PROCESS FOR PREPARI NG Bl ARYL SUBSTI TUTED 4- AM NO- BUTYRI C ACI D OR DERI VATI VES
THERECOF AND THEI R USE I N THE PRODUCTI ON OF NEP | NHI BI TORS The i nvention

rel ates to WVQPrW8EIS67f or produci ng a conpound accordi ngPEHEPWIHUWIH3I (i), R2
(i) or salt thereof, wherein RL and R11 are independently hydrogen or an
am ne protecting group, and R2 is a carboxyl gnmup or an ester group,
conprising reacting a conpound according to fornmula (ii), R AAI' R"I"" |

PROCESS FOR PREPARING BIARYL SUBSTITUTED 4-AMINO-BUTYRIC ACID OR DERIVATIVES
THEREOF AND THEIR USE IN THE PRODUCTION OF NEP INHIBITORS

The invention relates to a process for producing a compound according to

formula (i),

ri'—N

R2

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 (ji),

R2
R1’/N

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



R1 or salt thereof, wherein RL, Rl' and R2 are defined as above, w th hydrogen
in the presence of a transition netal catalyst and a chiral |igand, wherein
the transitiVWA2M8PHF7 s sel ected fromgroup 7, 8 or 9 ofCUBB2OBENTYEi c t abl e.
Furthernore, the invention relates to products obtainable by said process and
to their use in the production of NEP inhibitors. Mreover, the invention
relates to WD 20081031567PCT/ EP20071007913 2 the use of transition netal
catalyst in the preparation NEP inhibit@s or prodrugs thereof, in particular
NEP i nhi bitors conprising a ?-am no-d-bi phenyl -anet hyl al kanoi ¢ acid, or acid
ester, backbone. Endogenous atrial natriuretic peptides (ANP), also called
atrial natriuretic factors (ANF) have diuretic, natriuretic and vasorel axant
functions in mitAHseS! transion Melat catalyetio thepreparation AHEL IRRPILFRPIREEYSS | nact i vat ed,
in particul ar hyeréfdagrpadicaigr aNERY NBhibidisC ltolpsSsidae en yraaaghbigeghyts correspond to
the enzyne neutr%{aﬁndq(p (p(pdase NER, kaC 3.4.24.11), also responsible for e.g.

the metabolic iMactivarion oaCId Ster hal i na. In the art bi aryl substituted

phosphoni ¢ acid derivatives are knovvn whi ch are useful as neutral

endopept i dase (dNE&aenbu%thrm ﬁanﬁencebegudegzs/\ﬂmmm &aoécsatﬁvé| nbierefiNBElS@Gr adi ng enzyne
in manal s, tenfiate t uretic uretic and

r 0 nat r
vasodi | at or pr(S F)t'?aégd eq'ﬁ:l\ﬁa%"%etﬁa?ﬂ%‘faéorﬁ X"?"rtnﬁlf%l Y TN g Sdat i on t her eof
to | ess acti ve nawtahBYF ipertisles pEPnétattoligsilly magﬂvatleé» in pagicyleirblyiacddgeading usef ul f or

the treatment @hzneRN@hith 9AS RBE rEdosALEE IS cérﬁé%F&ﬂsloVQ\et enA/Me deahiibi tion of

neutral endopeptidase (E )oas P ar]y, cardi ovasgc |.ar disorders
such as hypert@ﬂ%‘ip%t'da% &é% A‘?}(’zéf“% ik a@i? RIS Jél ng" &Sy Qﬁ&ggl'zﬁl t retention,
pul nonary edenméinagivdtianahgelephalies.-heart fail ure.

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-phenylphenylmethyl)-4-amino-(2R)-methyl

butanoic acid ethyl ester as a preferred embodiment. In the preparation of said
compound N-t-butoxycarbonyl-(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-phenylphenylmethytl)-



Processes for preparing NEP-inhibitors are known. Those processes usually
conprise a hydrogenation step with a palladium catal yst on carbon: US 5 217
996 descri b&¥OBgPIIFTsubst it ut ed 4-am no-butyric aci d aRfFHEPHWEYINHEI ves which
are useful as neutral endopeptidase (NEP) inhibitors, e.g. as inhibitors of

t he ANF-degradi ng enzyne in mammals. US 5 217 996 di scl oses

N- ( 3- car boxyl - 1- oxopr opyl ) - (4S) - (p- phenyl phenyl net hyl ) - 4- am no- ( 2R) - net hyl

but anoic acid ethyl ester as a preferred enbodiment. In the preparation of
sai d conmpound

N-t - but oxycar bonyl - (4R) - ( p- phenyl phenyl met hyl ) - 4- am no- 2- net hyl 2- but enoi ¢ aci d
ethyl ester 1(ui-a) §4.2 g) is hydrogenated in the presence of palladi um on
charcoal to gi Ve pa2-pgty %'&?‘%ﬁi‘ﬂ/?th\?&ﬁ'—f{%%@W'ﬁh@rﬁﬁﬁﬂ?mmﬁs WO

2008/ 03156 7PCT/1ER200i1$)007913 3 4- am no- 2- net hyl butanoi ¢ acid ethyl ester as a
80 : 20 m xture of diastereoners 10-a) : 1(1-b). US 5 250 522 descri bes
phosphononet hyl - bi aryl substituted am no add derivatives which show NEP

i nhi bitor acti vi A preferred emheth is (

ester. In an int e step of the p ati on~of NEP i nhi bitor,

(S)-4-(t- Butoxycarbegytam no) - 5- ( bi phe yl ) - pent'spe acid ethyl ester is
hydr ogenated with a pal |l adiu catalx&t on caribonfto yieldi{
(S)-4-(tbutoxycarbonyl - ?prhenyl-4H eFanoi enac yl ester.

Several dicarboxylic ang di pepti de neutrall endopeptida (NEP)o i nhibitors are
described in GM Kas8ndér et Jal., J. Med® Cffem 1995, °38,7 16§/9- 1700,

"Di carboxylic Acid Di pepticde” Neut ral EndopeptiidaSe | nhi bi s". In the
preparation of said inhibitors a palladiumcatal yzed hydrogen%§ion occurs. It
was an object of the pﬁ@%@nt invention to p?%@%de an al ternafiVe hydr ogenat i on
step in a process for producing NEP inhibitors or pro@aud$-b)b@reof, in
particular it was an object to provide an alternative process for producing
conpounds according to fornmula (i), or salts thereof, which can be used as

i nter medi ates 47 %%«9 %6t e f53°HPG50 PEFPIRESINMPIBIVE 03 UOSttYPd pABEP UGSt her eof , i n

parti cul ar NEPderivatives which show NEP inhibitor activity. A preferred embodiment is (S)-5-

(Biphenyl-4-yl}-4-[(dimethylphosphonomethyl)-amino]-2-pentenocic  acid ethyl
ester. In an intermediate step of the preparation of said NEP inhibitor, (S)-4-(t-
Butoxycarbonylamino)-5-(biphenyl-4-yl)-pentenocic  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



WD 2008/ 031567KT/ EP2007/ 007913 4 inhibitors conprising a
ram no- 8- bi phenyl - a- net hyl al kanoi ¢ acid, or acid ester, backbone. It was a
further obj &¥P 2008/0HPGvi de a process in which heterogene8GYEREPTI0EHS can be
avoided. It was a still further object to provide a process for producing
conpounds according to fornulae (i-a) and (i-b), or salts thereof, wherein R1,
R1' and R2 are defined as above, having a high diastereoneric rati o,
preferably nore than 88: 12. Rl1' -NIR2R1'R2 R1R1 (i-a) It was an even further
object to provide a process for obtaining a high diastereoneric ratio of
conpounds according to fornmula (i-a), or salts thereof, to conpounds according
to formula (i-b), or salts thereof; preferably higher than 88: 12: nore
pref erabl y hi ghwhibitpiszpamgsing] @ y-aminowepiphand-o-mathyvistijaseic a¢id gsegidieden.a process in
whi ch the conpgangsn@&ccording to formula (i-b), or salts thereof, can be
conpl etely renoved and conpounds according to fornula (i-a), or salts thereof,
can be provided in pure form It was yet a further object to provide a process
for obtaining atwhsasiuiresobjestite proditie @ potessanplocgeraganeodi qagietsocahor nul a (i -b),
or salts thereqfavbigesconpounds according to fornula (i-a), or salts thereof,
hi gher than 88 : 12, preferably nore than 90 : 10. It was also an object to
provi de a process in which the conpounds

It was a still further object to provide a process for producing compounds

according to formulae (i-a) and (i-b), or salts thereof, wherein R1, R1' and R2
are defined as above, having a high diastereomeric ratio, preferably more than
88:12.

(i-a) (i-b)

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



5 according to formula (i-a), or salts thereof, can be conpletely renoved and
conpounds according to fornmula (i-b), or salts thereof, can be provided in
pure Form [WOaH80HSEti|l|l further object to provide a pPEEEBNITW1Hr oduci ng
conmpounds according to fornulae (i-c) and (i-d), or salts thereof, wherein R1,
R1' and R2 are defined as above, having a high diastereoneric ratio,
preferably nore than 88: 12. It was an even further object to provide a
process for obtaining a diastereoneric batio of conmpounds according to formula
(i-c), or salts thereof, to conpounds according to formula (i-d), or salts
thereof, higher than 88 : 12, preferably nmore than 90 : 10. It was al so an

obj ect to provide a process in which the conmpounds according to formula (i-c),
or salts there8fcordgntoparmushfiret ¥ spits éﬂ?fﬁ?éd‘aal?& LIS N8 8PYi ng to formul a
(i-d), or salt sohjvah@Odccordia tdrul@ bl @d sali e daambenprdvidesvaspuaeot her obj ect
to provide a hydrogenation step in a process for producing NEP inhibitors or
prodrugs thereof, in particular NEP inhibitors conprising a

yam no- 5- bi phenyl - a- met hyl al kanoi ¢ acid, or acid ester, backbone. wherein the
hydr ogenati on atw prsef eirbl ¥bjb@aso rdvidgha praekss &R hraueihgcadpyunbieads t o

products WO 29 %/cpn%:lé%r PCF;IZ Ecp)zaggzlj-oq,oozgéé thereof, wherein R1, R1" and R2 are

defined as above, having a high diastereomeric ratio, preferably more than
88 :12.

(m

1|/N

(i-c) (i-d)

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-8-biphenyl-a-methylalkanoic acid, or acid ester, backbone. wherein the

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



6 having a high purity degree, preferably products in a diasteroneric ratio
hi gher than 88: 12 The objects of the present invention can be achi eved by
usi ng a specVoR@WsHPE yst and a specific chiral |igand PRTEPHYUIGYEnati on step
in the production of an NEP inhibitor, in particular a NEP inhibitor
conprising a y-am no--bi phenyl -anet hyl al kanoi ¢ acid, or acid ester, backbone.
Preferably, a specific catalyst and a specific chiral ligand are used in a
hydr ogenati on reaction of conpounds accerding to fornmula (ii), or salts
thereof, particularly in a hydrogenation reaction of conpounds according to
formula (ii-a), or salts thereof, wherein R1, Rl' and R2 are defined as
above. In a further enbodi nent a specific catalyst and a specific chiral

| i gand are usedaYitg & high @ridy Epgies Freferally Piogerton acdarRIomerts ratcshtfng to formul a
(ii-b), R2 (iinda)es:12

The objects of the present invention can be achieved by using a specific catalyst
and a specific chiral ligand in a hydrogenation step in the production of an NEP
inhibitor, in particular a NEP inhibitor comprising a y-amino-8-biphenyl-a-
methylalkanoic acid, or acid ester, backbone. Preferably, a specific catalyst and
a specific chiral ligand are used in a hydrogenation reaction of compounds
according to formula (ii), or salts thereof, particularly in a hydrogenation reaction

of compounds according to formula (ii-a), or salts thereof,

Ri (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),

rR1—N
R1 (ii-b),

/R2

or salts thereof,

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



or salts thereof, wherein RlL, Rl' and R2 are defined as above. 7 Therefore,
the subject-matter of the present invention is a process for producing a
conpound acc¥P HHBPIPY formula (i), R2 (i) or salt thePeHFP2007/007913

Therefore, the subject-matter of the present invention is a process for producing

a compound according to formula (i),

Ry—N
R1 i)

R2

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

and R2 is a carboxyt group or an ester group.,

comprising reacting a compound according to formula (ii),

N
R
R1 (i)

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.



wherein RL and R1' independently are hydrogen or an am ne protecting group and
R2 is a carboxyl group or an ester group., conprising reacting a conpound
accordi ng t VP eMWRMIA7(ii), or salt thereof, wherein RLPCREP204HY7RY are
defined as above, with hydrogen in the presence of a transition nmetal catalyst
and a chiral ligand, wherein the transition netal is selected fromgroup 7, 8
or 9 of the periodic table. 8 In formulae (i) and (ii) the term"™ "rrti'j "
represents a coval ent bond, wherein the8stereochem stry of the bond is

determ ned, as either (S) configuration or as (R) configuration of such a
chiral centre. Consequently, conmpounds according to formula (ii), or salts
thereof, are chiral corrpounds and refer to conpounds according to formul a

(ii-a), or sal tclf?foF 5 Oa'nd gf) tt%g&'ﬂp“”ﬂ's' r@&%@ern%' é‘&;v&l@ntfb?)EWr%red theb). or salts

t hereof . According accordin formula or 'sal ts t her eof
are chiral comSis(RERSstEY qfé’feé?""@ & EHps d’§ eé\'éftfé%ﬁoﬁ@uf%'o‘l‘ 8t #ulRde (i-a),
(i-b), (i-c) arenfigiratign of 8lichsadhiral cker eof .

Consequently, compounds according to formula (ii), or salts thereof, are chiral
compounds and refer to compounds according to formula (ii-a), or salts thereof,

or compounds according to formula (ii-b), or salts thereof.

Accordingly, compounds according to formula (i), or salts thereof, are chiral
compounds and refer to compounds according to formulae (i-a), (i-b), (i-c) and

(i-d), or salts thereof.

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 matenal 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.



The present invention relates to a process for diastereosel ectively

hydr ogenating a conpound of forrmula (ii) with hydrogen in the presence of a

transition MERABHPY| yst and a chiral |igand. The star PERHEPWEYEIYIAI of

formula (ii) is chiral, therefore the chirality of both the substrate and the

ligand affect the diasteoselectivity in a phenonenon ternmed "double

di astereodifferentiation", ("matched" and "m st matched" double asymetric

i nduction). The degree of facial selectiovity observed in the hydrogenation of

a chiral conmpound of forrmula (ii) in the absence of any other chiral el enent

is the degree of substrate control. If the facial selectivity of the substrate

mat ches the facial selectivity of the Iigand ("matched" double asymetric

i nduction), thé& hapdserpiseryarcdhat Py erioying RePreRpas aeferingi lBrihavPiere My dr ogen in t he

presence of a invadishthe Rydiedenahtiodadf al Waibo@achf dorebiar(@l cah ibgakkieWauh d be expect ed

to increase. B If f agl.al I v e s t S not match

the facial sel g'tgp i 9|?%t%£§?e|%%ﬁ\ét9hbegﬁlg%% n?\fsh%t g%%“cgig %Iog%%ggtgsgon&rg? ric

i nduction), hi ghereficegs eranewhen e fdegiee \pf austraterroptrahds bigh&fet e@mpleda) t has been

gi Zcover ed t hatjifabtyroam Gétbgg L? ?rwe,isgo)@gh_@q;raﬁegggt ﬂret;ﬂ_@seﬁf g.s@ﬂrbni n\r/]enti on, the
ydrogenati on Q conpoun or a (. can be achieyved.in hig

di ast er eosel ecf)fo\\flﬁ?i/mggrbsg?ﬁ%'s"sanafo%epogség%ggglg mseﬂf)gctopléc;{sew%ﬁ'?aol . Therefore,

even when t he dégewesalfctigiybdbysatagvantagesusly. itke Riegent (ifvepticaxalippsether di ast er oneri ¢

ratig of up tOsl?anEéhtrgﬁ&Lhyﬁfb@er?ti&ﬁeﬁ&nﬁ%urfﬁ&%fpérﬁﬁﬁ%) ﬂe_@é’rﬁl@éd: @rﬂm@r ovi des neans

to obtain any of the possibhle, diasteroner roducts wt [

i ast er eosel vepEEPT L Mo st aiRalE e rPigthibe ot fBedn a1 ows the

st er eocont r ol | eerenedn dye Repvide AMOef (cHnfhbl figsansf (i-foritmhiah didstereamegar dl ess of t he

Zt er e_oct:)hgrrihst r_)éxdéfss.t/i&%raﬁ@?,t bmgrgsn@mma%rsﬁesé of ! ;ﬁ%a(ehi hventib®, 1E 0<(:_esz) .
escri bed herein can thus provide of fi:a - isC n i- wi t

hi gh di aster eomdrr?%n%tfeeozg . coﬂgg%'}ddolaf%rf"y(a (g?) 8#p'leé(§/f°n%gd“f ﬁ'ea) S?r‘%gé) s of the

present i nvent Wihhigh Hestasedmerifesraeisodimdfriyathe digrogandtianfof agemadund(dfi - a) can | ead

to both (i-a) aRdulhiird)camebdiobodi-6liansliQy RRIMEH Hastréesic exdleBd.| arly, the

hydr ogenati on of a conpound of forrmula (1i-b) can lead to both (i-c) and (i-d)

wi th high diastereoneric excess. The conpounds of formula (i) have a

y-ar ni no- 5- bi phenydmpeundst diyfdrauledn bbe agadinbéadivheme o-nEtfetaékansie akithown NEP

!sﬂglh b;ts ors, WnhERhORYPnéte 4reAbRONER iHRIbRYE WHichdEES By LAtk anRinenAGl d backbone,

N- ( 3- car boxy- 1M6%¥EKeNA 1acida ek pife nSHEP hehyi-retamery-1 2x e mBL4SR) - net hyl but anoi

c acid. Ther ef piieaylphdtginatgganimind(2BRpinkBAb@amK ss Taerdfowe ltheaprigsanet ri ¢ approach

towards the pr at | i0hi i [ p1ele) approach

proceeds with ﬁlpé]-[%,éét) rggg%{ao%ra 0 Sp'mln%h# gép?r%ch/g(;“’(%ﬂsr%n%&%%@oxszlﬁ'gﬁd R1' are

i ndependent |y wpgv%@&?f%v“paﬁarﬂm%aqﬂ%ﬂewpﬁwgs Yitibhigh stereogostrgly ef erred that R1

is an amne protecting group. It is further preferred that Rl' is hydrogen.

