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relates to a process for producing a conmpound

according to fornula (i), or salt thereof, wherein Rl

and R11 are independently hydrogen or an am ne

protecting group, and R2 is a carboxyl group or an
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THERBOH BRHUHATH Ivsk, 1P Frud AlopbBRIROSr NeBehRIrBritks R1 and
R2 are defined as above, with hydrogen in the presence

of a transition netal catalyst and a chiral |igand,
wherein the transition netal is selected fromgroup 7,
8 Tbe idvepfiort ddatpento cdipcocesd if@. priedudirige Bnuanepouhti eaccording to
'ﬂ%ﬁﬂ%'ﬁn relates to products obtai nable by said
process and to their use in the production of NEP
i nhi bitors. Mreover, the invention relates tothe use
of ansition netal catalyst in the preparati on NEP
tors or prodrugs thereof, in particular NEP
conpri sing a g-am no-d-bi phenyl -
gi ¢ acid, or acid ester, backbone.
. rial natriuretic peptides (ANP), also
called atri al iuretic factors (ANF) have diuretic,
natriuretic agr 4\%5elaxant functions in manmal s. The
—N
R?1 |

or salt thereof,

wherein R1 and R1' are independently hydrogen or an amine protecting group,
and R2 is a carboxyl group or an ester group, comprising reacting a compound
according to formula (i),

(i1)

or salt thereof,
wherein R1, R1' and R2 are defined as above, with hydrogen in the presence of
a transition metal catalyst and a chiral ligand, wherein the transition metal is

selected from group 7, 8 or 9 of the periodic table.

Furthermore, the invention relates to products obtainable by said process and to

their use in the production of NEP inhibitors. Moreover, the invention relates to



natural ANF peptides are netabolically inactivated, in
particul ar by a degrading enzyne whi ch has been

wo e@s@siseed to correspond to the enzyne neutr aPCT/EP2007/007913
endopepti dase (NEP, EC 3.4.24.11), also responsible
for e.g. the netabolic inactivation of enkephalins. In
the art biaryl substituted phosphonic acid derivatives
are known which are useful neutral endopepti dase
(NEP) inhibitors, as |n ibitors of the
ANFdegr adi ng enzyne |n mammal s, so as to prolong and
potentiate the diuretic, natriuretic and vasodi | at or
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US 5 217 996 di scl oses

In the art biaryl substituted phosphonic acid derivétives are known which are
useful as neutral endopeptidase (NEP) inhibitors, e.g. as inhibitors of the ANF-
degrading enzyme in mammals, so as to prolong and potentiate the diuretic,
natriuretic and vasodilator properties of ANF in mammals by inhibiting the
degradation thereof to less active metabolites. NEP inhibitors are thus
particularly useful for the treatment of conditions and disorders responsive to the
inhibition of neutral endopeptidase (EC 3.4.24.11), particularly cardiovascular
disorders such as hypertension, renal insufficiency including edema and salt

retention, pulmonary edema and congestive heart failure.

Processes for preparing NEP-inhibitors are known. Those processes usually

comprise a hydrogenation step with a palladium catalyst on carbon:

US 5217996 describes biaryl substituted 4-amino-butyric acid amide
derivatives which are useful as neutral endopeptidase (NEP) inhibitors, e.g. as
inhibitors of the ANF-degrading enzyme in mammals. US 5 217 996 discloses
N-(3-carboxyl-1-oxopropyl)-(4S)-(p-phenylphenyimethyl)-4-amino-(2R)-methyl

butanoic acid ethyl ester as a preferred embodiment. In the preparation of said
compound N-t-butoxycarbonyi-(4R)-(p-phenylphenylmethyl)-4-amino-2-methyl-
2-butenoic acid ethyl ester 1(ii-a) (4.2 g) is hydrogenated in the presence of
palladium on charcoal to give N-t-butoxycarbonyl-(4S)-(p-phenyiphenylmethyl)-



N- ( 3- car boxyl - 1- oxopr opyl ) - (4S) - (p- phenyl phenyl net hyl )

-4-am no- (2R)-net hyl butanoic acid ethyl ester as a
w@e@B@esrsed enbodi ment. In the preparation of SBETIEP2007/007913

compound

N-t - but oxycar bonyl - (4R) - ( p- phenyl phenyl rnet hyl ) - 4-am n

0-2-nethyl - 2-butenoic acid ethyl ester 1(ii-a) (4.2

g) is hydrogenated in the prgsence of pal |l adi um on

charcoal to give

N-t - but oxycar bonyl - (4S) - ( p- phenylphenylnethyl) 4 am no

-2-met hyl butanoic acid ethyl ester as a 80 :
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(NEP) i nhibitors.are described in G. asander et

al., J. M em 1995, 38, 16 700, "Dicarboxylic
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‘US 5250522 describes phosphonomethyl-biaryl substituted amino acid
derivatives which show NEP inhibitor activity. A preferred embodiment is (S)-5-
(Biphenyl-4-yl)-4-[(dimethylphosphonomethyl)-amino]-2-pentencic  acid ethyl
ester. In an intermediate step of the preparation of said NEP inhibitor, (S)—4?(t-
Butoxycarbonylamino)-5-(biphenyl-4-yl)-pentencic  acid ethyl ester is
hydrogenated with a palladium catalyst on carbon to vyield (S)4-(t-
butoxycarbonylamino}-5-(biphenyl-4-yl)-pentanoic acid ethyl ester.

Several dicarboxylic acid dipeptide neutral endopeptidase (NEP) inhibitors are
described in G.M. Kasander et al., J. Med. Chem. 1995, 38, 1689-1700,
"Dicarboxylic Acid Dipeptide Neutral Endopeptidase Inhibitors”. In the

preparation of said inhibitors a palladium-catalyzed hydrogenation occurs.

It was an object of the present invention to provide an alternative hydrogenation
step in a process for producing NEP inhibitors or prodrugs thereof, in particular it
was an object to provide an alternative process for producing compounds
according to formula (i), or salts thereof, which can be used as intermediates in

the preparation of NEP inhibitors, or prodrugs thereof, in particular NEP



preparation of said inhibitors a palladi umcatal yzed
hydr ogenation occurs. It was an object of the present
WO pwensisen t o provide an al ternative hydrogenabCDRPEDBEM7913

in a process for producing NEP inhibitors or prodrugs
thereof, in particular it was an object to provide an

al ternative process for produci ng conpounds according

to fornmula (i), or salts thereof, which can be used as
intermedi ates in the preparaflon of NEP inhibitors, or
prodrugs thereof, in particular NEPinhibitors

conprising a g-am no-d- biphenyl a- net hyl al kanoi ¢ aci d,

Cld ester, backbone S a f rther object to
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process for produci ng conpounds according to fornul ae
(i-a) and (i-b), or salts thereof, wherein Rl, RT and
R2 vearsen flighemagech o priovide a pnaoess gp vehith gterdpersdoas eamiers aan
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It was an even further object to provide a process for obtaining a high
diastereomeric ratio of compounds according to formula (i-a), or salts thereof, to
compounds according to formula (i-b), or salts thereof; preferably higher than
88 : 12; more preferably higher than 90 : 10. It was also an object to provide a
process in which the compounds according to formula (i-b), or salts thereof, can
be completely removed and compounds according to formula (i-a), or salts

thereof, can be provided in pure form.

It was yet a further object to provide a process for obtaining a diastereomeric
ratio of compounds according to formula (i-b), or salts thereof, to compounds
according to formula (i-a), or salts thereof, higher than 88 : 12, preferably more

than 90 : 10. It was also an object to provide a process in which the compounds



process in which the conpounds according to fornul a
(i-b), or salts thereof, can be conpletely renpoved and
wa@2ovposnses according to fornula (i-a), or sal tBCT/EP2007/007913

thereof, can be provided in pure form It was yet a
further object to provide a process for obtaining a

di astereoneric ratio of conpounds according to fornul a
(i-b), or salts thereof, to gonpounds according to
formula (i-a), or salts thereof, higher than 88 : 12,
preferably nore than 90 : 10. It was also an object to
provi de a process in which the conpoundsaccording to
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It was an even further object to provide a process for obtaining a diastereomeric
ratio of compounds according to formula (i-c), or salts thereof, to compounds
according to formula (i-d), or salts thereof, higher than 88 : 12, preferably more
than 90 : 10. It was also an object to provide a process in which the compounds
according to formula (i-c), or salts thereof, can be completely removed and
compounds according to formula (i-d), or salts thereof, can be provided in pure

form.

It was another object to provide a hydrogenation step in a process for producing
NEP inhibitors or prodrugs thereof, in particular NEP inhibitors comprising a y-
amino-3-biphenyl-a-methylalkanoic acid, or acid ester, backbone. wherein the

hydrogenation step preferably has a high yield and preferably leads to products



according to fornmula (i-c), or salts thereof, can be
conpl etely renpved and conpounds according to fornula
w@ eodp3156T salts thereof, can be provided in pPCEEPNTNNTIII

It was anot her object to provide a hydrogenation step

in a process for producing NEP inhibitors or prodrugs
thereof, in particular NEP inhibitors conprising a g-

am no- d- bi phenyl - a- et hyl al ﬁnoic acid, or acid ester,
backbone wherein the hydrogenati on step preferably has

a high yield and preferably | eads to productshaving a

hi gh purity degree preferably product s in a
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r@actiron ' of conp n hula (ii-b),

R1 (ii-a),
wherein R1, R1' and R2 are defined as above.

In a further embodiment a specific catalyst and a specific chiral ligand are used

in a hydrogenation reaction of compounds according to formula (ii-b),
RN

R1 (ii-b),

or salts thereof,

=
R2

wherein R1, R1' and R2 are defined as above.



or salts thereof, wherein Rl, Rf and R2 are defined as
above. Therefore, the subject-matter of the present
WO pwensisen i s a process for produci ng a conpouPdI/EP2007/007913
according to fornmula (i), or salt thereof, wherein Rl
and RT independently are hydrogen or an am ne
protecting group and R2 is a carboxyl group or an
ester group., conprising rea?ting a conmpound accordi ng
to fornmula (ii), or salt thereof, wherein Rl, RV and
R2 are defined as above, with hydrogen in the presence
of a transition netal catalyst and a chiral |igand,
wherein the transition netal is selected fromgroup 7,
8 or 9 of the periodic table.In fornmulae (i) and (ii)
t Abereforenttie Subjenpmattentfdhe preserdlirentidyon @, prodess &irpraduging
S P‘ﬁm’ nd is determ ned, as either
(§$£@g§ ,gJ§Q?¥gﬁég¥m§§Q§p§ configuration of such a
chiral centre. Consequently, conpounds according to
forgula (ii), or salts thereof, are chiral conpounds
df er to conpounds according to formula (ii-a), or
eof , or conpounds according to fornul a
(ii-b), Jalts thereof. Accordingly, conpounds
according_te<fornula (i), or salts thereof, are chiral
conpounds andirefér to conpounds according to fornul ae
(i-a), (i-b),Ni:«
R1' N
R1 0)

or salt thereof,
wherein R1 and R1' independently are hydrogen or an amine protecting group

and R2 is a carboxy!l group or an ester group.,

comprising reacting a compound according to formula (ii),

R2
./N
R17 |
R1 (ii)

or salt thereof,
wherein R1, R1' and R2 are defined as above,
with hydrogen in the presence of a transition metal catalyst and a chiral ligand,

wherein the transition metal is selected from group 7, 8 or 9 of the periodic table.



(i-d), or salts thereof. The present invention rel ates
to a process for diastereosel ectively hydrogenating a
wa@eovposnse7 of fornula (ii) with hydrogen in theP@QI/EBRBND@®7913
of a transition netal catalyst and a chiral [|igand.
The starting material of formula (ii) is chiral,
therefore the chirality of both the substrate and the
| igand affect the diasteoselgctivity in a phenonmenon
termed "doubl e diastereodifferentiation", ("matched"
and "m st mat ched" double asymetric induction). The
degree of facial selectivity observed in the
hydr ogenati on of a chiral_conmpound of formula (ii) in
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The present invention relates to a process for diastereoselectively
hydrogenating a compound .of formula (ii) with hydrogen in the presence of a
transition metal catalyst and a chiral ligand. The starting material of formula (ii) is
chiral, therefore the chirality of both the substrate and the ligand affect the
diasteoselectivity in a phenomenon termed “double diastereodifferentiation”,

(“matched” and “mistmatched” double asymmetric induction).

The degree of facial selectivity observed in the hydrogenation of a chiral
compound of formula (ii) in the absence of any other chiral element is the

degree of substrate control.

If the facial selectivity of the substrate matches the facial selectivity of the ligand
(“matched” double asymmetric induction), the diastereoselectivity of the
hydrogenation with hydrogen in the presence of a transition metal catalyst and a
chiral ligand would be expected to increase. But, if the facial selectivity of the
substrate does not match the facial selectivity of the ligand (*“mismatched”

double asymmetric induction), high diastereoselectivity would not be expected.



Therefore, even when the degree of substrate control
is high (for exanple a diasteroneric ratio of up to 80
w0 2008031561 he process of the present invention PCDEPZHIEF007913

means to obtain any of the possible diasteroneric
products with high diastereoselectivity. Thus,

advant ageousl y, the present invention allows the
st ereocontrol | ed hydrogenatign of conpounds of fornmula
(ii) regardless of the stereochem stry of the starting
conmpound of formula (ii). The process described herein
can thus provide any of (i-a), (i-b), (i-c) and (i-d)
wi,th hi gh di aster ri c_excess. Accor
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[ nde&endent 'y hydrogen or an am ne
with high dlastereomenc excess. Similarly, the hydrogenation of a compound of

formula (ii-b) can lead to both (i-c) and (I-d) with high diastereomeric excess.

The compounds of formula (i) have a y-amino-8-biphenyl-a—methylaIkahoic acid
backbone. There are known NEP inhibitors, which have a y—amino-8—biphenyl—a-
methylalkanoic acid backbone, such as N-(3-carboxy-1-oxopropyi)-(4S)-p-
phenylphenylmethyl)-4-amino-(2R)-methylbutanoic acid. Therefore, the present
invention provides a novel asymmetric approach towards the preparation of NEP

inhibitors. More importantly, the approach proceeds with high stereocontrol.

In formulae (i) and (ii) R1 and R1; are independently hydrogen or an amine

protecting group.

ltis preferred that R1 is an amine protecting group. It is further preferred that R1'
is hydrogen. That means, in a preferred embodiment R1 is one of the below
explained preferred amine protecting groups and R1' is hydrogen. Alternatively,
R1 and R1’ can together form a cyclic ring structure (and thus form a bifunctional

cyclic amine protecting group).



protecting group. It is preferred that RL is an am ne
protecting group. It is further preferred that Rf is
whyasosgsr That neans, in a preferred enbodi neptT/RE2005007913
one of the bel ow expl ained preferred am ne protecting
groups and Rf is hydrogen. Alternatively, RlL and Rf
can together forma cyclic ring structure (and thus
forma bifunctional cyclic gglne protecting group). The
term"am ne protecting group™ conprises any group
whi ch is capable of reversibly protecting the am no
functionality. Suitable am ne protecting groups are
ptide chem s
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or “t WHET € phenyl ring is
unsubstltuted or substltuted by one or nore, e.g. two

Oprdiélt&fprotecting groups comprise, for example, Cs-Cs-alkyl which is mono-, -
di- or trisubstituted by phenyl, such as benzyl, (or) benzhydryl or trityl, wherein
the phenyl ring is unsubstituted or substituted by one or more, e.g. two or three,
residues e.g. those selected from the group conéisting of C4-Cy-alkyl, hydroxy,
C4-Cr-alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro, cyano, and CFj3; phenyl-C1-
C2-alkoxycarbonyl;, and allyl or cinnamyl. Especially preferred are
benzyloxycarbonyl! (Cbz), 9-fluorenylmethyloxycarbonyi {Fmoc),
benzyloxymethyl (BOM), pivaloyl-oxy-methyl (POM), trichloroethxoycarbonyl
(Troc), 1-adamantyloxycarbonyl (Adoc), but can also be benzyl, cumyil,
benzhydryl, trityl, allyl, C4.1¢ alkenyloxy carbonyl, such as alloc (allyloxycarbonyl).
The protecting group can also be silyl, like trialklysilyl, especially trimethylsilyl,
tert.-butyl-dimethylsilyl, triethylsilyl, triisopropylsilyl, trimethylsilyethoxymethyl
(SEM), and can also be sulfonyl, such as methanesulfonyl,
trifluoromethanesulfonyl and  benzyisulfonyl, or sulfenyl, such as

benzenesulfenyl.
R1 and/or R1' can aiso be a succinimidy! group or an acetal group.
Examples for R1 and/or R1' further include C1.10 alkenyloxy carbonyl, Ce.10aryi-

Cisalkyl, and C;salkyl-carbonyl, Ce.earyl-carbonyl, Ci.¢alkoxy-carbonyl, and Cs.

10aryl-Cgalkoxycarbonyl. In a preferred embodiment, R1 is Cgoaryl-Cy.



residues e.g. those selected fromthe group consisting
of G -C 7-alkyl, hydroxy, d-Cy-alkoxy,

w@E20088336kanoyl - oxy, hal ogen, nitro, cyano, aneCTEB2007/007913

phenyl - C1- C2-al koxycarbonyl; and allyl or cinnanyl.
Especially preferred are benzyl oxycarbonyl (Cbz),
9-fl uor enyl net hyl oxycar bonyl (Fnoc), benzyl oxynet hyl

(BOM, pival oyl - oxy- et hyl gPCAQ,
trichl oroet hxoycar bonyl (Tr 1- adamant yl oxycar bonyl
(Adoc), but can al so be benzyl, cunyl, benzhydryl,
trityl aIIyI C Cal kenyl oxy carbonyl, such as alloc

(al ox ctin can e
el (R R b Y R A Ra e T
t @s benziglt-pltoxhcartohyll (BOCY.| , tri et hyl sil yI
triisopropylsilyl, trinmet hyI sil yet hoxymet hyl (SEM,
and can al so be sulfonyl, such as nethanesul fonyl,

t Ini &l paoticotadly rrrefesad feorodineamtl Bérig yHboteixyaanydny! (BOC). More

we?e‘?r%ﬁlls thatR Y 156\%@%93&9&%’\1?‘ EWdnd FﬁllSQ’QgI[O En R can
a or

succl ni mdyl grou an acet roup.
Exanples for Rl and/or R1' further include C -10

ai_nk@'l'dﬂﬂéi’)@ért%afah Y ferré@eﬂn@@dtfﬁbnt R afdbkrh: ar@ﬂﬁde@endently
-loaryl - car bony and . _loaryl -G -6al kox ‘}/car bonP/

| ot SPPEY SRERIPSALIrOR: A yognimdn arous, an acsialaroup,
- & siyil glouPlior Babkyexstoayilgesup., d - al koxy- car bonyl
al l yl oxycarbonyl or C -ioaryl-C -eal kyl such as

benzyl, t-butoxycarbonyl (BOC). In a particularly
pinefyet r anbteerb cdirtieslarly Rieféreedt -dmhadioyerdr Bdnyand(oBOB)'

l\mﬁgpendently hydrogen or an amine protective group selected from the group
consisting of Cysalkyl which is mono-, di- or trisubstituted by Cg.10aryl, wherein
the aryl ring is unsubstituted or substituted by one, two or three, residues
selected from the group consisting of Cq.7alkyl, hydroxy, Ci.alkoxy, halogen,
nitro, cyano and CF3; Ce.10aryl-Cisalkyl, cumyl, phenyl-C1-C2-alkoxycarbonyl,
allyl, cinnamyl, 9-fluorenylmethyloxycarbonyl (Fmoc), benzyloxymethyl (BOM),
pivaloyloxymethyl (POM), trichloroethxoycarbonyl: (Troc), 1-
adamantyloxycarbony! (Adoc), Ci.jpalkenyloxycarbonyl, silyl, sulfonyl, sulfenyl,
succinimidyl, Czealkanoyl, Cs.jearyl-carbonyl, Cygalkoxy-carbonyl and Cg.qoaryl-

Cisalkoxycarbonyl.

