de@v)ez Snlilglao-dHdpytrhde \Kkﬂatflﬁaxphead:zd i(ilat e was

filtered off, washed t nd eth I h
yield mt@agolpgém@fm%meﬂ&%%@yméh@% Hheihs RS- fEmerhe s Bt g Rty

Exanpl 1.06 mo)),in CH,Cl, (0.6 as added. dropwise over 60 min to a solution of (3,4-
| - Benz$7f %3 - PI uor 0- ph p (enyll)W éildh dro-| H pyrrol e-3-car box(l ic acid

(lie) WWO@ﬁIﬂylH)fdelO-ﬂpﬂ@ﬂWl ):stpn(d@? A, 0.7dcnal) endtyifluestagetic(aged (Suuhthdr

FDAS n Ofngea Hai: (611, The feustion Hidti Pl PE ol et e 52rh W58 Bbapynot
aci d etbylortsd & dr?é@ss 2n@theQedidi®las dissbBc@dn )ildihﬁ@@' & gdAh @qud'ﬁs ccftiod of was

added dro W se w mn and afterwards ZnBr2 g, 12mol, 1.2
eq.) dll‘@élﬂ (ﬂeelllln9rif¢lF2(8¢§)WV8)S adégi a@qwuum@m@@wwmd@@rmfﬁr 20np pd thene

addltl 2-Difluoro-4-i0 I

Fetr akiey OPiBEERIH SRR e “BRraar trey s byt 0 IR dafh e aqyeqys
react i Qg chkepabti®l MRSwahtOWee Itwvs,qu Mrde@ 112 1).. Tl&mdlus@usrwm whagthoanoidifed B h at
the sane tenperature. The reaction mxture was diluted with diethylether,
wasHed D Yalusefi 2: Ay edditioneb2%0 NIl The pasukting sespartieibyas 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 g (83%) of IIb as a white solid.
ES-MS m/e: 346.0 (M-H").

15 Example C
1-Benzyl-4-(3,4-difluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (Ilc)
F
F Q

OH
>t
llc

a) (3,4-Difluoro-phenyl)-propynoic acid ethyl ester (Vc)

Under argon atmosphere, a four neck flask was charged with THF (135 ml) and 2 M LDA in
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 dropwise within 30 min.

After the addition of 1,2-Difluoro-4-iodo-benzene (25.0 g, 0.10 mol) 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 NHyl, saturated aqueous

NaHCO:; and brine. The organic phase was dried with Na,SOs, concentrated under reduced



NaHCO and brine. The organic phase was dried with Na2SO , concentrated
under reducedpressure and dried under vacuum The residue was purified by
silica geVoP1®e6di%on (heptane / ethyl acetate 98:2) toPETAPRHESY (76%)
of Vc as light yellow oil. ES-M5 nVe: 210 (Mt) . D)

| - Benzyl - 4- (3, 4-di f | uor o- phenyl ) - 2, 5-di hydr o-1 H pyrrol e- 3-carboxylic acid
(lie) At r.t., trifluoro acetic acid (0.1 1 m, 1.34 mol, 0.1 eq.)

foll OV\?d:smfe bhd gEédoadereaduyihy) The residue was purified by silica gel filtration (heptane /

henyl nmet hyl ) t hyl si | t hyl 4.89 g, 20.2 |, 1.5 .
\(/vgre aéﬂ’éfha‘}éﬁ%%% éétotﬁgglé ﬁétqsé dél’a))gcl\fﬁ"is Frghggelfow oil. e ed.)

(3, 4- diddl YRrQ7PHEN propyn0|c acid ethyl ester (2.83 g, 13.5 nmmol) in CH
c (80 MW%e yeWow sol uti on was stlrred at r.t. for 18 h. Trifluoro
acetic acid (0.034 m, 0.44 mmol, 0.033 eq.) and

N P L) B TR b R BT, 7 (5 S
e
cyapor ke Bﬁ%ﬁaﬁ?ﬁ%&@@? o o ey 18 W)‘%@?"?ﬁﬁ?&‘*’ ”)‘%ﬁ“

r eis ul t ;(pig:nehnﬂthylbﬁﬂd(ﬁameéw snliyameﬁwla,mme (4 89 2130 hmaned, l hed) sRrdedeing or gani ¢
sol vent, was. reno
queoudriiyt ST ERY Rl on AP GHERDNRRED R B ont el e s AR 38 Bt

| ayer s nyas®§ mI\@H'?@Q (80 ). trh@yélﬁme sdletién was afrrodadk ef. £l mq)rlﬂuﬂn@cemdmlmed
aqueous | ayers were acidified r@é\laddl tion of aqueous 3M H The
r estf) t i(B§3% oo momp L83 S eq.  ansN(Biethegymethy D {Pheﬁﬁ@l%mli -&- é‘ﬂ@@{t’d isiliDe was

L RS B B B0 6L O L 58 i e <
Exanpl @vhiporated to dryness and the residue dissolved in dioxane (40 ml). 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 organic solvent was removed under reduced pressure. Water (40 ml) was
15 added, the aqueous layer separated and washed twice with TBME (50 ml). The organic layers
were washed with the same portion of water (15 ml). The combined aqueous layers were
acidified by addition of aqueous 3M HCI (12.4 ml). The resulting suspension was stirred for 48 h
at r.t. The white precipitate was filtered off, washed with water and ethanol and dried under high
vacuum to yield 4.25 g (58%) of Ilc as a white solid.
20 ES-MS m/e: 316.3 (M+H").

Example D
1-Benzyl-4-(4-chloro-3-fluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (I1d)
Cl
F Q

OH

o
Id
25  a) (4-Chloro-3-fluoro-phenyl)-propynoic acid ethyl ester (V)
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(IT) 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



| - Benzyl - 4- (4-chl oro- 3-fl uor o- phenyl ) -2, 5-di hydro-| H pyrrol e-3-carboxylic
acid (Hd) Md a) (4-Chloro-3-fluoro-phenyl)-propynoic acid ethyl ester (Vd)
Under ar g¥f 28t0Wie818Bere, a four neck flask was charged WPEHR/EP2009/066486

| - chl or o-2-fl uoro-4-iodo-benzene (50.5 g, 0.20 nol),

bi s(tri phenyl phosphine) palladiumll)-thloride (2.76 g, 3.94 nmol, 2 nol %,
copper(l) iodide (1.50 g, 7.80 nol, 4 nol% and dry THF (600 m ). At r.t.,
cesi um(Ea.bg) rtgmﬁdhlzlﬁ ¢3.) vas @d@&rmder 5 ZnirFihallyapropgdeid aoiderthyd estien(38F gmdl. 3%y,
propynoi ¢ acid et ester (38.6 ¢ 39 nol , 2 was added and the
react i 61wkl ey addgd pad ﬂl@gefﬁ:tlgfl “6“3@“?‘?1@“ 4§6{1th-3§9€ ?ﬁl}&rﬁ?céloﬁé@’“é\li%ﬁ@? at ed

to drynessab to &S ShAHR MESud BA8BkdPuy B hRLME Iﬁﬁgndﬂlépt lb@ ﬁﬂ)’iﬁ%e( 100
N

m). The resu suspensi on was stirred at 400C for 1 h an | tered
after vvafwkmg\smpemelbnm stitred #ti40°€ ol Wasd Eibercd nftearaads aved C@lh@ ]Eimd&itr@tte was

fied b | fil
(5755 orseneroveag 8F thegod rEhmom it - ed soh RERR aiiche Rt faplp © ©
| - Benzyje 1&3%gC(be%I)efﬁlef\l’dla)whghfeyeﬂé\h@hcﬁ di hydr o- 1 H-pyrrol e- 3- car boxyl i c
acid (rid) At t., asolution o