That neans, in el. . ' t Rl bel xpl ai ned

preferred am ng'afﬁggﬁgeec{')lr %'g’ @ oﬁggsnggér}'d aEI 'n?é}eﬁ&%ﬁ}l’géﬁ&nﬁﬂl?e@\r’l\% 'Pé\;el y, R1L and R

can toget her fBPRCHI/Pic ring structure (and thus forma bifunctional cyclic

am ne protecting group). 10

Itis preferred that R1 is an amine protecting group. It is further preferred that R1'
is hydrogen. That means, in a prefered 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).



The term "am ne protecting group” conprises any group which is capabl e of
reversibly protecting the am no functionality. Suitable am ne protecting
groups are CHAYERPIHMal |y used in peptide chenistry andPaFEPHEEW1Bed e.g. in
standard reference works such as J. F. W MOQOrie, "Protective Goups in
Organic Chem stry", Plenum Press, London and New York 1973, in T. W G eene
and P. G M Wits, "Protective Goups in Oganic Synthesis", Fourth edition,
Wl ey, New York 2007, in 'The Peptides”"j0Volune 3 (editors: E. Gross and J.
Mei enhof er), Academ c Press, London and New York 1981, and in "Methoden der
or gani schen Chem e" (Methods of Organic Chem stry), Houben Weyl, 4th edition,
Vol ume 1511, Georg Thieme Verlag, Stuttgart 1974. Preferred protecting groups
conprise, for dRangimeamme. roteging \@rouphcorAPrises adheouP Mhich dy CE!HaB'§lH§sfi | uted by
phenyl, such aseveribEYprotebtg)thd 8MnD YcHcHbnatty. Suitabilaminthgb@ttingtdi@pphenyl ring is
unsubsti tuted qf, sUbetb i) 6dybY paRSe lorfRlCig Srediek ROl of HicBEu oS! dues e g
those sel ected fTOMThe g¥oup cosTet ng (i g:f- a |<y ,'ghy roxy, Cl-C7-al koxy,
C2- C8- al kanoy!| refsrgncehwdrsgrmgh apiltir-dV- MsRmie, "PratebtiGRSroupshia iyfgan@]Che-
tf)32- al roxycar Bowéltw--,a@ualdras{cs, Qdnd6ih srnﬁmwt hv?rﬁapw,iirg’r.lw]@@gfeeaﬁdeﬂ tc)ae.tre | v
enzyl oxycar bon -f L uor eny| me xycarbo . , wbenzyl oxynet hy
(BO . el oy Y Qe B bisg e R P Xt ey e b R0 W (e HEY
1- adamant yl oxy darkb®ay in (HepotepliddsiitVoume hleditoryes. seessyand JecMaghhofdsenzhydryl
tT L ityl ,tal Ity! , Aeddehft a}els@mbh&aﬁtf)arsaamfw;wlk,19‘|§wp£hd_aml"ﬁif;lh@gen(@érloygaaxypalr Ibonyl ) -

e protecting group can, 0 be , L ike tria ily speci al |y
trinethylsilyl ,Sgifegr qung%t&eﬁg%@{ Eﬂﬁ%]fcl 9%"?'“'?‘?"5’8?%&9[9%?6?%}"',% F?'F‘g'bpr opyl si lyl,
trinet hyl si | yetvhosg et {3dorq BiEv)e, Vealng eltgad$@. be sul fonyl, such as
nmel hanesul fonyl, trifluoromethanesul fonyl andbenzyl sul f onyl , O sul f enyl , suchas
benzenesul f eny or an acetal

I.r Rledang[/%r Rl'UI can gl SE be a Isu(g‘(_:é' nikn]'ldﬁ/il gr OUB
group. Exanpl e§ $GIRCEHAT 8rURs FOrRTPE AE S PRRP e Y B REPoxy car bonyl ,
C8. 18aryl - Gi . Galbokyisyubstinted®y pbenk shcttas broayll (or)Qensheenylydr idelr Wessih |
G . sal koxy- car hrrkny! Afglis GRsubsRGEY br Sabbtinsied KPNERHIRNKlY: twholdr &irdd ef erred
enbodi nent, Rl IS C6. 10‘%r%/{alr- 9 . f11 al koxycar tz_onﬁé 9 ol E‘%‘é car bonyl ,
al | yl oxycar bony1>'4f° 88 16 W%f_m@fﬂ IR ORISR RL G 7y Year bonyl (BOO) .
C41-Cz-alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro, cyano, and CFj;; phenyl-C1-
C2-alkoxycarbonyl; and allyl or cinnamyl. Especially preferred are
benzyloxycarbonyl (Cbz), 9-fluorenylmethyloxycarbonyl (Fmoc),
benzyloxymethyl (BOM), pivaloyl-oxy-methyl (POM), trichloroethxoycarbonyl
(Troc), 1-adamantyloxycarbonyl (Adoc), but can also be benzyl, cumyl,
benzhydryl, trityl, allyl, C1.10 alkenyloxy carbonyl, such as alloc (allyloxycarbonyl).
The protecting group can also be silyl, like trialklysilyl, especially trimethylsilyl,
tert.-butyl-dimethyisilyl, triethylsilyl, triisopropylsilyl, trimethylsilyethoxymethyl
(SEM), and <can also be sulfonyl, such as methanesulfonyl,
trifluoromethanesuifonyl and  benzylsuifonyl, or sulfenyl, such as

benzenesulfenyl.
R1 and/or R1' can also be a succinimidyl group or an acetal group.
Examples for R1 and/or R1' further include C1.19 alkenyloxy carbonyl, Cg.1oaryl-

Cisalkyl, and Cj.alkyl-carbonyl, Ceparyl-carbonyl, Cq.salkoxy-carbonyl, and Cs.
joaryl-Cqealkoxycarbonyl. In a preferred embodiment, R1 is Cegiparyl-Cy.



In a particularly preferred enbodi ment, Rl is 1-butoxycarbonyl (BOO . Mre

preferred is that RL is t-butoxycarbonyl (BOO and Rl' is hydrogen. |In another

particul arl YWQrOPBHFEd enbodi nent R1 and/or R1' are i nd@p&EB¥AYI%?1Aydr ogen or

sel ected froma benzyl group, a succinindyl group, an acetal group, a silyl

group or an oxycarbonyi group. In yet another particularly preferred

enbodi nent R1 and/or Rl' are independently hydrogen or an am ne protective

group selected fromthe group consisting of Cl.6al kyl which is nono-, di- or

trisubstituted by Co.-wary', wherein the aryl ring is unsubstituted or

substituted by one, two or three, residues selected fromthe group consisting

of C..7alkyl, hydroxy, Cl _7al koxy, hal ogen, nitro, cyano and CF3;

C6_10aryl - C1. 6edHeyycarbenyhyFsalsprerppiboml-afpoarcrosiyterbosdp-Creflyyguch ci nnanyl ,

9- f I uor enyl met by béneyicguaRpasrbonfinBOE). benzyl oxyrnet hyl (BOM), pi val oyl oxynet hyl

(ROM), trichloroethxoycarbonyl (Troc), 1- adamantyl oxycarbonyl (Adoc),

C _wal kenyl oxycar bonyl, silyl, sulfonyl, sulfenyl, succinimdyl, C2_6al kanoyl,

Cs_i caryl - car bbmg|partcilada pletexpd embodimght, &1dis ChuRyoptbony! dBPKbXNYar bonyl . I n

formul ae (i) apdiered s thdtiR8 i$ ESUBxy&BERY (BOOKN FAORRYdrSRH. any ester of a

car boxyl group generally known in the art; for exanple groups -000R3, wherein

R3 is selected fromthe group consisting of: Cl.6al kyl, such as nethyl, ethyl

or t-butyl, CllnGziiokexy@licurlyoyeferradegreodimeot RII ang/ocR1' @se indeneatisndy of ur anyl |

C6_i Oar yl oxy ClpRpddel lor setdttdd @s&&rlgm&w,r@wmhimeagwup, & dc¥lal gr8ch as

trinmethylsilyl ]”but | di net hgt! SII| and t-butyl di phenylsilyl, cinnanyl,

al lyl, GO . eal k§FYWHPEROTI XERECYIGOPor tri substituted by hal ogen, silyl,

cyano or C fiaryl, wherein the aryl ring is unsubstituted or substituted by

one” two or thieeet radiHdHesark@lafgt fdicht@MhbRingEnPUR1 CanBdrstiRiNGref G . i al kyl,

Cl. 7al koxy, halg en, N 51r$ cyano and CF; fols C. 2a| kyl subtﬁtltut ed by

9-f | uor enyl . ERdenty hudragencql 28RN PRRIsEtVe @rupSeles JABMRIin R3 is a

Cl- 6al kyl resi caneistingnofsasalkyt whigh js R0 Ili-aon tesubstitutegt eyu@e-1odryl, whesein t i cul ar | y

Itor gf ter red egboﬁh:e trirBZisltﬁmsm&%dF&réJg@t\‘t%& Sy dn@,t ﬁv@ﬁ@ftﬁ%{é Qé%ticﬁ@@Odl BPntl Rll I'S
- but oxycarbonyl . 1n_an er preferre [ [ - but oxycar bonyl . In

both preferr edgeé‘?%%jdﬁr?f’ég’fesgrﬁi‘g) CHEYG 8‘0&}7""‘&9’ %XégRéhTaﬁ‘?Wema'S?‘?'%i ti ons given

above for Rl, ®io, @rce R §FsCa@mmiEtatkyl opmyl aengliCag2-alkexybgrbonl - c) , (i-d),

(uka) and (ii-Ry, c-i”ﬂﬁm{ll,e@@Ihér_@rﬂtlrﬁ’éth}l&l@ca?@ﬁ?l%ﬁ%c)@%@r@ygkﬁ&tﬁy@ @eyrul a (ii), or

salt thereof, wth h}é/drggen [ F’ ﬁ@rrl ed fﬁqli In the Prese ce of transition

metal cat al yst PVURAPETR Y he tFONYi ti oACTEPeP oY@y lect dd"C om dioup 7, 8 or 9

of the peri odi adansblyexychitengf(éd®), €healkengdmgicarbanyl, bt adulforad, sulfestyl, conpri ses, for

exanpl e, Mangaas%'éiﬁmﬁdw)oz_aé?&;ﬁgygg;&,m)carbbﬁ,s(?,lrgigeﬁﬁaxy-c%m'ahal6},&5?9&, Csmi um (Gs),

Cobal't (Co), Rhod) um (R Fridi um

Cisalkoxyc
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: Cygalkyl, such as methyl, ethyl or t-butyl,
CisalkoxyCqsalkyl, heterocyclyl, such as tetrahydrofuranyl, Ce.10aryloxyCi.galkyl,
such as benzyloxymethyl (BOM), silyl, such as trimethylsilyl, t-butyldimethylsilyl
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.7alkyl, Cq.7alkoxy, halogen, nitro, cyano and CFj3; or C;.
2alkyl substituted by 9-fluoreny!.



In a preferred enbodiment, the transition netal catalyst conprises rhodi um
iridiumor ruthenium In a nore preferred enbodinent the transition netal
cat al yst cofp? t¥&8318¢odi um or ruthenium In a particul aPCHEBIRYIEH3 enbodi ment
the transition netal catalyst conprises ruthenium Cenerally, the transition
metal catalyst is an organonetallic conplex, conprising one or nore of the
above-nentioned netal atons and suitable ligands. Suitable ligands for the
organonetal lic conplex generally are o-tbnor |igands, a-donorirr-acceptor
hoards or cur -donor/Tr-acceptor |igands. Exanples for suitable kind of

fi gands are anong ot hers carbon nonoxi de, halides, phosphines, alkenyls,

al kinyls, aryls and m xtures thereof. 13 Exanples of preferred |igands for
the organonetal lic conpl ex are: norbornadi ene (nbd), cycl ooctadi ene (cod),
cyrnene, in pard griefeéd Emisydiiine R2a$IACOOHS, diherel RS 6 @M L.EKR Sesiad. IGONPr i se a
single tranS|t|gka§¥§§%aAQ? BﬁL rred embodi ments the conpl exes can conprise
two or nore transiti'on netals,” optionally conprising a netal-netal bond. In a
preferred enbodi nent two netal atons are bridged via two halides. Exanples for

preferred trangidpmeuany) ghlefad @hdfirierare i dd32( p- cymene) 12, [ Rh(nbd) 213F4 and
ilr(cod)2Cl12. More preferred are [Rul2(P-cYnene)]2 and [ Rh(nbd)213F41. A
particularly preferred transition netal catalyst is ifih(nbd)2BF4 f=

Bi s( nor bor nadi Evrthereseli inng PYeferedr emibadisrenb &Yl ais d)buiwiysatpeny pbiy enatherar |y preferred

transition net glefefay ahpsdimbst BRI LHLRXFATAA) IhZodiipreferred embodiments
Di i odo( p- cyrrenﬁ},r ut hegw %%&r&eg nmer) :

prefera

The definitions given above for R1, R1' and R2 also apply to formulae (i-a), (i-b),
(i-c), (i-d), (ii-a) and (ji-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 penodic table.
Therefore, the transition metal catalyst comprises, for example, Manganese
(Mn), Rhenium (Re), Iron (Fe), Ruthenium (Ru), Osmium (Os), Cobalt (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 catalysi 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/m-acceptor ligands or o,m -donor/mr-acceptor ligands. Examples for
suitable kind of ligands are among others carbon monoxide, halides,

phosphines, alkenyls, alkinyls, aryls and mixtures thereof.



Generally, the term"chiral |igand" conprises any ligand that is suitable to
buil d organonetal |i c conpl exes and that conprises a chira

centre. In a

preferred efb®&¥eHEt he chiral

i gand conprises a chir BFT/BRISHNIHE.

further preferred that the chiral ligand conprises a chiral ferrocene.

al so preferred that the chira

the Cpligand of the ferrocene is substituted with a chiral group.

preferred enbodi nent the chira

In a

14 It
I1ls

ligand i3 sel ected from Josi phos |i gand,

is

Iigand conprises a ferrocene structure wherein

Wal phos |igand, Tani aphos |igand, Sol phos |igand, Mandyphos |igand, Butiphane
ligand or m xtures thereof. Josiphos |igands, Wl phos |igands, Tani aphos
I i gands and Mandyphos |igands are of the fornmul ae: Josi phos Tani aphos

Examples of preferred ligands for the organometallic complex are:
norbornadiene (nbd), cyclooctadiene (cod), cymene, in particular p-cymene, and

iodide.

The complexes can comprise a single transition metal. In preferred
embodiments the complexes can comprise two or more transition metals,
optionally comprising a metal-metal bond. In a preferred embodiment two metal

atoms are bridged via two halides.
Examples for preferred transition metal catalysts are [Rulx(p-cymene)]s,
[Rh(nbd),BF4] and [Ir(cod),Cl],. More preferred are [Rulx(p-cymene)]. and

[Rh(nbd),BF].

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

Bis(norbornadiene)rhodium(l) tetrafluoroborate}

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

Diiodo(p-cymene)ruthenium(ll) 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.



Sol phos Mandyphos wherein R and R are as described in W20061003196,
EP- B1- 612758, W)2006/ 017045 , W2006/ 117369 and in particular as shown in
exanpl es here? H¥EEHpl es of suitable chiral |igands ar B¢TERIPHAITYI? gands

havi ng a Mandyphos struclure: SL-MO01-1:
(aR aR)-217-Bi s(a- NN-di net hyl am nophenyl net hyl )-(S, S)-1, 1-

14

it is further preferred that the chiral ligand comprises a chiral ferrocene. It is also
preferred that the chiral ligand comprises a ferrocene structure wherein the Cp-

ligand of the ferrocene is substituted with a chiral group.