In formulae (i} and (ii), the term "ester group” comprises any ester of a carboxyl
group generally known in the art; for example groups —COOR3, wherein R3 is
selected from the group consisting of: Cysalkyl, such as methyl, ethyl or t-butyl,
Ci-salkoxyCsalkyl, heterocyclyl, such as tetrahydrofuranyl, Ce.1oaryloxyCi.salkyl,
such as benzyloxymethyl (BOM), silyl, such as trimethylsilyl, t-butyldimethyisilyl
and t-butyldiphenylsilyl, cinnamyl, allyl, Cisalkyl which is mono-, di- or
trisubstituted by halogen, silyl, cyano or Ciearyl, wherein the aryl ring is
unsubstituted or substituted by one, two or three, residues selected from the
group consisting of Cq_ralkyl, Ci-alkoxy, halogen, nitro, cyano and CFj3; or C,.

salkyl substituted by 9-fluorenyl.



preferred is that Rl is t-butoxycarbonyl (BOC) and RV
i s hydrogen. In another particularly preferred

wepedssent R 1 and/ or RV are independently hyPCDBRWOT007913

sel ected froma benzyl group, a succinindyl group, an
acetal group, a silyl group or an oxycarbonyl group.
In yet another particularly preferred enbodinent R 1
and/ or RV are independently hydrogen or an am ne
protective group sel ected fr'ém t he group consisting of
C -eal kyl which is nono-, di- or trisubstituted by C
-ioaryl, wherein the aryl ring is unsubstituted or
substituted by one, two or three, residues sel ected
fromthe group consisting of G -7al kyl, hydroxy,
Clr(‘abdeﬁmyed ehﬂiodiy&mt RH is FCOQRZA MeairdRER3 Csalkyl residue. In

phenyl - C1- C2- al koxycar bonyl ,
F$%$M$ nna %ng(ﬁﬁhorenylnEthonxycarbonyI (Froc) ,
benzyloxynethyl (BOM, pival oyl oxynet hyl (POM,
Ul £0RrRERGH DX Q¥GEd Qrﬂﬂé(dnmér'ﬁf L% cdoH.

adamant yl oxycar bonyl (Adoc), G -1 oal kenyl oxycar bonyl ,
silyl, sulfonyl, sulfenyl su00|n|n1dyl C - alkanoyl

Cﬁoﬂtfﬁ@rhbﬂe GRIZD SféYérredeE@thﬁ@Kty R& 4 W&xy%ﬂor@ anQrﬁdﬂher

rbon a
LIPS RO isohpSEetang budesf Perrcned srbadyens
ngupe@&m@nﬁh%yo@nomm in the art; for exanple groups
, Wherein R3 is selected from the gr oup

consi sting of: C alky!, such as nethyl, ethyl or
t Thaudsfinjtions given above for R1, R1'and R2 also apply to formulae (i-a), (i-b),

(i-c), (i-d), (ii-a) and (ii-b).

The reaction of the compound according to formula (ii), or salt thereof, with
hydrogen is carried out in the presence of a transition metal catalyst, wherein
the transition metal is selected from group 7, 8 or 9 of the periodic table.
Therefore, the transition metal catalyst comprises, for example, Manganese
(Mn), Rhenium (Re), lron (Fe), Ruthenium (Ru), Osmium (Os), Cobalit (Co),
Rhodium (Rh) and/or Iridium (Ir).

In a preferred embodiment, the transition metal catalyst comprises rhodium,
iridium or ruthenium. In a more preferred embodiment the transition metal
catalyst comprises rhodium or ruthenium. In a particular preferred embodiment

the transition metal catalyét comprises ruthenium.

Generally, the transition metal catalyst is an organometallic complex, comprising

one or more of the above-mentioned metal atoms and suitable ligands.

Suitable ligands for the organometallic complex generally are o-donor ligands,
o-donor/r-acceptor ligands or o,m -donor/r-acceptor ligands. Examples for
suitable kind of ligands are among others carbon monoxide, halides,

phosphines, alkenyls, alkinyls, aryls and mixtures thereof.



C - al koxyG - al kyl, heterocyclyl, such as
tetrahydrofuranyl, C .ioaryloxyC|.6al kyl, such as
whenzybsgynet hyl (BOV), silyl, such as trinet hgdmEP30D7/007913
t-butyldinmethylsilyl and t-butyl di phenylsilyl,
cinnanyl, allyl, which is nono-, di- or trisubstituted
by hal ogen, silyl, cyano or wherein the aryl ring is
unsubstituted or substituteg by one, two or three,
resi dues selected fromthe Poup consi sting of C
al ky!, Cral koxy, hal ogen, nitro, cyano and CF3; or G
- 2al kyl substituted by 9-fluorenyl.In a preferred
enbodi ment, R2 is -COOR3, wherein R3 is a G- alkyl
residue. In particular, R3 is an ethyl group. In a
peramples apf yprefeefedr rigdndsbfodi teent odganeset@@OHcomplex  are:
F . 1
DR o) B LR EREbBAEER eyl pmen o
i@dﬁebutoxycarbonyl I n both preferred enbodi nents Rf
preferably is hydrogen. The definitions given above
for RI, Rf and R2 also apply to fornulae (i-a),
(Fh?:)cof('W'e’E?F ceni cayPastd i Pingly. rpRdtigne JRetRbn I p’tef?éred
C@ﬂb@dlmdntaCtﬁéréBnﬁlﬂe)Ie@ E4i @opridd ityo RrméRd trahdigire afetals,

wi th hydrogen is c i n th
+ itrorl SHRraR BRRLTS! B UF & PrFerR S RATNET o metal
rrabaisarcsbmﬂed&taﬁﬂohahﬂasgroup 7, 8 or 9 of the periodic
table. Therefore, the transition netal catalyst

conprises, for exanple, Manganese
Examples for preferred transition metal catalysts are [Rulx(p-cymene)l,,

[Rh(nbd),BF4] and [Ir(cod).Cl}.. More preferred are [Ruly(p-cymene)]; and
[Rh(nbd).BF,]. '

A particularly preferred transition ' metal catalyst is [Rh(nbd);BFi] {=

Bis(norbornadiene)rhodium(l) tetrafluoroborate}

Another particularly preferred transition metal catalyst is [Rul;(p-cymene)]; (=

Diiodo(p-cymene)ruthenium(lt) dimer):

Generally, the term "chiral ligand" comprises any ligand that is suitable to build

organometallic complexes and that comprises a chiral centre.

In a preferred embodiment the chiral ligand comprises a chiral phosphine.



(M), Rhenium (Re), lIron (Fe), Ruthenium (Ru) OGsm um
(Cs), Cobalt (Co), Rhodium (Rh) and/or Iridium((Ir).

w0 p0o8/oprsef erred enbodi ment, the transition nmetBCT/EP2007/007913
catal yst conprises rhodium indiumor ruthenium In a
nore preferred enbodi nent the transition netal
catal yst conprises rhodiumor ruthenium In a
particul ar preferred enbodi qent the transition netal
cat al yst conprises rutheniu CGenerally, the
transition netal catalyst is an organonetallic
conpl ex, conprising one or nore of the above nentioned

Rt Gateta Bt SRed aub ARy S0 gy 1 o5
I p@iﬁn(w that-tio choral ligand coeptises 4 fegr@neise sirucBirg whemimotheCp-

| ﬁ% fNé LA ARRLR: suFﬁﬁunfB& %h%%.rﬁ APl e kind of

s are anong others car nOX|de hal i des,
phosphi nes, al kenyls, alkinyls, aryls and m xtures

t lheé %Peffer@%ﬁ%b&ﬁm@rftt RE &hRAI IR@nd | 'té? 3068&ed %m 5& Ci)hos ligand,

anonet al I i c_conpl ex _are: "nor bornadi ene

CPiRBeE mﬂneneﬁ(fways &WneSO'P'PPSpd'BPP‘bul“’éﬂ"deWné'ﬁ%"dv

aB@h;jhadé dgand he mﬁm}é§ﬂﬁ?re6ﬁmdc%m§ | BBnds, S\Nﬁgihes ligands,
ansitiaon netal . | referred e ts the
o Satiion BoariR ot MaRlioR AR e PRt [ARURS: on et al s,
optlonally conprising a netal -nmetal bond. In a
;wégﬁ?' ed enbodi nent two netal atons are bridged via
i des.
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=V
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Exanpl es for preferred transition netal catalysts are
[ Rub -cyneneyfe, [Rh(nbd)2BF4] and [Ir(cod)2Cl]2. Mire
w@e@Besrset are [ Rul 2(p-cynene)] 2 and [ Rh( nbd) 2BEHEP2007007913
particularly preferred transition netal catalyst is
[ R(nbd) 2BF4] {= Bi s(norbornadi ene)rhodi un(l)
tetrafl uoroborate} Another particularly preferred
transition netal catalyst |s [Rul 2(p-cynene)] 2 (=
Di i odo( p- cynene) rut heni un(| 1P diner): Generally, the
term"chiral ligand" conprises any ligand that is
suitable to build organonetallic conpl exes and that
c%ﬁpbises a chiral centre. In a preferred enbodi nent
PORA¥ral 1igand conprises a chiral phosphine.It is
furqher preferred that the chiral Iigand conprises a
chimal QU rocene. It is also preferred that the chira
! prises a ferrocene structure wherein the
the ferrocene is substituted with a chiral
pr.ef erred enmbodi ment the chiral ligand is

f'gand, Sol phos I|gand Mandyphos I|gand
igand or m xtures thereof. Josiphos

Al phos |igands, Tani aphos |igands and
Nhnqyphos i gands are of the fornul ae: Josiphos
Wal phos

Mandyphos

wherein R and R are as described in WO02006/003196, EP-B1-612758,
WO02006/017045 , WO2006/117369 and in particular as shown in examples

herein.

Examples of suitable chiral ligands are:

Chiral ligands having a Mandyphos structure:

SL-M001-1:
(aR,aR)-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1-

bis(diphenylphosphino)ferrocene (also known as (R)-(S)}NMe2-PPh2-
Mandyphos)



Tani aphosSol phos Mandyphos wherein R and R are as
descri bed in W2006/ 003196, EP-Bl-612758,

WOERBO6IS01 7045 , WOR006/ 1 17369 and in parti cUPEI/ER®07/007913
shown in exanpl es herein. Exanples of suitable chiral
ligands are: Chiral |igands having a Mandyphos
structure: SL-MO1l-1: (aR aR)-2,2
-Bis(a-N,N<iinethylaninopheqélnethyl)-(S,S)-l,l -
bi s(di phenyl phosphi no)ferrocene (al so known as
(R -(S)- NWe2- PPh2- Mandyphos) SL- M04-1: (aR aR)-2, 2
- Bi s(a- N, N-di net hyl am nophenyl nethyl )-(S,S)-1, 1<-bis[d
i (3,5- dinethyl-4-nmet hoxyphenyl ) phosphi no] ferrocene

hywn as (R)-(S)- NMe2-

) 2- Mandyphos) SL- MD04- 2:

s(a- N, N-di nret hyl am nophenyl net hyl )- (R R

yphenyl ) phosphi no] ferrocene (al so
R) - NMe2-
h) 2- Mandyphos) SL- M)02-1: SL- MJ)0O3- 1:

SL-M004-1:

(aR,aR}-2,2"-Bis(a-N,N-dimethylaminophenyimethyl)~(S,S)-1,1'-bis[di(3,5-
dimethyl-4-methoxyphenyl)phosphino]ferrocene (also known as (R)-(S)-NMe2-
P(3,5-Me-4-MeOPh)2-Mandyphos)

SL-M004-2:

(aS,aS)-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(R,R)-1,1'-bis[di(3,5-
dimethyl-4-methoxyphenyi)phosphino}ferrocene (also known as (S)-(R)-NMe2-
P(3,5-Me-4-MeOPh)2-Mandyphos)



Chiral ligands having a Josi phos structure: SL-J002- 1:

SL-J003-1: (R -1-[(S)-2-D cycl ohexyl phosphi no) -
w®ehke0308661: SL-J011-1: SL-JO 13-1: SL-J302- 1SLpCBHAR2027/007913

SL-J505-1: Chiral |igands having a Wal phos structure:

SL-W)08-1: SL-W01-1:

(R-1-[(R-2-(2'-Di cycl ohexyl SL-WO05-1: SL-WO06- 1:

Exanpl es for further sui tabl1 chiral |igands are:

(S) - C4- TunaPhos (R)-(+)-BI NAP SL- MD36-2 SL- M)40-2

SL- MD41- 2SL- FO55-1 SL-F056-1 SL-FO061-1 SL-F062-1 The

preparation of |igand (S)-C4-TunaPhos is described in

J. Org. Chemgye2000, 65, 6223 (Exanple 4). Ligand

(R -(+)-BI NAR can be purchased from commerci al sources
such.as Ald @ A Al E” ot her above-nentioned |i gands
(l\/hngly_!p o@ 8 ® \al phos, Sol phos, etc.) are

conmePxT at ) yPave ble from Sol vias AG (Basel,
' Prred chiral |igands are:

SL-M002-1: SL-M003-1:

Chiral ligands having a Josiphos structure:



(aR aR)-2, 2" -Bi s(a- N, N-di net hyl am nophenyl net hyl )-(S, S
)-1 1 -bis(di phenyl phosphi no) ferrocene (= Mandyphos

wekookDBEel) , (aR aR) -2, 2 PCT/EP2007/007913
-Bi s(a- N, N-di met hyl am nophenyl net hyl HS, S)-1, 1
-bi s[di (3, 5-

di net hyl - 4- nmet hoxyphenyl ) phosphi no] ferrocene (=
Mandyphos SL- MD04- 1)

(aS,aS)-2,2'-Bis(a-N N—dlnethylanlnophenylnethyl) (RR
)-1,1 t-bis[di(3,5-

dinethyl 4- met hoxyphenyl ) phosphi no] ferrocene (=

\@@Qqs SL- M04-2), (a
h -bis(a-L/,L/- d|net%yfanlnophenylnethyl) (S,
813)11 Bi- %—PWF'@WYWHQSQHW%OSphl no)ferrocene (=
S@M&&?@v}uyuefc?auoﬂ‘éxw Di et hyl bls(%)ghenyl phosphi
t et rahydr o- 8, b| 2H— 1 enzoxazi ne
(B Wb’ﬁos SL- A001- 1),

(f’?) 1-[(S) - 2- Di cycl ohexyl phos R s &en:yIJ-et hyl d
i cycl ohexyl phosphine (= SL-JOO GD
(/"™ - KSh- D cydﬂ?ﬁw yl phosphi f%%%%nleethyldl-ter

f- yld , SLJ009- 1),

( -% /o henyl phosphi nophenyl ) f errocenyl ] et
hyl di (/Di 4 uor onet hyl phenyl ) phosphi ne (=

SL\ ml-

- (2' - D phenyl phosphi nophenyl ) ferrocenyl ]

- s@IJbud; qi cycl ohexyl phosphi ne d=59-2003-1) ,
(R -1-[(S)-2-Dicycl ohexyl phosphi no)ferrocenyl]ethyldic

ycl ohexyl phosr? ne (=

. S .
NN
Ki SR, &,

> ?
CF, ¢F,
SL-J009-1: SL-J011-1:
\\/,Z FC \\/
%\; ~{on, P s
SL-J013-1: SL-J302-1

R g
L= \5,CH,
=



Josi phos SL-J002-1 ) and/or

(R-1-[(R)-2-(2'-Di cycl ohexyl phosphi nophenyl ) f err oceny
wo b@sloyisei (bi s- (3,5-trifluoronethyl) phenyl) - phOBpPi0B007913

(= wal phos SL-W08-1). Mre preferred chiral |igands

are: (aR aR)-2,2 :

- Bi s(a- N, N-di net hyl am nophenyl nethyl )-(S,S)-1,1

- bi s(di phenyl phosphi no) ferqgcene (= Mandyphos

SL- MDO1-1),

(aR aR)-2, 2" -Bi s(a- N, N-di net hyl am nophenyl nethyl )-(S, S
)-1,1 -bis[di(3,5-
di I1.- 4- met hoxyphenyl) phos&hbgbgl{:er rocene (=

Ngg?d’;?g%’os SL- MD04- 1) ,

(aS, aS) -2, & (a- N, N-di net hyl am nophe met hyl HR, R) -
1,1' -bis[di Q‘ '
di met hyl- 4- mefk@Ryphenyl ) phosphin ro (=

K- (S)-2-Di cyclﬁ%x@hosﬁﬁlﬂ‘no) ferrocen
(:

SL 4
yl Tet hgrgreycl ohexyl phosphi ne dgsephos SL-J002-1)
and/ or

(R-1-[(R-2-(2"-D cycl ohexyl phosphi nophenyl ) ferroceny

I bﬁﬁamb%@masm%,vﬁaubﬁdsféwew?et hyl) phenyl) - phosphi ne
(= Wal phos SL-W)08-1 ). Even nore preferred chiral

ligands are: (aR aR)-2,2'-Bis(
ashweas-ret hyl ami nophenyl net lsylyweds1S) - 1, 1

iapbppeaigggine o ocene (- tniono

aphosihidoprenpiyfeaiodenpigieyy | met hy O*S. SJ_j~Ji ' - bi s i ¢F,
Tt o Kl @"”"@ éﬂ
CF

]
phosphine p

"CH, s
cr, (Fe)

l%““@é U=




and/ or (aS, aS)-2,2 -Bis(

a- N, N- di net hyl am nophenyl nethyl )-(R R)-1, r-bis[di (3, 5-
waleowsobngb? 4- met hoxyphenyl ) phosphi no] f err ocene BEI/EP2007/007913

Mandyphos SL- MD04-2). Most preferred chiral |igands

are: (aR aR)-2,2'-Bis(

a- N, N- di net hyl am nophenyl nethyl )-(S,S)-1,1

- bi s(di phenyl phosphi no) fer rzgcene (= Mandyphos

SL- MD01-1) and/or (aR aR)-2 Bi s(

a- N, N-di et hyl am nophenyl nethyl )-(S,S)-1,1"-bis[di (3,5

- di net hyl - 4- met hoxyphenyl ) phosphi no] ferrocene (=

C SL-MD04-1 ). Espe(:| I eferred as chiral
V?’S%@‘%}s (aR, aR) - 2, 2 -Bi s eﬁ‘_\yviﬂoé"i

a- N, N- i met hy| ag1 nophenyl rret hy
S, Sh- - CFKet hyI S >
met ho o f%:r:r o ndyp