N- ( met IE@xMﬁanhyBﬁN(MpHe)nyl methyl ) -N-(trinmethylsilyl)methyl amne (61.3 g,
0.26 mol) in CH A (120 m) was added drop wi se over 90 mnutes to a
stirred solution of (4- chloro-3-fluoro-phenyl)-propynoic acid ethyl ester

(39.0 g)§ 1BekéyIvD Y ciabfb-3 ﬂuéﬁwﬂf@ymdmy@@m@ww ﬁbarb@xﬂib agal Jlld)n CH2Cl 2
(170 M ). The reaction m xture was stirred at for 72 h and afterwards

evalfbr ditad., esolgtigmesN-(mprhoxymsthyheN Wﬁ%el\ﬂ”ﬂ@%téyk)%(tﬂﬁle&w&ﬂé’@@e(@@ eme) (61,80
eaucots, 3990 o AR5 0 ooy TRy e o kot gt b,
sol ventchivas-3rfausby-pcriytdgiopyade ueid cibét ester((390 gy0)1 7wasl) and trifluoroacetic acid
(1.30 ml, 0.02 mol) in CH,Cl, (170 ml). The reaction mixture was stirred at 25 °C for 72 h and
afterwards evaporated to dryness. The residue was dissolved in dioxane (390 ml). An aqueous
15 solution of NaOH (45.0 ml, 0.48mol, 2.8 ¢q.) 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 night and the white precipitate was filtered off, washed with water and ethanol and
20 dried under high vacuum to yield 42.0 g (75%) of I1d as a white solid.
ES-MS m/e: 330.1 (M-H").

Synthesis of catalyst [Ru(OAc)((R)-2-Furyl-MeOBIPHEP)] and of catalyst [Ru(OAc),((S)-2-
Furyl-McOBIPHEP)]:

25
Example E
[Ru(OAC)2((R)-2-Furyl-MeOBIPHEP)]
A 500-ml round bottomed flask was charged under argon with (R)-2-Furyl-MeOBIPHEP (30.0 g,
51.5 mmol), [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 ml) and pentane (150 ml) and dried



added, the aqueous | ayer separated and washed with TBME (2 tinmes 100 ml).
The aqueous | ayer was then acidified to a pH value of 2.5 by addition of
25% HCl . WRQVH$HTI%i ng suspension was stirred over ni ghPCAFR2Q09806648¢ t e
precipitate was filtered off, washed with water and et hanol and dried under
hi gh vacuumto yield 42.0 g (75% of HB-as a white solid. ES-M5 me: 330.1
(MH+) . Synthesis of catalyst [Ru(OAc) ((i?V2-Furyl-MOBIPHEP)I and of

cat al yst r.{ R+(1GAC)sRr (&uuidrtoFtisly B6 ¥eQBBPHIBP) Ru(O A3A(RI 2 Flryl-MeOBIPHEP)] as

[ RU(OAc) 2( (i ?)-2-Furyl -MeOBI PHEP)] A 500-m round bottoned flask was

char ged ¥d %rﬁohﬁ‘gon with (i?)-2-Furyl-MOBIPHEP (30.0 g, 51.5 mml),

[ Ru( QAc ) 7 . ol uene (525 m). The

resul ti ?S&W%@EZpgkgﬁgm%glettiﬁf% at go%gqf?)r 24 h. The resulting

yel | ow- br own suspensi on was concentrated on vacuumto a total volune of 250

m and stjrred for 1 t O- The suspension was filtered and the filter
cake Wéé (ﬁééﬁé&&éfm?é&%&@%@b m) and pentane (150 nml) and driedat r.t.
for 16 Asendesunasoiemet Flayit fadlciRe &&d(elgéﬁgﬁm Qfith (S)-2-Furyl-MeOBIPHEP (500 mg,
[Ru(OAc)Z((|’>)-2 Furyl - MeOBI PHEP)] as a yellow solid. 3 1P-NVR (CDO 3

31. 8 pPrAAmimbl BRu(PAckp-wBneia] (3362ng, 1 93) mmof)Rud @aleyne (10 ml). The resulting

2((5)-2-Furyl - MeOBI PHE bot r
ar gon R {EPIBIGH Wy st%;eg& g%ég%o(r ng ri‘ljle ,reaﬁ%lgrg%%(tu e)%eﬁ[c;gﬁf Sia@d%%%aum
2( 1 ?- cxoenstillvol@iOo N mi Gheddn ml)aaﬂ; ddabdiemethe Mixig waél'éiﬁ*rerdefétlB(D g atg-own
suspensi on was stirred at 800C fo h. The reaction m xture
contkentrat Blee spssionugras filtered and the ﬁlter cake was washed with pentane (20 rnl) and dried

at r.t. for 16 h under vacuum to yicld 569 mg (81%) of [Ru(OAc)»((S-2-Furyl-MeOBIPHEP)] as

a yellow solid.

3IP_NMR (CDCL): 31.7 ppm (singlett). FT-MS m/e: 762 (M ).

15 Hvdrogenation examples:

Example 1
(3S,45)-1-Benzyl-4-(4-chloro-phenyl)-pyrrolidine-3-carboxylic acid, (S,S5)-Ia

Cl
2 > o]
%, }\"OH

N

o

(S,S)-la

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(OAc)((R)-2-Furyl-MeOBIPHEP)] (3.83 mg, 5.02 x 10° mol, S/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% (S,S)-Ia with >99.9% ce). After the pressure was released,

25  the white suspension was stirred at 0-5°C (ice-bath) for 2 h, filtered and the filter cake was
washed with 20 ml ice-cold methanol and dried under vacuum at 40°C to yield 4.75 g (99%) of
(S,S)-1a with 99.0 % purity and >99.9% ee.
ES-MS m/e: 316.1 (M+H)).



to a total volune of 2 M, pentane (20 nml) was added and the m xture was
stirred for 30 mn at 0- 5C. The suspension was filtered and the filter
cake was WAIRWPRX®Bh pentane (20 M) and dried at r.t. PEA/EPBIA/OoHEEr
vacuumto yield 569 ng (81% of [Ru(QAc)2((S-2-Furyl-MOBIPHEP)] as a
yellow solid. 3 1P-NVR (CDO 3) : 31.Flppm(singlett). FT-MS mle: 762 (M +)
. Hydro genation exanples: Exanple 1 (3S,4S)-