In a preferred embodiment the chiral ligand is selected from Josiphos ligand,
Walphos' ligand, Taniaphos ligand, Solphos ligand, Mandyphos ligand,
Butiphane ligand or mixtures thereof. Josiphos ligands, Walphos ligands,

Taniaphos ligands and Mandyphos ligands are of the formulae:

Josiphos
PR’
R,P Mo
L=
Walphos

R,P

I

=D e,



bi s(di phenyl phosphi no)terrocene (al soknown as (R)-(S)-Nwe2-PPh2- Mandyphos)

16 SL-M)04-1: (aR, aR)-2,2'-Bis(a-N, Nd inethylaminophenyl nel hyl)-(S,S)-

1, 11- bi si cl iWQ 30803187 et hy1- 4- met hoxyphenyl ) phosphi nol | ¢F E@Wéﬂo{g&l’so known as
(R -(S)-Nwe2- P(3,5-M-4-MO0P1-)2-Mandyphos) SL-MO04-2: (aS, aS
)-2,2!-Bis(a-N, N-di net hyl am nophenyl methyl )-(R R)-1,1"-bis[cli(3,5-

15

Solphos

EN O
0 PR,
|io l PR,
T

Mandyphos

wherein R and R’ are as described in W0O2006/003196, EP-B1-612758,
WO02006/017045 , W0O2006/117369 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)



di et hyl - 4- mrel hoxyphenyl ) phosphi nol | errocene (al so known as (S)-(R)-Nw2-

P(3, 5- Me- 4- MeOPh) 2- Mandyphos) 17 OAAe SL-M02-1; SL-MO03-1: SL- MD10- 1:
WO 2008/031567 PCT/EP2007/007913

16

SL-M004-1:

(aR,aR})-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(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-methoxyphenyl)phosphino]ferrocene (also known as (S)-(R)-NMe2-
P(3,5-Me-4-MeOPh)2-Mandyphos)



Chiral |igands having a Josiphos structure: WO 2008/ 031567PCT/ EP2007/ 007913
18 SL-J002-1:SL-J003-1: (R -1-((S)-2-Dicycl ohexyl phosphi no)- [efface
nyl | et hyl di Y@ PWHENt'phosphi ne  SL-J006-1: SL-J006-2: PCT/EP2007/007913

17

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

/’&ém

SL-M010-1:

Chiral ligands having a Josiphos structure:



WD 2008/ 031567PCT/ EP2007/ 007913 19 SL-J501-1: SL-J505- 1:

havi ng a Wal phos structure: SL-WO08-1:

H

Chiral

| i gands

(R) - 1-[ (R) - 2vQ2008/p}%1887c| ohexyl - phosphi nophenyl ) f er r oceny RETEPIOHIOIYBs- (3, 5-tri f

| uor onet hyl ) pheny1) - phosphi ne

SL-J002-1:
(R)-1-[(S)-2-Dicyclohexylphosphino)-
ferrocenyl]ethyldicyclohexyl-
phosphine

18

SL-J003-1:
-
prdon
<

SL-J006-2:

S,
. E=Sen
goNSE

cF,

3

SL-J011-1:

e
R

SL-J302-1

J
-
<>



20 SL-W)05-1: SL-WO06-1: Exanples for further suitable chiral |igands are:

WO 2008/031567 PCT/EP2007/007913

19

SL-J501-1: SL-J505-1:

<= <

Chiral ligands having a Walphos structure:

SL-W008-1: SL-W001-1:
(R}1-[(R)-2~(2"-Dicyclohexyl-
phosphinophenyl)ferrocenyl]ethyl-

F,C CFs
di(bis-(3,5-trifluoromethyl)phenyl)- @\ 3 CF,
phosphine P i 9/@

tCH CF:
% e, n
K L <
SEoRS

CF,

<<
SL-W001-2: SL-W003-1:

ST QUG
Pyes

<=




The preparation of ligand (S)-C4-TunaPhos is described in J. Og. Chem, 2000,
65, 6223 (Exanple 4). Ligand (R)-(+)-BINAP can be purchased from conmerci al
sour ces suchVa30aPHPt’ch. Al l ot her above-nentioned |i gaREYEPNAHWPAOS,

Josi phos, Wal phos, Sol phos, etc.) are commercially available from Soivias AG
(Basel, Switzerland). Preferred chiral |igands are:

(aR, aR) -2, 2' - Bi s(a- N, N-di net hyl am nophenyl nethyl )- (S, S)-1, 1l - bi s(di phenyl phosp
hi no) f errocene (= Mandyphos SL-M01-1), 20

(oR aR) -2, 2r-Bi s(a- N, N-di net hyl am nophenyl net hyl )-(S,S)-1, 1" -bi s[di (3, 5-

di et hyl - 4- met hoxypti enyl ) phosphi no] f errocene (= Mandyphos SL- MD04-1),

(aS, aS) -2, 2*-Bi s(o- N, N-di net hyl am nophenyl nethyl )-(R R -1, 1" -bi s[di (3, 5-

di met hy1- 4- met ﬁé&&/?ﬂ?eﬁyl ) phosphi no] I err O%%W@O%hdyphos SL- MDO4- 2) ,

(aRaR) -2, 2" - bi s(a- N, N-di Ret byl am nophenyl net hy| Slrl -
bi s(di cycl ohexyl ghosphi ng)feerr 3SL- 1)
2008/ 031567PCT/ EP .@, @”5 CF,
C e SO ’
P - CH,
CH, CF @%R(“

H <<
<>

Examples for further suitable chiral ligands are:

SL-A001-1 (Solphos) (S)-C4-TunaPhos

(j'jm,
(; S

(R)-(+)-BINAP

(e,
™

SL-M040-2

”
\V4

Jo



22 (R-N,N -D nmethyl-7, 7" -bi s(di phenyl phosphi no)-3, 3,4 A Ael rahydro-8,

8 -bi-2/-/- 1,4-benzoxazine (= Sol phos SL-A001-1),

(1?) - 1-[ (S) -WORRgY¥rhexyl phosphi no) f errocenyl Fel hyl di cJETEREXI%HEsphi ne( =
SL-J003-1),

(R -1-1(S)-2-Di cycl ohexyl phosphi no) ferrocenyl | ethyl di -tert-butyl phosphine (=
SL-J009-1), (S)-1-[(S)-2-(7-D phenyl phosphi nophenypferrocenyl | et hyl di (bis-3, 5-
trifluoronme(hyl phenyl)phosphine (= SL-W01-2),

(R-1-[(R-2-(2' - D phenyl phosphi nophenyhf errocenyfi et hyl di cycl ohexyl phosphi ne
(= SL-W03-1),

(R)-14(S)-2-Di cycl ohexyl phosphi no) ferrocenyl | et hyl di cycl ohexyl phosphi ne(=
Josi phos SL- JOG2=FPPSAnd/ or SL-F056-1

(R-1-[(R)-2-(2' - Di cycl ohexyl phosphi nophenybferrocenyligthyl di (bis-(3,5-triflu
or onet hyl ) pheny1) - phosphi nE,Q/E\V\aI phos SL@%- . e—preferred chiral
A

| i gands are: o/
(aR aR) - 2, 2' - Bi Bif.,®- d | am nopheny, %@ (S-S)-1,1"-bi s(di phenyl phosp
hi no)ferrocene (= SL- MDO1-1), <>
O~ ?
SL-F061-1 SL-F062-1

s s
;

cy,P P af (2 P \
@TQ( |
CF:,2

<>
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(dipheny!-
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-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),



(aR aR) -2, 2' - Bi s(o- N, N-di net hyl am nophenyl net hyl )- (S, S)-1, 11-bi s[di (3, 5-

di net hyl - 4- met hoxyphenyl ) phosphi no] f errocene (= Mandyphos SL- M)04-1),

(as, aS) - 2, 298 OOMFGN- di et hyl ami nophenyl net hyl ) - (R, R) - FCWER9740¢EH1} 3, 5-

di met hy1- 4- met hoxyphenyl ) phosphi no] f errocene (= Mandyphos SL-M)04-2), 23

(R -1-[(S)-2-Dicycl ohexyl phosphi no) f errocenyl | et hyl di cycl ohexyl phosphi ne(=
Josi phos SL-J002-1) and/or

(R-1-[(R-2-(2'-D cycl ohexyl phosphi nopfenyl ) ferrocenyliethyl di (bis-(3,5-trifl
uor onret hyl ) phenyl) - phosphi ne (= Wal phos SL-W08-1). Even nore preferred chiral
figands are:

(oR, 0R) -2, 2-Bi s(0-N, N-di met hyl am nophenyl net hyl )-(S, S) -1, 1l - bi s(di phenyl phosph
i no)ferrocene (= Mandyphos SL-M)01-1),

(aR aR) -2, 2' - Bi(honDbiNe@iivet | dmenarHaeshols BhwA Yetlalyd®-8, & thbrbi s[ di (3, 5-

di met hyl - 4net h henyl.) ph in racene (= Mandyphos SL- MD04-1 and/ or
(IoSaS) }/2, 2' - Bi g?égeﬂfoﬁgﬂ?eﬁégsﬁ%ésm@négéfeﬁyl net ﬁlyl ) - ( R?/E) -1,11- bi s[ di (?3, 5-

di et hyl - 4- met hoxyphenyl ) phosphi nol f errocene (= Mandyphos SL- M)04-2).
(R)-1-[(S)-2-Dicyclohexylphosphino)ferrocenyl]-ethyldicyclohexylphosphine (=

SL-J003-1),

(R)-1-[(S)-2-Dicyclohexylphosphino)ferrocenyl]ethyldi-tert-butylphosphine (= SL-
J00g-1),

(S)-1-[(S)-2-(2'-Diphenylphosphinophenyl)ferrocenyl]ethyldi(bis-3,5-
trifluoromethylphenyl)phosphine (= SL-W001-2),

(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-WO008-1).

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)phosphinolferrocene (= Mandyphos SL-M004-1),

(aS,a8)-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 |igands are:

(aR, oR) -2, 2' - Bi s(0- N, N-di net hyl am nophenyl nethyl )-(S,S)-1, 1' - bi s(di phenyl phosp
hi no) f er r ocay@2008203¥8xidy phos SL- MD01-1) and/ or PCT/EP2007/007913

(oRyaR) -2, 2' - Bi s(o- N, N-di net hyl am nophenyl net hyl )-(S,S)-1, 1" -bi s[di (3, 5-

di et hyl - 4- met hoxyphenyl ) phosphi no] f errocene (= Mandyphos SL-M04-1).
Especially preferred as chiral ligand is

(aR oR)-2,2'-Bi s(a-N, Wdi net hyl am nophenyl nethyl )-(S,S)-1,1" -bis[di (3,5-dineth
yl -4- net hoxyphenyl ) phosphi no] f errocene (=Mandyphos SL-M)04-1). 24 Josiphos
or a Sol phos ligand; nore preferably Rh(nbd)2BF4 and a Mandyphos, a Wl phos, a
Josi phos or a Sol phos ligand; yet nore preferably rhodi umcatal yst and
Mandyphos SL- MR)4- [(B%Zmphmlp@tspﬂiﬁﬁb&r@s:eniﬁﬂihxtﬁmslolswlﬂmghifle W&t phos

SL-W01-2, Wal ply %ﬁ ;mﬂyﬁlphos SL-W08-1 or Sol phos SL-A001-1; even

nor e preferably (nbd)2E3 4 and Mandyphos SL- M)04-1, Josiphos SL-J003-1,

Josi phos SL-J009-1, Wl phos SL-WO01-2, Wal phos SL-WO03-1, Wil phos SL-WO08-1 or
Sol phos SL- AOO®R)-1-[(R)12-(2rntyhiehexgiphaphingptieny | fdrecérgl]dtopdifbg-(8,61fiuorat | ons of
transition net by o] e preferred: rhodi um catal yst
and \Wal phos SLﬁéﬁgg%gth&gﬁmﬁgge“%ﬁt %$%gmgsgL(ntid)ZBEl and \Wal phos
SL-W)08-1. When using these conbinations of transition netal catalyst and
chiral |igand, Elep niceaphefegedcttanigendschraf fornula (uka) , or salt thereof, a
conposi tion conprising conpounds according to fornulae (i-a) and (i-b), or
salts thereof, roduced, wherein the nolar ratio of (i-a) to (i-b) is at

| east 88 : 12. ("Brf":gﬁ(?t -Bis(o-Nbpstiserthwaminophery iy RiShd ICRiREPRRM ons of transition
net al catalystpmmdwmhmwaknéGgumdyﬂmespMﬂmenoed : rhodi um cat al yst and
Mandyphos SL- MD04-1, Josi phos SL-J003-1, Josiphos SL-J009-1, W&l phos
SL-W01-2, W&l phos SL-WO03-1 or Sol phos SL-A001-1; even nore preferably

Rh( nbd) 2BF4 an@RéEaZpRise-Nsti-dipriyaminophenylpeiyNdp.Srdd3eiddiGissi phos SL- J009- 1,
WAl phos SL- W) 0dim2thy Mahghog piEhy WhoshihoperraBateph@es NElndAfhad - SL-MMben) usi ng t hese
combi nations of {fansition netal catalyst and chiral ligand, by reacting a
conmpound of fornu a (ii-a) , or salt thereof, a conposition conprising
conpounds according to fornulae (i-a) and (|-b) or salts thereof, is
produced, wher @bmst-he-BEba, Ndatettylaadfinophery)metigy (R R, 11-Gis[ait3,3-east 65: 35, nore
breferant y at hBitalReindlondh hiRBAhE erIBR- TeRlyonbDEL bl ¥ N combi nat i ons

of transition rreta

Most 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) 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



and chiral ligand are preferred: rhodium catalyst and a Mandyphos or a \Wal phos
ligand; nore preferably [Rh(nbd)2BF4] and a Mandyphos or a Wl phos |igand as
WO 2008/ 031589 PEFPEPP007/ 007913 25 wel | as rhodi um cat aPGEEPHAAOSLINDO4- 2 or
SL-W08-1; nost preferably [ Rh(nbd)2BF4] and SL- MD04-2 or [Rh(nbd)213F41 and
SL-W08-1. In a further enbodi nent, the follow ng conbi nations of transition
netal catalyst and chiral ligand are preferred: rutheniumcatalyst and a
Mandyphos or a Josi phos ligand; nore preferably [Rul2(p-cynene)l1l2 and a
Mandyphos or a Josi phos |igand; even nore preferably ruthenium catal yst and
SL- MDO1-1, SL-M02-1, SL-MO04-1, SL-MO04-2 or SL-J002-1; yet nore preferably
Pul 2( Pcynene) 12 and SL-M)O1-1, SL-MO02-1, SL-MO04-1, SL-M04-2 or SL-J002-1.
| n anot her enbdeRiheRer & PePHosigandi Here eersraRMOPEB5 ab¢ aNendyrBes: Aet al cat al yst
gnd Nggizr al hga?m;ﬁbﬁ aANoeibRés @ SdIpHob @gHindYet aford %r&te;lablydhédiﬂﬁlyﬂblgﬁ SL-S I\/D%bg or
L- -1; pre = C n n = -2 or SL- -1.
When using thegié @%ﬁ%ﬁ%ﬁé&@%ﬁgﬁ'pﬁé%%'?g%'ﬁg Szi‘%‘&%%?zfﬁéﬁé?%%@%hi ral |igand,
by reacting a &bMi®idWeirhpsPlaY0R3(1i Walghos B-WOAB or Belpbesf SL-A0&otiposi ti on
conpri 3 i ngdconamnﬂsreq?‘a%ay W(riba), By 5}}41! l?&c(vbho%)SL?MdO‘(—i,_'.B)Siphd%rSLsm t (SSSt hg[s eof ,
i s produced, ejn t a ti.g 0 - t Iy - i east ; :
more prefer ab},\g&%f{l E5! ﬁos';g%L:-JoQé-?, rr‘&%'?hoﬁr g’r'lewrloé)ﬂ%y Vg?%%%sas%tL%QABTEG. In still
anot her pr ef er NatbherBloWOR® tor Belehas kARt on of transition netal catal yst and
chiral ligand is: rutheniumcatalyst and Mandyphos SL- M)01-1, Mandyphos

SL- MD04-1 or Josi phos SL-J002-1; .preferabl Rul 2( P- cYnmen and Mandyphos
SLM001. 1, handy BRUET bRt 1, 580 SR PR g iORREf tEpHE : heoe

conbi nat i ons ofnd ¢hirAlSigandoaTe pesfealed chediny satalgdnd Watrabs PE-YEREY: dgnreacting a
conmpound of f o Brefdrablya Rn(rB),B5%) ind ARIPRSS .SLAVEBIOFKEA QBng ARRET Si N
conpounds according.to formulae (i-a) apq gl-b. r salts thereof, is
oroduced, wher STHEHENS] APIHER; el cppbal) apd, St dard & ogl8 85 ¢ 12, more
preferably at Feemun@sf: fopmula nlipet, ahceheherpefefacomdodipodimaeiningt he

conbi nati on of c&rwaast é&&dfl\agt:@lronﬁaa@h;@hn@p@),wss@ thére§@ARGréRiced, Ut heni um

catal yst and N\-;v erXiR r&1Oesmc§;|a'r_ratloooé}_(i-:lél') toF)({-t%fisegt?etz)asy 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-
W001-2, Walphos SL-WO003-1 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 least 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,] and a Mandyphos or a Walphos ligand as