4 n o nt th OFPpY
conbi nat i o s \L.,,- Bi rret aI Y 4
' ' reete Hy hodPElm ca 3
- : pho aJosi phos or a<SeBehos |igand;
nor e prefera . =4 nbd) 2BF4 and a Mandyphos, a
Wal phos, a Josi phos or a Sol phos |igand; yet nore
preferably rhodi um cat al ){st and Mandyphos SL-MO04-1 ,
J6Xappigs fosfurthgpsyuitable chigliligands agt:- 3009-1 , wal phos
SL-W)01- 2, Wal phos SL- WDOB 1, Wl phos SL-WO08-1 or

S8 MRETThAA00, Hosach e BB D 2

SL-1J009-1, WAl phos SL-WO01-2, Walgihos SL- W03-1,

e, - CxT
c;m v

(R)-(+)-BINAP

(L Jm,
™

SL-M040-2

-,
\V

GO



Wal phos SL-W08-1 or Sol phos SL-A001-1. In another
enbodi nent, the foll ow ng conbinations of transition
woredoalo3isat al yst and chiral |igand are preferrepCT/EP2007/007913

rhodi um cat al yst and Wal phos SL-W08-1 ; even nore
preferably Rh(nbd)2BF4 and Wal phos SL-WO08-1. Wen

usi ng these conbi nati ons of transition netal catalyst

and chiral |igand, by reactugg a compound of formula
(ii-a) , or salt thereof onposi tion conpri sing
conpounds according to fornmulae (i-a) and (i-b), or

salts thereof i s produced, wherein the nolar ratio of

[ is at | east 88 | n anot her
rﬁf?@stﬁé the fol |l ow ng con® 'i'ﬁé%‘? bns of transition

metal catal ysty and chiral |igand alre prefgrrgd: :
r hodi um cat al N-and Mandypho D04- 1 Mos+ phos
SL-J osjy/pRos SL-J009- 1} ' .- X\DO1- 2,

V\aP o i or Sol phos ! @ éven nore
prefer d) 2BF4 and @ St M04- 1,
Josip -1, Josiphos SLTJ099-1, Wl hos

SLW)01- 2, Wl phos SL-WO03-1 or Sol phos SL-A001-1.
WeerFG83i’ng t hese conbi nati onsSeF08%4ansiti on net al
catalyst anq chiral ligand, by reacting conpound of
for ~ or salt thereof __a. SII/I on

c compounds accordi ng t Q- F% Iae {i-a) and
(i-) eleof, is prod serein th
mol aF<E2Et 0 -b} to (i-a) iscaFshe . 35,

mor e pref er gbl aﬁ) f east CF,

The preparation of ligand (S)-C4-TunaPhos is described in J. Org. Chem., 2000,
65, 6223 (Example 4). Ligand (R)-(+)-BINAP can be purchased from commercial
sources such as Aldrich. All other above-mentioned ligands (Mandyphos,
Josiphos, Walphos, Solphos, etc.) are commercially available from Solvias AG
(Basel, Switzerland).

Preferred chiral ligands are:

(aR,aR)-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1"-bis(diphenyl-
phosphino)ferrocene (= Mandyphos SL-M001-1),

(aR,aR)-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1'-bis[di(3,5-
dimethyl-4-methoxyphenyl)phosphinolferrocene (= Mandyphos SL-M004-1),

(aS,aS)-2,2'-Bis(a-N,N-dimethylaminophenyimethyl)-(R,R)-1,1-bis[di(3,5-
dimethyl-4-methoxyphenyl)phosphino]ferrocene (= Mandyphos SL-M004-2),

(aR,aR)-2,2'-bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1'-
bis(dicyclohexylphosphino)ferrocene (= SL-M002-1),



73 : 27. In another enbodi ment, the follow ng
conbi nations of transition netal catalyst and chira
wo e@ansiiser e preferred: rhodi umcatal yst and a MIEPPIDE7913

or a Wl phos ligand; nore preferably [Rh(nbd)2BF4] and
a Mandyphos or a Wl phos |igand aswel|l as rhodi um
catal yst and SL-MD04-2 or SL-WO08-1; nost preferably
[ Rh(nbd) 2BF4] and SL-NDO4-2&%r [ Rh(nbd) 2BF4] and
SL-W)08-1. In a further enbddi nent, the foll ow ng
conmbi nations of transition netal catalyst and chiral
ligand are preferred: rutheniumcatalyst and a
Mandyphos or a Josiphos |igand; nore preferably
[Rul2(p cynmene)] 2 and a Mandyphos or a Josi phos

Qehh i -Danediny I{TOF -bisfripHenylabdsphina)-B.8M  dAettattydtoy, 8’-ta2d-

4-1, SL-MO04-2
H4¥Q%%’%nggmgﬁéTgéﬁrzbgyg |y [RuIZ(Pcyneng;] 2 and
SL- MD01-1, SL-M02-1, SL-M04-1, SL-MO04-2 or
SkR)Jﬂﬁgr ﬂ-Drdyaoﬁé}@tHﬂggpm@Frth@m]-eH}%réyal)ﬁ%pﬂ&phme (=

nmbi nations of transition netal catalyst and ch
§bdﬂ@pére preferred ruthenlunrcatalyst and Nhndyphos
SL MD04-2 or SL-M02-1; preferably [Rul 2(p-cynene)]?2

RTSHCET SRk N T R

| vgadnt), by reacting a conpound of formula (ii-a), or
salt thereof, a conposition conprising conpounds

according to fornulae (i-a) and (i-b), or salts
t ar1do$);2- (%Dpﬂeaxl@wphmmmevmnmtwdlrb&3& of (i-b)

t ginldrombitlyPhétylpREsphineq= sL3Reo 11y, €

(R)-1-[(R)-2-(2’-Diphenylphosphinophenyl)ferrocenyl]-
ethyldicyclohexylphosphine (= SL-W003-1),

(R)-1-[(S)-2-Dicyclohexylphosphino)ferrocenyl]ethyldicyclohexylphosphine (=
Josiphos SL-J002-1) and/or

(R)-1-[(R)-2-(2"-Dicyclohexylphosphinophenyl)ferrocenyllethyldi(bis-(3,5-trifluoro-
methyl)phenyl)-phosphine (= Walphos SL-W008-1).

More preferred chiral ligands are:
(aR,aR)-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1"-bis(diphenyl-
phosphino)ferrocene (= Mandyphos SL-M001-1),

(aR,aR)-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1"-bis[di(3,5-
dimethyl-4-methoxyphenyl)phosphino]ferrocene (= Mandyphos SL-M004-1),

(aS,aS)-2,2"-Bis(a-N,N-dimethylaminophenylmethyl)-(R,R)-1,1"-bis[di(3,5-
dimethyl-4-methoxyphenyt)phosphinojferrocene (= Mandyphos SL-M004-2),



preferably at |east 73 : 27, nost preferably at |east
94 : 6. In still another preferred enbodi nent the

W@ oouBisEtT on of transition netal catal yst and edi/ERd007/007913
l'igand is: ruthenium catal yst and Mandyphos SL-MO01-1,
Mandyphos SL- MD04-1 or Josi phos SL-J002-1; preferably
[ Rul 2( p-cynene)] 2 and Mandyphos SL- M)01-1, Mandyphos
SL- MD04-1 or Josi phos SL-J0Q2-1. Wen using these
combi nations of transition Hetal catal yst and chiral
ligand, by reacting a conpound of formula (ii-a), or
salt thereof, a conposition conprising conpounds

b Pk SRSk b ey 4

t dosjphob BLIO02AN ) hetiet 88 : 12, nore preferably at | east
98 : 2. In yet another preferred enbodi nent the
conbination of transition netal catalyst and chira

( R)eirl(R)-2-(2"-Dicty blehéxylphosithitiopbénydifestrovbmydie {hiyiol biSi(3, MbTHio fo-

él‘h%&@ng P gy ok 21 afodandyphos SL- MDO4- 1.

en-usin nblnatlons 0 ansition neta
catal yst and chiral Iigand, by reacting a conpound of

f BydRthére(préfefdd cififal ki hifder eof , a conposi tion
conpri si ng conpounds accordi ng to formulae (i-c) and

(i-d), or salts thereof, is produced, wherein the
n@xRaciR)rm ims(oiN I(Hdrﬁéthjd@m(nbpl‘i@nyirﬁetﬂ}l)-dS@)S‘t,1'ﬁﬁs(dipﬁéhyl-

era In a still further
.t‘?{@ et"oc?'ﬁé/( %?Togﬁﬁ%s SQICWB?H& ions of transition
netal catal yst and chlral i gand are preferred:
RN QLN N mARfaminYBRY PRASIS S)-1,1"-bis[di(3,5-
dimethyi-4- methoxyphenyl)phosphlno]ferrocene (= Mandyphos SL-M004-1)

and/or

' (aS,aS)-2,2"-Bis(a-N,N-dimethylaminophenylmethyl)-(R,R)-1,1'-bis[di(3,5-
dimethyl-4-methoxyphenyl)phosphinolferrocene (= Mandyphos SL-M004-2).

Most preferred chiral ligands are:

(aR,aR)-2,2'-Bis(a-N,N-dimethylaminophenyimethyl)-(S,S)-1,1"-bis(diphenyl-
phosphino)ferrocene (= Mandyphos SL-M001-1) and/or

(aR,aR)-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1'-bis[di(3,5-
dimethyl-4-methoxyphenyl)phosphino]ferrocene (= Mandyphos SL-M004-1).

Especially preferred as chiral ligand is (aR,aR)-2,2'-Bis(a-N,N-dimethylamino-
phenylmethyl)-(S,S)-1,1'-bis[di(3,5-dimethyl-4-
methoxyphenyl)phosphinolferrocene (=Mandyphos SL-M004-1).

In one embodiment, the following combinations of transition metal catalyst and

chiral ligand are preferred: rhodium catalyst and a Mandyphos, a Walphos, a



a Josi phos ligand; nore preferably [Rul 2(p-cynene)}2
and a Mandyphos or a Josi phos ligand as well as

WO aiosesisem cat al yst and SL- MD01-1, SL-MD04-1 opCBEBD02607913
1; nost preferably [Rul 2(p-cynene)]2 and SL- M)O1-1,
SL-MD04-1 or SLJO02- 1. In particular, the conbination
[ Rul 2(p-cynmene)]2 and Mandyphos SL-MO04-1 is
preferred. The reaction con tlons of the process of
the present invention are p ferably chosen such that
the reaction is-carried out as a honobgenous catal ysi s.
Gbnerally the term "honbgenous catal ysis" describes a

t h t al
i e R A A T
pW:alx_&ws, alodigtes pr easBoiphasriigemd; iyehmpreeprefegdidly rhicgliunotatalyst
A ayBiibs SEMbOAH, IEAARNE 0SS, Sbdios: oL T8 Walohos
cat-AVerz Wirlehaes $lhéVQ9ét1alVWthSsSh WO088di dri%aiphes SHAUX-1;

t Qvénhﬁuofeeef%wlys RhF'ﬁ)r %Bﬂg %H@ %d9ﬁ“¢ﬁl S MOAL 51%1 3bdi ;yhos SL-

provi de a surface the chem cal reaction

piJ%Q:"’e1 orosiRNeSt [3k-49P8dentValPhoe neh-¥¥P0d . v@fﬂ@ogeﬁh"!ﬂ‘i’q:"ﬂ

knewghos BLIVIGOSAT br S@phdaesiuaesh-1.Preferably, a solvent is
used which is able to dissolve the transition netal

catal yst and the chiral ligand. Preferably, a polar
sinl arextthieriesnbogidtbnt,ethe follawing combinations of transition metal catalyst

and chiral ligand are preferred: rhodium catalyst and Walphos SL-W008-1; even
more preferably Rh(nbd),BFs; and Walphos SL-W008-1. When using these
combinations of transition metal catalyst and chiral ligand, by reacting a
compound of formula (ii-a) , or salt thereof, a composition comprising
compounds according to formulae (i-a) and (i-b), or salts thereof, is produced,

wherein the molar ratio of (i-a) to (i-b) is at least 88 : 12.

In another embodiment, the following combinations of transition metal catalyst
and chiral ligand are preferred: : rhodium catalyst and Mandyphos SL-M004-1,
Josiphos SL-J003-1, Josiphos SL-J009-1, Walphos SL-W001-2, Walphos SL-
WO003-1 or Solphos SL-A001-1; even more preferably Rh(nbd),BF, and
Mandyphos SL-M004-1, Josiphos SL-J003-1, Josiphos SL-J009-1, Walphos SL-
WO001-2, Walphos SL-W003-1 or Solphos SL-A001-1. When using these
combinations of transition metal catalyst and chiral ligand, by reacting a
compound of formula (ii-a) , or salt thereof, a composition comprising
compounds according to formulae (i-a) and (i-b), or salts thereof, is produced,
wherein the molar ratio of (i-b) to (i-a) is at Iegst 65 : 35, more preferably at least
73:27.

In another embodiment, the following combinations of transition metal catalyst
and chiral ligand are preferred: rhodium catalyst and a Mandyphos or a Walphos

ligand; more preferably [Rh(nbd),BF,4] and a Mandyphos or a Walphos ligand as



nonoval ent al cohol. Mre preferably, the solvent is
nmet hanol or ethanol. More preferably, ethanol is used.
wab@sassent of sol vent enpl oyed may be such t hBECT/BR2007/007913

concentration of reactant is in a the range of from1

to 30 % v (weight / volune), preferably of from3 to

25 %/ v, nore of from1l0 to 25 %W v, nost preferably

of from20 to 25 %W/ v. In a greferred enbodi nent, the
hydr ogenation is carried outlat a t enper at ure bet ween

0O OC and 80 "C preferably between roomtenperature and

80 C, nore preferably between roomtenperature and 60

even nore f erabl n room erature an
A% 35" hdors BieisL Y SRR o AP ab Gt piario6y
O[Rh(iTHu,Bifyjmd G005 2 oufRItdy,BF 5] and QLW UL at a
tenperature between 0 0OC and 60 0OC, preferably between
30 0C and 50 OC, nore preferably between 35 0C and 45
0D, a Tusbeappbodidenty thedgkawing esrahinations hiransitioarmets! catalyst

bgﬁd"":‘cﬁtpaﬁlggﬁﬁ ﬁ@%r&grrgﬁrnutr%ﬁﬁw Q@‘ylét Qﬁ@"}f}%nagp%@rort 9

nore preferab g bet ween 12 and 20
r é%?&hioé rigendremassy Arefsra 'éd@éb(me&z angh gy Mageyphes or a

hgasighos WBARS; RVE1 fiord biefdrabiyeRefiurl @utaystBrd 3¢-NGDALE, SL-

o2 S e 0 loBF "SR JoBE, e et b AT

hqumerteg)jz ad 8omoe1-1pseivncabl, BLIMEAf ShevMoGt-2 or SI0J0ERIT .S .

In another embodiment the following combinations of transition metal catalyst
and chiral ligand are preferred: ruthenium catalyst and Mandyphos SL-M004-2
or SL-M002-1; preferably [Ruly(p-cymene)], and Mandyphos SL-M004-2 or SL-
M002-1. When using these combinations of transition metal catalyst and chiral
ligand, by reacting a compound of formula (ii-a), or salt thereof, a composition
comprising compounds according to formulae (i-a) and (i-b), or salts thereof, is
produced, wherein the molar ratio of (i-b) to (i-a) is at least 65: 35, more

preferably at least 73 : 27, most preferably at least 94 : 6.

In still another preferred embodiment the combination of transition metal catalyst
and chiral ligand is: ruthenium catalyst and Mandyphos SL.-M001-1, Mandyphos
SL-M004-1 or Josiphos SL-J002-1; preferably [Rulx(p-cymene)l. and
Mandyphos SL-M001-1, Mandyphos SL-M004-1 or Josiphos SL-J002-1. When
using these combinations of transition metal catalyst and chiral ligand, by
reacting a compound of formula (ii-a), or salt thereof, a composition comprising
compounds according to formulae (i-a) and (i-b), or salts thereof, is produced,
wherein the molar ratio of (i-a) to (i-b) is at least 88 : 12, more preferably at least
98 : 2.

In yet another preferred embodiment the combination of transition metal catalyst

and chiral ligand is: ruthenium catalyst and Mandyphos SL-M004-1; preferably



In a preferred enbodi nent, the hydrogen pressure

ranges fromof 5 bar to 25 bar, preferably fromof 5
wha00sos1sg0 bar, nore preferably fromof 10 barPC€DERD®07/007913

bar, yet nore preferably fromof 15 to 20 bar, nost

preferably the hydrogen pressure is 20 bar. The anount

of transition netal catalyst to substrate (ii),

typically enmployed in the pg%cess, may be in the range

of from0.001 to 5 %l erably of fromO0.001 to 1

%ol , nore preferably of fron10.003 to 0.3 %mwl, yet

nnre preferably of fromO0.005 to 0.1 %mol, nost

bI Us. I in, th
PS030 bt ot s, Ao Pk BT s flons
S,thrarw.moo)metal ch@Hlysbandchytabligangr i eretivigya &fipound lof fpeula
1Q0
CREErGES ke oot gl LSS b o
mirreulsedidrandl (i7d)30r ealg therpof [seprpdusednwhareindie Molar ratie of

L GldNo @GPt Rh& d80 12ahBleRbrefBly RicasfdLrg 10 the nolar
ratio of starting conpounds according to formula (ii),

or salts thereof, to "active catalyst" (formed by
mirx iang.ut fagthér amsd:duinem R ddllowimladaridinaAibas toh aragitiéralmetal

| 9B spc 3 i SR B Sheyl ks o o
praefoeipabsk Vigdnd) mape prédérahiyl [Rubafp-ayivienall. andy arMandybhbsloOa
MybGors ngérﬁﬁ?é Mflp rﬂﬁl%ﬁbg\aéagﬁfst 8:9&@{ 'wﬁ)%q 1' §Lt|\Jgtfb4 1 or SL-

transit
t POA¥s1:t e nﬁ%fﬁmblyd&utz(gv@tmqng)lenm @y@domp«r @@Mg%.y qrvﬁj_
mppesq of chiral ligand are

In particular, the combination [Rulx(p-cymene)}. and Mandyphos SL-M004-1 is

preferred.

The reaction conditions of the process of the present invention are preferably
chosen such that the reaction is carried out as a homogenous catalysis.
Generally, the term "homogenous catalysis" describes a catalysis where the

catalyst is in the same phase (e.g. solid, liquid and gas) as the reactants.

The process of the present invention preferably is not carried out as a
heterogeneous catalysis. Generally, the term "heterogeneous catalysis”
describes a catalysis where the catalyst is in a different phase to the reactants.
Heterogeneous catalysts usually provide a surface for the chemical reaction to

take place on.