1- Benzyl - 4- (4-chl oro- phenyl ) - pyrrolidi ne-3-carboxylic acid, (,S 1 S)-la (S

gz);(l ?@{Pﬁg@ﬂpﬁ arlzgllétgssn pLe ter?rll{ﬁsglcolna%ﬁlrgﬁgtlg Qfacrogurnn H\rljo e4r6la£5g cm 3 Iﬁ{l 6 mn%l ove
| - benz %o A3 er&@%ﬁlg%%%fa %'Quﬂ]% ;54;4[% QBHTAIE"M | QhiEn i SHIA VY hht s@fple

m)nohy F at 2((1?)-2-Furyl - MeCBI PHEiiit‘i)?q]b (3.83
my, 5. @Reperationsl myglin 1$ﬁ1@c3to®0m)e Rognhiet hmnmllla(@S?OmIﬂ))(R k&SR ) rartétr ),

hydr oge I on was . r at 300C under 40 bar of hydrogen (99.6%
con\ﬁer§‘?g}1 @991@%)(&%13) %)(5 4a{mW|)th >09.9% ee). After the pressure was
rel eased, the white suspension was stirred at 0-5 0OC (ice-bath) for 2 h,

filtered and the filter cake was washed with 20 nl ice-cold nmet hanol and
dri ed didmploZacuum at 400C to vyi eId 4.75 g (99% of (S,S)-la with 99.0 %

AT L b TR e P o

Q

N

o

(S,S)-la

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, 0.54 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 (S,8)-1a with 99.0% purity and >99.9% ee. The reaction suspension was concentrated to a
volume of 1.8 1 and stirred for 1 h at 0-5°C. After filtration, the filter cake was washed with cold
methanol and dried on vacuum to yield 176.0 g (>99%) of (S,S)-1a as a white solid with 99.0%
purity and >99.9% ee.

20 Examples 3a-c
(3S,45)-1-Benzyl-4-(4-chloro-phenyl)-pyrrolidine-3-carboxylic acid, (S,S)-Ia

Cl
2 > Q
%, }\“OH

N

ol

(S,S)-la



55% anmoni um acetate pH 6 buffer / 45% acetonitrile, flow 1 m/mn, 25C
220 nm sanple preparation: 1lng in 1 m acetonitrile. Retention tines: Ha
(3.7 mn)WOeREITI(S R)-la (4.3 min), (5 9 -la (4.9 m RET/EPRIORNcG486 (5. 4
mn). Exanple 2 (3S, 4S)-
1- Benzyl - 4- (4- chl or o- phenyl ) - pyrrol i di-h®- 3-carboxylic acid, (5,S)-la (S
S)-la A 12-1 stainless steel autoclave was charged on air with
| - beﬂzxc?l }%-ﬁ%stgghlldss sreplhairydigve 2vds-chatighy dider latgapyin b llecdog dOb oouytbintcs 2ppu)
nonohydrate (180.0 g, 0.54 1), [Ru(QAc) 2((i7?)-2-Furyl-  MOB] PHEP
(413. 2 Vit l-be.@zzl-f»ﬁﬁchlogr-eh@%-%@rwé le-évc.aleLbOfyflg a9 n@gw&ﬁd-w
hydr oggngp) AE((RZE-rAtMBEBPWRRE. A0 Ay 3@% 10Y Mgt 1096003 %
convergf (S;EI);[ %mg}{hgzeé)%{(ezsuﬁ}éﬁmg@rel easgd(?,' a g’ar'r%)(lpe gf th’gyghi te03
s us penahd mevimso 38 pa).dfhedisymmetrimiesiso ghatardwagruo fod2) i 8; 305 -undend@ barad. 0%
purity and >99 _ 9% ee. The reaction suspension concentrated to a vol une
of P ShIQrﬁﬁe%Evrq/é&O?WSlT%hAi?r ?§6?§§urﬁf“faérrel??sle¥\ﬁ§? ?Ngl ©SYRE"YT VEY cake was
was hed oy doha @ LdriyREL 8 Pl BN 6 B 8@F) ONriACHUNIR Qvithi . 5 bifnlard d8299%. O (
15) -1 aeasﬁogav\_hi t'erggéosl i d91vvi th 9 .(0% %our ity and >991. 9% ee.%_ Ex}garrpl es 3a-c
(S 50,5, 4S)The redBomsyin-Tabledl whiteqresfophechgdoprding foohf trasedge dascpbsd phayeasing, (S

-la (S.9),-1aA 185-m stainless steel autoclave was charged under argon in
a gl ngn%&a%ecagﬁggﬂve.< 2 ppn) with °
| - benzyl - 4- (4-chl or o- phenyl ) -2, 5-di hydro-| H pyrrol e-3-carboxylic acid
nonohydrate (1.00 g, 3.01 mml), [Ru(OAc) 2((i?)-2-Furyl-MO0BI PHEP] (0.21
my, 1®. 3@bk 10 6 nol, S/ C 10' 000

Example Additive (Amount) Conversion | (S,5)-Ib (8,5)-1b
(%) Purity (%) % ee

3b NEt; (1 eq. rel. to substrate) 73.8 72.8 98.6

3c NEt; (0.5 ¢q. rel. to substrate) 90.9 90.8 98.9

Examples 4 a-c

(3S,45)-1-Benzyl-4-(4-chloro-phenyl)-pyrrolidine-3-carboxylic acid, (S,S5)-Ia

Ci
2 > Q
%, }\"OH

N

o

(S,S)-la

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-1H-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 ml 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 (S,S)-Ia with 99.1 % purity and > 99.9 %ce.
The reactions in Table 2 were performed according to the procedure described above using

alternative solvents to methanol.



and nethanol (30 m ). The asymmetric hydrogenation was run for 20 h at 300C
under 40 bar of hydrogen (87.0% conversion). After the pressure was

rel eased, WORB10414P198 suspensi on was evaporated to drynes®CIEP0E[066486 96 ¢
(86% of crude (,5,,S)-la with 88.5%purity and 98.5% ee. The reactions in
Table 1 were performed according to thE-procedure described above using
triethylamne as additive. Table 1. Exanples 4 a-c (3S,4S)-

1- Benz¥ilab¥-2( 4- chl or o- phenyl ) - pyrrol i di ne- 3-carboxylic acid, (SS)-la (S
S)-la A 185-m stainless steel autoclave was charged-uynder argon in a gl ove
box (OpExamplent < 2 Sopytwi t h | Conversion (S,5)-1a 1 (S.5)-1a
| -benzyl - 4- (4-chl or o- phenyl ) - 2, 5- di hydr o-/| H pyr r ol e- 3- cafboxylic acid
nmonohyfrate (1,00 g3.01 nmmol),| [ Ru{’@Ac) 2(|(Fuwyy &%k r yoeve0BI PHEP)] (0. 77 ny,
1.00 x| .10 6 mo], S/ C 3000) and 30 il nethanol . The asymetric hydrogenation
was rup faib 20/ h at @oweclunder| 40 Bad of [hyd¥byen |(9FB % conver si on).
After the pressure was rel eased, the whitle suspensi on was evaporated to
dryness tdcyi el d 0.2069p§®9% of criitd (SS)-1.with P11 |%purity and >
99.9 %e. The reactions in Table 2 were perfornedlaccording to the
procedure descri bed above using alternative solvents to nethanol.Table 2 :
Exanpl e 5