26 [Rul 2(p-cynene)]2 and Mandyphos SL- MD04-t Wien using these conbi nations of
transition netal catalyst and chiral ligand, by reacting a conpound of fornula
(ii-b), or S¥PRUPRHFTOf, a conposition conprising conpogﬁﬁ@l’%% YWYPng to
formulae (i-c) and (i-d), or salts thereof, is produced, wherein the nolar
ratio of (i-c) to (i-d) is at least 88: 12, nore preferably at least 92 :8. In
a still further enbodinent, the follow ng conbinations of transition netal
catalyst and chiral ligand are preferrezs ruthenium catalyst and a Mandyphos
or a Josiphos ligand; nore preferably [Rul2(p-cynene)]2 and a Mandyphos or a
Josi phos ligand as well as rutheniumcatal yst and SL-M)O1-1, SL-MO04-1 or
SL-3002-1; nost Er eferably [ Rul 2(p- Cé_!r\r/‘ene) 12 and SL-M01-1, SL-MO04-1 or
SL-3002-1. In pa¥tascimdrm eatdyst i AEMOBH2 [ ®uBLINO08y hewrsy PreferdBly Mandyphos
SL-M)04-1 is plr#@dy,BE,) adhsL-Meewc? biqRh@BdBH, ] MasLofodse process of the present
invention are preferably chosen such that the reaction is carried out as a
honogenous catal ysis. CGenerally, the term "honbgenous catal ysis" describes a
cat al ysi s wher & 2 fugherznziiogigent, dejfplloping comhipatigha sktraneition megl ¢atalysti qui d and gas)
as the reactanbsd cHiR® i§arACHSE SprébrddIQuRERSE HatalyB 8 bONarddfyBicRr @bhy is not
carried out as,a.heterogeneous cat ql ﬁullz?rh Gene)r al | the term "heterogeneous
ere

cat al ysi s" desé?sl'p[')lgss & catmé)feyglreger (éy"éeé'faéﬂ 38/% bi r‘s"a'?dﬁptg)sd?rf?er ent phase to

t he react ants. Jednhey tigpereryes mos erelesably ythgailinycalglystvandeSlaMaQirf.a8de for the
chem cal react Mooe-t Ost-#oes-p] sCeoon2 Jdrrsil-le2Ar gstembrel preRpibiyORUSE-Vent s

general ly known in the art can he used. . Preferably a salvent is used which is
able to dissol V&"¥R at"P%ﬁ]‘sM@ﬁghgﬁeNtdg?qb% @ﬁé;‘s{'%gwof‘%eorc‘ﬁdrga 1’I i gand.
Preferably, a polar solvent is used, e.g. a nonoval ent al cohol. Mre

pr e:‘j er ?E' y, the &@]gh\éeerbwmémm-f\m%wiﬁg c&ﬁdgamms. (F]fl\('ﬁﬂgtirm gf;@r adhiyst et hanol is f
Feactant i o i no Bl BKERe ST IPraR TG o NaryReSS STBFRER)  or ef er abl v
of from3 to 28 SuMO02-hnrefergbly fRubtn-ainene)l28ddgangyphes SL-Ml0df2eerfidty of from 20
to 25 %W v. 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 [Rulxp-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 ment, the hydrogenation is carried out at a tenperature
between 0 "C and 80 C, preferably between roomtenperature and 80 C, nore
preferably DEPRIEMIFGom tenperature and 60 C, even nor e PEFEPVPEYII3 bet ween
roomtenperature and 45C, nost preferably between roomtenperature and 35C.
The hydrogenation usually is carried out at a tenperature between 0 C and 60
C, preferably between 30C and 50C. nore preferably between 35 C and 45C. The
appl i ed hydrogen pressure usually rangegs between 5 bar and 30 bar, preferably
between 10 bar to 25 bar, nore preferably between 12 bar and 20 bar. The
reaction tinme usually ranges between 1 hour and 25 hours, nore preferably
between 6 hours and 24 hours, yet nore preferably between 5 hours and 20
hours. Most pr é'?‘éﬁ%r@f%“eﬂ?r@dr%@mhﬁﬁSl—i"ﬁ’@“l]sWﬁPrl singfgfescomPHmionshour to 25
Eogr S, pr ef er alk yarfstiofmmataheddigst ?rﬁd cHitalhigaiidS by }eactmgarc@ﬁ?bmrﬁdafemmdi nre]pt, L he
ydrogen pressure ranges 0 r to 25 .par r - fromof 5 bar to
20 bar, nore p 'é?’e?gb% ?%%ﬁqmo% ci%p(%g'ro nt%m?gﬁﬁirc,bmgéﬁdgma;%gé%?%ftgr ably from of
15 to 20 bar, reslap(ie) andtidy of prits Higsrobdeprogyiced stheeein the aplasaptio ofhe anount of
transition net alc) eAl-@liystedsosssubshérdipreidrably at Ida¢@cal | y enpl oyed in the
process, may be in the range of from0.001 to 5 %mwl, preferably of from0.001
to 1 /0Onol, nore preferably of fromO0.003 to 0.3 3'onpl, yet nore preferably
of from 0.005 tmoagstd foghsr embedimenr dfecioldying edmtfinapnspofotianstjo nB%al ogmmi . 28
US;Jal I)y_, i?ot) h%aﬂaﬂ;&i%ﬂ&icm%l nga]geeﬁesﬁr&fblgeosum%ﬁahﬁtmt &ﬂt@lﬁyrﬂy?m&tdglo (zoggC
ratio) is or higher, prefera r hi r, nor referably or
higher. In a prae‘*oé'f)r(g'd"g,grr]r‘go |rﬁt§)ﬁe[er¥?%?%uﬁ%é?y"fegﬁﬁzténgfa agg)gﬁts Pafio is 25000,
mor e pref er abl yoggoe tiganyl ps whikagorisewn catalyetend SlrMORE 1t Jr-MP0ssUpSIrate to

catal yst ratio'joszef;ahcst bfdrdlsy IRRl.@cymdhd)R oAl stivaoiNGLAMUTRAUGIGSL-accor ding to
formula (ii), f)02§1alts thereof, to "active catalyst” (fornmed by m xing the
transition net cdtalyst and the chiral ligand). Usually, the active catal yst
is formed by mxing 0.9 to 1.2, preferably 1.0 to 1.1, nore preferably 1.0 to
1.05 nol e of clnimliculair,gﬁ@dommml{Fanmﬁmeaé)ﬂztarnamfﬁyms seivdosatigns conpri sed
inthe transitio tal catalyst. For exanple, if a dinmer transition netal
catal yst is errB[egpg?rreT?g; preferably two noles of chiral |igand are reacted with
one nmole of transition netal catalyst in order to formthe "active catal yst.

The chiral |i gane dasiddhGiabrsYor a06Ecds of He rQARL QAN HbrGerbya sol ution
prepared with tpe sane. §o| vent u§ed.for .t(pe reactjon .

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



In the process of the present

formula (ii),

above, or according to forrmula (ii-b), or salt thereof, R2 (ii-b),
R1, R1' and R2 are defined as above,

invention preferably a conpound according to

or salt thereof, in an optically active formis reacted. This
means that i‘MOEMW&OPFGcess of the present invention a coRpHERHIEVEYPding to
formula (ii-a), or salt thereof, 29 wherein Rl, Rl' and R2 are defined as

wher ei n

can be used as starting conpound.

Preferably, conmpound (fi-a), or salt thereof, is used as starting conpound.
The synthesis of the starting conpound (ii), or salt thereof, wherein Rl is
BOG Rl is hydrogen and R2 is COCEt is known in the art.

the concentration of reactant is in a the range of from 1 to 30 %w/v (weight /
volume), preferably of from 3 to 25 %wi/v, more of from 10 to 25 %w/v, most

preferably of from 20 to 25 %wi/v.

In a preferred embodiment, the hydrogenation is carried out at a temperature
between 0 °C and 80 °C, preferably between room temperature and 80 °C, more
preferably between room temperature and 60 °C, even more preferably between
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.



An exanple for a possible synthesis of the starting conmpound (ii-a), or salt
thereof, wherein RL is BOG Rl' is hydrogen and R2 is COONis given in the
reacti on sch¥peooBeige 30 | f conpound (ii-a), or s&CTEPHEYYAN} is used as
starting compound, conpounds according to fornula (i-a) and formula (i-b), or
salts thereof,

28

Usually, in the inventive process the substrate to catalyst ratio (= S/C ratio) is
100 or higher, preferably 500 or higher, more preferably 1000 or higher. In a
preferred embodiment the upper limit of the S/C ratio is 25 000, more preferably
30 000.

In the present invention the term "substrate to catalyst ratio" refers to the molar
ratio of starting compounds according to formula (ii), or salts thereof, to “active

catalyst” (formed by mixing the 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,

S

R1 (ii-a),

RN



--NR2 R1I' Rl wherein RL, R1' and R2 are defined as above, can be obtained. If
conpound (ii-b), or salt thereof, is used as starting conpound, conpounds
accordi ng tovOeeR1031867(i -c) and formula (i-d), or saltsPCREPHET07918| - d)

29

wherein R1, R1' and R2 are defined as above, or according to formula (ii-b), or

salt thereof,

=
N R2

o
("‘b),

wherein R1, R1" and R2 are defined as above, can be used as starting
compound.

Preferably, compound (ii-a), or sait 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:



32 The ratio of conmpounds according to formula (i-a) to (i-b) and (i-c) to
(i-d), respectively, or salts thereof, usually depends on the chosen reaction
condi ti ons, WO388HS¢'he transition netal catalyst, on tRETERIPHI7IBgand, on
the S/Cratio and/or on the solvent. Preferably, in the process of the present
i nvention conpounds according to fornula (i-a), or salts thereof, are
produced. In one preferred enbodi nent of the process of the present invention
a conposition conprising conpounds accosding to fornmulae (i-a) and (i-b), or
salts thereof, is produced wherein the nolar ratio of conpounds according to
formula (i-a), or salts thereof, to conmpounds according to fornmula (i-b), or
salts thereof, is at |east 88: 12, preferably from90 : 10, nore preferably

from99 to 1. t preferably e rati o of npounds according to

formula (i-a), Its therec ounds accgﬁggrg to fornmula (i-b), or

salts thereof, aJogast,. 8 12 re ewa@ﬂywﬁxpn1 031840 99.9: 0.1. In a
[

preferred enbodlnE thep@mocess oP nvenf 1 pnt pfovi des conpounds
according to fornmuag.(i-a) and (| o—”§§TT§ i her Qi wherein RL and Rl
are independently hy Togen or lan & é protectlng_grouﬁwand R2 is COCH.
Consequently, a further subject ofwtche present inventskon. i s a conposition
conpri sing conpountf&” accordi ng to®Pdrnul ae (i-a) and ¢*#?b), or salts thereof,
wherein the nolar ratio (i-a) to (i-b) is at least 88 : 12, preferably from
90: 10, nore preferably fron19§ : 1. Most preferably the conposition conprises

conpounds according to fornmul '-a) and (i-b), or salts thereof, wherein the
nolar ratio (i-a) to (i) is at 88 : 12, preferably fron190 : 10 to 999
:0.1. In a preferred_entodi gent t fposi ti on conpri ses conpounds accordi ng
to fornulae (i-a) and (i-b), or ifs“thereof wherein RL and R1' are

i ndependent|y hydrogen or an am neggtot ecting group and R2 is COON. 33 In one
preferred enmbodi nent of the process of the present invention a conposition
conpri sing congounds according to formulae (i-a) and (i-b), or salts thereof,

i s produced whér@mpoundy(ira). wpsat theeef. és ufedasnisetiei=omROBTst FRREOYNES f or mul a (i - a)
or salts thereaécordirg t6 @Fp@aipds according to fornula (i-b), or salts thereof,

is at least 88: 12, preferably at |east 90: 10, nore preferably at | east 99:

1, the conbinations of transition netal catalyst and chiral |igand are as
descri bed above, preferably: rhodiumcatal yst and a Mandyphos, a Wl phos, a
Josi phos or a Sol p igand; nore preferably Rh(nbd)28F4 and a Mandyphos, a
Wal phos, a Josi phos phos |igand; even nore preferably rhodi um catal yst
and a Wal phos iigand; ye» e preferably rhodi um catal yst and Wal phos
SL-W)08-1; nost preferabl y"Rh(tnbc}) 2BF4 and Wal phos SL-WO08-1. In anot her
preferred enmbodi nent of the prace of the present invention a conposition
conpri sing conmpounds accqu»ng to fBfmulae (i-a) and (i-b), or salts thereof,

i s produced wherein: R1 (-a) ,

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



the nolar ratio of conpounds according to fornmula (i-a), or salts thereof, to
conpounds according to fornmula (i-b), or salts thereof, is at |east 88: 12,
preferably aWVORWEE}ISGD: 10, nore preferably at | east 99PCTEPR2WHWTUShi nat i ons
of transition netal catalyst and chiral |igand are as descri bed above,
preferably: rutheniumcatal yst and a Mandyphos or a Josi phos |igand; nore
preferably [Rul 2(p-cynene)]2 and a Mandyphos or a Josiphos |igand; even nore
preferably ruthenium catal yst and SL- M)®1-1, SL-MO04-1 or SL-J002-1; yet nore
preferably (Rul 2(P-cynene)12 and SL-M)01-1, SL-M04-1 or SL-J002-1, nost
preferably Rul 2(Pcynene)12 and SL-MJ01-1 or SL-M)04-1. In one enbodi nent of
the process of the present invention a conposition conprising conpounds
according to formulge~j-a) and (i-b), or salts thereof, is produced wherein:
34 - the nolar rati conpounds according to forrmula (i-b), or salts

t hereof, to conpoun sprding to fornula (i-a), or salts thereof, is at

| east 65: 35, nore prefer at least 73 : 27, nost preferably at |east 94 :
6. In a preferred enbodi nex . the. process of the present invention a
conposition conprising conpounds according to fornmulae (i-a) and (i-b), or
salts thereof, is produced mhﬁ(é$n(\ﬁne nol ar ratio of compounds according to
formula (i-b), or salts tREfeof, to conpounds according to fornula (i-a), or
salts thereof, is at |east 65°"' 35, noried)pref erably at | east 73 : 27, nost
preferably at least 94 : 6. the conbinations of transition netal catalyst and
chiral ligand are as described above, preferably: rhodiumcatalyst and a
Mandyphos, a WPBKERT R fagﬁﬁﬁ&deﬂi’edaa%@f’ﬁm&@ Re VG- nore preferably

Rh( nbd) 28F4 and a Mandyphos, a Wal phos, a Josi phos or a Sol phos |igand; even
nor e preferabl i Y : =3 i - 3- 1, Josiphos
SL-J009-1, Wal ’Sh‘%’?‘? g‘ﬁ%%ﬁé%\?&*p B g%dv“%%%?%?g %‘?%F%%S?"’ %%9%001- 1, yet
nore pref er abl FeRAMIAPBEA (Fhd Mandyphos SL- MD04-1, Josi phos SL-J003- 1,

Josi phos SL-J009-1, WAl phos SL-WO01-2, Wal phos SL-WO03-1, or Sol phos

SL- A001-1; nost preferably Rh(nbd)213F4 and Mandyphos SL- M)04-1, Wal phos
SL-W01-2, or Sol p BL- AOO1-1. In another preferred enbodi nent of the
process of the presegt N nvgntion a conposition conprising conpounds accordi ng
to fornmulae (i-a) and (i or salts thereof, is produced wherein:

rR1'—N
R1 (ic),

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

(i-d),

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



the nolar ratio of conpounds according to formula (i-b), or salts thereof, to
conpounds according to fornula (i-a), or salts thereof is at least 65 : 35,
mor e pref er dPYOOZP3IBEast 73 : 27, nost preferably at | eZST/EGYOT008913 t he
conbi nations of transition netal catalyst and chiral |igand are as descri bed
above, preferably: rutheniumcatalyst and a Mandyphos or a Josi phos |igand;
nore preferably [Rul2(p-cynene)l2 and a Mandyphos or a Josi phos |igand; even
nore preferably rutheniumcatal yst and a2 35 Mandyphos |igand; yet nore
preferably rutheniumcatal yst and SL-M)02- 1 or SL-M)04-2; still nore
preferably [ Rul2(p-cynene)]2 and SL-M)02-1 or SL-MO04-2; nost preferably

[ Rul2(O cynene) 12 and SL-M04-2. In one enbodi nent of the process of the
present invention a conposition conprising conpounds according to fornul ae
(i-c) and (i -d)theattisat t:@npiobmSeafcoﬂdswgpbodumad(mhfbr @—bﬁand he) roliay, rati o of

compounds accordigutd. "Mk Antlot)ysully pBlebds LCUESTnodR. fORUNTs accor ding

to formul a (|- ereof'is a refer y at |east 90
10, nore prefeepdifsng &g opdhgsifangiion metal qajplyst, |9f' éwahv%dgmﬁﬁfﬁ of the
process of the rpoesant on A¥EHdn®N a conposition conprising conpounds accordi ng
to fornulae (i-d) and (i-c), or salts thereof, is produced wherein:

Preferably, in the process of the present invention compounds according to

formula (i-a), or salts thereof, are produced.

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.