In the present invention solvents generally known in the art can be used.
Preferably, a solvent is used which is able to dissolve the transition metal
catalyst and the chiral ligand. Preferably, a polar solvent is used, e.g. a
monovalent alcohol. More preferably, the solvent is methanol or ethanol. More

preferably, ethanol is used. The amount of solvent employed may be such that



reacted wwth one nole of transition netal catalyst in
order to formthe "active catalyst". The chiral |igand
wo go08ppisenl |y added to the reaction m xture i NPEI/EP2007/007913
solution prepared with the sane sol vent used for the
reaction. In the process of the present invention
preferably a conpound according to fornmula (ii), or
salt thereof, in an optically active formis reacted.
This means that in the procéss of the present
i nvention a conpound according to formula (ii-a), or
salt thereof, (ii-a),wherein Rl, Rl' and R2 are
def i ned accorgdin r mul i}~ or
516 O 3 Feacliny B BEnadiof BB i tagll i
abdumﬁlamﬂEBBWuﬁéwnaéteﬂﬁﬂ%whgnﬂ@ﬂpb&nm.ﬂrkezéﬂ@%Vymoa
ggﬁgg& O{%%“Qbu) 3@l t thereof, is used as starting

npoun e synthesis of the startlng conmpound (ii),
or salt thereof, wherein Rl is BOC, Rl' is hydrogen

apfa %geféﬁe@%&d#n%mk Wﬂydr&%énaﬁ‘orarst carfdy ST t%nfp@Fattﬂfe

possi bl e synt hesi s of artin onmpound (ii-a),
sﬁ?tt”eF'Pl@r e@nd 8Qnkr peferadly betweeny °°F@1‘em§efﬁ9’d‘f BRSO 2 d"‘FQE
| prefobbly betw@bn edbni Rnipdeatiire 26t i6ONC S&RAMRore §levably btwider

room temperature and 45 °C, most preferably between room temperature and
35°C.

The hydrogenation usually is carried out at a temperature between 0 °C and
60 °C, preferably between 30 °C and 50 °C, more preferably between 35 °C and
45 °C.

The applied hydrogen pressure usually ranges between 5 bar and 30 bar,
preferably between 10 bar to 25 bar, more preferably between 12 bar and
20 bar. The reaction time usually ranges between 1 hour and 25 hours, more
preferably between 6 hours and 24 hours, yet more preferably between 5 hours
and 20 hours. Most preferably, the reaction time usually ranges from 1 hour to

25 hours, preferably from 5 hours to 20 hours.

In a preferred embodiment, the hydrogen pressure ranges from of 5 bar to
25 bar, preferably from of 5 bar to 20 bar, more preferably from of 10 bar to
20 bar, yet more preferably from of 15 to 20 bar, most preferably the hydrogen

pressure is 20 bar.

The amount of transition metal catalyst to substrate (ii), typically employed in the
process, may be in the range of from 0.001 to 5 %mol, preferably of from 0.001
to 1 %mol, more preferably of from 0.003 to 0.3 %mol, yet more preferably of
from 0.005 to 0.1 %mol, most preferably of from 0.01 to 0.05 %mol.



(327.4) (325.4) (409.5) If conmpound (ii-a), or salt

thereof, is used as starting conpound, conpounds
waewsnslisey to forrmula (i-a) and formula (i-b), POI/ERRDT/@7913

thereof ,R2 (i-b), wherein RlL, Rl and R2 are defined as

above, can be obtained. |If conpound (ii-b), or salt

thereof, is used as starting conpound, conpounds

according to fornula (i-c) d fornula (i-d), or salts

t hereof, wherein Rl, RT and are defined as above,

can be obtained. The ratio of conpounds according to

formul a (i-a) to (i-b) and (i-c) to (i-d)

ti ¥y alts thereof ual | end 0N t he
BB Iesfines RabieohE S pee B umio PR Siccfpud 8
md0Gulor highat, \pseferably 5G®eorcﬂngheal mioreg prietbratin 10&[130!81‘1@1@'( iroa

taﬁFgfé)rFedoéhtgdaﬁnérﬁ |tl¥e %er Prhﬂ)?{h @/(X ’ratlor]s EQ 60(? rn?c?rg ?)l?reuf?rfgbly

e present 1 nven conpoun s according
(B0&PY. or salts thereof, are produced. In one
preferred enbodi nent of the process of the present
“invention a conposition conprising nmpounds accor di ng
t i hePReReakinyentieh thegrisybptratgto §a*|atvgt el reters tojte molar
pm.dwecbmﬂgeéoeﬁpmuhawaé&hﬁrﬁg {o¥bintui® i) CEHEaAs! BkSeof, to "active

ggtgf;/st r}gmge% Jyorgig(rilflmlg ﬂ'\e transition metal catalyst and the chiral ligand).

Usually, the active catalyst is formed by mixing 0.9 to 1.2, preferably 1.0 to 1.1,
more preferably 1.0 to 1.05 mole of chiral ligand with 1.0 mole of transition metal
atoms comprised in the transition metal catalyst. For example, if a dimer
transition metal catalyst is employed, preferably two moles of chiral ligand are
reacted with one mole of transition metal catalyst in order to form the "active

catalyst".

The chiral ligand is typically added to the reaction mixture in a solution prepared

with the same solvent used for the reaction.

In the process of the present invention preferably a compound according to
formula (ii), or salt thereof, in an optically active form is reacted. This means that
in the process of the present invention a compound according to formula (ii-a),

or salt thereof,



(i-a), or salts thereof, to conpounds according to
formula (i-b), or salts thereof, is at least 88 : 12,
wee@Bes@Ebiy from 90 : 10, nore preferably fromP@PEP®OL007913
Most preferably the nolar ratio of conpounds accordi ng
to formula (i-a), or salts thereof, to conpounds
according to fornmula (i-b), or salts thereof, is at
least 88 : 12, preferably frgm90 : 10 to 99.9 : 0.1
In a preferred enbodi nent the process of the present
i nvention provides conpounds according to fornul ae
(i-a) and (i-b), or salts thereof, wherein R1 and Rl
a I 0 I NG
gp@ﬁ;endﬁpe@ﬂ &k @éé% Q@ﬂ%gigaesq%bggt% @face&fjmpq{% gcgrmg%.. b), or
ofalt é“ﬁfesent invention is a conposition conprising
conpounds according to formulae (i-a) and (i-b), or
salts thereof, wherein the nolar ratio (i-a) to (i-b)
~ | east 88 : 12, preferably from90 : 10, nore
from99 : 1. Mst preferably the
conmposIYi Ony conpri ses conpounds according to fornul ae
-b), or salts thereof, wherein the nolar
ratio (i- tp (if-b) is at least 88 : 12, preferably
from90 : 10 £0_£29.9 : 0.1. In a;nefmwed enbodi nment
t he conp03|N|on cofgri ses compounds according to
fornulaé‘(lRa) and (i 2& or salts thereof, wherein R
1 and R1l' are |ndepe%5' tly hydrogen or an am ne
protecting group and R2 is COOH In one preferred
CRROLITRAL O dhlCREIAERING] dNERECTER bd NYEN IO
conposi tion conprising conpounds accordi ng or 28
(pemBpoudfld (i-b), or salts

- Preferably, compound (ii-a), or salt thereof, is used as starting compound. The
synthesis of the starting compound (ii), or salt thereof, wherein R1 is BOC, R1'is
hydrogen and R2 is COOEt is known in the art.

An example for a possible synthesis of the starting compound (ii-a), or salt
thereof, wherein R1 is BOC, R1' is hydrogen and R2 is COOH is given in the

reaction scheme below:



thereof, is produced wherein: - the nolar ratio of
conpounds according to fornmula (i-a), or salts

wo bms®eaifss7 t o conmpounds according to formula (iP@)EPNT/007913
salts thereof, is at |east 88 : 12, preferably at
| east 90 : 10, nore preferably at least 99 : 1, - the
conbi nations of transition netal catalyst and chira
ligand are as descri bed ab0\é§a preferably: rhodi um
catal yst and a Mandyphos, | phos, a Josiphos or a
Sol phos ligand; nore preferably Rh(nbd)2BF4 and a
Mandyphos, a Wal phos, a Josi phos or a Sol phos |i gand;
even nore preferably rhodium catal yst and a Wl phos

| ilgdnd; .yet nore ferablyl rhodiumc yst and
Wal p SL MDOS-l;:2Q€§ praferably Rh BF4 an
Val phagiShe VRRB- 11 | njanot et ef% s e¢d ernpadi of

t he pg ess @bath preiéﬁt i nveffson @ co
conprh g conmpdunds dcdor di g to for Iaé’Qi-aLHand
(i-b), salts t her ed¥® "y produced wher ét€™ the
ﬁDlakyLmﬂIO of conpoupds, accordi ng to for nathae,(i-a),
or sabP¥4 thereof, to esspounds accordi ng ta«fsor nul a
(i-b), or salts thereof, is at |least 88 : 12,
preferably at |east 90 : 10, nore preferably at |east

99 : 1, - the co ations of transition netal
catal yst and chira gand are as

|-
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If compound (ii-a), or salt thereof, is used as starting compound, compounds
according to formula (i-a)

r1—N R

R1 (i-a)

and formula (i-b), or salts thereof,



descri bed above, preferably: rutheniumcatal yst and a
Mandyphos or a Josi phos |igand; nore preferably and a
worwdYpIses or a Josi phos |igand; even nore prePEr/BR1097/007913
rut heni um catal yst and SLM)O1- 1, SL-M04-1 or
SL-J002-1; yet nore preferably [Rul 2(p-cynene)]2 and
SL- M01-1, SL-MI04-1 or SL-J002-1, nost preferably
Rul 2( pcynene)] 2 and SL- MO 31 or SL-M)04-1. In one
enbodi nent of the process of the present invention a
conposi tion conprising conpounds according to fornul ae
(i-a) and (i-b), or salts thereof, is produced
wherein:- the nolar ratio of conmpounds according to
fornul g b), or salts thereof, to conmpounds
accord o fornmula (i-a), or salts thereof, is at
| east 657 3% Nyre preferably at |least 73 : 27, nost
preferably at qst 94 . 6. In a preferred enbodi nment
of the proces .he present invention a conposition
conpri sing conpounds actording to fornulae (i-a) and
(i-b), or salts t ks produced wherein: - the
nol ar ratio &1'Tohpounds according to forrmula (i-b),
or salts thereof Rto conpOU@g? according to formul a
(i-a), or salts thereof, is at least 65 : 35, nore
preferably at least 73 : 27, nost preferably at | east
Odheref.RT, R1hendcRZBieRifihedSs Sovk ! @rPeldbiingdet al
catalyst and chiral ligand are as

If compound (ii-b), or salt thereof, is used as starting compound, compounds

according to formula (i-c)

- R2
RN
R (i-c),
and formula (i-d), or salts thereof,
R2
RN
RT (i-d),

wherein R1, R1' and R2 are defined as above, can be obtained.



descri bed above, preferably: rhodiumcatal yst and a
Mandyphos, a Wal phos, a Josi phos or a Sol phos |i gand;
woreoos/oprsef er abl y Rh(nbd) 2BF4 and a Mandyphos, BCT/EP2007/007913

Wal phos, a Josi phos or a Sol phos |igand; even nore
preferably rhodi um and Mandyphos SL-M04-1 , Josi phos
SL-J003- 1, Josiphos SL-J009-1, Wl phos SL-WO01-2,
Wal phos SL-W03-1, or Sol phaos, SL- A0O01-1; yet nore
preferably Rh(nbd)2BF and Matfdyphos SL- M)04- 1,
Josi phos SL-J003-1, Josiphos SL-J009-1, Wl phos
SLW01- 2, Wal phos SL-WO03-1, or Sol phos SL-A001-1;
nost preferably Rh(nbd)2BF4 and Mandyphos SL- M)04-1,
Wal phos SL-W01-2, or Sol phos SL-AM1-1. In another
priée enatie @f e:ntmdtizmnaccofdirtm@ foroglesigapfo {itg gode@ento (i-d),
i b [ 0 d ordj
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AGHHRY SHang ohond &yiveat a (i-b), or salts thereof, to
conpounds according to fornmula (i-a), or salts t her eof

is at least 65 : 35, nore preferably at |east 73 : 27,
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ransitlo netal, cata nd, chiral ligand are as

ab(éa B%E{/ta theﬁ?oéfaé¥£tf)cf 24yt heni um cat al yst and a
Mandyphos or a

In one preferred embodiment of the process of the present invention a
composition comprising compounds according to formulae (i-a) and (i-b), or salts
thereof, is produced wherein the molar ratio of compounds according to formula
(i-a), or salts thereof, to compounds according to formula (i-b), or salts thereof, is
at least 88 : 12, preferably from 90 : 10, more preferably from 99 to 1. Most
preferably the molar ratio of compounds according to formula (i-a), or salts
thereof, to compounds according to formula (i-b), or salts thereof, is at least
88 : 12, preferably from 90:10 to 99.9:0.1. In a preferred embodiment the
process of the present invention provides compounds according to formulae (i-a)
and (i-b), or salts thereof, wherein R1 and R1’ are independently hydrogen or an

amine protecting group and R2 is COOH.

Consequently, a further subject of the present invention is a composition
comprising compounds according to formulae (i-a) and (i-b), or salts thereof,
wherein the molar ratio (i-a) to (i-b) is at least 88 : 12, preferably from 90 : 10,
more preferably from 99 : 1. Most preferably the composition comprises
compounds according. to formulae (i-a) and (i-b), or salts thereof, wherein the
molar ratio (i-a) to (i-b) is at least 88 : 12, preferably from 90 : 10 t0 99.9: 0.1. In
a preferred embodiment the composition comprises compounds according to
formulae (i-a) and (i-b), or salts thereof, wherein R1 and R1' are independently

hydrogen or an amine protecting group and R2 is COOH.



Josi phos ligand; nore preferably [Rul 2(p-cynene)]2 and
a Mandyphos or a Josiphos ligand; even nore preferably

WO pdoR@sisem cat al yst and aMandyphos |i gand; yetPE@DER2007/007913
preferably rutheniumcatal yst and SL-M02- 1 or
SL- MD04-2; still nore preferably [Rul 2(p-cynene)]2 and
SL- M)02-1 or SL-M04-2; nost preferably
[ Rul 2(p-cynmene)] 2 and SL-MQ4-2. In one enbodi nent of

the process of the present ithvention a conposition
conpri sing conmpounds according to fornmulae (i-c) and
(i-d) or salts thereof is produced wherein: - the
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of corﬁ%dﬁdereﬁﬁsw a‘i'?@ft% ﬂ%rrnsarpeﬁre(f?raely ot lsast99 :t1s
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conbi rwalptms acfostphas ®r ti Sulphostlighnd; aﬁc&éyﬁéfe@bs} Rtk(nbd)LBF.,
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. more preferably rhodlum catalyst and a Walphos ligand; yet more

preferably rhodium catalyst and Walphos SL-W008-1; most preferably

Rh(nbd),BF4 and Walphos SL-W008-1.

In another preferred embodiment of the process of the present invention a
composition comprising compounds according to formulae (i-a) and (i-b), or salts
thereof, is produced wherein:

- the molar ratio of compounds according to formula (i-a), or salts thereof,
to compounds according to formula (i-b), or salts thereof, is at least
88 : 12, preferably at least 90 : 10, more preferably at least 99 : 1,

- the combinations of transition metal catalyst and chiral ligand are as
described above, preferably: ruthenium catalyst and a Mandyphos or a
Josiphos ligand; more preferably [Rul,{p-cymene)}; and a Mandyphos or
a Josiphos ligand; even more preferably ruthenium catalyst and SL-
M001-1, SL-M004-1 or SL-J002-1; yet more preferably [Rulx(p-cymene)),
and SL-M001-1, SL-M004-1 or SL-J002-1, most preferably Rulx(p-
cymene)], and SL-M001-1 or SL-M004-1.

In one embodiment of the process of the present invention a composition
comprising compounds according to formulae (i-a) and (i-b), or salts thereof, is ‘

produced wherein:



Josi phos ligand; nore preferably [Rul 2(p-cynene)]2 and
a Mandyphos or a Josiphos ligand; even nore preferably
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preferably ruthenium catal yst and SL- M04- 1; nost
preferably [Rul 2(p-cynene)]2 and SL-M)04-1. The
process of the present invention can conprise an
addi ti onal optional step wheyein the conpounds
according to fornula (i-a), or salts thereof, are
separated fromthe above-descri bed conposition by
nmeans of crystallisation. In a preferred enbodi nent of

th t MOoSid i iSi
compoutcide 1@ AriBnphEfse S SRRAS! il R sl hereot,
sal t s terempetndy pecording e ormula ficp)aommshlty thesgdf.oisoft least

(i-2a) ¢50 36l mBle ;S?f—:-fe?ébh} R3&dst $3: 27, Fdst br%féﬂéﬁ?gtllgfsq 9hPea

suitable polar first solvent, e.'g. a nonoval ent
al cohol , preferably ethanol or an ester,preferably
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subsequen uita e se en y.
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'uaa@du:&sﬁvﬂm@unnd soI vent. Thus, a preferred system

conpr 'tﬁé la? rgt gur?dss %891% 8|er u‘ia % or salts thereof,
i sopr opy acet a e ane. r%/ % ep
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subj ect-matter of present Trvention are conpounds,
or salth& cpmiiraligns gc%%%|%gm?@' catelyst ang ichigg! ligand are as

cryst &Jelsctrlb@dféﬁd% PestelabRN ahddium adatdlyst O4HO WNHfandy@hos, a

salts nggﬁoeso; Josup 8sr g} g%otlg%ofs(?irggycl; z%neor(gip_rcg‘%r’ab&/l lihc(m)zBF,;
and a Mandyphos, a Walphos, a Josiphos or a Solphos ligand; even
more preferably rhodium and Mandyphos SL-M004-1, Josiphos SL-JO03-
1, Josiphos SL-J009-1, Walphos SL-W(001-2, Walphos SL-W003-1, or
Solphos SL-A001-1; yet more preferably Rh(nbd),BFs and Mandyphos
SL-M004-1, Josiphos SL-J003-1, Josiphos SL-J009-1, Walphos SL-
W001-2, Walphos SL-W003-1, or Solphos SL-A001-1; most preferably
Rh(nbd),BF; and Mandyphos SL-M004-1, Walphos SL-W001-2, or
Solphos SL-A001-1.

In another preferred embodiment of the process of the present invention a
composition comprising compounds according to formulae (i-a) and (i-b), or salts
thereof, is produced wherein:
- the molar ratio of compounds according to formula (i-b), or salts thereof,
to compounds according to formula (i-a), or salts thereof is at least
65 : 35, more preferably at least 73 : 27, most preferably at least 94 : 6,
- the combinations of transition metal catalyst and chiral ligand are as
described above, preferably: ruthenium catalyst and a Mandyphos or a
Josiphos ligand; more preferably [Rul,(p-cymene)}, and a Mandyphos or

a Josiphos ligand; even more preferably ruthenium catalyst and a



and (i-d) in crystalline formare subject of the

present invention. In a preferred enbodi nent the
w@eosoadskT ne products of the invention conpri SECEEP2007/007913

nonoclinic crystal system Further preferred, the

crystalline products of the invention conprise the

space group P21. In a preferred enbodi nent the

crystalline products of the_j.nvention conprise the

followi ng unit cell di nensi & s, neasured at a

tenperature of 100 K a =6 - 7 A preferably 6.8 -

6.9 Aa= 90 b =14 - 15 A preferably 14.3 - 14.5 A b=

105- 1 f 12 A
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In a preferred embodiment of the process of the present invention a composition
comprising compounds according to formulae (i-d) and (i-c), or salts thereof, is
produced wherein:

- the molar ratio of compounds according to. formuia (i-c), or salts thereof,
to compounds according to formula (i-d), or salts thereof is at least
88 : 12, preferably at least 90 : 10, more preferably at least 92 : 8,

- the combinations of transition metal catalyst and chiral ligand are as
described above, preferably: ruthenium catalyst and a Mandyphos or a
Josiphos ligand; more preferably [Rulx(p-cymene)}, and a Mandyphos or
a Josiphos ligand; even more preferably ruthenium catalyst and a
Mandyphos ligand; yet more preferably ruthenium catalyst and SL-M004-

- 1; most preferably [Ruly(p-cymene)]; and SL-M004-1.