(35", 4@53—1112§e%zyl -4- (3, 4-di chl oro- phenyl ) -pyrrolidi ne-3-carboxylic acid,

(5, 9) 1484551 -Brendi-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic acid, (S,5)-Ib

cl
e,

Q
% e‘gﬁOH

N

o

5 (S,S)-1b

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(OAc):((R)-2-Furyl-MeOBIPHEP)] (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 (99%) of crude
(S,S)-Ib with 99.6% purity and 99.4% ee.
The crude product was dissolved in 0.1 M NaOH (23 ml). TBME (20 ml) was added, the
aqueous layer was separated and diluted with water (23 ml). Under stirring 0.2 M HCI 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
(S,S)-Ta with 99.7% purity and 99.8% ec .
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: 1 mg in 1 ml acetonitrile. Retention times: IIb (3.7 min), (R,S)-/ (S,R)-1b (4.4 min),
(S.9)-Ib (5.1 min), (R,R)-Ib (6.4 min), (S)-Vb (14.9 min).



A 35-m autocl ave was charged under argon in a glove box (O content < 2
ppm w th the hydrochloride salt of
| - benzyl -WORS1046798h| or o- phenyl ) - 2, 5- di hydr o- | H pyr r ol e PSTERRHWER9G48€ aci d
(0.50 g, 1.30 mmol ), [Ru(OAc)2((i?)-2-Furyl-MO0BIPHEP)] (3.96 ng, 5.30 x 10
6 nmol, S/C 250), triethylamine (0.19 nl7- 1.32 nmol) and nethanol (15 m).
The asymmetric hydrogenation was run for 20 h at 300C under 40 bar of
hydr og@rafBR.6® % conversion). After the pressure was rel eased, the forned
whit e suspensi on was evaporated tqQ dryness to yield 0,5 99% of crude
(S, S) - 354k hBowzybds G- lichlorrphany mgloddinprscarborgdic @d&ég)'ﬁeas di ssol ved in
0.1 MNaOH (23 m). TBME (20 mM) waes added, the aqueous |ayer was separated
and diluted with water (23 m). Unde tirring 0.2 MHO was added until pH
6.5. The forned precipitate was f@ £d Cigf_f and washed with water. The
filter cake was dissolved in nethano stHe col ourl ess sol ution
evaporated to dryness to yield 0.31 g (689 of (S, S)-la with 99. 7% purity
and 99.8%ee . ES-M5 me: 350.3 (M+) . BPLC nmethod for purity and ee
determ nation: Chirobiotic V colum ANo~ 461, 25 cm 4.6 m), 55% anmmoni um
acetate pH 6 buffer / 45% acetonitri flow1l m/mn, 25C, 220 nm sanple
preparation: 1ng in 1m acetonitrile.” Retention tinmes: lib (3.7 mn),
(RS- 1{S,K)-Vo (4.4 nmin), (S,9-1b&8M nin), (RR-Ib (6.4 nn), (S-Yb
(14.9 min). Exanple 6 . ,
(35', 45) 24l Hesiehyy C4-apmchiveiveh charechwrsey rigopyyithol -Penzb4 43 dadigioiprphenybi d, (
S) - ( -1 b 2- e . CA. C [y on with
l-b ef] . %%_—i&l(%ﬁoaﬁa-ipgﬁrp%‘?%%aghlé%]lc)ca_%lda@b.(b é,%&q S\Qﬁrﬁoﬁ,h[ﬁu%gc}é% 2 F’Jr?lo
McOBIPHEP)] (262.5 mg, 0.34 mmol, S/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 hydrogen

(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 IM NaOH (140 ml). TBME (200 ml) was added, the
aqueous layer was separated and diluted with water (360 ml). Under stirring 2 M HCI (81 ml)
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
dryness to yield 27.2 g (90%) of (S,S)-Ib with 99.5% purity and >99.9% ee.

15

Examples 7a-g
(35,45)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic acid, (S,5)-Ib

cl
e,

Q
% e§-OH

N

ol

(S,S)-Ib
20 A 185-ml stainless steel autoclave was charged under argon in a glove box (O, content <2 ppm)
with 1-benzyl-4-(3,4-dichloro-phenyl)-2,5-dihydro- 1H-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%



2, 5-di hydro-| H pyrrol e-3-carboxylic acid (30.0 g,
[Ru(OAc) 2( (i ?)-2-Furyl -

86. 15

MeOBl PHEP)] (262.5 ng, 0.34 mol,

mol ) ,

S/ C 250) and

met hanol W0.2010106979F%he asymmetric hydrogenati on was run PEI/EPZN/06443800C and

addi ti onal

2 h at 600C under 40 bar of hydrogen (99.8% conversion).

After

the pressure was released, the fornmed-White suspensi on was evaporated to
dryness to yield 32.6 g (>99% of crude (S S)-Jb with 97.0% purity and
>99. 9%ce@versidi®). Altuihe Pradie twasascaicd,gbt ytfdviiite subpdNaiohl Wak40apmirited TBAAENn¢R00

m) was added
UtRizieldsd |
for med ipp ‘?&lcgb

m).

was di ssol ve

7a-
aci

P8
fhera

-Ib (S S)-1b A 185-n

t he _agueous
Bil hgyopoinirgy
3 Tekd

I n net hanol

st ai nl ess st eel

ar at ed

(ST 1o Ml e

iluted with water (360
®€tirring (pH 6.5). The

AR MbddrM@LEibed M8 vE EmbRYingake

argon mpR Yl ove box (O content < 2 ppm with

é?diﬁ]%f g i
aﬁé t he ggﬁ?)u?%%zs gjol ution evaporated to dryness
to yi elatter@ati® gudl@d99 of (S S)-Jb with 99.5% purity and >99. 9% ee.