- the nolar ratio of conpounds according to fornula (i-c), or salts thereof,
to conpounds according to fornula i-d), or salts thereof is at |least 88 : 12,
preferably aVOPW&831590: 10, nore preferably at |east 92PCTEP20HWIHHnbi nat i ons
of transition netal catalyst and chiral |igand are as descri bed above,
preferably: rutheniumcatal yst and a Mandyphos or a Josi phos |igand; nore
preferably [Rul 2(P-cYnene)] 2 and a Mandyphos or a Josiphos |igand; even nore
preferably ruthenium catal yst and a Mandyphos |igand; yet nore preferably

rut heni um catal yst and SL-M)04- 1; nost preferably [Rul2(p-cynene)]2 and

SL- MD04-1. The process of the present invention can conprise an additional
optional step wherein the conpounds according to fornula (i-a), or salts

t hereof, are sdép@natrieferehpmbpdmaniodle ingeBEreedf BEnPEEIt e tRP Aeans of

crystal | i sati oBempdiitian PsreirRing e6medtinasihdieming @f fofniiaeql-y)shalilb) satdien step, a
conposition con ;910 i.snlgjro %e”POHQrgﬁ- according to fornulae (i-a) and (i-b), or
salts thereof, pre‘f'era 1 y Ravi ng a nolar ratio of (Fa) to (i-b) of at |east
88 : 12] is dissol vesimplar it of qogipbends gceardifg todermsis (raner, salts gheregl. nonoval ent

al C]Qhol L pr ef er abl y? %b:lﬂtaéutahs er;co@mngeﬁi gfrmula %28@8&1@?&5@&?@&@2{0?710079_13 &6
preferably isopropylacetate. In a ther e ien sequently a suitable
| ess pol ar second )ségl‘agr?{ef r ?/'y Bte'e%f&g%d{b’ ﬁP’Sf%&%(B%?‘ '%ngégcﬁr bons, e.g. heptane
is used as a secondhssedrpationsThitsansiion mesftal roatadysts grgt einak dgppdiasé @g a first and a
second sol vent is igeapbaPubaretpdiebhePiabem ddifystranat alhdragdiognast ep yi el ds
conpounds accor di ng%t q for pul,% %I - )., Er Fal é_s ther«;;ofBI PE gry alline form
Therefore, the subj SR%e? Y&P'SF Of A&OBPES MRPY i PRIB RIS AP, RA( (af%éunds, or salts
t her eof , accordi ng and af Yerdyblps( ia-\&plphas, erdpsipbds| orne Splohen ligaddi ¢veonal | y, al so
Corrp?ulnfljs, o][ sal tsnar@q;r@a%?wafﬁsfm.ﬁlém;sp a?@_rm&&]o@ Irgbi}ud; )(ét'rﬁ()r?and <(:| i-d) in
crystalline formare . s ect. o e.pr i nyen n. a preferre

enbodi nent the cr yspfeé‘fr%’]%]ého&“%ﬁ?:tg?toa\ngf\&@p'?%v%lﬁwg%'c@ﬂ%r)qur rg“’@ym)nocl inic
crystal system FuRhindd)Brefnd Wadghos Sh&VadByist al | i ne products of the invention
conprise the space group P21. In a preferred enbodi nent the crystalline

products of t hf i nc;/eent irofn"cog;%(i&?e ntthc? f ol .!00"! ng ‘LJmi t celil v dii rregsi ons,
measured at a {eRATRTSLRIFETSE ent OF thegprogesy of {pe PESEHI ViYW 26. 9 Aa= 90
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 [Rulx(p-cymene)], and a Mandyphos or
a Josiphos ligand; even more preferably ruthenium catalyst and SL-
MO001-1, SL-M004-1 or SL-J002-1; yet more preferably [Rul.(p-cymene)l,
and SL-MO001-1, SL-M004-1 or SL-J002-1, most preferably Ruly(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 A

produced wherein:



b =14 - 15 A preferably 14.3 - 14.5 A p= 105-106, preferably 105.4- 105.5 ¢
=11 - 12 A, preferably 11.3 - 11.5 Ay = 90. Generally, the sane preferred
enbodi nent s W8 2¢B8PGEsed above for the inventive proces$CHEBINT/R0314

conpounds and conpositions of the present invention. This applies in
particular to the residues Rl, RI and R2 of formulae (i) and (ii) of the
process of the present invention. Therefore, conpounds according to formul a
(i-a), or salts thereof, in crystalline3#ormare preferred wherein R2 is COCH
or RCOCElI, in particular wherein R2 is COOH Furthernore, Rl preferably is BOC
and R1' is preferably hydrogen. Mreover, the subject-matter of the present

i nvention is, conpounds accordingpto formul a &hﬁ%@ or salts thereof, wherein
Rl and Rl' are inddpeReantfis ohspHrgyuts asrordng RiPfiiayBh ectamgresicbup and R2 is a
car boxyl group or am cespaindgraothdingtovdrded (td)abr Btsi theneoft isCaACkbsti f R1 i s BOO

and R1' is hydrogens.Bsef £t g,lg}eyablﬂéﬁégtaﬁ???!a?é%ggj?%;a?@ragﬁl%st ohhg subject-matter

of the present invention Is conmpoun ae (i-b), (i-c)
and/or (i-d), or salts thereof, wherein RL and R1' are independently hydrogen
or an am ne pr ot £phefefrgd gibadimen df tRe picsesd of Bk pepsyrt irgeaiiop aaomassiteat er gr oup.

Preferably, R2 c&rﬁ%r%gﬂhoum&or iy & &b agr Il-.l Iéaﬁd :a%))hi sg}gﬁerﬁ&hg product s of

t he process of enht 1 nvention can e synthesis of NEP
i nhi bitors or progusadgdeteier eof, in particular they can be used in the
synt hesi s of NEP-i ni fblhiotaso 600d5pipbeid3 GiceordiagriorfornBiadi-phenydits &reiony!| al kanoi c

o Ch P st e RGBT el Lo DMLl B Regy e 2 corpoune
3.4.24.11), 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: rhodium catalyst and a Mandyphos, a
Walphos, a Josiphos or a Solphos ligand; more preferably Rh(nbd),BF4
and a Mandyphos, a Walphos, a Josiphos or a Solphos ligand; even
more preferably rhodium 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; 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-WO003-1, or Solphos SL-A001-1; most preferably
Rh(nbd);BFs 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 [Rulx(p-cymene)], and a Mandyphos or

a Josiphos ligand; even more preferably ruthenium catalyst and a



The term "prodrug" describes a pharmacol ogi cal substance which is adm nistered
in an inactive (or less active) form Once adm nistered, the prodrug is

met abol i sed W 2908831p@dy in vivo into the active conpoundCTEBBOTHEHEf ore, an
enbodi ment of the process of the present invention conprises one or nore

addi tional steps wherein the compound according to fornula (i), or salt
thereof, is further reacted to obtain a NEP-inhibitor or a prodrug thereof, in
particul ar a NEP-inhibitor or a prodrug3d hereof conprising a

y-am no- S- bi phenyl a- net hyl al kanoi ¢ acid, or acid ester, backbone. In the
present invention the terns "NEP-inhibitor" or "NEP-inhibitors prodrug"

relates to the substances as such or to salts thereof, preferably
phar maceuti cal | y aMeeprhpt iasd|yesmesereieipbly mhemymestalskbansdodli-MA92-pot assi um
magnesi um cal ci umiagr anmmiz,lmnsabrbsmef@abni[mm(ﬁ»ayrh@qem enpsefwoz-ed. Preferably

conpounds accor di ng to MBBJ Moast é{'efe@byﬂaﬂlé@?w%énet)lb P@,r; further reacted to

obtain a NEP-inhi bitor OF a prodru ar ‘a NEPi nhibitor or a
prodrug thereof conprising a y-am no--biphenyl-a-net hyI al kanoi ¢ acid, or acid
ester, backbong oRaelbédihéitl of thé fResLdr the FreSPMAYRDdNAE CoMBds@nt 0 formul a

(i-a), or salt thereof ' i hydroge R2 is COOH In
a preferred en5odi ERL rgp%ug%gﬁcﬁ?n ctgécr’ré.\’%'ae?% af]o?'rfﬁul%s %mfreog? salt thereof,

is further reaewdered@heistrai n t he NEP i nhi b| tor prodrug N-(3-carboxy-1-

oxopr opy1) - (4S) - p- maﬁaérnbwlombw&awmf&raﬁba F-oebhyatbierni ¢ aci d et hyl
ester (known in thi art as AHU rdYrH)} «?rally, t he
orfp

0
present invention compou"ds acc)? n%’(r:rgﬂ 31 Pr s%%’ {Qﬁregbe atqefst of

N- ( 3- car boxy- 1- oxoﬁﬁob’&l Pyefe(fat& at[be%t%wopm@fanf\@@fﬂwt)'e%t 92:8.
am no- ( 2R) - net hyl but anoi ¢ acid ethyl ester, wherein the calciumsalt is

preferred. 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 formula (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 [Rul(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,



TheNEPi nhi bi t or pr odr ugN- ( 3- car boxy- 1- oxopr opyl) - (4S) - p-

phenyl phenyl net hyl ) - 4- am no- ( 2R) - net hyl but anoi ¢ acid ethyl ester optionally is
further react@a'®e3 186Gt ain the active NEP inhibitor N (3PEREBYYLI2éx0propyl) -
(4S) - p- phenyl phenyl et hyl ) - 4- am no- (2R) - net hyl but anoic acid. In a preferred
enbodi nent of the present invention the synthesis of N43-

car boxy- 1- oxopropyl) - (4S) - p- phenyl phenyl net hyl ) - 4- am no- ( 2R) - net hyl but anoi c
acid ethyl ester starts froma conmpounddtaccording to fornula (i-a), or salt
thereof, preferably, the synthesis starts fromthe conpound of fornula (i-a)
wherein RL is preferably BOC, R1' is preferably hydrogen and R2 is preferably

COOH. Preferably, said reaction conprises the foll ow ng steps: 01-r0
Htri.",)LyO O preferably isopropylacetate. In a further embodiment, subsequéntly a suitable

less polar second solvent may be added. Preferably, hydrocarbons, e.g.
heptane is used as a second solvent. Thus, a preferred system comprising a

first and a second solvent is isopropylacetate/heptane.

The crystallisation step yields compounds according to formula (i-a), or salts
thereof, in crystalline form. Therefore, the subject-matter of the present invention
are compounds, or salts thereof, according to formula (i-a) in crystalline form.
Additionally, also compounds, or salts thereof, according to formulae (i-b), (i-c)

and (i-d) in crystalline form are subject of the present invention.

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 products 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=14-15 A, 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 RCOOEt, 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)



and optionally the follow ng additional steps: WO

20081031567PCT/ EP20071007913 40 * ' 13CH, on 0 NaOCH, CaCl, 0 As descri bed
above, the iWQaWBPETpr ocess can be used in the synt hesPSTEP2REP791ANi bitors or
prodrugs thereof, in particular NEP-inhibitors. or prodrugs thereof,
conprising a y-am no-a-bi phenyl -a-net hyl al kanoi ¢ acid, or add ester, backbone.
Thus, a further subject of the present invention is the use of a transition
nmetal catalyst and a chiral ligand in té® synthesis of a NEP inhibitor or a
prodrug thereof, in particular a NEP-inhibitor conprising a

y-am no- S- bi phenyl - nnet hyl al kanoi ¢ acid, or acid ester, backbone, wherein the
transition netal is selected fromgroup 7, 8 or 9 of the periodic table.

RN R2

R (i-a),
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, provided that R2 is not COOEt if
R1 is BOC and R1' is hydrogen. Preferably, R2 is COOH.

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-6-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 "prodrug” 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.



General ly, the sanme preferred enbodi nents as di scussed above for the inventive
process apply to the inventive use. This applies in particular to the

di scl osure r®QavgPH§'preferred transition netal catal ysPSTERHWPITY1B| gands and
conmbi nations thereof. Preferably, the transition nmetal 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, conprising a

ram no- S- bi phenyl - a- met hyl al kanoic 41 scid, or acid ester, backbone. In a
preferred enbodi nent, the hydrogenation step gives two di astereoners having a
di astereoneric ratio of at |least 88 : 12, nore preferably from90 : 10 to 99.9
: 0.1. In a preferred enbodi nent the hydro enation step yields two

di ast ereomer s dB¥ePH: A eMpodipephaf dee procesy cAMe RrEINt INARNAR CaMe(is8St er eoneri c
ratio of at | easd oSfore aaamonam@smr@feaftabheym;iduam&ﬁrdmbaotmaa(.g or 0.1. In

anot her pr ef ef Lo IR0 TRQL 1eak 8 MUALTRA AP bER gl dRdoigy O ast er eorrr s

of conpounds accor |ng t s t'hereof, wherein
Rl and R1' ar e paticulisfai Ndtiinbibitpy er a hepdiug dhesead cermprising @rveaniino-¢-piphienylof at | east 88:

12, preferably  atethBAShoid%kid, ol oid SR EoRkRher ably at least 99 : 1. In another
pr ef erred enmbodi ment, the transition nmetal catalyst and the chiral |igand, as

defi ned above, are used in the synthesis of the NEP inhibitor prodrug
N- ( 3- car boxy- lirothe prexpytdin(ehin e pbrayNERarmditor toh YN P-hhididrs pradkiget hy | but anoi ¢

aci d ethyl est ﬁ!l?t&rto% %%%%ar‘cggsf&fch or tB%a@ﬁ‘ﬁ@%cﬁ";irQQrfabl%ﬁérﬁ%QéeuHéaﬂQ above and

bel ow, unl ess I ne er ent have oW ng neani ng being a
radi cal or par ?C‘@P‘aa'ers%ilil"(‘,eéfoﬁ%"a&m@?P@isﬁﬂ‘t’moﬁ‘mﬁ?ﬁ?‘u‘cﬁa?'@ﬁ'{émo Tciynp deS| red and
possi bl e, nor eot anreenjunc sditb aTul@imabatts asnglefesedespeci al |y Cl1- 07- al kyl, preferably
Cl-C4-al kyl. The term"Cl-Cr7-" defines a noiety with up to and i ncl udi ng
maximal ly 7, especially up to and incl uding maxi mal | carbon atons, said
moi ety bei ng bPEREPRY SqeRpEndy aqepid@attp ﬁ‘ié’g‘)"adl’a)sP? %ﬁ‘"@ﬁ%/er%‘ﬁa’l“ﬁéwhéhd bound via a
term nal or a ruantel s whtaml a dEBPHGHIbitor or a prodrug thereof, in particular a NEP-

inhibitor or a prodrug thereof comprising a y-amino-8-biphenyl-a-methylalkanoic
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 formuia (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.



Aryl is, for exanple Cs_loaryl, and is, preferably a nono- or polycyclic,
especi ally nonocyclic, bicyclic or tricyclic aryl noiety with 6 to 10 carbon
atoms. 42 P UEPV&7or aromatic ring systemwith pref ePaFEY208708132 (nore
preferably 3 to 14) ring atons and with one or nore, preferably one to four,
het er oat ons i ndependently sel ected from nitrogen, oxygen, sulfur, S(=0)-
S-(=0)2, and is unsubstituted or substituted by one or nore, e.g. up to three,
substitutents preferably independently ®elected fromthe substitutents

nmenti oned above for cycloal kyl. Wen the heterocyclyl is an aromatic ring
system it is also referred to as heteroaryl. Halo or hal ogen is preferably

Il uoro, chloro, brono or odo, nost preferably fl U010, chloro or brono.

Hal o- al kyl is, GPB?fa'bfxtaﬁﬁleéemHHP'BIDCEO’UW&PSR%Y Aacautically gagepiapigisal

hal o- C1- C4al kybs NS@&hrbasy-1- 6@}@@ms;ablayénylpﬂ;e@lm’étrtyr)utdnuw @REmeflior oet hyi or
ggg%?get Q)YIQ' aF{;(tgr]:o?ch%;ethy?esq?r whereln hw% calcnum stnls)?re?err gﬁg;}gl nélr Eg;?/o;(i for

i sopropyl oxy, n- butyloxy, |sobutyloxy, sec- butyloxy, tert-butyloxy and al so

i ncl udes correspondi REP PeNtnylbRY rbe@aydgoxy pa(yjcar&p;, Yloepyopyadigyal s. Cl ai al koxy
is preferred. for exanple,

kano f.or y
woebyl - o) RIS mIed it OFPmemy et A S5l Brishy 1t- 05 Al kanoy!
is preferred, &spercieattéd taektpip|the AckveyER inhib@r=3YEvar@wsi 1kaxpproptlef er abl y
-C(=0) Me. Al komlplﬁuényrwnmetwn)neaﬁ.n&rszmm@ldnoﬂm al koxy group preferably
conprises 1 to 4 and especially 1 or 2 C atonms, and the al kyl group preferably
conprises 1 to 4 C atons. Exanples are net hoxyr net hyl , 2-rnethoxyet hyl,
3- met hoxypr opy|n, a freferegdh exbdslimssit | of Shemptelse yipeention the&yn@?ﬁi)wné@yl
et hoxymet hyl, aars&xbawe&,rbwu),(@yp 9 9I9@Mkl)4énﬁbﬂ9¥»/rhé{ﬁﬂﬂutarémet hoxypent yl ,

g gLP;’f%Q;Q’Ly W’ eégr startél rbm a mpouxgeacc rdihg %o ormBIXI( X)y%trg { and

thereof, preferably, the synthesis starts from the compound of formula (i-a)
wherein R1 is preferably BOC, R1' is preferably hydrogen and R2 is preferably
COOH. Preferably, said reaction comprises the following steps:

3
(0}

0.
(o]

B T

and optionally the following additional steps:



43 Silyl is -SIRRR', wherein R, R and R' are independently of each other

C . 7al kyl, aryl or phenyl-Cl4al kyl. Sulfonyl is Cr-Cral kyl sul fonyl, such as
met hyl sul f orWy9 2008BHeHy| - or naphthyl)-G -C/ - al kyl sul f oRGI/EPHREH7HS
phenyl met hanesul fonyl . [C -Cral kyl, phenyl-, halo-Cl-O alkyl-" halo,

oxo-Ci -Cral kyl -, G -C, al kyl oxy-, phenyl-C1-C, al koxy-, phenoxy-,

G - C, al kanoyl am no-, G -Cral kyl sul fonyl, cyano and/or

Cl Gral kyl sul fonyl+(nmono-, di- or tri-)s#bstituted) (phenyl- or
napht hyl ) - Cr- C7- al kyl sul fonyl or (unsubstituted or [Cl-C, al kyl-, phenyl -,
hal o- | ower al kyl -, hal o, oxo- Cl- Cral kyl oxy-, phenyl -C1-C, al koxy-,
hal o- C1- C, al kyl oxy-, phenoxy, G -Cral kanoyl am no-, Cl1-Cral kyl sul fonyl, cyano
and/ or Cl1-C7-al kyl sul fonyl + (nmono-, di r tri-)substituted) (phenyl-

napht hyl ) -sul foryl wherein if nore tha ubslituent is present the
substituents ar ected i ndependently f hQﬁe mentioned. Especially
preferred is Cl-C, yksul fonyl, such as mg{ téonyl, and (phenyl- or

naphthyl)-CI-C?aIkyk&uﬂ%@nyl such as phenyfheth esulfonyl Sul fenyl is
(unsubstituted or % stPﬁuted) C6_10aryl - CP- alkylsulfenxJ or (unsubstituted
or substituted) CBOyraryFsul fersgph, wher ei WY nmor e®than S8 supstituent is
present, e.g. one t@ four sUbsTrtuténts, the substituents are sel ected

i ndependently fromnitro, halo, halo-Cl-Cral kyl and Cl -Cr7al kyl oxy. Al kenyl may
be linear or branched al kyl containing a double bond and conprising preferably
2 to 12 C atons, to SC ato bei ng especially preferred. Particularly
preferred is a C2Aal kenyl . Sonme exanpl es of al kyl groups are ethyl and
the isomers of prop bytyl,{pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecy|, teh&éngyi, hexadecyl, octacyl and eicosyl, each of which
cont ai ning a double Q nd. &spegi ally preferred is allyl. 44 reasons the
skilled person wll 5%3d||%m nder stand. They can be fornmed where salt formng
groups, such as Yasicior aciflic groups, are present that can exist in

di ssoci ated form at Ieast partially, e.g. in a pHrange from4 to 10 in
aqueous solutions, or can be isolated especially in solid, especially

cr YfSt al lb: ne, I(A"sflibscﬁbi&ﬁab‘éaé lt%e meau\f@;;ra&gacérme @éamh@syn&@s@@r Nepddi ]'E [ ?R sal ts,
preferably wi ani ¢ rgani c_aci y o e

i nt er medi at es fo?f ﬁg'&?éamﬁ'é'%gﬁ ?%ft'hp"é ?\Jg P?% grr‘f?? g’er@f‘jpl m no or

ani no), especi abhyrisinge ymnamqmwefwnvleambtylyladkmmaableasaletsm b&kbbrehl e i nor gani ¢
acids are, fOfTﬁ%@%ﬂhﬂerQﬂg géﬂhéﬁkgéuuﬁH&Bn%§mQXQ£QFQhQ&#Bn%%%ﬂ sul furic

acid, or phosphoric acid e organic acids are, for exanple, carboxylic,
phosphoni c, sulCfB¥Ficangra shifet Eﬁ?f‘ﬁ iy thegynthegis ob 2 VRS ehipitasiqr @ prodrug

thereof, in particular a NEP-inhibitor comprising a y-amino-3-biphenyl-o-
methylalkanoic 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



acid, propionic acid, lactic acid, fumaric acid, succinic acid, citric acid,
am no acids, such as glutamc aC|d or aspartic aC|d mal ei c aC|d

hydr oxymal eiO0aWB8315¢fet hyl mal ei ¢ aci d, benzoic acid, mefR&HRW0HH07913

et hane-sul fonic acid, ethane-1, 2- di sul foni ¢ acid, benzenesul f oni ¢ aci d,
2-naphthalenesu|fonic add, 1,5-naphthalene- di sul foni ¢ aci d,