The process of the present invention can comprise an additional optional step
wherein the compounds according to formula (i-a), or salts thereof, are

separated from the above-described composition by means of crystallisation.

In a preferred embodiment of the crystallisation step, a composition comprising
compounds according to formulae (i-a) and (i-b), or salts thereof, [preferably
having a molar ratio of (i-a) to (i-b) of at least 88 : 12] is dissolved in a suitable

polar first solvent, e.g. a monovalent alcohol, preferably ethanol or an ester,



or salts thereof, wherein RL and R 1 are independently
hydr ogen or an am ne protecting group and R2 is a

W@ 200803867 gr oup or an ester group, provided theeT/R2200%007913
not COCEt if RL is BOC and Rl is hydrogen. Preferably,
R2 is COOH Additionally, the subject-matter of the
present invention is conpounds according to fornul ae
(i-b), (i-c) and/or (i-d), %ﬁ salts thereof, wherein R
1 and R1' are independently  Nydrogen or an amni ne
protecting group and R2 is a carboxyl group or an
ester group. Preferably R2 is COOH or COCEt; nore

| T, f
e G e
NEPSl mrbm@ng gnivept odayudpe aﬂ@ded?refararblspah!drmrmmt heeg

Cﬁ@ptgﬁe }ést?ééd'él 4 Ig@co%\ﬁngoh%ﬁ S hg% é\'ﬁ%féﬁl{y %V %ompnsmg a

rising g- am no- d- bi phenyl - a- anoi C
&rs andy S%F@P@I Seluent s isepiemtasRtale/eRtaneer m " NEP
i nhibitor" describes a conpound which inhibits the
activity of the enz neutral endopepti dase ENEP EC
- gThe fﬁ/s@)satlophge@ & mu@s ageardipg 6%§org1ula i-a), or salts
pharemam b@gamaé fosmbsh@éfoe wiel wbjebSmattHﬂontf&tméﬁﬂ\t lnneramn
I nac ce a@n1n|ste

pfodrd i “‘93 °raSSo?|§’ée °°?'r?'"9 ?‘;’m%’" N |F¥t i“ﬁ for
aédcﬂlt;@aﬂn raﬂmmxﬂnp‘bhedsefoo lselts m\nre@ﬁtwmrdmgtto dérmulee (i-b), (i-c)

PLAEEIFinystdifteREAS SR ubBYU R iHePle SATRILROR.

In a preferred embodiment the crystalline products of the invention 'comprise a
monoclinic crystal system. Further preferred, the crystalline products of the
invention comprise the space group P21. In a preferred embodiment the
crystalline prbducts of the invention comprise the following unit cell dimensions,

measured at a temperature of 100 K:

a=6-7A, preferably 6.8 - 6.9 A a=90°
b =14 -15A, preferably 14.3 - 14.5 A B=105-106 °, preferably 105.4 — 105.5°
c=11-12A, preferably 11.3-11.5A y=90°.

Generally, the same preferred embodiments as discussed above for the
inventive process apply to all compounds and compositions of the present
invention. This applies in particular to the residues R1, R1' and R2 of formulae

(i) and (ii) of the process of the present invention.

Therefore, compounds according to formula (i-a), or salts thereof, in crystalline
form are preferred wherein R2 is COOH or RCOOEY, in particular wherein R2 is
COOH. Furthermore, R1 preferably is BOC and R1'is preferably hydrogen.

Moreover, the subject-matter of the present invention is,compounds according to

formula (i-a)



one or nore additional steps wherein the conpound

according to fornmula (i), or salt thereof, is further
WO e@sN&det 0 obtain a NEP-inhibitor or a prodrURCT/EP2007/007913

thereof, in particular a NEP-inhibitor or a prodrug

t hereof conprising a g-am no-d-bi phenyl -

a- net hyl al kanoic acid, or acid ester, backbone. In the

present invention the terns “ NEP- i nhi bi tor" or

" NEP- i nhi bi tors prodrug" rel*4tes to the substances as

such or to salts thereof, preferably pharmaceutically

acceptabl e salts thereof. Exanples are sodi um

pot assi um nagnesi um cal ci um or ammoni um sal ts.

Calciumsalts are preferred. Preferably conmpounds
ding to fornula (i-a), or salts thereof, are
reacted to obtain a NEP-inhibitor or a prodrug
parti cul ar a NEPi nhibitor or a prodrug
ising a
3 enyl - a- net hyl al kanoi ¢ acid, or acid
ester, backbonée. Pq4rticularly preferred is a conpound
according to ﬁs(gyﬂa gb-a) or salt thereof, wherein
RlLis B i 5 hyd#2ogen.and R2 is COOH. In a
preferre di ment a conpound according to fornul a
(i-a), or sa thereof, (% further reacted to obtain
tbesemgla,drémi bi t or prodr ug N-(3 car boxy-1--

hen he nmet hyl ) - 4- am no
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Additionally, the subject-matter of the present invention is compounds according
to formulae (i-b), (i-c) and/or (i-d), or salts thereof, wherein R1 and R1' are
independently hydrogen or an amine protecting group and R2 is a carboxyl
group or an ester group. Preferably, R2 is COOH or COOEt; more preferably R2
is COOH.

The products of the process of the present invention can be used in the
synthesis of NEP inhibitors or prodrugs thereof, in particular they can be used in
the synthesis of NEP inhibitors comprising a y-amino-8-biphenyl-a-

methylalkanoic acid, or acid ester, backbone.

The term "NEP inhibitor” describes a compound which inhibits the activity of the
enzyme neutral endopeptidase (NEP, EC 3.4.24.11).

The term Tprodrug” describes a pharmacological substance which is
administered in an inactive (or less active) form. Once administered, the prodrug

is metabolised in the body in vivo into the active compound.
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N- ( 3- car boxy- 1- oxopropyl ) - (4S) - p- phenyl phenyl net hyl ) -4
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the calciumsalt is preferred. The NEP inhibitor

prodr ug

N- ( 3- car boxy- 1- oxopropyl ) - (4S) - pphenyl phenyl net hyl ) -

4- am no- ( 2R) - met hyl but anoi c gcid et hyl ester
optionally is further react@d to obtain the active NEP
i nhi bi tor N-(3-carboxy-1-oxopropyl)-

(4S) - p- phenyl phenyl met hyl ) - 4- am no- ( 2R) - met hyl but anoi c
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Preferably, sald reacti on conprises the foll ow ng
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steps: As descri bed above, I nventive process can
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acid, or acid ester, backbone. Particularly preferred is a compound according to
formula (i-a), or salt thereof, wherein R1 is BOC, R1' is hydrogen.and R2 is

COOH.

In a preferred embodiment a compound according to formula (i-a), or salt
thereof, is further reacted to obtain the NEP inhibitor prodrug N-(3-carboxy-1-
oxopropyl)-(4S)-p-phenylphenyimethyl}-4-amino-(2R)-methylbutanoic acid ethyl
ester (known in the art as AHU 377) or a salt thereof.



nmet hyl al kanoi ¢ acid, or acid ester, backbone, wherein

the transition netal is selected fromgroup 7, 8 or 9
w@booskzsperi odi c table. Generally, the sanme predBEP®A7/007913

enbodi nents as di scussed above for the inventive

process apply to the inventive use. This applies in

particular to the disclosure regarding preferred

transition netal catalysts, éhiral | i gands and
conbi nati ons thereof. Prefer bly, the transition netal
catal yst and the chiral ligand are used in a

hydrogenation step in the synthesis of a NEP
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wherein R1 is preferably BOC, R1' is preferably hydrogen and R2 is preferably

COOH. Preferably, said reaction comprises the following steps:
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and optionally the following additional steps:



i gand, as defined above, are used in the synthesis of
the NEP i nhibitor prodrug

WOR(8/08EboXYy- 1- oxopr opyl ) - (4S) - p- phenyl pheny| pPet/Apiop7/d07913
- am no- 2Rmet hyl but anoi ¢ acid ethyl ester or a salt
t hereof. The general definitions used above and bel ow,
unl ess defined differently, have the follow ng
meani ngs: Al kyl being a radl% or part of a radica
is a straight or branch (one or, if desired and
possi ble, nore times) carbon chaln, and is especially
G -Cr-al kyl, preferably G -C 4-alkyl. The term
"Ci-Cr-" defines a noiety with up to and incl uding
maxi mally 7, especially upfitd and includi ng maxi mal |y
4,.~carbon atoms, said noiety @ branched (one or

nmes) or stralght chai ne nd via a
term , Q& @ non- term nal carbgp 3 s, for exanpl e
C-io dis, preferably a niono- fr polycyclic,
especi nocycllc bi cyclicoorntricyclic aryl
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substi taut ed heterocyctyt=is a nomo- or polycyclic,
preferably a nono-, bi- or tricyclic-, nost preferably

nono-, unsaturated, partially saturated, saturated or

aro tlc ring s teﬁ1MAth preferably 3 to 22 (nore

pr ejably 3 to 14) ring atons and with one or nore,
Ergbty one to| four, heteroatons independently

se| ect v ,ni tfogen, oxygen, sulfur, S(=0)- or
-S—-{»Zﬂmw;ﬁ§

O. CH
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As described above, the inventive process can be used in the synthesis of NEP
inhibitors or prodrugs thereof, in particular NEP-inhibitors, or prodrugs thereof,
comprising a y-amino-5-biphenyl-a-methylalkanoic acid, or acid ester, backbone.
Thus, a further subject of the present invention is the use of a transition metal
catalyst and a chiral ligand in the synthesis of a NEP inhibitor or a prodrug
thereof, in particular a NEP-inhibitor comprising a y-amino-3-biphenyl-o-
methylatkanoic acid, or acid ester, backbone, wherein the transition metal is

selected from group 7, 8 or 9 of the periodic table.

Generally, the same preferred embodiments as discussed above for the
inventive process apply to the inventive use. This applies in particular to the
disclosure regarding preferred transition metal catalysts, chiral ligands and

combinations thereof.

Preferably, the transition metal catalyst and the chiral ligand are used in a
hydrogenation step in the synthesis of a NEP inhibitor, in particular a NEP-

inhibitor, or prodrug thereof, comprising a y-amino-8-biphenyl-a-methylalkanoic



unsubstituted or substituted by one or nore, e.g. up
to three, substitutents preferably independently

W@ 200808167 from t he substitutents nenti oned aboR€I/£P2007/007913
cycl oal kyl . When the heterocyclyl is an aromatic ring
system it is also referred to as heteroaryl. Halo or
hal ogen is preferably fluoro, chloro, brono or iodo,
nost preferably fluoro, chloqo or brono. Hal o-al kyl
is, for exanple, halo-GC - nglkyl and is in particular
hal o- G - C 4al kyl, such as trifluoronethyl,
1 1 2-trifluoro-2-chl oroethyl or chloronethyl
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of at least 88 : 12, preferably at least 90 : 10, more preferably at least 99 : 1.

In another preferred embodiment, the transition metal catalyst and the chiral
ligand, as defined above, are used in the synthesis of the NEP inhibitor prodrug
N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-2R-

methylbutanoic acid ethyl ester or a salt thereof.

The general definitions used above and below, unless defined differently, have the

following meanings:

Alkyl being a radical or part of a radical is a straight or branch (one or, if desired
and possible, more times) carbon chain, and is especially C4-Cr-alkyl, preferably
C1-C4-alkyl.

The term “C,-C;-* defines a moiety with up to and including maximally 7, especially
up to and including maximally 4, carbon atoms, said moiety being branched (one
or more times) or straight-chained and bound via a terminal or a non-terminal

carbon

Aryl is, for example Cg.1paryl, and is, preferably a mono- or polycyclic, especially

monocyclic, bicyclic or tricyclic aryl moiety with 6 to 10 carbon atoms.

Unsubstituted or substituted heterocyclyl is a mono- or polycyclic, preferably a

mono-, bi- or tricyclic-, most preferably mono-, unsaturated, partially saturated,



to 4 and especially 1 or 2 C atons, and the al kyl

group preferably conprises 1 to 4 C atons. Exanpl es
wae@snetshoxynet hyl ,  2- met hoxyet hyl, 3- met hoxyprOpgP200%4607913

met hoxybut yl , 5-net hoxypentyl, 6-nethoxyhexyl,

et hoxynet hyl , 2-ethoxyethyl, 3- ethoxypropyl,

4- et hoxybutyl , 5-ethoxypentyl, 6-ethoxyhexyl,

propyl oxynet hyl , butyl oxynet hyl, 2-propyl oxyet hyl and

2-butyl oxyethyl . Silyl is -S*®R R', wherein R R and

R' are independently of each other C -7alkyl,

Sulfonyl is G -Cr-al kyl sul fonyl, such .as
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lkylsul fonyl -]1- (nono-, di- or
cm °§ﬁb(¥n?uted) (phenyl or napht hyl)-sul fonyl

mhereln if nore than one substituent is present the
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oC, WP Rtthttlotorkéth@ 7- al kyl sul fonyl, such as
phenyl met hanesul fonyl . Sul f enyl is (unsubstituted or

substituted) C6-ioaryl-C -C 7-al kyl sul fenyl or
Alkoxy is, for example, C4-Cr-alkoxy and is, for example, methoxy, ethoxy, n-

propyloxy, isopropyloxy, n-butyloxy, isobutyloxy, sec-butyloxy, tert-butyloxy and
also includes corresponding pentyloxy, hexyloxy and heptyloxy radicals. Cy-

Caalkoxy is preferred.

Alkanoyl is, for example, C,-Cr-alkanoyt and is, for example, acetyl [-C(=0)Me],
propionyl, butyryl, isobutyryl or pivaloyl. C,-Cs-Alkanoyl is preferred, especially
acetyl.

Acetyl is —C(=0)C4-Cralkyl, preferably —C(=0)Me.

Alkoxyalkyl may be linear or branched. The alkoxy group preferably comprises 1
to 4 and especially 1 or 2 C atoms, and the alky! group preferably comprises 1 to 4
C atoms. Examples are methoxymethyt, 2-methoxyethyl, 3-methoxypropyl, 4-
methoxybutyl, 5-methoxypentyl, 6-methoxyhexyl, ethoxymethyl, 2-ethoxyethyl, 3-
ethoxypropyl, 4-ethoxybutyl, 5-ethoxypentyl, 6-ethoxyhexyl, propyloxymethyl,
butyloxymethyl, 2-propyloxyethyl and 2-butyloxyethyi.



(unsubstituted or substituted) C6-ioarylsulfenyl,

wherein if nore than one substitu ent is present, e.g.
WwWon@sosIsbour substitutents, the substituents aP@I/EP2007/007913

sel ected i ndependently fromnitro, halo,

hal o- G - C7al kyl and G - C7-al kyl oxy. Al kenyl may be

i near or branched al kyl containing a double bond and

conprising preferably 2 to 12 C atons, 2 to 8 C atons

bei ng especially preferred. Particularly preferred is

a linear C2-4al kenyl. Some exanpl es of al kyl groups

are ethyl and the isoners of propyl, butyl, pentyl,

hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,

tetradecyl, hexadecyl, octacyl and eicosyl, each of
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i | sal are especially pharnmaceutically :
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i nternmedi ates nentioned herein, where salts are not
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pharmaceutical l'y ‘accep . I norgani c
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one substituent is present the substituents are selected independently from those
mentioned. Especially preferred is C4-C7-alkylsulfonyl, such as methylsulfonyl, and

(phenyl- or naphthyl)-C4-Cr-alkylsulfonyl, such as phenylmethanesulfonyi.

Sulfenyl is (unsubstituted or substituted) Ce1paryl-C4-Cr-alkylsulfenyl or
(unsubstituted or substituted) Ce.10arylsulfenyl, wherein if more than one substitu-
ent is present, e.g. one to four substitutents, the substituents are selected

independently from nitro, halo, halo-C+-C;alkyl and C4-Cr-alkyloxy.

Alkenyl may be linear or branched alkyl containing a double bond and comprising
preferably 2 to 12 C atoms, 2 to 8 C atoms being especially preferred. Particularly
preferred is a linear Cy4alkenyl. Some examples of alkyl groups are ethyl and the
isomers of propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyi,
tetradecyl, hexadecyil, octacyl and eicosyl, each of which containing a double

bond. Especially preferred is allyl.

Salts are especially pharmaceutically acceptable salts or generally saits of any of

the intermediates mentioned herein, where salts are not excluded for chemical



hydrochl oric acid, sulfuric acid, or phosphoric acid.

Suitabl e organic acids are, for exanple, carboxylic,
w@bwspkieni c, sul fonic or sulfamc acids, for erempP®07/007913

acetic acid, propionic acid, lactic acid, fumaric

acid, succinic acid, citric acid, amno acids, such as

glutamc acid or aspartic acid, maleic acid,

hydr oxynmal ei ¢ aci d, nethylngleic acid, benzoic acid,

nmet hane- or et hane-sul fonic gcid, et hane- 1

, 2-disul fonic acid, benzenesul fonic acid,

2- napht hal enesul foni ¢ aci d, 1, 5-naphthal enedi sul fonic

aci d cycl ohexyl ' [ -, thyl -
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-metal salts, for exanple sodium potassium magnesi um
or calciumsalts, or annonium salts wth ampnia or .
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internal salts. For i'sofation or purificatlon purposes
ofxagple. 6eropivdic; pioepiasi. avienicrRs sulfasmie aciH® e examplejagetic
ahG® pRBISHIDAG, gttt 88d IAERB68Y  duedhic \cldNafie aBkiadthifo acids,
salts, for exanple picrates = . L
such as glutamic acid or aspartic acid, maleic acid, hydroxymaleic acid, .

methylmaleic acid, benzoic acid, methane- or ethane-sulfonic acid, ethane-1,2-di-
sulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic acid, 1,5-naphthalene-
disulfonic acid, N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-propyi-sulfamic

acid, or other organic protonic acids, such as ascorbic acid.

In the presence of negatively charged radicals, such as carboxy or sulfo, salts may
also be formed with bases, e.g. metal or ammonium salts, such as alkali metal or
alkaline earth metal salts, for example sodium, potassium, magnesium or calcium
salts, or ammonium salts with ammonia or suitable organic amines, such as
tertiary monoamines, for example triethylamine or tri(2-hydroxyethyl)amine, or

heterocyclic bases, for example N-ethyl-piperidine or N,N'-dimethylpiperazine.

When a basic group and an acid group are present in the same molecule, any of

the intermediates mentioned herein may also form internal salts.