(35
2

Exanpl es

', 45)-1-Benzyl -4- (3, 4-di chl or o- phenyl ) - pyrrolidi ne-3-carboxylic
aut ocl ave was charged under

| - benzyl-4-13, 4-di chl or o- phenyl ) -2, 5-di hydro-1 H pyrrol e- 3- carboxyl i c acid
(1.00 gExdmBle Mol), [ RUAGHS) 2( ) - TVMBTEphversiod § n,S)-1b 44 ¢, 0bémol, S/ C
2' 000 |and nethanol (30 m ). The asynnetrj hycr}qgg?&%'b on yag run for 20 h
at 300E—under—40—bar—ofhydrogen—{(18- 5% onversion)—AFter—thepfessure was
rel eased, The pf fRMIDAE),HISPEMEIDBD- Was eviapor atjed 676’ dr yne¥k4't o|yi el d 0. 98
g (1299 of crude (Nuphiyl)-Rc@BIPHER] 1% purity and 94.5%ee¢. The reactions in
Tabl e 3 were performed accor di n]_gP to the procedure descriibed above enpl oyi ng
al ternati vi® cat al yI&u§OAC)((R)-3,5-iPr- 26.9 19.0 90.0
MeOBIPHEP)]
7d [Ru(OAc)((R)- 383 304 97.4
MeOBIPHEP)]
Te [Ru(OAc)((R)-3,5-tBu- 4.1 1.6 67.6
MeOBIPHEP)]
7f [Ru(OAC)((S)-(3-Thienyl)- 62.5 60.0’ 98.0
MeOBIPHEP)]
7g [Ru(OAC)((S)-(2-Thienyl)- 25.1 25.0' 99.9!
MeOBIPHEP)]

15

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

Examples 7h
10  (3R,4R)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic acid, (R,R)-Ib

Cl

OH

o

(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(OACc)((S)-2-Furyl-MeOBIPHEP)] (2.65 g, 3.48 mmol, S/C 50), tricthylamine (17.62 g,

174.17 mmol) and methanol (1.3 I). 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



Table 3: (R R -Ib was formed in excess Exanples 7h

(3R, 4R) -1 - Benzyl - 4- (3, 4-di chl or o- phenyl ) - pyrrol i di ne- 3-carboxylic acid,

(R R -1b VR2RAWL6EIA 2-1 Hastel |l oy C4 autocl ave was char SEHERARYO6EHBGon wit h
t he hydrochl oride salt of |-benzyl-4-

(3, 4-di chl or o- phenyl ) -2, 5-di hydr o-1 H pl4rol e- 3-carboxylic acid (67.0 g,
174.17 mmol ), [Ru(QAc)2((5)-2-Furyl-M0OBIPHEP)] (2.65 g, 3.48 mmol, S/C

50), tkiptiyibawanevdpdratalogiryikidiolylcldi®sld) g afctudethARH with 98.7%9 puriend
asymmetri c hydrogenation was run for 20 h at 300C under 40 bar of hydrogen
(98. 9%80Mves-si on). After the pressure was rel eased, the forned

a1 2 S USRE DAL IAR: SXARLALAt 18y fawieasotd) Vishe (880 i &l aadtadfe (R R LD

with 9 3% ee. The cr roduct vvas solved in I M NaCH
(350 maalueoﬁan@e( @@@sapm)atmdahndm wittheatay (%)@usl) Ha‘amr stvaimgLdai@t @40 any

nder St 1408 St 570y (PRI OF GRS akr Bl B Lt PLpee SR uflh washed
Wi th watel. THORIE dak@&a@ﬁiﬁﬁeﬁ’&fﬁ i HeRRASEdvits: (Teh) hadele hixnat &fas bedkeddo and

the m xture was heated to reflux. After cooling to roomtenperature, the
suspenséfor. s £odlingrte doorT hesniferdtutss theakeensien was filiercdi The fksricakoMaand dri ed

%2 %él%gﬁ% vita ety i Sk IR R R o AR R 5 P ER 7
10

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

Cl
%, §‘OH

N

o

(S,S)-Ib
A 185-ml stainless steel autoclave was charged under argon in a glove box (O, content <2 ppm)
15 with 1-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 ml). 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 (S,S5)-1b with 97.6% purity and 99.2% ce.
20

Example 9
(35,45)-1-Benzyl-4-(3,4-dichloro-phenyl)-pyrrolidine-3-carboxylic acid, (S,5)-Ib

Cl
%, §‘OH

N

o

(S,S)-Ib



(S S-1b A 185-m stainless steel autoclave was charged under argon in a

gl ove box (O content < 2 ppm with

| - benzyl -WOR810464798h| or o- phenyl ) - 2, 5- di hydr o-| H pyr r ol e PSTERRHWER9G48€ aci d
(1.00 g, 2.87 mmol), [Ru(OAc)2((i?)-2-Furyl-MOBIPHEP)] (0.44 ng, 0.57 x 10
6 nol, S/C 5 000) and met hanol (30 m )»20-The asymmetric hydrogenati on was
run for 20 h at 800C under 40 bar of hydrogen (99. 7% conversion). After the
pr essunel ¥l seingas sdel dubldvorwmdhuied endu spmnsh arglovaoa(@p oomted 2 ppm)

g(rayness i gelglezlyld4 1(3 4- dlgnlorog%l()englf) 2C5 gﬂgd SII?p_ml‘rgl tca?rb?;?yl%%c%’ {li(}Oy g, f“gd7 99. 2%
(35, 4%61@,@9\%@ g(fe? 1ok L Oﬁpl(b Doy, b@|9'>ﬂldfern§r i beXybj sdaci d, (

: S)-I ess stee ave was charged under argon in a
gl ove hm*xha(n@l @@nhb nthe<asgmpmtgic ydréigenation was run for 20 h at 80°C under 40 bar of

I-benz 3 chl or a- 2,5-d - H car boxyl.ic acid
T St A S Y St A e SRR

10 6 F LA 0 e NgReG %, | Shdogesa el

was rzﬁb? oor%tg%% at 86%‘%@1&1;71;2%@ 0 9bé$&oﬁ‘ﬂl%ey(grsgggﬁﬁ%99 8%@3%& ?IJOI’I) bz][‘ ter

the pressure was rel eased, the fornmed white suspension was evaporated to
dryness. to }/i d 1.03 g (>99% of crude (S)-Ib with 98.0% purity and 97. 6%
ee. Ex

(31'S, 41($8 4ky Bepa-44a(LdAneid-pak D-hemiyin:-pydbelyilidiasid; & Saicboxyl i ¢ aci d,
(5,.9) -(I %TS S) -ﬁali}}c i(gS Stgl n 255 steel autroclyave wa(sig char ged under

argonlnaglove box (O2 content <F pm wth

| - benzyl - 4- (3, 4-di fi uoro-phenyl) - ghyjdro | H pyrrol e-3-carboxylic acid
(50.0 my, 0.16 mml), [Ru(QAc) 2((i P%2- FRrqti- MeOBI PHEP)] (1.21 ny, 1.59 x
10 6 nmol, S/ C 100) and

N

o

10 (S,8)-lc

A 35-ml stainless steel autoclave was charged under argon in a glove box (O, content <2 ppm)
with 1-benzyl-4-(3,4-difluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (50.0 mg, 0.16
mmol), [Ru(OAc),((R)-2-Furyl-MecOBIPHEP)] (1.21 mg, 1.59 x 10 mol, S/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,S)-Ic with 95.6% purity and >99.9% ce.
MS m/e: 318.1 (M+H").
HPLC method for purity and ce determination: Chirobiotic V column (No. 461, 25 cm * 4.6 mm),
55% ammonium acetate pH 6 buffer / 45% acetonitrile, flow 1 mi/min, 25°C, 220 nm, sample