N-cycl ohexyl sul fam c acid, N-nethyl-, N-ethyl- or N propyl-sulfamc acid, or
ot her organic protonic acids, such as astorbic acid. In the presence of

negati vely charged radicals, such as carboxy or sulfo, salts may al so be
formed wth bases, e.g. netal or ammonium salts, such as alkali netal or

al kaline earth netal salts, for exanple sodium potassium nmagnesi um or

cal ci um sal ts, 26F- ArdfshPieh Bagkbaneyin A PEa{erEd emkoriment, thiMEIreseR@iiN ¢ ani nes, such
as tertiary noreprgveeswo tiasterexasrplhavitd b @labigleanienerads of &ti i¢adt By dinxyet hyl ) am ne,
O NIELerocyCt | B ieraliP pBXBTPIGR NogE Y Bl RS EAIDP bodiment e

N, N1- di met hyl pi per azi ne asi c group and an aci up are present in
t he sanme nol eCl',?V‘%Eogea‘ﬁ‘;P"cﬁ‘eptWﬁ w?@ﬁ%@eﬁoa'@@sa%ﬁm %@anqﬁer@?k@rﬁﬁy al so form
i nternal salts.b) ffMing sSstdrédierio Fatip bF hiflé:888 O2, pdrpnseGbRfrommp :ab t he

|t er edi ates 28 bOpe B oklorbd oFbRARSRE Mok GaligesBpgepRoCuC [ cal |y

unacceptabl e s or ex I'T & es or vi ew of the
cl ose rel ati ond# ﬁaﬁ%f?%%fﬁ °f P@“@B@ﬁ?@fﬁ@’g'”al‘m OFFH'@? frabangt &R). phsdpee form and in
the form of théaiefecsalhbin RNEIIURN' @ ak RemRd 3BbveShdvingla diddterddimetis Rlo as

i nt er nedi at es h i n. or i A ion of the
corrpounds or saf%'eagﬁ%r eo'fpréfnrahy(‘%tI esrt gé]cgﬁb]o%'péé}%glgﬁgéésf bg?['arti ng material s"”
and "internedi at es” herelnbefore and hereinafter is to be understood as

referring al soid and® padferfBar @ntsvdiniest, e fr@ftiod imelal Eatslybi £ndothe 2higdr r espondi ng

free compound, |nte or starti } re salts
t hereof, each "?and ch [l]esdta:'%ﬁ Raet egoqﬁ%aﬂt‘h&s'so tsh(‘%?\fa%rﬂD '%'b'ﬁov%ngu%r salt of any

one or nore of Nt(ﬁég@PXVa‘SO@Bf?P!ib@ﬁh?ﬁh%bhwb@myéﬁta"amﬁ'ﬁ not explicitly

menti oned ot hemwryButahdié had &Ry eSibyGbahit fhefeB® May be obtai nable and then are
al so included. Were the plural formis used for conpounds, starting

materials, internediates, salts, pharmaceutical preparations, diseases,

di sorders and {Thegé¢riekebdefinitiprs ysed pbrive ackblelave untesadedned diffsrentisheesithe or nore
si ngl e conpoungyisving MBhdidgs) . Pharmaceutical preparation(s), disease(s),

di sorder(s) or the ?I ke, where the singular or the indefinite article ("a",

"an") is used, this is not intended to exclude the plural, but only preferably
means "one". 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-C7-alkyl, preferably
C1-Cy-alkyl.

The term “C4-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,



The present invention is illustrated by the foll ow ng exanpl es. Exanpl es:
Exanpl e 1:

(E) - (R) - 5- biVpPeW§ypiaery1- 4-t ert - but oxycar bonyl ami no- 2- nePRYEPEAYLR1énoi ¢ aci d
46

(E)-(R)-5-Bi phenyl-4-y1-4-tert-butoxycarbonyl am no- 2- net hyl pent - 2- enoi caci d
ethyl ester (CAS# 149709-59-1) is hydrolysed using lithium hydroxide in
et hanol to yield 42
(E) - (R) - 5-bi phenyl-4-yl-4-ted-butoxycar bonyl am no- 2- et hyl pent -2-enoic acid as
a white solid. 8fri (400 MHz; DMVMSO) 1.31 (9H, s, (CH3)3), 1.59 (3H, s, 1-
CH3), 2.68 (1H, dd, J 6.8, 132 5-HA), 286(1Hm5H8) 444(1Hm4H)
6.51 (1H, d, Jsdurateddr promatic Ay systpm wih prefegaly 3 3R (moremgeferably 3¢ 149 8. 0,
Ar - ort hoH( Ph)) ring . addmd ldrd tith Joné. 65 nire,( BRYerftdy ankl) to 7ou40 hétéidatolns J 8. 0,
Ar - (Ph) - net a- Rh) J 7.6,
Ar - (Ph) - or t ho%epefae"é'% Sf%iti‘gm% '@8%?6 Sl ?”'EQ%I Yol (%[(I\ﬁé] andiBoy . 382 (WA,
2), 326 (10), gmbﬁt@@g’ or f..gtystl(ulegi) by one or more, e.g. up to three, substltutents

preferably independently selected from the substitutents mentioned above for

cycloalkyl. When the heterocyclyl is an aromatic ring system, it is also referred to

as heteroaryl.

Halo or halogen is preferably fluoro, chioro, bromo or iodo, most preferably fiuoro,

chloro or bromo.

Halo-alkyl is, for example, halo-C4-Cralkyl and is in particular halo-C4-Caalkyl, such
as trifluoromethyl, 1,1,2-trifluoro-2-chloroethyl or chloromethyi. Preferred halo-C1-

Cralkyl is trifluoromethyl.

Alkoxy is, for example, C4-C;-alkoxy and is, for example, methoxy, ethoxy, n-
bropyloxy, isopropyloxy, n-butyloxy, isobutyloxy, sec-butyloxy, tert-butyloxy and
also includes corresponding pentyloxy, hexyloxy and heptyloxy radicals. C-

Casalkoxy is preferred.

Alkanoyl is, for example, C,-C7-alkanoyl and is, for example, acetyl [-C(=0O)Me],
propionyl, butyryl, isobutyryl or pivaloyl. C,-Cs-Alkanoyl is preferred, especially

acetyl.
Acetyl is ~C(=0)C1-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 alkyl 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-
ethoxypropy!, 4-ethoxybutyl, 5-ethoxypentyl, 6-ethoxyhexyl, propyloxymethyl,
butyloxymethyl, 2-propyloxyethyl and 2-butyloxyethyi.



Exanpl e 2:

(2R, 45) - 5- bi phenyl - 4-y1-4-fert-but oxycarbonyl am no-2-net hyl pentanoic acid in
crystalline WOPRWP4PP47-a)1 47 To a suspension of PCT/EP2007/007913

(E)- (R) -5-bi phenyl -4-y1-4-tert-but oxycar bonyl am no-2- net hyl pent -2-enoic acid
[2(1i-a)] (200 g, 524.3 mol) in degassed ethanol (900 ml) at 40 C a solution
of diiodo(p-cynene)rutheniun(ll) dinmer (0.052 g, 0.0524 nmol) and

(oR, 0R)-2, 2" -bi s(0-N, N-di net hyl am nophes#g/l net hyl )- (S, S)- 1,

1' - bi s[di (3, 5-di net hy1-4- nel hoxyphenyl ) phosphi ne] ferrocene (= Ma ndyphos

SL- MD04-1) (0.116 g, 0.110 nmol) is added in degassed ethanol (100 m ). The
solution is degassed using vacuum and a pressure of 20 bar hydrogen appli ed.
The m xture is stirred at 40 C for 6 h. Vessel is then purged with nitrogen.
Et hanol (700 mis)yliss-SikmRY,&theliyh B Btdnt IRAGicORdepbsdepllyoft\ehcrostRérat,8alky®00 m ) is
added. Sol vent '&fog’ ﬁw}_cl %Iksﬂermved by distillation. |Isopropyl acetate (600 nl)
i s added. Sol ve 8 S renoved by distillation. |Isopropyl acetate (300
m) is added and the solution is heated to reflux. Heptane fraction (1200 m)

i s added and tbeufdm,nxgore7-é|rs/|maiyedudhcasmmshwme(rpawr-epnthmy;ml tg is collected
by filtration ap

(360 iy he SBMRABRL Gl sl PoOTRN R Bt R SR PR o Euum to
afford the ti t?léylcomﬂbbmd-%valkwm@é?nﬂwbm; phengdhiG-afkRati Rl@CiCa) : 20-b) 99
, 1, as det er maR@skyDphERxE, mwma lamividt, 3/ 46-alidiéulfeny |8B/a65%dm,- DVMSO) 1. 07
g?n’s)d’ 2J4:§' ?1&_3@8!3%%1] g‘?“ 0 ‘?'zﬁr (3(}1@) é‘z“ﬁd) épar\‘—*ﬁ“(" 3" G’gp{"%ﬂwfn‘:’ it (éH74m
(1H, d, J9.0, Rkylsulfgnypgr (usdbstitlited or/[CECalkyAr phenyHa baleHomie) Jlkyl-7hals ofaH, t, J 7.0,
Ar - ( Ph) - par a- Hp,-cZa-, C25;-alkyloxd-, pRenyPE-€ Phkoxy-TRAI& L, -alky1&kd-, pRémoxd, 18 0

'(Arsbge }vﬁzH( BK]A)S’O) %%41‘?("2’1“{5%“ égéS’a'ﬁ'ﬂ%’}%]‘%’%qg%Q C"é'a'%’é'%“m‘y'g Q, 40. 78C
(5-C), 50.0 (4{r@no- 7. o ti-}sCpEB](phedg®r Baphtip®-slfonginphegein if 260r@ than29. 8 ( Ar - CH) ,
1%20)7 (?r?'?' psoo:@:ﬁf%t)tuenl%%r@se(\ﬁﬁe BsBubdtd Qn)a)selecll@@1n1=1e;(eﬁl’iérﬁib‘}roinnﬁtgls'eg)8 (igg)z 284
E19) Found: C%wng%?sﬁi%ﬁlpre@ﬁgﬁ(ﬁ(ﬂd%%ﬁﬁlﬁ%ssuﬁﬁa‘f’ Sy@%‘ﬂ%ﬁé? §Fl gure

shows the str u(‘p[hgm)d} ap haphthyB1CalC-alikgsulfonyl, such as phenyimethanesulfonyi.
(2R, 4S) - 5- bi pheny1-4-y1-4-tertbutoxycarbonyl am no- 2- net hyl pent anoi ¢ aci d

measured by x- iffr ctlon The crystals caonpris I‘:‘f’-’h Eollowng unit cell
di nensi ons, é@{?f'gd "by UPiePsiiuted\pgr 26%%‘/“ 163) & GrpRir Rl B 197013 48
(unsubstituted or substituted) Cs.1parylsulfenyl, wherein if more than one substitu-
ent is present, e.g. one to four substitutents, the substituents are selected

independently from nitro, halo, halo-C4-Cralkyl and C+-C-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 Co4alkenyl. Some examples of alkyl groups are ethyl and the
isomers of propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyt, dodecyi,
tetradecyl, hexadecyl, octacyl and eicosyl, each of which containing a double

bond. Especially preferred is allyl.

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

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



a = 6.876(2) Aa= 90 b = 14.399(3) A ll= 105.458(10)5 ¢ = 11.383(3) Ay = 90
Alternative procedures (nethods Ito 5) for the preparation of 20-a): General
protocol forWoetkBHs’1 to 5 To a suspensi on of PCT/EP2007/007913

(E)- (R) - 5- bi phenyl-4-y1-4-fea-butoxycarbonyl am no-2- net hyl pent-2-enoic acid
[2(11-a)] (300 nmg, 0.79 mml) in degassed ethanol or nethanol (6 m) at room
tenperature a solution of transition nmetal catalyst (SIC ratio 100) and chiral
ligand (S/C Ratio 100; 1.05 eq per netad4 is added in degassed et hanol or

met hanol (4 m ). The solution is degassed using vacuum and a pressure of 10 or
15 bar hydrogen is applied for 24 It The sol vent is then renoved in vacuo to

provi de the correspondi ng product Method 1: Chiral 9
((R-1-[(R) - 2- (egsqgs@wkg%wf%u%lyﬁﬁq Wb’ﬂﬁ%ﬁﬂs They can be ormed where salt
ferrocenyl | et h§6|'rdh§ briosps( 8ych-ab badid ereicidtejrduph,)dpdaydn) ppataap biisten = SL- WO08- 1) ;

Transition n’gt Qgg&g ()ﬁt%t E%t%m%y)géqﬁ%f gr)sd 38?1 Ma6d), datqgé fl uor obor at e};

MeOH; 15 bar; erm ne PLC anal ysi s).
solutions, or can be isolated espemally in soh , especially crystalline, form

Such salts are formed, for example, as acid addition salts, preferably with organic
or inorganic acids, from compounds or any of the intermediates mentioned herein
with a basic nitrogen atom (e.g. imino or amino), especially the pharmaceutically
acceptable salts. Suitable inorganic acids are, for example, halogen acids, such as
hydrochloric acid, sulfuric acid, or phosphoric acid. Suitable organic acids are, for
example, carboxylic, phosphonic, sulfonic or sulfamic acids, for example acetic
acid, propionic acid, lactic acid, fumaric acid, succinic acid, citric acid, amino acids,
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-methyi-, N-ethyl- or N-propyl-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.



Method 2: Chiral ligand {(R)-1-[(R)-2-(Z-D cycl ohexyl phosphi nopheny1l) -
ferrocenyl]ethyldi (bis-(3,5-trifluoronethyl)phenyl)phosphine = SL-WO08-1);
Transition mMEPaN8EHE yst (Bi s(norbornadi ene)rhodi un(|) PEREPUPT/WGHSbor at e) ;
MeOH; 10 bar; Ratio 20-a) : 20-b) 89:11 (as determ ned by HPLC anal ysis).
Met hod 3: Chiral Iigand
((R-1-[(S)-2-Di phenyl phosphi no) ferrocenyl | et hyl di -t edbut yl phosphi ne =
SL-J002-1); Transition netal catalyst (481 odo(pcynene)rutheniun(1l) dinme*
EtOH, 15 bar; Ratio 20-a) : 2(i-b) 90:10 (as determ ned by HPLC analysis). 49
Method 4: Chiral ligand ((aR aR) -2, 2" -bi s(a-N, N-di met hyl am nophenyl net hyl ) -
(S,S)-1,1"-bis[di(3,5-di nmethyl -4-nmet hoxyphenyl ) phosphi neJf errocene =
SL- MD041}; Tr atmsiiew fthergiasa relatignsflin/ketweenitherepoipounds mad Bjarmediates infee | ) di me*
AE/L?E'; dlg bf(:ljr1 ; Bah:apd ia(trée'lﬁﬁﬁ g&%ﬁ&lﬁ@gﬁﬂdgﬁ@?og&%&é gian@d b'@l)bséﬂ_:’ésc ﬁnal ?/si ;s% N

o] ; iral ligan a -2, 2" -bi.s(a-N, N dinme am nophenyl et hyl ) -
(S8 17 11 bi Dlegro et ot R P ity st B RGP RER Soane. -
SL- MDO1- 1); Tsaitadierdobrmnyefeagnce & abyppaundei stadiog mateyiate e rioteresri un(11) di me*
DOH; 15 bar; Raghie§ réfsidbbfore #d¥eRinaRE: igtolRuUndELBEdAI VR RY alsPldoraRAl YSi s) .
(2S, 4S) - 5- bi ph%%lyl- 4-%1- 4-tert - but pxycar bogyl am no- 2- met hé/l ng,nt anoic acid
[26-W  20-b) éasgltss grﬁgfﬁ)éiagﬁxtl&eo a corresponding free compound, intermediate or
(E) - (R) - 5- bi phetayiag dalgfial 4nd ene orimaresajts drebof, tegthagtivhish &-intemstedyd pent - 2- enoi ¢ aci d
L2(1 h'?” (10 Boudbded i hivind o83 Ongrc,gae@gmgse,ag%sdr@prg@%e a sol ution of

i i odo(p-cynene)r eni dimer (0. \ 16 mMmmo n

(a5 0% 25 DPEHER e B Rt RIS A FrHEe DI Sre PRt P miee 1 (3, 5.
di et hyl - 4- met bldxipgiteeand| theptros plee inebdesk r ocene (= Ma ndyphos SL- MD04-2) (0348 g,
0.33 mml ) in degassed ethanol (30 m) portion wi se over the entire reaction
time of 5 days; The sqlution is degassed using vacuum and a _pressure of 5.5
bar hydr ogen’ | ENEBII BHo RS HEs G B TPE MR R B B SRR eS r od ot t hi S
t enper at ur e f osalts, phaysacedlice prapestibns, dis¢dses disadgsadngihehikaittisiegen. The sol vent

is removed in KAGHQ o Fign beSldidri) SHdrdsihge BirseRhd(Esdis) SOPTopyl acetate (34
m ) and heated to ref] ux. he