For isolation or purification purposes of any of the intermediates mentioned herein
it is also possible to use pharmaceutically unacceptable salts, for example picrates

or perchlorates.



or perchlorates.In view of the close relationship

bet ween the conpounds and internediates in free form
waeasiosisthe form of their salts, including thoBer/BRi0DFE007913

that can be used as internediates, for exanple in the

purification or identification of the conpounds or

sal ts thereof, any reference to "conpounds", "starting
mat eri al s" and "internme di at4 her ei nbef ore and -

hereinafter is to be underst'dod as referring also to
one or nore salts thereof or a mxture of a
correspondi ng free conmpound, internediate or st arti ng
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Exarrpl es:

Where the plural form is used for compounds, starting materials, intermediates,
saits, pharmaceutical preparations, diseases, disorders and the like, this is
intended to mean one (preferred) or more single compound(s), sait(s),
pharmaceutical preparation(s), disease(s), disorder(s) or the like, where the
singular or the indefinite article (“a”, “an”) is used, this is not intended to exclude

the plural, but only preferably means “one”.

The present invention is illustrated by the following examples.

Examples:

Example 1:

(E)-(R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylipent-2-enoic

acid



Exanpl e 1:

(E)-(R) - 5-bi phenyl -4-yl -4-fert-but oxycarbonyl am no-2-m
werdvghpsnt - 2- enoi ¢ PCT/EP2007/007913
aci d(E)-(R)-5-Bi phenyl -4-yl -4-tert-but oxycar bonyl am no

-2-met hyl pent-2-enoic acid ethyl ester (CAS#
149709-59-1) is hydrolysed using |ithium hydroxide in
et hanol to yield

()-(f?)-5-bi phenyl -4-yl - 4- t &Pt - but oxycar bonyl am no- 2- m
et hyl pent-2-enoic acid as a white solid. dH (400 MHz;
DMSO 1.31 (9H's, (CH3 3), 1.59 (3H, s, 1- CHI3), 2.68

(14 dd, J 6.8, 13.2, 5-HA), 2.86 (1H m 5-HB), 4.44
( -H), 6.51 (1H J 9.2, 3-H), 7.16 (1H, d, J
8. 7.26 (2H d, YO Ar-ortho- H(Ph)), 7.31
(1 7.6, (Ph) para~H~, 7,40 (2H, t, J 8.0,

Ar - (Ph) Bt~ 07—54—6—2-H d, J: Ar - mef a- H( Ph) ,
7.60 (2H, d, 7.6, Ar-(Ph)- giflvo H), 12.26 (1H, s,

CORH): A2 (+ESI) 404 ([ MNa]o+y 1795, 382 ([MHF, 2).
326 (10),%264 (100), 167 (13). anmpl e 2:
(2/7?,4S)-5-bi phenyl -4-yl -4-fert-butoxycarbonyl am no- 2-
met hyl pentanoic acid in crystalline form[2(i-a)]

2 E)—(R -g@lgﬂleﬁylwastbﬁlbuﬁfxycarbo )/Itamk;rm—%-)r(neggrlpbegﬁ -|e2?'fl'lcn0 agl_d
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i ;d@g QEXS(M-SGEWQM {190 rtriu)ox@tardéhy@nans RIiméthyigendD-enoic
AL QA0 R RE)s, YA eI Asb)y 4 PBor( O @PA).P 150 (3H, s, 1-
CHa), 2.68 (1H, dd, J 6.8, 13.2, 5-Ha), 2.86 (1H, m, 5-Hg), 4.44 (1H, m, 4-H),
6.51 (1H, d, J 9.2, 3-H), 7.16 (1H, d, J 8.0, NH), 7.26 (2H, d. J 8.0, Ar-ortho-
H(Ph)), 7.31 (1H, t, J 7.6, Ar-(Ph)-para-H), 7.40 (2H, t, J 8.0, Ar-(Ph)-meta-H),
7.54 (2H, d, J 8.0, Ar-meta-H(Ph), 7.60 (2H, d, J 7.6, Ar-(Ph)-ortho-H), 12.26
(1H, s, CO,H); miz (+ESI) 404 ([MNa]’, 17%), 382 ([MHJ", 2), 326 (10), 264
(100), 167 (13). |

Example 2:

(2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic

acid in crystalline form [2(i-a)]

: — H
HN HN

P on A oH

(o] o o o

/k /k 2(i-a)



0. 0524 nmol ) and
(af ?,af ?)-2,2>-bis(a-L/, L/-di net hyl am nophenyl net hyl ) -

W@ B)08)031567 PCT/EP2007/007913
1,1 -bis[di(3,5-dinethyl -4-nmet hoxyphenyl ) phosphi ne] f er
rocene (= Mandyphos SL-M04-1) (0.116 g, 0.110 mol)
is added in degassed ethanol (100 ml). The solution is
degassed usi ng vacuum and a ,pressure of 20 bar

hydrogen applied. The mxtuP® is stirred at 40 OC for

6 h. Vessel is then purged with nitrogen. Ethanol (700
m) is renoved by distillation, Isopropyl acetate (600
n&& i.s added.. Solve

i 12, L for S S kB0l S RSP onyamin-2
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C ohlgislars SQMnéth)LIM[rﬁ&thQ@pﬁg@z)ﬁﬁéﬁbﬂQe}ﬁér“&eh@ pgﬁn Q/la)ndyphos

ractlon 1 SOpPro acet at m Xt ure
SO 5.1 B0 O 1D i pdds dPaReER eitesel (RRMD. The
V 86lutiom i degdsked dsihd) @aduuir nhdCH prRsTE oA 20 dar hydrogen applled
"R Sk By LR, b ey ik oo
( BOandHZ00 BNYBOemiaved by Slistithtiod. Borppyl -aCkidde, (600 84) i Gdded.
5SaSEI800 s Aty Pyt oo gt Mg By
npolgent))(60Gmij4s remaved By distitlatn. igppropylZEretatg{308 ml) isgadled
Aﬁnd)fhb/éo%n&'( Pme)ated fo %uf( ]i-li'épténe %07%0(1266 nﬁfg)ad@&:r sidthe
mo(turws ﬁ%ql%d f.q( mn teynp@gl_at%rgHThﬂ solid i3 @lletﬁ@d pﬁtjtra(gprp and
OwkBhed with heptane fraction-isopropy! acetate 2 : 1 mixture (360 mi). The solid
is dried overnight at 50 °C under 1-50 mbar vacuum to afford the title compound
as a white/off-white solid [Ratio 2(i-a) : 2(i-b) 99 : 1, as determined by HPLC
analysis]. Mpt 146-147 °C; &4 (500 MHz; DMSO) 1.07 (3H, d, J 7.0, 1-CHj3), 1.34
(9H, s, (CHa)s), 1.38 (1H, m, 3-Ha), 1.77 (1H, m, 3-Hg), 2.43 (1H, m, 2-H), 2.70
(2H, d, J 7.0, 5-H), 3.69 (1H, m, 4-H), 6.74 (1H, d, J 9.0, NH), 7.27 (2H, d, J 8.0,
Ar-ortho-H(Ph)), 7.36 (1H, t, J 7.0, Ar-(Ph)-para-H), 7.46 (2H, t, J 7.5, Ar-(Ph)-
meta-H), 7.57 (2H, d, J 8.0, Ar-meta-H(Ph), 7.64 (2H, d, J 7.5, Ar-(Ph)-ortho-H),
12.01 (1H, s, COH); 8¢ (500 MHz, DMSO) 18.1 (1-CHj3), 28.3 [(CH3)s], 35.9 (2-
C), 379 (3-C), 40.7 (5-C), 60.0 (4-C), 77.4 [(C(CH3);], 126.3, 126.5, 127.2,
128.9, 129.8 (Ar-CH), 137.7 (Ar-ipso-C(Ph)), 138.3 (Ar-para-C(Ph)), 140.1 (Ar-
(Ph)-ipso-C), 155.2 (NCO), 177.2 (CO.H); miz (+ESI) 406 ([MNa]*, 6%), 384
(IMH]", 31), 328 (100), 284 (19); Found: [MH]", 384.21691. C23H3oNO4 requires
MH 384.21693.

Figure 1 shows the structure of crystalline (2R,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid measured by x-ray diffraction. The

crystals comprise the following unit cell dimensions, measured by 100 K:



12.01 (1H, s, C2H); dc (500 MHz, DwvsO 18.1 (1-CH3),
28.3 [(CH3)3] , 35.9 (2- O, 37.9 (3-0, 40.7 (5-0,
w®08/0§¥61C), 77.4 [(C(CH3)3] , 126.3, 126.5, 1PF1/BP2007/007913
128.9, 129.8 (Ar-CH), 137.7 (Ar-/pso-C(Ph)), 138.3
(Ar-para-C(Ph)), 140.1 (Ar- (Ph)-/pso-C), 155.2 (NCO,
177.2 (C2H); mz (+ESI) 406 ([ MNa] +, 6%, 384 ([ M
+, 31), 328 (100), 284 (19),Found: [N+ﬂ+, 384.21691.
C23H30NO4 requires MH 384. 21893, Figure 1 shows the
structure of crystalline
(2R, 4S) - 5- bi phenyl - 4-yl - 4-terf but oxycar bonyl am no-
2- met hyl pent anoi ¢ aci d neasured by x-ray diffraction.
The crystals conprise the follow ng unit cel
darRi66Nd) neasured by 100aK98° = 6.876(2) A a= 90 b =
- b= 105. 458(10) 43) Ag =90
Aﬁté%%%%? é‘procedures (netﬁoaog%sﬁﬁ 5) for the
pcepdr3BB{DA of 2(i-a): Ceneyal90pr ot ocol for nethods 1
to 5 To a suspensi on of
(E) (/7) 5- blphenyl 4-yl-4-terf- butoxycarbonylan1no 2-

|n degassed et hanol or net hanol (6 n1) at room
tenperature a solution of transition netal catalyst
( Serenahpratocad for methodniltas | gand (S/C Ratio 100; 1.05

emop%r SRbahsion SofdERUR)-5\bAEAEASA425MBREXycafboRRAMMET-
memy?pent- -gnmc acntd [8{l )18(3%8%3806 99 lflnsnlmr?)g|n\/§legassed ethanol or
methanol (6 mi) at room temperature a solution of transition metal catalyst (S/C
ratio 100) and chiral ligand (S/C Ratio 100; 1.05 eq per metal) is added in
degassed ethanol or methanol (4 mi). The solution is degassed using vacuum
and a pressure of 10 or 15 bar hydrogen is applied for 24-h. The solvent is then

removed in vacuo to provide the corresponding product

Method 1: Chiral ligand  {(R)-1-[(R)-2-(2-Dicyclohexylphosphinophenyi)-
ferrocenyl]ethyldi(bis-(3,5-triftuoromethyl)phenyl)phosphine = SL-W008-1};
Transition metal catalyst {Bis(norbornadiene)rhodium(l) tetrafluoroborate};
MeOH; 15 bar; Ratio 2(i-a) : 2(i-b) 89:11 (as determined by HPL.C analysis).

Method 2: Chiral ligand {(R)-1-[(R)-2-(2'-Dicyclohexylphosphinophenytl)-
ferrocenyl]ethyldi(bis-(3,5-trifluoromethyl)phenyl)phosphine = SL-W008-1};
Transition metal catalyst {Bis(norbornadiene)rhodium(l) tetrafluoroborate};
MeOH; 10 bar; Ratio 2(i-a) : 2(i-b) 89:11 (as determined by HPLC analysis).

' Method 3: Chiral ligand {(R)-1-[(S)-2-Diphenylphosphino)ferrocenyl]ethyidi-tert-
butylphosphine = SL-J002-1}; Transition metal catalyst {diiodo(p-
cymene)ruthenium(ll) dimer}; EtOH; 15 bar; Ratio 2(i-a) : 2(i-b) 90:10 (as
determined by HPLC analysis).



and a pressure of 10 or 15 bar hydrogen is applied for
24 h. The solvent is then renpved in vacuo to provide
wo bmsosrssespondi ng product Method 1: Chiral | iPerm@EP2007/007913

{(f?)-1-[ (R -2-(2' - D cycl ohexyl phosphi nophenyl ) -
ferrocenyl ] ethyldi (bis-(3,5-trifluoronethyl)phenyl)pho
sphine = SL-WO08-1}; Transition netal catalyst
{Bls(norbornadlene)rhodlun(ub tetrafl uoroborat e};
MeOH;, 15 bar; Ratio 2(i-a) :72(i-b) 89:11 (as
det er mi ned by HPLC anal ysis). Method 2: Chiral |igand
{(R) 1-[(R) - 2- (2' Di cycl ohexyl phosphi nophenyl) -

roc ylleth f t.h e
< HeRE°L Chiuglhsy ) oo bile A NEARERU I BRER MR
{ B8, §l At bee[dr(l&mdenmmlﬂerdetbm(wp)wem@bh@fphme]f@bmem g8)SL-M004-

a
ﬁr?nrlsﬁl)tgg {r)letaﬁg%té@ gﬂuo@t)(g cyr%%/be)ﬁﬂh(?ﬁgmg(%}]&%r} Etggn (]5
{par?j?ano pé-8)- 2,1Ltn9@h1e@y|dpl¢a"glpﬁ¢ Ay HPEE eoaksigh | et hyl di -fe
/ t butyl phosphi ne = SL-J002-1}; Tran3|t|on netal
catalystRégllodo(pc nene ruthenlug} di mer Et OH;
1800 SRENIrY lend offaR.aR-2.25hisedN. M eByigeinep WBEF‘BX))‘
HEE, ©)-anabiyai(s 5-diviedthad -feth&kyiphedy bh@phidoffdriocene = SL-M001-

gi‘f)Trara_szhon me{a?cla?tafygt Pdllggo(g%ymenemu%%%%(”e B|mé|ry) Eté)é 15

bhn Bptib 2@3ab- i8R/ (as detestined hp HELG lapalisis)phi ne] f err oc
ene = SL-MD04- 1}; Transition netal catalyst
~{diiodo(p-cynmene)rutheniun(ll) dimer}; EtOH 15 bar;
REAS,HS)K- lpa)%nyl -4\114-feyt-lpgonyqagl Wéa@mm%@stwm'@w
ag§h¥§¢§% Met hod 5: Chiral |igand

{(af 2,2'-bis(a-L/, L/-dinet hyl am nophenyl net hyl) -
HN/é\/kf ° HN
o o OH o o OH

A
* )V 2(i-b)

To a suspension of (E)-(R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpent-2-enoic acid [2(ii-a)] (10 g, 26.1 mmol) in degassed ethanol (90 ml)
is added a solution of diiodo(p-cymene)ruthenium(il) dimer (0.156 g, 0.16 mmol)
and (aS,aS)-2,2-bis(a-N,N-dimethylaminophenylmethyl)-(R,R)-1,1"-bis[di(3,5-
dimethyl-4-methoxyphenyi)phosphinelferrocene (= Mandyphos SL-M004-2)
(0.348 g, 0.33 mmol) in degassed ethanol (30 ml) portion wise over the entire
reaction time of 5 days: The solution is degassed using vacuum and a pressure
of 5.5 bar hydrogen is applied. The mixture is heated to 60 °C and stirred at this
temperature for 5 days. The vessel is then purged with nitrogen. The solvent is
removed in vacuo. The resulting solid is dissolved in isopropy! acetate (34 mi)
and heated to reflux. An heptane fraction (68 ml) is added and the mixture is

cooled to room temperature. The solid is collected by filtration and washed with



(S 9-1,

1' - bi s[di (3, 5-di net hyl -4-nmet hoxyphenyl ) phosphi no]ferro
W@ 20v8/03158L- MD01- 1}; Transition netal catal ystPCI/EP2007/007913

{diiodo(p-cynene)rutheniunm(ll) diner}; EtOH, 15 bar;

Ratio 2(i-a) : 2(i-b) 98:2 (as determ ned by HPLC

anal ysi s) .

(2S, 4S) - 5- bi phenyl - 4-yl - 4-t iOt - but oxycar bonyl am no- 2- m

et hyl pentanoic acid [2(i- b)% To a suspensi on of

(E)-(/7?)-5-biphenyl -4-yl-4-terf-butoxycarbonyl am no- 2-

nmet hyl pent - 2-enoi c aci d [2(|| a)] (10 g, 26.1 mml) in

de ssed et ad I

e gagt(ane |s)</)ﬂ%aﬁ@)acg? gee?{}.?lj %S l? 1?1% %& is dr198 cgt/grmght

natd0 *Guuatief a-$§Oa\S)ar2a@Junbtosa(f&>:d_me title compound [Ratlo 2(i-a) : 2(i-

L{ h I [

Pl ot 4 BRERAROZRY Wl khanarl 8 poyed sond! fL B0

I\/@N@)Q)Hdlﬁ (8H- M)OZL021) Ctia), 348 (9, D (GBs)snb# (1l'h ndéigia,ésbaS

“1%'?9' &3)02'99)(1R°H 'qui') W BERY R 20}, 38 (1RAGE 00,

T e sol Utl On | S de asse usi n vacuum
AR ATt IR B 720 Gl J APINOREIe HERABOP 6L, LFHGO. Ar

mpﬂ)'g%g Hf mﬁ‘d t, tJ37 QOAQ-@:’K?)f)ﬁetm) re. sd (ZW d,h 8o, é\r—metal:]
J ur ge
FETOGERL Gt oo B koM i 28 O 1 e daeH s (200 Mk,

r BMYC)i 162 BOotHY, 262 HCEBR], 88T %;:y swpr(sxmyl AT 3-8, 19(Beh-

L) LTS ] S o0 DB 3955 G o BT

t (A9, atas4e .(ArfbaaxgPh))l 1140.¢ olAr¢Rl)gasd®), f 195t NCON and6

B0, ML AR T %"s%mﬁ@a?&zt g,

1F@mdnﬁ\éhl] \a@e@oﬁﬁ?q @zﬂfaﬁ'ﬂ)@dfenhleeStMlﬁl%4 26%%ound [Rati o

2(i-a) @ 2(ib)
(2S,4S)-5-b|phenyl-4-yl-4wtert-butoxycarbonylamino-2-methylpentanoic
acid [2(i-b)] (method 2)

%o, o

/t\ )"v 2(i-b)

To a suspension of (E)(R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
Methylpent-z-enoic acid {2(ii-a)]} (20 g, 52 mmol) in degassed ethanol (100 ml) is
added a solution of diiodo(p-cymene)ruthenium(it) dimer (0.215 g, 0.22 mmol)
and (aS,aS)-2,2’-bis(a-N,N-dimethylaminophenylmethyl)-(R,R)-1,1’-bis[di(3,5-
dimethyl-4-methoxyphenyl)phosphinelferrocene (= Mandyphos SL-M004-2)
(0.50 g, 0.47 mmol) in degassed ethanol (15 ml). The solution is degassed using

vacuum and a pressure of 20 bar hydrogen is applied. The mixture is stirred at



6 : 94, as determ ned by HPLC anal ysis] as a grey
solid. dH (500 M#z; DVMsO) 1.06 (3Hd, J 7.0, 1-CH3),

WaA2B80885, s, (CH3)3) , 1.42 (1H, m 3-HA), 1-FGI/ERM0TH07913

3-HB), 2.39 (1H m 2-H), 2.73 (2H, d, J 7.0, 5-H),
3.73 (1H, m 4-H), 6.75 (1H, d, J 9.5, NH), 7.29 (2H
d, J 80, Ar-ort o-H(Ph)), 7.35 (1H, t, J 7.0, Ar-
(Ph)-para-H), 7.46 (2H, t 511 7.5, Ar-(Ph)-met-H),
7.57 (2H, d, J 8.0, Ar-nmeta>H(Ph), 7.64 (2H, d, J
7.5, Ar-(Ph)-or#70-H), 12.01 (1H, s, CX2H); dc (500
MHz, DMSO 16.2 (1-CH3), 282[(CH3)3] 35.7 (2-0,

328965 G0 19 T B i ol e ST B Fhovec

( A1 vdcps.OFhe@eseiiting, sollBB.déied Averpighteat G0 P8)uhderl 480 nbar vacuum

(A{ngcigkfflﬂ%ﬁg&ﬂ)ur}c?%??}g(ﬂ%» 2(i %’E/I—ﬂ %3( %%@E&%RbHﬁLC
28nalysts]) ; Found: [ MVH] +, 384. 21696 C23H30NO4 requires

MH 384.21693.
(28 4S)_-5 b| phenyl

| -4-tert-butoxycar bonyl am no-2-m
yeds hito 8)) fer the preparation of 2(i-b):

4-

suspen5|on ofi
4-telt-butoxycarbonyl am no- 2-

rrgl)eﬂé'f él’ﬂm?" ?ﬁ)m thé’é’?& f°2?| i-a)] (20 g, 52 mol) in

degass esuspehisior| of 1(E)-(R)-5-bipheayldetidaesblivkyoarboliamino-2-
d' I %y?p(egaf%n@neaé E'I[%Plgar}j_ gélfbg)l(rlna; 61.17§IEancgl9in2cJIe59a%Secp 'et%%nol or
auteifianb @ mah@bmrmhupmmq Rreotutig P (dritibR ymetal, catalyst (SIC
r;h.bs{dé(? (ahd hi JQF ‘%\ngﬁ F(%h@sv RENYY beh Arsdlj RehdRi in

t ocene
degasse ethanol or methanol (4 ml). The solution is degassed using vacuum
and a pressure of 15 bar hydrogen is applied for 24 h. The solvent is then

removed in vacuo to provide the corresponding product.