20 preparation: 1 mg in 1 ml acetonitrile. Retention times: IIc (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-difluoro-phenyl)-pyrrolidine-3-carboxylic acid, (S,5)-Ic



met hanol (1.5 m). The asymmetric hydrogenation was run for 20 h at 300C
under 40 bar of hydrogen (98.6 % conversion). After the pressure was

rel eased, WORB1044P198 suspensi on was evaporated to drynes®CILEP0R[066486 . 9 ny
(98% of crude (S,S)-1c with 95.6% purity and >99.9% ee. M5 nVe: 318.1 (M+H
+) . HPLC method for purity and ee detaknination: Chirobiotic V colum (No.
461, 25 cm4.6 mm, 55% ammoni um acetate pH 6 buffer / 45% acetonitrile,
flow 1l m/mn, 25C, 220 nm sanpleFpreparation: 1 rrg in 1l m acetonitrile.
Retention tinmes: Hc (3.6 mn), (R#S(g R-lIc (4.1 mn), (S, S-1c (4.5
mn), (RR-Ic (4.9 mn). Exanple™1 Non

(35',45)-1-Benzyl -4-(3, 4-di fl uoro- phen - pyrrolidine-3-carboxylic acid,
(S,9-1c(S S)-Ic A 185-m stainless st ob aut ocl ave was charged under argon

in a glove box (O content < 2 ppm wth
| - benzyl - 4- (3, 4-di fl uor o- phenyl) - 2, @E#\ydr o-| H pyrrol e-3-carboxylic acid
(2.00 g, 6.34 nmml ), [Ru(OAc)2((i?) uryl -MeOBI PHEP)] (9.66 ng, 12.7 x 10

6 mol, S/ C 500), triethylamne (342. (% gq 6.34 mmol ) and net hanol (60 m).
The asymmetric hydrogenation was run ¥8F°20 h at 300C under 40 bar of

hyd Af t th I d,

W 1 0 LR B S s sy RAB Wi MO S, BETER soldf o 2hBRS
S, S -Anvn DI5-389dB3% b¢-Reddb Q%edee.00The.3dal t
\(Nas éll ?@glﬁsggﬁzﬁ I'M I\mia%{zlm?%fe%a g Wniw v abd@%gwto f(he ;@gact ?on

mi xt ur énm@MRa@é@hé(RD-a;fenylvMﬁ ERMd 6érlirég dﬂﬁm Y web 5/6af@r (40 m).

E R TN A D O T Y e T

di ssol vegfdrromeitBanondsdo 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 ammonium 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 was 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 dissolved in methanol and
the colourless solution evaporated to dryness to yield 1.70 g (88%) of (S,S)-Ic with 98.3% purity
and >99.9% ee.

15 Example 12
(35,4S5)-1-Benzyl-4-(4-chloro-3-fluoro-phenyl)-pyrrolidine-3-carboxylic acid, (S,S)-1d

Cl
s
%, ‘}\‘OH
N

o4

(S,S)-1d

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-fuoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid (1.00 g,
20 3.01 mmol), [Ru(OAc)((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,S)-Id with 98.3% purity and 99.1% ce.



the col ourl ess solution evaporated to dryness to yield 1.70 g (88% O (
1S)-1c with 98.3% purity and >99. 9% ee. Exanple 12 (3S, 4S)-

1- Benzy!| -WOR41044PHB 0- 3- f | uor o- phenyl ) - pyrrol i di ne- 3- car BEX{EPRY946¢486
(5,5-1d (S S-1d A 185-m stainless steel autoclave was charged under
argon in a glove box (2 content < 2 pph) with

| -benzyl - 4- (4- chl oro- 3- fuor o- phenyl ) - 2, 5- di hydro- | H pyrrol e-3-carboxylic
acag gESQ?Sgg?g?ﬂﬂlgwuH? [ Ru(OAc) 2( (i ?)-2-Furyl-MeOBI PHEP)] (4.59 ny, 6. 03
X no 500) and net ha The_as ic hy nagi o

run foHPIE method f@u@rﬁha@ e%@ﬁt%m%Pnh%F%@%C Ve )(‘5% @}B‘hv“érl s?%?f%ﬁ ‘P 't he
Pr essuisgo & %9.!1 PMPMM HSP&DFHAB, Wl%‘fﬂﬁﬁﬂr%@mg & yassis to
yield 1: 63 % g§€§: Fe C f) I'd with 98.3% purity and 98'196é§’ES-NB
nVe: B@Qe:p]lra(tlb‘hi-ﬂ:l-)ng in mmCmmhnté Rotenperr fiys: dFb(3eemitat @war n&f Rpht (4.3 min),
Chlrobl 461, 25 cm4.6 mm, 55% ammoni um acetate pH 6

buf fer ( g g@@‘c@& 2@%&$§@£54HW£L 1 m/mn, 25C, 220 nm sanple preparation:
Ing in 1m acetonitrile. Retention times: Hd (3.5 mn), (RS- 1{S R-I
(4.3 mn), (5 9-1lc (4.7 mn), (RJi)-1d (5.4 mn). Exanple 13 (3S, 4S)-

%éBg?zihﬁgmkA;hhloro 3-fluoro- phenyl) pyrrolidine 3-carboxylic acid,
8 alnl t eel r under
argon |(g5 g‘gf%g\? ’th(JA %locr8'nf' ?r°<p EW T ﬁé? %W&ﬁh@‘gqg
| - benzyl - 4- (4 chl oro- 3 fl uoro-phen§l) -2, 5-di hydro-I H pyrrol e-3-carboxylic
acid (1.00 g, o
F
% }*\‘OH
CH@
(S,9)-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(OAc),((R)-2-Furyl-MeOBIPHEP)] (4.59 mg, 6.03 x 10° mol, S/C 500),
tricthylamine (305.0 mg, 3.01 mmol) and methanol (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 (S,S)-
Id as its ammonium salt with 97.3% 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 was separated and diluted with water (40 ml). Under stirring 2 M HCI (8.2 ml)
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 (S,S)-1d with 97.5% purity and >99.9% ee.