An heptane fraction (68 m) is added and the m xture
is cooled to r%’ﬁ"?“@H‘ﬁ@F%[f"ﬂﬁ’@'.°”$hg'5§?ﬁe‘s q'?r%ﬁéhoéHPé'ée'Uﬁi/‘eﬁeitT? rati on and washed
W th 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-yi-4-tert-butoxycarbonylamino-2-methyipent-2-enoic

acid



50 an heptane-isopropyl acetate 2 : 1 mxture (20 mM). The solid is dried
overni ght at 50C under 1-50 nbar vacuumto afford the title conpound [Ratio
2(1-a) : 20-WQR0g0315g4 as determ ned by HPLC anal ysi s] PAYER0GFEY130] i d. 81-1
(500 MHz; DwvsO) 1.06 (3H, d, J 7.0, 1-CH3), 1.32 (9H, s, (CH3)3), 1.42 (1H m
3-HA), 1.78 (1H m 3-H5), 2.39 (1H, m 2-H), 2.73 (2H, d, J 7.0, 5-H), 173
(1H, m 4-H, 6.75 (1H, d, ..19.5 NH), 7.29 (2H d, J 8.0, Ar-ortho-H(Ph)),
7.35 (1H, t, J 7.0, Ar(Ph)-para-H), 7.4 (2H, t, J 7.5, Ar-(Ph)-nmeta-H), 7.57
(2H, d, J 8,0, Ar-netaH(Ph), 7.64 (2H, d, J 7.5, Ar-(Ph)-ortho-H), 12.01 (1H,
s, 0OO2H); 82 (500 MHz, DMSO) 16.2 (1-CH3), 28.2 RCH3)31, 35.7 (2-O, 37.9
(3-0, 40.7 (5- C) 49.2 (4- O, 77.4 [(C(CH3)31, 126.3, 126.5, 127.2, 128.9,

129.7 (Ar-CH), 7 8 (Ar-ipsoC(Ph) 138.4 (Ar-para-C(Ph)), 140.1
(Ar-(Ph)ipso- O 3 (NCO) , 177.%%; adz (+ES1) 406 ([ MNar, 4%, 384
pH ', 44), 328 (10 284 (22); Found ) 384 21696. C23H30NO4 requires M
384. 21691 (2S,4S)-5- b 1- 4—y1v4 tert- ar bonyl am no- 2- net hyl pent anoi ¢
acid [2(i-b)] (mathoﬁ\ 2) 12(i- To a sUspen ,;on of

(E) - (R) - 5- bi phenyl- 2-f1- 4- ﬂert but oxycaf’nﬁyl am no- 2- et hyl pent -2-enoic acid
[ 201-a)] (209, 52 i n degassed et ha (100 M) is added a solution of

di i odo( p- cyrrene)rut heni um(11) dinmer (0.215g. 0.22 mmol) and

(aS,aS)-2, 2" -bi s(a-N, N-di net hyl am nophenyl net hyl)-(R R) -1, 1- bi si di (3, 5-

di et hyl - 4 met @*ﬁbﬁ@ﬁmwwﬂ%ﬂﬁ@%arbw@wq%mﬁm'a?rﬂﬁcﬁsw& ROG4-2) (0.509,
0.47 mmol) in dta%s@ed:mhamig 5016 igWyHrolySEeusiY mﬁ.wnydr@q&egaﬁ@ﬁd usi ng vacuum

and a pressure e I|e The xture i stirred at 51 25
Cfor 15 h. Th& e|02§%l?@)r5 o 0'91 q?‘"t%'agtgm’fyﬁar Ira?)“"eon YPLEFPERE is renmoved in

vacua. The resatid phgwhitd $Qﬂd |53 (@Ol MUZ BMFDI 1g"ﬁt(9blts BOHAB). uhiﬁe@Hls 50 nmbar vacuum
to afford the til)l 266 P ANG 6[8R% b 0s-R() 285 (1H,%0-Fhe)/ 4.44 94, RM-dpt erm ned by
HPLC anal ysi s] 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, COH); m/z (+ESI) 404 ([MNa]*, 17%), 382 ([MH]", 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)]

HN HN °

o)\o on )\ oH
4 /$ 2(i-a)



Al ternative procedures (nethods 1' to 8') for the preparation of 2(i-b):
Ceneral protocol for nmethods 1' to 8 To a suspension of

(B) - (R) - 5- biVpRen§PaAse| A-f ort - but oxycar bonyl ani no- 2- net RGIBBRIVPIYAoi ¢ aci d
120i-a)] (300 ng, 0.79 mml) in degassed ethanol or nmethanol (6 m) at room
tenperature a solution of transition netal catalyst (SICratio 100) and chiral
ligand (SIC Ratio 100; 1.05 eq per netal) is added in degassed et hanol or
met hanol (4 m ). The solution is degass4dd usi ng vacuum and a pressure of 15
bar hydrogen is applied for 24 h. The solvent is then renoved in vacua to
provi de the correspondi ng product. Method 1': Chiral I|igand

[(R-N K-Di nethyl-7, 7' -bis(di 'phenﬁ% phosphi no) - _

3,3', 4, 41et r ahy@r 8- susrengipn pof - (E)-IRIPHiRERY A id-tet- by prskongpming 1 - 1) ;

Transi tion met alethgigéral2ysbic{ &ic (Mpaporo@g enel mhngi dnidgasiedt e@bhaior obor at e) ;

VO 15 bar [gbi 2U4g:®) a ol BBl xR AN BihePlo S anal ysi ).

I{w(9 }Q)h E)(i|4(23j - SPIDP@%! BReX y2sh dPARhd G GHEHYMPEY RRiIngRhepdmeREX(d Phosphi ne =
SL-J003-1); Tr anstis[di@s-damrbay-4cadtadxysien{ins{hpeipartad epe)mdnaginas( | ) _
|y A uor obor 8t Hopg.af, s b PR 10800 egassaf einlio FhoG, (g determ ned by
{(R) - 1-[ ( 3) - 2- B¥'eipe [sotrefspep HeBp aCHE faad B deesaye cbZhbar didregen anptise phosphi ne =
SL-J009-1); Trans i@ isTelr@b o€ abak yet 6 hBvedsanishasmpetbenain Ardyan( 1) _
Ly oL anel el AL Rl pr SRR o Bl et b Sl determ ned
{(aR aR)-2, 2' - BPlegra(8Q0 M) rastaygd Byrilindiptaan {spprepyh peetate (600 ml) is added.
(S, 9)-1, 1 -bi sé&bé@f@oﬁlnlené;ﬂdvegrwatgm%%?rh}@gwggr:&haaugh{scﬂua]ﬂfi &/ ddeegne = SL- MDO4 -
Let raf | uor obor ALCPe VDR Faleg s M ARRSAT RTS8 B s ddanatie ot or i ned by
HPLC anal ysi s) mixise oepBled @hirqoal lefngeariatiiredi The solid is collected by filtration and
Cri 11 Uor oot byl By | P oo g ysblste St e (360 PR 3 ot al yt
([ Bi S(nor bor naglc SHES el R ARk Eade A e Al ARG beils B@und B8 YSL ) )
2(i-b) 27:73 (asaditepifrivhitedsdig [RetipClizm alidh §9 : 1, as determined by HPLC

analysis]. Mpt 146-147 °C; 6, (500 MHz; DMSO) 1.07 (3H, d, J 7.0, 1-CH3), 1.34

(9H, s, (CHs)3), 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-CHs), 28.3 [(CH3)3], 35.9 (2-

C), 37.9 (3-C), 40.7 (5-C), 50.0 (4-C), 77.4 [(C(CH3)3], 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); mi/z (+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:



Method 6': Chiral |igand

{(R-1-[(R-2-(2'-D phenyl phosphi nophenyl ) ferrocenyl] -

et hyl di cycl JHex8FpH&Sphi ne = SL-W03-1}; Transition nmet BFTEBI&I/RPEt3

{Bi s(nor bornadi ene) rhodi um 1) tetrafluoroborate}; MOH 15 bar; Ratio 2(i-a)
20-b) 33:67 (as determ ned by HPLC analysis). Method 7': Chiral I|igand

((aR, oR) -2, 2"-bi s(o-N, N-di rnet hyl am nophenyl net hyl ) -

(S,S)-1,1" -bi s(di cycl ohexyl phosphi no) f e4& ocene = SL-M)02-1}; Transition netal
catal yst (diiodo(p-cynene)rutheniun(ll) dimer}; EtOH 15 bar; Ratio 20-a)
20-b) 25:75 (as determ ned by HPLC analysis). Method 8 : Chiral Iigand

{(aSi aS) - 22. - bi s(a- N, N-di net hyl am nophenyl net hyl ) -

(R R-1,1"-bis[di(3,5-dinmethyl-4-methoxyphenyl ) phosphi ne] ferrocene =

SL- MD04- 2}; Trarsid7re@nAnet al catal yst {aHd900do( p-cynene)rut heniun(Il1) dinme*

Et OH, 15 bar; i : 20-b) 6:94 m ned by HPLC anal ysis).
Exanple 3 (28 Rf4%9%9bhenyl 4-y1-4-te#%gﬁaggaﬁéarbonylanino-2-nethy|pentanoic
acid 13(i-d)] c531.38%3 To a suspensiyorPWf

(BE)-(S)-5- biphenyl 4-y1-4-(ert- butoxycarbonylanlno 2- net hyl pent-2-enoic acid
3(ii-b) (10 g, .2 mrol ) in isopropyl
acetate is addé : mon - Ca 39 0-9% dydr ogen at nosphere
is then applied for 5 h Upon fllterlng off the catalyst the solvent is
renmoved in vacggn&g”gbﬂgoﬁgpmghghg1gpypound {3(i-d) : 30-c) 80:20 ratio; 30-d)

30-c) 99.9: 0.1 ratio upon recrystallization; as determ ned by HPLC
anal ysi s). To a suspension of (E)-{R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-

methylpent-2-enoic acid [2(ii-a)] (300 mg, 0.79 mmo!) in degassed ethanol or
methanol (6 m!) 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 ml). 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'-Dicyclohexylphosphinophenyl)-
ferrocenyl]ethyldi(bis-(3,5-trifluoromethyl)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 HPLC analysis).

Method 2: Chiral ligand {(R)}-1-[(R)-2-(2'-Dicyclohexylphosphinopheny!)-
ferrocenyllethyldi(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)ferrocenyllethyidi-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).



Recrystallization: 94.5 g of a 80: 20 m xture of 3(i-d) : 30-c) is suspended
in isopropyl acetate (190 m) and heated to reflux to give a solution. Heptane
fraction (3780A0$/03187added and the mixture is cool ed toPEFHERNWEWPEPat ure. The
material is collected by filtration and washed with 180 m Heptane/ |l sopropyl
acetate (2:1) to give a 91.7 : 8.3 mxture of 3(i-d) : 30-c). This m xture is
suspended again in isopropyl acetate (280 m) and heated to refl ux. Heptane
fraction (560 m) is added and the m xt4ae cooled to roomtenperature. The
material is collected by filtration and washed with 180 m Heptane/ |l sopropyl
acetate (2:1) togive a 99.9 : 0.1 mxture of 3(i-d): 30-c). 81.1(400 MHz;
DMSO 1.07 (3H, d, J 7.1, 1-CH3), 1.34,%9H, s, (CH3)3), 1.37 (1H m 3-HA),
1.76 (1H, rn, ety 4XChial figand §HR.9R)H2bis(asy Nedimethyamingphenyimethyl)-" 3 68 (1H, m
4-H), 6.72 (1H(S 8)-1,3%ispdi(3NHimetifyl-dmdtatidyphdnylph@pRine)dfrocnt RasLHOGY) ) , 7. 34 (1H,

m Ar-(Ph)para-H),.. Ly , ) - -H) 7. (2H, . 48. 2,

Ar - el a- H( Ph) , 11;%&53{‘_3?'%%,"%'4 cjm?'.s‘é{d"‘%rgw(%ﬁ%%{”n%?'ﬁﬁ'ﬁfi".('%;' '?@H: qg, CC2H): iz
(+ESI) 384 WHYbar: Batr)2(i-a3 28(-py1a9¢f) (as gegarmined py HPY©R0HGS)-03156 7PCT/ EP2007/ 007913
54 (2R, 4R)-5-bi phenyl-4-yl-4-tert-butoxycarbonyl am no-2-net hyl pentanoi c acid
[30-c)1 30-c¢) _SUS Si - . .

(E)-(S)-5-bi phé”r‘%’ E’Aar’i'yéfl"%-sﬁ anf %“%’%@yzc%’rbﬁ@h’;"/ Ameasminophe ANt - 2 enoi ¢ aci d
3(11-b) (10 g, (28D AR Stdimeladdgratipxgheaniphospgioclierpceae =4MPY- added a
?O:?;}? l) 02 gf g! hj;qm{smogyﬂm %htbugth@nﬂdﬁ(ﬁ(&ﬁ)enaiumhiu&mgﬂ51)1@);ﬁmﬁl; 1?d_ (35

a -2,2"-bis(a: di,net hyl.am nophenyl ne - -1,11-bis[di (3, 5-

di net hyl - 4- nel %)rxf;%l?gﬁ'ﬁ);T%ﬁ@gdgﬁ%?ﬁseg(g?r%%grtféh%één%ﬂ&i n degassed et hanol (20
ml). The solution is degassed using vacuum and a pressure of 5.5 bar hydrogen
is applied. ThesMsybiighen§l-6yiid-feftbuddxyditbbnyishind4-tethyipéntysisel is then purged
wi th nitrogen. Tgfz(s_lgﬁution concentrated in vacua to afford the tittle
conpound {3(i -35' <18 2c) 8:92 ratio; as determ ned by HPLC anal ysis). 5H (400
MHz; DVMBO 1.04 (3H, d, J 8.0), 1.32 (9H, s), 1.41 (111, m, 1.76 (1H m,

2.36 (1H m, 0 (IH m, 2.72 (1M, 3.70 (1H m, 6.69 (1H d, J 8 .0),
7.23 (2H, d, J{8.Q) ~ 7.32 (1H m, @1 2H, t, J 8.0), 7.54 (2H d, .18.0),
7.60 (2H, d, 8.0),(14.01 (1H, s); mz (I) 382 ([MFir, 100), 308(8). HPLC
Condi ti ons: /\)\f"

/¥ /jv 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-methoxyphenyl)phosphine]ferrocene (= 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



Col um: HP Hypersil, BUS-C 18, 5 pm 125 x 4.6 mm Mbile Phase A (H20 + 0.1 %
trifluoroacetic acid); Mobile Phase B (acetonitrile + 0.1 %trifluoroacetic
acid). G adi%¥ALBIM'n (99 % A; 1 B); 10 min (100 % B); PEYEROA/QIU® % B). Fl ow
rate: 1 m mn-1. Wavelength: 254 nm Retention tines: 2R 4S = 20-a): 2S, 4R
= 30-d): 25,4S = 2(1-b): 2R 4R = 3(1-c): R = 2(ii-a): S =3(ii-b): 11.6 mn
11.6 mMn 13.2 mn 13.2 mn 13.6 mn 13.6 mn 56
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an heptane-isopropyl acetate 2 : 1 mixture (20 ml). The solid is dried overnight
at 50 °C under 1-50 mbar vacuum to afford the title compound [Ratio 2(i-a) : 2(i-
b) 6 : 94, as determined by HPLC analysis] as a grey solid. &4 (500 MHz;
DMSO0) 1.06 (3H, d, J 7.0, 1-CH3), 1.32 (9H, s, (CHa3)3), 1.42 (1H, m, 3-Ha), 1.78
(1H, m, 3-Hg), 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 8.0, Ar-ortho-H(Ph)), 7.35 (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, COzH); ¢ (500 MHz,
DMSO) 16.2 (1-CHj3), 28.2 [(CH3)s), 35.7 (2-C), 37.9 (3-C), 40.7 (6-C), 49.2 (4-
C), 77.4 [(C(CHa)s], 126.3, 126.5, 127.2, 128.9, 129.7 (Ar-CH), 137.8 (Ar-ipso-
C(Ph)), 138.4 (Ar-para-C(Ph)), 140.1 (Ar-(Ph)-ipso-C), 155.3 (NCO), 177.6
(COzH); miz (+ESI) 406 ([MNa]’, 4%), 384 ([MH]", 44), 328 (100), 284 (22);
Found: [MH]", 384.21696. C3H30NO, requires MH 384.21693.

(2S,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid [2(i-b)] (method 2)

OH OH

/((\ /K\ 2(i-b)

To a suspension of (E)-(R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpent-2-enoic acid [2(ii-a)] (20 g, 52 mmol) in degassed ethanol (100 mi) is
added a solution of diiodo(p-cymene)ruthenium(li) dimer (0.215 g, 0.22 mmol)
and  (aS,aS)-2,2-bis(a-N,N-dimethylaminophenylmethy!)-(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



Clainms 1. A process for producing a conmpound according to fornula (i),
wherein RL and R1' independently are hydr ogen or an am ne

FERO W Dr i si ng

salt thereof,

protecting grO&Y¥&H®’R2 is a carboxyl group or an ester

P

reacting a conpound according to forrmula (ii)
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25 °C for 15 h. The vessel is then purged with nitrogen. The solvent is removed
in vacuo. The resulting solid is dried overnight at 50 °C under 1-50 mbar vacuum
to afford the title compound [Ratio 2(i-a) : 2(i-b) 7 : 93, as determined by HPLC

analysis].