Method 1% Chiral ligand {(R)-N,N’-Dimethyl-7,7’-bis(diphenylphosphino)-
3,3',4,4'-tetrahydro-8,8'-bi-2H-1,4-benzoxazine = Solphos SL-A001-1};
Transition metal catalyst {Bis(norbornadiene)rhodium(l) tetrafluoroborate};
MeOH; 15 bar; Ratio 2(i-a) : 2(i-b) 26:74 (as determined by HPLC analysis).

Method 2 Chiral ligand {(R)-1-[(S)-2-Dicyclohexylphosphino)ferrocenyl}-
ethyldicyclohexylphosphine = SL-J003-1}; Transition metal catalyst
{Bis(norbornadiene)rhodium(!) tetrafluoroborate}; EtOH; 15 bar; Ratio 2(i-a) : 2(i-
b) 34:66 (as determined by HPLC analysis).

Method 3’ Chiral ligand {(R)-1-[(S)-2-Dicyclohexylphosphino)ferrocenyl]ethyldi-
tert-butylphosphine = SL-J009-1}; Transition metal catalyst
{Bis(norbornadiene)rhodium(l) tetrafluoroborate}; MeOH; 15 bar; Ratio 2(i-a) :
2(i-b) 35:65 (as determined by HPLC analysis).



(0.50 g, 0.47 mml) in degassed ethanol (15 m). The
solution is degassed using vacuum and a pressure of 20
wh20shydsbgen i s applied. The m xture is stirred/EPRH7/007913

OC for 15 h. The vessel is then purged with nitrogen.
The solvent is renoved in vacuo. The resulting solid
is dried overnight at 50 OC under 1-50 nbar vacuumto
afford the title conmpound [Ratio 2(i-a) : 2(i-b) 7 :
93, as determ ned by HPLC andl ysis]. Alternative
procedures (nethods 1' to 8') for the preparation of
2(i-b): General protocol for nethods 1' to 8 To a

i,on. of

VRS 45 e ey U PRy 22 peter ey BBIRAP AR B
mé8,I8y-1 gebis[die3, é{uiomihﬂéi-rdetﬂwﬁ(ypherw)phcéswme]igroo@ne" 8 SinDY4-
I Q. d r . . )
t QlipEARaRFE nElal oR<E e R ar bl R floronorate)
( §1eQH; 4biber; Ratiy 2Gadl: Ahb) 20:73 (ag daermigePRHPLE anegsis). 05
eq per netal) is added in degassed ethanol or nethano
(4 m). The solution is degassed using vacuum and

pMedidr e of 18 bar hydr¥@bn i s apg®ided for ﬂ@ﬁ?KSW%#z'
sQiiph@ﬁylphc%pﬁ.h@phehﬂyfew@ényl[btm(m 38 provide t he

[respo Y ral..ligan
¢ B SRR BBt e = YO iy [BREGM FRER catayst
3{B]é(ndrbéfnadlehe)d'ivﬁdm(l)8&8%1ﬂubrobﬁiﬂté} Membhm(SXM[ Ratic= 2(i-a) :
Sg}. tal catal yst
{%{'B?nor%)ar rﬁo %n%ria?)g trafl uoroborate};
MeOH, 15 ban Ratlo 2(|-a).: 2(|-b) 26: 74 (as
deicgiod Eeeniy 1igRhE- (@) ALY E L -Diphenylphosphinophenyl)ferrocenyi]-
ethyldicyclohexylphosphine =  SL-W003-1}; Transition metal -catalyst
{Bis(norbornadiene)rhodium(l) tetrafluoroborate}; MeOH; 15 bar; Ratio 2(i-a) :
2(i-b) 33:67 (as determined by HPLC analysis).

Method 7’ Chiral ligand {(aR,aR)-2,2'-bis(a-N,N-dimethylaminophenylmethyl)-
(S,S)-1,1-bis(dicyclohexylphosphino)ferrocene = SL-M002-1}; Transition metal
catalyst {diiodo(p-cymene)ruthenium(ll) dimer}; EtOH; 15 bar; Ratio 2(i-a) : 2(i-b)
25:75 (as determined by HPLC analysis).

Method 8. Chiral ligand {(aS,aS)-2,2-bis(a-N,N-dimethylaminophenyimethyl)-
(R,R)-1,1’-bis[di(3,5-dimethyl-4-methoxyphenyl)phosphinelferrocene =  SL-
MO004-2}; Transition metal catalyst {diiodo(p-cymene)ruthenium(ll) dimer}; EtOH;
15 bar; Ratio 2(i-a) : 2(i-b) 6:94 (as determined by HPLC analysis).

Example 3

(2S,4R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid [3(i-d)]



Method 2': Chiral |igand

{(R-1-1(S)-2-D cycl ohexyl phosphi no) ferrocenyl | -
wetdvghsliseycl ohexyl phosphi ne = SL-J003-1}; Traneqd1t/ERPW07/007913

nmetal catal yst {Bi s(norbornadi ene)rhodi un(l)

tetrafl uoroborate}; EtOH 15 bar; Ratio 2(i-a) : 2(ib)

34:66 (as determ ned by HPLC anal ysis). Method 3':

Chiral |igand

{(RI-i - KSJ*- Di cycl ohexyl pho€Bhi nodf errocenyl | et hyl di f e

/| t-butyl phosphine = SL-J009-1}; Transition netal

catal yst {Bi s(norbornadi ene) rhodi un(1)

tetrafl uoroborate}; MeOH 15 bar; Ratio 2(i-a) :

2(i-b) 35:65 (as dg m ned by HPLC anal ysi s). Met hod
4': Chiral ligand AR, - 2, 2" - bi s(
a-L/, Wdi net hyl am nophd et hyl)- (S §-1 ,1
"-bis[di(3,5-dinmethyl -4-mnet oxyphenyl)phosphlne]ferroc
ene = SL-MD04- 1}; Transidionngthl catal yst
{Bls(norbornadlene)rhodluﬂ(l) teirafl uoroborate};
MeOH, 15 bar; Ratio 2(i-%) 2(i-b) 27:73 (as
det er m ned by HPLC anal ysi-s)> thhﬁd 5': Chiral |igand
{(9-1-[(9-2-(2"- o
Di phenyl phosphi nophenyl ) ferrocenyl ] et hyl di (bi s- 3, 5-

I

' EI"ri-!g\%ss | eg’%%hg{@ Qgﬁ?_bfpngmﬂgm?nor@bxr% | ene% rhoc ngl )
t eetwirenio?-enie agie B "-wdﬁHg 2Pz mEvol) apg triedyiaming§3.6 m' 2
éﬁ'{rﬁ in %ZFrZ)?yI (aééta@eig 888 Bfa@im!dRlarRA ¥S16% l0ddiid)od

C bikgrogen arpselt o s toenanaign (65 Sp PP BiAgRg oY s gy
ebdlydrlisap@badien yh s pivenee ttleSomPBimd {Bfi:d) TBABHS0:20ratio;

rrg{ %& i?(l-c)@gygs 0.1 ratio upon recrystalhzatlon as determined by HPLC

analysis}.

Recrystallization: 94.5 g of a 80 : 20 mixture of 3(i-d) : 3(i-c) is suspended in
isopropyl acetate (190 ml) and heated to reflux to give a solution. Heptane fraction
(378 ml} is added and the mixture is cooled to room temperature. The material is
collected by filtration and washed with 180 mi Heptane/lsopropyl acetate (2:1) to
give a 91.7 : 8.3 mixture of 3(i-d) : 3(i-c). This mixture is suspended again in
isopropyl acetate (280 ml) and heated to reflux. Heptane fraction (560 mi) is
added and the mixture cooled to room temperature. The material is collected by
filtration and washed with 180 mi Heptane/lsopropyl acetate (2:1) to give 2a 99.9 :
0.1 mixture of 3(i-d) : 3(i-c). &4 (400 MHz; DMSO) 1.07 (3H, d, J 7.1, 1-CH3), 1.34
(9H, s, (CH3)3), 1.37 (1H, m, 3-H,), 1.76 (1H, m, 3-Hg), 2.43 (1H, m, 2-H), 2.69
(2H, d, J 6.8, 5-H), 3.68 (1H, m, 4-H), 6.72 (1H, d,‘ J 8.8, NH), 7.25 (2H, d, J 8.2,
Ar-ortho-H(Ph)), 7.34 (1H, m, Ar-(Ph)-para-H), 7.45 (2H, m, Ar-(Ph)-meta-H), 7.57
(2H, d, J 8.2, Ar-meta-H(Ph), 7.64 (2H, d, J 7.9, Ar-(Ph)-ortho-H), 11.97 (1H, s,
CO;H); m/z (+ESI) 384 ([MH]', 66 %), 328 (100), 284 (12).



{Bi s(nor bomadi ene) rhodi un(l) tetrafluoroborate}; MOCH,

15 bar; Ratio 2(i-a) : 2(i-b) 33:67 (as determ ned by
woiRgozse! ysis). Method 7': Chiral |igand PCT/EP2007/007913

{(af?,aft)-2,2" -bis(

a- L/, L/-di met hyl am nophenyl net hyl ) -

(S,S)-1,1" -bis(dicycl ohexyl phosphi no)ferrocene =

SL- MD02-1}; Transition netal_,catal yst

{diiodo(p-cynene)rutheniuw(@ﬁ) dinmer}; EtOH, 15 bar;

Ratio 2(i-a) : 2(i-b) 25:75 (as determ ned by HPLC

analysis). Method 8 : Chiral ligand {(aS, aS)-2,2'-bis(

a; - di net I nophenyl methyl)-. (f2. f2)-1 -

@R g BT AU LIPSO i A st gntanF o o
oaeidd3@cBLMI04- 2}; Transition netal catalyst
{diiodo(p-cynene)rutheniun(ll) diner}; EtOH, 15 bar;
Ratio 2(i-a) : 2(i-b) 6:94 (as determ ned by HPLC

anal ysis). Exanpl e
(2S, 4R) - 5- bi phenyl

(E)-(S)-5-bi phenyl - 4- yl>

nmet hyl pent - 2-enoic acid 3(i

triethylamne (3.6 m, 26492 )

I s added pal | adi um on cagey ( 1°g, 10 % | oadi nQg).

Hydr ogen at nosphere is thenjapplied for 5 h. Upon

filtering off the catalyst7|tThe sollgyt is renoved in

vacuo to give the title conpound {3{'-d) : 3(i-c)

80:20 ratio; 3(i-d) : 3(i-c) 99.9 :-0.1 ratio upon

r €6 B)%abnkioA 3 {90 5)-8-Bipehyai-186-Bitokiihfbonylamino-2-
methylpent-2-enoic acid 3(ii-b) (10 g, 26.2 mmol) in degassed ethanol (80 ml) at
40 °C is added a solution of diiodo(p-cymene)ruthenium(il) dimer (125 mg) and
(aR,aR)-2,2-bis(a-N,N-dimethylaminophenylmethyl)-(S, S)-1,1’-bis[di(3,5-
dimethyl-4-methoxyphenyl)phosphine]-ferrocene (290 mg) in degassed ethanol
(20 ml). The solution is degassed using vacuum and a pressure of 5.5 bar
hydrogen is applied. The mixture is stirred at 40 °C for 24 h. The vessel is then
purged with nitrogen. The solution concentrated in vacuo to afford the tittle
compound {3(i-d) : 3(i-c) 8:92 ratio; as determined by HPLC analysis}.
&4 (400 MHz; DMSO) 1.04 (3H, d, J 8.0), 1.32 (9H, s), 1.41 (1H, m), 1.76 (1H, m),
2.36 (1H, m), 2.70 (1H, m), 2.72 (1H, m), 3.70 (1H, m), 6.69 (1H, d, J 8.0), 7.23
(2H, d, J 8.0), 7.32 (1H, m), 7.43 (2H, t, J 8.0), 7.54 (2H, d, J 8.0), 7.60 (2H, d, J
8.0), 12.01 (1H, s); m/z (-ESI) 382 ([M-H]", 100), 308 (8).

HPLC Conditions:

Column: HP Hypersil, BDS-C 18, 5 um, 125 x 4.6 mm. Mobile Phase A (H20 +
0.1 % trifluoroacetic acid); Mobile Phase B (acetonitrile + 0.1 % trifluoroacetic
acid). Gradient: 0 min (99 % A; 1 % B); 10 min (100 % B); 12 min (100 % B).

Flow rate: 1 ml min™'. Wavelength: 254 nm.



anal ysi s}. Recrystallization: 94.5 g of a 80 : 20
m xture of 3(i-d) : 3(i-c) is suspended in isopropyl
waec@sass61 190 mM ) and heated to reflux to gi veP@EI/EP2007/007913
sol ution. Heptane fraction (378 ml) is added and the
m xture is cooled to roomtenperature. The material is
collected by filtration and washed with 180 m
Hept ane/ | sopropyl acetate (2:.1) to give a 91.7 : 8.3
m xture of 3(i-d) : 3(i-c). “This mxture is suspended
again in isopropyl acetate (280 m) and heated to
reflux. Heptane fraction (560 m) is added and the
m xture cooled to roomtenperature. The material is
collected by filtration and washed with 180 n
HBpteati® irsepr opyl acetate (2:1) to give a 99.9 : 0.1
m xture of 3(i-d) : 3(i-c). dH (400 MHz; DMSO) 1.07
(3H, d, J 7.1, 1-CH3), 1.34 (9H, s, (CHa)3), 1-37 (1H,
MPR3SHAJ(i-a) . 761Q§HNnn1 3-HB), 2.43 (1HmMm 2-H), 2.69
(§§|4Rd=3(\]d)$ 156'?% 3 68 (1H m 4-H, 6.72 (1H d, J
ig J 8.2, Ar-orf o-H(Ph)), 7.34
(2$44S1T 2(np)- (Ph)1 Seﬂ"a H, 7.45 (2H, m Ar-(Ph)-net-H),
72|52,R(231‘c)d J182%inAr-net-H(Ph), 7.64 (2H d. J 7.9,

ort o- 11.97 (1Hs, CO2H); nl +ESI) 384
AFNI—{E" ‘a6 0f H%Eé“f‘lOO) 284 " 7 (+ES)

($23({BR, 4R) - 54BBphienyl - 4-yl - 4-f ert - but oxycar bonyl am n
0- 2- met hyl pentanoic acid [3(i-c)] To a suspension of
(E)-(S)-5-bi phenyl -4-yl -4-fert-but oxycar bonyl ar ni no- 2-
nmet hyl pent -2-enoic acid 3(ii-b) (10 g, 26.2 mmol) in
degassed ethanol (80 m) at



40 OC i s added a sol ution of
di i odo(p-cynene)rut heniun(ll) dinner (125 ng) and
w@ aRgaRp62, 2' - bi s(a-L/, L/ -di met hyl am nophenyl ne€TiEPI0o(/®7913
1S)-1 1 1'-bis[di(3,5-
di met hyl - 4- net hoxyphenyl ) phosphi ne] -ferrocene (290 ny)
i n degassed ethanol (20 m). The solution is degassed
usi ng vacuum and a pressure Qf 5.5 bar hydrogen is
applied. The mxture is stirPPed at 40 OC for 24 h. The
vessel is then purged with nitrogen. The sol ution
concentrated in vacuo to afford the tittle conpound
{ﬁéf-d) . 3(i-c) 8:92 ratio; as determ ned by HPLC
Miis}. dH (400 MHz; DVBO) 1.04 (3H, d, J 8.0),
11.32 EYbcesy forpretlicingld avmpolind 8cdoidihg tojforn2iB@), (1H, n),
2.70 (1H m, 2.72 (1H m, 3.70 (1H m, 6.69 (1H d,
8.0), 7.23 (2Hd, J 8.0), 7.32 (1H m, 7.43 (2H, t ,
J 8.0) 54 (2H, d, J 8.0), 7.60 (2H, d, J 8.0),
12.01 s); mz (-ESI) 382 QWHY, 100), 308 (8).
HPLC Condi tdonss, Col um: HP Hypersil, BDS-C 18, 5 rrm
125 x 4.6
trifluoroace

hbi | e PhaseA(H20+01%

agi d) ; Mobil e Phase B(acetonltrlle +
.1 %trifluoroaceticjacid). Gadient: O mn (99 %A
% B); 10 mn 00~% B2 12 mn (100 % B). Flowrate:
m mn 1. FW\V(;'J1enth 254 nm Retention tinmes: 2R 4S
2(i-a): 11.6 mn 284R=(-')3(|-d) 11.6 mn

=k, Oo

or salt thereof,
wherein R1 and R1' independently are hydrogen or an amine protecting

group and R2 is a carboxyl group or an ester group,

comprising reacting a compound according to formula (ii)

(it)

or salt thereof,

wherein R1, R1' and R2 are defined as above,

with hydrogen in the presence of a transition metal catalyst and a chiral
ligand, wherein the transition metal is selected from group 7, 8 or 9 of the

periodic table.