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



3.01 mmol ), [Ru(OAc)2((i?)-2-Furyl-MO0BIPHEP)] (4.59 ng, 6.03 x 10 6 nol,
S/ C 500), triethylamne (305.0 ng, 3.01 nmol) and nethanol (30 m ). The
asymmet r i WOR)HWYWH®Rat i on was run for 20 h at 300C under PEE/BE2Q098966488 dr ogen
(99. 2% conversion). After the pressure was rel eased, the forned white
suspensi on was evaporated to dryness t®-yield 1.08 g of crude (S, S)- Id as
its ammniumsalt with 97.3@6purity and >99. 9% ee. The salt was di ssol ved

in IMNaCH (10 m). TBME (16 ml) wels added to the reaction mxture, the
aqueous | ayer was separated and dil wth water (40 nl). Under stirring
2 MHJ (8.2 nl) was added under 5Tl nngﬂH 6.5) and the forned
precipitate was filtered off and mashe th water. The filter cake was

di ssol ved in nethanol and the colourle
yield 1.00 g (97% of (SJS)-Id with 97.
(3 S49S)-1-Benzyl-4-(4-chloro-3-flg - phenyl ) - pyrrolidi ne-3-carboxylic
acid, (5,,9-1d(S S)-1d A 2-1 HasteN_gy C4 autocl ave was charged under
argon with I-benzyl-4-(4-ch|oro-3-f|Zgéaghenyl)

2, 5-di hydro- 1 H pyrrol e-3-carboxy|ic d¥(30. 0 g, 90. 4 ol ),

Ru = 2- - . Me OBl PHEP / d
ot hand) 21 Hes gy Cilogiainge Fhre it disde vo g B sist sithoS00c
under fbﬁeﬁw 2 @fdlwéqgﬁﬁy&cﬁ&ﬂ%ml?lde 6&id 980.0 gAD0.@ mrhdiy, [RUESALHERWAF uryl-
rel eased, |'e of white suzﬁfn5|on was evaporated to dryness. Crude

(S, S)- M@Dl&ﬁ’ﬁ i 63 73edmai Q-B6 gTmadod /B0 yndimgthagol O ol hepsympIcEy 15
(3l gs g li-o)gerlla DaXdas Fuf 590 14 %03 Lhi B RPEFNY ko RN ORI e iche RRethd ©

pressure was released, a sample of the white suspension was evaporated to dryness. Crude (S.S)-

sol ution evaporated to dryness to
% purity and >99. 9% ee. Exanple 14

Id was obtained with 97.9% purity and >99.9% ece.

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

F Q
OH

N

ol

(R,R)-ld

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)x((S)-2-Furyl-MeOBIPHEP)] (2.54 g, 3.33 mmol, S/C 50), tricthylamine (16.84 g,
166.46 mmol) and methanol (1.3 1). 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 97.6% purity and
99.6% ce.

20 The crude product was dissolved in IM NaOH (330 ml). TBME (600 ml) was added, the
aqueous layer was separated and diluted with water (800 ml). Under stirring 2 M HCI (165 ml)
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



A 2-1 Hastell oy ¢4 autocl ave was charged under argon with the hydrochl oride
salt of |-benzyl-4-

(4- chl or VE2610P Y3 phenyl ) - 2, 5- di hydr o- | H pyrr ol e- 3- car BEX{APRQIAQEG486 (61. 3
g, 166.47 mol), [Ru(QAc)2((5)-2-Furyl-MOBIPHEP)] (2.54 g, 3.33 mmol, S/C
50), triethylanmine (16.84 g, 166.46 mat) and nethanol ( 1.3 1). The
asymetri c hydrogenation was run for 20 h at 300C under 40 bar of hydrogen
(99. 6% eMmnryafist esylingAd t@m tdﬁ@emmsmb guspassioevaafibeledt Hie filor velkt gaay
suspensi on was evaporated tq dryne to vield 98. .0 [ ude g with
97. 6% pushacWihmetyngbanddiricgfie yiet 0 §K%§@L?Fﬂﬁa§)'g¥ ‘g%g’%gcﬁ Plﬁlt§ R‘/P‘ﬁé SR 330
m). TBME (600 m) was added, the aqueous |ayer was separated and diluted
with water (800 m ). Under stirring 2 MHO (165 m) were added under
stirring (pH 6.3). The formed precipitate was filtered off and washed with
wat er. The |.ter cake was suspended in nethanol / water ( 1:2) and the
nlxﬁhrékﬁ%QLEééted toreflux. After cooling to roomtenperature, the

suspen B lie ﬁﬂLdl héd RIiMaES cHds A avid, hrmetibanol and dri ed
to yleﬁﬁ@@Rﬁﬁ- &ﬁ% ( ﬂmﬁ'% aﬁfpﬁﬁh99 6@6pur?§y andm99 6% ee. Exanpl es
16 (3i?, 4|7)-I-Benzyl 4 (3 4-di f1 udko-phenyl ) - pyrrolidi ne-3-carboxylic
acid, (RR-lc (RR-lIc A 2-1 Haste A autoclave was charged under
argon with the hydrochloride salt o i
(3, 4-difluoro-phenyl)-2,5-di hydro-1Hp oIe 3-carboxylic acid (45.0 g,
127.92 mml ), [Ru(QAc)2((5)-2-Furyl- 3¥PHEP)] (1.95 g, 2.56 mol, S/C
50), triethylam ne (12.94 g, 127.92Ef%5ﬂ) and net hanol (1.3 1). The

asynmetric hydrogenation was run fo h at 300C

(R,R)-lc

A 2-1 Hastelloy C4 autoclave was charged 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(OAc)x((S)-2-Furyl-MeOBIPHEP)] (1.95 g, 2.56 mmol, S/C 50), tricthylamine (12.94 g,
127.92 mmol) and methanol (1.3 I). 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 evaporated to dryness to yield 58.9 g of crude (R,R)-Ic with 99.0% purity and
>99.9% ee.

15 The crude product was dissolved in IM NaOH (200 ml). TBME (400 ml) was added, the
aqueous layer was separated and diluted with water (800 ml). Under stirring 2 M HCI (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 methanol and dried to yield 29.10 g (71%) of (R,R)-Ic with 99.5% purity and
>99.9% ee.



under 40 bar of hydrogen (>99.9% conversion). After the pressure was

rel eased, the fornmed gray suspension was evaporated to dryness to yield
58.9 g of WOROWORTIR)-1c with 99. 0% purity and >99. 9% e&CTFR0020KTES pr oduct
was dissolved in IMNaOH (200 m ). TBME (400 ml) was added, the aqueous

| ayer was separated and diluted with wdt-er (800 nml). Under stirring 2 M HC
(105 mM) were added under stirring (pH 5.5). The forned precipitate was
filtered off and washed with water. The filter cake was suspended in

met hanol / water ( 1:2) and the m xture was heated to reflux. After cooling
to roomtenperature, the suspension was filtered. The filter cake was
washed with nethanol and dried to yield 29. 10 g (7 19 of (RJI)-1c with

99.5% purity and >99.9% ee.Cains L cess for the preparation of
(3S,4S)- or (3i?,4i7?)-1-benzyl-4-aryl-pyrrolidine-3- car boxyl ic acid
derivatives of formula or salts ther eof, wherein X and i ndependent | y of

eacth ot her lafperogess Bydhe pepatatinn Pgéhdat M3W@hltbﬁ@%ﬂwykmﬂﬁne&%' | east

one of X1BkylX dcid AerAliOGSST fafrll conpri sing catal ytic honmogeneous
enant i osel ectlve hydr ogenati on of a conmpound of fornula or salts thereof,

wherein X and Y are as above, in tRke presence of a Ru-catal yst of the
formula Ru (T)2 D I11
Y o)

OH
©J I
or salts thereof,

wherein

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

least one of X or Y is a halogen atom,

comprising catalytic homogeneous enantioselective hydrogenation of a compound of formula
X
Y 0]
OH
N 1