Alternative procedures (methods 1’ to 8’) for the preparation of 2(i-b):

General protocol for methods 1’ to 8’

To a suspension of (E)-(R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpent-2-enoic acid [2(ii-a)] (300 mg, 0.79 mmol) in degassed ethanol or
methanol (6 ml} 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 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)ferrocenyi]-
ethyldicyclohexylphosphine =  SL-J003-1}; Transition metal catalyst
{Bis(norbornadiene)rhodium(l) 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).

(i)

or



or salt thereof, wherein Rl, Rt and R2 are defined as above, wth hydrogen in
the presence of a transition netal catalyst and a chiral |igand, wherein the
transition MERABPYSEe|l ected fromgroup 7, 8 or 9 of t hBCHEFI®HI®1Bable. 57
2. A process according to claim1l, wherein the reaction is carried out as a
honobgenous catalysis. 3. A process according to claim1l or 2, wherein the
transition netal catalyst conprises rhodiumor ruthenium 4. A process
according to any of the preceding claing wherein the transition netal

catal yst conprises a diner conplex, preferably a dinmer rutheniumconplex. 5. A
process according to any of the preceding clains, wherein the transition netal

catal yst conprises (Rul Z(F-‘cyrre@ 12. 6. A gr ocess according to any of clains
1 to 3, wherei ¥ethed 4'r Qe {95H (R AR)-2atis(GdN-dpeipraeiarhriRem 2l 3F4. 7. A

process accor di$g)-1,0-banyi(3Gkdihdteylpreteayign@jpospBinelishecaie® Staaomhi ral |igand is
a chiral phOSpI:”; nﬁansition metal catalyst {Bis(norbornadiene)rhodium(l}) tetrafluoroborate};

MeOH; 15 bar; Ratio 2(i-a) : 2(i-b) 27:73 (as determined by HPLC analysis).

Method 5% Chiral ligand {(SH1-[(S)-2-(2-
Diphenylphosphinophenyl)ferrocenyl]ethyldi(bis-3,5-
trifluoromethylphenyl)phosphine = SL-W001-2}; Transition metal catalyst
{Bis(norbornadiene)rhodium(!) tetrafluoroborate}; MeOH; 15 bar; Ratio 2(i-a) :
2(i-b) 27:73 (as determined by HPLC analysis).

Method 6”: Chiral ligand {(R)-1-[(R)-2-(2'-Diphenylphosphinophenyt)ferrocenyl}-
ethyldicyclohexylphosphine =  SL-WO003-1}; 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-dimethylaminophenylmethyl)-
(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)]



8. A process according to any of the preceding clains, wherein the chiral
ligand is a chiral ferrocene. 9. A process according to any of the preceding
clai ns, wher®8PRARESChiral |igand is a Mandyphos hgand, PATABIpHWYSO1Agand, a
Josi phos ligand or a Sol phos ligand. 10. A process according to any of the
precedi ng clains, wherein the chiral ligand is selected from Mandyphos

SL- M01-1, Mandyphos SL-M)02-1, Mandyphos SL- M)04-1 Mandyphos SL- M)04- 2,

Josi phos SL-J002-1, Josiphos SL-J003-1,53]Josi phos SL-J009-1, Wal phos
SL-WO01-2, Wal phos SL-WO03-1, Wl phos SL-W08-1 or Sol phos SL-A001-1. 58 11.
A process according to claimto 3, wherein the transition netal catalyst
conpri ses rhodium and wherein the chiral ligand is selected from Mandyphos
SL- MD04-1, Josiphos SL-J003-1, (J9si phos SL-J009-1, Wl phos SL-WO01-2, WAl phos
SL-WO03-1, Wl phos SL-W08-1 o 0s SL-A001-1. 12. A process according to
claim 11 wherein the transition nE| catal yst conprises R h(nbd)2B F4. 13. A
process according to clains 11 or ecein the chiral ligand is Wl phos
SL-W08-1. 14. A process accordlng t ey Cha w3, wherein the transition netal
catal yst conprises rutheni um and wh%zéjn thke chiral ligand is selected from
Mandyphos SL- MD01-1, Mandyphos SL-M)02{1, Mandyphos SL- MD04-1 Mandyphos

SL- M)04- 2 or J05|phos SL-J002-1. 15. roce (ﬁccordlng to claim 14 wherein
the transition netal catalyst conprises [Rulg?p cymene)] 2. 16. A process
according to clainms 14 or 15, wherein the chiral ligand is selected from
Mandyphos SL- MU sdspeidiondy e S)-ShiphdQdd-ill-detert-gdeiypdrosyBmindB 2- 1.

methylpent-2-enoic acid 3(ii-b) (10 g, 26.2 mmol) and triethylamine (3.6 ml, 26.2
mmol) in isopropyl acetate is added palladium on carbon (1 g, 10 % Ioadingj.

Hydrogen atmosphere is then applied for 5 h. Upon filtering off the catalyst, the
solvent is removed in vacuo to give the title compound {3(i-d) : 3(i-c) 80:20 ratio;
3(i-d) : 3(i-c) 99.9 : 0.1 ratio upon recrystallization; 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 ml 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
isopropy! 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 ml Heptane/lsopropyl acetate (2:1) to give 2 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, (CHa)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,
COH); miz (+ESI) 384 ([MH]", 66 %), 328 (100), 284 (12).



17. A process according to clainms 14 or 15, wherein the chiral ligand is
Mandyphos SL-MJ04-2. 18. A process according to clainms 14 or 15, wherein the
chiral |igart¥Or¥8RHAIyphos SL-MD0O4-1. 59 19. A processPaEEBIHTVNG B0 any of

t he preceding clains, wherein the nolar ratio of the conpound of formula (ii),
or salt thereof, to "active catalyst” (S/C) is 10001 higher, preferably from1
000 to 30000. 20. A process according to any of the preceding clainms, wherein
a hydrogen pressure of from5 bar to 2554%ar is applied. 21. A process
according to any of the preceding clains, wherein Rl and Rl' are independently
hydrogen or an am ne pr ot ectl ve group sel ected fromthe gr oup consi sting of

G tal kyl which is non di- or trisubstituted by Co |oaryl, wherein the aryl
ring is unsubsﬁﬁ‘tﬁ)éd’ ehenylutd- tefrstoRygarbapylaping- 2dPe‘FM'PE'é*a“?'ES| dues sel ected
fromthe groupacanyi-9yi ng of Cl_7al kyl, hydroxy, Cl.7al koxy, hal ogen, nitro,
cyano and CF3; Cs_ioaryl-C _sal kyl,

cunyl , phenyl - C1- C2- al koxycar bonyl , al | yl , ci nnanyl , 9-

f I uor enyl et hyl oxycar bonyl ( Fr , benzyl oxynet hyl (BOM), pi val oyl oxynet hyl
(POM), trichloroethxoycarbonyl 1- adamant yl oxycar bonyl (Adoc),

G . | oal kenyl oxycar bonyl, silyl, yl, sulfenyl, succinimdyl, C2tal kanoyl,
Co640aryl - carbonyl, Cital koxycarbony yd Qe _ioaryl-Ctal koxycarbonyl. 22. A
process according to any of the precggi ei ms, wherein RL is a

1- but oxycar bonyl group. )\

o

3(i-c)

To a suspension of (E)-(S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpent-2-enoic acid 3(ii-b) (10 g, 26.2 mmotl) in degassed ethanol (80 mi) at
40 °C is added a solution of diiodo(p-cymene)ruthenium(ll) dimer (125 mg) and
(aR,aR)-2,2'-bis(a-N,N-dimethylaminophenyimethyl)-(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}.

& (400 MHz; DMSO) 1.04 (3H, d, J8.0), 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-HJ", 100), 308 (8).

HPLC Conditions:

Column: HP Hypersil, BDS-C 18, 5 um, 125 x 4.6 mm. Mobile Phase A (H,O +
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.



23. A process according to any of the preceding clains, wherein R is - C001-1
or -COOR3, wherein R3 is Ctalkyl. 24. A process according to any of the
precedi ng cl¥8? A8 0{fErei n a conpound according to for muPQT/EPI0ENT913r sal t
thereof, is reacted: wherein RL and Rl are independently hydrogen or an am ne
protecting group and R2 is a carboxyl group or an ester group. 25. A process
according to claim24, wherein a conpound according to fornmula (i-a), or salt
t hereof, is produced: R2 RI' 55

Retention times:

2R.4S = 2(j-a): 11.6 min
2S,4R = 3(i-d): 11.6 min
25,4S = 2(i-b) : 13.2 min
2R,4R = 3(i-c): 13.2 min
R = 2(ii-a): 13.6 min
S = 3(ii-b): 13.6 min



Rl (i-a), wherein Rl and Rl are independently hydrogen or an am ne
protecting group and R2 is a carboxyl group or an ester group. 26. A process
accordi ng t VQPUPAIDY, wherein a compound according to PgT%ﬁﬁw 721B) , or salt
t hereof, is produced: 61 R2 Rl(i-b),

56

Claims
1. A process for producing a compound according to formula (i),

RN
R1 (I)

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)

R2
R

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.



wherein RL and RI are independently hydrogen or an am ne protecting group and
R2 is a carboxyl group or an ester group. 27. A process accordi ng to claim 24,
wherein a C(}’H‘bg@?/&iléﬁ conpri si ng conpounds accordi ng toPfSERIWNARRIP-a) and
(i-b), or salts thereof, is produced and wherein the nolar ratio of conpounds
according to fornmula (i-a) to conpounds according to fornula (i-b) is at |east
88: 12. 28. A process according to claim 24, wherein a conposition conprising
conpounds according to fornulae (i-a) asd (i-b), or salts thereof, is produced
and wherein the nolar ratio of compounds according to formula (i-b), or salts
t hereof, to conmpounds according to fornmula (i-a), or salts thereof, is at

|l east 65 : 35. 29. A process according to claim27, wherein the conpounds
accordi ng to f@érnulfaprpsesy pecogtingsta|ciaim i1 hwhesein thegieaction fragagtiasidout e t he

conposi ti on by nmeamsmedenliy&laysisi sation. 30. A process according to claim 29,
wherein i sopropyl acetate and heptane are used as solvents. 31. A process
according to any of the preceding clains, wherein a conpound according to
formula (ii-b)3 or Asripeess heaowtif, to clainy £ac?. exdhereingipe traisitiop metal catalyst

comprises rhodium or ruthenium.

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 [Rulz(p-cymene)]..

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 Soiphos SL-A001-1.



wherein RL and R1' are independently hydrogen or an am ne protecting group and
R2 is a carboxyl group or ester group. 32. A process according to claim 31,
wherein a cohpeWd®B1&8Ccording to fornula (i-c), or salt PREEBYIT007H3produced:
R2 RlI- RL wherein Rl and R1l' are independently hydrogen or an am ne
protecting group and R2 is a carboxyl group or an ester group. 33. A process
according to claim 31, wherein a conpound according to fornmula (i-d), or salt
t hereof, is produced: 58

11. A process according to claim to 3, wherein the transition metal catalyst
comprises rhodium and wherein the chiral ligand is selected from
Mandyphos SL-M004-1, 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.

12. A process according to claim 11 wherein the transition metal catalyst

comprises Rh(nbd),BF,.

13. A process according to claims 11 or 12, wherein the chiral ligand is
Walphos SL-W008-1.

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 [Rulz(p-cymene)]s.

16. A process according to claims 14 or 15, wherein the chiral ligand is
selected from Mandyphos SL-MO001-1, Mandyphos SL-M004-1 or
Josiphos SL-J002-1.

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

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



63 R2 (i-d), wherein Rl and Rl

are independently hydrogen or an am ne

protecting group and R2 is a carboxyl group or an esterpgrou . 34. A process

accordi ng t OVePUP/AI3T, wherein a conposition conprising

0H¥L*14ccording to

formulae (i-c) and (i-d), or salts thereof, is produced and wherein the nol ar
rati o of conmpounds according to formula (i-c), or salts thereof,
according to formula (i-d), or salts thereof, is at least 88 : 12. 35. A

conmpound according to fornula (i-a) or5salt thereof, in crystalline form

19.

20.

21.

22.

23.

24.

A process according to any of the preceding claims, wherein the molar
ratio of the compound of formula (ii), or salt thereof, to "active catalyst"
(S/C) is 100 or higher, preferably from 1 000 to 30 000.

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

pressure of from 5 bar to 25 bar is applied.

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 Cysalkyl 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 Cizalkyl,
hydroxy, Ci.7alkoxy, halogen, nitro, cyano and CFj; Cg.1paryl-Cqealkyil,
cumyl, phenyl-C1-C2-alkoxycarbonyl, allyl, cinnamyl, 9-
fluorenylmethyloxycarbonyl (Fmoc), benzyloxymethyl (BOM),
pivaloyloxymethyl (POM), trichloroethxoycarbonyl (Troc), 1-
adamantyloxycarbonyl (Adoc), Ci.iealkenyloxycarbonyl, silyl, sulfonyl,
sulfenyl, succinimidyl, C,salkanoyl, Csg.1paryl-carbonyl, Ciealkoxy-

carbonyl and Ce.1paryl-C.salkoxycarbonyi.

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

t-butoxycarbonyl group.

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

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

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

t o conmpounds



64 36. A conpound according to claim35, wherein the crystal systemis
nonoclinic. 37. A conpound according to claim 36, wherein the space group is
P21. 38. A cHOPYAHSEccording to fornmula (i-a), R2 R1POFVEBEPYOHEr eof
wherein RL and Rt are independently hydrogen or an am ne protecting group and
R2 is a carboxyl group or an ester group, provided that it is not the ethyl
ester if RL is BOC and R11 is hydrogen.

60

R (ii-a),

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

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

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:



39. A conpound according to clains 36 to 39, wherein R2 is COON. 40. A process
according to clains 1 to 35, wherein the conpound according to forrmula (i), or
salt thereofWORYW8PF¢'her reacted to obtain an N EP-i nhi BCUEP208H00291pr odr ug
thereof. 41. A process according to clains 1 to 35, wherein the conpound
according to formula (i), or salt thereof, is further reacted to obtain an
NEP-i nhi bitor or a prodrug thereof, conprising a

y-am no-ti - bi phenyl - a- net hyl al kanoi ¢ acédd, or acid ester, backbone. 65 42. A
process according to clains 40 or 41, wherein the NEP-inhibitor is

N( 3- car boxy- 1- oxopropyl) - (4S) - p- phenyl phenyl net hyl ) - 4- am no- ( 2R) -

nmet hyl but anoic acid or a salt or a prodrug thereof. 43. A process according to
clainms 40 or 41, whegrein the NEP-inhibitor

prodrugi sN-(3-car bo - oxopr opyl) - (4S) - p- phenyl phenyl net hyl ) - 4-

am no- ( 2R) - met hyl bubs ohd ethyl ester or a salt thereof. 44. A
conposition conprising co nds according to formula (i-a) and (i-b),

R1 (i-b),

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:



RRNRL-- ' Ri R2 R1' R1(i-b)

WO 2008/031567 PCT/EP2007/007913
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N R2

R1 (ii-b),

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

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 salt thereof, is produced:

R1'/']l
R1

R2

(i-c),

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:



or salts thereof, wherein the nolar ratio (i-a) to (i-b) is al least 88 : 12
and wherein Rl and Rl' independently are hydrogen or an am ne protecting
group. and RPOPU¥BIEYr boxyl group or an ester group. 45?C?ﬁ5”@§%5%§ition
according to claim44 wherein R2 is COOH 66 46. Use of a transition netal
catalyst and a chiral ligand in the synthesis of a NEP inhibitor, or a prodrug
thereof, wherein the transition netal is selected fromgroup 7, 8 or 9 of the
periodic table. 47. Use according to cléd m 46, wherein the NEP inhibitor, or a
prodrug thereof, conprises a y-am no-8-bi phenyl -n-net hyl al kanoic acid, or acid
ester, backbone. 48. Use according to claim47, wherein the transition netal
catalyst and the chiral ligand are used in a hydrogenation step. 49. Use
according to claimé4&wherein the reaction gives two di astereoners having a

di astereoneric rati at least 88: 12. 50. Use according to any of clainms 47

to 49, wherein the b Bint or
D opyl) - (48) - p- phenyl phenyl net hyl ) - 4-

prodrugi sN- ( 3-car boxy-1-0

N R2

R1 (i-d),

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)

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.



am no- ( 2R) net hyl but anoi ¢ acid ethyl ester, or a salt thereof.

WO 2008/031567 PCT/EP2007/007913
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36. A compound according to claim 35, wherein the crystal system is

monoclinic.
37. A compound according to claim 36, wherein the space group is P21.

38. A compound according to formula (i-a),

R1'/']l R2

R1 (i-a),

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, 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, compnsing a y-amino-8-biphenyl-a-methylalkanoic

acid, or acid ester, backbone.
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42. A process according to claims 40 or 41, wherein the NEP-inhibitor is N-
(3-carboxy-1-oxopropyl}-(4S)-p-phenylphenylmethyl}-4-amino-(2R)-
methylbutanoic acid or a salt or a prodrug thereof.

43. A process according to claims 40 or 41, wherein the NEP-inhibitor
prodrug is N-(3-carboxy-1—oxopropyl)—(4S)—p—phenyIphenylmethyf)-4-

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

44. A composition comprising compounds according to formula (i-a) and (i-b),

rR1—N

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.
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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-§-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 to 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-oxopropyi)-(4S)-p-phenylphenylmethyi)-4-
amino-(2R)-methylbutanoic acid ethyl ester, or a salt thereof.