25.4S = 2(i-b) : 13.2 mn 2R 4R = 3(i-c): 13.2 mn R =
2(ii-a): 13.6 mn S = 3(ii-b): 13.6 mnCains 1. A

w@e@smesseT or produci ng a conmpound accor di ng t o€ DEP200Z007913

(i), or salt thereof, wherein Rl and RV i ndependently
are hydrogen or an am ne protecting group and R2 is a
carboxyl group or an ester group, conprising reacting
a compound according to formula (ii) or salt thereof,
wherein Rl, RV and R2 are de¥ined as above, with
hydrogen in the presence of a transition netal
catal yst and a chiral |igand, wherein the transition
tal js selected fromgroup 7, 8 or 9 of the periodic
{ 30l ¢ A ProReg SRGEINGBCUAIE hrheseit (5 Reelon dpeled qubas @
r eact i dmdgenQardataigisout as a honogenous catal ysis. 3.
A process according to claim1l or 2, wherein the
transition netal catalyst conprises rhodi um or
r 8t her process, ackoplirgcte Stair dowrdl whgreirothartyaneitiort metal catalyst

prece déo%rigésaljh%umvm %tﬁérﬁuﬁh €

4. A process according to any of the preceding claims, wherein the
transition metal catalyst comprises a dimer complex, preferably a dimer

ruthenium complex.

5. A process according to any of the preceding claims, wherein the

transition metal catalyst comprises [Rulx(p-cymene)l,.

6. A process according to any of claims 1 to 3, wherein the transition metal

catalyst comprises Rh(nbd),BF,.

7. A process according to any of the preceding claims, wherein the chiral

ligand is a chiral phosphine.

8. A process according to any of the preceding claims, wherein the chiral

ligand is a chiral ferrocene.

9. A process according to any of the preceding claims, wherein the chiral
ligand is a Mandyphos ligand, a Walphos ligand, a Josiphos ligand or a
Solphos ligand.

10. A process according to any of the preceding claims, wherein the chiral
ligand is selected from Mandyphos SL-M001-1, Mandyphos SL-M002-1,
Mandyphos SL-M004-1 Mandyphos SL-M004-2, Josiphos SL-J002-1,
Josiphos SL-J003-1, Josiphos SL-J009-1, Walphos SL-W001-2, Walphos
SL-W003-1, Walphos SL-W008-1 or Solphos SL-A001-1.



transition netal catalyst conprises a dinmer conplex,

preferably a di mer ruthenium conplex. 5. A process
wa@ewenslisey t o any of the preceding cl ai ns, whePei/RP100B007913

transition nmetal catal yst conprises [Rul 2(p-cynene)] 2.

6. A process according to any of clainms 1 to 3,

wherein the transition netal catal yst conprises

Rh(nbd) 2BF4. 7. A process a%gordi ng to any of the

precedi ng cl ains, wherein t chiral ligand is a

chiral phosphine. 8. A process according to any of the

precedi ng clains, wherein the chiral ligand is a

chiral ferrocene. 9. A process accordi to an f .th

o bcodh RGEraRsrer gt i B s e PaaifprBa Cart

Mandy ploowriésg aimadijuna anéll plhesein itiga nuhjrala ligosi [ aslebted aftam

or a [ 0. ocC ordi.ng.t os@a

t he pr%g%:r@g g Cﬁg‘?ﬁ%“;}m@?gﬁ%ﬂ %‘%‘ﬂff’aﬁ%ﬁﬁ%\sngs%'g%gq'

sel ectWalpiigso BLN&ORMBh ¥¥alstiosMS0WA03- WMa Maipitess SL-W008-1 or

SL- MQZ50hos Manhpros SL- M04-1 Mandyphos SL- M)04- 2,

Josi phos SL-J002-1, Josiphos SL-J003-1, Josiphos

SL-J009-1 , Wl phos SL-WO01-2, Wl phos SL-WO03- 1,

Wb phas pRleedPEcoldifg tao@lahon wherBPOthe ltrabbitio rRétarc @élél?/st

according to I%A(gtl)égBtF?; 3, wherein the transition neta

cat al \fopPrses

13. A process according to claims 11 or 12, wherein the chiral ligand is
Walphos SL-W(008-1.

14. A process according to claim 3, wherein the transition metal catalyst
comprises ruthenium and wherein the chiral ligand is selected from
Mandyphos SL-M001-1, Mandyphos SL-M002-1, Mandyphos SL.-M004-1
Mandyphos SL-M004-2 or Josiphos SL-J002-1.

15. A process according to claim 14 wherein the transition metal catalyst

comprises [Ruly(p-cymene)],.

16. A process according to claims 14 or 15, wherein the chiral ligand is
selected from Mandyphos SL-M001-1, Mandyphos SL-M004-1 or
Josiphos SL-J002-1.

17. A process according to claims 14 or 15, wherein the chiral ligand ié
Mandyphos SL.-M004-2.

18. A process according to claims 14 or 15, wherein the chiral ligand is
Mandyphos SL-M004-1.



conpri ses rhodi um and wherein the chiral ligand is
sel ected from Mandyphos SL-MJ)04-1, Josi phos SL-J003-1,

wa o®sobiss7 SL- J009- 1, WAl phos SL-W01-2, \Wal phoBCT/EP2007/007913
SL-W)03-1, Wal phos SL-WO08-1 or Sol phos SL-A001-1. 12.
A process according to claim 11l wherein the transition
nmetal catal yst conprises Rh(nbd)2BF4. 13. A process
according to claims 11 or %g wherein the chiral
ligand i s Wal phos SL-WO08-1 14. A process according
to claim3, wherein the tranS|tion nmet al cat al yst
conprises rutheniumand wherein the chiral ligand is

df NVa SL-MO01-1,. Mandyph .
STo D5 Pt RTRORD I8 e Precainl SRS e dnes mpfar
Josi plretp SLthéOfompmund a6fornulp (i c ers saltathereot] ito Jadtive chtalyst”

14 V‘h%f?ig”sﬁ&? Highds g}éfgaabggﬁomw@&@'@bgio gCONPri ses

[ Rul 2('p- ynene cess according to clains
14 or 15, wherein the chlral ligand is selected from

Nﬁﬁldym‘&%c@s :—M&erﬂ ng to %V@V@l@c&eéﬁm%; WerdR3 r@hfb@en

SL-J002-1 . rocess according to clains
15, whepssure Qflffé"bfh 4P 29 PgHR am?'sed

21. A process according to any of the preceding claims, wherein R1 and R1'
are independently hydrogen or an amine protective group selected from
the group consisting of Cygalkyl which is mono-, di- or trisubstituted by
Ce.10aryl, wherein the aryl ring is unsubstituted or substituted by one, two
or three, residues selected from the group consisting of Ci.alkyl,
hydroxy, Cizalkoxy, halogen, nitro, cyano and CFs; Cs.qearyl-Cyealkyl,
cumyl, phenyl-C1-C2-alkoxycarbonyl, allyl, - cinnamyl, 9-
fluorenylmethyloxycarbonyl (Fmoc), benzyloxymethyl (BOM),
pivaloyloxymethyl (POM), trichloroethxoycarbonyi (Troc), 1-
adamantyloxycarbonyl (Adoc), Ci.ipalkenyloxycarbonyl, silyl, sulfonyl,
sulfenyl, succinimidyl, Cjgalkanoyl, Cgoaryl-carbonyl, C;salkoxy-

carbonyl and Ce.1paryl-Csalkoxycarbonyl.

22. A process according to any of the preceding claims, wherein R1 is a

t-butoxycarbonyi group.

23. A process according to any of the preceding claims, wherein R2 is —
COOH or —-COORZ3, wherein R3 is Cygalkyl.

24. A process according to any of the preceding claims, wherein a

compound according to formula (ii-a), or salt thereof, is reacted:



Mandyphos SL- MD04-2. 18. A process according to clains
14 or 15, wherein the chiral ligand is Mandyphos
WEkookDBBel . 19. A process according to any of PEEEP2007/007913
precedi ng clains, wherein the nolar ratio of the
conmpound of formula (ii), or salt thereof, to "active
catalyst" (S/C is 100 or higher, preferably from1l
000 to 30 000. 20. A proces% according to any of the
precedi ng cl ains, wherein a ﬂydrogen pressure of from
5 bar to 25 bar is applied. 21. A process according to
any of the preceding clains, wherein R1 and Rl are
i ndependent|y hydrogen or an am ne protective group
gd fyrom the group consisting of G “al kyl which
- or trisubstituted by C -ioaryl, wherein
3 unsubstituted or substituted by one,
two or thred @¢si dues sel ected fromthe group
consi sting of ~C ‘alk |, hydroxy, G -7al koxy,
hal ogen, nitro, cy and CF3; C -ioaryl-G- alkyl,
cunyl , phen'%E£%+C2 aIH%&ycarbonyl ally!, cinnanyl,
9- quorenyI t gl oxycarb (anc) benzyloxynethyl
(BOM, pival oyl oxynet hyl ?F%\/p
trichl oroet hxoycar bonyl (Troc), 1-

TRy K AT R M

C6- i o&Faup-andfFoR plcarbgxyl Q&ME’@WCQM%WPP

25. A process according to claim 24, wherein a compound according to

formula (i-a), or salt thereof, is produced:

r1—N R2

R1 (i-a),

wherein R1 and R1' are independently hydrogen or an amine protecting

group and R2 is a carboxyl group or an ester group.

26. A process according to claim 24, wherein a compound according to

formula (i-b), or salt thereof, is produced:



and C -ioaryl -G -eal koxycarbonyl. 22. A process
according to any of the preceding clains, wherein Rl

WO 2008/0815bUt oxycar bonyl group. 23. A process acROCI/@EP19g7/007913
to any of the preceding clains, wherein R2 is - COOH
or-COOR3, wherein R3 is C -6alkyl. 24. A process
according to any of the preceding clains, wherein a
compound according to fornulq (ii-a), or salt thereof,
i s reacted:wherein RL and RP" are i ndependent |y
hydrogen or an am ne protecting group and R2 is a
carboxyl group or an ester group. 25. A process

a), or salt thereof, is produced: wherein
are independently hydrogen or an am ne

and R2 is a carboxyl group or an
ester group. A process according to claim 24,
wherein a conp according to fornmula (i-b), or salt
thereof, is produced: R2 (i-b), wherein RL and RV are

i ndependent |y hydrdgen 0rgsn am ne protecting group
and R2 is a $arbd%yl group or an ester group. 27. A

process accordi nqRto clain1@$) wherein a conposition
conpri sing
wherein R1 and R1' are independently hydrogen or an amine protecting

group and R2 is a carboxyl group or an ester group.

27. A process according to claim 24, wherein a composition comprising
compounds according to formulae (i-a) and (i-b), or salts thereof, is
produced and wherein the molar ratio of compounds according to formula

(i-a) to compounds according to formula (i-b) is at least 88 : 12.

28. A process according to claim 24, wherein a composition comprising
compounds according to formulae (i-a) and (i-b), or salts thereof, is
produced and wherein the molar ratio of compounds according to formula
(i-b), or salts thereof, to compounds according to formula (i-a), or salts
thereof, is at least 65 : 35.

29. A process according to claim 27, wherein the compounds according to
formula (i-a), or salts thereof, are separated from the composition by

means of crystallisation.

30. A process according to claim 29, wherein isopropylacetate and heptane

are used as solvents.

31. A process according to any of the preceding claims, wherein a compound

according to formula (ii-b), or salt thereof, is reacted:



conpounds according to fornmulae (i-a) and (i-b), or
salts thereof, is produced and wherein the nolar ratio
w@Roosommsounds according to forrmula (i-a) to coPGDEP2M87/007913
according to fornmula (i-b) is at least 838 : 12. 28. A
process according to claim 24, wherein a conposition
conpri sing conpounds according to fornulae (i-a) and
(i-b), or salts thereof, is_produced and wherein the
nol ar ratio of compounds ac® rding to forrmula (i-b),
or salts thereof, to conpounds according to formnula
(i-a), or salts thereof, is at least 65 : 35. 29. A
process according to claim27, wherein the conpounds
according to fornula (i-a), or salts thereof, are
fromthe conposition by neans of
30. A process according to claim 29,
| acet ate and heptane are used as
process according to any of the
precedi ng cl aif wherein a conpound according to
formula (ii-b), sg|/t thereof, is reacted:wherein R
1 and R1' are inpdepéndemt |y hydrogen or an amne
protecting dtbug._and R2 is a carboxyl group or ester
group. 32. A prédess accofiding to claim 31, wherein a
conpound according to fornula (i-c), or salt thereof,

i S produced: ) ) _
wherein R1 and R1' are independently hydrogen or an amine protecting

sol vents. 3

group and R2 is a carboxyl! group or ester group.

32. A process according to claim 31, wherein a compound according to

formula (i-c), or sait thereof, is produced:

rRi—N
RT (i-0),

R2

wherein R1 and R1' are independently hydrogen or an amine protecting

group and R2 is a carboxyl group or an ester group.

33. A process according to claim 31, wherein a compound according to

formula (i-d), or salt thereof, is produced:



wherein R1L and RV are independently hydrogen or an

am ne protecting group and R2 is a carboxyl group or
W@eoosesss7 gr oup. 33. A process accordi ng to cl BCHEBDO7/007913

wherein a conmpound according to formula (i-d), or salt

thereof, is produced: (i-d). wherein RL and RT are

i ndependent |y hydrogen or an am ne protecting group

and R2 is a carboxyl group g{ an ester group. 34. A

process according to claim ?, wherein a conposi tion

conpri sing conmpounds according to fornmulae (i-c) and

(i-d), or salts thereof, is produced and wherein the

nol ar ratio of compounds according to forrmula (i-c),

or sal iereof, to conmpounds according to formula

(i-d), galts thereof, is at least 88 : 12. 35. A

compountk4dccgr g to fornmula (i-a) or salt thereof,

in crystalli rm wherein RL and RT are

i ndependent | y™Nay

and R2 is a carbox gropup or an ester group.36. A

conpound accordin kN 35, wherein the crystal

systemis nmometihic. 37. A conmpound according to

cl ai m 36, wherei RRthe spaceg.gh oup is P21

wherein R1 and R1' are independently hydrogen or an amine protecting

group and R2 is a carboxyl group or an ester group.

34. A process according to claim 31, wherein a composition comprising
compounds according to formulae (i-c) and (i-d), or salts thereof, is
produced and wherein the molar ratio of compounds according to formula
(i-c), or salts thereof, to compounds according to formula (i-d), or salts
thereof, is at least 88 : 12.

35. A compound according to formula (i-a)

r1—N R2

R (i-a)

or salt thereof,

in crystalline form,

wherein R1 and R1' are independently hydrogen or an amine protecting

group and R2 is a carboxyl group or an ester group.



38. A conpound according to formula (i-a), or salt
t hereof, wherein RL and RT are independently hydrogen
W@p008/31Ent ne protecting group and R2 i s a car bPXI/EP2007/007913
group or an ester group, provided that it is not the
ethyl ester if RL is BOC and RT is hydrogen. 39. A
conpound according to clains 36 to 39, wherein R2 is
COOH. 40. A process accord|%% toclaims 1 to 35,
wherei n the conmpound according to fornmula (i), or salt
thereof, is further reacted to obtain an NEP-inhibitor
or a prodrug thereof. 41. A process according to
claims 1 to 35, wherein the conpound according to
formula (i), or salt thereof, is further reacted to
oB6.ai rA aomiBRd rdecdstingrtooclaim (350 dvhegein Hbe eaystal system is
conpr“g&ﬂgmﬁ:g am no- d- bi phenyl - a- net hyl al kanoi ¢ aci d,
or acid ester, backbone.42. A process according to
clainms 40 or 41, wherein the NEP-inhibitor is N

(87 car/sbeaﬁ(polm%e&fr@ﬁy{a cldithDs; RheBRNHE %&esdraw.wb) 4-a

m no- (2R) - nethyl butanoic acid or a salt or a prodrug
thereof. 43. A process according to clainms 40 or 41,
wWBer eiAicérguNEBetoriingtd formyda gdp,ug i s N (3- car boxy-1

- oxopropyl ) - (4S) - p- phenyl phenyl net hyl ) - 4-

am no- (2R) - net hyl but anoic acid ethyl ester or a salt

t her eo
RN R

Ri (i-a),

or salt thereof,

wherein R1 and R1' are indepehdently hydrogen or an amine protecting
group and R2 is a carboxyl group or an ester group, provided that it is not
the ethyl ester if R1 is BOC and R1' is hydrogen.

39. A compound according to claims 36 to 39, wherein R2 is COOH.

40. A process according to claims 1 to 35, wherein the compound according
to formula (i), or salt thereof, is further reacted to obtain an NEP-inhibitor

or a prodrug thereof.

41. A process according to claims 1 to 35, wherein the compound according
to formula (i), or salt thereof, is further reacted to obtain an NEP-inhibitor
or a prodrug thereof, comprising a y-amino-§-biphenyl-a-methylalkanoic

acid, or acid ester, backbone.



44. A conposition conprising conmpounds according to
formula (i-a) and (i-b), (i-b) or salts thereof,
wob@sesrset he nolar ratio (i-a) to (i-b) is at PEHEP2088007913

12 and wherein RL and R1' independently are hydrogen

or an am ne protecting group and R2 is a carboxyl

group or an ester group. 45. The conposition according

to claim44 wherein R2 is .46. Use of a transition

metal catalyst and a chiral i gand in the synthesis of

a NEP inhibitor, or a prodrug thereof, wherein the

transition netal is selected fromgroup 7, 8 or 9 of

di c tabl 47. Us
WAZ, DA bitaS o diia 5 saims 4o At bR, Re et phiblor is n-
conprNSQsd@xg4anbm0p¢}@5pquthmummhbywaMManmo¢2®p|d
Z; as\}]rg?tﬁ?&?t%ﬁmg?rggpg alt ora r%fﬁr%g%:ega{dl ng to claim

ansi catal'yst and the
chiral |igand are used |n a hydrogenati on step. .49.

Ugs acg g gidag ééaofaL B %é. rxmbebmhamé.%ﬁpmeom@ .mﬁ.tor

two di ast ereoners VI Ng di astereoneric ratio of

| east REedrugois 5 (3t9@éboauﬂd?xepr@gy'i Gsaﬁyphsﬂv'ehe&wwtw**-

t 0 49, ahe(mR) nnéthﬂb&ﬁ%@ A& BinlQstdd bPE EaBthkfeof.
N—(3 car boxy-1- oxopr opyl ) - (4S) - p- phenyl phenyl net hyl ) -4

4. A composmon comprising compounds according to formula (i-a) and (i-b),

rR1—N
R1’ i
R1

(i-b)

or salts thereof,
. wherein the molar ratio (i-a) to (i-b} is at least 88 : 12 and wherein R1 and
R1' independently are hydrogen or an amine protecting group. and R2 is-

a carboxyl group or an ester group.

45.  The composition according to claim 44 wherein R2 is COOH.



am no- (2R) - net hyl but anoi c acid ethyl ester, or a salt
t her eof .
WO 2008/031567 PCT/EP2007/007913
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46. Use of a transition metal catalyst and a chiral ligand in the synthesis of a
NEP inhibitor, or a prodrug thereof, wherein the transition metal is

selected from group 7, 8 or 9 of the periodic table.

47. Use according to claim 46, wherein the NEP inhibitor, or a prodrug
thereof, comprises a y-amino-8-biphenyl-a-methylalkanoic acid, or acid

ester, backbone.

48. Use according to claim 47, wherein the transition metal catalyst and the

chiral ligand are used in a hydrogenation step.

49.  Use according o claim 48 wherein the reaction gives two diastereomers

having a diastereomeric ratio of at least 88 : 12.

50. Use according to any of claims 47 to 49, wherein the NEP-inhibitor
prodrug is  N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenyimethyt)-4-

amino-(2R)-methylbutanoic acid ethyl! ester, or a salt thereof.