15 wherein X and Y are as above, in the presence of a Ru-catalyst of the formula

or salts thereof,

Ru(T);D 1

wherein,

T represents the group A-COO,



wherein, T represents the group A-COO ,A represents C _ -alkyl which is
optionally substituted with hal ogen and D represents a chiral diphosphine

| i gand. 2VOPAW/6PYE8ess of claim 1, characterized in thaPCREBR00Y004486 t he
nmeani ng of hal ogen stands for chlorine or fluorine. 3. The process of claim
1 or 2, characterized in that T is CH3®®O or CF3COO . 4. The process of
claims 1 to 3, characterized in that the chiral diphosphine Iigand D is

selected fr u NG erein Ar is
2-thi enyl, %n}t h&g%rg e g %8[‘%}1?&1 g'%%;n'a Q’é\hds%@téd\%tﬁh{ g sdtgifl;stl tuted by one
or nore C| 7-al kyl Ci 7-al koxy, phenyl, di-G _7- aI kyl am no, Nnor pholino or
tri-C Drregfasgntspichiral dmhosphNngligandrs; R1 is o _7-alkyl; RLis d_7-alkyl,

G _7-al koxy, hydroxy or -0OC(0O)-C 17-al kyl or -0OC(O)- cycl ohexyl ; R3 and R4

i ndependent Yhéo]s@erés@ € Blatth N eehaddcterhid iOGRNX oY WithklkyhearGig IF lalldgex tands

hal Oge?orocrhlo%ne or‘fluomI kyI am no; or

5 3. The process of claim 1 or 2, characterized in that T is CH;COO™ or CF3COO".

4. The process of claims 1 to 3, characterized in that the chiral diphosphine ligand D is

selected from the group consisting of

R R’
¥ Y~ o~
R'O P~Ar RIS PAr RN " Ar
R1O P,Ar R2 N P’Ar R1 P/Ar
|O Ar z 2 A 8/1\Ar
R* A
IVa Vb Ve
0L O
P N
SAr Ar
Ar Ar
P I P
I Ar Ar
Ivd Ve
10
wherein
Ar is 2-thienyl, 3-thienyl, 2-furyl, 3-furyl, phenyl or phenyl substituted by
one or more C;7-alkyl, C; 7-alkoxy, phenyl, di-C;_-alkylamino, N-
morpholino or tri-C; 7-alkylsilyl;
15 Z is N or C-R?;
R! is Cy.7-alkyl,
R’ is Cy7-alkyl, C,7-alkoxy, hydroxy or -OC(0O)-C; 5-alkyl or ~OC(O)-

cyclohexyl;



R2 and R3 or R3 and R4 which are attached to the sanme phenyl group or both
R2 attached to different phenyl groups, taken together, are -X-(CH 2)n-Y-;
or -X-(CPAVORONO6KHErein X is Oor (OO Y is Oor NG PETAPRYPIERE n is
an integer from1l1l to 6. 5. The process of claim4, characterized in that a
chiral ligand of the fornula IVa is use#. 6. The process of claim4 or 5,
characterized in that (R) or (5)-2-Furyl-MOBIPHEP is used. 7. The process

f clai to 6, ch [
CRu( 0 KPS 72 - 2 Far yiebebER Py O G B TGS} S st prem))
8. The process of cl dialggenoto 7 characterized in that the hydrogenation

is carried out at a pregsyral8flakin@a@sr to 100 bar. 9. The process of claim38
characteri zed |n that t he hydrogenatl on is carried out at a pressure of 20

bar to_60 The process o ns 1 to 9 characterj.z t hat the
hydr og@né‘flggn OFg aug @E‘Kg‘d’tre %\tfala‘ f@%@é@%%ﬁ%{ }eroyper E%t%FO(?gt&Ch gif The

pr oces difffrertlphbiy] koups hakactogethered i n t hat the hydrogenation is carried out
at a tenperature of 200C to 600C. 12. The process of clains 1 to 11,

Cubstrate ratio (ol miy @@%e?at‘i%%t%%?% K O AR P By

characterized in that t plidhandat isen intsgadfam édo but with a

5. The process of claim 4, characterized in that a chiral ligand of the formula IVa is used.

6. The process of claim 4 or 5, characterized in that (R) or (S5)-2-Furyl-McOBIPHEP is
10 used.

7. The process of claims 1 to 6, characterized in that the Ru-catalyst of formula 111 is
[Ru(OACc)y((R)-2-Furyl-MeOBIPHEP)] or [Ru(OAc)2((S)-2-Furyl-MecOBIPHEP)].

8. The process of claims 1 to 7 characterized in that the hydrogenation is carried out at a

pressure of 1 bar to 100 bar.

15 9. The process of claim § characterized in that the hydrogenation is carried out at a

pressure of 20 bar to 60 bar.

10. The process of claims 1 to 9, characterized in that the hydrogenation is carried out at a
temperature of 20°C to 100°C.

11. The process of claim 10, characterized in that the hydrogenation is carried out at a
20 temperature of 20°C to 60°C.

12. The process of claims 1 to 11, characterized in that the hydrogenation is carried out
with a catalyst to substrate ratio (mol/mol) of 250 to 100°000.

13. The process of claim 12, characterized in that the hydrogenation is carried out with a
catalyst to substrate ratio (mol/mol) of 1’000 to 20°000.

25 14. The process of claims 1 to 13, characterized in that the hydrogenation is carried out in a

lower aliphatic alcohol as solvent.

15. The process of claim 14, characterized in that the hydrogenation is carried out in

methanol.



catalyst to substrate ratio (nmol/nol) of 1000 to 20000. 14. The process of
clainmse 1 to 13, characterized in that the hydrogenation is carried out in a
| ower al iWRAP1006419%80hol as sol vent. 15. The process of ECAERRN04/066486
characterized in that the hydrogenation is carried out in nethanol.16. The
process of clainms 1 to 15, characterize® in that the conpound of formula I
is selected from

| - benzyl - 1‘34Tﬁ:ergr8£e%s BREMYLY T & 1, IhLY ALz hh Bt iRl Brpotad BPwYhbG 18& d

nonohydr at e
I-benzyﬂﬁaeQQDnldlchloro phenyl) -2, 5-di hydro-| H pyrrol e- 3-carboxyl i ¢ aci d;
| - benzyl - 4- (3, 4-di fluoro-phenyl)-2,5-di hydro-| H pyrrol e-3-carboxylic acid;

| - benzyl - 44 (#hnehlay zpctﬁoﬁoLIﬂ@hybmsaamwma BpeirBleds-earbbkRicrachl @orotgardeaxyl i
acid. 17. The process as herei nbefore descri bed.
1-benzyl-4-(3,4-dichloro-phenyl)-2,5-dihydro- 1H-pyrrole-3-carboxylic acid;
5 1-benzyl-4-(3,4-difluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid,
1-benzyl-4-(4-chloro-3-fluoro-phenyl)-2,5-dihydro-1H-pyrrole-3-carboxylic acid.

17. The process as hereinbefore described.



